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Complex Systems “science” (CSS) ?

An epistemologic motivation: what IS the CSS?
Reductionnism fruitful IF effective micro to macro link
CSS micro to macro + universal principles?
Look for “universal principles applying to systems in general”
(von Bertalanffy, 1968)
“[Complex networks science] suggests that nature has some
universal organizational principles that might finally allow us to
formulate a general theory of complex systems.” (Solé, 2000)
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Complex Systems “science” (CSS) ?

Have universal principles been discovered?
CSS able to link sociology, biology, physics and computer science
- very different disciplines ?

Use CSS tools (networks) to study the CSS field objectively!
Detect and characterize communities from CSS bibliographic data
Study these communities’ characteristics, connections, evolution

⇒ Quantitative approach renewing the “classical” qualitative /
famous-author centered approaches
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Outline

Extraction of the dataset

How do we build a “good” CSS community network?

Quantitative tools to analyze the properties of this network

Evolution of the CSS community network
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Dataset: articles from the “complex systems” science field

Data extracted from WoS with a
large choice of Topic Keywords:
self organ*, complex network*, dynamical system, econophysics,
strange attractor, synergetics, complex* and:

adaptive system*, artificial intelligence, attractor, bifurcation,

chaos, control, criticality, ecology, economics, epistemology, far

from equilibrium, feedback, fractal, ising, multi agent,

multiagent, multi scale, multifractal, multiscale, neural

network*, nonlinear dynamic*, non linear system*, nonlinear

dynamic*, nonlinear system*, phase transition, plasticity,

random walk, robustness, scaling, social system*, spin glass*,

stability AND lyapunov, stochastic, synchronization, turbulence,

universality, cell* automat*

Structure of the recorded data:

215 305 articles
4 050 318 distinct references
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Building and analyzing the CS network

Nodes = articles from a 10-years period
Links by bibliographic coupling, weighted by Kessler (1963)]’s
cosine similarity:

ωĳ =
|Ri ∩Rj |√
|Ri | |Rj |

≈ fraction of shared references.
Community detection by modularity maximization and fast
Louvain Algorithm (Blondel, 2008)

Qω =
1
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∑
ĳ
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Discipline level

Some statistics

Decade N < k > < ωĳ >
−1 Q

1985-1994 20286 49.62 4484 0.7421
1990-1999 62040 99.61 7283 0.75
1995-2004 109458 115.68 11299 0.7592
2000-2009 141098 138.94 10848 0.7128
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Discipline level

11 communities with
more than 300 articles
Surface nodes ∼ number
articles in community
Width links ∼ mean
weight between articles
pairs
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Community characterization - an example

⇒ Automatic labels!
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Discipline level (2)

Subject analysis: Center = theory / Periphery = “applications”
Universal explanation ? Links between discipline?
⇒ Need to go deeper!
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Discipline level (3)

Dense homogeneous communities
vs

sparser heterogeneous ones
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Sub-discipline level : recursive modularity max
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Sub-discipline level

Interdisciplinary links through “trading zones”
Self-organization everywhere?
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Communities characterization

⇒ labels ∼ automatic at this level
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Trading zones (1)

Exchanges between disciplines : analogy with pidgin (Galison, 1997)
Formalization of the concept:

Trading force = fraction of the total weight between
communities Ī and J̄ which goes through sub-community I.

TI,(̄I,J̄) =

∑
i∈I, j∈J̄ ωĳ∑
i∈Ī, j∈J̄ ωĳ

Tested against its expected value T exp
I,(̄I,J̄)

= NI/NĪ

⇒ automatic detection of trading zones!
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Trading zones (2)

Transcriptomics data analysis : uses SOM tools, data interesting
for biologists
Computational systems biology : more speculative !
Claims to universality : rhetorics to legitimate simple models
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Coherence of the whole CSS ?

Detecting references shared by different communities

Each community-community link is normalized to 1
Count the fraction of article-article links in which reference r is
present
⇒ Local “gluing force” gĲ(r)
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Local gluing force - gĲ(r) > 0
Albert & Barabasi, 2002, REV MOD PHYS
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Local gluing force - gĲ(r) > 0
Laemmli, 1977, NATURE
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Local gluing force - gĲ(r) > 0
Nicolis & Prigogine, 1977, Self Orga in Non-Equilibrium Systems
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Local gluing force - gĲ(r) > 0
Press WH, Numerical Recipes
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Coherence of the whole CSS ?

The 20 most gluing references

Glue(r) =
1
Z
∑
I 6=J

gĲ(r)

Computer recipes ! CSS : transforming complex systems into
complicated ones? Engineering vision of society
Self-organized micro-macro defines CSS ? Specific applications of
SO!
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Evolution of the CSS network: discipline level

History of CSS : where do CN come from?
How do sub-disciplines evolve ?
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Evolution of the CSS network: subdiscipline level
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Evolution of the CSS network: subdiscipline level
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Evolution of the CSS network: subdiscipline level
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Evolution of the CSS network: subdiscipline level
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Inter-decade Bibliographic Coupling
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Inter-decade Bibliographic Coupling

Bibliographic coupling leads to the
visualization of Normal Science
(Kuhn)
Allows to give the natural
predecessors/successors of a
community
Inter-decade comparison can be
achieved with other kinds of links
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Summary

Bibliometric coupling + community detection
provide for a global AND detailed view of the CSS field
represents “normal science”, giving equal weight to all published
papers

An OBJECTIVE view of the reality of CSS.
Theoretical (“imperialistic”) center vs application peripheral field
Knowledge transfer via “Trading zones” (TDA, Systems Bio,
cytoskSO,...)
No universal principle: the CSS coherence is ensured by practical
methods of numerical computation and specific application of SO.
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Future work

On the dynamic:
following each author carrier ⇒ homonyms problems
analyzing the evolution of the topics of interest of a community
via its keywords ⇒ thesis for an historian of science

Apply our methods to other themes / fields of science
Compare our results with co-citation graphs ⇒ “buzz science” vs
“normal science”.
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The end

Thank you for your attention!

PS: come see me to check where you are on our maps...
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