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Motivation

« Search for scientific publications:
— Standard tools: Google (Scholar), Citeseer, Citebase

User knows research area or wanted \/
publication

User knows very few or nothing about

the research area X

e Search engines offer only inadequate indicators for the importance or
influence of a publication

* Absolute number of incoming references as indicator disadvantages
recently published papers
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« Take the age of a publication into account during the calculation
of the importance indicator

« Applying a network model, the expected number of incoming
references is calculated

« Comparison between the actual act and expected number exp of
Incoming references

— act > exp =2 high importance
— act < exp = low importance

* Problem: determination of the parameters of the network model

14.03.2006 DIR 2006 4



Overview

* Network Theory
— Scale-free networks
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 Nodes represent objects and edges the relations between
them

— Citation network: publications (nodes) and references (edges)

« Properties of networks

— Degree distribution P(k) : probability that a node is attached to
exactly k edges

— Average shortest path A

 Traditional Network model
— ,Random graph“: fixed number of nodes, random edge insertion
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Scale-Free Networks Barabasi et al., 1998

* Inthe late 1990s: Analysis of large data sets became possible

e Finding Jaw: many
lowly c Jes:

*
&

log P(k)

e Examp
— Biol T
— Tec ' ogk

— S0g Scale-free Degree distribution
— Oth network

14.03.2006 DIR 2006 7



Barabasi-Albert Model

 Dynamic network model based on growth and preferential
attachment
« Algorithm;

— Starting with m, nodes, at each time step one node and m <m,
undirected edges are added to the network

— The probability of a node s receiving one of the new edges at time ¢
linearly depends on its degree k(s,t)
k(s,t)

[ [ k(s )= S k(1)

 Numerical simulations and analytical approaches resulted in a
power law distribution with y=3
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Continuum Theory

* Analytical approach by Barabasi and Albert

— Calculation of the number of edges k(s,¢) of node s at time ¢ (the
node was born at time )

— Corresponds to the expected number exp of edges

8k(s,t)_m k(s,t)
or > k(u,)

k(s,t)= m(ij_z
5

* Necessary network statistics for the Barabasi-Albert model
— Number of newly introduced edges (m)
— Sorting of nodes according to their age (s)
— Collection size (¢)
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Accelerated growth Dorogovtsev et al, 2002

e Model accounts for directed networks

 The number of edges m, that enter the network at time ¢ varies
(c, and b are constants)

m(t) = c,t’

o Utilizing the continuum approach for networks with >2 vyields
(B is a constant)

Ok, (s,t) 1+b k,(s,1)+ Bcyt” I(L+b)
ot 1+ B t

k (S t) B BCOSb (Sj(1+b)/(l+3) ) Bcotb
e 1-Bb \ ¢ 1- Bb
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Overview

e Experiments and Results
— Citebase data set
— Visual Paper Finder (ViPF)
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Citebase |

 Web service for scientific publications in the fields of physics,
mathematics and computer science

— ~363000 publications, ~2.5 million references

— 25% of the publications do not contain citations

— Meta data: titel, authors, creation date, abstract, topic
— 39% of the publications belong to one or more topics

« Average shortest path length: A . ,=6.47

undir
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Citebase I

» Accelerated growth of the average number of citations:
— Publications until december 1998: m=4.8 (~96000 Publikationen)
— Publications until december 2002: m=6.5 (~154000 Publikationen)
— Publications until december 2004: m=6.9 (~340000 Publikationen)

m(t) = 0.1043¢*%*

* Degree distribution of the incoming citations is approximated by
the accelerated growth model with y=2.16

g
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Visual Paper Finder (VIPF) |
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Visual Paper Finder (VIPF) Il
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User Study

Usefulness of the Reference Graph
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Overview

e Conclusion and Future Work
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Conclusion

e Approach, based on scale-free networks, which allows the

principal inclusion of age in the calculation of a fithess indicator
for network nodes

« Citation networks can be approximated by a scale-free network
model

 Implementation of a tool that aims to support the user in his
search for scientific publications
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Future Work

* VIPF contains only a very simple visualization
— Cluster visualization
— Qverview of entire network

« Accelerated growth does not capture all actions in a citation
network

— Usage of a cluster model for the different topics

— Introduction of a weighted model to discount citations between
papers written by one and the same author

e Larger user study
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Thank You For Your Attention!
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