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Human 
Interactive 
Behaviors

Static Interactive 
Network(SIS model)

people

Interactive 
behaviors

Sampled in `FudanWiFi09’

Hub =

“pump”

`… playing the role 
of a self-sustained 
source that spreads 
the infection to the 
rest of the system’
C. Castellano &R. Pastor-Satorras
(2010) Thresholds for Epidemic 
Spreading in Networks. Phys Rev 
Lett 105, 218701

The crucial role of individuals = degree  
(number of distinct neighbors)

informationdisease

Urban area becomes most popular place for human daily interaction, e.g, face-to-face talk, 
hand touches, or just colocate in the same place at the same time.

Respiratory disease (e.g, 
H5N1, Influenza A (H1N1) ), 
Social information  ------
spreading processes driven 
by:
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Since fundamental properties, such as the transitivity of edges, do 
not necessarily hold in temporal networks, many methods need to 
be quite different from those for static network

P.Holme, J Saramäki (2012) Temporal Networks. Physics Reports.

Steps to build a kind of 
temporal network 
suitable to feature 
spreading processes:

Transmission 
Graph(TG)

Temporal human 
interactive 
behaviors

Event interactions
(small contact group) 
= nodes of TG

Step #1:

The static networks as the boy to study the spreading processes 
facing with many new challenges[1,2,3],  e.g.,  A “super-
connector” can not simultaneously contact such huge number of 
neighbors.

[1]J.L. Iribarren & E.Moro (2009) Impact of human activity patterns on the dynamics of information diffusion. 
Phys Rev Lett 103:038702.
[2]A. Vazauez, B. Rácz, A. Lukács, A.-L. Barabási (2007) Impact of non-possonian activity patterns on 
spreading processes. Phys Rev Lett 98:158702.
[3] S.Bansal, J.Read, B.Pourbohloul, L.A.Meyers (2010) The dynamic nature of contact networks in 
infectious disease epidemiology. J Biol Dynam 4: 478-489.
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Step #2: Generating transmission paths (active edges of TG)

Intermediate role of 
common individuals

The rules:
1. In the time series, a source EI is 
the closest EI prior to the sink EI.
2. At least one user coexists in the 
source and sink EIs.
3. When there are several sources 
before one sink, any set of the 
shared users between the given 
source and sink EIs never intersect 
with each other(set).

Step #3:  Transmission Graph(TG) Aggregated Transmission 
Graph(ATG)
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Sampled in “FudanWiFi09”

Aggregated 
Transmission Graph

Event interactions

Aggregated transmission path

Hub = Super-connecting group

KATG=2

KATG=1

KATG=1

The crucial role of A in 
TG =max(KATG(AB,ABC,AC))

Many `leaf’ individuals in 
static network are the 
members of super-
connecting groups in ATG

“FudanWiFi09”: digitized WiFi users’ indoor colocation, “HT09”: digitized conference attendees fact-to face 
interactive behaviors, “SGInfectious”: digitized exhibition participators’ face-to-face interactive behaviors

maximal degree of included event interactions
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However, the cost to build transmission graph……

Given the size of event interactions is M, the computational complexity 
to build a TG in the worst case is O(M2).
Given the size of transmission paths is P,  the size of edges in ATG is H, 
the computational complexity to build a ATG in the worst case is O(HP).

M M2 P H PH
FudanWiFi09 260,925 6.81*1010 260,514 248,633 6.48*1010

HT09 14,004 1.96*108 14,002 5,860 0.82*108

SGInfectious 222,413 4.95*1010 219,388 87,596 1.92*1010

#1: the actual role in disease transmissions (e.g., the risk of an individual 
infect respiratory disease )
#2: the activity in social formality (e.g., the frequency of an individual 
participate a talk)
#3: the most popular region for human daily interaction (spatial 
information embedded in digitized interactive behaviors)

……Therefore, we need a replaced quantity
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Participation activity Potential

P(A, AB)=(∆t1+∆t2)a2(1-a)

Δt1 Δt2
Δt3

Δt4

Maximal Participation activity 
Potential

P(A, ABC)=(∆t3)a

P(A, AC)=(∆t4)a
Pmax(A)=max(P(A, AB), 
P(A, ABC), P(A, AC))

a~[0,1]

The more 
important role of 
individuals 
(participating in 
super-connecting 
groups) can be 
featured by 
maximal 
participation 
activity potential 
more accuracy.

100% accuracy

Ƙ max : maximal degree of 
included event interactions
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Maximal 

The more important role of individuals 
(super-connectors)  can be featured by 
sum of participation activity potential 
more accuracy.

kCN: the degree of individual in static 
interactive network.

Sum of participation activity potential
100% accuracy

Temporal view

Sum Static view
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Characterizing Large-scale Population’s Indoor 
Spatio-temporal Interactive Behaviors

Summary :

Maximal degree of 
included event 
interactions in ATG

The crucial roles 
of individuals

I. Monitor the frequently 
asymptomatic diseases 
transmissions

II. Evaluate the efficiency 
of social contacts

III. Design better internal 
structures of buildings

Big cost to 
build ATG

Maximal Participation 
Activity Potential

Participation Activity Potential

more important, 
more accuracy

100% accuracy for 
members of hubs

Sum of Participation 
Activity Potential

Degree in static 
interactive network
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Q&A

Thank you!
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