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Abstract 

Social networks existing among employees, customers or other types of users of various IT systems have become one of the research 
areas of growing importance. Data about people and their interactions that exist in social media, provides information about many 
different types of relationships within one network. Analysing this data one can obtain knowledge not only about the structure and 
characteristics of the network but it also enables to understand the semantic of human relations. 
Each social network consists of nodes – social entities and edges linking pairs of nodes. In regular, one-layered networks, two nodes – 
i.e. people are connected with a single edge whereas in the multi-layered social networks, there may be many links of different types 
for a pair of nodes. Most of the methods used for social network analysis (SNA) may be applied only to one-layered networks. Thus, 
some new structural measures for multi-layered social networks are proposed in the paper. This study focuses on definitions and 
analysis of cross-layer clustering coefficient, cross-layer degree centrality and various versions of multi-layered degree centralities. 
Authors also investigated the dynamics of multi-layered neighbourhood. The evaluation of the presented concepts on the real-world 
dataset is presented. The measures proposed in the paper may directly be used to various methods for collective classification, in 
which nodes are assigned to labels according to their structural input features. 
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3. Multi-layered Social Network 
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4. Multi-layered Neighbourhood 
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5. Cross-layer Clustering Coefficient 
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6. Multi-layered Degree Centrality 
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6.3. Multi-layered Degree Centrality Version 1 
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7.2. Dynamic Analysis 

MN x,α

extradom.pl

MDC MDC MDC

MDC MDC MDC

Ranges
Frequency 

MDC(1)
Total value % 

MDC(1)
Frequency 

MDC(2)
Total value % 

MDC(2)
Frequency 

MDC(3)
Total value % 

MDC(3)

Published by Atlantis Press 
      Copyright: the authors 
                   591



Piotr Bródka, Przemysław Kazienko, Katarzyna Musiał, Krzysztof Skibicki 

α

α

α α α α α

α

α

α

α

α

α

extradom.pl 

Published by Atlantis Press 
      Copyright: the authors 
                   592



Analysis of Neighbourhoods in Multi-layered Dynamic Social Networks 

α

α

α

α

Published by Atlantis Press 
      Copyright: the authors 
                   593



Piotr Bródka, Przemysław Kazienko, Katarzyna Musiał, Krzysztof Skibicki 

α

α

α

8. Conclusions 

MN

MN 
CLCC CDC 

CDC

MDC MDCs CDC 
x x

MDCs

MN

CLCC CDC

Published by Atlantis Press 
      Copyright: the authors 
                   594



Analysis of Neighbourhoods in Multi-layered Dynamic Social Networks 

Acknowledgements 

References 

Introduction to 
social network methods, online textbook

Social network 
analysis: Methods and applications

Social network analysis: 
developments, advances, and prospects 

Nature

IEEE Transactions on 
Systems, Man and Cybernetics - Part A: Systems and 
Humans

Journal of 
Computer-Mediated Communication

Proc. Consumer Communications and 
Networking Conference

Annual Review of 
Sociology

Proc. the 
National Academy of Sciences

Information Sciences

Proc. CASoN 2009 International 
Conference on Computational Aspects of Social 
Networks

Journal of Statistical Mechanics

First Monday

Published by Atlantis Press 
      Copyright: the authors 
                   595



Piotr Bródka, Przemysław Kazienko, Katarzyna Musiał, Krzysztof Skibicki 

Journal of 
Computer-Mediated Communication

Proc. the 16th 
International Workshop on Quality of Service

Physical Review E

Proc. ASONAM 2011, The 2011 International 
Conference on Advances in Social Network Analysis 
and Mining

Application to Collaborative 
Filtering, Managing Knowledge in a World of 

Networks,

Analysis of 
sociometric data, in: Research Methods in Social 
Relations

Journal of Psychology

The Second IEEE 
International Conference on Social Computing 
(SocialCom2010)

Proc. WSKS 2010, The 3rd World Summit 
on the Knowledge Society

Proc. CASoN 2011, The International 
Conference on Computational Aspects of Social 
Networks

Neurocomputing

Published by Atlantis Press 
      Copyright: the authors 
                   596




