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PREFACE

Data acquiring, processing, analysis, and delivering in a desired form is
necessary for successful business activity in modern economy. One of significant
factors which influences business efficiency is constituted by methods and techniques for fast training of several kinds and levels of employers. Therefore tools of
distant or electronic learning (e-learning) are hard to overestimate. Although they
originate from the area of education, they are already indispensable for modern
enterprises.
Current volume consists of 10 papers written by 15 authors coming from
different institutions. It provides a rich source of ideas, concepts, solutions, and
perspectives of using distant learning in business practice. We believe that presented results will be useful for all researchers, experts, and business practitioners,
including managers themselves, which are dealing with different categories of information management systems. Chapters are ordered alphabetically, according to
the surnames of the first-named authors.

Piotr Jałowiecki
Piotr Łukasiewicz
Arkadiusz Orłowski
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BUSINESS SOFTWARE DEVELOPMENT PROCESS
COMBINING MODEL-DRIVEN AND CONTRACT-BASED
APPROACHES
Anna Derezińska, Przemysław Ołtarzewski
Institute of Computer Science, Warsaw University of Technology
Abstract. This chapter is devoted to the business software development process that integrates two approaches Design by Contract and Model Driven
Development. The contract concept assures a consistence between a software
and its requirement specification. In the model-driven development, models
are refined and transformed into an executable code. The synthesis constitutes a Contract-Aware Software Development approach, in which contracts
are processed from requirements and formulated at a system model level.
Phases of the process, its artifacts and relations are presented. Advantages
and disadvantages of the approach are considered. Contracts are defined at a
high abstract level and tools transforming models to code are responsible for
contract implementation. Possibilities of the tool support are presented on an
example of UML models, contract specifications in the Object Constraint
Language (OCL) and C# as a target language.
Keywords: software development process, Design by Contract, DbC, Model
Driven Engineering, MDE, model transformation, code generation, UML,
OCL

1. INTRODUCTION

Model-Driven Engineering (MDE) principles can be applied for the development and maintenance of business systems [10]. A system is designed at several
levels of abstracts, and the central artifacts are models. Model refinement and specialization should follow to the automatic code generation. The mostly promoted
MDE ideas are within Model Driven Architecture (MDA) initiative [11, 13], in
which UML models are widely used [19].
Designing and evolving business systems, we should elicit, implement and
maintain many business rules. They denote the knowledge about the system requirements, limitations, behavior, etc. In order to deal with different system constraints and achieve a high quality implementation, an explicate usage of contracts
in a software was proposed [14]. The primary contract-based approach, called De-

sign by Contract (DbCTM), was embodied in the Eiffel language [9]. The similar
ideas can also be realized in other specialized or general purpose languages. However, there are several obstacles concerning application of contracts.
Introducing contracts at the source code level requires often a project redesign. Developers should comprehend new contract tools and the programming paradigm.
Contracts specified at the model level, e.g. with UML models, are treated as
an overhead similar as a documentation preparing, because they are further manually implemented in the source code. There is not sufficient support for a direct
transformation of model-level contracts to the contracts in the source code. However, a manual contract implementation causes a risk that some constraints could
be omitted and inconsistencies between the code and its specification encounter.
The same problems raise in the earlier stages of the system development, e.g.
while constraints are elicited from stakeholder requests. Not clearly identified constraints and the lack of traceability relations can result in omissions and errors in
the final implementation.
The advances of MDE approaches deal with the model refinement, and code
generation that are indispensable for building a final application. Though, they
focus on the functionality realization, do not taking into account the contract transformation.
Being able to modify software according to changing business requirements is
even more crucial than building a new one. This is also one of the fundamental
ideas behind all agile development processes. Therefore, regardless the application
lifecycle is more or less agile, the relations between different development artifacts, including both sides - functionality and contracts, should be maintained.
Concerning the above mentioned problems we propose to combine ideas of
code contracts with MDE concepts. The general approach is called Contract-Aware
Software Development (CASD) and gives an overall framework for many specialized processes. Such a specialization can be realized using UML models [19] and
the Object Constraint Language (OCL) [15,20] in the design phases of the process.
As a support tool we can apply T.O.F.I.C. (Transform OCL Fragments into C#
system) [7, 17] that transforms business rules associated with a model into an appropriate code in a contract library.
In the following part of the chapter the basic information about the CASD approach are presented. Next, we briefly discuss facilities supporting a process derived from CASD in which contracts are specified in OCL and transformed into the
C# code. Then, related work and possibilities of other process specializations are
given. Finally, we conclude the chapter.
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2. CONTRACT-AWARE SOFTWARE DEVELOPMENT

Contract-Aware Software Development (CASD) is a draft of a generic process of a software development and maintenance. Below, we present the main prerequisites of the process, characteristic of basic phases and discuss its advantages
and disadvantages.
2.1. CASD assumptions

The following assumptions constitute a core of the CASD approach:
Early constraint identification. A contract-based approach is applied in each
phase of the software development. It is especially important to start with the constraint identification as early as possible. Constraints are also identified in the planning phase and during analysis of system requirements. These constraints are included in the system specification.
Two types of artifacts. In order to deal with contracts during the whole system
development process, two types of process artifacts are distinguished, namely:
artifacts corresponding to a functionality realized by the system under development, and artifacts addressing system constraints. Constraints are specified in a
contract-based form at an abstract level appropriate to the development phase.
Traceability between artifacts. Two kinds of traceability relations should be
maintained in the development process. First, derived artifacts in the subsequent
phases should be associated by appropriate traceability relations. Second, constraint relations are necessary to combine functionality artifacts with their contracts
within each development phase.
Unique identifying of artifacts. Realization of traceability can be supported by
providing unique identifiers for the artifacts.
MDE-like development process. The development process is based on the
MDE ideas. It assumes, that an abstract system specification is gradually refined
during the chain of transformations. The transformations take into account both
categories of artifacts: functionality and constraints/contracts. Transformation activities should be automated as wide as possible. Realization is focused on the code
generation from models accompanied with contracts that are specified at the model
level.
Contract support at a source level. The target development platform should
support a contract handling, as a build-in programming artifact, a dedicated library
etc. The contract support covers not only the implementation of contract specification, but also a possibility of definition of actions that are undertaken for not
satisfied contracts. For example, this sort of actions can define preferred repair
activities.
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2.2. CASD process

A software development process based on the CASD assumptions can be described as a flow diagram of the main phases and associated artifacts. A draft of the
process is presented in a diagram (Fig. 1). The process is divided into main phases
that are illustrated by the corresponding packages. The main artifacts are included
in their packages. The left hand side artifacts provide the system functionalities,
whereas the right hand side artifacts concern the system constraints and the resulting contracts.
Dependency relations are used to show traceability between artifacts. The artifacts are connected by two main types of relations. The trace relations create traceability connections between corresponding artifacts in the subsequent phases. The
specified artifacts point to the more general ones. The trace relation can also connect more detailed artifacts within the same process phase, which is not shown in
Fig. 1. The basic concept of the artifact refinement remains the same, the relations
depend on the granularity of the process visualization, e.g. the phases can be divided into more detailed stages if necessary, the artifacts can be presented in the
more detailed level.
The second dependency relation, denoted by the keyword constrain, correlates a constraint/contract artifact with its functionality artifact within the same
process phase.
The dependencies were specified by unidirectional relations in order to illustrate the main process ideas in the draft. In the complete process realization, the
relations between artifacts should be bidirectional. The navigation in both directions supports the evaluation of artifact modifications, the artifact verification, and
the flaw revealing in the development process.
The main process phases are characterized in the following way:
1. Planning - a general description of the features of the software system under
development. It covers a vision of a system behavior, its functionality and restrictions. The system features depend on the system environment, stakeholder
requests, business rules, and other factors. The request elicitation is focused on
the system functionality and various limitations of the system behavior. The
general description is prepared informally in a natural language. It can be supplemented by informal drawings, if applicable.
2. Analysis - the system description refinement. The set of collected artifacts is
divided into two groups: system requirements and system constraints. Requirements create a space of possibilities, which may be an infinite one. Constraints define borders that bound this space. A system behavior exceeding/crossing these borders can be incorrect or even unsafe. Requirements are
associated with the corresponding constraints and the appropriate constraint relations are created. Traceability relations point from the detailed requirements
and constraints to the source features from the Planning phase. Trace depend-
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3.

4.

5.

6.

encies also link more detailed artifacts with the general functionality within the
Analysis phase, if appropriate. The specification is prepared in a natural language, it can be a tool-supported structural description. Other description
means (e.g. graphs, predicates) can support the specification in order to improve the concept clarification.
Use Case - refinement of requirements and constraints in modeling of use
cases. In general the requirements are sources of use cases and the constraints
are sources of contracts limiting scenarios of the system behavior. These implications are specified by traceability relations. Constraint relations associate use
cases with their contracts. Use case scenarios are defined in a natural language,
preferably in a structural way [4]. Contracts are described in a natural language. They can be supplemented by logical predicates expressed, for example,
in any general purpose language, in a target implementation language, in a contract specification language, etc.
Structure and behavior - a system model design based on the use case description. Structural and behavioral models are created. The design phase can be realized in several stages, while models are gradually refined starting from the
general models to the specialized ones. This refinement can take into account
the restrictions of the target implementation platform. Basing on the use case
level contracts, the model contracts are created. They should be completely
specified in a dedicated specification language, or the target implementation
language, if appropriate. Constrain dependencies link model elements to their
contract descriptions. Traceability relations connect model elements to their
origin use cases. Analogous, model contracts point to their origin use case contracts.
Implementation - code generation from system models and contracts. Models
are transformed into the source code, which is completed by programmers if
necessary. Contracts defined at the model level are transformed into appropriate contracts in the source code, using built-in language mechanisms or a specialized library. Traceability relations associate code artifacts with their corresponding elements in the model and with the model contracts. The implementation should also contain specification of reaction for the contract violation, if
it is supported in the target development platform.
Testing - During the testing phase the typical testing activities are combined
with the testing based on the code contracts used as test oracles. Contract violation indicates an implementation error, assuming the contract is correctly specified. The test approaches are the same as for the contracts specified directly at
the code level. The traceability relations assist in following dependencies between implementation artifacts and test cases.
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Figure 1. A draft of the Contract Aware Software Development process. Source: [17]

It should be noted, that the phases shown in the process draft do not obligate
to a sequential, waterfall-like development process. The realization of phases can
overlap in time, or be executed in many steps in an interleaving fashion. For exam-
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ple, requirements can be analyzed in parallel to the use case modeling. As a result
use cases with use case contracts should be delivered, and the appropriate dependency relations built.
In the area of the discussed process, different approaches to requirement engineering can be used. The important thing is, to create and maintain appropriate
artifacts and their relations. .
2.3. CASD advantages and disadvantages

The proposed process can assist in solving of several problems mentioned in
the Introduction. The following advantages of the process can be discerned:
The overhead required for the application of contracts at the code level is
decreased. The most of the labor related to implementation of contracts specified in
a model is delegated to a transformation tool.
Contracts at model level have directly corresponding items in the source code.
It is possible to automatically transform the same model contract into different
types of an implementation code. Therefore, it is worthwhile to learn one contract
specification language applied within a model. The tool should be responsible for
the implementation details, e.g. a syntax of contracts in a currently used library.
Traceability relations between artifacts of different description levels, mainly
from different phases, and constrain relations within phases give an opportunity to
monitor and analyze the concerned dependencies. It is possible to easily verify
completeness of the design. A situation in which an artifact lacks its refined corresponding unit, can be treated as a mistake. For example, a class invariant in a
model was not coded in the final program. This kind of verification can be automated and completed by the appropriate tool.
The relations also support the process comprehension, reveal impact dependencies that could be profitable while artifact changes are performed.
High process quality is assured by the ordered procedures and the elimination
of some error-prone practices. Such a practice can be an attempt to introduce constraints originated from the project assumptions into its implementation, while the
constraints were not taken into account in the project design.
Implementation can be consistent with its specification due to implemented
contracts, but also due to contract-based approaches applied at all development
stages. A developer has to be contract aware thought the whole process. Therefore,
it is less likely to omit some restrictions in the final project and its testing.
Artifacts created in different phases can be suitable for the reuse, because the
functionality artifacts are accompanied by their contracts.
Appropriately applied contracts can cause reduction of the final code. The
implementation of constraints often results in the code duplications, as the conditional statements are inserted both in the source code and in the test cases. In the
contract-based approaches the constraints are encapsulated and special actions are
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defined in case the contracts are not satisfied. The preliminary testing can be limited to running the code with contracts and observing events whether they are satisfied or not. This advantage contributes not only for the presented CASD process,
but also for any contract-based implementation.
However, it should be noted that the benefits of the CASD approach can be
obtained only if the derived specific process is supported by the appropriate software engineering tools. The approach utilization can be limited by the following
obstacles:
Maintenance of dependencies (trace, constrain) for all development phases
require an additional overhead. It could be especially labors, if certain artifacts are
created using different tools.
The process should be supported by a comprehensive CASE tool or a suite of
cooperating tools. Application of all process activities, maintenance of big models
and a code development environment create great demands on the hardware resources.
A developer should know a specification language for the contract definition
in models, if appropriate.
Possibility of human errors is not eliminated. Even assuming an efficient tool
support, specification of contracts, creation and monitoring of dependencies, interpretation of analysis results, etc. are performed by human developers and can be a
source of mistakes.
The tools supporting the process, e.g. transforming models and contracts into
the code, preserving the consistence between artifacts, should be of high quality.
They should work not only correctly and efficiently but also be convenient for a
developer.
3. CASD APPLICATION

The presented draft is a generic process in which the main ideas of the approach are summed up. It is possible to derive many specialized processes from it.
A specialized process conforms to the described ideas and is associated with selected technologies and tools.
In the Structure and behavior phase a system can be modeled in UML [19], as
in many MDE solutions. The contracts at the model level can be specified in the
Object Constraint Language (OCL) [15, 20]. Hence, the model with OCL constraints should be transformed into an implementation language with an appropriate
contract support.
Assuming that the process is further focused on the C# language as a target
one, the crucial steps of such a specialized process are supported by the T.O.F.I.C.
tool (Transform OCL Fragments into C# system) [7, 17].
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The T.O.F.I.C. tool is an extension of the IBM Rational Software Architect a CASE tool that can be used for creating UML models. One of the T.O.F.I.C.
facilities is support for modeling of the C# code and its project structure [7]. The
gradual refinement of meaning of model elements is made by utilization of the
UML profiles dedicated to C# and a library of primitive types. A refined model can
be transformed into C# code and an appropriate C# project can be build.
The important feature of T.O.F.I.C., regarding CASD process, is transformation of OCL constraints into the corresponding C# code [17]. Model contracts are
expressed as OCL class invariants and OCL pre- and post-conditions of operations
using the CASE tool. The source code is generated from UML classes and their
OCL constrains. The OCL constraints are implemented using contracts from the
Microsoft Code Contracts library. The library supports verification of the implemented invariants during a program execution.
The use of the standard library has many advantages. A developer works with
the existing technology and can combine the generated code with other applications that use contracts directly in the code, and not generated from the OCL. However, there are also some shortcomings of the library. Not all constructs of OCL
can be used, including a primitive @pre that relates to the previous state of attributes or collections in a post-condition.
The environment was used in development of student projects during an advanced course of Software Engineering [17].
4. RELATED WORK

The essential feature of the CASD process is a contract specification at the
model level and its transformation to the code. In a UML model, business rules can
be specified in OCL, the constraint language used in the OMG specifications [15].
Various tools supporting OCL can be found in [16]. Several tools were surveyed
in [2, 18]. However, only using a scarce number of these tools, OCL expressions
can be transformed into an executable code. Comparison of this kind of tools with
the respect to their contract generation capabilities was given in [6].
The most comprehensive OCL tool is Dresden OCL [8] that transforms OCL
expressions into aspects of AspectJ. It could be used in a specialization of the
CASD process to another target language (Java), although it also is not fully consistent with the OCL specification. There is an ongoing discussion about a necessary features of an OCL tool, which has been not realized yet [1, 3].
The most recent example of applying MDD approach with OCL constraints is
given in [5]. It covers not the whole process, but its important modeling and code
generation phase. Business rules associated with models and written in OCL are
statically validated using the Octopus/OCL tool and transformed into Java code by
a prototype generation tool - AutoPA.
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There are many languages that support contract paradigm in a code level development, ranging from the Eiffel language [9] introducing Design by Contract
(DbCTM) [14], to D, Fortress, SPARK, Oxygene, Spec#, etc. Other direction is usage of specialized libraries extending general purpose languages, e.g. DBC for
C/C++; Contract4J, jContractor for Java; JavaDbC, OVaL, Custos for AspectJ;
SpringContracts in Spring Framework, Microsoft Code Contracts for C#. The latter
was applied in the environment mentioned in this paper, but also other could be
used in another specialization of the CASD process.
Another approach originating from DbC is Contract Driven Development
(CDD) [12]. It is aimed at extracting test cases automatically from failureproducing runs of a component, where contracts act as a test oracle. Hence, it regards the testing phase of the whole process (Fig. 1). Having generated contracts,
we could also combine this approach into a process derived from CASD.
5. CONCLUSION

The CASD approach synthesizes ideas of the model driven engineering and
contract-based approaches. It is not directly aimed at any specific languages or
other technologies. The generic process can be specialized for different technologies, including requirement engineering, modeling and specification languages,
implementation languages and methods of contract realization. However, the whole
process management as well as specific process activities require an efficient tool
support.
The discussed approach is aimed at business systems, implemented in high
level languages, like Java, C#. The high requirements on the contract aware analysis, modeling an implementation could contribute to the improvement of a system
quality.
An exemplary CASD process can be based on UML models with OCL constraints transformed into a high level language. This type of modeling and transformation leading to a target application in the C# code with the contract library is
supported by the T.O.F.I.C. environment in the cooperation with the IBM Rational
Architect and Microsoft VS.
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INTERNET QOS - WHY, WHAT AND WHEN?
Iwona Dolińska a), Antoni Masiukiewicz a), Krzysztof Sacha a), b)
a)

b)

Department of Computer Science, Vistula University, Warsaw
Institute of Control and Computation Engineering, Warsaw University of Technology
Abstract. Issues related to providing appropriate Internet transmission quality have been known for many years. The existing protocols have been admittedly improved from the QoS point of view. However, because of a dynamic
expansion of multimedia transmission in the Internet, the current solutions
are still insufficient. Currently conducted research concerns introducing new
mechanisms, and new intermediate and managing layers to the existing Internet structure. On the other hand it concerns a parameterization system, which
could help in assigning proper QoS levels to particular services. This paper
presents an analysis of currently conducted research concerning new mechanisms of transmission quality provided in the Internet and also a survey of the
up-to-date situation in Poland concerning both the research and regulation issues.
Keywords: Future Internet, Future Internet architecture, QoS in Future Internet, QoS regulations, QoS parameters, NGN

1. INTRODUCTION

One of basic phenomena, accompanying the Internet expansion, is the continuous huge growth of the data transfer quantity. It results from wide usage of new
business and multimedia application types over the Internet, such as VoIP, video
streaming, telemedicine, Internet games etc. The application users expect that the
data will be delivered with appropriate quality. In other words, users expect that
transmission conditions in the Internet will be good enough to fulfill the needed to
transfer application data with proper speed and other parameters such as delay, BER
etc.. On the other hand, the basic rule of the Internet communication has always been
“the best effort” rule. There is no “quality guarantee” in the currently used protocols,
especially in the IP protocol. A connection provider has usually tried to deliver the
best quality possible and to send data as soon as possible. This kind of service works
well for traditional applications, like file transfer or e-mail. But this rule is not
enough for new types of services, because they need much better transmission
conditions.

Providing appropriate Internet transmission quality is the challenge, the Internet
is facing now and will be facing in the future. There are many different aspects in
the area of the Internet communication. That is why there is no single QoS (Quality
of Service) measure for all services. Different services require different levels of
different parameters. Currently the maximum bandwidth is the basic QoS parameter, which rarely corresponds to the quality level seen by the user. The technologies
providing appropriate quality of different types of transmission must be implemented in the future Internet. It is a huge problem, considering the number of
routers and their global distribution.
The above short introduction shows, why the QoS problem should be elaborated on. The following parts of this paper try to answer the question, what can be
done and when?
2. THE ELEMENTS OF QOS ESTIMATION

Quality of Service (QoS) is defined as a set of service requirements to be met
by the network while transporting a stream of packets from source to destination.
Some paths in this network have higher bandwidth than others, some have lower
propagation delay, and others see less congestion. All these factors build the transmission condition in the network [1].
QoS can be characterized in a packet network by the following parameters
[1], [2]: reliability, delay, jitter, bandwidth, packet dropping probability and transmission accessibility. Reliability is a measure of error rate. Some Internet protocols
have retransmission mechanism built in to improve the reliability of packet transmission. Delay is related with the transmission distance and with the speed of the
signal in different media. Jitter, packet delay variation, is critical in live transmissions, especially when the interaction between participants is needed. Bandwidth is
a most frequently mentioned transition parameter. Insufficient bandwidth can make
the transmission too slow or even impossible. It is critical especially for business
and multimedia transmission. Low packet dropping probability is important
for business applications, especially working with databases and for video transmission.
Different types of transmission require proper levels of different parameters.
Tables with examples of parameters levels descriptions are presented in [1] and [3].
Another approach to the problem of QoS providing is defining parameters from
user’s point of view [4], [5]. These group of parameters contains: service availability,
the speed of access, service reliability, data security, fast and effective operator intervention in case of service unavailability, honest and clear information. A user-centric
approach, proposed by ETSI (European Telecommunications Standards Institute) in
their recommendations is presented in Fig. 1. This model allows for operator’s offer
verification not only by the technical parameters, but also by user’s perception.
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Figure 1. The four viewpoints of QoS, recommended by ETSI.
Source: ETSI EG 202 765-1 V1.1.1 (2009-12), Speech and multimedia transmission Quality (STQ); QoS and network performance metrics and measurement methods;
Part 1: General considerations

ETSI standards are not obligatory, their implementation is a particular decision
of individual countries. These regulations define typical technical parameters, essential for realization of some transmission types, for example for voice connections,
video transmissions, WWW content searching, transaction services, image transmission, interactive games, telnet, e-mail, chat, fax [4]. For different transmission types
there are distinct differences in technical requirement for transmission conditions.
3. THE CURRENT METHODS OF PROVIDING QOS

Unlike the classic telecommunication, Internet has never provided stable endto-end connection. In case of packet transmission, providing the appropriate transmission quality is relatively difficult. Every packet follows its own path as it travels
and shares every link it travels through with packets from many other sessions.
Individual packets are routed separately and the session as a whole cannot assume
an unchanging path. For many applications it works well, but from the point of
view of QoS providing this is an important disadvantage. The attempts to solve this
problem have been made from the beginning of the IP protocol. In the IP version 4
there is a priority byte in the IP packet header, named ToS (Type of Service), designed for assigning proper transport priority to a packet. However, there was no
adequate infrastructure in the Internet and this byte was in reality not used [2].
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Another attempt to solve the Internet QoS providing problem was the design
of two cooperating protocols [2]: IntServ (Integrated Services) and RSVP
(Resource Reservation Protocol). This solution was designed by IETF (Internet
Engineering Task Force) to specify the mechanism for supporting end-to-end
Internet session that requires a specific QoS. IntServ protocol defines QoS specifications for a session and controls an admission. The RSVP protocol makes resource reservation. The main disadvantage of this solution is that it requires special
software in all routers along the network path. It was too difficult condition to be
met taking into account the Internet extent. The second disadvantage is that this
solution is incompatible with the “classic” Internet flow and finally, there was the
necessity to make many control operations, too difficult to implement in the whole
Internet. IntServ has failed to be widely adopted, because its assumption of setting
state in all routers along a path is not scalable and administratively infeasible [2].
Next attempt of QoS problem solving taken by IETF was founded on another
approach [2]. This new mechanism, named Differentiated Services (Diffserv), respects the administrative domain boundaries. The service can be effectively guarantied only inside a single network operator (either an enterprise network, or a
single ISP). It needs appropriate service level agreement to be in place at the edges
of the domain. Diffserv architecture is presented on Fig. 2.

Figure 2. The overview of Diffserv architecture.
Source: Carpenter B. E., Nichols K. (2002) Differentiated Services in the Internet,
Proceedings of the IEEE, Vol. 90, No. 9, 09/2002, 1485

In this model routing service and QoS providing are realized parallel, including both the background service (like routing table preparing) and the “per packet”
(like packet forwarding) processes. Similarly, Diffserv has made it explicit that IP
QoS can be separated into the differentiated treatment given to packets in the for-
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warding path and the task of configuring the parameters of the forwarding path
components to allocate QoS according to policy and availability [2].
The Diffserv technology uses the IPv4 header ToS field. This field content
was specified again and is defined identically for IPv4 and for IPv6 (for Traffic
Class octet). Diffserv field specification is presented in Fig. 3. Differentiated Services field (DS field) is marked with a specific bit pattern, called a DS code point
(or DSCP). Diffserv packet must have a suitable value of this field. Diffserv packets are treated in a per-hop manner (no session information is stored).

Figure 3. The Differentiated Services field in IP packet header.
Source: Carpenter B. E., Nichols K. (2002) Differentiated Services in the Internet,
Proceedings of the IEEE, Vol. 90, No. 9, 09/2002, 1486

The IEFT working group has worked out also an informal model of a Diffservenabled router, a management information base for such a router, a policy information base for such a router and another related solutions [2].
Boundary routers play the key role in Diffserv model, because they negotiate
the traffic conditions between different networks. Diffserv field values are well defined in literature. They are nowadays used for QoS providing in the Internet, but this
is still insufficient method for network resources servicing business and multimedia
applications.
4. NEW PROJECTS RELATED TO INTERNET QOS GUARANTIES

There are many projects concerning QoS providing in the Future Internet
conducted in the UE [6]. New mechanism should be worked out both in the network architecture and in the Internet rules of working. Examples of these projects
are as follows [7]: FP6 Daidalos I and II, FP7 P2P Next-IP, FP7 IP-Omega, FP7 IP
MICIE, EuQoS Project, G-LAB Deep Project. Many of these projects concern the
creation of layer architecture proposition. This layer is situated between the classic
transport and application layers in the network layer model, as shown in Fig. 4.
The new layer main task is to allocate and manage the resources needed for
QoS providing. The layer gathers the information about transmission quality requests from the higher layer and about quality providing possibilities from the
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lower layers. Then the new layer organizes appropriate connection, manages the
information exchange etc. The new layer detailed architecture and name is different
in different projects, but the general idea presented above is the same.

Figure 4. The new QoS managing layer location in the network layers model.
Source: Dolińska I., Masiukiewicz A., Sacha K. (2011) Technologies and methods of
QoS providing in the Internet, Ekonomiczno-Informatyczny Kwartalnik Teoretyczny,
Vistula University, Poland (in Polish), to be published.

4.1. The new FI projects examples

EuQoS Project has defined a Next Generation Network (NGN) architecture
that builds, uses and manages the end-to-end QoS path (EQ path) across different
administrative domains and heterogeneous network [8]. Project assumes the possibility of setting QoS level by the user, depending of the used application. Second
important assumption is that it should be the open system, allowing interconnectivity with new technologies in the future. Project defines a set of QoS levels/classes
for different applications. The system works in client-server architecture, where the
client is aware of QoS possibilities and sends the requests to the server and the
server allocates and manages appropriate resources. Additional level in this project
is named “Control plane” and is situated between service plane (the higher level)
and the transport plane (the lower level). EQ-path is built in the transport layer, of
course.
Another example of a project, incorporating new managing layer is Content
Delivery Network (CDN) [9]. This idea has been worked out by IETF and presented in the RFC 3466. Proposed solution defines virtual content networks built
on top of generic IP networks. Such overlay networks provide the flexibility and
control necessary to customize and evolve with the carried content. Such overlay
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networks have also the advantage of easy extensibility across any network platform, allowing them to evolve with the underlying technology rather than being
embedded, and thus offering the desirable flexibility [9]. The Future Internet sets
important challenges to the network infrastructure, because the new service types
(network gaming, media streaming etc.) are highly resource-consuming. So the
next generation networks will have to provide high scalability and capacity, good
quality of service, appropriate for different content transport and high interactivity
and security. CDN servers allows for improving QoS and other parameters mentioned above.
4.2. Polish projects concerning QoS

In Poland projects related to the Future Internet technologies are conducted,
among others, by Warsaw University of Technology, by National Institute of Telecommunication and by Poznań Supercomputer and Network Center [7]. These
projects concern IPv6 protocol implementation, QoS measuring in the Internet and
parts of EuQoS Project. The aim of the Future Internet Engineering project [10], in
the scope of IPv6 Internet, is to develop a methodology for the evolutionary replacement of current version of IP (IPv4) in the national network by the IPv6 protocol and to propose new network solutions and services resulting from IPv6. The
aim of this project, in the scope of Future Internet [10], is to develop and to test a
proposal of a new architecture based on the resources virtualization along with new
mechanisms and algorithms concerning the crucial aspects of network operations.
The goal of the project is to create a national test network environment for the IPv6
Internet and Future Internet, enabling research and development activities based on
the experimental verification.
5. THE INTERNET QOS REGULATIONS
5.1. The Next Generation Networks

All new Future Internet projects relating to QoS providing, described above,
need proper QoS transmission, supplied by the lower OSI layer – by the network
infrastructure. The New Generation Network architecture should allow the resource
reservation for specified packet flows and for applications, demanding QoS on
specified levels. NGN should bring technology neutrality, proper QoS parameters
and support for mobility for the users. ITU-T’s definition of NGN says [11]: “A
Next Generation Networks (NGN) is a packet-based network able to provide Telecommunication Services to users and able to make use of multiple broadband,
QoS-enabled transport technologies and in which service-related functions are
independent of the underlying transport-related technologies. It enables unfettered
access for users to networks and to competing service providers and services of
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their choice. It supports generalized mobility which will allow consistent and ubiquitous provision of services to users.”
Many EU countries started big investments in the field of next generation
network infrastructure, mainly in the backbone, but also in access network [12],
[13]. Some countries plan to expand their networks in FTTx technology [13] (the
type of access networks based on optical fibers).
There were no significant investments in the NGN infrastructure in Poland
[12]. This situation was caused mainly by the continuous argument between UKE
(Polish national regulator) and TP S.A. (the biggest telecommunication operator)
on one hand. On the other hand this lack of NGN investments was caused by weak
investment possibilities for alternative telecommunication operators. The agreement between the national operator and NSA (High Administrative Jury) from
2009 opened the possibilities of building new broadband access network.
5.2. The Internet Quality of Service regulations in different EU countries

International normalization organizations, like IETF, ITU and ETSI worked
out many standards concerning the network transmission QoS [14], [15], [16], [17],
[18], [19], [20], [21], [22]. These documents define many propositions regarding
the parameters describing, parameter measurements and QoS level definitions.
These standards could be used for preparing countries’ own regulations. But these
standards are not obligatory, their introduction is a particular decision of each
country.
Regulations related to QoS in the Internet have been an unsolved problem in
the European Union. The European Commission worked hard on the problem of
the last mile access. The regulations in this area force the traditional national operators to enable access to last mile infrastructure for new, alternative operators. The
issue of QoS providing on the desired level is still open. On the other hand operators are in many cases not ready with creating NGN infrastructure and it is to early
to force them to provide specified parameter values.
The regulations in many European countries concentrate still on the problems
of accessibility of different network infrastructure fragment to the alternative operators. Issues concerning transmission QoS are not a priority. Some EU countries
tried to implement the QoS elements [5]. Spain and Portugal obliged ISPs to announce transmission speed achieved in reality. British OFCOM proposed the
ISPs/IASs and network operators the voluntary acceptation of the “Voluntary Code
of Practice”, concerning QoS of the Internet access [23].
There were realized projects regarding announcing additional QoS parameters
to the users in Spain [5]. The parameter values for all ISPs in every quarter since
2007 have been shown on the national regulator web pages.
As it is mentioned above, there were no significant investments in the NGN
infrastructure in Poland. And there is no regulation concerning QoS providing. We
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are at the start point – the big debate about these regulations was conduct by the
UKE [24]. In this debate one can see the operators unwillingness to introduce QoS
regulations, because of lack of technical possibilities and high costs. The level of
NGN investment is still to low to provide real QoS to all the users.
The QoS parameters, declared to the users, are easier to maintain and hold in
the case of fixed lines operators. Mobile operators have even more difficult situation because of dynamic type of connection [12], which is switched over different
access points. These access points can work in different access technologies
(GRPS, EDGE, UMTS, HSPA, LTE etc.) and this fact can influence transmission
parameters. Additionally, there is usually the limitation of the transfer size in mobile networks. Higher transfer speed could have an effect of rapid reaching the
transfer limit.
In the current state of technologies, imposing satisfying requirements can be
unreal in practice. A transitional period is necessary, in which ISPs could be
obliged to inform the users about real transmission parameters. In Poland we can
also benefit from the British experiences with the code of good practices in telecommunication.
6. CONCLUSIONS

Issues related to QoS providing in the Internet have been considered by many
researchers for a long time. The users are aware that the current methods and technologies, described in section 3, are insufficient and that the necessity of changes is
high. The new solutions are suggested, the examples are given in section 4. Most of
these new solutions was verified in a laboratory or/and tested in an experimental
environment only. None of these projects of QoS providing has been widely accepted for the whole Internet yet. Due to the Internet size and the number of Internet routers and the Internet users, gaining such an acceptance is very difficult. So
the researchers should improve and expand their concepts to reach requirements
appropriate for real users.
On the other hand, the regulations related to QoS providing, as described in
section 5, are in the beginning part of their lives, especially in Poland. Without
proper regulations for network transmission, the QoS problem will not be really
solved, but only a little cured by the mechanisms added in higher layers (like new
layer, described in sec. 4).
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APPROACH TO THE CONCEPTUALIZATION OF AN ONTOLOGY
OF AN EARLY WARNING SYSTEM
Helena Dudycz
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Abstract. Usefulness of the economic indicators in decision-making depends
also on decision-makers’ comprehension of structural and semantic connections existing between ratios. One of suggested solutions, which allows to
present various associations between economic indicators, is the standard of
a topic map. It requires elaborating an ontology for the specific field of
analysis of ratios. There are many methods describing the procedure of creating an ontology for information solutions, but there is no generally agreed
single approach to this problem so far. Basing on the analysis of existing
methodologies and analysis of our studies, the procedure of creating an ontology of economic ratios was proposed. In this paper, case studies illustrate
the process of conceptualization of an ontology of an early warning system.
Keywords: early warning system, economic indicators, ontology, topic map

1. INTRODUCTION

Researches involving creating models of forecasting bankruptcy of a company
are carried out all the time. They are used for the building of an early warning system which is based on the models of Z-score for predicting bankruptcy. The proper
and fast identification of chances and risks for an establishment is necessary for the
optimization of current and strategic decisions which are taken at various levels of
management (see [10, p. 27]). There are studies which concentrate on: the elaboration of early warning methods (the problem is for example the right choice of indicators), the architecture of the information system (enabling for example to identify
the data which announce an important action for the enterprise), the conceptual
model of early warning system and the way of information presentation for the
management staff. The adopted form of presentation has also influence on the
speed of getting essential information at the right time.
Models of an early warning system are based inter alia on different relations
occurring between economic indicators. These measures provide much information
concerning the functioning of an enterprise. The economic indicators are essential,
provided that they are well calculated and interpreted. Their usefulness depends
also on decision-makers’ comprehension of the structural and semantic connections

existing between ratios. One of suggested solutions, which makes it possible to
present various relationships between economic indicators, is the standard of
a topic map (a wide review of the issue is presented in [3]). Creating a topic map
application for a specific field of analysis of economic indicators requires the conceptualization of an ontology.
In this article we discuss the procedure of creating an ontology for the field of
analysis of economic indicators. We concentrate on presenting the conceptualization of an ontology for an early warning system. The paper is structured as follows.
In the next section the procedure of creating an ontology of economic indicators is
presented. In section 3 the conceptualization of the ontology of an early warning
system is described. Finally, in the last section we give a summary of this work and
indicate future research prospects.
2. THE PROCEDURE OF CREATING AN ONTOLOGY OF ECONOMIC
INDICATORS

An ontology in the information technology means “an explicit specification of
a conceptualization” [9, p. 907]. An ontology can be defined also as a graph of
organized semantic topics, where nodes are distinguished topic, whereas edges
denote existing relations between them. Constructing an ontology always denotes
analysis and organizing knowledge concerning specific field noted in formalized
structure. It allows to get the following benefits [11]:
− enabling the reuse of the domain knowledge,
− separating the domain knowledge from the operational knowledge,
− analyzing a specific field of knowledge,
− sharing common understanding of the structure of information among people
or software agents.
In literature the following fundamental rules in the ontology design are listed [11]:
1. There is no one correct way to model a domain— there are always viable alternatives. The best solution almost always depends on the application.
2. An ontology development is necessarily an iterative process.
3. Concepts in the ontology should be close to objects (physical or logical) and
relationships in your domain of interest.
During designing the ontology for a given field the following criteria
described by T. Gruber [9, pp. 908-909] should be obeyed: clarity, coherence,
extendibility, minimal encoding bias and minimal ontological commitment.
In literature intuitive character of building an ontology in the context of using
it by information systems is also pointed out [1, p. 146]. Therefore the research
concerning finding the best procedure of creating an ontology for information
solutions is conducted. In literature many methods of creating an ontology are
described, for example: Cyc, KBSI, TOVE, EMA, Uschold and King, Grüninger
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and Fox, HOLSAPPLE, HCONE, Kactus, Methontologi, SENSUS, On-ToKnowledge, UPON, Noy and McGuinness (a wide review of the issue is presented
in: [6], [7], [8], [11], [12], [13]). But so far there is no single approach to its
creating recommended by everyone. Basing on the analysis of existing
methodologies (a wide review of the issue is presented in: [8], [11]) and analysis of
determinants linked with the creating of an ontology of the return on investment
indicator (see: [4], [5]), a procedure of creating the ontology of economic ratios
was proposed. In this procedure the following stages were distinguished:
1. Determine the domain and scope of the ontology.
2. Consider reusing existing ontologies.
3. Conceptualization of the ontology.
4. Evaluation and verification of created ontology.
In the next point, basing on the example of early warning system, we showed
procedure of creating an ontology of economic indicators.
3. THE CONCEPTUALIZATION OF AN ONTOLOGY OF AN EARLY WARNING
SYSTEM – CASE STUDY
3.1. Actions preceding the conceptualization of an ontology stage

Creating of an ontology should begin with determining the domain and scope
of the ontology. This task consists of precise defining of the aim of building it. It
requires an answer to the question: what are we going to use the ontology for? The
answer to this question has influence on number of defined topics (that is its
scope).
In the research we intended to build an ontology for the early warning system
for production enterprises. Because of that we analyzed research carried out by
P. Antonowicz [2], verifying the effectiveness of an early warning system. We
decided to build an early warning system which includes:
⎯ four Z-score models with highest discriminatory abilities for production enterprises: M. Hamrol, B. Czajka and M. Piechocki model (HCP), B. Prusak model
(P), E. Mączyńska model (M) and E. I. Altman model (A),
⎯ four one-dimensional indicators signaling the risk of bankruptcy for production
enterprises: share in fixed capital assets indicator (SFCA), ability to defray of
the financial expenses indicator (ADFE), cash flow indicator (CF) and fixed
assets financing indicator (FAF).
The model of Z-score is a linear combination of few common business ratios,
weighted by coefficients. It was assumed that decomposition of indicators for established system comes to the level of ratios, for which source data can be taken
from basic financial statements (that is from the profit and loss account or balance
sheet).
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The next stage preceding the conceptualization of an ontology is considering
the reuse of existing ontologies. The aim of this task is to carry out an analysis of
existing ontologies. It allows to check up if there are available ontologies, whose
entirety or fragments can be used during the creation of a new ontology for a specific field of economy.
In case of building an ontology for an early warning system it was found out
that the fragment of the ontology created for the return on investment indicator
according to the Du Pont model can be used (presented in: [4], [5]). Thorough
analysis of four early warning system models showed that the following classes can
be used: Fixed assets, Current assets, Total assets, General costs, Total income,
Operating costs.
3.2. The conceptualization of an ontology

The significant stage of creating the ontology of economic indicators is a conceptualization stage. During this stage there occurs the enumeration of important
terms in the ontology, defining the classes and the class hierarchy, modeling of
associations and indicating occurrence. Limitations of created ontology should also
be indicated.
In the analyzed example of creating an ontology for an early warning system
for production enterprises thorough analysis of four Z-score models and four onedimensional indicators was made. It allowed to distinguish all topics (that is economic and financial indicators) making up the ontology of created system.
In the next step the topics were analyzed in order to build taxonomic classes
in which hierarchic relations occur. To build a taxonomy of terms one can use the
following approaches: top-down, bottom-up and middle-out. During creating of an
ontology of an early warning system the approach middle-out was used. Firstly,
most detailed terms, and then general terms were identified. At the end, by repeated
iteration, the terms acting as subclasses were assigned. Among identified terms the
following classes were set apart: Models of EWS, Indicators of EWS, Financial
statements, Model of ZHCP, Model of ZP, Model of ZM, Model of ZA, Weight, Parameters, Profit (loss), Capital, Liabilities, Total liabilities Assets, Total assets,
Fixed assets, Current assets, Costs, General costs, Income, Total income.
Moreover, classes built as a part of the ontology for ROI indicator, that is: Total assets, Fixed assets, Current assets, General costs, Total income, were used [5].
That will allow to develop this ontology for other businesses and to easily adapt it
to the specificity of the enterprise.
In Figure 1 the taxonomy for topic Models of EWS is shown. Distinguishing
this class gives opportunity to easily extend this ontology with next models. The
same applies to the class Indicators of EWS, which includes one-dimensional indicators of early warning systems. In Figure 2 the class for topic for ZHCP Model is
shown. Analogically taxonomy for other models can be presented.
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The next stage of creating an ontology is the identification of semantic associations (b-ary and n-ary relations). Seventeen different types of associations are
identified. Eight of them are fundamental relationships. These are:
− is the sum,
− is the sum of the parameters,
− is the difference of the parameters,
− is the sum of the indicators,
− is the difference of the indicators,
− is the numerator,
− is the denominator,
− is the weight.

Figure 1. Taxonomic relation Subclass-Of for the class Models of EWS.

Figure 2. Taxonomic relation Subclass-Of for the class for ZHCP Model.
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The remaining nine associations are relations which are so-called feedback relations. These are:
– is the element of sum,
– is the element of sum of the parameters,
– is the element of sum of the indicators,
– is minuend of difference of the parameters,
– is subtrahend of difference of the parameters,
– is minuend of difference of the indicators,
– is subtrahend of difference of the indicators,
– is dividend of quotient of the indicators,
– is divisor of quotient of the indicators.
Table 1 shows the relationship between defined basic relationships and feedback relationships.
Table 1. Specification of the basic relationships and feedback relationships.
Name of the basic relationship
is the sum
is the sum of the parameters
is the difference of the parameters
is the sum of the indicators
is the difference of the indicators
is the numerator
is the denominator
is the weight

Name of the feedback relation
is the element of sum
is the element of sum of the parameters
is minuend of difference of the parameters
or
is subtrahend of difference of the parameters
is the element of sum of the indicators
is minuend of difference of the indicators
or
is subtrahend of difference of the indicators
is dividend of quotient of the indicators
is divisor of quotient of the indicators
-----------

Additionally in created ontology three semantic relations defined as a part of
the ontology for ROI indicator are reproduced. These are [5, p. 97]:
1) potential growth, i.e., growth of value of first rate should be accompanied by
increasing values of second rate,
2) proportional growth, i.e., growth of value of first rate should be accompanied
by proportional increasing value of second rate,
3) proportional positive/negative change, i.e., growth or decrease of value of first
rate causes proportional increase or decrease, respectively, of second rate.
In Figure 3 the relations existing in ZHCP model, and in Figure 4 the relations
between topics in the class Indicators of EWS are shown. Solid lines denote taxonomic relations (relation Subclass – Of), whereas broken lines denote basic relations. In the figures the feedback relationships were omitted.
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Figure 4. Taxonomic and binary relations between the topics existing in the class
Indicators of EWS.

After the conceptualization of the ontology we can evaluate and debug it by
using it in applications of a topic map. This stage includes three tasks. The first of
them consists in the coding of ontology in chosen program. The second is connected with the verification of resulting application. The identification of any difficulties or defects requires a modification of built ontology (return to the conceptualization stage). The third concerns an integration with already existing ontology.
The analysis, whether created ontology can be joined to already existing one,
should be performed. And if so – it should be examined if it is recommended.
Now the research connected with the verification of created topic map application for built ontology of an early warning system for production enterprises is
carried out.
4. CONCLUSIONS AND FUTURE WORK

The advantage of the conception of the usage of the topic map as a model of
knowledge concerning indicators is that created model of an ontology can be
relatively easily modified and simultaneously it is possible to use multiple
applications based on different ontologies of a particular area. This is essential,
because there is no single universal system of economic indicators that could be
used in all economic organizations. Additionally, the creating topic map
application is separated from an enterprise information system which processes
data on all aspects of operational business activities. There is no need to modify
subsystems or to duplicate contents and logic of subsystems when building
semantic layers.
In this article we discussed the approach to the conceptualization of an ontology for an early warning system using proposed procedure of building the ontology
of economic indicators. Presented ontology for production enterprise may be the
base for creating an ontology for an early warning system for trading companies
and service companies. It may be realized in two ways. The first approach consists
in modifying the existing ontology by adding models and one-dimensional indicators of early warning systems which well evaluate given business. The second approach consists in developing an ontology for a production enterprise by creating
additional class (e.g. topic: Business), in which subclasses will be for example:
early warning system for production enterprises, early warning system for trading
companies, and early warning system for service companies.
Future works will involve studying the use of topic map as data model of
knowledge on the early warning system. Research will be continued in order to
verify the creating of an ontology in formal and substantive respect, by testing created applications. Then the research verifying the usefulness of applying topic map
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standard as an interface allowing to explore visually data concerning indicators of
assessment of functioning of an enterprise and usefulness of application in economic analysis will be carried out.
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METHODS FOR THE DESIGN AND IMPLEMENTATION OF
KNOWLEDGE MANAGEMENT SYSTEMS
Waldemar Karwowski
Department of Informatics, Warsaw University of Life Sciences (SGGW)
Abstract. The paper presents and discusses the basic methods and techniques
of the design and implementation of knowledge management systems. There
is discussed a typical life cycle of knowledge management system. Also there
are presented a variety of methodologies and tools supporting the design of
systems for knowledge management, in particular, based on UML and CommonKADS. Discussed methodologies were compared. The final part discusses the prospects for applying the discussed methods and techniques for
the development of knowledge management systems in the life sciences and
particularly in crop production.
Keywords: Knowledge Management, Knowledge Engineering, Designing of
Information Systems, UML, CommonKADS

1. INTRODUCTION

Nowadays knowledge based products are manufactured on a mass scale like
cars or computers. The modern enterprises are increasingly based on knowledge
that is necessary for manufacturing products with high technical advancement. This
also applies to agriculture sector: tractors, combine harvesters and other machinery
or fertilizers require the use of knowledge in both the design and manufacture.
Moreover, it is noticeable that the proper use of such products also requires knowledge, for example, access to the latest plant protection products is not enough to get
the proper effect, the farmer must know when and how to use them. On the other
hand, there is no shortage of information, we have rather too many of it. Searching
for documents, databases or web pages is time consuming; we are not able to read
everything that is related to our question. In this situation, modern technologies that
allow not only data storage, information management, but knowledge management
are necessary. We need methods and tools for information retrieval depending on
the context to allow a more precise answer to our questions. Such tools should be
based on information technologies, because currently, information is stored primarily in digital form.

The purpose of this paper is to analyze the methods and techniques for designing and implementing software tools to support knowledge management. In particular we are interested in the methods available for use in fields related to agriculture, especially useful for project “Knowledge management tools in plant production” implemented in the Department of Computer Science of Warsaw University
of Life Sciences.
2. KNOWLEDGE AND KNOWLEDGE MANAGEMENT

First, we would like to clarify our basic concepts. We have not commonly accepted definition of knowledge. Merriam-Webster dictionary defines knowledge in
the following ways: a (1): the fact or condition of knowing something with familiarity gained through experience or association (2): acquaintance with or understanding of a science, art, or technique; b (1): the fact or condition of being aware
of something (2): the range of one's information or understanding <answered to the
best of my knowledge>; c: the circumstance or condition of apprehending truth or
fact through reasoning : cognition; d: the fact or condition of having information or
of being learned <a person of unusual knowledge>. Knowledge is based on information and these in turn to the data, it should be noted that these concepts are
sometimes colloquially identified, which leads to confusion. In this paper we accept the distinction, as defined by Ackoff [2], that the information is processed data
in ways useful to the user, giving the answer to the question: “what?”, “who?”,
“where?”, “when?” While knowledge is the application of information corresponding to the question “how?” According to this definition we understand knowledge
as a collection of information, allowing to making conclusions that are theoretically
and practically important. A more detailed discussion of the definition of knowledge and relationships between data, information and knowledge, can be found in
work of Zins [24].
Nonaka and Takeuchi [15] have built theory about knowledge and its creation
based on the distinction between tacit and explicit knowledge. Many authors in
various ways sought to clarify this distinction. According to McInerney [12] explicit knowledge is knowledge that has been explained, recorded, or documented,
but tacit knowledge is the expertise and assumptions that individuals develop over
the years that may never have been recorded or documented. Nonaka and Takeuchi
[15] drew attention to the dynamic nature of knowledge (see fig.1). Socialization
means that we teach each other by example, during externalization knowledge is
formulated in documents, combination creates knowledge by integration pieces of
knowledge, and finally internalization means that knowledge is absorbed by people. Each cycle of this process causes the increase of knowledge. It is important to
manage this process in an orderly manner.
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Figure 1. Model of the dynamic of knowledge creation.
Source: Nonaka and Takeuchi.

Figure 2. Knowledge management cycle.
Source: Jashapara.

Nonaka and Takeuchi model is a good base for management of knowledge.
Generally speaking knowledge management is a set of tools, methods and processes to achieving organizational objectives by making the proper use of knowledge. We have not commonly accepted definition, but there is consensus that
knowledge management concerns acquiring, creating and sharing knowledge. Furthermore, knowledge management also includes the organizational and technical
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methods and tools that support these processes. In Oxford Dictionaries we have
short definition of knowledge management: “efficient handling of information and
resources within a commercial organization”. Other well-known definition was
presented by Davenport and Prusak [6]: “knowledge management is managing the
corporation’s knowledge through a systematically and organizationally specified
process for acquiring, organizing, sustaining, applying, sharing and renewing both
the tacit and explicit knowledge of employees to enhance organizational performance and create value.” Jashapara [10] emphasizes the interdisciplinary nature of
knowledge management. He defines five parts of the knowledge cycle namely:
discovering knowledge, generating knowledge, evaluating knowledge, sharing
knowledge and leveraging knowledge (fig. 2).
From our point of view, it is noteworthy that this endless cycle includes modeling of knowledge, analysis of the useful technologies for knowledge management, knowledge management support systems, ways of effective implementation
of knowledge and its effective use. Rollett [17] distinguished more detailed steps
Planning, Creating, Integration, Organizing, Transfer, Maintenance, Assessment.
Due to the needs of our project we distinguished five useful stages of knowledge
management model in plant production. First we have to analyze users’ needs and
available sources of knowledge, next stage is knowledge creating. Created knowledge has to be organized in known formats it is stage three. Fourth stage is connected with knowledge sharing for experts and ordinary users. Final stage in our
project is knowledge evaluation by experts taking into account the opinion of users.
Stages, identified by us, are compared with the stages discussed above. We can
summarize everything in a table 1.
Table 1. Knowledge management models.
KM in plant production model

Nonaka and
Takeuchi

Davenport and
Prusak

Analyzing
Creating

Evaluation

Jashapara

Planning
Socialization,
Internalization

Organizing
Sharing

Rollett

Externalization,
Combination

Discovering,
Generating

Generate

Creating

Codify

Integration,
Organizing

Transfer

Transfer

Sharing

Maintenance,
Assessment

Evaluating,
Leveraging
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A more about many faces of knowledge management we can find in Mertins
et al. [13]. We have to note that some authors take a technology-oriented definition
that knowledge management is a set of information technology tools like business
intelligence, search engines and intelligent agents. Similarly related concept to
knowledge management - knowledge engineering is understood as a branch of
artificial intelligence that emphasizes the development and use of expert systems
(Merriam-Webster dictionary). In the following chapters we will focus on technical
aspects of knowledge management, however, the term knowledge management we
will understand broadly as in the book of Jashapara [10].
3. KNOWLEDGE MANAGEMENT TOOLS

As it was cited above, knowledge is the application of information corresponding to the question “how?” It is difficult to fully automate the response to this
question. The role of human experience and knowledge contained in human mind
is still crucial, but human can be greatly supported in solving problems and making
decisions by proper tools. Books, paper notebooks and file folders are not currently
sufficient for the order to collect, organize and use information. Fortunately information technology provides us with broad spectrum of solutions. Knowledge management tools can support knowledge workers in knowledge identification, creation, capturing, selection, validation, structuring, organization, distribution, visualization, maintenance, evolution and other tasks. According to Davenport and Prusak
[6], the most knowledge management projects have one of three aims: (1) to make
knowledge visible and show the role of knowledge in an organization; (2) to develop a knowledge-intensive culture by encouraging and aggregating behaviors
such as knowledge sharing and proactively seeking and offering knowledge; (3) to
build a knowledge infrastructure: a web of connections among people given space,
time, tools, and encouragement to interact and collaborate. Sometimes knowledge
management is characterized as delivering the right information to the right people
at the right time, through use of the right IT tools. Liao [11] classified knowledge
management technologies and applications into six categories: knowledge-based
systems, data mining, information and communication technology, artificial intelligence and expert systems, database technology, and modeling. Of course opinions
about the suitability of each tool are varied. Some tools, like relational database
systems, are general in nature, not necessarily related to knowledge management,
but we can prepare specialized solution which is dedicated to a particular knowledge management issue. After analysis we distinguished applications that can be
used in the project knowledge management in crop production; results are presented in table 2 (some applications are useful at different stages of knowledge
management).
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We must stress that there are not so much the knowledge management systems but the systems supporting knowledge management as a man takes the final
decisions. Improper tools usage may cause that they will not support knowledge
management. Nowadays tools capable of use semantics and context of the problem
are becoming increasingly important. Standards and methods associated with the
idea of the Semantic Web are becoming increasingly important also in other nonnetwork applications. Such tools can help efficiently manage information and
knowledge. Genesereth and Dar [9] noted that we can view the Semantic Web as
an instantiation of a document centric knowledge management system intended to
manage the entire Internet’s semantic knowledge. In this paper reader can find
broad discussion about advantages and shortcomings of semantic technologies.
Table 2. Knowledge management tools possible to use.
KM in plant
Appropriate software tools
production model
Analyzing
Creating
Organizing
Sharing
Evaluation

Search and retrieval applications, data mining, modeling applications
Data mining, groupware, business intelligence applications, expert
systems, case-based reasoning
Data bases, data warehouses, ontology editors, modeling applications,
semantic network applications
Knowledge portals, portals of best practices, Content Management
Systems, search and retrieval applications, e-learning systems, digital
libraries, blogs, electronic newspapers
Blogs, polls, performance measurement applications

All systems and applications require detailed analysis and design. We know
from experience that a not properly designed system cannot properly fulfill their
functions and is often inefficient, non-scalable, and unable to cooperate with other
systems, prone to failures, difficult to modify and further development. Practice
shows that the errors made in the design are then difficult and expensive to fix.
These remarks also apply to systems that support knowledge management. Additionally such systems require cooperation between specialists in the field of knowledge management and the designers and programmers. Software Engineering over
the years has developed methods and techniques to help ensure the proper level of
analysis, design and implementation of information systems. We should use such
methods, result of many years of experience and research; however knowledge
management systems have its own characteristics. We need to modify existing
methods and develop new ones to ensure an adequate level of knowledge management tools.
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4. METHODS FOR THE DESIGN OF KNOWLEDGE MANAGEMENT SYSTEMS

A special feature of the design knowledge management system is the need to
build on the proposed knowledge management model discussed in part 2. According to discuss performed above such system should take into account knowledge
capturing and creating, knowledge formalization and organization, knowledge distribution and utilization, and finally evaluation of knowledge, moreover we should
document all knowledge flows. Next we should analyze what technology is available and possible to utilize at the organization, and what ready applications, discussed in part 3, can be easily deploy in organization. To help this process some
knowledge management system frameworks have been proposed. Tiwana formulated four phases toolkit [23]. The first phase is evaluation of the infrastructure and
aligning knowledge management and business strategy. The second phase is
knowledge management system analysis, design, and development. It consists of
five steps: knowledge audit and analysis, designing the team, creating the system
blueprint, selecting technology, developing the system. The third phase is knowledge management system deployment, and the final phase: measuring ROI and
performance evaluation. We call this strategy result-driven incremental development and deployment. Other framework is proposed in the European Guide to good
Practice in Knowledge Management [7]. This framework considers three layers as
most important for knowledge management. First layer - the business focus should
be in the center of any knowledge management initiative and represents the valueadding processes of an organization, which may typically include strategy development, product/service innovation and development, manufacturing and service
delivery, sales and customer support. Second layer consists of five core knowledge
activities which have been identified as most widely used by organizations in
Europe: identify, create, store, share and use. These activities are typically performed in support of the wider business processes. Their integration and performance within an organization have to be supported by the right knowledge management methods and tools. The third layer is represented by the enablers who comprise two main categories, called personal and organizational knowledge capabilities, which complement each other. Dataware (later LeadingSide, Inc) white paper
[20] presents a blueprint to start or refine the implementation of knowledge management practices and systems in organization. This is a gradual, “building-block”
approach to implementing knowledge management that follows three principles:
build on existing resources and systems; provide an immediate ROI on knowledge
resources; ensure that each step is a building block that provides a foundation for
future enhancements. From these three principles, seven steps to implement knowledge management are concluded: identify the business problem; prepare for
change, create the knowledge management team; perform the knowledge audit and
analysis; define the key features of the solution; implement the building blocks for
knowledge management; link knowledge to people. Unfortunately despite the ad-
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vanced Xcellera Methodology LeadingSide has not tough market competition. In
turn, SAIC [18] proposes seven steps as follows: identify and select pilot projects;
customize pilot process and create stakeholder alignment; capture key learning and
good practices; establish and leverage communities of practice; adapt and apply
best practices in pilot operations; train and coach internal knowledge management
practitioners; monitor, review and optimize pilot learning and impact. Very interesting comparison of knowledge management frameworks is performed in
Calabrese and Orlando [4]. They divided twelve activities into four pillars. The
first pillar – leadership - consists of three activities: identify knowledge critical to
your business; conduct work-centered analysis; sell high-level plan of action to
senior management. The second pillar is organization: engage key stakeholders;
develop process model; identify critical knowledge gaps, opportunities, and risks;
establish and prioritize goals; develop requirements and measurement program.
The third pillar - technology - consists of the following activities: plan high-level
strategy approach; implement strategy, build, and deploy; monitor, measure, and
report metrics. The last pillar is learning and has only one activity: learn from results. Calabrese and Orlando paper was the starting point for enhanced framework
and comprehensive methodology made by Smuts et.al. [21]. Resulting framework
has five components. Strategizing with following procedures: knowledge management principles and governance; organizational structure and sponsorship; requirements analysis; measurement. Next component is evaluation and consists of
knowledge audit; initiative scoping; prioritization; technology solution and assessment. Third is development with planning; knowledge elicitation and building.
Fourth is validation: pilot and test; review and update; knowledge maintenance
processes. Last is implementation and consists: communication and change; management; train and publish; maintenance and support; measurement and reporting.
We have to note that evaluation process is divided into knowledge evaluation and
system validation moreover implementation here means using the system not its
development. According to Awad and Ghaziri [3] process consists of the following
stages: assessment of existing infrastructure; form a management team know;
knowledge discovery; preparing a plan of the system; preparation of system tests;
implementation of the system; change management organizational structure; final
evaluation of the system. They emphasize that there are differences between the
normal life cycle of information system and knowledge management system. In the
knowledge management system, the information is collected from individuals with
documented knowledge and professionals not from regular users. In the knowledge
management, designer focuses mainly on people with the greatest knowledge are
able to identify a solution, not on people who know problem. The knowledge management systems built system is verified and validated from the beginning and the
process of project management and implementation process is much more intense
than in ordinary systems. In the knowledge management systems, rapid prototyping
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of substantive solutions plays a much larger role than usual. Moreover the system
is created iteratively and incrementally. It should be emphasized that all of described above frameworks postulate an iterative process close to Boehm spiral
model or agile methodologies. Review and evaluation of several other frameworks
is performed in the works of Lakulu et. al. [14] and Liao[11].
The discussed proposals do not talk about the technical details of system design and implementation. Of course, we can use methods known from software
engineering, but they should be modified. Both in knowledge modeling and knowledge management systems design UML occupies an important place. Rhem in his
book [16] presents detailed analysis how to use UML in knowledge modeling and
in creating knowledge management systems. The author focuses primarily on five
major ways of the knowledge representation: Ladder diagrams, network diagrams,
tables, decision trees and inference on the basis of examples (case based reasoning). After then Rhem examined in detail the construction of UML models for
knowledge representation using use cases, class diagrams, activity diagrams and
state diagrams. Very interesting proposal how to use UML in knowledge and ontology engineering can be found in the publication wrote by Chan [5], for example
class diagrams are used to model the problem of domain ontology. Unfortunately,
there is no a standardized dialect of UML to model knowledge and knowledge
management systems. Dedicated UML profile for knowledge modeling was proposed by Abdullah et.al. [1]. Interesting approach to artifacts and roles in implementation process for knowledge management systems can be found in the paper
of Balcerek and Śmiałek [22]. They discussed solutions to the problems in the creation of dependency tracking systems. CommonKADS (Knowledge Acquisition and
Documentation Structuring) [19] is mature methodology developed to support
knowledge engineering. It provides a method to conduct a detailed analysis of tasks
and knowledge-intensive processes, and, in addition, supports the development of
knowledge systems. According to the authors methodology is intended for software
engineers who create IT knowledge systems in accordance with the requirements
of customers. The other target groups are the knowledge engineers and managers.
The methodology provides methods for creating descriptions of knowledge-based
tasks within business processes, as well as techniques for detailed analysis of
knowledge, its development and storage. To create the knowledge management
system, the knowledge must be analyzed and a detailed model of knowledge has to
be specified, then these results can be used as start data to develop the system. The
methodology advocates the use of class and activity diagrams to knowledge modeling. In designing process we have to start form architecture design and then prepare
a detailed application specification. CommonKADS requires a breakdown of the
system into components and suggests reuse of knowledge components. Also here
class diagrams are used. During implementation it is assumed that the first prototypes should be designed and implemented in a few weeks or even days. Phases of
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the review, risk assessment, planning and monitoring are cyclically repeated. This
allows managing risk and provides greater flexibility in situations of uncertainty
and change.
Following the presented analysis, in project “Knowledge management in plant
production”, we establish the following framework: defining project goals, identify
specific activities in accordance with table 1, selecting proper existing tools in accordance with table 2 and identified activities, designing system architecture and
planning pilot applications, choosing software technologies appropriate to implement missing components (not possible to select from ready to use applications),
organizing team and planning implementation, designing (improving) knowledge
model, designing detailed application (component) model, implementing and
evaluating. Selected process is iterative and incremental; we present it on the figure
3. There are two loops, first is “small iteration” – design (improvement) and implementation of component, and second is “big iteration”- we repeat the whole
process after goal revision.

Figure 3. Process in project “KM in plant production”.
5. CONCLUSION

The performed review showed that knowledge management systems have to
be based on knowledge management model. Moreover such systems should utilize
known ready to use applications as its parts. Missing components must be properly
designed and implemented. Additionally the appropriate methodology is needed to
create and integrate such a system. In our project we defined knowledge management model as in the table 1 and selected possible ready to use applications as in
the table 2. Whole process was illustrated on the figure 3. The central part of the
“Knowledge management in plant production” system will be the portal for users,
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from which users can access other system components. To create the portal we
decided to use Drupal CMS system. Currently, this system supports the data in
RDF format. We decided to intensively use UML and Semantic Web standards.
Goals are modeled with use case diagrams. Knowledge model is modeled with
class diagrams, RDF and ERD diagrams, system architecture and particular components are modeled with component, class, sequence and activity diagrams. Our
project is “under construction”, more detailed information about implementation
will be presented in subsequent articles.
Scientific work financed from funds for science in the years 2010-2011 as research
project No. N N310 038538.
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SMART GRID DEPLOYMENT – CURRENT STATE
AND RECOMMENDATIONS
Bożena Ewa Matusiak, Anna Pamuła
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Abstract. The paper presents the current state of developments taking place
within the energy market in Poland as it moves towards a Smart Grid (SG).
The problems of the Central Data-Aggregator, the Independent Operator of
Measurements (the IOM), Smart Metering, SG architecture standards and
software solutions supporting intelligent network, are all considered. The paper also offers some recommendations for the removal of obstacles standing
in the way of widespread SG deployment in the EU based on the work of the
SEESGEN_ICT project.
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1. INTRODUCTION

Poland is still at the starting point when it comes to the idea of Smart Grid
(SG) [1] considerations and deployments. Parallel to the ongoing liberalization
processes of the Energy Market (EM), new legal regulations and conceptual works
for the SG are still in progress. All contemporary recommendations for the market
are intensively elaborated in domestic R&D centres and by the TSO (Transition
System Operator), pro-market associations, market regulators and Ministry. All the
above mentioned organizations define the general needs and directions of modern
grid modifications.
It should be mentioned that the idea of the SG has been under development in
Europe and throughout the world for over 15 years. During this same period
important goals for environmental protection and growth of energy efficiency have
also been developed and identified.
The SG is defined as a type of electrical grid, which attempts to predict and
intelligently respond to the behavior and actions of all electric power users connected to it. Many other definitions can be found in i.e. [2, 3, 6-8].
During the last decade of 2010 many serious initiatives towards Smart Metering (SM) have been started in Poland, since this is the first step towards developing
the SG [www.piio.pl]. For example in the last two years the number of permissions

for concessions to run RES (wind farms, biomass combustion and gas cogeneration
– Renewable Energy Sources) has grown by 50% and procedures of RES connection to the grid were simplified. Nevertheless processes of aggregation, demand
management on the DER (Dispersion Energy Resources) level as well as ICT applications development with data exchange standards requirements have not yet
obtained juridical regulation.
Work on the law governing the implementation of intelligent data reading and
regulations for development in the direction of the SG are still in progress.
Originally the regulating law was to be developed by March 2011. Meanwhile the
completion of this work is planned for the next government term. So far outside the
EU directives, Poland, has not yet developed its own roadmap for the
implementation of the SG.
Currently in Poland, the Independent Operator of Measurement (the IOM) on
Energy Market and Smart Metering projects are the most advanced implementations in place [5]. Each investment activity takes into account the transparency as
well as integration of Smart Grids according to European levels of expansion,
while bearing in mind the financial expenses and risks consequent to a lack of legislation and activity coordination. That is why initial tests, pilot investments and
deployments are very expensive (capital-intensive). All of this is also necessary for
the preparation of the long - term Smart Grid development strategy as defined by
the government.
2. SMART METERING (SM) INITIATIVES AND A PROJECT
OF THE INDEPENDENT OPERATOR OF MEASUREMENT IN POLAND

The main incentives for the implementation of SM in Poland are EU directives. Primarily these are: Directive 2006/32/EC and 2009/72/EC) and the socalled 20-20-20 EU-targets by the year 2020. The second is a document defining
directions for the development of the Polish power sector: the Polish Energy Policy
until 2030 (prepared in 2007 by the Ministry of Economy).
Many declarations, analysis and reports – are prepared by KAPE- the Polish
National Energy Conservation Agency (in polish: Krajowa Agencja Poszanowania
Energii) and other bodies like Energy Regulators, the Consumer Federation, the
Association of Polish Consumers and Buyers Forum Electricity and Gas, the Industry Development Agency and the National Fund of Environmental Protection and
Water Management. (i. e. the declaration on the introduction of SM to the Polish
electric power system of 3rd June 2009, and the declaration of appointing the National Technological Platform on Energy of Nov 2010). The mentioned initiative
establishing the National Technological Platform on Energy reinforces strategic
areas of the EM, which are as follows:
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•

Supporting the creation of advanced control process automation of power systems applied to the electricity, gas, heat and water supply sectors. This should
be developed by applying the latest, cost-effective IT and telecommunication
technologies.
• Introducing knowledge about innovative solutions in the knowledge-based
society development process and SG.
• Initiating the cooperation of “energy coalition” partners. They consist of individuals, social groups, consumers and industry organizations, enterprises and
the state authorities, who should above all cooperate in the field of new technologies for EM.
• Dissemination of knowledge about innovative solutions to final consumers.
• Establishing the consortium “Smart Power Grids – Poland”. It will work on
innovative technologies for the smart grid development as well as on tools used
for its optimization, protection and management. The consortium will also aim
at the commercialization of its research and technology solutions.
SM is one of the major topics within the entire power sector in Poland today. In
Poland the PSE-Operator (TSO) is responsible for preparing the SM project. The
implementation of this system together with the introduction of the IOM represents
a significant financial and technological challenge with the following benefits:
• limiting increases in electricity prices for end-users through the implementation
of new mechanisms for a competitive electricity market (new business models), in particular the disclosure of price elasticity of demand,
• strengthens energy security – including improvement in the quality of energy
supply and power quality parameters,
• reducing energy consumption. The experience of EU countries show the resulting potential for increased energy efficiency at the level of 6-10%
• simplifying the procedures for amending the energy distributors.
The aims of the TSO project towards SM are as follows:
• prepare global benefits and costs analysis of Smart Metering and DSR (Demand Side Response) implementation - this will be the main guideline for decision makers in the future,
• developing a model of metering data flow on the energy market, the IOM and
data metering aggregation, design the area of responsibility,
• the rules of communication, the financial flow,
• developing different DSR programs.
The benefits for other beneficiaries:
• Energy savings & efficiency targets and free market process improvement for the global economy.
• Energy awareness allows to decrease energy use and costs and more efficient
switching between suppliers – for end users.
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•
•
•

Decrease meter operation costs and cut down income losses- for DSO.
Grid resilience improvement and decrease in the cost of balancing- for TSO.
New, customer oriented services, business models, decrease energy purchase
and call centre costs - for energy suppliers.
In December 2008, the Energy Regulatory Office (in Polish: URE) presented
a feasibility study of SM in Poland. The study provided an analysis of all aspects of
the implementation of SM costs as well as technical, legal and socio-economic
issues. It also outlined the scope of work and set out a timetable for the full implementation of the system in our country. It is assumed the implementation of the
entire system will take up to 10 years.
One part of this project consists of an initiative towards establishing the IOM
[5]. The Independent Operator of Measurements is a new energy market actor that
will implement remote access to the metering data and stores, as well as aggregating and delivering them in real time to all market participants as an independent
service-placed "above the market” enterprise. In this sense the IOM, with an adequate infrastructure of ICT has become a virtual company- as an actor and data
repository management center - with real effects - where, thanks to its distributed
and virtual activities on the energy market - achieves the mentioned goals, synergizes the whole market and activates the necessary and accurate real-time decisions
of other market participants. The IOM is a virtual unit (not necessarily constrained
by any single location) from the point of view of access to the market. The role of
the IOM will be [5]:
• Conducting regulated business activities centered around the acquisition and
data processing devices (all tariff groups and data from the station medium /
low voltage) obtained from the Distribution System Operators (DSO’s) and the
TSO and forwarding to the relevant players, presently empowered by law as
well as in the future for market players.
• Keeping the central repository of data measuring on the energy market.
• Measurement data processing and aggregating for those who need the data
from the IOM.
• Provision of services in information sharing on the energy market.
• Support competitiveness within the energy market through the actual separation and maintenance of the independent flow of information from the DSO’s
to the retailers.
• Providing unified communication channels and standards, providing an information base to the seller, regardless of their area of operation.
• Keeping archives of the measurement data, thus relieving from the necessity of
maintaining a measurement data store other than essential for their own needs.
This functional concept of the IOM requires special ICT tools and applications which must be considered in specific areas of innovative technology solutions: the measurement data terminals for market participants, technical infrastruc-
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ture for data transmission, data exchange and transition standards information systems management measurements, user’s tools for measurement data and their
household appliances, security and interoperability applications etc.
The first timetable for the implementation of the IOM and Advanced Measurement Infrastructure (AMI) for SM in Poland included the following steps (according to the main stakeholder - PSE Operator (TSO)):
• develop a market model and data exchange standards (up to 31.07.2010);
• legislative process - was to be completed by 31.03.2011;
• implementation: first stage: (31.03.2011 - 31.12.2015).
All of these deadlines have not been met yet and all these tasks are delayed.
The IOM implementation project – consists of establishing and starting the installation of MDMS (Meter Data Management System) and smart meters for 2.8
millions customers. The costs of the AMI and MDM system implementation in
Poland were initially estimated at 7.8 to 10.2 billion PLN (with verification following pilot implementations).
3. POLISH PILOT INITIATIVES AND EUROPEAN PROJECTS

In the last two years pilot works in Poland have significantly accelerated. The
table below (Tab. 1) shows the current, ongoing projects in Poland, mainly
implementing solutions for SM.
Table 1. Projects and pilots in Poland.
Nationwide projects
who and what
TSO
Building
management
system market
demand for
energy

the objective
The objective is to improve market
competitiveness and efficiency of
electricity use through the
implementation of demand
management measures

PTPiREE
Study the
implementation
of smart
metering in
Poland

The objective is to develop
standardized functional requirements
of electronic meters
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description
Awaiting implementation:
developing a model for data
exchange and implement the
pilot metering solution.
Conducting research on the
current potential of demand side
of DSR programs. Launch of
pilot demand-side management
programs (DSR)
An analysis of the conditions for
the implementation of SM in
Poland has been performed.
The development of a standard
information exchange from the
central repository of data will be
implemented.

Energa –DSO
AMI System
Deployment
and Intelligent
Peninsula
Project
PGE- DSO
Pilots for SM

DSOs Projects
The project aims to improve the
quality of electricity supply and
increase the efficiency of operating
processes of measurement data
through the smart metering
infrastructure (AMI), as a first step
towards building an intelligent
network SmartGrid
The deployment of 50000 intelligent
meters in Białystok and Łódź-city

Assumed timeframe: 2010-2017

At present, remote meter reading
is possible at 90.5 percent. PGE
customers in the tariff group A:
28 percent. in tariffs B: 39.6
percent. in C2x: 22,9 percent.
Tauron- DSO The deployment of 30000 intelligent
Tauron installed 1100 remote
meters.
counters in their branches in
Lower Silesia in Jelenia Gora,
Legnica, Walbrzych and
Wroclaw
ENEA- DSO
The deployment of 1000 intelligent
Pilots projects in Szczecin and
meters.
Poznań.
Local installation projects in the DER are widely deployed. These are investments with
distributed and renewable capacity. Wind and biomass installations are particularly
popular.
Source: based on cire.pl and www.piio.pl

Transition into new SG systems is a cost effective process. Full implementation in USA is estimated to range from $338 to $476 billion over the next 20 years.
In Europe a number of different projects with an overall budget of over €5 billion
(private and public) represents a significant effort towards beginning the SG transition, while another €56 billion is estimated to be required for investment by 2020
to conclude the process (the International Energy Agency has designated €1.5 trillion by 2030 for a New European electrical system). It should be noted that according to research presented in the JRC Reference Report [9] most of these projects
and investments were carried out mainly in EU15 countries (with Denmark, Germany, Spain and the UK at the top) as other EU12 Member States present a lower
level of interest and investments. Research done by JRC demonstrates that the
category of Project preferred by EU members strongly dependent on the manner of
adopted SG solutions as well its stage, regulation, generation and consumption
structures. Numerous national initiatives started by European members to develop
Smart Grids demonstration projects are under way. Austria, Denmark, Finland,
Italy and Germany have stared test fields and demo projects that put them now into
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a lead position. In Poland, the Czech Republic, Latvia and Slovenia, smart metering infrastructure is a key planning issue, while Greece focuses on islanding demonstrations and Microgrids [10]. The largest numbers of projects are located in
Smart Meters and Integrated systems categories. The role of the prosumers, the
open and secure ICT infrastructure is highlighted as the core success of SG implementation. Table 2 presents the list of important projects that have been completed
or are in progress in Europe. The list divided by project category points out only
projects run by partners from more than one country.
Table 2. EU Projects focused on SG.
category

title
Open meter

Smart Meter & AMI
Infrastructure

web2energy
AFTER
E-price

ICOEUR
Grid
Automation REALTransmis- ISEGRID
sion
TWENTIES
CRUTIAL
HiperDNO
Grid
Automation
SECURE
Distribution
Address
Integrated
System
DER-Lab
EU-DEEP
Fenix
Grid4EU
IMPROSUME
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project area
a comprehensive set of open and public standards for AMI
information exchange and communication channels between
all network actors
a framework for vulnerability identification, defense and
restoration of electrical power systems
an advanced ICT and control framework for ancillary services
smart interconnection between European and Russian systems
methodology, criteria and tools for the transmission infrastructure
demonstrations and roadmaps for innovative management
systems
ICT systems for electric power grid
new generation of distribution network management systems
that exploits novel near to real-time HPC solutions with inherent security and intelligent communications
measurement and assessments of energy security
comprehensive commercial and technical framework for the
development of Active Demand
common requirements for international standards and quality
criteria for RES integration
technical and non-technical barriers for massive deployment
of distributed energy resources (DER). DER business models
DER aggregation into Large Scale Virtual Power Plants
(LSVPP) and decentralized management.
testing in real size innovative concepts and technologies
a better understanding of the prosumer’s role

INTEGRAL
Internet of
Energy
LASTBEG
MERGE

MIRACLE
More
Microgrids
Open Node
Opera Net
OPTIMATE
PEGASE
SEESGEN_ICT
SMARTGRID ERANET
SOLID-Der
SUSPLAN
THINK
DERRI
ADELE
Home
application

BeAware

an industry-quality reference solution for DER aggregationlevel control and coordination, based on commonly available
ICT
develop hardware, software and middleware for connectivity
and interoperability by connecting the Internet with the energy grids.
Large Scale Tool for Power Balancing in Electric Grid:
demonstrate an optimization of renewable energy supplies
(RES), primarily wind energy sourced onshore and offshore
with an existing pumped storage power plant (PSPP).
Mobile Energy Resources in Grids of Electricity:
impact of electric plug-in vehicles (EV).
Micro-Request-Based Aggregation, Forecasting and Scheduling of Energy Demand, Supply and Distribution
a concept for flex-offers that specify electricity demand and
supply which is flexible & infrastructural approach to process
in real-time.
development of intelligent modules embedding the required
functions to allow a full integration of each generating/load
electrical distribution grid operation
address the Power and Energy Efficiency Technology barrier
towards to the implementation of Next Generation Mobile
Broadband Systems encompassing Terminal, Infrastructure
and End to End Systems
developing test platform to analyze & validate new market
designs
Pan European Grid Advanced Simulation and state Estimation: frameworks for an integrated security analysis and control
ICT based solutions for DER implementation
transnational collaboration and research activities, joint calls
for funding proposals of smart electrical infrastructure
DER integration to European Market
regional and Pan-European guidelines for RES integration
energy policy
coordination of the network elements considering different
actors
adiabatic compressed-air energy storage for electricity:
supply compresses-air energy storage
turn energy consumers into active players, mobile interaction
to integrate energy use profiles into users’ everyday life
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home energy monitoring/control and power demand balancing
SmartHouse/ Smart Houses interacting with Smart Grids to achieve next
SmartGrid
generation energy efficiency and sustainability
Demonstration of Grid Connected Electricity Systems:
GROWinvestigates the implementation of (transportable) distributed
DERS
storage systems in the networks
Source: based on [9] and EU 6th and 7th Framework projects publications
BeyWatch

4. ENERGY MARKET CHANGES OUTSIDE EUROPE COUNTRIES - VERY
SHORT REVIEW

In India, the Ministry of Power has set out a transformation roadmap for the
power sector to 2035, that provides a clear direction for future investment and development for industry stakeholders. Restructured Accelerated Power Development
and Reforms Program (R-APDRP) has been established. Phase One and Two of
this program are to prepared the transformation roadmap and changes in law construction. In second part of the mentioned program, from year three to five, is expected to address issues around operational efficiency, customer service excellence
and automated control.
The third part – the final phase of the roadmap running from years 5 to 15 –
focuses on the development of a number of initiatives to support smart grid development, including the formation of a Smart Grid Task Force and smart grid piloting (including 50-75% funding grants from R-APDRP, with the balance being met
by the respective state, distribution company or technology providers).
In Australia, in 2006, EnergyAustralia began piloting AMI technologies in
New South Wales, Australia, and has released the findings of each stage of the
project publicly. To avoid any conflation of objectives and to establish all change
management requirements for the technology, operating model and business processes and models, the pilot was split into three phases:
• Technology Trial (one year) – To understand the level of technical development achieved in the market and the practicalities of installing the AMI solution
• Cutover (15 months) – To understand the issues for using half-hour, remotely
read metering data delivered daily for billing and market settlement.
• Customer Research (one year) – Having addressed technology and back office/
field operational issues in phases one and two of the pilot.
EnergyAustralia is now concentrating on testing new advanced metering infrastructure business models with consumers. They are specifically conducting
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research into the impacts of different pricing structures (including time of use tariffs-TOU) and consumer products across different consumer demographics.
In China, the integrated China pilots include nine sub-projects covering each
element of the electricity value chain: Smart Substation, Distribution Automation,
Fault Restoration Management System, Power Quality Monitoring, Customer Energy Usage Collection System, Energy Storage System, Renewable Energy Integration, Smart Building/Home, EV Charging/Discharging Station Operation.
The State Grid Corporation of China (SGCC) ran for visitors, the demonstration projects at the Shanghai World Expo 2010 with the SGCC Pavilion showing
all new technologies and appliances for SG to prove its very expansive development in this area.
Their appliances employed several cutting edge technologies, including a dry
type amorphous alloy power transformer, optical cyber CT, electronic PT, ice storage and ground heat pump air conditioner, and captive solar power generation.
Specific installations included: A TV display of the smart community and
smart home capabilities, PLC installation and live feed of information from the
demonstration smart home. The energy usage platform, which enables understanding of consumption patterns of each home and control of each smart home’s appliance to facilitate smart load control to drive improved safety, efficiency and energy
saving benefits.
The changes in the direction of the SG in USA really started in about 2008.
The DOE allocated $3.4 billion in American Reinvestment and Recovery Act funds
for 100 projects. The funds will be matched by $4.7 billion in private investments.
The smart grid projects help to build a renewable energy superhighway, with
a goal of increasing energy efficiency and helping to spur the growth of renewable
energy resources such as wind and solar power. The grants range from $400,000 to
$200 million. The projects will provide for installing more than 2.5 million smart
meters, which allow utility customers to access dynamic pricing information and
avoid periods of peak electricity use, when power is most expensive. The grants
also support the installation of other smart grid components, including more than 1
million in-home energy displays, 170,000 smart thermostats, and 175,000 other
load control devices to enable consumers to reduce their energy use.
The Virginia Tech Advanced Research Institute in the United States recently
prepared a beta version of its Smart Grid Information Clearinghouse (SGIC). They
received US$ 1.3 million from the DoE (Department of Energy) last year to develop the site and plan to launch this platform. The SGIC website is intended for a
wide audience: consumers, utilities, vendors, researchers and policy- makers. It
offers an extensive searchable database, including project maps, lessons learned,
cost-benefit analyses, value cases and performance data at the national and international levels. All for activate the customer and other energy actors.
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5. ICT SOLUTIONS - A BASIC CIRCUMSTANCE OF WIDE SMART GRID
EXPLOITATION

The idea of Smart Grids demands a new advanced ICT infrastructure that
must allow for management on the required level of reliability of the Power
system. The forthcoming SG is going to be a very complex heterogeneous system
in which interoperability is a fundamental constraint.
ICT is a key significant factor for the proper management of SG with a great
number of DER penetration. Different actors of the market and grid users will use
different systems and devices. Massive prosumers participation in the energy
market can be achieved only through proven standardized solutions. The process of
developing and harmonizing standards for SG architecture is not over and will be
continued for as long as SG evolve and expand [12]. Successful end-users impact
on energy market depends on how well ICT solutions meet their requirements.
Offered systems must be strongly demand side oriented, flexible, easy to use and at
the same time attractive and safe. As work on the SG project continues, numerous
existing solutions at different stages of maturity covering a wide range of
functionality (ex. grid control, tariffs schemes, forecasting,) appear on the market.
The key issue is how to effectively integrate and manage all the elements. A webtype platforms working as a base for different actors seems to be the best solution.
Proposed platform should combine standards, regulatory frameworks, best
practices, ICT references architecture, unified equipment interface [13, 14].
Communication protocols are one of the most important part of the new
system for exchanging information and operation. Standardization and regulation
must ensure high levels of quality and establish supply systems for ensuring the
integrity of the system including its security aspects [11]. Some standardization
work has already been performed and accepted although further work, mainly
finding gaps in standards and the harmonization of the standards of different bodies
is anticipated [12].
6. PRIVACY AND DATA SECURITY IN SMART GRIDS

Changes in the SG architecture and management will increase the level of
personal information detail available and will create large data collections. While
classic electromechanical meters were installed, measuring of energy use was provided only at the end of each billing period, new smart meters will provide the
information at very short intervals up to 5 min.
One of the most challenging issues in SG architecture development related to
the implementation of ICT is Privacy and Cyber Security. The Privacy is associated mainly to the access of third parties of the grid to customers’ or other stake-
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holders’ data. The access even authorized may have to deal with consumer privacy
for example knowledge of his habits or type of devices installed at his home.
The Cyber Security is mainly related to unauthorized access from intruders to
the system through access from ICT infrastructures (mainly Internet) that takes
place anonymously and remotely and could target not only to violate data privacy
but also to get access to electricity infrastructures with devastating results. As National Institute of Standards and Technology Interagency Report 7628 says ”Cyber
security must address not only deliberate attacks, such as from disgruntled employees, industrial espionage, and terrorists, but also inadvertent compromises of
the information infrastructure due to user errors, equipment failures, and natural
disasters. Vulnerabilities might allow an attacker to penetrate a network, gain
access to control software, and alter load conditions to destabilize the grid in unpredictable ways” [16].
EU consider the Privacy is the most important issues, in the US Cyber Security comes first. Both problems need different approach to be solved, but some
overlapping areas exists.The EU Commission has established an Experts’ Committee in the frame of a Task Force for the Smart Grids that is responsible for creating
recommendations in general for the smart grids. The Expert Group 2 (EG2) deals
with the issue of Privacy and Data Security.
The Privacy issue arises from a close cooperation between different EM players. In SG ICT infrastructures the smart meters seems to be a major threat because
they provide such information like consumption profile that could reveal the behaviour and habits of the customer. But those data are necessary to operate and
manage the grid. EG2 now tries to use experiences from other sectors like banking
to define what data are necessary for the system operation, and to create recommendations to protect those recognized as private. Two main data categories are
considered in SG:
• Personal data – directly or indirectly can identify a natural person by reference
to an identification number or to one or more factors specific to his physical,
physiological, mental, economic, cultural or social identity
• Technical data - the information gathered from metering, distribution or transmission assets in order to assess the performance of the energy network, network problems or potential future problems, security breaches and energy
theft.
It should be clarified that a piece of data could be considered as personal or
technical not only in regards to its type but also to the scope of use. The same data
can be used for monitoring the system – in this case it will be treated as technical
data or for marketing reason – what means using it as a personal data. [14]
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As a main Data Privacy EG2 recommendation clear distinguishing between
consumer and technical data to minimize the vulnerability of private data is pointed
out. The necessity of a clear division of roles and responsibilities regarding ownership, possession and access to data, read and change rights, etc. is highlighted[14].
Regarding Cyber Security much work is done by US standardization bodies.
According to NITRD (Networking and Information Technology Research and Development) report “the intent is not to develop the perfectly secure system, or universally useful security mechanisms that satisfy all cyber security needs. Rather,
the aim is to develop methods that elude attackers, to focus on systems tailored to
address risks relevant to specific information and transactions, to create an economic framework that identifies the motivations of cyber users and to develop market forces that incentivize good behaviour” [16]. In EU Projects like IRRIIS (Integrated Risk Reduction of Information-based Infrastructure Systems) and Octavio
(On control room security of electricity and gas infrastructures) as well as national
Projects like Finnish National project TITAN on Cyber Security of industrial control systems present some recommendation in this area.
7. RECOMMENDATIONS EMERGING FROM THE SEESGEN_ICT EUROPEAN
PROJECT

The SEESGEN_ICT project is aimed at creating a harmonized frame of
priorities to speed up the introduction of ICT within the new Power Smart Grid
with wide DER penetration. The project focused on exploring requirements,
barriers as well as proposing solutions and recommendations in the following
research areas (WPs): ICT for management of SG with DER integration, ICT for
monitoring energy efficiency in SG, ICT for demand side management, ICT for
business model management, ICT and environmental protection.
The Department of Informatics from the UŁ was involved in this project right
from its very beginning, mainly taking part in workpackage 2 and 5. The project
was completed in May 2011. One of the main project results is a list of detailed
recommendations prepared from the perspective of each of the mentioned areas.
For each of the recommendations additional description was specified: suggested
actions and limitations, the priority of action and scope, the first impacted
stakeholders, target of recommendations, further consultancy cluster and expected
impact of SG evaluation. The diverse perspective of each group shows that in some
cases recommendations overlap demonstrating different facets of the same
problem. In general SEESGEN_ICT policy actions were classified into 5
Recommendation Families. Also l a proposal for an ICT platform was prepared
[14]. Table 3 presents some recommendations for each of the defined family.
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Table 3. Project recommendations.

Cross
Cutting
issues

Development of specific ICT components accordingly to the requirements identified by workpackages

ICT interoperability of components and systems
of SG

Family

Recommendation
Use of interoperable
communication protocols
& models based on open
source

Actions
Communication standards should be independent from communication technologies.
Application should be based on open source
&standards.
Harmonize the standards with the various
Use of unified open stan- standardization bodies. Enforce collaboration
dards
between those organizations. Deploy standards among all SG.
Ensure privacy and Se- Design ICT infrastructure in a way that
curity& Use SLA to
avoids conflicts between Privacy and Cyber
ensure Data privacy and Security. Aggregation of data for elimination
Security
of personal information.
Similarly to the CIM model a common deEnhance research on
scriptive and validated model for distribution
exchanging models
grid and DER.
Establish a set of requirements to guarantee
Enforce the standardizaan effective interface between electricity and
tion works
ICT.
Definition of minimum requirements for
Coordination mechanism
SLA design and implementation taking into
for service implementaaccount all types of stakeholders & application
tions
Definition of shared Key Performance indiKey Performance Indicators to assess the QoS provided by the
cators of the QoS
aggregator.
The frequency of the measurement and comFlexible accuracy of
munication and limit of the data stored
Smart Meters
should depend on application needs: proposed from 5 to 15 min.
New tools for forecasting, simulation and
Optimization tools for
trading optimization for the new market
aggregators
player.
VPN, encryption, PLC additional security
New technologies to
can be used to ensure security and privacy.
improve security
Support development of new technologies
&technology for service
and explore existing solutions like webimplementation
Service and Cloud Computing.
Data availability and
transparency

Fixed rules for availability and data transparency to secure market participation.

65

Benchmarking
Avoid economic risk
related to market operation
Ensure adequate market
con-text and regulatory
framework

Coordination, integration and deployment of
Active Demand Programs by SO and Service
Providers.
Energy efficiency solu- Promote the development of new high effitions in Data Canters
ciency technologies.
Fix a minimum energy performance stanStandardize energy perdard. Standardize, develop and benchmark
formance metrics
its metrics.
Set up efforts to create guidelines and proper
Cloud Computing
legal framework for cloud computing solutions.
Provide a suitable legal framework for the
An open Trading Emisinclusion of distribution companies and
sion systems
consumers in the Emission Trading System.
Simulation capability is essential to examine
the new solution and ICT tools. Test Facilities should start a process to establish: test
Improve EU simulation
and method of validation, methods of calicapabilities and Test
bration, equipment, accommodation and
Facilities reliability to
environmental conditions, qualification and
enable regulatory politraining of the personnel. Simulation platcies studies, regulatory
form should be able to quantify projected
policies, study SG secuenergy demand increase in specific time,
rity & disseminate ecocheck impact on all parts of the system,
nomic benefits of SG
calculate ROI, test different business models,
quantify and demonstrate the benefits to all
actors.
Coordinate efforts, share Europe SG deployments demand more EC
results and optimize
coordination work and are a prerequisite for
investments at EU level investments
Source: based on deliverable 8.5 of SEESGEN_ICT [14]

Enhancement of the EU Research Infrastructure and Testing Facilities

ICT for the protection of
environment

Coordination of Aggregators activities by SO
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Benchmarking of existing solutions, reference model and validated systems should be
provided. Applications should be based on
standards like IEC 61499.
Special forecasting tools for aggregators.
Use of financial instruments available at the
power exchange.
Regulation for creating adequate motivation
for promoting the market.

8. CONCLUSION

The widespread deployment of Smart Grids demands a new and very cost
effective infrastructure and ICT solutions. To date many national and international
projects have been accomplished that meet these requirements. Some EU countries
invest heavily in this idea- chasing the rest of the world - in the process
accumulating an abundance of experience and turning themselves into leaders of
new solutions. Poland is still very much at the beginning starting AMI projects.
The SG idea changes the existing power systems. The SEESGEN_ICT project
experience shows how an effective evolution of the new power system can be
reached through combining the efforts of all of its stakeholders, by finding a
compromise and common vision as well as sharing their experiences using proven
and tested technologies and standards.
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AN ANALYSIS OF MINING ENTERPRISE STAKEHOLDERS
USING THE AHP METHOD
Romuald Ogrodnik
AGH University of Science and Technology, Faculty of Mining and Geoengineering,
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Abstract. In this paper, the basic definitions and characteristics of the organisation stakeholders were presented. The key partners of mining enterprises, were identified; those partners, with which the enterprise shall maintain the proper relations in order to achieve a permanent and stable position
with regard to the competition. The paper also contains a short characteristics
of the Analytic Hierarchy Process (AHP), showing its most important decision making stages. Special attention was paid to employing the AHP method
to determining the power of influence of strategic stakeholders on a mining
enterprise. The research was conducted with the use of the Canadian Conservation Institute Web application (CCI).
Keywords: Stakeholders, AHP method, mining enterprises

1. INTRODUCTION

In recent years, the perception of the influence of the environment on the
functioning of the organisation changed significantly. Occurrences such as stronger
competition, globalisation of the economy or technological advancement led to
changes in the structure, boundaries and management methods. To be able to function correctly in such complex environment, the enterprises shall research, negotiate and coordinate expectations, needs and endeavours of its associated groups.
The subjects with which every enterprise, including the mining enterprise, shall
establish a dialogue are its stakeholders. The stakeholders analysis involves the
determination and analysis of the strategic stakeholders for the enterprise. The
Analytic Hierarchy Process (AHP) can be used for determining the hierarchy of
importance of the particular stakeholders. The correct identification and determination of stakeholders hierarchy is the basis for executing the further steps of the
analysis, e.g. determination of expectations and the purpose of the stakeholders.

2. STAKEHOLDERS

Stakeholders are often referred to as strategic fans or partners and can be defined as persons or groups, which have either direct or indirect influence on the
organisation's strive to achieving its goals. K. Obłój defined stakeholders as institutions and organisations, which have to fulfil the following conditions [4]: firstly,
they have their own stake in the functioning of the organisation, in its decisions and
achieved results; and secondly, they are able to put an effective pressure on the
organisation. On the other hand, T. Kafel gave to following definitions of stakeholders [2]:
− The dependency between the company and the partner is usually mutual, yet it
does not have to be balanced;
− The company might depend on the partner, which forms the basis of the its
existence and has power over the company;
− The partners depend on the company, both morally and legally, and remain
under its influence;
− The power of the bonds between the company and the partners changes in
time;
− The relations between the company and its partner are contractual and aimed
at achieving balance;
− The relations are based on legally justified demands and expectations and
shall lead towards their fulfilling or weakening.
Identification of the afore dependencies results in the possibility of defining
the stakeholders group in nearly every economic subject having contact with the
enterprise, regardless of the actual character of this contact. For the purpose of
partner analysis, the environment of the enterprise can be divided into closer and
further removed environment; also called primary and secondary. The more typical
fans of the organisation, such as suppliers, customers and competitors are included
in the primary environment. Identification of stakeholders from the secondary
environment is more difficult for the following reasons [1]:
− Stakeholders from the secondary environment have to organise themselves in
order to pose a threat to the organisation;
− Weak, not legible signals coming from the secondary environment make the
threat assessment significantly more difficult;
− Stakeholders are interested only in specific aspects and methods of functioning of the enterprise and object only when the specific set of circumstances
occur.
Stakeholders functioning in the secondary environment of the organisation include mainly social movements (ecological movements, retirees, students).
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3. IDENTIFICATION OF THE MINING ENTERPRISE STAKEHOLDERS

Identification of mining enterprise stakeholders can be made easier by answering the following questions [3]: "Who will suffer in case of the enterprise failure?", "Who will suffer if the enterprise will achieve a success?". In case of the
environment which is characterised by a great degree of change, it is better to base
stakeholders selection on intuition and experience.
For further analysis, a single hard coal mine, mining energetic coal was selected as a model example. Hard coal mine is an open system, drawing resources
(natural, financial, human, information) from the environment, which – after transformation – can be returned to the environment in form of the achieved results.
The achieved results shall be consistent with the purpose of the mine, which
usually is profitable mining of hard coal. Stakeholders are engaged, both at the
entry, offering among others work, capital, technologies and information and at the
exit, as they use the coal manufactured by the mine. After applying the afore information and the described characteristics of the stakeholders, the selection of the
hard coal mine stakeholders groups was presented in Table 1.
Table 1. Stakeholders of a hard coal mine.
Competitors 1
Competitors 2
− mines, mining enterprises and
− wind energy suppliers
companies
− solar energy suppliers
− lignite mines
− hydro energy suppliers
− gas suppliers
− oil suppliers
Steelworks
Specialized service providers
Coal recipients 1
Coal recipients 2
− utility power plants
− industrial power plants
− thermoelectric power plants
− industrial thermoelectric power
plants
Trade unions
Administration and Government
− trade unions
− national and state government
− employees
− central and regional mining administration
− district environment protection office
Communities
- ecological organisations
- local social initiatives
Source: own preparation
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4. CONFIGURATION OF THE TWO LEVEL, HIERARCHICAL STRUCTURE

The main purpose of the developed hierarchical structure is the determination
of the power of influence of the stakeholders on the mining enterprise. The weight
of the particular types of influencing forces will be compared with this main purpose. Those types play a role of partial attributes of the hierarchical structure. The
types of stakeholders powers influencing the mining enterprise, taken into consideration in the hierarchical structure are: economic power, political power and legal
power. Analysed objects, that is the stakeholders of the mining enterprise, were
placed at a lowest level. The number of analysed objects does not exceed 9. This is
due to the fact, that for a human being, it is difficult to express his/her relative preferences regarding a larger number of variant pairs. It is assumed that the number of
compared factors shall not exceed 7±2. [5]. The hierarchical structure, developed
for analysing the stakeholders' influencing power were presented in Fig. 1.

INFLUENCING POWER

ECONOMIC
POWER

S1

S2

POLITICAL
POWER

S3

S4

S5

LEGAL
POWER

S6

S7

S8

S9

S1-Competitors 1, S2-Competitors 2, S3-Coal recipients 1, S4-Coal recipients 2, S5Steelworks, S6-Specialized service providers, S7-Trade unions, S8-Administration and
Government, S9-Communities
Figure 1. Hierarchical structure.
5. DETERMINATION OF THE DOMINANCE OF ELEMENTS LOCATED AT THE
PARTICULAR LEVELS OF HIERARCHY

The comparison of "n" attributes (objects) led to the development of an "n"
element square matrix, in which every element determines the relative value of two
attributes (objects). The expert determines the values above the main diagonal – the
units representing the comparison of the attribute (objects) with itself are located
on the diagonal. In practice, the expert selects a specific preference, with which a
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specific numeric assessment was associated. The remaining values below the diagonal are determined in accordance to the following formula:
1
rij =
(1)
r ji

where: rij – domination of one attribute over another, determined by the expert; i, j = 1, 2, …, n; n – matrix size.
The matrices allow to compare the elements at the specific level of hierarchic
structure with regard to their significance and in reference to the criterion from the
level directly above, which represents their aggregation. In order to assess the importance of the particular element in comparison to another one, from the primary
target point of view, the preferences were determined – Table 2.
Table 2. The scale of preferences for pairwise comparisons.
Preference
Identical influence of the "i", "j" elements
The influence of the "i" element slightly greater than the "j" element
The influence of the "i" element significantly greater than the "j" element
The influence of the "i" element much greater than the "j" element
The influence of the "i" element absolutely greater than the "j" element
Source: own preparation on the basis of [5]

Intensity of
importance
1
3
5
7
9

The proposed scale of preferences is consistent with the assessment conducted
by T.L. Saaty [5]. Saaty also assumed the possibility of intermediary preferences
occurring, thus he was able to achieve the 9 level scale. The example of the pairwise comparisons of influencing powers on the mining enterprise were presented in
Fig. 2.

Figure 2. Pairwise comparisons of influencing powers on the mining enterprise.
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In case of the second level of the hierarchical structure, the pairwise comparison involves all objects and all three types of influencing powers. The example of
the pairwise comparisons of objects with regard to the economic power was presented in Fig. 3.

Figure 3. Pairwise comparisons of objects with regard to the economic power.
6. DETERMINATION OF WEIGHT OF THE PARTICULAR ELEMENTS OF THE
HIERARCHICAL STRUCTURE

After determining the comparison matrices for the criteria located at different
levels of hierarchy, the importance of the particular elements of the analysed hierarchical structure with regard to the appropriate element located at the level directly above was determined. In the analysed hierarchical structure (Fig. 1), the
significance of S1, S2,……,S9 stakeholders, from the point of view of the superior
attribute, in this case the power to influence the mining enterprise, was determined.
Determination of the importance of each of the elements of the hierarchical
structure from the point of view of the element located at the level directly above
the particular element can be conducted with the use of the highest eigenvalue
method and in accordance to the following procedure:
- matrix normalisation
rij
(2)
rij = n
rij

∑
i =1

where: i, j = 1, 2, …, n; n – matrix size;
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- summarising the rows of normalised matrix
pi =

n

∑r

(3)

ij

j =1

where: i, j = 1, 2, …, n; n – matrix size;
- led to the determination of normalised eigenvectors
p
pi = n i
pi

(4)

∑
i =1

where: i, j = 1, 2, …, n; n – matrix size.
The assessment of the analysed elements from the point of view of the element located at the level directly above the particular element are expressed
through the eigenvector (priorities) pi=(p1,…,pn).
- determination of the highest eigenvalue
1 n
λmax =
rij p j
(5)
pi j =1

∑

where: λmax – highest eigenvalue, p – eigenvector, rij – expert's assessment,
i, j = 1, 2, …, n; n – matrix size;
- calculation of the Consistency Index
λ −n
CI = max
(6)
n −1
where: CI– Consistency Index, λmax – highest eigenvalue, n – matrix size;
- calculation of the Consistency Ratio
CI
CR =
(7)
RI
where: CR– Consistency Ratio, CI– Consistency Index, RI – Random Index.
The value of the Consistency Ratio is an important signal for the person making an assessment, as it shows to what extent this person was consistent in making
assessments. The value of the Consistency Ratio depends on the degree of the
matrix. It is assumed that if the value of the Consistency Ratio is lower than 0,1,
then the expert's assessment shall be considered to be consistent and coherent. Depending on the degree of the matrix, the RI coefficient can assume different values
– see Table 3.
Table 3. Random Index.
n
RI

1
0,0

2
3
4
5
6
7
0,0
0,58
0,90
0,12
1,24
1,32
Source: own preparation on the basis of [5]

8
1,41

9
1,45
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In order to shorten the arduous calculation procedure, the calculations were
made with the use of the Web application, available at the Canadian Conservation
Institute site [1]. The application was based on an AHP mathematical model developed by Thomas Saaty. The user can determine the number of compared elements
and can select one of two methods of data entering and displaying: the matrix
method, the line-by-line method. In first case values are entered in a matrix. This
method is ideal for entering data quickly. However, if there are a large number of
criteria to evaluate, it may be necessary to shorten the names for each to just a few
characters. In second case values are entered line by line. This methods allows for
weights for each comparison to be entered intuitively, and also provides space for
larger and more meaningful names for the criteria.The determination of the weight
of elements located at the first level of the hierarchical structure with the use of the
line-by-line method was presented in Fig. 4.
After filling the assessments, the user can immediately see the result of the
calculations and the Consistency Ratio, what allows to easily determine, whether
the assessment was coherent and consistent. The calculation results, in form of
weights of the particular elements of the hierarchical structure comes in form of
arranged eigenvectors. The weight of the elements from the lowest level of the
hierarchic structure with regard to all elements of the level directly above was presented in Table 4.

Figure 4. Pairwise comparisons of objects with regard to the economic power.
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Table 4. Influencing power of the stakeholders on the mining enterprise in the fields
of economy, politics and law.
Stakeholder
Competitors 1
Competitors 2
Coal recipients 1
Coal recipients 2
Steelworks
Service providers
Trade unions
Government
Communities

6,48
2,48
23,08
13,38
26,66
8,79
8,41
4,49
6,23

Consistancy Ratio

0,059

Results
8,40
8,46
12,15
9,28
5,84 10,07
6,35
9,28
8,47
9,63
8,18
9,63
17,45
10,7
16,07 22,25
17,10
10,7
0,087

0,023

7. CALCULATING THE EIGENVECTOR DETERMINING THE ASSESSMENT OF
THE ANALYSED OBJECTS WITH REGARD TO THE ELEMENT OF THE
HIGHEST LEVEL

Determination of the eigenvectors for matrices for comparison of the particular levels of the hierarchic structure allows to obtain the eigenvector of the lowest
level with regard to the element of the highest level. Calculating such vector
Uk=(U1k, U2k,…,Unk), determining the assessment of the analysed objects S1,
S2,…,Sn with regard to the main target is the final element of the AHP procedure.
The Uk vector is obtained as a result of multiplication of the matrix in which the
columns are the eigenvectors of the consecutive levels of the hierarchic structure.
The eigenvector determines the influencing power of particular stakeholders on the
mining enterprise.
Ui =

2

∑p w
ij

j

(8)

j =1

where: Ui – eigenvector of the object – with regard to the main target,
pij – eigenvector of the object – with regard to the attribute,
wj – eigenvector of the attribute – with regard to the main target.
Analysed objects, arranged with regard to the assessment values, were presented in Table 5.
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Table 5. Influencing power of particular stakeholders on the mining enterprise.
Assessment
Stakeholder
value
Steelworks
0,163
Coal recipients 1
0,140
Government
0,129
Trade unions
0,120
Communities
0,110
Coal recipients 2
0,100
Service providers
0,088
Competitors 1
0,076
Competitors 2
0,074

From the presented example we can see that the steelworks have largest influence power on the mining enterprise. This is due to the fact that mining is based on
steelworks products, thus the price of steel and deliveries according to schedule
play a great role in the process of functioning of mining enterprises. Coal recipients
1 also have a significant influence, as they are among the main customers purchasing energetic coal. Those include utility power plants and thermoelectric power
plants. It shall be noted that the mining enterprise competitors were among the
stakeholders having the weakest influencing power. It can only be explained by the
fact that in Poland, the competiveness of the entire branch of the economy depends
on the power supply politics of the country and on the costs of producing energy
from other sources. The factor limiting the power of competitors are also high costs
of coal transportation.
8. SUMMARY

The speed with which the changes, associated with the increase of competitiveness and integration and globalisation are introduced requires searching for new
solutions ensuring the survival and correct functioning of mining enterprises in the
coming years. It seems that in those circumstances, partnership can become the
strategic element of the development. Assuming that the mining enterprises will
function within the environment and that the number of stakeholders will be growing, and their influencing power and requirements will be growing, it seems necessary to build long term relationships with the stakeholders.
Thus the correct identification of stakeholders and determination of their hierarchy becomes essential. Application of the AHP method allows to determine the
stakeholders influencing power on the mining enterprise in three fields: economic,
political and legal. Utilisation of the CCI application, available at the Internet site
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can significantly simplify and speed up the calculations. It has to be noted that due
to constant changes in the environment, the stakeholders influencing power can
change in time. Thus systematic monitoring of the relations of the enterprise with
the stakeholders seems necessary.
Publikacja finansowana z pracy statutowej AGH, nr umowy 11.11.100.279.
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COMPUTER NETWORK DESIGN BASED ON AHP METHOD
Remigiusz Olejnik
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Abstract. The article presents an approach to computer network design based
on one of Decision Support Systems. Classic and well known AHP method
has been used and implemented. Simulation results for selected sets of criterion/variant values have been obtained. Finally it has been proven that DSS
methods have limited usability within computer networks design field.
Keywords: Decision Support System (DSS), Analytic Hierarchy Process
(AHP), computer network design

1. INTRODUCTION

Computer network design field is an interdisciplinary one. Generally, computer network design problem is defined as “to find appropriate solution – computer network nodes, communication channels and provided services – which fulfill cost and performance requirements”. In most cases designers are choosing a
solution for predefined set of the network’s nodes. There could be necessity to
interconnect the nodes, or only decide which network services will be best.
Networks’ design is some kind of art but today we almost always use some
kind of automated aid in the process of the network design. Most solutions provide
simulations of network performance indices: throughput, latency, jitter etc. In case
of wireless networks such tools help to find best coverage area with best service
level.
An approach presented here helps finding best computer network design solution when there are ready design proposals. It utilizes classic Multi-Attribute Decision Making (MADM) method – AHP (Analytic Hierarchy Process).
The article consists of following chapters:
 Chapter 2 contains short descriptions of AHP method along with classification
of MADM methods and computer network design process description.
 Chapter 3 presents simulation results that have been obtained for predefined
requirements.
 Chapter 4 concludes the work.

2. MULTI-ATTRIBUTE DECISION MAKING METHODS AND COMPUTER
NETWORK DESIGN
2.1. Multi-Attribute Decision Making methods

Multiple criteria decision-making (MCDM) or multiple criteria decision-aid
(MCDA) methods are part of very broad Decision Support Systems (DSS) area that
consists of dozens of specific methods. Some of them are called Multi-Attribute
Decision Making (MADM) methods with their best known representative – AHP
(Analytic Hierarchy Process) method. Although it is described in detail in the literature, its short description is recalled to make it clear when dealing with computer network design calculations.
The Analytic Hierarchy Process (AHP) is a technique for making decisions
based on analyzing and organizing the criterions and variants in a specific way. It
has been developed by Thomas L. Saaty in 1970s [1] and it is still under extensive
discussion in numerous journals. It has been used in many applications in various
aspects of life, especially in business, government and industry, mainly due its
simplicity.
The AHP method can be applied to decision problems which include:
 ranking (when we want to make a list of alternatives in order from the most
desirable);
 choice (when it is necessary to choose one variant from a given set of alternatives);
 conflict resolution (when we deal with incompatible goals);
 quality management (when the goal is to improve quality and the problem is
multidimensional);
 prioritization (when we are evaluating and setting priorities to alternative variants).
The AHP method is composed of the following steps:
1. decision problem have to be modeled as a hierarchy; it has the main objective
of the problem (decision goal) on the top, the evaluating criteria that should be
considered are represented in the middle and the actions (alternatives) are on
the bottom;
2. pairwise comparisons are done at each level of the hierarchy – it describes
which value is preferred and the outcome of that step is the matrix of pairwise
comparisons;
3. global contribution of each action to the main objective is computed – it is
done by an aggregation of the weighted average type;
4. consistency of given preferences are checked;
5. final decision based on the outcome is made.
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Calculations on every step of the AHP method are simple but usually are
aided by a computer software, both specialized and general like MS Excel or
MATLAB.
A very important step is consistency check (step 4) of the preferences given in
step 2. It is achieved by calculating Consistency Ratio (CR) in following way.
1. CI (Consistency Index) is calculated with the formula:
λ −n
CI =
,
n −1
where n is size of comparison matrix and λ is principal eigen value of the
matrix.
2. CR (Consistency Ratio) is calculated with the formula:
CI
CR =
,
RI
where RI is a random Consistency Ratio value given in the literature [1].
3. If the value of Consistency Ratio is smaller or equal to 10%, the inconsistency
is acceptable. If Consistency Ratio value is greater than 10%, the preferences
given in step 2 should be revised.
2.2. Multi-Attribute Decision Making methods classification

As stated above, there are plenty of MCDM methods. Their short classification, based on [2] is presented here.


Multiple attribute utility theory (MAUT) methods
• Additive model: Direct methods and Indirect method (UTA)
• Analytic Hierarchy Process (AHP)



Outranking methods
• Family of ELECTRE methods
• Methods involving an importance relation of the criteria
• MELCHIOR method
• Trichotomic segmentation
• PROMETHEE method
• Uncertainty outranking method



Interactive methods
• STEM method
• Method of Geoffrion, Dyer and Feinberg
• Evolving target method
• Method of Zionts and Wallenius

82

•
•
•
•
•
•

Method of Vincke
Reference point method
Method of Steuer and Choo
Method of Korhonen and Laakso
Method of Jacquet-Lagrèze, Meziani and Słowiński
Method of Vanderpooten

2.3. Computer network design process

The process of computer network design usually consists of three stages [3, 4]:
1. identification of the needs,
2. network design,
3. network deployment.
In first stage the designer gathers data and information on the needs of computer network future user. Outcome of this stage is a report on future user that have
to include current IT infrastructure, requirements on new network solution and
estimation of data flows in future network.
In second stage the designer creates proposal of design for future network.
Many aspects have to be covered here:
 topology choice (how the nodes will be connected),
 communication protocol choice (how the nodes will communicate),
 inter network connection (if and how the network will be connected to other
networks),
 security level of stored and transmitted data (if and how data should be encrypted),
 network operating systems issues,
 network management and administration.
Finally second stage should generate final report which propose a network solution with information what equipment available on the market could be used for
that design.
Third stage is composed of physical building of the network and installing
necessary software.
In the process of computer network design designers usually are searching the
network solution satisfying future user requirements and constraints: network cost,
performance etc. It is done through requirement analysis and choosing topology,
protocols and technology of the network that will fulfill above-mentioned constraints.
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2.4. AHP method in computer network design

Computer network design usually allows finding many varying parameters of
the design, but in the AHP method we have to compare finished, ready-to-deploy
network designs.
Simulation that had been undertook to research if MADM methods could be
applied in the computer network design field. AHP application [5, 6] to computer
network design problem is presented in next chapter.
3. SIMULATION RESULTS

Topology of the network is predefined and shown on Figure 1. The network is
of hybrid type and consists of two segments: wired (LAN – Local Area Network)
and wireless (WLAN – Wireless Local Area Network). All workstations in LAN
segment are connected to network switch and workstations in WLAN segment
communicate through wireless access point. Number of workstations in LAN and
WLAN segments is equal and set to value of 20. Both segments are connected
together with a network router that has also external connectivity to the internet.

Figure 1. Topology of designed network.
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The designer provides three different network designs (called scenarios) with
hope that AHP method will help comparing them and finally finding the best solution. Each scenario has to submit some basic requirements:
 network technology that is available on the market,
 cabling compatible with provided network standard (both for wired segment and interconnections between network router, switch and wireless
access point),
 wireless standard for WLAN segment,
 network switch for wired segment,
 network router for connecting both network segments.
The scenarios are presented in Table 2. Scenario S1 is based on classical 100
Mbps 5cat Ethernet technology and cabling. Wireless segment is based on the
slowest IEEE 802.11b standard (11 Mbps) and wired segment switch is connected
to low-end switch. The segments are interconnected with cheap router. Scenario S2
is a high-end proposal for an office network: it is based on 1 Gbps fiber cable wired
network with expensive Cisco switch and router; wireless segment is based on
newest and high-speed IEEE 802.11n standard (up to 100 Mbps) . Scenario S3 is
between S1 and S2 in term of price and performance – it utilizes mid-class network
switch and router equipment and reasonable network technologies: 6cat cabling has
maximal throughput higher than 5cat and IEEE 802.11g wireless standard has
higher speed (54 Mbps) than older IEEE 802.11b but lower than newest IEEE
802.11n.
Table 2. Three scenarios: S1, S2 and S3, each with increasing level of all desired criteria.
S1

S2

S3

network technology

100 Mbps

1 Gbps

1 Gbps

cabling

5cat

fiber cable

6cat

wireless standard

802.11b
D-Link
DES-1210-28P
D-Link
DFL-160

802.11n
Cisco
1000BASE-CWDM GBIC
Cisco
7200VXR

802.11g
Linksys
SE2800
Linksys
WRT54GL

network switch
network router

Then designer provides total cost, scalability, performance and security indices for each scenario. They are rather subjective and depend on designer’s knowledge and experience. Those values are summarized in Table 3. It is obvious that
they are converging with above mentioned scenarios advantages (better technology
means higher price and better performance).
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Table 3. Estimated indices for network scenarios.
S1
S2
S3
Total cost
L
H
M
Scalability
L
H
M
Performance
L
H
M
Security
L
H
M

In next step the designer has to make decisions on criteria preferences, which are
summarized in the matrix presented in Table 4.

Total cost
Scalability
Performance
Security

Table 4. Criteria preferences matrix.
Total cost
Scalability
Performance
1
1/7
1/9
7
1
1/8
9
8
1
5
1/7
1/8

Security
1/5
7
8
1

λ=4.7955, CI=0.2652, CR=0.2979.
Finally, the designer has to compare scenarios pairwise. The comparison results are
presented in Tables 5a-5d.
Table 5a. Total cost matrix.
S1
S2
S3
S1
1
6
5
S2
1/6
1
1/4
S3
1/5
4
1

Table 5c. Performance matrix.
S1
S2
S3
S1
1
9
8
S2
1/9
1
1/7
S3
1/8
7
1

λ=3.1630, CI=0.0815, CR=0.1567.

λ=3.3828, CI=0.1914, CR=0.3681.

Table 5b. Scalability matrix.
S1
S2
S3
S1
1
7
5
S2
1/7
1
1/4
S3
1/5
4
1

Table 5d. Security matrix.
S1
S2
S3
S1
1
5
4
S2
1/5
1
1/3
S3
1/4
3
1

λ=3.1236, CI=0.0618, CR=0.1188.

λ=3.0860, CI=0.0430, CR=0.0827.

When all data is cast, necessary calculations have to be done. The result is criteria preferences matrix presented in Table 6, criteria importance vector presented
in Table 7 and Table 8 with alternative rankings with structure.
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S1
S2
S3

Table 6. Criteria preferences matrix.
Total cost
Scalability
Performance
0.7091
0.7223
0.7750
0.0791
0.0727
0.0468
0.2118
0.2050
0.1782

Security
0.6738
0.1007
0.2255

Table 7. Criteria importance vector.
Result
Total cost
0.0318
Scalability
0.2148
Performance
0.6809
Security
0.0725

S1
S2
S3

Table 8. Alternatives rankings with structure.
Total cost
Scalability
Performance
Security
0.0225
0.1552
0.5277
0.0489
0.0025
0.0156
0.0319
0.0073
0.0067
0.0440
0.1213
0.0163

Result
0.7542
0.0573
0.1885

Overall Consistency Ratio (OCR) is 0.2940.
3.1. Results discussion

For given three scenarios of the network design and four evaluation criteria
the designer made pairwise comparisons. Using AHP method led us do the results
shown in Table 8. Overall weighted criteria sum is best for scenario S1 and worst
for scenario S2. As best solution is chosen the scenario with lowest cost, scalability, performance and security indices. It is obvious that final decision (Table 8) is
converged with estimated indices for network scenarios (Table 3).
For data presented in Tables 4-5 a λ, CI and CR value has been calculated to
obtain final Overall Consistency Ratio (OCR). OCR value is 0.2940 (29.4%) and is
much higher than acceptable (10%) for consistent evaluation of the network design
scenarios. Table 5 shows that CR values higher than 10 % were calculated for total
cost, scalability and performance matrix. It means that those preferences were not
consistent when designer gave pairwise comparisons and they should be evaluated
again in order to obtain proper results.
Criteria importance vector values are presented on Figure 2 and final results
from alternative rankings with structure are shown on Figure 3.
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Figure 2. Weighted criteria importance.

Figure 3. Final decision results.

4. CONCLUSION

Computer network designers needs efficient Decision Support Systems that
could help in the process of networks design. Today simulation tools allow only
modeling performance of the networks and all other issues have to be resolved by
the designer.
An AHP method, extensively used in many fields, have very limited usability
in computer network design field because it could help only in comparing ready
network design, not allowing different network parameters comparison. Another
issue is fact that some of designer’s answers are not consistent as shown above. On
the other hand DSS methods can help when other than performance quality indices
have to be taken into account.
A decision making area is very important part of today management field. An
example shown here proves that even well known classic can be adapted to a new
applications. More in-depth research is still necessary to find which MCDM methods are best for solving computer network design problems.
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MODEL OF MATHEMATICS TEACHING INTELIGENT SYSTEM
Jacek Stańdo
Department of Mathematics, Technical University of Łódź
Abstract. Recent years have seen a rapid growth of interest in artificial intelligence among scientists. This is mainly due its being a comfortable tool successfully used in many practical tasks. It can be used in many different fields
such as medicine, finances, geology, physics, applied mathematics and engineering – any place where data processing, its analysis, classification and
monitoring are concerned. For the last few years neural networks have rapidly gained on popularity, as well especially when it coming to teaching and
learning. The purpose of this paper is to present and describe the concept of
a prototype of an intelligent system used to teach mathematics in case of
a sample task on mathematical proofs.
Keywords: intelligent system, mathematics teaching,, e-learning

1. INTRODUCTION

The recent development of IT creates new possibilities and challenges for
contemporary education. The example of the use of new technologies, applied in
education, are the two projects realised by the Technical University of Lodz,
“Mathematical E-emergency Services” and “e-matura”, which I coordinated.
The project „Mathematical E-emergency Services” was realized between September 2009 and end of August 2011. The realisation of the project was based on
the assumption that from Sunday to Thursday between 5 p.m. and 10 p.m. students
of the last class of secondary schools could you the Internet to contact lecturers of
the Technical University of Lodz in order to discuss and analyse their mathematical
tasks. The range of material covered during these live, real time conversations focused on the maths curriculum of the senior secondary school.
The project was funded by European Union and to fulfil its objectives the
Technical University of Lodz received a grant of 1,5 million PLN. The target group
of the project were over 30 schools in the Lodz region with more than 1,000 actively involved in its activities.
On 29th October 2009 the first electronic, mock ‘matura’ exam in maths
was carried out via the Internet. Over 3,000 students from 150 schools sat in front
of their computers, connected to the net to participate in this initiative.

The exam started at 9 o’clock and lasted 170 minutes. Specially tailored computer system assessed students’ tasks (Fig. 2) and after a few seconds students received their results. The project was validated by the Ministry of Education, Director of the Central Examination Board and the Marshal’s Office of the Lodz
Voivodeship.

Figure 1: Source - „Mathematical E-emergency Services”

Figure 2. Source - „E-matura 2009”.

For the recent years research has been carried out in order to support and facilitate educational processes and assessment with the use of artificial intelligence.
In chapter 3 I am going to present the basic concepts of the model of A.I. system in
the case of a sample maths exercise.
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2. LEARNER CENTRED EDUCATION

One can distinguish between the following models of education:
• A model, in which the teacher play the most important role
• A model, in which the teacher is the observer in the classroom
• A model, in which the roles of the teacher and learner are equal. The
teacher is more a mentor and the student is actively and independently involved in his or her own educational process.
According to Kupisiewicz there are seven stages of the learning process:
1. Students’ awareness of the learning objectives – introducing them to the
subject of the study
2. Learning new facts with the use of such teaching methods as description,
speech, lecture, discussion, experiment and observation.
3. Acquiring new things by the method of ‘ from general issues to details’ or
vice versa
4. Repeating newly learnt issues – reviewing, learning by heart, performing
experiments or doing exercises.
5. From theory to practice – theory applied in practice
6. Using tasks of didactic-productive character – correct use of the use of
knowledge in the right context
7. Evaluation and assessment of the learning process. Monitoring students’
progress and comparing results with other students
Educational methods are just tools and activities systematically used by the teacher
and learners in a purposeful an fully aware way, which lead to the visible and tangible changes in the students personality. The choice of the right methods depends
on a few factors:
1. The learners – their age, knowledge, aptitudes, attitude and a way of presentation and personality
2. The teacher – his or her knowledge, personality, character, temper, interests, knowledge of the teaching methods and pedagogical culture
3. Objectives
4. Contents and specifications of the subject
5. Organisational forms
6. Didactic tools
Basic methods of teaching include:
1. Presentation methods e.g. lecture or talk
2. Problem-oriented methods – students find solutions on their own
3. Practical methods – doing a set of exercises
4. Simulation – doing role play
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5. Brain storming activities – students present their own method of reaching
the solution. The pose hypothesis and question or contradict them on their
own.
The ministerial act makes the school responsible for creating the right conditions for its students to develop and progress. According to various research,
schools struggle with this issue mainly due to huge discrepancies between students
knowledge, capabilities and general aptitudes.
Flexible education is a must in order to provide students’ with the right paths
of development and enable their educational progress. The best solution of this
problem is a learner-centred teaching and learning, which is compatible with
learner discrepancies.
Learner-centred teaching and learning is, more or less, a system which takes
into consideration differences in the learning styles and personalities resulting from
personal aptitudes and capabilities and socio-educational background at all stages
of the human development’. (Wł. Dykcik, 1998, p. 79).
The most popular learner-centred teaching process currently used in Poland
are the so called: private lessons. According to research, about 20% of students are
given private, individual lessons in Maths. Another 10% would like to have such
lessons organised but their financial situation makes it impossible.
It is worth pointing out, that according to the ministerial act all teachers
should learner-centre their teaching methods. The need to consider students’ learning styles and capabilities is the responsibility of the school also with reference to
education of disabled students or those of poor social background (it is regulated
by the ministerial decree)
Unfortunately, schools struggle with this task mainly due to the lack of the
right financial resources.
In the learner-centred teaching process problem-oriented methods should be
adjusted to each student’s individual needs and capabilities.
The problem-oriented method is based on finding solutions together and requires constant cooperation between teacher and learner. It is fulfilled by a dialogue which leads to extract student’s hidden potentials in order to teach him or her
to solve problems on their own and give them self-esteem. The key issue of this
method is the advantage of learning over teaching. It requires a lot effort from the
teacher, both in terms of knowledge and didactics, as well as personal attributes.
Teachers who want to apply problem-oriented method in their teaching successfully should be open-minded, willing to establish good relationship with their students, should have wide knowledge of the subject and didactic methods. They
should be acquainted with different psychological learning factors resulting from
age, background, individual capabilities which would enable them to modify and
adjust their teaching to meet the students needs, interests and learning requirements.
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This method consists of 4 basic stages:
1. Creating a problematic situation
2. Formulating problems and ideas leading to their solution
3. Verifying solutions
4. Applying achieved solutions in new contexts
Linking learner-centred education with problem-solving methods is currently
only a theory in many schools. Creating an intelligent teaching system could offer
an effective solution to this problem. The intelligent teaching model will be presented below in further sections of this paper.
3. INTELLIGENT TEACHING SYSTEM

The basic element of the nervous system is a nerve cell called a neuron. In
mathematics a model of a single neuron, describing its work can be presented in
the following function
n

y = f (s), in which s =

∑ xi wi ,

(1)

i =0

where: n - number of entrances in neuron, x1, x2, ..., xn − input signals, w0, w1, ..., wn
− synaptic weights, y − initial value of neuron, w0 − threshold value, f − activating
function, which can have a different look depending on the neuron model.
Reflecting functioning of the linear part of the neuron signal of s type,

undergoes the functioning of non-linear activity function. We assume that
the value of the signal x0 is equal 1, weight w0 is called a bias. In such a
described neuron all the knowledge is stored in weights. The phenomennon is
however the fact that neurons call be taught i.e. match weights in a certain way.
Intelligent teaching system is based on the individualisation of the process of
learning. The use of A.I. has the main objective to analyse the learner’s needs
(by matching certain weights), and then adjust itself to his requirements
and capabilities in order to teach. Undoubtedly, such a solution provides
indivisualistion of learning.
The learner learns by solving various kinds of related problems. The
intelligent system compares its own solutions with the learner’s solutions, prepares
a diagnosis, sends feedback to the student, updates model of the learner and then
defines the next part of syllabus to be covered and its way of presentation of new
material. Finally, the system automatically matches a similar problem with
learner’s solution and the process is repeated. When a certain level of difficulty is
reached the system automatically sends the learner to the more sophisticated
problems.
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4. CONSTRUCTION MODEL OF INTELIGENT SYSTEM

The external examination systems have been used in Poland for the last 10
years. The Central Examination Board performs exams in the whole country. External assessment and evaluation of the exam results enables us to diagnose progress in learner’s educational process, evaluate functioning of schools, compare
results of examinations despite place of living or social status, etc. The key element
of external assessment and evaluation is the fact, that all candidates take the same
exams which are defined by examination requirements and made public by the
Ministry of National Education.
Matura examination in Mathematics checks learners’ knowledge and skills
governed by national examination standards. It is based on doing a set of written
tasks contained in examination sheets. All learners take a compulsory exam in
Mathematics at the basic level. The exam lasts 170 minutes. The exam in mathematics which the candidate chooses as an additional subject is taken in the extended form. The exam lasts 180 minutes.
In 2009, in Lodz first learners could sit for a computerised, mock maths
examination conducted as an initiative of Technical University of Lodz and validated by Director of Education Department in Lodz.
The extended part consisted of a few tasks, which were based on the so called
proofing and argumentation. Unfortunately, these are tasks which students usually
struggle with during the examination. Below there is one of the tasks.
Task. Prove that if for any value of the parameter m, the equation x2 − 13mx + 11 = 0
has two roots belonging to the set of natural numbers, is one of the roots is the
number 1.
Task. Proof that, if for a
Criteria of the task assessment
• Description, the use of the theorem establishment
• The use of Vietea’s formula
• Argumentation for the use of the theorem.
Fig. 3−8 present sample solutions given by 6 students.

94

Figure 3. Solution of the exercise of the first student.

Figure 4. Solution of the second student exercise.

Figure 5. The solution of a third student's exercise
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Figure 6. The solution of the fourth student exercises

Figure 7. The solution of the fifth student exercises.

Figure 8. The solution of the sixth student exercise.
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Analysis of the solutions for the above mentioned students.
Student 1
The fist part of the solution shows that the student does not understand what is
theorem establishemnt. The student is defines the value of the m parameter so that
the equation had two solution. In the second part the student uses the Viet’s
formula in the right way. Incorrectly proves the assumption because as the
assumption he takes x = 1, and this is something he has to prove.
Student 2
The presented solution reveals that the student does not understand the contents of
the task which is to be done. It is worth pointing out, however, that he uses Viet’s
formula in the correct way. If the task was to answer ‘for which values of
parameter m, square equation has two positive roots’ the solution would have been
correct.
Student 3
The student tried to solve the problem in many ways. It is clearly visible he does
not understand the assumption of the theorem. He tried to prove the thorem. The
provided answer shows that the student tried to prove the assumption instead of
theorem.
Student 4
The student assumes that one of the roots of quadratic equation is number 1. Then
for the value of m parameter m = 12/13, he establishes the second root which
equals 11. The student understands what an assumption is, and understands
statement theorem. His solution shows that what he was supposed to prove
becomes an assumption for him.
Student 5
Student says „number one is an element”.
The solution presented shows a complete lack of understanding of an assumption
and theorem of the statement. The students knows Viet’s formula. He correctly
uses the formula for the root product. Probably he finds it by accident. Again
assupmtion of the statement has been confused with its theorem.
Student 6
The student uses the assumption of the statement correctly. He uses the right Viet
formula and he justifies the solution:’ the result of the multiplication of two natural
numbers equals 11 and that is why one of these numbers is equal 1 and the second 11.
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Intelligent Diagnosing.
To solve the task in the correct way the student should make use of his knowledge
and skills in the following area:
• prime factorization
• solving equations, quadratic inequalities
• using Vieta’s formulas in theory and practice
• using the statement: defining assumption, theorem and hypothesis
• conducting simple proofing
Sample tasks for diagnosing
• Prime factorisation
Task 1. Factor to prime number the following numbers 12, 17, 21
Task 2. Give two examples of prime numbers
• Solving equations, and quadratic inequalities
2
Task 3. Solve the following quadratic equation x − 5x + 6 = 0.
2
Task 4. For what values of parameter m, the equation x − mx + m = 0 has two
roots.
• Using Vieta’s formulas
2
Task 5. For what values of parameter m, the equation x − 3mx + m = 0 has two
roots of different kind.
2
Task 6. For what values of parameter m, the equation x − 3mx + m = 0 has two
positive roots.
• Using Vieta’s formula in practice
2
Task 7. Define the sum of roots of the following equation x − 7x + 12 = 0.
Task 8. For what values of parameter m, the roots sum of squares is greater than 2
2
for equation x − 3mx + m = 0
• Using the notion of Theorem: defining statement and hypothesis
Task 9. There is a theorem. If a = b for random real numbers, then a2 = b2
a) Describe the notion of theorem
b) Present the theorem of the statement
c) Create adverse statement and check if it is true
• Conducting simple proofing
Task 10. Prove the statement. If a = b for random real numbers, then a2 = b2
Proof
a2 − b2 = (a − b)(a + b) = 0 ⋅ (a + b) = 0
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After a thorough diagnosis of the student’s results, the intelligent system
should present the student with the score and take some decision of admitting the
student to the solution or show the area of knowledge and skills which need to be
completed. The intelligent system contains certain tasks, examples and definitions.
The student is admitted to the learning process and then the system verifies his
knowledge again and admits him to the solution one more time. The following
table presents results after diagnosis. Students must complete their knowledge with
reference to the issue of theorem and exercise simple proofing.

Examined Knowledge and
Skills
Prime factorization
Solving equations, and quadratic inequalities
Use of Vieta’s formulas in
theory
Use of Vieta’s formula in
practice
Using the statement: defines
assumption, theorem and hypothesis
Conducting simple proofing

Table 1. An assessment.
Achieved
Minimum
student
Value of
assessment
addmission

Admitted

To be
completed

90%

80%

yes

no

100%

90%

yes

no

80%

70%

yes

no

70%

70%

yes

no

50%

90%

no

yes

10%

40%

no

yes

Source: develop their own
5. CONCLUSION

Intelligent teaching systems can be used in mathematics as a supplement to
traditional teaching and learning methods in the future [8, 9, 10]. They can also
replace in some part the so called ‘private tutors’. The system can be also used as
an additional application in such a project as ‘Mathematical E-Emergency Services’. Research carried out shows that in Poland private tuition is an increasingly
growing phenomena. However, to build such an intelligent system requires a collaborative work of many specialists mathematicians, IT engineers and educators,
not to mention huge financial resources.
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E-LEARNING IN COMPANIES – THE RESEARCH
OF AGRICULTURE AND FOOD SECTOR
OF CENTRAL POLAND
Tomasz Woźniakowski, Piotr Jałowiecki
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Abstract. The paper concerns technological change and implications of
e-learning technologies in agriculture and food sector of Central Poland. Particular attention is given to technological readiness of agro-food companies in
area of e-learning use. This study examines e-learning adoption trends within
the agricultural and food market in Central Poland, where e-learning has
reached late adoption status within other sectors, such as in the IT sector.
Specific factors of the research were: (1) general use of computers, (2) use of
internet, (3) use of it systems, (4) use of e-learning, (5) plans for e-learning
use, (6) knowledge on advantages and disadvantages of e-learning use.
Keywords: e-learning, computerization, agriculture, food sector

1. INTRODUCTION

The research was made to fill the gap in knowledge on this specific sector and
its needs and capabilities in modern educational technology utilization. E-learning
is seen as a means of increasing access to educational opportunities and keeping
pace with rapid changes within the sector.
A major result of the research proves the hypothesis that Agro-Food sector
has not reached early status yet. It is shown that increasing returns to adoption can
arise if related technologies do not substitute each other in their functionalities.
Hence, the probability to adopt the technology is an increasing function of previously adopted, related technologies.
Numerous circumstances for e-learning in Agro-Food sector were noted, including: rising cost of traditional, classroom-based training, long distances from
rural regions to any centre of education, increasing internet access and computer
skills etc.
In next few years, a key position in the organization will no longer belong
only to holders of financial capital, as it was from the beginning of the industrial
era, but also to holders of intellectual capital. Knowledge has become, apart from
the land, labor and capital - an essential resource and a critical factor in each com-

pany. Knowledge is becoming an essential element of the company image in the
market and will affect a competitive advantage [2]. J. Schumpeter introduced entrepreneurship definition as it is a combination of production means which allows
the introduction of a new product or technology, opening new markets, attract new
sources of raw materials or the introduction of the new organization. In current
conditions, each element of the above-mentioned definition is associated with the
acquisition of knowledge and skills.
The knowledge importance has been addressed in the economic literature for
many years. The role of the skills was appreciated by A. Smith and neoclassical
economists. However, knowledge was treated as a factor difficult to measure, subjective and not directly related to the operational effectiveness of the company.
It has been rated as intangible capital component of equity, subject of large and
unpredictable fluctuations, which sooner or later would be revealed as a measurable financial results.
We are now witnessing so-called "Second wave" in the electronics business,
which is characterized by the use of Web 2.0 - the concept of creating electronic
communities. An essential element in the value creation is the knowledge used in
practice, and therefore it is crucial to use technology in order to stimulate various
forms of activity and creativity of users and customers. Good interaction with them
is important in the context of confidence-building and the flow of information. The
growing importance of knowledge and skills will be perpetuated, pushing the society to become "knowledge society" based on modern technology and science.
Companies that remain in the global market must become learning organizations,
grouped around the acquisition, expansion and dissemination of knowledge and
standardized information of high quality [1]. The value of each organizational unit
will be proportional to the value of people who work for them, which is related to
their knowledge, skills and experience. These values should "emanate" from the
organization - only then will be considered as trusted by the customers [4].

Figure 1. Information society tendencies. Source: [3], p. 23.
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A new model of the economy can be characterized not only by the description
of the most important phenomena, but also by properties of the entities involved.
These are companies with formerly unknown characteristics: the value of their
physical assets is small in relation to total capital, they own. They utilize highly
innovative technologies. The biggest challenge is the twenty-first century is the
ability to create and absorb an innovation [5]. A good examples are "second wave"
companies cited above. The knowledge organizations are more flexible then their
industrial predecessors. The rules of competition that they are guided, are also different from the rules formulated for the purpose of industrial companies. As an
example we should mention Blue Ocean Strategy which is a business strategy that
promotes creating new market space or "blue ocean" rather than competing in an
existing industry.
The aim of this paper is to clarify the issues of distance learning and to identify areas and the uses of e-learning in agro-food sector. The use of existing and
available knowledge and use of technology for e-learning, to develop the skills of
employees, partners and customers is an essential part of the paper.
2. E-LEARNING IN COMPANY PROCESSES

The process of training cannot be done in isolation from other business processes of the company. E-learning may be involved in multiple internal and external
processes. Taking as an example the production process - obtaining an internal
certificate after completing the e-learning course may prevent the company from
critical errors.
In the case of products and services rich in knowledge and innovation one of
the most important functions of management should be presenting the company as
the new technology-oriented and trustworthy.
The primary aspect of the new paradigm of marketing is to benefit from the
knowledge and experience. The company strengthens relationships with customers,
competitors, and monitor the use of data analysis system that generates information
about the market and competitors, useful in creating new strategies.
Most of potential customers do not establish contacts with companies who do
not trust. This is the field for the new marketing strategy EBM - the Education
Based Marketing.
EBM is a marketing strategy that creates credibility of the company through
the creation of a scientific message. This is a completely different approach than
traditional marketing, which is used to send commercial message. This strategy is
in line with the generally understood knowledge management.
In a perfectly realized EBM system, the training process should be subject not
only by business partners but the clients also. Operators and job training related to
micro-environment are shown by the table 1.
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Table 1. Operators and job training related to micro-environment.
Training related to:
Prosumption
Platform Support
Products

Workers

Clients
+
+
+
+
Source: own study based on [6].

Partners
+

Operators and job training related to marketing-mix: table 2.
Table 2. Operators and job training related to marketing-mix.
Training related to:
Product concept
Distribution
Pricing
Promotion

Workers
Clients
+
+
+
+
+
+
Source: own study based on [6].

Partners
+

The advantages of EBM:
1. It gives potential customers what they need - information and advice.
2. It helps in creating the impression that the company mainly focuses on providing
objective information for the client, rather than encourage the purchase of the
product.
3. It establishes the authority of the company in a given field, because potential customers perceive it as a source of knowledge and information that they can rely on.
4. It reduces the efforts to acquire customers, the clients will seek contact with the
company on their own.
5. The company shall establish contacts with customers in a very early stage of the
decision-making process, usually before they contact the competition.
6. EBM-based e-learning technology offers the opportunity to reduce expenditure
on printed brochures.
7. The company emphasizes its credibility thanks to the positive first impression
as an institution providing useful information, instead of offering only sales
techniques.
9. EBM allows you to save time and money by grouping answers to common questions.
10. It is possible to measure the effectiveness of marketing by the amount of contacts established and the quantities of acquired customers.
12. The company achieves a competitive advantage especially when the competition is not using EBM methods.
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13. The company obtains the benefits from synergic educational methods that are
complementary and mutually reinforcing.
There are many examples of the application of this strategy. Cisco company
by using an e-learning training, including external trading partners and customers
have almost eliminated the misuse of their products and thus claims and returns.
In agro-food sector such a strategy could be implemented in companies that
utilize very advanced and innovative technologies: biotechnologies, chemistry etc.
In this case the EBM could be a message addressing all fears and problems concerning risk of dealing with e.g. GMO’s or stem cells etc.
3. THE RESEARCH

The research was conducted to verify following:
• Verification of the usefulness of e-learning as an element of business management. Ongoing research has examined the impact of e-learning for some
aspects of management and the whole organization.
• Researching the degree of readiness of all businesses to implement e-learning
both in terms of needs and technologies. Development of company profile,
organizationally and technologically ready for such implementation. Creation
of criteria for analyzing the business model for the usefulness of e-learning in
management processes.
The geographical range was limited to central region of Poland – Lodzkie
since the preferences of agro-food sector were similar to average in Poland. The
purpose of the research was to determine the actual progress of enterprises in the
utilization of information technology and e-learning and the readiness of organizations for introduction of the technologies in close future.
3.1. Description of the randomized sample

Layered method of randomization has been used in this research. In the first
stage the sub-regions (gminas) in Lodzkie region have been randomized. Then in
each sub-region an adequate number of companies have been selected as follows:
• 60 companies (30%) operating in Lodz;
• 70 companies (35%) in the layered method of randomization: 7 municipal
gminas in Lodzkie have been selected (outside Lodz), and then in each of
them, 10 enterprises;
• 70 companies (35%) in the layered method of randomization: 7 rural gminas
in Lodzkie, and then in each of them, 10 enterprises.
Finally, the research reached 136 companies. The remaining part has not answered
the questionnaire. Companies involved in the research were classified according to
the business into four groups:
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•
•
•
•

commerce,
manufacturing,
food processing industry,
services.
The largest group of companies led trade activities. Businesses this type were
52.9% of the test group. The least popular type of activities is food processing industry. The share of this group in the whole sample was 4.6%. Manufacturing and
services represented 32.2% and 10.3%. More than half of companies surveyed
conduct trade activities. There is a large group of enterprises engaged in production
activities. These two categories constitute a very substantial share of the companies
surveyed (82.1% of the total number of companies participating in the survey).

commerce
manufacturing
food processing
services

Figure 2. Companies taking part into random sample, divided by the type of activity.
Source: Own work based on the research.
3.2. The use of computers

Most of the companies using information technology equipment are located in
the cities of Lodzkie region with the exception of Lodz. They represent 47.3% of
all companies with computers. The share of rural firms in this group is 32.7%,
while business operators in the city of Lodz, represent only 20% of the group. The
nature of their activities also shows diversity. Nearly half of companies benefiting
from information technology in their business conduct trade activities. They represent 49.1% of all computerized firms. Production companies represent 36.4%. At
the same time, the smallest group in the study was the food processing companies
group. Their share in the total number of companies with their computers fluctuated close to 3.6%. Companies providing services and having computers accounted
represented 10.9% of firms computerized.
Despite the low participation of companies with 4-30 PC's, many firms benefit from the local area network as a means of communication between computers.
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The share of companies benefiting from this arrangement is 32.7%. The rate was
for rural businesses around 16.6%, 26.9% for urban and for the Lodz 72.7%.

Lodz
Cities
Rural

Figure 3. The share of companies benefiting from Local Area Network.
Source: Own work based on the research.
3.3. Internet usage

The 90.9% of the companies owing computers, use internet. This is a very
high figure, which shows that companies are trying to take advantage of modern
telecommunication solutions in their business. All companies from the area of the
city of Lodz have a connection to the Internet. In contrast, 83.3% of operators
working in rural areas has access to the Internet. The same indicator for enterprises
from the cities of Lodzkie with the exception of Lodz was 92.3%.
3.4. The use of online information systems

The companies use a range of modern telecommunications solutions to facilitate contacts on the line:
1. business - supplier,
2. business - customer,
3. business - local administration unit.
The companies benefit from a system enabling the ordering of goods over the
Internet. While only 12.7% of all companies use the procurement system in their
business. Among the 28.5% of the companies has its own system of that kind,
while 57.1% benefit from a foreign system. Another subject of analysis is the degree of use of online systems to facilitate contact with customers of each company.
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It should be noted that this type of solution is used only by 3.6% of firms reporting
the use of computers.
3.5. The use of e-learning

Among the companies participating in the research and at the same time using
computer equipment 18.2% decided to or intends to take benefit from e-learning or
computer-assisted training. Among this group 40% (this is 7.3% of the test group)
have already carried out such training and 20% (3.6% of test group) is planning to
do so within the next year. The remaining part of companies declaring their willingness to participate in this type of training would do so in the longer term (this is
3.6% of the total number of companies with computers).
In the group of companies, which has already benefited from this form of
education, using current or intending to use this type of training of employees, the
municipal companies are the major part. They represent 40% of the group, of
which 25% have already carried out such training, 50% intend to do so within a
year and a further 25% wants to make use of this form of education but in the
longer term. Among rural businesses, whose participation in enterprises using or
intending to use e-learning was 30%, most of the companies have already carried
out this type of training (66%), and the remaining 30% intend to do so in the long
term. Lodz Companies are less interested in it. They were 30% of companies, but
only 33% have done training, and a further 66% have no intention to carry them
out at a later date than a year.
At the same time, all companies are interested in training their employees.
Almost10% of them would like to further train its partners. Companies also are
seeing the benefits of this method of training. Since 77.8% of companies surveyed
have already expressed an interest in or benefited from e-learning, sees more than
one advantage. The same proportion of the companies point that this method will
reduce costs and increase the flexibility of a training time. In contrast, 44.4%
believes that the benefit resulting from the use of those methods is the flexibility of
place where the training is taking place.
4. CONCLUSION

Summing up the analysis carried out it should be noted that the majority of
surveyed enterprises do not officially apply computers in their business. Among the
companies that have decided to take such investment is dominated by companies
equipped with a few (from 1 to 3) PC's. Commerce and manufacturing companies
are among the best-developed ones in terms of the degree of computerization. In
contrast, operators of services appear to be clearly different from commercial and
industrial entities. But too few companies in the business of food processing make
it difficult to draw conclusions. In terms of computerization, it should be noted that
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most companies do not have a developed infrastructure - but they are almost
exclusively small single economic activities engaged in simple businesses such as
trade of food products. At the same time, most companies declare access to the
Internet which is a necessary condition for the use of e-learning technology. Profile
of the company ready for the implementation of e-learning is: a medium or large
company, with computers in a network, making use of the Internet and having its
own website. These companies benefit from the information systems that support
management and the production or supply of services with a high degree of
innovation and high value-added services.
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A PROCEDURE FOR LEARNING CUSTOMER PREFERENCES
IN E-COMMERCE WEBSITES
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Abstract. High quality knowledge of users’ preferences are of high value for
every e-commerce website. A user’s interest in a web page can be estimated
by observing his or her behaviors. Implicit methods are less accurate than explicit methods, but implicit observation is done without interruption of having to give ratings for viewed items. These article proposes new procedure
for obtaining e-commerce customer’s behavior data and learning about their
preferences from them. Main contribution of these procedure is extension for
FireFox browser which allow to run study in user’s natural environment. Extension created for these study allow to monitor variety of events, which are
used for calculating implicit interest indicators. Another contribution of these
study is proposition of 5 new implicit indicators, four of which are designed
especially for e-commerce websites.
Keywords: implicit feedback, e-commerce, human-computer interaction,
preference modeling

1. INTRODUCTION

From the beginning business owners strive for methods which will allows
them to learn customer’s needs and preferences. High quality knowledge about
users’ preferences is of high value for every company. It can be utilized in order to
satisfy customers’ needs more accurately. In web environment these knowledge
can be used to personalize offer by improving quality of recommendations.
Determining a user’s interest can be performed explicitly by direct asking the
user, or implicitly by observing user’s behavior. Implicit measures are generally
less accurate than explicit measures [1], but they are available in large quantities
and can be acquired without any extra time or effort from user. Requiring users to
explicitly rate items disrupts a user’s normal reading and browsing behavior [2, 1].
Moreover unobtrusively monitoring users allow them to focus on task at hand
without interruption of having to give ratings for viewed items. Another advantage
of implicit feedback over explicit is that is difficult to motivate to continuously

give explicit ratings [3, 4] even when the benefits are obvious (i.e., personalized
recommendations).
Implicit feedback in website area can be acquired from different sources on
different sides of interaction process, such as: server side, proxy side, client side.
Historically first data source were server logs, which main purpose was a diagnostic tool. Due to their limitations server logs store only information about every page
request to particular websites installed on server. Role of Proxy logs is the same as
server logs, but they can store information about every access coming from users
using these server. In contrast to server and proxy site, logging user’s behaviors at
the client-side, enables a more complete grasp of users behaviors. Highly accurate
logging at client-side is possible thanks to very good support for Document Object
Model across modern browsers. Observing user’s at a client-side allows for high
granularity monitoring of user actions e.g. moving mouse, scrolling content, clicking, selecting content, copying content, saving page, printing page, key input. Wide
range of monitored actions allows online shops to gain extensive amount of data
about user’s behavior. By using these data we can reason about user’s preferences
more precisely and reliably.
Most of researches in the field on implicit feedback indicators mainly concerned evaluating user’s behavior in unlimited scope of websites. Participants of
these studies usually visited websites from many different categories (e.g. information portal, blogs, company websites). One of the drawbacks of these approach is
fact that users’ behavior may depend on the type of site as well as it can be different on particular website. These may be caused be distinct users’ goal on website
from various categories. Another factor influencing users behavior may be caused
be layout and functionality which is different for every website. During literature
exploration author encountered only one research concerning evaluating of implicit
feedback in e-commerce environment [5].
Due to these lack of studies in these field this study propose new procedure
for automatically discovering users interest based on user browsing behavior.
Those behaviors are defined as actions performed by users while browsing website,
such as moving mouse, scrolling, clicking, selecting text, bookmarking, printing
page. These actions happens when users are interacting with website through web
browser interface. Logging user’s behavior and user preferences at client-side is a
challenging task. For these study extension (Addon) called ECPM (E-commerce
Customers’ Preference Monitor) for Mozilla FireFox was built.
The rest of this paper is organized as follows; Section 2 presents related work
on implicit indicators; Section 3 provides description of proposed framework for
monitoring user’s behavior and learning user’s preferences from these data. Section
4 provides short description of further studies.
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2. RELATED WORK

Implicit feedback techniques have been used for retrieving, filtering and recommending a variety of items: web sites, articles (both academic and journal),
email messages, music, movies and products from e-commerce stores. Researchers
has used different source data and different construction of their research environment. On a client-side techniques researches used tools for monitoring users’ behaviors such as: browser specially created for necessity of study, modified browser
which (e.g. modified Internet Explorer), script in Javascript language attached to
browser. Besides monitoring user’s behavior in most studies participants were
asked to explicit indicate their interest in visited resources.
Monitored behaviors can be classified into six categories such as: Examine,
Retain, Reference, Annotate, Create [6]. For instance, reading is considered as an
action that allows one to Examine object. It is worth noting that confidence in the
behaviors that are available for inference varies according to category of observed
behavior. For instance behaviors from Examination category are weaker evidence
of user interests than behaviors from Annotate or Create category. However most
often observed actions belong to Examine category, which characterizes the weakest evidence. On the other end of scale are behaviors such as creating, printing,
saving which occur less frequently.
According to two dimensional classification provided by Kim and Orad every
action can also be to the minimum possible scope of item being acted upon. For
instance Bookmarking can be performed on Object, while Reading can be observed
on Segment of Object. This classification highlights that behaviors observed at
bigger scope has lower precision. For instance, obtaining implicit feedback about
class of objects will presumably provide less precise information about users’ interests than obtaining implicit feedback about a object or a segment of objects.
Most widely explored behaviors for implicit feedback are document (web
page) selection and duration of time spent on a web pages. The finding that users
spend more time on documents that they find relevant has been replicated in large
number of studies [7, 8, 9]. However some researches indicates that duration time
may not be reliable interest indicator [10, 11]. These can be caused by absence of
user or by performing another task while website is open (i.e. checking e-mail,
watching move, using communicator, exploring anther website). Therefore in proposed framework a user’s duration on a web page is divided into three types depending on the total time page is loaded (Complete duration), if the browser’s tab
is active (Active tab duration), and if the user is actively interacting with webpage
(User activity duration). Another mostly explored implicit feedback indicators consists of mouse-move distance, scroll distance, key input.
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Claypool et. al [12] has created CuriousBrowser which is a web browser that
recorded implicit actions and explicit ratings of users. These browser was used to
record mouse clicks, mouse movement, scrolling and elapsed time. Results of these
study indicate that the time spent on a page, the amount of scrolling on a page, and
the combination of time and scrolling has a strong correlation with explicit interest.
Velayathan and Yamada [13] has developed logging tool called Ginis site
logging tool to monitor and log the user’s browsing behavior. They performed user
experiment using ten participants to collect the browsing behavior, and evaluated
the behaviors by performing classification learning using C4.5. These tool is capable of monitoring large number of user’s behaviors. They successfully confirmed
that all the rules generated by C4.5 classification learning algorithm have 60% or
higher fitness, where the error for all the tests was lower than 40%.
Complete review of research in implicit feedback techniques is provided by
Diane Kelly [14].
3. FRAMEWORK

In order to evaluate application of implicit feedback for learning users’ preferences in e-commerce websites, procedure with ECBE extension for FireFox has
been proposed. These procedure consists of two stages: data collection stage and
learning stage. Main goal of first stage is to collect data concerning users’ behavior
in real e-commerce websites. In the second stage collected data are analyzed using
machine learning algorithms and rough sets theory, for searching of patterns indicating users’ interest.
First stage of research involve study with participants, as the collection of behavior data is performed via ECBE extension. Because of these every participant of
the study is required to use FireFox browser and install research extension.
During preparation phase to these study author has set three requirements,
which should be met in order to produce valuable results. First requirement concerns tool used for data collection. Most of previous research used modified or
specially build web browsers, to collect data. In author’s opinion introducing new
browser with its new interface and functionality may influence behavior of the
users and change their attitude towards study. Because of these fact author’s goal
was to use existing browser with minor modifications which would allow proper
data collection. Second requirement says that participants should visit real
e-commerce websites with established position on the market. Creating fully functional online shop for the purpose of the study is challenging task. Moreover participants should be allowed to visit not only one website. Ideally participants
should be allowed to visit any available e-commerce website. Last requirement for
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the study is the ability to collect only these behaviors’ data which could be collected by using techniques which doesn’t require users to install any extra software.
These limitation has been introduced, in order to allow application of study results
in real websites. Another part of these is requirement is to collect explicit ratings
provided by participants.
After analyzing of available solutions author has decided that ideal candidate
which satisfies all requirements is FireFox (FF) browser. FF is very popular
browser, which allows to install external extension called Addons to enhance its
functionality. FF extensions uses mainly two languages JavaScript for and XUL for
Interface. FF Extension called ECPM (E-commerce Customers Preference Monitor) was build for the purpose of the study to allow monitoring of various users
behaviors by utilizing Events DOM model.
ECPM extensions contains Preference window where user can deactivate extension, provide personal data, open page with study description, open poll window and finish study by sending results to server. During study ECPM monitors
user’s behaviors which are used to calculate 19 implicit indicators listed in Table 1.
As it was mentioned earlier all of these indicators can be calculated without using
extension only just by inserting regular JavaScript code to html page. These allows
to utilize results of the study in commercial applications.
Among indicators which has been previously used in other experiments this
study introduce five new indicators, such as: User activity duration, Description
area mouse duration, Picture area mouse duration, Review area mouse duration and
Recommendation area mouse duration. User activity duration is calculated as sum
of time period of two seconds while user has actively interacted with website. Very
often users open many pages in different tabs or leave computer while website is
open. User activity duration suppose to express period of time while user is actively using website. Nowadays almost every e-commerce product page contains
following section: description of product, product’s pictures, review and users’
opinions about product and recommendations area where recommended products
are displayed. Author hypothesize that reading of these section’s may indicate
user’s interest. Therefore these study proposes four indicators calculated as time
while mouse pointer is placed within these areas. Because of the fact HTML structure of every page is constructed differently, method for calculating these indicators must be calculated differently. In order to allow for calculation of these indicators ECPM extension has been prepared to allow for experiment in five polish ecommerce websites. Structure of every website is stored within extension. ECPM
can be further extend to allow for complete monitoring of other websites.
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Table 1. An assessment of didactic hours dedicated to SMS-B system in six faculties
on Warsaw University of Life Sciences.
Implicit indicator
Search result visit
Complete duration
Active tab duration
User activity duration
Description area mouse duration
Picture area mouse duration
Review area mouse duration
Recommendation area pointer
duration
Mouse movement distance
Horizontal scroll distance
Vertical scroll distance
Total mouse click
Left MB click
Right MB click
Middle MB click
Copy/Cut action
Save
Print
Bookmark
Zoom
Find
Content select action
Text select size
Keydown action

Indicator description
Boolean value indicating whether source of page
visit has been a website search result page.
Time between page load and page unload
Amount of time (ms) while tab containg particular
page is being active
Amount of time (ms) while user is actively interacting with page thus generates keyboard and mouse
events
Amount of time (ms) while mouse pointer is positioned over description of the product
Amount of time (ms) while mouse pointer is positioned over pictures of the product
Amount of time (ms) while mouse pointer is positioned over users’ review of the product
Amount of time (ms) while mouse pointer is positioned over other recommended products
Total distance (in pixels) of mouse pointer’s movement
Total distance (in pixels) of horizontal scroll of page
content
Total distance (in pixels) of vertical scroll of page
content
Total number of mouse clicks regardless which
mouse key has been pressed
Total number of left mouse button clicks
Total number of right mouse button clicks
Total number of middle mouse button clicks
Total number of copy/cut action performed via
keyboard shortcut
Total number of save action performed via keyboard
shortcut
Total number of print action performed via keyboard
shortcut
Total number of bookmarking action performed via
keyboard shortcut
Total number of zooming action performed via
keyboard shortcut
Total number of find action performed via keyboard
shortcut
Total number of page content selection action
Total number of selected chars
Total number of pressing key
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Besides non-relative indicators which were calculated directly from user’s behaviors, extension also indicators relative to page measures are calculated. In order
to calculate these indicators following measures are calculated for every website:
total page characters length, total recommendation area characters length, total
recommendation area characters length page height, number of product pictures,
visible page height. By using behavior data and page measures data ten relative
indicators is calculated.
When user is leaving product page the Interest evaluation window is displayed (Fig. 1). These window contains two questions concerning product which
page is being left. Orginally these study is aimed for polish language speaking participants. Because of these evaluat First question “How much these product has
interested you?” allows user to express his/her explicit interest in these product.
These interest can be expressed in five point scale from 1-5 with highest mark labeled as very much and lowest mark label as not at all. Another question “Did you
know these product earlier” concerns user familiarity with viewed product. After
filling these form provided answers are stored. If it happens that user will return to
these product page again during, previously set values will be displayed.

Figure 1. Explicit Interest evaluation form.
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The structure and functionality of EIP portals based on standarized business
project methodologies: B2B (Business-to-Business), B2C (Business-to-Consumer),
B2E (Business-to-Employee), B2G (Business-to-Government). EIP portals offers a
single point of entry and user authentication to information systems and data storages in institution basing on WWW pages technologies.
4. CONCLUSION AND FUTURE STUDY GOALS

Preliminary study method has been conducted on a group of 17 students of
Computer Science. Participants weren’t aware of purpose of the study, in order
eliminate influence on their behaviors. Participants were given task to look for
interesting products among of five e-commerce shops. During study participants
evaluated 461 product pages. After preliminary cleaning data set has been divided
into two sets: learning 70% and evaluation 30% of cases. Initial classification tree
model has been built on these data shows 46,3% of misclassification rate. As most
important for e-commerce shops is information about products most liked by customers, in next step interest ratings with value 4-5 were joined together into value 1 which express strong interest and ratings with value 1-3 were joined into value 0
– which reflects low or none interest. Classification tree build on these data improved classification to 72,3%.
In the future author is planning to test other machine learning algorithms such
as rough set theory, neural networks. Classification will be performed on different
sets of data containing: all samples, samples for every user, samples for every website in order to test hypothesis about different patterns behavior’s among different
people and among different websites.
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