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Abstract
The discipline of intelligent systems engineering is slowly

moving towards its presumable final destination – that is, agent-
oriented software engineering –, whereas multi-agent systems
emerge as the apparent source for abstractions, technologies,
and methods for intelligent socio-technical systems. There, fun-
damental notions such as trust and coordination play a key role
in the modelling and engineering of multi-agent systems: yet,
even though they both insist on the same conceptual space –
the space of agent and MAS interaction – the intrinsic nature
of their relationship has not been explored deeply enough till
now.

We try and provide a brief look at the two concepts, as
they developed in the literature in the last decades, then focus
on some possible dimensions around which their understanding
and definition could possibly be framed in a comprehensive and
coherent way; finally, we discuss a case study of a blockchain-
based infrastructure providing for trustworthy coordination.

This paper was supported by the “ENGINES – ENGineering INtElligent Systems
around intelligent agent technologies” project funded by the Italian MUR program
“PRIN 2022” under grant number 20229ZXBZM.
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1 Introduction
When looking back at the many works on both trust and coordina-
tion in the field of multi-agent systems (MAS), where the two notions
mostly dwell and strive, clarity might not be the first thing to come to
mind. On the one hand, largely diverse understanding of both terms
have been widely used in the technical literature over the decades, in
spite of the many efforts – e.g., [1, 2] for trust, [3, 4] for coordination,
among the many others – to provide a common general definition,
upon which computer scientists and engineers could rely for the mod-
elling and design of their (intelligent) systems. On the other hand,
both notions are fundamental, even essential, for the engineering of
intelligent systems, in particular when socio-technical system (STS)
henceforth) are concerned [5].

Three things, however, clearly emerge from a preliminary cursory
examination of the literature. First, both trust and coordination are
first of all non-technical terms, with a widespread acceptation, com-
monly used with relevant meaning in the context of human social
systems. Then, they both have operational acceptations in the MAS
field, which are essential not just for agent-based systems, but more
generally for intelligent STS. Finally, whatever acceptations of the
terms one might adopt, they are largely related notions, since they
both deal with the dimension of interaction within MAS.

Accordingly, in the following we explore some of the intersections
between the notions of trust and coordination in MAS and STS, point-
ing out some fundamental dimensions that could help illustrate their
mutual strict relationship.

2 Trust and Coordination
2.1 The Many Ways of Coordination
Many are the viewpoints one could use to look at the issue of coor-
dination, even when focusing on artificial systems only. One of the
most general definitions originates from organisational science, where
coordination is defined as the management of dependencies between
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organisational activities [6]: for instance, one workflow in an organi-
sation may involve a secretary writing a letter, an official signing it,
and another employee sending it to its final destination—each activity
depending on each other for the success of the whole coordinated pro-
cess. This notion straightforward generalises to coordination in MAS,
where agents are the subjects whose activities need to be coordinated
– the coordinables in [7] –, encapsulating the entities for which de-
pendencies arise—like goals, actions, and plans. According to [8], the
process of coordination involves two major tasks: (i) a detection of
dependencies, (ii), a decision about which coordination action to be
taken. A coordination mechanism shapes the way that agents perform
these tasks [9].

Shifting from a modelling to a design perspective, coordination
is probably best conceived as the endeavour of managing the space
of interaction [10] within a MAS. The design stance on coordination
basically amounts at translating dependency detection and decision
tasks into suitable interaction patterns. Diverse approaches such as
planning, negotiation, norms, reputation management, and the like,
aims at suitably shaping the space of interaction within a MAS by ei-
ther directly making assumptions on agent behaviours or by indirectly
modifying the environment around agents themselves.

Looking at the MAS interaction space, two distinct viewpoints
can be taken: the individual agent one, and the external observer one
[11]. The first perspective is what is called subjective viewpoint over
interaction, where an agent looks at the MAS overall dynamics (other
agents and environment), aiming at understanding and predicting the
relevant behaviours there, so as to be able to coordinate its own be-
haviour with the rest of the system towards the achievement of its
own goals. The second perspective is what is called objective view-
point, where the space of interaction is basically seen as composed by
the observable behaviour of all MAS agents and environment, as well
as by all their interaction histories [12]. The objective viewpoint is
typically identified as the engineering perspective, adopted by MAS
designers to map out both individual and social interaction protocols
and patterns so as to drive the overall system behaviour towards the
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achievement of the overall system goal. As a simple example of sub-
jective vs. objective coordination, it is enough to consider the simple
setting of the well-known blocks world [13] with many agent involved,
as described in [14]. There, the subjective viewpoint of each agent
pushes each of them at devising out the individual plan that would
most likely allow the agent to reach its own goal, whatever other
agents would do; whereas, the objective viewpoint favours the multi-
plan that would most likely drive the MAS towards the achievement
of its global goal—for instance, by maximising the overall outcome for
all planning agents in the MAS.

In particular, the ability to act on the MAS interaction space
without affecting agents is a premise to any form of objective coor-
dination. Thus, objective coordination first of all deals with MAS
environment, and depends on the availability of suitable models of
the agent environment, as well as on their proper embodiment within
MAS infrastructures [15]. There, objective coordination takes the
form of coordination abstractions, provided as run-time coordination
services by the agent infrastructure [16].

2.2 The Many Facets of Trust
The common acceptation of the term trust is basically too wide to
allow for a definition that could be at the same time comprehensive
at the conceptual level and operable at the technical level. In [17],
Castelfranchi e Falcone design a general framework accounting for
the layered notion of trust, encompassing most (if not all) the many
different acceptations of the term proposed and adopted in the liter-
ature. Among the many other results, the authors point out how “it
is crucial to distinguish at least between two kinds and meanings of
trust: (a) trust as psychological attitude of X towards Y relative to
some possible desirable behavior or feature, (b) trust as the decision
and the act of relying on, counting on, depending on Y.” There, it is
quite clear that a fundamental distinction has to be made between
the inner, individual notion of agent trust, and its emergence in terms
of the observable agent behaviour.

Even though, starting from [1], many definitions of trust mostly
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refer to the psychological viewpoint – which is also the nearest to the
“folk acceptation” of the term –, a number of acceptations of “trust”
either explicitly or implicitly refer to a “social” or “infrastructural”
interpretation of the term. For instance, trust is quite a typically
relevant notion in the security area. There, notions such as trusted
computing [18] or trusted third parties [19] mostly refer to a general
notion of trusted infrastructure or trusted platform, basically defer-
ring trust to some external technological element (either hardware or
software) rather than to software components (like agents).

More generally, while referring the reader to Chapter 12 of [17] for
a comprehensive discussion of the many articulations of the relation-
ship between trust and technology, the shared space where trust meets
the technological infrastructure is especially relevant in the context of
MAS, in particular in the field of electronic institutions [20], or e-
institutions. There, the observable behaviours of autonomous agents
are constrained by the rules enforced by the e-institution around which
the global MAS behaviour is designed, and which is the implicit locus
of trust for individual agents and MAS designers. Other approaches
exist that deal with open MAS via non-centralised techniques, such
as [21].

3 Trust vs. Coordination
Whereas almost any class or course on MAS or STS typically quotes
trust and coordination as two fundamental and strictly related con-
cepts, typically placing them in the areas of collaborative / coopera-
tive approaches or agreement technologies [22], the number of scien-
tific and technical works focussing specifically on both of them, and
on their relationship, is relatively low. Works focussing on trust typ-
ically mention coordination as a sort of post-product of some form
of trust between software or human components in a STS, whereas
coordination approaches dealing with trust mostly deal with trust as
a critical prerequisite of any agreement process [23]. The fact is that
both notions are so wide and comprehensive that any attempt to sys-
tematically define their mutual relationship is doomed to failure when
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attempting to capture any sort of meaningful generality. On the other
hand, a more fruitful approach could be undertook by drawing some
significant parallels between the two notions, or, by devising out some
shared criteria for their understanding—which is what we will do in
the remainder of this section.

3.1 Dependence
Interdependency and coordination have been lasting topics in organ-
isational research—and that has brought about the most widespread
definition of coordination in MAS and STS as the the management of
dependencies [6]. So, as we mentioned above, devising out the depen-
dencies between agents – in terms of tasks, goals, actions, . . . – is the
conceptual and technical pre-condition for the coordination of both
human and software agents.

In the dichotomy between modelling and design stances, the in-
dividual agent perception of dependence w.r.t. other agents is the
premise to subjective coordination, whereas the overall network of
dependencies among agents, and between individual agents and the
whole system, accounts for the dimension of objective coordination .

The notion of dependence is clearly essential for trust, too. The
notion of dependence and trust networks are discussed in [24] as the
conceptual and technical representation of social dependence, whereas
the role of dependence networks in the interaction between agents,
with particular interest in the relationship between dependence and
trust, are investigated in [25] There, different forms of objective and
subjective dependence are defined and formalised, then used as the
grounding for agent reasoning – in particular, in terms of negotiation
power –, and for establishing operable trust relationships between
agents. Even though coordination is not even mentioned in neither
[24] nor [25], the same notions of dependence and trust networks could
be easily seen as technical foundations for the whole coordination
discourse in both MAS and STS.

Overall, the concept of dependence is at the very core of both
the notions of trust and coordination. So, when dealing with the
engineering of intelligent STS built out of autonomous components,
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modelling dependencies – e.g., in terms of dependence networks [25]
– is definitely a necessary prerequisite for the management of both
trust and coordination.1

3.2 Subjective vs. Objective Trust
As we mentioned above, the distinction between the subjective and
the objective viewpoint is essential for understanding the many ways
in which coordination articulates.[11]. On the one side, the subjec-
tive viewpoint of an autonomous agent takes on the system interaction
space from the individual agent perspective so as to coordinate its own
actions towards the achievement of its own goals—so it deals with the
individual aspects of agent autonomy and intelligence. On the other
side, the objective viewpoint oversees every interaction within a sys-
tem, including both agent-to-agent and agent-to-environment inter-
actions, and relates them to the global system behaviour—so it deals
with the social aspects of system autonomy and intelligence through
the system infrastructure (e.g., through the coordination middleware
[15].

When adopting the design stance over intelligent STS, this dis-
tinction basically amounts at separating concerns: in short, when
designing intelligent autonomous agents, engineers should adopt the
individual subjective viewpoint over coordination; when designing in-
telligent STS overall, engineers should instead shift towards the global
objective viewpoint, so as to shape the social interaction and the sys-
tem infrastructure according to the system goal.

Whereas, to the best of our knowledge, a similar distinction has
not explicitly emerged in the field of trust yet, it is however quite easy
to set a line between the many works in the field mostly dealing with
the modelling of trust within individual agents, and those focussing on
the social or infrastructural aspects of trust. More specifically, most of

1In the literature, both dependence and dependency are widely adopted with
no easy-to-discern rationale behind their use. In this paper, we choose to use
the (uncountable) term “dependence” to label the conceptual relationship between
distinct elements in a system, and “dependencies” to denote the diverse analytical
forms that dependence can take within a system at either design or execution time.
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the approaches dealing with the conceptualisation and formalisation
of the notion of trust typically focus on subjective aspects—“X trusts
Y” sorts of models. On the other hand, many approaches dealing
with the technical and operable aspects of trust mostly focus on the
technological infrastructure [18, 19], where trust-related issues can be
faced at the system level.

It is then quite tempting to draw inspiration from coordination
research, and observe that a suitably-shaped notion of subjective trust
would easily help in modelling and engineering individual aspects of
trust for autonomous agents, whereas a well-defined notion of objec-
tive trust would definitely provide a neat conceptual framework for
modelling and engineering systemic aspects of trust within intelligent
STS. Finally, this also suggests that middleware for MAS and STS
should be designed so as to account for the objective viewpoint of
both coordination and trust, handling social and environment issues
in a coherent and comprehensive way.

4 Trustworthy Coordination: A Case Study
As a case study for our discussion, in the following we shortly illustrate
the case of trustworthy coordination—that is, a coordination model
implemented over a distributed infrastructure for trusted computing
[18].

In the last years, distributed ledger technologies (DLT [26]) have
emerged as the most reliable technology standard for trusted infras-
tructure for open distributed systems. In particular, blockchain tech-
nologies (BCT [26]) denote a heterogeneous number of technologies
providing a novel way of dealing, essentially, with distributed asset
tracking or identity management—whose most prominent use case is
represented by cryptocurrencies. BCT provide secure decentralisation
of both data and control in distributed systems, by effectively com-
bining several results from cryptography, distributed consensus, game
theory, and state machine replication. In particular, blockchain pro-
vides untrusted parties (such as autonomous agents in an open MAS)
with a layer of trust enabling secure and trusted records along with se-
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cure and trusted transactions. Since trust, secured communications,
and data consistency are critical issues for MAS engineering, BCT
have gained traction as a straightforward way for injecting MAS with
those features. Overall, as a middleware for MAS and STS, BCT cur-
rently represent one of the most prominent examples of infrastructure
for objective trust.

BCT are also appealing from the more specific perspective of coor-
dination [27] since they provide MAS with highly-desirable properties
such as total ordering of events, data consistency, accountability of
actions, identity management, and fault tolerance. This is why in [28]
smart contracts [29] are exploited to implement tuple-based coordina-
tion [30] over Ethereum BCT [31]. More generally, in [27] the authors
take a general look at the mainstream BCT implementations, and
show how the general pattern of coordination as a service [16] can
be implemented over BCT. The proposed computational model for
smart contracts is there implemented on a custom blockchain called
Tenderfone [32] that embodies both the conceptual and technical re-
quirements for both objective coordination and objective trust.

5 Conclusion
In this work we take a fast look at two of the key issues in the mod-
elling and engineering of intelligent STS—that is, trust and coordina-
tion. We try and overcome the fuzziness of the current definitions of
the two notions, by focussing on their essential role in the management
of interaction in complex intelligent systems, and on the common is-
sues of dependence and objective vs. subjective viewpoints. Finally,
we illustrate a case study where a coordination service is built over
a trusted BCT so as to implement a trustworthy coordination infras-
tructure.

In the end, we expect that when AI research will rightly shift its
focus back towards interaction as a core issue for intelligent system,
both trust and coordination will be easily acknowledged as two of
the key aspects in the area of intelligent systems engineering. Then,
some general frameworks accounting for them both in a coherent and
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comprehensive way will be needed—expressing dependencies between
components in a systematic way, and consistently capturing both sub-
jective and objective viewpoints over trust and coordination.

Along that line, for instance, the A&A meta-model [33] could
work as the source for an coherent notion of trust artefact as the
core abstraction for objective trust provided by a suitably-shaped
infrastructure—in the same way as coordination artefacts [34] work
for objective coordination, and on the same line of negotiation and
argumentation artefacts for MAS [35]. We are confident that future
research will shed some light on that subject.
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