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Abstract
In this paper we present an experimental analysis to assess
the performance of Population Protocols, a well-known fully
decentralized computational model, on a real, evolving social network.
Categories and Subject Descriptors H.4 [Information Systems Applications]: Miscellaneous
General Terms Measurement, Performance, Experiments
Keywords Social Networks, Population Protocols

1.

Introduction

Only a few attempts to collect data from real social interactions have been made ([3], [1], [6] ), mainly because of
logistical difficulties. In fact, distributing suitable devices to
a significant population of individuals is an expensive and
time-consuming task.
In this paper we present experimental work on a real,
evolving social network we collected over one week. We
used the data we recorded to create a real movement pattern
on an agent simulator (NetLogo) to compare the behavior
of population protocols on a random topology (as done in
the original work) to those obtained when using our realistic
mobility pattern. Results showed that even though the full
convergence time is greater in case of the realistic mobility,
the vast majority of agents (≈ 80%) converge well before
and in any case the population protocols work fine even with
a mobility model taken from reality.

2.

Population Protocols

Population protocols (we often use the acronym PP in the
following) provide a theoretical model of a collection of tiny,
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possibly mobile agents that interact to carry out a computation. Agents are assumed to be identical finite state machines. Each agent initially possesses an input value that determines its initial state, while pairs of agents can exchange
state information whenever they interact. Interaction patterns
of the agents are unpredictable, but they are subject to some
fairness constraints, so that any computation eventually converges to a stable output.
It has also been shown in [4] that the following three predicates are sufficient to define all those that can be computed
by Population Protocols (the set of semilinear predicates):
• Threshold Predicate. For any given a ∈ X , this predicate

is true if #a ≥ T where T is a given threshold1 .
• Modulo Predicate. This predicate is true whenever #a ≡

j(modk) for given j and k.
• Comparison Predicate. This predicate is true whenever

#a ≥ #b, for a, b ∈ X .
We considered the PP model since it makes minimalistic,
bottom-line assumptions as to the computational, communication and storage capabilities of the agents, thus increasing
the robustness of results obtained.

3.

Experimental analysis

Our experimental analysis aimed at assessing the convergence properties of the PP model over a real, evolving social
network.
Social network. For a period of 1 week (working days Mon-Fri) we tracked in a completely anonymous way the
movement of people at the first floor of our Sapienza university department of computer and systems science, site
in Rome. We asked each of ≈ 120 students to wear an
active RFiD badge (tag in the following, that periodically
broadcasts information about contacts with similar tags (i.e.,
whenever the person wearing the tag came close to another
member of the volunteer group). 2 An example of the kind
1 In

the remainder, for any a ∈ X , #a denotes the number of agents whose
input value is the symbol a.
2 A high spatial resolution of less then 1 2 meters is attained by using very
low radio power levels for the contact sensing. Furthermore, assuming that
the subjects wear the tags on their chest, the body effectively acts as a
shield for the sensing signals. This way, contacts are detected only when

of information we can get is for instance ”Tag xxxx met tag
yyyy at time tttt”. The timestamp information is extremely
important, as the social network we will produce is the network of contacts that took place in a given time-interval T.
At the end of the experiment we collected ≈ 250MB of
data logs; then we parsed the collected data so that they
could be used as an input to NetLogo simulator ([2]) to
reproduce the movement of agents (each agent representing
a student in this case).
Application to population protocols. We used the data collected to analyze the convergence properties of standard PP
algorithms to compute the predicates described in Section 2,
when interactions are determined by real movement patterns
of the agents. We measured the convergence time (i.e. time
required for all the agents to stabilize on the same correct
output) of population protocols when the standard adversary
model is adopted (i.e. a probabilistic adversary that chooses
with the same probability a couple of agents to interact) and
compared it to the time required when communication occurs according to the patterns determined by social contact
graph we collected.
Experimental results. In this paragraph, we discuss the results for Modulo and Threshold Predicates, those for Comparison have a similar flavour. Results for this experiment
are drawn in Figures 1 and 2. As can be noticed by comparing the 2 graphs, the convergence is faster on the random
topology than on the social one for both predicates, with
the modulo requiring a bit more ticks to converge. This is
an expected behavior and is due to the fact that in the first
case we are considering a complete graph, thus every node
can be selected to interact with every other node in the network, which fastens the convergence toward the right result.
The same consideration does not apply to the social network
case, where a node can be selected to start an interaction
only when it is currently transmitting data in the time step
under consideration (≈ 50 seconds) and it can select a node
to interact with only among its neighbors. In any case, a very
interesting aspect to remark is that even if the total convergence in the social network case is reached after ≈ 1 million
and 2 millions ticks for the 2 predicates, in both cases a significant percentage of nodes converges well before (around
at 1/3 of the total convergence time): this means that the real
mobility has an obvious impact on the full convergence (i.e.
all nodes converge), but this is most probably due to the fact
that the few missing nodes (the ones that must still converge)
are selected with lower probability because they probably
have a lower degree (i.e. they had less contacts).
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