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Premises

Paradigms for Complex Systems Engineering

Multi-agent systems (MAS) provide the most viable abstractions to
model and engineer complex software systems [Jen00, Jen01]

Event-based systems (EBS) are prevalent for large-scale distributed
applications [FMG02], addressing accidental complexity due to, e.g.,
distributed interaction and large-scale concurrency [Bro87, MJGM13]

State-of-art

MAS and EBS stand as the two most promising paradigms for complex
systems modelling and engineering .
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Premises

The Idea

Can agent-based and event-based models and technologies coexist
without harming the conceptual integrity of systems?

Is there some common conceptual foundation that could be exploited
as a grounding for integrating agent-based and event-based
abstractions, languages, technologies, and methods, in a coherent and
effective way?

Which benefits could such integration bring to both MAS and EBS
engineers?
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Premises

The Claim

The interaction dimension of computation is essential in both MAS
and EBS

Integration means

Coordination abstractions, models and technologies could play an essential
role in MAS and EBS integration. . .

. . . preserving conceptual integrity of systems.

X EBS engineers gain increased expressiveness and better abstractions
for the modelling & engineering of their EBS

X MAS engineers gain a solid technological foundation and an
industry-recognised architectural style to model & engineer MAS
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Premises

The Approach

1 Recognise the essential abstractions of both paradigms as well as
their mutual interpretation, in particular w.r.t. coordination issues

2 Devise out three steps towards a unified conceptual framework for
EBS and MAS, laying the foundation of a coherent discipline for the
modelling and engineering of complex software systems

3 Recognise/define the fundamental role of coordination abstractions in
such framework
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MAS as Coordinated Systems

Main abstractions of MAS

MAS can be modelled around three first-class abstractions [WOO07]:

agents
societies
environment
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MAS as Coordinated Systems

Agents

Agents are computational entities whose defining feature is autonomy
[Woo02, ORV08]

⇒ MAS are collections of social autonomous agents, working together
toward a coherent system goal

Goals & activities

Agents model activities within a MAS, as a composition of observable
actions. . .

. . . along with the motivations behind them—namely, the goals driving
the agents’ course of actions [Cas12].
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MAS as Coordinated Systems

Societies

Societies represent the ensembles where the collective behaviours of
the MAS are regulated towards the achievement of the overall system
goals. . .

. . . by coordinating their mutual dependencies [MC94]—as a form of
interaction

⇒ Coordination models [GC92] are the most suitable abstraction to
harness dependencies [MC94], thus interaction complexity [COZ00]

Dependencies & coordination

Agent societies can then be built around the abstractions provided by
coordination models [COZ00]:

coordination media [Cia96], in the general case of distributed systems
coordination artefacts [ORV+04], in the case of MAS
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MAS as Coordinated Systems

Environment

Environment captures the unpredictability of the MAS context. . .

. . . by modelling the external resources and properties that are relevant
for the MAS. . .
. . . along with their change over time [WOO07]

Situated action is the realisation that coordinated, social action arises
from strict interaction with the environment, rather than from
rational practical reasoning [Suc87]

Situated action & MAS situatedess

The need for situatedness in MAS demands for being sensitive to
environment change [FM96]

⇒ This basically means dependency , again
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MAS as Coordinated Systems

MAS as Coordinated Systems I

Summing up:

things happen in a MAS because of either agent activity or
environment change

complexity arises from both social and situated interaction

Role of coordination

Coordination can be used to deal with both social and situated
dependencies in a uniform way

Coordination artefacts could be exploited to handle both social and
situated interaction [MO15]
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MAS as Coordinated Systems

MAS as Coordinated Systems II
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EBS as Coordinated Systems

Terminology for Event-Based Systems

Definition

According to [FMG02], an event-based systems is

a system in which the integrated components communicate by
generating and receiving event notifications

An event is the occurrence of a happening relevant for the system,
e.g. a state change in some component or system property

A notification is the reification of an event within the system, and
provides for its description
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EBS as Coordinated Systems

Event-Based Architectures

Components in event-based systems act as either producers or
consumers of notifications

Producers publish notifications, and provide an output interface for
subscription
Consumers subscribe to notifications, as specified by producers’
interfaces

Notifications are distributed by the event notification
service—implemented by the event bus

⇒ Expressiveness of subscriptions depends on the data model, filter
language, and subscription interfaces used
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EBS as Coordinated Systems

Complex Event Processing

Articulated application scenarios raise the need for Complex Event
Processing (CEP) [Luc02]—e.g., Business Activity Monitoring, Sensor
Networks, and Market data analysis

event aggregation
event transformation
event correlation (such as causality, timing, membership, hierarchy)
event abstraction
. . .

CEP is usually responsibility of the event notification service itself
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EBS as Coordinated Systems

EBS as Coordinated Systems I

EBS are coordinated systems in their essence:

coordination is event-based [MJGM13], and follows a
publication/subscription model—specific to the EBS

the event bus is the system coordinator , encapsulating and
automating most of the coordination activities, e.g. CEP-related ones

producer and consumer components are the subjects of the
coordination process—the coordinables, according to [Cia96]

! control of the logic of program execution is somehow inverted [HO06]
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EBS as Coordinated Systems

EBS as Coordinated Systems II
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EBS & MAS: Towards a Unified Framework Event Sources

Event-based View of MAS

Agents are the designed source of events, autonomously driving
control towards their own goals, and producing internal events
through actions

Environment is the source of external events, whose dynamics is in
principle unpredictable, through dedicated abstractions capturing
heterogeneity of the environment

MAS as EBS

Agents and environmental abstractions are both producers and
consumers of events (prosumers)—internal and external, respectively.
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EBS & MAS: Towards a Unified Framework Event Sources

Agent-based View of EBS I

Producers of events can be an agent, undertaking social actions, or
the environment, due to its unpredictable dynamics or due to agents
situated actions

Consumers too can be an agent, whose actions depend on other
agents’ (social) actions, or the environment, who is reactive to
agents’ (situated) actions

EBS as MAS

Producers and consumers are not mutually exclusive components, but
roles played simultaneously by agents and environmental abstractions
according to the (dynamics of) EBS at hand.
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EBS & MAS: Towards a Unified Framework Event Sources

Agent-based View of EBS II
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EBS & MAS: Towards a Unified Framework Event Sources

Benefits

To EBS engineers

Higher expressiveness

⇒ producers and consumers can be interpreted according to a novel
abstraction layer, that is agents-environment, modelling events sources
according to their causes—e.g., goals behind activities

To MAS engineers

Improved conceptual integrity

⇒ both agents and the environment are first-class event-based
abstractions, thus causes of events in a MAS are modelled in a uniform
way as event prosumers
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EBS & MAS: Towards a Unified Framework Boundary Artefacts

Dealing with Heterogeneity

Agents and environment are heterogeneous sources of events:

physical acts, communications, etc., for agents
actuation, perception, etc., for the environment

⇒ Heterogeneity mandates for a general event model, capable of
capturing any sort of event – along with its properties – in an
expressive yet uniform way

Mediating architectural abstraction

Boundary artefacts [MO15] allow all sorts of happenings to be suitably
translated , according to the common event model, and mediated into a
uniform system of notifications.
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EBS & MAS: Towards a Unified Framework Boundary Artefacts

An Architectural Pattern I

In MAS:

for agents, Agent Communication Contexts [DSPST06], Agent
Coordination Contexts [Omi02]

for the environment, environment machinery in Jason [BHW07],
transducers for probes [MO14] in ReSpecT

In EBS:

event mediators (or, correlators) in the Cambridge Event Architecture
[BMB+00]—as implemented by, e.g., Hermes event-based middleware
[PB02], OASIS open service architecture [BM02]
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EBS & MAS: Towards a Unified Framework Boundary Artefacts

An Architectural Pattern II
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EBS & MAS: Towards a Unified Framework Boundary Artefacts

Benefits

To EBS engineers

Enable autonomy

⇒ as they rule interaction within an EBS as constrainers, rather than
commanders [Weg96], thus components can be autonomous—in line
with the agent abstraction

To MAS engineers

Enable uniformity in coordination

⇒ as they mediate between sources of events and events notifications,
thus heterogeneity of interactions (social vs. situated) maps to a
uniform handling of event dependencies—that is, event-based
coordination
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EBS & MAS: Towards a Unified Framework Event-based Coordination

Dealing with Dependencies

A coordination model provides a framework in which the
dependencies between (pro-/re-)active and independent entities can
be expressed [Cia96]

coordinables are the entities whose mutual interaction is ruled by the
model
coordination media are the abstractions enabling and ruling interaction
coordination laws are the rules governing the observable behaviour of
coordinables, the behaviour of the coordination media, as well as their
interactions
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EBS & MAS: Towards a Unified Framework Event-based Coordination

Event-Based Coordination I

A number of

event-based middleware—e.g., JEDI [CDNF01]
event-based coordination models [PA98, VOR02]
event-based coordination technologies—e.g., JavaSpaces [FHA99]
event-based coordination formalisms [Omi99, VR02]

in literature witness

the role of event-based middleware in the engineering of complex
distributed systems
the event-based nature of the most relevant coordination models,
including tuple-based ones [Omi99]
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EBS & MAS: Towards a Unified Framework Event-based Coordination

Event-Based Coordination II

The last step in the integration of MAS and EBS is the recognition that

coordination media [Cia96] are the abstractions in charge of
coordinating multiple event flows [ORZ06]. . .

. . . according to their mutual dependencies—events
publication/subscription in EBS, social/situated interaction in MAS
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EBS & MAS: Towards a Unified Framework Event-based Coordination

Event-Based Coordination III

MAS as EBS

The coordination media should be built out of event-based
coordination artefacts [MO15], the architectural abstractions aimed at
governing and ruling coordination in MAS

EBS as MAS

The coordination media should work as the core of an event-based
architecture, where event-related services should be designed around
coordination abstractions [VO06]

Omicini, Fortino, Mariani (Alma Mater Studiorum—Università di Bologna, ItalyUniversità della Calabria, Italy)Blending EBS & MAS around Coordination COORDINATION – 3/6/2015 36 / 53



EBS & MAS: Towards a Unified Framework Event-based Coordination

Event-Based Coordination IV
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EBS & MAS: Towards a Unified Framework Event-based Coordination

Benefits

To EBS engineers

Improved programming paradigm

⇒ coordination artefacts counterfeit inversion of control, by encapsulating
the logic of coordination of multiple flows of events—originating from
autonomous entities

To MAS engineers

Improved non-functional properties

⇒ event-based architectures deployed in industry, once interpreted
according to MAS abstractions, provide a suitable middleware on top of
which to design high-performance, dependable, large-scale
(event-based) coordination services
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Conclusion

Summing Up I

A unified conceptual framework for MAS and EBS. . .

. . . is possible

. . . could work as the foundation of a principled discipline for the
engineering of complex software systems

. . . by promoting a coherent integration of agent-based and
event-based abstractions, languages, technologies, and methods
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Conclusion

Summing Up II

In this position paper

We suggest that a fundamental role in such a conceptual framework
could be played by coordination models and technologies. . .

. . . with the focus on coordination artefacts working as both
event-based and agent-based abstractions

Event-based coordination models and middleware could provide the
conceptual and technical grounding for complex system engineering ,
integrating agent-based and event-based tools and techniques without
harming conceptual integrity
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Conclusion

Summing Up III

Steps

Three conceptual steps towards the unified framework

1 Agents and environment are interpreted as the only sources of events

2 Boundary artefacts as the architectural abstractions mediating
between event sources and the system, promoting a uniform event
model

3 Coordination media as the architectural abstractions for coordinating
multiple event flows

Omicini, Fortino, Mariani (Alma Mater Studiorum—Università di Bologna, ItalyUniversità della Calabria, Italy)Blending EBS & MAS around Coordination COORDINATION – 3/6/2015 42 / 53



References

References I
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Omicini, Fortino, Mariani (Alma Mater Studiorum—Università di Bologna, ItalyUniversità della Calabria, Italy)Blending EBS & MAS around Coordination COORDINATION – 3/6/2015 43 / 53



References

References II

Gianpaolo Cugola, Elisabetta Di Nitto, and Alfonso Fuggetta.
The JEDI event-based infrastructure and its application to the development of the OPSS
WFMS.
IEEE Transactions on Software Engineering, 27(9):827–850, September 2001.

Paolo Ciancarini.
Coordination models and languages as software integrators.
ACM Computing Surveys, 28(2):300–302, June 1996.

Paolo Ciancarini, Andrea Omicini, and Franco Zambonelli.
Multiagent system engineering: The coordination viewpoint.
In Nicholas R. Jennings and Yves Lespérance, editors, Intelligent Agents VI. Agent
Theories, Architectures, and Languages, volume 1757 of LNAI, pages 250–259. Springer,
2000.
6th International Workshop (ATAL’99), Orlando, FL, USA, 15–17 July 1999. Proceedings.

Antonella Di Stefano, Giuseppe Pappalardo, Corrado Santoro, and Emiliano Tramontana.
The transparent implementation of agent communication contexts.
Concurrency and Computation: Practice and Experience, 18(4):387–407, 2006.
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