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v Small Worlds in Motion (SWIM) Mobility
Model
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« SWIM is a model based on purely location preferences
* Itis asimple model with few parameters to tune

« SWIM is based on two intuitions of human mobility

* People prefer nearby locations to their homes

e |Ifitis afar away place, then it will most likely be popular
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o Each location Cis assigned with a weight by each node
w(C) = a-distance(h,C) + (1-a )- seen(C)
o distance(h,C) is a function which decays as a power law of distance

o Seen(c)is the number of nodes seen by a node when it last visited the
location C

e« OE€[0,1]is aconstant
« When ais large, places nearby are prefered

« When ais small, popular locations are prefered

o Note: A popular location need not be far away
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Motivation

* How to decide SWIM parameters using real contact traces?
* Alpha value and neighborhood area
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 How to decide SWIM parameters using real contact traces?
* Alpha value and neighborhood area

* The pairwise contact probabilities obtained from the real
traces are used to tune the parameters of the SWIM mobility

model.

* The traces and the SWIM model are compared in terms of

e contact durations,
* inter-contact times and,
* number of pairwise contacts.
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Deciding SWIM Parameters Based on Traces
(INFOCOM 2005 - 2006 & CAMBRIDGE 2005)



Technische Universitdt Hamburg

* The calculation starts with counting the number of pairwise contacts
between each node pair

. Let us consider a scenario with 10 mobile nodes

*  We calculate a matrix A which has the number of pairwise contacts
between each node pair

1 2 3 4 5 6 7 8 9 10

1 0 13 23 20 26 40 18 42 35 10

2 13 0 27 20 15 15 13 12 24 17

3 23 27 0 37 25 11 10 24 21 30

4 20 20 37 0 16 27 22 38 32 41

5 26 15 25 16 0 18 16 32 42 22

A= 6 40 15 11 27 18 0 27 37 26 21
7 18 13 10 22 16 27 0 28 26 24

8 42 12 24 38 32 37 28 0 23 39

9 35 24 21 32 42 26 26 23 0 25

10 10 17 30 41 22 21 24 39 25 0
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* From the matrix A, the pairwise contact probabilities are calculated by
normalising each element in the matrix A by the sum of the upper triangle
elements of the matrix A

* Only the upper (or lower) triangle is chosen because the matrix A is symmetric

0 0.011712 0.020721 0.018018 0.023423 0.036036 0.016216 0.037838 0.031532 0.009009

0.011712 0 0.024324 0.018018 0.013514 0.013514 0.011712 0.010811 0.021622 0.015315

0.020721 0.024324 0 0.033333 0.022523 0.00991 0.009009 0.021622 0.018919 0.027027

0.018018 0.018018 0.033333 0 0.014414 0.024324 0.01982 0.034234 0.028829 0.036937

0.023423 0.013514 0.022523 0.014414 0 0.016216 0.014414 0.028829 0.037838  0.01982

P= 0.036036 0.013514  0.00991 0.024324 0.016216 0 0.024324 0.033333 0.023423 0.018919
0.016216 0.011712 0.009009 0.01982 0.014414 0.024324 0 0.025225 0.023423 0.021622

0.037838 0.010811 0.021622 0.034234 0.028829 0.033333 0.025225 0 0.020721 0.035135

0.031532 0.021622 0.018919 0.028829 0.037838 0.023423 0.023423 0.020721 0 0.022523

0.009009 0.015315 0.027027 0.036937 0.01982 0.018919 0.021622 0.035135 0.022523 0
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Calculating pairwise contact probability

* The upper (or lower) triangle elements of the matrix P are sorted in ascending

Nx(N-1)

order togeta 1 x - . matrix called as P

pair

1/45 =0

a= 1, N.R = with overlapping

Node pair meeting probability
(Pairwise contct probability)

a= 1, N.R = not overlapping

45

Node pairs

N.R : Neighborhood Radius
12
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Deciding the a value for simulating the SWIM model

Node pair meeting probability

0.012

P( node pair X meeting)
8 8

g

0.002

0 500 1000 1500
Node pair X

—#— Cambridge 2005

Node pair meeting probability P, of Cambridge 2005

air
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v' Simulation Results
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INFOCOM 2005 INFOCOM 2006 Cambridge 2005

Simulation area 300m x 300m 2000m x 2000m 2000m x 2000m

36 mobile nodes + 18
78 mobile nodes + 20  stationary nodes which

Number of nodes 41 mobile nodes
stationary nodes include 4 long range, 14 short
range nodes
40 (stationary nodes
. ( v . 38 (stationary nodes must be
Number of locations 48 must be placed in the i )
i placed in the locations)
locations)
Mobility speed (m/s) equal to the distance in metres

: Mobile nodes: 11 m
i Mobile nodes: 30 m
Radio range 11m ] Short range nodes: 11 m
Stationary: 100 m
Long range nodes: 22 m

Mobile nodes: 10mins
4 long range nodes: 2mins

Beacon Interval 100 seconds 120 seconds i
2 short range nodes: 6mins
12 short range nodes: 10mins
Neighbourhood radius  100m 200m 500m
Swim Alpha (a) 0.8 0.75 0.9
Waiting time exponential(500seconds) exponential(6 minutes) exponential(30 minutes)
Simulation time 4 days 5 days 11 days

15
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Node pair meeting probability P ;. for INFOCOM 2005 and SWIM model for various alpha values

TUHH 16



Simulation results TUHH

Technische Universitdt Hamburg

Node pair meeting probability
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P( node pair X meeting)
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Node pair meeting probability P__; for Cambridge 2005 and SWIM model for various alpha values

pair
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Comparison of the traces and the SWIM model .. e o

CCDF of Contact durations
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CCDF of aggregate inter contact times
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Contact durations of Cambridge 2005 compared with SWIM model (log-log
axis) [3114]
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Comparison of the traces and the SWIM model
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SWIM alpha=0.3

0 2 4 6 8 10 12
Number of contacts per hour per node

Aggregate number of contacts per hour per node for Cambridge 2005 compared with SWIM
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CCDF of number of contacts per hour per node
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v' Conclusion and Future Work
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e Pairwise contact probabilities can be used to map the location preferences in
SWIM model

 The traces are very heterogeneous in nature and the parameters in SWIM need
heterogeneity

* Future work
 Representing day and night times in SWIM model
* A mathematical model for predicting alpha value from P ;.

* Fine divisions in neighbourhood radius for fine tuning P

pair
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1
(1+klx—yl)?’

e distance(h,C)= k=0.05, || x — y |

is the euclidean distance between the node
and the centre of the location C
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Different values: can be used to represent day and night time mobility behavior.
Nodes can be divided into clusters representing a particular behavior with regard
to (e.g., behavior of students vs teachers)

Different neighborhood radius: multiple sectors with different radii making each
sector having a different priority of visiting. This allows the possibility of expanding
the neighborhood into fine divisions (e.g. Kitchen and lab area in Cambridge
traces)

A mathematical model: This work is starting point for using pairwise contact
probabilities for parameterizing the SWIM model. Therefore, a mathematical
model to predict the and other parameters of SWIM model based on existing
properties of real life traces (e.g. pairwise contact probability) is a part of future
work. The approach presented in this paper is purely graphical in guessing the for
simulating the SWIM model.
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Small Worlds In Motion (SWIM)

Each node maintains a set of
weights for all the locations

Each node remembers only the
weights of the locations it has
visited

Locations which are not visited
will have weight=0 initially

Speed = distance between the
locations

Nets

Institute of Communication Networks

The decision by each node
depends on all the past
decisions made by itself and
other nodes

The current decision of a node
affects the future decision of all
the other nodes

The node can return to the
home location with a certain
probability
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Calculating pairwise contact probability

* The upper (or lower) triangle elements of the matrix P are sorted in

N*(N-1)
2

ascending ordertogeta 1 x matrix called as P

pair

* P, is @ modified form of the pairwise contact probability matrix P
specially for the SWIM model, for the following reasons

 The SWIM model is a pure location based model
* There is no control over node attractions

* The pairwise contact probabilities cannot be used to directly program
the network

* There is no way to exactly match the pairwise contact probabilities
between the traces and the SWIM model

* Thus, there is a need to see an overall pattern of the pairwise contact
probabilities

* The P, removes the identity of the node pairs. It just gives the
pattern in which the probabilities increase.
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Deciding the a value for simulating the SWIM model Tunx

<107

Node pair meeting probability
| \

P( node pair X meeting)

0 100 200 300 400 500 600 700 800 900
Node pair X

—#— INFOCOM 2005

Node pair meeting probability P, of INFOCOM 2005

TUHH
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Deciding the a value for simulating the SWIM model TunH

©10® Node pair meeting probability
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*  Thumb rule: The more linear the plot increases, lower is the
alpha value

* A high alpha value (say 0.9) will make sure that a node visits
nearby locations 90% of the time and the other locations
outside the neighbourhood are visited only 10% of the time.

. For a alpha=1, a lot of node pairs will never meet making P
(or very low) for those node pairs

oair ZE7O

A low alpha value allows a node to visit outside the
neighbourhood and hence increasing the probability of meeting
all nodes at popular locations.

. For alpha=0, the nodes will only visit popular locations and hence
increasing possibility of meeting all the nodes

A fully linear increasing P ;. plot nearly parallel to the X axis
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6 210° Ncrde pair meelting probabillity
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Node pair meeting probability P__. for INFOCOM 2006 and SWIM model for various alpha values

pair
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Higher the alpha value, higher the curve reaches

Lower the alpha value, more is the linearity in the curve

Higher the end of the curve reaches, lower the start of the curve goes

. This is because sum of all values of P is 1

When alpha is near 1, a lot of node pairs will never meet

. The number of node pairs which will never meet depend on the neighbourhood
radius, communication range, number of locations within the neighbourhood and,
how near alphaisto 1

When alpha is near 0, there is a possibility that all the nodes will meet
with the same probability in the long run

. The number of node pairs for which the curve is linear depends on the
communication range and how near the alpha value isto 0
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CCDF of aggregate inter contact times
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CCDF of Contact durations
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INFOCOM 2005
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. CCDF of number of contacts per hour per node
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CCDF of Contact durations
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Infocom 2006
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Infocom 2006
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CCDF of number of contacts per hour per node
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Where were the cambridge traces obtained?

o Experiment 1 and 2 were conducted in Cambridge during the month of
January 2005 with 8 and 12 participants respectively.

o Experiment 3 was conducted in the Conference INFOCOM 2005 in
March 2005 in Miami with 41 participants

o Experiment 4 were conducted in and around cambridge (2005), UK with
students of the cambridge University with 36 mobile nodes and 18
stationary nodes

o Experiment 6 was conducted in the conference INFOCOM 2006 in April
in Barcelona with 78 participants and 20 stationary iMotes
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Mobility models

o Mobility models are used to model movement

o Mobility models are often simulated to obtain synthetic traces of
mobility

o Thereal life traces cannot be always used because

o It takes a lot of time and resources to record them

« Mobility models can be simulated to obtain similar behaviour like the
real life traces
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Motivation
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o The future is going to be booming with the Internet of
things

o Some data are urgent and some data are not

« Why not send the ,,not so urgent” data using moving
humans?

« Humans will take the data from place to place, acting as the
enablers of ,,Opportunistic Networks”
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Aim of the project

o State of Art (SoA) analysis of trace based human
movement patterns in opportunistic networks and
delay tolerant networks (DTNs)

« Investigate on procedures to find pairwise contact
probabilities from the Cambridge iMote traces

o Represent the pairwise contact probabilities as a
matrix

« Comparison of results with the SWIM 1] (Small
Worlds in Motion) mobility model

[1] A. Mei and J. Stefa, “SWIM: A Simple Model to Generate Small Mobile Worlds”, IEEE
INFOCOM,2009
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Node pair meeting probability
(Pairwise contct probability)

1/45
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