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sociopatterns.orgsociopatterns.org

Barrat, Cattuto, Colizza, Pinton, Van den Broeck, Vespignani. arxiv:0811.4170



...what I’m not talking about...what I m not talking about

≠rich-club 
h

‘rich-get-richer’ 
h i≠phenomenon mechanism



rich nodes = hubsrich nodes = hubs

collaborationcollaboration 
network
cond-mat 99-05
“network”

Data provided by M. Barthelemy
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datasets: human communication/collabdatasets: human communication/collab.

scientific collaboration network, 
cond-mat arxiv  1995-1999cond-mat arxiv, 1995-1999

15,179 scientists
43,011 collaborations

li  i l t k  U i it  online social network, University 
of California, Irvine, April-October 
200400

1899 college students
59 835 di t d li  59,835 directed online messages



datasets: infrastructuresdatasets: infrastructures

US airport network 
(source: IATA)

676 airports
3523 routes

Internet, AS level
(source: CAIDA)

11 174 nodes11,174 nodes
23,409 links



rich-club coefficientrich club coefficient

Real-world networks

Online 
communication
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rich-club coefficientrich club coefficient

Network models

φ(k) increases !!!   rich club ???φ(k) increases !!!   rich club ???



φ(k): continuum limit

max maxk k
φ

φ(k): continuum limit
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...lies???...lies???

need for a need for a 
null model



null model & normalized  φnull model & normalized  φ

before

after

 1   i h l b

φnull(k),   ρnull(k) = φ(k) /φnull(k)
> 1   rich-club

< 1   not rich-club

Colizza, Flammini, Serrano, Vespignani. Nature Phys (2006)



rich-club phenomenonrich club phenomenon
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Colizza, Flammini, Serrano, Vespignani. Nature Phys (2006)



rich-club phenomenon: just a check...rich club phenomenon: just a check...

Colizza, Flammini, Serrano, Vespignani. Nature Phys (2006)



...weighted networks?...weighted networks?

weight = capacity  weight = capacity, 
intensity of interaction

mobility: # travelersmobility: # travelers
collaboration: normalized 

# papers co-authored# papers co authored
communication: # 

messages sentmessages sent

strength:

∑= ws
strength:

Barrat et al. PNAS (2004)

∑= j iji ws



rich-club richness parameter rrich club richness parameter r
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Opsahl, Colizza, Panzarasa, Ramasco. PRL (2008)



null modelsnull models
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Opsahl, Colizza, Panzarasa, Ramasco. PRL (2008)



r = kr  k

Opsahl, Colizza, Panzarasa, Ramasco. PRL (2008)



r = kr  k



r = sr  s

strength:

∑= j iji ws
g

∑ j iji

Opsahl, Colizza, Panzarasa, Ramasco. PRL (2008)



r = sr  s



focus on human mobilityfocus on human mobility

US airport networkp
676 airports

US census commuting flows
3141 counties IT municip.3141 counties
link: residence - workplace
weight: # commuters

IT municip. 
commuting flows
8101 municipalities



r = sr  s

Ramasco, Colizza, Panzarasa. work in progress.



a simple mobility modela simple mobility model

Balcan, Colizza, Goncalves, Hu, Ramasco, Vespignani, work in progress.
Ramasco, Colizza, Panzarasa. work in progress.



r = sr  s

Ramasco, Colizza, Panzarasa. work in progress.



differences in mobilitydifferences in mobility

Balcan, Colizza, Goncalves, Hu, Ramasco, Vespignani, work in progress.
Ramasco, Colizza, Panzarasa. work in progress.
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