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Abstract

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

Abstrakt

V pS2sphDvku jsou pops8ny soultash®ostriendlyj v mbBSemn
/ finanl| n2, environme(nBSEG)n 2 y T ksooncni o8sltni2) aa sppordsnvir
udrgitelnosti. PStap®bekcte2 zamDBenawnwku. Vztah |
reportingem je dTlegitou ot8zkou, a vivoj pokr o
indi k§torT pro ESG vikonnosti je diskutav8&h spo
technologi2 a XBRL taxonomi e.
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1. Introduction

Successful corporate sustainability, i.e., the capacity of amigejion to continue operating over a

long period of time, depends on the sustainability of its stakeholder relationships. The available
statistics show that through all objective benefits the sustainability and ESG indicators evaluation and
corporate suainability reporting can bring an appropriate feedback to businesses. This research in the
area of corporate performance evaluation and corporate sustainability reporting [13], [14], [15], [16],

[24] and [23] reflects the overall global world trends [Z], [31], [33], [35].

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

Therefore, ESG data and information are being monitowatified, registered and transformeddey
Performance IndicatorgKPIs) [1], [8], [12], [14], [15], [16] and [31]. This fact indirectly indicates

that, in the case of such needs, the organization is able to add this ESG data and incorporate it into the
corporate sustainability report, [5], [8], [15], [16].



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

We have focused on the critical partial processes in our research iateggation of economic,
environmental, social and governance performance

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

2. New approach of GRI reporting

In this chapter we introduce some results of our analysis of the-oftdteart economic,
environmental, social and governance aspects of corporate performance of thectonsand real

estate sectorThere we focused on the new approach of GRI reporting developed with other
organizations on common approaches to corporate performance and reporting [13], [15] and
consideed the important European Union (EU) legislation (i@®nstruction Product Reguiah

(CPR) - Regulation (EU) No 305/2011 laying down harmonized conditions for the marketing of
construction products) and thénited Nations Environment Programme Sustainable Buildings and
Climate Initiative (UNEP SBCI38].

The Global Reportinglnitiative is a very important networkased organization that produces a
comprehensive sustainability reporting framework that is widely used around the world. The GRI has
pioneered the devel opment of t he woframealéris in mo st !
2000 and is committed to its continuous improvement and application worldwide. The GRI drives
sustainability reporting by al | organi zations.
Sustainability Reporting Framewo(iGRI Framework) [34] whah is the family of reporting guidance

materials provided by GRI.

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

GRI 6 s Fr ame wo r IBustairmahilisyiReporing GdidelineSextor Guidands, National
Annexes, and the Boundary and Technical Protocols [6].

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

In March 2011, the GRI released the G3.1 Guidelines [7], an update and completionG8 the
Guidelines from 2006 [6], which consists of two parts. Part 1 features guidance on how to report. Part
2 features guidance on what should be reporidids is definedin the form of Disclosures on
Management Approach (DMAandPerformance Indicators (Bl which are organized into categories:
Economi¢ Environmentaland Social The Social category is broken down furthedabor, Human

Rights, Society and Product Responsibility subcategories. Each category includes a DMA and a
corresponding set @oreand Additional Performance Indicators

Core Performance Indicators (CPh)ave been devel op stdkeholter pogcegdes, GRI 6 s
which are intended to identify generally applicable Pls and are assumeséry bmportantor most
organizations. An@anization should report on CPIs unless they are deemed not material on the basis

of the GRI Reporting Principles. Further we will take into account that CPIs can be in compliance with

KPlIs.

Additional Performance Indicators (APtgpresent emerging préz or address topics that may be
material for some organizations, but are not material for others. Further we will not take into account
APIs and try to identify only CPIs or KPlIs.



The DMA should provide a brief oppmpacktothéspestt t he ¢
defined under eachndicator Categoryin order to set the context for performance information. The
organization can structure its DMA to cover the full range of Aspects under a given Cateig@gnor

group its responses on the Asfeedifferently. However, the DMA should address all of the Aspects
associated with each category regardless of the format or grouping.

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

Although the G3.1 Guidelines [7] has served as an essential and very useful fogisoving the
standardization of organizationds reporting in
degrees of compliance with the G3.1 Guidelines and sometimes also differing views on the best tools
to apply these standards to their reipgr The integration of financial performance within
environmental, social and governance performance reflects a growing desire by stakeholders for more
information on a broader range of issues. To be comparable across all organizations, and thus useful
for mainstream investment analyses, it is important that financial, environmental, social and
governance (ESG) data are transformed into consistent units and presented in a balanced and coherent
manner inESG indicatorg8].

G4 Gui del i nes lrthgecemtion of ust@rRbility Repdrting Guidelines and is now in
development.

The main focus of G4 Guidelines is:

9 ageneral revision to improve DMA and Pls technical definitions;

1 an extra effort to harmonize with other relevant international repogiridance, see for
example [13], [15];

1 a considerablyimprovement of guidance around the definition of what is material (from
different perspectives);

i aredesi gn of the G4 Guidelines format (by sepa
making it web based, offering templates, linking it to technology solutions using XBRL
taxonomy).

The launch of the fourth generation of G4 Guidelines is plafioe@013. They will be developed

using the international mulsitakeholder consultation process. Open Public Comment Periods, diverse
expert Working Groups and GRI 6s approval proced
consensus based and reflebtis broadest possible stakeholder input.

2.1 Guidelines for Construction and Real Estate Sector

TheConstruction and Real Estate Supplem{@RESS) provides organizations in the sector with a

tailored version of GRI 6s RieaghGuidelines ghichseiodt¢he i ne s .
Reporting Principles, DMA and Pls for economic, environmental and social issues.

The CRESS is intended for companies that:

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

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

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

The UNEP SBCI [38] suggests that buildings are responsible for more than 40 % of global energy use
and one third of global greenhouse gas emissiordsdt estimates that buildings are responsible for

up to 80 % of greenhouse gas emissions in our cities and towns. Reducing global greenhouse gas
emissions in the built environment is also widely recognized as the least expensive abatement
opportunity. GRIrecognizes that the construction and real estate sector has a significant role to play in
the response to climate change.

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

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

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

The sectorédés products ar elastndg sBundredsrofdyearsi andgforevern s o |
changing the landscape in which they sit. These reasons, combined with the growing appetite for
sustainability information from stakeholders and an increasing number of companies managing and
reporting on their perforamce, have given rise to the need for reporting guidance and this Sector
Supplement.

2.2 GRI and ISO reporting

The International Organization for Standardization (ISQ)2 0] , the worldés | arg
voluntary International Standards, and the GRI, sigmlemorandum of Understanding (Mo 5

September 2011 to increase their cooperation. The MoU is intended to leverage the activities of the

two organizations related to reporting and benchmarking by businesses and on sustainable
development by sharingifiormation on ISO standards and GRI programs, teaming up with other



partners, participating in the development of new or revised documents, joint promotion and
communi cati on. | SO and GRI are also meant to st
initiatives related to sustainable development, such as the Rio+20 conference in Brazil in 2012, and
other programmes by organizations such as theted Nations Global Compacf39], the
Organization for Economic Goperation and Development (OECI®6], andthe United Nations
Environment Programme Finance Initiative (UNEP ,F[B7]. The ISO 26000:201@uidance
Standard on Social Responsibilgynphasizes the value of public reporting on social responsibility
performance for internal and external stakeholdawrsh as employees, local communities, investors
and regulators. 1ISO 26000 provides guidance on the underlying principles of social responsibility, the
core subjects and issues pertaining to social responsibility and on ways to integrate socially
responsile behaviour into existing organizational strategies, systems, practices and processes. 1ISO
26000 also emphasizes the importance of results and improvements in social performance.

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

This represents an important new level of international attention with respect to the issue of reporting,
and is aligned wittGR1 6 s vi si on that disclosure on economi
performance becomes as common place and comparable as financial reporting [9].

2.3 GRI and Integrated Reporting

The International Integrated Reporting Coung¢llRC) [18] was established to support the evolution

of integrated reporting. The II RC brings togeth
accounting, securities, regulatory, academic and starsadtidg sectors, as well as civil society. The

IIRC aims to develop a new approach to reportirgne that is fit for purpose in the 21st Centiry

building on the foundations of financial, narrative, governance and sustainability reporting, but in a

way that reflects the reality that all these elemamésclosely related and interdependent, and flow

from the organizationés overall strategy and bus
discussion papefowards Integrated ReportingCommunicating Value in the 21st Centuf$6],

which offes initial proposals for the development of an International Integrated Reporting Framework

and outlines the next steps towards its creation and adoption.

GRI is one of the caonveners of the IIRC and is actively participating in its working groups ahkd ta

forces. GRI works towards making disclosure of sustainability impacts a mainstream business activity.
There are different paths to mainstreaming, and many uses for corporate sustainability reporting: as a
standal one di sci pl i nsearch and deyel@pment; asfa platform fompoaidingd s r
data to specific stakeholder groups, like investors; and now, as an intrinsic element of integrated
reporting.

Integrated reporting is a form of corporate reporting that brings together material indoraiadiut an

organi zationds strategy, governance, perfor mance
political, social and environmental context within which it operates. It provides a clear and concise
representation of how an organizatioeates value, now and in the future.

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

2.4 GRI and the Carbon Disclosure reporting

GRI and theCarbon DisclosureProject (CDP) [2] announced in July 2011 the releaséd.ioking GRI

and CDP: How are the GRI Guidelines and the CDP questions aligmad?first edition of this

document [24] was published in 2010 and has now been updated to incorporgesdhaguidance.
Linking GRI and CDP features a table that compa
Gui delines with quest CRPBapply Chaim201Q prégéegl. | nvest or an



2.5 GRI and XBRL Reporting

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

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

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

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

The GRI Framework with the new XBRL taxonomy designed for the ESG performance together with
renewed EU strategy 2044 for Corporate Social Responsibility (CSEP], UN Compact Global,
UNEP FI, ISO 2600@ndOECD Guidelines for Multinational Enterpris§®7] appear as essential for
corporate reporting at present.

2.6 Summary of GRI reporting

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

According t o recent research, 95 % of the wor

sustainability performance. GRI produces a comprehensive sumsltiaynaporting framework that is

widely used around the world. The Framework, which includes the Sustainability Reporting
Guidelines, features indicators that organizations can use to measure and report their sustainability
performance.

In the past decax corporate reporting has evolved to include sustainability information, on the
economic, social and environmental performance of an organization. Around the world, more
companies are releasing sustainability performance information, both through amstaaiability
reports or an equivalent document, dnokecause of the increasing demand fdérdiso through other

means, such as websites, newsletters and other corporate reports. Increasingly, companies are

integrating sustainability disclosures intoeith regular reporting cycle. Today, some 4,500
organizations report their sustainability performance.

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

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

Nel mara Ar bex, Deputy ChiTeddaEyxbesc unt @ w e tajaytepnt ohney
forward in making sustainability data available to society. Many companies already use XBRL to tag
their financial performance data; the GRI Taxonomy means that companies can tag their
sustainability data, making it easily accessible for peogle want to find information in the reporto

Tagging ESG data in reports requires a piece of software. Some regulaboctuding stock
exchanges and governmeiitsise various ICT tools to search for data and compare the performance
of different companies.

GR



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

3. Corporate performance evaluation and reporting

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

The GRI Framework states that corporate performance indicators may be both quantitative and
qualitative and that they should cove t he reporting entityodos direct
economic, environmental and social dimensions.

Economic indicators ncl ude proxies for the organizationos
level and on other economic systems at the locational and global level. This heading also
encompasses issues dealing with remuneration paid to employees and money received from
customers, to name but a few.

Environmental indicatorsl e a | with the measurement of an organ
via its products and services and its activities.

Social indicatorsdeal with labor practices, human rights and broader social issues affecting a broad
range of stakeholders [43]. An important element of the social performance is occupational health and
safety. The trend underscoring the social aspects of sustainablepteset is the concept of CSR

[ 44] . Ot her key issues related to the CSR are:
municipalities and relationships with suppliers, information policy including issues such as releasing
information, transparencygacating the consumers and acdrruption measures.

Governance indicatorenlargeSustainability indicatorand deal with corporate governance. This is a

term that refers broadly to the rules, processes, or laws by which businesses are operated, regulated
and controlled. The term can refer to internal governance indicators/factors defined by the officers,
stockholders or constitution of a corporation, as well as to external forces such as consumer groups,
clients, and government regulatiorEhe corporategovernance issues in the CzeRlepublic are
obtainedfrom theCorporate Governance Codd companies, which is based on the OECD principles
2004 [27].

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

3.1 Integration of economic performance

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

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

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



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

We proposed the Key Performance Indicators (KPIs) for the measurement of economic perfarmance i
relation to the sustainability and ESG indicators. The economic performance indicators provide
guantitative forms of feedback which reflect the results in the framework of corporate strategy. The
approach is not different when we control environmentatjas and governance issues. The nhon
financial KPIs that an organization develops, manages and ultimately repehnisther internally or
externally 1 will depend on its strategic priorities, and will reflect the unique nature of the
organization. What isnost important is to recognize what is measured, what is controlled, and it is
important that the measures create value for the company and its stakeholders.

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

plans, which include performance targets.

Table 1.Economic KPIs. Source [46]

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

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



These indicators ECILECY differ from indicators pragsed in CRESS [4, 30], whetieeyare defined
only in general following GRI 3.0 Guidelines:

1 Economic Performance indicator&C1 (Commentary added to clarify sources of financial
information. Commentary added to report on specific breakdown for payroegasdrnments.
Commentary added to refer to methodology for calculating community investments and
clarifying infrastructure investments) and EC2 (Commentary added to report financial
i mplications and other ri sks awvids deepggathert uni t i
sustainability issues. Commentary added to provide new definitions on Qualitative Financial
implications and Obsolescence).

1 Market Presence indicatoEC7 (Commentary added to include procedures for local hiring for
all direct employeg, contractors and swiontractors hired from the local community.
Commentary added to provide definitions on contractors andautipactors.

9 Indirect Economic Impact indicatar&EC8 (Commentary added to explain other significant
infrastructure investmestmade by the reporting organization.) and EC9 (Commentary added
to add examples of indirect economic impacts).

All economic performance indicators ECIEC7 of Table 1 give measureable values. A company in

the Czech Republic can compare some of themtwithe countryés biisabletmar k va
calculatethe EVA indicator and compare with the benchmark value online on the web of the Ministry

of Industry and Trade of the Czech Republic

We took also into account @mil considerRalgwing e¢conangc Gu i d «
KPIs:

1 ECL1- Direct economic value generated and distributed, including revenues, operating costs,
employee compensation, donations and other community investments, retained earnings, and
payments to capital providers and gavments.

1 EC2-Fi nanci al i mplications and other risks and
due to climate change and other sustainability issues.

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

1 ECB8- Development and impact of infrastructure investments and services provided primarily
for public benefit through commercial, in kind, oogrono engagement.

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

Financial reporting standards, such as ltiternational Financial Reporting Standardd-RS) [17]

and theUS Generally Accepted céounting Principles(U.S. GAAP)[40] and ESG reporting
frameworks, principally the GRI Guidelines and our proposed set of economic indicators, will act as
structural supports for potential integrated reporting frameworks of integrated economic performance
The IFRS Foundation, the body that overseesrteznational Accounting Standards BoardaSB),

has today completed the first part of their project to address requests by regulators and preparers for
extensions to the fulFRS XBRL Taxonomwhich weare going to use in our developed ICT tools for
reporting.

The IFRS XBRL Taxonomy is used to help those filing IFRS financial statements electronically to
itagd the information with identification tags
the IFRS XBRL taxonomy includes all core concepts included in IFRSs as issued by the IASB.

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

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



3.2 Integration of environmental performance

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

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

However we have selected a certain set of environmental KPIs fofdweinareas of the environment
from GRIO&s Reporting Guidelines CRESS [30] and

1) Efficiency of material consumptipwhere we have chosen EN1 and EN2 indicators from CRESS;

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

3) Water managementvhere we have selected EN8, EN9, EN10 indicators and additional CRE2
indicator (Building Water Intensijyfrom CRESS;

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

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

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

7) Otherr el evant i ndi cators of the influengcwereof t he
we have selected EN26, EN29 indicators and additional CRE5 indicator (Land and other assets
remediated and in need of remediation for the existing or intendet uae according to
applicable legal designations) from CRESS.
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Figure 2: Direct and indirect environmental aspects of the construction sector. Source: [48]

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



Some constructions of KPIs represent absolute performance (e.g., total GHG emissions, total water
use), which is not normalizeoly factors such as floor area or building users. However, where it is
practical to do so and will be helpful in interpretation, the reporting organizations should consider
usingfor6i kké analysis for absol ut e ndfpdriad ofttime en ab |
of our research project.

3.3 Integration of social performance

The social dimension of corporate sustainability concerns the impacts the given organization has on
the social systems within which it operates. We are going to determineKRths for social
performance based on the GRI Framework and its social performance indicators, in order to identify
some key performance aspects surroundaigpur practices, human rights, socigtggnd product
responsibility] 7] , [ 14] , a s Repoating Gdidetines CRBESS.GR1 6

We have to consider th&bour practices indicatorsiso draw upon two instruments which directly
address the social responsibilities of business enterpriseid:QhéEripartite Declaration Concerning
Multinational Enterpri#s and Social Policy19], and the OECD Guidelines for Multinational
Enterprises[27] and we must take into account: employment; labour/management relations; health
and safety; training and education; diversity and opportunity.

However we are goingtoseld t he opti mal set of soci aki KPIl s f
Constructom i n the foll owing key areas:

1) Labor Practicesand Decent Workindicators are broadly based on the concept of decent work.
The set begins with disclosures on the scope
workforce, emphasizing aspects of gender and age distribution. We here take into account:

9 Employment LA1 and LA3indicators from CRESS;

9 Occupational Health and SafetyLA7, LA8 and CRE6 (Percentage of the organization
operating in verified compliance with an internationally recognized health and safety management
system) indicators from CRESS;

1 Training and Education LA10 indicator from CRESS;

1 Diversity and Equal OpportunityLA13 indicator from CRESS;

9 Equal Remuneration for Women and MdrA14 indicator from CRESS;

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

9 Nondiscrimination- HR4 indicator from CRESS;

9 Child labour- HR6 indicator from CRESS;

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

1 Local communityi SO1, SO9 and CRE7 (Number of persons voluntarily and involuntarily
displaced and/or resettled bgwlopment, broken down by project) indicators from CRESS

9 Public policyi SO5 and SO6 indicators from CRESS.

4) Product responsibility indicatora ddr ess t he aspects of a reporti
services that directly affect customers. We take account namely:

9 Customer Health and Saféty?R1 and PR2 indicators from CRESS;

9 Products and Services Labelling PR3, PR4, PR5 and CRES8 (Type and number of
sustainability certification, rating and labelling schemes for new construction, mamdageme
occupation and redevelopment) indicators from CRESS.

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



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

3.4 Integration of corporate governance performance

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

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

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

The establishment of corporate governance performance indicators was based on the empirical
analysis of theCode of corporate governance of OECD [27] and the Czech Republic (2004); also on
the AGreen Paperfi of the EU Corporate Governanc
Accountants (IFAC) [50].

The results of the current monitoring of the indacatin the area of corporate governance are shown in
the Table 2, where each indicator is presenti¢alits description and source.

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

Title Description Source

Corporate Governance and
Management Code

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

per various categories of the investors
Number of members from the point of th{ Green Book a governance and
professional competences management of the company in the
Percentage representation from the poin| financial institutionsand remuneratiorn
of the international representation policy

Percentage representation of the membg
from the point of both sexes

Percentage representation of the Corporate Governance and
independent members Management Code
Separation of the posts CEO/chairman | IFAC

Independency of the board members an{ Corporate Governance and

Management Frequency othe executive body sessiong

Members of the board

audit bodies Management Codé;AC
Stakeholder Duration of the membership in the board IFAC
effectiveness Remuneration of the boardtimuli IFAC
Remuneration of the boaifdguantity of Recommendation of the Council
bonuses 2009/385/EC dated April 30, 2009,
Remuneration of the boardoffer amending the recommendations
(purchase, sale of shares) 2004/913/EC and 2005/162/EC

Remuneration of the boafdguantity of IFAC
shares versus salary




Remuneration of the boardong term and
short term obstacles

Percentage of women in the board
Signs of the risk management and policy
implementation division of competencieg
for the risk management

Frequency of the involvement of the IFAC
stakeholders
Stakeholder Existence of the mechanisms of the
engagement involvement of the stakeholders

Methods of the responses to the feedbag
from the stakeholders

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

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

Payments to the state and the total valug
of the financial and subsistence
contributions to the political parties
politicians and allied institutions
Right of vote equality

3.5 ICT tools for corporate reporting and project

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

XBRL allows us to prepare reports to place electronic tags on specific content (graphs, numbers, text,
etc.) of i ndicators i n XBRletaxonomye pdrtt se ntayo | ©si rug ea
interested in finding somenvironmental data, e.g. on greenhouse gas (GHG) emissions, to
immediately find this data select it, analyze it, store it and exchange it with other computers on an
intranet or internet network and automatically present it in different ways. Users@iabld to apply

this in a variety of reports and to compare emissions information across different reports.

The power of XBRL comes from its structure, which is divided into an instance document and a group
of taxonomies. The instant document includesnass facts that are reported. The XBRL taxonomy is
defined by metadata about reported facts, meanings, interconnections, etc. From a technical point of
view, the XBRL taxonomy is deafed as a standardized XML schei6D), one that includes a
concept, thedata of which will appear ithe report. The group of schemdescribes the syntax as
interconnections of the individual messagesheir parts. Any XBRL schengoes handn-hand with
so-called link bases.

Link bases are collections of references, whearich the syntax by means of certain semantics. The
main distribution occurs in schemand Link bases according to [28]:
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Figure 3: XBLR framework [28]

1) The core is the XML schamas the key unit of the XBRL taxonomy.

2) The LabelLinkBase, the namingtbhé elements included in the XSD schem

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

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

5) The ReferencelLinkBase, enables the interconnection of the elements from the XMilvgttihem
other information, such as directives or comments, andwing to thati simplifies the
understanding of the whole structure.
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difficult to control or repeat), and the same is true of monitoring the impacts of comprehensive external effects.
Significant are the levels of ESG performance and company everall performance. Strategically important activities may improve
the corperate governance, sustainable activities and CSR, they create the intangible value of the company. Responsible
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We have already prepared a web portal Fig. 4 with initial information about the planned integration of
using an appropriate XBRL taxonomy, which will be differeigithand focused at particular target
groups of users regarding the goals of our research project No P403/11/1103. Further, a group of ICT
tools will be prepared to use at the same portal to validate and store differentiated XBRL reports.

3.6 Questionnairefor the investigation of corporate performance and reporting
blueprint

Our research project No P403/11/1103 consists of partial research targets meaioned hese
targets are connected with the particular project stages. In the first stage, toé-thtedat analysis

we have developed, in collaboration with researchers of the FBM BUT, a questionnaire covering all
four general topics (reporting is included across all the topics) of our research [13], [15kall 6]
created According to this, the gs&onnaire is divided into four independent modules focusing on
partial aspects of business development, particularly in the environmental, social, economic, and
corporate governance management subsystems.

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



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

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

4. Conclusion

Analysis of the statef-art on economic, environmental, social and corporate governance aspects of
company performance and corporate sustainability reporting has been presented. The proposed set of
abovementioned sustainability indicators for all companies in a given buildingpastiuction sector
monitors to a much greater extent the development dynamics, as up to now [4]. CEO -teaisian

is based on a qualified assessment (measurement) of a situation determined at the same time by
multiple indicators, primarily in their haontal development [1], [16], [31], [52]. In pursuit of an
outstanding information force, emphasis is currently being placed not only on the absolute data, but
primarily on the changing data and the analyses of changes of these changes. That is, the diynami
systems is the focus of attention. Vertical analyses that are applied adequately then add a further
dimension to the conditions for decision making. These were carried out in the pXaect
P403/11/20851n this context other methods have to be dised: logical and empirical methods,
methods of qualitative and quantitative research such as statistical modeling, see [14], [35].
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Abstrakt

PS2sphRNvek diskutuje pot Serdlae swyju ¢i2t 2knv amhtddrmm®h or n$ c
stanoven2z |/ modi fi kaci strategie podniku a zvyg
vliastnosti sykt®mk@MapphpérkbpsdvVpreakatovsny vybr a
se Se@g?2 v z8vNhreln® présgci obhg8jen® na FakultnD |
spoluautorky tohoto pS2sphRvku. Jde o uk8&8zku i mpl
mar keti hg&kw®lo powdni ku pTsob2cdhbededthl oahmogdobut

mNSen®h o bpdousnbsti.p u v

Abstract

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

Kl2] ov8 sl ova
Maple, marketing, regrese, statistika, strategie

Keywords

Maple, marketing, regression, statistics, strategy

1. bvod

AM2t WspRNch znamen§ m2t vi zi , ."JaA Moulisi@apilalearthersy 2 t Sk a
2] mpl ementovat prostSedky informaln2ch a komunik
a soci 8l n2ch sz2t?2 podporule rozv2zjen? schopnost?
vgech Yrovn2zch podni ku zpgPbdaoosike, jegsph pek Gea
sv®m dTsl edku ke qum)ldcmmakluov§ FfeptovadmP procesT
k propojovgn? vztahT uvnit$S i vnhD podni ku. D81
pr TzkumT, zké t8ign dlo v imah szkum'[. | nf or mal n2 v
(kvantifikovatelnTch, al e i kvalitativn2ch fakto
mNSitel nost a srovngn? (p odnik]’,1‘0/rTr1€1(1)\n§1'rie2 ektomai
podniku. Kt omu j e vgak nezbytns§ i nvestice do rozvo,]
technol ogi ck®ho pokroku.

Tedy zugitkovat i neviditelng§ aktiva je viraznh
Pokrolill mode l pro nobl&em? nal koenmatseé dgi cfkilr myT za

sv@moj ektu David Norton s konzultantem Roberte
projektu jsou shrnuty ¥ | § nARalanced Scorecard’ Measures That Drive Performarite 3
publ i k oNaavar®Buosiness Revie(ledeni 4znor 1992) . DTl egi tost vI Dbl

2euroekonom. cz, SWKbtnoenk awrkd mipe,r ta§btc Fdolae) ficin 20p209101].t | ky v
Dost upnTl <httpWWIW:euroekonom.cz/citaty.php



(sohledemkapl nRn2 strategi e) b jPuting theSBalhneed BdOrecpro o s § n a

Workipu b | i k o v a v Bamvard Busimedd Review§ z § S2j en 1993) , kde byl
dal g2 oWNpr poakti ck® zkugenost.i a aplikace. Tyto
dvacet pNhRt mNS2tek napS$2| |tySmi perspektivami
podni ku umogRuj 2 formul ovat a P mplSenset mutpo dla v/ § rs2v
umogn?2 zjistit i pS2linn® souvislipSeideviget eir ®T zh
investice do zvygovs8n? kvalifikace zamBDstnancT,
technologi 2, inovac2, vzce Vv (7).

Na konci mi nul ®ho stolet? rostouc? automati zace
vykon8vaj2c?2 tradiln? pracovn?2 Ykony, zat2mco r
speciali zovanT c h engiaeeriagmarkeing, inanag@merfa admikistrativu K | aan

jsou hodnoceny pbdbdobny sé®rycT Podri ky se nag:?

konkurencedcbdopo®ostiv M a$h2azjeers?i pooodr&ekou”arlkltT

kvyhodnocov8mdnilkiunnojseého pekonomi ck®ho prostS~ed2
soubor n8stroj T pBaadcedtScojeeard BSICS2 Klzavd tvzyw.8genl sc

manageSi mohmaJV|vgyaucg|2tbupdroouc2ho YaspRNchu, je@o t2zm p
dosagenz. BSC umogRuje nejen sl edovatn efhinmoatnn| §n 2
aktvakbudouc2 mu r Tstu. Konkurenln2 prostSed2 infor
vDk pSingg?2 nov® podm2nky pro konkurenci. (7)

Nov§ mrowamst Setd?e pondmirkifalwn2 ho vNDku jsou deter
podm2nkaknsiz,gotvavm,i ¢ pojkemrmm ozdSakvaaztne2lkiy, ssegment ac?

i novacemi, znal ost n?2 mi pracovn2ky, v2ce v (7).
AStroje jsou od toho, adyN gel y aut omaticky. Dkolem Iid2 je my.
ne sledovat sowmlagemky SapapgBsiysoV | id® Segiteli
N8kl ®H3y

Dle Peter@obDnu&kBera mAouwxd§ B dkoe:2marketing a inovaci.

Mar keting a inovace plod2"(lyTsledky, vge ostatn?
fada z8sadn2ch i podpTrnich firemn2ch rozhodnut
managementu, a tedy jeho podpoamhstpmancyVygblv&nBe
FrankG®miausA bez vzdRhDdeh? (Ll Pakaeesi B8tbioeva risk
extern2ho experta nemusej? pSin®st kT genl %sphc
interdiscipl iyng8rdnu?j 2 c harearkutdeorvam® kr oky. Jde na
kvantitativn2ch metod, metod soft computingu, Cc
vipolty. (2)dTTSZ|rEd\I<ZUC65\,bOQ)G’T1U\ﬁSD§$HSOD$'[iCWV;&BDU'[&!
Yas pRNgo®o ri e vh kter® dS2ve byly -whhdm2g.ov@Es)y vIihrad

Tedy i mplementace vhodcdolclabyCEBrpB8bsph&S8§rhkzhodnu
ugi vpaeBSisnou %Wrovn?2 znalost 2.

Bill GaBAkep ¢kl nety pSkdponvedta,” j(el) v yrtakwSitta jpiod
Vysok®ho ulen? technpochklPéddu vt &c mio I( & &ied kT hd DibrScev
a modernhD vybavenTm vysokogkol skIm pracovigt?2 m.
softwae . Od sv®ho vzni ku fakulta preferuje a c?2lenkLl
svich aktivit V propojen? t eporraext2i.c k ®h @ paéevdTezvkgu2|
aplikace 22skanl@k\amgdldlounoask?lsmm%;lmml$tt®Jgdew@na2bSbevi
mognost propojen2 s jejich budoucnost 2. Jig Sad
vprost Sed? pol2tal ov®ho syst®mu Mapl e, kterT m
posluch8rny a | abjpeazaB®Sesysa®mnBbapllieaku, tak r
Segen? cel® Sady skutelnlich probl ®mT nejrTznnjg:
pracovmincii wvich pedagogicklich, vizkumnTch i v
morgo s t sekund8&8rnhD pTsobisamores®m pdwligii WRmsvlas ¢ hia |
ol u

S
v
d
akademi k spolupracuje. N2 ge bude uvedena uk§8zk:

3Soul asnhD pSi pomeRme n\yyyd leenrk?u jHee nreyjhtod gFgo?r dpar:§ cAe, | ak §
pravdlDpodobnhD dTvod,@prol tak m8lo |id?2 mys]l?2



pTsob2c2ho na trhu, kterT mi mj . nees po & BsvaBmdjtann® v § ¢
okamgit® anagddmorsoiut uiamml.entfent ace pol 2talov®ho
procedur (v jist®m slova smyslu o algoritmizaci
vbudouc2ch mhNSen2chphi padekpmet®mnN$eputbomati ck§
managementu aktualizovan®, pSitom rozumnh dostu
z2sk8 solidn? podkl ady pro erudovan® rozhodov§8it
v budoucnosti.

2. Maple 16

O pol2talov®m syst®mu Maple bylo Seleno na nejrT
aktualizovan® informace jsou dostupn® na webovlc
Mapl esoft, I nc., kt er 8natseanzteon 2s yssytsGo®nvug Sp¥r[Iok sotvupbul j 2
mNS2tku nejrTznhNj g2 mi skupi nami ugi voaledemtna. (4) Z
soul asnou verzi Maple 16. VIivoj syst®mu interakt
spol el ensk®ho pokroku

Akt ugl MapledBbryz @ e x preadoesr 827@1 % Obsahuje v2zce neg |
a zdokonalen2 kl2]ovich oblast2 syst®mu. Jsou to
kli kac?2 mat ekathil ) Mavhp &l ®d4tn2 Zidyaohl en2 j8§dra Ma
vipolty a matematick® algoritmy, progralﬁﬁ)ovac2 j a
grafick® prohl2gele, prugn® zvDtgovs8n2, spr8va p
praxi, kénbr@legnsbovvyleeranthApp&tpﬁladccbltwge&hmhvapl|
algebry a geometrie, diferenci8&lnzho a integr8ln
pravdhDpodobnosesboracbthyiskykyfimanc2z a ekonomi e.

Pracovn?2 prpetBgidvaMaepbky snadno obslugn®. Z§pi s
obs8&8hlTch kontext ovl cahalogiag rea v indglsyt rsotjaln d anrtduni 2tci hv nzf
Pomoc?2 interaktivn2ch asdlsttyenit Tk amenn§ts§ SeojdlodIzRo w
dokumenty strukturovat, zabudokhbha®8adpliadace ddodo
L2 dZONG A texdiplu(l, eptidnk)Ng WA 6 G & A INIF F& €1 S dfaa‘)‘wzmﬁljxujd
dz] £ + RidgQY SLINedtiF ESY T RNR 22 @3S K2 vl soRNdD Sk & 2t AXRIRSY 2aR-
T+ LA&AYN] dzod

N&8povhDda a nayviiegasrozwumMapl @8, nrldokzosl §hkla§ gio hhald T
el ement 8rn2ch krokT zabudovan®ivd edalDp i mpd € yme n®m
knihovens eoretickim z8zem?2m a celou Sadou pS2kladT,
pravideln® diskuze a webingSe (Obr. 1). Tedy sy:
naprostlch zal 8§t @lokZloTi 4® pgi eate®PmnByug2vaj2c?
syst ®muraxijt ak M ve vDdD.

4Z8kl adn? zdr oj cel ®ho foalinegp 2012, [id 201381 O4 :. Wpaslt apaflt .
http://www.maplesoft.com/solutions/engineering/



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

Obr.1:Vybran® prost Sedky n&§povhRdy v Mapl
[Zdr oj: Zabudovanl m alelpu(\delo); Mpalespffonli®gia012 Nicit. 20121 -
10l.D o s t u ptip:F/wwrv.maplesoft.com/products/Maple/ (vpravo)

Podpora vyugit?2 Maple je st8&8le vzce konkretizo\
z8kl adn2ho | | en nstadent,@gkademice ! df € 9iJe kyBHEdava®alytc k § |

aplikaln2 pracovn2 produktivita, zdokonaleno vk
samotn®ho syst ®mu. D8l e je podporov8&§na mognost
(MapleSim & Expanduje mnogstvévambuloAadpicd| ml piSie did e
c2lenlch Nt g2mu poltu odbotrmdIitho pprodfeess2 mh.pr aco
Mapl e 16 pr o(Maple b6ffersProfessifndly r ozv?j 2 pSedevg2m n§.
el ektroni ku, fyzika, keesnmiragkelt i bupstvaerdugalLt omobi l
model ov8n?2 a ekonomii, statistiku a procesn? S
zpracovsgn2?2 sign8lu, virtu§8tesgl @mvﬁéee? ppDi ma |

pohybu aj. Jenuj me nNRkol ik vybranTch wugivatelT syst®n
Ulysse Nardin, Magtech AS, Argiva, Marquardt GmbH, Aerospace Manufacturing Technology Centre
(AMTC) .) NRkter® obl asti sapsltiGnauc 2Magp 2.Se gquevr8ldczh Qdbrro

Industry Solutions S
e Application Areas

tj?l m

Plant Modeling for Control > Virtual Prototyping Real-Time Simulation Optimization & Analysis
Desian

Obr. 2: Vybran® uk§8zky SegenTch probl ®mT a
[Zdroj: Mpalesoft[onling 2012, [cit. 20121-1 0 ] . Dostupnl z:
http://www.maplesoft.com/solutions/engineering/

Maple 16 pro akademikiMaple 16 for Academjc | n8stamglelmzy,r vizkumy,
Segen? mat emati cklch probl ®mT (pro nejrTznhDjg?
v2ce zpTsobT interakce. Je vyug2v§n programova
Achytr ®hofd Srdast kDocuedht ul z (e aut omati cky dokument ova
podpTrn® poudgit® technick® znal osti, vysvDiDtluj?2z
pozn8mky v elektronick® podobnD. Zdr oj e Ther o pr 8

TeacherResource Centethttp://www.maplesoft.com/TeacherResource/index.aspig Application

e
(0]



Center (http://www.maplesoft.com/applications/index.aspkiie Teaching Concepts with Maplkhe
Teaching Calculus with Maple: A Complete Kit, Application Brief&8)aplePrimes

(http:// www. mapl epri mes. com/ ; http:// www. mapl esc
n2ge uvedenlch vylepgen2 Maple 16 nab2z2 akadem
grafy a ani mace), editortumemyca koneeakbivgnme:
(Smart Popups, ¢gabl ony pro Se$edmgtéSovdr, Wg§gg? okvAaAuicho
Maple 16 i variabiln2 manager, pamNRSovl spr8vec
spos!| uch MépleCloadzvr ozpozng8val rulnh psanlch symbol
konektivita, bal2| ek paraleln2ho programov88n2 aj
komponenty (posuvn?2ky, tlalz2tka, v olovl®& asptluipkna cce

verze Maple 16 akademicpSedmNteplsemavgmat ipSk ®hvd
z8kl adu na vysoklch §gkol 8ch a n8stavb8ch vlIetnnh

testovgin? a hodnocenz'[pyﬁ)blomba,t?[,ssudthf[DkuavTvs
vizkumu a mnoha wvRDdecklch aktiwvit. Mapl e respe
informaln2 generace, jak ukazuje Obr. 3.

Maple Player for iPad

Explore mathematical concepts and solve
advanced problems on your iPad!

Live Demonstration Available on the
Maple Player for iPad D
© Play tho video App Store

Obr.3:Mapl e pSehrgval pr i Pad
[Zdrof (Mpalesoft.[Jonling] 2012, [cit. 2012-1-10]. Dostupré |

http://www.maplesoft.com/products/mapleplayef/

0
Y

Maple 16 pro studentyMaple 16 for Students nab 2 z 2 Sadu novich vlastno

vobl asti symbol i ck® ar egd me&®m cak ®k omaptleemxant2ink y o bvor u
di ferenci 8l n2zch), teorie funkc? (zej m®na i mit
integr 8un2hwoeekporobv®ho poltu, opti mali zace, operl
jednotek a rozmbr T, statistiky a ovddmylinekp.S2\6e lukp
je sousiiSgdRhgevzm2nNDn®m Aplikaln2mTmep8? mo ao ¢ ¢
expertT pro Maple syst®m v diskuznzm f - -ru Mapl e
z8znamy, tutori 8ly, el ekt r oMathenat®s SumvivahKjtv,oblgstiS 2 r u | k y
z8kl adnz, vy gg? [ pokrtigy, i IS®dent i Hejpe n Centerk ® m
(http:/ /7 www. maplesoft.com/ student Mepetle Pdtalndex . as
port 8§l pro studenty (Obr. 4), aj

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

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

Obr.4:z8hl av2 Mapl e 16 Port al
[Zdr oj : Sy™MRoain Mapl e



3. Mapl e: N§stroj pruoczsa/uy!uagsirtG? ip ¢
strategie podnikuiuk 8zka pS2padov® studi e

V tomto odstavci jsousouladug3)uvedeny vybran® uk8zky realizace
prTzkumugst2m Maple pro potSeby managementu mal
pivovar pTsob2c2?2 na trhu pSiblignn tStradklynz L
technobgk. ZamNDstngafmNgenangdt (Seditel, sl 8&dek, ¥l et
techni k, ¥dr gbsgs, gest dbDI n2KkT, mar keting manage
okol 2 pivovaruShyhazijdeahintk kmeapl$Sd2k |vi hodou je v
nepodporovan§ konzervanty anliedp&dkdlanh yt aneddls)o b
mar ket i n(gporvad d unkitx, cena, dimonmi baodeda patopla®@aced b
konkurenceZn §s | 8WO® a nwalpll dwiajm® (gytsrokrBkykval ita produk

chuS piva, | okali zace piswvloawvla® un epdousttyaavt® | hi§r epnmno
nezn8&ml produkt, chyb?2 pivovap S ktdste(gzevsitgaeunr2a cpeo,v Ikdr
o spolelnosti, zvigenz poltu z8kazn2KkT, orozg? Sc
vyvsg8gen?: pi vadrozdy¢d vzahkamiolv®ho upi woVvarSu kwnkaegean
l egislativy, r Tst pooekrojpobelnl(B)Z%Fkalwmélb'p)rfesremn2

mognost i novac? a I|nnecsZtIpelﬁrmﬂlkétvpmsgtowr@h@muodzdvnylc
vikonnost.i firmy vyv sta,l/ra2goosteSerbaacPrb&mmat,lpem‘,p:m\oa/rat
vwsledov §n?2 alSasocvioshSvysvapfich velifakhtpakhpBdndDeeb
nekompli kovanh vizualizovat. I pSes pomiDrni kr
rozhodnuto prov®eEby Emepi msdlo® ppétes soManfdgereivou S
vygaduje marketingovl prTzkum v t er ®nsprodukty, ent ov a
kvalitou, cenouo lal eddad ng 2 Mma altgnbmylyvtsgplgjnrﬁm%)nlc
gs§ds&mTzgppmdporovanl kval itn2mob&8erezprckdorvwan§ze
srozumiteln® vistupy pro korektn?2 ekonomi ckou

doporm$ienmodi fi kaci budouc? sFaktegkemp®a&kmeu
soul aswhllem kN4 zk® pol etlnaossotvil c¥dmS ald dwmmkdh kr omn
zhodnocenho stava | leas n &vstahdardizacep o st upnT c h kr ok T (al
vyhodnowi j 2 o3 dk kum svh o gho®o It 2thed roors®Ph S/antitda i vn2 cltak, met od

aby byl a mogns§ znovur e alhbudoaccosti PSibtdoonb,n ®aA by pb k& u

zpracprv@n®&gmntohp md m2 pdd@ke.h

Dotazn2kov®ho gte®@mBa$? punadepiidennill oVI hodegeu syst @
kompat kbi ho¥nbsckTl mi apli kacemi tabul kov®h2 pr oce
data ztek@nd&dgentkbyDat an$hadhoed htDena zdSop i ManPléeu a z n 2 k
obsahoval v ac edt zesk r TRPiI®houliyaimpiuziawagovsny |jak absol
relativodpbetMapdteVMj e mogn® dokument pSehlednn s
kter® je mogno sbal it odoebroi g2l cefi ochkgopoelr g$eaax tnBmudghirioa
algoritmizae. P Si pbmc pBeétkazT na Obr. 5 stal?2 mechanic
hodnotya pak |ji g nechat syst ®d TMeoplue rsoazmsashtua tpnd® spr
zachycuj e mekeezpedsekoefstupyn ®



¥ Vyhodnoceni prizkumu

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

Y Sloupcové grafy

| > with(Statistics) :

> A4 :={'a1_,___ ar;-, B :={'51_____ bh-C :={'|:1____, ch:
B :> ColumnGraph( |4, B, C])

Y Regrese

A Linedrni trend
| > with( Statistics) :
> X= Veca‘or[ [i’l.____ i’n]__ datatype = ﬂom‘} :

> ¥Fe= Vgcror( [ j - pﬂ]_, datatype = ﬂoar:] :
:> T1 = LinearFit([1,¢]. X Y. t); . Tm == LinearFit([1,1]. X ¥ 1)

VY Spolecny graf

| > with( plots) -

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

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

Obr.5:Stukt urovani Maple z&§pilenhid pS2kakd? paopadg
[Zdroj: VlIastn? zpracovs8n2 v Mapl e]

f Ot §zkylet yppoud| et o8t @i piovova?r us zpdBemiienmp r vduk & nt
odpovind?2 (v tomto pS2padh), Aamef ((rmhydloz m,i v
|l id® neznaj ?2) a Anev2miA (vTbec nveinz8una | ti wpevrg2n,
kol 8| ov 1 PEChag),rOarf 6ylLzerozumiteldp r oy @§ti ch vizu8l n2 vyl
svli sthpgachupe T zTkamadnoporovnat ( vi sel e zachycuj 2c?2 ab
odpovid?2 soulasnhD odpov2daj? [ relativn2zm | e
interaktivn2mi prost&edky|l asoposStdPlaEobbhmod,

aJugitzm prav®ho tlal2tka mygi | i kontextov®h

f Ot §zk aKatlyipku: p Tk tohioto pifovapvipvy & mRr u  z a tsi dpe$e dveynp i j
stanovenl mi kategolrliietnmmiT ppilval (vlypag T5,h @ Tag 1
v2cNa)v2c odpovRdi jsou sledovan®dodhDt $¢el Sea
pivovaru (rok 2009), po jedmsom|lracan® mphbdb dmo
ZjigtnNDng dagptle kzwlps 8naMdo kontingen|ln2z tabul k
byl pSeveden do tguwdidp mehnl zéhdodn@le on& sobn®hoo sl o
grafu ColumnGraph , Obr . 7. ObdobnhD jako vvMaSedchoz?
snadnomodii ovatudglin®m interaktivin2ch komponent sys



Je podle Vas pivo tohoto pivovaru znamy
produkt?

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

neznamy
b =37,
1. 25,5 %

nevim
c=406,
j.31,7 %

Obr.6:Kol §| ovMaplgr af v
[Zdroj:( 3) a vlIiastn2] zpracovg8§n2 v Mapl e

Pocet
respondenti —5%

—

—24

I/ e e
1-5 6-10 11-15 16-20 2lavice
Podet vypitych pivza tyden

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

br. 7: S| oMapecovI graf v

[Zdroj:(8)a v I astn2z zplracovg8§n2 v Mapl e
f Nyn2 se zamRSme na ji ou mo g n o sBudemeystedodah o c e n 2
trend vivoje jednotllawd.omk v &y uNaplé¢ zeasbdupdoovwbdmi® v

prost Sedky st aStailisicialbak ko prb2 kkless ( edhodmnaf e
ot §zkhuoodnoSte pivo tohoto pivovaRavnnRakoglwe o

hodnocen? idovb Il aostee v Sae nP20 0p¥i)v, 0 vraorku p(or (20kD)e v S e n 2
avsoul asn® dobnD gtridrk?z 2t0rl€ndu Pyl azjzavol ena | in
uvagovanlch variant odpoviRd2 Dbyl pro zpSehl e
spol el n®ho souSadnicov®ho syst®mu ( Obr . 8) .
(vypol 2 tRamu® Ma yduygs tt 2 hineprBtZz lea st at i s tjsoerko®vhnoN gb a | 2



Vyj §dvSebry. 8. Indexace |jep®iSdibloenivm kha zrrsHrokna

tot®9y respektuje oznal en? pS2mek ve spolel|nc
srozumt el nT pro interpretsodaduseimpér uvkbehl miji gnt
(SWOT 4a.) pak tato kvantifikovan8§ zjigthDn?2 hr aj
strategie. Poznamgnme , sgset ®mu Maple je mogno dRd e pr oy
z2skanlTch model T. A pro dal g2, resp. slogittr

cel ® Sady zabudovamrlchaptsgdtkil satdi cpkToc hz jni §sStorvosjt
testovg8§n?2 dhlywoodu®zr.o zZTsopahzu pS2sphNvku toto neuvs

T T T T T

pocty
respondentii

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

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

Obr.88Regresn?2 | ine8rn2 modely v Mapl e
[Zdroj: VI ast n2 zprhcov8&8n2z v Mapl e

4, Z8v NDr

Manager podni ku je | asto nucen ul iHivrtucey alglsg r a|j
kterl u m2 solidnhD ovl 8§dat, pSitom s8&m disponuj
komuni kovat s jeho rozhran2m,asvEBsg8upy peksodpabyv
v2ce nez8visl T m. vItakomds tnnSis,t rzok u gsepnool sut ns a intui
Za konkuren] n?2 vi hodu f apmy kacs?zy s k@mn tMatpd tei vaipa
pS2legitost posky®,ujaebgthHeiPv yaldNpdv Sed student i
pol2talovou gramopamBspotaSebbuud oveal kowti nug8l nn vzd
Fakulta podnikatel sk 8rwyls gk®ho bulleam 2p St2e&d hardieark @ au

5. PodRNk?% v 8n

PS2spNDvelkSvgphNh? mkpmrotjrekkaie Amet od pro v2cefakt
podni kov® vI konno sfit i B403K1/208fbor dapno® no vadhwihtov 2Gr ant ov o
Lesk® r.epubl i ky
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Evolul n2 model pesi mi zace |
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Abstrakt

PS2smlevezkabl v8 popisem a diskuz? popul al nzho moc
zalogen®ho na jednoduch®m model u chemostatu pop
pol et popmuljac®y Rhatjae ozme z ujnmPoa 2 apodm? ak p ordé ' o teiv y

podl ®haj2c2ho zk8ze, cog umogRuje jeho aplikaci
implementace modelup/r o st Sed? Mapl e, ve kter®m je pomoc?
rovnic dswoelvej spelitkast.i populac?2 a na vislednlc
pSedem vyslovenlch pSedpokl adT.

Abstract

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

Kl'2] ovs8 sl ova
Popul aln2 model, pesimizace.

Keywords
Population model, pesimization.
1. Z8kl adn?2 vlastnost.i model u

PSedpokl §dej me uzap$esltieagdzt§@ne ms IpacSfemol nzei nterag
kter® hagVobl Waejdzi ncej agdh®geppa? aki budeme souhr

Dgivnost prostSed2?2, tj. velilinu, kter§ charak:
oznalyanepovaguj me ji zjednodugenhD za mntegset vjize p
kdi spozi ci spolelnNDppoefYS@gaemayppopydaad®w. va fun
PS2r Tst ekprsousbts3erds?t uzav j ednot ku | asu (rTst, resp.
za konstanti® a oznal me | ej

Vzhledemkp Sedkp adu, gmogebul apel v pS2mo neinteraguj 2
ovlivnhDn2 na soupeSen? o dostupn® mnogstv2 potr a

ednoduchosti model u budeme drubpcTodépgopSabov
l el nou potravu a taltactpSmpatpiSegub3dtra§tr epyw
2 geme dwaRikdaeA pSed sl avwvuj e mnogst v?2 sults®r 8t u
ulace za jednbithku bademe TdEbevpbvagovat za |
s ) FY§Naprotitomu hodnotRo znal uje efektivitu pS@n@mo sub
uhu jako pomDr spot Sebovan®ho subpritvrBamuy BITil i
modelu budeme hodnoty aQ povagovat za vz8jemnhD nez8visl®.
konstantm?2 ¥mejmost pro vgechny podruumeceyuhymklol @h
jednotku | asu a nakonec zbtyrt gtoukit epdd 2plodd eshpet St
byl spotSeboav@ggomBkiehopopul ac?2.

k]
spo
pop
pop
sub
dr



ol 8t ku model ovan®ho obdob2 budeme pSedpokl §c
t Sed2, kter§ spotSebov§gvsi .doSnaudpnnol |szueb su k §2
® dobsn sdejnde plol tu jedincT populace (uviDdo
izovanl model) na hodnothD ddbg¥mdajTbRhtgl
e mDnit . Jdenptrwo jpadnmamemhats t mo d e | opom2j
ssebou pSingg? rozmanitost pohl avn2ho rozmnogov
nestejnl pol et potomkT kagd®ho jedince. Bude me
pogadavkiamgpr oozmnogov§gn?2 popul ace je pS2tomnos
Vsyst ®mu , ge potomkem jedince url|lit®ho druhu je
mezi jedinci rTznTch druhT nen2 mogn®.

Situace se nicm®nlxhallriepkkagp Sseed dow @ath | e e 2

Vmodel ov®m uzavSen®m syst®mu nen? mognl p
povagovat zZa qnmigaretxasmmkﬁeﬁ®thopulaczr], a'’Qk
poug2 tedy pSedpbﬁtaplZ(ZZho odstavce. Vlsky
odehr§vaturlp|olulz<ehvokamg|cznhgemahodeI]JBdﬂp e BRJg
vzg§jemn® kompetici, st&t zakbhhd@®meb&mppdpu

popul ace z8&8hy vyhynout a uvolnit tak prost Se

Lasovou zmDnu mnogst vegysstuBnsut rjiS¢e unaogB8upa@®@ho u
mogn® vyj8dSit n8sleduj2c2m vztahem:

— Q 4OY0 B R YD (1)

kde'YOj e dostupn® mnloagesdj v2 pSeb tsrt &tku sw bejte §padzla |
nevyugit®ho substéj®t podaet) gpbputpsePiHHRet smolt Seba
substr §ohojedincedsl ®lread ndr uhu zajjee prod te® udj |pabspuddn c e .

Popi gme nyn?2 ftYnmanro 58 wi2s Isoushtsit r §t u "& pRo t Seefbwlvamed h .
jednotku | asu. OpRt zjednodugenNprpSsetddpeock? §jde | mee
vgechny jedince vgech popul modelu| ¢§ &nSeuwplaiddld § vj&!
bude mnogstv2 dostuyYynmPhbobudeaeb ptSi ouwenDh b mi®INA gz al
vprost Sed? nar Tstpodtt rmvggstpwr odd et pBA@O0 %mDrnhD t
jedinci vgech pdegliaszo.gi&/kﬁmedreongnkstem organi z

mnogst v?2 potravy pSijat® za jedmarnt kut djaiscu? nms hnorroa
substprd8t $ed? kSjiovdkdad| fowrakceod pS2mky pS2Zm® ¥YamDry,
konstantn?2 funkci . Uvedenbi @plSegiipiokbhapSdbkenhtekhk
vyug2van8 logistick8 kSivka n8sleduj2c2ho tvaru:
o)
kde paramettour | uj e str most pol 8§8tel nn2 | 8§8sti kSivky é
asymptotick® f 8§ z6ej, e jz2a t ¢dm@voru2.p aVj eendentord u g g 2 vari al
pSedpokl|l 8d@ajejedhagn®gpro wgeéhsgmpopsodde pSedp c
viraznhD ovlivnil chov8&n26 mopdebn3t amstorud aanhHeagei

parametrech modedbudemeRmnvwnmay pamriaanett ™ model u povag
PSej dNmmvniniyonp?i skuj 2 c2 vi @0® mpoduluagedi nlcdse. ZmNn

bude vyj8dSena jako mnogstv2 substr8tu zkonzumoy

pSemhlDny substr8tu na ¢giv® jedince, mi nus pol et u
— YD O G o (3)

kdeb 0j e pol et jediadRTYjpopspac8elva subst iE®mo pr o

druhu za |jQ@freotekwektaviuta pSemDni@& osw bpad @@ ac2naa

relatvn 2 Yamr t nost , pro jednoduchost opRDt totogn8§ pr

Uvedenl postup n8m mpdoisfkegrnt ep @i 8slon’scthavmuovni c, i ej

i nformaci o vivoji pol tu ajsedi WVctTolneus ¢ mivek RPvDwlaac h am



model u ugaddujodgmeé® pr o v gseycshtn®mup o pjue a8 e g evn 2 z8vi
hodndXp&coh jednot!| pS®ppdpPsy Fe@mseVrvevyskytne mutan
vdl ouhodob®m HhdErviisdmtst i semauv hddho tpEiithank® naJt an

pol 8§tel n2chYnpaoddm¥sk&§c®mu ustsg§l2 stav, ve kter®
substpr8asut Sed2 konstantn2 a nav2c pol ehulej edincT

Pl at2 toti ¢g:

Q a’Y B — & aB — 4)
a tedy po integraci podfepotom:
Y B — _'QQQa0Q .Q a & B —Q060Q (130 0] (5)
a po Yapravhin:
WYB — - & & _Q B —QodQ 0N (6)

za pSedpoloP®Déonvégegpi ® 2nulae,3.dosslt28vaSmmeec vki s| edek
IOEIYB - - (7)

Tedy, pokud bude ¥givnostkoprpaedti£ed20 domsdzadrell ng

vuzavSen®m syst®mu pouze jedinl druh (viz (8) a

(viz [2]), he | pViogdeQ b edhwomhlosj e schopen nejefekt

stravu ve prosphRch pS2rTstku vliastn2ch jedincT.
k u

Zkompl i j me nyn?2 suirt]uac® s ynsoag®eousvt b, j egve? sneu tvant
Qse budeQjleihgi trodd | e a pThjadéchakrvi®siadahDopaalkeé ad
Vmodel u pSedpokl §d&§me dobu mezirowhokWremmdv oz diml
pravdhDpodobnosti, cog sice neodpov2d8 re8l n®mu
mutant T nemBuzid osthadadodbWwWhto® hl edi ska vIiv.

HodnotuQ mut ovan®ho pot omka ipterdaluébl’ﬂn—od@kde’@odpagédét hedno

efektivity pSemhDny substr8&8tu na ¢givou hmotu | eh:
jednoduchaeosntomBmpim®d ed \d budeme uvagovat stejnou
mut anta pro vgechny ¢gij2c2 | ed®@&nRc epoptujl.acer ewdlzy
YmNDrn8 velikosti t®to popul ace.

2.1l mpl ementace modelu v prostSed?

Z&8k!| adem sofiondeerlouv &m prost Sed2 Maple 16 je cyklus,
me z i viskytem dvou mutantT. Lasovg d®l ka obdo
Jednotlive mopel aceepsenent ov § myoXBodkeyw Ao pu loaulprez
ud8§vsg pro kagdo® popuhbcsl efip&ti pakuodpov2d§ pol

celkemcyklu := 250;

a:=2.5;
b:=0.8;
d:=12;
m:=0.1;
z:=0.1;
cas:=0

g := proc (x) options operator, arrow; a*x/(1+a*b*x) end proc



Pe spugthDn2m cyklu je vygenerovs§na dvouS§dkov§
vstupuj 2 do prvn2zho obdob2. D®l ka obdob2 je vol
za!§tku kagd®ho obdob?2 je provedgm®ik @podplrutd ¢ar e v G
jedincT nigg2m neg 1 (tj. popul ace nesmiuRuj 2 c?
zmodel u odstranhDny. N8slednhD prob2h8 vygenerov§n

S§dek do mat ijceedi(ntTjm |jpeodpiunl caecne) .s

# Matice se dvema nahodnymi populacemi;
hl:=rand(1 .. 10);

h2 := (1/100)*rand(1 .. 100);

Matice := Matrix(2, 2, [[h2(), h1()], [h2(), h1(]D;

# Hlavni cyklus;
for cyklus from 1 to celkemcyklu do

# Cyklus pro odstraneni populaci s mene nez 1 jedincem;

v:=0:
for i from 1 by 1 to RowDimension(Matice) do
if (Matice[i -v,2]<1) then
Matice:=DeleteRo  w(Matice,i - V);
Vvi=v+l
end if:
end do:

# Cyklus pro vznik jednoho jedince s nahodnou mutaci;
jedincu:=add(Matice[k,2],k=1..RowDimension(Matice));
h:=(rand(1..10000* floor(jedincu)))/(10000):
budemutant:=h():

soucet:=0:

j:=0:

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

end do:

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

# Mutace a zapis mutanta do matice:
h:=(rand(0..100) - 50)/(100):
mutant:=mutant+mutant*h():
Matice(RowDimension(Matice)+1,1..):=<mutant,1>:

Vdal g2m kroku je pomoc? vnd San@res enyxkI§d neyxthv o Derr
pro jednotl|l ma®i e pal ancaev2 e pro cel kov®y sd d®emtuy p n ¢
zveli kosti popw| adB8vaj pcdmihmo@st v8t Wopad upkh®hloe rs?2
obdob? jsou vygenerov8ny ©pol 8teln?2 podm2nky prc
numerick® va&xigante jeifakwigdau pmezen?2 | asov® n§rol n
obdob?2 mezi wloskyethyo gmwtpd nytnTu,t 2 se zmhRDn2 pol §t eIn

# Vytvoreni soustavy diferencialnich rovnic;

SPro snadnhj g2 prTbhNh vipoltT budeme pol et jedincT pc
pracovatisnecel ol 2sel nT mi hodnot ami. IBrpa)vra@D(\yramDJngaZpSpSezdis
hmotnost vgech jedincT popul ace, cog odpov2d8 rovnDg
potomkT soul asni).



rovnice[0]:=diff(S(t),t)=d -Z*S(t) -
q(S(t)*add(P[i](t),i=1..RowDimension(Matice)):
for i from 1 by 1 to RowDimension(Matice) do
rovnice[i]:=diff(P[i](t),t)= - m*P[i](t)+q(S()*P[i](t)*Maticeli,1]:
end do:
soustava:=seq(rovnice[i],i=0..RowDimension(Matice)):

# Vytvoreni pocatecnich podminek;
if cas=0 then
podminka[0]:=S(0)=1: else podminka[0]:=S(cas)=Y:
end if:
for i from 1 by 1 to RowDimension(Matice) do
podminkali]:=P[i](cas)=Matice[i,2]:
end do:
podminky:=seq(podminka]i],i=0..RowDimension(Matice)):

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

# Reseni a vykresleni do grafu;

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

assign(reseni(cas)):

# Zapis novych hodnot do matice;

for i from 1 by 1 to RowDimension(Matice) do
Maticel[i,2]:=P[i](t):
unassign('P[i](t)"):

end do: Y:=S(t):

unassign('t):

unassign('P"):

unassign('S"):

end do:

Vzhledem k o mu ;Ykonyerguje w b d o b 2 m [ dvOma mut acemi (j ak
o e dakicei peS2jetedypoos r aw

e
konstant D, konverguje pod 3
mTgeme prov®st n8§sleduj2c?2 vipolet:

Io, B0l an
5oy G@ima
U, @ (8)

z
I

Tedy zSej mhN verl§nkcois to bpdoopbu?l amesz iv muurnt atc-emm 2 nkuo novhea
PSedpokl 8dej me nyn?2:

u--%yHD'Qs €8 @-gX Ao, T
3 . a



Protoge pro | 10d® ol 80X, kepegljeavo b d 0 b 2 me z i dviDma n
veli kost vgech popul acéj vy dhgendnD vyj ma popul ace

P S2 k alispeyseq(graf|i], i = 1 .. celkemcyklu)) S i nyn?2 mMTgeme zobr
sebe graf vivoje popul ac? ve vgech obdob2zch (o
vkagd®m obdob?2 me z i dviDma mut acemi j e sjteadtinn28c hp o
popul ac?z2. Ve wvarianthD bez mutac? by se po urli
Yagi vnosti prost Sed2, zat 2 mco weulliek o s\Nt§ hkoadmkdu rseen |vn

mut ace vgak do syst®n)meb/@@é@\&)adij)namiqu'ﬁ‘ey@@i/@;vz,r
neg bylo dos@Qvado2g?2i®Bvypeppluadtace a postupniD zap
popul ac@ ®y| @torkld nen2? jegthD dS2veuantpsy & Hna j i r
Vzhledem k o mu ,t ®teo vwarianthD modelu nen2 vige ®fektiyv
nNil2m omezenamudogk8zs2e keustvilgel 2 o b{nedvnkojtéor uSnu nq d ¢

vrozporu ¥ eal i t ou pSekrol it droekaomeze ntloddhot me Klona | m
moment 81 n?2 nej viDtg? malelp pohybovae V see tmk ewpmgenewmci 8§l
donekonel na. Takovl proces je samozSejmhD zcela n

Zvygovsgn? efekti vigiyvomSehmdntyu pwltansaieinytkhroge jgko u hu s
spr&§vng str apgggiet 2v.e dba c drvodsetniQuE2tnd n®® @Pepusl ace
kpokl esu pubstrS&tdéd , vneboS v2tNDzn§ popuwlaagceem ost
nerealis i ck ®m pSophadBok®ho hlediska "Ydmle. Aéiw2poklesy ke |
Yagi vnost.i a obecnnD evoluln2 zhorgen2 podm2nek p
prost Sed? .

Obr . 1: Exponenano8llen2u wB®t apan@umle dgp? Seefmdkntyi siutbys t r
na ¢givou hmot u.

3.Varianta s omezen?m efektivity

Fyzi k8l n2 podstata ¢givicHnadompdmes mo dRUjve rsTksutt
vzhledemikc hemi ckT m orgareisImu vsamiog®&2e) mhNvi agtm2 fyzio
vgak znamen§ jegth vTr azrned§lgre®np opkrloesst Seefde k tni evm Tt gy
jedinec maxi mum prostSedkT na hospod8&8rn® nakl §

reprodukci), ailset i musSadruovdnallgg2zej procesT, me z i
|l innost?2 patS2 samotnl pS2jem potravy.
VpSedchoz? zjednodugen® varianthD modelu fjsme pS
pouze na mnoYptrwst Se l Pyrangttdad ajsme2 povagovali za
pro vgechny popul ace. Definuj me nyn2 vztGah mezi
mnogstv2m potravy, kterou je jRedikneeo Ts chhuadpee nr epSi
stat egi i druhu ve smyslu rozhodovgn? me z i i nvest
nebo I epg2m vyugit2zm potravy pro vliastn?2 rTst a

Nahrad2 meovineddcyi v ogi sti céki®v &&rii atkiy Qaltg: komlstant u



