
Knowledge,	
  complexity,	
  	
  
self-­‐organiza8on	
  and	
  social	
  

systems	
  	
  
	
  

Milan	
  Rajković,	
  Slobodan	
  Male+ć	
  
	
  

Ins+tute	
  of	
  Nuclear	
  Sciences	
  Vinča,	
  Belgrade,	
  Serbia	
  	
  



Knowledge, complexity, self-
organization and social systems simplicial complex in quantum gravity

Quantum gravity
Loop quantum gravity DISCRETE MODEL OF  SPACE Loop quantum gravity
String theory
Quantum spin networks

DISCRETE MODEL OF  SPACE 
– SIMPLICIAL COMPLEX

1. QM is based on non-commutative quantities, and space 
coordinates are commutative

2. QM calculations yield different answers which grow 
arbitrarily large as one calculates  quantities on finer 
and smaller scales; difficulties vanish if there is a cut-off.

3. Space-time metric is not well defined because of 
         e.g. collapsing shell of matter can evolve into a singularity.

KnowEscape 2013   18.�Nov.�2013 1



Knowledge, complexity, self-
organization and social systems geometry of  simplicial complex

A q-dimensional simplex or q-simplex is an (un)ordered set of vertices: 

121 ,,...,, � qqq vvvvV
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Knowledge, complexity, self-
organization and social systems Graphs vs. Simplicial complex

Why simplices and simplicial complex in complex  (economic 
and social) systems?

1. Everyone can hear everyone else -
complete graph on 4 verticescomplete graph on 4 vertices.

2. Each person may only whisper in the ear
of another person. If each person can
whisper to anyone else this scenario iswhisper to anyone else, this scenario is
again modeled graph-theoretically by a
complete graph on 4 vertices.

One dimensional graph theoryOne-dimensional graph theory
does not capture the distinction
between a single 4-person
conversation and six 2-personconversation and six 2-person
conversations.
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Graphs vs. Simplicial complex
Knowledge, complexity, self-
organization and social systems

Graphs capture pairwise relationships between collaborators but
omit group collaboration information. For example, a paper co-
authored jointly by 5 authors is treated the same as 5 separateauthored jointly by 5 authors is treated the same as 5 separate
papers each by a distinct pair of the 5 authors. In both cases, the
result is a 5-clique.

•Simplicial complexes are combinatorial versions of topological 
spaces - analyzed with combinatorial, topological and algebraic 
methods Combinatorial Algebraic Topology
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Discrete Differential Forms
Knowledge, complexity, self-
organization and social systems

Why simplices and simplicial complex in classical physics? 

• Discrete Differential Forms

– Discrete Forms

• A discrete k-form on a piecewise-linear manifold assigns a 
real number to every oriented k-simplex of the manifold

– 0-forms are discrete versions of continuous scalar 
fieldsfields

– 1-forms are discrete versions of vector fields

• Exterior derivative of a k-form Ȧ is a (k+1)-form dȦ
• A form Ȧ is called closed if dȦ = 0• A form Ȧ is called closed if dȦ = 0
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Knowledge, complexity, self-
organization and social systems Q-vector (structure vector)

q-connectivity between simplices is
an equivalence relationan equivalence relation

ĺ generates the partition of a
simplicial complex into q-connected
equivalence classes

The number of distinct q-connectivity 
classes is stored in the qth entry ofclasses is stored in the q entry of

Q-vector (or structure vector)
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Knowledge, complexity, self-
organization and social systems

Q-vectors of scale free and 
exp networks

Example 1: Q-vector of scale free network

E  2  Q     
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Example 2: Q-vector of an exponential network



Knowledge, complexity, self-
organization and social systems

Simplicial complexes from 
graphs (networks) 1

Graph  ĺ Clique complex

The vertices of clique complex are nodes of the underlying graph, and 
simplices are all maximal cliques (together with all their subcliques)
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Knowledge, complexity, self-
organization and social systems

Simplicial complexes from 
graphs (networks) 2

Graph ĺ Neighborhood complex

The vertices are nodes of the underlying graph G, and to each node in G
corresponds a simplex which contains all of its neighbors 
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Knowledge, complexity, self-
organization and social systems

Simplicial complexes from 
data (networks) 

Chech complex;  Rips complex ; Witness complex etc.
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Knowledge, complexity, self-
organization and social systems

Examples of clique and 
neighborhood complex  

Coauthorship network:
Clique complex

Brain network (nodes-brain areas, links-
communication between brain areas):

Neighborhood complex
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Knowledge, complexity, self-
organization and social systems Homology

Homology�&�Combinatorial�Laplacian

Chain�group:�Cq
Group�whose�bases�is�the�set�of�all�qͲ
simplices of�an�oriented�simplicials p ces o a o e ed s p c a
complex

The elements are the linearThe�elements�are�the�linear�
combinations,�called�chains�

Boundary�operator�on�oriented�
simplices

1: �ow qqq CC
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Knowledge, complexity, self-
organization and social systems Combinatorial Laplacian

Adjoint boundary operator
qqq CC ow


1: qqq CC ow �1:

qth combinatorial Laplacian: qqq CCL o:q combinatorial Laplacian: qqq CC o:

L ww�ww 

 DD qqqqqL ww�ww �� DD 11

)()(: 000 KCKCL o 
ww 110 DL )()(: 011 KCKC ow
maps edges to vertices

0-dimensional combinatorial Laplacian ļ graph Laplacian
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Knowledge, complexity, self-
organization and social systems

Combinatorial Laplacian of social 
network
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Knowledge, complexity, self-
organization and social systems Betti numbers

Topological invariant - Betti number )dim( qq H E

Betti numbers bq = number of q-dimensional 
holes
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Knowledge, complexity, self-
organization and social systems Persistent homology

Random networks Random networks –– persistency includes persistency includes 
HH00 and Hand H1100 11

Networks with exp degree distributions Networks with exp degree distributions ––
HH00, H, H11 and Hand H2200 11 22

ScaleScale--free networks free networks –– HH00, H, H11,H,H22, H, H33 and and 
even Heven H44..
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Knowledge, complexity, self-
organization and social systems Knowledge and social spaces

Knowledge space and simplicial complex

Knowledge moves through social tiesKnowledge moves through social ties

Innovation  - new combination of knowledge

How social structures affect innovative outcomes ?

Collaboration – a way knowledge interacts and moves 
through social interactions which is built upon 
communication i.e. information flow.
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Knowledge, complexity, self-
organization and social systems

Knowledge: cognition, communication 
and  cooperation  in  social systems  

Subjective knowledge
cognition

Subjective knowledge
cognition

communication:
objectification or 
subjectification of knowledge

System A
System B

Objectified 
emergent 
knowledgeknowledge
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Knowledge, complexity, self-
organization and social systems

Knowledge, simplicial complex
and search engines

Each document consist of terms; high frequency term is a 
keyword representin g concept

Form a simplicial complex of concepts – an index of knowledge-
based search engine

Vizulize text  processing in geometric way

Vertices are keywords and edges are distances between vertices
e.g. 2-simplex such as “Biological, Neural, Network

Knowledge complex – vertex order important
Different ordering of terms may present different concepts or Different ordering of terms may present different concepts or 
no meaning
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Knowledge, complexity, self-
organization and social systems

Complexity and self-organization in 
wavelet network

Space

f(d|S=1) f(d|S=2) f(d)

DD

d d dd d d

Gaussian�conditional�pdf’s

yin yang

Frequency

Overall�nonͲGaussian�pdf

Milovanovic & Rajkovic Europhy Lett 102 (2013) 40004
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