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Preface

The ICT Innovations conference is the primary scienti�c action of the Macedo-
nian Society in Information and Communication Technologies (ICT-ACT). The
conference provides a platform for academics, professionals, and practitioners to
interact and share their research �ndings related to basic and applied research
in ICT.

The ICT Innovations 2013 conference gathered 160 authors from 17 countries
reporting their scienti�c work and novel solutions in ICT. Only 26 papers were
selected for this edition by the International Program Committee, consisting of
222 members from 49 countries, chosen for their scienti�c excellence in their spe-
ci�c �elds. Full papers are available on following link http://ictinnovations.org.
Additional 20 short papers and 11 posters abstracts can be accessed in this web
proceedings.

ICT Innovations 2013 was held in Ohrid, at the Faculty of tourism and hospi-
tality, in the period September 12-15, 2013. The special conference topic was ICT
Innovations and Education. The conference also focused on variety of ICT �elds:
Quality of Experience in Education, Language Processing, Semantic Web, Open
Data, Arti�cial Intelligence, Robotics, E-Government, Bioinformatics, High Per-
formance Computing, Software Engineering and Theory, Security and Computer
Networks. The conference was supported by HE D-r Gjeorge Ivanov, the Presi-
dent of the Republic of Macedonia.

We would like to express sincere gratitude to the authors for submitting their
works to this conference and to the reviewers for sharing their experience in the
selection process. Special thanks to Bojana Koteska and Igor Kulev for their
technical support in the preparation of the conference proceedings.

Ohrid, Vladimir Trajkovik
September 2013 Anastas Mishev

Editors
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LOD2 Tool for Validating RDF Data Cube Models 
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Mihailo Pupin Institute, University of Belgrade, Belgrade, Serbia 
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Abstract. The Open Government Data initiative aims at motivating govern-

ments and organizations to make information freely available and easily access-

ible online. This paper contributes to the understanding of the process of pub-

lishing public sector information as Linked Data and the use of the RDF Data 

Cube vocabulary for publishing statistical data. In order to facilitate the publica-

tion process, a specialized component has been implemented – the RDF Data 

Cube Validation tool, the main use of which is validating the integrity con-

straints defined in the W3C RDF Data Cube specification and automatic repair 

of observed/identified errors. The tool is a part of the LOD2 Statistical work-

bench, a unique set of tools for managing statistical Linked Data.  

 

Keywords. Linked open data, government data, RDF Data Cube, tools, public sector, 

LOD2 

1 Introduction 

Although in the past governments have been protective over the data they collect, 

mentioning national security and citizen privacy as main reasons, global Open Gov-

ernment Data (OGD) initiatives, such as the Open Government Partnership
1
 have 

helped lower the barriers and open up governmental data for the public, by insisting 

on non-sensitive information, such as core public data on transport, education, infra-

structure, health, environment, etc. Opening up data provides citizens with easier 

access to services, greater transparency and improved communication, which imme-

diately results in greater understanding and insight for the planning and delivery of 

community resources and societal support. 

To make data truly open (for use and re-use), it needs to be published in a non-

proprietary, machine-readable format. Since June 2011, the Government Linked Data 

(GLD) Working Group
2
, the “main provider of standards and other information which 

help governments around the world publish their data as effective and usable Linked 

Data using Semantic Web technologies” has published several vocabularies such as 

the RDF Data Cube vocabulary
3
, Catalog Vocabulary

4
, Organization vocabulary

5
, 

                                                           
1 http://www.opengovpartnership.org/ 
2 http://www.w3.org/2011/gld/ 
3 http://www.w3.org/TR/vocab-data-cube/ 
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1

http://www.w3.org/standards/semanticweb/data
http://www.w3.org/standards/semanticweb/data
http://www.w3.org/standards/semanticweb/data
http://www.w3.org/standards/semanticweb/
http://www.w3.org/2011/gld/
http://www.w3.org/TR/vocab-data-cube/


Registered organization vocabulary
6
, Asset Description Metadata Schema

7
,  Terms 

for describing people
8
, etc. 

This article discusses the implementation of a tool for validating RDF Data Cube 

models. The tool is a part of the LOD2 Statistical Workbench, the specialized version 

of the LOD2 Stack
9
 [1] aimed at enabling corporations, government organizations and 

individuals to employ Linked Data technologies in the statistical domain. The LOD2 

stack is an integrated collection of aligned state of the art software components deli-

vered within the LOD2 project. The LOD2 project
10

 is a European FP7 initiative that 

aims to improve coherence and quality of data published on the Web, close the per-

formance gap between relational and RDF data management, establish trust on the 

Linked Data Web and generally lower the entrance barrier for data publishers and 

users. 

The article is organized as follows. First, Section 2 conveys some basic facts about 

the Linked Data paradigm and examines the need for the RDF Data Cube Validation 

tool. Then, Section 3 presents the RDF Data Cube Validation tool in the context of the 

LOD2 Statistical Workbench. Finally, Section 4 summarizes the main lessons learnt 

from the LOD approach and outlines the future work.  

2 Problem Statement  

In the last few years the Linked Data paradigm has evolved as a powerful enabler for 

the transition of the current document-oriented Web into a Web of interlinked Data 

and, ultimately, into the Semantic Web [1, 2, 3]. The term Linked Data here refers to 

a set of best practices for publishing and connecting structured data on the Web. 

These best practices have been adopted by an increasing number of data providers 

over the past three years [4], leading to the creation of a global data space that con-

tains many billions of assertions - the Linked Open Data cloud
11

 (see Fig. 1). 

 

2.1 Linked Data 

The Linked Data approach enables datasets to be linked together through references 

to common concepts. A dataset is represented in the form of a graph, using the 

Resource Description Framework (RDF) as a general-purpose language. To ensure 

interoperability between applications that exchange machine-understandable 

information, RDF describes information in terms of objects (“resources”) and the 

relations between them via the RDF Schema, which serves as a meta-language or 

                                                           
4 http://www.w3.org/TR/vocab-dcat/ 
5 http://www.w3.org/TR/vocab-org/ 
6 http://www.w3.org/TR/vocab-regorg/ 
7 http://www.w3.org/TR/vocab-adms/ 
8 http://www.w3.org/TR/vocab-people/ 
9 http://stack.lod2.eu/ 
10 LOD2 -"Creating knowledge out of interlinked data", http://lod2.eu.  
11 http://lod-cloud.net 
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vocabulary for defining properties and classes of RDF resources. To avoid ambiguity, 

the RDF Schema uses uniform resource identifier (URI) references for naming. A 

URI reference is a string that represents, for instance, the name or address of an ab-

stract or physical resource on the Web. HTTP URI identifiers are not a requirement, 

but rather a (recommended) design choice, which is employed in most statistical data-

sets.  

 

 

Fig. 1. Statistical data as Linked Data 

Recently, several projects have been financed within the EU FP7 research program 

devoted to:  

 publishing data in Linked Data format, maintaining data catalogs, development and 

maintaining of open source toolkits that cover all stages of the Linked Data publi-

cation and consumption process e.g. projects LOD2
12

, LATC
13

; 

 publishing and maintaining Linked geo-spatial data, e.g. TELEIOS
14

, PlanetData
15

, 

GeoKnow
16

; 

 facilitating professional training for data practitioners, who aim to use Linked Data 

in their daily work e.g. project EUCLID
17

. 

                                                           
12 http://lod2.eu 
13 http://latc-project.eu 
14 http://www.earthobservatory.eu/ 
15 http://planet-data.eu 
16 http://geoknow.eu 
17 http://euclid-project.eu 
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In an attempt to adopt the LOD2 Stack for the Statistical Office of the Republic of 

Serbia, over 100 datasets were extracted from the central statistics database
18

, trans-

formed into RDF [5], stored as RDF dump files on a local server and registered with 

the Serbian CKAN [6]. The data includes statistics from the Prices, National accounts, 

Usage of Information and Communication Technologies, and Science, Technology 

and Innovation domains.  

 

2.2 RDF Data Cube Integrity Constraints 

The Data Cube RDF vocabulary [7] is a model (namespace 

http://purl.org/linked-data/cube#, prefix qb) published by the Government 

Linked Data Working Group focused purely on the publication of multi-dimensional 

data on the Web. The model builds upon the core of the SDMX 2.0 Information Mod-

el [8]. The SDMX standards are now being widely adopted around the world for the 

collection, exchange, processing, and dissemination of aggregate statistics by official 

statistical organizations. As the cube model is very general, Data Cube can also be 

used for other data sets (e.g. survey data, spreadsheets and OLAP data cubes).   

The W3C Working Draft from March 12, 2013 defines a set of integrity constraints 

to be fulfilled by an instance of an RDF Data Cube in order to be considered a well-

formed RDF Data Cube. Integrity constraints specified so far include properly defined 

code lists, properly defined DSD, consistency in using the measure dimension, single 

measure in observations, unique links from observations to datasets, unique values for 

measured phenomenon across the dimensions (no duplicate observations), etc. 

 

2.3 Validating RDF Data Cubes 

Linked Data publication process refers to a set of activities related to extraction, trans-

formation, validation, exploration and publication of RDF datasets originating from 

different sources (e.g., databases) on the Web. The ready for use RDF datasets can be 

either uploaded to the cloud or registered by a portal (e.g. the Serbian CKAN [6]).  

Taking into consideration that a future user could choose different ways to prepare 

RDF Data Cubes for publication (e.g. extract data from CSV data using the LOD2 

CSV2RDF tool or XML/RDBMS using custom transformation), we came across the 

problem of integrity check validation for RDF Data Cubes prior to using them in dif-

ferent operations offered by the LOD2 Statistical Workbench e.g. merging two data-

sets, exploration and visualization with the LOD2 CubeViz tool [9], etc. The need for 

the Validation service is illustrated in Fig. 2. The new component was developed by 

the PUPIN team, a partner in the LOD2 project, and contributed to the LOD2 stack.     

  

                                                           
18 http://webrzs.stat.gov.rs/WebSite/public/ReportView.aspx 
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Fig. 2. LOD2 publishing process 

3 Validation Tool in Use 

3.1 The LOD2 Statistical WorkBench  

One of the LOD2 objectives is to showcase the wide applicability of the LOD2 Stack 

for building public services for ordinary citizens of the European Union. Therefore, a 

specialized version of the stack – the Statistical Workbench
19

 was developed to sup-

port the need of experts that work with statistical data. Fig. 3 shows the main menu of 

the software environment where the operations are organized into five subgroups 

named Manage Graph, Find more Data Online, Edit & Transform, Enrich Datacube, 

and Present & Publish. Once the graph is uploaded into the RDF store, it can be fur-

ther investigated with the Validation Tool, or the OntoWiki semantic browser. If the 

graph contains a well-formed RDF Data Cube, it can be visualized with the CubeViz 

tool. 

 

 

Fig. 3. LOD2 Statistical WorkBench – main menu 

                                                           
19 http://fraunhofer2.imp.bg.ac.rs/lod2demo-test/stat 
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3.2 RDF Data Cube Summary 

 

Fig. 4. RDF Data Cube – example 

The first step in analyzing the RDF Data Cube is providing a summary information 

about the selected graph. A statistical data set (e.g. the one published by the Statistical 

Office of the Republic of Serbia, see Fig. 4) comprises a collection of observations 

made at some points across some logical space. A resource representing the entire 

data set is created and typed as qb:DataSet and linked to the corresponding data 

structure definition via the qb:structure property.  

The collection can be characterized by a set of dimensions that define what the ob-

servation applies to (e.g. time rs:time, observed sector rs:obsSector, country 

rs:geo) along with metadata describing what has been measured (e.g. economic 

activity, prices), how it was measured and how the observations are expressed (e.g. 

units, multipliers, status). 

We can think of the statistical data set as a multi-dimensional space, or hyper-cube, 

indexed by those dimensions. This space is commonly referred to as a cube for short; 

though the name shouldn't be taken literally, it is not meant to imply that there are 

exactly three dimensions (there can be more or fewer) nor that all the dimensions are 

somehow similar in size. 

 

3.3 Implementation Details 

The validation component checks if the supplied graph is valid according to the inte-

grity constraints defined in the RDF Data Cube specification. Each constraint in the 

document is expressed as narrative prose, and where possible, SPARQL ASK queries 

are provided. These queries return true if the graph contains one or more Data Cube 

instances which violate the corresponding constraint.  

Our component shows a list of criteria corresponding to integrity constraints on the 

left side, while the details about the chosen criteria are shown on the right. Details 

about the chosen criteria include a list of resources which violate the constraint, an 

explanation about the problem, and if possible, a quick solution to the problem. Fig. 5 
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shows a case where a user checks if observations are correctly linked to data sets. The 

list of observations violating this constraint is shown on the right along with proper-

ties/details of that observation and a proposed solution to the problem. The user can 

then choose to apply the proposed solution or to manually edit the resource in ques-

tion.  

 

 

Fig. 5. Validation component 

 In order to acquire the details that are shown on the right side, ASK queries de-

fined in the RDF Data Cube specification were slightly modified and turned into 

SELECT queries that extract which resources are problematic along with some addi-

tional information if needed. All graphs handled by the Statistical Workbench are 

stored in open-source edition of Virtuoso universal server
20

, which includes a scalable 

high-performance RDF Quad Store, while SPARQL queries were performed by using 

the Sesame framework
21

. The user interface is implemented in Vaadin
22

, a Java web 

application framework for Rich Internet Application and the application is deployed 

on Apache Tomcat. Finally, the Statistical Workbench, as well as all other compo-

nents in the LOD2 stack, is available as a Debian package for the Ubuntu Linux dis-

tribution. 

                                                           
20 http://www.openlinksw.com/wiki/main/ 
21 http://www.openrdf.org/doc/sesame2/system/ 
22 https://vaadin.com/home 
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4 Conclusion and Outlook 

This paper contributes to the understanding of the RDF Data Cube vocabulary, the 

specialized LOD2 RDF Data Cube Validation tool and the process of publishing 

Linked Data. The main benefit of using the LOD2 RDF Data Cube Validation tool is 

the possibility to automatically repair the observed/identified inconsistencies in the 

RDF Data Cube model. The presented Validation tool can significantly improve the 

quality of RDF Data Cube models and is recommended for use before statistical data 

is made public in Linked Data format.  

The work in progress includes further enhancement of the Validation tool towards 

a comprehensive reasoning service to be used in more complex data management 

operations offered by the LOD2 Statistical Workbench such as splitting and merging 

statistical data from different publishers (different code lists, different dictionaries). 

The main lessons learnt from our current experience in the field are: 

 The Data Cube RDF vocabulary is mature enough to be used for publishing statis-

tical data as it improves interoperability and allows comparison of data from dif-

ferent statistical sources. 

 The LOD2 Stack provides a wide range of data transformation, enrichment and 

exploitation tools. The missing link (needed to connect the transformation and vi-

sualization steps in the statistical data processing) has been resolved by an imple-

mentation of a specialized component for the LOD2 Statistical workbench. 

 For publishers who currently offer only static files, Linked Data offers a flexible, 

non-proprietary, machine readable means of publication. 
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Abstract. Internet changes the way people communicate with each other and 

affects how business flows. Technologies change the mankind society all the 

time. It affects how people live and how they communicate with each other. 

They also influence the way the technologies themselves transform and become 

more human like. The agent oriented programming and multi agent systems are 

a relatively established technology. The goal of this paper is to explore the pos-

sibilities of the combination of multi agent systems and the still emerging se-

mantic web technologies. It also discusses the possibilities of platforms for se-

mantic agents development and discusses how developers can benefit from it 

while following the standards to agent oriented programming and communica-

tion. 

Keywords: intelligent agent, multi-agent systems, semantic web 

1 Introduction 

The paradigm of agent oriented programming [1] produces applications defined as 

collection of components, so called agents. When defining an agent, researchers de-

scribe the properties it should exhibit. The first property is autonomy, which means 

operating without the direct intervention of humans. Second is social ability, which 

describes the ability to interact with other agents and/or humans. Third is reactivity, 

which includes a means of perceiving the environment and responding to any changes 

that occur within it. Finally, pro-activeness means exhibiting goal-directed behavior. 

As described in [2], the term “agent” or software agent is founded in many tech-

nologies and is widely used (i.e. in artificial intelligence, operating systems, computer 

networks, etc.). In computer science, a software agent is a program, which acts on 

behalf of a user, or some other program. Agents can work solo, or they can interact 

with other agents. Using multi agent systems one can successfully model complex 

systems. When implemented as a system, agents are capable of achieving highly so-

phisticated goals autonomously and if written correctly, will continue to find a solu-

tion until the goal is complete.  

Semantic web technologies [3], on the other hand, offer a new way of managing 

the information and the knowledge. With the possibilities for extending the ontolo-

gies, which represent the core for the semantic web, it releases developers from the 

need of using an exactly specific rigid architecture for the solution. However, this 

means that the Semantic Web relies heavily on formal ontologies to structure data for 
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comprehensive and transportable machine understanding. Although, the Web stan-

dards for expressing shared meaning have progressed over the years, still agents can 

only flourish when standards are well established [4].  

One multi-agent system is formed with the interaction of a number of intelligent 

agents in some environment. Multi agent systems can be used for solving problems, 

which are difficult or impossible for an individual agent. There are frameworks that 

help alleviate the development process [5].  

Intelligent agents and semantic web services are two technologies with great poten-

tial. Striking new applications can be developed by using the tools and techniques 

they provide. However, semantic web services need for an upper software entity able 

to deal with them and, on the other hand agent technology has historically suffered 

from a number of drawbacks that must be addressed. Integrating these two technolo-

gies in a joint environment can overcome their problems while strengthening their 

advantages. In this paper, the necessity for integrating these technologies and the 

potential benefits of their combination are analyzed. 

2 Agent management 

Some agent technologies have reached a considerable degree of maturity. However, in 

order to ensure effective and widespread use, agent technologies require standardiza-

tion.  

 

Fig. 1. Agent’s management model 

Standardization of generic technologies has been shown to be possible and to pro-

vide effective results by other standardization. The aforementioned sentences form the 

root facts of the FIPA (Foundation for Intelligent Physical Agents) specifications [6]. 

An important aspect of the agent systems, which refers to the initial FIPA specifica-

tions, is agent management [7]. It’s a framework where FIPA consenting agents can 

exist, operate and be operated. This sets the logical model for agent creation, registra-

tion, locationing, and communication between agents. Figure 1 represents the agent 

management model and its components. 
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Agent Platform: It represents the physical infrastructure where agents are found. 

Platform consists of machines, operating systems, FIPA agent components, agents 

themselves and additional software for support. The inner design of the agent plat-

form is left to be created by the developers of the agent system and is not subject to 

the FIPA standardization. While one agent platform can be found on many computers, 

agent residents do not have to be located on the same host. 

Agent: Agent is a process that is populating the agent platform and usually gives 

one or more services, which can be published with proper service description. The 

design of these services is not meant to be designed by FIPA as long as it complies 

with FIPA specifications. FIPA only imposes the structure and the encoding of the 

messages used for information exchange between the agents and some other technol-

ogies. The agent must have one owner and must support at least one identity, with 

which it can be described by the use of an FIPA agent identifier (AID). It is used to 

name the agent, so it can be unambiguously distinguished. The agent can be registered 

on a wide range of transport addresses, from where it can be contacted. 

Yellow pages (Directory Facilitator – DF): DF is an optional component on the 

agent platform. Its role is to offer a type of service similar to the yellow pages to the 

other agents. It holds accurate information, complete time list of the agents and gives 

the current information about the agents in their own directory on unambiguously 

basis to all authorized agents. The agent platform can support any number of DF, 

which can be connected with another platform, and thus form federations of agents. 

Every agent who wants to publish its services to the other agents must find the 

proper DF and ask for registration of its description. After the act of registration, the 

agent does not have any future obligations. Later, the agent can decide to ask for an 

end of the registration of the service description in any time. Additionally, the agent 

can make a request for searching through DF to find some descriptions by a given 

searching criteria. The DF can limit the access to the information in their own directo-

ry and can check for access by mapping all the permissions for access from the agent 

to the conditions of the other agents. 

Agent management system (AMS): This is the main component of the agent plat-

form and is responsible for managing the operations in the agent platform like crea-

tion and deletion of agents, migrations of agents from one to another platform. Every 

agent must register in the agent management system, so it can be provided with an 

AID. The directory holds all information about the all of the agents from the platform 

and their current condition (active, suspended or waiting). Agent descriptions can 

later be modified by authorization of AMS. The life of a given agent on an agent plat-

form ends with its request for end of the registration. After the end of the registration, 

the AID for the agent can be removed from the directory and will be available to the 

other agents who would like to register. 

The agent management system can ask from the agent to perform a specific man-

agement function like, for an example, end of execution, and has the power to force 

the execution of a given operation in the case when the request is ignored. There can 

be only one management system by agent platform and if the agent platform covers 

several machines, the AMS is the authority for all of those machines. 
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Message Transport Service – MTS: This service of message transport is allowed by 

the agent platform so it can make transfer of FIPA-ACL messages between the agents 

on any agent platform and between agents on different agent platforms. Messages 

provide transport envelope, which has a few parameters. The general structure of the 

FIPA compliant message is given in Figure 2. 

 

Fig. 2. Structure of the FIPA message 

3 The Semantic Web Knowledge Management 

Knowledge management deals with acquiring, access and support of the knowledge in 

one organization. In the big business it is key activity, because the internal knowledge 

is seen as intellectual asset, from which it can take higher productivity, create new 

value and increase organization competitiveness. However, most of the information is 

available in poor structured form (i.e. text, audio, and video).  

From the point of view of knowledge management the old web technology has the 

following limitations [8]: 

 Information searching. Companies usually depend on key based search. 

 Extracting information. Needs time and effort to look for the information in the 

founded document. At the moment, intelligent agents are not able to do this kind of 

tasks. 

 Information maintenance. At present there are problems like inconsistency in ter-

minology and errors in removing old information. 

 Detecting information. New knowledge exists in corporate databases, which is 

drawn by data mining. This task is still difficult for distributed collections of doc-

uments. 

The purpose of the Semantic Web is to allow more advanced system for know-

ledge management: 

 Knowledge that is organized conceptual according to the meaning. 

 Automated tools that support the maintenance while checking for consistency and 

that draw new knowledge at the same time. 
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 Key based searches can be replaced with answers to a human like given question. 

The requested knowledge will be pooled and presented in a human friendly way. 

 The presented answer will be drawn and supported by sources that come from a 

given number of documents. 

 Possibility to define who can see certain parts of information in the documents.  

Decentralization and openness are inherent properties of multi-agent systems. The 

technologies they provide are thus the right abstraction for developing Web-oriented 

applications. Moreover, different works have been proposed to use Semantic Web 

technologies for representing various dimensions of multi-agent systems (e.g., inte-

raction protocols, norms, organizations). Given these facts, we think it is time to con-

tinue further [9], [10], with the integration of the semantic web technologies and the 

multi-agent systems in order to improve reusability of data, knowledge, coordination 

strategies, etc. on the Web and across systems. 

4 Jade Platform for Developing Agents Who Can Understand 

Facts and Knowledge for a Given Ontology  

4.1 FIPA importance for JADE 

FIPA is based on external behaviors of the system components, which need to be 

specified, leaving the internal architecture and the details for implementation to the 

developers. This provides easy cooperation between different platforms. The JADE 

platform [9] complies with FIPA2000 specifications (communication, management 

and architecture), thus providing a stable framework where FIPA agents can exist, 

operate and communicate. 

4.2 Ontologies and content languages  

Information, which is transferred between the agents, is an ACL message, which has a 

field for the message. According to the FIPA specifications the content of the mes-

sage can be a string or an array of bytes. In simple scenarios it can consist of one val-

ue (i.e. phone price), but in real scenarios agents have the need for much complex 

communication. When more complex information is presented (i.e. phone brand, 

model, price, on sale, etc.) there is a need for a well-defined syntax in such a way that 

the message content can be successfully translated on the receiving side. 

The FIPA syntax is also known as content language. FIPA does not force the de-

veloper to use any specific content language, but recommends the use of semantic 

language for communication. Example semantic information for the action of selling 

in the previous phone example is given by: 

Sell(:phoneModel “HTC Sensation” :phoneBrand “HTC” :price “200€”) 

When this message arrives at the agent, syntax parsing needs to be done in order 

for the agent to understand the meaning of the information. Thus, there must be some 

shared understanding between the sender and the receiver. The set of attributes and 
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symbols (Sell, phoneModel, phoneBrand, price) used in the sentence for expressing 

meaning is known as ontology. Ontologies are specific for given domain (i.e. the 

example sentence has no meaning when selling cars). 

Every time when a message is exchanged, the following needs to transpire: 

 The sender always needs to convert his internal representations into proper ACL 

content expression and the receiver will have to do the opposite. 

 The receiver needs to conduct a semantic validation in order to determine the re-

ceived information applies to the rules, which are described in the ontology shared 

between the agents. 

JADE handles these conversions and checks automatically as is represented in Fig. 3.  

 

Fig. 3. JADE support for content languages and Ontologies 

The conversion of the content into Java object enables easier manipulation with in-

formation without any additional transformations on the received data [12]. 

4.3 Defining Ontologies 

Ontology in JADE is an instance of the jade.content.onto.Ontology class where the 

basic types of predicates, agent actions and concepts, which apply to the specific do-

main, are defined [12]. These schemes are instances of the classes PredicateSchema, 

AgentActionSchema and ConceptSchema, which are included in the packet 

jade.content.schema. In every of these classes there are methods where slots, structure 

for every predicate, agent actions and the concept can be defined. 

Ontology is a collection of schemes, which usually do not evolve during the life-

cycle of the agent, so they can be declared as singleton objects and in this way they 

can be shared throughout the agents which are residing on the same java virtual ma-

chine.  
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4.4 Combining Ontologies 

JADE provides support for combining Ontologies [12]. It’s possible to define Ontolo-

gies, which extend other defined Ontologies, simply by setting a parameter in the 

constructor when the new ontology is created. It’s suggested that a dictionary pattern 

is to be used as given in Figure 4. 

All the symbols used for names and concepts, predicates and agent actions are 

grouped into an interface, which present the dictionary. With this type of organization 

every constant from the dictionary can be accessed. 

 

Fig. 4. Dictionary pattern 

5 An Example Case Study “Multipurpose Scheduling” 

The purpose of this case study is to show the developing approach involving agents 

using semantics and its benefits. 

Let’s assume we have an existing system for appointments scheduling. For an 

example a given user wants to go on a massage, have a haircut, visit the dentist etc. 

The user needs to make a call, or go to the appropriate web site in order to make an 

appointment. If the user does not find an adequate term at the desired location he 

needs to obtain information for other similar businesses and contact them 

sequentially.  

The goal of the proposed multi-agent semantic aware system is to provide the user 

with aggregate information at one place. The system requires an agent for every 

organization, where the agent can mediate appointments and give information about 

the available time slots. For this kind of a system to work, there is a necessity of one 

content language, which will be used by all of the involved agents. All of the agents 

need to comply with the FIPA specifications and the service description of the agents 

needs to be published in a directory, the so-called yellow pages.  
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5.1 Application characteristics 

To create a simple scenario we need at least two agents. Agent who will work for the 

client and according to the users desires it will ask for the requested time slot and give 

an offer to the user. If the user decides for one of the offered results the agent needs to 

request an appointment schedule. The other agent who is engaged by the organization 

can live on another platform, independent from the other agent’s platform. However, 

it needs to use the same ontology for content understanding and to comply with the 

FIPA specifications, so it will be able to respond to the requests received from the 

client agent. In order for the user to be able to receive more valuable information an 

agent for running statistics is also introduced. This agent takes into account the num-

ber of organized appointments made between different clients and organizations. The 

information that can be provided by this agent (like number of visits in organizations, 

last visits from proper user etc.) can be used for possible advanced data filtering, i.e. 

give priority to businesses previously visited by the user. 

Because we are dealing with a multi agent system, the time slot can be searched by 

a number of agents simultaneously. All of these agents need to be registered in the 

directory of yellow pages with their proper service description. In this case the user 

can go through the free time slots from more than one organization and to pick the 

one that suits him best. In the future further development of the system, the agent can 

be extended with the possibility to take into account comments from the other users or 

check ratings in order to improve the user experience and satisfaction and reduce the 

offer in quantity, but increase the quality. 

5.2 Application development 

The system architecture mainly consists of three agent types: 

 Agent for the client – this agent should make requests for free time slots and 

present the obtained results to the client. 

 Agent for the organization – this agent’s service needs to be published in the yel-

low pages. The agent needs to be able to inform the client agent with the available 

time slots and, if client decided to make a schedule for a given time slot, the agent 

has to be able to make an appointment. 

 Statistics agent – this agent takes care for keeping the statistics information con-

cerning the visits in different organizations by different users. 

In Figure 5, the system agent architecture from global perspective is presented. 
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Fig. 5. Global view of the agent system 

In Figure 6, an overview of the agent system together with the exchange of mes-

sages between the agents is given. 

 

Fig. 6. Overview of the agent system and the exchange messages that provide inter-agent com-

munication 

5.3 Content language for the agent system 

In order agents to be able to communicate, they have to use the same content lan-

guage. Bean Generator, a plugin for Protégé, can be used for ontology Java classes 

creation. The generator is able to generate the classes needed to extend the simple 

abstract JADE ontology that contains the classes Concept, AgentAction which are the 

basic necessities for the classes generation. In Figure 7, the ontology for making the 

appointments, which extends the basic ontology for generating JADE classes is pre-

sented. In Figure 8 the ontology for appointment statistics is given. 
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Fig. 7. Ontology for appointment scheduling 

 

Fig. 8. Ontology for statistics 

6 Conclusion 

The Semantic Web provides us with standards for representing the knowledge of 

people into a computer understandable form. The question that arises lately is why to 

use a software agent. In the today web, there is a bigger initiative into describing web 

services with semantics. This would be the place where agents can offer something 

more for the semantic web community. 

Firstly, agents have a lot in common with the web services. The agent architectures 

offer yellow pages, where agents can publish their service and where other agents can 

search for the needed service. For a given conventional system constructed with 

agents as a module based application, the following characteristics will be present: 

 The more agent based modules are active, better representation of real things. 

 odules can keep up the promises. 

 Negotiations between the modules, over social networks, collaboration and opinion 

can be changed for the results. 

 Modules can apply to be part of some software system. 
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By using semantic agents to create software agents we have the following benefits: 

 Agents allows dynamic composition where the component of the system can be 

unknown by the time of execution. 

 By using agents abstract interactions are allowed, which means by the time of their 

execution they can be unknown. 

 Since the agents can be added and removed in the system, system software can be 

changed during its lifetime cycle. 

 Agent can represent many views and they can use many different procedures for 

decision making, so in a way they can produce much more robust software. 

It’s never easy to create robust software. If the development process were ap-

proached with the paradigm of creating semantic agents, the developers would get: 

 Algorithms in form of agents are easy for reuse, since agents are easy to be added, 

especially to an existing system, and the agent have the ability to have interaction 

with many other agents. 

 To have full usage of the agents, organization specifications need to be developed. 

 To have complete understanding between the agents they should be able to under-

stand each other, as they should be able to detect and fix inconsistency without a 

leader. 

 When agents use non-renewable resources there could be a raise of issues whether 

there is limited processing cycles, limited memory, power, network bandwidth, 

since they would use it n times faster. 

There are many technologies, which allow many paths to be taken. The future of 

the web is open and for sure it will affect the society in many ways. However, one 

thing is clear, computers will handle the boring mechanical tasks that we do today, no 

matter how they are called, software agents, services, intelligent services or just pro-

grams. 
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Abstract. E-commerce systems are important systems widely used by
internauts. To automate most of commerce time-consuming stages of the
buying process, software agent technologies proved to be efficient when
employed in different e-commerce transaction stages. The FIPA Contract
Net Protocol was developed to facilitate contract negotiation in Multi-
Agent Systems, it is therefore important to analyse the protocol to en-
sure that it terminates correctly and satisfies other important properties.
In this paper we focus on agent interactions in e-commerce oriented au-
tomated negotiation based on FIPA Contract Net Protocol.

Keywords: E-commerce, FIPA Contract Net, negotiation, Multi-agent
system, colored Petri net.

1 Introduction

A Multi-Agent System (MAS) [1]consists of a set of agents interacting with each
other to achieve a common goal. Generally, MAS are known to work properly
in a dynamic large-scale complex environment (open environment), thanks to
autonomy, adaptability, robustness and flexibility.

In the context of e-commerce, several multi-agent systems were developed
for the mediation of e-commerce, such as Kasbah [2], Amazon [3] and eBay
[4]. Several interaction patterns were defined, ranging from collaboration be-
tween agents, to competition for resources, requiring some negotiation level in
e-commerce multi-agent system [5].

Although multi-agent technologies facilitate e-commerce oriented negotiation
at the operative decision marking level. This automation can save labor time of
human negotiators, but in addition, other savings are possible because compu-
tational agents can be more effective at finding beneficial short-time contracts
than humans are in combinatorial and strategically complex settings.

However, companies engaging in e-commerce are faced to a wide variety of
challenges: how should the company be structured to profit in the marketplace,
what are main required correctness and safety properties, what is the quality
of service which should be offered to satisfy users. As a result, a qualitative
and quantitative analysis of such systems must be undertaken to build solutions
adequate to targeted challenges, or to improve solutions that are already in place.
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In the field of MAS analysis, several studies have been proposed for modeling
these systems by Petri nets. In [6], a model was proposed for a promotional game
of viral marketing on the Internet. Specifically, authors used stochastic Petri nets
for modeling a multi-agent wish list. As well, [7] used colored Petri nets (CPN)
as a formal method to model a containerized transport system, then simulate
and solve the storage problem. [8] applied a multiagent model formalization us-
ing CPN, to study a hunting management system. Elfallah-Segrouchni, Haddad
and Mazouzi in [9] also proposed to use the CPN formalism to model interaction
protocols. They described in [10] transcriptions of AUML diagrams into CPN
models.
Besides, [11] analyzed e-commerce systems based on agents technology by deriv-
ing statistical results from interviews and questionnaires. In the context of pure
e-commerce systems analysis, most proposed works [12][13], relied on simula-
tions, testing and benchmarking to analyze e-commerce systems performances.
However, these techniques usually require long time periods to get performance
results.
Moreover, the e-commerce system should be in operation in the two last methods
to be able to test it, and important bugs cannot be easily corrected in those cases.
It would be interesting to predict performances of e-commerce systems a priori
during the design phase. Among proposals having based their work on formal
methods, [14] and [15] having used timed automatas and PNs. The two works
allow the modeling of the different interactions and documentation circulating
but without focusing on the buyer and seller entities, which are an important
part in market establishing. The autors of [16], presented the first CPN model
of the Contract Net Protocol, other works have also been proposed for the same
purpose as [17]. In [18], we defined a new e-commerce MAS based on three
agents types and we proposed a formal methodology for modeling and analysis
e-commerce MAS, using high level Petri nets. However, Our primary objective
in this paper, is to improve our previous work cited above and in particular the
negotiation module. Where The new negotiation is based on two types of agents
(instead of three), what allows to reduce the complexity of the system. The sec-
ond point of difference is the use of the random functions to calculate the agents
answers, what solved the problem of the liveness, posed in the former work. The
agents use FIPA interactions protocol for their communication and we use CPN
to model the different interactions.
This document is organized as follows. Section II gives a brief introduction to
MAS as well as a description of interactions in e-commerce MAS. Section III
recalls CPN concepts and details our methodology for negotiation modeling in
e-commerce multi-agent systems based on FIPA interaction protocol. In section
IV we present our results and finally section V, discusses the obtained results
and presents future work.

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

23



2 Multi-agent systems and E-commerce

2.1 Multi-agent systems (MAS)

There are two main aspects in MAS framework: agents architectures and agents
interactions. Most implemented MASs will have a set of software components
that provide:

– A communication language, like KQML (Knowledge Query Manipulation
Language) and/or ACL (agent communication language);

– A syntax for the protocol (e.g. FIPA Contract-Net Interaction Protocol);

In order to support the communication language, a MAS have at least one
communication channel (i.e. TCP/IP or CORBA, ...).

2.2 E-commerce system

Electronic commerce is synonym of sharing business information, maintain-
ing business relationships and conducting business transactions by means of
telecommunications networks [19]. With the dynamics of Internet, electronic
commerce has been re-defined[19]. The wide range of business activities related
to e-commerce brought a new terms to describe the Internet phenomenon in
business sectors. Some of these focus on purchasing from on-line stores on the
Internet. Since transactions go through the Internet and the Web, the terms
I-commerce (Internet commerce) and even Web-commerce have been suggested
but are now very rarely used.

These novel e-commerce characteristics changed the functioning of business
enterprises majority, even purchasing and selling habits, during the last decades.
To get much success in their business, enterprises are interested in ensuring
correctness and offer users expected performances and quality of service.

In this objective, our interest is focused on multiagent e-commerce systems,
and particularly, on modeling and analysis negotiation module.

3 Using CPNs to Model Negotiation in E-commerce
multi agent systems

Petri Nets (PN) and Colored Petri Nets (CPN) provide a framework for modeling
and analyzing distributed and concurrent systems.

3.1 CPNs

Definition : A CPN is defined by a 9-tuple (
∑

, P, T, A, N, C, G, E, I), where∑
a set of non-empty types (called Colored sets); P a set of Places; T a set of

Transitions; A a set of Arcs; N a node function; C a color function; G a guard
function; E an arc expression function; and I an initialization function.
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In contrast to ordinary PNs, CPNs have data associated with tokens. A token
color is a schema or specification. Places in CPNs contain multi-sets of tokens.
Arcs exiting and entering a place can have an associated constraint function to
determine which multi-set elements are to be removed or held. Transitions of
CPNs are associated with guard functions enforcing constraints on tokens.

3.2 Negotiation protocol description

An e-commerce MAS is a MAS that connects multiple sellers and buyers agents
on a single electronic marketplace called E-marketplace, where many interactions
take place [20]. Agents involved are cognitive agents, able to communicate inten-
tionally. Contract Net creates a means for contracting as well as subcontracting
tasks (or jobs), in this sense Initiators are managers and Participants are con-
tractors. An Initiator could be an agent willing to buy some good or wanting to
sell the right to supply some good. Participants, in each case, would be agents
wanting to sell the good or willing to buy the right to supply the good. The
Interaction Protocol is composed of a sequence of four main steps, illustrated
by the sequence diagrams shown in figure 1. The agents must go through the
following loop of steps to negotiate each contract.

1. The Initiator announces a ”call for proposal” (CFP).
2. Participant Agents who receive the announcement can answer by either a

Proposal, a reject or an not understood response, indicating they did not
understand the announcement.

3. Initiator receives and evaluates proposals, sends an Contract to participant
agents whose proposals are accepted Refuse to other agents.

4. At the end of interaction, the participant sends to the buyer agent, an Inform
message to confirm the action achieving, or a failure message in a failure case.

3.3 CPN Modeling

We begin modeling by defining main parameters characterizing our CPN model:
the structural representation and tokens coloration. We present a model of the
protocol in CPN Tools [21].

Structural representation In our modeling, we consider:

– Places represent agents states (before and after sending or receiving opera-
tions).

– Transitions model sending and receiving actions or some processing actions.
– Tokens express the different agents and the various exchanged messages.
– Incoming arcs labels specify data required for firing the associated transition.
– Outgoing arcs labels specify data produced by a firing.
– Italic symbols above places (i.e.AGT,MES, etc) indicate the color (or type)

of tokens in these places.
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Fig. 1. Fipa Contract-Net Sequence Diagram

Token Coloration To differentiate tokens, we use color sets: we associate with
each place the set of colors tokens that can mark it, and with each transition
the color sets for which it is fired. Figure 2, taken directly from CPN Tools,
shows the declarations for the CPN model of the Contract Net Protocol. These
definitions give us the following declarations:

– The constant n (integer) defines the number of agents in the system.

– The constants reject, notund, proposal, cfp, rej prop, contract, failure and
done represent the different answers which circulate between the agents.

– The colour set AGT defines the set of agents such as AGT = a1, a2, · · · , an.
where the initiator i and the participant p are two different agents.

– The colour set MES (MESsage) defines one part of the messages communi-
cated. Each agent is allowed to make a CFP, by sending a message to all the
other agents. In this work we are not interested in the content of the mes-
sage but only in the header information, which describes the sender and the
receiver. Thus we have the following set of messages: MES = {(i, p) | i, p ∈
AGT∧i 6= p}. When an initiator i makes a CFP, it must send a message to all
other agents, i.e., the following messages: Mes(i) =

∑
{p∈AGT−{i}} 1‘(i, p).

where the summation indicates that we form a multi-set, with n − 1 ele-
ments, by adding the multi-sets 1‘(i, p)AGT − i , each of which contains
a single element. The resulting multi-set contains one appearance of each
message which has i as sender.
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Fig. 2. CPN model declarations

– The colour set RES (RESponse) defines the second part of the messages
communicated. In addition to the sender and the receiver, such messages
contain, the answer to the request which is codified by an integer.

– The random functions: ResCFP (Response CFP), ResPro (Response Pro-
posal) and ResPer (Response Performing), allow to calculate the various
answers of the agents

– e is an uncoloured token used to ensure synchronisation.

Negotiation model Initially all agents are Inactive and all messages are Un-
used. This is indicated by the initialization expressions AGT.all() generates the
multi-set which contains exactly one appearance of each colour in the colour set
AGT . Analogously, MES.all() generates the multi-set which contains exactly
one appearance of each colour in the colour set MES (figure 3). When an agent,
i, decides to send CFP its state changes from Inactive to Waiting, while the
state of its messages Mes(i) changes from Unused to Sent. Now the agent has
to wait until all other agents have acknowledged the CFP. When one of these
other agents, p, receives a message, can answer by either a proposal (via the
transition Send Proposal.), a reject (via the transition Send Reject), or an not
understood response (via the transition Send Notund), indicating they did not
understand the call. The initiator i receives and evaluates proposals and sends
an Accept to seller agents whose proposals are accepted (through the transition
Send Contract) and a Refuse to other agents (via the transition Send Refuse).
At the end of interaction, the participant agent sends to the initiator, an Inform
message to confirm the action achieving, or a failure message in a failure case.
When all the messages Mes(i), which were sent by the initiator i, have been
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Fig. 3. CPN model for Fipa Contract-Net Protocol

Acknowledged, the the initiator i may receive all Acknowledgments (Ack) and
its state changes from Waiting back to Inactive, while the state of its messages
Mes(i) changes from Acknowledged back to Unused. To ensure consistency be-
tween the different CFPs a simple synchronisation scheme only allows one CFP
at a time. In other words, when an agent has initiated a CFP, this has to be
processed by all the agents before another CFP can be initiated. This mutual
exclusion is guaranteed by the place Passive (which is marked when the system
is passive), initially Passive contains a single e− token.

4 State Space Analysis Results

The state space analysis results are presented in figure4. It shows the properties
of the state space as a result of varying the parameter n from 3 to 5.
• Boundedness: The generated reports show that all places are bounded. As
can be seen, this limit is equal to n ∗ (n− 1) for all the cases considered, which
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Properties/n 3 4 5

State Space Nodes 99 5954 39618

State Space Arcs 150 15129 75418

Time (hh:mm:ss) 00:00:00 00:00:05 00:07:02

Scc Graph Nodes 1 1 1

Scc Graph Arcs 0 0 0

Dead Markings None None None

Home Markings All All All

Live Transition Instances All All All

Best Upper Bounds 6 12 20

Fig. 4. State space analysis results

represents the generated messages for n agents. This can be explained by the
fact that the number of requests and messages generated by agents are processed
consistently.
• Liveness and dead marking: The generated reports (shown in Figure 5)
show that the system is live and there is no dead marking and all transitions
are live. This means that all the specified actions are executed, also at any time
agents can return to their initial state as all states are home states.

Fig. 5. Generated report
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5 Conclusion and future works

Negotiation Protocols are basis of automated negotiation which can carry out in
an open system between agents come from different organizations if they follow
the specifications. In this paper, we have presented a colored PN model for
negotiation protocol in MAS using FIPA Contract Net Protocol. The long-term
goal is to allow analyze such systems, to ensure correctness and performances
expected by users.

Multi-agent systems on Internet, is a topic of research in such diverse areas
as marketing, e-commerce, artificial intelligence or computer and operational
research. The high complexity of these systems forces designers to use formal
methodologies associated with automated tools to analyse their behavior.

We are interested in our future work to analyze a large-scale multi-agent sys-
tems. We plan also to analyze other e-commerce systems such as auction systems,
which are more elaborated and complex than market place that we modeled and
extend our modeling and analysis by introducing the temporal dimension for
being able to perform a quantitative analysis and compute e-commerce system
performances(average waiting time, average connection number, etc).

References
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Abstract. The goal of this research is to develop a tool that employs intelligent 
technologies to capture the patterns of urban change driven by a diverse set of 
context factors. Data mining provides opportunities, which complement and ex-
tend the knowledge previously obtained with other approaches. A series of ex-
ploratory case studies are in place to investigate the modeling and predictive 
capabilities of the tool. A number of simulations have revealed distinctive local 
patterns of urban change in the city of Skopje, shaped by local urban spatial and 
institutional structures. This study shows the importance of intelligent technol-
ogies in the interpretation of the historical evidence of urban development. 

Keywords. Urban dynamics, urban development prediction, knowledge-based 
approach, data mining. 

1 Introduction 

The idea of a city as an urban space that is sustained by human connections requires 
suitable models that recognize the sound interplay between physical and phenomeno-
logical aspects of the urban system. Urban systems are complex systems, very diffi-
cult to delimitate, evolving through space and time. If the general structures of urban 
systems are complex, the processes and behaviors that can be observed are far from 
being entirely stochastic [1]. Our knowledge of urban phenomenon might have been 
deepened on many levels, though its modeling and computational representation is 
still an open problem [2]. 

Urban models are envisioned as tools that can help decision-makers anticipate, 
plan and design cities that promote well-being, prosperity and sustainability. Design-
ing livable and sustainable cities is a shared vision of both, decision makers and 
people who live there. Experimentation with predictive urban models are expected to 
lead the way to a better understanding of the general processes and conditions at play 
in the urban world. 

Past analytical methods for studying urban dynamics were greatly limited, mainly 
because of the kind of data and research tools that were available. The interdiscipli-
nary nature of the problem under consideration requires a diverse set of researchers 
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(architects, computer scientists, sociologists) and efforts that exceed the expertise of 
any individual field. The new digital, pervasive and intelligent technologies have 
brought more information to consider, though the process of their utilization is far 
from straightforward. Thanks to the achievements in domains such as multimedia, 
knowledge management, machine learning and data mining technologies, computer 
support of urban planning received new resources and can move to new directions, 
e.g. creating intelligent simulation and modeling tools and systems. 

There are a number of approaches for formalizing and testing hypothesis about dif-
ferent aspects of urban dynamics, finite state models and agent-based paradigm have 
established themselves as most prominent ones. Models of urban dynamics also vary 
in the level of detail and abstraction as well as the focus or aspects of development 
under investigation, from representation of urban entities (e.g., residents, developers 
and government) when exploring the evolution of spatial relationships over time [3] 
to studies of urban sprawl determined by the interactions of environmental and demo-
graphic factors [4] to a land-use model representing the relationships between the 
landscape characteristics and the preferences and behaviors of various actors [5]. 

This research attempts to test a series of hypotheses on how the mechanisms of so-
cial and economic stratification have manifested in urban space and whether popula-
tion dynamics has reconfigured the spatiality of the city landscape. This paper reflects 
upon the challenges surrounding the efforts in recognizing and interpreting the pat-
terns of urban change. Our efforts are directed towards correlating real-world emer-
gent patterns of urban change to contextual knowledge and incorporating them into 
model’s predicting capabilities. Suitability of an extensive set of machine learning 
algorithms for simulation and prediction of urban development is investigated. Our 
long-term goal has been to layout a foundation in terms of a knowledge base and a 
tool that will accommodate future exploration of different research scenarios related 
to urban dynamics. 

2 Integrated Urban Knowledge 

An integrated knowledge base has been proposed as a basis for urban models, a con-
tainer of a variety of traceable information needed for semantic description of the 
urban context. Our research has two interconnected objectives: (1) to explore the fea-
sibility of creating urban knowledge base and a tool to support the construction of 
models of urban dynamics; and (2) to demonstrate the usefulness of this tool in terms 
of exploratory scenario-based case studies. 

The knowledge base (Fig. 1) should provide a means for integrating and intercon-
necting heterogeneous data formats such as urban maps, photographs, cadastre data 
and various unstructured data (A), as well as census data, empirical studies and social 
surveys (B). This effort needs access to data, solicited and gathered by experts in 
various fields (e.g. architects, city planners, local government, social science experts) 
with various solicitation and analytical methods. Semantic heterogeneity, terminology 
differences, inconsistency, redundant data and interoperability are some of the prob-
lems to be encountered. 
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The new directions in information technologies aimed at pervasiveness and intelli-
gence have increased the amount of raw data collection with a potential to increase 
our knowledge of different aspects of social urban life. The employment of a number 
of tools and intelligent techniques could support the process of capturing and visualiz-
ing the observable manifestation of behavior trends and patterns i.e. the urban dynam-
ics (C). Extracting qualitative knowledge from large quantities of data is just the be-
ginning of our search for meaning and plausible explanation of urban dynamics. New 
platforms that combine urban informatics with the more diverse urban-related know-
ledge are yet to be developed and deployed (D). This research is an attempt in support 
of those efforts.  

 

Fig. 1. Integrated urban knowledge 

3 Predictive Modeling of Urban Dynamics 

We can gather evidence and capture the footprints of urban change, though the expla-
nation and interpretation used for modeling purposes must be interdisciplinary, theo-
retically and empirically plausible contributions. We have examined the ways in 
which urban changes might be influenced by various demographic, situational and 
environmental factors that characterize the context of interest. We argue that em-
ployment of intelligent technologies such as machine learning and data mining algo-
rithms provide a potential solution to some of the challenges in urban modeling, espe-
cially automatic extraction and recognition of patterns in vast quantities of diverse 
types of evidence. Explanations of trends and manifestations derived from predictive 
model are more likely to match the reality, because the model accounts for deeper and 
richer relationships underneath data than simplistic statistical analysis. Validation is 
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critical when modeling complex dynamic systems, hence the simulation tool have 
been recognized to serve both purposes, to capture the historical and empirical ma-
nifestations of urban change against which other approaches and models could be 
evaluated, and help in the interpretation and understanding of the studied behavior. 

3.1 Application Overview: Editor Tools 

A variety of image formats (e.g., orthographic image, scanned geographic map, ca-
daster data, AutoCAD image export) could be used as a spatial evidence of the urban 
state at a certain moment in time. Geo-referencing is a necessary requirement for their 
utilization. The image is overlaid with a cell grid with an adjustable cell size as shown 
in Figure 2. Cell type has a special importance in our simulations as a property that 
the model is trying to predict on the basis of past historical records. The timeline in 
the bottom ribbon represents the time period the predictive modeling spans across. 
Editor options give a user capability to set and assign the cells’ properties and their 
values, while the Simulator tool is used for running simulations.  

Color-coding is used for visual distinction between different cell types (Table 1); 
the assignment of colors is determined by the user. The process of cell description is a 
cumbersome and time-consuming process that needs to be repetitively performed for 
all available images of different time periods. Employment of AutoCAD image parser 
facilities the process of cell description (only those subject to change). 

 

 

Fig. 2. Editor tool 

support the representation of citizen-related data that have been shown to have an 
impact on the urban development (e.g., population size, age, income per family, pre-
ferences, proximity to work place). 
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Each cell is assigned with a variety of properties that should be proposed by do-
main experts and researchers from various fields. The set of selected categories hy-
pothesized to have a prominent role in establishing appropriate urban knowledge 
could be broken down into three groups: (1) urban factors, (2) socio-economic fac-
tors, and (3) population (individual and group) factors.   

Trends and circumstances associated with economic development, historic events, 
legislative initiatives, excessive urbanization, and local government policies are im-
portant since they are likely to affect the pace and direction of urban change. Socio-
economic aspects may sometimes constrain, at other times may create new incentives, 
goals and directions for the urban development. The city's population size is included 
to support the representation of citizen-related data that have been shown to have an 
impact on the urban development. Color-coding is used for visual distinction between 
different cell types. 

Table 1. Class legend. 

 Class: Cell Type - Label 
 Undeveloped - A 
 Main Street  - B 
 Peripheral Street - C 
 Industry - D 
 House - E 
 Education - F 
 Park - G 
 Residential + Commercial -H 
 Government Offices - I 
 Apartment Building - J 
 Commercial - K 
 Student Dormitory - L 

 

3.2 Application Overview: Simulator Tool 

We employ a variety of machine learning algorithms such as OneR [6], Ridor [7], 
PART [8], JRip [9], DecisionTable [10], J48 [11], SMO [12], IBk [13], KStar [14], 
NaiveBayes [15] and NNge [16]. The division of data into a training set, used to ex-
tract the patterns, and a test set, needed to evaluate the effectiveness of the predic-
tions, could be adjusted for each run (Fig. 3). A set of features included in the predic-
tive modeling includes not only the cell type and its properties, but also the types of 
its eight neighboring cells. 

The performance results of the available algorithms are compared and the most 
suitable (independently or jointly used) set is selected. Summary results are presented 
in the bottom window, though the detailed results containing total number of in-
stances, number of correctly and incorrectly classified instances, detailed accuracy 
metrics, confusion matrix and other statistics are available in the console output. 
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Fig. 3. Simulator tool 

4 Case Study 

The city of Skopje can be historically recognized as a traditional Balkan city that has 
been through a series of transformations. A succession of hallmark historic events and 
developments, followed by dissolution of preceding urban forms and patterns, has led 
to creation of complex urban strata that overlap and create the unique and complex 
imagery of the city. Different city fragments, each with a unique appearance, were in 
the focus of our study. 

Our goal was to extract the rules of urban change, by modeling the states that dif-
ferent neighborhoods have undergone; from undeveloped land to dispersed residential 
houses to condensed areas with high-rise residential and commercial buildings. Some 
of the areas under investigation remain relatively compact throughout recent history; 
no extensive development until last decades. The study presented in this paper primar-
ily focused on settlement in Skopje for the period from the 1960s. Orthographic im-
ages, scanned geographic maps, cadaster data and AutoCAD image exports were used 
(Fig. 4).  
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Fig. 4. Various urban data (1) Orthographic image (2) Historic geographic map (3) Cadastral 
record. (4) AutoCAD image export 

To validate our models, we run a set of experiments to investigate how accurate the 
selected algorithms are at predicting patterns of urban change. The dataset was di-
vided into a training sample of 1,110,786 cell instances and testing set containing 
480,576 cells. The period from 1960 to 1996 was used to train the model, while the 
time period 1997 - 2013 was used to test the performance. We focus our discussion on 
the performance metrics obtained with PART algorithm, which has shown significant 
precision advantage. A total of 204 rules were generated. For illustration we have 
selected to show the rules regarding two types of residence dwellings, cell types 
House and Apartment Building. The rule-based analysis has revealed several patterns 
of housing residence sprawl shown in Fig. 5a. By urbanizing undeveloped land and 
taking over small parks, condensed and compact areas of houses emerged, reducing 
the space between a house and a peripheral street and diminishing the green zones.  
The emergent trends are in line with the rules derived with cellular automata model 
[17] although extended with new patterns, which could be clearly pinpoint to the ex-
act time periods and related to socio-economic and population factors. While small 
isolated green zones were swallowed by housing development, and enlargement of 
existing commons (cell type Park) was detected as 4 rules (not shown).  

The set of rules that pertain to transformation of cells into cell type Apartment 
Building shown in Fig. 5 are a clear evidence of the aggregation patterns resulting in 
clusters of buildings around cells already classified as buildings taking over neighbor-
ing houses or isolated park cells. A number of rules have provided a clear demonstra-
tion of transformations concerning main streets as well as the enlargement of industri-
al complexes (not shown in figures). 
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Fig. 5a. Transformation rules for cell type 
 House 

Fig. 5b. Transformation rules for cell type 
Apartment Building

The significance of the rules and their effectiveness in prediction of other time pe-
riods based on the rules discovered in historical data was also explored. Two types of 
analyses were performed differing in the number of test cells. The first one has con-
centrated only on the cells that undergone changes; in the second one all cells were 
considered, consequently the error numbers resulting from false predictions that a 
change will happen when in truth it did not occur were accounted for. Not surprising-
ly, most of the algorithms performed within the highest precision levels (98% - 99%) 
when all cells were considered due to the large difference between the total number of 
cells (in the order of 106) and the number of cells that experienced change (in the 
order of 103). 

The confusion matrix for 8 out of 12 classification classes/cell type is presented in 
Table 2 and the corresponding performance metrics, namely accuracy and precision 
results for the selected classes are shown in Table 3. NBTree algorithm (a total of 660 
leaves), J48 have also exhibited high levels of precision.  

The use of data mining has allowed us to obtain effects and contributing factors, 
which are difficult to be derived by analytical resolution only. The changes revealed 
the significance of economic growth, demographics change, proximity, and neighbor-
hood conditions on patterns of change in urban forms (type). Predictive modeling has  

Table 2. Confusion matrix for 8 out of 12 classes.  

Classified:  B C E F G I J K 
B 0 0 0 0 0 0 0 0 
C 0 0 0 0 0 0 0 0 
E 9 1 659 0 2 0 5 0 
F 6 1 1 1011 0 0 7 0 
G 0 0 0 0 385 0 0 0 
I 0 0 0 0 0 60 0 0 
J 0 1 2 1 0 0 958 0 
K 0 0 0 0 0 2 0 886 
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Table 3. Precision and recall for each class; 1 and 2 denote the algorithm versions with and 
without automatic error corrections before each time steps, respectively. 

B C E F G I J K 
Precision 1 0 0 99.54 99.90 99.48 96.77 98.76 100 

Recall 1 * * 97.48 98.53 100 100 99.58 99.77 
Precision 2 0 0 99.46 98.89 100 96.77 90.79 100 

Recall 2 * * 82.24 95.71 100 100 98.44 99.77 

provided a starting point for multidisciplinary discussions, rules and trends that need 
to be interpreted by experts with a potential to be useful for decision making. 

The performance metrics show great sensitivity to several features, the number of 
cells, cell size and time step in particular, which could be varied to achieve more effi-
cient simulation cycles. Exploration into efficiency gains provisioned by new exten-
sions to the set of semantic cell properties and/or cell agglomeration (depicting a re-
gion instead of a cell) invite further research efforts. Several aspects that would seem 
to be worthy investigating include the possible ways to account for incident local 
decisions and rare events, which seems to deteriorate the prediction performance for 
almost 20% and 3% for analysis number 1 and 2, respectively. 

Our current efforts are directed toward predictive modeling of urban development 
by introducing variable sets of population and socio-economic variables - moving 
beyond the narrow focus on physical accessibility and the environment – and analyz-
ing their correlation and significance within different machine learning algorithms. 

5 Conclusions 

We have discussed a set of basic questions that arise in the design and use of urban 
models, focusing on two main issues: the role of semantic enrichment and intelligent 
technologies in the process of discovery and explanation of emergent patterns of met-
ropolitan change, and the predictive analysis as a way to make informative decision 
regarding urban planning. Our experience points at the relevance of applying intelli-
gent technologies and predictive modeling that may help in understanding and 
representing urban phenomena. Still in the early phases of exploratory testing and 
model implementation, the proposed integrated data mining approach provide a prom-
ising start in building a foundation for urban modeling that aims at being both theoret-
ically- and empirically-based. 
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Abstract. E-Governance initiatives that leverage the potential of information 

and communication technologies have had a high positive influence in enabling 

and transforming government services in many countries. However the extent 

of ICT usage for e-governance is characterized by wide disparity between 

developed and developing countries all over the world. In addition factors like 

strategy, enterprise architecture and interoperability   play a significant role in 

providing the right impetus to E-Governance. This paper provides a  broad 

review    of  some of the well cited work, then provides the necessary 

motivation and necessity for research by addressing the challenges evolving  

out of the work on strategy, Enterprise Architecture and Interoperability. Lastly, 

the work lays the groundwork for proposing an integrated conceptual 

framework with the  suggested methodology  and  the direction  for future 

work.   

Keywords: Strategic Alignment, Enterprise Architecture, E-Governance, 

Interoperability, Fit and Framework. 

1.   Introduction 

       E-Governance initiatives that leverage the potential of information and 

communication technologies have had a high positive influence in enabling and 

transforming government services in many countries [1, 8].  Public sector like E-

Government organizations create the backbone for the administrative infrastructure – 

maintaining responsibility and authority chain of protocol, identifying key 

administrative and business processes and their operational relationships [45, 10]. 

Alongside, the IT infrastructure is expected to provide strategic value to all the 

stakeholders of this E-Government public sector. This implies  taking the right step 

towards the right strategic balance, the right strategic fit and the desired  strategic 

alignment [3, 24, 42] of technology and the organization imperative for E-

Government performance. 

        One of the top priorities for the government CIOs (or, bureaucrats) remains the 

strategic alignment of IT with government strategies. In the government sector where 

there are multiple stakeholders and also characterized by poor strategic planning and 

unplanned infrastructure deployment, this strategic alignment is difficult if not 

infeasible. This results in lack of justification for IT investments and the overall 

benefits of IT to the organization becomes unclear. Thus, to achieve a right strategic 
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fit the organization need to focus on return on investment (ROI) [19 – 21]) on the IT 

infrastructure, achieving satisfactory quotient of citizen-centric services and also 

providing a vision to change or align or create new systems to balance the impact of 

new citizen requirements or services or opportunities to be incorporated [45]. 

Drawing on the concepts of strategic alignment model, an E-Government strategy 

should also be aligned with the government organization‟s strategy. 

Several scholars have examined how information technology investments contribute 

to firm performance in the business context (eg: [47]. Using resource based view [54] 

it has been suggested that that firms should focus on creating enterprise –wide IT 

capability rather than merely invest in IT.  This enterprise-wide IT capability to 

achieve sustainable competitive advantage is created by integrating three aspects of a 

firm‟s IT capability: IT infrastructure, human IT skills and IT enabled intangibles. IT 

infrastructure refers to the physical IT assets consisting of the computer and 

communication technologies and the shareable technical platforms and databases 

[47].   

[48] have argued  that  the average firm experiences performance benefits from 

investments in different IT assets along dimensions consistent with the strategic 

purpose of the asset.  E-Government interoperability [5, 22] in enterprise architecture 

is an IT infrastructure capability and a crucial issue for effective and efficient E-

Governance. Some studies have reported objective approach to E-Governance 

performance measurement [43] However E-Governance research using theoretical 

approach has been reported as very scarce in previous studies [6, 34].   

Thus, effective and efficient usage of ICT  would require incorporating a suitable 

strategy in the case of E-Government, which in turn implies  strategic planning or 

strategic programming [49].  This basically means making it work the strategy or plan 

an organization already has.  This definition of strategy is further implied in the 

document prepared by the Department of Information Technology (Ministry of 

Communications and Information Technology, Government of India) where it clearly 

outlines E-Government as one of the components of its overall strategic plan [28-31, 

51]. 

This work seeks to review and understand the relationship among E-Government 

strategy, IT infrastructure capability  elements i.e.,  enterprise architecture and, 

interoperability and achieving strategic alignment as a necessity for effective E-

Governance. Section 2 provides a detailed  literature review on the factors under 

consideration, section 3 then provides the necessary motivation and the necessity for 

research by addressing the challenges evolving  out of this work on strategy, IT 

infrastructure capability elements and strategic alignment. Section 4  addresses the 

research questions that evolve from the study while sections 5 and 6 eventually lay 

the groundwork for proposing the integrated conceptual framework  and the suggested 

methodology. Sections 7, 8 and 9  discuss the significance of the work, summarize the 

conclusion and the future direction of work. Finally, section 10   lists the references. 

          
2.   Theoretical Background 

[49] states that strategy  is a process interwoven with all that it takes to manage an 

organization. This definition of  planning and redefining processes in an organization   

for better performance fits quite well into the realm of E-Government where the basic 
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goal  is providing better services to citizens and not to gain  competitive advantage 

[7]. Henceforth, this work refers to the term „strategy‟ in the context of E-Government 

as defined   by [49].   

Previous studies have highlighted two important issues that require further attention in 

E-Governance research: (i) right choice of ICT infrastructure for interoperability   to 

provide more effective and efficient citizen–centric services (ii) aligning government 

strategy and objectives closely with ICT infrastructure for achieving a good fit [9, 14, 

32, 34, 41, 43, 46 – 48].  The impact assessment studies of 36 E-Government projects 

in 12 states of India [50, 53]  focussing on three services (i.e., issue of copies of land 

record, registration of property and issue of driver‟s license) have reported 

unsatisfactory state of citizen centric services. The problems involve lack of inter-

departmental integration, mix-mode delivery of computerized and manual services 

and lack of IT governance highly visible in the administrative structure. These issues 

allude to the lack of alignment of intended goals with the choice of technology.   

E-Government [2] performance has been the focal point of several previous studies. 

Some such studies have provided useful insights for policy making. [43] analyzed 18 

cases from different federal bodies in the United States including both the private and 

the public sector to understand the applicability of the strategic information 

management (SIM) best practices to measure performance in terms of improved 

service delivery and positive return on government technology investments.  These 

SIM practices   became the foundation of the Information Technology Management 

Reform Act of 1996, later renamed the Clinger-Cohen Act of 1996.   [44] in his work 

addresses the four stage and the five stage models used by different researchers and 

practitioners for E-Government development.   

Strategic management literature has shown “fit” as a fundamental concept as business 

policy is rooted in the matching or alignment of organizational resources with 

environmental opportunities and threats [26]. Other expressions used in this context 

are ‘fit’ [26], ‘harmony’ [13] ‘integration’ [14], ‘linkage’ [15],  ‘bridge’ [16] or 

„fusion‟ ([17-18].    

The literature on E-Government infrastructure capability in terms of enterprise 

architecture and interoperability [4, 8, 41], in its broad sense, also highlight that   it  is 

the ability of constituencies to work together.   

To summarize, the related study in the sections below examine the role of fit between 

strategy and ICT Infrastructure capability elements i.e., enterprise architectures and 

interoperability frameworks   in attaining desired outcomes in the context of E-

Governance.  

 

2.1     Strategic Alignment and related Frameworks 

There is no one universally superior mode to formulate and implement strategy at 

the organization level as highlighted by Henderson and Venkatraman [12, 15].  

Luftman et al., [13] extend the Strategic Alignment model proposed by Henderson 

and Venkatraman to highlight how business transformations can impact the enterprise 

through the strategic application of IT.  Maes et al., [11] lay the  foundation for 

further research into the concept of alignment as a real tool for management and by 

introducing a structural component and an information and communication system 

component as a middle layer in SAM. Their work proposed the unified framework by 
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refining the generic Framework for Information management by Maes and then 

applying the Integrated Architecture Framework by Goedvolk [23].   

David Avison et al., [24] highlight the use of Strategic Alignment Model (SAM) in 

a financial services firm using empirical research to show that SAM has conceptual 

and practical value.   

Chan et al., [25] provide an excellent review of alignment literature from various 

perspectives, various challenges to the value of alignment research and the divergent 

views.  [27] summarizes the list of researches that have reviewed the relationship 

between IT-business alignment and business performance using the suggested 

perspectives of [26] and shows the results. 

        

2.2    Frameworks for E-Governance Assessment  

 

Different approaches and frameworks exist to measure E-Government success; 

however, what is required is a comprehensive framework for E-Government 

assessment. 

Zakarya et al., [32] analyze the issues associated with e-government adoption by 

alignment of IT infrastructure with work  processes in public sector and classify the 

barriers that might complicate the implementation of this alignment.   Davidson et 

al.,[33] in their work develop  a model that can explain the “government to e-

government” transition process.  Heeks et al., [34] provide a review of E-Government 

literature and suggesting ways of strengthening E-Government research  and also 

delving into issues that constrain development of E-Government as a research field.   

The STOPE model [35] identifies strategy, technology, organizations, people, and 

environment as the core components for the development of E-Government in the 

digital age. The dimensions for assessment from the STOPE framework are: strategy, 

technology, organization and environment. Esteeves et al., [36] propose a  three 

dimensional framework for the assessment of eGovernment initiatives. The 

components of EGovernment Assessment Framework (EAM) include constructs from 

both a social and technical perspective.   

 

 2.3 ICT Infrastructure Capability: Enterprise Architecture  and 

Interoperability     

 

Enterprise Architecture is a coherent whole of principles, methods, and models that 

are used in the design and realisation of an enterprise‟s organisational structure, 

business processes,   information systems, and infrastructure.  “E-Government 

interoperability [8], in its broad sense, is the ability of constituencies to work together. 

At a technical level, it is the ability of two or more government information and 

communications technology (ICT) systems or components to exchange information 

and to use the information that has been exchanged to improve governance. Thus 

enterprise wide architecture [47] and E-Government interoperability [41] enables one-

stop, comprehensive online services for citizens and businesses by linking the diverse 

services that are offered by different agencies.   
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2.3.1  Frameworks for Enterprise Architecture 

Different  frameworks for Enterprise architecture  have been proposed. J. A. Zachman 

et al., in his work [37-38] identifies  enterprise architecture as  a holistic view of an 

entire organisation.  This multi-perspective approach to architecting systems is what 

Zachman originally called the information systems architectural framework and later 

renamed as enterprise architecture framework and more popularly called the Zachman 

framework for enterprise architecture.  The Open Group Architectural Framework 

(TOGAF) [39] views the world of Enterprise architecture as a coninuum of 

architectures, ranging from highly generic to highly specific.   

Federal Architectural Framework (FEA) [40] developed by US government is a 

business-based framework for cross-agency, government-wide improvement,Q which 

consists of five reference models.  FEA is the most complete of all methodologies 

described so far. It has both a comprehensive taxonomy like Zachman and an 

architectural process like TOGAF.  

 

2.3.2  Frameworks for E-Government Interoperability    

 

“E-Government interoperability can be achieved [22] through the adoption of 

standards –“agreement among independent parties about how to go about doing 

some task”– or through architecture –“the fundamental organization of a system 

embodied by its components and their relationships to each other and to the 

environment, and the principles guiding its design and activity.”  Guijarro [41] 

highlights the  initiatives carried out by e-government agencies in the interoperability 

arena, which have produced the corresponding interoperability frameworks in 

different parts of the world.   

 

3. Motivation and Necessity for Research: Challenges in Strategy and  ICT  

Infrastructure Capability 

  

The work related to E-Governance has to be evaluated from different perspectives. 

Any  effective and efficient usage of ICT  would require incorporating a suitable 

strategy in the case of E-Government, which in turn implies  strategic planning or 

strategic programming [49].    

The work on E-Governance might be  subject to the limitation [32] that not much 

literature available on E-Government project implementation, might be too theoretical 

like the work by [33] involving historical and longitudinal studies of the government 

to e-government transition process in different governments around the world could 

be needed to test the validity of the model. Also Heeks et al, [34, 52] conclude that 

overall, most of the research on E-Government  does not add to the body of theory. 

Nor does it significantly help to improve practice. For most work, then, there was no 

link between theory and practice because there was neither theory nor any particular 

practical value.  Lastly, the work on frameworks [36] requires further validation by 

testing on heterogeneous  E-Government projects.   

With increasing complexity of software design and implementation in the current 

distributed and heterogeneous environment, an enterprise architecture framework that 

defines various layers and interfaces for ease of IS development in future has to be in 
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place first. This framework will act as a blue-print for any upgradation or 

diversification of  existing set of ICT solutions in place. Further, the ISA framework 

[37-38]  is a taxanomy based  representation based on analogy concepts whose wide 

applicability is to be seen in the context of  enterprise information systems and for our 

work in particular it has to be an enterprise wide E-Government solution 

implementing  plans and processes within  the organization [49] to realize an   

effective E-Government strategy. 

E-Government interoperability has become a crucial issue because recent ICT 

investments have reinforced the old barriers that made government decision-making, 

not to mention citizen access to public services, difficult. In a number of 

governments, agencies are deploying new ICT systems with specifications and 

solutions relevant to their particular needs but without adequate attention to the need 

to connect, exchange and re-use data with other agencies‟ ICT systems. The result is a 

patchwork of ICT solutions that is not always compatible with each other and an e-

government programme that does not meet its goals. 

  

4.  Research Questions 

 

The extension of section 3 leads the authors to  pursue the following broad research 

objectives: 

• What are the elements of E-Government strategy and ICT attributes that are 

important in the choice of technology in E-Government? 

• How strategy  and Enterprise Architecture lead to strategic fit in E-

Governance? 

• How Strategy and Interoperability lead to strategic fit in E-Governance? 

• How does right Strategic Alignment  promote e-governance outcome? 
  

5.  Proposed Framework    

      The study will explore  the elements of E-Government strategy and ICT attributes that 

are important in the choice of technology in E-Government. Whether the relationship 

of  fit of strategy and ICT infrastructure elements will lead to a right approach for 

achieving the desired outcome will be identified. Also how strategy  and Enterprise 

Architecture  along with interoperability lead to strategic fit in E-Government project?   

 

6. Methodology 

 

Due to the diversified, heterogeneity and vastness nature of the data  and the 

exploratory nature of information to be collected, a survey method of data collection 

is proposed. Initially, qualitative data will be collected through interviews, discussions  

and literature reviews. This will aid in the formulation of the research framework, 

identification of variables and formulation of questionnaire. This will be followed by 

a quantitative method of data collection. Both paper form and softcopy of the 

questionnaire will be used for circulation. 
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7.  Significance of the Study 

  

The research work builds on the existing literature on ICT strategy and ICT 

infrastructure capability that together will extend the work  on improving performance 

in case of E-Governance.  From the industry perspective, this research would help in 

providing a methodology to  identify right set of ICT infrastructure elements fitting  

the E-Government strategy to achieve a right strategic alignment. Lastly, from a 

social perspective, this work will provide an integrated framework for various E-

Government implementations that will help in providing better citizen-centric services 

overall.  

 

8.  Conclusion   

The work in this paper highlights broadly the work done by researchers on the 

relationship  of E-Governance to various dimensions  like strategy, enterprise 

architecture  and interoperability. The literature is also critical on many issues where 

the frameworks are more as theoretical models rather than acts as practical ready to 

use methodologies. E-Governance initiatives that leverage the potential of 

information and communication technologies have had a high positive influence in 

enabling and transforming government services in many countries. However the 

extent of ICT usage for governance is characterised by wide disparity between 

developed and developing countries all over the world. Broadly stated, the review of 

the work provides the necessary motivation and necessity for research by addressing 

the challenges evolving  out of the work on strategy, enterprise architecture and 

interoperability. Finally, the work  lays the groundwork for proposing an integrated 

conceptual framework  along  with suggested methodology and direction  for future 

work.    

 

9.  Future Direction of Work 

The proposed framework  for E-Governance will lead to following additional tasks as 

part of the future work: 

 Qualitative Study 

- Discussions and Interviews 

- Identifying concepts as abtractions  

- Composing constructs as operational definitions 

- Formulating hypothesis 

 Quantitative Study 

- Developing and   administering the Questionnaire  

- Conducting Empirical tests 

- Testing of Hypothesis 

- Result Analysis  
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Abstract. This paper presents an online playlist management system designed 

to provide easy and intuitive management of audio and video playlists. Playlists 

can be uploaded, combined, downloaded, but also created online and stored for 

listening. Sharing of playlists is also enabled. State of the art AJAX 

technologies have been used to developed a fast and intuitive user interface. 

 
Keywords: music, playlist, multimedia, acoustic fingerprint, YouTube 

1   Introduction 

Online multimedia content has been present for a while and is now emerging as the 

main source of home entertainment.  IPTV, Video on demand and pay-per-view 

services replace deprecated audio-video technologies. The use of Internet services like 

YouTube enable easy access to multimedia content, but also provide possibilities for 

developing additional functionalities based on those services. 

Our system enables uploading playlists of multimedia links by users for the 

purpose of manipulating and combining the lists for later consumption. Moreover, it 

enables importing songs from multiple playlist formats. This feature enables 

combination of songs that the user has stored on his local drive within a file with a 

standard playlist format extension such as m3u and gives the user an opportunity to 

create a playlist that is not created directly from our system. 

Currently there are few similar playlist management systems. We are going to have 

a review of YTPlaylist [6] and YouTube Disko [7]. Both of them have a lack of 

functionalities when it comes to saving the current playlist. The first one has a less 

intuitive user interface while the second has a great interface but it has a problem with 

subsequently playing songs from the created playlist. Other sites that were evaluated 

required registering of the users, which we found very frustrating for the users. Also, 

no other system was found that enables import or export of local playlists. Overall, 

our system has both the functionalities and user interface that other similar systems 

lacks.  
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2   System architecture 

The system is mainly based on JavaScript codes and functions from the jQuery 

library. JavaScript is mostly used for communicating with the YouTube streaming 

server. YouTube APIs and Tools [4] enable bringing YouTube experience to user 

developed third party systems. Using these APIs helps integrate and subsequently 

play songs from a given playlist in an embedded player. JavaScript function calls can 

be made to play, pause, seek to a certain time in a video, set the volume, mute the 

player and other useful functions. 

Standard playlist format files can also be imported into our system. The main 

problem with this feature is how to find the name of the song mentioned in the 

playlist. An M3U file is a plain text file that specifies the locations of one or more 

media files. It is supported by applications, including media players such as Windows 

Media Player,iTunes, Winamp and many others. The m3u file contains a specification 

of the local path of the songs and a URL pointing to a stream on the Internet. Each 

m3u file provides easy access to this stream. If the song is a part of an m3u or other 

text based formats it is very likely that they contain meta data about the artist, full 

name of the song, local path and URL path.  If some of those parameters are missing, 

the name of the song and the artist needs to be found using acoustic fingerprinting [8]. 

Searching for an open source implementation of acoustic fingerprint we found 

Echoprint [9] as most suitable for our system. Echoprint is a music identification 

service that listens to music signals and returns the name of the song. 

 

Fig.1. How Echoprint works 

 Once we have the name of the song, either by the metadata of the playlist or by 

acoustic fingerprinting, we can retrieve the You Tube video. The name of the song is 
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searched with the You Tube search engine integrated into our system and the result is 

filtered by a combination of a video with most views and quality of sound. We are 

using YouTube APIs and Tools to retrieve the quality of sound and views of the 

videos which result from the given keyword. The user can choose which parameters 

to be considered in the result. Initially  the algorithm will put the video with most 

views into the playlist . The user can make a combination between views , quality of 

sound , date of release and other parameters. Using JavaScript we get the most 

suitable video according to the given parameters. 

We use Java (Spring Framework) for saving and reusing the playlist one user has 

made on his local disk. Java gives a explicit specification of the unique timestamp 

which is generated for each playlist that is requested for downloading. This is used for 

the assurance that no two different users will download a playlist from the server that 

they didn’t make, the unique timestamp enables us to give the users their playlist for 

downloading even if they request that in the same time.  

JQuery is a JavaScript library used to simplify the process of making a user 

interface. We use JQuery because of the following: 

 

-  It is a cross platform library  

-  It is easy to use and understand  

-  Most popular library among the developers 

-  Open source software 

-  Requires less coding 

-  Easy to make AJAX call 

 

JQuery is used for organising the playlist using Drag&Drop  from the default 

JQuery user-interface library. Thanks to the concepts of cross platform code our web 

layout is consistent, we have tested it on multiple operating systems and multiple web 

browsers including Google Chrome, Safari, Mozilla Firefox. 
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Fig.2. The systems architecture. 

3   User interface 

State of the art AJAX technologies have been used to developed a fast and intuitive 

user interface. The user interface and it’s performance is essential for the system’s 

adoption. We made a research in which we found what users demand for such a 

multimedia online system.  

They demanded several important features: 

 

-  Simplicity 

-  Speed 

-  Player with familiar interface 

-  Reusing playlist’s  

-  Manipulating with a given playlist 

-  Using site without making user account 

-  Search for songs in categories or by name 

-  Responsive web design 

 

Responsive design is a whole new approach to web design. We are faced with a 

rapid growth of the smartphone and tablet industry. Facing this trend we adapted our 

site to various types of devices and various display sizes. Our site is built with flexible 

layout using a flexible grid, which can be resized dynamically to any width. Flexible 

grids are using relative length units that are used to declare property values such as 
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width, margin or padding. This leads to a completely dynamic website scaling to 

every viewport size. 

The system was developed as a web application without user profiles. When the 

user opens the page the first thing noticeable are the top 10 videos for the current 

week. He is faced with the choice of either using a playlist that he made before from 

his local drive or make a new one from scratch. If the choice is to make a new 

playlist, the users can simply Drag&Drop songs into the playlist from: 

 

-  The YouTube search integrated on the main page 

-  Already created playlist from local disk 

-  Top 10 songs  

-  Random songs from a given category 

-  Locally stored playlist’s 

 

 As long as the user doesn’t clear the playlist or clear the cookies in the browser, 

the playlist that he made before he left the page will remain there every time he visits 

the page. The concept of Drag&Drop is quite intuitive, very easy to use and very easy 

to understand. When the user is done choosing the playlist, he can click play letting 

the system to play the songs in a row. Before leaving the page or clearing the current 

playlist, the user can save his current playlist for future use. Part of the user interface 

is shown on the Figure 3. 

 
Fig.3. Part of the website’s user interface 

4   Evaluation 

The system was evaluated by its initial group of users. Their opinions were assessed 

using a questionnaire that consists of 15 questions. Each question was in a form of 

statement graded by the users with one of the grades: Strongly Disagree, Disagree, 

Undecided, Agree, Strongly Agree. The overall test user group that responded to the 

questionnaire contained 25 people. We used Google forms [1] to generate a survey 

form and retrieve the answers. 
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The evaluation results generally show a positive attitude towards the presented 

system prototype. Figure 4 shows a graphical representation of the answers for the 

Accessibility and Navigation questions in the poll. The navigation functionality is 

extremely positively graded since all functionalities are contained within the 

homepage. The accessibility has a certain number of undecided grades since not all 

users had the opportunity to test the application on a touch device, nor did they have 

eyesight problems therefore were unable to give a valid response to the particular 

question. 

 

Fig.4. Feedback for the Accessibility and Navigation questions. 

The graphical representation in Figure 5 shows the answers  on the questions on 

Layout and Learning. An effort was made to fine tune the interface to be consistent 

across different most popular browser engines. However, the lack of support by 

Internet Explorer for new CSS rules, made some small differences in the rendering of 

the webpage there. As a consequence, the grades on A6 and A7 about the consistency 

and browser displaying are somewhat divided, although generally positive. The 

remaining questions had better grades since great attention was paid to the ease of 

learning and an intuitive interface development. 
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Fig.5. Feedback for Layout and Learning questions. 

The final overall evaluation of the system based on the responses on questions A12 

– A15 are shown in Figure 6. The majority of users, approximately 50%, in each 

question gave an agree or strongly agree evaluation. The remaining undecided users 

only commented on the incompletion of the system, while the general idea and 

progress so far was positively graded. 

 

Fig.6. Feedback for Quality questions. 

4   Conclusion and future work 

The system presented in this paper is aimed at enriching the online user experience. 

Users can create and store multimedia playlists that can be viewed and enjoyed as 
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well as shared. The attractive user interface and the ease of use are expected to bring 

multiple users to the system. 

The initial user group faced with the system prototype was polled to evaluate their 

user satisfaction and their opinions regarding the system. A generally positive 

evaluation was received along with remarks aimed at constructive upgrades and 

necessary changes. It can be concluded that the initial idea and the first steps have 

been in the right direction, and there is plenty of room for upgrades and additional 

features such as playlist generation algorithms [2] or even using Youtube as a 

teaching tool [3] to be added. 
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Appendix: Questionnaire 

The questions in the survey were as follows: 

 

 

Accessibility 

A1. I can operate the system on a touch screen device 

A2.  The font size and style is easy to read 

A3. The content is readable if you have a disability regarding your eyesight. 

 

Navigation 

A4. The major parts of the site are directly accessible from the main page 

A5. The site search is easy to access 

 

Layout 

A6.  My browser displays all information correctly  

A7. The site has a consistent look and feel 

A8. The expected functionalities are placed in the position I expected 

A9. The labels location and format is consistent 
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Learning    

A10. Easy to learn manipulation with songs in playlists  

A11. Easy to learn playlists manipulation 

 

Quality 

A12. The web design is good and attractive 

A13. The site is well-structured and correlates to my requirements 

A14. Easy to use 

A15. Positive overall evaluation 

 

The answers given by the users are summarised in Table 1. 

Table 1. Evaluation results. 

Q-n  Strongly 
Disagree Disagree Undecid. Agree 

Strong 
Agree 

A1 3 4 8 5 5 

A2 1 2 5 10 7 

A3 1 5 12 4 3 

A4 0 1 3 6 15 

A5 0 1 4 5 15 

A6 4 3 4 6 8 

A7 5 4 3 7 6 

A8 2 5 3 8 7 
A9 1 3 5 6 10 

A10 1 5 6 10 3 

A11 2 2 6 8 7 

A12 1 3 6 8 7 

A13 3 2 5 9 6 

A14 3 2 6 7 7 

A15 2 4 6 7 6 
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Abstract. Data mining is a computational approach aiming to discover hidden 

and valuable information in large datasets. It has gained importance recently in 

the wide area of computational among which many in the domain of Business 

Informatics. This paper focuses on applications of data mining in Customer 

Relationship Management (CRM). The core of our application is a classifier 

based on the naive Bayesian classification. The accuracy rate of the model is 

determined by doing cross validation. The results demonstrated the applicability 

and effectiveness of the proposed model. Naive Bayesian classifier reported 

high accuracy. So the classification rules can be used to support decision 

making in CRM field. The aim of this study is to apply the data mining model 

to the banking sector as example case study. This work also contains an 

example data set related with customers to predict if the client will subscribe a 

term deposit. The results of the implementation are available on a mobile 

platform. 

 
Keywords: CRM, Customer Relationship Management, Decision Support. 

1   Introduction 

In this new era, companies have begun to give more attention to customers‟ personal 

preferences. A high consideration of the customers‟ personal preferences is 

considered to be a very important aspect of the nowadays functioning of the 

companies. CRM focuses to the managerial aspects of organizational communication 

to the customers and prospects. Raising the customer satisfaction is one of the main 

subjects of interest in this area. One to one marketing strategies began to come to the 

fore. These are only few contemporary actual examples putting the whole CRM 

concept in the focus of many researchers [3][9]. 

     The main purpose of this study is an implementation of Data Mining algorithm for 

extracting hidden information from the corporate databases and datasets that 

companies can use in decision making process. This valuable information is accessed 

via a WCF service and presented on a mobile platform [2]. 

    As a case study, customer dataset provided from a bank was used to predict if the 

client will subscribe a term deposit Bayesian Classification is implemented on this 
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dataset. A decision support system is generated to help the institution to predict the 

behavior of a new customer. This prediction is presented on a mobile platform. The 

decision support system is accessed via WCF service. 

2  Data Mining and CRM 

Data mining has a great contribution to the extraction of knowledge and information 

which have been hidden in a large volume of data[5]. The concept of customer 

satisfaction and loyalty (CS&L) has attracted much attention in recent years. A key 

motivation for the fast growing emphasis on CS&L can be attributed to the fact that 

higher customer satisfaction and loyalty can lead to stronger competitive position 

resulting in larger market share and profitability [6].  

      “CRM is an integrated information system that is used to plan, schedule and 

control the pre-sales and post-sales activities in an organization. CRM embraces all 

aspects of dealing with prospects and customers, including the call centre, sales-force, 

marketing, technical support and field service. The primary goal of CRM is to 

improve long-term growth and profitability through a better understanding of 

customer behavior. CRM aims to provide more effective feedback and improved 

integration to better gauge the return on investment (ROI) in these areas.” [10] 

      The core part of CRM activities is to understand customer requirements and retain 

profitable customers. Data mining techniques such as classification, clustering etc, 

have important role to play in CRM applications. With data mining applications, 

databases, records in large companies can be converted into meaningful information. 

In fact through these processes important knowledge and information are extracted 

from the large volume of data, where they have been hidden previously [1][6]. 

3 Naïve Bayesian Categorization 

Bayesian classification can predict class membership probabilities. Naïve Bayesian 

classifiers are based on Bayes‟- theorem. They are shown to be very powerful tool in 

data mining and decision support systems consequently. In this approach learning is 

formulated as a form of probabilistic inference, using the observations to update a 

prior distribution over hypotheses in Bayes classification [5]. 

Given a hypothesis h and data D which concerned with the hypothesis: 

 

                                      (1) 

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

62



 

P(h): independent probability of h (prior probability) 

P(D): independent probability of D (data evidence) 

P(D|h): conditional probability of D given h (likelihood) 

P(h|D): conditional probability of h given D (posterior probability) 

 

The goal of Bayes Theorem is to speficy the most probable hypothesis from the 

given data D. 

Prior probability of h, P(h): is the probability of being h is a correct hypothesis. 

Prior probability of D, P(D): is the probability of training data D will be observed 

.Conditional Probability of observation D, P(D|h): is the probability of observing data 

D given some world in which hypothesis h holds [1].  

     Naive Bayes aims to simplify the estimation problem by assuming that the 

different input features are conditionally independent. That is, they are assumed to be 

independent when conditioned on the class. Mathematically, for inputs x ∈ R^d, it is 

expressed as: 

                                                 (2) 

 

For this reason, it is only needed to get P(Xi | C) for every possible couple of a 

category and a feature-value. 

3.1   Continuous Data   

Bayesian categorization normally deals with categorical data. But in our case, 

continuous attributes exist in dataset. To classify continuous attributes, Gaussian 

distribution is used. 

If attribute X has continuous values instead of categorical values, for calculating P 

(Xi | Y), Gaussian distribution is used to calculate the probability of X (P(X|Y)). 

For each combination of a continuous value Xi and a class value for Y, yk, has a 

mean,  μik , and standard deviation(variance) σik based on values Xi in class yk. 

For estimation P(Xi | Y=yk) of this example,  Gaussian distribution of Xi is defined 

by μik(mean) and σik (variance) depends on Y: 

 

 

                                                                                                                                   (3) 

4  Implementation 

The dataset used in this case study, is about a marketing campaign of a bank. It 

consists of 30902 records. Attributes of the dataset are related to customer 

information such as age, job, marital status etc and related with the last contact of the 
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current campaign such as contact (contact communication type), duration (last contact 

duration, in seconds) and campaign (last contact duration, in seconds).  

 

Bayesian classification method is implemented to analyze this dataset. The classifier 

will predict the customers belongs to which class that should have highest posterior 

probability. The customer information accumulated by a Portuguese banking 

institution is used to identify customers and provide decision support.  

 A data model is generated based upon the history of the customers in the bank. In 

this application, the dataset is obtained from the UCI machine learning repository 

(http://archive.ics.uci.edu/ml/). Aim of the classification is to predict if the client will 

subscribe a term deposit or not [8]. 

Note: Unknown values are omitted from dataset. 

 Banks have numerous individual retail customers. They uses CRM because of its 

analytical abilities. CRM helps the banks to increase the cross sell performance and 

manage the churn rates (customer defection rates). Data Mining models may be used 

to define the customers which are eager to confirm cross sell offers, which are about 

to be lost and what can be done to win them again. 

 Dataset is stored in Microsoft SQL Server 2008 inside the database BankDB. The 

Data Mining operation is applied to data. This operation is converted to a WCF 

service. 

 Architectural design of the application is as in the Figure 1. WCF service [7] 

connects to database and reads data from database or writes into the database. From 

the application, WCF service is called for computing the Bayesian classification. 

Phonegap[4] which is a “write once, run everywhere” platform connects to WCF 

services. It enables to run the application on all operating systems like IOS, Android, 

Windows mobile etc... 

 

 

 
Fig. 1.  Architectural design 
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     The application is developed on Android platform (Android 4.1.2) using 

PhoneGap (version 2.1.0) technology to connect to the service and return the result.  

PhoneGap is an open-source development tool for mobile cross-platform App 

publication that uses device-agnostic wrappers like HTML, Javascript, and CSS, that 

can be rapidly deployed on Android, Blackberry, and iPhone platforms. 

4.1   Implementation of Naïve Bayes Classification  

Bayesian calculation is done by using the dataset and the probabilities of each 

variables are written into database when the method BayesianCalculation() is called 

from WCF service.  

At first, model is constructed with training set and tested with test set. Figure 2 

shows the model construction diagram. In training set, output classes of samples are 

known. There are categorical and continuous attributes in dataset. Figure 2 includes 

some of them.  

 

 

Fig. 2.  Model construction 
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Table 1.  Probabilities of categorical attributes 

 

Some of the inputs such as age, balance, duration and campaign have continuous 

values in the dataset. So they are handled by Gaussian distribution. 

Probabilities of all categorical attributes when output class y is „No‟ and output 

class y is „Yes‟ are calculated and shown in Table 1  for the dataset used in the 

application. 

Mean and variance of each continuous attributes when output class y is „No‟ and 

output class y is „Yes‟ are calculated and shown in Table 2. 

 

Table 2.  Mean and variance of continuous attributes 

 
 

As an example, following sample customer data is an evidence for Bayesian 

Classifier. 
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Table 3.  Example customer data 

 
 

     Probabilities of each classes for given sample customer data and Gaussian 

distributions for continuous attributes and each general class probabilities (P(yes) and 

P(no)) are all multiplied for finding the probable class of given customer. All values 

and result of multiplication are shown in Table 4. According to the table, Probability 

of No is higher than Probability of Yes.  

Table 4.  The terms for calculating percentage of results 

 
 

 The percentage of results may be calculated as following: (X*100)/(X+Y) 

When it is applied to the sample data: 

(3,85451E-14 * 100 ) / (3,85451E-14  + 8,01878E-16) 

According to result of the calculation it can be expressed that the output class of the 

sample customer is no with 97% probability. 

When the application is run, following screen (Figure 3) appears and user enters the 

parameters. 
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Fig. 3.  Application‟s Initial Screen 

 

After clicking the Show Result button, program evaluates the values entered by user 

and shows the classification result. “Classify” method is called from WCF when the 

button is clicked. And the service returns the result. Figure 4 shows the result:  

 

 

Fig. 4.  Result of the classification and probability of the result 

4.2   Accuracy Rate Of The Model  

Accuracy rate of the model used in this application, is computed by Cross Validation. 

Cross validation allows using the whole dataset in computing. The dataset is divided 

into two parts randomly. First part is used for model construction. The model is tested 
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with second part of dataset and the accuracy rate is computed. After that, a model is 

constructed with second part and tested with first part. Accuracy rate is computed. 

Finally, the model is constructed using  whole dataset. Average of the computed 

accuracy rates is the accuracy rate of the constructed model. Figure 5 shows the Cross 

Validation: 

 

 

Fig. 5.  Cross Validation 

 In this study, the first half  of dataset is used to train and second half is used to test. 

After that, the second half of dataset  is used to train and first half is used to test the 

algorithm. Cross validation showed that the accuracy rate of the model is 84%. 

 

 First test results are showed in Table 5. The first part of dataset is used for testing.  

There are 906 samples which belong to actual class value „yes‟. After the test,  555 of 

them are classified as „yes‟ which is the right result and 351 of them are classified as 

„no‟. There are also 14545 samples which belong to actual class value „no. After the 

test,  13540 of them are classified as „no‟ which is the right result and 1005 of them 

are classified as „yes‟. 

 

As a result, accuracy rate of first training is ; 

Truly classified samples: 555+13540=14095 

All samples in dataset: 15451 

Accuracy rate : (14095 * 100) / 15451 ~= 91% 

 

Table 5.  First cross validation results 

 
Second test results are showed in Table 6.6. The second part of dataset is used for 

testing. There are 3606 samples which belong to actual class value „yes‟. After the 

test,  552 of them are classified as „yes‟ which is the right result and 3054 of them are 

classified as „no‟. There are also 11846 samples which belong to actual class value 
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„no. After the test,  11514 of them are classified as „no‟ which is the right result and 

332 of them are classified as „yes‟. 

 

As a result, accuracy rate of second training is ; 

Truly classified samples: 552+11514=12066 

All samples in dataset: 15452 

Accuracy rate : (12066* 100) / 15452 ~= 78% 

 

Table 6. Second cross validation results 

 
 

Average of accuracy rates of first and second tests give the accuracy of the 

implementation which is 84,5 %. 

5   Conclusion 

Today information is vital for companies and Customer Relationship Management 

and Data Mining techniques aim to determine the customers with high profitability. 

The information obtained by applying sophisticated Data mining techniques to CRM 

problems have a strategic importance for companies. An important competitive 

advantage is evident as implication of using such systems at the decision making 

level.  

 In this paper we present an analysis of a massive volume of customer data which is 

afterwards classified based on the customer behaviors. Naive Bayesian classification 

is used as classifier to predict if the client will subscribe a term deposit. The classifier 

reported highly acceptable accuracy like 84.5% for all the tested data by doing cross 

validation. The accuracy is determined as the percentage of the correctly classified 

instances from the test set. In other words, classification centers around exploring 

through data objects (training set) to find a set of rules which determine the class of 

each object according to its attributes. Since the accuracy of the model is acceptable, 

the model can be used to classify data tuples whose class labels are not known.  The 

classification rules can be used to support decision making for achieving a good CRM 

for businesses.  

In this paper, the data obtained from a bank is analyzed. Bayesian classification is 

applied to the data. Bayesian classification is implemented as a WCF service. From an 
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Android device, this service is called and result of classification of a new customer 

data is showed. 

Dataset is stored in Microsoft SQL Server 2008. Bayesian classification method is 

implemented on a WCF (Windows Communication Foundation) service project using 

Microsoft Visual Studio 2010. The result of the implementation is presented on 

Android platform using Phonegap technology. 

This model can also be used for other type of companies to predict their customer 

behaviors with specific historical data. For this application, the bank can predict if a 

customer will subscribe a term deposit or not. It can manage direct marketing 

campaigns using this prediction. The results can be accessed anytime and anywhere 

through a mobile device. 

With application of CRM in mobile platform, changes and updates can be done 

seamlessly from anywhere and anytime and with no delays. 
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Abstract. The goal of the fuzzy diatoms models is to use the advancement of 

the fuzzy theory and with predictive modelling to predict the outcome of given 

condition of diatoms. Fuzzy modelling depends from many factors, mainly by 

the shape of the membership functions, similarity metrics and above all the op-

eration between the fuzzy sets – the fuzzy operators. In this paper we introduce 

new fuzzy operator (fuzzy geometric operator) that considers another property 

of the ecological datasets – the ration measurements. In this way, the ecological 

dataset includes important property that we expect to increase the classification 

accuracy of the models. The use of simpler membership functions like trapezoi-

dal or triangular could be more appropriate with this type of operator compared 

with the average geometric operator used previously. The evaluation results 

compared between the operators have confirmed these findings. Based on these 

results, one model for each water quality category class is presented and dis-

cussed. 

Keywords: Fuzzy membership functions, geometric operator, diatoms, water 

quality models 

1 Introduction 

In the process of classifying the diatoms in the correct water quality class in order to 

correctly estimate the health state of the ecosystem in the past and the present, the 

quality of information and the methods used to extract that information are essential. 

Since the information scientist cannot improve the accuracy of the measurements after 

the measurements is done, only can give some minor suggestions during this scientific 

process, and that is the improvement of the methods used to extract this information. 

The use of these analysis with the proposed methods can be used in many area of 

research, especially the diatoms with the similar diatom composition or physical-

chemical parameters [1]. One example is to detect groups of samples with similar 

diatom composition or with similar environmental features and thus detecting indica-

tor species for the groups or relating biologically based groups to environmental vari-

ables. The water ecosystem property can be influenced by many factors and for more 

practical use are represented with classification systems like water quality classes 
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(WQC), which we will focus our research in this paper using the fuzzy classification 

algorithm. 

In practice, to analyse this kind of ecological data that gained increased interested 

in examining small and large ecological datasets, classical statistical analysing tools 

are used reaching from the most simplest like variation, standard deviation to more 

complex statistical tools and computer algorithms. Research papers like [2] and [3], 

provide introduction of these methods and their use. Later, more papers regarding this 

subject are introduced [4, 5, 6, 7, 8] where authors discuss the development of meth-

ods like CART, and it’s successors – bagging, boosted trees, random forest and other 

techniques in ecological studies. Increasing research is conducted in terms of using 

random forest for eco-hydrological modelling and prediction in plant types of wet 

habitats [9, 10]. 

These methods were also applied on the Lake Prespa to build classification and re-

gression models for detecting diatom indicating species of one or several environ-

mental parameters [11]. Different models that applied for different setting for both 

algorithm and the environmental parameters were obtained. The biological expert 

later discussed these models. Several of the model produced, knowledge about the 

newly discovered the diatom's relationships with the environment for the first time 

[11, 12]. Later, another method was introduced to increase the classification accuracy 

[12]. However, the obtained models were not robust on data change and not resistant 

to over fitting, because several factors including the algorithm and the nature of the 

dataset was implying that. These disadvantages can be overcomes using fuzzy theory 

and several research studies considering diatom classification were conducted [13, 14] 

to prove that method used in this paper is more appropriate for this task.  

The proposed method in this paper can be used for extracting the ecological infor-

mation for several reasons. First of all, the method used in this paper is robust to over 

fitting, which was shown by the research conducted in [13, 14]. Secondly, the ob-

tained knowledge from the model is easily compared with the known ecological dia-

tom indicator references in the literature [15]. And third, these models can achieve 

higher classification accuracy compared to the classical classification algorithms. One 

of the reasons, why this method is better compared with the previous ones, is the use 

of different fuzzy MFs and similarity metrics that previous research papers showed 

[16].  

The rest of the paper is organized as follows: Section II provides the definitions of 

the similarity metric and the geometric fuzzy operator. Section III presents the water 

quality classes, dataset description and the experimental setup. In section IV we pre-

sent the experimental results and based on these results one diatom model is selected 

and discussed. Later in this section the models are verified with the known knowledge 

from the literature. Finally, Section V concludes the paper and research direction is 

outlined research. 
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2 Similarity metric and fuzzy geometric operator 

The classification method used in this research induces the models by using different 

similarity metrics, membership functions and fuzzy aggregation operators. In the 

previous research [13, 14, 16] we have used different fuzzy membership functions 

and similarity metrics. Before we define the fuzzy geometric operator, as continuum, 

the RMSE fuzzy similarity metrics and the previous used WA and OWA aggregation 

operators are defined in order to compare their performance with the results from this 

research. 

Let A and B be two fuzzy sets defined on the universe of discourse U. The SimRMSE 

based fuzzy set similarity (SimRMSE) of fuzzy sets A and B is computed as: 

 

 
2

1

( ) ( )

_ ( ; ) 1

n

A i B i

i

x x

Sim RMSE A B
n

 




 


 (1) 

,where xi, i = 1, . . . , n, are the crisp values discretized in the variable domain, and 

μA(xi) and μB(xi) are the fuzzy membership values of xi for A and B. The larger the 

value of SimRMSE (A, B) is, the more similar A and B are. The μA(xi), μB(xi)   [0, 1], 0 

≤ SimRMSE(A;B) ≤ 1 holds according to (1). Note that the proposed classification 

method follows the same principle, if an alternative fuzzy set similarity definition is 

used. According to the fuzzy logic theory, the fuzzy aggregation operators are logic 

operators applied to fuzzy membership values or fuzzy sets. They have three sub-

categories, namely t-norm [17], t-conorms [17], and weighted averaging operators 

[18]. There are several types of weighted averaging operator and one of them is the 

WA and OWA operators that was used previously [17, 18, 19, 20]. Another weighted 

averaging operator is the WG and OWG operators. The goal of the proposed fuzzy 

geometric operator is to take into account the property of ratio measurements in the 

dataset [19]. The definition of the WG and the OWG operators [20] as is follows:  

A WG operator of dimension n is a mapping R
n
 → R, that has an associated n-

elements vector w = (w1, w2, . . . , wn)
T
, wi ∈ [0, 1], 1 ≤ i ≤ n, and that: 
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An OWG operator [17] of dimension n is a mapping R
n
 → R, that has an associated 

n-elements vector w = (w1, w2,. . . , wn)
T
 , wi ∈ [0, 1], 1 ≤ i ≤ n, and 
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where ci (a1,a2 . . . , an) returns the i-th largest element of the collection {a1,a2 . . . , 

an }. 
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The fundamental difference of OWG from WG aggregation is that the former does 

not have a particular weight - wi associated for an element; rather a weight is associ-

ated with a particular ordered position of the element. Also important property of the 

OWG and WG operators compared with the OWA and the WA is the property of 

ration that we mention before mainly used in other research areas [21]. In order to 

compare the results from our previous research and in the same time to prove that we 

can achieve better accuracy with the geometric weight operator with simpler fuzzy 

membership functions we use the well-known triangular, trapezoidal and Gaussian 

membership function. 

3 Data Description and Experimental Setup 

The dataset used for induction of the fuzzy classification models consists from 13 

input parameters [22], from which 10 are represents the 10 most abundant diatom and 

three input parameters represent selected physic-chemical parameters. During the 

experiments we will create several different separate dataset, one for each water quali-

ty class, also one dataset is created for each WQ category class as output class. These 

measurements were made as a part of the EU funded project [23]. The WQ category 

classes were defined according to the three physical-chemical parameters: Saturated 

Oxygen [24], Conductivity [24] and pH [24, 25] and they are given in Table 1.  

Table 1.   Water quality classes for the physical-chemical parameters 

Physico-chemical parame-

ters 
Name of the WQC Parameter range 

Saturated Oxygen 

oligosaprobous > 85 % 

β-mesosaprobous 70-85 % 

α-mesosaprobous 25-70 % 

α-meso / polysaprobous 10-25 % 

pH 

acidobiontic pH < 5.5 

acidophilous pH > 5.5 

circumneutral pH > 6.5 

alkaliphilous pH > 7.5 

alkalibiontic pH > 8 

Indifferent pH > 9 

Conductivity 

fresh < 20 (µS·cm-1) 

fresh-brackish < 90 (µS·cm-1) 

brackish-fresh 90 – 180 

brackish 180 - 900 

 

We will conduct two types of experiments, which are set up as follows: 

1) Train: A fuzzification method based on the geometric average fuzzy operator, 

presented in this paper, for each water quality class combined with the 10 diatoms. 

2) Test: Standard 10-fold cross validation is used for evaluation of the classifica-
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tion accuracy of the algorithm against the previously used weighted average arithme-

tic fuzzy operator and the three simple fuzzy membership functions. 

For similarity definition, we use the previously defined SimRMSE similarity metric. 

The evaluation process is led by inducing simple diatom model (SDM) and general 

diatom model (DM) in a hieratical tree form. The simple trees consist from 1 candi-

date tree, 0 (zero) low levels and two different depths; 5 - (SDM5) and 10 - (SDM10). 

While general diatom models consist from 2 candidate tree, 3 low levels trees and two 

different depths; 5 - (DM5) and 10 - (DM10). We use number of membership func-

tions equal to 5 to make the models more understandable. 

4 Experimental Results 

Using the described algorithm and the experimental setup defined in the previous 

section, in this part of the paper we present several classification models with the 

indicating properties of the diatoms in certain water quality class. Models that de-

scribe the indication of the diatoms for conductivity WQ class and the saturated class 

are presented and discussed. Also, models for pH water quality class is given and 

ecological verification of the models with the known references is made. For similari-

ty definition, we use SimRMSE and both weighted average operators (WA and OWA) 

compared with the WG and the OWG operators.  

4.1 Performance Evaluation 

The highest accuracy of the conducted experiments of the two-type classification 

accuracy is given in Table 2.  

Table 2.    Performance evaluation of the fuzzy pattern tree algorithm for diatom classification 

Dataset 

OWA+WA OWG+WG 

Conduc-

tivity 
pH 

Saturated 

Oxygen 

Conduc-

tivity 
pH 

Saturated 

Oxygen 

Triangular 75,69 62,39 63,68 76,15 61,47 64,68 

Trapezoidal 75,23 62,84 62,19 76,15 62,84 61,19 

Gaussian 76,61 62,39 65,17 76,15 63,76 63,68 

Test 
Conduc-

tivity 
pH 

Saturated 

Oxygen 

Conduc-

tivity 
pH 

Saturated 

Oxygen 

Triangular 72,25 55,32 60,50 73,70 58,12 58,50 

Trapezoidal 72,29 56,71 58,00 72,32 58,14 55,50 

Gaussian 72,29 55,80 63,00 73,25 58,14 59,00 
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On another hand, the test phase revealed that the WQ and the OWG operators out-

performed the WA and the OWA operators. Except for the saturated oxygen WQ 

category classes - Test experimental setup, the trapezoidal and the triangular member-

ship function are better in terms of classification accuracy. In other cases the predic-

tion accuracy of the test set have been increased by 1% to 3%. Considering these 

results from the algorithm, one model for each water quality class is selected and 

presented and then verified. 

4.2 Classification Models for the Water Quality Classes 

From the induced models using the method, we chose several models that reflect the 

predictive accuracy of the method; mean that the models with highest accuracy are 

chosen. Because the fuzzy aggregation operators operate over two fuzzy sets, specific 

operators from the models have given specific output. This implies if we have regres-

sion problems. The Fuzzy term for a given diatom is connected with the other fuzzy 

terms of other diatom using fuzzy aggregation operators. To make the models easy for 

interpretation, each Fuzzy Term is labelled according the value of μ {Bad Indicator, 

Low Indicator, Good Indicator, Very Good Indicator and Excellent Indicator}. The 

algorithm generated separate models for each class and then classifies the diatoms in 

one class. The diatom model shown in Fig. 1 (left) can be converted into a rule as 

follows:  

 

Fig. 1. Classification model generated using the triangular MF for the brackish Conductivity 

WQ class (left) and trapezoidal MF for β-mesosaprobous Saturated Oxygen WQ class (right). 

Rule1: If Conductivity WQ class is brackish THEN (Cyclotella ocellata (COCE) 

is Very Good Indicator OWA<0.6> Navicula subrotundata (NSROT) is Weak In-

dicator) OWA<0.19> Navicula rotunda (NROT) is Bad Indicator WA<0.81> Navi-

cula prespanense (NPRE) is Weak Indicator OR Cavinula scutelloides (CSCU) is 

Excellent Indicator or Staurosirella pinnata (STPNN) is Excellent Indicator. The 

model has highest similarity of 58.55%. 
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The model given in Fig. 1- left reveals the indicating properties of several diatoms 

for the brackish waters. NPRE, NSROT and the NROT diatoms are weak indicators 

of such waters according to the tree model. Three other diatoms are excellent indica-

tors of such waters. The distribution of these diatoms along the conductivity gradient 

makes this distribution interesting for further investigation, if we compare with sever-

al results from other papers [26, 27]. 

 

 

Fig. 2. Classification model generated using the Gaussian MF for the alkaliphilous pH WQ 

class  

Furthermore, the classification model for β-mesosaprobous is given with Fig.1 – 

right, where the algorithm classified the CPLA and the STPNN diatoms as weak indi-

cators of such waters. Regarding the CJUR diatom, the CJUR diatom is weak indica-

tor of β-mesosaprobous waters, according to the model. If we consider this, the 

DMAU diatom is only diatom according to this model that is classified as excellent 

indicator. The given model is transformed into the following rule: 

Rule2: If Saturated Oxygen class is β-mesosaprobous THEN Cyclotella juriljii 

(CJUR) is Weak Indicator OWG<0.37> STPNN is Weak Indicator) OWG<0.16> 

Cocconeis placentula (CPLA) is Bad Indicator OR Amphora pediculus (APED) is 

Very Good Indicator OR CJUR is Excellent Indicator OR Diploneis mauleri 

(DMAU) is Excellent Indicator. The model has highest similarity of 57.82%. 

The model given with Fig 2, depicts the indicating properties of four diatoms, 

which are weak and bad indicator, since their abundance is low for this class in the 

measured dataset and the algorithm didn’t find any higher correlation with the given 

class. The weak indicating properties are devoted to CSCU and CPLA diatoms, while 

the DMAU and the CJUR diatoms have bas indicating properties according to the 

algorithm. The tree model converted into rule is given below: 

Rule3: If pH class is alkaliphilous THEN CSCU is Weak Indicator AND CPLA 

is Weak Indicator) OWG<0.07> DMAU is Bad Indicator AND CJUR is Bad Indi-

cator. The model has highest similarity of 72.78%. It’s important to note that the 

weight of the given weighted averaging fuzzy operator in every rule is given between 

the <> symbols. 
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4.3 Verification of the tree model results 

The validation of the results is made by comparing them with the ecological refer-

ences found in the diatom ecology publication by [15]. Some of the diatoms are very 

recently discovered and thus no ecological record is found for them in the literature. 

In the relevant literature the APED diatom is known to as alkaliphilous, fresh-

brackish, β-mesosaprobic and eutrophic (because of organic nitrogen tolerance) di-

atom indicator [15]. Regarding the models, the model given on Fig. 1- right has suc-

cessfully found that the APED diatom is β-mesosaprobic indicator. In the relevant 

literature the CSCU diatom is known as alkalibiontic, freshwater to brackish water 

taxon, being oligosaprobic indicators with eutrophic preferences [15]. According to 

the models, the CSCU diatom is brackish water diatom and weak alkaliphilous indi-

cator. COCE is known as meso-eutro taxon [15]. According to [15], the DMAU di-

atom develops well in fresh–brackish, while the models identify as excellent β-

mesosaprobous and bad alkaliphilous. The CPLA diatom is known as alkaliphilous, 

fresh–brackish, β-mesosaprobous and eutrophic taxon according to [15]. On the other 

hand, the models show that this diatom is bad indicator of β-mesosaprobous and alka-

liphilous waters. According the models, the COCE diatom is very good indicator for 

brackish waters. Regarding the STPNN diatom, in the literature is known as hyper-

eutrophic (oligo-eutrophic; indifferent) taxon frequently found on moist habitats, 

while the models have found that this diatom is excellent indicator of brackish waters, 

but not indicator of β-mesosaprobous. Concerning the other diatoms, according to the 

models, the NSROT diatom is weak indicator of brackish waters, as same as the 

NPRE and the NROT diatoms. Also, the models have found the CJUR diatom is weak 

and bad indicator of brackish and alkaliphilous waters. Further investigation is 

needed before to any conclusion is made for the newly discovered diatom indicators. 

5 Conclusion 

In this paper we propose fuzzy method for classifying diatoms as indicator for certain 

WQ category classes from diatoms measured data with new weighted fuzzy geometric 

aggregator and several simple fuzzy membership functions. The combination of the 

fuzzy theory with the proposed operator, produced diatom models with easy interpret-

able results and higher prediction accuracy compared with the previously used 

weighted fuzzy arithmetic averaging operator. The descriptive classification accuracy 

of the models has achieved satisfied values compared with the models obtained with 

the previous fuzzy operator.  

From ecological point of view, it is very important that the method is interpretable 

and immediately shows the results from the diatoms indicator pattern. We have made 

a comparison with the ecological knowledge from the known literature and some of 

the diatoms indicating properties were positively verified. For example, the diatom 

model presented with Fig. 1 - right for β-mesosaprobous Saturated Oxygen WQ class 

clearly states that the APED diatom can be an indicator of these waters. The models 

have also found some new diatom indicator references, which have to been proven 

with more experiments before any conclusion is made.  
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Further research needs to be focused on developing more similarity metric and 

fuzzy operators in a process of building diatom classification models. The new 

weighted fuzzy operator may be more suitable for this diatom community dataset and 

can therefore, lead to higher accuracy. In future we plan to test more datasets based on 

metal parameters and thus forming datasets that can be used to discover new diatom 

indicators. Also, it will be interesting to compare the 10-fold cross validation of the 

prediction performance of this algorithm with crisp algorithms, several classical clas-

sification algorithms in terms of prediction power and main trained resistance of the 

over fitting. 
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Analysis of the recommendation algorithm in COHESY 

1 Introduction 

Providing patients with convenient health facilities at a low cost has always been a 
great challenge for health service providers. Moreover, the fast changing life style of 
the modern world and the problem of aging society pose an urgent need to modernize 
such facilities. This involves devising cheaper and smarter ways of providing health-
care to disease sufferers. In addition, emphasis has to be paid on providing health 
monitoring in out-of-hospital conditions for elderly people and patients who require 
regular supervision, particularly in remote areas. Future trends in national healthcare 
services are expected to include shorter hospital stays and better community care. 

Patient-centered development process is useful for healthcare information system 
in order to reduce system complexity and increase the usability [1]. Pervasive health 
care takes steps to design, develop, and evaluate computer technologies that help 
citizens participate more closely in their own healthcare [2], on one hand, and on the 
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other to provide flexibility in the life of patient who lead an active everyday life with 
work, family and friends [3]. However, these systems do not consider collaborative 
value that can be provided with matching gathered data. 

The collaborative health care system model, called COHESY, gives a new dimen-
sion in the usage of novel technologies in the healthcare. This system uses mobile, 
web and broadband technologies, so the citizens have ubiquity of support services 
where ever they may be, rather than becoming bound to their homes or health centers. 
The most important benefits of COHESY are possibility for patient notification in 
different scenarios, transmissions of the collected biosignals (health parameters as 
blood pressure, heart rate) automatically to medical personnel and increased flexibili-
ty in collecting medical data. But the main components and advantages of COHESY, 
which differentiates it from other health care systems, are the usage of the social net-
work and its’ recommendation algorithm.   

The social network allows connecting users with same or similar diagnoses, shar-
ing their results and exchanging their opinions about performed activities and re-
ceived therapy. At the same time, collaborative algorithms generate average values 
based on filtering large amounts of data about concrete conditions as are geographical 
region, age, sex, diagnosis, etc. In this way, recommendation algorithm gives recom-
mendations to the users for performing a specific activity that will improve their 
health. These recommendations are based on the users’ health condition, prior know-
ledge derived from users’ health history, and the knowledge derived from the medical 

histories of users with similar characteristics. 
Users need to be provided with instant feedback and this is why the system per-

formance is very important. The algorithms implemented in COHESY are efficient 
and are designed to have as low complexity as possible. These algorithms are also 
flexible and can easily be adapted to deal with different problem variations. There is 
also a possibility of generating more specific recommendations by exploring the in-
formation provided with each activity. 

2 COHESY – Collaborative Health Care System Model 

The collaborative health care system model COHESY gives a new dimension in the 
usage of novel technologies in the healthcare. This system model uses mobile, web 
and broadband technologies, so the citizens have ubiquity of support services where 
ever they may be, rather than becoming bound to their homes or health centers. 
Broadband mobile technology provides movements of electronic care environment 
easily between locations and internet-based storage of data and allows moving loca-
tion of support. The use of a social network allows communication between users 
with same or similar condition and exchange of their experiences. 

COHESY has simple graphical interfaces that provide easy use and access not only 
for the young, but also for elderly users. It has more purposes and includes use by 
multiple categories of users (patients with different diagnoses). Some of its advantag-
es are scalability and ability of data information storing when communication link 
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fails. This model is interoperable system that allows data share between different 
systems and databases.  

COHESY is deployed over three basic usage layers. The first layer consists of the 
bionetwork (implemented from various body sensors) and a mobile application that 
collects users’ bio data and parameters of physical activities (e.g. walking, running, 
cycling). The second layer is presented by the social network which enables different 
collaboration within the end user community. The third layer enables interoperability 
with the primary/secondary health care information systems which can be imple-
mented in the clinical centers and different policy maker institutions. The data infor-
mation in this system are: users’ personal data (name, age, height, diagnosis, therapy), 

data from users’ bionetwork (weight, heart rate, blood pressure, blood-sugar level), 
realized and recommended activity (type of activity, path length, time interval, aver-
age speed), weather conditions, recommendation and suggestions. Different data in-
formation are exchanged between different layers of COHESY.  

COHESY is an infrastructure that enables various personal healthcare scenarios. 
For example, it enables matching of performed user activity, by combining various 
data, including: length of path crossed, duration, speed of movement, medical condi-
tion of the user (heart rate, blood pressure - before and after , blood sugar level - be-
fore and after performed activity), weather conditions (atmospheric pressure, humidi-
ty, temperature), what is the medical diagnosis or therapy of the user (if there are any) 
and it can generate recommendation when certain patient should perform walk, with 
what pace and duration.  

 

Fig. 1. Activity diagram for proposed scenario 
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One possible scenario is presented in Fig.1. The user (with diagnosed diabetes) 
switches on the application on his phone. Application using Bluetooth connects to the 
device that measures user weight, blood pressure and blood-sugar level and reads the 
measured parameters.  Application sends recommendation to the user, generated by 
algorithms deployed on the social network, with activity which is best for his health to 
be performed. User starts his activity (running). The application reads the users’ heart 

rate from his/her bionetwork. During the running an irregularity occurs. While read-
ing the data, application detects that user’s heart rate is quite higher than his/her aver-
age and the application sends message with those data to the medical center, social 
network (if patient has already agreed to security and privacy statements of the social 
network) and signals the user that there is some irregularity happening.  

Medical personnel can review the submitted data and previous user’s medical 

records. Based on the user's diagnosis, treatment received and his activity currently 
carried out, along with the medical data received from the application, medical per-
sonnel decides that the user should stop running and take pause for 15 minutes. This 
recommendation is issued back to the application of the user. The application signals 
to the user that a message from the medical center has arrived. The user applies the 
recommendation from the medical center. The same recommendation can be generat-
ed by algorithms deployed on the social network that are based on the average data 
and previously generated successful recommendations from the social network, pre-
vious clinically originated recommendations and patient history. These two recom-
mendations differ in the validity as explained in [4]. 

3 Recommendation systems 

Recommendation systems are used extensively by sites which want to give users bet-
ter experience and they do this by giving suggestions to users about items they may 
like. But before giving the recommendation, the site first needs to learn user’s prefe-
rences and it does that by examining the items he already said that he liked or by di-
rectly asking the user about his preferences. 

There are few definitions for recommendation systems. According to the authors of 
[5] “Recommender Systems are software tools and techniques providing suggestions 
for items to be of use to a user. The suggestions provided are aimed at supporting 
their users in various decision-making processes, such as what items to buy, what 
music to listen, or what news to read.”  

Recommendation systems are usually classified into three categories, based on 
how recommendations are made: content-based filtering, collaborative filtering and 
hybrid techniques [6]. In content-based recommendation, the system tries to recom-
mend items similar to those a given user has liked in the past, whereas in collabora-
tive recommendation, the system identifies users whose tastes are similar to those of 
the given user and recommends items they have liked [7]. Hybrid system can incorpo-
rate the advantages of both methods while inheriting the disadvantages of neither. 

Before giving any recommendations, the system must learn the user preferences. 
This is done by gathering and analyzing data about user’s interaction with the system. 
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Explicit user data includes favoring or ranking an item while implicit data includes 
the viewing time, number of views, and actual purchases of an item. 

Content-based recommendation systems analyze item descriptions to identify items 
that are of particular interest to the user [8]. These systems can learn user preferences 
from the set of items that the user liked in the past [5]. The items are characterized 
with values for different attributes. Also, the user preferences can be represented with 
desired values for each attribute. The system recommends to the user a set of items 
which are closest match to his desired values. Content-based systems can give rec-
ommendations by knowing the user preferences only. However, when implementing a 
content-based system, often it is necessary to have experts from the domain that 
would analyze the items, or that would provide the expertise to implement an auto-
mated process for item evaluation (machine learning algorithms can be used in this 
part of the system). 

Collaborative filtering recommendation systems produce user specific recommen-
dations of items based on patterns of ratings or usage (e.g., purchases) without know-
ing the features of the items. These systems calculate similarity between two users by 
analyzing the set of items that are liked by both users. This technique first finds the 
set of similar users to given user and then recommends items that are liked by most of 
the similar users. This is different from the content-based system because collabora-
tive filtering systems treat the items as “black boxes”, and the other systems examine 
the content. Collaborative filtering systems need to have data from many users in 
order to give better recommendations.  

Evaluating recommendation systems is very difficult, because different algorithms 
may be better or worse on different datasets [9]. Users want as better recommenda-
tions as possible but recent researches show that when each algorithm is tuned to its 
optimum, they all produce similar measures of quality – there is a “magic barrier” 

where natural variability may prevent us from getting much more accurate. 

4 Recommendation algorithm in COHESY 

The recommendation algorithm is part of the second level, the social network, in 
COHESY. The main purpose of this algorithm is to find the dependency of the users’ 

health condition and physical activities they perform. The algorithm incorporates 
collaboration and classification techniques in order to generate recommendations and 
suggestions for the physical activities that the users should carry out in order to im-
prove their health. To achieve this we consider datasets from the health history of 
users and use classification algorithms on these datasets for grouping the users based 
on their similarity. 

Although our recommendation system is not very similar with the most popular 
recommendation systems used in different contexts, we can still make analogy be-
tween the main concepts introduced in the previous section. In our context, we talk 
about physical activities and their influences on the change of the health parameters 
instead of talking about items and their attributes. 
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4.1 Levels of filtering  

Our algorithm uses three levels of filtering, as shown in Fig.2. The first step is classi-
fication. All users belong to some diagnosis class (normal diabetes, heart problems). 
All users with different diagnosis from the diagnosis of the given user are filtered out. 
This step is important because some activities may be harmful for a particular group 
of people e.g. running may have much different effect on people with heart problems 
as opposed to people which are physically active. 

The second level of our recommendation algorithm is the collaborative filtering. 
Every user has its own history of health conditions (health profiles) and it is important 
to find similar users to the given user which at some point of time in the past had 
similar health condition to the health condition of the given user at the moment. The 
technique that is used here can be considered as a collaborative filtering technique 
where items are equal to health profiles. 

 

Fig. 2. Levels of filtering in recommendation algorithm 

When the similar users are chosen, we use all their health condition history and 
history of performed activities to find the influences of each activity on the change of 
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the health parameters. Now we come with a fairly good approximation of the poten-
tial effect of the activity on the health condition for the given user. Here we use the 
characteristics of the activities in order to get good recommendations. In other words, 
we explore the content of the activities and use content-based filtering techniques to 
find the best matching activities. User preferences in our context are the desired val-
ues for the health parameters (normal range). The chosen activities would potentially 
improve the health condition of the given user towards the desired values. 

4.2 Phases of the algorithm 

In context with the previous explained levels of filtering, in the proposed algorithm 
we can distinguish four different phases. The four phases are explained in the follow-
ing text, but more detailed description can be found in [10]. 

The first phase is categorization of users according to their diagnosis. There is in-
formation supplied by a doctor about the diagnosis of all users. We use this informa-
tion in order to group users that have similar diagnosis. Users from the same group 
have the same set of permissible activities and this is the main reason why we perform 
categorization. For each user and for each possible diagnosis we assign a value that 
indicates whether the user has the particular diagnosis. We choose a subset of users 
and an expert should assign category to each of the users from this subset. This train-
ing set is used to build a classification model that will assign categories to other users. 
We do not use manual categorization because the number of different users might be 
very big and an expert might not always be available. When we want to generate rec-
ommendations to the active user, first we need to find the users that belong to the 
same category with the active user. All other users are ignored in the next steps of the 
algorithm. 

In the second phase we use a similarity metrics in order to find the most similar us-
ers to the active user according to their medical history. We can define health profile 
as the combination of the parameters’ values at a particular moment. For each user we 

keep a history of health profiles. Health profiles are generated at regular time inter-
vals. However, we do not need to save all the health profiles of the user, but only 
those which are different enough from each of the saved profiles from his current 
history. 

We assume that if two users had the same combination of parameter values in the 
past, there is bigger probability that similar latent factors affect their health condition. 
If some user has at least one health profile similar enough (according to some metrics 
such as Euclidean distance) to the current health profile of the active user, then we 
declare this user as similar to the active user and his data are used in the next phase of 
the algorithm. If there are many users that are declared as similar, we can select only 
top k most similar users. For each user from the set of similar users we keep the de-
tails about the physical activities he performed and the measurements of his health 
parameters.  

In the third phase we use only data from the active user and from the users most 
similar to him. This is the most important phase of our algorithm because we calculate 
the usefulness of each type of physical activity. First, the current health condition of 
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the active user is analyzed. If some of the health parameters’ values are not in the 

normal range, we want to discover useful activities that could potentially improve 
those values. We analyze the history of activities and measurements of each user and 
we want to find the type of influence of each type of activity on each of the health 
parameters. For this purpose two measurements are selected for each activity – the 
most recent measurement before the execution of the activity and a measurement 
performed a particular time period after the execution of the activity (for example this 
period could be one or two weeks). We don’t choose the first measurement after the 
activity because a time is needed for the activity to show its effect. The difference 
between the next and the previous measurement approximates the influence of the 
activity on the parameter change. 

In the fourth phase we use the information about the usefulness of each activity in 
order to generate recommendations. For each user from the set of similar users (plus 
the active user) we obtain the most useful activity that could potentially improve his 
health condition. The activity which is declared as the most useful to most of the users 
is recommended to the active user. 

4.3 Algorithm complexity 

The algorithm could be performed at regular time intervals (for example once a day) 
for all users or in real time for the active user. If the first option is chosen, the gener-
ated recommendations from the last execution of the algorithm are shown to the ac-
tive user. This option could be used if there is a lot of data because: (1) The big 
amount of data will decrease the performance of the algorithm and this is not desira-
ble in real-time systems; (2) The amount of data obtained in the period from the last 
execution of the algorithm until the current moment is not very big comparing to the 
data obtained in the period before the last execution of the algorithm. We can also 
assume that the health condition of the user cannot change significantly during the last 
time interval. Hereinafter we will analyze the memory and time complexity of the 
proposed recommendation algorithm. 

Constants that we use are: 

─ 𝑎 is the number of different types of activities, 
─ 𝑝 is the number of different health parameters, 
─ 𝑑 is the number of different diagnoses. 

Variables that we use are: 

─ 𝑈 is the total number of users, 
─ 𝐼 is the number of activities performed by one user, 
─ 𝑀 is the number of measurements made by one user. 

The memory which is needed by the recommendation system to store its data is: 

 𝑂𝑚  𝑈 ∙ 𝑑 + 𝑈 ∙ 𝑀 + 𝑈 ∙ 𝐼 = 𝑂м 𝑈 ∙  𝑀 + 𝐼   (1) 
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The time complexity can be calculated as a sum of the complexities of all phases of 
the algorithm. The time complexity of the first phase mainly depends on the classifi-
cation algorithm which is used. Some of the commonly used classification algorithms 
are: Naïve Bayes classifier, decision trees, neural networks, support vector machines, 
k-nearest neighbors. Decision trees are tree structures where leaves represent class 
labels and branches represent conjunctions of features that lead to those class labels. 
Decision trees are suitable for many real-life applications because they can be inter-
preted very easily. One of the algorithms that can be used to build the decision tree is 
C4.5 algorithm. We use this algorithm in our recommendation algorithm. Its compu-
tational complexity is 𝑂 𝑀 ∙ 𝑁2  where 𝑀 is the size of the training set and 𝑁 is the 
number of features [11]. Naïve Bayes classifier has lower complexity 𝑂 𝑀 ∙ 𝑁 , but 
in our analysis we will use the C4.5 algorithm: 

 𝑂1 𝑈 ∙ 𝑑2  (2) 

We should note that this complexity is for the process of building the decision tree. 
This should be done only once. Each new user is assigned a category and this is done 
with a much lower complexity which can be considered as a constant. The process of 
classification for some user is done every time when his diagnosis is changed. The 
time complexity of the second phase is: 

 𝑂2 𝑈 ∙ 𝑝   (3) 

This complexity is linear on the number of users. We need to calculate Euclidean 
distance between each user, which belongs to the same category with the active user, 
and the active user. All health parameters should be considered in this phase. The 
time complexity of the third phase when we calculate the usefulness of each activity 
is: 

 𝑂3 𝑈 ∙ 𝑎 ∙ 𝑝 ∙ 𝐼 ∙ 𝑙𝑜𝑔 𝑀    (4) 

We assume that the measurements are stored sequentially as they are performed. In 
that way, the previous activity with the biggest validity can be found by using binary 
search, and the next activity with the biggest validity can be found by using ternary 
search. Both search algorithms have complexity 𝑙𝑜𝑔 𝑀 . The time complexity of the 
last phase is: 

 𝑂4 𝑈 ∙ 𝑎   (5) 

The total time complexity of the proposed algorithm is: 

 𝑂𝑡 𝑈 ∙ 𝑑2 + 𝑈 ∙ 𝑝 + 𝑈 ∙ 𝑎 ∙ 𝑝 ∙ 𝐼 ∙ 𝑙𝑜𝑔 𝑀 + 𝑈 ∙ 𝑎  (6) 

The constants should be taken into account if we want to make more accurate anal-
ysis of the algorithm. If we neglect the constants, the complexity is: 

 𝑂𝑐 𝑈 ∙ 𝐼 ∙ 𝑙𝑜𝑔 𝑀   (7) 
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This complexity is obtained under the assumption that we do not have restriction 
on the number of similar users. In the other case the complexity is lower. 

4.4 Possible adaptations and optimizations of the algorithm 

One of the advantages of the proposed recommendation algorithm is that it offers 
possibility for adaptation, for example insertion of another filtering phases (filtering 
by location) after the first phase or using the health parameters beside the diagnoses in 
the classification phase. The algorithm could be also used if we only have data about 
the active user. In this case only the phase when we calculate the usefulness of the 
activities should be implemented. Other possible adaptations that can be made in or-
der to improve the execution time of the algorithm are: 

 Restriction of the number of similar users in the second phase if there are many 
users that are declared as similar enough to the active user. In this way there will 
be less data that will be considered in the third phase. 

 Using a fraction of the performed measurements and activities in the third phase. 
Only the data obtained in a particular time period could be considered (for example 
in the last few months). In this way the recommendations would be generated more 
quickly. 

 Calculating the set of similar users at regular time intervals. When the active user 
needs recommendations, the set of similar users is obtained from the database and 
is directly used in the third phase of the algorithm. In this way we increase the 
memory complexity of the algorithm, but in the same time we reduce its execution 
time. This optimization is crucial if user wants recommendations in real-time. 

There is also an opportunity to improve the execution time without modification of 
the phases it consists of. We should note that all the activities are considered in the 
third phase and a big optimization would be made if we eliminate repeated calcula-
tions of the usefulness of the activities. We could keep the moment of the last execu-
tion of the algorithm for each user along with the calculated cumulative usefulness of 
the activities until that moment. When the algorithm is executed again, only the use-
fulness of the activities performed in the period from the last execution of the algo-
rithm until the current moment is calculated and added to the previously calculated 
cumulative usefulness. In this way we can significantly reduce the execution time of 
the algorithm. However, this means that additional data per user must be kept in the 
database. 

5 Generation of more specific recommendations 

The types of physical activities are defined when the actual implementation of the 
algorithm is performed. These types of activities could be more general, for example 
running or walking, but they could also be more specific, providing more information 
about the execution of the activity, for example fast running or slow walking. The 
recommendations generated in the second case might be more useful. The users might 
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be given a possibility to define which specific activity they did, but different users 

could have a different measure about what is slow and what is fast, for example. That 

is why the users should be allowed to choose the type of the activity they have per-

formed, but not the subtype of the activity. The subtype of the activity could be de-

termined by some algorithm according to the additional information about the activi-

ties such as the duration or the distance. Here we can use clustering algorithm to 

group similar activities together. Each cluster will represent a particular subtype. 

Every execution of some particular type of activity will be mapped to a subtype (clus-

ter). After that, the recommendation algorithm is performed in the normal way. The 

most commonly used clustering algorithms are k-means clustering and hierarchical 

clustering. We prefer that the activities are distributed in clusters as more equally as 

possible. We propose clustering algorithm based on dynamic programming which 

performs clustering of objects which are characterized by only one continuous fea-

ture. The inputs that should be given to this algorithm are: the array of values that 

should be clustered, the number of clusters and the minimal number of elements in 

one cluster (the main part of the clustering algorithm is given on Fig. 3). 

In this algorithm 𝑜𝑝𝑡 𝑖 [𝑗] gives the maximum distance between two neighboring 

clusters when the first 𝑖 + 1 elements are clustered and the number of clusters is 𝑗. 
Additional condition is that each cluster should contain minimum 𝑀𝐼𝑁_𝐶𝑂𝑈𝑁𝑇 ele-

ments. The proposed clustering algorithm (or another clustering algorithm) can be 

applied to a large set of activities from the same type and after we discover the inter-

vals in which the values from each cluster belong to, each new activity is mapped to a 

cluster (subtype). 
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Fig. 3. Program code of the clustering algorithm based on dynamic programming 

6 Conclusion 

In this paper we present levels of filtering, phases and complexity of a recommenda-

tion algorithm that is a part of collaborative health care system model - COHESY. 

The main purpose of this algorithm is to find the dependency of the users’ health con-

dition and physical activities he/she performs. To achieve this we consider datasets 

from the health and physical activities history of users and use classification algo-

rithm on these datasets for grouping the users based on their similarity. 

Use of this recommendations allows the user to adapt and align his/her physical ac-

tivities while improving his/her health condition and overall way of rehabilitation, 

meaning to be fully able to take self-care and professional concern about his/her 

health. 
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The time and memory complexity of the proposed algorithm have been analyzed 

and it has been proven that they are optimal regardless the data quantity. The algo-

rithm can also be adapted to deal with different requirements such as generating more 

specific recommendations. 
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Abstract. Protein molecules play essential roles in the living organisms. The 

knowledge about their functions is very important in order to design new drugs 

that could be used to control various processes in the organisms. The determina-

tion of the protein functions could be performed by detecting the binding sites 

where interactions between proteins occur. In this paper we focus on predicting 

the protein binding sites. First, several characteristics of the amino acid residues 

are extracted. Then, prediction methods are induced. In this research paper we 

consider several classification methods for inducing models. In order to en-

hance the predictions, we use ensembles, which combine several classification 

models. The results show that using ensembles, the prediction power is in-

creased. 

Keywords: Protein function, protein interaction, protein binding site, BIND da-

tabase, ensembles. 

1 Introduction 

Protein molecules contain one or several protein chains that are constructed by amino 

acid residues, which fold in particular conformation in 3D space. Further, the amino 

acids residues are constructed by several atoms. The knowledge about the functions of 

the protein molecules is very important because this knowledge could be used for 

designing new drugs in order to control various processes in the living organisms. 

This importance triggers many research groups to investigate various methods for 

protein annotation. There are experimental methods for discovering the protein func-

tions. However, these methods are very expensive and time-consuming. On the other 

side, with the high-throughput technologies numerous protein structures are deter-

mined every day, thus many protein molecules with determined structures are not 

annotated yet. Therefore, there is an obvious need for fast computational methods for 

protein function prediction. 

In the current literature, there are various methods for protein annotation. Different 

methods consider different information regarding the interacting protein structures. 

First group of methods [1] examines the sequence and/or structure homology of the 

protein molecules. Second group of methods [2] identifies the conserved parts of the 

protein sequences and/or structures, and determines the protein functions based on the 
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features of the conserved regions. There is a third group of methods [3] that annotate 

protein structures based on the motifs (signatures) found in their sequences. As a 

fourth group of methods we identify the methods that annotate the protein structures 

based on the characteristics of the protein binding sites. The protein binding sites are 

the regions of the protein structures where interactions with other protein structures 

occur. In [4], the authors provide a wide survey of available tools and web servers for 

protein binding sites prediction. As a fifth group of methods [5] we identify the me-

thods that do not consider the protein sequences and structures, but consider informa-

tion regarding the interacting pairs of protein structures presented by the protein-

protein interaction networks. In this research we focus on the fourth group of me-

thods, and we aim to provide models that successfully detect the protein binding sites. 

Afterward, the predictions about the binding sites obtained by our models could be 

used for protein annotation. 

There are numerous methods for protein binding sites prediction. In order to identi-

fy the amino acid residues that are part of a given binding site, different characteris-

tics of the residues could be considered. The Accessible Surface Area (ASA) [6], 

depth index (DPX) [7], protrusion index (CX) [8] and hydrophobicity [9] are the ami-

no acid residues’ characteristics that are used the most. None of the characteristics 

does not provide sufficient information in order to make perfect prediction of the 

residues that take part of binding sites. Therefore, several characteristics are consi-

dered in the induction of the prediction models. In this research we consider these 

four features, i.e. ASA, DPX, CX and hydrophobicity. 

After extraction of the characteristics of the amino acid residues, then prediction 

models are induced. In the literature various classification methods are used for this 

purpose. In this research paper we consider several classifiers for inducing models for 

protein binding sites prediction. 

In order to increase the prediction power of the models, ensembles could be used. 

An ensemble model combines several models. There are several techniques for induc-

ing ensemble models, including bagging and boosting. In the induction of the models, 

the samples are randomly chosen with replacement. At the beginning each sample has 

equal probability to be chosen. In bagging, in the induction of the later models, the 

probability that a given sample would be randomly chosen in the training dataset for 

the given model remains uniform. On the other side, in boosting we increase the 

probability for choosing the samples that are misclassified by the previous model. In 

this way, the samples that are harder for learning are more frequently presented to the 

classifiers. Namely, this way we force the learning of the samples that are located in 

regions in the N-dimensional space where more misclassification errors occur. In this 

research we induce both bagging and boosting ensemble models using various classi-

fication methods. 

The rest of this research paper is organized in this way. In section 2, first we 

present how the amino acid residues’ characteristics are extracted. Then, we explain 

the model induction using bagging and boosting techniques. Section 3 provides re-

sults of the evaluation of the prediction models. In section 4 we conclude the paper 

and identify directions for additional improvements. 
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2 Protein Binding Sites Prediction Models 

In this section we present our approach for predicting the protein binding sites. We 

classify each amino acid residue in one of the two classes (part of binding site or not). 

First, we extract several characteristics for each amino acid residue of the inspected 

protein chain. Then, the prediction models are induced using various classification 

methods. In this paper we induce single models, and also we induce ensembles using 

bagging and boosting techniques. 

2.1 Extraction of the Amino Acid Residues Characteristics 

The most widely used characteristics of the amino acid residues are Accessible Sur-

face Area (ASA) [6], depth index (DPX) [7], protrusion index (CX) [8] and hydro-

phobicity [9]. Since none of the characteristics does not provide sufficient information 

whether a given residue is a part of a binding site or not, therefore several characteris-

tics are used in the model induction. In this research we consider the four features 

mentioned below. Since an amino acid residue contains several atoms, thus first we 

calculate the ASA, DPX and CX for each atom. Then, the corresponding characteris-

tic for the amino acids residue is calculated using some aggregation of the values of 

the characteristic obtained for each atom. 

The Accessible Surface Area (ASA) [6] is usually expressed in Å
2
 and is calculated 

as a surface area of the atom that could be reached by a rolling sphere. In this research 

we use a rolling sphere with radius of 1.4 Å, which is the most common value. The 

rolling sphere is rolled around the protein structure by making small slices. Small arcs 

are formed as intersections of the rolling sphere and the slices. The value of the ASA 

in the i-th slice is calculated as in [6] 

  (1) 

  (2) 

where R is the radius of the inspected atom, Zi is the distance between the centre of 

the rolling sphere and the i-th section, Li is the length of the corresponding slice and 

ΔZ denotes the distance between adjacent slices. In this way we calculate the ASA in 

each slice. Then, the ASA of the inspected atom is calculated as sum of the ASA val-

ues obtained in all slices. Since an amino acid residue contains several atoms, there-

fore we sum the ASA values of all atoms that constitute the residue. 

In the protein structure, numerous atoms are hidden in the interior of the protein, 

and they could not be reached by the rolling sphere. As a consequence of this, they 

could not be a part of a binding site. Thus, we filter only the amino acid residues that 

are located at the protein surface. In this filtering we consider that a given amino acid 

residue is located at the protein surface if the ratio of its ASA and the total surface 

area of the residue is not lower than 5%, as suggested in [10]. 
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The depth index (DPX) [7] of an atom denotes the distance from the centre of the 

atom to the nearest atom (including the inspected atom) that could be reached by the 

rolling sphere. The depth index of the atoms that could be reached by the rolling 

sphere is zero, and greater than zero for the remaining atoms. In this way the depth 

index gives evidence how far a given atom is from the protein surface. After extrac-

tion of DPXs of all atoms, the DPX of an amino acid residue is calculated as an aver-

age of the DPXs of its atoms. 

The protrusion index (CX) is calculated as in [8]. First, we calculate the number of 

non-hydrogen atoms that are located in the neighboring around the examined atom. In 

this research we inspect the atoms that are within a sphere with radius of 10 Å, as 

suggested in [8]. Then, we calculate the volume occupied by the protein structure by 

multiplying this number of non-hydrogen atoms and the average volume of an atom 

(20.1 Å
3
 [8]). Finally, the protrusion index CX is calculated as a ratio of the remain-

ing volume and the occupied volume, where the remaining volume is a difference 

between the total volume of the inspected sphere and the volume of the inspected 

sphere that is occupied by the protein structure. In this way, CX gives evidence about 

the density around given atom. The atoms located in regions with higher density have 

lower CX, while the atoms located in regions with lower density have higher CX. The 

CX of an amino acid residue is calculated as a mean of the CXs of the atoms that 

constitute the inspected residue. 

The hydrophobicity characteristic [9] is the last characteristic that we use in this re-

search. Hydrophobicity indicates the hydrophobic properties of the amino acid and is 

related with the hydrophobic effect. Namely, hydrophobic amino acids are typically 

found deeply in the protein interior, and hydrophilic amino acids are usually located 

towards the surface of the protein molecule. There are several scales for expressing 

the hydrophobic properties of the amino acids. We use the hydrophobicity scale pro-

posed by Kyte and Doolittle [9]. 

2.2 Induction of Ensemble Models for Protein Binding Sites Prediction 

After extraction of the characteristics of the amino acids residues, next we induce 

prediction models for identifying the amino acid residues that are part of binding 

sites. We use the following classification methods for building prediction models: 

C4.5 Tree [11], Alternating Decision Tree (ADTree) [12], Naïve Bayes [13], Naïve 

Bayes Tree [14] and Bayesian Network [15]. 

In order to increase the prediction power of the models, we also induce ensembles 

that combine several models. In this way we aim to induce ensemble models that are 

capable to overcome the problems of the individual models. We consider two tech-

niques for building ensembles, i.e. bagging [16] and boosting [17]. Both techniques 

use randomization to choose samples that would be used for building models. Let we 

have a training dataset D with |D| samples, and let we want to induce m models using 

some classification method. We generate m training datasets Di, i=1,…m, with size 

|Di|≤|D| by sampling the dataset with replacement and following the same distribution 

of the class attribute as in the entire training dataset. Since we resample the samples 

with replacement, some samples could be considered several times in same training 
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dataset. Using the training datasets Di, i=1, 2,…m, we induce m separate models. 

During testing, the test samples are presented to each of the m models, and the final 

decision regarding the class attribute is made using voting. In this research the models 

have equal weights in the voting. In bagging, the samples have equal probabilities to 

be randomly chosen during the entire process. On the other side, using boosting the 

samples that are harder for learning have higher probability to be randomly chosen. 

At the beginning the samples in the training dataset have equal probabilities to be 

chosen. We randomly chose samples and form the training dataset D1. Then, the mod-

el M1 is induced using the dataset D1, and the samples from D1 are presented to the 

model M1 for prediction. For each sample from D1 that is misclassified by the model 

M1 the probability for choosing is increased. On the other side, for each sample in D1 

that is correctly predicted by M1 the probability for choosing is decreased. Using the 

new probabilities, the dataset D2 is generated. Then, the models M2 is induced, and 

based on the predictions about the samples in D2, the new probabilities of the samples 

are calculated. This procedure is repeated until m models are induced, or while the 

weight threshold reaches a predefined threshold. In this way, if a given sample is 

misclassified by the previous models, it has higher chance to be chosen in the training 

of the next models. In this research paper, we use the implementations of the classifi-

cation methods and the methods for inducing ensembles provided in the Weka soft-

ware [18]. For the boosting we use Adaptive Boosting (AdaBoost) method [17]. For 

each method we use the default settings if it is not otherwise specified. 

3 Experimental Results 

For evaluation of the prediction models, we use the knowledge stored in the Biomole-

cular Interaction Network Database (BIND) [19], which contains information about 

the protein binding sites. The knowledge stored in this database is acquired in expe-

rimental manner, and therefore we consider this knowledge as a standard of truth. 

From the BIND database we filter the protein chains that do not have more than twen-

ty percents similarity in their sequences. For this filtering we use the criterion given in 

[20]. Then, using the same selection criterion [20] we generate the test set by select-

ing the protein chains with less than ten percents similarity in their sequences. All 

protein chains that belong to the first dataset, and do not belong to the second dataset 

are considered in the training dataset. 

Next, we filter the surface amino acid residues. After filtering the surface residues, 

we obtain a training dataset with 115579 samples, from which only 15696 are part of 

binding sites. The obtained test dataset contains 625939 amino acid residues from 

which majority belong to the non-binding sites’ class. In order to avoid inducing 

models that are biased towards the dominant class (the non-binding sites’ class), we 

balance the training dataset until uniform distribution is obtained. However, we do not 

perform balancing on the test dataset, so in the evaluation of the prediction models we 

have to use some evaluation measure that is appropriate for unbalanced datasets. After 

balancing the training dataset, next we normalize the amino acid residues’ characteris-

tics thus obtaining values in the interval [0;1]. 
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There are various measures that could be used for evaluation of models for predict-

ing a discrete class attribute. However, the classification accuracy is not appropriate 

measure for evaluation of a model using unbalanced test dataset. Since the test set in 

our case is not balanced, in this research paper we use the Area Under the ROC Curve 

(AUC-ROC) measure to estimate the prediction power of the models. AUC-ROC is 

calculated as TPR*TNR+TPR*(1-TNR)/2+TNR*(1-TPR)/2= (TPR+TNR)/2, where 

TPR and TNR denotes the true positive and true negative rates respectively. The true 

positive rate is calculated as TP/(TP+FN), while the true negative rate is determined 

by TN/(TN+FP), where TP and TN correspond to the number of true positives and 

true negatives, while FP and FN denote the number of false positives and false nega-

tives correspondingly. In this way, the AUC-ROC measure achieves values in the 

interval [0,1]. Value 1 means perfect prediction of the class attribute, while value 0 

denotes that the model makes inverse predictions. 

First, we evaluate the prediction power of the models obtained using different clas-

sification methods. In this analysis we induced single models. The results for AUC-

ROC obtained from this analysis are provided in Table 1. The results show that the 

C4.5 tree obtains highest AUC-ROC, while the Alternating Decision Tree based mod-

el has lowest prediction power. 

Table 1. The AUC-ROC obtained by the single models using various classification methods. 

Classification method AUC-ROC 

C4.5 tree 0,5866 

Alternating Decision Tree 0,5455 

Naïve Bayes 0,5668 

Naïve Bayes Tree 0,5857 

Bayesian Network 0,5762 

 

Next, we induce ensemble models using bagging. In this analysis we examine the 

number of iterations m, which corresponds to the number of models used in the en-

sembles. Also, we induce several models using datasets Di, i=1,2,…m, with different 

sizes |D|*k/100, k=5, 10, 20, 50 and 100, where |D| denotes the number of samples in 

the entire training dataset. The results of this analysis are presented in Table 2. Simi-

larly, we induce ensemble models using boosting. We use different values for the 

maximal allowed number of iterations (m=10, 20 and 50). The results of the ensemble 

models using boosting are provided in Table 3. 

The results given in Table 2 and Table 3 show that the ensemble model using C4.5 

tree obtained by bagging using m=20 and k=50 has highest AUC-ROC among the 

models that are based on the C4.5 tree classifier. Using bagging, the prediction power 

of the C4.5 tree based models is increased from 0,5866 to 0,5878. In this analysis the 

boosting models do not outperformed the single C4.5 tree model. Regarding Alternat-

ing Decision Tree (ADTree), using single model we obtained AUC-ROC of 0,5455. 

Using ensembles we increased AUC-ROC up to 0,5804 with bagging and up to 

0,5839 with boosting. Similarly, using Naïve Bayes, the AUC-ROC is increased from 

0,5668 up to 0,5740. Also, with the other classification methods using ensembles we 
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improved the prediction power of the models. Generally, boosting showed as better 

technique for building ensembles, except for C4.5 tree classifier. Regarding boosted 

C4.5, it is interesting to mention that for m=10 (using 10 models) higher AUC-ROC is 

obtained than for m=20 and 50. With boosting, in the later iterations the misclassified 

samples are more frequently chosen for training, so therefore the models become 

over-fitted regarding these samples. 

Regarding the values of k, from Table 2 we can see that more accurate models are 

induced when the models are induced using datasets with smaller size than the entire 

training set (for k<100). In this way using lower k, the models are not over-fitted. 

However, using too small sets (for k=5), the prediction power is lower. In order to get 

better picture of the influence of the parameter k, on Figure 1 and Figure 2 we present 

the results from Table 2 graphically. On the x-axis the examined values of k are given. 

From these figures we can see that generally the optimal values for k are 10, 20 and 

50. From the figures it is also evident that using k=100 (using datasets Di with same 

size as the entire training dataset), the prediction is getting worse when C4.5 and 

ADTree are used since the models are over-fitted. However, this is not a case using 

the Bayesian methods (Naïve Bayes, Naïve Bayes Tree and Bayesian Network). 

Table 2. The AUC-ROC obtained by the ensemble models using bagging technique and 

various classification methods. 

m k 
C4.5 

 Tree 

Alternating 

Decision Tree 

Naïve  

Bayes 

Naïve  

Bayes Tree 

Bayesian 

Network 

10 5 0,5860 0,5781 0,5656 0,5714 0,5717 

10 10 0,5855 0,5804 0,5671 0,5717 0,5690 

10 20 0,5865 0,5703 0,5675 0,5726 0,5693 

10 50 0,5842 0,5533 0,5668 0,5718 0,5718 

10 100 0,5708 0,5455 0,5665 0,5777 0,5761 

20 5 0,5865 0,5700 0,5667 0,5730 0,5725 

20 10 0,5873 0,5691 0,5673 0,5714 0,5702 

20 20 0,5876 0,5748 0,5670 0,5730 0,5693 

20 50 0,5878 0,5613 0,5668 0,5708 0,5708 

20 100 0,5731 0,5455 0,5668 0,5781 0,5750 

 

Table 3. The AUC-ROC obtained by the ensemble models using boosting technique and 

various classification methods. 

m 
C4.5  

Tree 

Alternating 

Decision Tree 

Naïve  

Bayes 

Naïve  

Bayes Tree 

Bayesian 

Network 

10 0,5825 0,5837 0,5740 0,5868 0,5859 

20 0,5722 0,5839 0,5740 0,5868 0,5859 

50 0,5722 0,5839 0,5740 0,5868 0,5859 
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Fig. 1. The AUC-ROC obtained by the ensemble models for m=10 using bagging technique 

and various classification methods. On the x-axis the inspected values of k are given. 

 

 

Fig. 2. The AUC-ROC obtained by the ensemble models for m=20 using bagging technique 

and various classification methods. On the x-axis the inspected values of k are given. 
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4 Conclusion and Future Work 

In this paper we introduced an approach for inducing models for predicting the pro-

tein binding sites. The predictions of our models could be used to determine the func-

tions of the protein structures. First, we extracted several characteristics of the amino 

acid residues. Then, we induced models using various classification methods. In order 

to enhance the prediction power of the models, we induced ensemble models that 

combine several single models. For this purpose we used the bagging and boosting 

techniques for building ensembles. 

The results showed that we improved the predictions using ensembles of models. 

Generally boosting showed as better technique for building ensembles (except for 

C4.5 tree) since it forces learning of the samples that are harder for learning. We ex-

amined the influence of the parameter k that defines the size of the training datasets 

that are used for building the individual models in bagging. The results showed that 

for the C4.5 tree and the ADTree, k should not be too high. Regarding the values of 

the parameter m, which denotes the number of induced models that are combined in 

the ensemble, we can conclude that generally as m increases also the prediction power 

increases. However, in the same time also the training and testing times linearly in-

crease. 

Further, we plan to induce ensemble models for protein binding sites prediction us-

ing other classification methods. Also, we will explore whether the set of four amino 

acid residues’ characteristics that is used in this research is the most relevant one, or 

maybe other set of characteristics is more suitable for protein binding sites prediction. 
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Abstract. With the rapid growth of Cloud services and applications, more and 
more researches have been focused on performance improvements of greater 
and larger Data Centers. What about their energy consumption? Have we 
reached the point where energy consumption is limiting further performance 

growth? The aim of this study is to give light to the answers for these questions 
by presenting an overview of the energy issue in cloud computing. This paper 
provides an overview of researches and reports published in the latest three 
years, 2010-2013, in the fields of Cloud Computing Energy Efficiency 
improvements and awareness.  

Keywords: Energy Efficiency, Power Consumption, Green Cloud Computing  

1   Introduction 

In this paper we present an overview of the current research regarding energy 
efficiency and keeping Cloud Computing as green as it is possible. Our main aim is to 

give a clue on the importance this area is being given to by researchers, their trend in 

the latest years, the impact that awareness reports of the actual energy state are 

bringing on intensifying Cloud energy efficiency research. The rest of this paper is 

organized as follows: In the second section we present the methodology used for this 

study. In the third section we present results and analysis of the searches in a 

quantitative perspective. Then the fourth section presents results on specific research 

topic perspective. To conclude finally with the conclusions we have come preparing 

and accomplishing this study. 

2   Methodology  

In order to assess the state of cloud computing energy (green) research and awareness, 

we portray a current landscape based on online computing database searching, such as 

IEEE, ACM, Google. We examined papers, reviews and their references, to result in a 

total of 40 study samples, papers and reports published during 2010’ – 2013’.  
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We chose a classification framework to categorize our study sample of 40 articles, as 

shown in Table 1, based on the literature review, the interest of energy and green 

cloud computing research and the existing ACM Computing Classification System 

[1]. As we can see from the table 1, after a full text review of all selected publications, 

we grouped them in two main domains: research papers and reports. Then in these sub 

domains: Review, Improvements in existing Technology, New Design, regarding first 

domain, and Environmental Impact, Cloud Service Provider Perspective regarding the 

second domain. 

Table 1.  Main classification scheme of publications in two domains and five sub domains.  

Domain Subdomain 

1.Research Paper 1) Review 
 2) Improvements in existing technology 
 3) New designs 

2.Report 1) Environmental Impact 
 2) Cloud Service Provider Perspective 

 

3   Literature review: quantitative results and analysis 

In this section we give the results of our study, based on the methodology explained 

in section 2: we will classify all 40 selected publications of our search in two main 

categories: Papers and Reviews and give the results of our study.  

 Table 2.  Representation of the total number of publications per year regarding energy in cloud 
computing. This total is then classified in papers vs. reports, and percentage of them 
representing papers and reports 

Year Total nr. of 

publications 

Papers / Reports Percentage Papers / 

Reports(%) 

2010 6 4 / 2 67 / 33 

2011 10 6 / 4 60 / 40 

2012 17         15 / 2 89 / 11 

2013 7 6 / 1 86 / 14 

    Total       40               31 / 9                     - 

 
As we can see from table 2, 72.5% of all selected publications are research papers 

and 22.5% of them are reports. Till 2011’ there has been a constant growth in number 

of publications in both research papers and reports, meanwhile in 2012’ we can notice 

a  descent on the number of reports but 2.5 times greater number of paper 

publications. We can justify this as an awareness impact of reports towards 

researchers of the field. 
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Based on table 1 classification scheme, we give the results on the total number of 

publications per sub domain and their percentage on the domain they are part of, 

shown in table 3. 

Table 3.  Representation of the total number of publications per sub domain and percentage 
given by: “number of each sub domain divided by total number of publications per domain” 

Domain Sub domain Nr. of publications Percentage per domain 

Papers Review 5 16 % 
 Improvements in  

existing technology 
10 32 % 

  New designs 16 52 % 

 Reports 
 

 
 

     Environmental Impact 
    Cloud Service Provider     
    Perspective 

    6 
    3 

       67 % 
       33 % 

   

4   Literature review: topics-related analysis 

This section is an overview of each of the sub domains, showed on table 1, regarding 
their specific topic on how they contribute to the energy issue. We could not have all 

full text publications of the four conferences to fully review them, so this analysis is 

focused on the 40 publications we presented on section 3.1. 

For every sub domain we will mention the main strategies, policies, focuses on 

their research, as well as  references and possible analysis. 

1. Research Papers: This domain includes latest academic researches on the field 

of energy and power consumption in cloud computing, focusing on new techniques, 

concepts, designs, or improvements on this area. We categorize them as follows: 

1.1 Review: this sub domain consist of studies that tend to give a state of the art on 

energy issue on cloud computing and classifies the existing techniques or hardware 

and software current solutions on the field, like articles in [7],[26], [28], [29], [33]. 
1.2 Improvements in existing Technology: they tend to focus on the implementation 

of optimization techniques such as virtualization and consolidation [2], [4], [23], [32], 

on evaluating cloud computing data centers aspects that directly or indirectly have 

impact on energy issues like: current network traffic [9], speed and stability [8], 

power consumption peak and valleys [10], power budgeting [24], energy awareness 

[39] 

1.3 New Design: which includes studies presenting novel approaches [12], [31], 

resource management systems [6], simulating software [14], [15], algorithms and 

mechanisms for new energy-aware framework [17], [18], new methodologies for 

energy efficiency improvements [13], [16], new kind of usable energy [3], new 

architecture [34], new developed software [5], [30], [35], [36], [37]. 

2. Reports: This domain includes latest reports on the field of energy and power 
consumption in cloud computing, focusing on the environmental impact cloud 
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computing has for the moment, its trends for the future, statistics awareness on the 

area, as well as cloud service providers perspective for the advantages and 

disadvantages of cloud computing regarding energy consumption. 

2.1 Environmental Impact: this includes publications that highlight the current 

state of energy issue on cloud computing, how this current trend can result too 

problematic regarding environment and worthless consumed energy, as well as new 

design considerations for green data centers. Main organizations or companies 

contributing on this sub domain are: Greenpeace [20], [21], [22], U.S. Energy 
Information Administration [38], Analytic Press [27], Dimension Data [11]. 

2.2. Cloud Service Provider Perspective: we will mention IBM, Dell and Google 

Reports. IBM gives its Energy Management Strategy in their Data Centers and IT 

Efficiency [25]; Dell gives its ideas on usage of techniques such as consolidation and 

hyperscale hardware, virtualization, integrated solutions for lower power consumption 

via better hardware designs [40]. Meanwhile Google gives an all new perspective on 

how cloud computing can in fact be seen as part of the solution towards a more 

energy efficient future. According to [19], migrating to the cloud can produce 

estimated energy savings of 68–87% for typical companies. 

5   Conclusions 

In this paper we gave an overview of the current level of research on cloud computing 

energy aspects. We presented a literature review classifying a selected group of 

publications, a total of 40 papers and reports published in the four recent years. We 

provided results and analyzed them. We identified that 72.5% of all selected 
publications are research papers and 22.5% of them are reports. Till 2011’ there has 

been a constant growth in number of publications in both research papers and reports, 

meanwhile in 2012’ we can notice a  descent on the number of reports and 2.5 times 

greater number of paper publications. We also perform a topic-related analysis to 

show the main current research techniques: hardware or software solutions for better 

energy-efficiency cloud systems. 

To conclude, this paper can also help academics or practitioners interested in the 

cloud computing area to consider research on the energy efficiency issue, as we can 

see its importance and growth of research level on this specific area recently. 
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Abstract. Because of the nature of Grid to be heterogeneous and distributed 

environment, the database systems which should work on Grid must support 

this architecture. OGSA-DAI is an example of such extensible service-based 

framework that allow data resources to be incorporated into Grid fabrics. On the 

other side, new trends in databases and data mining acquire tightly-coupled 

integration between raw data and patterns (mined data). Inductive databases are 

concept that allows this and users can query both data and patterns with query 

languages like SQL. For that reason, we propose OGSA-DAI extension for 

distributed data mining. In this paper, we introduce heterogeneous and 

distributed databases, then we discuss inductive databases, distributed data 

mining and our proposed model. 

Keywords: Grid computing, heterogeneous distributed databases, OGSA-DAI. 

1   Introduction 

The computational needs of today’s science and engineering are constantly 

increasing. The Grid provides both computational and storage resources to the 

scientific applications [1]. E-Science is computationally intensive science that is 

carried out in highly distributed network environments, or science that uses immense 

data sets [2]. Digital data play major role in e-Science applications, from small 

projects [3] to The Large Hadron Collider [4]. Grid computing is one of the most 

exploited platforms for e-Science and provide computational and data resources. 

Significant effort is made in developing of Grid infrastructure in South-Eastern 

Europe region [5]. 

Because of mainly file-based organization of Grid data, there is a need how to use 

data which are originally organized as shared and structured collections, stored in 

relational databases, or in some cases in structured documents or in assemblies of 

binary files. These requirements of Grid applications require developers of Grid 

systems to provide practical implementations of "relational Grid databases" (or data 

access and integration [6]). One of the widely used middleware for heterogeneous and 

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

111



distributed database is OGSA-DAI [7] build on WS-DAI standards for data access 

and integration. While other Grid middleware's use data in file based manner, 

OGSA-DAI workflows consists of activities that use relational databases. 

Databases and data mining algorithms have two-way connection. Modern 

databases have needs from advanced data analysis, and on the other side data mining 

algorithms should be tightly integrated with data. Even when using databases, most of 

the current data mining applications have a loose connection with them. They treat 

database simply as a container from which data is extracted directly to the main 

memory of the computer responsible for running the data mining algorithm, just 

before the main execution begins. This approach limits the amount of data that can be 

used, forcing applications to filter information, and use only a part of it to discover 

patterns. In [8] are proposed inductive databases where data and patterns are stored 

together and user can query both of them with query language. We want to extend this 

concept for distributed databases. 

The goal of this paper is to present architecture for execution distributed data 

mining algorithms and easily querying the data and the patterns. With this upgrade, in 

OGSA-DAI can be added more complex algorithms for data analyze, for example, 

calculations for OLAP cube or association rules, which are not supported in databases 

by default. 

The rest of the paper is organized as follow. In Section 2 we describe standards for 

data access and integration which are key concepts for practical implementations of 

relational database middleware for Grid. We described OGSA-DAI, a practical 

release of WS-DAI specifications in Section 3. In Section 4 we discuss inductive 

databases, distributed data mining and we present extension of OGSA-DAI that we 

propose. We conclude the paper and give recommendations for future work in Section 

5. 

2   Data Access and Integration 

Grid is made of different type of resources with different characteristics, and as whole 

must act as one system. For example, on the Grid we can find two clusters with 

different type of processors or installed software, even on the same cluster we can 

find machines with different resources. This property is true for databases. There are 

several types of databases which can be used in applications: relational, XML, even 

CSV files or just files. But the Grid users (applications, clients) must see data as one 

integrated part, no matter where they are located or which their physical form is. 

Another key moment in organizing databases on Grid is the service-oriented 

architecture of Grid and Grid services, defined by Open Grid Service Architecture 

(OGSA) [9]. OGSA has a one of the central roles in Grid computing, because it 

simplifies the development of secure, robust systems and enable the creation of 

interoperable, portable, and reusable components. The main idea of transient Grid 

services is to extend well-defined Web service standards (WSDL, XML schemas, 

SOAP, etc.), to support basic Grid behaviors. These standards are proposed by Open 

Grid Forum [10] and this organization have key role in development of new Grid 

technologies. 
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OGF issued the Web Service Data Access and Integration (WS-DAI) family of 

specifications [11]. This specifications defines web service interfaces to data 

resources, such as relational or XML databases. In particular, the WS-DAI 

specifications are part of a wide ranging activity to develop the Open Grid Services 

Architecture (OGSA) within the OGF. The specification WS-DAI is on the top level 

and it defines the core data access services which are web service interfaces to data 

resources.  

WS-DAI specifications have five main components: interfaces, data services, 

properties, messages and data resources. Interfaces are used to interact with data 

services. Data services are web services that implements interfaces to access 

distributed data resources. Properties describe data services, messages are sent to data 

services and data resources are system that can act as a source of data. Data resources 

are already existent database management systems, for example, MySQL, and this 

system has no real connection with WS-DAI specifications. 

In Fig. 1 is given the proposed messages flow between client and data stored on 

Grid, by Open Grid Forum. This scheme enables clients to access or modify the data 

and their organization through Grid data service. 

In order to implement these specifications on real system, in Fig. 2 is given 

proposed architecture of Grid database system [12]. During the fact that these 

traditional DBMSs exist for many years and are well developed and tested, in this 

case can be used some of the existing. On top of this system Grid Data Services must 

be implemented, as part of the middleware that is responsible for communications 

among heterogeneous distributed database. 

Grid Data Service Middleware is one kind of transparent wrapper for complex Grid 

database. Transparency refers to: location, name of database, distribution, replication, 

ownership and cost, heterogeneity and schema. Clients exchange data with Grid 

database, even if they don't know where that data are stored or in which format. 

Important for client is that in Grid database must be implemented all (or common) 

functionalities of regular, mainly relational, database management systems and in 

natural way. That ensures that clients (users, software developers) can easily use Grid 

database and easily adapt their applications with new kind of database. 

Ideally, the database vendors would themselves agree on, and support, such a 

standard. This would remove the need for third parties to provide wrappers for each 

different DBMS, and would also open the way for internal performance 

optimizations, e.g. in generating XML result sets directly from the internal 

representation [13]. 

As a conclusion, a heterogeneous distributed database system (or simply Grid 

database) should provide service-based access to existing relational database 

management systems that are located on Grid nodes. This database will be some form 

of virtual database and clients will access to data on transparent way no mater of 

physical organization of data [12]. 
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Fig. 1. Accessing and modifying data stored on Grid using a Grid Data Service 

 

Fig. 2. Architecture of Grid Database System 

3   OGSA-DAI Heterogeneous Distributed Databases 

OGSA-DAI stands for Open Grid Services Architecture - Data Access and 

Integration. It is a Java open source project and it is a one of the most comprehensive 

heterogeneous database system, which can be used in Grid.  

One of the primary goals of data access and integration is to treat these data, 

whatever their origin, within a uniform framework. OGSA-DAI make the DBMSs, 

which can be heterogeneous and distributed on Grid, transparent to the users [14]. It 

hides the underlying drivers that are needed to communicate with the database 

management and as name tells, OGSA-DAI provide service-oriented interface to the 

clients. This process naturally will add some overhead on top of the communication 

itself but it is not that significant [15]. 

It supports several kinds of databases: relational (Oracle, DB2, SQL server, 

MySQL, Postgress), XML databases like xindice and eXist and files. There is an 

opportunity for programmers to develop new drivers for DBMS which are not 

supported in original version. Acting in the top of local DMBS that are located on 

different sites, OGSA-DAI provides uniform Grid database. 
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Today, OGSA-DAI has a several thousand users and a lot of scientific projects that 

are using it as a Grid database (i.e. ADMIRE1, BIRN2, GEO Grid [16], MESSAGE 

[17], BEinGRID5, LaQuAT6, Database Grid7, mantisGRID [18] etc.). List of most 

important projects can be found in [19]. 

Architecture of OGSA-DAI is in compliance with needs described in Section 2. In 

OGSA-DAI, data resource represents externally managed database system and data 

service provide interface to access to this data resources. A data request execution 

resource (DRER) executes OGSA-DAI workflows (and termed requests) provided by 

clients. A DRER can execute a number of such requests concurrently and also queue a 

number more. An OGSA-DAI server must have at least one DRER. Clients execute 

workflows using OGSA-DAI as follows: a client submits their workflow (or request) 

to a data request execution service (DRES). This is a web service which provides 

access to a DRER. A workflow consists of a number of units called activities. An 

activity is an individual unit of work in the workflow and performs a well-defined 

data-related task such as running an SQL query, performing a data transformation or 

delivering data. Activities are connected. The outputs of activities connect to the 

inputs of other activities. Data flows from activities to other activities and this is in 

one direction only. Different activities may output data in different formats and may 

expect their input data in different formats [20]. Main activities are organized in three 

types: Statement Activity, Translation Activity and Delivery Activity. In Fig. 3 a) is 

shown example of OGSA-DAI workflow with three activities. The interaction 

between client and data through DRES, is shown in Fig. 3 b).  

 

 
 

Fig. 3. a) Example of OGSA-DAI query-transform-deliver workflow. b) Interaction 

between client and data. 
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4 Model for Implementation of Virtual Mining Views 

In our recent work [21] we proposed and implement computational resources as an 

extension to OGSA-DAI. The aim of this extension was to use other computational 

resources, such as, clusters, desktop computers, servers, or Grid nodes, in OGSA-DAI 

workflows. With this extension part of OGSA-DAI workflow can be executed on 

machines which don’t have OGSA-DAI installation. In practice, this extension can be 

very useful because on real and already installed platforms (systems) is difficult to 

install OGSA-DAI. 

In this section we will give brief overview of inductive databases, ideas and current 

implementations of data mining querying languages and virtual mining views, 

distributed data mining, and idea for implementation of virtual mining views in 

OGSA-DAI in distributed way. 

4.1 Inductive Databases 

In the 90’s with the development of the algorithms for data mining and  the systems 

for implementation of  database management systems, especially the SQL language, 

there is need of data integrating closer to the mining algorithms i.e. in the databases 

itself. The first steps for this kind of integrating are made in [8] where the authors 

define the concept for inductive database, where the data and the patterns will be held 

together. Then with knowledge discovery query language, the information will easily 

be retrieved.  

This kind of KDD query language has to be formally defined, then query 

optimization tools would be developed to compile queries into reasonably efficient 

execution plans. This execution plans will include existing inductive learning and 

statistical data analysis algorithms and may include new inductive tools. The idea for 

this kind of language comes from the excellent capabilities of SQL, and like SQL 

should follow the closure principle i.e. input and output of queries are relations. 

As an example, the user may state that he or she wants to see all rules about a 

patient with heart disease such that the consequent of the rule says something about 

the age of the patient, there are at least 1,000 cases which the rule body applies, and 

the confidence of the rule is at least 65%. In the M-SQL language [22] this rule query 

would be represented as follows: 

 
Select 

From Mine(T): R 

Where R.Consequent = {(Age =*) 

R.Support > 1000 

R.Confidence > 0.65 

 

Several data mining query languages are defined up till now: DMQL [23], MINE 

Rule [24] etc. But main disadvantage is that users must learn new more complicated 

language and it is discussable whether and how much should it be extended. Another 

issue is, if these languages are really query languages (with all their characteristics) or 
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“syntactic sugar” over the algorithms. Standardization of these languages is difficult 

to perform. 

Rather than defining new query language in [25] is proposed concept of virtual 

mining views. Virtual mining views are empty tables with pre-defined columns which 

depend of mining algorithms in which are “stored” patterns. The main benefit is that 

users can use standard SQL language to query patterns from these views. When user 

retrieve data from these virtual views, in background, algorithm for data mining is 

activated and patterns are generated and filed in virtual views. After retrieving 

patterns, data from these views are deleted. This approach is more appropriate and 

more natural to the concepts of databases. In their research, authors proposed virtual 

mining views for association rules mining and decision trees. 

4.2 Distributed Data Mining 

The distributed data mining is a kind of widening of the actual distributed databases. 

The data which are stored distributed need further analyses. The selection of data or 

the simple data searching are not enough, just because of this, the data mining is used. 

Even though the mining algorithms are mostly developed when the data is located 

on one place, there are many prerequisites because of which the data mining should 

be used. Here we can mention that databases are distributed, they are large, 

heterogeneous or they have privacy restrictions. Because of the privacy restrictions 

and the high communication costs, which are not involved in the standard data 

mining, creation of database at one place where the algorithm will be executed is not 

possible. Another restriction is that the databases can be large and with that they 

cannot be located on one computer only. Moreover, in Grid computing we should also 

not forget that Grid consists of many desktop computers organized in clusters which 

do not have enough main memory. 

Today there are many algorithms for distributed data mining and the most 

important can be found in [26]. They cover all the categories of algorithms which are 

used for sequential mining: association rules, clustering, classification etc. The 

objective of DDM is to perform the data mining operations based on the type and 

availability of the distributed resources. Distributed architecture for data mining is 

likely to reduce the communication load and processing are done near to data and 

local model was build. After that only data from local models are exchanged to be 

created a final model with aggregation of local models. 

Moreover, there are many data mining systems on Grid [27][28][29]. These 

systems do not represent distributed databases and the data integration is separated, 

which is different from our case. In their case the main point is given on computing 

and processing elements in the system. The integration of the data is done with text 

data which is algorithms input. This kind of access does not meet the standards for 

Data Access and Integration described in Section 2. 
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4.3 Virtual Mining Views in OGSA-DAI 

Our main idea is to propose distributed virtual mining views and architecture of 

OGSA-DAI extension for their implementation. As described above, virtual mining 

views are proposed in [25] but not in distributed way. The concept of views is not 

new in OGSA-DAI [30], but these views are standard views which can be defined in 

every relational database, and they are not virtual mining views. Elements of 

proposed architecture are shown in Fig. 4. 

 

 

Fig. 4. Architecture of proposed model for virtual mining views 

In focus is Virtual mining views module with these functionalities (which are 

previously defined by the administrator): 

- Defined virtual mining views which are named and consist of fields with 

predefined types. 

- There is a pool of algorithms which are used for data retrieving. 

- Defined workflows which use the algorithms and the input data and 

materialize the virtual mining views. Because of the usage of the workflows 

(in OGSA-DAI manner), the administrators are given wide area for 

implementation of different algorithms in diverse set environments. 

The working procedure is the following: The user calls the SQLQuery activity as 

part of their workflow, then the VMV module checks if there is any virtual mining 

view included in SQL query. If the virtual mining view is included in, depending on 

the parameters, the appropriate workflow will be selected, which will activate the 

algorithms after that. The views are going to be materialized (filled) and the results 

are returned to the activity. Furthermore, the VMV module should have optimizer 

which will define the parameters for algorithm activation. These parameters are 

selected from the SQL query and are really important just because small differences 

and constraints in the mining algorithms can lead to drastically changed number of the 

generated mining data. 

5   Conclusion and Future Work 

Grid applications have an increasing need of database systems. Combining Grid and 

database technologies is an essential approach to meet the requirements of large-scale 
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Gird applications. Today there are many efforts to enable organizing and querying 

data in Grid environment. OGSA-DAI is a good example. But there is still need of a 

way how to incorporate distributed data mining algorithms. 

Our proposed model is based on inductive database and virtual mining views. One 

of the logical problems which can be met in this kind of distributed environment is the 

communication cost between the nodes. This means that the generating of the virtual 

mining views will last longer which can make the workflow (from which the data 

should be selected) execute slower. One of the solutions which can be given is that we 

can use incremental mining, where new patterns are added to the old one. Further 

practical implementation will find problems that can occur in such architecture. 
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Abstract. An application of genetic algorithms to a simple problem of
solving a system of differential equations in complex plane is presented.
The candidate, complex-valued solutions of the quantum two-state model
in case are expressed as partial sums of Fourier series obeying an initial
as well as a physically relevant condition of preserving the sum of their
norms. For speeding up the convergence we explore the effect of introduc-
ing a stochastic weighting of the various parts of total fitness function.

Keywords: evolutionary algorithms, complex plane, quantum mechan-
ics

1 Introduction

Evolutionary oriented strategies for solving various scientific and engineering
problems in general, and their genetic algorithms (GA) variety, are well known
alternatives to more deterministic oriented procedures. They are usually more
robust and reliable in optimization tasks and more suitable when the complexity
of the solution is unknown beforehand, and one may expect that it is highly
nontrivial [1].

In context of physics, evolutionary methods were successfully applied to a
range of problems, from solving of general eigenvalue problem with GA [2], to
direct solving of Schrödinger equation [3, 4], extending to more complex systems
with two electrons [5] or hydrogenic impurity in a quantum dot [6]. Combinations
with other techniques, for example with artificial neural networks, were also
addressed [7].

Time-dependent quantum systems proved to be difficult to access with GA,
as a method of choise, due to their heavy computational costs. To the best of
our knowledge the applications of GA to these systems, and to systems of differ-
ential equations in complex plane, in general, are curiously underrepresented as
research topics in current literature compared with their importance; the most
articles being restricted to real domain only. This work test the GA on one such
system, a paradigmatic quantum two-state model.

Following brief description of the method employed and its numerical imple-
mentation we present details of our case models, the results we’ve obtained and
finally proceed to our conclusions.
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2 Method description

We’ve implemented the method for solving a system of, linear or nonlinear,
partial or ordinary, differential equations, subject to boundary conditions, with
Fourier series and evolution strategies, presented in detail in the work of Chaquet
and Carmona [8],

Ly(x) = f(x) in Ω ⊂ IRd

By(x) = g(x) on ∂Ω

where L,B are some differential operators in the space of x ∈ IRd and y(x) is a
solution vector to be found. It can be computed as a solution of corresponding
constrained optimization problem:

Minimize :
∫
Ω
||Ly(x)− f(x)||2dx

Subject to :
∫
∂Ω
||By(x)− g(x)||2dx = 0

The space is discretized to a set of nC collocation points {xi} within the Ω and
another one, {xj} on the boundary ∂Ω and a cost function is formed as

F (y) =

 nC∑
i=1

||Ly(xi)− f(xi)||2 + ϕ

nB∑
j=1

||By(xj)− g(xj)||2


to be optimized with chosen evolutionary algorithm; the ϕ is a weighting constant
and represents the relative importance of the two sums in the cost function during
the optimization process.

In this approach, the components of the vector y(x), as candidate solutions
of the problem, are expressed as finite sums of Fourier series with even basis
functions

y(x1, · · · , xd) =
a0
2

+
N−1∑

n1,···,nd=1

an1,···,nd

d∏
k=1

cos

(
πnk
Lk

(xk − ck)

)

where a0 and an1,···,nd
are the unknown coefficients to be found, and

ck = xk,min − ξ(xk,max − xk,min), Lk = (xk,max − xk,min)(1 + 2ξ))

with ξ ≥ 0, an user defined parameter, which is needed to extend the limitations
of the cosine functions at the boundary to non-null first derivatives at ∂Ω. N
determines the total number of terms in the expansion.

With this we leave this short introduction to the method and proceed to our
case model. For more details and a range of applications to various systems of
nontrivial differential equations the reader is encouraged to consult the original
paper [8].
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3 Quantum two-state model

The simplest model of quantum interacting states - quantum two-state model -
is quite often used in a range of calculations, from those for educational purpose
in mind to simulation at the research level [9]. This model may capture the
most important interactions in the physical system and explain its dynamics in
general, in a physically intuitive and interpretationally clear way. Its application
to collisions of various quantum systems is one of earliest successes of quantum
mechanics and since 1920’s the physicists readily reach to it in their day-to-
day work. Some of these two-state models accommodate analytic solutions, and
they bear the names of pioneers in quantum physics, for example of Demkov
and Landau-Zener. However, the solutions for a majority of quantum two-state
models, with somewhat more realistic interactions in more complex settings,
have to be found numerically with a range of calculational difficulties, from easy
to extremely involved.

To find, for example, non-resonant transitions between the initial bound state
at the target and the final state at the projectile in adiabatically slow atomic
collisions one starts from the Schrödinger equation

i
∂Ψ(t)

∂t
= ĤΨ(t), Ψ(t0) = Ψ0

where the Hamiltonian operator Ĥ can be split in two parts, the unperturbed
one H0, and the perturbation itself due to interaction between the two levels. If
as a suitable basis for expansion one use stationary wave functions, orthonormal
eigenstates of H0, Ψ1 and Ψ2 the total wave function of this system can be
represented as

Ψ(t) = (a1(t)Ψ1 + a2(t)Ψ2) exp

[
− i

2

∫ t

(h11 + h22)dt′
]

where hij =< Ψi|H|Ψj > stands for the coupling between the two states i, j.
With this ansatz in the Schrödinger equation and application of the variational
method the problem boils down to two coupled equations for the amplitudes ai(t)
[10]

i
da1(t)

dt
= h11a1(t) + h12a2(t), i

da2(t)

dt
= h21a1(t) + h22a2(t) (1)

The actual collision dynamics follows a classical trajectory R = R(b, t) where b
is the impact parameter vector. This means that amplitudes ai(t) depend on b
too but in what follows we will simplify the notation (in actual calculations we
will take into account this dependence properly).

As initial (boundary) condition of this two-state model at t → −∞ we may
take, for instance,

a1(t)→ (0, 0), a2(t)→ (1, 0) (2)

(the system is in state |Ψ2 > before the collision), and the transition probability
to state |Ψ1 > (after the collision) is given by |a1(t→ +∞)|.
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The two-state quantum system has no other states to be in, so the total
probability to be in state |Ψ1 > or in state |Ψ2 > should add to 1 at any one
moment. This probability conservation condition thus imply that equations (1)
should satisfy

|a1(t)|2 + |a2(t)|2 = 1 (3)

This condition makes its presence as additional term in the expression for F (y)
above, with its own weighting factor wpc.

The actual steps of approximations in reducing the original quantum problem
to a two-state model may differ case-by-case but from calculational point of
view its essence is reduced to solving (1) for complex ai(t), subject to conditions
(2,3) given the interaction H between the states, of complex, in general time
dependent, Hermitian coupling-matrix elements (hij).

4 Examples and Results

4.1 Constant interaction matrix

As our first example of quantum two-state model we consider an atom at the
origin of x − y plane and ion, approaching the atom with constant velocity
following a straight-line classical trajectory, parallel to the x-axis and represented
by position vector R(t) = R(vp(t), b, 0) with b = 1, vp = 1.03 in atomic units.
The initial, left-most point is taken to be at −50 (t→ −∞) and the right-most
point is fixed at +50 (t→ +∞); the whole interval ∆x = 100 is divided in total
of 137 points. The interaction matrix consists of constant coupling elements
(h12 = h21 = 1, h11 = 3, h22 = 0), simple enough to check the code and the
general behavior of the solutions. We took fairly large number N = 100 of basis
functions in each of our Fourier series representations of the four real valued
functions Re(a1), Im(a1), Re(a2) and Im(a2) to include eventual fine-details in
the trial solutions; so, the search for an optimized solution of the problem goes
on in 400 dimensional space. ξ = 1.

The results of an usual run, after 100 thousand iterations, for |a1|2 and
for |a2|2 are presented on Fig.1 Note that the horizontal axis is discrete. The
occupation probability of the two states show undulations which converge to the
analytic approximation, valid for this two-state model [9], without additionally
constraining them to be orthogonal.

The values for smaller x are slightly better approximated with the analytic
approximations due to the influence of the initial (boundary) condition, imposed
from the left (x = −50, t→ −∞). This influence propagate, with the iterations,
to the right (higher x) and this is typical. The quality of the data, in this case,
for the same number of iterations, may be improved with smaller expansion ba-
sis, as the higher harmonics merely add to the noise and slow the convergence.
The numerical experiments did not reveal significant differences in the conver-
gence speed in comparison with those with enlarged initialization interval for the
values of the initial population of the expansion coefficients. More discretizaton
points, however, shows more involved influence; the quality of the data, with
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fixed total number of iterations, improves but the calculational-time-cost may
be unacceptably high. The smaller number of discretization points may improve
the convergence speed and the data but may miss fine structure in the solution,
if present.

 0
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Fig. 1. Values of |a1|2 and of |a2|2 after 100 thousand iterations; they should add to
1 (3). The data should converge to the analytic approximation for this case, imposed
on the upper curve to guide an eye; note the impact of the boundary condition -
the convergence is slightly better for smaller x. The horizontal axes represents the
discretization points - see the texts to change to x, R or t.

4.2 Demkov-Olson model

As our second example we took the two-state model which was initially success-
fully applied by Demkov to charge-transfer in low energy, asymmetric alkali-ion-
alkali-atom collisions [10]. The non-diagonal elements of the interaction matrix
in this model depend on the mutual distance R(t) of the two particles as simple
exponential h12(R) = exp(−λR), λ being some constant. As this approximation
is acceptable in a limited region of collision geometry only, Olson, Smith and
Bauer [11] suggested generic expression for wider region, which depends on the
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ionization potentials of states i(i = 1, 2). In our calculations we used the corre-
sponding data for the process H++Na(3s)→ H(n = 2)+Na+, so the interaction
matrix for this second case reads as

H =

(
−5.139 2.32R(t)e−0.479R(t)

2.32R(t)e−0.479R(t) −3.3995

)
All the other parameters of the dynamics and the calculations are identical

to those from our first two-state model (see the previous subsection).
The results are presented in Fig.2. The impact of the time-dependent inter-

action matrix is visible from the data for |a2|2; the bulge of the data for |a1|2
in the middle of the figure results from the stronger interaction around the clos-
est approach, R(0), of the collision systems, (x = 0 - discretization point 74).
One can not easily spot domination of a single harmonic in the expansion series,
with this accepted number of discretization points. However, from asymptotic
analysis of the problem one may expect that clear undulations should appear
for t→ ±∞.

 0
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|a
i|2

x-point

|a1|2
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Fig. 2. Values of |a1|2 and of |a2|2 after 100 thousand iterations for Demkov-Olson
two-state model. The bulge of |a1|2 at the middle of the points axis (x = 0), and the
corresponding depression of |a2|2, are due to the strong interaction between the two
collision centers at their closest approach.
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4.3 GA details and stochastic weighting

For implementation of various GA instructions we’ve used the free PGAPack
Parallel Genetic Genetic Algorithms Library, release 1.0, developed mainly by
David Levine from Argonne National Library. This library offers the user wide
range of choices regarding the parameter values, operators and algorithms for
the selection, crossover and mutation phases of a single GA run. In the following
one-column table we summarize the GA settings for our calculations:

Population size and type: 400 real numbers
Initialization: uniform random distribution from interval (−0.1, 0.1)
Population Replacement: 10% of the population size
Tournament selection, two-point crossover with rate 0.85
Real-valued mutation operator is of the form v ← v ± p · v where

v is the existing allele value; p is selected uniformly from (0, 0.1)
Table 1. PGAPack library settings for GA used

The optimization space, in both cases we’ve studied, is quite large and the
probability conservation condition (3) brings additional calculational burden due
to the fact that it connects points within much larger Ω, not on its boundary.
The interplay of the initial (boundary) condition (2) and the probability conser-
vation condition (3) with their corresponding weighting factors wib, wcp, and the
fact that the equations (1) are complex adds to somewhat slower optimization
compared with systems of differential equations referred in [8].

Our tests revealed that the convergence of the calculations depends critically
on the relative magnitude of the two weighting constants in our cost function. But
due to high dimensionality of the optimization space one may expect quite many
local minima too, more easily available for some fixed pair {wib, wpc} compared
with other pairs. This fact makes fixing of the weighting factors in advance much
more involved, and in general it may be even impossible task. So we let random
generator to choose them uniformly from the interval (10−2, 10+2) and apply
them sequentially on groups of ten thousand iterations.

A number of numerical experiments makes us confident that this stochastic
weighting brings some improvement of the optimization speed. On the following
three figures, Figs. 3,4 and 5, we present the values, typical for our Demkov-Olson
example, for the three different parts of the cost function, subject to optimiza-
tion: the equations part, the initial (boundary) part, with weight wib, and the
probability conservation part, with weight wpc. It is clear that such stochastic
weighting may speed up the convergence but the merits of its introducing should
be balanced with clear conclusions about few additional problems it raises, cur-
rently a work in progress.
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Fig. 3. Typical values for the equation-part of the cost-function, with and without
stochastic weighting, as explained in the text. The spikes appear at the introducing of
the new pair of weights, and their fixing for the next 10000 iterations.

5 Conclusions

In conclusion, we applied the GA optimization method to an important, two-
state model in quantum physics. The cases we analysied in detail are represented
with a system of two differential equations for two unknown complex-valued
functions, subject to two constraints, one initial (boundary) condition, and the
other, probability conservation condition, which comes from physical interpreta-
tion of its solution. We’ve implemented a fairly robust, general code, for solving
the problem at hand and explore a possibility to introduce a stochastic weight-
ing factors for different parts of the cost function to speed up the convergence.
The results obtained are, in our view, promising and several lines of further re-
search are envisioned and undertaken. With the increase of the level of computer
power available for computational physics, GA optimization methods appear as
a method of choise for preliminary search of possible solution of, otherwise un-
tractable problems, as well as, a guide for other computational methods currently
our view use.
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Fig. 4. Typical values for the boundary-part of the cost-function, with and without
stochastic weighting, as explained in the text. The spikes appear at the introducing of
the new pair of weights, and their fixing for the next 10000 iterations.
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[6] Sahin M., Atav Ü., Tomak M.: Applications of Genetic Algorithm to Quantum
Mechanical Systems, Turk. J. Phys. 30, 253–275 (2006)

[7] Sugawara M.: Numerical solution of the Schrödinger equation by neural network
and genetic algorithm, Comp. Phys. Communications 140, 366–380 (2001)

[8] Chaquet, J.M., Carmona, E.J.: Solving differential equations with Fourier Series
and Evolution Strategies, Appl. Soft Computing 12, 3051–3062 (2012)

[9] Scherer, P.O.J.: Computational physics - Simulation of Classical and Quantum
Systems, Springer-Verlag Berlin Heidelberg, 2010

[10] Bransden, B.H., McDowell M.R.C.: Charge Exchange and the Theory of Ion-Atom
Collisions, Clarendon Press, Oxford, 1992

[11] Olson R.E., Smith F.T., and Bauer E.: Estimation of the Coupling Matrix Ele-
ments for One-Electron Transfer Systems, Applied Optics, 10(8):1848-1855(1971)

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

130



Optimal Configuration of GPU Cache Memory
to Maximize the Performance

Leonid Djinevski1, Sime Arsenovski1, Sasko Ristov2, and Marjan Gusev2

1 FON University,
Av. Vojvodina, 1000 Skopje, Macedonia,

leonid.djinevski@fon.edu.mk, sime.aresnovski@fon.edu.mk
2 Ss. Cyril and Methodious University,

Rugjer Boshkovikj 16, 1000 Skopje, Macedonia
sashko.ristov@finki.ukim.mk, marjan.gushev@finki.ukim.mk

Abstract. GPU devices offer great performance when dealing with al-
gorithms that require intense computational resources. A developer can
configure the L1 cache memory of the latest GPU Kepler architecture
with different cache size and cache set associativity, per Streaming Mul-
tiprocessors (SM). The performance of the computation intensive algo-
rithms can be affected by these cache parameters. In this paper, we
evaluate the influence of the performance for all possible configurations
of L1 cache size and associativity, for dense matrix-matrix multiplication
algorithm for various problem sizes. The results show a small impact of
various L1 cache memory configurations for the overall performance of
the algorithm.

Keywords: Cache Memory, SIMD, GPGPU.

1 Introduction

Today’s world of ”big data” requires computing resources and appropriate algo-
rithms, which are capable to crunch massive quantities of data in a reasonable
time. The instructions upon the big data provide enormous I/O operations, cre-
ating a bottleneck in the memory controllers. The hardware designers introduced
the cache memory concept in order to reduce the gap between the computing
elements and the main memory [10]. The cache memory can provide significant
speedup for specific algorithms. If an algorithm reuses the data (cache intensive
algorithm), which can be stored in the cache memory, then the data access time
will be reduced. Another example is the data locality feature of an algorithm,
which also utilizes the cache memory efficiently and effectively.

Today’s multi-chip and multi-core CPUs, and many-core GPUs have a mul-
tilevel cache memory with different cache architectures and organizations, i.e.,
different cache parameters: cache size, cache replacement policy, cache levels,
cache-line size, cache inclusivity, cache associativity, etc. Cache memory can be
either shared among several cores, or dedicated per core. Modern multiproces-
sors (CPUs) have three cache levels (L1, L2 and L3), while GPUs have two cache
levels (L1 and L2). Both devices use set associative cache.
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GPUs achieve much greater performance than the CPUs, even though they
are in the same or in the neighboring price range. However, GPU devices achieve
the best efficiency for applications with regular data access patterns [22]. The
Nvidia’s Fermi (also supported in the latest Kepler architecture) introduced a
configurable L1 cache size (and automatically the set associativity), as well as the
cache line size. Different configurations of cache memory can have a great impact
on a cache intensive algorithm, both positive and negative. It also impacts on
the electricity cost since the cache set associativity impacts on GPU’s energy
consumption [5].

In this paper, we analyze the performance of a dense matrix-matrix multi-
plication executed on GPU using different L1 cache configurations in order to
determine the optimal configuration of GPU cache memory, which achieves the
best performance. We have set a hypothesis H1 that greater cache memory will
provide better performance, since greater matrices can be stored in L1 cache,
thus generating smaller number of cache misses. The focus is given on the regions
where the dense matrix-matrix multiplication provides performance drawbacks
due to cache associative and capacity problems [9].

The rest of the paper is organized as follows. In Section 2 we give overview of
related work in the area of the research problem. Section 3 briefly presents the
GPU memory architecture. A description of the methodology used in the exper-
iments is presented in Section 4. The results of the experiments are elaborated
in Section 5. Finally, we conclude our work followed by our plans for future work
in Section 6.

2 Related work

Many authors analyzed and proposed techniques to improve the data access and
thus the overall performance of a cache intensive algorithm. Reactive mecha-
nisms (selective displacement and feedback) [2] and way prediction [3] can im-
prove set-associative cache access times. Ahamed and Magoules determined that
the performance of the matrix multiplication algorithm strongly depends of the
matrix elements storage pattern, when executed on GPU [4]. A mechanism to
avoid cache race and cache split is proposed by Likun and Dingfang [12], which
improves an algorithm’s speed on GPU. Tang et al. [21] modeled the cache
misses and optimized the cache locality on GPU. Volkov and Demmel [23] an-
alyzed many operations on dense matrices and conducted detailed benchmarks
of the GPU memory system, kernel start-up costs, and arithmetic throughput.

Several papers addressed the impact of various cache parameters on cache
intensive algorithms. Anchev et al. [1] determined the optimal cache replacement
policy for dense matrix-matrix multiplication algorithm. Matrix multiplication
can suffer from cache set associativity for particular matrix size [9]. Williams et
al. [24] introduced padding of the first element of the second matrix to amor-
tize the performance negative peaks due to cache set associativity. Hongil [25]
selected dynamically an optimized replacement policy for each cache set via
workload speculation mechanism to improve the cache performance.
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A comprehensive analysis about performance drawbacks of matrix-matrix
multiplication algorithm is conducted by Gusev and Ristov [9]. Using their the-
orems for CPUs, Djinevski et al. [6] proved experimentally the existence of per-
formance drawbacks for particular matrix size for set associative cache in GPU
architectures. They have benchmarked the algorithm on a Kepler GPU config-
ured with 32KB L1 cache size and 4 way set associativity. In this paper, we
extend the research and compare the performance of matrix-matrix multipli-
cation algorithm while executed on GPU, which is configured with 16KB and
48KB L1 memory cache size.

Several authors determined performance drops of matrix-matrix multiplica-
tion on GPUs. Matsumoto et. al [13] determined huge performance drops of
DGEMM for matrix size that are in multiples of 1024 without deeper explana-
tion.

3 Memory hierarchy of the GPU Architecture

GPU devices are quite popular when designing hardware infrastructure dedi-
cated for intensive computational applications, which is based on the the high
performance/cost ratio. However, one should be careful when designing GPU
solutions, since many applications do not utilize advanced optimizations [11],
such as auto-vectorization, memory alignment, optimization at program design,
etc.

The GPU devices are characterized as SIMD parallel machines [8] with conve-
nient memory hierarchy. There are two programming models for development of
application that utilize GPU resources: CUDA programming model [18], which is
proprietary for Nvidia Corporation and OpenCL [15], which is an open standard,
without royalty, hardware agnostic, and platform independent.

The many-core architecture of the GPU devices consists an array of Stream-
ing Multiprocessors (SMs), each containing up to 192 Scalar Processors (SPs)
for the latest Kepler architecture [17]. Additionally, Single Instruction Multiple
Thread (SIMT) programming model [16] is supported in CUDA, where a single
instruction is executed by all threads only within one SM. However, threads from
different SMs execute instructions independently from each other.

The first level of memory hierarchy is a 64KB configurable memory by vary-
ing the L1 cache memory and shared memory. There are maximum 3 possible
configurations that can be obtained with the following sizes 16/32/48KB for
L1 and 48/32/16KB respectively for the shared memory. The other levels of
the memory hierarchy are the L2 cache memory and global memory. These are
off-chip memories with fixed sizes. However, the cache-line (cache block) size is
configurable. It can be either 64B or 128B, and as a parameter influences the
performance of the other memories.

Technical details from the manufacturer are very obscure when it comes to
cache associativity of the L1 and L2 cache memories on GPU devices. How-
ever, the research community developed few micro-benchmarks like [23, 19, 14]
which help towards understanding the memory hierarchy of GPU devices. To
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our knowledge, there are not any published analysis regarding the influence of
cache associativity on GPU performance.

4 Testing Methodology

In this section, we describe the used testing methodology. It is based on a series
of experiments realized in order to determine the performance negative peaks
due to cache set associativity problem.

4.1 Matrix Multiplication Algorithm

We use matrices with equal matrix size N ·N for simplicity. The result product
matrix C = [cij ] is defined in (1) by multiplying matrices A = [aij ] and B = [bij ]
where i, j = 0, 1, . . . N − 1.

CN ·N = AN ·N ·BN ·N , cij =
N−1∑
k=0

aik · bkj (1)

This research is focused both on the cache capacity and the cache associa-
tivity problems.

4.2 Testing Environment

The Ubuntu 12.04 LTS operating system runs on Intel i7-3770 CPU@3.40GHz,
32GB of Kingston RAM @ 1.60GHz and NVIDIA GeForce GTX 680 GPU. The
implementations of all of the experiments are compiled with the Nvidia’s nvcc
compiler from the CUDA 5.0 toolkit.

4.3 Experiments and Test Cases

Since we are testing the impact of the L1 cache size and associativity, the overall
performance of the dense matrix-matrix multiplication algorithm is conducted
per SM. Hence, we perform micro-benchmarking of the GPU architecture by
running one thread per only one active SM [7], enabling an environment where
the whole L1 cache is dedicated to the thread.

Additionally, we test the influence of the L1 cache size by conducting 3 ex-
periments of the sequential dense matrix-matrix multiplication algorithm for
different configurations 16/32/48KB of the L1 cache memory size. Each exper-
iment consists of test cases for problem sizes starting from 8 elements, up to
2058 elements. In the range (8 - 1034) all tests were performed with step of (1)
element, while for the range (1035 - 2054) the step was 4 elements. The sec-
ond range were performed with higher step, in order to obtain the results in a
reasonable time.
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4.4 Test Data

To maintain more precise values, each test case is executed in 10 iterations
(excluding the first iteration). Then the execution time is calculated as average
of all 10 measured times and the speed as defined in (2), since the number of
operations is 2 ·N3.

V =
2 ·N3

Tavg · 106
(MFlops) (2)

Denote by V16 the speed for configuration of L1 cache with 16KB, and by V32

and V48 the speed for configurations of L1 cache size of 32KB and 48KB respec-
tively. Our target is comparison of the performances and thus we will analyze
relative speedup indicators for all pairs of configurations. Relation (3) presents
the relative speedup achieved by 32KB L1 cache over 16KB configuration, while
4) and (5) present the relative speedup achieved by 48KB L1 cache over 32KB
and 16KB L1 caches correspondingly.

S32R16 =
V32

V16
(3)

S48R32 =
V48

V32
(4)

S48R16 =
V48

V16
(5)

5 Results of the Experiments

This section presents the results obtained from the experiments described in the
testing methodology. Our goal is to observe the overall performance of the dense
matrix-matrix multiplication algorithm. In Figure 1 we present the measured
speeds for the three experiments.

We can conclude that all three experiments show comparable results, as pre-
sented in Figure 1. It means that the L1 cache size does not impact the per-
formance a lot and the measured speed is different within a range of less than
1%.

Three regions are clearly observed depending on matrix size N , i.e., L1, L2

and L3 [6]. The L1 region is defined as a region where both matrices can be stored
in the L1 cache and no (or a small number of) L1 cache misses are generated.
The L2 region is defined as a region where both matrices cannot be stored in
L1 cache, but can be stored in L2 cache completely. In this region, a lot of L1
cache misses are generated, while no (or a small number of) L2 cache misses
are generated. Finally, the L3 region is a region where both matrices cannot be
stored in L2 cache memory and a lot of L1 and L2 cache misses are generated.

The L1 region is specified with N ≤ 50 and the speed in this region increases
enormous when N increases. The speed continues to increases in the L2 region,
which is defined in the range 50 < N ≤ 350. We observe a phenomenon about
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Fig. 1: Measured speed for all experiments.

the speed in L1 and L2 regions. That is, the speed in the L2 region is greater
than the speed in the L1 region, despite the increased number of L1 cache misses
in the L2 region. Let’s explain this phenomenon. Each element of both matrices
is accessed N times; once from the main memory and N−1 times from L2 cache
in both cases. Thus, increasing N , the average access time tends to L2 hit time
in L2 region, while it is in the range of main memory access time in L1 region.
Finally, the speed saturates in L3 region, which is defined in the range N > 350.
The speed in this region is smaller than the speed in the L2 region since the
number of cache both L1 and L2 cache misses increases.

The analysis shows a lot of performance drops, and especially huge for N =
1024, 1280, 1536, 1792 and 2048, that is, starting from N = 1024 on a step of
256. The appear due to associativity of both cache levels. We have provided a
lot of details about associativity problems in caches and conflict cache misses in
[20].

In addition, we provide more detailed analysis around N = 64, 128, 256, 512,
1024 and 2048 to find out the effect of associativity with different L1 cache
sizes. Figures 2, 3 and 4 present relative speed in neighborhood around analyzed
points, when 16KB L1 cache is considered as baseline, that is, it is presented
with a line with value of 1. The other two configurations are presented as relative
speed indicators S48R16 and S32R16, correspondingly for confirmations of 48KB
L1 and 32 KB L1 cache.

Detailed analysis of relative speeds around points where associativity impact
is expected shows the following. The influence of conflict misses due to asso-
ciativity is the smallest in the configuration with 48KB for all analyzed points,
while for N = 2048 the effect is the same.

Additionally, we evaluate the relative speedup indicator for different config-
urations. Figure 5 presents the S32R16 indicator and calculates how much the
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Fig. 2: Relative speed in the area around N = 64 (left), and N = 128 (right)
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Fig. 3: Relative speed in the area around N = 256 (left), and N = 512 (right)
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Fig. 4: Relative speed in the area around N = 1024 (left), and N = 2048 (right)

performance of the 32KB L1 cache configuration is better over the 16KB con-
figuration.

Figures 6 and 7 present how much he 48KB L1 cache is better over 16KB L1
cache and 32KB cache correspondingly, that is, they present overall behavior of
S48R16 and S48R32 indicators. We can observe that 48KB L1 configuration is even
slower for values up to N = 224 in comparison to the 32KB L1 configuration. The
best overall performance is obtained by the 32KB L1 configuration in comparison
to the other for the region up to N = 224.
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Fig. 5: Relative speedup 32R16 (comparing 32KB over 16KB L1 cache).
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Fig. 6: Relative speedup 48R16 (comparing 48KB over 16KB L1 cache).

The obtained results are discrepant for all experiments. There is no signifi-
cant influence on the performance for any configuration. However, as we increase
the problem size N , the differences between the L1 configurations are decreas-
ing, mainly due to huge number of cache capacity misses. This is especially
distinguished in Figure 4, where the differences are almost non existent.

The maximum measured relative performance difference was 1.069045%, and
the average relative performance difference among executions on different L1
configurations was 0.134699%.
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Fig. 7: Relative speedup 48R32 (comparing 48KB over 32KB L1 cache).

6 Conclusion and Future Work

We conducted several experiments and series of test cases for each experiment
to determine the optimal L1 cache configuration (cache size and associativity)
for cache intensive algorithm, i.e., dense matrix-matrix multiplication. Despite
the hypothesis that greater L1 cache memory will achieve better performance,
the results show that the relative speeds for 16KB and 48KB are very similar
and very close to the speed achieved by 32KB L1 configuration. We conclude
that the main factor for the algorithm performance is the L2 cache memory, and
the small L1 cache sizes which generate huge cache capacity misses.

However, despite the small L1 cache compared to L2, the speed in L2 region is
greater than the speeds in L1 region for all three L1 cache sizes. It is also greater
than the speed in L3 region. Another interesting result was speed differentiation
in the L3 region, i.e., in the several regions in the range of matrix size 350 ≤
N ≤ 650.

Since the speed is similar for each L1 cache size (and associativity) in all three
cache regions (L1, L2 and L3), as well as in the critical matrix size where per-
formance drawbacks appear due to cache set associativity, we propose L1 cache
memory to be configured with the cache size (and associativity) that spends less
power consumption.

We will continue with our research in order to determine the performance
drawbacks due to associativity for different L1 cache configurations, i.e., not only
the cache size, but cache line, as well. Another unexpected phenomenon in the
performance discrepancy for the points with step 4 that were observed in the L3

region will be also analyzed and modeled.
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Abstract. The purpose of this paper is to identify and compare some of the bet-

ter methods applicable in the process of component retrieval. The number of 

available components has increased considerably as a result to the fact that 

component-based software engineering is an area with constant progress and 

growth and now it also has a huge expansion in production of components from 

many different vendors rather that only from an in-house component library. 

The constant increasing of the number of components that are presented on the 

market and the difficulties in finding and recognizing the right component that 

matches with the requirements of the user have made these methods important 

for the research process. This progress also implies the development of compo-

nent retrieval methods with different approach to the process of retrieving. In 

this paper, there will be a review on some of the most interesting current com-

ponent retrieval methods that can be classified into three categories (compo-

nents presented as documents, methods that use structural information, and 

case-based reasoning methods) according to the approach they use.  

Keywords: components, techniques, methods, component retrieval, CCRM, 

conversational component retrieval method, free-text-based documents, XML 

retrieval, pre-enumerated vocabulary method, signature matching method, be-

havior-based retrieval method, faceted selection, object reuse assistant. 

1 Introduction 

The main priorities regarding the process of developing software are the quality of the 

software and the time it takes to be developed. As a result to the increasing number of 

clients that are interested in having software that is more reliable and developed in 

short period of time, component based software engineering is elevated among very 

important software development approaches. 

The process of reusing software components leads to a possibility to withstand 

with complexity and to deliver software with greater performances in much less time. 

It is very specific approach because on the one hand it helps to reduce the complexity 

of the whole process of software development because it offers complete parts with 

pre-defined behavior that are ready to be implemented while on the other hand it 
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helps in keeping the complexity of the whole system because these parts often per-

form specific complex tasks.   

Along with the rapid development of components and development of component 

architecture standards that allow components to integrate without complications, 

comes the difficulty in retrieving the component that best satisfies the requirements of 

the user. There are a lot of possible choices that answer the requirements and in order 

to help users find what they are looking for there are several component retrieval 

methods and each has a different approach to the process. 

 Although every component retrieval method has different approach, according to 

some analysis, most of them have the same omission when it comes to defining the 

properties of the component the user needs. Most of these approaches start with the 

perception that every user is able to fully and precisely describe the component that 

they need. This may not be problem to some of the users but to a large number of 

them this demand is not rational and presents quite a difficulty. 

The research is focused on several component retrieval methods including: tradi-

tional information retrieval like free-text-based documents, XML retrieval, and struc-

tural retrieving methods like pre-enumerated vocabulary method, signature matching 

method, behavior-based retrieval method, faceted selection, and case based reasoning 

methods like object reuse assistant, intelligent brokering on the web, and conversa-

tional component retrieval method (CCRM). 

The rest of this paper is organized as follows. In section 2, there is an overview on 

component–based development and its significance in the process of developing 

software; in section 3 there is a review on component retrieval techniques divided into 

three groups with a short summary regarding how each of them works and about their 

advantages and disadvantages; in the end in section 5, there is a summary on the top-

ic. 

2 Significance of components in software engineering 

Component based development can be explained as a practice of describing, imple-

menting and integrating independent components that are not tightly conjoined into 

systems. There are many definitions about components based on standards or charac-

teristic of components. According to some unofficial general agreement components 

can be considered as separate software units that can be integrated in a software sys-

tem with other components. Most components can be divided into several parts as 

presented in Fig.1. Another very common way to understand components is to define 

them either as conceptually coherent packages of favorable action or as physical, 

deployable units of software that can perform in well-defined surrounding. Besides 

these different approaches, component based development focuses on making systems 

ground on well-defined, independently made pieces. This brings the concern regard-

ing the realization in order to develop components as appropriate cohesive functional 

pieces, while assisting the design and assembly of systems as a combination of recent 

and earlier developed components. [7] [6] [8][9][10] 
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Fig. 1. Component architecture 

All recent software systems and probably those that are planned to be created in the 

future are often required to be open and distributed. Being open is also considered in 

terms of evolving and changing the requirements and not only in terms of network 

connections and interoperability for heterogeneous platforms. Components are found 

to be very useful in this process since they divide the whole system into smaller parts 

that can encapsulate the already available functionality. The parts that can be reused 

vary from simple functions to entire applications systems. For some time it was quite 

troublesome to reuse medium-grained parts of software since they are considered to 

have more functionality than individual objects while on the other hand they are more 

specific and usually much smaller than application systems. This problem has rela-

tively been solved with standardization that was promoted by some large software 

vendors by creating component liblaries for their products which later evolved to 

production of components from many different vendors so now developers can reuse 

components of almost any size from all available vendors. [2][3][4] 

The benefits from components and component based development are significant 

and notable in many segments of software development. Besides the reusability as 

most important feature, there is also the chance it offers to build software with in-

creased visibility into the progress of the development of the project that can be quite 

harder to achieve with other development approaches. In the process of creating soft-

ware, every different kind of performance can be divided into separate component so 

that each component solves appropriate problem. All that is required in this case is to 

make common interface in order to make easier to change the components when nec-

essary.  

Component based development with intercommunication standards is considered 

to bring the new era of software development. Being a combination of high-flying 

software engineering principles of object technology on one side and user controls on 

the other makes it a recommended part since it brings the chance for rewrapping same 

as a chance for new, modular and plug-in elements with flawless interfaces. It has a 

special role that makes combination of addressing the development of systems as an 

assembly of components, development of components like reusable pieces, and sys-

tem maintaining and upgrading by replacing or customizing components. [5] 

Most improvements in the area of component based development are devoted to 

the software complexity and its decomposition into software components that satisfy 

some component model. In this way, the intensiveness in development can be reduced 
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because the developers can divide and organize the code in clearer and more formal 

way. Also this way they can increase the level of perception parts of the system that 

are finished, those that are not and which parts need improvement or correction. This 

can be very useful in the process of testing the software because it can be easier to 

find where the error is and to make corrections. 

3 Component retrieval methods categories 

Most component retrieval methods currently available for the users could be defined 

from three different perspectives each considering some aspect of the component 

retrieval method as presented in Fig. 2. These three perspectives are: component rep-

resentation, component query specification that is focused on the requirements of the 

user, and component retrieval process. 

 

Fig. 2. Component retrieval method classification 

3.1 Components presented as documents 

For these methods to work, each available component needs to have appropriate doc-

ument representation so the method searches and bases the results on the documented 

description that is available. 

Free-text-based methods.  

With this method the query used for retrieval is described using keywords that are 

checked in all component description documents. The results the user receives are the 

components with descriptions that have most matched keywords with the given query. 

In order to improve the organization and the matching abilities this method imple-

ments vector space and indexing technology. Besides many improvements made for 

this model, until now it has inferior results in accuracy and revocation. The idea to get 

components that better answer the user’s requirements, researchers and practitioners 

planned to improve the method by using general thesaurus to extend keywords by 

including also their synonyms. Also, in order to get more semantically relevant com-

ponents by extending initial keywords, the method uses general domain knowledge. 

These two improvements bettered the retrieval revocation but lowered the retrieval 

accuracy. [13][14] 
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XML retrieving method.  

Another approved method when it comes to retrieving components in cases when 

components are presented as documents, is XML retrieving method that is guided by 

the idea to return only the most relevant components that answer the query specifica-

tion. This method is further classified into two sub tasks that are: Content only topics 

(CO) which is the simpler version where the user specifies queries as simple text and 

the search engine returns the most relevant XML of components that answer the query 

concepts and Content and Structure topics (CAS) where the user can define the de-

sired component to be returned by XPath by limiting query concepts to particular 

XML tags. The primary version of this method has some extensions like a document 

pivot that scales scores of components by the score of their running article that make 

significant improvement to the result. Another extension is to apply Automatic Query 

Refinement (AQR) algorithms on top of XML component ranking that gives excellent 

results in the CO track. Since there are many possible combinations of AQR parame-

ters and their variants, the best combination that is to give best results is not found 

yet. [11] 

3.2 Methods that use structural information 

These component retrieval methods use some structural information regarding the 

component from different perspectives like methods the component uses, input or 

output it provides, variables it operates with, etc.  

Pre-enumerated vocabulary method.  

This method brings a specific form of classification and cataloging that in this case is 

straightforward and focused only on most significant features and methods of a com-

ponent by using a set of earlier defined vocabularies to present both components and 

queries. It is important for this system in order to bring positive results to operate 

within the context of an organizational infrastructure. The system introduces a library 

system and it includes justification for using classification based on most important 

features and discusses the need for librarian and organizational support. With this 

method the user gains on revocation and accuracy in the result but loses when it 

comes to flexibility in describing the components and specifying component queries. 

[15] 

Signature matching method.  

This method uses signatures to illustrate components and suitable queries and in this 

way is achieved a specification of the interfaces of components like the number and 

the type of input, and output variables. This method is highly recommended while 

searching for components that are meant to be implemented by using strongly typed 

programming. The problem with this method is its lack of domain and searching con-

text information. [16] 
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Behavior-based retrieval method.  

In this case the method is focused on the executable components special characteris-

tics. With this method queries are represented by a set of input samples and their de-

sired outputs when components take the form of executable codes. The retrieving 

begins with selecting samples that in the next step are used to execute the compo-

nents. After the components are executed, those that give the appropriate output are 

retrieved. The problem with this component retrieval method is that it has low effi-

ciency because it has long execution time and it is designed only for executable soft-

ware components. [17]  

Faceted selection.  

It presents similar but improved version to the pre-enumerated vocabulary method. 

With this method there facets that are previously defined dimensions that are used to 

classify components from different perspectives. [15] All users that are looking for 

components can find what they are need by searching through the defined categories. 

Important about this method is that it takes domain knowledge into account when 

designing the facets.  

Although this method may seem as the most appropriate of the earlier mentioned, 

it has some omissions when it comes to forming the facets. In cases when facets are 

designed too complex, it is hard for designers to classify all components into different 

categories and it is also hard for users to understand them. In cases when facets are 

designed too simple or few it is also hard for this method to perform because there 

will be too many components in final categories and in this case users will have to 

select further manually. One of the major problems with this method is that in most 

cases it is very hard to get the adequate components with exact matching because of 

the universal differences between given components descriptions and component 

requirements that are later defined by the user. [18] 

3.3 Case-based reasoning methods for retrieving components 

These methods use case-based reasoning techniques in the retrieval process that is a 

relatively new and promising technique of artificial intelligence. With CBR every 

new problem is solved by adapting the solutions of the previously successfully solved 

similar problems. [22] [23] 

Object Reuse Assistant.  

Object Reuse Assistant (ORA) is used for discovering appropriate components in 

an object-oriented software library (small-talk component library). It presents a hybrid 

framework that uses CBR in the process and it defines small-talk classes and small-

talk methods in a form of stored cases. In small-talk, instantiated objects are connect-

ed to the concepts like c-class, c-method and c-data-spec forming together a concep-

tual hierarchy. The locating of components happens as every new case in the system 

is compared with previously stored cases based on how many attributes two cases 

have in common. Conceptual hierarchy may look like a representation method com-
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bining case-specific knowledge and general knowledge but the retrieval process itself 

is knowledge-poor. [19]  

IBROW – Intelligent Brokering on the Web.  

The basic goals of IBROW as an automated software application configuration ser-

vice is to develop intelligent brokers that are able to distributive configure reusable 

components into knowledge systems through the World-Wide Web. The idea is to 

decompose the queries into sub-tasks by matched task decomposers, and later, sub-

tasks are decomposed further. After being decomposed, the tasks (or subtasks) are 

solved by matched stored components. Task decomposers and components are called 

problem solving methods (PSM). The output of the process is an application configu-

ration designed of stored components according to the stated query.  

IBROW uses CBR in the high level called constructive adaptation where 

knowledge-poor matching method is adopted when searching the possibly applied 

PSMs, and PSMs take the form of cases that are represented using feature terms. CBR 

is also used at the low level where it is used as a heuristic algorithm to discover the 

best-first searching strategy. Configurations that are solved, are stored as cases, and 

represented as feature terms. New added PSM is compared to each intermediate state 

and all saved configurations. The similarities between each of these configurations 

and the new problem are calculated in order to identify if the same PSM appears as a 

part. The similarity value is taken as the heuristic value to the involved intermediate 

state when the most similar configuration is selected. IBROW same as ORA system 

only supports tentative and manual interactions between users and the system and it 

uses a knowledge-poor retrieval process. [20] 

Conversational Component Retrieval Method.  

Compared to the previous two component retrieval methods that are based on CBR, 

conversational component retrieval model (CCRM) has two advantages. In CCRM a 

special type of knowledge-intensive CBR method called explanation-driven CBR is 

adopted to explore components’ context-based semantic similarities with a query 

during the retrieval process besides the query refinement using general thesaurus and 

domain-ontology. This is possible because with CCRM components are chosen based 

on syntactical and semantic similarities that is a very promising approach.  

Overview on the method. 

Knowledge base is the central part and it collects component-specific knowledge 

(cases) and general domain knowledge. New cases that come to the system are set up 

by the new case generating module according to the initial query and the answers to 

defining questions. Also a threshold is defined at the beginning but it can be adjusted 

during the execution of the system.  When a new case is admitted to the system, the 

similarities between the new case and stored component cases are calculated by the 

knowledge-intensive CBR module and it returns the components whose similarities 

surpass a threshold. Then they are displayed to the candidates ordered by their simi-

larities by the component displaying module. The next part is to identify some un-
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known questions by the question generating and ranking module and information gain 

algorithm ranks the possible questions according to how much information it can 

provide if it has been answered. Questions whose answers can be inferred from the 

initial query or previously answered questions are filtered out and further reordered 

according to some constraints inferred from general knowledge. In order to optimize 

search towards a meaningful answer, the question displaying module chooses the 

most discriminative question. 

 

Fig. 3. Conversational component retrieval model (CCRM) architecture 

As presented in Fig. 3, arrows: A, B, C and D, are interactive processes between 

users and the system. A – User inputs the beginning query; B – the system returns top 

matched components; C –system displays question to the user; D - user provides an-

swers to the system.  

The rest of the retrieval process is done by the system and it can be defined in sev-

eral parts. First the user presents the initial query in free-text-based terms. Then the 

initial query is turned into a new case by the new case generating module. The initial 

query is turned into standard terms used in the internal system that are formed as a 

new case. Then the similarities between the new case and stored cases are calculated 

through combining component specific knowledge, general domain knowledge, and 

then the components whose similarities are over the threshold are returned to the user. 

If the user does not find the adequate component, the conversational process is acti-

vated. In this step, the question generating and ranking module chooses questions 

from the candidate components, and orders them by the information they provide. The 

questions are filtered and reordered using general domain knowledge and the question 

displaying module selects the most adequate question, and displays it with an answer 

in a readable format to the user. If the user cannot answer the question, the next ade-
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quate question is displayed. A user provides the system with an answer to the dis-

played question ant the new case generating module sets up a new case by combining 

the previous new case and the answer. The process of asking questions continues until 

the user finds adequate component or the system runs out of questions. 

Since users find it easier to form the search query based on their necessary re-

quirements so they can avoid excluding all adequate components, they usually get a 

lot of candidate components since there are a large number of available components. 

Another advantage with CCRM is that requirements defined by the user are acquired 

interactively and incrementally. With this method an information gain algorithm is 

used to provide users with the adequate questions to help define the query interactive-

ly and incrementally instead of letting them guess the requirements they should speci-

fy in the next steps.  

The problem with this method is that the knowledge base is assumed to exist ini-

tially including component specific cases and general domain knowledge. The begin-

ning step when the initial knowledge base should be designed assigns a lot of work on 

the knowledge engineering process. [12] 

4 Summary and future work 

Component based development brings great advantages to the process of developing 

software. The process of discovering the right component to use in the system be-

comes more difficult as more components come on the market. For some users it is 

not a problem to spend more time searching through a larger number of components 

but for some it is crucial to find what they need in as less time as possible. Methods 

that search through components presented as documents present until now the most 

natural and accepted way of searching but as a result of the increased number of 

available components it is probable that in the future they will be replaced by CBR 

techniques that offer a new and easy approach that gives more accurate results and 

chances to constantly redefine and improve the search query. Based on this research 

we concluded that some improvements need to be made in order to establish CBR 

trchniques as more flexible and simpler for the users. In our opinion, notable im-

provement can be achieved if the method also includes a chance for the user to some-

how browse through the cases and search independently of what he needs. This could 

include some sort of categorization that will enable the users only to overview the 

components without clearly defining what they need and stating the specific require-

ments.  
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Abstract. E-Learning is a process where we use the electronic medium to ac-

cess the defined set of multimedia learning objects (text, video, images, audio, 

animation and etc.). It’s widespread in academic and corporate world faced 

challenge to provide intuitive, customized and intelligent delivery of this E-

learning content. Semantic web represents a potential technology for realizing 

this benefit in the process of E-Learning. This requires constructing a specifica-

tion of conceptualization composed from classes, objects, process, and other en-

tities, which is simply named ontology. Therefore, today we can find different 

complex ontologies for the domain of E-learning and there is a necessity for 

high-quality E-learning semantic web ontology. In this paper, we propose quali-

ty evaluation for E-learning domain ontology, based on its technical and com-

plexity-related characteristics. 

Keywords: E-Learning, Semantic web, Ontology, Quality estimation, Protѐgѐ. 

1 Introduction  

Web-based learning is an area which can gain tremendous benefit from implementa-

tion of semantic web technologies. Most of the existing E-learning systems still im-

plement the teacher-student model, when students are presented with material (with a 

limited predetermined content) and after that assessment of their knowledge is con-

ducted. Modern education and web-based technologies have enabled the creation of 

web-based intelligent E-learning portals. Web 2.0 E-learning places increased empha-

sis on social learning and facilitates interactive information sharing, interoperability, 

user-centered design, and collaboration on the World Wide Web [1]. These social-

networking technologies are providing increased collaboration, sharing, and active 

learning. Similarly, E. Tambouris at al. [2] have proposed Web 2.0 platform that has 

the potential to facilitate learning settings implementing problem based learning prac-

tices. In [1], L. Wan has introduced and analyzed the existing model on how to use 

Web 2.0 theory and application in E-learning context, and has proposed framework 

that is consisted from three parts: Web 2.0 tools, E-learning 2.0 application and E-

learning 2.0 learning modes. Another consumption of e-learning is employing Web 

2.0 technologies for providing content personalization and collaborative networking 

between the users [3].  
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Ontological engineering approach is an effective methodology for managing and 

representing knowledge, which is provided by knowledge sharing, refine, search and 

reuse [4]. In order to support the communication and intelligent processing of infor-

mation, it is necessary that learners are provided with the required information seam-

lessly. A new web generation, the semantic web is a promising technology for im-

proving the semantics interoperability for E-learning components. It provides the best 

capabilities for composition and reuse of learning materials in the contexts of E-

learning. The semantic web provides an opportunity to improve the metadata con-

nected with e-learning materials and also expansion of the existing opportunities for 

e-learning demands. Recently, there has been proposed personalized learning service 

framework based on semantic web technologies, which uses ontology to construct the 

semantic metadata model and user profile, mining and utilizing the friendship and 

membership [5]. Similar approach has been used in [6], which introduces knowledge 

engineering approach for constructing quality estimation of some existing semantic 

web E-learning ontologies. 

Searching the Internet we have concluded that E-learning domain ontologies are 

not very common, such as the medical domain ontologies. We assume that the reason 

for this lack of domain ontologies in different fields, including E-learning, is the prob-

lem of the design and maintenance of high quality ontologies for web-based learning 

[7]. Domain ontologies can be considered as a tool for knowledge representation, 

sharing, reuse and collaboration role in the process of designing personalized intelli-

gent E-learning architectures and systems [7]. Authors in [7] have presented a frame-

work for evaluating the quality of ontologies for web learning, consisted from: a 

method for an expert-based evaluation of ontology content and a collection of tech-

nical metrics for evaluation of the structural complexity of ontology. The main objec-

tive of this research is to construct quality evaluation of diverse E-learning ontologies, 

in order to improve the existing ontology development process.  

This paper is organized as follows: In Section II elaborates the main research hy-

pothesis and then we will see the potential uses of semantic web technology in E-

learning and give overview of layers of the semantic web architecture. Section III 

presents the advantages of integrating semantic web and E-learning materials. Section 

IV presents the proposed quality estimation for different semantic web E-learning 

ontologies. Finally, Section V concludes the paper. 

2 Advantage of using semantic web  

Foundation for our main research hypothesis is that E-learning process can be signifi-

cantly improved by using scalable and reusable semantic web domain ontology. In 

order to construct high-quality E-learning ontology we must first establish suitable 

quality estimation process, which will provide evaluation of the ontology characteris-

tics.  

The E-Learning community is aiming to have more effective services than what is 

currently provided by any of the available computer aided tutoring, or better learning 

management systems [8]. The semantic web represents a mesh of information linked 
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up in such a way as to be easily processed by machines, on a global scale. This means 

that will provide content suitable for automated systems to consume, as opposed to 

content intended for human consumption [9]. In order to achieve this several layers 

semantic web uses the layered systems, see Figure 1. The following layers are the 

basic architectural layers of semantic web: 

1. The XML layer, foundation for representing data 

2. The RDF layer, which represents the meaning of data 

3. The Ontology layer, which represents the formal common agreement about mean-

ing of data 

4. The Logic layer, which enables intelligent reasoning with meaningful data [9]. 

 

Fig. 1. Architecture layers of the semantic web [6]. 

Foundation resources for the semantic web architecture are unique identifier of the 

resource (URI) or internationalized resource identifier (IRI). URI is used to identify 

any resource such web page, e-book, e-learning material such as slide, presentation, 

document, paper, journal and etc. [6]. 

The next semantic layer is XML that is far more easily accessible to machines be-

cause every piece of information is described and allows users to add arbitrary struc-

ture to their document by creating tags to annotate a web page or text section.  The 

RDF (Resource Description Framework) [9] and RDFS [10] provide a basic frame-

work for expressing metadata on the web.  Ontology is a specification of conceptual-

ization and it describes the knowledge base of the particular domain. There are sever-

al higher level languages for web-based knowledge representation, such as 

DAML+OIL [11] and OWL [12]. Wide usage and adoption of OWL makes this lan-
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guage as standard for ontology representation language for semantic web. It has set of 

XML elements and attributes which defines the terms and relationship among these 

terms in well-structured manner [6]. Next is the logic layer, which enables intelligent 

reasoning with meaningful data. 

3 Integrating Semantic Web and E-learning 

The E-learning frameworks should take advantages of semantic services, interopera-

bility, ontologies and semantic annotation. The benefits of using the semantic web are 

bigger flexibility in E-learning systems, through use of new emergent semantic web 

technologies such as collaborative/discussion and annotations tools [5]. In summary, 

some of the benefits of using semantic web as a technology for E-learning are: 

─ Delivery and construction of user-specific course [8] with personalized content 

[13]; 

─ Proactive delivery of educational material in the context of the actual problem 

[8,13]; 

─ Semantic web to be used as integration platform for all learning activities [8, 13]; 

─ The semantic web enables the use of knowledge provided in various forms, by 

semantically annotation of content [8]; 

─ The distribution of learning objects, that are linked to an agreed ontology using 

cloud computing technology [13]. 

Advantage of reusing domain information can reduce time and save the effort of 

gathering information. For example the domain engineering collects useful infor-

mation within a specific domain, which can be maintained and reused in future appli-

cation development in the same domain [14]. 

Domain ontologies comprise usually classes (classifies objects from a domain) and 

relationships between them. There is already clear definition of ontology for docu-

ment types for educational domain, a user ontology (describing learner characteris-

tics), and an observation ontology (modeling different possible interactions of a user 

with the hypertext) [15]. Ontological retrieval methods used in an E-learning system 

can provide the student with educational resources of interest quickly and tailored to 

his/her interest [5]. Considering all the mentioned benefits of semantic web technolo-

gy for the E-learning there is need for a detailed analysis of the already proposed E-

learning domain ontologies. 

4 Quality estimation of E-learning domain ontologies 

Domain ontology itself is not visible for end users of a system, but rather it is a con-

ceptual approach that enables reuse of domain knowledge and helps in sharing the 

common understanding of the structure of information among people or software 

agents. Complexity of ontologies includes different kinds of object relationships in-

herited from predefined classes and employs their classification into different hierar-
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chies with logic reasoning on the properties. The intention of subject domain ontolo-

gies for e-learning is to capture domain knowledge and requirements for subject do-

main ontologies that must follow the didactic principles [7]. 

Characteristics and requirements for E-learning domain ontology are dependent 

from the context-aware conditions that have to be considered. Therefore, during the 

construction of the E-learning ontology it is very important to ensure this interopera-

bility on the different level of classification, because learning objects should be orga-

nized on the base of domain ontology according to anticipated E-learning system. 

We have started the process of evaluation of the different e-learning ontologies by 

analyzing the quality of ontologies using the Protѐgѐ-OWL ontology tool [16]. That is 

an open-source platform that provides a growing user community with a suite of tools 

to construct domain models and knowledge-based applications with ontologies [17]. 

4.1 Examples of E-learning Semantic Web Ontologies 

Ontologies are complex items, which combine structural information about domain 

concepts, provide classification of concepts into different hierarchies, provide logical 

reasoning on the properties and restrictions on concepts and their relationships. We 

start our analysis of ontology (1) elearning that uses traditional based process of 

learning and makes classification of educational material, people, people characteris-

tics and organizations, found in [18]. Class hierarchy metadata contribution from the 

Protѐgѐ-OWL ontology tool and the OntoGraf visualization of the hierarchy of educa-

tional material for the ontology [18] are given in Figure 2. Here we can notice clear 

distinction and sub classification of the educational material into three groups: As-

sessment material, Learning material and Learning experience.   

 

Fig. 2. Class hierarchy and OntoGraf visualization of educational material in Protѐgѐ 

 

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

156



The second E-learning ontology known as (2) LOM2OWL uses horizontality struc-

tured ontology for E-learning [19]. Exhausting the OntoGraf functionality from the 

Protѐgѐ-OWL ontology tool we can easy visualize the hierarchy of learning objects of 

this elearning ontology, see Figure 3. 

 

 

Fig. 3. OntoGraf visualization of learning objects in Protѐgѐ 

Last analyzed E-learning ontology is (3) SLOR (semantic learning objects reposito-

ry). It supports different types of learning objects. Here learning is considered an 

Event, any term linked to the representation of learning activities, or declared to have 

an educational purpose in some way, may be considered a learning object for practical 

purposes [20]. In this ontology there is a complex hierarchical relationship between 

different classes, as seen from the class hierarchy tree for LOR_LOMCOREOWL in 

Figure 4. 
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Fig. 4. Class hierarchy tree for LOR_LOMCOREOWL in Protѐgѐ 

4.2 Evaluation of the analyzed ontologies 

Domain ontology characteristics and requirements for learning material are tightly 

related. It is very important to ensure this interoperability on the level of principles, 

because learning material should be constructed on the base of domain ontology [7]. 

In order to conduct quality estimation for the previously presented ontologies of E-

learning we have used the expert-based evaluation [7]. The identified set of questions 

used to evaluate the E-learning ontology characteristics is presented in Table 1. For 

the measurement system of this evaluation we have used the five point Likert scale: 

(0) strongly disagree; (1) disagree; (2) neither agree nor disagree; (3) agree; (4) 

strongly agree. The calculated value of a characteristic based on a group of questions 

is calculated as an average of evaluation results for the group. 

Table 1. Questionnaire for evaluation of ontology quality [7] 

Goal Questions 

Completeness Are all general domain concepts covered by ontology? 

Are all subconcepts specified down to the required granularity? 

Are all relations between domain concepts specified? 

Are all necessary disjointness relations specified? 

Do all entities from subject domain have relation to ontology concepts? 

Does ontology deal well with known good resources about preferred do-

main? 

Consistency Are all definitions consistent? 

Are there no contradictory information? 

Can contradictory information be inferred from present definitions and 

axioms? 
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Conciseness Is there no concept or property, which is explicitly declared and also can 

be inferred? 

Are there no unnecessary information or details? 

Preciseness Are subclassing axioms correct? 

Are axioms about equivalent classes correct? 

Are axioms about disjoint classes correct? 

Are there other types of relations other than subsumption? 

Are domains and ranges of object properties defined correctly? 

Is transitivity of object properties correct? 

Are object properties defined at necessary level? 

Is symmetry of object properties correct? 

Are data properties defined correctly? 

Is data range for data properties defined correctly? 

Are instances asserted correctly (as instances of appropriate class)? 

Are object property assertions stated correctly? 

Are data property assertions stated correctly? 

Are there no class with only one subclass? 

Are types (classes) and instances not confused? 

Are classes defined in other way than directly? 

Are there no loops in definitions? 

Clarity Is terminology coherent? 

Is uniform notation used? 

Are labels constructed according to preferred rules? 

 

Summary result from the conducted estimation by ontology expert for the three 

mentioned E-learning semantic web ontologies is given in Figure 5.  

 

Fig. 5. Results from evaluation of ontology quality 
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Analyzing the results from the conducted expert evaluation for the three different 

ontologies we state the following conclusions: 

─ Clarity of the ontology is most evident for the (1) elearning ontology 

─ The (1) elearning and (2) LOM2OWL ontologies have shown highest completeness 

of the ontology 

─ The (3) SLOR ontology has shown higher conciseness than other two ontologies 

─ Consistency of the three ontologies is very similar. 

─ Similar level of preciseness have (2) LOM2OWL and (3) SLOR ontologies. 

Considering the results from this analysis we can propose improvement of the ex-

isting domain ontology for E-learning. We can use this quality evaluation process as a 

starting point for creating new domain ontology for E-learning that will be complete 

by means of clarity, completeness, conciseness, consistency and preciseness. Also, 

this quality estimation can provide, manage, and collect parts of existing ontologies 

that have high ranking points on the evaluation in order to be reused for building im-

proved domain ontology for E-learning. 

5 Conclusion 

Based on the analyzed results from the conducted qualitative research methodology, it 

can be seen that the main challenge of E-learning systems are preciseness and com-

pleteness of the system. The estimation of domain ontology is one of the most im-

portant issues in ontology engineering and development of quality e-learning ontolo-

gy. Development of high quality ontologies is expensive and time-consuming process 

that is why we need to consider the aspect of reusing the existing E-learning ontolo-

gies. We believe that the established appropriate quality estimation process will pro-

vide evaluation of the ontology characteristics of different E-learning semantic web 

ontologies. Future domain ontologies for E-learning can be evaluated and compared 

using quality characteristics and evaluation method used in this research.  
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Abstract. Education keeps in step with the constant progress of technology. 

Teachers are thus required to implement new teaching methods, to find better 

tools for more creative, funnier and active learning and use technology in their 

practise. 

Currently, one of the more powerful teaching and skills acquisition methods 

of the 21st century is studying through Android Stop Motion Application with 

smart phones.  In this paper, we discuss the benefits of using stop motion ani-

mation in the modern classroom.   

Keywords: stop motion animation, smartphones, Android, iPhone 

1. Introduction

Smart phones and the tablet computers are becoming increasingly available and af-

fordable nowadays. They are used everywhere: in business, medicine, art, education. 

Rapid development of new Smart technology brought the challenging process of mak-

ing new adjustment and application for the needs of education. 

One example of using smart technology in education is stop motion applications. 

Smart applications for creating stop motion animations offer students interesting and 

entertaining way of learning. They are easy to use which is one of the advantages to 

implement them in primary education. This kind of applications are available through 

the most commonly used operating systems for smart platforms such as: Android and 

Apple iOS.  
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The paper aims to show how teachers and students can use this system to create 

interesting animations, by using smartphones and computers with internet access. 
The paper is organized as follows. In section 1, stop motion animation is intro-

duced and the characteristics and abilities of smart phone applications are presented. 

In section 2, it is shown how smart phone apps can be used in the classroom. The 

highlight is on learning three school subjects (Art, Mathematics and Science). The 

benefits of using smart phone stop motion application in education are outlined as 

well the disadvantages of this method of learning. Finally concluding remarks are 

given. 

 

1.1 Stop motion animation  

Stop motion is a technique for creating animations. Inanimate object are turned into 

animate with Stop Motion Animation. It is a very old filmmaking technique. The 

father of this type of animation is the French caricaturist and animator EMILE COHL. 

He made the first animation on the film “Fantasmagorie”, 1908. It is one of the earli-

est examples of traditional (hand- drawings) animation. Emile Cohl brought stop mo-

tion animation in America. [4] Stop motion was used in the movie "King Kong" 1933, 

(when he jumps over skyscrapers in New York), and in the movie "Lost World", 1925 

(walking dinosaurs in London). [2]  

Stop motion animation can be defined as animated productions created by filming 

an arbitrary number of objects frame by frame. The main idea is, by physically chang-

ing the location of objects in very small sequences between frames, to make them 

appear to move on their own. [3]  

Animation can be achieved in various ways, drawing on paper, modeling in plasti-

cine, moving real object and of course computer animation. All of this mediums are 

stop motion animations. But, in order to become an animator, you will need to under-

stand movement and create emotion. [1]  

Stop motion animation is also popular nowadays and is used in production of mu-

sic videos, advertisements, children TV series, cartoons and even in films as a cheap 

option for creating special effects. The art of stop-motion has experienced a renais-

sance. Many people around the world got interested. Nowadays, animation movie can 

be made by various modern tools such as websites and mobile devices, which is much 

easier and cheaper than it used to be.  

 Our village Podmol and other rural schools from the Municipality Prilep are be-

coming the new Hollywood, and our students new directors, producers, editors, new 

active learners of the learning material. They use the newest technology smart phone 

stop motion apps to animate the lessons.     

 

1.2 Android Stop Motion Applications 

It seems that Android is most widely used smartphone platform In Macedonia. Some 

of the larger numbers of applications for making stop motion animations are Android 

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

163



 

 

applications. Two years ago, there were one or two Android stop motion applications. 

Nowadays, there is a great number in the Google play store. Some of the most popular 

Android stop motion applications are Stop Motion Maker – KomaDori, Animator, 

Clayframes, Lapse It, and Stop-Motion. Two stop motion applications are explained 

in the text below.   

1.3 Stop Motion Maker – KomaDori 

This application has these settings: automatic and manual shooting mode, according 

to the needs of the user, possibility of review captured photos as a stop motion anima-

tion, exporting made animation into AVI video format, editing every single image.  

When the application is started, it contains the following elements: Start menu: 

Name, Image size (from 320x240 to 1920x1080), shooting mode (automatic and 

manual). If you choose automatic shoot than you can set the time in seconds between 

every taken image. Shooting menu: Onion skin -This allows viewing the previous 

shot and the current shot in context; Flash – if the smartphone has it; Focus settings - 

option for infinity or fixed focus; White balance – auto, incandescent, fluorescent, 

daylight, cloudy-daylight; Colour Effects – depends of the smartphone camera; Scene 

– auto, night, snow, sports. Edit menu: Name of the animation; Frame rate – input 

between 0,5 – 30; Editing every single image, group of images or all images – cut, 

copy, paste, delete; Add new image by shooting from camera or importing from im-

age file; Preview before exporting as video file. Before exporting video file you can 

choose video size which depends of the taken images size and after exporting as a 

video file animations could be shared by e-mail, YouTube, Facebook, SkyDrive. [5] 

 

1.4 Lapse IT 

Lapse It is a simple, fast and intuitive Android stop motion application. It has power-

ful and unique features. Capture stunning shots using the camera full sensor. 

By starting the application you have these settings: New animation, Gallery which 

includes all animations exported as a video format and all not exported animations 

prepared for editing, Settings: a) Capture settings: Frame interval; Time scale in 

minutes, seconds and milliseconds; Limit mode – Limit by Frame - in this mode you 

can determine the number of frames that will be captured, when it reaches the number 

indicated, the capture will stop automatically. Limit by Time – In this mode you can 

determine a maximum length of time to capture, when it reaches the time indicated, 

the capture will stop automatically. Limit by User – In this mode the capture will last 

until the user clicks on stop button; Initial delay in Milliseconds; Resolution from 

240p to 1080 and Full sensor; Brightness level from 0% to 100%; Shutter sound – 

enabled or disabled; Schedule – schedule caption setting start and end point; Output 

folder. b) Render settings: Encoder – MP4, MOV and FLV; Quality – Low, Medium, 

High, Very High; Frames per seconds from 1 to 240. c) Capture menu options: Cap-

ture – starting with taking photos; Stop motion – taking photos manually or Every __ 
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seconds – automatic taking photos; Changing image size from 240p to 1080p; Cancel; 

More (Focus mode, Flash mode, colour effects, Scene mode, White balance); Zoom.  

Captured photos after shooting are taken into edit mode where you can edit the an-

imation: Trim, Effects (No effects, Vivid colour, Black and White, Invers Colours, 

and more); Music (adding music file);  

Render settings: Encoder – MP4, MOV, FLV (Using a encoder other MP4 will 

cause the video to be unplayable in some devices using the Android player; Quality – 

Low, Medium, High, Very High – A high quality means more bitrate levels and a 

bigger file. After rendering finished animation you can share or send by e-mail, Sky-

Drive, Google drive, Facebook, YouTube. [6] 

 

1.5 Smart apps for stop motion animations – iPhone. iMotion HD - app 

iMotion HD is a powerful iPhone application for making stop motion and time-labs in 

iOS. It can make two types of stop motion videos and time-labs. After starting the 

program and selecting New Movie button, it gives us the option to select one of the 

two techniques, which we will make the video with. 

Time – lapse is a cinematography technique which accelerates movement. It is 

used for clouds scenery shooting, growing plants shooting. Stop motion is an anima-

tion technique, which makes physical movement of the objects, shoots and after edit-

ing, the objects are made as they move by themselves.  

iMotion is a program we can take photos with, edit, and Export HD 720p videos 

directly from our iPhone to the library on the phone or on YouTube.  

When the apps is started, we have the following settings: start button; window 

which we can write the video title in time lapse; when we click this button we set to 

work time-lapse; manual - manual Shooting which is used for making stop motion 

animation; mic - setting music from the library or recording a sound; interval – speed 

of changing the photos in a particular period of time; cancel - by selecting this button 

we go back to the upper menu (initial interface), where buttons library and new mov-

ies are located. 

 If we want to make new movie we go to new movie. First we must set the name of 

movie and then we write a description, if you want you can set a high definition with 

the bottom on/off and then we tap the bottom done. Taping on Add image you log in 

camera and we can see the real time picture. On the bottom of the screen tap on the 

camera timer you can set interval and the snapshot interval in seconds. Image Count – 

the automation will start after the specified amount of image has been taken. Set 0 if 

the automation should never stop. Auto start – the time will start as soon as the 

start bottom was clicked. If auto start is disabled, the timer will be armed and start 

when the camera button is clicked. When you set all those things clicked on the Start 

Camera timer.  Now you can start moving the objects and the camera shuts the pic-

tures. The pictures are saving automatically, and you can see them on the bottom of 

the screen. When is over, tap the bottom Done. Now you can save the movie by tap-

ing the bottom Save as movie .You can make some setups. Frames per second, Audio 
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Track – set the music and voice, Effects, Resolution, and Reverse. At the ends we tap 

save, and the movie will be Export. [7, 8] 

 

2 Implementation  

 

The availability of new technologies in the education requires the need of gaining 

knowledge on a new more creative and more interesting way, by which the students 

would learn new skills and would gain knowledge that will prepare them for the chal-

lenges in the higher education. The smart applications for making stop motion anima-

tions offer them interesting and entertaining way of learning. The above mentioned 

applications are available for all versions of Android and iOS operative systems. 

These operative systems user – friendly are appropriate in primary education. Several 

examples of teaching and learning different school subjects using these applications 

are mentioned below. 

 

2.1. Examples of using applications for making stop motion animation  

 

School subject: Science.  

Grade - 4th.  

Content: Healthy food.  

Learning objectives: to learn about healthy meals, to select healthy food products. 

 

The modern lifestyle requires a new way of eating so called fast food or junk food 

and the children adore it. It is food full of fat and preservatives. This food is the rea-

son of many diseases. The students are given homework to make a research for 

healthy food, and to determine which healthy products to use. One of the students 

used an animation to present the given task. In the very beginning the student intro-

duces healthy and unhealthy products. After that with a very interesting quiz the pre-

sented products are repeated. The student had got an independent research for the 

healthy food according to the gained knowledge at school. The student drew a story-

book (a short scenario including step by step shooting plan). He selected objects for 

animating, took photos with his smartphone stop motion application Stop Motion 

Maker KomaDori, edited animation in the same application which includes image 

editing – cut, delete, add, set the name, frame rate, he reviewed the animation and 

finally he exported it into AVI video format. The student shared the animation by e-

mail and presented the animation to his teacher and school mates.  

By making the animation the student learns: Searching about the given topic; Us-

ing gained knowledge from the lesson; to choose healthy or unhealthy products and 

Self-assessment.  He uses his creativity to make different video presentations of what 

he has learned; Active use of ICT in the process of learning; He shares what he has 

learned. http://www.youtube.com/watch?v=Y9XMVJrM-

uM&feature=player_embedded 
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School subject: Mathematics 

Grade - 6th
.  

Content: Introducing fractions and types of fractions 

Learning objectives: to learn the fractions parts, to learn how to read and write 

fractions, to recognize the types of fractions.  

The students are very easy introduced to the term of fraction because they use frac-

tions in their everyday lives. They eat pizza and they cut it into fractions. They do the 

same with chocolate when they share it with a friend. But when they begin to learn 

fractions at school in the traditional teaching they refuse to go along with it because of 

the abstract approach of the Mathematics in the traditional teaching. In the process of 

creating a stop motion animation the students are given opportunities to make a rela-

tion between their previous knowledge and the teaching unit planned for the class. 

The students are divided into two groups. The first group is given a task to make an 

animation and to present the term fraction. The second one is given a task to make an 

animation and to present the types of fractions.  

They use the previously gained knowledge in order to make stop motion animation 

and connect it to everyday experience and activities. Students use Android 

smartphone stop motion application Lapse It. All the members of the two groups have 

their own tasks and responsibilities. The first group chose a very simple example from 

their everyday life, cutting pieces of pizza and through this simple example they visu-

alize the term of fraction. The second group used apples as elements to visualize the 

types of fractions. They draw story book (sketches showing every scene and move-

ment of each animated object). They choose and select the necessary materials and 

objects, make application settings which include frame rate, shooting mode, time 

scale, image resolution. In this process they use smartphone Sony Experia. They edit 

the taken photos in the smart phone application. If there is a need they cut some parts 

of the animation. Finally they turn the animation into video format MP4, FLV or 

MOV. The created animation is additionally edited in Windows Movie Maker for 

giving title and credits. Students present the animation and give suggestions on how it 

can be used for another class. They explain their idea, used resources and techniques.  

Working on animation students have learned: to make difference among fractions, 

to search fraction types, to use their creativity for presenting the previously gained 

knowledge, the learned knowledge they connect to practical examples of their every-

day lives, using ICT for making video presentation and for sharing knowledge, mutu-

al collaboration among students. http://www.youtube.com/watch?v=gIE-1fE5VGs, 

http://www.youtube.com/watch?v=JhoCrr_RFqM&feature=youtu.be 

 

School subject: Fine Arts  

Grade 7th. 

Content: An art principle gradation 

Learning objectives: The students to learn what colour gradation is, and to paint 

colour gradation.  

The students in their everyday lives are witnesses of the gradual transition from 

something small into something big, or from lighter into darker, from sunny into 
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cloudy etc. But they have problems to understand the colour gradation from one col-

our into another in one art work. By the use of animation they can have a permanent 

video that can be watched at any time they want in order to learn the term colour gra-

dation.      

The students work in pairs and according to teacher’s given directions paint “Sun-

set” with tempera. They use painting materials. For creating animation they use An-

droid stop motion application Stop Motion Maker – KomaDori. In this case students 

do not draw story book because the animation is about showing the process of paint-

ing colour gradation. One of the students paints the painting and the other one is tak-

ing the photos with smartphone Sony Xperia. Students edit photos in Android applica-

tion. They export animation in AVI video format. Additionally they edit animation in 

to Windows Movie Maker giving title and credit on the beginning and the end of the 

animation. Students present and share the animation with their school mates. Working 

on animation students have learned: The gradual transition from one colour into an-

other in one art work, and to recognize it in the Nature; using ICT in Art lessons, col-

laboration among students, innovations and creativity in making presentation. 

http://www.youtube.com/watch?v=V6J0xguhLVY 

 

 

2.2 Discussion  

 

Using the Stop Motion in the education is not anything new in the world but it is a 

new teaching method in the Primary Schools in Macedonia.  In this paper are given 

different ways of using stop motion in the teaching process in particular School sub-

jects, but there is not any research made, how stop motion animations influenced on 

improving the process of studying. This type of research is planned to be done in our 

further realization of the project.  

We can only talk about the influence on the process of studying only by our three 

years’ experience of using the stop motion animations in our classes.  

During these three years we can give the following advantages and disadvantages of 

using the stop motion animations.  

 

 

Advantages  

Students - The students are in the center of the creative process, and the education is 

more successful and more creative. The lessons and the teaching materials are person-

alized and they are more relevant. They are directors and producers – they produce 

exciting and interesting animations as their own authorized product. The presentation 

and the sharing the animation make them more self-confident and motivate them to do 

more projects. A detailed planning is needed for this type of animations that stresses 

the importance of logic thinking. Creating animations is funnier and more challenging 

than usual presentations. The students are involved in each step and they are highly 

motivated and they learn that they will reach the success only by following the in-

structions and cooperation. Everyone accepts his/her responsibility. The students de-

velop original ideas and techniques and they read extensively during the research and 
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they enrich their vocabulary. The students use their devices as supportive educational 

tools, they make, edit and share their animations.  

 

Teachers - It is a great opportunity for surveying project activities. Also it is a pos-

sibility to correlate and integrate several school subjects. Using smartphones stop 

motion application is simple and effective use of ICT. Exchanging and sharing ideas, 

techniques, and different ways of making and using the animations among teachers. 

This is a great multi-model of teaching and learning adaptive to more than one style 

of learning and teaching outcome.  

 

Disadvantages 

There is still lack of Android and apple devices access for students and teachers in 

Macedonia because the cost. These devices cost from EUR 100 to EUR 500 which is 

too expensive for most of the parents and the teachers. The storage is limited of stor-

ing large or many video files. Time limit is also very a important disadvantage, be-

cause creating a good stop motion animation need spending more time than an ordi-

nary school lesson of 40 minutes. The most of the teachers are not interested in new 

smart technologies.  

Several international experts about education gave their own opinion about the way 

we use the stop motion in primary education in Macedonia 

 

 

Experts’ opinion about stop motion animation at school: 

“Animation is just about the best way to capture the imagination of the children of 

today and bring some of their world into the world of the classroom in all its sound 

and vision glory. Young learners frequently do work with stories. Enabling children 

to produce their own visual representation of a story through stop animation will 

ensure the language and story are firmly fixed in their minds, while at the same time 

again giving a wonderful opportunity for ‘publishing’ student work.” - Keith Kelly 

Freelance education consultant.  

“Animation is a way of enlivening our classrooms and motivating our learners. 

When the learners are involved in the making of the animation we go one step further 

and bring creativity into our classrooms. Many of the teachers I have worked with 

had never really thought about using animation in their lessons let alone creating 

their own, yet once we started they loved it and found it quite easy to do (much to 

their surprise). As for the children ... smiles from their mouths to their eyes.” -  Adri-

an Tennant (Freelance Teacher Trainer, Writer and Consultant). 

 

 

3 Conclusion 

Despite the several disadvantages of the use of smart applications in education, there 

are many benefits that contribute to the need for the introduction of this new type of 
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technology in education. Teachers need to follow the new trends in technology devel-

opment and to adopt them to their needs, because students are those who accept them 

much faster. The standard way of learning which involves using computer applica-

tions for text processing, presentations and charts are not interesting to the students 

any more. Using this type of applications contributes to greater creativity in present-

ing visual materials, created by students. 

The examples of educational contests, presented in this paper, show the applicabil-

ity and validity of using smart applications with which students independently create 

their own products i.e. they are directors and screenwriters on their own animations. 

They learn through the process of designing and making them. Thus, they acquire 

with the necessary skills of the 21st century including mutual cooperation, using tech-

nology, practical applicability of learning, critical thinking and creativity. 

The rapid development of technology will certainly make this type of devices more 

available in the near future, than it is now. 
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Abstract. This paper presents Wireless Body Area Network (WBAN) 
strengths and gives an understanding of what possibilities they have when using 
short range wireless communications protocols to facilitate versatility in the 
movements of health care patients. The comparison made between the wireless 
standards and technologies used in such systems using qualitative measures 
gives insight into potential opportunities for their usage. The paper investigates 
the feasibility of using the ZigBee protocol and findings are implemented on 
presented COHESY system model for continuous real time remote patients 
monitoring conditions. 

Keywords: Wireless Body Area Network, real time monitoring, ZigBee 

 

1 Introduction 

Pervasive health care takes steps to design, develop and evaluate computer technolo-
gies that help citizens participate more closely in their own healthcare, on one hand, 
and on the other to provide flexibility in the life of patients. By including collabora-
tive value in these systems patients are enabled to exchange experience in terms of 
therapy and rehabilitation by using the experience of the activities that have been 
taken by other patients. System model COHESY uses mobile, web and broadband 
technologies, so the citizens have ubiquity of support services where ever they may 
be, rather than becoming bound to their homes or health centers [6].  
     Recent improvements in low-power wireless communications have motivated 
great interest in the development and application of wireless technology in healthcare 
and biomedical research, including Wireless Body Area Networks (WBAN). As result 
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of this, various systems that demonstrated the successful transmission of bio signals 
are created. 
    C-SMART [1] is a platform for a continuous real time remote patient monitoring, it 
uses Bluetooth for transmitting signals from sensors to mobile devices. Application 
send the raw data continuously via e-mail or SMS to a remote computer for monitor-
ing and analysis. After data analysis, medical records are updated and the result is 
send back to mobile device.  
    Wireless Sensor Network based Health Care Management Platform for Long-Term 
Care Institution [2] proposes a safety monitoring system for health care management 
that incorporates ZigBee humidity sensors. Electronic humidity sensors help to pro-
vide appropriate care to disabled and incontinent elders.  
    Digital Fitness Connector (DFC): Smart Wearable System [7] allows users to moni-
tor physical activity either in real-time or post workout using ANT+ sensors. DFC 
gives user flexibility to carry smartphone only if they wish to monitor physical activi-
ty real-time, otherwise users can just carry DFC to capture and store data from health 
and fitness sensors.  
    In [8], a prototype on RFID and sensor networks for elder healthcare is presented. 
The RFID system, including a reader and one or more tags are used to track the elder 
patient who needs the medicines. The patient wears a UHF tag that may be detected 
by the associated RFID reader within 3-6 meters. Thus, the system is able to deter-
mine that the patient is in the vicinity, and alerts the patient to take the required medi-
cines via a beep sound or a blinking light.  
    The work presented in this paper attempts to probe into the applicability and practi-
cality of using WSN based on ZigBee protocol. The presented solution is a COHESY 
system model which is designed for continuous healthcare of patients allowing them 
to perform their daily obligations; work, walks etc. Because of this characteristic, its 
intent is to wide range of patients, like: working capable people, children, and elderly 
patients, which makes it more comprehensive than other systems. COHESY offers 
connection to social network which consists of patients with similar diagnosis, which 
makes it different than other systems. Its other characteristic that makes different is 
that it has collaborative techniques for filtering data from information systems and 
social network, which allow the user to get notifications, suggestions and proposals, 
from medical personnel and other patients with similar diagnosis, at any time during 
the day.  
    Analysis of low-power WSN standards is presented in the next section. General 
architecture is discussed in third section and in the fourth section architecture of sen-
sor layer in given. The fifth section explains implementation details while the sixth 
section concludes this paper. 

2 Analysis of low-power WSN standards 

When dealing with a broad range of possible application, the key issue regarding the 
sensor networks is the scalability in terms of range, battery life, frequency, and trans-
mission rate. For that reason we are examining short range wireless communications 

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

172



with low power consumption. The proposed standards with such features are: RFID, 
Bluetooth, ZigBee, and ANT+. Table1 summarizes the main differences among them.  
 

Standard Range Frequency Battery life Transmission 
rate 

RFID 1-2 m 860-960 MHz efficient power 96-256 bit/s 
Bluetooth 10 m 2.4 GHz 1-7 days 1000 kbit/s 
ZigBee 100 m 2.4 GHz 4-6 mounts 250 kbit/s 
ANT+ 30 m 2.4 GHz 3+ years 1000 kbit/s 

Table 1. Overview of wireless standards [3] 

 
Bluetooth and ZigBee have limited battery power which makes them suitable for low 
data rate transitions only [5]. ANT+ and RFID are best suited for relatively small 
networks because of their small coverage range. And ANT’s technology offered sig-
nificant advantages over ZigBee for short range wireless sensor implementations 
requiring low power operation. ZigBee have good efficiency for small data size and it 
can transmit up to 250 kbits at 2.4 GHz which is sufficient data rate for typical 
WBAN applications and their usage in medicine. ANT+ uses a radio with a band-
width of 1Mbps while ZigBee employs one based on the IEEE802.15.4 standard with 
a bandwidth of 250 Kbits. The ANT+ module has the longest battery life which is 
essential for a practical wireless network because the batteries powering nodes need 
to last for months/years to minimize maintenance and because its substantial trans-
mission rate can be considered for a long term continuous use.  
     The main criteria are why we choose ZigBee protocol in COHESY: The wide 
range of activity makes it possible to receive data from the sensors in the case when 
the mobile device is not close to the user. The amount of data that is read from the 
sensors is small, so there is no need to be taken to support the large amount of data, 
but a high-speed transmission allows timely calculations without delay. And battery 
life lasts for months, which is acceptable for medical applications. 
 

3 General Architecture 

Collaborative Health Care System Model (COHESY) [9] is intended to allow contin-
uous real time monitoring of the patient’s conditions without restriction of movement 
and their daily activities. Its platform is designed at first to allow detection of unwant-
ed results and any irregularity in patient movements in order to stop in time, and as 
second to use experience from other patients to give appropriate recommendation to 
the new ones. The system consists of a WBAN, mobile device, information systems, 
and social network. The general architecture is shown in figure 1. 
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Fig. 1. General architecture 

 
The WBAN comprises a number of wireless sensor nodes and mobile device. The 
sensors are distributed over the user’s body. They receive signals from the patient and 
sends data to network layer, which then forward measurement data to mobile device. 
The mobile application monitors the condition of patient. Its function is divided into 
two sub layers: aggregator layer and local calculator layer.  
     The aggregator layer is divided to three processes: (1) Collection: collects data 
from sensors, including sensors for physiological signs and any related sensors like, 
temperature, position etc.; (2) Filtering: filters previously collected data from any 
unused (noise) received information; (3) After this process data should be prepared 
for processing, they are settled in previous defined format and forwarded to the calcu-
lation layer. 
     Local calculator layer analyzes the data and reaches conclusions based on prede-
fined rules. If there are unsatisfactory results, the patient will be informed by notifica-
tion/warning message to mobile device, and he will receive explanation information 
(the reason for notification or recommendation). If the result is emergent then is send 
an emergency signal, mobile call or SMS to related care or medical treatment person-
nel to deal with the event. Patient is then informed with an alert message. In case 
where local calculations are not enough, data is sent to a clinical center for additional 
calculations. After determining procedures for the patient, his data is updated and the 
result is send back to his mobile device. In the process of sending, data is previously 
encrypted, which produce smaller data size and this has energy efficiency impact. To 
protect the privacy and confidentiality of the users’ information from threats, data is 
sent though secured protocols. The sequence diagram for positive flow of system 
behavior is shown in figure 2. 
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Fig. 2. Sequence diagram for process of sending sensor data 

 
The information system performs functions on received data from mobile application. 
These functions include finding dependency between measured sensor data, for ex-
ample: heart rate and patient movements, performing calculations that require more 
resources like memory or processor power. One of these operations applies collabora-
tive filtering techniques in set of data, in order to give recommendation based on 
knowledge from other patients, cases and experience. The aim of the recommendation 
algorithm is to discover which activities affect change in the value of each health 
parameter individually. In this way the use has opportunity for professional concern 
about his health and self-care. [6]. The clinical center can be virtually anywhere in the 
world as long as it is reachable from the Internet, providing the following purposes: 

 To communicate with the remote entities and to collect the data generated by the 
WBAN sensor nodes. 

 Once the data collected, it can be stored in a database or file system with a 
certainformat, or it can be visualized and displayed in a graphical user interface, 
ordisplayed as web content. 

 In the case where the data is stored in a database/file system, the data can be 
retrieved later and processed further to be used by authorized users (such as 
doctors, clinicians, physicians, researchers…etc) for purposes of inspection, 
diagnosis, research, statistics and so forth. 

The social network consists of patients with related diagnosis; each of them has a 
profile with information about their personal characteristics, diagnosis, treatments, 
experience, and habits. The social network enables collaboration between patients 
based on collaborative filtering techniques, , thus connecting users with the same or 
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similar diagnoses, sharing their results and exchanging their opinions about performed 
activities and received therapy. The users can also receive average results from the 
other patients that share same conditions in the form of notifications. These notifica-
tions can vary from the average levels of certain bio data calculated for certain geo-
graphical region, age, sex to the recommendation for certain activity based on the 
activities of other users. Collaborative filtering can be used to achieve different rec-
ommendations in these contexts [6]. Recommendation from social network is consid-
ered as the second level of recommendation; the first level is from medical personnel. 
       Policy makers receive data from social network based on filter criterions. Policy 
makers analyze data and give recommendation, make program and strategy for pre-
vention of the health condition that was analyzed. 
 

4 Architecture of sensor layer 

The sensor layer consists of a set of sensors that measure the patient’s vital conditions 
and any related conditions, like motion and temperature. Although the current system 
model only incorporates these sensors, other types of sensors like, EEG, EMG or 
blood sugar can easily be added to the system. The motion sensor can be used for 
monitoring body motions and gesture recognition, whilst the temperature sensor can 
be used to monitor body temperature or the temperature of the ambient surrounding 
the body. This layer receives signals from patient sensors (transforms analog into 
digital), and sends data to network at regular intervals or sometimes when it is forced 
by the patient or third person. The architecture of the sensor layer is presented in fig-
ure 3. 

 
Fig. 3. Architecture of sensor layer 

 

5 Implementation Details 

COHESY system model choose layer architecture pattern [4], for this reason it is 
decomposed into groups of subtasks in which each of them is at a particular level of 
abstraction. 
      (1) Sensor Layer uses sensors for reading vital signals and any additional signals. 
(2) Network layer is based on ZigBee protocol for receiving data from sensors and 
propagates them to the mobile device. This layer is a mobile application which will 
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support most of mobile platforms at server side; client side will be implemented on 
(HTML5 + JavaScript) so it can be used by majority of smartphones. Received data 
from sensors will be converted in JSON (JavaScript Object Notation) format. We 
choose this format because it is compact, simple and has faster transmission because 
it transfers less data. This format has predefined template where some of data will be 
mandatory while other will be optional. It allows uniformity and consistency. Exam-
ple is shown in figure 4. 

 
Fig. 4. JSON data format 

 
The security aspect will include using 128 bit hash encryption function for sending 
encrypted data to the clinical centers and social networks. This type of encryption 
takes less time than other encryption functions, encryption level is satisfied, and by 
the nature of data it is sufficient. Information systems may use PostgreSQL database 
for storing all patient data, including settings, medical history and diagnosis, daily 
activities. This database is an open source and based on features and satisfied re-
quirements of this model of system. Data stored in this database is used for further 
analysis by researches. Data flow diagram is presented in figure 5. 
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Fig. 5. Data flow diagram 

 

6 Conclusion and future work 

This paper presents implementation of ZigBee standards for a continuous real time 
patient monitoring of vital signs in the COHESY system model. The low-power na-
ture of ZigBee sensors offers great potential in creating a wireless body area network 
for data collection within the body area. Its battery life of few months eliminates the 
need for even infrequent battery replacements or recharges. These characteristics 
allow the patient flexibility in movement and everyday activities. The main aid is 
timely detection of adverse outcomes in order to take preventive measures.  
     The presented model represents a successful first step towards the improvement of 
the quality of patient care. In this paper are also presented two ways of energy effi-
ciencies: by applying filter techniques before data processing phase and data encryp-
tion before sending through Internet.  

Future further aim of COHESY will be to improve software design and applying 
the methods for saving energy by implementing techniques for reducing data transfer 
from the sensor to the mobile device and applying of algorithms for filtering and en-
cryption of the data from the mobile device to the information systems, so that 
COHESY can be expanded to become efficient monitor and control health care sys-
tem in the future. 
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Abstract. TETRA is a digital trunked mobile radio standard, devel-
oped to meet the needs of traditional Professional Mobile Radio user or-
ganizations. As TETRA does not provide for broadband services, many
companies are looking into integration of LTE and TETRA in order to
provide support for real time multimedia services. Fast handover among
these networks is paramount for mission critical applications. Therefore
this paper explores the possibilities and advantages of using the Media
Independent Handover, an IEEE standard, in improving the handover
performance in a TETRA-LTE heterogeneous environment. Addition-
ally it identifies the main challenges related to handover between these
two networks.

Keywords: Handover; LTE; MIH; PMR; TETRA

1 Introduction

Wireless broadband networks have become an important part of our lives more
and more during the recent years. The advantages they o↵er are crucial for com-
mercial users opening new ways for creating new advanced services. On the other
hand the mission critical networks as TErrestrial Trunked Radio (TETRA) [1],
are bounded to narrowband communications limiting the chances to provide ad-
vanced services. The idea of integrating public safety networks with commercial
networks becomes more and more mature nowadays [2]. The broadband commer-
cial networks can be used as a supplement to the services provided by the public
safety networks. For that to be feasible many considerations must be taken into
account, for the natures of these networks are totally di↵erent. There must be a
mechanism that allows the public safety users to roam seamlessly to commercial
broadband networks.

In this paper such a mechanism for a seamless handover between heteroge-
neous networks is presented. This mechanism is based on the Media Independent
Handover (MIH), IEEE 802.21 standard. The standard has to be revised in order
to apply necessary modifications to allow roaming between TETRA and LTE
but the general principles remain the same. Based on the IEEE 802.21 stan-
dard an integrated network between LTE and TETRA is proposed, integrating
the necessary MIH components inside the network architecture. Based on this
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architecture a simplified mobile-initiated handover scenario is presented describ-
ing the case where a mobile node performs handover from a TETRA network to
an LTE network when the link quality deteriorates. The commands that are used
to describe the exchange of messages between the involved network elements are
the typical MIH commands.

The paper starts with an overview of the TETRA architecture in Section 2.
Section 3 outlines features that LTE provides, and are necessary to the pub-
lic safety networks. The MIH functionality is described in Section 4. Section 5
presents the proposed architecture and the Section 6 gives a handover example.
Finally, some further considerations are made in Section 7 regarding security of
information and QoS mechanisms. Conclusion is given in Section 8.

2 Overview of TETRA

TETRA has become a leading PMR (Professional Mobile Radio) technology.
Its main features are wide interoperability, robustness, security and e�ciency.
As a multi-vendor standard, it needs to be adapted in di↵erent core networks
and applications, which leads to di↵erent types of architectures. The TETRA
standards specify eight di↵erent network interfaces, among which are: the Inter-
System Interface (ISI) interface for interconnection with other TETRA networks
and interfaces to PSTN, ISDN or IP networks. TETRA was designed specifically
for use in public safety networks, so robustness is of high importance for the
system. The voice services include a 2-way communications but TETRA also
includes the capability of group calls with some features as priority calls, call
recording, busy queuing and so on. Also the Direct Mode Operation (DMO) fea-
ture is available when two mobiles are communicating directly when no coverage
is available.

TETRA system was designed for narrowband voice services. The main pa-
rameters of the TETRA release 1 was maximum data rate of 19.2Kbps . TETRA
release 2 introduced many enhancements as a new codec (the AMR), new mod-
ulation schemes and higher data transmission rates. The maximum theoretical
attainable data rate is 518 Kbps but a realistic one is 154 Kbps (64-QAM mod-
ulation and coding rate r = 1). In general, there is need for broadband radio
services in TETRA systems in order to exploit the capabilities of the next gen-
eration networks. Some of these services include video transmission, two-way
real-time video, telemetry services etc.

3 LTE Features Enabling Broadband Services

LTE uses new technologies in order to achieve high spectral e�ciency and ro-
bustness. It uses Orthogonal Frequency-Division Multiple Access (OFDMA) as
a multiple access scheme for downlink, Single Carrier FDMA (SC-FDMA) for
uplink, and introduces Multiple Input Multiple Output (MIMO) technology in
order to increase the capacity of the system. Adaptive Modulation and Cod-
ing (AMC) is used to adapt the data transmission based on the received signal
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and H-ARQ, as fast retransmission method is applied. Also, it is flexible which
means it can be deployed in a range of frequencies, and di↵erent channel band-
widths and supports both frequency (FDD) and time (TDD) duplex modes. Due
to its all IP-based architecture an end-to-end class based QoS architecture has
been defined. This is important to TETRA users as it provides mechanism for
prioritization among di↵erent types of missions. The LTE architecture is simpli-
fied and includes few elements. This introduces low latency within the network,
an attribute that is critical for the PMR systems. Group calls as aforementioned
are a key feature of TETRA system. In LTE the usage of unicast connection
per member of a group would lead to scalability problems. The usage of Multi-
cast Broadcast Multimedia Services (MBMS) [3] [4] is necessary and solves this
problem.

4 Overview of Media Independent handover

The purpose of the IEEE 802.21 standard is to enhance the handover proce-
dures. It is based on an intermediate abstraction layer between the PHY and
the MAC layers, which is called Media Independent Handover Function (MIHF).
The MIHF is located in both the protocol stack of mobile nodes and network
nodes. This layer is also known as Layer 2.5. The MIHF provides services to
upper layers and helps the handover information flow through the entities that
take part in the handover.

Three main groups of services are defined. The Media Independent Event
Services (MIES) is responsible to provide link state information to the entities.
The Media Independent Command Services (MICS) is responsible for control
services to upper layers, for managing the low level parameters or configuring
the MIH entities. Finally the Media Independent Information Services (MIIS) is
considered as a key service because it helps in the preparation of the handover
procedures.

In this paper the MIH concept is proposed as handover mechanism for the
integrated LTE-TETRA network architecture. TETRA is a mission critical net-
work and the service continuity during and after handover is crucial. The cases
when a mobile can request a handover from the TETRA to LTE network is
when it senses that the quality of the link is deteriorating, or when the quality
of service that LTE guarantees is better than the one in TETRA network. This
applies mostly in applications that require a lot of bandwidth and not so in case
of simple voice calls. Also this handover may be used in cases when the TETRA
network is overloaded therefore some of the load can be transferred to the LTE
network.

5 Integrated Network Architecture

This section presents the integrated network architecture between the LTE and
the TETRA network. The elements included in the architecture are also briefly
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described. In Fig. 1 the proposed architecture is shown for a TETRA-LTE net-
work. The components that consist the LTE network remain the same but they
are enhanced with MIH functionality. TETRA and LTE base station are re-
ferred to as MIH PoAs in Media Independent Handover concept. MIH Point
of Service (PoS) are preferably installed in the access network rather than in
core network in order to reduce the signaling load. In that way the MIH enti-
ties inside the mobile node and the access network, can communicate between
each other by sending media independent handover protocol messages (MIHP
messages). On the TETRA network side architecture the Switching and Man-
agement Infrastructure (SwMI) consisted of several nodes such as controllers,
gateways, inter system interface nodes, etc. The SwMI is considered as the core
part of the TETRA network. It is assumed that there is a gateway in the SwMI
towards the packet switched core network.

Fig. 1. Architecture of a TETRA-LTE integrated network under di↵erent operators

Below a presentation of the network elements is made where the main func-
tionality of each element is explained:

Mobile devices: The mobile devices must be multimode devices that can ac-
cess both LTE and TETRA networks, and are enhanced with MIH capabil-
ities.

eNodeB: The typical base stations for the LTE network with advanced func-
tionality. The MIH PoS can be collocated with MIH PoA inside eNodeBs in
the e-UTRAN.

Mobility Management Entity (MME): It communicates the core network
with the base stations and the base stations with the users. It handles all
the signaling. In this architecture it will be involved in the authentication of
the TETRA user inside the LTE network and the establishment of bearers.
Additionaly it can transfer the authentication requests to the SwMI if it is
necessary depending on the policy of the integrated network.
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Serving Gateway (S-GW): It is responsible for the management of user data
tunnels between the base stations and the Packet Data Network Gateway.

Packet Data Network Gateway (PDN-GW): This node is working as a
Gateway to the Internet. It is also responsible for assigning IP addresses to
the mobile devices.

Home Subscriber Server (HSS): LTE is sharing its database with other sys-
tems like UMTS and GSM. This is necessary in order to enable seamless
roaming between di↵erent types of network. Proportionally to this logic
the HSS for the LTE network can share information with the TETRA net-
work management. The level of trust between the networks should be con-
sidered though.

Media Independent Information Service Server (MIIS): MIIS Server is
the entity that o↵ers the Media Independent Information Service (MIIS)
which provides the mobile terminal or the network with information within
a geographical area to facilitate handovers. An enhancement is needed in
the MIIS in that particular case because now it is designed to provide in-
formation about IEEE 802, 3GPP and 3GPP2 networks so this list must be
expanded with TETRA networks also.

Switching and Management Infrastructure (SwMI): This element is con-
sidered as the core part of the TETRA network. It is the network compo-
nent where the switching, the gateway, the database management and the
interfacing functions for the TETRA network are located. It o↵ers call man-
agement, resource management and mobility management. The connection
with the LTE network can be established through the ISI interface after
some modifications. It must be noticed that in the proposed architecture the
just one SwMI is illustrated for simplicity.

6 Use Case: Handover

In this section a message flow in the context of MIH is presented and discussed
in the case that a TETRA mobile device is performing a handover to an LTE
network. It is the case of a network-initiated handover. The message flow is
shown in Fig. 2. The mobile initiated handover message flow is slightly di↵erent
but the concept is the same. The handover procedure is divided in three phases
(initiation, preparation, execution) as described in the IEEE 802.21 standard.

In the initiation phase the TETRA PoS informs the mobile node by send-
ing a Configure Link REQUEST and the thresholds under which the mobile
node should report the signal measurements to the network. The mobile node
is aware of these thresholds and when their value is violated the mobile sends a
Link Parameters Report INDICATION to the network. This message can also
be sent periodically. If the quality of the link is bad, meaning for instance that
the mobile is moving away from a TETRA base station, then it can send a Link
Going Down INDICATION that informs that the quality of the link is deterio-
rating and it will go down at a specific time. In the handover preparation phase
the, TETRA PoS communicates with the MIIS Server that gathers information
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Fig. 2. MIH assisted handover from TETRA to LTE
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about the available networks in the location of the mobile phone. After collect-
ing information of the available networks, the TETRA PoS sends a message to
the mobile node requesting to scan the specified networks in the message and to
give the measurements back to the TETRA PoS. The TETRA PoS sends again
a message to the mobile suggesting a list of candidate networks. This list is a
suggestion and the mobile node can make its own choice for the final network. At
the same time the TETRA PoA is communicating with every available network
asking for resources. The chosen network in that case is an LTE network and
the mobile node is answering back to the TETRA PoS with a HO Candidates
Query RESPONSE.

The last phase is the execution phase and the TETRA PoS sends a HO
commit REQUEST to the mobile node indicating the actions to be done over
the new and the old link. The resources on the old link can be released now
but it is strongly advised to keep the resources in both links so in that way
to decrease the disruption time. The mobile now is ready to take the actions, it
handovers under a new LTE node and all the core networks entities are informed.
The MME entity that handles the signaling can inform the SwMI for the new
location of the user and to inform the HSS also. The MME also authenticates the
user in the LTE network before the handover. The PDN-GW will assign also a
mobile IP to the mobile node. After the successful registration of the mobile node
to the LTE network, the TETRA PoS informs the LTE PoS for the successful
handover procedure. Then the LTE PoS sends a HO Complete RESPONSE
message to the TETRA PoS informing it that it can release the resources that
were reserved for the mobile node in the TETRA network.

7 Future Considerations

There are many parameters that must be into consideration for an integrated
TETRA-LTE network. The general principles that the TETRA is based on as
a PMR are the following:

• High availability
• High reliability
• Security
• User interoperability
• Optimized group communication

The above principles have to be fulfilled from every network that targets
to be a PMR or in this specific case for an integrated TETRA-LTE network.
The LTE seems to be a good candidate to operate alongside TETRA as it o↵ers
some features that are necessary to the TETRA network like high bandwidth
and low latency.

TETRA requires quick call setup standardized to be less than 300ms. Also
the voice calls are an important part of the TETRA network with special refer-
ence to group calls that occupy the largest percentage of voice calls in TETRA
system. Here comes a potential problem. The LTE system is not optimized yet
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for voice calls. It handles the calls like VoIP calls. It can provide the high demand
for bandwidth that the new TETRA networks want to employ as a feature but
there is question if it is able to provide basic voice services that are also impor-
tant features of the TETRA networks.

In current networks there are some ideas to provide circuit switched services
to the LTE all-IP network. The project VoLGA [5] is one of these ideas but it
is not to be standardized and it seems that it is not of high appreciation even if
it o↵ers decreased call setup times compared to other techniques. Another idea
is the CS fallback [6] that provides interoperability with the circuit switched
networks. The drawback of this idea is that it increases the call setup times
which is unaccepted for public safety networks and especially for TETRA. In
the plan of the voice evolution for LTE the last phase is the convergence to a
continuous coverage across the all access networks and interoperability between
operators [6].

LTE is not designed as a critical system. Some modification regarding avail-
ability and high reliability must be made. Redundant network components should
be deployed in the LTE network side in order to ensure the network survivability.
The integrated network should be redundant avoiding points of single failure.

Some modifications also should be made regarding security and authentica-
tion mechanisms. In the LTE network the whole security architecture is based
on a secret key. The same key is stored on both the SIM cards and the HSS. The
authentication algorithms are also stored and executed in SIM cards and HSS.
For the integrated network the TETRA mobile nodes must be able to store this
key and the authentication mechanisms within them in order to be able to au-
thenticate to the LTE network upon the handover from TETRA to LTE. The
level of trust can be negotiated between the two network operators. A possible
solution that ensures data integrity in LTE side is that the phone can encrypt
the data and then the LTE network can forward these data back to the TETRA
network for decryption. That would of course add more delay to call setups but
it is a tradeo↵ that every public operator should consider.

It is very important before the handover from TETRA to LTE to ensure
that the same resources can be guaranteed to the new network. LTE incorpo-
rates many QoS mechanisms that fulfill the TETRAs needs and can address
the problem for prioritized access to the resources. Some of these are the Al-
location Retention Priority (ARP), QoS Class Identifier QCI and Tra�c Flow
Template TFT. The proposed framework for controlling and initiating the QoS
mechanisms in LTE is the mobile-initiated QoS control when the mobile sig-
nals the network and informs it about the QoS characteristics of the desired
connection.

In Fig. 2, it is presented a network-initiated handover but the decision for
the handover is taken by the mobile. Considering the trust relationship be-
tween TETRA and LTE networks, the handover decisions should be network
initiated. When the mobile node informs the TETRA PoS for a deteriorating link
quality, the TETRA network should initiate the handover as described in Fig. 2.
Also considering the problem with the voice calls in LTE networks it would be
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advisable for example to perform handover only for packet switched services
(such as data transfers and multimedia services as video surveillance services)
that require enough bandwidth which the LTE network can provide. Regarding
voice group calls it is crucial that all mobiles that belong to the same group are
handled by a single network operator that would be preferred by TETRA net-
work. A scenario with some members of the group handled by the LTE network
is not so appealing and would complex the communication.

8 Conclusion

This paper proposes an integrated network architecture, for commercial and
public safety networks, and a framework for seamless handover mechanism using
the IEEE 802.21 standard. The possibility of such integration between TETRA
and LTE networks is elaborated and discussed. There are many challenges that
should be taken into consideration for an integration to become real even if the
need for higher bandwidth in public safety network is increased. The analysis
lead to conclusion that it is better to use the LTE network in cases of multimedia
or data services and not for simple voice calls and especially group calls. There is
need to converge to a solution regarding the voice services in LTE network when
there are calls from and to circuit switched networks. Until that time TETRA
calls must be handled from the TETRA network itself. The QoS mechanisms
such as QCI and ARP parameter values, must be agreed from both operators. For
instance both commercial and public safety users must be mapped in the ARP
values. In conclusion it seems that the integrated LTE-TETRA network is a way
to facilitate the lack of TETRA standards to support high bit rates. A lot of
research is needed in order a commercial network to be ready to support fully
operationally public safety network.
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Abstract. We give a survey of different techniques for hiding data in
several protocols from the TCP/IP protocol stack. Techniques are orga-
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1 Introduction

An overt channel is a communication channel within a computer system or net-
work, designed for the authorized transfer of data. A covert (subliminal) channel,
on the other hand, is any communication channel that can be exploited by a pro-
cess to transfer information in a manner that violates the systems security policy
[13]. Any shared resource can potentially be used as a covert channel. Covert
channels can be divided primarily in storage and timing channels. In a case of the
storage channels, usually one process writes (directly or indirectly) to a shared
resource, while another process reads from it. Timing channel is essentially any
technique that conveys information by the timing of events, in which case the
receiving process needs a clock. As any other communication channel, covert
channel can be noisy or noiseless. According to the number of information flows
between the sender and the receiver - several or one, there are aggregated and
non-aggregated covert channels [18]. Covert channels are studied as a part of the
science steganography, and different steganographic methods used in telecommu-
nication networks are known as network steganography.

The adversary model is based on the Simmons prisoner problem [41]: two
parties want to communicate confidentially and undetected over an insecure
channel, the warden. The warden can be passive - which monitor traffic and
report when some unauthorized traffic is detected, or active - which can modify
the content of the messages with the purpose of eliminating any form of hidden
communication.

Network protocols are ideal for hiding data in them. Most of the network
steganographic techniques for storage channels utilizes the fact that there exist
redundant fields in protocol headers, which can be used for hiding data and
creating covert channels. Wolf [43] proposed the reserved fields, pad field or
undefined fields from the frames of IEEE 802.2, 3, 4, and 5 networks to be used
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for this intention. Similar, Handel and Sandford [21] proposed the reserved and
unused fields from other protocol headers for same purpose. Another type are
the fields filled with “random” data, such as the IP Identification or TCP Initial
Sequence Number (ISN) fields. But naively filling them with data is detectable
by passive warden [35], because these fields naturally exhibit sufficient structure
and non-uniformity to be efficiently and reliably differentiated from unmodified
PDU.

The work of Rowland [39] is first proof of concept of the existence and the
exploitation of covert channels in TCP/IP protocol suite, by their concrete im-
plementation. From the attacker’s point of view, network storage channels are
preferable than timing channels, because of the synchronization issues present
in timing channels, their complexity and their significantly lower bandwidth in
comparison to storage channels. Network-based covert channels can be used to
coordinate distributed denial of service attacks, spreading of computer viruses
and worms, for secret communication between terrorists and criminals, but also
for secure network management communication [17], for bypassing the organi-
zation firewall, for transmitting authentication data [11] (like port knocking),
circumventing the limitation in using Internet in some countries [15], etc.

Most of the covert storage channels can be eliminated effectively through
traffic normalizers [16, 22], which modify incoming and outgoing packets by stan-
dardizing fields that are unused or redundant.

Covert channels can be analyzed in terms of steganographic bandwidth and
risk of hidden communication disclosure. Steganographic bandwidth can be ex-
pressed by the total number of steganogram bits transmitted during a second
(Raw Bit Rate - RBR), or by the total number of steganogram bits transmitted
per PDU (for example, Packet Raw Bit Rate- PRBR).

One very good survey of network covert channels before 2007 is given in [45],
but one can see [25] also. Our paper offers a survey of the covert channels in
TCP/IP protocol stack classified by affected layer and affected protocol. Some
techniques are protocol independent, like Perkins [37] covert channel using sum
of all bits of a message. At the beginning, sender and receiver need to agree
about the maximum possible sum S and the number Ni of intervals in [0, S].
This channel can send log2Ni bits per packet.

2 Steganography in Internet layer

Internet Protocol (IP) is the primary protocol in the TCP/IP protocol stack,
that operates in the Internet layer. IP encapsulates obtained segments from
Transport layer in packets with IP header, and delivers them from a given source
to a given destination using IP addresses. It enables internetworking, offering
connectionless datagram service. IP comes in two versions - version 4 (IPv4)
and version 6 (IPv6).

One group of of steganographic technics for IP uses fields from the IP header,
that have some redundancy or normally are not used during the transmissions,
such as Identification, Flags, Fragment Offset and Options in IPv4. Rowland
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[39] uses the 16-bits long Identification field from IPv4 header for hiding data.
If fragmentation occurs, the receiver will receive the same information for every
new fragment of the datagram. One can use the redundancy in the IPs frag-
mentation strategy [2, 3]. An unfragmented datagram has all zero fragmentation
information (More Fragment (MF ) = 0, Do Not Fragment (DF ) = 0, Fragment
Offset=0). If communication parties know the MTU (Maximum Transmission
Unit) of their network, they can use the DF bit for sending 1-bit data per
packet, or combination of DF bit and Identification field for sending 17-bit data
per packet, by sending packets with sizes below the MTU. If communication
parties do not now the MTU, they can send 8-bit per packet, by filling high 8
bits of the Identification field (the low 8 bits are generated randomly) with result
of xoring of the first fixed 8-bits of the IP header and 8-bit data. Only condition
is that the packet must not contain options in the IP header. Cauich et al [8] use
the Identification and Fragment Offset fields for hiding messages. Their method
provide 29 bits in every datagram that is not fragmented, but this can work
only for two neighboring nodes. First, they check if the receiving datagram has
fragmentation (MF = 1). In negative case, they use some of the three reserved
bits in the header as indicator does the datagram carries a message or not, and
than they put the data in the datagram’s Identification and Fragment Offset
fields.

Some of the steganographic techniques presented in Mazurczyk and Szczyp-
iorski paper[31, 32] also deploy the IP fragmentation process. The authors sug-
gest:

– dividing the original IP packet into predefined number of fragments (for
example, even number will be binary 0, and odd number will be binary 1) -
1 bit per packet is send;

– modulating the values that are inserted into Fragment Offset field (for exam-
ple, even value will be binary 1, and odd value will be binary 0) - NF −1 bits
per packet are send, where NF is the number of fragments for that packet;

– using legitimate fragment with steganogram inserted into payload - NF ·FS

bits per packet are send, where NF is the number of fragments for that
packet and the FS is the size of the fragment;

– using different rates for packet fragmentation (for example, one rate will be
binary 1, and other will be binary 0) - log2h bits per packet are send, where
h is the number of packets generation rates

Covert channels can be created using fields in protocol’s header that are
changing during transmission, like 1-bit-per-packet noisy covert channel using
Time To Live (TTL) field, suggested by Qu et al. [38]. Zander et al. [44] proposed
an improved 1-bit-per-packet covert channel encoding in the TTL field, analysing
initial TTL values and normal TTL occurring in networks. They suggest using
two different starting values of TTL in packets, the typical initial value as High-
TTL (binary 1) and High-TTL -1 as Low-TTL (binary 0).

Ahsan and Kundur [2, 3] showed how to create a covert timing channel using
packet sorting. If we send n packets and if the network guarantee proper se-
quencing for packet delivery, then by reordering the packets, one can send log2n!
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bits. For this to be possible, a reference to relate sorted packet numbers to their
actual natural order is needed. This can be found in a 32-bit Sequence number
field of the Authentication Header (AH) and Option Data Length and Option
Data fields used in IPSec. In [2] an algorithm for best sequence estimation in
resorting, applicable in real networks which do not guarantee the order of de-
livered packets, is given. The authors of [31, 32] use exactly the same reordering
technique but for sequence of fragments of a given packet.

Servetto et al. [40] introduces intentional losses in numbered stream of packets
for creating a covert channel using phantom packets. They skip one sequence
number at the sender so no user data is lost. Loss that occurred during fixed
time interval is equal to sending one bit. The authors of [31, 32] use exactly
the same technique for creating phantom fragments, by skipping one Fragment
Offset value.

IPv4 and IPv6 have mechanisms for discovering Path MTU (PMTU) - the
smallest, acceptable MTU along the entire end-to-end path. They are PMTUD
(Path MTU Discovery) for IPv4 and PLPMTUD (Packetization Layer Path
MTU Discovery) for IPv6. The first one use probe messages with DF flag set
and ICMP for receiving notifications. The second one learns about PMTU by
starting with packets of the relatively small size and when they get through, the
progressively larger ones are send. Probe messages are validated at the trans-
port layer, without help of the ICMP. One can utilize the probe messages in
PMTUD to carry steganogram and invoke sending intentional fake ICMP mes-
sages by receiver [31, 32]. The authors also suggest use of RSTEG (Retransmis-
sion Steganography) [33] for steganpgraphic PLPMTUD, which uses intentional
retransmissions to sent steganograms. The main idea behind RSTEG is to not
acknowledge a successfully received packet in order to intentionally invoke re-
transmission. The retransmitted packet carries a steganogram instead of user
data in the payload field.

Abad [1] demonstrated how a fundamental flaw in the design of the Internet
checksum can allow a malicious user to embed covert channel data in the 16-bit
Header checksum field itself using a hash collision.

Padlipsky et al. [36] suggested a covert timing channel, in which the sender
send or not send an IP packet in a arranged time interval. If a second is divided
in Ni intervals, the bandwidth of this channel is Ni bits/s. Cabuk et al. [6] imple-
mented this idea. Client program listens on a given port for arriving of the first
PDU. Additionally, the server send not only data bits, but also synchronization
and error-correcting bits. In the same paper, some techniques for detecting IP
covert channels are also explained. Berk et al. [5] use the inter-packet delays of
consecutive packets for encoding the covert information. In their system all the
delays are stored and an average is calculated every time a new delay comes in.
Every delay above the mean is decoded as binary one, and every delay below
the mean is decoded as binary zero.

Lucena et al [26] analysed several covert storage channels in headers of IPv6
and for some of them, the sender must compute the ICV including the covert
data. Manipulation of the IP header can be done in several ways: by setting
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false traffic in the 8-bit Traffic class, by setting false flow in the 20-bit Flow
Label, by setting false source address in the 128-bit Source Address, by setting
an initial Hop Limit value and manipulating the value of subsequent packets,
by setting a valid value to add an extra extension header in the Next Header
field, or by increasing value of the Payload Length and append extra data at
the end of the packet. Covert channels using the Hop-by-hop options header
can be done by modification of the Option Data Length and Option Data fields.
Covert channels for Routing header with routing Type 0 can be created by 4-
bytes Reserved field or by fabricating addresses up to 2048 bytes per packet. For
covert channels for Fragment header, one can use 8-bit and 2-bit Reserved bits,
can set false Nest Header or can insert entire false fragment. Destination options
header can produce covert channels by manipulating Option Data Length and
Option Data fields and fabricating one or more options or setting false padding
values. Authentication header has 2-bytes Reserved field or one can create entire
fake header up to 1022 bytes per packet. For ESP header one can create entire
fake header up to 1022 bytes per packet or can set false padding value up to 255
bytes per packet.

Internet Control Message Protocol (ICMP) is another connectionless protocol
on Internet layer, used to transfer error messages and other information between
the nodes. ICMP messages are send encapsulated in IP packets. There are 14
(and 16 deprecated) different types of ICMP messages, which have common only
first 4 byte of the 8-byte ICMP header. Project Loki [9, 10] demonstrated a covert
channel by putting arbitrary information tunnelling in the payload of ICMP Echo
Request and ICMP Echo Reply packets. Additionally, the Loki client allows a
remote attacker to wrap and transmit commands in ICMP payloads and the Loki
server, unwraps and executes the commands, sending the results back wrapped
in ICMP packets. This channel will work for any network device which does not
filter the contents of ICMP Echo traffic. Singh et al. [42] suggested a defence
against ICMP tunneling. For hiding data in ICMP one can use 32-bit reserved
field in ICMP Router Solicitation Message [3]. The author explained also how a
covert storage channel in Internet Group Management Protocol (IGMP) can be
created.

3 Steganography in Transport layer

Transmission Control Protocol (TCP) and User Datagram Protocol (UDP) are
two protocols that operates on Transport layer. TCP offers a reliable end-to-end
connection-oriented service, and UDP offers a connectionless oriented service.

Rowland [39] implements covert channels by using 32-bit Initial Sequence
Number (ISN) and Acknowledge Sequence Number fields from TCP header. Ah-
san [3] presented covert storage channels by redundancy present in some com-
bination of six flag bits (URG, ACK, PSH, RST, SYN, FIN). If the URG bit is
not set, one can use the TCP Urgent Pointer field for creating covert channel
with 16 bits per packet [20].
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Murdoch and Lewis [35] developed a robust scheme, Lathra, which generates
ISNs for OpenBSD and Linux, that are almost indistinguishable from those
generated by a genuine TCP stack, except by wardens with knowledge of a
shared secret key.

Giffin et al. [19] presented a covert timing channel that uses TCP timestamps,
by the modification of their low order bit. This method slows the TCP stream
so that the timestamps on segments are valid when they are sent. 1-bit-per-
segment covert channel can be obtained by comparing the low order bit of every
TCP timestamp with the current message bit. If they match the segment is sent
immediately with generated TCP timestamp, otherwise it is delayed for one
timestamp tick and TCP timestamp is incremented.

One covert channel in UDP can be created by presence or absence of the
Checksum field in the datagram [16], because this field is optional in UDP. This
results in PRBR of 1 bit per datagram. Abad [1] method can be applied to TCP
and UDP Checksum field also.

4 Steganography in Application layer

Several protocols at the application layer of the TCP/IP protocol stack can be
used for creating covert channels, like HyperText Transfer Protocol (HTTP),
File Transfer Protocol (FTP), etc.

Dyatlov et al. [12] suggest covert storage channels using header and/or body
of the HTTP request/response. Kwecka [23] hides data in HTTP using the fact
that HTTP treats any amount of consequent linear white space characters (op-
tional line feed [CLRF], spaces [SP] and tabs [HT]) present in the header, in
the same way as a single space character. Eßer and Freiling [14] suggest covert
timing channel using HTTP, in which a web server sends covert data to a client
by delaying a response (binary 1) or responding immediately (binary 0). Castro
[7] suggest using cookies for creating covert channels in HTTP.

Zou et al [46] suggested two covert channels into the FTP. The first one
encodes covert bits directly into the FTP commands, and the second one varies
the number of FTP NOOP commands send during idle periods. The number of
sended NOOP commands is equal to the integer value of the covert data.

Another interesting area for deployment of covert channels are real-time ap-
plications over IP, as for example Voice over IP (VoIP), online multiplayer games,
streaming live A/V, etc. In these applications, usually audio and/or video is
transmitted using separated streams by Real-Time Transport Protocol (RTP),
supported by its companion RTP Control Protocol (RTCP). One part of the
RTP works in the Transport layer above UDP, and second in the Application
layer. On the other hand, VoIP has signalling phase at the beginning (before
audio transfer using RTP), which is carrying by some signalling protocol, like
Session Initiation Protocol (SIP). SIP usually is accompanied by some protocol
for description of multimedia sessions, like Session Description Protocol (SDP).

Mazurczyk and Szczypiorski [30] explained how to create covert channels
in RTP, using 8-bits Padding field, variable-length Extension header, randomly
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generated initial values of the 16-bit Sequence Number and 32-bit Timestamp
fields in the first RTP packet, or applying here Giffin et al. [19] method with
low order bit of Timestamp for creating one-bit-per-RTP packet covert channel.
The last method can be used also in NTP Timestamp field in RTCP, but even
more, up to 160 bits per packet covert channel can be obtain from report blocks
in Receiver Report (RR) and Sender Report (SR) in RTCP. One can use also
security mechanisms fields in Secure RTP or in RTCP, like up to 80-bit authen-
tication tag. In the same paper, authors suggest one method called LACK (Lost
Audio Packets Steganographic Method) for creating covert channel, using inten-
tionally delayed (and in consequence lost) packets payloads. The payload of the
intentionally delayed packets is used to transmit secret information to receivers
aware of the procedure. Additionally, communication parties must consider the
accepted level of packet loss for IP telephony and do not exceed it. First practi-
cal evaluation of this method is given in [34]. Other RTP payload based covert
channels are not of our interests.

Bai et al. [4] used the 32-bit interarrival jitter field of the RTCP header for
creating a covert channel. They used two phases: in the first phase, statistics
of the value of the jitter field in the current network are calculated. In the
second phase, the secret message is modulated into the interarrival jitter field
according to the previously calculated parameters. Lizhi et al. [24] suggest novel
covert timing channel, which utilizes Run Length Code and Multi-Zero Code to
improve imperceptibility and robustness. The basic idea is very simple, if the
current stegobit is the same as previous, an RTP packet is sent, otherwise an
RTCP packet and an RTP packet are both sent.

Mazurczyk and Szczypiorski [29] suggest to use some tokens and fields in
SIP for hiding data, like randomly generated tag in From field (which forms
SIP dialog identifier), branch in Via field (which forms transaction identifier),
Call-ID field (which uniquely identifies a call), first part of CSeq field (initial
sequence number that serves as a way to identify and order transactions), and
several other fields. They also suggest to hide data in SDP in the fields v (version
field ignored by SIP), o (owner/creator), s (session name field ignored by SIP),
t (time session is active field ignored by SIP), and k (potential encryption key
if the secure communication is used). Another covert channel exploits the fact
that the order of headers in the SIP/SDP message depends on implementation,
thus reordering of headers is possible as a mean to covertly send data.

Besides malicious application, VoIP covert channels can be used also to im-
prove the functioning of VoIP, for example, security like in [27] or quality of
service like in [28].

5 Conclusions

Because covert channels usually have malicious application and represent a seri-
ous network threat, this field is very important to network security. Many covert
channels are discovered, and many steel need to be discovered. This is continuous
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race between hackers and security experts. Surveys of this type are necessary for
following trends in this field.
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An Approach to Evaluate the Reliability of Web
Applications in Cloud Computing Using Dynamic

Fault Trees

Elinda Kajo Mece and Eneida Driza
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Abstract. Nowadays, one of the main challenges in developing
di�erent systems, is obtaining reliable ones. So, preliminary studies
of problematic components that convert the system from reliable
to unreliable need to be done. This paper is focused in evaluating
one of the nonfunctional characteristics like the reliability of web
applications deployed on cloud computing, since it plays an im-
portant role in evaluating the system performance. The main goal
consists on developing a dynamic model for the evaluation of web
application's reliability using DFT technique. As a case study in
order to demonstrate the feasibility of this approach are used on-
line payment systems in e-commerce hosted on a cloud platform.
The results obtained reveal that this is a good way in studying the
reliability of the systems. Under speci�c system conditions with
minimal functional resources on the cloud platform, cloud impact
on system unreliability is twice the impact of application's type.

Keywords: web application, cloud computing, Dynamic Fault Tr-
ees (DFT), reliability, E-Commerce.
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Frequently-occurring Security Incidents

Predrag Tasevski
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Abstract. Risk Assessment is a common part of Risk Manage-
ment, also, traditionally the focus has always been on the evalua-
tion of the risk in organizations through probability, rather than by
the frequency of security incident occurrence. The aim of our work
was to further develop the knowledge of risk impact by frequency
of any given security incident occurrence.

Keywords: risk assessment, occurrence, incident, frequency, prob-
ability.
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Algortihm for Cost-e�ective Distribution of VoD
Contents
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Abstract. The Video on Demand (VoD) has become one of the
most popular services o�ered by the Telecom operators due to the
wide (deployment) expansion of the IPTV and the variety of the
video services that come with it. The increasing popularity of the
VoD is result of the personalized experience that it o�ers to the
clients since they can watch any video from a large variety of con-
tents at any time. However, this convenience for the clients comes
with a price that has to be paid by the operators and that is the
large amount of tra�c generated in the network because each re-
quest for a video requires a dedicated unicast stream. This tra�c
can originate from di�erent servers of the core of the network de-
pending on the distribution of the contents throughout the network.
Therefore, the placement of the videos according to their popular-
ity is one of the key factors for reduction of the tra�c in the core of
the network. In this work we propose a redistribution algorithm for
an architecture for VoD streaming that takes into consideration the
state of the network as well as the popularity of the video contents
in order to reduce the overall cost of the tra�c. The main objective
of the algorithm is to use the behaviour of the clients to concentrate
the streaming tra�c in the periphery of the network by placing the
most demanded videos in the servers closer to the clients and thus
to alleviate the servers in the core of the network. Our experimental
results show that the redistribution algorithm is highly responsive
to the change of the popularity of the videos which signi�cantly
reduces the cost of the tra�c generated in the core of the network.

Keywords: VoD, cost, optimization, popularity.
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Teaching of fuzzy sets using Lego Mindstorms
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Abstract. One of the parts of arti�cial intelligence is the theory
of the fuzzy sets. In Slovakia students can study the subject Fuzzy
sets and fuzzy logic in their master studies. This article deals with
use of fuzzy logic in the controlling of Lego robot. The basic task is
given to students and one of the solutions is shown in this paper.

Keywords: fuzzy sets, robotics, NXT Mindstorm.
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Multiple Description Coding for Adaptive QoS
Mechanism for Mobile Cloud Computing

Ilan Sadeh1, Stojan Kitanov1, and Danco Davcev2
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Abstract. Multimedia transmission over cloud infrastructure is a
hot research topic worldwide. It is very strongly related to video
streaming, VoIP, mobile networks, and computer networks. The
goal is a reliable integration of telephony, video and audio transmis-
sion, computing and broadband transmission based on cloud com-
puting. Multiple Description Coding (MDC) is the right approach
to pave the way for mobile multimedia and cloud computing. It pro-
vides full separation of multimedia and text communication in the
Cloud Computing and Mobile Cloud Computing techniques. Like
that Multiple Description Coding improves the Quality of Service
and provides new service of rate adaptive streaming. This paper
presents a new approach for improving the quality of multimedia
and other services in the cloud. Furthermore, it introduces a subset
of Quality of Service that considers the blocking in multi-terminal
multimedia network and �delity losses.

Keywords: Cloud Computing (CC), Mobile Cloud Computing (M-
CC), Quality of Service (QoS), Grade of Service (GoS), Quality of
Experience (QoE), Multiple Description Coding (MDC), multime-
dia, rate adaptive, streaming.
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Visual novel
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Abstract. Until the 20th century, the books were the window to
the world and a way of entertainment and education. However,
in the 21st century, with the development of the technology and
telecommunications, the Internet became the new window to the
world. Even though the books are being adapted into electronic
version, still the youth are more interested in multimedia games,
which have animation, visual e�ects, sounds and music. In order
to motivate the youth to read, but at the same time to keep their
attention with multimedia elements, a multimedia game was devel-
oped � visual novel. This paper presents such a game.

Keywords: multimedia, visual novel, Ren'Py, scenario, charac-
ters, story.

ICT Innovations 2013 Web Proceedings ISSN 1857-7288

V. Trajkovik, A.Mishev (Editors): ICT Innovations 2013, Web Proceedings, ISSN 1857-7288 
© ICT ACT –http://ictinnovations.org/2013, 2013 

 

205



The Kernel Ring. Self-tuning Linux Kernel using
Support Vector Machines

Marin Aranitasi and Levis Jani

Polytechnic University of Tirana, Tirana, Albania
maranitasi@fti.edu.al, levisjani@outlook.com

Abstract. Self-tuning is becoming a pressing issue for operating
systems. The system class can change when the running applica-
tions change. So we need an algorithm to address these problems.
In this paper we propose an algorithm, implemented in C language,
for self-tuning operating system that is based on a monitor-classify-
adjust loop. The idea of this loop is to continuously monitor certain
performance metrics, and whenever these metrics changes, the sys-
tem determines the new system class and dynamically adjusts tun-
ing parameters for this new class. We have created the KernRing, a
prototype tool that identi�es the system class and improves system
performance automatically. To do that it uses a support vector ma-
chine (SVM) to identify the system class, and tunes the operating
system for that speci�c system class. It has three components: the
Monitor, the Classi�er and the Adjustor. We are going to present
the design and implementation details for KernRing.

Keywords: SVM, kernel, operating system, performance.
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Performance Analysis of a Positioning Algorithm
Using Raw Measurements Taken from a GPS

Receiver
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Abstract. The scope of this paper is the implementation of a po-
sitioning algorithm using the approach of post-processing the mea-
surements taken from a real GPS receiver, in order to assess user's
position and performance of the algorithm. Recently, there is an
increase interest in positioning techniques based on Global Naviga-
tion Satellite Systems so we focus on the performance evaluation
of a positioning algorithm. The paper is organized into six ma-
jor sections. The �rst section goes over background on positioning
techniques based on GNSS. The second section describes the basic
navigation solution. The third section is referred to data collection
process. The fourth section is dedicated to our approach in im-
plementing the PVT algorithm. Section �ve presents some results
obtained analyzing the algorithm performance. Finally section six
draws the conclusions. Using the approach of the weighted matrix,
we achieved an improvement on the position estimation mostly in
the vertical component.

Keywords: GNSS, receiver, positioning, PVT, raw measurements,
algorithm, GDOP.
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An RFID-Based System for E�cient Classroom
Management and Integration into Quality

Assurance System

Danijel Mijic and Ognjen Bjelica

Faculty of Electrical Engineering, University of East Sarajevo,
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{danijel.mijic, ognjen.bjelica}@etf.unssa.rs.ba

Abstract. This paper presents a system designed for automation
of daily classroom management tasks at a higher education insti-
tution using Radio Frequency Identi�cation (RFID). Beside the
common features available in similar RFID systems, like automated
students' attendance registration, the proposed system provides au-
tomated recording of number of teachers' held classes and use of
classroom resources, as well as possibility of integration into qual-
ity assurance system at a higher education institution. The system
hardware and software components were designed and prototyped
at the Faculty of Electrical Engineering East Sarajevo. Preliminary
results suggest that the system could be successfully applied in
higher education environment.

Keywords: RFID, attendance, microcontroller, education, quality
assurance.
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Abstract. As cyber attack increases, the demand for security prof-
fessionals who possess network penetration testing and ethical hack-
ing skills are more requeried. Network security penetration tests are
an excellent method for evaluating the network security level of IT
services. The method of penetration testing is complex and with-
out the appropriate care, disastrous e�ects on the systems that are
being tested can happen. This paper gives an overview on how a
penetration test can be successfully done. The penetration tests
were made on the network of Faculty of Computer Science and En-
gineering (FCSE) in Skopje. The methodology used in this paper
is showing the process that penetration testers should go through.
The idea behind the methodology is that the penetration testers
should follow a prede�ned format during tests. We used a mixed
one using three existing methodologies. The purpose of this paper
is to document and describe how a pen test should be performed
and what the potential impacts and e�ects could be. The results of
the realized series of penetration tests show many security �aws on
several IT systems.

Keywords: Penetration Test, network security, methodology, vul-
nerability.
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Abstract. Consciousness models proposed by Hamero� and Pen-
rose, Henry Stapp and Charles Berner and Percinkova belong to
di�erent philosophical directions and for that reason, their com-
parison is attractive and proposed in this paper. A qualitative re-
search methodology is used to separate the theories, make analysis
and de�ne the similarities. Regarding the methodology how to de-
�ne matter and consciousness in the models, a brief explanation
for all three theories is given. It is followed by separation of similar
elements in their models and the most important are free will, sub-
jective �ow of time and subjective experience or "inner life". This
paper belongs to the realm of arti�cial intelligence that deals with
activities of the mind and can give a contribution for modeling the
consciousness as nature phenomena connected with material world.

Keywords: consciousness, free will, inner life, microtubules, agents,
quantum theory.
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