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Abstract—Networked mobile social applications are becoming
increasingly popular with Pokémon Go being a recent example.
These applications focus on direct interaction between mobile
users within close proximity. As a result, tailored communication
systems have been proposed to exploit the resulting locality
properties by augmenting typical cloud-based application infrastructures with local ad hoc communication. However, evaluating
these communication systems is challenging: (i) client mobility
heavily influences interaction and, thus, the resulting workload;
(ii) a multitude of connectivity models needs to be considered for
direct ad hoc communication, cellular networks, and potential
Wi-Fi offloading scenarios. Consequently, we present a set of
human mobility models, interaction models for networked social
applications, and communication models to ease the creation
of these surrounding heterogeneous scenarios for the considered communication systems. We integrate these models into a
common simulation and prototyping environment, bridging the
gap between mobility and network simulation and allowing the
combined study of human-centric and network-centric effects.
We show the applicability and resulting insights of our proposed
models for two case studies: a mobile augmented reality game
and a monitoring service utilizing multi-dimensional offloading.

I. I NTRODUCTION
With the increasing number of mobile devices and their
extended computational capabilities, a range of networked
mobile social applications emerged. Ranging from applications
for communication, such as WhatsApp or Telegram, to fully
fledged mobile augmented reality multiplayer games such as
Google’s Ingress or the recently hyped Pokémon Go, the
applications focus on the direct interaction between users.
For a large fraction of mobile social applications, interaction
heavily depends on a user’s physical location. While in some
cases the location only determines the relevance of content
(e.g., retrieving a list of nearby restaurants), applications such
as the aforementioned mobile augmented reality games use
physical proximity to determine not only the content but also
the intended recipients.
This focus on local interaction with a user’s vicinity motivates a plethora of communication systems and middleware
solutions that utilize direct interaction between nearby users.
Typical goals are (i) to lower the latency between interacting
users for an increased user experience, and (ii) to reduce
the load on the cellular network through content offloading
or aggregation [1]. In contrast to research on pure ad hoc
∗ Authors contributed equally.

networks, global state and connectivity has to be maintained
in parallel. Relying for instance on a cloud-based backend
service, the communication between users as well with the
backend service leads to a mixture of local ad hoc and cellular
network connectivity. At the same time, the performance of
such systems is highly dependent on the behavior of the users,
especially their mobility and interaction patterns.
Consequently, when evaluating communication systems for
mobile social applications, models for ad hoc and cellular
communication need to be combined with application-specific
mobility and social interaction models for a deep understanding of the system’s performance under realistic conditions.
However, according to Harri et al. [2], combining these models
is a challenging and cumbersome task as mobility and network
simulators are not designed to work together.
To ease the combination of simulation models from different domains and sources, we proposed the Simonstrator
platform in an earlier work [3]. In this work, we present
modular extensions to the Simonstrator platform that enable
simulative and prototypical evaluation of networked mobile
social applications. Most notably, we introduce a mobility and
social interaction model that utilizes attraction points to model
application-specific points of interest, which determine both,
user mobility and interaction between users. Combined with
real-world map data from OpenStreetMap and the respective
navigation functionality, realistic movement profiles and interaction workloads for a wide variety of applications can
be generated. By combining connectivity models for ad hoc
communication via Wi-Fi and Bluetooth with measurementbased abstractions for the cellular network, hybrid communication systems can be studied. To address the gap identified
by Rebecchi et al. [1] and to support an integrated evaluation
of data offloading approaches, we add support for Wi-Fi
access points and the resulting handover events within our
connectivity models. We show the applicability of our simulation environment and the impact of intertwined mobility and
interaction models for two case studies: a mobile augmented
reality game [4] and a monitoring service [5].
The remainder of this paper is structured as follows. In
Section II, we discuss mobile social applications and the
characteristics of the underlying communication systems. Section III provides a brief overview of the Simonstrator platform
and our extensions required to support an integrated evaluation
of mobile social applications. In Sections IV and V we detail
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our proposed models for user mobility and social interaction and connectivity, respectively. Section VI contains case
studies showing the applicability of the proposed simulation
environment. Section VII discusses relevant related works and
Section VIII concludes the paper.
II. M OBILE S OCIAL A PPLICATIONS
As sketched in the introduction, our contribution fills the
gap between mobility and network simulation to facilitate the
accurate evaluation of networked mobile social applications.
In such applications, effects of human mobility, interaction,
and network connectivity are closely intertwined [6]. In the
following, we detail the characteristics of our scenario and
the challenges that need to be addressed during evaluation of
the resulting communication systems.

As the availability and communication characteristics of a
cellular or Wi-Fi connection strongly depend on the physical
location and, thus, are subject to user mobility, the performance of the communication system directly depends on
user movement. During movement, handovers between cellular
and Wi-Fi connectivity may occur, requiring corresponding
connectivity models (c.f. Section V). User movement, in
turn, also depends on information available within the mobile
application: in the case of a mobile augmented reality game,
players are more likely to move towards specific points of
interest that are tied to in-game features. At the same time,
the social aspects of the application lead to the formation of
groups of players that interact for a longer period of time.
Often, this is supported through application-specific structures,
such as guilds or teams a player belongs to. This motivates the
design of our modular mobility and social interaction model
(c.f. Section IV).
Due to the mostly local interaction between users, several
proposed communication systems try to utilize local ad hoc
connectivity to distribute relevant events to nearby users.
However, these systems still rely on the logically centralized,
cloud-based broker for coordination and maintenance of the
global state and for other purposes such as accounting and
cheat detection. Consequently, models for device discovery
and direct ad hoc communication – e.g. via Bluetooth or Wi-Fi
ad hoc – need to complement the cellular connectivity models
within the evaluation framework. In the following, we will
discuss the Simonstrator environment and our additions that
allow the evaluation of the developed communication systems
for networked mobile social applications.
III. E XTENDING THE S IMONSTRATOR

Fig. 1. Illustration of the considered scenario. Mobile users interact with
nearby users within their area of interest via a cloud-based application
provider, using the cellular network or Wi-Fi access points.

Figure 1 illustrates the scenario of a networked mobile
social application from a communication system’s perspective.
Users interact with the application through their mobile devices, leading to a number of events that need to be distributed
to other interested or affected users. For the scenario of a
mobile augmented reality game, such events contain usertriggered interactions with in-game objects as well as (periodical) status updates. The relevance of an event for a specific
player is mostly determined by its physical location, as mobile
augmented reality games focus on the interaction with objects
and other players in the real world. Brokering of events is
usually done in the logically centralized cloud. Consequently,
the generated data of a user needs to be uploaded via the
cellular network or – if available – a local Wi-Fi network.

This section provides a brief overview of the Simonstrator
platform as introduced in [3] and the integration of the extensions proposed in this paper. The Simonstrator is a componentbased simulation and prototyping platform targeted towards
the evaluation of networked mobile applications and services
written in Java. Its goal is to enable flexible combinations of
different models and data sources by wrapping all access to
such sources via common APIs. It is a perfect fit to bridge
the gap between network, interaction, and mobility models in
a scenario where they all influence each other.
Within the Simonstrator, each user is modeled as a host,
that is configured with a set of components. These components realize specific functional aspects of a device: network
and transport-layer functionality for connectivity, fully-fledged
services and overlays on the application layer as well as access
to sensors for e.g., the location or the current battery level,
is provided. While the framework only contains the interface
definitions, the actual implementations can be plugged in from
a number of runtime environments or external libraries, as
described in detail in [3]. Applications that are to be evaluated
can also provide implementations of specific components. This
framework allows to mix and match different types of models
and environments depending on the intended scenario and goal
of the evaluation. One key design aspect is the support for

prototypical deployments on Android devices, which aides in
the collection of real measurement data. For more details on
the platform the interested reader is referred to [3].
An overview of the proposed simulation environment, highlighting our extensions to the original Simonstrator platform,
is provided in Figure 2. Core of the proposed simulation
environment is the Simonstrator framework consisting of a
set of APIs and utility functions. We added a graph-based
abstraction for social ties between users. This serves as a data
source for the movement models proposed in this paper as
well as the interaction model of the respective application.
Furthermore, we added APIs to manipulate movement from
within an application’s interaction model (c.f. Section IV). The
movement model has an impact on the connectivity characteristics, as the user’s position is used to retrieve connection
parameters within the connectivity models (c.f. Section V).

layer accuracy of the LTE transmission model. Instead, we are
interested in higher-layer effects, such as the performance of
offloading via ad hoc connections to neighboring users or via
available Wi-Fi access points. Therefore, the proposed models
rely on insights from popular measurement studies and further
support the simple integration of real measurement data, as
discussed in the following.
IV. M OBILITY AND S OCIAL I NTERACTION
As previously discussed, node movement affects connectivity and the workload of the respective application. Additionally, as a novelty for mobile social applications, movement
in itself is affected by the application and its users. On
the one hand, the application uses real-world locations as
points of interest and thereby incentivizes users to approach
and interact with these locations. On the other hand, social
applications foster direct interaction with friends and nearby
users, leading to social connections between users of the
application. Consider a group of friends as an example: if one
user within the group is attracted by an application-specific
point of interest, he will most probably communicate that to
his friends – not necessarily by application-provided means –
and thereby influence the movement of the whole group.
To enable applications – or workload generators – to interact with the respective movement models, we extend the
LocationSensor API provided by the Simonstrator [3]. Via the
LocationSensor, applications can request the current location
of a user and register for periodic updates, much like the
corresponding Android API. We add a LocationActuator API
to allow manipulation of the target location that is approached
by a node. To support the respective operation in a generic
fashion, we propose our Modular Movement Model, as detailed in the following.
A. The Modular Movement Model

Fig. 2. Platform overview with highlighted contributions. The interaction
model of the application can interact with mobility models and thereby also
with connectivity models. Social ties among users are modeled as a graph
and are used to determine interactions as well as mobility characteristics.

The models themselves are implemented within the PeerfactSim.KOM runtime environment [7], extending our earlier
works on mobility models [8]. To support offloading scenarios,
we further integrate APIs for the handover between Wi-Fi
access points and the cellular network, as well as support
for direct ad hoc connectivity. We provide corresponding
connectivity models that realize relevant properties of the
scenario for the PeerfactSim.KOM runtime environment. It
is important to note that for the scenario of mobile social
applications we are not interested in, for example, physical

To cater for the peculiarities of the scenario, we designed a
layered movement model that consists of four basic steps with
the respective strategies, as illustrated in Figure 3. The model
starts by generating and placing a set of attraction points.
Depending on the respective strategy, attraction points can
be generated based on OpenStreetMap data or by providing
traces. For the scenario of mobile social applications, and
especially for the aforementioned augmented reality games,
attraction points are usually given by the application and
correspond to application-specific points of interest. Next,
each mobile node is assigned to one of the attraction points.
Again, different assignment strategies are supported and further discussed in this section: a simple random assignment,
an assignment strategy that mimics properties of the wellknown SLAW movement model [9], and an assignment based
on social ties (c.f. Section IV-D).
Nodes move towards their assigned attraction point, following the rules of the configured node movement model. A
simple model is to use direct linear movement (as proposed
in SLAW), however, more realistic map-based movement is
usually utilized in our scenario. Once a node reaches the

followed by a single node. For the whole duration of the
simulation, nodes are not re-assigned to other attraction points.
Thereby, one can easily compare the BonnMotion movement
profiles against movement patterns that originate from other
configurations of our model.
C. OpenStreetMap Routing and Attraction Points

Fig. 3. Flowchart of the Modular Movement Model, composed out of four
basic strategies. Movement of nodes and attraction points can utilize the same
models. By incorporating social ties between users during the assignment
process, realistic mobility and interaction models can be generated.

respective attraction point, it may or may not pause for
a given time before triggering a re-assignment to a new
attraction point. The aforementioned location actuator API
allows triggering of this assignment procedure at any point in
time. It further supports the creation of new attraction points
and enables fixed assignment of the respective nodes to any
desired attraction point. In contrast to other proposals in the
literature, attraction points do not need to be fixed to a given
location. Similar to mobile nodes, they can be configured with
a movement model and float around.
This leads to some interesting properties with respect to the
mobility models that can be realized using our approach. For
example, to simulate basic Random Waypoint mobility, one
just needs to assign the Random Waypoint mobility model to
attraction points, create as many attraction points as mobile
users and assign each attraction point to exactly one user.
While this might sound complex for such a simple model, it
also allows to configure arbitrary group-based mobility models. However, the model becomes even more powerful with
the integration of the BonnMotion mobility trace generator
and OpenStreetMap for routing and the creation of attraction
points, as discussed in the following.
B. Integrating BonnMotion Movement Traces
As BonnMotion [10] already includes output generators
and parsers for a number of formats, it is rather simple
to utilize BonnMotion-generated movement traces for node
and/or attraction point movement. All BonnMotion models
generate full movement paths for each node. These traces
can directly be used for the creation of attraction points and
their assignment: each BonnMotion node is transformed into
an AttractionPoint, and then assigned to a simulated mobile
node. In the end, attraction points move around according to
the BonnMotion trace, and each attraction point is directly

While the model is able to mimic less complex movement
models, its core strength results from the utilization of realworld map data when combined with direct interaction via
the location actuator API. By combining OpenStreetMap data
of the desired area with the GraphHoppera offline routing
library, reproducible experiments with realistic node movement patterns are achieved. By relying on the routing library,
nodes move from one attraction point to the other following
pedestrian walkways or streets. As the application can freely
determine the next attraction point via the location actuator
API, sequences of meaningful application-specific places can
be visited. This becomes especially interesting for the case of
mobile augmented reality games, where crawlers usually only
report the location of in-game interaction (i.e., the attraction
points) and not the route that was taken in-between those
points. Combining such a trace of visited attraction points
with the powerful OpenStreetMap routing capabilities leads
to highly realistic scenarios.
As mentioned, for a number of scenarios the set of attraction
points is already specified by the application. However, in
other use cases, attraction points might simply correspond
to locations such as public parks or specific amenities. As
already detailed in our previous work [8], our toolchain
supports the automatic extraction of attraction points from
OpenStreetMap data in such cases. However, to fully mimic
the behavior of users in mobile social applications, the social
aspect of mobility has to be considered as well for the flexible
assingment of attraction points.
D. Modeling Social Ties between Users
Social relationships between users are an important factor
in mobile social applications and networks [11]. They lead to
potentially increased contact times between specific users and
consequently impact the efficiency of offloading approaches
relying on direct ad hoc communication. Therefore, as illustrated in Figure 3, the assignment of nodes to their attraction
points can be configured to rely on a graph-based abstraction
for social ties, the so-called social graph. Relying on graphs
to represent social ties is a well-known practice, as discussed
in Section VII. Within the modular movement model, the
social graph can be used to realize patterns where (i) groups
of friends tend to meet at the same attraction point, (ii)
specific sets of attraction points are more frequently visited
by a specific set of users (e.g., students are attracted by
the university), (iii) a single node’s action influences the
movement of a group of users (in augmented reality games,
this is often observed as part of a reaction to in-game actions).
a https://github.com/graphhopper/graphhopper,
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Within the social movement model groups of friends are
represented by clusters of nodes in the social graph. The
mobility model can be configured such that it selects the same
attraction points for nodes within such clusters at a higher
probability, thereby leading to group-like mobility patterns. At
the same time, the social graph can also be utilized within the
application or workload, thereby determining not only network
parameters but also interaction characteristics. Mobile social
applications and networking mechanisms relying on deviceto-device communication can be examined with great detail
using the social movement model graph properties.
As briefly discussed before, altering the social graph during
runtime, for example as a consequence of a user interaction
within the application, also affects the resulting mobility
characteristics. In scenarios where social ties might not be
known or available via traces, graph structures can be loaded
from GraphMLb files or generated via the JUNG-generatorc .
For convenience, generators for Kleinberg Small World [12]
and Eppstein Power Law [13] graphs are already included.
Both, imported and generated graphs are stored for future
repeatability of experiments.
The Modular Movement Model provides a simple yet
powerful abstraction for a wide range of mobility models.
Coupled with OSM data and a model for social ties between
users, it is a powerful tool to mimic real-world behavior of
users interacting with a mobile social application. We evaluate
selected properties of the model in Section VI. By allowing
manipulation of the movement model through the LocationActuator API as well as through the social graph abstraction, the
desired coupling between interaction and mobility is achieved.
In the following section we detail the implications on the connectivity model as well as our abstraction for heterogeneous
networking scenarios.
V. HET G RID C ONNECTIVITY M ODEL
Besides the impact of social interaction and movement,
mobile social applications are characterized by the heterogeneity of network connectivity and available communication
interfaces. Access to the Internet is enabled via public or
private Wi-Fi access points (APs) or 5G/LTE networks. Direct
local communication between nearby devices can be realized
via Wi-Fi ad hoc or Bluetooth. Especially for offloading
scenarios, multiple communication interfaces and means for
a handover in between these interfaces need to be provided
by an evaluation environment.
The connectivity models within the Simonstrator realize
physical and data link layer functionality. In contrast to
most existing network simulators (c.f. Section VII), we focus
on measurement and trace-based abstractions for lower-layer
effects rather than integrating complex models. An overview
of the connectivity models utilized in our scenario is provided
in Figure 4. We extend the Simonstrator with the hetGrid connectivity model that is specifically targeted towards offloading
b http://graphml.graphdrawing.org/,

accessed 08/26/2016
accessed 08/26/2016

c http://jung.sourceforge.net/index.html,

Fig. 4. Targeted towards offloading scenarios, a novel hetGrid connectivity
model is proposed that can easily integrate measurement databases. Applications are notified via the Handover Sensor API, if connectivity changes.

use-cases. It supports cellular connectivity and connections
to Wi-Fi access points, as discussed in the following. The
model is complemented with a handover sensor that notifies
applications of changes in the network connectivity – i.e., a
handover from Wi-Fi to cellular networks and vice versa. For
direct ad hoc communication, the corresponding models are
already provided by the Simonstrator [3].
To leverage the resources of large-scale measurement
databases for 5G/LTE networks [14] and urban Wi-Fi AP
coverage [15], the hetGrid model divides the simulation
area into freely configurable cells. For simplicity, rectangular
cells are considered in the following – however, often used
hexagonal cells can also be modeled. Instead of modeling
physical properties, we rely on the results available through
the aforementioned databases to assign a quality function
qc (n) to each cell c. The function depends on the number
of currently active users n within the cell and returns a tuple
(latency, bandwidth, drop) of connection parameters that are
valid for the current connection. As measurement databases
usually only report average values without knowledge about
the number of users, a simple implementation of qc would
just return the static values for the respective area from the
measurement database.
However, as shown by Shafiq et al. [16], the performance
characteristics of a cell depend on the number of users in
that cell. Therefore, more complex functions can be used
to model overload situations and the corresponding quality
degradations, as illustrated in Figure 5. By assigning different
functions to cells, scenarios with certain weak spots in terms of
communication can be simulated. This is especially interesting
for disaster response scenarios, where the availability and
reliability of communication infrastructure can be limited
around certain locations.
The hetGrid model contains a second layer of cells that
corresponds to public or private Wi-Fi access points. Usually,
these cells are smaller and do not cover the whole simulation
area, leading to spots without Wi-Fi coverage. Access to Wi-Fi
cells is assigned to individual users or groups of users upon
configuration. For this purpose, information from the social
graph can also be used (for example, to enable access to private

(a) Offloading Ratio

(b) Nodes in AoI

(c) Time in AoI

Fig. 6. Offloading performance and scenario characteristics for different
mobility models. OSM and OSM-f are based on pedestrian mobility, while
RWP and Gauss are synthetic models used as a baseline. Taken from [4].

Fig. 5. The hetGrid model with per-cell performance functions as illustrated.
The model supports client handover between Wi-Fi and cellular connections.

infrastructure to friends). Whenever a user establishes or loses
a connection to a Wi-Fi access point, the handover sensor is
triggered. This allows an application to react for example by
offloading traffic of other nearby users [1].
VI. C ASE S TUDIES
Within this section, we show the applicability of our proposed models as well as insights obtained in two different
case studies. The simulation environment and our proposed
models were used during the evaluation of two distinct
adaptive services for networked mobile social applications:
(i) a modular publish/subscribe middleware [4] for locationbased applications, and (ii) a transition-enabled monitoring
service [5], [17]. Both services focus on offloading through
the utilization of access points and direct ad hoc connectivity.
Thus, understanding the impact of user mobility on the performance of the service is crucial for the design of efficient
offloading algorithms.
Within the modular publish/subscribe middleware [4], locally relevant events are distributed by selected gateway nodes
utilizing direct ad hoc connectivity. Consequently, redundant
transmissions via the cellular network connection are reduced.
The achieved offloading ratio (i.e., the fraction of traffic
that is no longer sent via the cellular connection) of the
system is shown in Figure 6(a) for four scenarios that only
differ in the utilized movement model. The choice of the
gateway selection algorithm (rnd, id, wca, fwcabp) only has a
minor impact on the system performance. However, whether

the system is evaluated using OpenStreetMap-based mobility
within our modular movement model (OSM and OSM-f with
reduced pause times) or using simpler models such as Random
Waypoint or Gaussian Movement has significant impact.
This is due to the fact that for mobile social application,
location and mobility also determines the application
interaction. In Figures 6(b) and 6(c) two application-specific
characteristics are shown: the number of other nodes within a
specific node’s area of interest (Fig. 6(b)) and the average time
a node spends in another node’s area of interest (Fig. 6(c)).
Unsurprisingly, attraction points used in the OSM-based
models lead to denser clusters of nodes around such attraction
points. Consequently, the average number of nodes is higher
than for RWP and Gauss, leading to higher efficiency of
the proposed gateway approach as content is relevant to a
larger audience. Considering only the time a node spends
within the area of interest of another node, the Gaussian
mobility model achieves similar results as the OSM-based
model in its default configuration, whereas Random Waypoint
leads to shorter contact times. During the design of more
sophisticated offloading strategies, a more realistic mobility
model is crucial. Otherwise, the respective strategies will be
tailored towards characteristics that cannot be observed under
real-world conditions, leading to a potentially significant loss
in performance. It is important to note that the location of
attraction points as well as pause times used in the evaluation
were derived from real-world user traces [4].
In evaluations of the transition-enabled monitoring service
[5], [17] the importance of heterogeneous network coverage
via access points and cellular network connectivity has been
observed. Relying on multiple communication means in the
offloading process of monitoring data the handover between
these technologies as well as a varying coverage of the
former is a key impact factor for the achieved quality of
the monitoring. The modular social movement model, with
which the representation of varying social interactions between
users has been made possible, the monitoring service has been
evaluated in urban scenarios with different placements and
coverages of access points. The results clearly indicate the
importance of (i) a movement model capable to represent
group formations due to social relations and (ii) a network

(a) Impact of the placement of access points on the performance of the
monitoring service.

(b) Impact of the placement of access
points on the offloading ratio of the
monitoring service.

(c) Impact of the coverage of access
points on the performance of the
monitoring service.

(d) Impact of the coverage of access
points on the offloading ratio of the
monitoring service.

Fig. 7. Impact of the placement and coverage of access points on a monitoring
service relying on offloading via multiple communication means. Evaluated
in a scenario with social interactions between users, plot taken from [5].

model able to provide for varying network characteristics.
Especially the placement and coverage of access points and
changing characteristics of the cellular network in form of
connectivity parameters have a great impact.
From Figure 7(a) and 7(c) reveal that the both the placement
of access points and the coverage ratio of social interesting
places with access points are important impact factors for
the achieved quality of the monitoring service. The achieved
quality is measured using the completeness metric. The completeness of the monitoring service describes the percentage of
how many of the potentially possible monitoring information is
collected from the nodes in a given interval. The results show
the importance of understanding node mobility and social
interaction in mobile social networks. Beside the performance
of the system, the offloading performed by the system is
highly depending on the placement as well as the coverage
of social relevant places achieved by access points as visible
in Figure 7(b) and 7(d).
VII. R ELATED W ORK
Several simulation frameworks and environments have been
proposed and are actively maintained by the research community. In the following, we distinguish between (i) networkcentric and (ii) mobility-centric approaches and study the
applicability of the respective approach to the scenario of
networked mobile social applications. We further discuss
alternatives for modeling social ties and interaction, as this
constitutes an important aspect of our proposed models.
With respect to network-centric simulations, ns-2 and its
successor ns-3 [18] are probably the most prominent examples.
Both offer a framework for event-based simulations and come

with a number of models for connectivity, covering cellular
networks (GSM, LTE), ad hoc networks (including car-to-car).
Support for node mobility is enabled through an abstraction
layer, and some basic reference models are provided. Other
data sources, such as BonnMotion [10], can be included –
however, interaction is unidirectional. Recently, support for
map-based movement through the use of the Google Maps API
has been proposed [19]. However, by depending on an online
navigation service with potentially non-deterministic results
(e.g., re-routing due to traffic conditions), the repeatability and
also the scalability of simulations is limited. Furthermore, coupling is only uni-directional, thereby limiting the applicability
in our scenario. By relying on an offline navigation library
and OSM data, experiments conducted in our environment
are reproducible and larger-scale scenarios with thousands of
nodes can be simulated.
The Veins project [20] also aims at combining network
simulation with accurate movement models in a bidirectional
fashion. Veins explicitly targets vehicular network simulations
and integrates the network models of OMNeT++/MiXiM [21]
with the vehicular mobility simulator SUMO. While our
environment can be adapted to vehicular scenarios, the focus
of both approaches differs significantly. Veins focuses more on
lower-layer effects of car-to-car communication under realistic
road conditions, while our environment is targeted towards
mobile devices and their heterogeneous communication means
when interacting with cloud-based services. Veins and our proposed environment share the design concept of bi-directional
interaction between movement and network-related models for
more realistic evaluation scenarios.
As a well-established generator for mobility traces, BonnMotion [10] provides a large number of models, ranging
from simple synthetic to more complex map-based models.
Recently, area-based models for more interactive disaster
response scenarios have been added [22]. However, due to the
nature of BonnMotion being a generator, it cannot directly
react to network simulations and the respective workload,
thereby limiting the applicability of the models to our scenario. However, as stated previously, support for BonnMotiongenerated movement traces is also included in our models as
a baseline to assess the impact of movement being influenced
by the application itself.
In [23], the authors combine the well known SLAW
model [9] for attraction points and their selection strategies
with map-based local movement models. While SLAW is used
to determine an attraction point for a client, the client moves
towards the attraction point following real-world streets and
walkways. Similar to our findings, the authors state that the
map-based movement has a significant impact for the use
case of opportunistic networking. This further underlines the
importance of sophisticated mobility models when evaluating
systems that heavily depend on client mobility.
Musolesi et al. [24] utilized a social graph within their
mobility model. The authors assigned random interaction
probabilities to the edges of the graph. Nodes with stronger
interaction probabilities will tend to group during movement.

Movement can be influenced by changing the interaction
probabilities over time. We extend this concept by using the
social graph as a gateway between an application’s interaction
model and the modular movement model.
Harri et al. [2] state in their survey of mobility models for
vehicular ad hoc networks that mobility and network simulators are not designed to work together. We believe that we are
able to bridge this gap by using the Simonstrator platform and,
thus, enabling the integration of a plethora of data sources and
models via a unified framework. Our proposed extensions to
the platform explicitly address the dependencies in-between
movement, interaction, and connectivity to allow for a more
realistic evaluation of mobile social applications and related
communication aspects.
VIII. C ONCLUSION
In this work we proposed a simulation environment specifically designed for the challenges of evaluating networked
mobile social applications. We motivated that user mobility,
interaction, and connectivity are closely intertwined, and that
current evaluation environments do not consider these dependencies. Relying on the Simonstrator platform we bridge the
gap between mobility, interaction, and network simulation with
a focus on the dependencies in between those worlds. We
proposed a set of models that accurately reflect user behavior
and relevant network characteristics while at the same time
enabling easy integration of traces and measurements. We
detail the implications of our models for selected case studies,
highlighting the importance of application-specific models
to get a better understanding on the benefits of offloading
approaches and local ad hoc communication in heterogeneous
and complex scenarios.
Our simulation environment can further be altered or extendedd to support a wide range of location-based communication scenarios not considered in this paper. One example
are emergency response scenarios after large-scale disasters,
where movement models are strongly determined by the application logic and the social interaction of the respective entities.
Another use case are automotive scenarios, where information
retrieved via an application or communication system results
in a behavior change of the driver (e.g., a route update), again
requiring combined mobility and interaction models.
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