Human Travel Patterns

Albert-Laszo- Borabosi

Center for Complex Networks Research, Northeastern U.

Department of Medicine, Harvard U.

- BarabasiLab.com






Behav Ecol Sociobicl (2004) 55:223-230 Grabriel Ramos-Fernandez - José L. Mateos -
DOT 10.1007/500265-003-0700-6 Octavio Miramontes « Germinal Cocho +
Hernan Larralde « Barbara Ayala-Orozeo

Léevy walk patterns in the foraging movements
of spider monkeys (Ateles geoffroyi)
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Fig. la—d Daily trajectories of
spider monkevs, a, b Adult
females. ¢ Adult male, with the
section of the trajectory within
the lower-left square amplified
in . Mote that some individu-
als, like the adult female in b,
returned to sleep close 1o where r

thev started their dailv travel B —




Animal Motion

Wandering Albatross

Vishwanatan et. al. Nature (1996);
Nature (1999).
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Revisiting Lévy flight search patterns of wandering
albatrosses, bumblebees and deer
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Basking shark
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Random Walks

f(Ar)=C

Lévy flights
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Mobile Phone Users

Cell phone  Tower

& tower  reception
e area
1 SQUARE -' : :
MILE
100 .- ;
Number of Travel between
times found 5q - reception areas
at location
0 - Most time spent
within this area

Sources: Nature; Albert-Laszlo Barabasi THE NEW YORK TIMES



Data Collection Limitations

We know only the tower the user communicates with,
not the real location.

We know the location (tower) only when the user makes
a call.

Interevent times are bursty (non-Poisson process—
Power law interevent time distribution).

lCNR




Poisson process

0123456 78 9101112 13 14(days)
E-mail pattern
0123456 7 8 9 10111213 14 (days)
Library loan
0 1 2 3 4 5 6 7 (days)
Document printing
0O 2 4 6 8 10 12 14 16 18 20 (days)
Webpage view
0 1 2 3 4 5 6 7 (days)
Cell-phone calls
0 1 2 3 4 5 6 7 (days)

ALB, Nature 2005.



Interevent Times
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Mobile Phone Users
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1. Each users follows a Lévy flight

2. The difference between individuals follows a power law



Number of Events

Understanding human trajectories
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Characterizing human trajectories
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Characterizing human trajectories
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Scaling in human trajectories
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Mobile Phone Users




Scaling in human trajectories
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Relationship between exponents

P(Ar) — /0 " P(Arlr)P(r,)dr,

P(Ar) = / "I“;&F(—r)(?“g + -rg)e_rg/’{drg
0

Y 1 |
P(Ar) ~ Ar‘“ﬁ”ﬂ/ IQF(;)GI&N“(]I
0 L

B=a+ 03 —1

Jump size distribution P(Ar)~(Ar)P represents a convolution between

*population heterogeneity P(r,)~r,

“Levy flight with exponent a truncated by r,
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Return time distributions
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Mobile Phone Users

Cell phone  Tower

& tower  reception
e area
1 SQUARE -' : :
MILE
100 .- ;
Number of Travel between
times found 5q - reception areas
at location
0 - Most time spent
within this area

Sources: Nature; Albert-Laszlo Barabasi THE NEW YORK TIMES
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The shape of human trajectories
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The shape of human trajectories
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Mobile Phone Viruses

SMARTPHONES ON THE RISE
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Spreading mechanism for cell phone viruses

Blueetooth contagion SMS contagion

Multimedia Messages
l_ g

Bluetooth Range (~ 10 mts)

Bluetooth Messages l

Susceptible phone Infected Phone

Phone out of Bluetooth range
Short range infection process Long range infection process
(similar to biological viruses, (similar to computer viruses)

like influenza or SARS)



MMS and Bluetooth Viruses

Distance (km)

0 5 10 15 20 25 30

. Distance (km)
Social Network Human Motion
(MMS virus) (Bluetooth virus)

Palla, A.-L. B & Vicsek (2007). Gonzalez, Hidalgo and A-L.B.,
Onella et al, PNAS (2007) Nature 453, 779 (2008)



Spatial Spreading Patterns of Bluetooth and MMS virus
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Spatial Spreading patterns of Bluetooth and MMS viruses

Bluetooth Virus
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Driven by Human Mobility:
Slow, but can reach all users
with time.
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MMS Virus
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Driven by the Social Network:
Fast, but can reach only a finite
fraction of users (the giant
component).
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Mobile Phone Users
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