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In this second year of funding, we continued the development of the tool and
obtained some new results.
(1) We had a paper accepted in AdHoc-Now*16 (to be published in July), which is an extension of our
previous work: With the help of our verification tool, we could design and check new algorithms to solve
the gathering ﬁroblem in rings with four robots. More precisely, we studied the class of configurations
SP4 which is the single class left open in this context. Same results were also presented in the Workshop
on Distributed Robotic Swarms (WDRS"15).
(2) While being on a totally different topic, namely Game Theory, we would like to mention another
accepted paper (in CG"16, to be published in July). Indeed to obtain this result, we used techniques
similar to the ones we introduced in our verification tool. Hence our Kakenhi funding indirectly
contributed to that paper. We developed a tool that compute Nash Equilibrium (NE) and used it to find NE
of the famous Mastermind game.
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This research project belongs to the field
of theoretical distributed mobile robot
computing. In this area, researchers study
how multiple mobile robots can cooperate
together, without any central
organization, in order to solve a given
task. Typical studied problems consist in
gathering (e.g. [2,3,4]), exploration
(e.g. [5,6]), and pattern formation (e.g.
[2,7,8]).

This area of research started around
15 years ago [2,7] with the introduction
of the first computational models for
distributed robot computing. Later, it
gained popularity and is now a very active
field of research. The recent survey [1],
published last year, includes more than
130 references (international
conferences/journals). Most of these
papers come from the last 10 years.

Nowadays, the research community is
geographically widely spread; there are
researchers from all around the world
working on these subjects; in Japan
(Kyushu University, Nagoya Institute of
Technology, Osaka University, ...), 1in
Europe (France, Italy, Spain, ...), and in
America (Canada and USA).

Personally, | started to work on these
topics during my PhD, a few years ago
(references [9,10]), and 1 focused more on
this research area during my post-doctoral
studies at JAIST (Japan Advanced Institute
of Science and Technology) as a JSPS fellow.
Near the end of my fellowship, | realized
that we need such a verification tool and
it is the reason why I now propose this
research project.

In our community, papers typically
study a specific problem under a given
model. Usually, authors look for the
required assumptions that make the problem
solvable or unsolvable, and then, propose
algorithms solving the problem, including
proofs and/or experimentations to assess
their correctness.

However, some of the proposed
algorithms appear to be incorrect, at
least for some specific cases. For example,
the paper [6] contains two errors that were
not detected prior to publication. The
errors come from both the intrinsic
complexity of these algorithms and the
difficulty of analyzing distributed
algorithms. We believe that many of these
errors could be detected using an
automatic verification software.
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The main goal of this research is therefore
to propose a tool to automatize the
verification of distributed mobile robots
algorithms. We would like to point out that
designing and developing such a tool does
not consist only in a simple engineering
task. Due to the nature of robots
algorithms, we need to investigate new
modeling/verification techniques and it
is where the interesting research lies.
The problems to investigate include, but
not limited to, the followings:

‘How to include the notion of mobility
in the verification process?

‘How to include the multiple possible
scheduling of independent robots?

-How to take in consideration the
potential failures of robots?



This project targets the development of a
verification tool for distributed mobile
robot algorithms. The research plan and
method can briefly be summarized in three
points:

Review existing literature to
determine the features which have to be
included in our tool,

Develop, test, and use the tool to
obtain new vresults (three tasks in
parallel),

Disseminate and promote the tool among
the research community. We expect to
receive relevant comments in order to
improve the tool such that it becomes
widely used.

The project is divided into five tasks that
could be summarized as follow:

Task 1: Study existing literature on
distributed mobile robots computing in
order to extract all features that need to
be included in our verification tool.

Task 2: Develop a working prototype
with only few features to illustrate the
necessity of such tool.

Task 3: Include more features.

Task 4: Investigate new problems
assisted by the tool.

Task 5: Disseminate our tool to the
community.

For FY2014:

We could include some new functionalities
in our verification tool, such as (1)
taking into account the possibility of
robots to create tower (multiple robots on
the same location), (2) allowing the
activations of multiple robots in the same
round, (3) including the gathering problem
in addition to the exploration problem
that we initially considered. Following
these improvements, as expected in the
plan, we could obtain some interesting
results from the first year. Such progress
was made possible due to meetings with
other  researchers while attending
conferences (especially DISC"14) and
during a visiting trip to LIP6 (University
of Paris 6) in early 2015.

In particular, we bhad a paper
published in WSSR-SRDS*14. Our method
permits to discover new protocols solving
the exploration problem, and to assess

specific optimization criteria (such as
individual coverage, visits frequency,
etc.) that are met by those protocols.

For FY2015:

In this second year of funding, we
continued the development of the tool and
obtained some new results.

In particular, we had a paper accepted
in AdHoc-Now*"16 (to be published in July),
which is an extension of our previous work:
With the help of our verification tool, we
could design and check new algorithms to
solve the gathering problem in rings with
four robots. More precisely, we studied
the class of configurations SP4 which is
the single class left open in this context.

For FY2016 (future work):

We did not release yet our tool to the
community. In the coming year, we plan to
finish it and finally make our toll
available online.
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