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3ÌÏÖÏ ĭÖÏÄÅÍ 
9. letn² ġkola aplikovan® informatiky nav§zala na pŚedchoz² letn² ġkoly aplikovan® (environment§ln²) 

informatiky v BedŚichovŊ, kter® se zde konaj² od roku 2002 s vĨjimkou roku 2004, kdy se letn² ġkola 

konala v Ġub²ŚovŊ a roku 2005, kdy byla hlavn² akc² Masarykovy univerzity (MU) v oblasti 

environment§ln² informatiky na 19. mezin§rodn² konferenci Informatics for Environmental Protection 

- EnviroInfo 2005 s nosnĨm t®matem Networking environmental information a kterou hostila 

Masarykova univerzita ve dnech 7. aģ 9. z§Ś² 2005 v brnŊnsk®m hotelu VoronŊģ. V letech 2006 aģ 

2011 se letn² ġkoly konaly opŊt v BedŚichovŊ v pensionu U AlexŢ. 

V letoġn²m roce 9. letn² ġkola aplikovan® informatiky se konala ve dnech 3. aģ 5. z§Ś² 2012 

v BedŚichovŊ, kde probŊhl workshop vŊnovanĨ prezentaci sc®n§Śe ĂAnthropogenic Impact and Global 

Climate Changeñ Śeġen®ho Masarykovou universitou v r§mci Śeġen² projektu 7. r§mcov®ho program 

Evropsk® unie ļ. 247893 ñTaToo - Tagging Tool based on a Semantic Discovery Frameworkò. Tento 

projekt se zamŊŚuje na vĨvoj n§strojŢ Jednotn®ho informaļn²ho prostoru v EvropŊ pro ģivotn² 

prostŚed² (Single Information Space in Europe for Environment - SISE) umoģŔuj²c² uģivatelŢm snadno 

zjistit environment§ln² zdroje na webovĨch str§nk§ch (data, informaļn² sluģby a modely, kter® maj² 

rŢzn® informaļn² uzly) a doplnit je o cenn® informace v podobŊ s®mantickĨch anotac² tŊchto zdrojŢ, 

coģ usnadn² jejich budouc² pouģit² a nalezen², a zah§j² cyklus prospŊġn®ho obohacen² 

environment§ln²ch zdrojŢ. NavrhovanĨ r§mec projektu TaToo je obecn® povahy a umoģn² zaļlenŊn² 

s®mantiky, s pŚihl®dnut²m k rŢznĨm n§vrhŢm dom®novĨch ontologi² v environmet§ln²ch 

multidom®n§ch a v²cejazyļnĨch souvislostech. řeġen² projektu TaToo poskytne tŚi komplexn² a 

rozs§hle ovŊŚen® sc®n§Śe, a proto se pŚedpokl§d§, ģe jako hlavn² c²lov§ skupina uģivatelŢ budou 

kvalifikovan² odborn² uģivatel® tŊchto sc®n§ŚŢ z ¼stavŢ Institut biostatistiky a analĨz (IBA) a Centrum 

pro vĨzkum toxickĨch l§tek v prostŚed² (RECETOX) MU. 

Vġemi pŚedn§ġkami 9. letn² ġkoly prol²nala skuteļnost, ģe aplikace modern²ch informaļn²ch a 

komunikaļn²ch technologi² pro ģivotn² prostŚed² (potaģmo environment§ln² informatiky) jak v Ļesk® 

republice (ĻR), tak i mezin§rodnŊ v Evropsk® unii (EU) a ve svŊtŊ se zamŊŚuje na podporu 

eEnvironmentu, Jednotn®ho informaļn²ho prostoru pro ģivotn²ho prostŚed² (SISE ï Single Information 

Space in Environment for Europe) a Sd²len®ho informaļn²ho syst®mu pro ģivotn² prostŚed² (SEIS ï 

Shared Environmental Information System), kter® podporuj² naplŔov§n² nov® politiky v budov§n² 

informaļn² spoleļnosti EU a ĻR, kter® pŚinesla ĂDigital Agenda for Europeñ v r§mci vize nov® 

Evropsk® komise ĂeEUROPE 2020ñ. Jde zejm®na o pŚeshraniļn² informaļn² sluģby v r§mci 

eEnvironmentu. Jedn§ se o sd²len² monitorovanĨch a zpracov§vanĨch dat a informac² o atmosf®Śe, 

povrchovĨch i podzemn²ch vod§ch, odpadech, pŢdŊ, biodiverzitŊ, atd. pomoc² Glob§ln²ho 

monitorovac²ho syst®mu ģivotn²ho prostŚed² a bezpeļnosti (GMES ï Global Monitoring for 

Environment and Security). Tyto informaļn² sluģby umoģŔuj² efektivnŊjġ² a pŚesnŊjġ² sledov§n² 

aktu§ln²ho stavu ģivotn²ho prostŚed² a udrģiteln®ho rozvoje v EvropŊ, d§le pak jeho modelov§n² a 

simulaci jeho dalġ²ho vĨvoje. 

Za hlavn² pŚ²nos 9. letn² ġkoly povaģujeme skuteļnost, ģe na letoġn²m roļn²ku setkali a jsou 

v pŚ²spŊvc²ch zastoupeni nejen doktorandi a uļitel® z Masarykovy university (Institut biostatistiky a 

analĨz, PŚ²rodovŊdeck§ fakulta a Fakulta informatiky), ale i z Mendlovy university (ProvoznŊ 

ekonomick§ fakulta), Vysok®ho uļen² technick®ho (Podnikatelsk® fakulta) v BrnŊ a Vysok® ġkoly 

b§Ŕsk® ï Technick® university (Ekonomick§ fakulta) v OstravŊ. Jejich pŚ²spŊvky ve sborn²ku 

pŚisp²vaj² k tomu, ģe se letn² ġkola stala ġirokĨm interdisciplin§rn²m odbornĨm f·rem v r§mci Ļesk® 

republiky. D§le je dŢleģit®, ģe nŊkolik pŚ²spŊvkŢ, jejichģ spoluautoŚi jsou ze zahraniļ², je publikov§no 

v anglick®m jazyce, kterĨ podtrhuje mezin§rodn² vĨznam sborn²ku. 



 

TŊģiġtŊ projedn§vanĨch ot§zek na letn² ġkole bylo pŚedevġ²m v detailn² diskusi vŊnovan® Śeġen² 

projektu TaToo, ale zahrnulo i dalġ² problematiku, kter§ se tĨkala oblasti ĂeEnvironmentñ, 

ĂeGovernmentñ, ĂeParticipationñ a prezentaci novŊ Śeġen®ho projektu podporovan®ho Grantovou 

agenturou Ļesk® republiky s n§zvem ĂConstruction of Methods for Multifactor Assessment of 

Company Complex Performance in Selected Sectorsò, vedenĨ pod registraļn²m ļ²slem P403/11/2085. 

 

 

V BrnŊ dne 31. listopadu 2012 

 

JiŚ² HŚeb²ļek 

Jan Ministr 

Tom§ġ Pitner 
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Abstract 

Current trends of sustainability indicators evaluation (i.e. measurement of economic/financial, 

environmental, social and governance (ESG) performance) and corporate sustainable reporting are 

discussed in the paper. The focus is on the building and construction sector. The relationship between 

sustainability indicators and reporting is an important issue; and the development of advanced 

methods to identify key performance indicators for ESG performance is discussed here along with the 

possibility of the utilization of information and communication technology and XBRL taxonomy. 

Abstrakt  

V pŚ²spŊvku jsou pops§ny souļasn® trendy v hodnocen² indik§torŢ udrģitelnosti (tj. mŊŚen² ekonomick® 

/ finanļn², environment§ln², soci§ln² a spr§vn² (ESG) vĨkonnosti) a podnikov®ho reportingu 

udrģitelnosti. PŚ²spŊvek je zamŊŚen na stavebnictv² a vĨstavbu. Vztah mezi indik§tory udrģitelnosti a 

reportingem je dŢleģitou ot§zkou, a vĨvoj pokroļilĨch metod k identifikaci kl²ļovĨch vĨkonnostn²ch 

indik§torŢ pro ESG vĨkonnosti je diskutov§n spolu s moģnost² vyuģit² informaļn²ch a komunikaļn²ch 

technologi² a XBRL taxonomie. 

Key words 

Performance evaluation, Corporate performance, Key performance indicators, Corporate sustainability 

reporting, GRI, UN Global Compact, UNEP FI, ISO 26000, XBRL, Building and construction sector 

Kl²ļov§ slova 

Hodnocen² vĨkonnosti, firemn² vĨkonnost, kl²ļov® ukazatele vĨkonnosti, podnikovĨ reporting 

udrģitelnosti, GRI, UN Global Compact, UNEP FI, ISO 26000, XBRL, stavebnictv² a vĨstavba 

1. Introduction  

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

long period of time, depends on the sustainability of its stakeholder relationships. The available 

statistics show that through all objective benefits the sustainability and ESG indicators evaluation and 

corporate sustainability reporting can bring an appropriate feedback to businesses. This research in the 

area of corporate performance evaluation and corporate sustainability reporting [13], [14], [15], [16], 

[24] and [23] reflects the overall global world trends [1], [7], [31], [33], [35].  

We have analysed corporate performance and ESG factors in chosen companies of the construction 

and real estate sector which have implemented and certified international management standards [25], 

i.e. quality (ISO 9000), environmental (ISO 14000 and EMAS) and occupational health and safety 

(ISO 18000) management systems, and some of them are going to implement the corporate social 

responsibility (ISO 26000) management system.  

Therefore, ESG data and information are being monitored, codified, registered and transformed to Key 

Performance Indicators (KPIs) [1], [8], [12], [14], [15], [16] and [31]. This fact indirectly indicates 

that, in the case of such needs, the organization is able to add this ESG data and incorporate it into the 

corporate sustainability report, [5], [8], [15], [16].  



 

In the paper we summarize chosen results of project No P403/11/1103 of the analysis of ESG aspects 

of corporate performance evaluation and reporting issued by the Global Reporting Initiative (GRI) 

which provides Sector Supplement for all reporting organizations in the construction and real estate 

sector [4]. 

We have focused on the critical partial processes in our research areas: integration of economic, 

environmental, social and governance performance. 

Our analyses of possibilities of corporate performance measurements in chosen organizations of the 

construction and real estate sector by means KPIs were based on analyses of previous findings [13], 

[14], [15], [16], [24] and their results will also be discussed in the paper. 

2. New approach of GRI reporting 

In this chapter we introduce some results of our analysis of the state-of-the-art economic, 

environmental, social and governance aspects of corporate performance of the construction and real 

estate sector. There we focused on the new approach of GRI reporting developed with other 

organizations on common approaches to corporate performance and reporting [13], [15] and 

considered the important European Union (EU) legislation (i.e. Construction Product Regulation 

(CPR) - Regulation (EU) No 305/2011 laying down harmonized conditions for the marketing of 

construction products) and the United Nations Environment Programme Sustainable Buildings and 

Climate Initiative (UNEP SBCI) [38]. 

The Global Reporting Initiative is a very important network-based organization that produces a 

comprehensive sustainability reporting framework that is widely used around the world. The GRI has 

pioneered the development of the worldôs most widely used sustainability reporting framework in 

2000 and is committed to its continuous improvement and application worldwide. The GRI drives 

sustainability reporting by all organizations. It produces the worldôs most comprehensive 

Sustainability Reporting Framework (GRI Framework) [34] which is the family of reporting guidance 

materials provided by GRI.  

Sustainability reports based on the GRI Framework can be used to demonstrate an organizational 

commitment to sustainable development, to compare organizational performance over time, and to 

measure organizational performance with respect to laws, norms, standards and voluntary initiatives. 

GRIôs Framework consists of the Sustainability Reporting Guidelines, Sector Guidanceôs, National 

Annexes, and the Boundary and Technical Protocols [6]. 

The GRI promotes a standardized approach to reporting to stimulate demand for information on 

sustainability ï benefitting both reporting organizations and report users. 

In March 2011, the GRI released the G3.1 Guidelines [7], an update and completion of the G3 

Guidelines from 2006 [6], which consists of two parts. Part 1 features guidance on how to report. Part 

2 features guidance on what should be reported. This is defined in the form of Disclosures on 

Management Approach (DMA) and Performance Indicators (PI), which are organized into categories: 

Economic, Environmental and Social. The Social category is broken down further to Labor, Human 

Rights, Society and Product Responsibility subcategories. Each category includes a DMA and a 

corresponding set of Core and Additional Performance Indicators.  

Core Performance Indicators (CPI) have been developed through GRIôs multi-stakeholder processes, 

which are intended to identify generally applicable PIs and are assumed to be very important for most 

organizations. An organization should report on CPIs unless they are deemed not material on the basis 

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

KPIs. 

Additional Performance Indicators (API) represent emerging practice or address topics that may be 

material for some organizations, but are not material for others. Further we will not take into account 

APIs and try to identify only CPIs or KPIs. 



 

The DMA should provide a brief overview of the organizationôs management approach to the Aspects 

defined under each Indicator Category in order to set the context for performance information. The 

organization can structure its DMA to cover the full range of Aspects under a given Category or it can 

group its responses on the Aspects differently. However, the DMA should address all of the Aspects 

associated with each category regardless of the format or grouping. 

GRI PIs are first organized by a general sustainability Category (economic, environmental, social: 

labor; human rights; society; product responsibility), and then they are further arranged under Aspect 

headings which more specifically reflect the issue each indicator is designed to measure. 

Although the G3.1 Guidelines [7] has served as an essential and very useful tools in improving the 

standardization of organizationôs reporting in many sectors, organizations continue to have differing 

degrees of compliance with the G3.1 Guidelines and sometimes also differing views on the best tools 

to apply these standards to their reporting. The integration of financial performance within 

environmental, social and governance performance reflects a growing desire by stakeholders for more 

information on a broader range of issues. To be comparable across all organizations, and thus useful 

for mainstream investment analyses, it is important that financial, environmental, social and 

governance (ESG) data are transformed into consistent units and presented in a balanced and coherent 

manner in ESG indicators [8]. 

G4 Guidelines is coming GRIôs fourth generation of Sustainability Reporting Guidelines and is now in 

development. 

The main focus of G4 Guidelines is: 

¶ a general revision to improve DMA and PIs technical definitions; 

¶ an extra effort to harmonize with other relevant international reporting guidance, see for 

example [13], [15]; 

¶ a considerably improvement of guidance around the definition of what is material (from 

different perspectives); 

¶ a re-design of the G4 Guidelines format (by separating ñstandard likeò requests from guidance, 

making it web based, offering templates, linking it to technology solutions using XBRL 

taxonomy). 

The launch of the fourth generation of G4 Guidelines is planned for 2013. They will be developed 

using the international multi-stakeholder consultation process. Open Public Comment Periods, diverse 

expert Working Groups and GRIôs approval procedures will ensure that G4ôs guidance will be in 

consensus based and reflects the broadest possible stakeholder input. 

2.1 Guidelines for Construction and Real Estate Sector 

The Construction and Real Estate Supplement (CRESS) provides organizations in the sector with a 

tailored version of GRIôs Reporting Guidelines. It includes the original Guidelines, which set out the 

Reporting Principles, DMA and PIs for economic, environmental and social issues.  

The CRESS is intended for companies that: 

¶ invest in, develop, construct, or manage buildings; and 

¶ invest in, develop or construct infrastructure. 

The lifecycle diagram below describes the activity areas covered within the CRESS: 



 

 
 

Figure 1: Lifecycle diagram of activity areas covered within CRESS. Source [4] 

 

The construction and real estate sector has a significant impact on the economy, society, and 

environment, in ways that are both positive and negative. 

The UNEP SBCI [38] suggests that buildings are responsible for more than 40 % of global energy use 

and one third of global greenhouse gas emissions. It also estimates that buildings are responsible for 

up to 80 % of greenhouse gas emissions in our cities and towns. Reducing global greenhouse gas 

emissions in the built environment is also widely recognized as the least expensive abatement 

opportunity. GRI recognizes that the construction and real estate sector has a significant role to play in 

the response to climate change. 

Activities associated with constructing, operating, occupying and demolishing buildings and 

infrastructure also deplete natural resources and contribute many kinds of pollutant to land, air and 

water. Resources which are vital to the survival of all species, such as water and natural materials, are 

consumed on a significant scale by activities associated with the built environment. The UNEP SBCI 

estimates that the built environment is globally responsible for 30 % of natural material use and 20 % 

of water use. 

The creation and maintenance of the built environment also significantly affects natural ecosystems 

and transforms or eradicates long standing habitats. The construction and real estate sector also 

produces large quantities of waste and UNEP SBCI estimates that the built environment contributes to 

30% of total solid waste generation. 

In socio-economic terms, the built environment has significant direct and indirect impacts on social 

wellbeing and the livelihoods and prosperity of communities and individuals. The sector, through its 

various activities as a major employer with a diverse and complex supply chain, can positively impact 

local economies by providing jobs, training and industry. The sector provides homes, education and 

recreational facilities for communities, yet it can also be responsible for displacing many people. 

The sectorôs products are also enduring, in some instances lasting hundreds of years and forever 

changing the landscape in which they sit. These reasons, combined with the growing appetite for 

sustainability information from stakeholders and an increasing number of companies managing and 

reporting on their performance, have given rise to the need for reporting guidance and this Sector 

Supplement. 

2.2 GRI and ISO reporting 

The International Organization for Standardization (ISO) [20], the worldôs largest developer of 

voluntary International Standards, and the GRI, signed a Memorandum of Understanding (MoU) on 5 

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

two organizations related to reporting and benchmarking by businesses and on sustainable 

development by sharing information on ISO standards and GRI programs, teaming up with other 
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partners, participating in the development of new or revised documents, joint promotion and 

communication. ISO and GRI are also meant to support and promote each otherôs involvement in 

initiatives related to sustainable development, such as the Rio+20 conference in Brazil in 2012, and 

other programmes by organizations such as the United Nations Global Compact [39], the 

Organization for Economic Co-operation and Development (OECD) [26], and the United Nations 

Environment Programme Finance Initiative (UNEP FI), [37]. The ISO 26000:2010 Guidance 

Standard on Social Responsibility emphasizes the value of public reporting on social responsibility 

performance for internal and external stakeholders, such as employees, local communities, investors 

and regulators. ISO 26000 provides guidance on the underlying principles of social responsibility, the 

core subjects and issues pertaining to social responsibility and on ways to integrate socially 

responsible behaviour into existing organizational strategies, systems, practices and processes. ISO 

26000 also emphasizes the importance of results and improvements in social performance.  

ISO 26000 also briefly explains that social responsibility reports and other communications should be 

understandable, accurate, balanced/transparent, and timely, as well as comparable. The GRI 

Framework goes further in providing more specific guidance on the principles of clarity, accuracy, 

balance, timeliness, and comparability and also adds the principle of reliability. These principles all go 

towards helping to ensure the quality of reported information. 

This represents an important new level of international attention with respect to the issue of reporting, 

and is aligned with GRIôs vision that disclosure on economic, environmental, social and governance 

performance becomes as common place and comparable as financial reporting [9]. 

2.3 GRI and Integrated Reporting 

The International Integrated Reporting Council (IIRC) [18] was established to support the evolution 

of integrated reporting. The IIRC brings together the worldôs leaders from the corporate, investment, 

accounting, securities, regulatory, academic and standard-setting sectors, as well as civil society. The 

IIRC aims to develop a new approach to reporting ï one that is fit for purpose in the 21st Century ï 

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

way that reflects the reality that all these elements are closely related and interdependent, and flow 

from the organizationôs overall strategy and business model. In September 2011 the IIRC published its 

discussion paper Towards Integrated Reporting - Communicating Value in the 21st Century, [36], 

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

and outlines the next steps towards its creation and adoption. 

GRI is one of the co-conveners of the IIRC and is actively participating in its working groups and task 

forces. GRI works towards making disclosure of sustainability impacts a mainstream business activity. 

There are different paths to mainstreaming, and many uses for corporate sustainability reporting: as a 

standalone discipline; as part of a companyôs research and development; as a platform for providing 

data to specific stakeholder groups, like investors; and now, as an intrinsic element of integrated 

reporting. 

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

organizationôs strategy, governance, performance and prospects in a way that reflects the commercial, 

political, social and environmental context within which it operates. It provides a clear and concise 

representation of how an organization creates value, now and in the future. 

GRI supports the development of integrated reporting as it has the potential to make a large 

contribution to the mainstreaming disclosure of sustainability impacts. 

2.4 GRI and the Carbon Disclosure reporting 

GRI and the Carbon Disclosure Project (CDP) [2] announced in July 2011 the release of Linking GRI 

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

document [24] was published in 2010 and has now been updated to incorporate changes in guidance. 

Linking GRI and CDP features a table that compares specific environmental indicators from GRIôs 

Guidelines with questions from CDPôs Investor and CDP Supply Chain 2011 programs [3]. 



 

2.5 GRI and XBRL Reporting  

The eXtensible Business Reporting Language (XBRL) [42] is a markup language for the electronic 

communication of business and financial data that provides major benefits in the preparation, analysis 

and communication of business information.  

XBRL is the emerging standard used around the world to define and exchange financial performance 

data. With substantial work already initiated internationally to create taxonomies for financial 

information, the GRI has, in collaboration with partners, developed XBRL taxonomy for non-financial 

performance data that can complement other taxonomies.  

The GRI Taxonomy Project announced in June 2011 by GRI and Deloitte will result in a new format 

for exchanging sustainability data: one that will help investors, auditors and analysts to publish, use 

and analyse information in sustainability reports more quickly and easily. 

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

underway. 

The GRI Framework with the new XBRL taxonomy designed for the ESG performance together with 

renewed EU strategy 2011-14 for Corporate Social Responsibility (CSR) [30], UN Compact Global, 

UNEP FI, ISO 26000 and OECD Guidelines for Multinational Enterprises [27] appear as essential for 

corporate reporting at present.  

2.6 Summary of GRI reporting 

Data on the corporate performance including carbon emissions, water use and human rights 

infringements can now be easily revealed thanks to a new format for tagging data in sustainability 

reports, being launched on 8 March 2012 by the GRI. This new format will help people find 

information hidden in corporate sustainability reports much more quickly and easily. 

According to recent research, 95 % of the worldôs 250 biggest companies now report their 

sustainability performance. GRI produces a comprehensive sustainability reporting framework that is 

widely used around the world. The Framework, which includes the Sustainability Reporting 

Guidelines, features indicators that organizations can use to measure and report their sustainability 

performance. 

In the past decade, corporate reporting has evolved to include sustainability information, on the 

economic, social and environmental performance of an organization. Around the world, more 

companies are releasing sustainability performance information, both through annual sustainability 

reports or an equivalent document, and ï because of the increasing demand for it ï also through other 

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

integrating sustainability disclosures into their regular reporting cycle. Today, some 4,500 

organizations report their sustainability performance.  

GRI has launched a new XBRL taxonomy for tagging sustainability data in reports, making it easier 

for report users ï including regulators, investors and analysts ï to find and analyse data. The GRI 

Taxonomy ï which is available for free ï was developed in collaboration with Deloitte Netherlands. A 

team of experts from different stakeholder communities reviewed the draft taxonomy before the Public 

Comment Period. 

GRI taxonomy will enable companies and other organizations to use XBRL to improve their 

sustainability reporting and make the data in their reports more accessible. 

Nelmara Arbex, Deputy Chief Executive of the GRI, said: ñTodayôs new taxonomy is a major step 

forward in making sustainability data available to society. Many companies already use XBRL to tag 

their financial performance data; the GRI Taxonomy means that companies can tag their 

sustainability data, making it easily accessible for people who want to find information in the report.ò 

Tagging ESG data in reports requires a piece of software. Some regulators ï including stock 

exchanges and governments ï use various ICT tools to search for data and compare the performance 

of different companies. 



 

We are going to develop ICT tools in the project No P403/11/1103 for corporate sustainability 

reporting for Construction and Real Estate Sector. 

3. Corporate performance evaluation and reporting 

The corporate performance plays a key role in the corporate strategic policy and sustainability of 

success of an organization. The creation of reliable methods of ESG performance measurement where 

concurrent acting of multiple factors is in play can be considered a prerequisite for success not only in 

decision-making, but also with regard to corporate governance, comparison possibilities, development 

of a healthy competition environment etc. 

The GRI Framework states that corporate performance indicators may be both quantitative and 

qualitative and that they should cover the reporting entityôs direct and indirect impacts across 

economic, environmental and social dimensions.  

Economic indicators include proxies for the organizationôs impact on resources at the shareholder 

level and on other economic systems at the local, national and global level. This heading also 

encompasses issues dealing with remuneration paid to employees and money received from 

customers, to name but a few. 

Environmental indicators deal with the measurement of an organizationôs impact on the environment 

via its products and services and its activities. 

Social indicators deal with labor practices, human rights and broader social issues affecting a broad 

range of stakeholders [43]. An important element of the social performance is occupational health and 

safety. The trend underscoring the social aspects of sustainable development is the concept of CSR 

[44]. Other key issues related to the CSR are: human rights, employeesó rights, involvement of 

municipalities and relationships with suppliers, information policy including issues such as releasing 

information, transparency, educating the consumers and anti-corruption measures. 

Governance indicators enlarge Sustainability indicators and deal with corporate governance. This is a 

term that refers broadly to the rules, processes, or laws by which businesses are operated, regulated, 

and controlled. The term can refer to internal governance indicators/factors defined by the officers, 

stockholders or constitution of a corporation, as well as to external forces such as consumer groups, 

clients, and government regulations. The corporate governance issues in the Czech Republic are 

obtained from the Corporate Governance Code of companies, which is based on the OECD principles 

2004 [27]. 

One of the possible approaches is to also take into account successful solutions to economic, 

environmental and social issues and governance in relation to measurement of corporate performance, 

as well as its continued success (Sustainability of Success). Disregarding such aspects of performance 

in the unified reporting (e.g. prepared G4 Guidelines for Corporate Sustainability Reporting) by 

company managers may result in creating further and even deeper problems. For the purpose of 

collecting corporate performance data it is necessary to determine the KPIs of the given organization.  

3.1 Integration of economic performance 

We will here consider economic performance based on the G3.1 Guideline (enlarged with its 

Construction and Real Estate Supplement). Economic performance indicators are often used for 

selection strategies (maximizing profits, maximizing total costs, company survival, etc.) based on 

direct economic impacts of customers, suppliers, employees, providers of capital, public etc. 

Financial reporting standards, such as IFRS and US Generally Accepted Accounting Principles (U.S. 

GAAP) and ESG reporting frameworks, principally the GRI Guidelines [7, 8], will act as structural 

supports for potential integrated reporting frameworks of integrated economic performance [17].  

Research of the direction of the economic performance indicators of project No P403/11/2085 has 

focused on the analysis of the reporting framework of the GRI [7] and IFAC Sustainability Framework 

2.0 [33]. Furthermore, the research dealt with economic indicators which have been published in the 



 

Yearbook of Czech Statistical Office [45] and selected economic indicators of financial statements 

according to Czech accounting standards (from 2011) and a comprehensive analysis of the voluntary 

reporting of 10 large Czech companies of the Construction and Manufacturing sector has also been 

done [46]. 

We proposed the Key Performance Indicators (KPIs) for the measurement of economic performance in 

relation to the sustainability and ESG indicators. The economic performance indicators provide 

quantitative forms of feedback which reflect the results in the framework of corporate strategy. The 

approach is not different when we control environmental, social and governance issues. The non-

financial KPIs that an organization develops, manages and ultimately reports ï whether internally or 

externally ï will depend on its strategic priorities, and will reflect the unique nature of the 

organization. What is most important is to recognize what is measured, what is controlled, and it is 

important that the measures create value for the company and its stakeholders.  

The proposed KPIs can help organizations to plan and manage their economic priorities, in particular, 

when the economic indicators are focused on the core business strategy, by means of operational 

plans, which include performance targets.  

Table 1. Economic KPIs. Source [46] 

Indicator  KPIs Measurement 

EC1 

Profit 

EBIT Earnings before Interest and Taxes 

EBITDA Earnings before Interest, Taxes, Depreciation and Amortization. 

EAT Earnings after Taxes / Net profit 

EPS Earnings Per Share, P/E = Price Earnings Ratio. 

EC2 

Cash Flow 

FCF 

Free Cash 

Flow 

EBIT * (1-Tax rate) + Depreciation and Amortization - Changes in Working 

Capital - Capital expenditure. 

OCF 

Operating Cash 

Flow 

All the cash flows arising from the main activity of the company, which is the 

subject of its business (the movement of stocks, receivables, obligations). 

EC3 

Revenues 

TR 

Total revenues 

Total revenue is the total receipts of a company from the sale of any given 

quantity of a product, i.e. Revenues from own goods and services + Revenues 

from sale of merchandise (goods for resale) + Revenues of fixed assets + 

Revenues from sale of materials + Revenues of securities. 

EC4 

Turnover 

size 

Turnover size 

Revenues from own goods and services + Revenues from sale of merchandise 

(goods for resale) + Revenues of securities 

EC5 

Profit 

margin 

Profit margin 

The difference between turnover (revenues) from sales of goods and expenses 

on merchandise sold (i.e. on goods sold in the same condition as received). 

EC6 

Indicators 

of economic 

performance 

Return on 

Equity 

ROE = EAT / Equity 

Return on 

Investment 

ROI = EBIT /Total capital 

Return on 

Assets 

ROA = EBIT / Assets 

Return on 

Sales 

ROS = EAT / Revenues 

Return On 

Capital 

Employed 

ROCE = EBIT / Equity + Long-term liabilities 

EC7 

EVA 

Economic 

Value Added 

EVA = (ROE ï Cost of Equity) * Equity 

 

The proposed KPIs for measurement of the corporate performance in relation to the ESG indicators 

were established on the basis of the results of empirical research by the team of FBM BUT, [46], see 

Tab. 1. 



 

These indicators EC1 ï EC7 differ from indicators proposed in CRESS [4, 30], where they are defined 

only in general following GRI 3.0 Guidelines:  

¶ Economic Performance indicators: EC1 (Commentary added to clarify sources of financial 

information. Commentary added to report on specific breakdown for payments to governments. 

Commentary added to refer to methodology for calculating community investments and 

clarifying infrastructure investments) and EC2 (Commentary added to report financial 

implications and other risks and opportunities for the organizationôs activities due to other 

sustainability issues. Commentary added to provide new definitions on Qualitative Financial 

implications and Obsolescence). 

¶ Market Presence indicator: EC7 (Commentary added to include procedures for local hiring for 

all direct employees, contractors and sub-contractors hired from the local community. 

Commentary added to provide definitions on contractors and sub-contractors. 

¶ Indirect Economic Impact indicators: EC8 (Commentary added to explain other significant 

infrastructure investments made by the reporting organization.) and EC9 (Commentary added 

to add examples of indirect economic impacts). 

All economic performance indicators EC1 ï EC7 of Table 1 give measureable values. A company in 

the Czech Republic can compare some of them with the countryôs benchmark value, e.g., it is able to 

calculate the EVA indicator and compare with the benchmark value online on the web of the Ministry 

of Industry and Trade of the Czech Republic1. 

We took also into account GRIôs Reporting Guidelines CRESS and consider following economic 

KPIs: 

¶ EC1 - Direct economic value generated and distributed, including revenues, operating costs, 

employee compensation, donations and other community investments, retained earnings, and 

payments to capital providers and governments. 

¶ EC2 - Financial implications and other risks and opportunities for the organizationôs activities 

due to climate change and other sustainability issues. 

¶ 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. 

¶ EC8 - Development and impact of infrastructure investments and services provided primarily 

for public benefit through commercial, in kind, or pro bono engagement. 

¶ EC9 - Understanding and describing significant indirect economic impacts, including the 

extent of impacts. 

Financial reporting standards, such as the International Financial Reporting Standards (IFRS) [17] 

and the US Generally Accepted Accounting Principles (U.S. GAAP) [40] and ESG reporting 

frameworks, principally the GRI Guidelines and our proposed set of economic indicators, will act as 

structural supports for potential integrated reporting frameworks of integrated economic performance. 

The IFRS Foundation, the body that oversees the International Accounting Standards Boards (IASB), 

has today completed the first part of their project to address requests by regulators and preparers for 

extensions to the full IFRS XBRL Taxonomy, which we are going to use in our developed ICT tools for 

reporting. 

The IFRS XBRL Taxonomy is used to help those filing IFRS financial statements electronically to 

ñtagò the information with identification tags (called ñconceptsò in an XBRL taxonomy). Currently, 

the IFRS XBRL taxonomy includes all core concepts included in IFRSs as issued by the IASB.  

We have also used our developed XBRL tools to facilitate the calculations and the visualizations of 

these integrated economic performance indicators [47]. 

                                                           

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



 

3.2 Integration of environmental performance 

We determined general environmental KPIs with the use of results of our previous research in this 

field [11], [14] and with the use of the G3.1 Guideline and EMAS indicators for all sectors, which 

were accepted by the Ministry of Environment of the Czech Republic as its official methodology for a 

voluntary environmental reporting [12]. The proposed environmental KPIs shall apply to all 

organizations in all NACE economic activity sectors.  

We have identified direct and indirect environmental aspects of construction sectors, where we 

issued Reference Documents on Best Environmental Management Practice in the Building and 

Construction Sector [48], see Fig. 2. 

However we have selected a certain set of environmental KPIs following key areas of the environment 

from GRIôs Reporting Guidelines CRESS [30] and EMAS and used GRI notations:  

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

2) Energy efficiency, where we have selected EN3, EN4, EN5, EN6, EN7 indicators and an 

additional CRE1 indicator (Building Energy Intensity) from CRESS;  

3) Water management, where we have selected EN8, EN9, EN10 indicators and additional CRE2 

indicator (Building Water Intensity) from CRESS;  

4) Waste management, where we have selected EN22 indicator from CERSS and additional EN22a 

indicator (Total annual generation of hazardous waste) from [1];  

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

6) Air pollution, where we have selected EN16, EN17, EN18, EN20 indicators and additional CRE3 

indicators (Greenhouse gas emissions intensity from buildings) and CRE4 (Greenhouse gas 

emissions intensity from new construction and redevelopment activity) from CRESS;  

7) Other relevant indicators of the influence of the organizationôs activity on the environment, where 

we have selected EN26, EN29 indicators and additional CRE5 indicator (Land and other assets 

remediated and in need of remediation for the existing or intended land use according to 

applicable legal designations) from CRESS. 

 

 

Figure 2: Direct and indirect environmental aspects of the construction sector. Source: [48] 

The above set of selected environmental KPIs differs from our past set of KPIs introduced in [11], 

[12], [13] and describes more appropriate KPIs in sustainability and ESG indicators for the building 

and construction sector. 



 

Some constructions of KPIs represent absolute performance (e.g., total GHG emissions, total water 

use), which is not normalized by factors such as floor area or building users. However, where it is 

practical to do so and will be helpful in interpretation, the reporting organizations should consider 

using ólike-for-likeô analysis for absolute KPIs to enable comparability over a defined period of time 

of our research project.  

3.3 Integration of social performance 

The social dimension of corporate sustainability concerns the impacts the given organization has on 

the social systems within which it operates. We are going to determine the KPIs for social 

performance based on the GRI Framework and its social performance indicators, in order to identify 

some key performance aspects surrounding labour practices, human rights, society, and product 

responsibility [7], [14], as was done in GRIôs Reporting Guidelines CRESS.  

We have to consider that labour practices indicators also draw upon two instruments which directly 

address the social responsibilities of business enterprises: the ILO Tripartite Declaration Concerning 

Multinational Enterprises and Social Policy [19], and the OECD Guidelines for Multinational 

Enterprises [27] and we must take into account: employment; labour/management relations; health 

and safety; training and education; diversity and opportunity. 

However we are going to select the optimal set of social KPIs for NACE economic activities: ñF ï 

Constructionò in the following key areas:  

1) Labor Practices and Decent Work indicators are broadly based on the concept of decent work. 

The set begins with disclosures on the scope and diversity of the reporting organizationôs 

workforce, emphasizing aspects of gender and age distribution. We here take into account: 

¶ Employment - LA1 and LA3 indicators from CRESS; 

¶ Occupational Health and Safety - LA7, LA8 and CRE6 (Percentage of the organization 

operating in verified compliance with an internationally recognized health and safety management 

system) indicators from CRESS; 

¶ Training and Education - LA10 indicator from CRESS; 

¶ Diversity and Equal Opportunity - LA13 indicator from CRESS; 

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

2) Human Rights indicators require companies to report on the extent to which human rights are 

considered in investment and supplier/contractor selection practices. We here take into account:  

¶ Non-discrimination - HR4 indicator from CRESS;;  

¶ Child labour - HR6 indicator from CRESS;  

3)  Society indicators focus the attention on the impacts organizations have on the communities in 

which they operate, and disclosing how the risks that may arise from interactions with other social 

institutions are managed and mediated. In particular, information on the risks associated with 

bribery and corruption is sought, as well as information on the undue influence in public policy-

making, and monopoly practices. We here take into account:  

¶ Local community ï SO1, SO9 and CRE7 (Number of persons voluntarily and involuntarily 

displaced and/or resettled by development, broken down by project) indicators from CRESS;  

¶ Public policy ï SO5 and SO6 indicators from CRESS. 

4) Product responsibility indicators address the aspects of a reporting organizationôs products and 

services that directly affect customers. We take into account namely: 

¶  Customer Health and Safety ï PR1 and PR2 indicators from CRESS;;  

¶  Products and Services Labelling ï PR3, PR4, PR5 and CRE8 (Type and number of 

sustainability certification, rating and labelling schemes for new construction, management, 

occupation and redevelopment) indicators from CRESS. 

The integration process of the development of the complete set of social performance indicators is in 

progress and the final version of KPIs is planned to be complete, as a part of our research project, 

towards the end of this year. 



 

Certain KPIs should also be reported by meaningful segmentation to facilitate interpretation, for 

example by portfolio, fund, geographic location, or asset type. 

3.4 Integration of corporate governance performance 

The corporate sustainability or ESG reporting usually contains governance structure of the 

organization, including committees under the highest governance body responsible for specific tasks, 

such as setting the strategy or organizational oversight (CEO, top management etc.).  

Legal base for the corporate governance is created within the framework of following EU directives 

and rules (Code of the Criminal Responsibility, Code of the Business Activities on the Financial 

Markets, Commercial Law, Principles of Auditors, and Bank Law) and from others legislative 

(Directive 2004/25/ES about offers undertaking), about the transparency of the listed corporation 

(Directive 2004/109/ES), right of shareholders (Directive 2007/36/ES), about market exploitation 

(Directive 2003/6/ES) and about the audit (Directive 2006/43/ES). 

The corporate governance regulation in the Czech Republic usually uses a dualistic model: the 

mechanism of written law enforcement (mainly the Act No 513/1991 Sb., Commercial Code), and the 

self-regulation mechanism, characterized by a self-imposed observance of the required rules. This 

mechanism is primarily implemented through the code of company governance and also through due 

diligence principles. The company is governed by a body of shareholders ï the general meeting 

reported to by the board of directors as an executive managing body and by the supervisory board as a 

surveillance authority. 

The establishment of corporate governance performance indicators was based on the empirical 

analysis of the Code of corporate governance of OECD [27] and the Czech Republic (2004); also on 

the ĂGreen Paperñ of the EU Corporate Governance Framework [49] and International Federation of 

Accountants (IFAC) [50].  

The results of the current monitoring of the indicators in the area of corporate governance are shown in 

the Table 2, where each indicator is presented with its description and source. 

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

Title  Description Source 

Management Frequency of the executive body sessions 
Corporate Governance and 

Management Code 

Ownership 

concentration 

Concentration of owners ï right to vote per 

models  

The OECD principles of CG, Annex: 

Indicators of Corporate Landscape 

OECD 2007 Percentage distribution of the ownership 

per various categories of the investors  

Members of the board 

Number of members from the point of the 

professional competences  

Green Book - a governance and 

management of the company in the 

financial institutions and remuneration 

policy 
Percentage representation from the point 

of the international representation 

Percentage representation of the members 

from the point of both sexes  

Stakeholder 

effectiveness 

Percentage representation of the 

independent members  

Corporate Governance and 

Management Code 
Separation of the posts CEO/chairman IFAC 

Independency of the board members and 

audit bodies  

Corporate Governance and 

Management Code, IFAC 

Duration of the membership in the board  IFAC 

Remuneration of the board -stimuli IFAC 

Recommendation of the Council 

2009/385/EC dated April 30, 2009, 

amending the recommendations 

2004/913/EC and 2005/162/EC 

Remuneration of the board ï quantity of 

bonuses 

Remuneration of the board ï offer 

(purchase, sale of shares) 

Remuneration of the board ï quantity of 

shares versus salary 

IFAC 



 

Remuneration of the board - long term and 

short term obstacles 

Percentage of women in the board 

Signs of the risk management and policy 

implementation-  division of competencies 

for the risk management  

Stakeholder 

engagement 

Frequency of the involvement of the 

stakeholders  

IFAC 

Existence of the mechanisms of the 

involvement of the stakeholders 

Methods of the responses to the feedback 

from the stakeholders   

Conduct, litigation 

risk corruption 

Records on the breaching of the 

regulations and extra costs 

IFAC 

Corruption in comparison to the 

percentage of  revenues in the region 

Corruption - number of the analyzed 

business units  

Total sum spent on the correction, 

penalties, expenses and putting out of 

operation 

Payments to the state and the total value  

of the financial and subsistence 

contributions to the political parties, 

politicians and  allied institutions 

Right of vote equality 

3.5 ICT tools for corporate reporting and project 

We have also used our developed ICT tools based on GRI XBRL taxonomy to facilitate the 

calculations and the visualizations of key performance indicators. 

XBRL allows us to prepare reports to place electronic tags on specific content (graphs, numbers, text, 

etc.) of indicators in their reports by using an existing ñXBRL taxonomyò. It enables users  who are 

interested  in finding some environmental data, e.g. on greenhouse gas (GHG) emissions, to 

immediately find this data - select it, analyze it, store it and exchange it with other computers on an 

intranet or internet network and automatically present it in different ways. Users are also able to apply 

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

The power of XBRL comes from its structure, which is divided into an instance document and a group 

of taxonomies. The instant document includes business facts that are reported. The XBRL taxonomy is 

defined by metadata about reported facts, meanings, interconnections, etc. From a technical point of 

view, the XBRL taxonomy is defined as a standardized XML schema (XSD), one that includes a 

concept, the data of which will appear in the report. The group of schemas describes the syntax as 

interconnections of the individual messages or their parts. Any XBRL schema goes hand-in-hand with 

so-called link bases. 

Link bases are collections of references, which enrich the syntax by means of certain semantics. The 

main distribution occurs in schemas and Link bases according to [28]: 

 



 

 
 

Figure 3: XBLR framework [28] 

 

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

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

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

the report. 

4) The PresentationLinkBase, structuring and distribution of the concepts without changing the 

hierarchy defined by the DefinitionLinkBase. 

5) The ReferenceLinkBase, enables the interconnection of the elements from the XML schema with 

other information, such as directives or comments, and ï owing to that ï simplifies the 

understanding of the whole structure. 

 

 

 



 

 

Figure 4: Web portal of the research project No P403/11/1103.  

Source http://gacr403.cz/en 

We have already prepared a web portal Fig. 4 with initial information about the planned integration of 

using an appropriate XBRL taxonomy, which will be differentiated and focused at particular target 

groups of users regarding the goals of our research project No P403/11/1103. Further, a group of ICT 

tools will be prepared to use at the same portal to validate and store differentiated XBRL reports. 

3.6 Questionnaire for the investigation of corporate performance and reporting 

blueprint  

Our research project No P403/11/1103 consists of partial research targets mentioned above. These 

targets are connected with the particular project stages. In the first stage, the state-of-the-art analysis 

we have developed, in collaboration with researchers of the FBM BUT, a questionnaire covering all 

four general topics (reporting is included across all the topics) of our research [13], [15], [16] was 

created. According to this, the questionnaire is divided into four independent modules focusing on 

partial aspects of business development, particularly in the environmental, social, economic, and 

corporate governance management subsystems. 

The questionnaire was prepared for both the printed and the online version (with an identical text) and 

after all data collection will be completed, both data sets will be merged for further data processing. 

The online data collection will be done by means of the Research Laboratory (ReLa) questionnaire 

system, which has been developed as a research project of the Institute of Marketing and Trade of the 

FBE MENDELU in Brno [32]. 



 

Based on the research results of the questionnaire, it is possible to evaluate the current state and 

potential corporate performance of the investigated organizations of construction and real estate sector 

on environmental, social, economic and corporate governance levels. 

Subsequently, we will continue in the verification of the correctness of our approaches and 

development of KPIs for corporate performance and corporate sustainability reporting, proposed for 

organizations of the investigated sectors of the Czech Republic and the European Union. 

4. Conclusion 

Analysis of the state-of-art on economic, environmental, social and corporate governance aspects of 

company performance and corporate sustainability reporting has been presented. The proposed set of 

abovementioned sustainability indicators for all companies in a given building and construction sector 

monitors to a much greater extent the development dynamics, as up to now [4]. CEO decision-making 

is based on a qualified assessment (measurement) of a situation determined at the same time by 

multiple indicators, primarily in their horizontal development [1], [16], [31], [52]. In pursuit of an 

outstanding information force, emphasis is currently being placed not only on the absolute data, but 

primarily on the changing data and the analyses of changes of these changes. That is, the dynamics of 

systems is the focus of attention. Vertical analyses that are applied adequately then add a further 

dimension to the conditions for decision making. These were carried out in the project No 

P403/11/2085. In this context other methods have to be discussed: logical and empirical methods, 

methods of qualitative and quantitative research such as statistical modeling, see [14], [35]. 
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Abstrakt  

PŚ²spŊvek diskutuje potŚebu uģit² kvantitativn²ch metod v paralele s vyuģit²m vhodn®ho software pro 

stanoven² / modifikaci strategie podniku a zvyġov§n² jeho vĨkonnosti. Jsou zm²nŊny nŊkter® aktu§ln² 

vlastnosti syst®mu Maple 16. V  kr§tk® studii jsou jako pŚ²klad prezentov§ny vybran® skuteļnosti, kter® 

se Śeġ² v z§vŊreļn® pr§ci obh§jen® na FakultŊ podnikatelsk® Vysok®ho uļen² technick®ho v  BrnŊ 

spoluautorky tohoto pŚ²spŊvku. Jde o uk§zku implementace n§strojŢ syst®mu Maple 16 pŚi hodnocen² 

marketingov®ho vĨzkumu podniku pŢsob²c²ho nedlouhou dobu na trhu s ohledem na moģnost aplikace 

mŊŚen®ho postupu v budoucnosti. 

Abstract 

The paper discusses the need for the use of quantitative methods in parallel using the appropriate 

software for setting / modification of enterprise strategy and increasing its performance. The article 

refers some current attributes of Maple 16. In a short study, we present as an example the chosen facts 

that co-author of this paper addressed in the final thesis defended at the Faculty of Business and 

Management of the Brno University of Technology. This is a sample the implementation of Maple 

tools for evaluation of enterprise marketing research, which operates only short time on the market. It 

is with respect to the possible application of the measurement process in the future. 
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1. Đvod 

ĂM²t ¼spŊch znamen§ m²t vizi, m²t myġlen² z²tŚka, vidŊt do budoucnosti." Jan Moulis (Capital Partners) 

2  Implementovat prostŚedky informaļn²ch a komunikaļn²ch technologi² (ICT), informaļn²ch datab§z² 

a soci§ln²ch s²t² podporuje rozv²jen² schopnost² a dovednost² nejen top manaģerŢ, ale i zamŊstnancŢ na 

vġech ¼rovn²ch podniku a podporuje jejich potŚebu ġirġ² vzdŊlanosti, resp. rekvalifikace. To vede ve 

sv®m dŢsledku ke zdokonalov§n² procedur v podniku, zefektivnŊn² procesŢ a ļasovĨm ¼spor§m. Ale i 

k propojov§n² vztahŢ uvnitŚ i vnŊ podniku. D§le k podpoŚe inovac², realizac²m a vyhodnocov§n² 

prŢzkumŢ, zvl§ġtŊ marketingovĨch vĨzkumŢ. Informaļn² vŊk vyb²z² ke kvantifikaci 

(kvantifikovatelnĨch, ale i kvalitativn²ch faktorŢ a znakŢ), a t²m k vĨvoji syst®mŢ n§strojŢ pro moģnou 

mŊŚitelnost a srovn§n² (podnikŢ, vĨkonŢ, ekonomik aj.). Tato fakta uceluj² formov§n² strategie 

podniku. K tomu je vġak nezbytn§ investice do rozvoje lidsk®ho faktoru a do implementace 

technologick®ho pokroku.    

Tedy zuģitkovat i neviditeln§ aktiva je vĨraznŊ vĨznamn® pro rozhodov§n², v²ce v (6). 

PokroļilĨ model pro mŊŚen² vĨkonnosti firmy s ohledem na strategickĨ vĨznam vyv²jel ve 

sv®m projektu David Norton s konzultantem Robertem Kaplanem (konec roku 1990). VĨsledky 

projektu jsou shrnuty v ļl§nku ĂBalanced Scorecard ï Measures That Drive Performanceñ 

publikovan®m v Harvard Business Review (leden ï ¼nor 1992). DŢleģitost vĨbŊru spr§vnĨch mŊŚ²tek 

                                                           
2 euroekonom.cz, ekonomickĨ port§l. SvŊt ekonomie, obchodu a politiky v cit§tech [online]. [cit. 2012-09-01]. 

DostupnĨ z WWW:  < http://www.euroekonom.cz/citaty.php > 



 

(s ohledem k naplnŊn² strategie) byla n§slednŊ pops§na v ļl§nku ĂPutting the Balanced Scorecard to 

Workñ publikovan®m rovnŊģ v Harvard Business Review  (z§Ś² ï Ś²jen 1993), kde byly zhodnoceny 

dalġ² Nortonovy praktick® zkuġenosti a aplikace. Tyto zkuġenosti uk§zaly, ģe jiģ pŚibliģnŊ dvacet aģ 

dvacet pŊt mŊŚ²tek napŚ²ļ ļtyŚmi perspektivami (finanļn²; z§kaznick®; intern²; inovaļn² a rŢstov®) 

podniku umoģŔuj² formulovat a implementovat svou strategii. Komplexn² pŚ²stup k rozhodov§n² 

umoģn² zjistit i pŚ²ļinn® souvislosti, kter® charakterizuj² strategickou trajektorii ï pŚedevġ²m vĨznam 

investice do zvyġov§n² kvalifikace zamŊstnancŢ, do implementace informaļn²ch a komunikaļn²ch 

technologi², inovac², v²ce v (7).  

Na konci minul®ho stolet² rostouc² automatizace a poģadavky na vyġġ² produktivitu sn²ģily poļet lid² 

vykon§vaj²c² tradiļn² pracovn² ¼kony, zat²mco rostouc² konkurenļn² tlak vyģaduje v²ce pracovn²kŢ 

specializovanĨch na analytick® funkce: engineering, marketing, management a administrativu. KladnŊ 

jsou hodnoceny podnŊty jedincŢ i z vĨrobn² sf®ry. Podniky se snaģ² transformovat tak, aby byly 

konkurenceschopn® i v budoucnosti. ManaģeŚi potŚebuj² k Ś²zen² podniku urļitĨ soubor n§strojŢ 

k vyhodnocov§n² ļinnosti podniku, jeho ekonomick®ho prostŚed² a dosahov§n² svĨch c²lŢ. TakovĨ 

soubor n§strojŢ poskytuje napŚ²klad tzv. Balanced Scorecard (BSC, tzv. vyv§ģenĨ scorecard), kterĨ 

manaģeŚi mohou vyuģ²t pro navigaci budouc²ho ¼spŊchu, a t²m pro stanoven² c²lŢ a metod k jeho 

dosaģen². BSC umoģŔuje nejen sledovat finanļn² vĨsledky ale i schopnost podniku jistit nehmotn§ 

aktiva k budouc²mu rŢstu. Konkurenļn² prostŚed² informaļn²ho vŊku se mŊn² a vyostŚuje. Informaļn² 

vŊk pŚin§ġ² nov® podm²nky pro konkurenci. (7)  

Nov§ provozn² prostŚed² podnikŢ v ®Śe informaļn²ho vŊku jsou determinov§na novĨmi provozn²mi 

podm²nkami, tzv. kŚ²ģovĨmi funkcemi, spojen²m z§kazn²ky s dodavateli, segmentac² trhu, globalizac², 

inovacemi, znalostn²mi pracovn²ky, v²ce v (7). 

 ĂStroje jsou od toho, aby bŊģely automaticky. Đkolem lid² je myslet, Śeġit probl®my a zajiġŠovat jakost, 

ne sledovat souļ§stky na p§su. V naġem pŚ²padŊ jsou lid® Śeġiteli probl®mŢ, nikoli variabiln²mi 

n§klady.ñ3 (8) 

Dle Petera Druckera ĂPodnik§n² m§ dvŊ - a pouze dvŊ - z§kladn² funkce: marketing a inovaci. 

Marketing a inovace plod² vĨsledky, vġe ostatn² jsou n§klady." (1) 

řada z§sadn²ch i podpŢrnĨch firemn²ch rozhodnut² podl®h§ zkuġenosti, odborn® ¼rovni firemn²ho 

managementu, a tedy jeho podporou pro zvyġov§n² odborn® gramotnosti zamŊstnancŢ. Dle Benjamina 

Franklina ĂG®nius bez vzdŊl§n² je jako stŚ²bro v dole." (1) Pouze intuice a risk ļi investice do sluģby 

extern²ho experta nemusej² pŚin®st kĨģenĨ ¼spŊch. Na druh® stranŊ rozhodnut² maj² st§le ļastŊji 

interdisciplin§rn² charakter vyģaduj²c² erudovan® kroky. Jde napŚ²klad o vyuģit² pokroļilĨch 

kvantitativn²ch metod, metod soft computingu, citliv® dolov§n² dat i korektnŊ proveden® vŊdeck® 

vĨpoļty. (2) T²m v²ce, ģe v dŢsledku Ăboomuñ n§strojŢ ICT jsou v souļasnosti kvantitativn² metody 

¼spŊġn® i v oborech, kter® dŚ²ve byly povaģov§ny vĨhradnŊ za spoleļensko-vŊdn². (5) 

Tedy implementace vhodnĨch ICT pŚisp²v§ k tomu, aby erudovan§ rozhodnut² byl schopen uļinit 

uģivatel s patŚiļnou ¼rovn² znalost².  

 Bill Gates Śekl: ĂLepġ², neģ pŚedpov²dat budoucnost, je vytvoŚit ji," (1) Fakulta podnikatelsk§ 

Vysok®ho uļen² technick®ho v BrnŊ (FP VUT) z pohledu technologickĨch inovac² patŚ² k velmi dobŚe 

a modernŊ vybavenĨm vysokoġkolskĨm pracoviġt²m. Jde nejen o hmotn® technick® vybaven², ale i o 

software. Od sv®ho vzniku fakulta preferuje a c²lenŊ pŊstuje svou dobrou povŊst na b§zi odrazu kvality 

svĨch aktivit v propojen² teoretick®ho a vĨzkumn®ho potenci§lu s prax². Jde pŚedevġ²m o re§ln® 

aplikace z²skanĨch vŊdomost² nejen v okamģiku aktivn²ho studia posluchaļŢ, avġak v t®ģe m²Śe i o 

moģnost propojen² s jejich budoucnost². Jiģ Śadu let jena FP VUT moģn® zpracov§vat problematiku 

v prostŚed² poļ²taļov®ho syst®mu Maple, kterĨm jsou vybavena vybran§ pracoviġtŊ fakulty, 

posluch§rny a laboratoŚe. Syst®m Maple je zamŊŚen jak na vĨuku, tak na vyuģit² pŚi komplexn²m 

Śeġen² cel® Śady skuteļnĨch probl®mŢ nejrŢznŊjġ²ch oborŢ. StejnŊ tak jsou podporov§ni i akademiļt² 

pracovn²ci v r§mci svĨch pedagogickĨch, vĨzkumnĨch i vŊdeckĨch aktivit. I t²m bezesporu fakulta m§ 

moģnost sekund§rnŊ pŢsobit, resp. ovlivŔovat i dŊn² v samotn®m podniku, s n²mģ posluchaļ ļi 

akademik spolupracuje. N²ģe bude uvedena uk§zka vybranĨch ŚeġenĨch aspektŢ podniku kr§tce 

                                                           
3 SouļasnŊ pŚipomeŔme myġlenku Henryho Forda: ĂMyġlen² je nejtŊģġ² pr§ce, jak§ existuje. To je 

pravdŊpodobnŊ dŢvod, proļ tak m§lo lid² mysl²." (1)    



 

pŢsob²c²ho na trhu, kterĨmi mj. se zabĨvala pr§ce (3). PŚiļemģ pŚ²nos ġetŚen² nespoļ²v§ jen v samotn® 

okamģit® analĨze situace. S podporou implementace poļ²taļov®ho syst®mu jde pŚedevġ²m o n§vrh 

procedur (v jist®m slova smyslu o algoritmizaci) vyhodnocov§n² situace pro nov® vstupy z²skan® 

v budouc²ch mŊŚen²ch a prŢzkumech. Jejich aplikace je t®mŊŚ automatick§. VĨstupy tak poskytnou 

managementu aktualizovan®, pŚitom rozumnŊ dostupn® informace o stavu firmy. Management pak 

z²sk§ solidn² podklady pro erudovan® rozhodov§n² o pŚ²padn® zmŊnŊ a veden² firemn² strategie 

v budoucnosti.       

2. Maple 16 

O poļ²taļov®m syst®mu Maple bylo Śeļeno na nejrŢznŊjġ²ch f·rech jiģ mnoho. Kompletn² a 

aktualizovan® informace jsou dostupn® na webovĨch str§nk§ch http://www.maplesoft.com spoleļnosti 

Maplesoft, Inc., kter§ tento syst®m vyv²j². Obl²benost nasazen² syst®mu prostupuje v celosvŊtov®m 

mŊŚ²tku nejrŢznŊjġ²mi skupinami uģivatelŢ. (4) ZmiŔme kr§tce jeho vybran® vlastnosti s ohledem na 

souļasnou verzi Maple 16. VĨvoj syst®mu interaktivnŊ reaguje na poģadavky svĨch uģivatelŢ a 

spoleļensk®ho pokroku4.  

Aktu§ln² verze Maple 16 byla expedov§na v roce 2012. Obsahuje v²ce neģ ļtyŚi tis²ce pŊt set doplŔkŢ 

a zdokonalen² kl²ļovĨch oblast² syst®mu. Jsou to zejm®na: vylepġen² uģivatelsk®ho rozhran², tzv. 

klikac² matematika (Clickable Math Ê 3.0), vĨpoļetn² ¼ļinnost, zrychlen² j§dra Maple, paraleln² 

vĨpoļty a matematick® algoritmy, programovac² jazyk, vysoce kompaktn² vizualizace, Ăchytr®ñ 2-D 

grafick® prohl²ģeļe, pruģn® zvŊtġov§n², spr§va pamŊti. D§le jde o n§stroje pro vĨuku i pro vyuģit² v 

praxi, konkr®tnŊ o v²ce neģ sto vylepġen² matematickĨch aplikac² (Math Apps) pŚedevġ²m v oblastech 

algebry a geometrie, diferenci§ln²ho a integr§ln²ho poļtu, funkc² a relac², kreslen² grafŢ, trigonometrie, 

pravdŊpodobnosti a statistiky, v oborech fyziky, financ² a ekonomie. 

Pracovn² prostŚed² Maple je uģivatelsky snadno obsluģn®. Z§pisy vĨrazŢ a struktur lze v®st uģ²v§n²m 

obs§hlĨch kontextovĨch palet n§strojŢ intuitivnŊ v analogii s pravidly standardn²ch z§pisŢ rukou. 

Pomoc² interaktivn²ch asistentŢ a n§strojŢ lze obr§zky, vĨpoļty i koment§Śe doplŔovat a upravovat, 

dokumenty strukturovat, zabudovan® aplikace modifikovat a vkl§dat. K vkl§d§n² textu do obr§zku lze 

ǇƻǳȌƝǘ ƛ ǇǌƝƳȇ ǇǌƝƪŀȊ textplot(L, options). ±ȇǇƻőǘȅ ƛ ƎǊŀŦȅ ƭȊŜ αƻȌƛǾƻǾŀǘά ǇƻƳƻŎƝ ǇƻǎǳǾƴƝƪǻ ǎ ƳƻȌƴƻǎǘƝ 
ǳƪƭłŘłƴƝ ǇǌƝǎƭǳǑƴŞ ǎȅƴǘŀȄŜΣ ȊŘǊƻƧƻǾŞƘƻ ƪƽŘǳΣ ŀ ǘƻ ƧŜŘƴƻŘǳŎƘƻǳ ŀƪǘƛǾŀŎƝ Ǿ ƴŀōƝŘŎŜ Ǿ ƘƻǊƴƝ ƭƛǑǘŠ aŀǇƭŜ 
ȊłǇƛǎƴƝƪǳΦ  

N§povŊda a navigace v Maple je srozumiteln§, rozs§hl§ a nab²zen§ z nŊkolika pohledŢ ï od 

element§rn²ch krokŢ zabudovan®ho Help podsyst®mu, rychlĨch navigac², vļetnŊ implementovanĨch 

knihoven s teoretickĨm z§zem²m a celou Śadou pŚ²kladŢ, aģ po demoverze vide² a odborn²ky veden® 

pravideln® diskuze a webin§Śe (Obr. 1). Tedy syst®m Maple je dostupnĨ cel®mu spektru uģivatelŢ od 

naprostĨch zaļ§teļn²kŢ aģ po extr®mnŊ pokroļil® uģivatele vyuģ²vaj²c² nejsloģitŊjġ²ch n§strojŢ tohoto 

syst®mu jak v praxi, tak i ve vŊdŊ.  

 

                                                           
4  Z§kladn² zdroj cel®ho tohoto odstavce: Mpalesoft. [online] 2012, [cit. 2012-1-10]. DostupnĨ z: 

http://www.maplesoft.com/solutions/engineering/ 



 

  

Obr. 1: Vybran® prostŚedky n§povŊdy v Maple 

[Zdroj: ZabudovanĨ manu§l v syst®mu Maple > Help (vlevo); Mpalesoft. [online] 2012, [cit. 2012-1-

10]. DostupnĨ z: http://www.maplesoft.com/products/Maple/ (vpravo)] 

 

Podpora vyuģit² Maple je st§le v²ce konkretizov§na, rozġiŚov§na a zdokonalov§na pŚi zohlednŊn² 

z§kladn²ho ļlenŊn² uģivatelŢ do skupin: studenti, akademici a profesion§lov®. Je zrychlena analytick§ i 

aplikaļn² pracovn² produktivita, zdokonaleno vĨkonn® j§dro Maple, ġ²Śe a hloubka prezentace vĨstupŢ 

samotn®ho syst®mu. D§le je podporov§na moģnost sofistikovanĨch n§vrhŢ simulac² a modelov§n² 

(MapleSim 6). Expanduje mnoģstv² zabudovanĨch a pŚeddefinovanĨch ĂuģiteļnĨchñ funkc² a procedur 

c²lenĨch vŊtġ²mu poļtu odbornĨch profes² a pracovn²ch zaŚazen² v tŊchto profes²ch. 

Maple 16 pro profesion§ly (Maple 16 for Professionals) rozv²j² pŚedevġ²m n§sleduj²c² oblasti: 

elektroniku, fyziku, energetiku, vzduġnĨ a kosmickĨ prostor, automobilovĨ prŢmysl, finanļn² 

modelov§n² a ekonomii, statistiku a procesn² Ś²zen², velmi vĨkonn® vĨpoļty, operaļn² vĨzkum, 

zpracov§n² sign§lu, virtu§ln² vytv§Śen² prototypŢ, simulace v re§ln®m ļase, optimalizace, Ś²zen² 

pohybu aj. (Jmenujme nŊkolik vybranĨch uģivatelŢ syst®mu Maple: Toyota Motor Corp., Renault, 

Ulysse Nardin, Magtech AS, Arqiva, Marquardt GmbH, Aerospace Manufacturing Technology Centre 

(AMTC).) NŊkter® oblasti aplikac² a ŚeġenĨch problematik v syst®mu Maple uv§d² Obr. 2.  

 

 

 

Obr. 2: Vybran® uk§zky ŚeġenĨch probl®mŢ a aplikaļn²ch oblast² v Maple 

[Zdroj: Mpalesoft. [online] 2012, [cit. 2012-1-10]. DostupnĨ z: 

http://www.maplesoft.com/solutions/engineering/] 

 

Maple 16 pro akademiky (Maple 16 for Academic) je n§strojem pro analĨzy, vĨzkumy, vizualizace a 

Śeġen² matematickĨch probl®mŢ (pro nejrŢznŊjġ² obory matematiky). Intuitivn² rozhran² podporuje 

v²ce zpŢsobŢ interakce. Je vyuģ²v§n programovac² jazyk, podobnĨ jazyku Pascal. Pomoc² tzv. 

Ăchytr®hoñ dokumentu (Smart Document) lze automaticky dokumentovat posloupnost vĨpoļtŢ, 

podpŢrn® pouģit® technick® znalosti, vysvŊtluj²c² text, grafy, obr§zky, zvuky, fotografie, diagramy i 

pozn§mky v elektronick® podobŊ. Zdroje pro pr§ci akademikŢ podporuj² n§sleduj²c² centra: The 

Teacher Resource Center (http://www.maplesoft.com/TeacherResource/index.aspx), The Application 



 

Center (http://www.maplesoft.com/applications/index.aspx), The Teaching Concepts with Maple The 

Teaching Calculus with Maple: A Complete Kit, Application Briefs, MaplePrimes 

(http://www.mapleprimes.com/; http://www.maplesoft.com/applicationbriefs/). KromŊ vĨġe, resp. i 

n²ģe uvedenĨch vylepġen² Maple 16 nab²z² akademikŢm zejm®na zdokonalen® vizualizace (2D a 3D 

grafy a animace), editor rovnic, interaktivn² asistenty, tutory a kontextov§ menu, Ăchytr®ñ palety 

(Smart Popups), ġablony pro Śeġen² ¼loh, n§stroj Ăuchop-Śeġñ (Drag-to-Solve). Vyġġ² kvalitu nab²z² v 

Maple 16 i variabiln² manaģer, pamŊŠovĨ spr§vce a prŢzkumnĨ asistent, dokument pro pr§ci 

s posluchaļi tzv. MapleCloud, rozpozn§vaļ ruļnŊ psanĨch symbolŢ, zpracov§n² ĂģivĨchñ dat, 

konektivita, bal²ļek paraleln²ho programov§n² aj. Do Maple dokumentu lze sn§ze i vkl§dat interaktivn² 

komponenty (posuvn²ky, tlaļ²tka, voliļe stupnic, mŊŚidla, technick® zpr§vy a dalġ²). Nov® aplikace 

verze Maple 16 akademici ocen² pŚedevġ²m pŚi vĨuce v pŚedmŊtech matematick®ho a inģenĨrsk®ho 

z§kladu na vysokĨch ġkol§ch a n§stavb§ch vļetnŊ celoģivotn²ho vzdŊl§v§n² (mj. zmiŔme zjednoduġen² 

testov§n² a hodnocen² posluchaļŢ, statistiku vĨsledkŢ vŊdomost² studentŢ), a v podpoŚe aplikovan®ho 

vĨzkumu a mnoha vŊdeckĨch aktivit. Maple respektuje obecnĨ technologickĨ pokrok a potŚeby 

informaļn² generace, jak ukazuje Obr. 3.  

 

 

 

Obr. 3: Maple pŚehr§vaļ pro iPad 

[Zdroj: (Mpalesoft. [online] 2012, [cit. 2012-1-10]. Dostupnȇ ȊΥ 
http://www.maplesoft.com/products/mapleplayer/] 

 
Maple 16 pro studenty (Maple 16 for Students) nab²z² Śadu novĨch vlastnost² a vylepġen² zejm®na 

v oblasti symbolick® a numerick® matematiky v re§ln®m a komplexn²m oboru, ŚeġiļŢ rovnic (i 

diferenci§ln²ch), teorie funkc² (zejm®na limit a polynomŢ), line§rn² algebry, diferenci§ln²ho a 

integr§ln²ho poļtu, vektorov®ho poļtu, optimalizace, operaļn² analĨzy, programov§n², pŚev§dŊn² 

jednotek a rozmŊrŢ, statistiky a odchylek. Velk® mnoģstv² studentskĨch aplikac² s volnĨm pŚ²stupem 

je soustŚedŊno v jiģ vĨġe zm²nŊn®m Aplikaļn²m centru a pomocnĨch podpor studentŢm pŚ²mo od 

expertŢ pro Maple syst®m  v diskuzn²m f·ru MaplePrimes. Maple 16 poskytuje nov® studentsk® video 

z§znamy, tutori§ly, elektronick® knihy, pŚ²ruļky a podpory (napŚ. Mathematics Survival Kit) v oblasti 

z§kladn², vyġġ² i pokroļil® inģenĨrsk® matematiky, Student Help Center 

(http://www.maplesoft.com/studentcenter/index.aspx) a jako paraleln² produkt Maple 16 Portal - 

port§l pro studenty (Obr. 4), aj. 

 

Obr. 4: Z§hlav² Maple  16 Portal 

[Zdroj: Syst®m MapleTM Portal] 

 



 

3. Maple: n§stroj pro souļasn® i budouc² vyuģit² pŚi volbŊ 

strategie podniku ï uk§zka pŚ²padov® studie  

V tomto odstavci jsou v souladu s (3) uvedeny vybran® uk§zky realizace vyhodnocen² marketingov®ho 

prŢzkumu s vyuģit²m Maple pro potŚeby managementu mal®ho podniku. Jde o zcela novĨ, modern² 

pivovar pŢsob²c² na trhu pŚibliģnŊ tŚi roky. Ļinnost pivovaru kloub² modern² techniku s tradiļn² 

technologi². ZamŊstn§v§ ġestn§ct zamŊstnancŢ (Śeditel, sl§dek, ¼ļetn², dva obchodn² z§stupci, servisn² 

technik, ¼drģb§Ś, ġest dŊln²kŢ, marketing manaģer, expedientka, Śidiļ). AnalĨzami vnŊjġ²ho i vnitŚn²ho 

okol² pivovaru byla identifikov§na Śada zjiġtŊn², napŚ²klad: konkurenļn² vĨhodou je vĨborn§ chuŠ piva 

nepodporovan§ konzervanty ani oxidanty a zpŢsob dozr§v§n² piva (v leģ§ckĨch tanc²ch). Byl proveden 

marketingovĨ mix (produkt, cena, distribuce, propagace), d§le monitorov§ni  dodavatel®, odbŊratel®, 

konkurence. Z n§sledn® SWOT analĨzy vyplĨvaj²: siln® str§nky (vysok§ kvalita produktu, vĨborn§ 

chuŠ piva, lokalizace pivovaru, poutav® firemn² barvy), slab® str§nky (nedostateļn§ propagace, 

nezn§mĨ produkt, chyb² pivovarsk§ restaurace, kr§tk§ trvanlivost piva), pŚ²leģitosti (zvĨġen² povŊdom² 

o spoleļnosti, zvĨġen² poļtu z§kazn²kŢ, rozġ²Śen² pivovaru, vaŚen² nov®ho druhu piva, bio pivo, 

vyv§ģen² piva do zahraniļ²), hrozby (vznik nov®ho pivovaru v regionu, siln§ konkurence, zmŊna 

legislativy, rŢst cen pohonnĨch hmot, nespokojenost z§kazn²kŢ). (3) Pro volbu firemn² strategie, 

moģnost inovac² a ļinnost marketingov®ho oddŊlen² s c²lem pŚisp²vat k postupn®mu zvyġov§n² 

vĨkonnosti firmy vyvstala potŚeba kvantifikovat situaci, v n²ģ se nach§z² pivovar. Pro orientaci, resp. 

vysledov§n² z§vislost² a ļasovĨch vĨvojŢ pŚ²sluġnĨch veliļin pak je tŚeba z²skan§ fakta vhodnŊ, pŚitom 

nekomplikovanŊ vizualizovat. I pŚes pomŊrnŊ kr§tkou dobu pŢsoben² pivovaru na trhu bylo 

rozhodnuto prov®st empirick® ġetŚen² (byŠ s m§lo poļetnou ļasovou Śadou ¼dajŢ). Management 

vyģaduje marketingovĨ prŢzkum v ter®nu orientovanĨ smŊrem ke spokojenosti z§kazn²kŢ (s produkty, 

kvalitou, cenou a dalġ²mi atributy s ohledem na sign§ly vĨġe uvedenĨch kvalitativn²ch zjiġtŊn²). Je 

ģ§d§n prŢzkum podporovanĨ kvalitn²m teoretickĨm z§zem²m, dobŚe zpracovanĨ, d§vaj²c² 

srozumiteln® vĨstupy pro korektn² ekonomickou interpretaci a moģnost vysloven² n§pravnĨch 

doporuļen² pŚi modifikaci budouc² strategie pivovaru managementem. FaktickĨm c²lem cel® akce (v 

souļasnosti i vzhledem k n²zk® poļetnosti ¼dajŢ v ļasovĨch Śad§ch pozorovanĨch znakŢ) kromŊ 

zhodnocen² souļasn®ho stavu je n§vrh a standardizace postupnĨch krokŢ (algoritmizace) 

vyhodnocuj²c²ch prŢzkum s vyuģit²m vhodn®ho poļ²taļov®ho prostŚed² a kvantitativn²ch metod tak, 

aby byla moģn§ znovurealizace obdobn®ho prŢzkumu v budoucnosti. PŚitom, aby bylo moģn® 

zpracov§n² prov®st jiģ v intern²ch podm²nk§ch podniku.  

Dotazn²kov®ho ġetŚen² se z¼ļastnilo t®mŊŚ sto pades§t respondentŢ. VĨhodou syst®mu Maple je, ģe je 

kompatibiln² s knihovnickĨmi aplikacemi tabulkov®ho procesoru Microsoft Excel, kam byla prim§rn² 

data z²skan§ v ter®nu uloģena. Data tak byla n§slednŊ snadno naļtena do Maple z§pisn²ku. Dotazn²k 

obsahoval dvacet ġest ot§zek rŢzn®ho typu. PŚi sumarizaci byly uvaģov§ny jak absolutn² ļetnosti, tak 

relativn² ļetnosti odpovŊd². V Maple je moģn® dokument pŚehlednŊ strukturovat a vytv§Śet podsekce, 

kter® je moģno sbalit nebo d§le hypertextovŊ rozbalit do niģġ²ch ¼rovn². Toho bylo vyuģito pŚi n§vrhu 

algoritmizace. PŚitom do obecnĨch pŚ²kazŢ na Obr. 5 staļ² mechanicky doplnit empiricky zjiġtŊn® 

hodnoty a pak jiģ nechat syst®m Maple samostatnŊ pracovat. Z dŢvodu rozsahu pŚ²spŊvku Obr. 5 

zachycuje pouze vybran® sekce, podsekce a postupy. 

 



 

 
 

Obr. 5: StrukturovanĨ Maple z§pisn²k do sekc² a podsekc² vļetnŊ pŚ²kazŢ pro algoritmizaci 

[Zdroj: Vlastn² zpracov§n² v Maple] 

 

¶ Ot§zky typu: Je podle v§s pivo z tohoto pivovaru zn§mĨ produkt? s pŚedem danĨmi variantami 

odpovŊd²  (v tomto pŚ²padŊ) Ăanoñ (toto pivo je zn§mĨ produkt), Ăneñ (mysl²m, ģe toto pivo 

lid® neznaj²) a Ănev²mñ (vŢbec nem§m tuġen², zda je toto pivo zn§m®) byly vizualizov§ny 

kol§ļovĨmi grafy (PieChart), Obr. 6. Lze srozumitelnŊ prov®st jejich vizu§ln² vyhodnocen² a 

s vĨstupy budouc²ch prŢzkumŢ snadno porovnat (vĨseļe zachycuj²c² absolutn² ļetnosti 

odpovŊd² souļasnŊ odpov²daj² i relativn²m ļetnostem). Maple disponuje velmi pohodlnĨmi 

interaktivn²mi prostŚedky pro pŚ²padnou modifikaci vlastnost² kol§ļŢ (popiskŢ, barev, stylŢ 

aj.) uģit²m prav®ho tlaļ²tka myġi ļi kontextov®ho menu v horn² liġtŊ dokumentu.  

¶ Ot§zka typu: Kolik pŢllitrŢ piva z tohoto pivovaru v prŢmŊru za tĨden vypijete? s pŚedem 

stanovenĨmi kategoriemi poļtŢ vypitĨch pŢllitrŢ piva (1 aģ 5, 6 aģ 10, 11 aģ 15, 16 aģ 20, 21 a 

v²ce). Nav²c odpovŊdi jsou sledovan® ve tŚech ļasovĨch momentech, a to v dobŊ otevŚen² 

pivovaru (rok 2009), po jednom roce pŢsoben² pivovaru na trhu a v souļasn® dobŊ (rok 2012). 

ZjiġtŊn§ data byla v Maple zaps§na do kontingenļn² tabulky. Jej² tŚ²dimenzion§ln² charakter 

byl pŚeveden do dvoudimenzion§ln²ho typu uģit²m pŚehledn®ho Ăv²cen§sobn®hoò sloupcov®ho 

grafu (ColumnGraph), Obr. 7. ObdobnŊ jako v pŚedchoz²m pŚ²padŊ je tento graf v Maple 

snadno modifikovatelnĨ uģit²m interaktivn²ch komponent syst®mu.  

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
Obr. 6: Kol§ļovĨ graf v Maple  

[Zdroj: (3) a vlastn² zpracov§n² v Maple] 
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br. 7: SloupcovĨ graf v Maple 

[Zdroj: (3) a vlastn² zpracov§n² v Maple] 

 

¶ Nyn² se zamŊŚme na jinou moģnost vyhodnocen² pŚedchoz²ho typu ot§zky. Budeme sledovat 

trend vĨvoje jednotlivĨch variant odpovŊd² v ļase. K tomu vyuģijeme v Maple zabudovan® 

prostŚedky statistick®ho bal²ļku (Statistics) a bal²ļku pro kreslen² grafŢ (plots). ZhodnoŠme 

ot§zku: OhodnoŠte pivo tohoto pivovaru jako ve ġkole zn§mkou 1 aģ 5. RovnŊģ ġlo o 

hodnocen² i v ļase, a to v dobŊ otevŚen² pivovaru (rok 2009), rok po otevŚen² pivovaru (2010) 

a v souļasn® dobŊ (rok 2012). Pro zjiġtŊn² trendu byla zvolena line§rn² regrese. VĨvoj vġech 

uvaģovanĨch variant odpovŊd² byl pro zpŚehlednŊn², snazġ² porovn§n² a analĨzy zachycen do 

spoleļn®ho souŚadnicov®ho syst®mu (Obr. 8). PŚedpisy pro pŚ²sluġn® line§rn² regresn² pŚ²mky 

(vypoļ²tan® v syst®mu Maple) vyuģit²m pŚ²kazu LinearFit ze statistick®ho bal²ļku jsou rovnŊģ 

 

 



 

vyj§dŚeny v Obr. 8. Indexace je pŚitom v korespondenci s pŚidŊlenĨm Ăozn§mkov§n²mò a 

tot®ģ respektuje oznaļen² pŚ²mek ve spoleļn®m grafu. Je vidŊt, ģe spoleļnĨ graf je velmi 

srozumitelnĨ pro interpretaci empirickĨch zjiġtŊn². V souladu s vĨġe uvedenĨmi analĨzami 

(SWOT aj.) pak tato kvantifikovan§ zjiġtŊn² hraj² vĨznamnou roli pro vĨstavbu firemn² 

strategie. Poznamenejme, ģe v syst®mu Maple je moģno d§le prov®st statistickou diagnostiku 

z²skanĨch modelŢ. A pro dalġ², resp. sloģitŊjġ² statistick§ ġetŚen² nad z²skanĨmi daty vyuģ²t 

cel® Śady zabudovanĨch statistickĨch n§strojŢ, napŚ²klad pro zjiġŠov§n² z§vislost² znakŢ ļi 

testov§n² hypot®z. To z dŢvodu rozsahu pŚ²spŊvku toto neuv§d²me.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Obr. 8: Regresn² line§rn² modely v Maple  

[Zdroj: Vlastn² zpracov§n² v Maple] 

 

4. Z§vŊr  

Manaģer podniku je ļasto nucen uļinit rychl§ a interdisciplin§rn² rozhodnut². M§-li v ruce n§stroj, 

kterĨ um² solidnŊ ovl§dat, pŚitom s§m disponuje vŊdomostmi tak, aby mohl odbornŊ korektnŊ 

komunikovat s jeho rozhran²m a vĨstupy pak odpovŊdnŊ interpretovat, st§v§ se ve svĨch rozhodnut²ch 

v²ce nez§vislĨm. TakovĨ n§stroj spolu s vŊdomostmi, zkuġenostmi a intuic² manaģera lze povaģovat 

za konkurenļn² vĨhodu firmy. Syst®m Maple spolu s aplikac² kvantitativn²ch metod takovou 

pŚ²leģitost poskytuje. Je vġak potŚebn®, aby jiģ v etapŊ vzdŊl§v§n² studenti z²sk§vali spr§vnou 

poļ²taļovou gramotnost a budovali v sobŊ potŚebu se kontinu§lnŊ vzdŊl§vat, rekvalifikovat apod. 

Fakulta podnikatelsk§ vysok®ho uļen² technick® v BrnŊ je dobrĨm pŚ²kladem takovĨch snah.    

5. PodŊkov§n² 

PŚ²spŊvek vznikl s pŚispŊn²m projektu ĂKonstrukce metod pro v²cefaktorov® mŊŚen² komplexn² 

podnikov® vĨkonnosti ve vybran®m odvŊtv²ñ GAP403/11/2085 podporovan®ho Grantovou agenturou 

Ļesk® republiky.  
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Abstrakt  

PŚ²spŊvek se zabĨv§ popisem a diskuz² populaļn²ho modelu se zahrnut²m n§hodn® evoluļn² sloģky, 

zaloģen®ho na jednoduch®m modelu chemostatu popsan®m v [2]. Model je rozġ²Śen na neomezenĨ 

poļet populac² a je z nŊj vyŔata omezuj²c² podm²nka rovnosti mortality a pod²lu nevyuģit®ho substr§tu 

podl®haj²c²ho zk§ze, coģ umoģŔuje jeho aplikaci i na sloģitŊjġ² spoleļenstva. J§drem pŚ²spŊvku je 

implementace modelu v prostŚed² Maple, ve kter®m je pomoc² numerick®ho Śeġiļe diferenci§ln²ch 

rovnic dsolve spoļten vĨvoj velikosti populac² a na vĨslednĨch grafech je demonstrov§na opr§vnŊnost 

pŚedem vyslovenĨch pŚedpokladŢ.   

Abstract 

This paper deals with the description and discussion of the population model including a random 

evolutionary component, based on a simple model of chemostat described in [2]. The model is 

extended to an unlimited number of populations and a condition of equality of mortality and the 

proportion of unused perishable substrate, which allows its application to more complex systems. The 

core contribution is an implementation of the model in a Maple environment with an use of a 

numerical differential equation solver "dsolve". The evolution of population sizes is counted and plots 

of results demonstrate the legitimacy of former assumptions. 
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1. Z§kladn² vlastnosti modelu 

PŚedpokl§dejme uzavŚenĨ syst®m sloģenĨ z prostŚed² a ὲ navz§jem pŚ²mo neinteraguj²c²ch populac², 
kter® ho obĨvaj², ὲᶰὔ. Jedince n§leģej²c² k jedn® populaci budeme souhrnnŊ nazĨvat druhem. 

Đģivnost prostŚed², tj. veliļinu, kter§ charakterizuje podm²nky pro pŚeģit² a reprodukci jedincŢ, 

oznaļme Ὓ a povaģujme ji zjednoduġenŊ za mnoģstv² potravy (substr§tu, resp. energie), kter® je 

k dispozici spoleļnŊ pro vġechny populace v prostŚed². Ὓ budeme povaģovat za funkci ļasu Ὓὸ. 

PŚ²rŢstek substr§tu v prostŚed² za jednotku ļasu (rŢst, resp. transport energie do syst®mu) povaģujme 

za konstantn² a oznaļme jej Ὠ. 

Vzhledem k pŚedpokladu, ģe populace v modelu spolu pŚ²mo neinteraguj², omezuje se jejich vz§jemn® 

ovlivnŊn² na soupeŚen² o dostupn® mnoģstv² potravy, jde tedy o ryze kompetitivn² vztah [1]. Vzhledem 

k jednoduchosti modelu budeme druhy odliġovat pouze schopnost² jejich z§stupcŢ spotŚebov§vat 

spoleļnou potravu a takto pŚijatĨ substr§t vyuģ²t k vlastn²mu pŚeģit² a reprodukci. Tento proces 

pop²ġeme dvojic² veliļin ή a Ὡ, kde ή pŚedstavuje mnoģstv² substr§tu pŚijat® jedn²m jedincem Ὥ-t® 
populace za jednotku ļasu. Tuto veliļinu budeme d§le povaģovat za funkci mnoģstv² dostupn®ho 

substr§tu ήὛ. Naproti tomu hodnota Ὡ oznaļuje efektivitu pŚemŊny substr§tu na ģiv® jedince Ὥ-t®ho 
druhu jako pomŊr spotŚebovan®ho substr§tu vŢļi poļtu novŊ narozenĨch jedincŢ. V prvn² variantŊ 

modelu budeme hodnoty ή a Ὡ povaģovat za vz§jemnŊ nez§visl®. D§le budeme pŚedpokl§dat 

konstantn² ¼mrtnost ά, stejnou pro vġechny populace, jako pod²l jedincŢ dan®ho druhu uhynulĨch za 
jednotku ļasu a nakonec zbytkovĨ pod²l nespotŚebovan®ho substr§tu ᾀ, kterĨ podlehne zk§ze, aniģ by 
byl spotŚebov§n nŊkterou z uvaģovanĨch populac². 



 

Na poļ§tku modelovan®ho obdob² budeme pŚedpokl§dat jednu (nebo vŊtġ² konstantn² poļet) populaci 

v prostŚed², kter§ spotŚebov§v§ dostupnĨ substr§t pro vlastn² reprodukci. Snadno lze uk§zat, ģe po 

urļit® dobŊ dojde k ust§len² poļtu jedincŢ populace (uvŊdomme si, ģe jde o silnŊ zjednoduġenĨ 

idealizovanĨ model) na hodnotŊ odpov²daj²c² ¼ģivnosti prostŚed², kter§ se v dalġ²m prŢbŊhu ļasu jiģ 

nebude mŊnit. Je nutno poznamenat, ģe pro jednoduchost model opom²j² veġker® komplikace, kter® 

s sebou pŚin§ġ² rozmanitost pohlavn²ho rozmnoģov§n² jako je samo pohlav², hled§n² partnera ļi 

nestejnĨ poļet potomkŢ kaģd®ho jedince. Budeme tedy nad§le pŚepokl§dat, ģe dostateļnĨm 

poģadavkem pro dalġ² rozmnoģov§n² populace je pŚ²tomnost alespoŔ jednoho jedince dan®ho druhu 

v syst®mu, ģe potomkem jedince urļit®ho druhu je (aģ na vĨjimky) jedinec t®hoģ druhu a ģe kŚ²ģen² 

mezi jedinci rŢznĨch druhŢ nen² moģn®. 

Situace se nicm®nŊ zaļne komplikovat ve chv²li, kdy se v prostŚed² objev² z§stupce nov®ho druhu. 

V modelov®m uzavŚen®m syst®mu nen² moģnĨ prŢnik takov®ho jedince zvenļ², proto jej budeme 

povaģovat za mutanta nŊkter® z jiģ existuj²c²ch populac², kterĨ se bude odliġovat parametry ή a Ὡ, 

poruġ² tedy pŚedpoklad z pŚedch§zej²c²ho odstavce. VĨskyt mutantŢ bude relativnŊ Ś²dkĨ a bude se 

odehr§vat pouze v  urļitĨch okamģic²ch. TakovĨ jedinec se v naġem modelu mŢģe, bude-li ¼spŊġnĨ ve 

vz§jemn® kompetici, st§t zakladatelem populace nov®ho druhu, v opaļn®m pŚ²padŊ mŢģe ovġem nov§ 

populace z§hy vyhynout a uvolnit tak prostŚedky pro z§stupce jinĨch druhŢ. 

Ļasovou zmŊnu mnoģstv² substr§tu dostupn®ho v syst®mu je na z§kladŊ uvedenĨch pŚedpokladŢ 

moģn® vyj§dŚit n§sleduj²c²m vztahem: 

 Ὠ ᾀϽὛὸ В ήὛϽὖ  (1) 

kde Ὓὸ je dostupn® mnoģstv² substr§tu v ļase ὸ, Ὠ je pŚ²rŢstek substr§tu za jednotku ļasu, ᾀ je pod²l 
nevyuģit®ho substr§tu za jednotku ļasu, ὲ je poļet populac² pŚ²tomnĨch v syst®mu, ήὛ je spotŚeba 

substr§tu pro jednoho jedince Ὥ-t®ho druhu za jednotku ļasu a ὖ je poļet jedincŢ Ὥ-t® populace. 

Popiġme nyn² tvar z§vislosti ήὛ mnoģstv² substr§tu spotŚebovan®ho jedincem Ὥ-t® populace za 
jednotku ļasu. OpŊt zjednoduġenŊ pŚedpokl§dejme, ģe dostupnost substr§tu v prostŚed² je stejn§ pro 

vġechny jedince vġech populac² a jej² vyhled§v§n² proto nehraje v modelu ģ§dnou roli. V pŚ²padŊ, ģe 

bude mnoģstv² dostupn®ho substr§tu nulov®, Ὓ π, bude pŚirozenŊ rovnŊģ ή π. Jakmile zaļne 
v prostŚed² narŢstat mnoģstv² dostupn® potravy, poroste pŚ²mo ¼mŊrnŊ tak® mnoģstv² zkonzumovan® 

jedinci vġech populac². Vzhledem k fyziologickĨm moģnostem organizmŢ je vġak maxim§ln² 

mnoģstv² potravy pŚijat® za jednotku ļasu shora omezen®, proto se bude s narŢstaj²c²m mnoģstv²m 

substr§tu v prostŚed² kŚivka funkce ή oddŊlovat od pŚ²mky pŚ²m® ¼mŊry, aģ plynule konverguje ke 

konstantn² funkci. UvedenĨ pŚedpoklad dokonale splŔuje v biologii a pŚ²buznĨch oborech hojnŊ 

vyuģ²van§ logistick§ kŚivka n§sleduj²c²ho tvaru: 

 ήὛ
Ͻ

ϽϽ
 (2) 

kde parametr ὥ urļuje strmost poļ§teļn² ļ§sti kŚivky a rovnŊģ rychlost dosaģen² n§sleduj²c² 

asymptotick® f§ze, zat²mco parametr ὄ jej² vĨġku. V prvn², jednoduġġ², variantŊ modelu budeme 

pŚedpokl§dat jednak, ģe ὄ je totoģn® pro vġechny populace (coģ nen² s§m o sobŊ pŚedpoklad, kterĨ by 

vĨraznŊ ovlivnil chov§n² modelu), souļasnŊ ale tak®, ģe ὄ je konstantn² a nez§visl® na ostatn²ch 

parametrech modelu. RovnŊģ parametr ὥ budeme v prvn² variantŊ modelu povaģovat za konstantu. 

PŚejdŊme nyn² k rovnici popisuj²c² vĨvoj poļtu jedincŢ Ὥ-t® populace v ļase. ZmŊna poļtu jedincŢ, ὖ 

bude vyj§dŚena jako mnoģstv² substr§tu zkonzumovan®ho jedinci populace, vyn§soben®ho efektivitou 

pŚemŊny substr§tu na ģiv® jedince, minus poļet uhynulĨch jedincŢ:  

 ήὛϽὩϽὖὸ άϽὖὸ (3) 

kde ὖὸ je poļet jedincŢ populace v ļase ὸ, ήὛ je spotŚeba substr§tu pro jednoho jedince Ὥ-t®ho 
druhu za jednotku ļasu, Ὡ je efektivita pŚemŊny substr§tu na ģivou hmotu Ὥ-tou populac² a ά je 

relativn² ¼mrtnost, pro jednoduchost opŊt totoģn§ pro vġechny populace. 

UvedenĨ postup n§m poskytuje soustavu ὲ ρ diferenci§ln²ch rovnic, jej²mģ Śeġen²m lze z²skat 

informaci o vĨvoji poļtu jedincŢ jednotlivĨch populac² v ļase. Vzhledem k tomu, ģe v prvn² variantŊ 



 

modelu uvaģujeme ή totoģn® pro vġechny populace v syst®mu, je Śeġen² z§visl® pŚedevġ²m na 

hodnot§ch Ὡ pro jednotliv® populace. V pŚ²padŊ, ģe se v syst®mu nevyskytne mutant, lze uk§zat, ģe 

v dlouhodob®m horizontu se v z§vislosti na hodnot§ch konstantn²ch parametrŢ Ὠȟᾀȟὥ a ὦ a na 

poļ§teļn²ch podm²nk§ch Ὓπ  a ὖπ  v syst®mu ust§l² stav, ve kter®m je mnoģstv² dostupn®ho 

substr§tu v prostŚed² konstantn² a nav²c poļet jedincŢ nejvĨġe jedn® populace nekonverguje k nule.  

Plat² totiģ: 

 
В

Ὠ άὛ В ά ᾀВ  (4)  

a tedy po integraci podle ὸ potom: 

 Ὓ В Ὡ᷿ Ὠ Ὠὸ Ͻ Ὡ Ὡ᷿ ᾀ ά В Ὠὸ Ͻ Ὡ ὅϽὩ  (5) 

a po ¼pravŊ: 

 Ὓ В ᾀ ά Ὡ᷿  В Ὠὸ Ͻ Ὡ ὅϽὩ  (6) 

za pŚedpokladu, ģe pro ὸO Ð konverguj² 2. a 3. sļ²tanec k nule, dost§v§me vĨsledek: 

 ÌÉÍ
ÐO
Ὓ В  (7) 

Tedy, pokud bude ¼ģivnost prostŚed² dostateļn§, zv²tŊz² v kompetici o omezenĨ zdroj potravy 

v uzavŚen®m syst®mu pouze jedinĨ druh (viz (8) a (9)), zat²mco ostatn² postupnŊ vyhynou. Lze uk§zat 

(viz [2]), ģe pŢjde o druh s nejvyġġ² hodnotou Ὡ, tj. ten, kterĨ je schopen nejefektivnŊji zpracov§vat 

stravu ve prospŊch pŚ²rŢstku vlastn²ch jedincŢ. 

Zkomplikujme nyn² situaci moģnost², ģe se v urļit®m ļase v syst®mu objev² mutant, tj. jedinec, jehoģ 

Ὡ se bude liġit od Ὡ jeho rodiļe a pŢjde tak vlastnŊ podle naġich krit®ri² o zakladatele nov®ho druhu. 

V modelu pŚedpokl§d§me dobu mezi vĨskytem dvou mutantŢ n§hodnou s rovnomŊrnĨm rozdŊlen²m 

pravdŊpodobnosti, coģ sice neodpov²d§ re§ln®mu prostŚed², nicm®nŊ zŚejmŊ samotn§ perioda vĨskytu 

mutantŢ nem§ na stav syst®mu z dlouhodob®ho hlediska vliv. 

Hodnotu Ὡ mutovan®ho potomka pak budeme uvaģovat v intervalu ộȠ
Ͻ
Ớ, kde Ὡ odpov²d§ hodnotŊ 

efektivity pŚemŊny substr§tu na ģivou hmotu jeho rodiļe. RozdŊlen² pravdŊpodobnosti vyuģijeme pro 

jednoduchost opŊt rovnomŊrn®. V modelu budeme uvaģovat stejnou pravdŊpodobnost zplozen² 

mutanta pro vġechny ģij²c² jedince, tj. pravdŊpodobnost vzniku mutanta Ὥ-t® populace bude pŚ²mo 
¼mŊrn§ velikosti t®to populace. 

2. Implementace modelu v prostŚed² Maple 

Z§kladem modelu v softwarov®m prostŚed² Maple 16 je cyklus, jehoģ jedna iterace odpov²d§ obdob² 

mezi vĨskytem dvou mutantŢ. Ļasov§ d®lka obdob² reprezentovan®ho iterac² je promŊnliv§. 

Jednotliv® populace jsou v modelu reprezentov§ny Ś§dky populaļn² matice ὓὥὸὭὧὩ, jej²ģ prvn² sloupec 

ud§v§ pro kaģdou populaci efektivitu Ὡ, druhĨ sloupec pak odpov²d§ poļtu jedincŢ dan® populace. 

celkemcyklu := 250; 

a := 2.5;  

b := 0.8;  

d := 12;  

m := 0.1;  

z := 0.1;  

cas := 0  

 

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



 

PŚed spuġtŊn²m cyklu je vygenerov§na dvouŚ§dkov§ matice se dvŊma n§hodnĨmi populacemi, kter® 

vstupuj² do prvn²ho obdob². D®lka obdob² je volena n§hodnŊ z uģivatelem zadan®ho intervalu. Na 

zaļ§tku kaģd®ho obdob² je provedena kontrola vġech Ś§dkŢ matice a Ăne¼spŊġn®ñ populace s poļtem 

jedincŢ niģġ²m neģ 1 (tj. populace nesplŔuj²c² zadanou podm²nku pro dalġ² rozmnoģov§n²)5 jsou 

z modelu odstranŊny. N§slednŊ prob²h§ vygenerov§n² n§hodn®ho mutanta, kterĨ je zaps§n jako novĨ 

Ś§dek do matice (tj. populace s jedinĨm jedincem). 

 
# Matice se dvema nahodnymi populacemi;  

h1 := rand(1 .. 10);  

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

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

 

# 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);  

   v:=v+1  

  end if:  

 end do:  

 

 # Cyklus pro vznik jednoho jedince s nahodnou mutaci;  

 jedincu:=add(Matice[k,2],k=1..RowDimension(Matice));  

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

 budemutant:=h():  

 soucet:=0:  

 j:=0:  

 for j from 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>:  

V dalġ²m kroku je pomoc² vnoŚen®ho cyklu vytvoŚena soustava ὲ ρ diferenci§ln²ch rovnic postupnŊ 
pro jednotliv® populace z matice a nav²c pro celkov® dostupn® mnoģstv² substr§tu v syst®mu, 

z velikosti populac² a promŊnn® ὣ, ud§vaj²c² mnoģstv² dostupn®ho substr§tu po skonļen² pŚedeġl®ho 

obdob² jsou vygenerov§ny poļ§teļn² podm²nky pro Śeġen² a n§slednŊ je soustava Śeġena pomoc² 

numerick® varianty pŚ²kazu ὨίέὰὺὩ. řeġen² je z dŢvodu omezen² ļasov® n§roļnosti hled§no pouze pro 

obdob² mezi vĨskyty mutantŢ, po jehoģ uplynut² se zmŊn² poļ§teļn² podm²nky. 

# Vytvoreni soustavy diferencialnich rovnic;  

                                                           

5 Pro snadnŊjġ² prŢbŊh vĨpoļtŢ budeme poļet jedincŢ populace povaģovat za spojitou veliļinu a budeme tedy 

pracovat i s neceloļ²selnĨmi hodnotami. Pro n§zornŊjġ² pŚedstavu lze hodnotu ὖ povaģovat napŚ. za celkovou 

hmotnost vġech jedincŢ populace, coģ odpov²d§ rovnŊģ procesu pŚemŊny potravy na ģivou hmotu (tj. rodiļŢ i 

potomkŢ souļasnŊ). 



 

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

 end do:  

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

 

 # Vytvoreni pocatecnich podminek;  

 if cas=0 then  

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

 end if:  

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

  podminka[i]:=P[i](cas)=Matice[i,2]:  

 end do:  

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

 

 # Cas do pristi mutace;  

 minule:=cas:  

 h:=rand(1..40):  

 cas:=cas+h(1..40):  

 

 # Reseni a vykresleni do grafu;  

 reseni:=dsolve({soustava,podminky},numeric , maxfun=10000000):  

 krivky:=seq([t,P[i](t)],i=1..RowDimension(Matice)):  

 graf[cyklus]:=odeplot(reseni,([krivky],minule..cas)):  

 assign(reseni(cas)):  

 

 # Zapis novych hodnot do matice;  

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

  Matice[i,2]:=P[i](t):  

  unassign('P[i](t)'):  

 end do:  Y:=S(t):  

 unassign('t'):  

 unassign('P'):  

 unassign('S'):  

 

end do:  

Vzhledem k tomu, ģe Ὓ konverguje v obdob² mezi dvŊma mutacemi (jak bylo vĨġe uk§z§no) ke 

konstantŊ, konverguje podle definice ke konstantn² hodnotŊ rovnŊģ funkce pŚ²jmu potravy ή a tedy 

mŢģeme prov®st n§sleduj²c² vĨpoļet: 

 
ὖὭ
ὨὸὸOЊ
ự ὖὭϽὩὭϽή άὖὭ  

 ὖὭὸOЊ
ự ὩὖὭϽήὩὭά  (8) 

Tedy zŚejmŊ velikost populace v r§mci obdob² mezi mutacemi konverguje k monot·nn²mu chov§n². 

PŚedpokl§dejme nyn²: 

 ὖὭὸOЊ
ự ὯέὲίὸȢᵼ ὖὭϽὩὭϽή άὖὭὸOЊ

ự π  

 ὖὭὸOЊ
ự π ẓὩὭὸOЊ

ự
ά

ήὭ
 (9) 



 

Protoģe pro libovoln® populace ὭȟὮȡὭ Ὦ plat² Ὡ Ὡ, konverguje v obdob² mezi dvŊma mutacemi 

velikost vġech populac², pŚ²padnŊ vyjma populace s nejvyġġ²m Ὡ, k nule. 

PŚ²kazem display(seq(graf[i], i = 1 .. celkemcyklu))  si nyn² mŢģeme zobrazit pŚes 
sebe graf vĨvoje populac² ve vġech obdob²ch (obr. 1) a na prvn² pohled je zŚejm®, ģe skuteļnŊ 

v kaģd®m obdob² mezi dvŊma mutacemi je jedin§ populace, jej²ģ velikost roste Ăna ¼korñ ostatn²ch 

populac². Ve variantŊ bez mutac² by se po urļit® dobŊ velikost t®to populace ust§lila na hodnotŊ 

¼ģivnosti prostŚed², zat²mco velikost konkurenļn²ch populac² by klesla k nule. N§hodnŊ se vyskytuj²c² 

mutace vġak do syst®mu vn§ġ² dynamick® chov§n², neboŠ v pŚ²padŊ, kdy se objev² mutant s Ὡ vyġġ²m, 

neģ bylo dosavadn² nejvyġġ² Ὡ, rozġ²Ś² se tato Ὥ-t§ populace a postupnŊ zapŚ²ļin² vyhynut² vġech 

populac² vļetnŊ Ὦ-t®, pokud nen² jeġtŊ dŚ²ve vystŚ²d§na jinou populac², vzeġlou z mutanta s vyġġ²m Ὡ. 

Vzhledem k tomu, ģe v t®to variantŊ modelu nen² vĨġe efektivity pŚemŊny potravy na ģivou hmotu Ὡ 
niļ²m omezena, doch§z² k tomu, ģe se neust§le objevuj² mutanti s vyġġ² hodnotou Ὡ, kter§ mŢģe 
v rozporu s realitou pŚekroļit dokonce hodnotu 1 a rŢst neomezenŊ do nekoneļna. Velikost 

moment§ln² nejvŊtġ² populace se tak bude v modelu pohybovat v ļase po exponenci§ln² kŚivce 

donekoneļna. TakovĨ proces je samozŚejmŊ zcela nerealistickĨ a proto je tŚeba model upravit. 

Zvyġov§n² efektivity pŚemŊny potravy na ģivou hmotu vlastn²ho druhu se v modelu ukazuje jako 

spr§vn§ strategie vedouc² k pŚeģit². Je ovġem patrn®, ģe s rostouc²m Ὡ v²tŊzn® populace doch§z² 

k poklesu substr§tu v prostŚed², neboŠ v²tŊzn§ populace ostatn² jednoduġe Ăvyhladov²ñ. V naġem 

nerealistick®m pŚ²padŊ z dlouhodob®ho hlediska doch§z² aģ ke konvergenci Ὓ k nule. Tento pokles 

¼ģivnosti a obecnŊ evoluļn² zhorġen² podm²nek prostŚed² na ty nejhorġ² moģn® se nazĨv§ pesimizac² 

prostŚed². 

 

Obr. 1: Exponenci§ln² rŢst populac² v modelu ve variantŊ bez omezen² efektivity ὩὭ pŚemŊny substr§tu 
na ģivou hmotu. 

3. Varianta s omezen²m efektivity 

Fyzik§ln² podstata ģivĨch tvorŢ neumoģŔuje rŢst efektivity Ὡ nad hodnotu 1 (ve skuteļnosti je ļ²slo 

vzhledem k chemickĨm procesŢm v organizmu samozŚejmŊ jeġtŊ niģġ²), vlastn² fyziologie organizmŢ 

vġak znamen§ jeġtŊ vĨraznŊjġ² pokles efektivity, neboŠ v re§ln®m prostŚed² nemŢģe vŊnovat ģ§dnĨ 

jedinec maximum prostŚedkŢ na hospod§rn® nakl§d§n² se z²skanou energi² (tj. vlastn² rŢst a 

reprodukci), ale mus² rovnŊģ zajistit Śadu dalġ²ch procesŢ, mezi kter® kromŊ jinĨch strategickĨch 

ļinnost² patŚ² samotnĨ pŚ²jem potravy. 

V pŚedchoz² zjednoduġen® variantŊ modelu jsme pŚedpokl§dali z§vislost mnoģstv² pŚijat® potravy ή 
pouze na mnoģstv² substr§tu Ὓ v prostŚed², zbĨvaj²c² parametry ὥ a ὄ jsme povaģovali za konstantn² 

pro vġechny populace. Definujme nyn² vztah mezi efektivitou pŚemŊny substr§tu na ģivou hmotu Ὡ a 

mnoģstv²m potravy, kterou je jedinec schopen pŚijmout za jednotku ļasu ή, kterĨ bude reprezentovat 
strategii druhu ve smyslu rozhodov§n² mezi investic² energie do vŊtġ²ho mnoģstv² z²skan® potravy 

nebo lepġ²m vyuģit²m potravy pro vlastn² rŢst a reprodukci. 

Nahrad²me tedy v rovnici logistick® kŚivky (2) konstantu ὄ kvadratickou funkc² Ὡ takto: 


