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Collective motion:
Flocking, Panic, 

Hierarchies,
Collective robotics

Networks:
Social Webs, Clusters,
Biological Networks, 

Hierarchies

Vicsek
Tamás





Time spent on producing (modifying) physical objects is decreasing

We need to quantify the „production” of knowledge (benefit to … society?),

… because we build our decisions on these measurements (already in use)

(1) Roadmaps for newcomers to a field: formal & informal education

(2) Decisions about resources, including: jobs

Knowledge worker = ?
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We all think

Example for making 
collective thinking and improvement 
the norm:

Production System

= Data scientist ?

Knowledge worker = ?

= Everyone!

 Normalize

In science: Citation number
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Citation number

. Favors papers that appeared close (in time and topic) 
to the origins of large and still active research areas

. Number of citations received until now

. Growing: Papers per year, References per paper

. Need to compare citation numbers 
within topics (fields) and years close

. Large differences: Keyword number per paper

For both user- and database assigned keywords



Scientific metrics

. are built mostly on ALMs (Article-Level Metrics)

. are often mention-counting metrics

Radicchi & Castellano
PRE 2011

? normalization



PageRank

Page et al (1999)

Size of a node is proportional 
to the sum of the sizes of 
nodes pointing to it.

Two limits:

Slope  0
Slope  inf



CiteRank

Walker et al, J Stat Mech (2007),  Chen et al, J Informetrics (2007) (S. Maslov & S. Redner groups)
Phys Rev internal citation network: 350k papers, 3.1M citation links



CiteRank PageRank: Start walk from any node
CiteRank: from recent nodes



MiC (Minimal Citation model)

Wang, Song, Barabasi (2013) Science



Identification of topics based 
on article keywords

(2) AND (a) They share at least one keyword

Two papers (articles) can be compared, if:

(b) OR Their keyword lists are identical

Thematically homogeneous 
groups of articles are 

dominantly small

 Statistical errors are high

(1) Their publication years are close



Tag usage distributions 
on other articles, posts, etc.

Goal: Identify developing communities of articles and 
the initiators of these communities
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