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Slovo uvodem

7. letni Skola aplikované informatiky navazala rfadghozi letni Skoly aplikované (environmentalni)
informatiky v Bedichow, které se zde konaji od roku 2002 s vyjimkou r@k04, kdy se letni Skola
konala v Sulibvé a roku 2005, kdy byla hlavni akci Masarykovy unniy v oblasti environmentalni
informatiky 19. mezinarodni konferenéeformatics for Environmental Protection - Envirédn2005s
nosnym tématerhletworking environmental informatipRterou hostila Masarykova univerzita ve dnech
7. az 9. z& 2005 se v briském hotelu Voratt. V letech 2006 a 2009 se letni Skoly konalytop
Bedichow.

V letodnim roce 7. letni Skola aplikované inforrkptse konala ve dnech 3. az 5t¢iZ2010 v Be#ichow

v rdmci teSeni projektu SP/4i2/26/0MNgavrh novych indikater pro pribéZzné monitorovani dinnosti
systéni environmentalniho managementu podlecbdva systému jejich environmentalniho reportingu s
hodnocenim vazeb mezi Zivotnim pmredim, ekonomikou a spetestl, zkracert Indikatory &innosti
EMS podle oditvi, ktery je realizovdn Masarykovou univerzitou velgdt 2007 — 2010 v ramci
.-Resortniho programu vyzkumu viagobnosti Ministerstva Zivotniho présti“ s pdatkem reSeni
projekti v roce 2007 s finami podporou Ministerstva zivotniho priedi. Odborné diskusi keSeni
projektu a problematice dobrovolného reportingual® indikatorfi byla wnovana nej§tsi ¢ast jednani
na této letni Skole.

Dale prokhl na letni Skole workshopémovany prezentaci scétea,Anthropogenic Impact and Global
Climate Change“feSeného Masarykovou universitou v rameseni projektu 7. ramcového program
Evropské unies. 247893 TaToo - Tagging Tool based on a Semantic DiscolreayneworK. Tento
projekt se zawtuje na vyvoj nastrdj Jednotného inforngaiho prostoru v Evrappro Zivotni prosedi
(Single Information Space in Europe for EnvironmenBISE) umo#ujici uZivatehm snadno zjistit
environmentalni zdroje na webovych strdnkach (defmrmaini sluzby a modely, které majazané
informani uzly) a doplnit je o cenné informace v podlaiémantickych anotacédhto zdrofi, coz
usnadni jejich budouci pouziti a nalezeni, a zatylus prospSného obohaceni environmentalnich
zdroji. Navrhovany ramec projektdTaToo je obecné povahy a umozni ¢leeni sémantiky, s
piihlédnutim k fiznym navrlim doménovych ontologii v environmetalnich multidoaéh a
vicejazgnych souvislosteciReSeni projektu TaToo poskytriékomplexni a rozsahle ékené scén, a
proto se pedpoklada, Ze jako hlavni cilova skupina uZivatelidou kvalifikovani odborni uZivatelé
téchto scénéi z ustaw IBA a RECETOX MU.

VSemi pednasSkami 7. letni Skoly prolinala skirest, Ze aplikace modernich informich a
komunikasnich technologii pro Zivotni prdasdi (potazmo environmentélni informatiky) jakCGeské
republice CR), tak i mezinarodh v Evropské unii (EU) a ve &% se zamiuje na podporu
eEnvironmentu, SISE a Sdileného infotimi&o systému pro Zivotni préetli (SEIS — Shared
Environmental Information System), které podpomgiphovani nové politiky v budovani inforraai
spolenosti EU aCR, které pinesla,Digital Agenda for Europe*v ramci vize nové Evropské komise
,€EUROPE 2020 Jedné se zejména degshranini informani sluzby v rAmci eEnvironmentu. Jedna se
o sdileni monitorovanych a zpracovavanych dat arinéci o atmosfé@, povrchovych i podzemnich
vodach, odpadech, biodivergitatd. pomoci Globalni monitorovaciho systému fiilm prostedi a
bezpénosti (GMES — Global Monitoring for Environment ar@kcurity). Tyto informéni sluzby
umoziuji efektivrejSi a Fesrgjsi sledovani aktualniho stavu Zivotniho predt a udrzitelného rozvoje
v Evrop, dale pak jeho modelovani a simulaci jeho dalSihmje.

Za hlavni pinos 7. letni Skoly povaZujeme skinest, Ze na letoSnimu diku jsou v pispsvcich
zastoupeni nejen doktorandi &itelé z Masarykovy university (Institut biostatigti a analyz,
Prirodowdecka fakulta, Fakulta informatiky a Centrum pransfer technologii), ale i z Mendlovy



university (Provozé ekonomické fakulta), Vysokéhd@eni technického (Podnikatelské fakulta) v 8en
Vysoké Skoly baské — Technické university (Ekonomicka fakulta) etr@w. Jejich pispsvky ve
sborniku pispivaji k tomu, Ze se letni 3kola stala interdiisérnim odbornym férem v raméieské
republiky. Dale je dleZité, Ze wkolik piispivki, jejichz spoluauth jsou ze zahrabi, je publikovano v
anglickém jazyce, ktery podtrhuje mezinarodni vyarsiorniku.

SP/4i2/26/07 Indikétory &winnosti EMS podle oditvi, ale zahrnulo i dalSi problematiku, které se tgka
oblasti ,eEnvironment®, ,eGovernment®, ,eParticifat" a prezentaci projektu TaToo.

V Brné dne 30iijna 2010
Jiti Hiebttek

Jan Ministr

Tomas Pitner
Editori
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Anthropogenic Impact and Global Climate Change
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Abstract

This paper contains the detailed scenario definitifior case 3 in Tatoo project, which is the
anthropogenic impact and the influence of glob@hete change on this impact. The purpose of ibis t
give the overview of the scenario (background, abjes, and available tools), the definition of ngse
who will use the TaToo tools, describe the possibiecases, and to provide with the mock ups.

Abstrakt

Tento gispevek obsahuje detailni popisipadové studie®. 3 projektu TaToo. Takorjpadova studie
nese nazev Antropogenni dopad a vliv globalniaghadtickych z@n na tento dopad. Z&frem prispevku
je podrobr@ predstavit tento fipadovy validéni scéné a to \etr¢ pripadi uziti a navrii modef:
uzivatelskych rozhrani.

Keywords
TaToo, semantic web, POPs, Stockholm ConventioM\&HS, SVOD, anthropogenic impact, global
climate change.

Kli ¢ova slova
TaToo, semanticK7 web, POPs, Stockholmska Konve@ENASIS, SVOD, anthropogenni dopad,
globalni klimatické zrény.

1 Introduction

Persistent organic pollutanf$®OPs) [5] represent a long-term problem whiatpisnected with the
production, application, and disposal of many hdaas chemicals and their impacts on human health.
The Research Centre for Toxic Compounds in therBnment (RECETOX) of the Masaryk University
(MU) is focused on the research of the fate antbbical effects of POPs and other toxic substairtes
the environment. RECETOX monitors these chemicassri soil, water or human milk, and supports the
implementation of international conventions on clueafrsubstances like the Stockholm Convention on
Persistent Organic Pollutants (Convention) [8]. Tomvention is a global treaty to protect humarthea
and the environment from chemicals that remairctritathe environment for long periods, become
widely distributed geographically, accumulate ia fatty tissue of humans and wildlife, and haveeask
effects to human health or to the environment. CThevention is administered by the United Nations
Environment Programme (UNEP) and is based in Gerg&wizerland.



MU and Ministry of Environment of the Czech Repul{MoE) established in September 2005 the
Central and Eastern European Centre for Persis@mganic Pollutantf CEEPOPSCTR) [2] as a

common contribution of the Central and Eastern gean (CEE) countries to the activities connected
with the implementation of the Convention. This €ershould act as a scientific and technical bridge
between European Union (EU), CEE countries and Me&pendent States. Its aim is to harmonize POPs
iniiatives at regional level. The Centre is baseexwperiences from the activities of the Europe@i®$
Expert Network and its CEE section.

RECETOX closely cooperates with the Institute afdatistics and Analyses (IBA) of MU. IBA is a
research institute oriented to the solution of ritifie projects and providing related services,ezsally in
the field of environmental, biological and clinicdta analysis. IBA created tBgstem for Visualizing of
Oncological Data(SVOD) [9] — web portal of epidemiology of maligitaumours in the Czech
Republic, which is based on the data from the Cational Oncology Register.

Specific effects of POPs can include cancer, ablsrgnd hypersensitivity, damage to the central and
peripheral nervous systems, reproductive disor@ers disruption of the immune system. Some POPs are
also considered to be endocrine disrupters, wiigkaltering the hormonal system, can damage the
reproductive and immune systems of exposed indal&das well as their offspring; they can also have
developmental and carcinogenic effects.

In January 2010 RECETOX launched the first versibtihe Global Environmental Assessment and
Information SysterflGENASIS) [1], [4] — web portal which provides anfnation support for
implementation of the Convention at internatioeadl. Initial phase of the GENASIS is focused otada
from regular POPs monitoring programmes, providirgeneral overview of spatial patterns and temporal
trends of pollutants concentrations. The aim is t@wy to find out whether there is a connection
between the concentration of POPs and cancer erm&lin some regions.

This task requires new discovery information anshcmnication technology (ICT) tools which will be
developed within the FP7 project TaToo (TagginglTased on a Semantic Discovery Framework) [7],
[10] and shared the vision ofSingle Information Space in Europe for the Envirent{SISE) [6]. It

aims to develop tools allowing third parties toilgadiscover web resources (data, services and tapde
and to add valuable information on to these ressurtaToo tools will be validated in three differen
validation scenarios. MU is solving TaToo tredidation scenariaf Anthropogenic impact and global
climate changéScenario). Its aims is to improve the discoveryeb resources and tries to find
relationships between different domains, envirortaguollution by POPs including influence of global
climate change and epidemiology.

1.1 SVOD portal

Creating a web portal about tumour epidemiologghanCzech Republic (http://www.svod.cz) is
primarily motivated by the effort to make this repentative and valuable data available to widetgjpac
of users. We anticipate that general epidemiolagg dbout these serious diseases and related popula
risks should be freely available to everybody ie @zech Republic. Another ambition of this web alort
is to provide relevant information about tumor epidology in the Czech Republic abroad.

Web portal information services can be divided ihi@e sections: 1) Current news: regularly updated
information about population risk assessment anbtiepidemiology; 2) Interactivenalyses thatllow
the user to investigate directly epidemiologicahtis of selected oncological diagnoses; 3) Preetkfin



presentations of important topics (Authorised infation service). These services are availableyfteel
all users. All analyses contain only safe and malblie data of tumour epidemiology, without any
personal data of patients.

The project of creating a web portal for tumourdepniology in the Czech Republic is tied with
longstanding development of analytical softwaredata from National Cancer Registry (NCR). Software
SVOD (System for Visualizing of Oncological Datadsvcreated in the years 1999-2003 (now in version
6). It makes accessible all NCR data via wide rasfgautomated analyses. Although the software was
finalized successfully, there are severe limitdnitg distribution and availability. SYOD web pdrta
solves all these problems and provides an effegtare of access to epidemiological analyses to
unlimited number of users.

The SVOD web portal works mainly with data from idatl Cancer Registry (NCR) [11] which is
managed by Institute of Health Information andiStias (UZIS CR). It offers validated epidemiological
data from the years 1977 - 2007. This representscae representative data set at least in European
region (currently there is 1 617 809 records). UZFSis therefore cited as a data manager in gliutsit
and is stated among scientific guarantees of thieqtr

Epidemiological trends cannot be made without @hdemographic data about examined population.
This data was acquired from the Czech Statisti¢Bt€©(CSUY on the basis of general agreement about
cooperation with Masaryk Memorial Cancer Institut&rno and Masaryk University in Brno.

The web portal was created by a team of authors fraculty of Medicine in Brno (Centre of
Biostatistics and Analyses) and Masaryk Memoriaiéga Institute in Brno. Creation of the portal is
vitally supported by Ministry of Health of the CxeRepublic in context of National healthcare quyalit
programme. Further development is supported bgeareh programme of Masaryk Memorial Cancer
Institute (Functional diagnostics of tumours, MZ@209805) and a research programme of Faculty of
Science MU (INCHEMBIOL - RECETOX project, No. 0021#5112). These grant projects guarantee
long-term viability of the portal and ensure regulpdates of data and successive development under
supervision of administrators.

Information services of the web portal will be hiet developed, among others on the basis of user
suggestions and requirements. The main goal istemé the information service in the area of popoita
risk analyses in relation with available environtaédata and another external risk factors (codjmera
with above mentioned INCHEMBIOL project). Currergrsion of the portal offers only epidemiological
data, but NCR database allows even analysis ohdg&tigs and treatment of oncologic patients and
survival analyses - even in relation to currentditat These analyses are prepared for communicatio
the Oncological Society and are ready in the istilizone of the portal. The web portal will theref
serve as an information source for Czech healthagement and can help to set up reference standards
for healthcare results in oncology.

1.2 GENASIS portal

The GENASIS portal provides information supportttoe implementation of the Stockholm Convention
on Persistent Organic Pollutants at the internati@vel (http://www.genasis.cz). The information
system is developed in accordance with the Simdterhation System of the Environment (JISZP)

! http://www.uzis.cz
2 http://www.czso.cz



objective of the Ministry of Environment of the @keRepublic. Its connection with other data sources
creates the potential for a comprehensive assessihanthropogenic impact on the environment ard th
associated ecological and health risks. The podiaiains data collected by RECETOX and its partners
since 1988 in various monitoring types (long-teshmrt-term, research studies ...).

The GENASIS portal also offers analytical toolse @f the most important parts of the web portakseh
tools allow basic processing of measured environahelata by “statistical” program units. In the
introductory screen the user can determine what &frdata enters the analysis by selection of wario
parameters (e.g. project name, sampling time, matnemical compound, etc.). This procedure pravide
core set of data. With tools implemented in thig pathe GENASIS system it is possible to visualis
location of each sampled site by the means of dimomps and examine general and / or detailed
information about sampling frequency. It is alsegible to sort and select / deselect localities\aea
measured concentrations of selected compounds &idhlities.

However, mere visualization is not the main objectif the analytical tools development. Using
additional modules it is possible to obtain degorgstatistics for selected data set, observegdsmm
concentration of the user-selected chemicals duiing period and easily depict seasonal and long-te
trends.

Each module includes an option to use additiorit@réa that restrict entry data (e.g. selectiomxyblicit
altitudes). Another integral part of the analytinadules is stratification of localities accordiagvarious
parameters (land use, altitude, distance to ramisces of pollution, inhabited areas), which eesbl
more detailed view and localities discriminationofd complex analyses and models are currently and
continuously being prepared.

Pilot version of GENASIS project uses data from itaoing network MONET, which is focused on
occurrence of persistent organic pollutants (PQ@Pah ambient air. But the primary motivation for
GENASIS project is to make all representative aexy waluable data about presence and distribution o
these dangerous substances in the environmentédedsr wide forum of users and interested public

GENASIS project uses data collected both withinMla¢gional Implementation Plan for the
Implementation of the Stockholm Convention in tte=€h Republic (NIF)and international projects to
reach its goals. The Czech Republic has had atkmgtradition in POPs monitoring in the environmen
and its monitoring networks cover all environmem@inponents. A basic description supplemented by
outputs used within the frame of the NIP is avdddbr each monitoring network.

2 Validation Scenario

Purpose of this paper is describe the first versfdhe detailed scenario definition for case JaT oo
project, which is the anthropogenic impact anditifieaence of global climate change on this impatte
purpose of it is to give the overview of the scamévackground, objectives, and available tools, t
definition of users who will use the TaToo toolesdribe the possible use cases, and to providehéth
mock ups. There are three types of user: scientdfzz, domain expert, or system administrator. Higk
cases in total are defined for the users where sm®eases are available only for certain usech Ese
case has its own mock up to visualise how TaTols iandhat case could look like with the descriptiaf
what the tools should do.

3 http://www.recetox.muni.cz/pops-centrum/index. ghgs2bops--nip



The main resources of this scenario are the GENABtESVOD systems. The GENASIS system
provides access to information on environment goimation by persistent organic pollutants (POPSs).
Combination of expert knowledge and validated fi@ta several cooperating institutions create
opportunity for a broad spectrum of visualizatiomsalyses and modelling. GENASIS system is located
on address http://www.genasis.cz and is availab{gzech and English language. SVOD is a web portal
about tumour epidemiology in the Czech Republits firimarily motivated by the effort to make the
representative and valuable data of tumour epidegyavailable to wide spectrum of users. Web porta
SVOD is located on address http://www.svod.cz aralso available in Czech and English language.

2.1 Revelance of the scenario

The synthesis of existing (air) pollution monitaridatabases, with epidemiological data is requived
identifying the effects of pollution on human healanthropogenic impact). This task requires nésh, r
data discovery capabilities within the bodies ddilable knowledge. IBA and RECETOX customers pose
requests for new anthropogenic impact studies afivience of global climate change (e.g. a
contamination of all environmental components bigistent organic pollutants through their changed
transport due to global climate change) requiriatadliscovery from a multitude of monitoring netisor
and resources. Proper use of such data requirésxtoal information, which TaToo will deliver thrgh
tagging and enhanced information description (ndeti@) provided by an appropriate semantic
environment. In this context, MU intends to empl@T oo tools and validate their performance for
tagging and semantic rich discovery of anthropagéenpact and global climate change resources.

TaToo developments will be demonstrated in the demiBanthropogenic impact and global climate
change analysis. To achieve such a goal, it isssacg to use data from national and international
monitoring networks, and to discover and obtaic@splete-as-possible data sets representing
environmental anthropogenic impact. Discovery, asel, reuse of these data require enhancements of
meta-information descriptions, which can be actdebeough TaToo's semantic rich environment. 18 thi
context, MU intends to employ TaToo tools and \atkdtheir performance for tagging and semantic rich
discovery of resources of anthropogenic impactthadnfluence of global climate change on the
transport of pollutants.

Climate is a factor strongly interacting with trpogt, transformation and effects of persistent niga
pollutants in the environment. They are emitted ennbient air from various primary and secondary
sources and atmosphere plays a key role in tlaisport both around their source surroundings and o
long distances. Atmospheric transport is also rpathway of POPs transport into aquatic and teragstr
ecosystems. Current research of POPs global fatetsss new information on sources, but also orrothe
factors that affect pollutants concentration in @nbair, because climate, processes at the ictedaair
and soil or water surface, and atmospheric transpgmificantly affect spatial and time variabiliby

POPs in ambient air. From this point of view, reguheasurements of pollutants concentration in
ambient air at various localities and monitoringdéts at various levels from immediate vicinitylagal
point sources up to continental level are of keganance. Important components of these measurement
are monitoring design, selection of monitored cleatsi selection of sampling and analytical methods,
processing method, and data interpretation.

Scenarios of climate changes predict decreasingdmature contrast between poles and equator, drier

continental interiors, wetter arctic and sub potayions, modification of wind and precipitation feans,
sea level rise and others. All these environmesttahges can influence the level of POPs in the
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environment, their partitioning among environmegtahpartments (air, soil, water), long-range
transport, degradation rates, and toxic effectsoAhe release of POPs can be higher, for exadugdo
pesticides usage to stop potential increase ofriraalésease. Higher concentrations of POPs in the
environment would then probably have more seridigets on living organisms.

The GENASIS system is based on database and larkagitical tools providing information base
available on the web portal. Visualization of temgd@nd spatial patterns linked to characterisifcs
chemical compounds involved in Stockholm Convensiopport development of scenarios for individual
environmental compartments.

Initial version of GENASIS system contains air ptithn data and data from other matrices are being
prepared. Analytical tools of GENASIS system previdsualisation of this data and basic statisfite
distribution models will be implemented in the n&dure to predict the fate of POPs in the envirenim
The user of TaToo tools would be able to find aqpl@ae such models from GENASIS website and also
other relevant resources to investigate effecttherate of POPs caused by global climate change.

TaToo tools will be validated over specific sceaarand they will allow for continued collaborative
development by federated users communities.

3 Description of Scenario

A common task for the faculty members of the RECKTEDd IBA, mainly research assistants and senior
researchers, is the discovery of new informaticshr@sources in their particular research domain.
Anthropogenic impact of global climate change sdensomes out from the joint research of the Ingtit

of Biostatistics and Analyses (IBA) and the Rese&entre for Toxic Compounds in the Environment
(RECETOX). IBA has created a web portal of epiddagy of malignant tumours in the Czech Republic,
SVOD'. RECETOX and IBA together develop a web portaletBGENASIS, an expert information
system based on POPs and Stockholm convention.tWégie two portals the natural question arises: Is
there any relation between cancer occurrence avicbeamental concentrations of POPs?

3.1 Resource categories

Individual types of information sources are linkedlifferent ways of discovery. Raw data can be
visualized in charts, queried or aggregated oriflexuser demands. They are associated with detail
information, easy data management but usuallyapatitemporal constraints and limited access dk we
More general are metadata allowing metadata arsaly$® most available are fragmented information
published on the web or printed in form of chastanmary tables, reports, inventories, encyclopaedia
and information systems. Such variable informatian be explored by review approaches. For this
scenario we categorized possible resources asviollo

1. Primary information- Structured raw data e.g. cancer patient reqalidgnosis, sex, age, etc.) or
measurements like time series of persistent orgpallutants (method, compound, substance
etc.).

* http://www.svod.cz
® http://www.genasis.cz
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2. Secondary informationr Aggregated or processed information based omarsi data e.qg.
diagrams, analysis results, automatically generegpdrts, scientific publications, books etc. in
form of well known datatypes (PDF, doc, txt etc.)

3. Information services Web Services (WS) which provide information fréne first and second
category. For example Sensor Observation Servideéshwprovide Time Series for persistent
organic pollutants in the form of compound measmmalues.

4. Models -Meta-information about mathematical and computationodels for the calculation of
POPs distribution in the environment or dispersioodels, which are used to estimate or to
predict concentrations of airborne pollutants esditfrom sources such as industrial facilities,
local heating or traffic.

3.2 Type of users

This chapter introduces shortly the different typéasers. The users are divided into three categjor
1. Scientific usersscientific users are regular users with scientifackground and assumed IT
skills. They will use the system to discover resegrfrom both domains (POPs, health issues).
They will be able to find resources, find similames (having already found some resource),
compare the resources, and also to find conneclietvgeen resources. Everything on the “read
only” basis.

2. Domain expertsgroup of domain experts collects users who hawesadditional functionality
to scientific users. Domain experts can also evaluasources and assign metadata to the
resources. By the means of mentioned functions thaly contribute to the information
enrichment process.

3. System administratorssystem administrators will be responsible for amigational and
maintenance tasks in order to guarantee propeersyfiinctionality. This involves also user
administration, system settings, problem solvirsggrisupport etc.

4 Use cases

The purpose of this chapter is to briefly introdpceposed use cases. For our scenario we propgise ei
use cases that are to be used for validation obdadols. The detailed description of these usexas
contained in deliverable 5.1.3 in TaToo projectratze

4.1 UC1 - Discover resources with existing tools

This use case provide the users of SVOD and GENA&ISthe possibility to indirectly use the TaToo
functionality for the discovery of similar resousdeased on analysed objects. The TaToo discoveitg co
be started from within the web analysis tools. Tdlevant information needed for the search would be
already entered via the web interface during tteyars and can be submitted to the TaToo framework.
The following paragraph shows a simple workflow &faToo enabled SVOD application.

Let us assume the user does not only want timedrefithe Czech Republic, but also to discover
information about other countries. Therefore thieady selected domain information from SVOD such
as: diagnosis - C50, D05, gender - female, caraeien breast cancer etc. could be used to trigger a
TaToo discovery. Fig. shows breast cancer incidence and mortality rate 1977 to 2007 for the
Czech Republic generated by the SVOD applicatianmbker one indicates a simplified TaToo button,
which the user would press to search for similaabt cancer related resources. UC4 illustratesthew
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TaToo discovery could be preconfigured by a calfrSVOD. Comparing UC1 and UCA4 figures it is
possible to notice that the domain specific infdioraand general attributes like the time rangetlage
same. The user only has to choose the desired gfgdspgion and to add additional attributes, \hace
not considered in SVOD to start the TaToo discovery

Patient group selestion @

Sex, age Arez Period
Stage TNM classification Other parameters
Other analyses ior seected diagnose and group ofpahcnrsw
Ed

€50,065 — Dreast tuncurs, wonen
Time krend

0 - Incicerce
N AL ertatiny
0 \//\/

v

FERCWY
3

20 W' * AR o o SR

N VL e, Source of gata: ‘\ji‘l‘a Ilf.lv‘
o A ~ o oo
S EE SIS LLISEFEEE08E000RIHE

oz suay . svod.cz

TATS

Other outouts @
- 7
Chenge diagnose Analysis seftiigs Data table Display report

Fig. 1 Integration of TaToo functionality in SVOD.

4.2 UC2 — Generic discovery

The user wants to discover resources of a particidianain of interest matching certain criteria and
keywords. The goal of this use case is to delivgrovements regarding result relevance compared to
conventional search engine results. The user waritsd from the multitude of available resourcks t
most interesting for his particular case, whichejgresented by the entered information. The foesdIt
should therefore have a higher probability totfé tlesired domain context. Additional to domaircjme
information the system should also include otheratlisions in the discovery like time range and
geospatial information of the results, in ordefuidher specify the domain of interest. The resgltist

of resources should include additional informatioithe resource such as relevance to the seareh, que
uncertainty information about the quality of theagerce contains, file type of the resource etc. Sdach
should not only deliver results in the originalgaage used to specify the search query, it shdsid a
deliver results in foreign languages which mat@hdbmain context (e.g. user type search query éticz
language and Tatoo will be able to understand aredtg the user also English resources fulfilliggetd
guery). The following two use cases UC3 and UC4esgnt a specialisation of this use case.

T BETH

Brossl Comcer Indid enzes oy wormen, |99 2008 G

Seaven | Adan:ed Seavch @

Fig. 2. Generic discovery
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4.3 UC3 - Persistent organic pollutant resource discove
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Fig. 3. POP discovery mock-up.

A user wants to find information in the domain af bhemistry, specifically about persistent organic
pollutants monitoring. The interesting resourceweafrom raw data such as time series with theahctu
measurements and additional information about nrmeasent methods; measured compounds etc. to high
level information generated from this raw data saglstatistics and time trends of pollutants (Bjg.

4.4 UC4 - Oncological resource discovery

Similar to UC3 this use case represents a domaicifspsearch and has the goal to discover reseurce
with the focus on analysis and statistical resnlthe field of oncology. The user is interestedhe
discovery of cancer related resources, but unfikg@3 it is most likely that there will be no patie
records or raw data such as patient records becfesafidentiality and data privacy policies.
Nonetheless researchers are interested in disogvessources containing evaluations statistics, and
reports regarding cancer incidences and mortadigst Similar to UC3 the user wants to discover
resources based on a domain specific search méskenmon parameter such as diagnosis, gender,
patient number etc.
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Fig. 4. Cancer discovery mock-up

Definition of search parameter
Fig. 4 shows a possible mock up prototype for suchncer search. The single panels will be expdaine
in the following:

1. Specify Search ParameteiThe panel illustrates how a specialised searakknfor oncological
discovery could look like. The user has the polsibias mentioned in the last paragraph, to
specify the parameter for the search and set addltfilter such as calculation methods, patient
count.

2. Specify Time RangeThe user has the option to define the startearditime of the period of
interest. The result list should only contain imfi@ation which has content within the temporal
boundaries.

3. Specify Geospatial RegionThe user shall have the possibility to specifgemspatial region
indicating the spatial dimension of the desireduese. Similar to the time range only resources
shall be found which address the specified area.

After the search is configured to the needs oiger the discovery of new resources can be started.
Visualisation of search results

Fig. 5 shows a possible result list (indicated bg)p containing discovered resources matchingehech
criteria entered by the user. For every resourge/ities are displayed such as level of uncertainty
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relevance, and additional actions. The user sHosilgble to sort after these criteria, for examglnd
resources with a low uncertainty. In the followithg single attributes of the result list are expddi
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Fig. 5. Presentation of results

 Name- The name of the resource.

» Type- The type of the resource, in case of a docuthéntvill be for example the file type of the
document such as pdf, doc, txt etc.

* Uncertainty— Indicates the quality of discovered resourcessamves as an indicator for the level
of uncertainty which should be expected. The legeletermined after certain criteria and
automatically computed by the system based on thases. For further information please see

section 4.5.
» Relevance Represents the value how well the found reseumtatch the search criteria.

» Resource Actions Fig. 6 shows the actions a user can perfornmemparticular resource.

0000

2]k =

Fig. 6. Resource controls.
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1. Discover Similar ResourcesThe user is interested in the resource and wbkédto start a
search based on the meta information of this resolrhe goal of the search is to find resources
with a similar content.

2. Discover Related ResourcesThe user is interested to find resources fromeotscientific
domains based on the meta information of this mesouA simple example could be to find
measurements of a particular compound in the saneerange and geospatial location than the
cancer analysis.

3. Add Resource to Compare LisThe user wants to add the resource to a listater comparison
as explained in UC6.

4. Bookmark Resource The user would like to have a saved referencthéoresource for later
usage e.g. comparison, validation, evaluation scediery etc.

Resource Description
The user wants to have the possibility to watcletaitéd description for every resource. Shows aiptes
visualisation for a resource found in the previsearch. The window is structured as follows:
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Fig. 7. Resource description

1. General Resource Informationinformation about the resource such as typeadutess. Also
common actions that can be performed with the mesopreviously described in the last
paragraph.

2. Domain Specific InformationDomain specific annotations of the resourceliated here. In this

case attributes such as number of participatingemitat patient gender, computing method are
available and presented to the user.

3. Related ResourcesReferences to other resources. The related res®aan be directly accessed
and the description of the particular resource bellpresented to the user.
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4. Uncertainty Level As described in the previous paragraph, the mwmicgy level of the each
resource will be calculated based on the attribstemwvn in the description page. UC5 will
describe the uncertainty level in more detail.

5. Validation Information- Meta information about the validation processchs as used tools,
standards, conclusion.

6. Resource Visualisation A component to visualise well-known content afrtizular type of
resources. For example to visualise PDF documdéetscomponent could offer to display the
different images from the PDF resource and the eserquickly browse the different diagrams.

4.5 UCS5 - Define discovered resource uncertainty

This use case should allow domain experts to defngin quality criteria for resources like the
reputation of the publishing institute, the measwBt methods, used norms and standards etc. The use
should have the possibility to assess the diffecdteria with a value. Based on the different vinbégl
criteria an uncertainty propagation level will l@aulated and visualised in graphical and numericgl.
However due to the fact that the optimal set oferainty criteria are not known, further investigaton

this field has to be done. Therefore in this docotnealy a fixed set of criteria will be used to@ahte

the uncertainty levels. Later version will furtheprove with advancing knowledge on how to représen
the uncertainty of resources in more optimal w&yg. 8 shows some of the initial criteria for version

one.

"U WCET R by —

Mncevtaminty Lewel: 0%
Date sowrce owwer  ABC insHbwkom

Dot sowrce providen:  XYZ institubion
Huwilper of patients: 25500
Size of veqiow: 255 kwad

Time vamge e yeors

Fig. 8. Uncertainty level detail.

Uncertainty Criteria
Criteria are dependent to the domain of the datececand are computed basing on metadata informatio
For the first version of this user case we profosebase of our experience) these uncertaintyrizite

Cancer:

* Number of patients -1000 bad, 1000-5000 good-b@@d)$ good this is a proposed dividing, it
can be changed by the administrator or it can k& alpecified to the e.g. diagnose (different
diagnose has various frequency)
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» Time range - 1 year bad, 2-5 years good-bad, 5#sygaod -this is a proposed dividing, for
duration longer than 5 years we can see the trshdyter durations are not usable in statistics
calculations.

» Size of region - has to be compared to the Numifempatients, compute "Number of
patients"/"Size of region" e.g.this rate describe how dense is monitoring. Biggember is
better.

» Data source owner - True/Falsewner is known or not (binary criterion)

» Data source provider - True/Falsprovider is known or not (binary criterion)

* Number of sites- 3 bad, 4-10 good-bad, 10+ goitiiks-is a proposed dividing, it can be changed
by the administrator.

* Number of samples - has to be compared to the nurmaobesites, compute "Number of
samples"/"Number of sites" e.g.this rate describe how many samples has beenageer
collected from one site. Bigger number is better.

» Analysis method - True/Falsenethod is known or not (binary criterion)

» Time range - 1 year bad, 2-5 years good-bad, 5+sygaod-this is a proposed dividing, for
duration longer than 5 years we can see the trehdyter durations are not usable in statistics
calculations.

» Size of region - has to be compared to the Numbsites, compute "Number of sites"/"Size of
region" e.g- this rate describe how dense is monitoring. Brggumber is better.

» Data source owner - True/Falsewner is known or not (binary criterion)

» Data source provider - True/Falsprovider is known or ndbinary criterion)

4.6 UC6 — Compare discovered resources

This use case shall enable the user to compare f@sources on the fly after the discovery. Possibl
resources are for example PDF and office documdifterent image formats, or raw data sets. The use
shall be able to add found resources to a comsiréhis list serves as a temporal storage tolerthle
user to do multiple searches and to mark the pateesources for later comparison. The compare
component itself should offer similar functionaldg shown in Fig. 9.

Number one in the prototype indicates an overviéth® marked resources from previous performed
searches. For every resource the recognised repatises should be listed, for example found images
within the content.

Number two visualises the actual comparison sectimnuser wants to add different resource
representation here from the overview list. Inélkample prototype two time series graphs are szlect
from the overview and are displayed to the usee B cancer trend from the SVOD application and
one is a pollutant measurement from GENASIS, babrdms can be compared by the user. Feasibility
and practical interest for this feature has todsearched further.
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Fig. 9. Compare component.

4.7 UCT — Find similar resources

This use case provides the functionality to sefockimilar resources based on interesting resource
already found. If the user finds a resource thathes his needs a new search is started based on a
current resource. The found resources should haighgprobability to match the template resourcedus
for the search. The result list should be simitea regular result list shown in Fig. 5 in UC4. Tdoatrol
of this feature and a possible visual representatie also presented in UCA4.

4.8 UCS8 - Find related resources

The user wants to search for related resourcethar @nowledge domains based on an already found
resource. For example the user wants to find goilutnonitoring data for a specific time range and
geospatial region, based on the values of a disedweancer analysis. The geospatial extend and
temporal extend from the cancer analysis will bedus perform a new search. The user only has to
provide and specify the domain of interest in whielw resources should be discovered. The result lis
should be similar to a regular result list showirig. 5. The control of this feature and a possildeal
representation are also presented in UCA4.

5 Conclusion

Anthropogenic impact and influence of global climahange scenario aims to improve discovery process
of two domains (POPs, cancer) and to find connastimetween them. It profits from the GENASIS and
SVOD portals (created at MU), which collect theides data. This document focuses on these two
portals as representatives, but there will alsother resources from outside.

For the validation of TaToo tools we propose iis tfocument these eight use cases:
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» UCL: Discover resources with existing tools

» UC2: Generic discovery

» UCS: Persistent Organic Pollutant Resource Disgover
» UC4: Oncological resource discovery

» UCS5: Define resource uncertainty

e UCG6: Compare resources

» UCY: Find similar resources

» UCS8: Find related resources

Use cases 1-4 describe discovery process usingol #TQIC1 TaToo tools helps the user to discover
new (related) resources during browsing GENASISWOD portal. This brings for the users of
GENASIS and SVOD new possibilities of effectiveatigery in the domain of interest.

UC2 is a discovery process which is similar toghevious use case, but now not only for the uskers o
GENASIS and SVOD. The user has to type into sirfgle manually all the information / keywords he
wants to search. TaToo tool should not only delitierresults in the original language used (toi§pec
the search query), but it should also search frltgin foreign languages which match the domain
context. Applicable languages for proposed tatatstare Czech and English (e.g. user type searety qu
in Czech language and Tatoo will be able to undedsaind give to the user also English resources
fulfilling typed query). Used languages could béeexled to others (e.g. European) languages in the
future.

UC3 and UC4 are specialised use cases of UC2. TUseseases provide user with the extended form
where he can specify only domain specific searitlré. This form will be built up with advanced kwe
technology where the user can e.g. interactivdbcseegions in a map.

By the UC5 we would like to assign some uncertaimtyrmation (which will inform user about data
quality) to the resource. However, due to the flaat the optimal set of uncertainty criteria aré no
known, further investigation on this field has ®done. Therefore in this document only a fixedoet
criteria is used to calculate the uncertainty Isvkater these criteria will be improved with adeizug
knowledge on how to represent the uncertainty sbueces in more optimal ways.

Compare resources use case (UC6) is meant foisthre to be able to see more resources togetheo and
compare them. The user can search for the resomraesitrary domain (POPs, cancer), save selected
resource to the Compare-list and then compare théne Compare-list window. This use case can be
extended in future with e.g. generating reportgaaded filtering of compared data sources (to e @b
compare e.g. only resources of a certain formpg)ty

The last two use cases (UC7, UC8) are similar t@ dad UC4. In UC7 the user has already found some
interesting resource and wants to discover otmeitagi resources. Then TaToo will discover other
resources based on the same searching criteripravide the user with the value of resource sintijtar
relevance. UC8 is the use case for searching éocdnnections between two selected domains (cancer,
POPs). The user has already found a resource fnrend@main and wants to search for the resource from
the other domain where the time range and regidaolma
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The resource description mock-up could be exteimuéte next version with a possibility of a usetag
or to add additional information on particular dataurce. These tags can specify in more detail the
metainformation of the resource. The user would absily asses the quality and usability of the
resource.
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Abstract

The paper presents chosen results of the projectSRf1i2/26/07 “Proposal of new indicators for
monitoring the effectiveness of environmental mansnt by industry (NACE) and system of
environmental reporting in the evaluation of linkstween environment, economy and society” of the
Ministry of Environment of the Czech Republicnttoduces the proposed Methodical Guideline of the
Ministry of Environment with core key performanaeicators of organizations of the Czech Republic
with environmental management systems. These aed irs corporate environmental reports of
organizations with environmental management sysi@masalso in annual statements of organizations
with Environmental Management and Audit Scheme (EMAhe core key performance indicators are
based on the Regulation (EC) No 1221/2009 and gathto economic and social area with using the G3
guideline of the Global Reporting initiative anddN Group one.

Abstrakt

V prispevku jsou uvedeny vybrané vysledky projektu ¥.a$P/4i2/26/07 "Navrh novych indikatopro
pribézné monitorovani dinnosti systém environmentalniho managementu podle ébdv(NACE) a
systému jejich environmentalniho reportingu s hagném vazeb mezi zivotnim prestim, ekonomikou
a spolenosti" Ministerstva Zivotniho prosdi Ceské republiky. Je vém pwedstaven navrhovany
Metodicky pokyn Ministerstva Zivotniho presti s kifovymi vykonnostnimi indikatory pro organizace v
Ceské republice, které maji implementovan systéinoanventalniho managementu a také ve sjich
zpravach organizaci s systémem environmentalnihtagementu a auditu (EMAS). &dvé indikatory
vykonnosti jsou zaloZzeny na/meni Rady (ES§. 1221/2009 a roz&ny do ekonomické a socialni
oblasti, s vyuzitim G3 manualu GRI a manudlu spasti RICON Group.

Keywords
Environmental management, Environmental Managemantd Audit Scheme, Environmental
performance, Methodical Guideline, Key performaimcicators, Environmental reporting.

Kli ¢ové slova
Environmentalni management, Environmentalni managem audit, Environmetalni vykon, Metodické
pokyn, Klicové indikatory vykonnosti, Environmentalni repogtin
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1 Introduction

Masaryk university has worked on the project No4&#26/07 (Project) of the Research Programme of
the Ministry of Environment of the Czech RepubMog): “Proposal of new indicators for continuous
monitoring the efficiency of environmental managamsgstems with respect to economic activities
(NACE) and the system of environmental reportirty evaluation relationships among the environment,
economy and sociétgince 2007. The main goal of the project is talfout how to continuously and
exactly monitor the development of the environmiemtgacts of chosen sector (economic activities
connected with NACE - Statistical classificationeabnomic activities) [21] and find relationships
among environment, economy and society and tramsfioem intakKey Performance Indicatoi@PIs)

[9], [10] for the environmental reports @mvironmental management systeilslS) [17], [18] and

EMAS (Environmental Management and Audit Schemd) gvironmental statements.

The Project has been solved in the years 2007-21f&search was divided into three stages acogrdi
to its particular targets as follows:
1) The analysis and proposal Bhvironmental Key Performance Indicatdrs selected economic
activities.

2) The development of thdethodical GuidelindMethodology) of the MoE for setting up core KPls
and their reporting in the selected economic a@wi(NACE) [21].

3) The analysis, design, development and implememntatdb the web application software
INDICATORSor the calculation of KPIs and their annual rejmgrto MoE.

The results of two stages of the Project are sulimethin the paper.

We analyzed definitions of indicators of internaab(OECD, UNECE, ...), European (EEA) and Czech
(MoE, CENIA) level. The indicators of organizatiotsnnected with environment were summarized on
the special web page of the Project [23]. We careid the overview of Tyteca [30], who reviewed the
literature on environmental performance indicatbrshis paper he called for an index that
simultaneously accounts for resources used, gotmlitsuproduced and pollutants or undesirable ostput
emitted.

Also Farea, Grosskopf and Hernandez-Sancho [5]gedva formal index number of environmental
performance which can be computed using data eprednt analysis techniques. The implicit
benchmark is that of finding the highest ratio obd to bad outputs. They apply their method torapta
of OECD countries for 1990. OECD has establishedramon approach and framework for developing,
measuring and using environmental indicators: tB€D Core Set and itsore environmental indicators
(CEl); several sets adectoral environmental indicato(SEI) (e.g. transport, energy); a small setef
environmental indicatoréKEl) [20], [22].

Hermann, Kroeze and Jawjit [7] presented a newysinal tool, called COMPLIMENT, which integrates
parts of tools such as life cycle assessment, fotitéria analysis and environmental performance
indicators. It is based on environmental perforneaindicators, expanding the scope of data collactio
towards a life cycle approach and including a wiighand aggregation step.

Reporting Guidelines for UK Business [3] was settiut 22 environmental KPIs, together with

information on how environmental impacts arisingnirthe supply chain and from the use of products
can be taken into account.
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We concluded this analysis with the first propafanvironmental KPIs to provide businessmen a tool
for measurement of the EP of their organization}.[©2ir approach for setting out a core set of KiFds
connected with industry practice. We developecctire set of KPIs to organizations with EMS which
hold Responsible Cardgo [25] at chemistry industry. It was done witie collaboration oAssociation

of Chemical Industry of the Czech Repufitic After KPIs verification we generalized themthe
Methodologyof the MoE for setting up KPIs. These core sekéfls can be used in environmental
reporting of all organizations with implemented aedtified EMS [9] and also in environmental
statements of organizations with validated EMAY[24

In the paper is presented the core set of propkbési from the Methodology of the MoE [12]. They are
based on thénnex IV of the Regulation (EC) No 1221/2@@®ut voluntary participation of
organizations in the Community Environmental Mamaget and Audit Scheme (EMAS) [24], G3
Guideline [6] of the Global Reporting InitiativeSRI), RICON Group guidelines [26] and previous
proposals of KPIs published in [9], [10], [11] ali®].

2 Environmental performance evaluation analysis

The Environmental Performance (EP) of an orgarinas defined as results of an organization’s
management of its environmental aspects [17]. érctintext of Environmental Management Systems
(EMS) these results can be measured against thaiaggion's environmental policy (i.e. overall
intentions and direction of an organization relateds environmental performance as formally espesl
by top management), environmental objectives (dveraironmental goals, consistent with the
environmental policy, that an organization sewlfito achieve) and environmental targets (i.eaitkd
performance requirements, applicable to the whajardzation or parts thereof, that arise from the
environmental objectives and that need to be sktraat in order to achieve those objectives), ahdrot
environmental performance requirements.

The Environmental Performance Evaluati§BPE) is the subject of the international stand&@ 14031
“Environmental management — Environmental perforogaavaluation — GuidelinesThe EPE is
defined as follows: Process to facilitate management decisions regardim organization’s EP by
selecting indicators, collecting and analyzing datssessing information against EP criteria, repayt
and communicating, and periodic review and impromenprocess

Theenvironmental performance criterios described by the standard ISO 14031 as an iaaam’s
environmental objective, target, or other intenldae| of environmental performance sets up by
organization’s management.

Theenvironmental performance indicatoreans a specific expression that allows measureoham
organization’s environmental performance [24].

The standard ISO 14031 describes also two genategiaries of indicators for the EFEavironmental
Performance Indicators (EPIsandEnvironmental Condition Indicators (ECld)ut they are not used in
practice [31]. The process of EPE defined by thaddrd ISO 14031 two generaincluding methods
how to choose appropriate EPIs and ECIs and sehvippnmental performance criteria. Therefore, we
will present other approaches [6], [9], [19], [2dhd Methodology [12] for selecting the core sekBfs

in the paper.
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3 Selecting indicators with respect to EMAS

We considered only the core set of KPIs, whichteela direct environmental aspects of the
organizations. The remaining additional KPIs anetaimed in the Methodology [12] that is the outpfut
the second stage of the above introduced Project.

Organizations of all economic activities (accordindNACE [21]) should determine the core set of KPI
and organizations of the given economic activisiesuld choose additional environmental KPIs
according to the significant environmental aspebtsdo this, the internal (possibly external)
environmental audit can be used, on the basis @hithe organization management will propose the
additional KPIs in co-operation with an auditor [1{28] or verifier of EMAS [20], [24]. Furthermore
the European Commission (EC) shall, in the consaitavith Member States (MSs) and other
stakeholders, develop sectoral reference docurttamitshall includebest environmental management
practice; environmental performance indicators $pecific sectorswhere appropriate, benchmarks of
excellence and rating systems identifying enviromtaleperformance levels [24].

The EC will take into account existing referencewnents and EP indicators developed in accordance
with other environmental policies and instrumentthie European Union (EU) or international stanglard
(ISO, G3 Guidelines, etc).

The Regulation (EC) No 1221/2009 specified in Anhéxhe core set of KPIs in the following key areas
of the environment:
1) efficiency of material consumption;

2) energetic efficiency;

3) water management;

4) waste management;

5) biological diversity;

6) emissions into the air;

7) other relevant indicatorsf the influence of the organization’s activity the environment.

When an organization concludes that one or mores IdRd not relevant to its significant direct
environmental aspects, it may not report on thaB&sKThe organization shall provide justificatiorthat
effect with reference to its environmental auditeriew.

Each relevant indicator, in accordance with thee&nkv of the Regulation (EC) No 1221/2009 consists
of:
a) afigure A indicating the total annual input/impaitthe given field;

b) a figure B indicating the overall annual outputtbé organization; and
c) afigure R indicating the ratio between A and B.

Data of the overall annual output of the organarati.e. figure B, are the same for all the above-
mentioned areas relating to the environment. Howekiey are adapted to various types of organizafio
depending on their type of activity.

The Regulation (EC) No 1221/2009 distinguished:
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a) organizations operating in the production sectaranufacturing industry with NACE code D),
where the total gross value-added expressed liomMember State currency (e.g. CZK - Czech
Crowns) or total annual physical output expreseddries must be reported;

b) organization in non-industrial sector@dministration or services with NACE codes G o P
where it shall relate to the size of the organ@ratind expressed in the number of employees;

¢) small and medium organizationSME), where the total annual turnover or the nembf
employees must be reported.

Figure B is unigue for the given organization anddommon for all indicators.

Organizations should report on all three figure®8Aand R for each indicator [24]. We proposed & th
Methodology [12] to report figures A and R only.

Data on the total annual inputs/impacts in thegiaeea, i.e. figure A, are described in the follogvi
paragraphs, where numbering of indicators is ingl@nce with numbering of indicators of G3
Guidelines [6], which is mostly used in practices.

3.1Material efficiency

Indicator EN1 - concerning the “annual mass-flow different materials used” (excluding energy
carriers and water), expressed in tones

Explanation This is the material consumption in the organiratccording to weight, possibly volume.
These are used materials in the organization inmauthaterials purchased from external supplierd, an
further, the materials that are obtained from mmakisources (bound production and mining activjties
This indicator describes the contribution of thgamization to the preservation of the global basis
sources and the efforts of the organization to cedunaterial intensity and to improve efficiencyitsf
economy. These are the explicit aims of the OECunCi according to OECD Recommendation
C(2008)40. For internal managers and other persotesested in the financial situation of the
organization, the material consumption is relateeotly to the total operating costs. Internal ntoring

of this consumption either according to productamcording to the category of products enables
monitoring of material efficiency and material flmgsts.

The weight of all used material including mateqairchased from external suppliers, and further, the
materials that are obtained from internal sourdesurid production and mining activities) will be
reported.

Indicator EN2 — ratio of the used recycled inputtemils expressed in units % of the total input
materials.

Explanation:Requirement of this indicator is to ascertain dbdity of the organization to use recycled
input materials. Use of these materials helps tuce the demand of new natural materials and
contributes to the preservation of the global bebizatural resources. The percentage contenteofised
recycled input material will be reported, with tinee of the following formula:

EN2 = (Total amount of input used recycled matariahll used input materials) x 100

Substitution of common material with the recyclete @an contribute to the reduction of total codts o
operation, which is important information for intaf and other employees that are interested in the
financial situation of the organization.
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3.2 Energy efficiency

Indicator EN3 — concerning the “total direct energyse”, the total annual energy consumption,
expressed in MWh or GThe total annual energy consumption of the orgditin is possible to express
also inunits tones of oil equivalents (T€)E

Explanation The direct energy may be either in the primamyfde.g. natural gas for heating), or in the
form of transient (intermediate) energy (e.g. eleity for lighting). Energy may be purchased, mine
(e.g. coal, natural gas, oil ...), harvested (e.@rgy of biomass), captured (e.g. solar, wind povweer)
brought within the organization by other means.

Total direct energy consumption = direct primaryeegy purchased + direct primary energy produced -
a direct primary energy sold.

Indicator EN4 - concerning the “total renewable eme use”, the percentage of total annual
consumption of energy (electricity and heat) pratudy the organization from renewable energy
sources; it could be expressed in units: toneslaquivalent (TOE) produced from renewable resesrc

of energy.

Explanation Renewable energy is obtained from natural prasedhat are continuously renewed. It
includes electricity and heat generated from sumdwocean, water power, biomass, geothermal
resources, bio fuels and hydrogen obtained frorawable sources.

3.3 Water Management
Indicator EN8 - concerning the “total annual watesnsumption”, expressed in m3, i.e. in units’ méfye

Explanation The total volume of taken water in cubic metess year (m3) will be reported according to
the following resources:

a) surface water, including water in rivers, lakes amdand;

b) groundwater;

¢) rain water collected directly and stored by theaoigation;

d) waste water from some organization and

e) water supplies from water distribution system dreotpublic water supply service.

Information on water consumption in the organizatian be obtained from the water meters, wates, bill
calculation derived from other information on watkeat are available or (if there are no water nseter
bills or reference data), the organization's owtmeses.

3.4 Waste management

Indicator EN22 - concerning the “total annual geagon of waste”, broken down by type, expressed in
tones.

Indicator EN22a - concerning the “total annual geatton of hazardous waste” expressed in kilograms
or tones.

Explanation Data on the quantity of waste created in the eege of several years can indicate the level
of development achieved by the organization ineffert to reduce waste. They can indicate also the

61 TOE = 41,868 x fQloule
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potential improvement in the process of effectivanand productivity. From the financial point ofwi,
reduction of waste contributes to direct reductibnosts of materials and waste treatment.

3.5 Biodiversity
Indicator EN11a — concerning the “use of land”, eepsed in m2 of built-up area use of land.

Explanation Operating places owned, leased, managed by taniaation will be reported. They can be
located within or adjoin protected areas and avei#ts high value of biodiversity or such places that
include protected areas and areas with high vélbediversity outside protected areas.

In reporting on the use of land by the organizatiea can identify and understand certain risks eoted
with biodiversity. Monitoring of its activities takplace both in protected area and in areas wgh hi
value with respect to biodiversity outside protdcégeas, it enables the reporting organizatioretiuce
risks of environmental impacts. It also enablesdiganization to manage impacts on biodiversity tand
avoid bad decisions making. Failure in adequateagement of such impacts may result in impairment
of reputation, delay in obtaining building perm@s and a loss of social approval with the
organization’s activity.

3.6 Emissions into the air

Indicator EN16 - concerning the “total annual enitss of greenhouse gases”, including at least
emissions of C& CH,, N,O, HFCs, PFCs and SFexpressed in tones of g€quivalent .

Explanation Direct emissions of greenhouse gases from allrcesu owned or managed by the
organization will be reported, including:

a) generation of electricity, heat or steam (as regubit EN3);
b) other combustion processes, like burning;

¢) physical or chemical processing;

d) transportation of materials, products and waste;

e) conveyance of combustion gases (out gassing) and

f) volatile emissions.

Emissions from combustion processes and resourtlesowespond to direct primary energy from non-

renewable and renewable sources, as reporting 81 Bbtte that C@emissions from burning of biomass

are not supposed to be included here but shouldeperted separately according to GHG Protocol
Corporate Standard (The Greenhouse Gas Protocpbaae Standard - reworked edition).

Further, also indirect emissions of greenhousesjassing in generation of purchased electricigathor
steam will be reported (this corresponds to thegneonsumption reported according to EN4).

Indicator EN20a - concerning the “total annual @mission”, including at least emissions of ,SNOXx
and PM, expressed in kilograms or tones.

4 Other relevant indicators of the effect of the migation’s activity
on the environment

We did not used in the Methodology economic KPtamrG3 Guidelines, but we oriented to Japan
approach, where RICOH Group [26] established arthencsystem for economic KPIs that we used.
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Environmental KPIs must accurately evaluate theustaf sustainable EMS of organization and faddita
its further improvement. It introduced terfBsonomic benefiaindEnvironmental conservation co$26].

Economic benefitsefer to benefits that organization obtained byiremmental conservation activities
and which contributed to its profits in some foatonomic benefits are classified into five categmis
follows:

1

2)

3)

4)

5)

Substantial effeciThis means economic benefits that fall into eitbfethe following two cases:

a. Cash or cash equivalent is received as a bendfis. Jorresponds to “realized gain” in
financial accounting.

b. The amount of savings in such costs that would haweurred if environmental
conservation activities had not been conducteds Tdmount is not recognized in
financial accounting.

Estimated substantial effecdubstantial contributions to sales or profits sdwalue cannot be
measured without estimation. They include improvihg EP of a product, which leads to an
increase in sales or profit.

Secondary effectThe expected amount of contribution in the cakat texpenditure on
environmental conservation activities is assumedh#wve contributed to profits for the
organization. If environmental conservation costs assumed to be costs that are indispensable
for the organization to conduct its operations, gmample, it can be safely said that such costs
contribute to profit in some form. In practice, caft the effects generated by environmental
conservation activities, those which do not appeaain increase in sales or profit or a reduction in
costs are represented in monetary value calculgtelde formula specified for each item.

Incidental effect Expenditure on environmental conservation adgéigitcan help avoid the
occurrence of environmental impact. Therefore, dah de safely said that the expenditure
contributed to the avoidance of such damage ofrenriental impact that would have taken place
without the expenditure. In practice, the incidéeféect is computed by multiplying the expected
amount of damage by an occurrence coefficient apéct coefficient.

Social effectSocial effect means such effect that is generayedxpenditure on environmental
conservation activities not for the organization fou society. In practice, social effect means the
amount of reduction in the expense of electric poaval waste disposal that is enabled through
environmentally-friendly products for customers.

Environmental conservation costefer to expenditure on environmental conservagotivities (in a
broad sense), and consist Bfivironmental Investmentnd Environmental Cost¢§in a narrow sense).
Environmental Investmentsorrespond to “Investments in fixed assets” imaficial accounting. The
amount of environmental investments is distribiasdenvironmental costs over the service life oddix
assets in accordance with depreciation procedtmaronmental Costsorrespond to the “period cost”
in financial accounting. (Depreciation cost of eéndimental investments is included.)

Now, we can set out economic KPIs based on the #ements shown below:

4.1 Economic Benefits of Environmental Conservation Afivities

Indicator EC1 - indicating whether activities in\@ronmental conservation are economically rational
expressed by

EC1=

Economic benefits / Environmental conservatosts
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Explanation Activities in sustainable EMS can be considereghemically rational if the EC1 is one or
greater (i.e., the economic benefits are equat greater than the environmental conservation Losts

Indicator EC2 - indicating whether activities inv@monmental conservation are economically and socia
rational expressed by

EC2 = (Economic benefits + social cost reductioByrwironmental conservation costs

Explanation Activities in environmental conservation can lensidered economically rational if the
guotient is one or greater (i.e., the sum of ecdndmnefits and social cost reduction is equal to o
greater than the environmental conservation costs).

Indicator EC3 - indicating the efficiency of envirnental improvements made by the project/investment
activity which is expressed by

EC3 = Environmental impact reduction / Environmeém@anservation costs

Explanation EC3 is used to evaluate the efficiency of envinental improvements made by the
project/investment activity concerned.

4.2 Environmental Efficiency of Business Activities

Indicator EC4 - indicating the environmental impaxdtbusiness activities and whether those actwitie
respond to public needs and expectations is jabtdiwhich is expressed by

EC4 = Sales / Total environmental impact

Explanation Total environmental impact is considered as mtafsbr monetary amount. EC4 is used to
evaluate the environmental impact and whetherdpjzropriate in relation to the size of the busines

Indicator EC5 - indicating whether the businessiaist generates an appropriate level of profit in
relation to its environmental impact which is exgsed by

EC5 = Value-added business activities / Total emvwinental impact

Explanation EC5 is used to determine whether the businesgitgogenerates an appropriate level of
profit in relation to its environmental impact.

5 Corporate enviromental reporting

Environmental reporting as an inseparable partopparate sustainability reporting [9] and [27].hks
become a popular discussion topic in the academdccansulting spheres during the few past decades
[1], [4], [8], [18]. The majority of literature soces stresses the advantages of additional susiitina
reporting that can help organizations to improveirtmelations with the core stakeholders, establish
sustainable supply chains and therefore to creftigi@nal value of their business [7], [30].

The development of environmental reporting in tlrec Republic reflects the overall global trends [8
[11], [27]. The available statistics show that tigh all objective benefits the environmental reipgrtan
bring to businesses, the existing motivation is sudficient to make this a normal business practise
compared to the financial accounting and repori®gthe one hand, some large corporations areehctiv
performing environmental reporting initiatives; the other hand, the relative share of these orgtoirs

is rather small.

The Methodology recommends that the environmemgabnt of organization shall contain at least the
elements and shall meet the minimum requiremerggtagut for example in [6], [12]:
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a) a description of the organization and a summaritsofctivities, products and services and its
relationship to any parent organizations as apatsr

b) the environmental policy and a brief descriptiolit®EMS;

c) a description of all the significant direct and inedt environmental aspects which result in
significant environmental impacts of the organ@atand an explanation of the nature of the
impacts as related to these aspects;

d) a description of the environmental objectives amgigdts in relation to the significant
environmental aspects and impacts;

e) a summary of the data available on the EP of thardzation against its environmental objectives
and targets with respect to its significant envinental impacts. Reporting shall be on the core
KPIs and on other relevant existing EP indicatarset out previous chapter of this paper;

f) other factors regarding EP including performanceairsi legal provisions with respect to their
significant environmental impacts;

g) areference to the applicable legal requiremettésimg to the environment;

h) the name of accreditation company or the licensabau of the environmental verifier and the
date of validation.

The annual environmental report of any organizasiosll contain at least the elements and shall theet
minimum requirements as set out in points e) t@24).

The organization shall be able to demonstrate ecatiditor company or the environmental verifiert tha
anybody interested in the organization's EP carilyeasd freely be given access to the information
required for evaluation of KPlIs.

The organization in the Czech Republic shall enshiaé this information is available in Czech langgia
if the organization is certified or registered lire tCzech Republic, and if applicable in (one of) dfficial
language(s) of those MSs, in which sites coverethbycorporate registration are located.

5.1 Mandatory environmental reporting to state authorities

Organization (natifier) in the Czech Republic mustify environmental reports in the relevant legal
standards, which impose an obligation to keep enwiental report. A notifier duty is to deliver redet
annual environmental reports to state or publiciathnation authorities that are concerned by tgal
standard required to control the report. These rtepmntain information on air and water pollution,
waste management, used electrical equipment, wileckes etc. and the treatment with them at the
relevant facilities.

The part of eEnvironment [13] services of the CzRelpublic is the web portal of thetegrated System
for the Implementation of Reporting Obligatio(SIRO) [17]. It is processing certain mandatory
environmental reports (environmental data and médion) and distributes these to state and public
administration bodies and chosen part of them tdipuThe ISIRO was established by the MoE and is
runnig by theCzech Environmental Information AgenGENIA).

Operating information system ISIRO was launchedamuary 1, 2010 and it is directed by § 4 of Act No
25/2008, on the integrated pollution register @RD. Environmental reports are submitted into ISIR
in electronic form with the prescribed data staddar
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The ISIRO receives the environmental reports, séves in databases and submits them to the relevant
verifying state administration bodies pursuantaw.| Reporting can be done using a remote electronic
access.

One of the legal tools directly connected with #@porate environmental reporting in the Czech
Republic is the law No 25/2008 which incorporates tequirements of thBirective No 2008/1/EC on
Integrated Pollution Prevention and Conti@PPC). According to this law, organizations agquired to
identify, evaluate, register and report to the ISIkheir emissions and transfers of 93 substancésein
case if their quantity is above the defined limits.

In addition to that, organizations have furtherartipg duties for notification to ISIRO according the
number of further national environmental legislati6or example, the Czech law No 185/2001 on waste
stipulates the reporting duty to ISIRO for the arigations producing per year more than 100 kg of
hazardous waste or over 100 tones of other wasteording to the Czech law No 86/2002 on air,
organizations are required to measure emissiommasuand report these data on standardized format to
ISIRO. The reporting duty to ISIRO is additionakyipulated concerning water, natural resources,
hazardous chemical substances, etc.

Environmental reporting is also concerning the segtion of chemical substances according to REACH
(Registration, Evaluation, Authorization and Resioh of Chemicals) — the Regulation EC 1907/2006
on chemicals and their safe use.

In the Czech Republic, certain organizations (f@8) have a so-called “reporting duty” which can b
imposed by theCzech Statistical Officé€CZSO) in accordance with the Czech Act No. 895168 the
State Statistical Service. The CZSO publishes timual Programme of Statistical SurveyBSS) to
coordinate the reporting activities of chosen oizgtions. A particular reporting duty occurs when a
organization is invited by the CZSO to fill out tepecial reporting form at its own expenses. Among
others, the CZSO is carrying out thenual survey ZP 1-01 on environmental protectinpeaditures
[32].

Chosen organizations must report in the annualesutangible fixed assets for environmental protexti

i.e. spending on the acquisition, costs of acdaisitas zoning, financing sources, non-capital cast
internal and external aspects of business and etonbenefits from activities on environmental
protection and consumption of natural resourcesiy fikes and charges in the environment. It enables
them to calculate above additional indicators ECBE

These organization needs to have certain elemérgavironmental accounting implemented within its
accounting system to complete the annual surveyn $oder to receive the correctly completed survey
ZP 1-01, the CZSO is concerned about stimulatirgy dinganizations to implement environmental
accounting and environmental reporting practices.

5.2 Voluntary environmental reporting in organizations with EMS

The Czech Republic Strategy for Sustainable Deveéopi [29] and the State Environmental Policy of the
Czech Republic [28] support the voluntary actigtief organizations aimed at the improvement of
environmental situation, implementation of envir@mtally friendly technologies, eco-design, eco-
labeling, etc.

The Czech Republic is one of the leaders amongéve MSs of EU according to the percentage of
organizations with certified EMS (both EMAS and 19@001). Furthermore, the Czech Republic's
position in this rating is quite comparable witkclsthighly developed states as Denmark, Spain,, ltaly
Finland. However, the figures witness that the shwdrsuch organizations among the small, medium and
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large business agents is quite insignificant. Urttlese circumstances, it is hard to call envirortalen
management and respectively environmental accayrdimd furthermore environmental reporting a
“normal business practice”.

According to the existing business practice, EM& wsually being established in accordance with the
requirements of ISO 14001:2004 or EMAS [24]. Thet ldevelopment of implementation of EMS in the
Czech Republic is provided in the Table 1. By thd ef 2008, around 84 % of the organizations that
have implemented EMS were represented by mediuntaagel organizations with over 50 employees.

Consider only organizations with EMS certified 80 14001:2004 (that represents around 90 % of all
ISO 14001 certificates in the Czech Republic). &sw derived [27] that the following distribution is
apparent: almost 30 % of certified organizationtog to manufacturing industry, 27 % represent
construction industry and the third biggest groap @6) represents real estate, renting and business
activities. Among the leaders in the manufactuiimdustry one can name manufacture of electronic and
optical instruments and devices (around 30 %), rizetwre of basic metal and fabricated metal praguct
and manufacture of machines and equipment (aro0rd 2ach).

Table 1: Number of ISO 14001/EMAS certified organisationshia Czech Republic [11]

Year 2005 2006 2007 2008
ISO 1400: 2122 2211 3182 3541
EMAS 14 25 28 22

The Table 1, however, also turns out to be relptigenall in comparison with the overall number of
organizations in the Czech Republic: for instamoeording to the information of the CZSO by the ehd
2008 the number of non-financial organizations witlore than 20 employees was more than 23
thousand. All above-mentioned facts show that qaitew number of organizations are being involved
into EMS implementation and connected environmeeabrting activities.

Voluntary environmental reporting practices of argations in the Czech Republic are particularly
connected with the implementation of EMS in accoogawith EMAS or standard 1ISO 14001 [8].

The Ministry of Industry and Trade of the Czech ®ajz has established the institutional framewank f
EMAS verification and certification. The MoE hastroduced an Environmental Management
Accounting Implementation Guideline in 2003 to soqpghe development of systems of Environmental
Accounting and Reporting at the organization lewdlich issued from Jasch [25]. The guideline presid
definitions and requirements on monitoring of setnghvironmental costs, revenues, and on materihl an
energy flow balance.

6 Conclusions

The presented Project has developed as the propfosed Methodology [12] for environmental repogin
as the core set of KPIs based on the Regulation MEC1221/2009, G3 Guidelines and RICOH Group
approaches. We tried to fulfill Project aims, whiclought a number of new visions in the area of
development of environmental KPIs in the Czech Répult has also a potential to introduce compiete
new views on voluntary environmental reportingétested economic activities.

A very important aspect of the whole Project cdssis requests on the completeness of collecteal dat
and information about KPIs, which results not ofigm Czech legislative requirements, but also from

35



the EC and international standards (OECD, UNEP,,GHt). For this reason the developed new
Methodology for setting up individual KPIs is veiyportant for practice in the Czech Republic to
increase the standardization of environmental téqpim the Czech Republic.
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Abstract

The White Paper on eEnvironment introduced theesdndf eEnvironment at the Ad hoc Committee on
eDemocracy of the Council of Europe in 2007. TheoRenendation CM/Rec(2009)1 of the Committee of
Ministers of the Council of Europe to member stateselectronic democracy (eDemocracy) specified
eEnvironment in more detail. The objective is thay citizen can be informed about environmental
matters and can use this information for active tigggation in decision making and environmental
protection. Now, eEnvironment is one of the pillafeDemocracy and eGovernment. There is described
the reality and challenges for eEnvironment impletraton in European Union through the Digital
Agenda for Europe.

Abstrakt

Bila kniha o eEnvironmentu/@dstavila obsah eEnvironmentu v Ad hoc vyboru [eneokracii Rady
Evropy v roce 2007. Dopotani CM / Rec (2009) 1 Vyboru ministRady Evropylenskym stdim o
elektronické demokracii (eDemokracie) specifikowvetmvironment podrolgfi. Jeho cilem je, aby kazdy
obcan mohl byt informovan o otdzkach Zivotniho piedit a mohl pouZit tyto informace k aktividasti
na rozhodovani a ochranzivotniho prosedi. Nyni, eEnvironment je jednim z jfiileDemokracie a
eGovernmentu (elektronickéremé spravy). Vifispvku je popsan s@asny stav a vyzvy k implementaci
eEnvironmentu v Evropské unii prasdnictvim Digitalni Agendy pro Evropu.

Keywords
eEnvironment, eDemocracy, eGovernment,
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1 INTRODUCTION

The European Commission (EC) proposed the newegitaframeworkj2010 — European Information
Society 2010laying out broad policy orientations DOM(2005) 229 final It promoted an open and
competitive digital economy and emphasizes infoimmatitnd communication technology (ICT) as a
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driver of inclusion and quality of life. A key elemt of the renewed Lisbon partnership for growtt an
jobs, i2010 built towards an integrated approadinfiarmation society and audio-visual media pobcie
the European Union (EU).

Drawing on a comprehensive analysis of informasiociety challenges and drawing on wide stakeholder
consultation on previous initiatives and instrunserthe EC proposed three priorities for Europe’s
information society and media policies with verypiontant one: the completion of%ingle European
Information SpacgSEulS which promotes an open and competitive internatket for information
society and media. Thgingle Information Space in Europe for the Envirent{SISE as a subspace of
SEulSwas discussed in [2] — [9].

The Recommendation CM/Rec(2009)1 on electronic demgcfeDemocracy)of 18 February 2009
settled out recommendations, principles and guidsliconcerning eDemocracy closely connected with
COM(2005) 229 final, which are designed to applyefdemocracy, the democracy and human rights
principles established, inter alia, by existing @cl of Europe instruments and other international
instruments. It determined 72 principles, rules seglilatory frameworks of eDemocracy in thgpendix

to Recommendation CM/Rec(20099). It also includes Principle 40 of eDemocracyene is officially
specified eEnvironmentas: ‘®Environment is the use and promotion of ICT foe furposes of
environmental assessment and protection, spatédrphg, and the sustainable use of natural resajrce
and includes public participation. Using ICT torioduce or enhance public participation can improve
democratic governance in respect of environmestalas’

This principle is specified in detail in tl&planatory memorandum to Recommendation CM/Re8j200
where it is described in the Sectors on eDemoauadygr items 87-89:

E-Environment includes the use of ICT-based syst@nsaccess to and the dissemination of
environmental data and information as well as tstabklishment of ICT-supportadonitoring systems
and repositories for environmental knowledgg&nvironment thus makes it possible to forecast an
monitor the impact of natural and man-made factord other pressures on the environment, and to
determine the current state of the environmentchvhin turn makes it easier to formulate potential
responses because it is possible to draw on adraadre widely disseminated knowledge base.

Spatial planning and spatial cohesion are both basimponents of the eEnvironment field, and as such
constitute major challenges for nation states aedional and local authoritiesin May 2008, the
Congress of Local and Regional Authorities of theufxil of Europe adopted a report and
recommendation orElectronic democracy and deliberative consultationurban projects[10].

The UNECE Convention on Access to Information/iP@articipation in Decision-making and Access
to Justice in Environmental Matters (Aarhus Coni@mt[11] includes provisions calling on contracting
parties to use electronic information tools to gdevpublic access to environmental informatidn. this
end, the Parties to the Aarhus Convention set igskaforce to facilitate its implementation throudle
effective use of ICT tools designed to provide mubtcess to environmental information.

Therefore, eEnvironment could contribute to higlaliy information and services provision and it kkbu
thus provide Europe's backbone infrastructure @overnment / eParticipation / eDemocracy servines i
the Environment Matters [2]-[6]. It could also pide ICT tools to support rapid knowledge-based
decision making for sustainable development atonatj regional and local level, as integrated
information from various environmental impacts éalrtime. Finally, eEnvironment will be a substahti
contribution of EU to global ICT tools under devaleent, in order to support global governance for
sustainable development.
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The paper will describe the reality and challerfigegEnvironment cross-border services implemeutati
in EU as the part of eGovernment services and dlae pf eDemocracy.

2 DIGITAL AGENDA FOR EUROPE

On 19 May 2010 the EC unveiled t8©M(2010) 24Digital Agenda for Europe (Agendagn ambitious
action plan for maximizing the social and economatential of ICT in an aim to spur innovation,
economic growth and improvements in daily life foth citizens and businesses.

The first in a series of seven flagship initiativesder Europe 2020: A European strategy for smart,
sustainable and inclusive groWtlthe Agenda outlines seven priority areas foracthamely:

1) Creating aigital Single Marketo deliver the benefits of the digital era.

2) Improving theframework conditions for interoperability betwediT products
3) Enhancing Internet trust and security

4) Increasingaccess to fast and ultra fast Internet

5) Boosting cutting-edgeesearch and innovation in ICT

6) Enhancingligital literacy, skills and social inclusion

7) Applying ICT to aldress social challenges such as climate changmgihealthcare costs and
the ageing populatian
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Fig. 1. The Digital Agenda identifies where Europe need®tus its efforts to put this virtuous cycle imtion.

" http://ec.europa.eufinformation_society/digitaéada/index_en.htm
8 http://ec.europa.eu/eu2020/index_en.htm
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"We must put the interests of Europe's citizensbhasthesses at the forefront of the digital revolntand
so maximise the potential of ICTs to advance jaaton, sustainability and social inclusigrsaid EC
Vice-President and Commissioner for the Agendaibdgloes.

"The ambitious strategy set out today shows cleaHgre we need to focus our efforts in the years to
come. To fully realise the potential of Europe'gitdi future we need the full commitment of Member
States, the ICT sector and other vital economiggs!’ she said.

In order to turn the Agenda programme into realiy EC will have to work closely with the European
Parliament (through regular dialogue) and MembateSt(through a group of high level representatives
as well as all interested stakeholders at all ewelall Member States. The EC is going to organise
action-oriented stakeholder platforms, as well asaanual Digital Assembly to assess progress and
emerging challenges.

We will discuss challenges for eGovernment and @&nrnent services.

2.1Challenges for eGovernment services

The Agenda for EU specified the new approach tove@uonent services to offer a cost-effective roate t
better service for every citizen and business amtigipatory open and transparent government.

Today, despite a high level of availability of e@ovment services in EU, differences still exist agsi
Member States and the take-up of eGovernment ssrbg citizens is low. In 2009, only 38% of EU
citizens used the internet for accessing E-Goventrservices, compared to 72% of businesses. General
internet take up will be lifted if the usage andaliy and accessibility of public online servicaser
eGovernment services will be able to reduce casissave time for public administrations, citizemnsl a
businesses.

European governments are committed to making wsdric, personalized, multiplatform E-Government
services a widespread reality by 2015. To that godernments should take steps to avoid any
unnecessary technical requirements, for exampldicagipns that only work in specific technical
environments or with specific devices. The EC widad by example in implementing smart
eGovernment. These services will support streamliagministrative processes, facilitate information
sharing and simplify interaction with the EC, tHereempowering users and improving the efficiency,
effectiveness and transparency of the EC.

Most public online services at EU do not work aerdmrders to the detriment of the mobility of
businesses and citizens. Public authorities hafardocused on national needs and have not seffilyi
taken into account the single market dimensiorGrvernment.

They can also help mitigate the risks of climatande, natural and manmade hazards by including the
sharing of environmental data and environmentedlaiformation.

Member States should:

» Make eGovernment services fully interoperable, comiing organizational, technical or semantic
barriers and supporting IPv6;

e Agree by 2011 on a common list of key cross-bongdslic services that correspond to well
defined needs — enabling entrepreneurs to set wp ran a business anywhere in EU
independently of their original location, and allow citizens to study, work, reside and retire
anywhere in the EU. These key services should biadle online by 2015.
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2.2 Challenges of eEnvironment services

eEnvironment services, as a category of eGovernreentices, are either still under-developed, or
fragmented along national borders. Community lathis area should be reviewed and modernized.

It is partly solved by theCommunication COM(2008) 46 finalfowards a Shared Environmental
Information Systen{SEIS, where the EC has been setting out in the ye&8 2te road-map for
modernizing the way in which environmental inforioatrequired in various pieces of environmental
legislation is made available, through a legiskaiivstrument to be proposed [2] —{[7].

The European Parliament and the Council of the B&sgd th®irective 2007/2/EC on establishing an
Infrastructure for Spatial Information in the Euregn CommunityINSPIRE) in 2007. With this latest
move on increasing the availability of environméntta, information and services, the EC recognitges
obligation for the evolution of the EU towards aformation and knowledge society. This brought next
new challenge which was not yet consideBiulS spatial planning and cohesion standardizatain
SEulSparticularlySISEand enlarged its requested GIS properties. Moretive establishment of
INSPIRE Directive represented the significant adekdde for, and was also benefit from, other EU
initiatives such a€ouncil Regulation (EC) No 876/200221 May 2002 setting up tf@alileo Joint
Undertakingand the Communication from the EC to the Europgeatiament and the Counaijobal
Monitoring for Environment and SecurifMES: Establishing a GMES capacity by 2008 (ActionrPla
(2004 to 2008)). Member States should considemgusia environmental data and services resulting fro
Galileo andGMESas they become available, in particular thoseedlto the time and space references
from Galileo, [8], [9].

Secondly, innovative solutions such as advancedosenetworks can help fill gaps in the required
environmental data.

The relatively slow modernization of environmergablic authorities and the development of
eGovernment services (national and (pan)-Eurogeahg environmental field clearly undermines the
ability of public policy makers either to respongiakly and wisely to crisis situations or to desaymd
implement long-term and sustainable policies ardrteraction with civil society at large. It ispocted
that the SISE and particularly SEIS will enable aodst the development of intelligent eServices
(eGovernment, eEnvironment) by taking advantagtatd sharing infrastructures [7] — [9].

The development of an ICT infrastructure for eEoniment, to permit an easy discovery of
environmental service nodes on the internet arid dldaptive chaining (or composition) on demand,
could take full advantage of international opemdgads. It will include generic semantics framevgork
and dynamic ontology services for the discovergrad access to distributed environmental resourcas i
multilingual multi-domain context. This will entdibllowing challenges and tasks [2] —[4]:
» Establishe-Environment national/regional environmental imf@tion web centers ithe Member
States of the Elas the part of SEIS that will promote public ascts information and public
participation in environmental decision-making.

« EstablishEuropean Data Centresenabling citizens to access authoritative, quadissured
information about their environment and ultimateilpbally to extend transparency into how
environment policies are being implemented and &ff@ctive they are.

* Promote access to electronically stored environmental infation by establishing and
maintaining community web access points.
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« Develop AirWatch and WaterWatctloud computing applications extending the role avil
society in monitoring and observing changes in eéhgironment through crowd sourcing and
direct reporting;

« Establish one-stop access point(s) for citizens and relate@ogernment serviceswith
coordinated input from the relevant public authesitand/or linkages to other similar sites.

e Educateskill human capacity for the use of ICT toas SISE, SEIS, GMES and GEOSS to
promote the implementation of e-Environment througgmprehensive and forward-looking
training and education strategies for public offisi

» Promote the EC's efforts to develdipe institutional capacities of public authoritiés.g. CEE
POPs Centre) to monitor, collect, organize, stard disseminate environment-related data,
information and knowledge in an easily accessibtewser-friendly manner.

« Ensurethe interoperabilit EU ISA) of commonly readable, user-friendly aradiy transferable
formats of SEIS, GMES and GEOSS for environmergtegl data, information and knowledge.

» Develop and apply comprehensive environment-reld@@ tools (GIS) including specific
training programmes linking the use of ICT toolstte promotion of good environmental
governance.”

» Develop spatial data infrastructure for mobile wddkce the integration of advanced modelling,
space-based observations and local geographicatmation on hand-held devices to allow
workers in the field have access to their own dwe@IS "mash-up” e.g. for civil protection,
wildlife management etc.

« Promote the involvement of different stakeholdemeasenting both SEIS providers and its users
including civil society and private sector instituts, in the development and use of ICT tools
with a view to improving the accessibility, as wels the availability, of environmental
information and knowledge to the public.

e Maintain a national SEIS web sitavith data and information related to the natioravid
implementation of e-Environment, which will servés@a as the national node of the SEIS
clearing-house mechanism.

« Designate contact points responsible for collectimganaging and updating the data and
information contained in the national node and kegpnteroperability(Solutions for European
Public Administrations (ISA) Programme).

« Developcapacity for public officials managing and updatimformation for the national node
and for providing the necessary information for 88S mechanism (reporting).

» Develop methods and protocols for service chairing for the management of the effects of
uncertainty propagation through service chainingthich will be included into the SISE
infrastructure for e-Environment.

In our view, the future structure of eEnvironmeleheents must be based smeed, rich content,
interoperability, security, public access to infation, public participationandspatial and cohesion
standardization[9]. A key step in the implementation of this agpgch will be to modernize the way in
which environmental information and services reggliin various pieces of environmental legislat®n i
made available.
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We have identified five information subspaces af@Ebnment relevant for enabling electronic (difita
environmental information sharing in eGovernmeift [9
« Content (Semantic) Space

* Legislation Space
* Policy Space
« Organisation Space

e Technical Space incl. tools.

3 Conclusion

eEnvironment is a term which characterizes thereffoprovide environmental information and sersgice
for a broader audience. eEnvironment is closekelihwith the effort to build a Single Informatiop&e

in Europe for the Environment (SISE), based ontexjsnformation sources.

Information is the currency of democradyis stipulated in the Directive 2003/35/EEffective public
participation in the taking of decisions enables public to express, and the decision-maker to take
account of opinions and concerns which may be agleto those decisions, thereby increasing the
accountability and transparency of the decision-imglprocess and contributing to public awareness of
environmental issues and support for the decisiakeri.

To achieve effective public participation in thecidéon-making affecting the environment, the public
must have access to environmental information,isesvand knowledge at every Member State of EU in
the framework of eEnvironment / eDemocracy / eGowemt / eParticipation.
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Abstract

The paper deals with the system Maple for teachiaghematical modelling in biology. Students learn
mathematical modelling, i.e. using mathematics amdpplications in different scientific disciplisef
biology with using Maple in exercises, testing amaking smart documents for presentation of solved
mathematical models. Maple serves them as an impbihteractive support for understanding and
presenting solved biologicalproblems. Mathematiceddels lie in a background of any computational
model. Therefore, at the end of this paper soméhbdsas on process of mathematical modelling are
demonstrated in the case study of several compuatdtimodels in biology.

Abstrakt

Prispvek se zabyva systémem Maple pro vyuku matematiokélovani v biologii. Studenti seiu
matematické modelovani, tj. pouZiti matematikyjiaheaplikaci v fiznych ¥dnich oborech biologie s
vyuzitim Maple ve c#ni, testovani a vytvéni inteligentnich dokumehtpro prezentacieSenych
matematickych model Maple jim slouzi jako:iezita interaktivni podpora pro pochopeni a preaent
7eSenych biologickych problémMatematické modely jsou zakladem vSech dgtpéch modei. Proto
jsou na konci tohotaclanku demonstrovany ekteré zakladni myslenky v procesu matematického
modelovani v fipadové studii nateSeni gkolika vyp@etnich modelech v biologii.

Keywords
Electronic Learning (E-Learning), University Eduocat Mathematical Modeling, Computational
modeling, Numerical Simulation, Computer algebrat&yms, Maple.
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1 Introduction

Mathematical modelling represents an inevitable glcontemporary science. The magnitude of the
problems in scientific computing [10] is so higlatla research team does not only need expertsimn th
particular fields but also in computer scienceriten to perform high-performance computations on
today’s computing architectures like grids, clouatsd supercomputers [1]. Researchers must be teady
communicate and collaborate in heterogeneous tdaneguires well structured and highly-developed
soft-skills which must be well founded in termspsf/chological approaches and pedagogical methods,
and supported bnformation and communication technolo@@T) tools. So, instead of an expert in one
field and blind in the others,Tashapedor even a-shapedl Professional [15] with deep expertise in one
or two fields and broad overview in the otherseiguired today.

Mathematical, numerical and statistical methodsi@thematical modelling lead to quantitative modelli
and simulation based on so-called deep or shallayw #Wowever, primarily at the formulation of a real
problem from biology, ecology, chemistry, physiesgineering and economics, we have to provide a
gualitative analysis based on intuition, estimatiexperiences and common-sense reasoning withsthe u
of efficient interactive ICT.

In the paper, we introducecamplete model of education in mathematical maugih biologystarting
from the methodology [14], mentioning the requisedt-skills, the requirements imposed by the
complexity of present computing architectures, ancbmpanying practical examples and learning
patterns.

Mathematical models used in scientific computing [@] are becoming large and the number of
computations needed for their numerical simulaisoincreasing. Simultaneously, the requirements on
model performance and accuracy are growing. Whanlation models are designed, we encounter
several problems that must be solved in order hieae these goals. The Maple system of the Canadian
company Maplesoftis an appropriate ICT tool and computer environnemabling to solve such tasks.

2 Requirements for Teaching Mathematic Modelling iol&gy

The requirements for teaching mathematical modgihinbiology go hand in hand with trends arising
from the contemporary profile of a research in (@m{) natural science. One cannot imagine scientif
computing [7], [9], [10] at the leading-edge lewdthout large-size computations. This applies tyeat
extent to the fields like mathematical modellingl amumerical simulation of complex environmental and
biological problems, such as weather forecastitahal climate change, pollution control or genome
analysis [2], [8], [11], [14], [18].

Therefore, the experts in both environmental antbgical science, mathematics and computer science
are urgently needed here. Moreover, both groupesafarchers must be able to communicate with each
other ‘speaking the same langudgde many senses [24]. So, beside of the experivkadge in their
particular field, they must possess well structuaed gradually developed transversal competencies
including soft-skills like communication and teanmv@ompetencies, language skills, and ability to
learn. Latest large-scale research studies in EU@Jp[20] identified very similar requirementsmimg
from the industry as future employers of the graesia

® http://www.maplesoft.com
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Person-Centred ApproadqPCA) since its invention by Carl Rogers in tHads of the last century has
proven over the years as being practically appléecabt solely in psychology but also in learnirighads
been gradually extended by Rogers, his daughtdralatRogers, and others [29] as a fully-fledged
pedagogical approach suitable, among others, alamiversity education.

Motschnig and Derntl [22] have proposed its extemén terms of technology enhanced learning in the
early 2000s and coined the teRarson-Centred Technology-enhanced Learff@TeL). Thanks to the
close cooperation with the University of Vienna,9deyk University (MU) started to apply the PCA
principles in teaching around 2005.

In the age of the so-calledliet Generatiohand widespread use of social networking toolsesenting a
significant part of the modern web Web 2.0—, PCTelL based on strong pedagogical foundations
arising from PCA in learning showed to be an appat@ methodology reflecting the needs and
expectations of the coming generation of studdnhtarresponds to what Stephen Downes [4]
understands a€*learning 2.0. Mathematics, including calculus, linear algelmadifferential
equations, together with its application in mathgoahmodelling and simulation in biology traditialty
seen as a hard and tedious discipline, bringseiséime time a great opportunity to show the stheofyt
PCTelL.

A next important factor is that the current ICT gmess leads to virtualization in many aspects. Vifhat
have been traditionally maintained on local PCgluiting large and demanding computer algebra
systems such as Maple, is now stepwise movingrtizal environments based on grigsouds and
supercomputersGrids represent a form of distributed computirgereby a Super virtual computéris
composed of many networked loosely coupled compueting in concert to perform very large tasks.
The term cloud stands for the Internet in compo&twork diagrams as an abstraction of the undeylyin
infrastructureCloud computingproviders delivecommon software applications online that are acegss
from a web browser, while the software and datasaoeed on serverd 2], [28].

Not solely senior teachers but mainly studentsyanuhg researchers must be ready to cope with these
challenges. So we try to arrange the educatiomliri® “Mathematical Modelling in Biologyaround the
following principles:

e Student-centred approach using methods describexl la

* Increase the interactivity and team character @ie¢lrning process;
» Working with tools enabling seamless virtualizat@ngrids and clouds;
» Provide them with complete though flexible envir@mts compatible with Web 2.0;

* Involving students, particularly PhD students,ealfarge size scientific projects.

3 Interactive Mathematical Modelling and SimulatiortwMaple

We will demonstrate a utilization of Maple to irdetive mathematical modeling and simulation, i.e.
construction, analysis, computing and modificatafnnontrivial mathematical models of selected real
phenomena from practices, which néégh performance computifd], [8], [23] and downloadin¢arge
database set®].
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3.1. Introduction to Maple Environment

Computer algebra system Maple provides an inteagtioblem-solving environment, complete with
procedures for performing symbolic, numeric, arapgical computations. There is a powerful
programming language at the core of the Maple systgon which the Maple libraries of mathematical
routines are built [18], [21]. A Maple web Siteffers all of Maplesoft's key user resources ia oentral
location. For example, tf&tudent Help CentEroffers a Maple student forum, online mathematic
Oracles training videos and a mathematics homework resoguide or in th&eacher Resource
Centel? teachers can get the most out of your Maple tegofxperience. It provides sample
applications, course material, training videos,telpiapers, e-books, podcasts, and tips.

With the Maple environment, the user can creategpfulvinteractive documents. This environment also
allows the user to start solving problems right vl entering mathematical expressionsarD' Math’
and solving these expressions using point-and-aligkfaces [19]With Maple, the user can drag input,
output, or curves in a plot region into a new inpegion This is done by highlighting the input or
selecting the curve and dragging it with Maple useuse into a new input region.

Maple is supported by an extensive range of acaderaburces, including curriculum content, e-books,
and application add-on components [2], [13]. Mapers can access the Maple environment through a
variety of user interfaceStandard Worksheet, Classic Worksheet, Commandvkirséon, Maplet,

Maple Graphic Calculatorwhich are introduce in [14], [19] with the most iorfant interfaces enabling
online mathematical modelling.

3.2. Online Clickable Mathematics Supports MathematicalModeling

Maplesoft has introduced the conceptEtkable Mathematicsiith Clickable CalculusClickable
Algebra Clickable Engineerintj to make mathematics easy to do, easy to learneasylto teach
through very visual, interactive point-and-clicktimeds. This approach allows teachers and students t
focus on concepts and eliminates the need to meenoommand names and syntax.

Maple worksheet interfaces allow for an unprecestéigvel of point-and-click problem solving and
visualization. Teachers and students can combiteatel mathematics in the same line of Maple
environment (worksheet), add tables to organizetiment of his work, or insert images, sketchongj
and spreadsheets. They can visualize and animalbeprs in two and three dimensions, format text for
academic papers or books, and insert hyperlinkstter Maple files, web sites, or email addressheyT
can also embed and program graphical user inteciamgonents, as well as devise custom solutions
using the Maple programming language [21].

The idea of ICT support @nline Collaborative Learning in Mathematif4], [25] has been introduced
also into Maple environment using Standard Worksheea Clickable Mathematics. The concept of
Online Clickable Mathematiascludes [19]:
e Smart, context-sensitive right-click menus for amgtaccess to solvers and other command-free
operations;

10 http://www.maplesoft.com

™ http://www.maplesoft.com/studentcenter

12 http://www.maplesoft.com/teachercenter

13 http://www.maplesoft.com/products/maple/acaderpigiiaations.aspx
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3.3.

Extensive range of palettes for visual editing atimexpressions;

Interactive plotting and animation controlled by tmouse and not by endless parameters and
attributes in a command,;

“Drag and drop” operations on plots, expressiomst, tand more;

Interactive assistants that provide easy mechanigraslve and explore advanced topics such as
differential equation-solving, optimization, andvadced visualization;

A Maple Portal for Students, which acts as a guidie hundreds of common tasks from
mathematics courses;

Built-in selection of interactive tutors that offetisual e-learning environments for many
important mathematical topics in pre-calculus, chis, linear algebra, and more;

Handwriting recognition of mathematical symbols aqdiations;

WYSIWYG document processing features that let yoeate complex math documents more
quickly and easily than in a word processor or &Te

An Exploration Assistant that allows you to instpntreate interactive mini- applications to
explore the parameters of expressions.

Maple Portal for Students

TheMaple Portalof Maple is designed as a starting place for aaplel user fronMaple Help Systenit
includes:

How Do I...topics that cover the essentials for working witaple;

Tutorials that provide an overview of topics from gettingregd to plotting, data manipulation,
and interactive application development. Maple'tofials will help Maple users get started with
Maple, learn about the key tools available in Mapled lead users through a series of problems;

Navigation to portals with more information for Engers, Students, and Mathematics Teachers.
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Fig. 1: The Maple Portal for Students

From Maple Portal, Maple users can investigate rdeteailed topics in the Maple portals for teachers,
educators, and students. THaple Portal for Studentdg-ig. 1, is intended to help students performdasi
tasks and find further information about Maplecdh help them to find the commands they want and
point them to relevant features of the user intexfa

4 Maple Cloud Computing

The term Cloud represents the Internet in commaérork diagrams as an abstraction of the undeylyin
infrastructure. Cloud computing describes a nevpkupent, consumption, and delivery model for ICT
services based on the Internet, and it typicalplves over-the-Internet provision of dynamically
scalable and often virtualized resources. Cloudmging providers deliver common software
applications online which are accessed from a wetvder, while the software and data are stored on
servers [12], [28].
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7| For example, let's look at how the notion of a matrix norm might be taught in a Maple environment. In particular, let's
_~ consider the definition

ll4ll = max {[L4x]|}

=l =

P

where the vector norm ||.4x|| is the Euclidean. or 2-norm, so that || 4|| is actually [|4]|,. Of course, Maple can compute the 2

-norm of a given matrix. Well show that. but in addition. we want to show how technology can be used to provide added
_~ insight that just does not jump off a static printed page.
=

powered by Google @ 7| Table 1 shows how the 2-norm of 2 matrix can be obtained interactively in Maple. The displaved information is what 2

student sees in the typical textbook. The interactive computation is both easy and concrete, fostering the connection between
P Handwriting | _~J the terms "matrix," "norm.” and "Euclidean "

Fig. 2: MapleCloud Document Exchange service

TheMapleCloud Document Exchange™ sentiging offered by Maplesoft is designed primargyaa

means of sharing Maplesoft-related content [194chers and student can use the MapleCloud system on
Internet to share available worksheet content wfitier users, Fig. 2, view content shared by oteerau

from given mathematical course, and store entaedstrd Maple worksheets or selected content from
standard Maple worksheéts

The teacher can uplo&tandard Worksheebntent and allow other users of he given grouotenload

a copy of that content. Students can also uploddstore content in a user-specific area that drdy tan
access.

To share content with specific users (colleaguehes), the teacher can either create a user group
select an existing group and allow only those gnmgmbers to access his content. Users need anenter
connection to use the MapleCloud. To share workstm#ent, create, manage and join user groups; and
view group-specific content, users must log inhte MapleCloud using a Maplesoft.com, or Gmail™
account name and password.

4.1 MapleCloud Groups

To control who can view worksheet content that sisgdoad to the MapleCloud Document Exchange,
MapleCloud Groups user can share content in a gi®ingilarly, he can view content uploaded in a grou
if he is a member of that group and the group owasrassigned group members permissions to view
content. In thévlapleCloudpalette, the drop-down list contains the groups ylou can access. Maple

14 http://www.maplesoft.com/support/help/Maple/viespa?path=worksheet%2fcloud%2foverview
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Cloud user can view, share, and upload contentMagleCloud group according to the permissions
assigned to the group.

All Maple users can view and share content ingihiglic group Content uploaded in this group can be
viewed by the entire Maple community, includingngseutside of your organization.
TheMaplesoft@admin grous a read-only group in which Maplesoft sharesygla worksheets,
applications, and other content that can help yithi wser's Maple projects. All Maple users are mersb
of this group. User does not need to be logged inew content shared in this group.

When user is logged in to the MapleCloud Documedahiange, only he can upload and view content in
theprivate group. Content uploaded in this group cannot bewed by other users. All Maple users have
access to a user-specifidvate group. You can upload content in this group, f@araple, to store

content that you plan to retrieve on another comput

A Maplesoft.com membership account gives userssadoethousands of free Maple resources and
MaplePrimes, which is an active web community twairéng techniques and experiences with Maple and
related products. MapleCloud Best Practices weéscribes some best practices for using the
MapleCloud ™,

4.2 MapleCloud Terms of Service

The use of thapleCloud Document Exchariéfeis subject to th#lapleCloud Terms of Servi€eThe
MapleCloud Document Exchange™ service being offéseMaplesoft is designed primarily as a means
of sharing Maplesoft-related content. There aréagerconditions of the use of MapleCloud services,
including but not limited to the following ones:

« By submitting, posting or displaying content thrbubis service, MapleCloud service user gives
Maplesoft a perpetual, irrevocable, worldwide, loyéree, and non-exclusive license to use,
reproduce, adapt, modify, translate, publish, miyllisplay and distribute any content which has
been submitted, posted or displayed on or throhighservice.

« For user-created groups, the group moderator gaowe any content at his/her discretion. For all
content whether it was submitted in a public owvae group, inappropriate content can be
removed by Maplesoft. Content authors agree topnst malicious content to the MapleCloud
that interferes or disrupts the proper functionaighe MapleCloud service or any other users’
computers.

5 Maple GRID Computing

GRIDs represent a form of distributed computing sebg a ‘super virtual computéris composed of
many networked loosely coupled computers actirapimcert to perform very large tasks.
Supercomputing Centre Brif8CB) of MU is a workplace that deals with highfpemance andigh-
throughput computingHPC) and provides support and further developro&htPC infrastructure of

MU. SCB covers all MU activities concerning GRIDsléor HPC in general. Regarding this fact SCB is
a key member of the Czech local grid projd&TACentrurh’ whose aim is to enlarge the infrastructure

15 http://www.maplesoft.com/cloud/bestpractices.aspx
16 http://www.maplesoft.com/cloud/terms.aspx
7 http://meta.cesnet.cz/cms/opencms/en/index.html
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of academic high speed network by support for apfihns requiring extensive computational resources
There is installed and us&thple Grid Computing Toolbdfor teaching HPC in mathematical modeling
courses at MU.

The Maple Grid Computing Toolboyrovides tools for performing Maple computatioms parallel,
allowing its user to distribute computations acrassetwork of workstations, a supercomputer, or the
CPUs of a multiprocessor machine. It includgsessonal grid serverallowing its user to simulate and
test his parallel applications before running thema real GRID network. Thielaple Grid Computing
Toolboxincludes:

« A self-assembling grid in local networks, with aasg-to-use interactive interface for launching
parallel jobs.

« Integration with job scheduling systems, such asaBte Batch System (PBS) of PBSwdfland
integration with Microsoft Windows HPC Server.

« High-level parallelization operations (e.g. map aerd), as well as a generic, parallel divide-and-
conquer algorithm.

 Message Passing Interface (MPIl) and MPI-like messpgssing Application Programming
Interface (send, receive, etc.)

« Automatic deadlock detection and recovery.

5.1Use of Maple Grid Computing Toolbox

Users of the Maple Grid Computing Toolbox can distte computations across the nodes of a network
of workstations, a supercomputer or, the CPUsrfiliprocessor computer, i.e. they have a supjport f
heterogeneous networks. This allows them to hgprdielems that are not tractable on a single machine
because of memory limitations or because it wointgply take too long.

The Maple Grid Computing Toolbox is available irotdifferent versions:

* ThePersonal Editiorsupports up to 8 CPUs in the cluster.

« TheCluster Editionsupports an unlimited number of CPUs in the cluste
The personal grid server allows its users to siteudagrid with any number of nodes on their desktop
computers. They can develop and test their pagblications before running them on the real grid.

To run Grid Computing applications on a networknafchines, Maple Grid Computing Toolbox users
must start Grid servers on each computer thatwzey to be part of the network. The toolbox will
automatically detect new computers as they arechtidthe network, or they cdanrn off autodiscovery
for use in a controlled environment, such as a B&8p. They will need to re-configure the Grid Isatt
they can create or be added to a Grid network [12].

6 Teaching Mathematical Modelling in Collaborative viEnnment
with Maple

Nason and Woodruff in [24] and [25] introduced neands ofinnovations for Online Collaborative
Learning in Mathematici series of publications at IGI Global. They wereoduced into the Study
administration ané-learning Information System of the Masaryk Unsitgr(IS MU) [27]. Further, Plch

18 http://www.pbsworks.com/
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and Sojka followed them at MU and outlined in [#& principles of integration of Maple's capalmiiti
into the Information System of MU. They proposesblution enabling seamless integration of Maple's
computational power into the IS MU e-learning eaniment. The case study showed implementation of
the system for courses on mathematic analysisjasgtaces, and differential equations in more
variables.

The implemented functionality encompasses mairibrattive testing. The student were provided with
an integrated learning environment — the sameesdhily use for many other subjects at the unityers
offering three levels of tests. The first serve@dasanual and sandbox where the students could get
acquainted with same technology as in the nex.téste second group of tests helps them to train th
learning stuff by submitting test answers to ranyocthosen tasks in the form of Maple expressions.
These second level tests could be passed repeatgdlthe students got trained enough. The thakebl
has been used for real assessment at the endtefihme- the tests were performed under a teacher's
supervision.

The IS MU e-learning environment for testing, ttewtially offering a repertoire of multiple-choice o
short text questions must have been extended fwsLiasks where both the definition and the answer
include mathematical expressions with complex symlai least sums, integrals, limits, series, or
derivatives, as well as visualizations of plotduding 3D ones. The answers provided by the student
were entered primarily into the IS MU e-learningtgyn (serving as the front-end) and subsequently
passed to a Maple engine running on a separateimeaiack-end). The submitted solution is evaluated
assessed and the results are automatically pragghbatk to the study administration system.

The students' feedback reflecting their experiema® almost positive. However, at the beginning they
had difficulties with filling in the test questioaines in the IS MU, so a step-by-step visual maruat
electronic guide — must have been provided asasgallirect face-to-face instructions during thet fab
sessions. Afterwards, they highly regard promptifeek enabling real interactive work — in the same
environment as for other subjects. The teacheneaj@ted the ease of use and time savings wheg doin
repeated tests for multiple groups in the sameestibj

The integration of Maple into the IS MU providirttgte-learning functionality for all subjects at the
university helped us to accelerate the feedbackenfrom directive (frontal) teaching to self-paced
learning in such a demanding discipline like matagos, and foster the students' collaboration én th
university system where it can naturally connedpbe from many fields.

7 Case Study of Mathematical Modelling in Biology

Mathematical models lie in a background of any cotafional model [9], [14]. In this section we deal
with some basic ideas which we used in courseslhbilprocess of mathematical modeling, e.g. at the
course “Bi3101 Mathematical modeling - introductibh

A mathematical model can be considered to be afgpsegment of reality expressed in mathematical
terms, namely in a form of some equations. We tsathents that it is (almost?) impossible to sitdo

to computer and to write a mathematical model i@z phenomenon which would be adequate (it gives a
true picture of the phenomenon under consideratmmplete (it does not omit any of its important
features) and precise (it expresses qualitativpepties with a required precision). So, it is nseeg —

19 http://is.muni.cz/predmety/predmet.pl?lang=en;KBiB2 01;fakulta=1431;0bdobi=3843
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and useful — to put together a simple model, tdyapdat and to execute numerical simulations with i
Such analysis and/or computer simulations showalestrong and weak points of model. Then, the
original model can serve as a starting point toctieation of a new one which would be better insom
way. The new model should be subjected to anasdsimulation as well and the process can be
repeated. And the above introduced Maple environmmamstitutes very helpful tool for these analyses.

7.1 Mathematical Modeling Population Growth

Let us illustrate the presented idea by an examaflen from the area of population ecology introdiice
e.g. by [16]. We start with the simplest possibktimematical model of a single population growtlenth
we modify it to a more realistic form and finallye build up a model of interacting population [14].
The obvious processes influencing a population graw decay arbirths anddeathsof individuals; the
birth enlarges population while the death redute3n the other hand, the processes of birth aathde
are influenced — or may be influenced — size of populatioiitself. This consideration can be
“recounted” by a “symbolical equation”:

change of population size+births(population size} deaths(population size).

Let us denote bi(t) the time dependent size of population (i.e. nunatbéndividuals, population

density, total biomass etc.). The meaning of “cledmigpends on a way how we think on passing of.time
Time may move on by discrete steps or in a contiswgay. In the first case, change of populatioa &z
represented by the forward differend®l(t)=N(ti+1)-N(t), in the second one, it is expressed by the
ordinary derivativeN'(t).

Now, we need to express the births and the deathesndiing on population size. We start with the
simplest possibility — we take these quantitiese@roportional to the population size, i.e. bitid(t),
deathsd N(t), whereb andd denotes the birth and the death rates, respectively

Hence, we obtain the difference equation

AN(t)=b N(b)-d N(t)=(b-d) N(t)

and the differential one,
N'(t) =b N(t)-d N(t)=(b-d) N(t)

These equations can be rewritten in a simpler fiuehus denote=b-d and call this quantity growth
rate. This notation leads to the equations

AN@)=r N(D),  N'(0) =r N(b).

x|

Fig. 3: Maplets of solutions of above differential eqoati
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For solving these equations we need to specifynitial conditionN(0)=NO, whereNOQis a positive

value. Even though it is very easy to solve thegmtons in Maple's Standard Worksheet and analyze
the solutions for example in Maple Plot BuildereThaplet of several types of single population ghow
model was also created for the students in Bid101 Mathematical modeling - introductiocourse.
Solutions of the differential equation are dematstl by the maplet screenshots at Fig. 3:

We can see that for0, the population size grows in an unlimited expdia¢mvay and for<0, the
population size decays to zero, i.e. the populadies out. This observation suggests that the niedwit
completely adequate, none population can grow imrdimited way since each environment is somehow
limited.

Consequently, the next step in building-up a mod@opulation evolution consists in taking into aant
limitations of environment. Slightly more technigagaying, large population meets environmental
constraints that diminish its growth ratdn mathematical terms, growth rate is a decreggfinction of
population sizet=r(N). A good idea is to start with a simple functiamparticular, with the linear one

r(N(D)=r(L1-N()/K).

We incorporated a new parameiteinto the expression for the growth rate. Let Ukthés parameter
carrying capacity of the environment. This way,attain the modified difference and differential
equations of population size evolution,

AN®)=r(1-N@)/K) N(©) and N'(t)= r(L-N(©)/K) N().

Now, we can demonstrate the solution of the eqoatiy the same maplet as before, Fig. 4 for the
continuous case of the model. In contrast withpitevious simpler models at Fig. 3, the behavior of
solutions gives a more adequate description ofpalption growth. The solution of the differential
equation is represented by an S-shaped curve.

[+ single population growth x|
unlimiterd population growth - dscrete version | unlimited popuation growth - confinuous version |
Select the madel type:
fmicer population growth - discrete version | fmiced popuation gronth - continuous version |
Model equation
d . N(1) Y, Parametres:
4 ¥t :,1[1,% | ¥(5)
’ t... time, NIt} ... population size in time t, ¢ ... quantity growth rate, K ... carrying capacity
Plat Parametres
/ —100 —100
s Y ; ;
80 Zenn Zan
700 / = =
/ Zan 6o
5004 / . .
W : :
@ 500 / Za00 “40
4001 / —200 —z0
0]/ - -
/ T2 T
-
N(O! 3 ¥ K
1004 &y
F] 4 [ R [100 10 i [1000
t
Help Update Close

Fig.4: Maplet of solutions of more suitable differenggjuation
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Such a curve expresses the fact that a growttsofadl population follows exponential growth (by the
way, this is why the simplest exponential model good approximation of invading populations grgwth
and the growth pace decrease with increasing $igepulation and population stabilizes itself to an
equilibrium sizeK. Such behavior is called K-strategy and it isa¢gbfor big mammals.

The situation with the difference equation is mooenplicated. It admits not only S-shaped solutiobn a
Fig. 5 but also periodic (Fig. 6) or chaotic (Fig.solutions. Regular or irregular changes in pafoth
size are typical for small rodents, in a generapfapulations exhibiting so called r-strategy.

[ra single population growth

unlimited populetion growth - discrete version

| e B e ————
Select the model type:

X

limied population arovith - discrete version | liiked popation growth - continuous versian |

Model equation

Parametres:

b .. time, NE) .. population size i time:t, ¢ ... quantity growth rate, K ... carrying capacity
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700 ~600 =60 600
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i . . .
(LR, 400 4 400
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I—C_n o o
2004 o
MO t 3 K
100 o
i 4 6 £ 10 [100 [0 t 1000

Help. Update

[22 single population growth

Select the model type:

Model equation

Flot

=l

nirited population growth - discrete version | unlinited popiation growth - continuous version |

limited population growth - discrete version | limited population growth - continuous version |

Parametres:

b time, W) ... population size in time ¢, 1 ... quantty growthrate, K ... carrying capacity
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Ty g =
N t v 3
[100 [z s [1000

Fig. 5. Maplet with S-shape solution

Fig. 6: Maplet with periodic solution

The obtained result shows that the not very corafdit or complex model is versatile enough to descri
behaviour of real populations. Such conclusion areges us to utilize the model and to adopt iafor
description of a more complex ecological phenomenan evolution of interacting populations; it is a

object of eminent interest of ecologists.

14 single population growth
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Fig. 7: Maplet with chaotic solution
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Abstrakt

Cilem tohoto pispevku je matematické modelovani vybranych logistickyarametf; pro konkrétni
podnik v systému Maple. Je uvedéiklpd za¥recné prace spoluautorky tohotagippevku jako ukazka
uzkeé vazby vzthvaciho procesu a praxe na FP VUT v &rn

Abstract

The aim of this paper is the mathematical modelifigchosen logistic parameters for a particular
company in Maple. The sample of the master thestne co-author of the paper is presented as a
demonstration the link of the educational process practice at FBM BUT.

Kli ¢ova slova
Systém Maple, logistika, minimalni objednaci mneistaklady, regresni model

Keywords
System Maple, logistics, Minimal Order Quantitystn) modeling, regression model

1 Uvod

Uziti matematického modelovani, optimalizace, regreanalyzy, ekonometrickych aplikaci i dalSich
kvantitativnich metod se stava stale rpbtgjSi i v ekonomii, v disciplié diive pojimané jako obor
spol&ensko-¥dni a uzivajici fedevSim sociologicko-ekonomickych metrik. Kvantitat metody
podporuji syntézu reélnych jiewa teoretickych poznaik Lze pedpokladat, Ze odbornici pracujici na
urovni managementu v ekonomické, fitah a podnikatelské gsfé budou vydavat tim kvaligsi
rozhodnuti,¢im pevrgjSi védomosti v oblasti kvantitativnich teorii a navyley Zpracovavat pragtdky
informanich a komunikénich technologii (ICT) fiimou jiz v etag vzdlavani acim budou mit #tsi
pottebu své ¥domosti dale rozvijet. Aplikani potencial matematiky dovoluje vysoky stipabstrakce.
Modely ekonomickych jav zahrnuji fadu endogennich, resp. exogennich faktd#istup metodou
komparativni statiky umdgitije analyzovat i komplikované modely.

V souwasnosti se vyuka matematiky &&tpiiliSné oblik®. Proto je teba vaZzit nejen rozsah jejiho obsahu
ve studijnich programech, ale volit i wsavaci cesty fivétivé k mladé generaci. Cesty reflektujici rychly
zZivotni styl, pestré moznostignaseni informaci podporujici jak pracovni sampesif tak komunikaci

v tymu acasovou i prostorovou nezavislost. Fakulta podnikkéeVysokého &eni technického v Bin
(FP VUT) je dobrym fikladem toho, kdy jsou podporovany inovadedmeti, reflektujici stale dsrgjsi
kontakt Skoly s praxi a technologicky vyvoj. V ro2@10 je tam zpracovavan projekt FRVS MSMT,
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3186/2016°. V ramci kontinualni aktualizacergrmétt a inovace progdki ICT jeho snahou bude
vytvéret bazi pro pevné usazeni matematickyétlomosti do budoucna. Bude podporovat i aplikace
matematiky v ostatnichiednétech jiz v pifibéhu studia. Latka bude vyStovana vicestufoveé vzdy

v rdmci daného tématu. Budou kombinovany jak dtatfakta, tak online vystlovana latka. Obrazové
zpracovani bude provedeno v Pinnacle Studiu. Fopnacvicovani bude uskuteéna pomoci
pocitatiového systému Maple, ktery je instalovan ¥ipgovych laboratéich fakulty v ramci
multilicence. Vhodna pracovni pditcka pak nize odstranit nefpméreny respekt z matematiky a
podpdit rozvoj logickych Usudik. Cilend praktickd aplikace matematickych dovednogize byt
motivaci pro ziskavani zkudenosti i pro podporuwiget Redeni skutné problematiky z konkrétniho
ekonomického, finamiho ¢ podnikatelského progdi mize byt uskuténéno nagiklad v ramci
zawrecénych praci. Btom nasazeni vhodnych pristiki ICT dnes i vtomto ohledu hraje jednu
z klicovych roli.

Vyuziti systému Maple pro vytvéni matematickych modek kvantifikaci redlnych ekonomickych jev
pii rozhodovani a navrhieSeni realnych situaci v ekonomickém, podnikatetskéfinagnim prostedi
se zdéara realizuje ve zpracovani z&ecnych praci posluck#a FP VUT. Centrem z4jmu jsouqrevsim
témata vztahujici se k analyzam vykonnosti podrekoejiizrejSich pohled, modelovani zavislosti
¢asového vyvoje akcii na burze, optimalizaci poidfal parametr z oblasti logistiky a mnoho dalSich.

Nasledujici pipadova studie vyuziva matematické modelovani pdrpotitatového systému Maple
v oblasti logistiky. Je inspirovana vedenteseni vybranycltasti problematiky v za@vecné praci (1),
ktera se zabyva oblasti dodavatelskoévdtelskych vztah podniku, analyzou vybranych &tvych
logistickych ¢innosti (zahrnujici zejménidzeni stavu zasob, logistickou komunikaci, stanoveadiny
minimalniho objednaciho mnoZstvi, skladovanitiagvani objednavek). Je pouzitdepdefinovanych
procedur regresni analyzy a vypin grafickych vizualizaci v Maple.

2 Pripadova studie: Modelovani logistickych parametMaple
2.1Uvedeni do problematiky - ekonomické hledisko

.Logistika je efektivni rozmisti zdroj: v case logistika je strategickégizeni celého dodavatelského
retezce" (British Institute of Logistics) B optimalizaci logistiky je nutné posuzovat jejinfgnost jako
celek. Logistika je kiovou sodasti strategie celého podniKuDobie funguijici logistika bez uZiti
modernich metod matematického zakladu je nemysditel

Jednim z dsledki globalizace trhu je i zéma charakteru konkurence. Konkuahboj o zdkaznika se
tyka celych logistickychietzci (jejichz vSechnytlanky jsou pevé spojeny) podniku. Pro ziskani
konkurergni vyhody podnik musi sledovat nejen své zajmy cehkvalitu vyrobku, fisobenicasu), ale i
zajmy svych dodavatel(nagiklad ndkladovost - odipatelé kkdy vyuzivaji své ekonomickeé sily k tlaku
vici dodavateim na snizovani svych nakupnich cen). Nastavenirhidtovych logistickych paramair
(napiklad nakladovost, mérny stav materialovych zasob, resp. také okamZsiupnost materialuip
vykyvech jeho spdéeby aj.) v procesu nakupovani vstupnich matertdaje vyznamnou roli pro
ekonomiku konkrétniho podniku. Je téZ &imti gstovani dobrych obchodnich vztalejichz disledkem
mize byt i snizovani logistickych naklkadTermin Supply Chain CollaboratiofSCQ se pouziva v
souvislosti uz8i spoluprace dvou partnefLogistickym 7etézcem rozumime soubor hmotnych a
nehmotnych tak probihajicich vfadé navazujicich (dodavajicich a odbirajiciclifinki (podsystém),

Dprojekt FRVS MSMT¢. 3186/2010 s ndzvem Videomanual jako multimedigbdpora inovaci vigdmstech matematika a
matematicky semirfajehoZiesSitelkou je RNDr. Zuzana Chvatalova, Ph.D., FP \WLBrme.
217droj: Co je logistika?[online]. cit.[2010-08-01]. Dostupné z WWWhitp://www.logistika.cz#.
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jejichZz struktura a chovani jsou odvozeny od po¥kilgpruzre a hospodérs uspokojit potebu

kone’ného ¢ldnku. Procesy wlancich logistickéhoretezce by rdly byt planovany arfizeny podle
celkovych hledisek, tj. integranVykon/etezce je ufovan vykonem jeho nejslabsitidnku. Podnikové
¢ nadpodnikové logistickéetézce jsou satsti logistickych systéit 2> Materidlovy managemerje

nezbytnymeélankem logistickéhdetézce.

2.2 VVybrané terminy

Minimal Order QuantityMOQ) neboliminimalni objednaci mnozstjéd variabilni veléina a ustanovi se
vyjednavanim mezi dodavatelem a #&ditelem. Jeho hladina se odvijiedevS§im od cen materialu,
vyrobni, spravni a odbytové rezie na s¥ralodavatele a od skladovacich aipovacich nakladl na
straré odbiratele. Zmigné informace v3ak byvaji pro protistradgsto (i cile®) Spatd dostupné,
neukité a nedplné zidrodu neodkryti obchodniho tajemstvi.

Setup CostqSetupCosbsdodavatele chidpeme jako jednorazoveé fixni naklgpgiené se spustim
vyrobni linky pro vyrobu vyrobni davky dil Usili vyrobce dohodnout s dodavatelem co nejriidinu
ceny dodavaného materialu Gzce souvisi se snizedkhad v celém logistickéniietzci, protoze ,tl&i"
na dodavatele sniZit co nejvice jeho vlastni vyraoidklady, avSak do té miry, aby nezkrachoval.

Labour and Burder(LB) zn&i praci a reZijni ndklady na jednotku produkceicfgj sodasti jsou také
Setup Costs a marZe na jednotku produkce. ObrazekHycuje vztahy mezi typem vyrobniho procesu,
cenou produktu, velikostMOQ a rainim objemem zakazek aigledky uZiti daného typu vyrobni
technologie.

YYROBNI FROCESY

==

PLNE AUTOMATIZOVANE | Foloeutomatizovenf otd MANUALN
SPECIALHI UHIVERZALNI
JEDHOUOCELOVE STROJE (CHC)
STROIE + el krdtkey setm
+ dlouhé technologickée
o dlouhy sehm o kritkysetp Fasy
» Lkratké technologické {program, data) + welmi drahé dily
fasy + dloubi technnlogické + nestabilni technologis
+ levné dily Eastr * levalitatnni rizika
o drabé dily
riist cergy produktn N
. ridst velikosti MO
nist raéniho ohjeru zakdzek

&

Obr. 1. Vliv technologickych faktal na cenu produktu. Zdroj: (1)

22| ogisticky slovnik gasopis Logistika, 6/2005.
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2.3 Cil reSené problematiky

V nasledujicim textu bude prezentovana zjednoduskéaaka moznosti aplikace metod matematického
zakladu, regresniho modelovani a matematickéhavaddtv logistice. Bde o analyzu vlivu velikosti
MOQ na jiné logistické parametry (zejména na cenu bfip naklady, zasoby), mj. potazmo na
ekonomiku podniku, i stanoveni hladiny tohoto logistického parametpracesu nakupovani vstupniho
materialu v podniku.

PoznamkaPxi tvorbé modelu i fii jeho interpretaci je nutno neustdle reflektokadu dalSich faktdr
které souviseji celkavs logistickymietsézcem. Jde o objektivni faktory, které se podilajicer vyrobku

a casto jsou vyrobcem ovlivnitelné jen minimélnnagiklad technologické faktory, které souviseji
piedevSim s Urovni, charakterem a kvalitou vyrot&nitfaktory plynouci z konkurénich podminek a
prostedi, logistické faktory zejména dodaciith, objednaci mnozstvi, zasoby a naklady s nimjesgo
jejich fizeni a dalsi.

2.3.1 Konkrétni vychozi fakta

V pripadové studii je zadavatelem vyznandegky vyrobce velmi kvalitnich slitinovych stastek, ktery
nebude jmenovan. Vyrobce (zadavatel) hodla s deelmra vést dialog o dosaZzeni vSestiamphodné
optimalizace naklad v celém logistickémietizci. Uvazovany dodavatel je zavisly na &db timto
vyrobcem vice neZ osmdesati procenty své produbcE,nebyva v praxi dZné. To nutd ovliviuje
logistickou komunikaci, najklad nabidku dodavatele. A pgar nabidky dodavatele a v rAmci moznosti
mapovani celkové situace je vyrobci um@im alesptl ¢asténé nahlédnout do struktury nékiad
dodavatele. A to zejména pridinictvim uvedenych informaci o éemstupniho materialu, vyrobené
souastky a velikosti naklad LB. Toto je pak vyznamnym podkladem pro modelovanigbmych
logistickych parametr, nasledné analyzy, a to poté oporou pro vyjedriapagici. Z hlediska zasob
vyrobce aplikuje systérdne Piece Flowtedy mj. omezit zasoby nedok@mé vyroby na minimum.
Kapitalové naklady vyrobce na drzeni zasok¥it®b5 % jejich piimérného stavu v pizovaci hodnat
Pro fizeni zasob vyrobce vyuZiva uwnit vici svym dodavatéim systémuPULL, kdy rozpracovany
vyrobek nelze fedat dalSimu vyrobnimdlanku, dokud si jej sim neodebere. Byl vybm systém
Kanban(zakladem je zavedeni vztahu zakaznik — dodamagel vSemi jednotlivymi pracovisti).

Z portfolia doddvaného materialu byly vybrétyti souwsastky s odlisnymi hladinami &ai spoteby i
odlisSné voltg velikosti MOQ. Bezpeénostni hladina, tj. hladina, pod niz by nd¢moklesnout stav zasob
na sklad, byla ugena vyuzitim interniho podnikového vzorceufpgr dvou tydri nejvy3Si spdeby
nasoben bezpaostnim faktorem 1,6). Data, na jejichz zaklayly grafy zpracovany, pochazeji z ERP
systém@&® sledované spoteosti. Pro pehled jsou uvedena v Tabulce 1. Cely proces &ypa

modelovani je provéash v systému Maple.

Tab. 1. Spoteba souéastek proiznou velikostMOQ, bezpénostni hladina, cena, hmotnost
Zdroj: Vlastni zpracovani v souladu s (1) a ERR&pem spolénosti

Typ sowastky A B o) D
Bezpe&nostni

hladina (ks) 4983 1322 151 4417
Roéni spotreba

(k5§ > 93 000 21 000 2 000 79 000
Pramérna mésini

spotieba (ks) 7750 1750 167 6583

B ERP systém je inforndai systém, pomoci jehaZSime planovani #zeni podnikovych procés ERP systémy (Enterprise
Resource Planning) jsoudeny ke zvySeni efektivity danych progeJypicky se jedné o vyrobu, logistiku, distribuspravu
majetku, prodej, fakturaci aétnictvi. ERP systémy jsou vhodné pro &wSechny velikosti firmy - od menSichigs stedrs
velké az po korporace. Zdr&gRP systénfonline]. cit.[2010-08-01]. Dostupné z WWWhttp://www.erpsystem.cz/
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Pramérna tydenni

spotieba (ks) 1788 404 38 1519

MOQ (ks) 5000 | 10000| 20000| 1000| 3000 5000| 100 | 200 | 300 | 3000| 4800| 8000
Cena (§) 0,843 | 0,802 | 0,789 | 1,324| 1,178 | 1,130| 1,324 | 0,865| 0,490| 0,771] 0,450 | 0,378
Hmotnost (kg) 0,3176 0,5473 0,5473 0,2100

2.4 Kratce o systému Maple

Systém poitacové algebry Maple nenifgba podrob& predstavovat fedevSim vzhledem ke své
uzivatelské oblib. A to jak v poloze matematického wévani, tak v oblastech aplikaci kvantitativnich
disciplin v praxi i ve sfie kometni. Od verze 10 Maple poskytuje uZzivatelsky vygazpiijemné
prostedi podporou firozené intuice pro pracovni obsluznost, vedenirezgntaci vyp&a a stale
zdokonalovanych grafickych vizualizaci. Jeho silsitankou je i dalSi posileni interaktivity zejména
pomoci klikaciho kalkulu (palety nastéipjpravé tl@itko mysi apod.) a prezenita potencial systému.
Kanadska spotmost Maplesoft Inc. vyvinula v letoSnim roce veviaple 14 a verzi produktu MapleSim
4.5. (Poznamenejme, Zd&ipadova studie v tomtorispivku je vedena vigdchozi verzi Maple 13.)
Nejvyrazrej$i novinky Maple 14 uvagi webovské stranky podporovar@eskym klubem uzivatél
Maple (CzMUG http://www.maplesoft.cz

2.4.1 Konstrukce matematickych modeti v Maple

(A) Vyvoj tydenni speeby sodastek Pro ilustraci pracovniho prdisti systému Maple je zachycena
historie tydenni spééby sodastek graficky fimo Maple dokumentema néasledujicim Obrazku 2. Po
oteeni gislusné knihovny s grafy a &eni vstupnich dat se vykresli odpovidajici vyvojdenni
spoteby sodastek A, B, C, D.

Pro obsahlé mnoZstvi dat neni v tomto ¥nigelné uvadt vstupni data tabulkou, ani sivbdu zachovani
piehlednosti prezentovaného dokumentu jeiislpSné sekci rozvinout. Jejichighled je uveden
rozbalenim individualni podsek@mata na Obrazku 3.

Fle Edit Yiew Insert Format Tools  Window Help
D2ESE YR ¢ TP EE ¢+ WI0He ¢ Bak 2 B

| W Favorites

Al Math Plot

| o 9Ge 9GO By E== bh =i

¥ Handuwriting

Y Tjdenni spotieha soucastek A, B, C, D
‘ [> restart
[ swith(plots)

P Data

[> 7= plotlsoucastkad, tpden =10 55 ks =1) 3500, color = biue, style = line)
> g = plot(soucdstkaB, tiden =0 55 ks =0, 3500, colar = red, style = line)
> b= plot(souédsikaC, thden =1 .55, ks =0.3500, color = green, style = line)
> i = plot(soutdstkaD, tiden =055, ks =0 3300, calor = yellow, style = line)

> plows|display(f g b1, ),
30004
20004 \

- W\/‘/\'M /
]
|
| ||
1000+ ‘ ‘I
-
] e
PRSP | Y.
s / \ |/
Ja al Jerl NV \.
0 ; ; —= :
et Infa) logig(a) [ 10 0 n 40 50
fiden
log; () sin(e) cos(a) [—— Souttstka & Soutéstka B Soutéstha C Soutstka D |

Obr. 2. Vizualizace tydenni spieby sodéstek A, B, C, D — Maple dokument
Zdroj: Vlastni zpracovani v souladu s (1)
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! ¥ Data |
: > seuddstkad = ([[0,350], [1, 730], [2, 17901, [3, 1976 ], [4, 18301, [5, 1749, [6, 1793, [7. 19911, [8, 18571, [9, 1633], [10, 1905], [11, 1957], [ 12, 18441, :
| [13, 1875, [14, 15391, [15, 1688], [ 16, 15921, [17, 1745 ], [13, 1847], [19, 1831], [20, 1378], [21, 1751], [22, 1766], [23, 1824]. [24, 1713]. [25, 1732], |
| [26, 1662], [27, 17407, [23, 18107, [29, 17451, [30, 0], [31, 0], [32, 1340, [33, 1788, [ 34, 1958], [ 35, 2033, [36, 2317, [ 37, 2545], [33, 2873, [39, |
| L 3089, [40, 3127], [41, 3102], [42 2752], [43, 2660], [44, 2890 |, [45, 2140, [46, 1977), [47, 1890, [45, 1530, [49, 988 |, [50,410], [51, 330]]) - |
| > souddstkal = ([[0, 68], [1, 336], [2. 4041, [3, 378], [4, 412], [5 404], [6,411], [7, 390, [8,415], [5 400), [10, 349), [11, 355], [12, 357), 13 383] [14, |
\ 408, [15, 349), [16, 325], [17, 377), [18, 4201, [19, 367], [20, 384], [21, 346], [22, 3781, [23, 355], [24, 407], [25, 3741, [26, 307], [27, 3051, [23, 346], |
\ [29,317], [30, 0, [31, 0], [32 3131, [33, 4041, [34, 404] [35, 530], [36, 596], [37, 808, [38, 7971, [39, 845, [40, 752 ], [41, 765 ], [42, 7021, [43, 629 ], |
| L [44, 5407, [45, 503, [46, 404), [47. 404], [48, 400], [42, 220], [0, 97], [S51, 56]]) |
| > soucdstkaC = ([[0,7] [1. 16), [2, 38] [3.38], [4.41]. [5. 32) [6.45] [7 41]), [8 35] [ 31]. [10.40]) [11, 27], [12 33), [13, 48], [14, 43], [15, 36], [ 16, I
| 25], [17.31], [18, 47], [19,30], [20, 22], [21, 36]. [22, 52], [23, 45], [24, 51, [25 47), [26, 19], [27 38], [28,41], [2%, 29], [30, 0], [31, 0], [32, 38], [33. I
| 401 [34, 53], [35, 691 [36, 84], [37, 92, [35, 851 [39, 57], [40 74] [41, 57 [42 38] [43, 38, [44, 28] [45 31], [46, 201, [47, 331, [45, 18] [45, 13], |
| | [50.61 [51,4]]) |
| > sougastkaD — ([[0, 967] [1, 1213], [2, 1519] [3, 1545] [4, 1500), [5, 1488], [6, 1532], [7, 1571, [8, 1483), [9, 1454], [10, 15110, [11, 1573], [12, 1566], 1
| [13, 15631, [14, 14801, [15, 1417], [ 16, 15021, [17, 1547], [18, 1444, [19, 1368 ], [20, 1469], [21, 1533 ], [22, 1586], [23, 1547], [24, 1435], [25, 1487], |
| [26, 1256], [27, 1470], [28, 1526] [29, 1342] [30, 0], [31, 0], [32 1178] [33, 1577], [34, 1589, [35, 1657, [36, 2034], [37, 22211, [ 38, 24521, [39, |
| 24311, [40, 25101, [41, 30111, [42, 2456, [43, 1832] [44, 1693 ], [45, 1640], [46, 1632], [47, 1634 |, [48, 1333 ], [4%, 1093 ], [50, 788 ), [51, 345]]) :
|

Obr. 3. Rozvinuta posekcBata v Maple dokumentu z Obr. 2 Zdroj: (1)

PoznamenejmeZ divodu rozsahu iflspivku vyjma vySe uvedeného vyvoje tydenni gpby vSechityt
druhi souastek (pro porovnani) v dalSim bude proces modelopidsiuSnych paramatrveden pouze

pro sowastku typu A (z proceduralniho hlediska jde ve &pich Ffipadech satastek typu B, C, D o
analogické kroky).

(B) Vliv rizznych velikosti MOQ na tydenni vyvoj stavu zasabiestky A HladinaMOQ ma vyrazny vliv
na pameérny i aktualni stav materialu na skéadha jeho spsebu. Hodnoty zachycuji konec posledniho
pracovniho dne daného tydne a nasiepatatek prvniho pracovniho dne tydne nasledujicihaobig
probih&a pouze v pracovnich dnech. Dodadadalimateridlu je deset pracovnich dniedpokladem je i
to, Ze velikost objedndvaného mnoZstvi Bgip nastavené hladinnentni. Vliv riznych velikostMOQ

na tydenni vyvoj stavu zasob $dstky A je dan Tabulkou 2.

Tab. 2. Vliv velikosti MOQ na stav zasob s&éistky A (tydny). Zdroj: (1)

Tyden
MOQ 1 2 3 4 5 6 7 8 9 10 11
5 000 4 650 3920 5154 8324 6 575 4782 5934 9301 7 396

10000 | 9650 8920 | 7130 5154 | 13324 | 11575 9782 7791 5934 4301 12 396

20000 | 19650 | 18920| 17130 15154 13324 11975 9782 9177 5934 4301 | 22396

Tyden
MOQ 12 13 14 15 16 17 18 19 20 21 22

5000 5439 8595 6720 5181 8493 6901 5156 8 309 6378 4 500

1000C | 1043¢ 8 59t 6 72( 518! 1349 | 11907 | 10 15¢ 8 30¢ 6 37¢ 14500 | 12 74¢

2000C | 2043¢ | 1859t | 1672( | 1518 | 1349t | 1190 | 1015¢ 8 30¢ 6 37¢ 4 50( 22 T4¢

Tyden
MOQ 23 24 25 26 27 28 29 30 31 32 33

5 000 5983 9159 7446 5714 9 052 7312 5502 8 757 8 757 8757 | 7417

10000 | 10983 9159 | 7446 5714 | 14052 | 12312 | 10502 8 757 8 757 8 75y 7417

20000 | 20983 19 159 17 444 15714 14 0%2 12 312 10502 7578 | 8757 8757 7417

Tyden
MOQ 34 35 36 37 38 39 40 41 42 43 44

5 000 5629 6 638 6776 5814 7687 6833

10000 | 5629 | 13671 | 11638 | 9321 6776 | 13903 | 10814 | 7687 4585 | 11833 | 9173

20000 | 5629 | 23671 | 21638 | 19321] 16774 13908 10814 7687 4585 | 21833 | 19173

Tyden
MOQ 45 46 47 48 49 50 51 52

5000 6 274 9134 7157 5267 8728 7740 7330 7000

10000 | 6274 | 14134 | 12157 10 267 8728 7740 7330 7030

20000 | 16274 14 134 12 157 10 26f 8728 7740 73B0 7 000
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Legenda pro Tabulku: Zervené pole - pokles objemu zasob pod signalnimiadystaveni objednavky; modré
pole - dorgeni materialu, fijeti na sklad; zelené pole - déani materialu, a zaroierystaveni dalSi objednavky z
divodu poklesu zasob pod signalni hladinu.

Na nasledujicim Obrazku 4 je modelovan aktualniiengrny stav zasob sd¢éstky A na vSechéch
hladinachMOQ . Vstupnimi daty jsou hodnoty uvedené v Tabulce 2.

Fle Edit Wew Insert Format | : Tools Window Help
L2BS8 LBl S5¢ TPk @ M1 OFe & BxE 2 P
|w Favarites | 2 :1 T Math Drawing Plat Animation
i (Pt o) o D@y @i Ex= bh =i
¥ Aktuilni a primémy stav zasob souéastky A pi riznych velikostech MOQ
|:> restart
‘ [ with(plots) -
! P Data
| 3> = plat{souddstkadver], fden =055 kr=0 25000, calor = blue, style = ling) -
| 3> & = plot(prumAvar], tpden =055, calor = blus, styla = line) -
i L3> g = plot(saucdstkadvar2, tpdan =055 ks =0 25000, color = red, styls = ling)
- = ‘ L= j = plati prumdvar2, tiden =0 55 calor = red, style = line) -
|J|| =T | | = k= plat(souddstkadvar3, tpden =0 .55, ks = 0..25000, color = green, style = line) :
( Iniput Window... ) | = k= plot(prumAvar3, tpden =0 .55, color = green, style = fine)
L ) L= { = ploi(BH, tiden =0 .55, calor = black, siyle = line) .
W Expression L= plots|display|( £ 2.0k k1),
) b 1 25000 4
Jrax I Fix _Ef
a ik 20000 ]
n g 5
!_ka ik mt ] ; o \; Ll A
ks N A ™ [ SR . IS |
wb L2 = i JAVAVAY \ |
a, a, Ja 0 ‘ : : ; .
— o 10 20 30 40 a0
vf @ ! lee| fiden
- stav zasob (MOQ=35000ks) ----- priimEmny staw zasoh (MOQ =5 000 ks)
& Infa) logpla) stav zasch (MOQ= 10 000 ks) - pridmmmy stav zésob (MOQ = 10 000 ke)
log, () sinfz) cos(z) staw zdsoh (MOQ = 20 000 k) primémy stav zdsob (MOQ = 20 000 ks)
h “ ;
bezpetnosind hladina
fal . L

Obr. 4. Vizualizace tydenniho aktuélniho aiprného stavu zasob stastky A — Maple dokument
Zdroj: Vlastni zpracovani v souladu s (1)

(C) Cena souéastky A Neclt' P je cena sotéstky,LB jsou Labour and Burden (prace a rezijni naklady)
na jednotku produkce, jejichZ ssti jsou také Setup Co$ta marZze na jednotku produkce.

Je teba akceptovat zkuSenost vyrobce (zadavatele)ya@lpodminek z praxe itdledek faktu, ze s
rostouci velikostMOQ kles& cena sa@astky, avsak pouze do ,roztylerBetupCosts LB v objemu trZzeb
ziskanych za prodej vyrobk Toto Ize matematicky popsat klesajici funkci jakegimo Gngrnou
zavislost cenyP (v EUR) na velikostiMOQ (v k9. Jejim grafem je ifisluSnacast hyperboly v prvnim
kvadrantu. Tedy modé? jako funkciMOQ Ize pak pedepsat (v analogii s vySe popsanymidiefimi)
jako:

Setu pCost§r

P=f(MOQ) = MO0

(LB - SetupCostg -

24 SetupCostse chapano jako matematicka pr&ma. ,Setup Costs* je terminus technicus.
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Otevenim gislusné statistické knihovny v Maple Ize vyuZig¢qdefinovanych funkci ifpadre jejich
modifikaci i s moZnostmi statistické diagnostilak je uvedenoiptvorbé regresniho modelu zniiné
funkce ukazkou vybranych charakteristik rize

> restart : with(Statistics) :
> X == Vector([5000, 10000, 20000]) : ¥ := Vector([0.843,0.802, 0.789]) :

> NonlinearFit[ 4 _ 4 b,x, Y,MOQJ;

MOQ
367.142867652607662
MOQ

+ 0.76850001741715501

> m = NonlinearFit ( % + b, X, Y, t, output = solutionmodule] :
> m:-Results ()

"residualmeansquare” = 0.00001607142585714296, "restdualsumofaquares” = 0.0000160714285714296,

"residualstandarddemation” = 0.00400591 842868649,

“esiduals' = | —0.00107142769559531726 0.00321428553914352408 0 00214255784 348655840 |‘
. . . . . 36714 ;
Ze ziskaného regresniho modelii gaokrouhleni)p = 00 + 077 lze ukit hodnotySetupCosts-

367,14 € alLB — SetupCosts- 0,77 €. Pro konkrétni (neuzlovou) hladM®Q pak vyrobce rize
odhadnout cenu séastky jejim dosazenim do ziskanéhiedpisu pro model.

Z divodu poteby stanoveni vhodné hladiMOQ je vizualizace ziskaného modelu provedengném
rozsahu, na poslednim grafu v logaritmickésgtitiu. Nasledujici zkraceny zapigikazi v Maple uvadi
tyto grafické vystupy (Obrazek 5).

> restart

> data = ([[5000,0.843], [1000Q 0.802], [20000, 0.789]]) :

> p = MOQ — 367'1425;0725260766% 0.768500017417155012

Vlevo nahde:

Z pl = plot(data, MOQ = 100..10000, P =0 ..5, style = point, color
=black ) : P1 := plot(data, MOQ = 100..10000, P =0 ..5, style
= point, color = black) :

> P2 = plot(P(MOQ), MOQO =0..10000, P =0..5, color = red,
thickness =2) :

% prikazovéradky v Maple jsou uvozeny promptenigrveny znak 3“). Na rozdil od odezvy systému (m@g)l. PoZadavek, aby
odezva #stala v paniti pocitace bez vypisu, se zajisti dvaoji®u na konci fislusného fikazu.
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Vpravo nahte:

> pj = plot(data, MOQ =10..30000, P =0..5, style = point, color
= black) :

> P2 = plot(P(MOQ), MOQO =10..30000 P =0..5, color = red,
thickness =2) :

Vlevo dole:
> PI = plot(data, MOQ =10..31000 P =0 ..2, style = point, color
=black) :
> P2 = plot(P(MOQ), MOO =10..31000 P =0..2, color = red,
thickness =2) :
Vpravo dole:

> PI = plot(data, MOQ = 100..30000, P = 0.5 ..2, style = point, color
= black) :

> P2 = plot(P(MOQ), MOQ = 100..30000 P = 0.5 ..2, color = red,
thickness =2) :

> with(plots) : plots|display |(P1, P2);

3 35
4 4
3 3
P EUR) 1 P(EUR)
24 2
1+ 1+
0 T T T T T T T T T | 0 L e e e B o o o e |
1] 2000 4000 6000 2000 10000 5000 10000 15000 20000 23000 30000
MOQ (ks) MOQ (ks)
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1,5

P(EUR) 1 P (ELR)

0.5

i T T T T T 1 0.5+ T T T
5000 10000 15000 20000 25000 30000 1% 107 1, % 10°
MOGQ (ks) MOQ (ks)

T
1, = 10*

Obr. 5. Vizualizace ziskaného regresniho modelizné rozsahy, ffitka.
Zdroj: Vlastni zpracovani v souladu s (1)

Na zaklad vyhodnoceni matematického modelu vlivu velikdd©Q na cenu saiéstky, resp. z jeho
vizualizace na Obrazku 5 se nabizifippd sowastky A odhadnout, a tedy stanovit minimalni hladin
MOQ = 10 000ks (disledek daldiho sniZzovani by mohl byt &kalikandsobny ndist ceny sotéstky).

(D) Vynalozené naklady v souvislosti secgatkou A Velikost vynaloZenych nakladSpendv EUR) na
nakup materialu (ozN) Ize vyjadit vzorcem:

N =oMOQIP + N, [0,
kdeo je patet objednavekOQ minimalni objednaci mnozstutg), P cena materialu (EUR), N, reZijni
naklady na objednavku @UR). Rezijni naklady na objednavku jsou odvozenyalymy rainich
néklad: jednotlivych oddleni, které se svotinnosti podileji na procesu objednavani matertlidsi
informace vyrobce neni ochoten poskytnouistatkovou hodnotu zasoBéstv EUR) Ize ziskat
vynasobenim kormého stavu zasob ks) aktualni cenou materialu BUR) . Celkové réni naklady na

skladovani zaso Ng (v EUR) Ize vyjadit jako:

TN = Z,[m[ N, [365,
kde Z, je praimérny stav zasob (ks), m hmotnost odlitku (1), Nsjsou jednodenni naklady na skladovani
jedné tuny materialu (2UR). Dle informaci vyrobce naklady na skladovani mate ¢ini 3,6 EURna
jednu tunu materialu a jeden den.¢Ribkapitalové naklady na drzeni zasole(YR) rovréz dle
informace od vyrobce jsou rovny 9,5 % ZApgrného stavu zasob v fipovaci hodnat
Pro hladinu MOQ =5 000 ks
Cena odlitku 0,843 € je dana. &80 objednavek je roven 19 (viz Obrazek 4)irRfrny stav z4asob je
roven 7 15Xs neba’ (poznamenejme vygty z Maple pro ¥tSi prehled budeme zaokrouhlovat):
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>
(é(4650+ 3920+ 7130+ 5154+ 8324+ 6575+ 4782+ 7791

+ 5934+ 9301 + 7396 + 5439 + 8595+ 6720+ 5181 + 8493
+ 6901 + 5156 + 8309 + 6378 + 4500 + 7749 + 5983 + 9159
+ 7446 + 5714+ 9052 + 7312+ 5502 + 8757 + 8757 + 8757
+ 7417 + 5629 + 8671 + 6638 + 9321 + 6776 + 8903 + 5814
+ 7687 + 9585 + 6833 + 9173 + 6274 + 9134+ 7157 + 5267
+ 8728 + 7740 + 7330+ 7000)) : evalf (%)

7151.80769:
Pak ptimérny stav zasob v péanich jednotkach je roven 6 029,14 €, nebo
> 7152-0.843
6029.13¢
Kapitalové naklady na drzeni zasob jsou rovny 59 £, hebd:

> 6029-0.095

572.75¢
Skladovaci nakladyini 2984,72 €, nehb
> 7152-0.3176:0.0036- 365

2984.71841:

HladinaSpendodpovida 80 370 €, nefio
>5000-19-0.843 + 15-19

80370.00(
VySeRestje 5901€, neht
> 0.843-700C

5901.00(

Celkové naklady na pizeni a skladovani zasob 83 928,72 € za rok,thebo

> 573 + 2985.72+ 8037(
83928.7:
Poznamenejmé/ypaity Ize analogicky provést pro ®lalsi hladinyMOQ (10 000 ks a 20 000 ks).

Celkow jsou pak vysledky shrnuty v nasledujici Tabulder® jednodussi nazor jsou hodnoty
zaokrouhleny ve &sing pripadi na cel&isla):
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Tab. 3.Ur¢eni hodnot kapitalovych naklasha drzeni zasob, skladovacich naklé&8bendResta celkovych nakladina pdizeni
a skladovani zasob ststky A pro vSechnyithladinyMOQ
Zdroj: Vlastni zpracovani v souladu s (1)

MOQ (ks) 5000 10 000 20 000
Cena sowastky (€) 0,843 0,802 0,789
Potet objednavek 19 9 4
Pramérny stav zasob ks) 7152 9 363 13210
Pramérny stav zasob (€) 6 029 7 509 10422
Kapitélové naklady na
drzeni zasob (€) 573 713 990
2984 3907 5513
Spend (€) 80370 72315 63 180
Rest (€) 5901 5614 5523
Celkové naklady na
porizeni a skladovani 83928 76 935 69 683
z4sob (€ za rok)

Legenda pro Tabulku dzna&eni polecervenou, modrou, zelenou &k ¢ernou barvou koresponduje

s barevnym ozr@nim vizualizovanych vystiipodpovidajicich zavislosti na Obrazku 5.

Obdobr¢ jako vySe vyuzitim metod regresni analyzy a zabadgch funkci v systému Maple jsou
modelovany kapitalové ndklady na drzeni zdsobdskiaci ndkladySpenda nakonec jejich sumarizace
jako celkové naklady na pigzeni a skladovani zasobiitBm matematické modely jsoudaaeny tak, aby
byla zachovana fakticka realna povaha uvazovanggrstickych velgin. Vstupni data jsou uvedena
v Tabulce 3.

Analytické pedpisy &chto model i jejich prislusné grafické vizualizace jsou protepledrni a
zestrignéni souhrnd (jiz bez postupnych krdi uvedeny na Obrazku 6.

PoznamenejméNa Obrazku 8N znamena obecné ozrei pro uvaZzované typy nékiad
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Obr. 6. Vizualizace modél kapitélovych néklatina drzeni zasob, skladovacich nakle@benda celkovych néklaina pdizeni
a skladovani zasob ststky A, Zdroj: Vlastni zpracovani v souladu s (1)

Je vidt, Ze podrobna analyza takto ziskanych mibdekorespondenci s psgomim o z4jmech

zainteresovanych skupin (akcidhamanagement, Utvar pro strategicky nakup, ldkastiplanovani,

dodavatel, vyrobce aj. — coz vbdu nedelnosti v tomto fispivku neni podrobimapovano) usnadni
vyrobci vyjednavani nejen s dodavatelem, ale i rjegnotlivymi Gtvary podniku vyrobce.

v vy N e

Souast A je materidlem s nejvySSicro spotebou (roviZz s nejvysSi hodnotoMOQ stanovenou na
zaklad dohody mezi dodavatelem a vyrobcem), vzhledem kiadavosti vyroby. Dodavateli se
nevyplati vyrabt mensi mnoZstvi di] nez bude stanoverldOQ. Proto jeho vy3e je v centru zjmu
dodavatele, ale i vSech Utugsodniku. Protichidné tlaky gichazeji pra¥ ze strany dodavatele a logistik
vyrobce. Utvar logistiky usiluje o minimalizaci sklovych zasob a s tim nizkou hladiklOQ. To
znamena pokles skladovacich nakla jedné strana zvySeni pe&tu objednavek materialu a nakiad
tim souvisejicich na strardruhé. Pokles skladovych zasob a nasledtiklad: s timto spojenych ma
dopad na pokles kapitalovych nakiiagh drzeni zasob. Snizuje-li vyrobce velikost obgziho mnozstvi
a zada zkraceni dodaciitly, dodavatel zvysi cenu dodavaného materialu. fisabi Gst skladovych
zasob. To vede k nistu kapitdlovych nékladna drzeni zasob.
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Prijatelny kompromis pro v3echny Gtvary podniku pefidi se na volb velikosti MOQ (s ohledem na
minimalizaci kapitdlu v zasobach a naklady vynat@&ea nakup kapitalu vadledku rychlosti dstu
nakupni ceny) lze dopotit v intervalu od cca 15 000 do cca 20 000tksswsastky A.

Pro jednani o cena velikostiMOQ vyrobce s dodavatelem (s ohledem na dodrzeni pdgnyro
snizovani nakupni ceny v takovém rozsahu, aby nedeSkrachu dodavatele), je nezbytné, aby vyrobce
ziskal informace o velikostBetupCostsaa LB dodavatele. Z vytu@ného matematického modelu tuto
informaci ziska dosazenintipluSnych hodnot\OQ aP). (v souladu s (1))

3 Zawr
VyuZiti matematického modelovani s podporou gesit informanich a komuniké&nich technologii

sehravéa v satasnosti stale vyznanyj$i roli pii rozhodovani i vach oblastech, kam pronikaji podminky
nejen kvantifikovatelné, ale i kvalitativniho chkireru.

V praxi z nejfizrgjSich divoda ¢asto chybi mnoZstvi informaci (obda@bjako v uvedené fifpadové
studii), avSak p citlivé interpretaci exogennich a endogennichémlvystupujicich fi modelovani,
solidnich ¥domostech matematického zakladu a racionalnim tiyutiodného software zkonstruované
modely mohou byt vhodnou oporou pro rozhodovanito Tskuté€nosti se stéleasgji uplatiuji i

v ekonomickém, finatnim i podnikatelském prasdi.

Systém Maple je dobryntixladem software pro vygity i vizualizace. Vyhodou je i jeho rostouci obliba
jak v akademické sfé, tak v inzenyrské praxi fipvyzkumech, a tudiz se rogdjici moznosti uzivatelské
komunikace.

Fakulta podnikatelskéd Vysokéhoani technického v Benvelmi silné podporuje Gzké propojeni ,Skoly a
praxe“. Rikladem toho jsou kontinualni inovace studijnichgrami/prednsta reflektujici jak iniciativy
pro vylepSeni vyuky, tak vyzvy zejména podnikatélek prostedi, respektive vyzkuin na poli
financnim i ekonomickém. Fakulta ro¥h poskytuje pihodné podminky a motivace posluétia.
Jednak formou kvalitniho technologického zazemingk podsty ¢i umozrenim aplikaci ziskanych
védomosti pi feSeni skutnych problematik rznych organizaci, ndiklad formou zpracovani
zawrecnych praci. V tomto iispsvku byla diskutovdna problematika v oblasti lodigtipodniku jako
ukazka zd#lé diplomové prace.

4 Podkovani

Tato prace byla podpenacastené projektem FRVS MSMT¢. 3186/2010 s nazvem Videomanudl jako
multimedialni podpora inovaci wedngtech matematika a matematicky semjnéhoz hlavnieSitelkou
je RNDr. Zuzana Chvatalova, Ph.D., FP VUT v8rn
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Abstrakt

Prispvek shrnuje dosazené vysledky v analyze forem uyfagkgnatickych obar na Fakult informatiky
Masarykovy univerzity. Nejprve bylo petha navrhnout efektivni mechanizmus pro monitoriosidovani
studenta v pibehu vyukového obdobi a vyfitgorvotni navrh datového modelu progsthakovych dat.

Pro vybrany pilotni kurz Analyza a navrh systémiupbgveden sér dat o tom, jakym zjsobem studuji
jednotlivi studenti, tj. kdy a jaké formyabnich material pouZivaji. Nashirana data byla vyhodnocena a
byly vytva@eny hypotézy ohledwlivu zpisobu studia éhem semestru na kafimu znamku. Na zaklad
vysledk analyzy shromazdych dat bude moZno dopeituvhodnou modifikaci vyuky.

Abstract

This paper sums the results of the analysis ofahes of teaching of the informatics based figitighe
Faculty of Informatics at the Masaryk Universityrsf of all, it was necessary to propose an effect
mechanism for monitoring student behavior during ldarning period and create the initial design of
data model for the collection of mentioned data. fhe selected pilot course Systems Analysis and
Design were collected data related to individualdgnts, i.e. when and which type of study materials
they use. Further, collected data were evaluated laypothesis about the influence of learning tgabit
during the learning period on results of final exaation were determined . Then it would be possibl
recommend appropriate modification of the educabiased on the results of this analysis.

Kli ¢ova slova
e-learning, datovy model, analyza dat, infoémiasystém, vzélavani

Key words
e-learning, data model, data analysis, informasiggtem, education

1 Uvod

Moderni informa&ni a komunikani technologie jsou dnes vyuzivany prakticky vectSedwtvich lidské
¢innosti. Nejinak tomu je i v oblasti v&hvani, obzvla&t pak na vysokych Skolach. V stasnosti je
témet nezbytnosti, aby kazda univerzita disponovalamgjgemnym a kvalitnim zazemim, ale aby svym
studenkm nabidla i dote funguijici elektronickou podporu. To souvigégevsim s dostupnosttebnich
materiaf, které jsou nedilnou soasti studia.

% EMEE - Effective monitoring and evaluation of edtion
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Velmi kladny vztah mladé generace k vyuzivanéifasu jako zdroje informaci vyznamsnovlivnil i
vyuziti vypaietni techniky jako podpory prezariho i distakiniho vz&lavani zpravidla progednictvim
internetudi lokalnich univerzitnich siti. To je jednim v hfdeh divodi, prod se velmi Usgsns rozviji e-
learning na jednotlivych univerzitach. V posledndiesetileti vyvoj vz8avacich technologii zajginil
mimoradny zajem o nové metody pro tvorbu studijnich bbsdNicméré role technologie jefasto
piecaiovana. Mnozstvi informaci, které mohou studentkatiz internetu, je obrovské, a ne vzdy zcela
odpovida svou kvalitou studijnimu textu. Ob&arznavanou skuteosti je fakt, Ze ilezitym faktorem
pro zajiseéni kvalitniho vy@ovani je obsah. Vlastni procegeni se liSi podle specifik daného Z4ka. Prav
tato pekazka spdvajici v riznosti poteb a zvyklosti jednotlivych studéntmotivuje autory
elektronickych materiélke zkoumani novychifstupi, které by splovaly konkrétni individualni péeby
student, [2]. Otazkou v3ak istavda, jak efekih a pitom efektivie monitorovat piibéh semestru a
sledovat chovani studeént jednotlivych etapach studia.

1.1 Monitorované prostiredi

Fakulta informatiky, jak uz nazev napovida, vyuziwdodernich trentl z oblasti nejno§Sich
informanich technologii o &o vice nez jiné fakulty Masarykovy univerzity viBr Obeci se zde
logicky liSi cela koncepce vyuky, ktera je postevera kombinaci klasické vyuky ve foémpiednasek a
praktickych seminié, zaloZzenych fevazi na praci se softwarem. Stalibyva kurzi pozadujicich v
pribéhu semestru samostatnou praci jednstliebo v tymech a soéasti jejich hodnoceni byva velmi
¢asto odevzdani projektu a sfhh zadanych Ukdl Z tohoto pohledu je jednim z typickychegstavitel
komplexniho kurzu Analyza a navrh systému (dale (FBOktery je vydovan vzdy jednou za rok
v podzimnim semestru.

Koncepce kurzu PB007 vyuziv&kolika odliSnych druf studijnich materidl Zakladem jsou vyukova
skripta pokryvajici obsahé&vkompletni latku. Dogilkovym zdrojem k jednotlivym igdnaskam jsou
tematické prezentace, které jsou tematicky #mryy do celk a jsou zviejnovany postuph dle
odprednasenych okruh Do pongrné bohatého w§tu uiebnich zdraj pati materialy k praktickym
semindiim, kterymi jsou vyukové prezentace a podrobné idlyor K Gplnému vytu vSech dru
studijnich materidl zbyva zminit je&t videozaznamy Zivychipdnasek, které jsou do tydne dostupné ke
stazeni vIS MU. V ptbehu podzimniho semestru 2009 se konalo dohromadyadvagednasSek a
prokehlo Sest praktickych semina

Typ vyukového materidlu ~ Format &
Skripta pdf 1
Tematické prezentace pdf 18
Prezentace k semiiia pdf 2
Tutoridly html, flash 2
Videozaznamy avi 12

Tabulka 1. Elektronické studijni materidly kurzu Analyza a rfégystému
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2 Motivace

Primarnim cilem veSkeré dale popsané prace je @aivkhodnych mechanignpro pozorovani chovani
studenta z pohleduistupu k vyukovym zdrdm a na zaklaginasbhiranych dat provést analyticky rozbor,
ktery poskytne podloZzené vystupy umajci vyvodit ukité zawry. Analyza dostupnych dat byédma
pomoci utit, zda a jak ovliiuje zpisob studia ghem semestru kotieou znamku. Pro vywijiciho
mohou za¥ry znamenat impuls pro zZmu dosavadni struktury kurzu, Gpravu vyukovych mialie a
popripact i prehodnoceni ptiu a obtiznosti zkuSebnich termidakou cestou se cely postup monitoringu
a nasledného vyhodnocovani ubiral je detaitrzebrano v dalSich kapitolach tohotéspsvku.

3 Navrzené&eseni

JelikoZ Masarykova univerzita vyvinula a &Sp provozuje syj vlastni Inform&ni systém (dale jen IS
MU), ktery skyta celou Skalu zajimavych aplikacd pryuku, byla vyuZita tato funkcionalitargevSim
pro fazi skru dat souvisejicich Sistupem studefitk vyukovym materidlm. V ramci univerzity je pl&
podporovan rozvoj e-learningovych agend praprostedi IS MU, coz zaiicinilo fakt, Ze si jednotlivi
vyucujici zvykli vkladat veSkerédebni materialy pouze do mist, ktera vymezuje IS ptt jednotlivé
kurzy. Studenti i samiditelé si tento snadny #pob prezentace inforriaich zdroji velice oblibili a jak
dokumentuji statistiky, je hofn vyuzZivany. Pré¥ statistiky gistupu ke vSem druim materiah
dostupnych progtdnictvim IS MU hraly naprosto kbivou roli g sbéru dat. Druhowést nasbiranych
dat tvaila (¢ast studerit na gednaSkach a praktickych semiith. Kazdy student potvrdil svou
piitomnost svym podpisem na dané prépénisting. VSechny seznamyifpomnych studetit byly
pievedeny do elektronické formy, aby se mohly dakdyenovat.

Z informatického pohledu je zajimawast zabyvajici se organizaci dat. V situaci, kdio byriznych
elektronickych formatech dostupné #né mnoZstvi dat souvisejici s chovanim studenprib&hu
semestru, se objevila zdarlignadna otazka, jak data organizovat takovyfisapem, aby bylo mozné
s nimi nadale efektivhpracovat. Prvotnifpdstava vyuziti ¢které z aplikaci pro analyzu informaci byla
rychle zavrzena, protoZe naslednyizkum tak sloZitého souboru dat by Bglso¥ nesmirg nar@ny. Po
delSich avahach se pro pochopeni a celkovou odentdézala jako nezbytnd geba konceptuélniho
modelu, ktery bude slouzit jako primarni inspirgwe praktickou realizaci databazovéteseni. Pray
databaze umadibije relativieé snadno uloZit vS8echna data a pomoci vhodnych S@fazd ziskat
v pozadovaném formatu informace pro dalSi analynceptualni model byl vzorem pro vytemi
databaze zalozené na systému MySQL. Toto multifoieseni bylo zvolenoipdevsim pro svou Sirokou
implementovatelnost a vykonnost. MySQL je podporowa platformach MAC OS X, Linux, Solaris i
MS Windows a jelikoZz sé¢adi mezi volg Sititelny software, mé vysoky podil na v sasné dob
pouzivanych databazich. Vliv na Wbvhodného implementaiho reSeni mil i fakt, Ze Fakulta
informatiky v sodasné dob nabizi podporuft rel&nich databazi, ipiemz jednou z nich je prav
MySQL. Za vlastnim naprogramovanim celé databazgtapené na zaklédzmirgného modelu stal
student Fakulty informatiky, Attila Fabian.
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3.1 Detailni popis modelu

Jako modelovaci nastroj byl zvolen Visual Paradi@insahuje komponenty pro kompletni vizualni navrh
architektury aplikaci a jeji vyj&dni pomoci nejnaysi notace jazyka UML (Unified Modeling
Language). Nabizi propracované grafické rozhrani yzudlni navrh, coz hralo podstatnou rofi p
vybéru vhodného software. Obr. 1 znange cely navrzeny model, ktery vychazi z jiz praeeaného
modelu v gispivku Monitorovani forem vyuky informatickychi@dméta na Fakuk informatiky MU

z roku 2009.

& Kaptolactazky

'
'
A / A
Slidy o ke Kapilole ! Videcazazanm ke kapitole
Q_.‘ Kapitola vukylD kapitola GH Kapitola wjukylD kapitola
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Obr. 1. Konceptualni model pro organizaci nasbiranych dat

Nejdilezitéjsi entitou v celém modelu je enti®tudentmajici primarni ki UCO dané osoby. Dalsi
atributy uchovavaji poebné informace o studentovi, jedna se o jméno,spstpidia, jméno cviciho a
indikator opakovani kurzu. Druhou vyznamnou entij@ilapitola_vyuky ktera uéuje tematicky okruh
probirané latky v gibéhu semestru. Jednozmg ji identifikuje jeji ID a pro srozumitelnost jeatributu
Nazev uvedena souvisejici oblast. Osm dalSich é@tiiceni, Diskuse, Rednaska, Vyukova_skripta,
Slidy_k_pednaSce, Slidy_ke_c¢weini, Tutoridl, Videozazngnpredstavuji edukai prvky, se kterymi se
student v pibéhu vyuky setkava. Pokud je student fyzickitpmen na pednaSce nebo @éni, tento jev
se zaznamena v asociativni entiast_na_pednasce, Yast_na_cvieni Je logické, Ze kazd&quinaska

i cviéeni souvisi s¢akym tématem, proto jsou vytkeny asociativni entityPredndska_ke kapitole,
Cviceni_ke_kapitole Fristup k vyukovym zdr@m je zmapovan podobn Pokud student ffstoupi
prostednictvim IS MU k jednomu z dostupnyctebnich materidl, ulozi se zaznam do asociativni entity
s odpovidajicim nazvem. @pplati, Zze kazdy studijni material souvisi s dakapitolou vyuky. Tuto
vlastnost uchovavaji vazebni entity spojujicelbni prvek a kapitolu vyuky. EntitBiskusese véze

s entitouStudentv piipack, Zze se student aktigrzapoji do diskusniho foragunetu nebo osobfiprobira

s vywiujicim ugitou oblast. Opakovanplati, Zze diskuse se vzdy tyka okruhu latkkteré z kapitol, to
dokumentuje existence asociativni entityskuse ke kapitoleJednotlivé otazky, které jsou sa@sti
riznych zadani, reprezentuje enf@éazky u zkouSky'a ma kromd unikatniho primarniho ke atributy
maximum (maximalni mozny bodovy zisk) a datum (datkdy bylo zadani s danou otazkou nasazeno u
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zkousky). Pokud student dorazi na zkuSebni teradaociativni entita uchovava informace o bodovém
zisku daného studenta na jednotlivé otazky z jetu@zi. Je jasné, Ze kazda otdzka musi lijezma do
nekteré z vydovanych kapitol, tento vztah reprezentuje vazelmitaeKapitola otazky Pro nazornost
jsou asociativni entity bare¥rodliSeny.

Diky takto navrzenému modelu je mozriéstupovat k datm pomoci SQL dotdz Praktickou ukazkou je
nasledujici giklady:

Priklad 1.

SELECT DISTINCT otazka u_zkousky.maximum_bodu,
vysledek_zkousky.ziskane_body,
vysledek_zkousky.uco

FROM kapitoly_vyuky,
otazky_ ke _kapitole,
otazka_u_zkousky,
vysledek_zkousky

WHERE kapitoly_vyuky.id_kapitoly=otazky ke kapitole.idpitaly AND
otazky ke kapitole.id_otazky=otazka u_zkousky.ddkgAND
otazka u_zkousky.id_otazky=vysledek zkousky.ickyohdD
kapitoly_vyuky.id_kapitoly="kap_11'

ORDER BY uco

SQL dotaz v fikladu 1 vraci maximalni @et bodi u otazky, ziskané body all® v otazkach paicich
do kapitoly 11 siazené podle atributudO.

4 Analyza dat

Samotné vysledky, které jsou reakci n@né databazové dotazy, jsou bez dalSiho analytickéh
zpracovani a komen# zcela bezcenné. V&cich sbru dat byly stanoveny cile, které by monitorovani
a néasledné vyhodnocenitpehu vyuky informatického kurzu &y spinit. DalSi ndpady na zajimavé
vystupy se objevily v @ibéhu skru dat i @i analyze @iznych datovych struktur. Pro detaij$i rozbor
byly pouzity dva robustni nastroje pro praci s dath\5 Excel a Statistica 9.0. Stst kancel&kého
baliku Microsoft Office, obeghhojné pouZivany a oblibeny, Excel se vyuZival hned veudfazich.
Poprvé i pievodu dat do elektronické formy & gipraw uZivatelsky ne $lis piijemného formatu dat
ziskanych z IS MU. Ten totiz neumnge zadny export statistikifstupu ke studijnim materiah, bylo
tedy nutné vyuzit kombinace statistickych a texttwvyunkci dostupnych v Excelu &egvést data do
formy vhodné pro import do databaze. Podruhé séilgytéto aplikace $ vytvéieni grafickych vystup

ve forme riznych tym grafi. Oproti tomu Statistica 9.0, ktera mimo jiné nabimi Siroky vykEr metod
pro analyticka zpracovani, slouziltedevsim k ziskani statistickych Gilajealizaci pokréilych vypaoiti,
ovérovani normalniho rozloZeni prémmych a pro vygenerovanidimenzionalniho grafu zobrazujiciho
zavislost ki promgnnych.
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4.1 Statisticky pohled

Mezi hlavni¢ésti prezentujici vysledky gétstatisticky pohled na nasbirand data. Kazdy agsstkych
pohledi na chovani studeinje koncipovan shodnou strukturou:

*  Uvod fiblizuje zkoumanou problematiku a naistie motivaci;
e popisna statistika obsahuje tabulky a grafy, kteyfodnocovani fineslo. Vzdy se k ni
vztahuje parametricka tabulka viz. Tabulka 2;

Nazev statistiky
Stredni hodnota
Chyba stedni hodnoty
Median

Smeérodatna odchylka
Rozptyl vykeru
Spicatost

Sikmost

Minimum

Maximum

Sowet

Pacet

Tabulka 2. Parametry popisné statistiky.

e zawr poskytuje zamySleni nad vystupy a snazi se oushmncilem vyslovit statisticky
podlozena tvrzeni.

4.2 Analyticky rozbor dat

Analyticky rozbor pedstavuje dalSi zajimavowdast vyhodnoceni veSkerych aktivit spojenych
s monitorovanim mibéhu vyuky. EtSinou se jedna o kombinacékolika statistickych a analytickych
metod, které nasledrvedly ke graficky znazoemym vystugm. | tato sekce mé vzdy stejnou strukturu:

e popis analyzy fiblizuje podrobsji zkoumanou problematiku, nastije motivaci a odkryva,
jakym zpisobem byla data pro danou analyzu nasbirana;

»  vystupy reprezentujiipdevsim grafy, které analytické zpracovairigslo;

o zAwr poskytuje zamySleni nad vystupy a snazi se oushmncilem vyslovit statisticky
podlozena tvrzeni.

5 Ukazky vystup

Pro pedstavuétende tohoto pispsvku byly vybrany de¢ ukézky zpracovani statistického pohledu
a pokrgilého analytického rozboru.
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5.1 Statistika: p¥istup k vyukovym skriptim

Uvod:

Skripta s ndzvem Strukturovand analyza jsou stimdifmaterialem, ktery kompletrpokryva probiranou
latku v celém semestru. S vyuzitim monitorovaciébtrofi dostupnych v IS MU je mozné sledovat, kdo
a kdy k danému materialufiptupoval. Diky této statistice jsme schopni slepwkolik student si

v jednotlivych obdobich (stanoveno gtrnacti dnech) prohlédlo nebo uloZilo tento vyukaext do
svého poitate. Resny zéatek prvniho obdobi byl &en na zaklagprvniho gistupu ke skriptm.

Popisna statistika:

» K tomuto materidlu celkavpristoupilo 274 studefit coz je 80 % vSech studérkurzu.
*  Monitoroval se pistup studeritv pribéhu sedmi obdobi.

Pristup k vyukovym materiém

Hodnoty

Stredni hodnota
Chyba stedni hodnoty
Median

Smerodatna odchylka
Rozptyl vykeru
Spicatost

Sikmost

Minimum

Maximum

Souet

Potet

3
6,7
46
17,7
313,5
-0,6
-0,7
11
61
274
I

Tabulka 3. Popisna statistika.

Graf dokumentujeifistup studerit k vyukovym skriptim. Dilezité je poznamenat, Ze je monitorovan a
zpracovavan vzdy pouze prvriigtup daného studenta.

Podetstudentd

Pristup k vyukovym skriptam

70 o1

Obr. 2. Graf zavislosti pistupu studeriitk vyukovym skriptm nacase.
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Zawry:

Z grafu je Zetelrg vidét, Ze studenti z@li pristupovat k vyukovym skrigim v listopadu a cely jbeh
mél sestupny trend az do obdobi vénizh svatk. Po nich nastal pogmné logicky prudky vzestup,
jelikoz se rozbBhlo zkouskové obdobi. VeSkeryigtup ke skriptm se promitl do &ekavané kvky [2].

5.2 Analyza: vysledek zkousSky v zavislosti na terminech

Popis analyzy:

Datum zkouSky v kombinaci s jednim z8 tmoznych termit (fadny a dva opravné) mohou mit
vyznamny vliv na vysledny bodovy zisk studentanfatini motivaci je zodp@&xeni otazky, zda testovani
studenti chodi naipdtermin, pop na dive vypsané terminy, [épdipraveni neZ na terminy pogdi.
Zajimavé by bylo také zji&bi, kdy studenti vyuzivajfadny termin. Prvni moznosti je vyuziti prvniho
pokusu u zkousky hned ze¢Asku zkouskového obdobi a ponechéadoveé rezervy vifpac, Ze student

u testu neusfje. DalSi alternativou je volbafigchodu na prvni pokus zkousky aZz ke konci obdobi s
jistotou, Ze vysledek bude hodnocen kkadn

Vystupy:

Graf zobrazuje @imérné bodové zisky studdntna jednotlivych zkouSkovych terminech. Pr&tsv
piehlednost a porovnani jsou vysledky réedy podle typu zkuSebniho termini@dny, 1. opravny, 2.
opravny). V piloze je vloZen i dalSi graf souvisejici s tout@algmou (zavislostetnosti bod na piib&éhu

zkousek).

Pramérny bodovy zisk v zavislosti na ¢ase
40

35

30

25

e—iddny termin

Pocet bodi

a1 0pravny

2. opravny
10

/'/‘

Obr. 3. Graf zavislosti pimérného pétu bodi na piibéhu zkouSkového obdobi.

Zawry:

Graf ukazuje, Ze studenti vyuZivajiéidny termin negli pramérné bodové vykyvy, sestupny trend se
objevil az ke konci zkouSkového obdobi. To n&mje fakt, Ze pokud student vyuZiligyprvni zkuSebni
termin aZ ke konci Ginora, $t§i pravépodobnosti neush Radné terminy se vyuzivali po celou dobu
zkouSkového obdobi. Oproti tomu studenti,ikteyuzili 1. opravny termin, se objevili aZz révrtém
vypsaném terminu. #vka vyvoje paiimérného bodového zisku u 1. opravného terminu ma émjm
pravidelnou strukturu s velkymi vykyvy, které vyupi do nadplimérnych hodnot. Kivka 2. opravného
terminu se objevuje az v prvnim tydnu Unora¢ida na nad@meérné hodnat, poté nabira klesajici
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tendenci, ale ke konci zkouskového obdoliihmirny paiet bodi vzrostl. D& se tedsici, Ze student, ktery
vyuZzil posledniho mozného terminugiiepsi vysledky nez na svycligulchozich pokusech, [2].

6 Pohled do budoucna

Monitorovani a hodnoceni {dséhu vyuky kurzu PBO007 v obdobi podzim 200%inpslo navrzeni
prvotniho datového modelu, ktery je pouZitelny id#dSich obdobi. Na zakladkuSenosti se dopdtuie
zautomatizovat gkteré kroky pracného shu a Upravy dat pro import do databaze (vyuzitinsk@ni a
elektronického vyhodnoceni prezaich listin).

Pro nasazeni sledovani v dalSidledmitech se péita s mensi modifikaci a dogmimi, ktera jsou jiz
teoreticky pipravena. H pohledu na pestrost wyavanych kura na FI MU s podobnyntasovym
rozvrzenim jako ma kurz PB007 (rfafkurzy Elektronicka fiprava dokumeiit Sprava systéinMS
Windows, Programovani v jazyce Java a dalSi) seithtich let nabizi srovnani edukdch postup i
napi¢ fakultou. Pro opravdu podloZené a déle reproduledwé vysledky je nezbytné zafit se mimo
samotného monitorovani a analyzovani dat také oeetieké principy vz&8lavaciho procesu. Jejich
pochopeni poskytne pevnouidu pro vystasni novych zawrd, které by nily jednoznaéné vést ke
zkvalitréni a zefektividni modernich vyukovych metod.
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Abstract. This paper will briefly introduce the challengest@mnsition to real applied research at a

traditional research institution, or “university afcience” — Masaryk University. The core of the
paper is a case study of two R&D units at the usitye describing and evaluating the process of
the transformation from R&D, teaching and serviemms to a fully-fledged units aiming at

fundamental and applied research, teaching, andices.

Abstrakt. V piispevku jsou strdné predstaveny vyzvy k‘gchodu na realny aplikovany vyzkum v
tradi¢ni vyzkumné instituci, nebo "univeezitdy" - Masaryko¥ univerzit. Jadrem pispvku je
pripadova studie dvou jednotek vyzkumu a vyvoje neenaite, které popisuji a hodnoti proces
transformace z vyzkumnych a vyvojovych, vyukovyggmasnich tym na plré rozvinuté-jednotky
zangrené na zakladni a aplikovany vyzkum, vyuku a sluzeb

Keywords: applied research, industrial applications, Lasalisge infrastructures, software
services

Kli ¢ova slova:aplikovany vyzkum, pimyslové aplikace, Lasaris, velké infrastrukturyftwarové
sluzby

1 Key Role of Applied Research

1.1 Situation in the Czech Republic

Applied research and development have been reagaitiyng on importance worldwide. The Czech
Republic represents no exception in this aspea.ebonomic globalization puts the traditional bass
sectors under extreme pressure of a cheaper cdimpebming easily from abroad with almost no
protective barriers. In order to keep the econoomwipetitive, it must focus at production with higidad
value. On the other hand, there is already a l&ekjperts particularly in industrial sectors witigin
innovation potential, like high-tech machinery, teichnology, and IT. The forecasts based on almesst z
population growth are even more pessimistic in thépect.

This trend gradually changes the roles of researignted universities. It is reflected and even lified
by changes in government and supra-national (pdatly EU) grant policies. Namely, the Czech
government established a Technology Agency of thec@ Republic financing “generic” applied
research but it also fosters applied researcheniip areas, like security, defense, environmetealth
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car. In contrast with the government effort, conipamctive in Czech Republic are still hesitatiog t
invest to research: just a 0.7 % of the overallgetidor research comes from the commerce whild&the
average percentage is ten times higher.

1.2 Position of Masaryk University

It seems to be a traditional opinion - at leasthe local environment - that the applied reseasch i
domain of universities of technology rather thanuofversity of sciences where Masaryk University
belongs to. Masaryk University continuously strivies change this view by supporting technology
transfer, spin-offs, and research with- and for itiustry in general. The university has foundeel th
Technology Transfer Office to foster the activitieb technology transfer but also identification of
opportunities, business development, project managg and promotion of applied research.

2 Lasaris and DSS: Two units, one R&D team

2.1 Research Lab Software Architectures and Informaon Systems

The Research Lab Software Architectures and InformaSBystemgLasaris, http:/lasaris.fi.muni.cg
established at the Faculty of Informatics in 2088ntified the applied research as its key oppartuni
The current teaching, research and developmentitégiof Lasaris will be described later on, hoeev
the most distinguishing feature of Lasaris is thierdgation to real problems which means that (atinos
none of the R&D activities emerge without real amgion needs.

The research topics of Lasaris include large (pnita) software architectures, information systems
modern technologies, and technology-enhanced tegrithe cooperation with DSS covers mostly the
first two mentioned areas — architectures and métion systems. The problems arise often from real
world problems of DSS, so let us introduce them.

The Lab is also deeply rooted in the industrialf@pgion cooperation. There is a large number of
projects that have been carried out in the lastsyigether with application partners such as gowent
organizations and companies. Recently, the mendfene Lab guarantee the industrial cooperatiom wit
six companies including global ondBI¢l Czech Republic, Sun Microsystems, IBA CZ, dauSU
SoftwareandoXy onling and are supporting the other partnerships byingeatie wholeConsortium of
Industrial Partners New partnerships are currently subject to netjotigONSemiconductdr

2.1 Objectives of the Lab

Lasaris represents an institutional backgroungdéamg researcheranddoctoral studentin the applied
informatics field in the abovementioned areass i good starting point for nguest doc positions the

applied informatics domain. It brings opportunitfesstudents to increase applied informatics krealgk
and practice oapplied research projectnd a platform for launchingnovative student projects
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Theoretical and practical gained knowledge wilbimenput for continuous educatianprovementThe
Lab guaranties in cooperation with DSS teachingp#t platforms of enterprise computingava EE
and.NET. Teams in the laboratory share knowledge of mogeantices of software engineering within
theBrno CEP GroumndAssociation of Industrial Partnexsf the Faculty. Laboratory is a place where
people with commercial experience transfer theaviinow to the academic employees and students in
the framework offechnology Platforms

2.2 Department of System Services

Masaryk University established the Institute of Qoter Science (ICS) in 1977 in order to concentrate
the effort to promote computer applications in aesk and daily business operation. The Faculty of
Informatics followed in 1994 as the first one tdegkto informatics and IT in the region. Severairge
ago, ICS founded the Department of System Seryi288) as a business unit focused on operation,
maintenance, and supervision of large universitnagtructures like networking, open PC labs, access
points, printing solutions, and virtualized compgavironments ranging from virtual servers to
desktops. In 2009, after Lasaris was constitutezlcboperation with the DSS started intensively.

2.3 Research and Development Task of DSS

The main task of Department of System Services¥gldpment and maintenance computer systems and
offering the systems to faculties of Masaryk Unsigras the services to build and improve theirs IT
infrastructure. During several years the activitp®S was extended. The experience gained during th
implementation of the systems is not only usedfalding next infrastructures at the university thay

are used for teaching, research and collaboratitinpsivate sector too. The summary of the actgiti
follows.

2.4 Services Provided to the University Environment

The first service of Department of System Servigas theUniversity Computer Cent€tJCC). The
centre provided non-stop access to 100 computeedifstudents of the university. The concept of
computer studies has become popular with studewtsogal operators. The number of computers
administered by DSS rises to 1000 now and comtiielies are placed at several faculties, see [2].

At such an extensive organisation as the univeisijtiyhere are many autonomous IT systems thaéshar
information about theirs users (students, emplogée3. There are about 50000 users at the uniyersi
and data about them is changed every day, thergfierenpossible to manage replication of the data
manually.

DSS developed identity management software refeaedAccMgr2008that propagates personal
information from main university's database$ormation System of the Mlndinet, to other systems,
such as Active Directory, physical access cons@turity systems, etc. Data from Active Directary a
used by VPN and Eduroam for users to be able tanisersity's WLAN and services on the web. Active
Directory is used by Shibboleth too to unifying tsauthentication data for various web applicatjon
e.g. ICS's Wiki.
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The usage of services provided by university shaidd be allowed to users that have no relation to
university, like visitors of conferences or studeat scholarships. To meet these needs, DSS holds a
database of so called guests that should have taiguxess privileges to university's servicestaat
could be edited by faculties via a web user intarfa

DSS started developing software for supportinghyfsical access control in 2006, when a new tumnstil
was installed at the entranceldaiversity Computer CenteSince that time physical access control and
security systems supported by DSS have spreadtdine faculties and DSS's software can deal with
the four types of systemilorthern, Galaxy, DuhandBioStat

Besides replication of users data, realized bytidlemanagement, for systems to be able to worknef
DSS develops software that reacts to an evenite aystems and influences other systems and
applications to realize several additional servimigshysical access control and security systeotd) as
saving history to external database or real-tinsealisation of events enriched with photos of pesso
related to the events.

Frequent extensions of the software, caused byngddiw types of hardware and services, made DSS to
develop universal integration tool referred tor&alla that realizes processing and distributiothef

events from the systems. Along with the identitynaigement and set of application that provides
visualisation of activities and states of the systgthis configuration-driven integration tool giveSS

the potential to realize physical access contralemurity system at the private sector.

Department of System Services also supports paiites for students, such as printing services,
vending machines [4], and retail sale. DSS hasldped software facilitating cash-free payments for
such services, and for integration of several sgpdruniversity's accounts. The majority of payraeme
realized via the internal university’s clearingteys SUPOnow.

The applications and services supporting vendinghinas with cashless payments belong to the most
interesting for the business. This type of venditachines becomes popular in enterprises (and sjhool
because they bring several benefits: employeeddsts) can easily purchase goods using their chip
cards. It increases the turnover.

Additional web applications allows employer to atveeparticular purchases and print balancing. Furth
applications allow providers to monitor currentstaf vending machines and promptly react to some
problems, e.g. sold out goods.

To increase quality of the services provided, DStShdished th&upervisory CentglSC) automating
processes that resolves service failures. A fabfiservice could be recognized either by userd¢batd
report it toHelpdeskor Call Center or by automated mechanisms integrated into théceethat
monitors its behaviour and reports its stateNagios[1]. Both ways influence web application where
there are list of all services, theirs currentestatontacts to responsible persons and progreepaifing
when service is malfunction.

2.5 Academic Activities and Research

Department of System Services shares its expergaioed during realization of various projects with
students of Faculty of Informatics. It helps wittyanisation of courses aimed especially to windows
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administration and developing at .NET framework SD$fers students collaboration at projects forrthe
to become acquainted with IT technologies and groblpractically and be able to write bachelor or
master thesis.

DSS employs postgraduate students and providesdbeess to relatively large IT systems and
infrastructure. The students are familiar with slgstems because they participate in designing and
developing of them during the previous studiestéegt can apply results of their theoretical rede&oc
the systems. This gains value of their work ansesthe probability that results of the researdhbei
used in real life.

On the other hand DSS takes advantages of knowkmtdjgventions of postgraduate students. The
applied research improves working of departmemamy areas, e.g. in designing of hardware and
software systems, ensuring quality of serviceggeizing failures with using advanced technologies,
such as artificial intelligence of some other mathtical methods, and event in governing of projects
This makes DSS more competitive than before, see [3

2.6 Direct Industrial Applicability

DSS has a competitive advantage attractive for stidh partners. It can offer an extremely large
infrastructure for analysis, testing, and validataf enterprise applications and systems. The axisie
cooperation with the industry covers the areasetfvark security monitoring and solutions for verglin
machines and printing services. In all the cases dpportunity provided by large infrastructure is
obvious. DSS makes us wfhovation voucherslelivered by the City of Brno to foster direct urstry-
academia cooperation, see [4].

3 R&D Policy and Values

There is not only a couple of common R&D and teaglaictivities but both departments share the same
policy principles, strategy, and values:

* Nearly all activities have three dimensioresearchteaching andreal applications

» A real problem, application or service connectethwiconcrete— both intra- and extra-university
subject(a company, research entity, consortium, clusteluding foreign) — is usually the primary
motivation.

e Students ardirst-class team memberis all activities though in different roles - resehers,
developers, teaching assistants, and even projeoagers. Their opinion is always valuable and
taken into consideration.

« The key processes are simple, clear, and targatted.

» A concrete technology important but never decisivand it is never the goal per se.

« Cooperationalso with external subjects has always a value sirmlld run on a win-win basis.
University spin-offs and service units like TTO adibject Support Department are natural partners.
The same applies to partnership with external lsodtstering R&D cooperation and innovative
business, like South-Moravian Innovation Cente€)dr Microsoft Innovation Center (MIC).
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« Visibility of the team is important at all levels - world-@jdhational, local within the university, and
inside the team, too. Young members are foster@dltish and present on relevant forums from the
very beginning.

« Networkingin a wide sense belongs to the key set of instnisrfer success.

e The ultimate ambition is to bepgiemium showcasaf manifold good practices for other teams.

Compliance with this policy means to change froadlitional university departments to business-driven
units which will serve better not only the univéydiut also external partners.

4 Transformation to Business-driven Units

4.1 Key Transformation Steps

Both DSS and Lasaris can rely on a set of postiwalitions that facilitate the transition tdaaget
oriented, business-drivdsodies. Primarily, the core of the team and theagament is young in age and
in theway of thinking Secondly, it is supported lmgher level managementhirdly, the objectives
comply with the general university poliaich has been formally defined though not alwiaily
implemented. So, the team can act quickly, flexiblyd in a certain extent independently. We can
summarize the main problems of the transformatimtenthe following partial objectives:

« Match traditional and present activities with figgoals

* Make necessary changes in the team culture

« Define human resource strategy

e Find key partners

» Set key processes, resolve hindrances and opeaakiisnes
* Ensure financial resources

4.2 How Do We Succeed?

Let us match the above mentioned partial objectiveake reality:

« Do traditional and present activities match withtuiie goals?Teaching we concentrateot on
quantity of learning courses — besides the fundamentalrgnaging, system development and
technological oriented courses just offeringe generic seminafLasaris Semingr each term.
Students are free to choose subject of their temrmdividual work, mostly participate on projects,
or work on technologically-oriented studies/rechérwith at least a practical demo. DSS now serves
as anoutsourcing entityfor teaching .NET development and Windows admiaiiin courses at the
Faculty.Researchyes, gradually all research activities becomépeablem-driven. About a half of
the problem proposals at Lasaris arise from thialgotation with DSS or spin-off companies. The
rest are ongoing perspective activities such assgmtechnologies and, primarily, the cooperation
with other industrial partners. So, the goal is.met
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» Have we made necessary changes in the team culeg?but the challenge was big. We always
face temptations to solve “another interesting aede problem” instead of concentrating to those
existing and push them forward until the applicagidBut less is more here.

« Have we defined our human resource strate§tttlents are continuously prepared — starting from
undergraduate courses on software development whertalented and motivated ones can first be
identified. Then, they join the Lasaris Seminaptofile their interest and, finally, they join theam
doing a Bachelor-, Master-, and/or PhD-thesis asakia. Simultaneously, they can become
developers at the DSS or in a cooperating company.

« Have we found the key partnerg@s. Lasaris and DSS patrticipate in Brmo CEP Groupaimed at
Complex Event Processimapplications and technology. The group connects partners with the
application world. The group has regular meetirgshetwo weeks where also external participants
and contributors are invited. That means we attpaaiple from companies, other departments,
academy of sciences, interest groups, and clugtkesFaculty’s Association of Industrial Partneys i
a natural platform for extension of the activities.

« Have we set key processes, resolved hindrances opedational issues?The development
methodology and management had to be changed at TH&Scoexistence of both academic and
industrial tasks in development is supported by enncapproaches and tooling, such as SCRUM
which allows to flexibly combine work on many sirarieous tasks where all of them must be
completed perfectly and in time. Therefore, thera separation of concerns and responsibilities int
development, testing, deployment, and maintenance.

5 Conclusion

The united team of Lasaris and DSS has establslfiedtful cooperation across two university uritan
IT-focused faculty and an IT service-oriented iwgé. The synergy with the support of managemedt an
other university entities such as Technology Tran$dffice has unleashed the potential necessary to
enable industrial applicability of the researchulissand professionalize the processes to ensuire th
quality. We hope it can serve as a good showcasgHer teams and universities.
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Abstrakt

Prispevek popisuje \det stavajiciho metodického a normatimého rdmce procesnihdzeni. Samotny
koncept procesnihgizeni je v saiasné dob zndm a popsan. Principy procesnifizeni jsou nedilnou
sowasti modernich a dynamicky fungujicich organizégéré jsou schopny se dynamicky rozvijet
v nestalém ekonomickém pr@sti. Proto je teba stavajici metodiky déale rozvijet, aby i onyetgbvaly
trend sodasného ekonomického preei.

Abstract

This paper presents some of methodological andlataization framework of process management. The
very concept of process management is currentlykremd described. Process management principles
are an integral part of modern and dynamic funcébmorganizations, which are able to develop
dynamically in an unstable economic environmener&tore, the current methodology must be evolved
to reflect trends of current economic environment.

Kli ¢ova slova
Proces, procestiizeni, metodika¢ SN norma.

Keywords 5
Process, process management, methodologi norm.

1 Uvod

Metody a techniky implementace procesnitzeni jsou v satasné dob dostateéné klasifikovany a stéle
zdokonalovany. Toto tvrzeni rodhplati pro metody klasifikace firemnich progeRast vyznamu role
procesnihdizeni Ize vSak pozorovat nejen v chovani potiréte i v normach, které jsodane v
provozech podnik aplikovany, a jejichz s@asti se procesitiizeni neodditelné stalo [1, 2]. S tim
souvisi i zvySujici se mnozstvi softwarovych praduysodporujici procesitizenti, jejich vyuZziti

v podnikové sf&e pomalu zé&ina nafistat. Divodem implementacé&ehto SW produkt je hned #kolik,
pievazuje vSak zakladni ekonomickivod, a to je ziskani konkurém vyhody v ekonomicky nestalém
prostedi a schopnost na takovéto predt Kas, rychle a vhodireagovat. Dsledkem implementace je
pak transparentni chod podniku, ktery je charakedn detailnim popisem podnikuetns vhodnych a
vypovidajicich kvantitativnich ukazatel

2 Ramcové metodiky a normy procesnifazni

V souasné dobje jiz rozpracovana cela Skala metodik procesnibdelovani. Tyto metodiky se lisi
piedevsim svym zaghenim a také posmem praktické a teoretické aplikovatelnostt. jdou tyto
metodiky vieobeaehuznivany a mnohé z nich jsotirpo navazany a integrovany v softwarovych

94



produktech, jedinym obecnym pojitkem meznito metodikami jsou procesy, kterymi jsou propgjés,
4]. Jinymi slovy se déci, Ze neexistuje obecna metodika podporujici gsa&izeni. Divody tohoto
jevu Ize hledat fedevsim v zagfeni jednotlivych metodik. Jednotlivé metodiky kladézny diraz na
dil¢i aspekty organizace nebo podniku, ktery v3ak tefako celek je schopny byt ,Zivotaschopnym
organismem®“. Jednotlivé metodiky kladoucdltiiraz na popisnou, analytickou, vizutiast
modelovani procés dale se pak lisi aplikovatelnosti v z&eni na problematiku inforndaich
technologii, lidskych zdréj ¢i vyrobnich postup a toho se rowzt odviji jejich aplikovatelnost. Jen pro
nézornost si uxeme rekolik z nich:

Metodika Hammera a Chappyho

= Jednd se o metodiku definujici Business Reengimgperiedy o metodiku
zaloZzenou na radikalni zmé fungovani firemnich procés zangiujici
se [fedevSim na strategicky kritické podnikové procésy, core business. Tato
metodika nebere v potaz samotnou implementaénzmoz je vSak pro spravné
fungovani podniku kéiové.

Metodika T. Davenporta

» Tato metodika oft je zangtena na reengineering podnikovych prdgesvSak
sttedobodem této metodiky jsou inforémd technologie, které autor povazuje za
hlavni potencial nové inovace. Na rozdil od vySedané metodiky autor jiz bere
VvV potaz i organizéni a personalni zaleZzitosti. Kultura podniku jeétotmetodice
povaZzovana jako limitujici faktor, ze kteréhoijelia i implementaci inovaci
vychazet.

Metodika Manganelliho a Kleina

= Metodika Manganelliho a Kleina nese nazev ,Rapid;Re stavi na pouZziti
nastroje ,Rapid-Re Reengineering Software" pro bBoft Windows. Ot se
jedna o metodiku za#enou na reengineering podnikovych prdcesutori se
v ni zangiuji pouze na ty procesy, kter&impo podporuji strategické cile
organizace a poZadavky jejich zakafnikimitujicimi faktory v pojeti této
metodiky jsou pak dopady na organizatas, naklady a rizika - tedy klasické
kritické faktory organizénich projeki.

Metodika Kodak

= Tato metodika byla vyvinuta stejnojmennou spotesti a to pedevsim
za (Eelem reorganizace sebe sama. Metodika je¢ sdmlivnéna pgistupem
Hammera a Champyho a proto je ji velmi podobna.

Metodika DoD

= Jedna se o metodiku amerického ministerstva obf@epartment of Defense -
DoD) pod nazvem Functional Process Improvemenentihetodiky je podpora
jednotlivych organizénich jednotek fadu v jejich Usili o zlepSeni svych prokes
za (Eelem dosaZeni radikalniho snizeni naklad

Metodika Aris prof.Scheera

= Metodika ARIS, jejimz autorem je profesor universiv Saarbriickenu
A. W. Scheer, je od @atku Gzce spojena se stejnojmennym nastrojem. Nkgtod
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ARIS nedefinuje Zadnyipsny postup, spiSe poskytitgglu pohled a nastraj k
modelovani jednotlivych aspékexistence a fungovani podnikuein proce§,
umodiujicich vzajema provazanou analyzu a navrh systému podniku. Cela
metodika je postavena nétpzakladnich pohledech na podnik — tzv. Aris house
piicemz jednotlivé pohledy jsou mezi sebou propojeny.

Obrazek 1 - Aris house, Gprava vlastni

» Metodika PPP prof. Gappmaiera

= Autorem metodiky zvané ,Participatory Process Rymiong" (PPP) je prof.
Markus Gappmaier z University Johannese Keplerakouském Linci. Jeho
metodika (Gappmaier, M., 1997) je charakterizovgako holisticky pojaty
metodicky gistup kiizeni podnikovych procésTento @istup kombinuje nové
metody s tradinimi, jiZ vyzralymi metodami, a to nejenom modeloiyanalyzy
a konstrukce procés ale i z oblastifizeni zngn, proces a fizeni tymi. PPP
touto (&elovou kombinaci metod podporuje spole - vzajems propojeny
vyvoj proces technologie a lidského potencidlu. Metodikatradtiuje roli
spoluprace, ziné reflexe, stavi na praktické aplikovatelnostisledki a
dosaZitelnosti ¥inodi. Charakteristickymi znaky této metodiky je inkrewté@ni
zlepSovani procés rychlé a stréiné prototypovani a fdazrena nutnost
interdisciplinarni spoluprace.

 adalsi.

Vy3e uvedené metodiky pokryvaji komplé&xproblematiku procesnihidzeni. PouZiti dané metodiky
vSak vyzaduje znalosti a dovednosti prace s daretodikou nejen samotné metodické informace.
Kli ¢ovym faktorem pro volbu vhodné metodiky je vSakywsgecifinost konkrétni situace a spedéifost
prostedi, ve kterém ji chceme aplikovat a cile, kteréeche dosahnout. Z tohoto pohledu tedizeme
konstatovat, Ze neexistuje obecna metodika, kteyohom mohli aplikovat v libovolném pragsti na
libovolny problém.

Mimo vySe uvedenych a celadoveé uzndvanych metodik existuje cébida gistupi k modelovani
podnikovych procds které jsou fedmétem vyzkumneinnosti fiznych standardizaich organizaci,
konsorcii a iniciativ. Standardy takeguistavuji velmi tllezity prvek, jehoz dkolem je slouZit jako
vychodisko pro tvorbu a rozvoj metodologii, metotéstrofi modelovani. Vytvieji tak zakladni ramec,
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ktery analytiiim umo#iuje identifikovat, dokumentovat a sdiletddi’é pojmy, jak je popséano [1,2,3,4].
Stejrg jako oblast platnych metodik, tak i oblast staddge do znané miry negehledna. Toto tvrzeni je
mozno podpiit nize uvedenou tabulkou.

Tabulka 1 - Prehled standardi pro oblast modelovani dle CIMOSA

ISO 1425¢ - Pojmy a pravidla modelovani organizace
ISO IS 1570¢ - Pozadavky na referémi architekturu organizace a metodiky (febia rama, metodik, jazyk,
nastroji, modefi a modui)

Ramce Jazyky Moduly
CEN/ISO 1943¢- Ramec pro | CEN/ISO 1944(— Konstrukty pro ENV 1355( - Sluzby pro
modelovani modelovani "provadni" modelu EMEIS
ISO 15745—- Ramec pro integraci ISO 18629- Jazyk pro specifikacl ISO IS 15531~ Vymeéna
aplikaci proces vyrobnich dat
ISO 152288- Rizeni Zivotniho ISO/IEC 15414— ODP jazyk pro ISO DIS 1610( - Profilace
cyklu popis organizace software na podporu
BPMI/BPML

IEC/ISO 62264 — Integrace

Jazyk pro modelovani tidicich systér

podnikového procesu
OMG/RfP Profil UML pro popis
podnikového procesu
Skupina standatdWorkflow Management Coalition

Skupina standatd DEF
Zdroj: REPA, VéclavPodnikové procesy: procestizeni a modelovaniiprava vlastni

Vyse uvedené standardiegstavuji zakladniiphled existujicich standard oblasti modelovani, nikoliv
detailni vypis vSech stavajicich norem. Cilem tolétdinku neni popisovat jednotlivé standardy, ale
poukéazat na fakt, Ze procesnifrenim se zabyva cetada norem, které jergsreé upravuiji. Jednotlivé
normy specifikuji pozadavky dilch oblasti, vzajenthna sebe navazuji a dale specifikuji jednotlivé
oblasti. Dané standardy se zabyvaji oblastmi pagiko modelovani, modelovanim orgasiza
struktury, funknich vztali a dale jsou uvedeny jazyky pro grafickou prezeragazyky pro modelovani
a popis proces[5, 6]. Standardy jsou pak dale rozpracovavangfinarovych aplikacich, které
podporuji procesriizeni, ficemz jednotlivé SW produkty mohou podporovatés@® i vice uvedenych
standard najednou.

Z vySe uvedeného je tedieimeé, Ze procesiiizeni je samo o sehstandardem®, ne v3ak ve smyslu
standard uvedenych vySe, ale ve smyslu filosofie, kterélsosi nese.

3 Zawr

V ramci tohotaslanku byly uvedeny zakladni metodiky &Zstjni standardy vztahujici se k procesnimu
Fizeni. Autor timto vytem chél poukazat skutost, Ze samotné procesideni je obsahlym Zigobem
standardizovano, avSak Ze jednotlivé standardyedispavuji uceleny celek, a to na zaklabdlasti, pro
které jsou uteny a na zakladjazyki, kterymi jsou dale rozpracovany. Toto tvrzeni j@gzmé podpiit
skute&nosti, Ze jednotlivé SW produkty aplikované v oblpsocesnihdizeni nepodporuji vSechny
standardy, coz ani vzhledem k jejich povaze nellepodporuji #tSinou jen jejich podmnozinu,
piipadrg jen jeden ze standardTato skuténost vede k tvrzeni, Ze neexistuje obecny stan@andec)
zastesujici komplex# problematiku procesnihifzeni, jak je tomu v jinych oblastech, hapSN 1SO
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10006. Standardizace procesnifaeni jako takového ma vSak i své pozitiva a todql integrace
procesnihdizeni, resp. procesnihsigtupu do jinych norem, které jsou v pragzh pouzivany. Jako
piiklad je mozné uvést normu ISO 9001, v ramci n&e)mpo jeji revizi z roku 2008, procestigup
klicovou roli, @i jeji implementaci je vSakasto opomijen.

4 Poznamka

Prispevek vznikl jako sowtiast diserténi prace.
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Abstrakt

Prosperujdce organizacie maju zaujem dosakiosseoje obchodné zamery a ciele, za pbkiezno
miniméalnych finaginych néakladov. K tomutacélu sa efektivne pouZiva procesny pristup. Staikaid
procesov sa venujlu dve spgiosti: Object Management Group a Workflow Managent@walition,
kazda z iného pdhdu. Pre rieSenie komplexnych dloh je efektivn tistupy integrova Z tohto
dévoduclanok popisuje inovativny Workflow refeteyy model pre verejni spravu, ktory ma za ulohu
vystizne popisa problematiku zavadzania procesov v oblasti velegmravy z pokfadu metodiky

a celkovej architektary. Vytvoreny model je predsty jak teoreticky, tak prakticky na pripadovych
Stadiach popisujlcich zavadzanie procesnej podparyybrané oblasti krizového riadenia.

Abstract

Successful companies are interested to achieve Ibosiness policy and goals, ideally, with minimal
financial expenses. Process Management approaah effective way how to meet the target. There are
two companies that are focused on the field of ggecstandardization: Object Management Group and
Workflow Management Coalition, each of them frodifferent point of view. For solving complex issues
it is effective to combine the both approachest hthe reason why this paper shows a novel Wamnkfl
reference model for public government which hasldscribe precisely the process deployment in the
area of public government taking into account itprocess oriented methodology and complex
architecture. The created model is demonstratethftbe theoretical and practical point of view or th
case studies, which describe process support deyoi/on the selected areas from crisis management.

Krucéové slova
Business proces manazment, Workflow manazment, jMergprava, Krizovy manazment, Workflow
refereny model, Pripadové Studia

Keywords
Business Process Management, Workflow ManagemeittljcPGovernment, Emergency Management,
Workflow Reference Model, Case Study

1 Uvod

Procesné riadenie je obfakombinujica manazérske pristupy a technolégie raméena zosuladenie
organizacii s potrebami a poziadavkami ich klientby7]. Jedna sa o komplexny manazérsky pristup,
ktory zvySuje podnikovl vykonnfsa efektivitu prostrednictvom inovacie, flexibilm@hpristupu
aintegracie s informéaymi technolégiami. Procesny pristup sa snhazi ebptiné zlepSovanie
podnikovych procesov. Z toho dbévodu je charaktedny ako proces zlepSujuci procesy.

Zakladnym pojmom procesného riadenia je podnikawg@s. Jedna sa o mnozinu jednej alebo viacerych
navzajom prepojenych aktivit, ktoré si sgole vykonavané zatélom dosiahnutia poZadovanych
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podnikovych ciéov, v sulade s organigaou Struktirou definujucou role atiahy [9]. Takto definované
procesy su ki¢ové pre kazdu prosperujicu organizacitiaato reprezentuju podstatdas’ nakladov.
Procesné riadenie ako manazérsky pristup povarogesgy za strategické aktiva organizacie, ktoréanus
byt pochopené, riadené a zlepSované tak, aby pringddéini hodnotu produktom a sluzbandeumym
pre klientov. KU¢ové benefity procesného riadenia [10]:

» ZvySena efektivita- automatizaciou mnohych podnikovych procesov geiglena eliminacia
dasto sa vyskytujucich nepotrebnych krokov

» LepSia kontrola procesow riadenie podnikovych procesov je zefektivnenésipednictvom
Standardizécie pracovnych postupov a moznej ajditmgroly

» ZlepSenie zdkaznickych sluzielzonzistencia v procesoch vedie k&€§ schopnosti reagovaa
meniace sa zakaznicke poziadavky

» Flexibilita — softwarova kontrola nad procesmi, uig ich redesign v sulade s meniacimi sa
obchodnymi potrebami

e ZlepSovanie podnikovych procesev zameranie sa na podnikové procesy vedie k ich
zefektivneniu a zjednoduSeniu

2 Popis stiasného stavu

Aktudlne v oblasti procesného riadenia existuju ldeané prady. Jedna sébasiness proces manazment
v slEasnosti zastupovany organizaciou Object Manage@snip (OMG) [6] aworkflow manazmenka
ktorym stoji spolénos’ Workflow Management Coalition (WfMC) [10DalSia¢ag’ ¢lanku je venovana
striknému popisu a predstaveniu tychto dvoch oblasti.

2.1 Business proces manazment

Pristup je zastreSovany organizaciou OMG, ktora gmi roku 2005 zjednotila s organizaciou Business
Process Management Initiative (BPMI). @e tohto zjednotenia je eSte efektivnejSia podpora
Standardizacie podnikovych procesov.

Obréazok 1: Zivotny cyklus business proces manazment

Business proces manazment je postaveny na pozaacharie kazdy produkt, ktory spétmg’ na trhu
predstavi, je vysledkom mnoZstva vykonanych akfBjitPodnikové procesy tak tvoridd¢ove nastroje
k organizacii tychto aktivit a zlepSuju porozumewi€ahov medzi nimi. V business proces manazmente
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maju doélezitu ulohu informié technolégie, pretozZe je stéle viac a viac aktidré si pomocou tychto
technoldgii vykonavané. Aktivity podnikovych proogs mézu by vykondvané manualne alebo
za podpory informéného systému. Existuje tiezieepodnikovych aktivit, ktoré mézu tHywykonavané
Uplne automatizovane, bez akéhbkek 'udského zasahu.

Aktivity business proces manazmentu je vo vSeol&tcnoozné zoskupido piatich kategérii alebo faz:
Navrh ModelovanieVykonavanieMonitorovaniea OptimalizovanieTieto kategorie su prezentované vo
forme Zivotného cyklu business proces manazmetiétok 1). Zivotny cyklus dobre ilustruje vzajomné
previazanie faz medzi sebou a taktiez cyklickul&tnu, ktora ukazuje logické zavislosti.

2.2 Workflow manazment

Skasna podoba workflow manazmentu je datovana od d#3@8, ke bola zalozena spalnos’
Workflow Management Coalition. WfMC je celosvetowfiganizacia, ktora spdja nielen nadSencov,
vyvojarov, konzultantov, analytikov, ale aj univién2 a iné vyskumné pracoviskéskupiny zaoberajlice
sa oblasou workflow a workflow manazmentom. Organizacia WiMa podiBa na tvorbe a aj sama
vytvara procesne orientované Standardy, vzdeldva televantnych oblastiach a zarde jedna z méla
organizcii, ktora sé&sto zameriava iba na obtastandardov v oblasti procesov.

WIMC je autorom architektonického pkadu reprezentujiceho workflow manazment systém
nazyvaného workflow referény model (obrdzok 2). Tento model identifikuje ridgFitejSie systémove
rozhrania, ktoré pokryvaju paoblasti funkcionality medzi workflow manazment t&ysom a jeho
okolim. [2]. Model taktiez poukazuje na zakladnéwsarové nastroje, ktoré s’d¢ové pre zavadzanie
procesov do organizacii.

PROCESS
DEFINITION
TOOLS

Interface 1 1\/ Process Definition Import/Export
~
A

L WORKFLOW ENAGTMENT GTHERWORKFLOW

SERVICE ENACTMENT SERVICES
ADMINISTRATION ’
M ITORI 4
— | oA | G— [ wemmew
TOOLS ENENES L ENGINES

Interface 2 t Interface 3 t Interface 4
> b > b - Interoperability

CLIENT | WORKLIST TOOL AGENT
APPS HANDLER i TYPICAL
WEB SERVICES

INVOKED
APPLICATIONS

Obréazok 2: Workflow referemy model [10]

3 Workflow referedny model pre verejna spravu

Workflow refereny model pre verejni sprdvu je novy inovativny lfaah na procesnd podporu
organizacii v sikromnom a verejnom sektore. Jeorgivy za Gelom lepSieho pochopenia problematiky
suvisiacej s nasadenim procesov v Specifickej zawgjroblasti. Workflow referemy model pre verejnu
spravu sa nachadza na obrazitsio 3. Model cielene pokryva problematiku nieletogesnu, ale aj
problematiku tykajlcu sa verejnej spravy, konkrénidasti krizového riadenia.{bkovou analyzou uz
existujucich rieSeni a pristupov (Orchestra [3]ell, Braun [8]) vyplynulo, Ze prave takyto jednaiia
poh’ad na zavadzanie procesov chyba. Aj napriek skottiam, Ze model je cieleny na krizova
problematiku, myslienky vytvoreného workflow refataého modelu su univerzalne a pouzite aj v
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inych zaujmovych oblastiach, kde je nevyhnuty kaewmply a celkovy pafad na zaujmovu problematiku.
Té&to univerzalnasje dana dvoma zakladnymi giatdmi na procesnua problematiku, a to faehv podobe
metodikya celkovej architektiry

3.1 Metodika

Prvy polfad tvori procesne orientovana metodika. Podobneuakemingového cyklu, aj tu je €@m
neustéle zlepSovanie procesov. Tento I'pdhje postaveny na Zivothom cykle Business proces
manazmentu. Aby bolo moZné hovbn procesne orientovanej metodike, je nevyhnutbg, spdiiala
ur¢ité vlastnosti. V prvom rade sa sklada z piatickladnych faz, kde kazda faza je naslediaej
procesne dekomponovana. Konkrétne sa jedné o féyrh, Modelovanie VykonavanigMonitorovanie
aZlepSovanie procesoWalej metodika obsahuje uzivésié role, ktoré st nevyhnutné pre jej spravny
priebeh, ajednoziaé ukenie zodpovednosti za procesy. Nejde len o roleemamé na ICT pdiad
nasadzovania procesov, ako jadAnalytik Navrhar, Tester ale aj na role vystupujice v oblasti
krizového riadenia. Sem v prvom rade pateidici zasahuOperator krajského opetamého strediska

a v neposlednom rade aj konkrérasahujice zlozkpalsim Kucovym prvkom vytvorenej metodiky st
jednotlivé pracovné vystupy (work product§)uz vstupné alebo vystupné. Niektoré z tychtofaktev,

je mozné najs aj vo workflow referetnom modeli. Jedna sa primérne o fazu Névrhu, Moedeia

a Monitoringu. Faza Vykonavania a Optimalizacie pepisana z iného lia poltadu. Vykonavanie
procesov je popisané z gallu nastrojov potrebnych pre vykonavanie inStamegimodelovanych
procesov. Na druhej strane faza optimalizacie mpg@isskdor techniky a moznosti procesného
reengineeringu. Na obrazkislo 3 je celkova procesne orientovani metodikegi#na Wavejcasti.

Methodoloay (based on BPM L-Cycle)

A
Optimization Design :
*  Continuous Process |qp| * Emergency Plans |
Improvement «  Typical activities of . 1
«  Business Process IRS Architecture (based on | .
Reengineering ) ¢ \AarlAflawn Dafarance : Bull
*  Business Process 'd
A . | Modelling / Process :
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«  Use Case Diagram :
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Obréazok 3: Workflow referemy model pre verejnu spravu
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3.2 Architektara

Druhu¢ad’ procesného modelu tvori procesne orientovanatekttra. Je zalozena na principoch WfMC
aje primarne zamerana na softwarové nastroje,elpodr pre nasadenie procesov do organizacii.
Kragovou ulohou je definovanie vhodnych rozhrani preunikaciu medzi pouzivanymi komponentmi.
Tento poltiad na architektiru sa nachadza v prasasjti workflow referetiného modelu. Hlavnéasti
systému su popisané z fiau pouzivanych softwarovych nastrojov alebo hardweh komponent.
Primarne sa jednadasti akoWorkflow enchantment servic€lient Applicationalnvoked application
Zarovai je polfad doplneny o problematiku krizového riadenia,eigpmodel obsahuje komponenty ako
Mapovy server Metainformany kataléga r6zne hardwarové zariadenia alebo uZzbekte rozhrania
nevyhnutné k zvladnutiu &itej krizovej situécie. Pdlad zabezpaije, aby vystupy z jednotlivych faz
metodiky spiali urité kritéria a Standardy pre nasadenida¥Sej faze. Citom poladu je vytvor’
celkovu architektiru, ktora bude slizko zéklad pre nasadzovanie inStancii namodelabapjocesov
tak, aby tieto inStancie mohli koopergvadalSimi sluzbami a nastrojmi v ramci jasne stanoghny
rozhrani.

3.3 Jednotiaci polrad

Ako na obrazkuislo 3 vidime, kazdy z tychto ptddov pokryva vzdy indag’ spektra potrebného pre
hibkovt analyzu procesov pouzivanych vo verejnej\apr& niektoryché¢astiach modelu je potrebné
dava v&sSi dbraz na pouzivané postupy a definované propgsyice z legislativy a metodickych
postupov tykajucich sa krizového riadenia (Optig@dia a Navrh). Inde je naopak primarne délezita
procesna architektira ajasne stanovené rozhraedzinkomponentmi tak, aby bola mozna rychla
a efektivna komunikdcia medzi nimClient Applications Invoked Applications Other Workflow
Enactment ServigeVytvoreny workflow refereény model pre verejni sprdvu obsahuje aj tadadi, kde

sa metodicky a architektonicky piau prekryva. Prave v tychitastiach je najdélezitejSie si uvedami
obidva poltiady, a tak lepSie preniktido skiimanej problematiky. Jedna sa primarne o fidadelovania
procesov. Tu je Jni dblezité dopredu stanavipostup, akym spdsobom sa bude pri modelovani
procesov postupovaa aké 3Specifikd zdhdni’, aby boli vysledné procesy efektivne, piadné

a i v buddcnosti jednoducho udrziavaté. Druha délezitd dlohu tu hraju pouzité softwamastroje. Je
nevyhnutné, aby bol modelovany proces jednoduitadel’ny, ako pre uzivatev verejnej spravy, tak
pre uzivatéov z oblasti ICT. Zné&nou vyhodou je nezavislosa jednom konkrétnom modelovacom
nastroji. Casto je potrebné pouzivané nastroje medzi seboikowve’, ¢i uz za @elom modelovania,
simulacie alebo aj pripadnej optimalizacie. JeraégjZe vysledna interoperabilita medzi pouzivanymi
néstrojmi hr4 RG¢ovu ulohu.

4 Pripadova stadia — IBM Websphere

Pre demonstraciu praktického pouzitia Workflow reféného modelu pre verejnd spravu je zvolena
typové aktivita krizového riadenia 6T 05/IZS s ndzvom ,Nélez predmetu s podozrenirpritamnos
B-agens alebo toxinov”. Typovéinnosti popisuju kooperaciu zloziek integrovanéhéachranného
systému (I1ZS) pri spotmom zasahu. Sl0Zia teda ako nastroj pre riadergbradarov pri spolnych
zachrannych a likvidanych pracach na mieste mimoriadnej udalosti [4foTgkupina dokumentov je
vydana generalnym riaditstvom Hasiského zachranného zbaofieskej republiky. Typovéinnog® STC

— 05/IZS popisuje vzorovy postup zachrannych zlgZigory sa vZahuje k mimoriadnej udalosti ,nalez
podozrivého predmetu*.

Aby bolo mozné Workflow referény model pre verejni spravu aplikovaa konkrétnu oblasprocesov
Z oblasti krizového riadenia, je potrebné zvalhodny softwarovy nastroj alebo sadu nastrojowerékt
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nasadenie procesov umozZnia. K tomuteela boli zvolené nastroje od IBM. Jedna sa o kompde
rieSenie, ktoré do V&ej miery reprezentujedalSie nastroje podobného charakteru.

4.1 PolPad na metodiku

Ako prva jefaza Navrhu V tejto faze je dblezité porozundieskimanej problematike a identifikava
jednotlivé procesy. Hlavnym vystupom je dobra téokd priprava prefalSie fazy metodiky. Zasah
z poladu velit¢a zasahu 2dna v okamzZiku, k& velite’ dorazi do lokality nalezu predmetu s
podozrenim na pritomnd<B-agens alebo toxinov. Vellteedsahu bezprostredne vykomghodnotenie
situacie V pripade potvrdenia hrozby, veliteasahu rozhodne v spolupraci s ostatnymi pritominym
zlozkami 1ZS oorganizécii zdsahua o ich dalSich spolénych krokoch. Nasleduj&oordincia so
Z&chrannou zdravotnou sluzbou (ZZ®)ord zaiguje zdravotnicku pomoc zasiahnutym civilistom i
zachranarom. Subezne s touto aktivitou vykonavagakujuce jednotky v postihnutej lokalitezinfekciu

a prehliadku osbékadekontaminaciu oblastipredovSetkym podozrivého predmetu a miesta naleau
dokorteni vSetkych tychtg@innosti velitd zadsahu dohliadne n#&orrenie zasahuV tato chvliu korti,
pod’a typovejéinnosti, spolény zasah zloziek IZS.

Nasledujefaza ModelovaniaNa zaklade predchadzajuceho navrhu a detailradyantypovej¢innosti je
vytvoreny procesny model typov&nnosti ,nalez podozrivého predmetu” (obrazok 4ladgpam ukazuje,
v akom poradi siinnosti za sebou, aké datové toky medzi nindiltea tiez aké su vystupy celého
procesu. Proces je namodelovany v notacii BPMNirea8j o niektoré prvky spaloog’ou IBM. Téato
faza zala aj simulaciu a pripadnd optimalizaciu procesamuicia moze poukarZana Uzke miesta
namodelovaného procesu, a taktiez krok za krokoevuiza uzivata vytvorenym procesom, ktory
kontroluje,¢i sa namodelovany proces spravaliaogho predstav. Vysledkom tejto fazy su Verifikoga
simulované a validované procesy.
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Obréazok 4: Procesny model typov@jnosti ST — 05/1ZS

Aby mohol by procesny modelvykonavanyna procesnom serveri, je najskdr nutné ho déplini
o konkrétne datové typy, hlavne o zjednoduSené dtra. Tieto formulare postupne putujd procesom a
kaZzda aktivita do nich pridava nové informécie. Bppo fazy metodiky Workflow referémého modelu

tiez spada vytvorenie konkrétnychdikatorov vykonu (Key Performance Indicatog modelu
monitorovania, ktory bude sledava hodnoti nasadeny proces. Aby bolo mozné inStancie procesov
automatizovane vykonawvaje nutné proces previeglo formatu, ktory je strojovo spracoviig. K
tomuto &elu je pouzityBusiness Process Executive Language (BPEldvoreny proces, vratane jeho
modelu monitorovania, je nasledne nasadeny na gmgceerver, ktory zabezfage beh inStancii procesu.

104



Prefazu Monitorovanige délezité sledovanie individualnych procesovzaalizacia stavov procesnych
inStancii. Monitorovanie procesu je dblezity medhamus pre poskytovanie presnych a aktualnych
informacii o stavoch procesnych inStancii. Dble&te predovSetkym modulRiagram sledu/udskych
prac, Informécie o Ulohe K/Uc¢ové indikatory vykonwDiagram sleddiudskych prac graficky znazosje
aktualny stav prebiehajlcich procesov. Informacidate zobrazuju poziadavky procesu na uziiate
Kracové indikatory vykonu (KPI) ukazuju dané indikatpigh rozsah a hodnoty (obrazok 5).

Klicové indikatory vykonu (KPI) ¥ =0
Organizace zasahu Priméma upynula |~ Vyhodnoceni situace Prilméma -
doba trvani uphynula doba trvani
36 m 4m 24m 3Em
\ . \

18m\ . Th 1. 12m\ . 48m

Os 1h,... Os 1h
B | a2 a8 22| ==

Obréazok 5: Rucové indikatory vykonu

Poslednou fazou jéadza ZlepSovanigorocesov. Podkladom pre tato fazu su Udaje z roamitinia
procesov, ktoré su pouzivané k vyhodnoteniu a @disdcii modelov podnikovych procesov aich
implementacie. Zaznamové logy su vyhodnocované pommonitoringu aktivit a roznych Statistickych
technik. Ich ciéom je identifikov& kvalitu modelu podnikového procesu, ako aj adelesitbehového
prostredia. Napriklad by monitoring aktivit mohdlaza’, Ze niektor&innosti trvaju prilis dlho, pretoze
nemaju alokovany dostatoy paiet potrebnych zdrojov. V&adom ktomu, Ze tieto informacie su
dblezité i pri simulacii procesov, je zrejmé, Z&tdioblasti spolu suvisia.

4.2 PolPad na architekturu

Celkova architektura sssto sklada zo sady nastrojov pokryvajlcej vietlige potrebné pre komplexné
nasadenie procesov v organizacii. Takyto balikitatovych programov sa nazyvBusiness Process
Management Suite (BPMSDproti nastrojom prvej generacie, ktoré boli kpogané ako kompilacia
niekd’kych samostatnych programov, ani’aleka nepokryvali poZiadavky na komplexnd archiakt
potrebnu pre nasadenie procesowa8né systémy uz ponukaji komplexné moznosti aeligistroje s
intuitivnym uzivatéskym prostredim, ktoré uz poziadavky na komplexichitektaru pokryvaju.

V ramci pripadovej Studie bol pouzity IBM WebSph&8atware, ktory zdruZuje programy, ktoré maju za
Ulohu pomé€¢ manazérom, analytikom alebo vyvojarom s procesmadenim. Jedna sa o lvai
komplexny komemy BPMS. Tento software obsahuje programy, ktoré&np@ju jednotlivé prvky
architektary popisovanej Workflow referarym modelom pre verejni spravu. Konkrétne sa jedna
0 nastroje:

* WebSphere Business Modelepoméaha kompletne vizualizaysspretiadiova’ a dokumentoua
podnikové procesy

* WebSphere Integration Developer je uzivatbsky privetivym prostredim pre komplexnd
integraciu v architektire SOA

* WebSphere Process Serveje vykonny systém pre automatiziciu obchodnyokgsov

* WebSphere Business Spaegednotné rozhranie pre produkty tykajlice sa gspného riadenia,
moznosti vlastného prispésobenia koncovymi uzivate
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» WebSphere Business Moniterv redlnomé¢ase zaituje monitorovanie podnikovych procesov
pomocou metrik, vizualnych zobrazeni a vystrah

* WebSphere Partner Gatewaymo#uje business-to-business integraciu obchodnycimgan

5 Pripadova Studia — Bonita Open Solution

Pre lepSiu ukadZku nasadenia Workflow reféréiho modelu pre verejna spravu je vytvorend idruha
pripadova Stadia, v ktorej je zvoleny alternativnBusiness Process Management Suite
k predchadzajicemu konteému rieSeniu WebSphere od sgolosti IBM. Jedna sa o kompletné open
source rieSenie v oblasti procesnej podpory s ma&onita Open Solution (BOSPproti spominanému
komeknému rieSeniu ma &ité vyhody i nevyhody typické pre menSie softwaroie®Senia zaloZzené na
open source technoldgiach. Pre konkrétnu ukazkazipauwNorkflow refereiného modelu pre verejni
spravu s vyuzitim softwaru Bonita Open Solutioni @ablené procesyNahlasenie mimoriadnej udalosti
aVyhlasenie poplachu jednotke poziarnej ochradpré vystizne ilustruji podporu procesov kridowé
riadenia a to jak z pdhduprocesne orientovanej metoditak architektdry

5.1 PolP’ad na metodiku

Prvou fazou procesne orientovanej metodiky Workflefereiného modelu pre verejnu spravufiga
Navrhu V rdmci tejto fazy bolo prioritou zoznéthisa s procesmi Haského zachranného zboru.
K tomuto &elu bol pouzity Bojovy poriadok jednotiek poziarraghrany ktory celkovo obsahuje 127
metodickych listov popisujucich postupy pri rieSdmizovych situacii. Z tejto sady dokumentov boli
vybrané uz vysSie spomenuté procdsghlasenie mimoriadnej udalostivVyhlasenie poplachu jednotke
poZiarnej ochranyktoré su stag’ou metodickych listov tykajucich sa organizacieahds(Kapitola O).
Na zaklade rozboru uvedenych metodickych listovdogisany nasledujuci proces.

Operator opefmého strediska prijima spravu o mimoriadnej udal@d osoby podavajlcej spravu musi
zistit’ potrebné informécia, primarne adresu udalostiué didalosti. V pripade podozrenia na pravdivos
Udajov vykon& obsluha spatny dotaz na osobu podévajidaje. Nésledne obsluha vyhodnoti
mimoriadne udalosti a vyberie jednotku nebo jednottorym ma by vyhlaseny poplach. Jednotka,
ktorej je vyhlaseny poplach, musi da@it&ho ¢asového limitu opetmému stredisku potvrdivyhlasenie
poplachu a néasledny vyjazd, alebo méze vyhlasempdaphuéi vyjazdu zru&i, napriklad kvoli poruche
na zasahovej technike. Opé&ma stredisko monitoruje stav vyjazdu vybranych @ik. V pripade
potreby vyberie novu jednotku, ktorej je vyhlasqmoplach. Z popisu je vidie Ze cely proces ma dvoch
priamych @astnikov:Operator OPISaJednotka poZiarnej ochrany

Nasleduje tvorba procesnych map, ktoré vznikajifame ModelovanieVytvorené procesné diagramy
vznikali postupne ptas niekdkych navrhovych a implemeritaych iteracii. Podoba niektoryatasti
procesu podlieha gasnym funknym schopnostiam nastroja Bonita Open Solutiony Ggktém je
zostaveny ztroch hlavnych procesoRrijatie a spracovanie informacie o mimoriadnej lmkti
(zodpoveda opetaé stredisko)Vyhlasenie poplachu jednotkeodpoveda opetaé stredisko) &rijatie
poplachu a vyjazqzodpoveda jednotka poziarnej ochrany). Pre destr procesného modelu v nastroji
Bonita Open Solution bol zvoleny len jeden procés Brijatie a spracovanie informéacie o mimoriadne;j
udalosti. Diagram je rozdeleny do tro&hsti, ktoré jasne ilustruju hlavriédnnosti na strane krajského
operd@&ného strediska. Jedna saPmjatie spravy o mimoriadnej udalostVVyhodnotenie informacii
(vratane geografickej lokalizacie)Monitoring vyjazdy kde oper&né stredisko sleduje vSetky vyjazdy
alarmovanych jednotiek poZiarnej ochrany, pripagrselad’alSie jednotky.
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Faza VykonavaniaPre zabezpgenie behu procesu je nevyhnutné namodelovany proogni’

o formuléare akonektory ktoré zabezp®iju automatizaciu procesovcmnosti. Priklad vytvoreného
formulara sa nachadza na obrazku 7. Z takto dopmemprocesného modelu je nasledne vygenerovana
webova aplikacia, ktora je nasadena na procesn@rsgngine) a pripravena k behu. Na rozdiel odliny
nastrojov podporujucich beh procesov, Bonita Opant®n nepouziva pre automatizaciu procesov jazyk
BPEL. Serverova strana aplikacie je primarne p@stawa jazyku Java, ktory je pouZivany pre tvorbu
konektorov. BOS taktiez hojne umage vyuziva jazyk Groovy. Obsahuje Specializova@yoovy script
editor, ktory wahiuje zapis kodu, pracu s premennymi alebo testayastup kdédu. Pre uchovavanie
informacii o jednotkach poZiarnej ochrany a sprd&ebola pouZity retay databazovy server MySQL.

Faza Monitorovania Bonita Open Solution obsahuje len jednoduché tonomiacie nastroje, ktoré su
stag’ou administrénej webovej konzoly. Su to zobrazené vSeobecné mpEtoch inStancii procesov
acinnosti. VSetky tieto informacie zostavaju zacha@vapo skotieni behu procesu. Tieto Udaje vSak nie
su dostaténé na to, aby v plnej miere podporili fazu monigt a nasledné optimalizaciu procesov.
Pasas fadze monitoringu je potreba sledovdalSie Udaje ako get inStancii konkrétnajinnosti, casové
diZky ich behu alebo UroterytaZenia jednotlivyciiudskych zdrojov.

Prakticky je mozné ziskKadalSie Statistické Udaje alebo surové data, potrgisréfazu monitoringu,
dvoma spdsobmi. BOS pouziva t@lé databazu (podporuje ich celd radu) a data jensaZdska
introspekciou tabuliek a Standardnymi SQL dotaZbnuha moznasje pouzi’ programové API runtime
enginu.Cag’ API je priamo ukena na tvorbu dotazov na monitorovacie informaqgieczesoch.
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Adresa |Botanicka 6%
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Lokace volajicino |

Jméno volajiciho

Telefon volajiciho

Poéty osob  ohrozenych |5
lehce zranénjch [4

téice zranénych [3

mrtvych |2

pohfesovanych [1

Obrazok 7: Formulér pre hlasenie o mimoriadnej asta[5]

Faza Optimalizacia ZlepSovanie namodelovanych procesov je dihodtbdog’. K tomuto &elu je
potreba nazbieta mnozstvo Statistickych U(dajov a taktieZ existujelav metdd ako tieto Udaje
vyhodnocové. Vysledkom je balik dopoteni ako aktualnu sadu procesov optimalizogecidlom
dosiahnti eSte vysSieho vykonu. Vysledkom optimalizaéasto nie su len vykonnejSie procesy, ale
optimalizacia ma tiez vyznamné vazby na strategidkkumenty organizacii. V tomto konkrétnom
pripade na metodické listy haského zachranného zboru.

5.2 PolP’ad na architekturu

Architektdra rieSenia na platforme Bonita Open 8ofu je primarne postavena na sade troch
spolupracujicich nastrojoch postavenych na progvacam jazyku Java:

» Bonita Studige modelovaci nastroj, ktory umiae navrhové procesy prostrednictvom notacie
BPMN. Okrem jednoduchého kreslenia je nastrépny i k takmer kompletnej implementéacii
procesov. K tomu &elu poskytuje formulare a konektory (Connectors)on&ktory su
programové triedy napisané v jazyku Java a implamge dané rozhrani. Jedna sa
o prostriedky preciastand alebo plnG automatizaciu procesov v Bonita Op&uiution.

Z poiadu Workflow referetného modelu pre verejna spravu pokryva Bonita $tudistroje
Process Definition Toola umo#uje proces naviazanalnvoked Applications

« Bonita Workflow Engine (Bonita Runtimg) vSeobecny a rozSirftey workflow engine, ktory
vykonava navrhnuté procesy. Pre nasadenie celéboesu na produky server je potreba
vykona’ v Bonita StudioExport aplikacie Pri tom sa vygeneruje ZIP archiv s kompletnou
procesnou aplikaciou obsahujiucou kniznice BonitaeOSolution, webovou konzolou a
klientskymi aplikaciami jednotlivych procesov varfiee WARS, ktory je mozné nas#dia Java
EE aplik&ni server.
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» Bonita User Experience (User Xf®) webové uZivatské rozhranie, ktoré je podobné rozhraniam
webovych emailov (Gmail), sliziace pre kompletntasp a beh procesov z administratorského i
uzivatéského pohadu. Bonita User Experience pristupuje k workflawgiau cez klientske Java
API. Rovnakym spdsobom méZu, a to i vzdialene typisva’ i dalSie aplikacie.

Aby bolo mozné povazovaarchitektdru za kompletnd, je nevyhnutné nastropia Open Solution
prepojt’ s nastrojmi umaiujucimi kartografickii podporu krizového riadeniaorkrétne sa jedna
o kontextovl kartografick( vizualizaciktora umo#uje rozlgnym spdsobom vizualizovanapové prvky
pre rdznych uzivatev v réznych krizovych situaciach. Vyznam tu taktieaju aj samotné zobrazovacie
zariadenia, pretoze je nevyhnutné zobraZawapové prvoky inak na VkoploSnom displeji ainak na
zariadeni PDA s relativne malym displejom.

Kontextova kartograficka vizualizacia je rieSenanpocouKontextovej webovej mapovej sluzktora je
rozSirenim Specifikacie Web Map Servise (WMS). WpdSIuzba navrhnuta pre ztismie geografickych
dat v distribuovanom prostredi Internetu, ktoraisppiuje geografické informacie vo forme map v
réznych rastrovych grafickych formatoch. \¢adnosti je to najvyuzivanejSie Standardizovanéresib
pre vymenu map v digitalnej podobe na webu.

Z tohto dévodu bolo nevyhnutné vytvorené procesggrova s kontextovym mapovym klientom, ktory

umoZziuje komunikaciu s Kontextovou mapovou sluzbou. iliemo#iuje prepiné medzi jednotlivymi
kontextami, ovladazobrazend mapu a poskytuje i dynamickl legenduakineni svoj obsah v zavislosti

na zobrazenej mape a jej mierkou.
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Obrazok 8: Kontextovy mapovy klient

Pre praktické vyuziti klienta vo vytvorenej procegaplikacii je dolezité, ze je schopenyita’ hodnoty
parametrov predanych v URL. Jeho prostrednictvomgéné klientovi predahlavni tdajepozadovany
kontext(parametr contextstred mapy a suradnicovy systdparametr center a srs) amjerku mapy
(parametr scaledenominator).

6 Zaver

Clanok predstavuje Upine novy gdatd na analyzu a nasadenie procesov. Integruje lagtypduzivané
pohrady organizicii OMG a WfMC a vytvara tak novy avatvny Workflow referetiny model pre
verejnu spravu. Model nazera na problematiku pmcesdvoch pofadov, a to ako z pdhdu procesne
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orientovanej metodiky, tak z ptddu architektlry. Vytvoreny model pokryva probleikatkrizového
riadenia, d’aka ktorému je prinos prepojenia tychto dvoch réhrmyotfadov esSte zreteejsi. Vytvoreny
model je tak doplneny o Specifika typické pre kvizsiadenie, a preto je pristupnejsi nielen uziigate

z oblasti IT, ale aj z oblasti krizového manaZzmeRunkinog’ tohto modelu je overena na pripadovej
stadii, ktord ilustruje Workflow referény model pre verejnu spravu na problematike krizavflanov.

Pripadové Stadie boli zvolené takym spésobom, abyréznych drovniach pokryvali problematiku
nasadzovania procesov v organizaciach. V pripadeplexnej podpory procesov sa ukazuje vhodnejSie
pouzt’ pokrailé nastroje WebSphere od IBM, ktoré komplexne pe#ju vSetky casti Workflow
refereného modelu a taktiez poskytujul@ Skalovaténod’. Na druhej strane pre ramcovl procesn(
podporu je mozné pouzinastroj Bonita Open Solution. Jedna sa o openceorieSenie poskytujuce
zakladnu podporu pre nasadzovanie procesov. Nastigjrivetivé uZivatské prostredie a modelované
procesy je mozné operativne nasadZamaprocesny server.

Aby bol Workflow referetiny model kompletny, je potreba vytvora popisé procesne orientovanu
metodiku, ktord bude definowainnosti vedice k podpore procesov verejnej sprédyha ¢ag je
tvorend analyzou hardwarovych a softwarovych nfstrovhodnych pre pokrytie tejto rozsiahlej
problematiky. Nevyhnutndsu je i definovanie rozhrani medzi komponentmi. Heanie Standardov
v tejto oblasti naroky na prenodit®g’ znane zjednodusi. Fuktkog’ a efektivnos vytvorenej metodiky
a architektdry bude overena formdalSich pripadovych Stadii. Az v tomto okamziku buderhnuty
Workflow referekny model povaZzovany za findlny a bude moZné ho diasapraxi, a to nielen
na problematiku tykajlcu sa verejnej spravy, alesafalSie Specifické oblasti.
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Abstrakt

Zajisteni chodu proces zavislychei podporovanych ICT sluzbami je poditio analyzou poZadayvika
naroki, jez jsou na ICT sluzby kladeny. Ziskané informaoe zakladem pro vyt#ni a nastaveni
strategii pro zajisini dodavek ICT sluZzeb v poZadovaném rozsahu itkv@tanoveni strategie a postup
musi byt za@reno nejenom na kazdodenni chod firmy, ale takéeSani nestandardnich a kritickych
situaci. Nedostatma kvalita ¢i kvantita dodavek ICT sluzebiie zgsobit vysoké finami Skody,
dodatené ndklady a negativni ovli¥ni vysledk vSech procesve firne.

Abstract

The ensure of process executing which is dependesupgported by ICT services is required by
requirements analyses and demands which are osahdces posed. The obtained information are the
base for creation and setting the strategies foduse ICT services delivery quality and quantityeTh
assessments of strategies and procedures haveftaiged not only ordinary situations but also disa
and critical states. Insufficient ICT services delly quality or volume could cause the large firiahc
damages, marginal costs and also it could negatiwvéluence of all company processes results.

Kli ¢ové slova 5
Procesnftizeni, ICT sluzby, kvalita ICT sluzeRjzeni kontinuity ICT sluzeb.

Keywords
Process management, ICT Services, ICT Servicest@ual Service Continuity Management.

1 Uvod

Neustaly fist poZadavik na kvalitu a rozsah ICT sluzeb mé za nasledalnmrfilozofie chovani
dodavatei sluzeb. V sokasném trznim pro&di se do paedi zajmu IT manazérdostava kvalita
poskytovanych sluZzeb. ICT sluZbu Ize chapat jakppjeny systéndinnosti nebo funkci, které jsou
poskytovany IT systémy. Cilem danych aktivit je pait dosazeni stanovenychicfirmy [1, 3, 5].
Na realizaci celé ICT sluzby se podili mnozst¥izeni a progedk, které poskytuje IT oddeni.
Uzivatel pocfuje a océuje kvalitu sluzby podle Zjsobu jejiho provozu na své vlastni pracovni stanici
tedy ,dorieni” funkcionalit systému aZ ke kame&mu zakaznikovi. PoZadovana Unpkeality sluzby
vyZaduje, na rozdil od kvality u vyrobku gité specifické vlastnosti:

= nehmotnost sluzeb;

* nehmatatelnost sluzeb
* nemoznost se s jejich kvalitou depgu seznamit;
= kvalita se vZdy posuzuje v okamZziku Siedsy;
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= kvalitu poskytnutych sluzeb nelze opravit.

Vst

Uroven kvality sluzby je ,pfibézng* dosahovana v kazdém okamziku jejino poskytovéxiildade
vysoké néroky na poskytovatetehto sluzeb, kdy je nutné vybudovani a udrzovantdki a vztali se
zakazniky a uZivateli. Bfitkem kvality sluZeb je jejich vnimani a hodnoceékaznikem, ktery se
zangiuje predevsim na miru uspokojeni svych poZzada@lodavatel musi neustale komunikovat se
zakaznikem o jeho ssasnych i budoucich p@bach a spokojenosti s trovni dodavanych sluzetké No
potteby nebo negativni vyjéeni o kvali¢ jsou séZejni informace pro modifikaci paramgoskytované
sluzby, gicemz zakaznici maji rozdilné znalosti a zkuSenasdblijoto dvodu mohou ufitou sluzbu
povazovat ikteii z nich za standard a sanmejmost, v @ich jinych se mMze jevit jako Bco specialniho,
zvlastniho). Jasné stanoveni parafhporiskytované sluzby vyzaduje ,aktivni“ dialog obsitan.

2 Kvalita ICT sluzZeb a jeji hodnoceni ve figm

Kvalita sluzby je zavisla na #pobu ,stetu” dodavatele sluzby, ktery vede neustdly dialogiEratelem
sluzby. V pfibéhu tohoto procesu mohou byt poZzadavky a paramkt¥gls modifikovany podle
momentalni situace. Kvalita poskytovanych sluzeéierbyt zakaznikem hodnocenagevsim v
oblastech:
* cena sluzby kdy je potebné najit soulad mezi vydaji vynakladanymi dodeiesmn
na poskytovani sluzby, jeji kvalitou &iposem pro zakaznika. [4]

* naplnéni poZzadavk a a’ekavanj kdy dodavatel zna aktualni peby zdkaznika
na zaklad vyuziti zgtné vazby vnimani poskytované sluzby klientem.

» stabilita dodavek sluzby &ase, kdy zakaznikovy pozadavky musi byt uspokojovany
permanentt Zde je nutné hodnotit poZzadavky uZivatelejen v obdobi standardniho
béhu udalosti, ale identifikovat a formélmpopsat pdeby zakaznfk v havarijnich
a kritickych situacich.

Management firmy musi byt schopigsit nejen BZné kolizni situace, ale i kritické a havarijni
piipady [1]. Proto je nutné ve firméch aplikovat nggsany postup analyzy, ktery umoje ve firng
identifikovat a formalizovat poZadavky na provazspektive dodavku ICT sluzeb. Inforémé rozsah
takto ziskané ,typologie” ICT sluzeb uninje ohodnotit vyznam ICT sluZeb jak pr&Zbé,

tak i “problematické” a nenaddle situacéed@ozeny postup analyzy je pouzitelny v ramci diilas

» Availability managementu;
e Service Level Managementu;
» IT Service Continuity Managementu.

Ucelem provedeni analyzy je zji#i informaci o vyznamu jednotlivych ICT sluZzeb veyslu provozu
~core business" firmy @&asového ramce, Wwmz musi byt zajinha, resp. obnovena dodavka ICT sluzeb,
tzn. jejich kontinuita. Pak je mozZné na zaklagstenych informaci stanovitidezitost ICT sluzeb, it
prioritu ICT sluZeb vzhledem k zajiti jejich dostunosti nebo znovuobnoveni dostupn&tizby
piedstavuji pro spotmost aktiva, ktera jeji chod ovtivji zasadnim zjsobem. Z tohotoidsodu je
potiebné ohodnotitas, ve kterém ma byt chod sluzby obnow&Es¢vy ramec kontinuity) a dopady, které
mohou nastat jeji nedostupnosti. Obnova &aoksti aktiv organizace je zpravidla spojena se enymi
finanénimi naklady a bylo by nejenom organina slozité, ale i neefektivni, v fioéhu havarijnich

operaci obnovovat méwvyznamné ICT sluzby. Dostupnost sluzby samotné vierSech fipadech
podminkou, kterou je postajici naplnit k plnému uspokojeni zakaznika. 8kterych gipadech zakaznik
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potiebuje nebo vyZzaduje dité specifické vybavenkteré mu umozni dosahnoutekdvanych finosi
sluzby v souladu s jeho ffebami. Sotasti analyzy pozadailorganizace je také zjiti vyzadovaného
specifického vybaveni [1].

3 Postup analyzy pozadavka ICT sluzby

Postup realizace analyzy je mozno réizalo nize uvedenych a popsanych fazi, které mirazeny na

obrazku 1.

Shér
informacio
narocichna

ICT sluiby

Studium Typologie
pisemnych

ICT sluzeb
nyct a dalsi
materiald zpracovani

Validace
\tho::tmnf ziskanych
informaci

Obrézek 1 — Postup analyzy hodnoceni vyznamu ICTwsteb

V ramci jednotlivych fazi jsou realizovany naslddi§innosti:

Pripravna faze ktera vytvdi organizani a pracovni fedpoklady pro realizaci projektu
hodnoceni ICT sluzebsetrg pripravy potebnych materidt

Studium pisemnych materidl kdy jsou vramci uvedenéinnosti kompletovany
informace o organizaci spa@iosti a pouzivanych ICT sluzbach,

Skér informaci o narocich na ICT sluzhykdy tato faze nalezi do cyklického ugpdani
realizace postupu a z&mje se na ziskani informaci v ramci definovanétiormainiho

rozsahu progednictvim dotaznik a rozhovoit se zamstnanci odpo¥dnymi za realizaci
proces ve spolénosti, fipadré vedoucich odéleni.

Validace ziskanych informagikdy jsou ziskané uUdaje prietinictvim pedchozi faze
zaslany ke kontrole odp&#nym zangstnandém;

Vyhodnoceni dat kdy je na z&kla#l skéru a validace informaci vyt¥ena databaze
pozadavk na ICT sluzby, jejich zji®vanych vlastnosti a nanbkna r& kladenych.
V ptipadt nejasnostéi rozpoi je pofebné znovuprovedeni&in dat pro skteré sluzby,
piipadré pro vSechny ICT sluzby spdieosti.

Typologie ICT sluzeb kdy jsou vyuZity vysledky provedené analyzii pytvoreni
typologie ICT podle definovanych vyznamnych vlastiio

Zvoleny rozsah zjivanych informaci by & poskytnout globalni a Uplny pohled na ICT sluzby
pouzivané ve spalaosti. Zji§¥ované informace Ize rozlit do dvou podskupin:

PoZadavky na infrastrukturukteré identifikuji mnozinu p&ébnych zdraj a narok pro
funkcionalitu sluzby a poskytovani jejich ufitkzivatehim/zakaznikm;
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» Dopady nedostupnostjeZ jsou zargené na hodnoceni negativ, ktera nastavajipept
nedostaténé kvality, kvantity nebo Uplného vypadku ICT slyzb

Ziskané informace o moZnych dopadech nedostupi@EtsiuZzeb pro spoteost jsou zdkladem
hodnoceni jejich vyznamu [2, 3, 4]. Vimidopad se totiz ,odrazi“ do jaké miry by byla sptiest
zasazena vifpadc, ze by ICT sluzba vykazovala nedostatekvantitavnii kvalititvni parametry,
piipadrE, Ze by nebyla&bec dostupnaibec. Vlastni hodnoceni vyznamu ICT sluzeb je zévisi
zvolenych oblastech, které musi bygemy managementem firmy.

4 Zawr

Vyznam ICT sluzeb pro dnesni firmy je zasadnékteré z nich jsouifimo existefing zavislé na
dodavkach ICT sluzeb v narokovaném rozsahu a Evald firmach je nutné vytii strategie pro
zajiseni kvality a dostupnosti ICT sluzeb takovymigpbem, aby byly zaji&hy dodavky ICT sluzeb
nejen v BZnych situacich, avSak také havarijnich a krititkpdpadech.

Naroky a pozadavky na ICT byéhg byt ve firmach nalezi analyzovany a vyhodnoceny. V daném

piispivku je predstaven reathaplikovatelny postup pro hodnoceni vyznamu ICEeahupro spoknost a
moznost vyuZzitelnosti ziskananych informaci proveigni typologie ICTsluzeb, coz se pozittvadrazi
v kvalit¢ dodavanych sluzeb a také mozné nakladové optiataliz
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Abstrakt

V praxi existuje mnohoipkazek, které brani plnohodnotnému implem@rtau procesu EMA do praxe
organizace a jeho fungovani. Z tohotvddu byly identifikovany bariéry, které tytéegazky zfssobuiji.
Vroce 2010 byl proveden vyzkum obsahujici dotazgikSeteni probihajici ve /ech fazich -

v organizacich chemického dmnyslu hlasici se kiniciatv Reasponsibility Care, ve vybranych
organizacich s certifikovanym systémem environn@htisizeni podle 1ISO 14 001 a v organizacich,
které n#ly validovany systém environmentalnitizeni podle EMAS. Z této studie byla ziskana pminar
data, ktera byla podrobena klastrové analyze nehn@rickou metodou K-gmeri. Validace klastrové
analyzy byla provedena metodou Meansim (MSA). Kadaklastrové analyzy vznikly klastry bariér —
vnéjSi prostedi, procesni vlivy, lidské zdroje, spravézeni.

Abstract

In practice there are many obstacles for full-valumeplementation process of EMA into practice
of organization and its full functionality. For threason, were identified barriers that are causihgse
obstacles. In 2010 was made research, was caoigdh study containing questionnaire survey taking
place in three stages - in the chemical industrgamization declaring support for the initiative
Responsibility Care; in selected organizations wihvironmental management system certified in
accordance with 1ISO 14001; and organizations thad environmental management system validated
according to EMAS. From this study, primary dataevebtained and were subject to non-hierarchical
cluster analysis using K-averages. Validation ofstér analysis was performed using Meansim method
(MSA). On the basis of cluster analysis were gaedralusters of barriers - the external environment
process effects, human resources, administratichramnagement.

Kli ¢ova slova
klastr, klastrova analyza, bariéry

Keywords
claster, claster analyse, barriers

1 Uvod

Na prelomu roku 2009 a 2010 byl proveden vyzkuntech ucelenych skupinach organizaci. Primarni
data byla ziskavana jednou z forem vyzkumu, a tazshdkovym Séenim. Dotaznikové Semni prokhlo
ve tech fazich. Faze jsou raddny podle skupin organizaci, ve kterych vyzkumigshb.

S odvolanim na studii zpracovanou pro Ministerstimtniho progtedi [1] prvni faze dotaznikového
Seteni byla realizovana ve spolupraci se Svazem che@mic pimyslu. Byly vybrany organizace
z chemického @imyslu, které se hlasi k dobrovolnému programu Resipte Care. Organizace
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chemického pimyslu jsou kvli oboru podnikani pod &si kontrolou svych podnikatelskych aktivit ve
vztahu k zZivotnimu prostdi. Organizace hlasici se k dobrovolnému progr&masponsible Care tyio
ucelenou skupinu organizaci, které ge¢ deklaruji swj pozitivni vztah k Zivotnimu prostdi. Z &chto
davoda byly tyto organizace zahrnuty do dotaznikovéhoedét

V dobs prabéhu vyzkumu se jednalo o 69 organizaci chemickélimpslu. Do v8ech 69 organizaci byl
elektronicky zaslan dotaznik,ijmodni dopis a informace o EMA.

Ve druhé fazi vyzkumu byl dotaznik zaslan do vyljdm70 organizaci sidlicich v Binkteré ngly

v dok® vyzkumu certifikovdn EMS podle 1ISO 14 001. Tyt@anizace byly vybrany do dotaznikového
Seteni proto, Ze EMA poskytujetadu informaci z oblasti Zivotniho préstli a organizace

s certifikovanym EMS podle ISO 14 000 majtsi potencial jich lépe vyuzit nez organizace bez
certifikace. Do vSech spalrosti byl opt zaslan dotaznik elektronickou formou,ipedni dopis a
informace o EMA.

Ve freti fazi byly osloveny organizace, které se&aainily dotaznikového §eni v roce 2006, které
provedla autorka tohottlanku v ramci vyzkumu financovaného Interni grasiowagenturou Mendelovy
zemgdélské a lesnické univerzity v Bérpodcislem 68/2006 s nazvem ,Vyvoj EMS a environment&ni
manazerskéhosétnictvi vCR*. Jednalo se o viechny organizace, ktety mdobs vyzkumu validovany
EMAS. Nyni byla oslovena stejna skupina organizbeg ohledu na skuteost, zda nyni majii nemaji
validovany EMAS. Do vSecléthto organizaci byl zaslan dotaznik elektronickaumfou, pfivodni dopis
a informace o EMA.

2 Klastrova analyza

K analyze primarnich dat, ziskanych =z dotaznikové&weteni, byla pouzita klastrovad analyza.
V zawrecném zpracovani dotazriila naslednémedeckém zkoumani a vyhodnocovani bylo pracovano
s &mito klastry.

Klastrova analyza = shlukova analyzajedna se o vicerozmou statistickou metodu, ktera se pouziva
ke klasifikaci objekii. Klastrova analyza organizuje objekty do skupik, @by maximalizovala rozdil
mezi skupinami a minimalizovala rozdil ve skupinfcille utitého kriteria.

Zakladni mySlenka klastrové analyzy byla formulawdR. C. Tryonem jiz vroce 1939. Pojem dle
Tryonema (1939) byl definovan taktohlskova analyza je obecny logicky postup formulgvgko
procedura, pomoci niZz seskupujeme objektijgdince do skupin na zakladejich podobnosti a
rozdilnostf[3].

Kazda metoda klastrové analyzy dle Stefanika (2¢®@)goritmus snaZici se radid data do skupin tak,
aby bylo co nejlépe spino stanovené kritérium rozkladu [2].

3 Vysledky vyzkumu

Na zaklad vyhodnoceni vSecliitfazi dotaznikového Seni byla zjiS¢na 33% navratnost. Celkédoslo
54 odpo¥di, ale do dalSiho zpracovani byladazeno jen 45 dotaznikV 9 odpo¥dich respondeiitse
jednalo o vracené prazdné dotazniky nebo uvedené&siosti, Ze dotaznik Ziznych divoda vypliovat
nebudou. Respondenti za nggi bariéry pi implementaci EMA povaZuiji:

» gasovou narénost zavedeni — 33 kladnych odpdiv ze 45 vyhodnocovanych dotazinit.
73 %,

* nedostaténé propagace EMA ze strany statni spravy — 29 Kietdodpoedi; n=45 tj. 64 %,
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* persondlni nakmost zavagni EMA — 27 kladnych odpadi; n=45 tj. 60 %,
* Uzké chpani pojmu EMA — 27 kladnych odpdiy n=45 tj. 60 %,
» narainy proces zavedeni EMA — 25 kladnych odfatiyn=45 tj. 56 %,

* nedostatekéasu na diskuzi o problémech se zawdoh — 24 kladnych odpédi; n=45 tj.
53 %.

Nejveétsi bariery pri implementaci EMA
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Obr. 1: Nejvice vyznamné bariéryigmplementaci EMA
Zdroj: vlastni prace

Z uvedenych vysledkvyplyva, ze problém zavédi EMA do praxe organizace je v informacicliase.
Organizacim chybi informace @ebné k Usgsnému realizovani implemegtdho procesu a dale také
informace ke spravnému chapani EMA. Béeghto potebnych informaci nelze cely proces, ktery je
bezesporu velmi natay, dovést do UsiSného konce.

Organizacim, na zakladvysledki vyzkumu, v tomto nakmém procesu chybi takéas. Jakcéas na
zavedeni, tak na diskuzi o problémech se ziad Posledni vyznamna bariéra je personalnicmést.
Organizacim chybi lidé, kteby zpracovali fipravy a dovedli organizace k @&pé implementaci celého
EMA a nauili zainteresované pracovniky s EMA pracovat a vya? jeho moznosti. Lidem
zanmestnanym ve spotmostech chybitas na tuto praci a spdleostem chybi finance na zastnani
dalSich pracovnik ktefi by se mohli ¥novat této ¢innosti. Tyto zawry vyplyvaji z odpoedi
v dotaznicich respondéint
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4 Vyhodnoceni

Vzhledem ke skutmosti, Ze kazdy klastr obsahujezny paet bariér, bylo nutno provéstgpaet (viz
sloupec C v tabulce 1) s vyuZitim metod klastromélyzy, aby mohl byt vyhodnocen vliv jednotlivych
klastii na implementéni proces EMA. Satet odpo¥di ,uréité ano” a ,spiSe ano* byl vyden patem
bariér v klastru a tim je dosaZetislo, které Ize vzajen@nsrovnavat. Timto krokem byl eliminovan vliv
poctu bariér v jednotlivych klastrech na mnoZzstvi oefath v klastru.

Spravnost tohoto postupu bylagsena pomoci metody Meansim (MSA) navrzenou Van 8iok{1997).
Jedna se o metodu, ktera hodnoti silu klasifikacgClassification strength* (CS). Byla speciéln
navrzena pro mnoho objékt(odpowdi) a relativk malo shluk (klastfi bariér). Klasifikéni sila
shlukovani je stanovena tim, do jaké miry si jsbjekty ve stejném shluku jfpmérné navzajem podobné
oproti podobnosti objefits objekty z jinych shluk[4].

Analyza je zaloZzena na matici podobnosti mezi digjékdpovd’'mi). CS je peitana jako rozdil mezi
primérem jednotlivych klastr (W) a pfimérem vSech odpadi mezi skupinami (B) podle vzorce:

CS=B-W.
Hodnoty CS se pohybuji mezi jednou a nulou. Hodrwtgké jedné indikuji silnou klasifikaci mezi
skupinami (tj. uvnit skupin je vysoka podobnost a mezi skupinami nizka)

Konkrétni hodnoty jsou uvedeny v tabulce 1.

Tab. 1: Souhrnné vysledky

Pocet odpowdi v klastru Pocet bariér v klastru Prepciet
Klastr
A B C

VngjSi prostedi 130 6 21,67
Procesni vlivy 173 8 21,63
Lidské zdroje 101 9 11,22
Spréava &izeni 127 8 15,88
Celkem 531 31

Zdroj: vlastni prace
Na zaklad hodnot z tabulky 1 byla vyg@tana klasifik&ni sila shlukovani
CS=17,60-17,13=0,47.
Klasifika¢ni sila shlukovani je dle vyptu 0,47. Z uvedeného vypin vyplyva slaba klasifikace mezi
skupinami. Na zakladtohoto vypétu neshledavamippaiet uvedeny ve sloupci C tabulky 1 za vhodny a

vyhodnoceni vlivu jednotlivych klastrbariér na implementai proces EMA bude provedeno na zaklad
poctu odpowdi v klastru uvedenych ve sloupci A tabulky 1.
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Vliv jednotlivych klastr(i bariér

| Lidskézdroje

19%

Obr. 2: Velikost jednotlivych klastr obsahujici bariéry

Zdroj: vlastni prace

5 Zawr

S odvolanim na vysledky dotaznikového idet provedeného u oslovenych 164 resporidesmt
s odvolanim na vysledky 45 navracenych, vygpiich a zpracovanych dotazhikze konstatovat, ze
organizace podrobené tomuto vyzkumu za ¢t8jvbariéry pi zavadni a fungovani EMA ve své praxi
povazuji bariéry z klastru procesni vlivyii komplexnim vyhodnoceni bariéry, zahrnuté na zkla

klastrové analyzy do tohoto klastru, vyhodnotilojviee respondeiit jako vyznamné i jejich
implementaci EMA nebo vyuzivani EMA, viz tabulka 1.

Podle respondeint nejwtsi bariérou z uvedeného klastru je personalni dnési zavashi EMA.
Respondenti spatji bariéru také v izkém chapani pojmu EMA a z tefgplyva nepochopeni vSech
piinosi, které zavedeni a fungovani EMA v praxindSi. V podnicich vnim4 nedostte vyswtlené
vyhody a finosy EMA jak vrcholovy management podniku, ktegjZiva informace z EMA i svych
rozhodovacich procesech, takesini management fadovi zanistnanci, kt&f s EMA pracuji v podob
zpracovani,fdéni a dikiho vyuZivani dat. Podle respondese jedné o ndsoy proces a v organizacich
je nedostatektasu na diskuzi o problémech, které se z&w#d souviseji. V neposledniadt za
vyznamnou bariéru respondenti povaZzuji to, ze dieg® zcela novy pohled na podnikové procesy gto b
pii zavedeni EMA v jejich organizaci znamenalo vyznarangny.

Tyto bariéry, které respondenti identifikovali zgzmamné, zfsobuji problémy uvnit organizace.
Ovlivauji cely proces implementace svou samotnou existéddstragnim &chto bariér se odstrani
zakladni problémy, kter&ipzavadni EMA existuji uvnit organizace.

i

Respondenti také povazuji zalelité bariéry, které jsou zahrnuty v klastrechéjghprostedi” a ,sprava
afizeni®. V ramci vijSiho prostedi respondenti spaii nejwtsi problém v nedostateé propagaci EMA
ze strany statni spravy. Podle respontlerdjsou dostat@é zpracované metody, pravidla a dopi@mi
pro implementaci EMA do jejich praxe. Organizacinylgi informace ze strany statni spravy vSeobecn
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také konkrétni informace pro osoby implementujigiA& Obavaji se nadimné administrativy souvisejici

se zavedenim EMA. Tyto bariéry nemohou organizatstranit vlastnimi silami. Tyto bariéry, které
spadaji do klastru ,\)Si prostedi, ovliviiuji implementaci EMA do praxe organizaci z okoli
organizace. Odstranit je mohou pouzeéj§hsubjekty, které je Zgobuji svym jednanim, svou dienosti

¢i prehlizenim daného problému. Organizace mohou poppeounit na dany problém a poZadovat
zlepSeni.

V ramci klastru ,sprava dizeni“, ktery povaZuji respondenti za stejpyznamny jako klastr ,VSi
prostedi, viz obrazek 2, povazuji za nejvyznaijdih bariéru¢asovou narégnost zavedeni. Respondenti
také shledavaji ve svych organizacich pouzivangrinéni systém, jako nedostatey vzhledem k tam
rozsahlym zrénam, které by zavedeni EMA vyzadovalo. Vyznamnouébau je pro organizace také
finan¢ni nar@nost zavedeni.

Nejméré vyznamny je podle respondéntohoto dotaznikového $eni klastr lidské zdroje”. | kdyz
nekteti respondenti vidi problémfipzava&ni EMA nag. v nedostané podpée ze strany vedeni
organizace nebo nezajmu vedeni na implementaci EiMialSich bariérach, které obsahuje klastr ,lidské
zdroje“, mnohem &sSi negativni vliv na implementai proces a fungovani EMA maji bariéry obsazené
v klastru ,procesni vlivy“ a nasledrv klastrech ,vijsi prostedi“ a ,sprava dizeni*.

6 Podtkovani

Chela bych velmi podkovat pracovnitm Svazu chemického {myslu, jmenovié Ing. Ladislavu
Spatkovi, CSc. a Ministerstvu Zivotniho préstli, jmenovié zejména Ing. Alef Krejécové, za cenné
informace a pomoc s dotaznikovymigeim v jednotlivych organizacich a fingri podporu MZP v
ramci projektw. SP4i2-26-07.
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Abstrakt

Clanek se zabyva pojmem e-learning a obsahuje radpporweni, jak by rd vypadat a fungovat
efektivni a pouzitelny e-learningovy kurzéléhku je také vygtleno a ukazano, proelektronické skripta
nelze povazovat za e-learnig a nemaji nic sppabo s kvalitnimi e-learningovymi kurzy.

Abstract

The article deals with the concept of e-learningl garovides advice and recommendations on how it
should look and operate an effective and usableaeding course. The paper also explains and
demonstrates why an electronic textbook can berdeghas an e-learning and have nothing to do with
guality e-learning courses.

Kli ¢ova slova
E-learning, elektronicka skripta, evaluace e-leggavého kurzu, analyza pozadaykBloomova
taxonomie.

Keywords
E-learning, electronic textbooks, evaluation ofearhing courses ,requirements analysis, Bloom's
taxonomy.

1 Uvod

V souwasné dob vznika spousta novych e-learningovych Kurxe vSichni autd téchto kurzi vSak znaji

a dodrzuji uita dopordeni pro tvorbu e-learningovych kuirzZDiky tomu porgrng ¢asto dochazi k tomu,
Ze autdi vydavaji text (skripta) v elektronické podoba e-learningovy kurz. Kvalitni e-learningovy kurz
ale nelze ziskat pouzergpisem textu z papirové do elektronické podobycirgici autdi e-
learningovych kur& by si nEli uvédomit rozdily v pipraw elektronickych skript, dista&miho textu a e-
learningového kurzu. Vifpadc tvorby e-learningového kurzu je sanwjme mozné vychazet zjiz
hotovych elektronickych skript anebo distafho textu. Nicmé&itim prace na e-learningovém materialu
nekoréi a je nutné &novat pozornost jeStspoust dalSich krok, které vedou k vytv@ni efektivniho a
pouzitelného e-learningového kurzu.

2 Efektivni e-learningovy kurz

Uspich kazdého e-learningového kurzu &pé v rekolika zasadnich bodech. Jednim z dkgiitjSich je
uréeni p@iméfeného rozsahu a délky kurzu. Kurz byélntaké obsahovat dostét®® mnozstvi
interaktivnich prvk.
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Mezi dilezité interaktivni prvky pat
- dostaténé mnozstvi Ukdi,
- diskusni fora,
- obrazky, grafy, tabulky, videa, zvukové nahravky,
- odkazy na dalsi studijni materialy,
- kontrolni otazky,
- pripadové studie apod.

Pti pripraw e-learningového kurzu bychom takélnmyslet na to, aby byl kurz:
- prehledny,
- uzivatelsky pijemny,
- obsahoval velmidlezité owtreni znalosti.

Tyto pribéZné a zagrecné kontroly mohou probihat ndklad formou hromadnych on-line tésDale by
tvarci e-learningovych kuiz nengli zapominat na deZitost logické struktury textu ailec celého
kurzu.

3 Analyza pozadavka stanoveni vzifavacich cil

Pred tim, nez zméme s navrhem e-learningového kurzu, je veliie#té wnovat pozornost analyze
pozadavk. Kazdy tvirce e-learningového kurzu by séhmejprve ujasnit &kolik zasadnich cil:

- Pro jakou cilovou skupinu uzivatekurz tvai?

o SS studenti

o VS studenti

o CZV studenti

o Firemni vzélavani
- Jedna se o dopth a podporu preseéni vyuky?

0 E-learningovy kurz je zriaé podpden plnohodnotnou presém vyukou.
- Jedna se o pddistaréni kurz simulujici plnohodnotnou presefvyuku?

o Nejnar@ngjsi varianta jak pro tce, tak pro uzivatele kurzu.

3.1 Bloomova taxonomie vzé&8lavacich cila

Analyzu pozadavk kladenych na ifpravovany e-elearningovy kurz namube velmi vhodnym
zpasobem doplnit tzv. Bloomova taxonomie ¥lVvacich cili. Jedna se chierarchicky uspgadany
systém poznavacich &ilvzdtlavani, ktery zéina u nejmé# naranych. Taxonomie ma celkem Sest
zakladnich kategorii £id) ciki:[1]

Znalost
o Student si zapamatovativo a je schopny je doslo¥ropakovat.
Pochopeni
0 Student pochopil vyznam, smysl, podstatu zapamafmiainformaci a je schopny je
vyswtlit viastnimi slovy.
Aplikace
0 Student dokazgesit problém na zakl&gpochopeni problému.
Analyza
0 Student dok&Ze odvodit zakonitost.
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- Syntéza
0 Student je schopen na zalkdaaVladnuti pedchozich stuf vytvéret nico nového.
- Evaluace
0 Student je schopnost posoudit, zhodnotit, dokaZelnast na zakladvngjSich kritérii i
vnitinich nazoi.

Bloom's Taxonomy for Thinking
Evaluation ' Judgement

'Putting things together
/mh\ | Creative thinking

‘Breaking things down
| Critical thinking

~ Using knowledge
_in new situations

[ Understanding "

Knowledge " Recall

r‘
\ Knowledge Retention

Foundation for
higher arder thinking

Obr. 1: Bloomova taxonomie

Znalost Bloomovy taxonomie vEthvacich cili a schopnost ji pouzit v praxi pomah&rtim nejen e-
learningovych kunz cilerg rozvijet u studerit mySleni na vSech Urovnich a ne se &@wvat pouze na
nejnizsi urové cili (student si zapamatovaltiuo a je schopny je doslogropakovat).

4 Evaluace e-learningového kurzu

Evaluace je nedilnou s&dsti procesu tvorby e-learningového kurzu. Evaladideme rozdlit na:

- Vnitini - slouzi k o¥teni spléni cili kurzu a nizeme hodnotit ndfklad:
o0 metodické zpracovani v&dvacich materidl,

srozumitelnost a jasnost textu,

logickou strukturu materialu,

aktualnost vz&élavaciho materialu,

designovou stranku materialu apod.

O O OO

- VngjSi - spdiva v pilotnim o¥ieni na cilové skupéna zapracovani 2mé vazby:
o evaluace pouzitych technologii,
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o evaluace vzélavaciho obsahu,
0 evaluaceinnosti tvirct kurzu a jeho uzivatél

|

Analysis

Development /

r

Implementation Summative Evaluation :

Diagram by. Steven J. McGniff, Instructional Systems, College of Education, Penn State University
Obr. 2: Schéma Addie modelu

Z vySe uvedeného vyplyva, Ze evaluace jgeditou soddsti procesu tvorby e-elarningového kurzu.
Zpétnou vazbu ziskanou z evaluace je tedy nutné zepahdak, aby vysledny e-learningovy kurz byl
kvalitngjSi a efektivigjSi nez ped pilotnim spughim do praxe.

5 Zawr
Vytvotit kvalitni e-learningovy kurz, ktery by pirsimuloval plnohodnotnou presen vyuku je porérné
slozity ac¢aso¥ nara@ny proces. Vz&élavani formou e-learningu se ale stale vice rozavijiyhody této

formy vzdElavani, speivajici predevsim wasové flexibilit a v3estranné dostupnosti, mluvi pro jeho
stale ¥tSi rozvoj.
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Abstrakt

Tento pispevek pojednava o ekonometrii jako takové. Rada bysietlila termin ekonometrie a dale
rozdily mezi klasickou a findni ekonometrii. V druhécdsti pispevku se projde sestaveni
ekonometrického modelu a na @abudou uvedeny/iklady pouziti dchto modet v ekonomii.

Abstract

This paper deals about the econometrics as theesdlwould like to explain the term econometricd a
than the difference between the classic econorsedrnd the financial econometrics. The second art i
about creation of the econometric models and iretig: about the using of these models in economics.

Kli ¢ova slova
Ekonometrie, ekonometricky model, data.

Keywords
Econometrics, econometric model, data.

1 Uvod

Pasatky matematického modelovani ekonomickychijeee najit hned v prvotnich fazich vyvoje klasické
politické ekonomie. Anglicky &enec William Petty (1623-1687) kladti studiu narodniho hospaoisdvi
diaraz na mieni velEin a schematické modelovani vzéamezi nimi. Francouzsky ekonom Francois
Quesnay (1694-1774) navrhl tabulkové znagormarodniho hospo#gtvi, které je povaZzovano za prvni
makroekonomicky model.

Le6n Walras (1834-1910) jiz pouzival matematickyardp jako naprosto podstatnou &ast svych
ekonomickych Gvah o margindlni teorii uzitku & pdvozeni obecné teorie ekonomické rovnovahy.
Walrasovym nastupcem na jeho profesorskéméniat univerzi& v Lausanne byl jeho 24k Vilfredo
Pareto (1848-1923), s jehoz jménem se dnes setldz@ména v pojmu tzv. Paretovské optimality.

Po prvni swtové valce pokrgoval postup matematiky do ekonomie v mnoha&rech. Vyznamnym
meznikem v tomto vyvoji byl rok 1931, kdy byla zatma Ekonometrick4 spdleost, a poté zdna
pravidelré vychazettasopis Econometrica, w¥imz se formuje &dni od¥tvi ekonometrie, ktera za svoji
hlavni naph povazuje matematicky popis a statistickou verifikekonomickych vztaiha v SirSim pojeti
zavaéni matematickych metod do ekonomie.

V roce 1939 vychazi Leontiefova publikace The Stree of American Economy, ktera se stala zadkladem
strukturni analyzy. Ve stejném roce L. V. Kantotofd@rmuloval principy linearniho programovéani. Roku
1944 vychazi kniha J. von Neumanna a O. MorgersfEheory of Games and Economic Behavior.

Po druhé sitové valce nastava rozvoj linearniho programovaedevsim zasluhou G. B. Dantziga,
autora simplexové metody. V 50. letech se ustagligeiplina oper&ni vyzkum, zahrnujici matematické
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programovani, govou analyzu, teorii hromadné obsluhy, teorii zasobtimalizaci proces obnovy,
simula:ni modely, teorii her a na@omu 60. a 70. let vznikajici vice-kriterialni mpalizaci.

2 Definice ekonometrie

V nasledujicim¢lanku se bude pojednavat o vyuZiti ekonometriefoply bylo dobré si tento pojem
nejdrive vysétlit. Co je to ekonometrie? Kdybychom se podivaivolny reklad, mohlo by se jednat o
.ekonomické ndieni“. To samo o sabby nam ale moc nevystiilo, jelikoz ekonomie nema moc
metitelnych veltin.
Ekonometrie je:

» védecka disciplina, ktera se nachazi na pomezi métgmstatistiky a ekonomie,

» daldi mozna definice je, Ze ekonometrii Ize chgpab ¢4st kvantitativni ekonomie, ktera
zpracovava statistické informace pomoci matematstitistického aparatu a ktera ho hkavn
v oblasti vice-rovnicovych modebdale rozviji do vlastnich metod a postup

» ekonometrie tedyiedstavuje syntézu ekonomické teorie, matematikiatisky. Tato syntéza
vSak neni jen mechanickym spojenim ekonomické amakymatematickym a statistickym
aparatem, ale jde o propojeni vzajénse podniiujicich wdnich disciplin, které vede k nové
kvalité¢ ekonomické analyzy,

» ekonometrie je kvantitativni analyzou vzliatmezi ekonomickymi vetinami, z toho vyplyva, Ze
jako takova musi vychézet z matematické formulameretického poznéniéthto vztali a
z konkrétnihasiselného (statistického) zobrazeni ekonomickyateékonomickych) vetin. To
je jadro ekonometrie, které meziuji i mnohé jeji definice.

Je tedy vice neZgjmé, Ze ne kazdy matematik sézxm zabyvat ekonometrii, aniz byshekonomické

znalosti, a naopak ani ekonom bezipbhych dovednosti si s ekonometrii jen tak nepoRaihopeni a
osvojeni si princip ekonometrické analyzy vyzaduje tedy zvladnutiigtmtych poznatk z mikro a

makroekonomie, matematiky, statistiky a prgpadobnosti.

Pokud bychom se aiit na wc podivat nazom dalo by se vSe znazornit nasledévn

127



¥
EKONOMETRIE
MATEMATICKA EKONOMIE
EKONOMIE

Jak vych&zi ze schématu, tak ekonometrie je zn&zarjako péseiik mnozZin ekonomie, matematiky a
statistiky, zéehoZ si nizeme utvéit uréitou predstavu o jejim metodickém aparatu, neufofZ nam
vS8ak nahlédnoutifmo na jeji podstatu. Intuiti¢nje to mozné poithnout uz i ze skuteosti, Ze ani
prolnuti ekonomie se statistikou (ilustrujici vznédkonomické statistiky) a matematiky s ekonomii
(ilustrujici ,matematickou ekonomii“) se ng§d bez vzajemné viiii interakce fislusnych ¥dnich
disciplin.

Teoretické poznatky neformalizované ekonomické yayalmaji kvalitativni charakter, neposkytuji
kvantitativni informace o analyzovanych wahiach, jelikoz se &asto uvazuje o velinach, které neni

moznéciselrs zachytit, a nedozvime se ani konkrétni matematickédreni jejich vztali. Proto neni

mozné kvantifikovat poznatky ekonomické teorie Wegpedre, ale na jejim zakladse musi nejprve

vytvaiet ekonomické hypotézy. Ekonomickd hypotéza je wako pretvarenim teoretického poznatku,
ktera umozni jeho matematické a statistické formoatini. Formalizované vyjéeni ekonomické

hypotézy vede ke konstrukci ekonometrického modeéry je hlavnim ekonometrickym nastrojem.

3 Finartni ekonometrie

Dale je jeSt zajimavé se podivat na termin fidahekonometrie, ktery se vditych predpokladech lisi
od klasického pojeti ekonometrie. Dalo byi&®, Ze se jedna o kvantitativni analyzu fisaith dat, jak
na mikroekonomické, tak na makroekonomické Uro¥de se mMizeme podivat, co se mysli kvantitativni
analyzou. Jde zdergdevsim o statistické zpracovani fitaith dat (klasickd popisna statisticka analyza,
statisticka identifikace, odhad a verifikacdspusného modelu, statistické testovaidnych finagnich
hypotéz a konstrukce r@dpovdi vramci zkonstruovaného modelu) s vyuZitim dpsfich
ekonomickych informaci a pak nasledna diskuze kanigch vysledcich z hlediska jejich kompatibility
s praxi a dopadu vramci dané fitan reality (finagnich trhi, finantniho sektoru, burzy, banky,
investini firmy, penzijni fondy, pojifovny apod.).
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BohuZel praxe ukazala, Ze finani ekonometrie je pouZitelj$i jen jako teoretickdéda a bylo pdeba
najit si zfisob, jak ji aplikovat na reélnou situaci. Vznikfgogeni typu ekonometrickd analyza figafch
dat, ekonometrie finamich trhi, analyza finatnich ¢asovychiad a fizna dalSi spojeni. Hlavnim
divodem byla data zpracovavana v klasické ekonomégiichz WtSinu (odhaduje se tak 90 procent)
tvori data finadni. Postupentasu se zavedlo pouzivani spojeni ekonometrickdzamalro zpracovavani
finarénich dat na mistoftye pouzivané statistické analyzy.

4 Rozdil mezi klasickou a fin&ni ekonometrii

DalSim rozdilem u finami ekonometrie je i charakteristiktasovychiad, které jsou analyzovany.
Soustedime se fedevsim na dynamiku finanich jevi. Dilezité je vyrovnat se s modernim specifikem
finarnich dat, které byloidve v klasické ekonometrii zcela neznamé, toti¥sokou hustotou zdznamu
(nap. kazdych par minut, jelikoz i kazdy pohyb burzywgch papit je znménou v datovéads). To vede

k zavedeni pojmu vysokofrekvém data, ktera bylaite spojovana spiSe s technickymi disciplinami.

V klasické ekonometrii jsou namétéinou nabidnutkasovéiady s malym vyérem, to znamena, ze
nekteré ukazatele jsou mapovany pouze jakéniopogripact pilroéni, étvrtletni data — tak je tomu
vétSinou u makroekonomickych ukazditeNuti nas to potom pouzivat datovou simulaci, &bye ziskali
pottebny pdet méteni. Naopak ve finami ekonometrii je spiSe ofray problém, kde jsotdasovérady az
moc husté. Tady naopak vznika problém s modifikaladvychiad, které mohou obsahovétiba miliony
meteni.

Jednim z dalSich rozdiljsou zpracovavané udaje. V klasické ekonometrillgluaji castym revizim a
opravam, jelikoz v redlnérsase se mnohdy jedna dedkEzné odhady &tSinou o makroekonomicka
data). Ve finatini ekonometrii k podobnym Upravdm nedoché&zi, petéiartni data jsou v dany
okamzik utujici a nemohou se #mé menit, nagF. irokova mira, cenové Udaje.

Finareéni data mivaji s specificky charakter a tim je vyrazna Sumova lsdpkterd nam sobi trochu
obtiZe i zjiStovani trendugi sezénnosti dat. Dale pak finari data nemaji normalni roddni, ale spis
vétSinou nezaporné obory hodnolizné asymetrie a velky vliv na jejich tvar ma fungoi finargnich

trha (burza cennych payiy.

5 Ekonomicka hypotéza

Matematicka a statisticka formulace ekonomické épp nevyhnutekh vyzaduje zavést zjednodusSujici
piedpoklady. U aplikace matematického aparatu znamepa zavedeni fedpokladu o algebraickém
tvaru modelu (mZe byt linearni, mocninny apod.). Dale je zdéedpoklad o ekonomické
interpretovatelnosti matematickych operaci (deeyamtegrace, inverze a jinych)feglpoklad o
monotoénnim tvaru funkci a jinéigdpoklady odvijejici se od jednotlivych moilelFi aplikaci
statistického aparatu se zava#égevsim fedpoklad o tom, Ze specifikované ekonomickécimli maji
charakter vybru uskuténéného nahodnym Zisobem a daleipdpoklad, z&iselné zobrazeni veln je
adekvatnim odrazem studovaného jevu nebo procésdpéklady, na kterych vysledky ekonometrické
analyzy zavisi citlig, nazyvame kritickymi fedpoklady.

6 Ekonometricky model a pouzivané vaty

Ekonometricky model je vlastnim nastrojem ekonoreetMize mit tvar bd pouze jedné rovnice
zachycujici ekonomické hypotézy vyslovované a jédizolované)casti reproduéniho procesu, nebo
tvar soustavy rovnic, z kterych kazda odrdzi hypotgisluSnécésti procesu a celd soustava vyjge
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souhrnnou hypotézu reprodimého procesu jako celku. Formulace vztahu mezi ekockymi
velicinami pedpoklada jednoziaé uréit postaveni vetin v modelu (vys¥tlované — vysetlujici) a
statistické ukazovatele, které je numericky vijaid Toto ugeni se nazyva specifikace prémmych
(ekonomickych vetiin) modelu.

Intenzitu viivi vyswtlujicich veliginy modelu na vysitlovanou veléinu vyjaduji parametry modelu.
Urceni hodnot paraméitikvantifikace modelu) se uskutaije jejich statistickym odhadem, a to

* na z&klad uritého p@&tu pozorovani specifikovanych prémmych modelu,
» piijetim predpokladané matematické formulace modelu,

* po zavedeni i@dpoklad o stochastick vztahu (o parametrech rageni nahodné slozky
modelu).

Jiny soubor Gddj jina matematicka formulace modelu nebo zavedenth fedpoklad o stochastické
sloZzce modelu poskytnégne jiny odhad jeho paraméitrLze tedykici, Ze utité podminky kvantifikace
modelu vedou k odvozenidité ekonomické struktury.

Ekonometricky model je tedy mozno definovat jakastavu ekonomickych struktur. Z matematického
hlediska je ekonomickou strukturou systém rovnicjemré propojenych (nebo jedna rovnice)
post&ujicich na to, aby se ze zndmych hodnot ¥igjicich veliéin mohly jednoznéné uréit numerické
hodnoty vys¥tlovanych veltin.

V ekonometrii rozdlujeme promdnné dale na endogenni a exogenni. Hodnoty endadepndnénnych

jsou ugeny nebo generovany samotnym systémem nebo jehelemodExogenni proémné, které na
systém jsobi, jim samy nejsou ovitevany a jejich hodnoty jsou tedy determinovany mizkoumany
systém. Endogenni pr@&mné maji v jedno-rovnicovych modelech Glohu Wkwanych prominnych, ale
ve vice-rovnicovych modelech mohou vystupovat vjideali, tj. i jako vyswtlujici proménné. Exogenni
promEnné maji vzdy charakter pra@mmych vys¥étlujicich.

Jednozn&né rozhodnuti o tom, zda je dand p¥oma endogenni nebo exogennétSinou neplyne
z ekonomicke teorie, protoZe z teoretického hleadjsktSina prondnnych endogennich a exogennich je
velmi malo. Musime tedy vychazet z tohaidmu je dany model &en.

Endogenni prognné déle dime na cilové a ostatni endogenni péame. Exogenni proémné tidime na
fidici a autonomni exogenni prémmé. Daéle rozliSujeme nezp@r® endogenni profnné a
predeterminované pramne, zahrnujici vSechny exogenni psomé a zpozghé endogenni pronné.
Pouzitim zpoZ&hych promdnnych, které vyjakliji pisobeni wité endogenni, pdpexogenni, prognné
v nékterém nebo &kolika z predchazejicich obdobi na Urdiveryswtlované endogenni pramné
v obdobi BZném, Ize ¢asto dynamizovat ekonometrické modely statickéhpu.tyTento zfisob
dynamizace nazyvame implicitni dynamizaci modeloku® do rovnice modelu ¥adimed¢as t jako
samostatnou exogenni prémmou, dynamizujeme model expligitnMazeme tim neffmo vyjadit vliv

technického rozvoje na objem produkce.

V modelu se dale vyskytuji i ufi® exogenni pronné, které umaiuji vyjadiovat vlivy tzko
meéftitelnych faktofi pisobicich siznou intenzitou. Nabyvajiiznych hodnot v zavislosti na tom, jak
byly definovany. Nejasgji nabyvaji hodnot 0 nebo 1fipemz zalezi na formulaci podminek.

Stochastické rovnice ekonometrického modelu obsakigmg vySe uvedenych pronnych je&
nahodné slozky nebo chyby. Tyto hodnoty nelze ziskdienim. Nahodné slozky reprezentuji ndhodné
chyby, které vznikaji ndfklad vynechanimgi opomenutim #které dileZité vyswétlujici promgnné,
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negesnou specifikaci matematického tvaru modelu, nd@jrod charakterem chovani ekonomickych
subjekfi, ¢asovou, piiezovou nebo prostorovou agregaci datfesposti i méieni prongnnych.

Vztahy mezi prorsnnymi se ¥tSinou formuluji ve tvaru regresnich rovnic. Paramnééchto rovnic
vyjadiuji smer a intenzitu gsobeni exogennich prémych na vys§tlovanou endogenni pramnou.

Aby odvozena ekonomicka struktura (tj. kvantifiknyaeckonometricky model) mohla spolelipinit
Gcely modelovani, musi mit statistickou vyznamnogeja vysledky musi mit teoreticky i prakticky
zdavodnitelny obsah, coZz znamend, Ze musi byt ekorignmterpretovatelné.

Jako shrnuti pojmu ekonometrie idei, Ze se ekonometrie zabyva vztahy mezi ekonojnickeli¢éinami
s cilem kvantitativdh vyjadit, owiit a aplikovat ekonomické hypotézy na zakla#tonkrétnich
statistickych Gddj, a to pouzitim matematicko-statistickych metod. sikdiem ekonometrie je
ekonometricky model, ktery imdeme aplikovat jako statisticky vyznamnou a ekorobmi
interpretovatelnou ekonomickou strukturu.

/ Data

Pokud bychom pétrali po zdrojich dat, ktera angbme, tak ¥tSinu nam dodavaji profesionalni firgguh
agentury jako Bloomberg, Center for Research irugcPrices, Data Stream, Reuters a mnohé dalsi),
dale potom nadnarodni finém instituce (Mezinarodni &movy fond, S¥tova banka aj.), na narodni
arovni potom statistickéiady, centralni banky, fingni burzy, finagni databaze spravovan&nymi
investiénimi spolénostmi (Patria Finance), bankami, pgfignami, penzijnimi fondy, &etnimi firmami,
auditorskymi firmami, obchodniky s cennymi papiryngmi.

Typy dat Ize rozdit do tii z&kladnich skupin.

« Casova data, ktera jsou znazema pomociasovychiad. Casovérada je sestavena z pozorovani
ur¢ité veliciny za zvolen&asové obdobi, kterému #ig&é frekvence. Frekvence namiuje, jak
dasto se sleduje dana wtfia (obchodni den, kalenigd mesic, rok). Pratasova data jeidezité
jejich chronologické usgédani Wase a nelze jetprovnavat. Ekonometricky model vyZaduje,
aby data rdla stejnou frekvenci a celkovy et pozorovani.

» Prafezova data, kterar@dstavuji pozorovani pramnych tykajicich se jednotlivych subjékee
stejném obdobi, tj. k gitému okamziku. Prostorové Udaje jsouifpzova data, ktera shrnuji
informace zaizné regiony nebo zefrv daném obdobiCasto je uziténé kombinovat pifezova
data s datyasovychiad, ¢imZ ziskame vice informaci o modelovaném systémani pro ®&
dulezité uspsadani a Ize je jednoduSgepovnavat.

» Panelova data, ktera jsou kombinaci obimdphozich.

8 Vytvoieni ekonometrického modelu
* Formulace problému

Pokud chceme tvii ekonometricky model, tak bychom si nejprveélinfiednozna&né formulovat dany (v
mém gipadt pri rozhodovani podniku finami) problém, ktery chcemiesit. Dale mizeme problém
nazyvat hypotézou, kterou si chcemesiy Je dobré si zjistit, zdagkdo uz podobny problénresil,
popripact jak postupoval a k jakym vysledik do3el.

» Specifikace
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Konkrétni specifikaceti formulace ekonometrického modelu je zakladem haelé&konometrického
modelovani a zaleZi do zf& miry na naSich schopnostech, zda dokadZzeme s$pojittické poznatky
s informacemi o konkrétnim problému nebo systénterykje gedmétem nasSeho modelu. V této fazi
ekonometrického modelovani musi b¢hevana pozornost i tomu, zda vstupni statisticka deuteng
odpovidaji prorsnnym zahrnutym do modelu. \&kterych gipadech je totiz vhodisi dat gednost
relativre jednodusSe specifikovanému modeteg slozitym ¢asto zavagjicim modelem.

Casto se model specifikuje vicetgoby, gicemZ nejvhod§si varianta se vybira néklad na zaklag
vyhodnoceni pétatového simuld&niho experimentu diznymi variantami modelu. N&sESim
kritériem ¥ volbé vhodné specifikace modelu je jeho konzistencesita dale jeho celkova shoda s
nameérenymi daty. V skterych gipadech Ize pouzit jako kritéria spravné specifikawodelu del, pro
ktery maji byt vysledky ekonometrické analyzyegevSim vyuzity. Je vhodné testovat konkgétn
specifikovany model naékolika mnozinach statistickych dat. Model¢eny gedevSim k verifikaci
tvrzeni ekonomické teorie bude specifikovan jinak model, ktery ma slouzit k prognostickyelim
nebo k optimalizaci hospottké politiky.

V praxi se zpravidla postupuje tak, ze se vycherze modelu specifikuje v co nejjednodussi pédob
na zaklad vysledki testovani se model modifikuje a zdokonaluje. Zjgavse néni paiet zahrnutych
promgnnych, analyticka forma pouZzité matematické tramséxe nebo oboji.

* Sestaveni modelu

Jako dalSi bychom #i sestavit model, ktery by nam pomohliegit dany problém. Ekonometricky
model popisuje zakladni hypotézu jednou rovnicionelte rovnicemi, které jsou zpravidla vzajemn
zavislé nebo propojené.&sinou se ndm nepofiazachytit vSechny vlivy tak, jak bychom sigfi, ale
musime se snazit, abychom se sknibsti co nejvicejfiblizili. Problém nam #tSinou tvdi veliciny, které
nemizeme pesré zmefit. Musime Wit své intuici a pofipac se obréatit na ¢koho, kdo podobny
problémiesil a zjistit, jak se s tim vypadal.

Analyticky tvar modelu, @&jiZ obsahuje jednu nebcakolik rovnic rizného typu, volime n&jstji tak,

aby zavislosti vysitlovanych a vysstlujicich proménnych byly linearni v parametrech jiz inmdni
specifikaci, nebo se daly linearizovat relativiednoduchou transformaci, rfapzlogaritmovanim.
Vyhodou ekonometrickych models linearnimi parametry je zejména jejich nazork@nemicka
interpretace a také moznost odhadovat i testovatdenymi a jednoduchymi postupy, coZ nelze Jidy
o0 modelech, které nejsou v parametrech linearni.

e  Shkirdat

Pokud jsme se jiZz rozhodli, co chcebesit a sestavili iislusny model, tak nantigtava dalsi problém a
tim je, kde nalezneme vhodna figandata. \étSinou ndm poslouZi jiz vySe zniiré agentury, statistické
Uiady a podobné instituce.

Dale si musime vybrat vhodnou odhadovou metodupltbudeme pouzivatgetns overeni gredpoklad
vyZzadovanych zvolenou metodou. Vliv na to niddevsim i pouzivany typ softwaru.

* Verifikace modelu

Jakmile mame vSe vybrané a sehnana data, mugisteupit k verifikaci odhadnutého modelu, ke které
pouzijeme vybrany statisticky test. Jde tedy o paeseai, zda je model kompatibilni s daty, které mame
Pokud dosgieme k zaw¥ru, Ze neni, musime ighodnotit pedchozi kroky. MZeme nafiklad
pieformulovat model, roz8f datovy vzorek, zmnit metodu odhadu a podabnAZ je model
kompatibilni, tak "iZeme postupovat dal a posoudit, zda je model kdhbijpats realitou. Pokud ano, tak
jiz zbyva jen praktické vyuziti modelu, ktery jsmeonstruovali.
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9 Zawr
Jedno z vyuZiti modelu e byt nasledujici. Firma set#e rozhodnout k gitym akcim, nap na trhu
s cennymi papiry, pokud tité veliciny prekrasi mezni hodnoty (pokud sledujeme hapyvoj kurai

akcie a vidime, Ze seétginou pohybuje v @itém pasmu, tak nam mohou krajni body intervalu
napowdést, co mame v dangas dlat, zda nakoupiti prodat, anebo zdaiheme jedt patkat).

DalSich vyuziti odhadnutého ekonometrického mogelanoho a to jak na makro-Grovri gvantifikaci
a testovani ekonomickych hypotéz vychazejicichanekiické teorie, tak na mikro Grovnii gkoumani
vztahi mezi ekonomickymi progmnymi jako jsou poptavka, sgeba, ceny neboadhody. Vyznamnou
roli z hlediska teorie rozdbvani a teorietrstu hraji makroekonomické prodtrk funkce.

Prognostickd aplikace, nebo jen kratce predikéeizé k odhadu hodnot endogennich p&amych
pomoci odhadnutého modelu v nasledujicich obdoljich,obdobich nasledujicich po posledningcht
které jsme uvazovali jako zaklad kvantifikace moddkedpokladem je ovSem znalostekdvanych
hodnot vys¥tlujicich prongnnych v obdobi predikce,figemz analyticky tvar i odhady parametr
modelu jsou ¥ase stabilni. #d vlastni aplikaci ekonometrického modelu k pragic&ym Eelim je
nutno testovat, gkdy i simul&nimi postupy, jeho prediki schopnost. Ne vzdy totiZ plati, Ze odhadnuty
model, ktery vyhovuje vSem kritériim verifikace bdpbi pozorovani, je automaticky vhodny pro
predpod:.
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Abstrakt

Prispvek popisuje konceptedecké a vyvojové spoluprace mezimyslovym sektorem a laboréto
softwarovych architektur a inforrdaich systém — Lasaris. Koncept spoluprace zaklada na propojeni
hlavnich fech pili: univerzitnicinnosti s roz8iovanim inovaci a budovani lidskych zdroja stra@
primyslu. Spoluprace je postavend na inovativiminosti pinosné jak pro akademickou, tak pro
primyslovou sféru.

Abstract

This paper presents new research and developmeaepb of cooperation between industry sector and
laboratory of software architectures and informatisystems — Lasaris. Cooperation concept is based o
connection of three main university activity piawith extending of innovation and human resources
development for industry. Cooperation focus on uation activity useful for university either indyst
sector.
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1 Hlavni cile spoluprace

Hlavni mySlenkou pro vyty@ni modelu spoluprace postaveného na technolodicgiatformach byla
snaha vytveit udrzitelny win-win model spoluprdce mezi univiemz a piimyslovou sférou. Po
zhodnoceni dosavadnich zkuSenosti zejména v radhizéni pimyslovych partndér a diskuze se
strategickymi partnery bylo mozné sestavit modavhich citi obou stran.

Hlavni cile spoluprace pro univerzitu jsou repreéaeany jednak vysledky v oblasti vyzkumu, dale
v oblasti vzdlavani a v neposledifadt v realizaci inovénich projekii. Analogicky pro pimyslovy
segment jsou hlavni cile reprezentovany v oblasiwaci, budovani ptgbnych lidskych zdrdja Steni
powdomi o firme ¢i technologiich z firemniho portfolia viz Obr. 1.

Model, ktery bude podporovat gim techno strategickych éilje win-win jak pro univerzitni, tak pro
primyslovou sféru. Vize tohoto modelu spoluprace jpléementovana v podébtzv. technologickych
platforem popisovanych v tomttanku.

Cile je nutné podpd finanénimi zdroji tetich stran, které sniZi gitesni riziko spoluprdce a umozni
navysit rozsah spoluprace. Rizikovost prvotni spdue je dana zejména z funkch rozdft a chipani

vysledki na univerzi& a v kome&nim sektoru. Toto riziko se nesmi potloeat a je nutné ffjit
s modelem, ktery riziko snizZuje.
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Dulezité je také vhodhstanovit a formulovat&kavani a vysledky spoluprace. Univerzita samabg so
nepedstavuje idealni prostor pro tvorbu produkZejména ze za@tku je vhodwjSi se zanms‘ovat na
formy vysledKi, které jsou obtiZji (¢asow¥, ceno¥, kapaciti ...) dosahovatelné v kom@rim prostoru
a naopak v nich mé univerzita oporu ve féremalosti, technologii, potendiébtd. Vhodnou formou
vystupi inovainich projekt jsou: studie proveditelnosti, analyzy, PoC, pilatgrifikace atd.

Vyzkum

o
Vzdélavani Win—Win s .
w

Inovaéni projekty

Obr.1: Cilové aspekty win-win modelu spoluprace.

2 Technologické platformy

Koncept technologické platformy je postaven na eyt realizéniho tymu, ktery své vyzkumné,
vzdélavaci a projektové aktivity cili do dané oblasteehnologie, znalosti. Tyto znalosti jsou
uplatiovany v ramci inovativnich projektkteré maji pro partnery technologické platfornfgtpy pinos
v naphovani citi spoluprace. Struktura technologické platformyjiarfge jsou zobrazeny na Obr. 2.

Platforma se zaklada na tzv. nositeli znalosti. jEfRh.D. student, ktery se v ramci svého studia
aplikované informatiky teoreticky profiluje do obtablizké nebo totozné se strategickou technalogii
Tento nositel znalostitpdstavuje udrzitelny rozvoj platformy po celou dgehio studia a slouzi jako
klicova osoba pro iné reflektovani a inovaci vyuky na unive#zitliky jeho praktickym zkuSenostem
ziskanym ve spolupraci s kondef sférou. Do vyuky také reflektuje teoretické patky ziskané v ramci
jeho Ph.D. studia. Tento nositel znalosti ma koserie tym studetitbakaldského a magisterského
studia. VySe popsany model spoluprace zcela zagm#éténcepce aplikovaného Ph.D. studia na FI MU a
predstavuje model trvale udrzitelné spoluprace meianzitou a firmami v oblasti inovace poznani a
produkti.

Tento model takéfpdstavuje motivaci pro mladédce zapaijit se do aplikovaného vyzkumu na
univerzig. Jelikoz neztraceji kontakt s aktualnimi technimkgmi smery, feSi inovani projekty ve
spolupraci s renomovanymi firmami, tak jejich nf@istio praxe po absolvovani Ph.D. studia
nepedstavuje fekonani znalostnich bariér mezi akademickou a kémheférou. Spolu €mito studenty
realizuje inovani projekt pro partnera. Nadhto projektech probiha budovéni znalosti vSech
zastrénych studerit. Spoluprace mezi univerzitou a korgim partnerem probiha za profesionalni
asistence univerzitniho Centra pro transfer teauibl
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Obr.2: Koncept technologické platformy.

3 Dvoufazovy model stazove spoluprace

Budovani lidskych zdrdjjako jeden ze strategickychicBpoluprace v ramci technologickych platforem
je postaven zejména na tzv. dvoufazovém stazovédelmoCilem této aktivity je vybudovat a podipo

novy efektivni model staZové spoluprace a diktypm zasadnim Zgobem posilit dliouhodobou
spolupraci mezi MU a komé&mimi partnery.

V souwasné dobjsou staze realizovany peémeé neefektivnim zfisobem. \étSina stazovych modiel
z&ina u slab zajmow orientovaného osloveni studénha jehoz zakladdojde k naboru na staz do
firmy. Nasled® probiha narény proces vzélavani stazist na zakladni znalostni draveZejména z
diivodu absence silné prvotni motivace stutldemastupu na staZigtane v zagstnaneckém po#énu po
stdZi malé mnoZstvi studéniTento model je zobrazen na Obr. 3.

‘_f‘\\—umﬁ.
% &£
e .
s idea
i
| | @ .
]
v
HR vzdéldvani zamdéstnanec

Obr. 3: Zakladni stdzovy model
V novém modelu realizovaném v ramci Labotatsoftwarovych architektur a inforrdich systém se

naopak poéita se zavedenim dvoufazového stazového modelaymstho na tzv. technologickych
platformach zobrazeného na Obr. 4.
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V prvnim kroku dojde k identifikaci a formulaci ategické technologie/znalostni oblasti, o kterou mé
dané firma/klastr zajem. Nad touto technologiigepdena platforma sloZena z nositele znalosti (Ph.D.
student) a studeint Studenti realizujici inovii projekty, na kterych dochazi k cilenému budovani
znalosti studetitnad strategickou technologii. Budovani znalostifieno podporovano experty partber
projektu i wdeckymi poznatky nositele znalosti. Studenti &&stni tematicky orientovanych workstiop
kde ziskavaji fehled o danych technologiich a sdilicagtniky své znalosti. Tatinnost se nazyva prvni
faze staze. Jejim vystupem jsou studentii kitky vynaloZzenému Usili maji o danou technologick
oblast zajem a diky praci na in@wéch projektech a vzthvani doséhli netrivialni odbornosti.

Délka staze je typicky 2-4 gnice. Vybrani studenti poktaji v druhé fazi staze u partridaboratdge.
StaZe budou od pétku realizovany minimaths partnery laborate. Partn# jsou v tétodinnosti zcela
zasadni. Disponuiji pibnou znalostni kapacitou v poddbzemskych a zejména zahrarich experi.
Z tohoto divodu jsou zapojené zejména mezinarodni firmy.

1. Faze 2. Faze

ﬂM' platforma Poiadavky,lP,@

@ —l.o© I

vzdelavani HR skoleni firma a partnefi

Obr. 4: Dvoufazovy staZzovy model

4 Strategie budovani spoluprace

Koncept technologickych platforentqustavuje model, jak budovat nové vyzkumné tymydd®dni
novych tynii je ze své podstaty rizikowinnost, proto je nutné spraviavolit strategii pro jeji realizaci.
Strategie musi vést k budovani vyzkumné a vyvojonaosti v oblasti, ktera je dlouhodbkajimava jak
pro univerzitni vyzkum, tak pro myslovou spolupraci. N@évvznikly tym musi staét na udrzitelném
modelu financovani, ktery umozni stabilni rozvogdeckych kapacit. Strategie pro budovani
technologickych platforem se sklada z nasledujibiakinich kroki:

» lIdentifikace strategické technologické oblasti &pyslovymi partnery
» Vytvoreni udrzitelného modelu spoluprace

* Formalni dohoda o strategické oblasti

» Identifikace a zapojeni studént

» Identifikace kolaborativni spoluprace na indwizh projektech

» Identifikace vyzkumnych grafipodporujici technologickou oblast

» Prezentace vysledkspoluprace

* RozStovani modelu spoluprace
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5 Strategietizeni v modelu technologickych platforem

UdrzZitelny a produktivni model technologickych jfdeem musi obsahovat i tzv. governaritenosti.
Poteba je dana zejména spolupraci smprslovou sférou. Dale i reformami financovaréidy, které
transformuji finadni zdroje z institucionalni formy podpory naelbvou. Spoluprace simyslem
naphuje jak inovéni strategie EU (FP projekty), tak narodni stratégACR). Na druhou stranu neni
dolre mozné podnibvat kvalitni vyzkum terminy dosahovani vyslédikdyZ neni¢asovy horizont
dopredu pesré predikovatelny na zakl@d dosavadni empirické zkuSenosti. Motivace vedouci
k dosahovéani vysledkmusi stagt hlavré na osobni motivaci pro danaiinnost. Nicmés je nutné
piedchazet fipadnym problérmm pri realizaci spoléného vyzkumu a monitorovat {®h &innosti
vyzkumné skupiny, tak aby se nedostala do organigh ¢i financnich probléni. MySlenka strategie
fizeni v modelu technologickych platforem stoji ndveieni rAmcové a transparentni strategie, ktera
definuje kratkodobé a dlouhodobé cile jak pro skyptak pro celou laboratoDale kvalitu a pibéh
dosahovani &deckych vysledk, které formuluje leader labordto Formulaci a monitorovani celkové
strategie ma za Ulohu zejména tzn. overall projentager.

6 Zawr

V souasné dob je spoluprace univerzity a kondefch firem stale v ranych &atcich. Mezi hlavnimi
problémy, pré spoluprace neexistuje na uspokojivé Urovni, jelengovy rozdil mezi akademickou a
komegkni sférou. OB oblasti maji rozdilné specifikace chapani pracprogktech a jejich cile. Pouze
propojenim a znalostni vi#nou mladych studefita wdci s odborniky z praxe fize dojit k giblizeni
obou prostedi.

Spoluprace musi byt zaloZena na dostatsilném benefitu pro abzapojena prostdi. Idealnim
startovnim prvkem je spoluprace na technologickénir Pro firemni sektor torpdstavuje zajimavy
zdroj inovaci a edukovanych studintpodol& stazovych projekit Spoluprace je sithvyhodna a
piinosna i pro univerzitu. Intenzivnim propojenimastpery v aplikované oblasti je mozné verifikovat
stavajici systém vzthvani a inovovat o prvky, které umozni absolientychlé a cilené zapojeni do
budoucich zagstnani. PedloZenou spolupraci Ize &Sps identifikovat problémové oblasti firem, na
které Ize v ramci spoluprace hledat na univémitpowd a pomoci inovénich projeki a stazi ji
aplikovat ve firmach.
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Abstrakt

Prispvek popisuje déleZitost kvality dat v systému evidence kontamimpeta mist. K tomutocdélu jsou
pouzity nastroje Business Inteligence (Bl). Prvrknokem bylo vytv@ni matematického aparatu
slouziciho k normalizaci vypinosti kontaminovanych lokalit na Grovni okieg celéCeské republice.
Na z&klad techto teoretickych podkladvznikla plnohodnotna aplikace na platfafriviicrosoft Excel.
Aplikace je pl& parametrizovatelna, a proto uzivateli nabizidu datovych analyz. Vysledky jsou
prezentované za pomodighlednych graf, které slouzi jako podklady pro rychlé vyhodnodemality dat

v systému SEKM I, coZ je zékladem pro celkovoenimavizaci kontaminovanych lokalit Geské
republice.

Abstract

The paper describes an importance of data qualitythe Register of Contaminated Sites. Business
Intelligence (BI) tools are used to for this purpo3he mathematical theory, used to data normatisat

of contaminated sites repleteness at the individiigttict level at the Czech Republic, was createthe
beginning. The novel application on the Microsofic&@ platform was developed on these theoretical
basics. The application has many setups, whichnvaitbto the user huge amount of data analysis. The
results are represented by transparent diagrams éina used to fast interpretation of data qualitythe
Register of Contaminated Sites. It is the key fanatity for making global inventory of contamindte
sites in the Czech Republic.

Kli ¢ové slova
Systém evidence kontaminovanych mist, Businesidatee, Tvorba aplikace, Microsoft Excel

Keywords
Register of contaminated sites, Business InteltgeApplication development, Microsoft Excel

1 Uvod

V uplynulém roce doslo k vyznamnym &nam ve zfisobu evidence kontaminovanych mist, jeZ vyustily
v novy informa&ni systétm SEKM Il (Systém evidence kontaminovanyufst), ktery provozuje
Ministerstvo Zivotniho prostdi CR. Do nového SEKM Il byly integrovany kbivé ¢asti mivodniho
sytému SEKM a aplikace Priority KM pouzivané praoptizaci lokalit z pohledu ekologickych rizik.
Celkovy zamdr je pripravit vSechny pdebné podklady pro celonarodni inventarizaci kontexvénych
mist.

Aby tato inventarizace byla U&n4, je teba nejen fipravit kvalitni software, ktery bude schopen
zpracovat vSechny piefona data, ale také je petva zkoumat kvalitu a relevantnostiito dat. Sotasna
data v systému SEKM totiZz nejsou z geografickéremliska vCeské republice rozloZzena rovnéms.
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Vyznamnou roli tu hrajefpdevsim aktivita, fipadré pasivita jednotlivych pracovnik(anotatow), kter
data do systému vkladaji. Aby celonérodni inventar@ probhla v pgdadku, je nejprve péeba blize
prozkoumat kontaminovana mista, ktera maji ptglezmalo kontaminovanych mist, anebo naopak
analyzovat relevantnost kontaminaci v oblastech,jiath je iliS mnoho.

K tomuto &elu byly vybrany prvky Business Inteligence (Bl},[jejichZ primarnim delem je vyuZziti
informanich technologii pro &b, normalizaci, analyzu, prezentaci a interpretpodnikovych dat
(Udajr) o vyvoji v organizaci (komeni i statni). Primarnim deglem Bl systém je podpora procés
rozhodovani a planovani vizanych oblastech podnikového managementu. Jedna sktualni
problematiku, kterd nema vyznam jen pro firemnagdate i pro informéni systémy viejné spravy, kde
je zapotebi kvalitni analyza dat.

2 Popis dat a struktury SEKM

Jak jiz bylo uvedeno, systém evidence kontaminostamjist se &i na dw& hlavni ¢asti. Databazi SEZ
(staré ekologické zéte, tj. pivodni SEKM) a aplikaci Priority KM. Aby bylo moZnkodnotit miru
naplrénosti dat v uvedenych systémech, je Hepl nutné prozkoumat moznosti gii dat do systému
SEKM. Do systému SEKM vstupuji data zé $mera: klientskou aplikaci SEZ, klientskou aplikaci
Priority KM a pomoci webového formukina strankach OPZP (Opé&mého programu Zivotni prostdy)
[3]. Celkové schéma datovych tokvidence kontaminovanych mist ukazuje nasledofichzek.

[ Portal OPZP ] [ Portal OPZP ]

A SEKM Y

[ CDS - SEZ ] [CDS-PriorityKM]

Klienti SEZ Klienti Priority KM
<

Obréazele. 1: Sk¥r a distribuce dat v systému SEKM

3 Matematicky aparat pro normalizaci dat

Problém, jak ufit optimalni vyplrénost jednotlivych Gzemi, neni trividlni. Kazdé (Giema jinou
rozlohu, p@et obyvatel neboifrodni podminkyReSenim je rozdit Ceskou republiku na Gzemi, kde
jsou tyto smirodatné informace znamé, a naskedyto hodnoty jednotlivych Uzemi porovnavat oproti
hodnotam jednoho vybraného tzeferer:niho GzemizZ administrativninglenéni Ceské republiky je pro
tento &el optimalni pouZit kraje a okresy, protoZe jejicpisné informace jsou snadno zjistiteldégky
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statisticky dtad) a i svoji velikosti odpovidajiipobnosti jednotlivych anotétiorZ analyzy popisnych dat
okresi a kraji [6] vyplynulo, Ze vhodné atributy vyuZitelné proypecet optimalniho vypléni
jednotlivych Gzemi jsou naiklad:

 Rozloha
» Pocet obyvateh
e Hruby domaci produkt (HDP)

Jednotlivé atributy pro kazdé Gzemi je nutné Wiifad pomeru vaci vSem Gzemim. Pro pamrozlohy
»PR jakéhokoliv tzemi * ke vSem Gzemimn' plati:

R,
PR, = = “E

i=1"t

kde ,R* zn&ii rozlohu. Obdob# by se péital i pongr obyvatel nebo hruby doméaci produkt. Zvolené
atributy je mozné navzdjem kombinovat. Samotné koovani vSak pro porovnéni Uzemi négta
protoZze jednotlivé atributy jsou mezi sebou nepoatelné. Proto je nutné ke kazdému atributdap
vahy ktera plati pro vSechna Uzemi a méa za ukol kakdljut vyvazovat dle pteby. Nasledny index’,
jakéhokoliv Uzemi y“ se pro vSechny atributyn; vypocita jako:

I, =Va,y .Pay + Va, .Pa, +-+ Va, .Pa,

kde ,va' znati vahu atributu aRa‘ znati pomer atributu ke vSem Gzemim. Tento vzorec plati paaze
piedpokladu, Ze vahy vSech* atributi maji sodet 1, tj. sphuji nasledujici rovnost:

n

ZV&E =1

i=1
Za pomoci takto spidtanych inde¥ je mozné vyjatit predikovany poet kontaminovanych mist na

jakémkoliv 0zemi uc¢i Gzemi referetnimu. Pdet predikovanych kontaminovanych miskNp*
jakéhokoliv izemi y* vici referenimu Gzemi * se vyp@ita pomoci vztahu:

u

I
KMp, = +* .KM

r

L

kde ,KM“ vyjadiuje paet kontaminovanych mist zanesenych v databézi SEKakto uteny pcet
predikovanych kontaminovanych migtMp“ jakéhokoliv Gzemi ,u“ nizeme porovnat se skdtgym
poétem kontaminovanych mistKM“, zanesenych v databazi SEKM, a jejich pomP* vyjadrit
vztahem:

KMp,
KM,

Tento vypgitany pondr vyjadtuje nasobek aktualniho $a kontaminovanych mist zanesenych v
databazi SEKM by ®a tato databaze pro zvolené refe@rd@nizemi obsahovat v ,optimalnimftipads.
Pro ukeni, zda je dané Uzemi dostake anotovano, je Zadouci stanovit minimalni a maxhahiru
tolerance, kdy je Uzemi j&Styhodnoceno jako dostd® anotované, ifikemz je vhodné, aby maximalni
mira tolerance bylai¢i optimu (tj. pon&ru rovno jedné) o dco WtSi neZz minimalni mira tolerance.
Tento neporér je dan tim, Ze je vice zadouci, kdyZz Uzemi ohgabhice zaznafhnez mén. Na zaklad
tohoto rozhodnuti je nasleimozné podniknoutifslusné kroky.
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Nektera Uzemi, ktera se svymi atributy gn@a liSi od Uzemi refer@miho, mohou mit takto sptiany

pomeér znang odliSny od ostatnich Uzemi, kter4d maji atributglgné referefmimu Gzemi. Mezi tato
tzemi, ktera se lisi od celostatnindirpéru Ceské republiky, p#it nagiklad Praha a dktera horska
Uzemi. Proto je vhodné dir miru tolerance jednotlivych atributa porovnavat &i referergnimu Gzemi
pouze Uzemi s podobnymi atributy [6]. Namistdowani podobnych okrészvla¥ podle rozlohy Gzemi
a paitu obyvatel, je mozné &wvat podobu podle pofru tchto dvou atribut, tj. podle hustoty
obyvatelstva. Atributy vyuZzitelné pro porovnavaediotlivych Gzemi jsou néilad:

» Hustota obyvatelstva
e Primeérna nadmdska vyska

Rozhodnout jaké dalsi atributy jsotigadré pofreba a posléze tit jejich optimélni vahu, respektive
toleranci, je znén¢ obtizné. SeSenim tohoto problému je nutné se obratitifely$né odborniky.

4 Tvorba Business Inteligence aplikace

Tato podkapitola se zabyva navrhem a implementkulétoru, ktery slouzi pro vypty predikovaného
poctu kontaminovanych mist v zavislostech na poznhatditeré jsou uvedeny ¥gdchéazejicicl¥astech.
Implementace je provedena v piesti Microsoft Office Excel s pomoci maker. Volbaot@latformy
byla zvolena zdvodu pouzitelnosti védznych kanceldch, nap. na odborech Zivotniho prosti
meéstskych tdadi. Jako prvni krok byl navrZzen datovy model kalkotét ze kterého aplikace posléze
vychazi.

- T T -
Uzemi Hodnoty Atribut
id_uzemi (PK) te= id_uzemi (FFI) t - id_atributu (P

id_atributu (PFE)
= -

rK-:-ntamin-:n.rana mista
{id_ku:-ntaminwanehn_mista (P2 J

id_uzemi (FFK)

Obrazeke. 2: Zadavactast kalkulatoru

Entita Uzemiobsahuje viechny kraje a okreSgské republiky. Jako identifikatogchto Gzemi slouzi
oficialni ¢iselnik vydanyCeskym statistickym itadem. EntitaAtribut obsahuje vSechny atributy, které
maji vliv na vypd@et predikovaného @tu kontaminovanych mist. Jedna se o rozlohdepobyvatel
nebo hruby domaci produkt. Refetan entitaHodnoty propojuje entity Uzemi a Atribut a obsahuje
hodnotu atributu na konkrétnim Uzemi. End@ntaminovana mistabsahuje seznam kontaminovanych
mist vyskytujicich se na jednotlivych Gzemich.

Dale jsou popsany jednotlivé kroky provedetigimplementaci kalkulatoru. Jak jiz bylo napsancey
kalkulator je implementovan v programu Microsofti€d Excel s pomoci maker.

Jako prvni je vytvileny samostatny list, ktery je pojmenovaata. Tento list je paebné naplnit Gdaji o
jednotlivych okresech a krajich, které jsou nezéypno vypaéet predikovaného @tu kontaminovanych
mist, jako jsou kod okresu, rozloha,épb obyvatel, HDP, iffpadré dalSi. Tato data jsou dostupna na
portdlu Regiondlniho inforndaiho servisu (RIS), jehoZizovatelem je Centrum pro regionalni rozvoj
CR (CRRCR).
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Specifikace Uzemi a rizik

Kategorie hust. obyv.: Stiredni <90 - 150}
Kategorie pram. n. v.: NiZiny <0 - 375)
Kategorie rizika kvl: Nespecifikovano
Min. tolerance rizika kvl: 0-nezndmeé
Max. tolerance rizika kvl:  |5-Zddné
Kategorie rizika kvn: Nespecifikovano
Min. tolerance rizika kvn:  |1-kontinentalni
Max. tolerance rizika kvn:  |5-neznameé

Vybér dzemi |

I Vybér referenéniho Uzemi
IReferenE:m'L]zeml’: Bfeclav
ITyp Udzemi: akres

Specifikace vah

Vaha rozlohy: 0.5
Vaha pottu obyvatel: 0.4
Vaha HDP: 0,1

Specifikace toleranci

IMin. tolerance poméru: 0.8

Il'flax.mlerance pomeéru: 1.4

Vyhodnotit |

Obrazek 3: Zadavageast kalkulatoru

Nasledr je vytvaen dalsi list, ktery je pojmenovatateze Do tohoto listu jsou vloZzeny informace o
kontaminovanych mistech ze SEKM Il. Tabulka nesmajiné i informace o tom v jakém okresu a kraji
se zatz nachazi. Diky této informaci je mozné mezi sepmpojit tabulku na listu Zateze a tabulku na
listu Data.

Jako posledni je vytw¥en list pojmenovanyplikace ktery obsahuje viastni aplikaci slouzici pro Wgto
predikovaného ptiu kontaminovanych mist. Levist je takzvana zadavaci a obsahuje zadavanitvstup
pro analyzu dat. UZivatel postupmybere tolerance jednotlivych atrilijako je hustota obyvatelstva a
primérna nadmiska vyska, slouzicich k tomu, aby byly mezi sebowynavany pouze podobna Gzemi.
Dulezity je také vybr kategorie rizika jak na zakladkvalitativnich, tak kvantitativnich kritérii.
Vytvotend aplikace poskytuje funkdybeér GzemiumoZiujici seznam kréj a okred jeS€& upresnit na
zaklad vlastnich preferenci. Néasleduje ¥ybrefereniho Gzemi. UZivatel ma pokfité moZznosti
nastaveni, a proto takéude nastavit vahy jednotlivych atriiutohoto Gzemi jako je rozloha, Jm
obyvatel, HDP (satet tchto vah musi vit roven jedné, viz vzorec¢ésti Matematicky aparat pro
normalizaci dat). Posledni mozZnosti je nastavit imé#tni a maximalni toleranci pafru mezi
predikovanym p&em kontaminovanych mist a skétgm pditem kontaminovanych mist
vyhodnocovaného Uzemi viz vzorecie@chozicasti. Zadavani vstupnich dat do aplikace je znd&norn
na obrazku 3.
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5 Vysledky datovych analyz

Stisknutim tl&itka ,Vyhodnotit* se spusti makro, které na zaklahdanych hodnot v zadavadsti
vypote a zobrazi hodnoty &ésti vyhodnocovaci. Jako prvni se zkontroluje, sm@et vah jednotlivych
atributi je roven jedné. Pokud tato kontrola ptbbe UspSre, tak aZz poté se Zamou pditat Udaje do
vyhodnocovacicasti. Na z#éatku je nutné spidtat zakladni Udaje o refer&mm Uzemi, které nejsou
obsaZené v listu Data. Jedna se o0 ¥@p@ditu kontaminovanych mist na refet@im Gzemi z listu
Zateze pomoci kédu Uzemi z listu Data. Nasiesinvypd@te index referetniho tzemi podleifsludného
vzorce. Poté je nutné projit vSechna Uzemi stejnigpo (vybrana Gzemi). U kazdého Uzemi se
zkontroluje, zda spje zvolené tolerance oproti refeteimu Uzemi. Pokud Gzemi tyto tolerance
sphiuje, tak se spitd paet kontaminovanych mist na tomto Uzemi a index tmlizemi. Pokud jsou
vSechny tyto informace k dispozici, tak je mozn@agjtat paet predikovanych kontaminovanych mist a
nasled® pomer mezi predikovanym a skutieym paitem kontaminovanych mist na tomto Gzemi.

Vypoctené Udaje jsou zobrazeny ve vyhodnocowdsti listu Aplikace. Pro prezentaci vyslédie
pouzita pehledna tabulka, ktera se skladéasti jako: Nazev porovnavaného Uze@isiatni Gzenj
Skut&ny paiet kontaminovanych mist ziskany z listu ZateZ&kufeénos), Predikovany peet
kontaminovanych misti¢i referenimu Gzemi Predikc§ a pongr mezi predikovanym a skuteym
poctem kontaminovanych misPoner).

Ostatni Uzemi Skutecnost |Predikce Pomér
Kaolin 53 39( 1,358974359
MElnik 41 39| 1,051282051
Mlada Boleslav 81 52| 1,557692308
Nymburk 52 41) 1,268292683
Brno-venkaow 25 80 0,3125
Breclav 51 51

Obrazek 4: Zadavaeast kalkulatoru

Pro &tSi prehlednost jsou hitky nesouci hodnotu pafru navic obarvenéifslusnou barvou v zavislosti
na tom, zda se jedna o refetehlizemi (zelena barva), Gzemi, jehoz posphuje podminky kladené na
maximalni respektive minimalni toleranci (modravagr a Gzemi, jehoZz pamtyto podminky nesglije
(Cervena barva). Tyto vygtené Udaje jsou dale transformovany do grafu, ktamgzoinuje miru
naplrénosti databaze SEKM v jednotlivych porovnavanyctesk&ch (obr. 5).
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Pomeér skutecného a
predikovaného potu zaznami
jednotlivych tzemivzhledem k

referenénimu Guzemi
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Obrazek 5: Zadavac¢hast kalkulatoru

6 Zawr

Prispivek dava navod jak pomaoci refetan lokality, o niz pedpokladame, Ze jeji data jsou widku,
mizZzeme zjistit, v jakém po#&nu je paet kontaminovanych mist, zanesenych v databazi SEKM
piedpokladany piet skuténé existujicich kontaminovanych mist nachazejicichnaeGzemiCeské
republiky. KreSeni této problematiky je sestrojen matematicksratp ktery slouzi k porovnavani
vyplnénosti kontaminovanych mist na Grovni okrasceléCeské republice. Tyto teoretickéeplpoklady
jsou nasledé implementovany do plnohodnotné aplikd¢alkulator, vytvoirené na platfor Microsoft

Office Excel, kterou je mozné @parametrizovatiimz je docilena pozadovana uzivatelski&giivost a
dostupnost maximalnich moznosti datovych analyz.

Aby bylo mozné tuto aplikaci vyuzivat v ostrém poau, je pateba, aby fislusni odbornici stanovili,
jaké omezujici a vahové atributy maji vliv naéeb kontaminovanych mist na jednotlivych Gzemich
Ceské republiky a dopotili jejich optimalni hodnoty. Po této odborné kaiibi aplikace ji bude mozné
zavést do provozu a pomoci néowat optimalni napknost jednotlivych Gzemi.

Stale ale éstava problém s tim, jak zvolit refeterh Gzemi, protoZe toto zvolené Uzemi méacayavliv
na vypaet optimalniho pé&u kontaminovanych mist i na ostatnich Gzemicho da&eni tohoto problému
je mozné pro kazdou kombinaci omezujicich paraimstolit jedno Gzemi, které je pro nastavethto
parametii typické a na tomto Uzemi provést podrobnyizgum kontaminovanych mist. Timto
podrobnym piizkumem bude docileno toho, Ze pro toto Gzemi budigtabazi SEKM zanesen optimalni

pocet kontaminovanych mist. Toto Uzemi bude dale p@ud jako referami, ¢imz ziskame optimalni
predikované pity kontaminovanych mist i na ostatnich Gzemich.
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Jak je vidt, k optimalnimu napkni databdze SEKM Il vede jé3tlouhd a problémova cesta [2]. Tento
piispévek vSak ukazuje jeden z moznych konkrétnich néyjadk tohoto cile dosahnout. Jedna se o jednu
z konkrétnich moznosti, jak provést planovanourgiodni inventarizaci co nejefektijn

7 Podkovani

Autori piispvku dekuji za podporu vyzkumnému projektu SP/4h4/168/07 ,Zhodnoceni struktury
stavajici databaze starych ekologickychsZéatdefinovani kritérii pro hodnoceni jejich viivia ZP a pro
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Abstract. Roz&fena realita neni stale beZrpouzivanym terminem, i kdyZ se jejimi principy
setkavame téei kazdy den. Tento vyzkum si kladl za cil zjistkéjje po¥domi o této perspektivni
oblasti mezi laickou vejnosti. Zakladni otazky byly dopie kratkymi vysitlujicimi pasazemi

v pripadech, kdy dotazovani respondenti életaSeni, jaké moZnosti roZ8ha realita nabizi. Nase
hypotézy o znalosti a pouzivani byly pak konframgvs realitou. Obeeh vyplyva nizka
informovanost o problematice rozshé reality. Jeji popularizace je proto nezbytndyz dle
sowasneho vyvoje masové nasazeni rep§i reality pichazi v avahu v horizontu 5-10 let.

Keywords: Informasni a komunikani technologie, Roz&na realita, Dotaznik, P&lomi.

1 Uvod

Pojemrozsitena realita (rozSiujici, augmentovand, anglicky augmented realit§f§ia lidi dnes zatim
neznamy, se sklada ze dveasti, které fedstavuje skutma realita a roz&nost této reality odco navic.
Mohli bychom ji tedy definovat jako realitu rogshou o dalSi vyznamné informace generované
pocitatem. Jedna se o doptmi ke skuté&nému s¥étu a jeho objekim o informace pro nasitbZité,
piiéemz tento objekt dze reprezentovat neziva entita jakgéim vyznamnda budova, automobitinedni
Ukaz, a v budoucnosti dokonce i entita lidska.

Rozsfenou realitu mizeme také vymezit jako variaci na virtualni ptedt nebo virtualni realitu. Diky
virtualni reali& se uZivatel naprosto pot@o un€lého prostedi a nevidi skutay swt kolem sebe.
Naproti tomu roz§ena realita umaitije uZivateli vidt redlny s¥t s virtudlnimi objekty, které spales
s nim koexistuji. Roz&na realita nenahrazuje realitu skuiau, ale pouze ji dopiije [1].

Na platforng roz8fené reality také G¥eme ovladat digitélni objekty skdteymi, hmatatelnymi
predméty. Rozsfena realita tedyipdstavuje $et skuténa a virtudlna. Odehravé se v reélntase a
iredlném neboli iluzivnim prostoru, ktery obsahimisrmace nebo obrazce v digitalni podob

Misenireality |

L

i — - - I
Reilné Rozsirena Rozsifena Virtualni
prostiedi realita virtualita prostiedi

Spojeni reality a virtuality
Obréazek 1: Prechod z reélného praesti k virtuaini realit s pozici roz§ené reality [2]
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.RozSfiena realita a jeji systémy maji tytolastnosti:
1. kombinace skutmého a virtualniho
2. interakce v redlnérase
3. zaznamyv 3D"[1]

»Z technického hlediska to neni pouze jedna teclyimlale sbirka spojenych technologii s cilem gasfivatelovo
vnimani redlného gta prostednictvim virtualnich informaci. Tento druh inforohéyvéa také ozn@van jako
digitalni nebo synteticky. (...) V idealnim scémazSi‘ené reality dochazi ke spojeni vizualizace a virtich
informaci s redlnym gtem v redlnéndase tak, Ze uzivatelitbe, ale i nemusiibec poznat rozdff3]

2 Historicky vyvoj

RozSiena realitave svém vyvoji do jisté miry koresponduje s vyvojeality virtualni . Paiatky
virtualni reality spadaji dofplomu Sedesatych a sedmdesatych let 20. stoleti.

Roku 1965 vytvél Ivan Sutherland prvrtiead-mountedisplej a pouzil ho pro jednoduchy dratovy
model kostky pekryvajici realny sit, a tak vytvdil prvni rozhrani roz$ené reality. Vyvojéi prvnich
rozhrani pro roz&enou realitu, ki# nasledovali Sutherlanda, podébmavrhovali ¥tSinou 3D virtualni
modely v realném ¥¢ pro aplikace jako medicina,fipnysl nebo osobni inforndai systémy. Na
pocatku osmdesatych let sevistualni realitu zajimala NASA. AvSak koméniho zajmu se dikala az
roku 1989, kdy Jaron Lenietgustavil svj prilbovy displej a kontaktni rukavici. Nyni se priesiky
virtualni reality neustale zdokonaluji zejména dilkstu vykonu grafickych systéira vyvoji novych
algoritma.

Vyvoj virtualni reality byl podnicen projekty ar¢bkii, kteri vytvorili pro svoje zakazniky simulovany
model staveb. Zakaznik si mohl zkusmo ve virtuélsiéte vyzkouset, zdali mu projekt po v3ech
strankach vyhovuje.

Pojem a koncepbzSitené reality je zndmy jiz od p&gatku 90. let, kdy z&ly probihat prvni vyzkumy, az
nyni v8ak vznikaji zdzeni, diky nimZ je moZné ro¥8hou realitu vyuzZivat (n&iklad AppleiPhoné.

S paatky rozstené reality nebo s jeji zjednoduSenou podoboutkéwsene jiz porérné dlouho. Jeji
pocatky mizeme naleznout ve vojenstvi a letectvi, kde podobechnologii vyuzivali piloti stihacich
letouni. V béZzném zivok se s ni lidé mohli setkat v televizi mejrizrgjSich sportovnich disciplinach.
Nap‘iklad pi fotbalovych nebo hokejovych zapasech mohlgvgromitani aktualniho skoére, reklargy
loga sponzar primo na listé nebo ledovou plochu [4].

Takeé g rychlobrusleni mame moZnost ¥tdvirtudlni¢aru promitanou na led, ktera ukazuje grav
jedoucimu sow¥icimu a divaim, jak jsou na tom jeho soufe Do jednotlivych drah soéZicich se také
pii ptiprave na start mohou promitat vlajky zemi, které repnazié Néco podobného existuje i v mnoha
dalSich sportovnich disciplinach.

| kdyz je tedy znama jizakolik let, jejimu &tSimu roz&ieni brani nedostatek fuktkich aplikacki

vysoké finakini naklady. Zatim je spiSe ve fazi zkoumani a erpatovani, i kdyz péebné technické
zazemi je jiz ¥tSinou zndmeé a pouzivané v praxi.
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3 Prizkum pow¥domi

Ve Seteni v podob elektronického dotazniku jsme se zgithna zjiStni, jaka je informovanost jedific
0 pojmu roz&ené reality, kde se s nifipadré respondenti setkali, kde vidi jeji hlavrfinos a jak by ji
sami vyuZzili, kdyby nsli k dispozici dané néstroje a zda bibec ngli zdjem tuto technologii
kaZzdoden# pouZivat. Dotaznik obsahuje sedm otdzek, je annhgmeorientuje se na konkrétgkeve
skupiny.

3.1 Metoda sl&ru dat

Pro slér dat jsme zvolili metodu kvantitativnihotmkumu formou dotaznikového Eei s kombinaci
uzavenych a otekenych otazek. Tento druhgmkumu jsme zvolili proto, abychom mohli vysledky
matematicky vyhodnotit v podélgrafi, které jest dale slové komentujeme. Zarovevyuzivame
deduktivniho pistupu, tedy postupu od obecnych informaci ke kétmkm zjiS&énim.

3.2 Fredpokladané hypotezy

Domnivame se, Zze v naSenfigkumu zjistime, Ze&Sing responderitje pojem rozgené reality

neznamy. V fipad, ze jej respondenti znajifgrdpokladame, Ze se s nim setkali ve Skoj#i ¢teni

¢asopis vénujicim se péitacim a novym technologiim.

Také se domnivame, Ze o raegié realit slySeli spiSe ifisluSnici mladsi generace, tedy zejména studenti
vysokych Skoki ¢erstvi absolventi.

Z moznosti vyuZziti rozg&né reality pedpokladame, Ze nejvice respondenty zaujme potihoayigaci a
orientaci v prostoru. Z jejich vlastnich nagrpro vyuZziti minime, Ze uvedou moznosti zabavyradle

Ze spiSe &Sina z nich nebudesuét, jak by roz&enou realitu krofuvedenych moznosti wedchozi

otazce vyuzila.

3.3. Interpretace vysledki
Dotaznik vyplnilo celkem 163 respondént) nékterych otdzek ®&li respondenti moZnost vybrat vice

odpowdi. Z Seteni vyplyva zejména neznalost pojmu réesé reality a nejasndquistava o jejim
vyuziti. Dale to, Ze o vyuzivani modernich techgadlse zajimaji spiSe mladsi lidé.
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1. Setkal/a jste se s pojmem rozsifena realita?
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Graf ¢&. 1: Znalost pojmu roz#éna realita

Pocetrespondenttl

Z uvedeného grafu vyplyva, Ze informovanost o pojor$iena realita je skudeé nizka a ¥tSina
odpovidajicich o této technologii zatim neslyS€kto skuté&nost je #ejm¢ dana tim, Zze zatim neexistuje
velké mnozstvi dostupnych informaci i aplikaci p&ané uzivatele. ¥Sina aplikacti navrhi na vyuziti
se zatim nachazi ve fazi zkoumanéxperimentovani a nejsou spolelilfunkeni.

2. Uvedte, kde jste se s ni setkal/a, a popiste
svou zkusenost.
10
=1 9
€ 8
2L 7
5 6
2 5
£ 14
g 3
o 2
1 n
0
Veskele  Vtelevizi, Pfinavigaci  Vtisku
mternetu filmu znamychcw
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Graf ¢. 2: Setkani s danym pojmem

Respondenti, ki€ v predchozi otazce odpaskli, Ze pojem rozgené reality znaji, uvedli, ze se s ni
setkali nefasgji na internetwi ve Skole, a to vZdy pouze teoreticky. Na intenrset nejastji jednalo o
¢lanky v tiznych onlinefasopisech a férech o gtacovych technologiiclti o recenze k pitatovym

hram. Ve Skole se jednalo zejména o odboredmasky. Ze sledovani televizniho vysilani ve svych
odpowdich respondenti uvétl zpravodajstvii odborné peady. Nekolik odpovidajicich uvedlo, Ze je
technologie velmi zaujala a spaf v ni eventualniiinos v budoucnosti, i kdyz zatim zcela nechapdu jej
funkci a moznosti vyuZiti.
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3.V které oblasti je podle Vas nejvétsi pfinos
rozsifené reality? (MizZete vybrat vice
odpovédi.)
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Graf ¢. 3: Mozny pinos roz&ené reality
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Nejvetsi prinos roz&ené reality vidi respondenti v oblasti navigacerfidgd v letectvi a automobilismu,
dale v turismu a vadavani. Takoveé vyuZziti jeiejmé uzivatetim nejvice blizké, protoZe spada do jejich
kazdodenniho Zivota a&které aplikace ndpv automobilismwi na mobilnich telefonech jiz Zmaji

fungovat. Do odpaoidi ,jiné" patii zejména oblast zabavy a her.

4. Co Vas na konceptu rozSifené reality nejvice
zaujalo? (Mizete vybrat vice odpovédi.)
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Graf €. 4: Co respondenty nejvice zaujalo

Velkou &tSinu respondefttechnologie roz&ené reality zaujala. Nejtsi ¢ast ji vnima jako novy zdroj
informaci, ktery zprogedkovava jejich zisk v redlnétase a prostoru. Zarove ni spaituji moznost, jak
si usnadnit praci a celk&wwj zivot. Take ji vidi jako moznost inovace % znych oborech lidské
¢innosti a jako novouifnosnou technologii. Jen maldast respondefittechnologie ibec nezaujala.
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5. Jak byste rozsifenou realitu pouzil/a v neblizsi
dobé, mél/a-li byste k dispozici dané nastroje?
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Graf ¢. 5: Napady respondeinha vyuZiti roz&ené reality

Respondenty nejvice upoutalo mozné vyuziti texs reality pro cestovani a v oblasti turismu, lopz
radi vyuzivali v nejblizSi dab Pro tyto @ely uvadli aplikace mobilniho telefonu typsmartphone
Hned po odpodi ,cestovani“, uvedlo nejvice dotazovanych, zeesiokazi vyuZziti rozEné reality
piedstaviti newdi, jak by ji sami pouzili. Tato odpé¥ koresponduije s nizkou znalosti tohoto pojmu

e

zpiehledrgni dopravy pomoci roz&né reality.

6. Mél/a byste zajem rozsirenou realitu

kazdodenné vyuzivat v praci i soukromi?
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Graf €. 6: Zajem o kazdodenni vyuzivani této technologie
Nejveétsi mnoZstvi respondensi neni jisto, zda by célt rozSirenou realitu kaZzdodesvyuzivat. To opt

souvisi s neznalosti této technologie a malou méwanosti ohledhjejich aplikaci. AvSak z4jem o
pouZziti roz&ené reality pesto pevazuje nad nezjmem.
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7.Vas vek

Pocet respondenti

Graf €. 7: V&k responderit
Nej¢astji dotaznik vyplnili lidé mladSiho&ku 19-30. Do ,ostatnich odpsédi“ pati lidé stedniho a
starSiho ¥ku v rozmezi 42-64. Tento vysledek odpovida z4jpigesmladSi generace o moderni
technologie a nové apoby jejich vyuzivani.

4 Zawr

Rozsfend realita nabizi velké mnoZzstvi novyéhgzitosti, k nimz pdt zejména zkvaliténi sluzeb,
pracovnich postupgi vykona a zlep3eni orientace vite problematice i prostoru. Z provedeného
dotaznikového S&tni vyplyva nizka infor-movanost o problematiceSiiené reality i pesto, Zze s mnoha
jejimi prvky se uzivatelé setkavaji kazdy dere@zri mladi lidé jsou naklainy témto inovativnim
moznostem. Takové moznosti vyuziti réesié reality vidime zejména v oblasti l&kai [5], vojenstvi,
vzdélavani, automobilismu, pmyslu, mobilniho marketingu, navigace a turismu hafistajicim
poctem aplikaci roz&ené reality pedevsim ve vzdavani bude taktéz nastat poedomi jejich uzivatel

0 tuto zajimavou oblast. AvSak naprostdie uZivani rozEné reality MmZeme dekavat v pitbéhu

deseti aZz patnacti let.

Oblast roz§ena realita je interdisciplinarni. Pro kazdé &udvlidské ¢innosti je zapdebi specialni
aplikace, proto jeféba tuto problematiku dale odb#nmzpracovat fundovanym specialistou jak na
vypocetni technologie, tak na danou specializaci, spiaplikace bude vyuzivat. Kazda tato oblast by
tedy zaslouzila zvlastni, odborné zpracovamitn nasledné popularizace.

Timto tématem se i nadale zabyvame podéplndetrs konkrétnich moznosti jeji aplikace. V sasnoti
je pipravovana mobilni aplikace pro mobilni platformuadkoid usnatiujici vyuzivani sluzeb knihoven.

Podékovani. Radi bychom na tomto mépodtkovali vSem respondeirh za spolu-praciip vypliovani
dotazniku, coZ umoznilo zrealizovat tento vyzkum.
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Abstrakt

Cilem tohoto pispevku je uvést zakladni pojmy z problematiky vyhléd&informaci se zagfienim na
klastrovani textovych dokumeént Vclanku jsou popsany zéklady metody KCF a také akhita
platformy, ktera metodu KCF bude realizovat. Nayigzikapitoly obsahuji popis jiz realizovanych
moduli. V za¥ru jsou shrnuty zakladni principy a je nastinocekavany postup roz&ivani dalSich
moduli.

Abstract

The main aim of this paper is to foreshadow basims from information retrieval especially concegi
document text clustering. The paper contains arif@gm of method KCF and also platform architeaur
which will use KCF principles. Following chaptersrtain description of so far implemented modulés. A
the end of the paper an expected progress in thegfis described at the end of the paper.
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1 Uvod

Z hlediska vyhledavani informaci, a pokud pominematimedialni dokumenty, existuji &klicové
otazky (inform&ni poteby), které musimiesit [1]:

» Hledani konkrétni informace (nag. ,Kdo postavil Sikmou ¥2?“ ,Kdy probshla sametova
revoluce?* atd.),

» Prochazeni struktury dokumént nabizi moZnosti, jak zefektivnit vyhledavaniamhaci nap
¢lerénim dokument do seznaii, adreséovychdi jinych struktur.

Pri vyhledavani je velmtastym jevem, Ze polozenému dotazu nevyhovuje pedem, ale hnedskolik
dokument a vyhledava musi tyto vysledky &akym zpisobem uspiddat. Zde se jiz ocitame v dongén
prochazeni struktury dokumdéniNejobvyklejSi metodou je usfiani dokumefitdo seznamu v
zavislosti na jejich nié relevance k danému dotazu. Uzivatel ifidka dostatekasu na to, aby mohl
prohledat vSechny s&zené dokumenty (zvl@&pokud jich vystupni soubor obsahuje miliony) a aoje
své Usili na dokumenty hodnocené nejlépe. Praopoferné znané usili vyvijeno na hledani alternativni
moznosti, jak nalezené dokumenty poskytovat uZivatey co nejrychleji nalezl piebné odpogdi.
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Tentoclanek je zardren na jeden z komplegsich zmsohi ¢leréni nalezenych dokumentJedna se o
oblast kategorizaci tekiheboli klastrovani . Klastrovani je velmi populidmmetoda, protoZe nabizi
unikatni zgisoby zpracovani velkych objénmformaci. V sodasnosti existujedkolik kvalitnich
klastrovacich nastroj[6][7][8][9]. Pro vice informaci k metoddm klast@ni dokumerit je mozné
nahlédnout nap na [13].

Hlavnim cilem tohot@lanku je gedevsim pedstavit inovativni metodu klastrovani textovychuiment
KCF (Knowledge Comes Fifsf12]. NejdileZitejSim kritériem hodnoceni metody je totiz kvalitgppsu
tematickych celi pro koncového uzZivatele, coz je velkym problémedstajicichieSeni [1]. Jeden

z klicovych aspekt metody KCF je snaha vyuzit ontologii. Jejich patistbohatSi syntaxe totiz
umoZziuje jemrEjSi popis reality a nasledijemrsjsi ¢leréni klastfi a v kongném disledku také
kvalitngjSi poopis klastr. Jiné implementace klastrovacich metod vyuZiejdjzdroje popis klastit
vlastnich datové struktury. Z hlediska budoucitrvoge sémantickych technologii je nahrazeni
proprietarnich formatontologiemi vice nez vhodné. Ontologie vybudovaag. pro &ely zpravy

znalosti by totiz stefhdolre mohla poslouZit pro klastrovani dokument

2 Technické aspektieSeni

Jak jizcasteéne vyplyva z fedchozich kapitol, vybudovani platformy s popsafumkcionalitou neni
jednoduchy ukol. Platforma budkréna do i moduli a to do indexéniho, dotazovaciho (webového) a
klastrovaciho. Moduly budou mit pro vzdjemnou koikaai stanovena jasna rozhrani, coz Zaru
vysokou flexibilitu a udrZzovatelnost.

Indexacni Klastrovaci
modul modul

Dotazovaci
modul

Obr. 1. Diagram komunikace mezi moduly.

Ustrednim modulem z pohledu uzivatele je dotazovaciuhddZivatelé mohou pomoci tohoto modulu
formulovat své dotazy a to viytem odpovidajicich konceptkteré jsou nasledmievedeny na mnozinu
klicovych slov. Tato mnoZina jggdana indexmimu modulu (tok. 1), ktery dotaz zpracuje a vrati
seznam relevantnich dokumeigtok ¢. 2).
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Oproti dotazovacimu modulu je indé&xé modul zédkladnim a Gstdim prvkem z pohledu funkcionality
celého systému a plidu elementérnich funkci. Sklada se z adminiss#éoaplikace pro spravu index
a dale poskytuje ostatnim modo zakladni rozhrani, pomoci kterého mohou k ulogemdexaim
pristupovat.

Poslednim modulemiack je klastrovaci modul. Tertg@bira na vstupu mnozinu relevantnich dokurient
(toky ¢. 2 a¢. 3), provede fislusSnou klastrovou analyzu a vygeneruje mnozimatiekych celk véetrg
za'azeni dokumeiita tyto feda zgt dotazovacimu modulu (tak 4). Dotazovaci modul v poslednim
kroku provede pouze vhodnymtgmbem vizualizaci cilovému uZivateli. Dotazovakiastrovaci

moduly mohou v &kterych situacich vyzadovat dodété informace od indexaiho modulu. Tyto
pozadavky jsou realizovany datovymi takyb a¢. 6. V navazujicich kapitolach budou popsény reakz
indexa&niho a klastrovaciho modulu. Pro detgjd popis principu komunikace modije mozné
nahlédnout do [12].

3 Indexani modul

Vzhledem k existenci cel@dy open-sourci&eSeni z oblasti indexace dokumehylo v Gvodu nutné
rozhodnout, které bude pro pelby projektu nejvhodijSi. Mezi potencialéivhodné kandidaty bylo
moznéradit na.:

» Egothor — indexéni nastroj vyvijeny na Karl@gvuniverzig v Praze

* Lucene - vykonna a mezi vyvéjaoblibena knihovna, ktera poskytuje bohaté motir{oa této
knihovre je kugikladu postavena Wikipedie)

» Volba nakonec padla na knihovnu MG4J (Managing Bytes for Java), ktera j@édtlo nedavna
nepatila mezi nejpopuldrgsi nastroje. Z fvodre malé sadyifd poskytovanych knihovnou se
nicmérg vyvinul nastroj schopny Skalovat az do stamiliojadv kolekci. Dostupna funkcionalita
knihovny umoauje definovat data, ktera budou do indexu vkladéa@sob jejich zapisu,
vicenasobné schémata ohodnocovani dokumeaizované jako vygmné moduly & podporu
pro vyhledavani v #kolika indexech satasrg. Knihovna navic nabizi kvalitni parser ddtaz
vice-vlaknovy pistup a experimentarpodporuije i distribuované vyhledavani.

Pro realizaci systému byly zvoleny nasledujici psetry:

Kli¢ovym pozadavkem byla implementace v pfedi Java. Déle bylo pozadovano, &b§eni
umoziovalo Fidavat a odebirat dokumenty z kolekci Zala zpracovavaiasto pouzivané forméty
dokument (MS Word, PDF, Open Document, HTML) a to jak nkdlmim p@itaci, tak také v progedi
internetu zadanim cesty v souborovém systému nedbénim URL webové stranky. Z vykonnostniho
hlediska bylo pozadovano, aby nastroj zpracovasmhére desitky tisic dokumet

Zakladni architektonické prvky systémtegstavuji nasledujictitly, které také zprostdkovavaji
rozhrani pro Fipadné rozgeni aplikace:

» Tiida ,Documernt piedstavuje vyhledany dokument a obsahuje metodyiskard obsahu a
dalSich dat zaznamenanychi pdexaci dokumentu naépcas zpracovani, titulek dokumentu,
informace o jpvodnim zdroji, slova obsazena v dokumentavedena do zakladniho tvaru bez
stop slov atd.

» Tiida ,SearchResultnese informace o vysledku vyhledavaciho. Obsalmf@mace o vSech
nalezenych dokumentech, které vyélg\poloZzenému dotazu (objekty typu Document),

157



» Trida ,IndexX propojuje cely systém s ostatnimiidami a seskupuje vSechny pozadované
operace. Tatorfida v zasa#l zprostedkovava fistup k vlastnim dokumelnin a nabizi izné
piehledové funkce, jako jsou seznamy slov ve vSe&nrdentech¢etnosti slov atd.

Z vySe uvedeného popisu je mozné vyvodit, Ze implalarce pedstavuje kompaktriféSeni, které ma
Sirokou pouzitelnost, a to ne pouze v raieSeni metody KCF. Nastroj uniaje gidavat
dokumenty do existujicich kolekci, st&jjako odstréovat jiz nepatebné. VSechny tyto Ukony je
mozné provaé operativig. Modul tak gredstavuje zakladni stavebni kdmen pro d@lSiireSeni

metody KCF.
TikaDocumentMetadata MG4JDocumen i Documentinformat!
—>
; 2 N
<cuse >, A !
’ v clige s> |
# n | coyzg>>
F . |
, hY i
. . i
TikaDocumentFaclory <<Interface>> OntoDocum OntoSearchResult
Pty tFactory [
<. 7 %, %7
3 ’
ccusery
¥ fed <<Interface>> AbstractSearchResult
roeuse P DocumentCollection
- v
“ , . I N
Indexer S h [ :
K<usas> i
| |
| LY | tepgp >
| coysp | i
L |
: MG4Jindex Abstractindex
<<use>> | —>
]
I /¢
”
| -
\:/ ;e 2>
Huns pallSta mmar <<intarfacax>
T TermProcessor
CzechStopWordsTermProcessor \
EnglishStopWordsTermProcessor StopWordsTermProcessor OntoC iteTermProc

SlovakStopWordsTermProcessor

Obr. 2. Rehled zakladnichid realizovanéhoeSeni

4 Klastrovaci modul

Klastrovaci modul fedstavuje dalSi krokipvyvoji celé platformy realizujici metodu KCF. Rrarni
pozadovanou funkcionalitou tohoto modulu je shldaivmnoZin dokumeiitvracenych B vyhledavani.
Samotny modul pro shlukovou analyzu uiigig nastavitiizné parametry shlukové analyzy, jak@eio
hledanych shluk Je moZné volit mezi kosinovou a euklidovskou Vexdsti a strategii vi@ou prvnich
centroidh u metod k means a bisecting k-means.
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Vstup zaji$uje index&ni modul, ktery n&ta slova z jednotlivych dokumentnavic umo#uje vracet
slova, ktera jsou z &itého procenta spatea pro shlukovanou mnoZinu dokumiereraw tato vlastnost
je jednim z aspeist které ovlivauji vysledky shlukovani. Indekai modul také umaiije vyhledavani
uréitych slov a frazi a nabizi se tedy moZnost préwvéabliukovani pouze na dokumentech obsahujici
hledanou frazi, nebo slovo.

Klastrovaci modul také umaaje zapnout vypis fibéhu a vysledi shlukové analyzy, coZipese
prakticky ginos v za¢re¢né testovaci fazi metody KCF.

5 Zawr

V ¢lanku byl v kratkosti fedstaven fistup klastrové analyzy ke zpracovani textovychutiognfi a
nasleds byla pedstavena metoda KCF. N&j$i ¢ast textu byla énovana popisu principu vlastni
platformy, ktera bude metodu KCF realizovat. Plaifa je modularniho charakteru a&jenéna do ti
dasti, z nichz d¥ jsou jiz v pokragilém stadiu vyvoje. Popis modulu pro indexaci doleut a pro
modulu pro klastrovani jsou popsany v kapitola@h4 Jedinym chydjicim modulem je uzivatelské
rozhrani pro préci s platformou. Tento modul j@wasnosti ve fazi ndvrhu a vyvoje a prace @ynbyt
dokorteny v nejbliz8i dota Po ukogeni implementéni praci bude mozné zahdjit provaztreg
praktickych test metody KCF.
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Abstrakt

Tentoclanek seznamuje s pojmy a trendy souvisejicimnat@m udrzitelného rozvoje a nefigatho
reportingu. Prvnicast se zabyva samotnym udrzitelnym rozvojem a talilage kterych se uplatje.
Dale clanek pojednava o organizaci Global Reporting htitie (GRI), jejich snahach, metodikéach,
standardech afedevsim o samotném reportingu. &ati pispevku je popis aplikénich Grovni GRI a
rozckleni indikétor: pouzivanych k tvodzprav podle sérnic GRI.

Abstract

This paper introduces the concepts and trendsedl&d the topic of sustainable development and
sustainability reporting. The first part deals withe sustainable development and areas in which it
applies. Then the article acquaints with the GloRaporting Initiative, its efforts, methodologies,
standards and particularly with the reporting iteé¢turthermore, the paper describes GRI application
levels and the classification of indicators usedd@ompilation of reports according to GRI guiateds.
Kli ¢ova slova

Udrzitelny rozvoj, Spol&enska odposdnost firem, Global Reporting Initiative, GRI refingovy ramec,
nefinaréni reporting.

Keywords
Sustainable development, Corporate Social Resptifsilislobal Reporting Initiative, GRI Reporting
Framework, sustainability reporting.

1 Uvod

Tento fFispsvek ve strdnosti seznamuje s tématem udrzitelného rozvojey ligecelos¥tove stale
soulad hospoddaky a spoléensky pokrok s plnohodnotnym zachovanim zivotnitusgedi. Velky vliv
na udrzitelny rozvoj maji firmy. Pokud firmy sv@innosti napomahaji trvale udrzitelnému rozvaji,
mluvime o takzvané Spalenské odpotdnosti firem. Spol&enské odpatdnost firem je novym
zpasobem, jak dat business. Za#iuje se pedevSim natrt oblasti: ekonomickou, environmentélni a
socialni. Jednim z hlavnich nastrojapoméhajicich zmdvanym snaham je nefinémi reporting, ktery
na celos¥tové Urovni podporuje Global Reporting Initiativ@RI). Global Reporting Initiative je
neziskovou organizaci, jejiz snahou je poskytnoinarzalni nastroj pro vyt¥ani nefinatiniho
reportingu a tim sjednotit firmami vyté&né zpravy v této oblasti.

2 Udrzitelny rozvoj

Cilem udrzitelného rozvoje je uspokojit $agné padeby, aniz bychom ohroZovali schopnosti budoucich
generaci uspokojit jejich p@by. Ri dosahovani tohoto cile hrajiilézitou roli organizace, které ve
vSech svych podobachrauistavuji kiéové sily ve spolknosti [3]. Udrzitelny rozvoj by ®l byt
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rovnovahou meziremi zakladnimi oblastmi ovliwujicimi nas Zivot a to je ekonomika, Zivotni presti a
socialni aspekty. Podminkou udrzitelného rozvoje gby nezastavil samotny rozvoj spolesti.
Realizace udrzitelného rozvoje vyzaduje, aby sfalst respektovala &ité principy. Na tomto ma velky
podil sprava na lokalni, regiondlni, statni a gllobérovni. Mezi zakladni principy udrzitelného vage
patfi:

» Uvédomovani si dopadu seasnécinnosti spolénosti ve vSech oblastech na jeji budoucnost a
budouci generace. Snaha o zachovani zivotnihoipddgbro budouci generace v co nejimén
poznEnéné podob;

» Znalost skuténosti, Ze investice do prevencéegchazeni probléim je ze vSech hledisek
vyhodrgjsi, efektivrgjSi a mér nakladrjSi neZ investice vynaloZzena ri@Seni vzniklych
problémi a obnovu fi nedostaténé prevenci;

» Uvédomovani si omezeného mnozstvi nerostného bohatshdznost jeho Werpani, narénost
obnoveni Zivotniho progdi a nedostatek prostoru pro odpad &istf;

» Posouzeni dopadha spolénost z dlouhodobého hlediskéed podniknutim jakychkoliv krak
» Pochopeni vlivu lokalntinnosti na problémy na celagoevé Grovni;
* Snaha o zajighi rasové, narodnostni a mezigegafaovnosti a socialni spravedinosti;

» Prosazovéni spravedInosti®v riznym socialnim skupindm, které bglinmit stejné moznosti a
piileZitosti. Tim dojde k fedchazeni chudeéb kterd m& negativni dopad na cekisvy
udrzitelny rozvoj.

V souvislosti s principy udrzitelného rozvoje vzaiknnoho otazek, které je peba zodposdét, ale na
které neni mozné nalézt jednoduchou oddo\ednou z nich je néjlad definovani paeb budoucich
generaci. Otadzka: do jaké miry m& mohutny ekonojnitkt rekterych stai vliv na jiné még vyspelé
staty, na celostovy udrzitelny rozvoj a budoucnost planety? Je méojej omezit a snizit tak rozdily
mezi chudymi a bohatymi staty? Jébec realné uskuteit cile udrzitelného rozvoje a snazit se o
prosazeni jeho princi®

Jedrémi z nastraj, které napomahaji udrzitelnému rozvoji je nefifranreporting a Spoltenska
odpowdnost firem (ang. Corporate Social Responsibilitg¢SR). CSR a nefin&ni reporting zajituji
integraci socialnich a ekologickych asgedib ¢innosti firem, jejimiz cily se tak stava snaha tedapiné
chovani wiéi spolenosti a zivotnimu progdi. Nejvyznamési celos¥tovou organizaci, ktera tyto snahy
zaSti'uje je GRI (Global Reporting Initiative).

3 Global Reporting Initiative

Global Reporting Initiative (GRI) je mezinarodnganizaci, ktera vytuila metodologii vSeobeeén
uznévanou jako nejvyznarjgi mezinarodni nastroj nefin&miho reportingu. GRI se poidla sjednoceni
a vytvd‘eni standardizovanych gmic pro takovyto reporting. Vytwenim repoti podle &chto snérnic
firma verejré scEluje spolé€nosti, jakym zjgsobem se chové a jaky vykon podéava v ekonomické,
environmentalni a socialni oblasti.

Posledni vydani sémic organizace GRI préblo v roce 2006 a oztigje se G3. Verze G3 je vysledkem
nekolikaletého vyvoje a zlepSovaniguichozi srrnice G2 z roku 2002. Iniciativa GRI definuje
vytvarené reporty udrzitelného rozvoje jakasiee publikovanou zpravu, kterou firmaifgtupiuje vSem
stakeholddim, s cilem poskytnout detailnfghled o firemnich aktivitach v SirSich ekonomickych
environmentalnich a socialnich dimenzich [2]. JedndalSich aktivit GRI je snaha o donuceni vi&y, a
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podnikli kroky vedouci k roz&ni nefinaginiho reportingu firem a poZadovali tento reportiegstatem
vlastrénych firméach a organizacich.

4 GRI reporting

GRI reporting poskytuje vyrovnany @iméreny obraz o vykonu dané firmy v oblasti udrZitelméh
rozvoje \etrg pozitivnich i negativnich vli. Zprava o udrzitelném rozvoji vypracovand podle
reportingoveho ramce GRI (GRI Reporting Framewoligahuje vystupy a vysledkinnosti reportujici
organizace, k nimz doslo vighu sledovaného obdobi v souvislosti se zdvazkyreameaskymi
piistupy této organizace. Zpravu je mozné pouzitikkga k nasledujicimdehim [3]:

* K benchmarkingovému porovnani a zhodnoceniivtia udrzitelny rozvoj v isledku ¢innosti

reportujici organizace stiplédnutim k z&kotim, normam, kodeaxn, standar@im vykonu a k
dobrovolnym iniciativam;

» K piedvedeni, jak organizace ovlivje a je ovliviovana d¢ekavanimi o vyvoji pedstav o
udrzitelném rozvoiji;

» K porovnani vykofi uvnit‘ prezentované organizace a menymi organizacemi v jb&hu
casu.

GRI vydava srérnice, které umaiuji a napomahaji tvotbzprav v organizacich jakékoliv velikosti,
sektoru a lokality. Podle pokynGRI mohou tvéit zpravy firmy ve véejném i soukromém sektoru, jak
vladni, tak i nevladni organizace. &mice poskytuji informace, jak sestavit zpravu kéjinformace ve
Zpraw uvaddt.

Reporting
Framework

Obr. 1: GRI reportingovy ramec [Zdroj: [3]]
Tvorba repori podle GRI napomahé ro¥8vani odpowdného podnikani, které vznika spojenim

uspsSného podnikani s prosazovanim socialnich a elakggh zajnti. Zdjmem spoléensky odpoydné
firmy neni pouze uspokojeni jeby zakaznilk, ale i dalSich subjekta skupin jako jsou za¥atnanci,
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dodavatelé, komunity z okoli firmy. Timto firma dané ovliviiuje celou spoknost a sniZuje dopad na
Zivotni prostedi. Firma, ktera sestavuje GRI reporty ziska¢&aiwyhody proti firmam, které tak tiai.

Vytvareni zprav ma pozitivni dopadgaevsim na:
o davéryhodnost firmy,
» piitaZlivost pro investory,
» odliSeni od konkurence,
» finanéni Uspory souvisejici s ekologickym chovanim,
» zvySovani kvality produkta sluzeb,

* loajalitu zamdstnand.

4.1 Aplikaéni trovné GRI

Aplika¢ni drovre umoziuji rozclit jednotlivé zpravy o udrzitelném rozvoji do skapodile toho, do jaké
miry se jejich zpracovatelédili principy pro tvorbu repoft podle GRI srérnic. Systém GRI pracuje se
titemi z&kladnimi Growémi, do kterych jsou jednotlivé reporty razeny podle mnozstvi a povahy
uverejnénych indikatoti. Hlavni aplik&ni arovré jsou znéeny A, B a C. Je-li zprava &kena externim
subjektem, firma dostava k zékladni drovni aam ,plus”, tedy A+, B+ nebo C+. Jdildzité zminit, ze
aplikasni Urovei vyjadiuje pouze rozsah reportu a ne kvalitu firemnihoonik Vytvdenim reportu
spliujiciho rekterou z Urovni, kdy zprava je zardveiekontrolovana samotnym GRI, firma ziskava
znamku odpovidajici rozsahu reportu (vice obrazgkkferou niiZze zvéejnit jako dikaz o plgni
reportingu. GRI nijak nekontroluje kvalitu a obsapravy, pouze to, jak sédili tvarci smernici pro
reporting.

Rl REFOR] GR1 REPORT GR1 REFOR] GRi REFOR]
GRI CRECKED  GPFI CHECKED{  |GRi(HECKED| (RN CHECKED| DGR CHECKED|

Obr. 2: Ridélené znamky podle rozsahu reportu [Zdroj: [4]]

€< Bo B= BE B B
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Aplikaéni drovné C C+ B B+ A A+

Iprava obsahuje body: Iprava obsahuje viechna kritéria Stejné pozadavky jake u drovné B
1.1 urowné  plus: {
o 2.1-2.10 1.2
- '.'mﬁl 5 1.1-38,3.00-312 39,313
IR = A.1-44,4.14-4.15 45-413,4.16-417
] e E
-_:% Nejsou vyZadovany E Udaje o manazerském pristupu m; Udaje o manaierském pristupu m;
= 63 ]]m S . 5 pra viechny kategorie ukazateli 5 pro viechny kategorie ukazateli 5
= manazerském & = e =
. - = L. =
g piistupu s '8 s
= ) - b
L = - =
= "= =
63 Ukazatele Iprava obsahuje alespon 10 ey Iprava obsahuje alespon 20 = Iprava obsahuje, s prihlédnutim =
5 ) ukazatedi vykonu, phicemz ukazateli vykonu, pricemz oblasti, | k zasadé vyznamnosti, viechny
‘T‘W“" & B spolecenska, ekonomicka a ekonomicka a environmentalni, zékladni ukazatele 63 a sektorové
ukazatele uvedené = environmentalni oblast musi byt oblasti lidskych prav a pracovnich dodatky® (tj. zprava bud'a) tyto
vsektorovych dodatcich (kaZda) zastoupena alespon ralefitosti a oblast spoletenska a ukazatele zahrnuje nebo b) uvadi,
jednim ukazatelem. oblast odpovédnosti za produkty pro¢ kenkrétni ukazatele nejsou
musi byt (kazda) zastoupena ! zahmuty).
alespon jednim ukazatelem.

Obr. 3: Kritéria aplilanich arovni [Zdroj: [4]]

Kazda reportujici firma se sama rozhodne podléiititkterou z danych Grovni rozsahu zpravy o
udrzitelném rozvoji spluje. Jednotlivé aplikmi Urovreé poskytuji¢ten&im zprav informaci o tom, do
jaké miry se jeji térci ridili pokyny GRI. Tvarcam zprav, ktéi jsou z&atesniky v tvorks reportingu,
jednotlivé Grovig umoziuji vytvorit zpravu mensiho rozsahu a v dalSich letech mapussipného
rozSkovani reportingu az na nejvyssi Uraviet+. Kritéria pro jednotlivé Growhjsou gehledi zobrazena
na obrazku 3. Kazda zprava bylmdefinovat, jaké aplikani Urovré doséhla a toto obhajit vytienim
tabulky vyhodnocujici danou drave

4.2 Indikatory a jejich méreni

Hlavni grinosem GRI sirnice je seznam kvantitativnich a kvalitativnichlikétori vykonnosti, pomoci
kterych popiSe firma sy spole&ensky odpo¥dny vykon. Smirnice celko¥ nabizi 79 indikatdr, které
jsou rozéleny do zakladnichit oblasti vykonnosti, dale do Sesti kategorifieti ¢tyt podkategorii. Toto
rozékleni je gehledr zobrazeno v tabulce 1. Indikatory jsou dale ¥emaly na zékladni a dafljici.
Kazdy z indikatoii je podrobg popsan v pokynech vytienych samotnym GRI.

Ekonomické indikatory se tykajiimého a neffmého firemniho vlivu na ekonomické zdroje
jednotlivych stakeholdéra na ekonomicky systém v lokalni, ndrodni a globatovni. Zahrnuji mzdy a
nefinaréni benefity poskytované zastnaném, penize pjaté od zdkaznika zaplacené dodavaiei,
odvedené dana pijaté dotace.

Environmentalni indikatory sleduji dopady produktsluzeb na zivotni prdstdi, spatebu energie,
materialu a vody, mnoZstvi sklenikového plynu gigmemisi, odpadovy a recykla systém, dopad na
biodiverzitu, vyuzivani nebezpmych latek a dalsi jevy.

Sociélni indikatory souvisi s firemnim vlivem nargstnance a okolni spaleost. Zansiuji se na

chovani firmy k zarsstnaném a podporu komunity na lokalni drovni. Jsou tozastale, které ovlifwuji
Zivotni Urovei, vzdlavani, rozvoj kultury, bezgaost a zdravi lidi [2].

Firma by si mila pro sestaveni zpravy vybrat indikatory, kteréujpro ni vyznamné a relevantni.
Jednotlivé vybrané indikatory potomradi do své zpravy. Tam, kde je to mozné, jsou ppuriikatory
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kvantitativni. Kvalitativni indikatory jsou pouzityouze v pipadech, kdy neni mozné konkrétni indikator
kvantifikovat. Toto se tyk& ipdevsim indikatdr ze socialni oblasti. VSechna data bglanbyt ve
standard# pouzivanych rrnych jednotkach.

OBLASTI

KATEGORIE

ASPEKTY

EKCOHOMICKA
VYKOHNOST

Primeé ekonomicke
disledky

Ekonomicka sykonnost

Wikt na trhu

Mepfimé ekonomicke dopady
haterialy

Energie

Waoda

Biodiverzita

ENVIROHMENTALHNI
VYKOHNOST

Zivotni prostiedi Emise, wypouiténi a odpad

Prociukty & shuZkey
Soulad = predpizy

Daprava

Celkowy prehled

Faméstnanci

wrtahy mezi zaméstnanci a managementem

Pracowni podminky

a diistojnost price Fdrawi a bezpecnost zamestnancu

Skoleni & vzdélavani zaméstnancl

Rozmanitost & rovné pileditosti

Investion a dodavatelzke postupy

Diskriminace

Syoboda sohlEovani a kolektivniho vyjedndwani

Lidska prava Détska prace

Mucena prace

SOCIALHI Bezpetnostni postupey

VYKOHNOST

Préawva plvodniho obywestelstea

Homunits

Uplatkarstvl a korupce

Spolkeénost wefejna politika

Kankurenéni chovani

Soulad = predpisy

Fdrawi a hezpetnost zakaznikil

Ornacent produki a slfek

CHlpoveddnost

produkti Marketingova komunikace

Reszpekt k soukromi zékazniki

Soulad = predpisy
Tab. 1: Indikatory vykonnosti [2]

5 GRI reporting ve sité

GRI reporty zpracovavaji a ukaiuji firmy swtového ngiitka, jakymi jsou naifiklad British Airways,
Dell, General Motors Corporation, ABB Group, Aerdgale Paris, BMW Group, Electrolux, Ford Motor
Company, Volvo, Adam Opel, British Sky, BAA, BT G, Ericsson, Nokia nebo Nissan, Volkswagen,
Telefonica, Nike. Kazdym rokentipyva firem, které sestavuji reporty dle standaaduetodiky GRI.
Presny pdet firem za poslednichekolik let je uveden v tabulce 2, nazejirpak v grafu 1. Mezi staty
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S nejwtsim zastoupenim firem vytigjicich GRI reporting p#tSpartisko, USA, Brazilie, Australie,
Velk4 Britanie, Japonsko aghhecko.

Rok 1999| 2000] 2001 2002 2003 2004 2005 2006 2p0708 202009
Podet firem 9 43 120 138 168 272 370 507 684 1068 1B68

Tab. 2: Celosstovy paiet firem sestavujicich GRI reporting [Zdroj: vidistmace]
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Graf 1: Celoswtovy paiet firem sestavujicich GRI reporting [Zdroj: viaistméace]

6 Zawr

Celoswtovy dynamicky rozvoj spotaosti napovida, Zerighdzi doba, kdy budeme od fireredavat
vice nez jen kvalitni produkt nebo sluziBytmy by se nily chovat tak, aby zohlednily p@tby svého
vnittniho i vrejSiho prostedi, a aby fispivaly k udrzitelnému rozvoji a byly transparen®pol&nost by
méla apelovat na z#mu orientace firem z kratkodobych na dlouhodobé eilmaximalniho na optimalni
zisk. Tento tlak se pomalu zvySuje nejen diky snmahéterych stat a organizaci, ale také diky
zvysujicimu se propojeni &a na globalni Grovni. Nefin&ni reporting je finosem nejen pro konkrétni
firmu, jeji zangstnance a okoli, ale také napomaha spalsti od lokalni po globalni Grokenajit jeji
slaba mista, ktera negativavliviuji budoucnost nasi planety. Nefigahreporting a trvale udrzitelny
rozvoj budou stale aktualj$imi tématy a proto je vhodné se jimi zabyvat akademické drovni.
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Abstract

The project “TaToo — Taggingool based on a Semantic Discovery Framework” af Beventh
Framework Programme of the European Union aimsrtviple a middleware infrastructure to fill the
gap between environmental resources and end-uers,enabling experts, as well as arbitrary uséss,
share trusted and reliable information and to alleasy discovery and semantically enhanced tagding o
already available information. This paper presemtsproposed architecture of discovery tools and
services created within the project.

Abstrakt

Projekt sedmého ramcového programu Evropské un&lgb — Tagging Tool based on a Semantic
Discovery Framework m& za cil poskytnout softwanevinfrastrukturu k zapkni mezery mezi
environmentalnimi zdroji a koncovymi uzivateli, anaZnit tak expefim, stej@ jako obyejnym
uzivatelim, sdilet ¥rohodné informace a poskytnout snadné vyhledavamsiémanticky obohacené
zna’kovani jiz dostupnych informaci. Tentdgpvek gedstavuje navrzenou architekturu vyhledavacich
nastroji a sluzeb vytv@nou v ramciesSeni projektu.

Keywords
TaToo, portlet, search, discovery.

Kli ¢ova slova
TaToo, portlet, vyhledavani.

1 Introduction

The Research Centre for Toxic Compounds in therBnment (RECETOX) and the Institute of
Biostatistics and Analyses (IBA) are together ivedl in the FP7 project called TaToo which
accompanies seven partners [1]. The project airdevelop tools allowing third parties to easilyadiger
environmental resources on the web and to add bigiraformation on to these resources. The todls w
be validated through three validation scenariossargk University deals with one of them called
Anthropogenic impact and global climate chamwgsch is focused on searching of the context betwe
chemical concentrations in the environment and muh&alth problems [1], [3].

All three partners dealing with validation scenargpecified their requirements on TaToo tools dytire

first phase of the project. These requirementseskas a starting point for the TaToo architecture
proposal.

168



2 TaToo Web Portal

A web portal was chosen to be the entry point éolthToo system. This portal should be able to pivi
to the user all the TaToo available functionalityprinciple, the user will take advantage of tloetal to:
» search for resources,

* add tags to resources.

A portal is a Web based User Interface allowingeasdo various types of information, communication,
models, and collaborative services. Portals beng&fiYeb ubiquity increasing the number of possible
users or the number of contacts from the same user.
In general a portal:

* processes incoming requests;

* generates dynamic content;
e manages portlets (acting as a portlet container).

Portlets are developed independently of the pasgelf, and are loosely coupled with the portapditlet
can implement different kinds of user functionabtych as image galleries, blogs, message boamls, an
others. Portlets can be combined in different wayaffer a set of user customisable functionality
providing presentation tier user interfaces.

TaToo’s first architecture cycle identifies thressle portlets providing Tagging, Search & Discovery
and Evaluate / Validate functionality. These pdstire pluggable user interfaces making up the daTo
portal view (see Fig. 1).

a 6 User Components

Web Portal
Search & TaToo SYStem

Tagging :
P 6rgt| = D;Dsgll?t\lfgy Components

— Visualise Evaluate / I ; I
D -= SFF Support Validate m
. Portlet Portlet

Fig. 1. TaToo portal view.

2.1 Search and discovery processes

In general, the process of discovery and / or seeao be defined as the retrieval by a systemset af
resources that satisfy a need expressed by albespite there is no commonly accepted distinction
between search and discovery, in the scope of Ta8eawch is the process of expressing the need for
information by the user, and discovery is the pssqeerformed by the system to retrieve the results.
Information retrieval system architecture is shawrig. 2.
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Such a need is passed to the query formalizeréogulery user interface. The query formalizer foiresl
the user information need into a formal query ekaue by a query engine. The query engine executes
the formal query against a previously constructeiited index. The inverted index is populatedhwy t
crawler and / or harvester processes. The quelpepgovides a set of relevant resources as restlie
carried out formal query. The relevant resourcethgmugh the process of result ranking, which orzgs
the retrieved resources in order of relevance.llirsorted resources are returned to the ressks u
interface. Throughout all these processes, diftdemhniques can be used for personalization, waiich
to improve search results based on user preferamcesontext.

Query user interface Result user interface

Personalizing

Query formalizer Result ranking

Crawler / Harvester

Fig. 2. Information retrieval system architecture.

2.2 Portlets, services and components

Based on the requirements of all three TaToo vadidascenarios, two portlet types have been ideatif
» The Search Portletallowing users to query the TaToo System in défferways. Two search
portlets have been defined so farSAnple Search Portletnd aHierarchical Search Portlet

» The Results Portleshowing the user relevant resource annotations fgiven query. A single
Result Presentation Portlet presenting resultslias lzas been defined.

As for discovery process a single Discovery Serisaefined, providing discovery operations suigabl
for the two (the Hierarchical Search Portlet arel$imple Search Portlet) definsedarch portletSthree
Core Components (providing the business functity)alelated to discovery have been identified:
» The Query Expansion componenthich is responsible for transforming the userfsrmation
need in a query executable by the Semantic Pracesso
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TheResource Retriever compongwhich is responsible to retrieve and aggregdtarimation
about resources relevant to a given query avaiialtlee system.

TheResults Expansion compongwhich is responsible for the result ranking andahment.

TaToo Web Portal

Fig. 3. TaToo discovery flow diagram

A possible TaToo discovery flow:

1.

The discovery flow begins in one of tBearch PortletsThe Search Portlet accesses the TaToo
ontologies to generate the graphical user intertfiagefacilitates this task to the user. This ia&lo
through theTaToo Discovery Servicnce expressed, the information request is senhe
system through the TaToo Discovery Service.

The TaToo Discovery Servideansforms the user information request, expressedclient-side
formalism, into a request suitable to be processetie TaToo Clearinghouse

At this point, the TaToo Clearinghouse is abledlest theCore Componentthat carry out the
discovery strategy employed to meet requestedrirdtion need. As a first step in this strategy,
the TaToo Clearinghouse requests a spe€jfiery Expansion Componetd formalize the
information need requested by the user. To perfohis process, the Query Expansion
Component may be assisted by T@¥ 0o Semantic Processor

As a result of the formalization of the query, Deery Expansion Component will provide a list
of annotations relevant for the given query. Thesmotations will be provided to the
Clearinghouse to continue the discovery process.

Having identified the relevant annotations, the daClearinghouse passes the annotations to the
Resource Retrieval componerfthe Resource Retrieval component identifies thsources
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referred by the annotations and retrieves all Exjstnnotations for these resources, even if they
are not directly relevant to the given query. Tofqren this process, the Resource Retrieval
component may be assisted by the TaToo Semantie$sor.

6. After that, TaToo Clearinghouse will pass relevantl non relevant resource annotations to the
Result Expansion Componefhe Result Expansion Component will rank the ueses taken its
annotations as basis.

7. After the discovery process ends, ranked resuitseturned to the TaToo Discovery Service by
the TaToo Clearinghouse.

8. TheTaToo Discovery Servideansforms the ranked results into a format slétédr the invoking
User Component and passes the results to the.client

9. In this particular case, in which user componemicfionality is provided by portlets through a
web portal, ranked resources are redirected bystach Portlet to a Result Portlet responsible
for the presentation of results.

2.3 Minimum Environmental Resource Model

All the environmental resources have a specifiecstire through which they may be annotated. TaToo
therefore encourages the adoption offtieimum Environmental Resource ModRIERM) and its
extensions as resource annotation model. MERMfinatkas the largest common denominator between
a set of heterogeneous description formalismsagfat a common environmental resource. MERM can
be refined to be used in different fields of theinmental domain by adding properties, modifying
existing properties, adding new resource classesThe MERM is formalized as OWL (Web Ontology
Language) ontology so TaToo resource annotatiolh®&iencoded as ontology instances stored as RDF
(Resource Description Format) triples. This strrintyof the resource annotation greatly influeribes
subsequent search.

2.4 Minimal Environmental Data Model for MU Scenario

When dealing with very heterogeneous environmed#th (POPs - Persistent organic pollutants) in
Masaryk University (MU) scenario [3] we need a dawadel for GENASIS [2] enabling us to store any
sample taken from any matrix. We also have to @efihich attributes describe the environmental sampl
uniquely and sufficiently and which are thereforarmatory for storing corresponding data to the
database. These mandatory attributes are:

 institution(data provider, nvarchar type),

» site(place determined by coordinates where the samgdetaken, nvarchar type),

* matrix (a part of animated or unanimated nature suclrawater, biota etc., nvarchar type),
» fraction (a part of the matrix such as particles in aignehar type),

» time(when the sample was taken, datetime type),

* method(the sampling method such as active samplingrpfigarchar type),

« parameter(the chemical parameter such as concentratioatithalene, nvarchar type),

» valueandunit (amount in an appropriate unit, int type and nkaraype).
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The Minimal Environmental Data ModdMEDM) can be “smaller” if we define methods unédy for
each matrix. That is the case for our databaseinkggneral the method should be included. Nextdae
not have to consider the unit attribute if we usme “standard” units. In our database each pararhate
its own unit (for the given method), but in genetta¢ unit has to be included. The record satisfying
MEDM is valid and can be stored in the database.

Institution Site Matrix  Fraction Time Method Parameter Value

chMu | kesetice | ar | PUF | 25032005 9:00 | passive | napnthalene | 955 | ngm' |

Fig. 4. Minimal Environmental Data Model — attributes wékamples.

2.5 Extended Environmental Data Model for Scenario

Apart from MEDM we usually have more informationoab the samples. These are meteorological
conditions, more detailed description of matricets, On the other hand we can also add some expert
information to data such as reference limits, catiegtion of the samples, etc. So we can extendidte
model to what we calExtended Environmental Data Mod&EDM) — Fig. 5.

MEDM
sample parameters Z"'pph?":"h'g | | aggregation | | external
identification and values SN e codes knowledge
sites and samples

£ 2+ 4 2 9

minimum concentration additional categorization Additional
datarecord and units characteristics information
(evaluation-hbased
(institution, site, matrix, (parameter (meteorological categories, (reference limits,
fraction, time, method) values in pre- conditions, detailed categorization based  project description,
defined units) description of on validity and record value weights)
matrix, etc.) completeness

monitoring fypes, efc.)
Fig. 5. Extended Environmental Data Model.
2.5.1 Entity Relationship Diagram

Design of the GENASIS database reflects of colrseeeds of MEDM and also the needs of Analytical
tools. The main database table calleehluecontains measured values of environmental paramdte
attributes are:

e id_value(primary key, bigint type),

» id_contract(foreign key ta_contract see institution attribute in MEDM, int type),

» id_samplgforeign key ta_sample describing the sample — site and time, int type),
» subsampldsince a sample can be composed from severalmmplbss, char type),

» id_fraction (foreign key ta_fraction int type),
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id_parameter(foreign key ta_parameterint type),
value(measured value of corresponding parameter, tjqe),

loq (index telling whether the measured value was uad@nit of quantification or not, tinyint
type),
visibility _type(since some values can be visible only to a cegeinp of users, char type),

insert_dategthe time when the record was stored into the talatetime type).

As for the MEDM we miss in this table two attribsiteampling metho@ndunit. Sampling method is
connected with a sample and therefore it is indudehe tabld_sample It was already said that we are
using some kind of “standard” units which are ie tAblet _parameter— each parameter has its own
unique unit for given sampling method.
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Fig. 6. Entity Relationship Diagram of GENASIS database.

The database is capable of storing any environeafdt. Persistent organic pollutants are also
monitored for example in mother’s milk. Therefore imcorporated the tables callednotherandt_baby
into the database model which was managed withoupeoblem.
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3 TaToo portlets
3.1 Hierarchical Search Portlet

The Hierarchical Search Portletllows a user to browse a category tree, dispipsfre name of the
category and the number of resources that, fovengbroperty previously set, has the category asva
When the user clicks on a particular category, ttherarchical Search Portlet contacts thaToo
Discovery Serveto retrieve the resources belonging to this categaod its related metadata. To display
this information, the Hierarchical Search Portkdirects the results toTeaToo User Componeable to
show results.

The Hierarchical Search Portlet depends orDliseovery Servicéo retrieve the ontology or ontologies
belonging to the user selected domain. Retrievéolagies must include the category tree intenddukto
displayed.
The objective of the Hierarchical Search Portlebigive the user a graphical interface that alltavs

» Navigate a hierarchy displayed as a tree.

» Show the number of resources associated with estelgary of the hierarchy.
* Request the resources associated wit a particatagary of the hierarchy.
lllustration of the Hierarchical Search Portlet ¢enseen on Fig. 7.

TaToo Web Page

<J $ X {} [hitto:/ fwww tatoo-fo7 eutatoawebs 1& D

TaToo Web Portal o

Hierarchy Search Portlet -0%
[Selected boman]y) ﬁ
[=] Resource (3570)
[=] Web (3000)
[ Documents (2700)
[ Images (250)
[ Audio (50)
[=] services (570)
[ WsDL Services (400)
[ Rest Services (170)
=] Others...

L&

Fig. 7. Hierarchical Search Portlet mockup. \
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3.2 Simple Search Portlet

TheSimple Search Portletllows a user to search resources regardlesgioftyipe. The Simple Search

Portlet provides a GUI suitable for expressingriwest relevant queries for a given domain in acawrda
to a given search profile. When the user clickshansearch button, the Simple Search Portlet ctnthe
TaToo Discovery Service to retrieve the resourets/ant to the user’s search. To display this

information, the Simple Search Portlet redirecesrsults to a TaToo User Component able to show
results.

The Simple Search Portlet depends on the Discdseryice to retrieve the ontology or ontologies

belonging to the user selected domain. The rettieveologies and the search profile will be used to
generate the GUIL.

The portlet is associated with two information miedthe one formed by the MERM and domain
ontologies, and the one represented by the seanfifepWhile the goal of the Simple Search Poriseio

provide a resource type independent search, theepts) values and properties shown in the GUI ineist
described in the MERM or in domain ontologies.

lllustration of the Simple Search Portlet can bensen Fig. 8.

TaToo Web Page

1& >
1
[
TaggingY| Discovery\
Simple Search Portlet -0%]
[Seecred Soman]y] [
Grdanly]  ©
TimeRange |¥|  hasStartingbate E @
hasEndingDate E
hasRelatedPolutant |v| @
[Seflect class o property ] @
B Use inference Search
I

.

Fig. 8. Simple Search Portlet mockup.

3.3 Result Presentation Portlet

TheResult Presentation Portlellows a user to view the results of a query, iatetact with them. First,
the Result Presentation Portlet displays the straaif the query. Related actions, such as refjmray
be performed on this query. To perform these astitite Result Presentation Portlet redirects theast
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to an appropriate component, such as search compfamaefining action. Then, the Result Presentati
Portlet displays the resources relevant to theyguarain, related actions, such as annotation, wvig\wer
rating, may be performed on these resources. Tfompethese actions, the Result Presentation Portlet
redirects the request to an appropriate component.

For each resource, the Result Presentation Puaiitletisplay the annotations related to the reseurc
These annotations are presented in two categanestations relevant to the query and other
annotations. For each category, a summary of thetations contained will be shown, including releva
aspects such as its URI, author, evaluation, etce&ch annotation, a summary of the elements
belonging to the MERM will be shown, including redet aspects such as its type, functional
classification, etc. For each annotation relatdibas, such as viewing or rating, may be perfornied.
perform these actions, the component redirectsaiipgest to an appropriate component.

The Result Presentation Portlet depends on theolésg Service to retrieve the ontology containiing t
MERM. The retrieved ontology should be used to gateea GUI and to display search results.

lllustration of the Result Presentation Portlet barseen on Figure 9.

TaToe Web Page

<J [> X {} [tte:/ /e tatoo-fo7 cu/tatooweb/ 1@ O

TaToo Web Portal i
TaggingY| Discovery\

Result Presentation Portlet -0%

o " |
Subject Property Value

xX? hasFunctionalClassification Weather

x? type Service

¥ hasLocation z?
w? v? Temperature
— Search results ion overview
[=] Resource 1 URT View | Annotate | Rate | .. l'i'l URT Resource Type Author Rating
[=] Relevant annotations URT 1 | Service Sherlock Holmes 9.1

[ Amotation 1 URL  View | Rate | WRI2 |Service Batman 37
| Rate

[E Annotation 2 URL ~ View
Other annotations - ion details
Resource 2 URL  View | Annotate | - Property Value
Resource 3 URT View | Annotate | s hasAuthor Sherlock Holmes

ey || A=W

hasResource Type Service

hasFunctionalClassification Weather

L_JaI

ol
#]

created with Balsamiq Mackups - www balsamig.com

Fig. 9. Result Presentation Portlet mockup.

The result Presentation Portlet consists of tHeviehg panelsPerformed search, Search results,
Annotation previewandAnnotation details

ThePerformed search pandisplays the query performed by the user. Useralmwed to realize
additional actions over the query, such as refimgniheSearch results paneresents the results of the
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query. To do so, a list of sorted resource URtien. For each resource, its related annotatioms a
presented. Additional actions can be performed bwér resources or annotations, such as view,
annotate, rate, etc. THenotation overview pangrovides a summary of the annotations of a resourc
selected in the Search results area. The propstmsn are for now fixed but in future iteratiotisy

may be configured in a presentation profile. Ammotation details panelims to present a list of
properties and values for those properties forraqodar annotation selected in the Search repalteel

on the Annotation preview panel. The propertiessshand how the values are shown are for now fixed
but in future iterations the may be configured oresentation profile.

4 Conclusion

Basic concepts of discovery architecture and metailed overview of defined portlets for searchiog
environmental resources in a certain domain anatiseasults presentation was presented including
MERM, MEDM a EMEDM. This discovery architecturehieavily influenced by the need to
progressively integrate different strategies otoi®ry. After reviewing the different strategies of
discovery and establishing architecture for itslangentation, the discovery strategy for the firstj@ct
cycle has been defined with the following charasties:

» Allow term interdependencies, encoding it in ongi4s.

 Metadata based.

» Using the Boolean standard model as mathematicis,bso only exact match between resource
and query is allowed.

* Querying the knowledge base by SPARQL queries andising a dedicated API.

The next step in the project will be the ontologgdfication in each domain (for all validation sa€ios)
and then the tools will be programmed. Followingdation process and incurred requirements
correction will end the first cycle of the project.
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