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Complexity

Many different | (@ SR Sy, A variety of
components | 28 8\ | interactions

— atoms, particles NG ee s seirC 9 — basic forces of
— spins, oscillators NG = T nature

— cells, DNA, proteins " =7 R — genetic
regulation,
translation

Complexity in:

— topology of interactions

— time evolution of the
structure

— dynamics on the structure




Networks in life

Communication
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- Internet
- World Wide Web e
- Phone call networks

And more...

T e
—> Genetic regulation

-> Protein-protein interactions
- Metabolic pathways

- Food webs
— Neuron networks

—> Airline routes
= Word webs
- Power grid




Random networks?

The Erdos-Rényi model

Is randomness
a good
approximation

No characteristic connectivity!
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The Erdos-Rényi model

Is randomness
a good

approximation ¢

No characteristic connectivity!

power law degree
distribution!




Scale-free models

The Barabasi-Albert model

- Growth process
—> Preferential attachment

I(k;)=—"

> k;
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Preferential attachment in disguise

- Protein duplication .| Citation network|
—> Triad formation .
—> Finite memory of nodes




Clustering

Clustering coefficient

—> High average in real networks
- Scale-free model: C ~ (In N) /N

©

Modular organization

— WWW communities
— Scientific groups
— Research areas

— Circles of friends

- Protein complexes | MIODULAR AND SCALE-FREE?




Hierarchical models

- Iterative construction
—> Hierarchically
nested modules

» Barabasi,
Ravasz,
Vicsek

* Dorogovtsev,
Goltsev,
Mendes




Power law degree distribution
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Large average clustering

Hierarchical clustering
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Stochastic version A

Definition of the stochastic model

- p'! fraction of new nodes
- links back to old nodes
- preferential attachment

N Pk) ~ kT
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Absence of hierarchy A

Geographically localized networks
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Economic pressure to minimize link lengths
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Pathway before cleaning Pathway after cleaning
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Hierarchical clustering

—> Similarity matrix

A | B
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- Average linkage clustering
(UPGMA)
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Pyrimidine metabolism Genome-wide lethality
measurement
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Modeling metabolism A

Evolution via mutation of a catalytic site
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Algorithm of the model

Results

—> parameters:
P, P, &

new ? up

2 Pnew=

—> 3 cases: 0.60
2 Pgy,,=0.85

—> neighbor:
Ni(u)p + Na(u) p? = 1
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