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Our world is filled with decentralized systems,
human society and organizations being the
most familiar examples. In such systems, we

see multiple loci of ownership or control, representing
different parties or administrative domains. That is,
the members of a decentralized system are, belong to,
or represent different people or organizations.

We use the term decentralized system to mean
any system formed of autonomous entities, with a
special interest in cases where the entities are hetero-
geneous. Autonomy here refers to the decision-mak-
ing capacity of an entity, meaning that it decides for
itself. In other words, autonomy reflects the freedom
to act. Heterogeneity here refers to the design, con-
struction, and configuration of an entity, meaning that
it is potentially built on distinct grounds from any
other entity. In other words, heterogeneity reflects the
freedom of a designer to apply any reasoning method
on any available information.

Traditional computing is not able to deal well
with decentralization because it has inadequate
support for the interactions of autonomous and
heterogeneous parties, and its abstractions are not
suited to the kinds of concepts that are prominent
in decentralized systems. As computing systems
become more integrated into our lives and grow
beyond the scale of a single organization, we will
need better tools and methods for designing and
implementing such systems. Specifically, we need
approaches that give first-class status to the con-
cepts hinted at above, including communications
on semantic grounds, social norms (including laws,
regulations, and established practices), accountabil-
ity, and emergent behaviors.

Relevant research into decentralized systems is
scattered across multiple (though partially overlapping)

communities, including those focused onWeb program-
ming, multiagent systems (MAS), distributed comput-
ing, self-adaptive systems, and the semantic Web. This
issue consolidates the state-of-the-art in decentralized
systems.

In “Towards Decentralized Cloud Storage with
IPFS: Opportunities, Challenges, and Future Consider-
ations,” Trinh Viet Doan, Yiannis Psaras, J€org Ott, and
Vaibhav Bajpai gave an overview of the “Interplanetary
File System,” a popular decentralized storage protocol
and network. They give updates on the adoption and
performance of IPFS, describe how the major compo-
nents work, present several projects built on top of it
including the FileCoin incentivized storage system,
and close with challenges and open questions for the
future of decentralized storage. Although this paper
does not develop new techniques or software, it pro-
vides both an accessible introduction for new readers
unfamiliar with IPFS and enough new information and
thought-provoking questions to interest the moder-
ately informed.

In “Dynamic Decentralization Domains for the
Internet of Things,” Gianluca Aguzzi, Roberto Casadei,
Danilo Pianini, and Mirko Viroli described an approach
to model dynamic cyber-physical systems based on a
notion of concurrent distributed computational pro-
cesses (DCPs). Their approach is designed for decen-
tralized settings, such as those based on the Internet
of Things, where there are many sensors and compute
notes that are owned or controlled by different par-
ties. Aguzzi et al.’s approach supported self-organiza-
tion wherein the DCPs figure out the interesting
regions (in physical but possibly in virtual) space, con-
tinually monitor those regions, respond to events, and
adapt their responses. Aguzzi et al. provided a meth-
odology leading up to programming abstractions
through which DCPs can be readily specified to func-
tion in such an environment. Their approach makes
possible ways to structure the interactions of DCPs
such that the emergent behaviors of the system align
with system objectives.
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In “Interoperable AI: Evolutionary Race Towards
Sustainable Knowledge Sharing,” Stefan Sarkadi, Andrea
G. B. Tettamanzi, and Fabien Gandon described a model
simulation to study the sustainability of different strate-
gies for cooperation in decentralized systems focusing on
knowledge sharing among MAS. The authors suggest
that the cost of knowledge sharing is greatly impacted by
the ontologies being used by the agents and thereby the
strategy for the alignment. The authors have identified
seven strategies that range from using individual ontolo-
gies and translation services to using a commonontology.
In their game-theoretic simulation, cooperating agents
use different strategies to compete to be the best at shar-
ing knowledge. The authors studied various hypotheses
and found that, under the assumption of cooperation and
the possibility of decentralization, translation strategies
are more sustainable than shared ontology strategies for
knowledge sharing between autonomous agents. How-
ever, currently there is a lack of translation services of
this kind and the authors use the results of their study to
motivate translation-based approaches for knowledge
sharing in decentralized systems.

In “Exception Handling as a Social Concern,” Matteo
Baldoni, Cristina Baroglio, Roberto Micalizio, and Stefano
Tedeschi described an approach to model and manage
exceptions in intelligent distributed systems modeled as
MAS. The approach frames exceptions at an organiza-
tional level, providing a social modeling based on the
notion of responsibility. Accordingly, exception handling
is more than a mechanism for coping with runtime prob-
lems: it is understood as ameans of distributed composi-
tion, a software engineering tool that can be used to
develop loosely coupled distributed systems with highly
cohesive components. Baldoni et al. showed the
approach at work by means of an extension developed
upon an existing MAS platform called JaCaMo, which
provides first-class abstractions for modeling agent
organizations. In this approach, when agents play

organizational roles they will also take on responsibility
for those goals related to exception handling, specified
through notification policies, integrated in the normative
system. Accordingly, the exception handling mechanism
is endowed with a normative power, yielding the obliga-
tions that agents receive for raising and handling goals.
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