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Entropy of Dynamical Social
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The structure of human society is a
set of interacting networks
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Complex networks encode for
information
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Duration of Face-to-face
Interaction

0
10 2 | : + I:
A e o
o, g : 4
B . — 30 3. ]
2 : Lul E: o o ]
I 1 SRS
: ¢ P :
E : ﬁ: P :
- : : Qe | . @ |3
3 ,04F ® | %2503 ]
= 20 © SFHH
: :— ® :
F Hje
= : : I+ [ 2l 1Y 3
-6 : : : i
1071 : o« L+ e §
g N P
g time +
E E: :
= - f++
_8 B | l 1
10 10
Contact duration At (seconds)
108, T 10033 T = T
. ! g 0
B e o5 P s 533
10°F %, SFHH 107" +': E2 28 e
[ J M - O - N
‘.l-l. s £ 4! ‘»“--
Sl oq bn. é g L10°F . +, o.-.-_
= time " ! ./ FrE °s [
t‘«r H 106'_ A A £ ¢*+ J
10° g 2R | T fast e
2 £ + ! thg  fac fime °
'o:o‘ T 10° 10° 1|o’ 10° 10° 121’
Duration At of a triangle (seconds) tag tac (seconds)

A. Barrat, et al. PlosOne (2010)




Cellphone Communication Dataset

6 millions users

3-months long observation period



Distribution of Call Duration

T (W)P(x = At /T (w)) x x P exp[-x"" /(1- B)]
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Call Duration in Different Contract\

o
ee
P a
1071 .
“E E ®e |
=S 10°F ."o,. .
vl %
E ‘::o E
10°F © post-payed %, a
e pre-payed ®etoe
. e®
10—12E vl el ol ool . ....._,j
10° 10’ 10° 10° 10 10°
Call duration At, (sec)

o J




Dynamical Social Networks

At any given time t, static network G will be partitioned into
interacting groups (indicated by green shaded area).

g, . ; (z‘) =1 If i,i,...I, @re interacting in a maximum
2. group

Eiris .. iy, (z) =0 otherwise



Entropy of Dynamical Networks

Likelihood of the configuration:

(iy iy od,) YEG

Entropy of the network:

S=— >pg ... ®=1h)logp(g, , . ()=1h)
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(h, is the history of configurations at t'<t)



Entropy Analysis of The Cellphorm
Model
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Reinforcement Dynamics in
Social Interactions

For the interacting individual
The longer an individual interacts with a group
the less is likely to leave the group

For the isolated individual
The longer and individual is isolated the less is
likely to interact with a group



The Dynamical Model

2.

(a) If n=1, with probability f,(t,t) he will
interact with another agent j chosen with
probability proportional to f,(t;t)

(b) If n>1, with probability f (t,t) he will change his

state.

(i)with probability A he will

leave the group group

1. Randomly choose one agent i, n;, is the size of his group, tis the
last time that the agent has changed his state
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(i)with probability 1- A he will
introduce another agent j to the




The Dynamical Model

Face-to-face Model:

fl(tiﬂt) = (1 fll_)

fn(tiat) =(]sz1;)

T=(t-t)/N

Such choice indicates a reinforcement dynamics that the longer an
agent stays in his current state the less possible he will change it.



The Dynamical Model

Rate equation for the face-to-face model
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with stationary solution

N (t) (1 +T)_[2+(1—7L)/(1—27L)]b1

N,@) = (1+7)™"



The Dynamical Model
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The Dynamical Model

Cellphone Model:

fl(tiat) = (1 f;y

B is a parameter to characterize the adaptability of human social interaction.



The Dynamical Model
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Numerical result of interaction time of the dynamical cellphone
model. The data are described by Weibull distribution

T (W)P(x = At /T (w)) < xP exp[-x"" /(1- B)]
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Human adaptability

Human adaptability to mobile phone

technology can be seen as an effective
modulation of the parameter 8

from p=1 in face-to-face interaction

to f=0.45.. in mobile phone
communication



Entropy Analysis of The Cellphorﬁ
Model
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Conclusion

» Human social networks are highly dynamical and adaptive

» The entropy of dynamical social networks is able to
characterize the information present in them

» Human social interaction on a fast timescales are
characterized by a dynamics with reinforcement that is
able to predict both power-law and Weibull distribution of
durations of contacts

» The human dynamics is able to modulate the dynamical

entropy of social interactions, during the day following
circadian rhythms and when interfacing with a different

technology as in mobile phone communication
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