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1 Individual Project’s contribution to the CRP

1.1 Aims and Objectives

In the last 15 years the large networks became one of the central fields of research and a basis for
development of several other fields. Our objective is to develop efficient algorithms for analysis
of large networks with the corresponding theoretical background, and software which can deal
with very large networks (with some billions (10?) of vertices and lines). In this project we shall
concentrate on the following topics:

Analysis of the structure of large networks and algorithms for very large networks.
In large networks analysis a fundamental task is discovery of global structure, identification of
important elements and parts of network, and analysis of the position of selected element or
group of elements in the network. In previous years we developed some efficient algorithms
(cores, generalized cores, islands [4, 5, 30]) for these tasks. We will improve existing algorithms
for network analysis and develop new ones that function well on very large networks. Selected
new algorithms will be included in program Pajek [6, 24].

We also intend to adapt (development of a library) several existing and newly developed
algorithms for 64-bit machines which support very large computer memories (several tens of
Giga bytes) thus enabling analysis of very large networks.

Another direction of work is the extension of clustering algorithms with relational constraints
(Ferligoj, Batagelj, 1983) [11, 12] to large networks. The basic idea is to compute the dissimi-
larities only between the linked units (vertices). This should allow us to analyze networks that
were previously beyond our reach.

An approach to get insight into the structure of large network is also to reduce it to its
skeleton by removing less important lines and/or vertices. Two such methods preserving the
connectivity for weighted networks are the minimum spanning tree and Pathfinder algorithms.
Determining a minimum spanning tree is a standard task. There exists an O(m + nlogn)
algorithm for determining MST (Cormen et al., 2001: 561-579[9]).

The Pathfinder algorithm was proposed in eighties (Schvaneveldt, 1990) [28] for simplification
of weighted networks. It removes from the network all lines that do not satisfy the triangle
inequality — if for a line a shorter path exists connecting its endpoints then the line is removed.
The original matrix based Pathfinder algorithm has the complexity O(qn?), ¢ is the neighborhood
size parameter. The first improvement based on fast power computation was proposed by
Guerrero-Bote et al. (2006)[15] and reduced complexity to O(n3logq). Additional improvements
for some special cases were given by Quirin et al. (2008)[26]. For sparse networks in general
case there is still some space for improvements — for each vertex we have to compute only the
values of shortest paths to all its neighbors. We shall develop an efficient algorithm along these
lines.

There are also some network structure related problems we intend to investigate, but we
currently still don’t know how to approach them:

e Decomposition of acyclic networks to ’basins’.

e Blockmodeling in large networks — maybe by using iterative colorings.

e Efficient algorithms were developed also for modular decomposition (Habib and Paul, 2009;
Papadopoulos and Voglis, 2006)[16, 25] and split decomposition (Joeris et al., 2009[19]).
Can these decompositions be used in large network analysis?



XYZ decompositions. The research on this topic began at Dagstuhl Seminar No. 08191 in
2008 [7]. The motivation was an atempt to provide a general framework to network vizualization
approaches based on combination of link and matrix representations [1, 17, 18].

Given two graph classes X and Y, a graph G = (V,E) is an X-graph of Y-graphs (or
(X,Y)-graph, for short) if a family V1, Vs, ..., V), of disjoint subsets of V', called clusters, can be
identified, such that:

1. every cluster induces a graph belonging to class ), and
2. the reduced graph G* obtained from G by collapsing each cluster into a single vertex and
replacing multiple edges with a single one is a graph of class X.

If subset V1, Va, ...V}, are requested to be a partition of V', that is, if we add the constraint
that V =V, U Vo U--- UV, then we call G a strong (X,))-graph, otherwise we call G a weak
(X,Y)-graph or, simply, an (X, ))-graph. The strong model of X-graph of J-graphs, also known
as two level clustered graphs, was introduced in [8].

In generalized blockmodeling [10] also the structure of bipartite subgraphs induced by the
sets (V;,V;) is important. This adds the Z term to the decompositions with the additional
requirement:

3. every pair of clusters induces a bipartite graph belonging to class Z.

Most of blockmodeling problems seem NP-hard [13, 27].

Regarding the weak model, we explored some cases where dense Y-graph are involved. In
particular, the identification of cliques in large graphs may lead to a very effective strategy
for information visualization. In fact, when we know that a subset of vertices is a clique,
its internal edges are understood and do not need to be explicitly displayed. Unfortunately,
recognizing (planar, K5)-graphs is NP-hard. This result parallels the analogous result for the
strong model [20].

In real life problems we are often searching for almost XYZ-decompositions — by formulating
the corresponding optimization problems and developing methods for their solution. We intend
to continue our research on this topic by considering other classes of graphs.

Evolution of networks. Nowadays, communities of researchers have been studied from many
different angles for many years (e.g., Freeman, Barabasi, Newman [2, 14, 22, 23]). This subject
is very attractive to researchers, as it is relatively simple to obtain data for the analysis [3].
Furthermore the collaboration of researchers can be improved based on the understanding of
the underlying patterns and the relations in scientific communities.

However, most of the analysis focus on a single type of network (e.g., only on co-authorship
or only on citation networks). In order to get a complete picture of a research community, all
information contained in these different networks should be combined.

We will work on detailed development of methodological and algorithmic support of the
approach to the analysis of 'Dynamics and Evolution of Research Communities’ proposed at
08319 Dagstuhl seminar [29]. This approach is based on Web 2.0 and combines three levels:

e description: tags, properties;

e homophily networks (McPherson, Smith-Lovin, Cook, 2001) [21]: induced by the similar-
ities by descriptions;

e social networks (based on homophily networks) and (explicit or implicit) groups (commu-
nities) in them.

All these levels are analyzed through time. A typical example of data are data about selected
discipline from Web of Science. The approach should provide answers to the questions such as:
what are the main topics in the disciplines, what are the main research groups, their leaders,
are these groups growing, changing topic, what are the trends, groups dynamics (decay, growth,



stability; merging, splitting). We will try to develop special algorithms for different problems in

the
the

elaboration / operationalization of the scheme, such as: identification of the groups, tracing
groups through time, identification of the kernel (leaders) of the group, measurement of the

stability of groups, prediction of evolution of a group, etc.

1.2
We

Methodologies

have studied similar problems in our previous projects. Therefore we know the mentioned

areas well. The research will be done in two main steps:

1.

Development and improvements of algorithms, study of their properties, implementations,
development and refinement of the Dagstuhl schemes.

. Testing of algorithms and applications in analysis of real data sets, preparation of presen-
tations and papers.
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