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Most would agree that large-scale open distributed systems are
an area of enormous social and economic potential. In fact,
regardless of whether they are realised for the purpose of busi-
ness or leisure, in a private or a public context, people’s trans-
actions and interactions are increasingly mediated by com-
puters. The resulting networks are usually large in scale, involv-
ing millions of interactions, and are open for the interacting
entities to join or leave at will. We have been experiencing a
paradigm shift in the way that such systems are built, enacted,
and managed: away from rigid and centralised client–server
architectures, towards more flexible and decentralised means
of interaction. Nowadays, there is a growing awareness that
the notion of agreement and agreement processes will be of
key importance for the next generation of such decentralised
large-scale open distributed systems (Ossowski et al. 2013).

Until recently, the concept of agreement was a domain of
study mainly for philosophers and sociologists and it was ap-
plied exclusively to human societies. In recent years, the
growth of disciplines such as social psychology, socio-biology,
social neuroscience, together with the spectacular emergence of
the information society technologies, have changed this situa-
tion. Presently, agreement and all the processes and mecha-
nisms related with reaching agreements between different kinds
of agents are a subject of research and analysis also from tech-
nology-oriented perspectives. Casanovas (2013), for instance,
tackles this matter from within the context of philosophy and
sociology of law. A study from the perspective of cognitive
science and technology is introduced by Paglieri (2013).

In one or another way, the notion of agreement has always
been relevant to the development software systems as well.
Traditionally, it has been based on implicit agreements between
programmers and language designers. Thanks to the formal
semantics of programming languages specified by their de-
signers, programmers are aware of the meaning of the compu-
tational concepts used to write and execute a program. For
instance, programmers who use some imperative programming
languages share the meaning of the concept of variable, value
or loop as well as the notion of program state and state transi-
tion. As software systems become bigger and more complex,
more dynamic and explicit agreements between project leaders
and programmers are needed, in order to establish and docu-
ment the relationships between the different software compo-
nents. These agreements (e.g. in the form of specifications of
interface and behaviour) become then the basis for the subse-
quent implementation and verification of the resulting software
product. They are established dynamically at design-time, as
project leaders and programmers need to interact and discuss
the component specifications. However, once such agreements
are reached for all elements of the software system, they nec-
essarily remain unchanged at execution time. But, when
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software systems and their elements become open, adaptive,
and autonomic, it turns out to be impossible to explicitly define
such agreements at design-time. Some software elements may
need to interact with others that their programmer was unaware
of at design-time. In addition, they cannot rely on complete
functional descriptions of the elements that they interact with,
as certain behaviours may vary at run-time in response to
changes in the environment. Therefore, agreements need to be
forged dynamically at run-time, and there must be mechanisms
for re-assessing and revising them as execution progresses
(Ossowski et al. 2013).

In this special issue, we focus our attention on large-scale
open distributed systems whose interacting elements are soft-
ware agents. There is still no consensus where to draw the
border between programs or objects on the one hand and
software agents on the other. Perhaps the most commonly
accepted characterisation of the term was introduced by
Wooldridge and Jennings (1995) who put forward four key
hallmarks of agenthood:

& Autonomy: agents should be able to perform the majority
of their problem solving tasks without the direct interven-
tion of humans or other agents, and they should have a
degree of control over their own actions and their own
internal state.

& Social ability: agents should be able to interact, when they
deem appropriate, with other software agents and humans
in order to complete their own problem solving and to help
others with their activities where appropriate.

& Responsiveness: agents should perceive their environment
(which may be the physical world, a user, a collection of
agents, the INTERNET, etc.) and respond in a timely fash-
ion to changes which occur in it.

& Proactiveness: agents should not simply act in response to
their environment, they should be able to exhibit opportu-
nistic, goal-directed behaviour and take the initiative
where appropriate.

In order to show the aforementioned properties, the inter-
actions of the software agent with its environment (and with
other agents) must be guided by a reasonably complex pro-
gram, capable of rather sophisticated activities such as reason-
ing, learning, or planning.

Agreement Technologies (AT) refer to decentralised com-
puter systems in which software agents negotiate with one
another, typically on behalf of humans, in order to come to
mutually acceptable agreements. In particular, the vision AT
comprises next-generation methods and techniques that sup-
port computational agents in open and distributed settings to
reach agreements of different kinds: agreements on the seman-
tics of the agents' internal representations, on the ways the
agents conceptualize the world, on the data gathered (even
from third parties) and on the information they share.

Agreements can also be established on policies/norms so that
agents can jointly act safely and rationally in a common envi-
ronment, or on the ways agents share tasks and roles towards
organized joint – coordinated – action; as well as on the way
such agents share their assessments on the trustworthiness of
others. The following technologies are needed in a sandbox to
define, specify and verify such systems.

& Semantic Technologies: In an open and large scale distrib-
uted system such as the ones covered by Agreement
Technologies, where agents are mostly autonomous, ap-
plications, services, communication devices, social enti-
ties, etc. are likely to comply with very different data
models, knowledge representation, functionalities and so
on. Thereby, in order to make them interact appropriately
to exchange information and reach common goals, there is
a need for agents to carry and offer an explicit semantic
interface in such a way that agents can mutually
Bunderstand^ each other. However, in open systems where
agents can enter the system at any time having their own
interfaces, we can not assume that they all adhere to a
single view of the world. Thus, heterogeneity is a strong
obstacle for agents to interoperate properly. Semantic
technologies provide good solutions to unlock the barriers
towards interoperability.

& Norms: Norms (policies or social conventions) are impor-
tant in Multi Agent Systems to regulate agents' behaviour
and support agents to coordinate effectively, also address-
ing different aspects of security. Therefore, we can say that
norms are important mechanisms, Bshaping^ agents
agreements towards action. However, there are important
issues concerning norms' conflicts, violation and revision
of norms that are within AT scope. Furthermore, emer-
gence of social conventions/norms are important to open
systems, as well as monitoring the adherence to norms,
enforcing and measuring the success of norms.

& Multiagent organizations and institutions: Organized be-
haviour of agents may stem from norms, conventions and
policies in a society, but organisations and institutions
provide an interesting perspective for Agreement
Technologies. These are important to specify how to solve
a complex task or problem by a number of agents in a
declarative way, emphasizing on agents' roles, teamwork,
deontic aspects, organizational structures, tasks and goals;
also studying agents' organized adaption. Moreover the
need to model and figure out properties of socio-
technical systems, and further advance the implementation
of complex systems in terms of institutional aspects (e.g.
the enforcement of norms for reaching agreements in open
environments), has shown the importance of studying
multiagent institutions.

& Argumentation and negotiation: Argumentation provides
a powerful mechanism for dealing with incomplete,
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possibly inconsistent information and it is fundamental for
the resolution of conflicts and differences of opinion
amongst different parties. Agreement also benefits from
negotiation, especially when autonomous agents have
conflicting interests/desires but may benefit from cooper-
ation in order to achieve them. Typically negotiation in-
volves (fair) compromise. As a consequence, argumenta-
tion and negotiation are important to reaching agreements
among agents, while their interaction with other agree-
ment technologies are important to realizing the open
multiagent systems needed.

& Trust and reputation: Since the appearance of the
multiagent systems paradigm, the importance of trust
and reputation to regulate the behaviour of agents became
clear. Recent advances consider trust and reputation
models as highly intertwined parts together with other
parts of the agent in the context of the different processes
that revolve around the notion of interaction with others as
well as with its environment.

As we delve into agreement technologies, we see how the-
se technologies are intertwined: agents can take advantage of
semantic agreements, but semantic agreement methods can
also take advantage of methods concerning agents' organized
action, of trustworthiness and reputation assessments, of ad-
vances onmulti-agent systems argumentation and negotiation,
and of findings concerning (sometimes emergent) normative
behaviour. We can see several other dependencies that can be
of benefit to computational agents: for instance, agreeing on
trustworthiness and on aligning communication protocols to-
wards successful interoperation in multi-agent systems, by
exploiting the semantics of trust evaluation and commitments,
respectively.

In addition, the wide range of social theories available to-
date offers many different solutions to problems found in
complex (computer) systems. So, deciding which theories to
apply - as well as how and when - becomes a major challenge.
This kind of interdisciplinary research is necessary to work
towards a more robust understanding of the notion of agree-
ment and all the processes and mechanisms involved in
reaching agreements between different kinds of agents, thus
laying the Agreement Technologies paradigm upon more sol-
id conceptual foundations.

In recent years, researchers from the field of multiagent
systems, semantic technologies, as well as social sciences
have joined together to work towards that vision. We particu-
larly refer to the products of the Agreement Technologies
COST action (IC0801), as well as to the two Agreement
Technologies conferences organized in 2012 (AT 2012,
Dubrovnik, Croatia) and 2013 (AT 2013, Beijing, China).

This special issue gathers seven articles that report on
works that have presented in AT 2013, have consider-
ably revised and extended according to reviewers'

comments, discussions and feedback authors received
during this long process.

The first paper contributes to understanding a crucial aspect
concerning agreements: preferences. In their article on
“Reasoning about reasons behind preferences using modal
logic”, Pedersen et al. (2015) challenge the assumption that
preferences are primitive objects, and - in line with recent
advances on social choice theory - question how they are
formed, where they come from and how they can be exploited
during reasoning in multiagent systems towards reaching con-
sensus. Their proposal is a modal logic for reasoning about
preferences that depend on “motivationally salient” properties
of objects. The main result is a translation showing how rea-
soning in this logic can be captured by reasoning in a standard
modal logic (KT with universal modality). Authors discuss
how the proposed approach allows for straightforward gener-
alization to the multiagent case, and how it can allow reason-
ing about agents who disagree because they are motivated by
different factors.

The second paper, entitled “Reasoning about impacts of
information sharing” by Bisdikian et al. (2015), propose a
decisionmaking framework for agents to decide what infor-
mation to reveal to its neighbours: Actually, they propose a
trust based decision mechanism for assessing the effects of
information release to any neighbor. The decisions that agents
make are directed towards modifying messages so as to be-
come most beneficial to information producers. These deci-
sions exploit agents' subjective beliefs of others, based on the
notion of trust. Authors propose a model for information prop-
agation among agents and specify agents' decision process.

In their article on BSubjective logic operators in trust as-
sessment: an empirical study ,̂ Cerutti et al. (2015), through a
rigorous empirical study on subjective logic operators that are
geometrically interpreted, show that these operators offer ad-
vantages over standard subjective logic operators for compu-
tational models of trust and reputation, requiring minimal
changes to existing systems. Specifically, the authors propose
a set of desirable properties that discounting and fusion oper-
ators must satisfy and present a set of operators satisfying
these properties.

Ramon Hermoso, Henrique Lopes Cardoso and Maria
Fasli, propose an approach to the maintenance of roles using
incentives. In their article BFrom roles to standards: a dynamic
maintenance^ (Hermoso et al. 2015) they deal with the chang-
es on the expectations from roles in dynamically evolving
multiagent systems. Using standards capturing the level of
suitable performance that agents have to show when they
carry out tasks, authors propose an incentive-based mecha-
nism to maintain roles over time. As authors claim, this is in
contrast to reorganization in dynamically evolving systems
when incentives are not cost-effective.

Argumentation is a powerful means to reach agreements,
but not without considering the context in which it happens:
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this is the main conjecture behind the work reported in the
article entitled BAn ontological-based knowledge-representa-
tion formalism for case-based argumentation^ by Heras et al.
(2015). Specifically, authors propose an ontological-based
framework for the design of multiagent systems, in which
the agents – participants in a cased-based argumentation
framework- can exchange arguments taking into account their
social context.

Aiming at an efficient service discovery process, Zijie
Cong and Alberto Fernandez in the article BService discovery
acceleration with hierarchical clustering^ (Cong and
Fernandez 2015) propose an approach in which services are
hierarchically clustered using a distancemeasure computed by
a matcher. Authors show that while searching in the resulting
tree may result to sacrificing precision at acceptable levels, the
service discovery process is dramatically improved.

In the article entitled BOn the inaccuracy of numerical rat-
ings: dealing with biased opinions in social networks^,
Centeno et al. (2015), deal with the subjectivity issues
concerning numerical rankings of entities' reputation in social
networks. Their proposal concerns gathering comparative
opinions about entities, from users. Users and entities to be
queried are selected based on their social context and on what
authors call the principle of heterogeneity.

We wish to extend our warm thanks to all researchers
and practitioners of the Agreement Technologies com-
munity, and in particular to the members of COST
Action IC0801, and to the delegates of the conferences
in the Agreement Technologies series. A special Bthank
you^ goes to AT-2013 authors who submitted their pa-
pers for consideration in this special issue, as well as to the AT
2013 Program Committee members and additional reviewers
(please refer to the AT 2013website1 for the full list of names),
as well as the reviewers of this special issue (mentioned at the
end of this editorial) for allowing us to put together this vibrant
collection of high-quality papers. We hope you will enjoy
reading our special issue on Agreement Technologies.
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