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Part of a European network
QUANTICOL is a European research initiative
involving the University of Edinburgh, Scotland;
Consiglio Nazionale delle Ricerche – ISTI, Italy;
University of Southampton, England; Ecole
Polytechnique Fédérale de Lausanne, Switzerland;
and IMT Lucca, Italy.
The QUANTICOL project is a member of
Fundamentals of Collective Adaptive Systems
(FOCAS, www.focas.eu), a Future and Emerging
Technologies Proactive Initiative funded by the
European Commission under FP7.
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Collective adaptive systems
Collective adaptive systems (CAS) consist of a large
number of heterogeneous entities with decentralised
control and varying degrees of complex autonomous
behaviour. These entities may be competing for
shared resources even when collaborating to reach
common goals.
ICT-based CAS are at the core of the envisioned
smart cities of the future and people are an intrinsic
part of CAS: their actions and their feedback alter the
behaviour of the system.

Application areas
The QUANTICOL project
The pervasive but transparent nature of CAS,
together with the importance of the societal goals
they address, mean that it is imperative that
thorough a priori analysis and verification of their
design is carried out.

We will exploit the technology developed in
QUANTICOL to consider scenarios which might
change the current provision of energy and transport
services in cities, either on a shorter or longer term.
The development of our methodology will focus on
the provisioning challenges of smart grids and smart
urban transport initiatives such as bicycle sharing.

• Cities where tourism plays an important economic
role face operational challenges when they host
major arts, sporting, or cultural events.

Objectives

– The research challenges here are the construction of
efficient redistribution policies for vehicles and the
creation of incentive mechanisms to improve load
balancing within these systems.

The QUANTICOL project is developing innovative
analysis tools to help to reason about collective
adaptive systems during their design and while they
are in operation.

• An increasing number of large cities worldwide are
using bicycle-sharing schemes to reduce vehicular
traffic, pollution, and energy consumption.

This should investigate all aspects of their behaviour
before they are put into operation, including the
timeliness of their response and their efficient use of
resources.

The main objective of the QUANTICOL project is the
development of an innovative formal design
framework with a specification language for CAS
and a large variety of tool-supported, scalable
analysis and verification techniques.
We are extending modelling and analysis techniques
to meet the challenges of multi-scale systems.
These are often spatially heterogenous systems and
critical key parameters controlling their operation
may be unknown or unknowable.

– Service providers will benefit from modelling tools
which help them to plan their public transport.
• Electricity networks provide different challenges
because of their multiple organisational scales, for
example: local or large-scale production and
decentralised consumption.
– Since the instantaneous supply of electricity must
always meet constantly changing demand, operation
of an electric power system involves a complex
process of forecasting production and demand.

We will use mean-field analysis to provide heuristics
for good suboptimal policies, in particular to account
for spatial aspects and for systems incorporating
electric vehicles.

Our science
Our techniques are based on the original combination
of recent breakthroughs in stochastic process algebras
and associated verification techniques, and mean
field/continuous approximation and control theory.
The QUANTICOL design framework will provide
scalable extensive support for the verification of
developed models, and also enable and facilitate
experimentation and discovery of new design
patterns for emergent behaviour and control over
spatially distributed CAS.

Open and accessible
The software that enshrines the design methodology
will be made freely available through an open source
license and will be supported by appropriate
documentation available on the web.
Particular care will be taken to ensure that the results
of the case studies are disseminated as widely as
possible in the user community.

