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Abstract. This article presents current research work on the development of
BEBS (BIONETS Economic and Business Simulation Model). This model is
used to illustrate how in pervasive agent-based networks dynamic agents engage in distributed mobile communication exchanges that carry a potential,
non-quantified value to be determined. This value can be monetised either as
advertisement or as share of revenue profit for an external content or service
provider wishing to distribute information over the network. The strength of the
simulation model is to enable different ways in which the value of communication events can be quantified and that are not normally considered in conventional business approaches. Our simulation can therefore facilitate the exploration and development of alternative business models based on heterodox
economic perspectives such as the economics of sharing, gift economy, and
economic sociology applied to mobile networks.
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1 Introduction
“There is no recipe for the successful use of social tools. Instead, every working system is a mix of social and technological factors” [21]
The use of mobile devices and the ‘Web 2.0’ phenomenon have opened virtual and
real windows for ubiquitous and seamless social communications [1], which are paradoxically both continuous and fragmented [25]. Although many research efforts have
focused on understanding the social aspects of networking using mobile devices [3],
the understanding of how these networks can be valued in terms of money is an unfinished research topic. Social networking draws its foundation from Granovetter’s theory built around the concept of “the strength of weak ties” [11]. The brilliance of this
theory helps understand how some individuals can be nodes of convergence for many
other individuals that otherwise would have nothing in common [2].
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In many ways the use of mobile devices has taken the lead role in introducing new
social organizational forms [19]. The combination of mobile devices with networking
tools such as Facebook, Twitter, Hi5, and other similar web-based applications – collectively referred to as Web 2.0 – has created a chorus of approval from social experts
[18, 24] for the apparent success of social networking as a means to achieve a ubiquitous connected society. Analogies can be made on mobile phone use spread to the
study the fundamental spreading patterns characterizing a mobile virus outbreak [14].
Social networking in fact shifts the generation of media from the technology to the
user and the content users generate [2, 12].
This shift has been accelerated by the rapid evolution of mobile devices that are
adopted by users, because these devices have features that can perform and enhance
seamless communications. Users are eager to transfer and exchange many forms of
data on the virtual networks accessed through mobile devices [20]. Some of these
communication exchanges open up new social networks; others reinforce already existing ones [26].
Although this exchange of data (e.g. user profiles, video files, music files, documents, games, etc) benefits social networking, in economic terms the increase in volume of data transferred has a cost that operators quantify. The emergence of pervasive
and interconnected computing devices that give rise to a dynamic network topology in
which distributed content can become focalized and spontaneously shared brings new
opportunities for economic exchange. The patterns of communication are based on
social networking and bio-inspired models such as epidemic spreading and gossiping
metaphors [10, 13], where trust is all-important and reputation keeps local trust values
above other values in the network [4]. Thus, social networking and mobile applications have created a new real and virtual space in which the traditional models of
revenue might need to be re-thought [16, 17].
Telecom operators are the main referees when applying a distribution model to determine these costs. However in pervasive and distributed agent networks a significant volume of data transactions is distributed by and between nodes and not necessarily linked primarily to the telecom operator’s backbone. As users turn to providing
more and more content, agent networks become an interesting case of study from an
economic point of view. The value or cost for these distributed communication exchanges are not well quantified under current business models.
Current business models base their revenue calculations on conventional advertisement. The fact that this is an emergent technology is responsible for the dearth of
economic studies looking into this subject. There is a wide berth between theory and
applications. Current attempts to estimate these values have been undertaken by e.g.
charities trying to estimate the value of using social networking for their campaigns
[9]; others rely on models in which each user assigns the relative value to the communications within the network, as Twitter users discuss [17, 20, 23].
In this paper, the BIONETS network provides the context in which potential value
of exchange are discussed. For this purpose Benkler’s [5, 6] proposal about valueadded distribution and the emergence of sharing as a mode of production is used as
the basis for the simulation developed, while focusing on the economics of sharing for
the distribution of content. The idea behind the simulation is to provide a benchmarking tool that can support the development of distributed applications over a disconnected network of mobile devices and sensors within the context of the BIONETS EU
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project. In particular, we aim to probe our assumptions about where the value of such
communications is, through different scenarios and models for its quantification.

2 Bionets Communication Exchanges
A network such as BIONETS, where the emphasis on communication exchanges and
engagements is influenced by an evolutionary bio-inspired framework, that is nodebased and distributed, is an ideal environment where to try to determine the values of
communication exchanges and how to quantify them. In many ways the BIONETS
case fits the requirements as many of its processes are seen as an industrial mutation
that incessantly revolutionizes the economic structure from within, incessantly destroying the old one, incessantly creating a new one [8, 20].
Figure 1 shows the actors found in the BIONETS architecture. The actors aim to
facilitate communication exchanges of diverse types, and consider for those five main
components:
1. Technology expressed by the boundaries determined by device manufacturers and
network equipment vendors.
2. Services: the discussion in this document focuses on value-added services, content
and applications that users or other network devices can access through the BIONETS mobile network: the symbiotic relationship between content providers (individual or networked), application providers, and payment agents/or exchange
agents.
3. Network, U-nodes, T-nodes that effectively work at the nuclear level as mobile
network operator or ISP.
4. Regulation, protecting the privacy of users, regulating the market and legislation
and other requirements for service provision
5. Users demand determines the success or failure or evolution of BIONETS services
or applications.

Fig. 1. BIONETS Networks
[
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3 Distributed Mobile Networks: Economic Paradigms
In the context of BIONETS there are a number of economic paradigms that need further explanation in order to understand the working model for BEBS. At the core of
the work on usage scenarios presented by several BIONETS partners there are two
main networks of interaction in which business models might develop. The first network is a self-contained, ‘disconnected’ and distributed BIONETS network of nodes
(actors) able to exchange data with each other using the token values of alternative
trading systems – where no actual money changes hands – whilst the other network is
that used by the telecom operators, in which economic revenues are based on more
conventional business models. Both models are depicted in Figure 1.
Neither of these networks has an exchange rate to convert the services or transmissions within the distributed BIONETS network into revenue, nor within the conventional telecom network. The decision to build a computing model using a modelling
tool to illustrate alternative business models is a way of evaluating how these exchange rates could be calculated.
The economic principles of the model are based on the use cases developed by
BIONETS researchers, which can be grouped at an abstract modelling level as the
ability of each node or actor to transmit (send or receive) up to five types of data (this
can be changed in the model), assigning to each of these transmissions a token value
for the desirability of this transaction. The data transmitted can be for example either
environmental variables such as the ones presented in the Digital City scenario [7],
with services that for example allow real-time access to Digital Maps or music exchanges, or a combination of all of these.
A generic model in this case tries to express the added value of the exchanges that
occur in the node-based networks that are traded, for either other tokens or real monetary value, by the actors or users of the network.
For example, consider the situation in a metro station in which any agent in a certain area within the station can run BIONETS applications. Each agent can receive or
send data based on their needs. Assume that at some point in time there is a number of
people waiting on the platforms for trains to arrive; whilst waiting, some if not all of
those people might use their mobile devices locally. Each of those devices is an agent
in the business model being simulated. As agents discover other agents they might
start exchanges of data that result in economic transactions based on agreed token
values or evolving token values. A historical record of such transactions could be
stored in an individual virtual account for each agent, thereby making possible a
valuation of the desire or ability to exchange data successfully.
One type of exchange could be the case of an agent broadcasting to other agents
within range a message or data file containing some kind of advertisement; all the
other users within range might choose to accept or reject the sender's file; if, however,
an agent decides to accept the sender's file, the sender is credited with a token value
paid into their virtual account. This could be the case for a localized advertisement
used to reach a small network of users: the eagerness of users or agents to accept the
advert could ultimately be converted into real monetary units for the sender by, for
example, the telecom operator providing the permanent network.
Over time the number of agents in the metro station changes; at some times there
will be peaks of data exchange and/or number of agents, and at other times minimum
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or no exchange of data or no agents at all. There is a dynamic cycle, based on agents
entering and leaving the metro station, wishing to exchange or trade information.
Some of the evolving, bio-inspired applications from BIONETS will merge then with
social networking behaviour to express over time the changing nature of these transactions.
Conventional business models cannot effectively allocate value to this type of
agent network in which the exchange of data is or can be considered separate from the
backbone telecom network, as is the case for example with Bluetooth. One of the
aims of the modelling is to illustrate how alternative economic models can actually
build up enough subjective or token-based value to make it worthwhile to develop an
exchange rate for its conversion into real money.
This can be done by evaluating the total of the exchanges in the metro station, in
terms of both the number of tokens and the volume of data transferred, against the
telecom’s valuation of volume data transfer per minute. This will allow for example
potential marketing companies and telecom providers to estimate, based on the potential number of users or actors accepting a broadcast message in the metro station, the
cost of advertising localised and perhaps focus-orientated advertisements.
In this way an exchange rate of sorts is established between the advertisers and
telecom network providers, based on allowing marketing companies access to these
networks, and a pay-off for the telecom providers who always maintain an external
connection to the metro stations.
There are many cases that could be illustrated using this type of modelling, and the
complexity of each model will depend on many factors; since BEBS aims to illustrate
the potential of alternative economic models running on top of the BIONETS infrastructure, heuristic choices have been applied to the model, as explained in the section below.

4 BEBS Model Fundamentals
The model fundamentals are based on representing the type of exchanges illustrated
in Figure 1. The modelling assumptions are:
1. The simulation focuses on the assessment and evaluation of the self-contained economic model proposed in the figure, by assigning to each data exchange or storage
a token value to be summed over a certain time period for both the overall network
and individual nodes.
2. Each node will have the same set of attributes. The number of attributes has been
limited for the simulation to five. See list in point 5 below.
3. Each node will be both a supplier and a consumer of communication requests.
4. A node can have a limited number of connections to other nodes based on its transmission capacity.
5. Attribute list (the token value of storage is for all the files hosted at any time in a
node; it is a unique value representing the operational cost of storing data):
Node stores transmission data, token value = 1, protocol (none)
Node distributes transmission data, token value = 2, protocol UDP
Node stores non-transmission data, token value = 3, protocol (none)
Node distributes non-transmission data, token value = 4, protocol TCP
Node can send and receive streaming services, token value = 5, protocol VoIP
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6. The attributes for each node define the local environmental conditions
7. A connection between two nodes is an active link for the transmission of data or
music
8. At any time the communication between two nodes will have a maximum of two
channels in the same direction (one for music and one for data)
9. Over time traffic on links and channels will change randomly, keeping condition 4
as their only constraint
10.Each link will have a cost/value (token value) and the simulation will sum those
values over a period of time to estimate the global economic benefit generated by
the economic model
4.1 The Model
The model was developed in Repast[8] using a template, adapting the code to the requirements of the scenario to be simulated. The results are calculated and displayed at
each step (discrete interval) of the simulation as a dynamic graph of the aggregate
value of all the nodes’ transactions plotted as a function of time. The model can be
run at different time interval settings. The output can be examined in graphical and
numerical form, allowing comparisons when necessary.
4.1.1 Basic Concepts
The model consists of three basic concepts: agent, link and space.
1. The agent represents a person with a mobile device that makes the decision to receive or send data using one of the means specified above. Each agent behaves independently, and the model only acts as a holder for all the agents.
2. The link is the actual communication. For the purposes of this model, it has only a
value from one to five, as explained above, and a type: broadcast, i.e. one agent
sends to everyone within range, and each recipient then decides whether to accept
or reject the transmission; or point-to-point, where the recipient of the data is specified by the sender.
3. The space represents the metro platform that is the scene for the communication.
This is a 40 x 40 grid; in which filled cells represent agents. To make the simulation more realistic, agents can only communicate within a certain range (the range
for Bluetooth for example is typically 10m). Movement of agents within the space
was considered but has not yet been implemented. This is an acceptable approximation for relatively small data sets that are exchanged quickly relative to the rate
of change of the network topology.
At each step, some agents are created to simulate their arrival at a metro platform,
whilst others are destroyed, i.e. they leave or their devices are no longer transmitting.
The number arriving and the number leaving are randomly distributed around the
same mean. This implies that, over a long period of time, the number of agents will
average the initial number – currently set to 80. However, very large fluctuations are
possible, particularly as the creation of new agents does not happen at every step,
which resembles the actual pattern of people arriving at station platforms. The simulation can at times approach capacity (1600); at other times it can be almost empty. The
range of agent lifespans, and frequency of creation of new agents, can be configured.
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If new agents are created at every step, the number of agents will tend to be even over
time. If however there are a number of steps between the creation of agents, there will
be greater fluctuations.
A link has a lifespan and a random value within a configurable range. The value is
added to the agent only when the link dies naturally. If an agent is destroyed, any
links that have not reached their natural lifespan will be destroyed and their value will
not be realised. This represents the case where someone is transmitting some data, but
leaves (e.g. gets on a train) before finishing the transmission, and the partial transmission is then useless.
In the case of point-to-point transmissions, the value is added to the sender and to
the receiver, whilst for broadcast transmissions it is the receiver who gets the value.
This is because point-to-point transmissions are typically part of two-way communication, which have value for sender and receiver, whilst in the case of broadcast data
the recipients do not respond.
4.1.2 Visualising the Model
BEBS has used the Repast built-in user interface facility for graphical emulation in
2D – topological format – of the agent network and transaction model. A graph and
table of the total value of the system are also shown (see Figure 2). The agents are
shown as squares and the links represented by lines between them. The colour of the
line represents the value and type.
4.1.3 Parameter Inputs
The aim of the model is to see how the total value of the system changes over time. It
is run with various sets of parameters presented here in a vector form (parameter,
name, usage in model):
4.1.4 Simulation Outputs
BEBS provides the following simulation outputs:
1. A graphical display of the nodes and their generation
2. A graphical display of the nodes' attributes and their properties
3. A display of the simulation running over time, showing links and active channels
of transmission
4. The value of a transaction over the simulation period and a selected time, calculated for each actor
5. Overall value of the network over a certain period of time
The model generates an initial number of agents, whose lifespan is allocated at birth
as a random number of steps between the minimum and maximum values set. Agents
that die are not immediately replaced. Instead, new agents are generated at a random
step interval. The number created is approximately the sum of dead agents since the
last generation, but varies between 0 and the double of this number, such that the average number replaced is equal to the average number leaving.
Say, for example, agents are replaced at step 9, 5 agents die at step 10, 6 at step 11
and 10 and step 12, then are replaced again at step 13. That means that 21 die in this
time. The number of agents replaced is then a random number between 0 and 42. The
reasoning behind this is that, in a network, the people represented by agents tend to

84

S. Elaluf-Calderwood and P. Dini

arrive in groups but leave individually; the distribution however can be distributed
mirroring an epidemiological model [14].
With every step, each agent makes a link with a random value from 1-5 to another
agent. If the agent is within a given distance, the link is accepted; if not, the link is not
made. It is possible to receive any number of incoming links. Furthermore, one agent
broadcasts a link with a value of 1 to all the other agents in its vicinity, which they
may accept or reject.
Figure 2 illustrates a stage in the simulation run in BEBS. The green dots are the
nodes or agents exchanging information. The links have different colours depending
on the type of communication exchange. The broadcasting of some type of communication is shown by the links in blue: one agent sends to many a message, the number
of agents accepting the message increases the value of the node sender. In the following section a summary of the main ways this programme can be used are presented.

Fig. 2. Communication Exchanges in BEBS

4.2 Results
The simulation illustrates how transactions change over time and shows changes in
the number of agents located in a certain area exchanging data. While currently it is
not possible to attach real values to these exchanges, the flexibility of the program allows it to be executed many times, based on values that can be calibrated according to
expectations determined by the agents. This will only be possible when there are running applications in BIONETS that are able to collect data about the eagerness and
volume of transmissions within nodes.
Some interesting findings were obtained when running the simulation on trials using values we selected. Figure 2 shows how the program works and comments about
results.
In Figure 2 the aim of the simulation is to measure the change in total value over
time, and to see patterns in the variations where different parameters are employed.
The total value on the y-axis is plotted against time on the x-axis . As time varies, the
scale of both axes increases whilst the intervals reduce, so that the graph remains the
same size. In order to compare graph shapes, a fixed number of steps can be run.
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Also in the figure the value of the nodes on a certain time are saved on a .csv file
that can be automatically imported by Microsoft Excel or any spreadsheet package.
The most interesting configurable parameters are the maximum and minimum lifespan of a link and agent. Lifespans can be fixed within a wide or narrow range. Considering first a narrow range for both link and agent, link lifespans that are short relative to the agent lifespan tend to give a higher total value, since a larger number of
short-lived links can be formed within the lifespan of the agent. Long agent and short
link lifespans tend to lead to very gradual changes in value, since only a small proportion of the agents expire at any given moment. Considering now the range, a wide
range of link lifespans with a narrow range of agent lifespans tends to lead to small
and regular fluctuations in total value, but around a fairly steady and predictable
mean. A wide range of agent lifespans, however, has the effect of radically destabilising the model. There are likely to be long periods where the total value is static, but
with sudden, irregular peaks which can be very high relative to the average.

5 Remarks on BEBS
In principle this is a first attempt to develop a quantification of business models for
the BIONETS infrastructure. The aim is to be able to provide, in the longer term, a
model that can be interfaced with the computational output from the infrastructure
development, feeding in this way real data collected in transactions that will occur
when there are applications available to be deployed using the outputs from the BIONETS computational and scientific research. This is a novel approach that could be
developed further and merged or integrated with the work completed by other partners in the BIONETS project. In doing so, this simulation can be a powerful tool to illustrate the economic benefits for actors derived from the exchange type of business
model in any future BIONETS-enabled environment.
Until now the value of these trading networks has not been tested in mobile environments, and depending on their growth and sustainability some of these networks
may in future evolve to have significant value, which will make them attractive to
conventional sources of funding. E.g.: record companies releasing songs over metro
stations, broadcasting companies (TV, film) distributing total or partial media files as
teasers for users to develop interest in the content, users who can dedicate their resources to collect environmental variables that can be used later to tailor services or
activities in a location according to user demand.
There are not many research computer models especially created to recreate social
networks’ economic behaviour, such as the ability to exchange information over distributed networks and allocate token values to the exchange transactions. The simulation is aimed for a business model that is not centralized; hence this piece of work
contributes to enhance the understanding of these types of networks, examples of this
type of work can be found in the work of Harwood [12]. BEBS future enhancements
will aim to increase the metrics been calibrated based in use cases, and consideritng
the type of communications to be exchanged.
The added value of this type of networks seems to be subtle [24]. The added value
is what makes these networks an interesting opportunity for alternative business models based on individual allocation of access to more data. It is able to view more data
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on the user, some of which may be intentionally obscured from the public or strangers. This allows users to network with a specific user in a more intimate and personal
setting. Furthermore, it facilitates the creation of greater communication options,
which, depending on the social site, opens up new avenues of communication. This
adds a greater level of interactivity: you can connect with the person who added you
through private/direct messages, instead of the highly visible public channel.
Since users are able to recommended content, when someone adds someone else as
a friend (and vice versa), activity or actions on the site may be recommended or
‘pushed’ towards the other user in some part of their administrative panel or profile.
This means that users achieve greater automatic visibility whenever they use the social networking tool. And finally there is a great social verification, emerging from
the auxiliary advantage of having many fans on social media networking tools. This
social verification arises especially when there is some kind of self-ranking from the
users according to the number of followers/subscribers using the tool. Popular and
visible users tend to accumulate friends more easily than unknown users, and potentially be hubs for data distribution.
Overall what is more important is the fact that there is a value to this trading that
can, with calibration estimates, make a strong case for the implementation of applications and systems in which the sustainability of alternative business models can be assessed, and their viability and economic profitability verified, since the investment for
establishing such networks is practically null from the point of view of traditional
telecoms.
After releasing the software JNLP application on the project’s website
(www.bionets.eu), the source code has been made available on Sourceforge. Further
testing is currently been completed.
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