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Paving the Ground for Multi-Robot Systems as Critical Infrastructure

Xavier Defago
Associate Professor
School of Information Science
Japan Advanced Institute of Science and Technology

| have been a visiting researcher at RACE from
spring 2013, to develop cross-disciplinary research
with Prof. Jun Ota on multi-robot systems.

| obtained my engineer degree and PhD in
Computer Science from the Swiss Federal Institute
of Technology in Lausanne (EPFL) in 1995 and
2000, respectively, between which, | have worked
for one year as a research intern at the NEC C&C
central research labs in Kawasaki. After obtaining
my PhD, | have joined the Japan Advanced
Institute of Science and Technology (JAIST), as a
research associate in the School of Knowledge
Science (2000-2003), then in the School of
Information Science as research associate
professor (2003-2006) and associate professor
(2006-present). During this period, | have
simultaneous been a researcher for the Japan
Science and Technology agency (JST), and an
invited CNRS researcher at LIP6, Université Pierre
and Marie Curie, Paris and at INRIA Sophia Antipolis,
France. In addition, | have been an active member
of the IFIP working group 10.4 on dependable

computing and fault-tolerance since 2006.

Originally, my research topic has been mostly
about fault-tolerant distributed systems. A
distributed system is a system that consists of
several, loosely coupled, processors interacting
together through a communication network and
that share a common mission goal. At the core,
this requires the processor to be able to agree on
common decisions. A fault-tolerant distributed
system is a distributed system that is required to
operate correctly, even though a certain number
of the processors may possibly fail and misbehave,
by crashing, omitting messages, changing values,
or even behave maliciously. Fault-tolerance has
been one of the main concerns in distributed
systems since, by their nature, they are more easily
prone to partial failures (i.e., the failure of some
parts of the system), to the point where it is now
considered normal to operate while 5-10% of the
system is faulty. In this context, | have made several
contributions to agreement and coordination
protocols, as well as for failure detection.
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More recently, | have also been working on the
study of algorithms to allow the coordination of a
group of abstract mobile robots evolving
autonomously. The approach is essentially
theoretical, in the sense that robots are modeled
as geometrical points evolving asynchronously in
an Euclidean space. The concern is to determine at
set of minimal assumptions necessary to solve
some basic problems such as agreeing on a
common coordinate system, or forming some
given patterns. The difficulty comes from the lack
of control on robots activations (asynchrony) and
the difficulty to deterministically break symmetries.

At RACE, with Prof. Jun Ota, our focus is on the
dependability and fault-tolerance of practical
multi-robots systems.

Multi-robots systems are very attractive in many
situations, including automatic transportation,
urban maintenance, rescue operations, space
exploration, and many other. Therefore, we must
anticipate the situation when they will become
wide-spread, just like the Internet developed from
a networking experiment and an academic tool, to
an infrastructure critical to our society. In contrast
with the Internet, multi-robots systems have a direct
action on the physical world and are particularly
motivated by helping and even possibly replacing
humans in dangerous operations.

Critical systems must not only be reliable; this
reliability must also be assessable in convincing
ways. In particular, a company deploying a system
must provide quantifiable and verifiable evidence
of why the system is expected to behave properly
or at least within acceptable levels of safety. In
particular, a critical system must always behave
predictably under normal circumstances, and also
have a properly characterized and acceptably safe
behavior even in spite of exceptional and unpre-
dictable disruptive events. Unfortunately, it is
difficult if not impossible to anticipate the nature
of the disruptive events, which may be totally

unforeseen at design time. For instance, the
system may be subject to processor memory
corruption due to radiations or overheat,
processor computing errors due to oxydation,
robot damage resulting from a meteorite or a
landslide, malicious behavior after a security
attack.

In light of this, we aim to study and provide a gen-
eral framework to develop multi-robot systems
such that the systems are based on realistic
assumptions, solve problems useful in practice,
and have guaranteed behavior. In dependability, it
is well-known that the specification of a problem
can be decomposed into two distinct classes of
properties: safety and liveness. The former must
be satisfied at all times, whereas the latter is to
guarantee progress. Both must be satisfied, but
ensuring safety properties typically takes prece-
dence when the system is under exceptionally
bad conditions as liveness requirements can still
be satisfied after the conditions have improved.

Currently, there is still a huge gap between
problem-oriented research on multi-robots, which
focus on real-world problems with realistic
assumptions, but rely on simulations to validate
the approach and can hardly give strict guaran-
tees that the system will always behave as
intended. In contrast, the axiomatic approach
provides strict guarantees, with proofs of
correctness or even recently rely on techniques
such as interactive proofs and model checking,
but focus on very general problems that are
sometimes too abstract or too far from actual
practical concerns. We hope to bridge this gap by
combining the best of both worlds, as we believe
that it will a prerequisite for multi-robots systems
to gain a wider acceptance in the not-so-far
future.
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and some case studies relating to prevention, reuse and
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Prof. lan Williams (University of Southampton, UK)
"Forest ecosystem services and effects of artifacts"

Dr. Ken Sugimura (Forestry and Forest Products

Research Institute, Japan)
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"A parallel multifrontal solver that exploits hierarchically
semiseparable representations"

Prof. Francois-Henry Rouet (Lawrence Berkeley
National Laboratory)
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Prof. Toyohisa Fujita

Field: Recourse Processing, Recycling
| Technology, Smart Fluid, Environmental Cleaning
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Socio-Artifactology Division
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Prof. Yokihisa Kuriyama
Field: Technology of Plasticity, Structural
Analysis, Monitoring
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Prof. Shuichi Rokugawa

Field: Satellite Remote Senshing, Exploration
Geophysics, Strategy for Co-creation
Technology
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Prof. Hiroshi Okuda

.+ Digital Value Engineering Division

" Field: High-End Computing, Social Simulation
| Platform, Hydrogen Society Simulation

TR R EHUR
BRINE | REMIMA. 7/ AT —IVERE.
FEIRRE R MFEFE

Associate Prof. Taira Okita

Field : Remaining Life Assessment, Nanoscale
Observation, Development of a Non-destructive
Testing Technique
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Associate Prof. Tomonori Yamada
Field: High Performance Computing,
Multiphysics Simulation, Computational
Mechanics
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Associate Prof. Nariaki Nishino

Field: Social Systems Engineering,
Experimental Economics, Multi-agent
Systems, Game Theory
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Project Assistant Prof. Masaatsu Aichi

Field: Poromechanics, Hydrogeology, Land
Subsidence Modeling

FiZZE& Researchers

NHZE  5JIBFZEZE  Dr. Takaaki Kawanaka, Rokugawa Lab.
RREF  N)IIBAZEZE  Dr. Takako Nakamura, Rokugawa Lab.
& JaL AHMZEZE  Dr. Huang Yanjiang, Ota Lab. e~
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Human-Artifactology Division
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Prof. Jun Ota
Field: Robotics, Production Engineering,
Mobiligence
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Prof. Katsuyuki Suzuki
Field: Computational Mechanics, Structural
Mechanics, Design Optimization
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Prof. Hajime Asama
Field: Service Engineering, Robotics,
Distributed Autonomous Systems, Mobiligence
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Associate Prof. Tatsunori Hara
Field: Service Engineering, Product Service
Systems, Design Engineering

BT AR Bh#

XV s Il e R S 57 7 2N
Ea1—xV-AVE2T7I—R, RENES
Assistant Prof. Taiki Ogata

Field: , Human Interaction, Human Interface,
Experimental Psychology

FEMZEERFY  Visiting Research Division
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Visiting Prof. Norihiro Nakajima
_ Field: Design Engineering, Computational
) Science, Structural Analysis
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