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Abstract:

‘We briefly review the current state of play in the area of agent-based software
engineering, and then consider “what next?”. We discuss a range of market-
ing activities that will together help in making people from other communities
aware of work in this area. We then outline a number of research topics that are
seen as vital to the future of the field. Although (as always) more research is
needed, recent progress in both research and industrial adoption has been most
encouraging, and the future of agent-based software engineering looks bright.
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1 INTRODUCTION

The world is a complex place where things change, sometimes in unexpected ways.
For software to work effectively in the real world it must be able to adapt to changes,
displaying characteristics such as flexibility, robustness, reactivity and proactiveness.

Agent-based computing aims to provide a means of conceptualising, designing, and
realising software systems that exhibit these desired characteristics. Agent-based Software
Engineering, more often referred to as Agent-Oriented Software Engineering (AOSE), is
concerned with how to effectively engineer agent systems, that is, how to specify, design,
implement, verify (including testing and debugging), and maintain agent systems.

This position statement briefly reviews progress over the past few years (section 2) and
then considers the vital question: “what next?”. In looking at where we should be focusing
our efforts I consider separately so-called “marketing” or “out-reach” activities (section 3)
and research activities (section 4).
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2 THE PAST

Agent-based computing generally, and agent-based software engineering specifically,
has come a long way in the past few years. After many years of work on agent-oriented
software engineering methodologies, we are now in the position where there are a number
of methodologies that are well-developed. These methodologies (e.g. MaSE (8) and its
successor O-MaSE (7), Tropos (2), Gaia (41; 43), Prometheus (27) and Passi (5)) provide
processes, notations and techniques that have been developed and refined over many years
on the basis of experience. They also provide tool support, and have been used successfully
by various people other than the methodology’s creators.

Indeed, we are now at a point where analysis and design activities have been well
studied, and there is emerging recognition that the field is approaching a level of maturity
and convergence where standardisation, akin to UML, needs to be considered (28) (see
also Scott DeLLoach’s paper in this issue).

Considering agent-based computing more broadly, the list of applications of agents is
now quite impressive (e.g. (22; 23), and the AAMAS industry tracks), and the benefits of
agents are starting to be measured (1), providing much-needed numbers that are much more
convincing than the sorts of high-level and abstract arguments about near-decomposable
systems (e.g. (19)) that were the best that we could do a few years ago.

3 THE FUTURE: MARKETING

The key question is this: how to make others aware of the work that we have been
doing, so that they can use it and build on it where appropriate? By “others” here we mean
both researchers in related fields, and software developers.

There is no easy answer, but a multi-pronged strategy needs to be used which includes:

1. Identifying the “value-add” of agent technology, and developing a clear and con-
vincing “story”.

2. Documenting case studies of agent-based solutions to real-problems.

3. Working to ensure that the work of the agent community is recognised in related
fields.

It is important to develop a clear “story” that explains what agents are, and where and
why they are useful (and also where are they not useful!). The diversity of the agent com-
munity is arguably a handicap here in that we do not present a coherent story to outsiders.

My belief is that for too long we have been trying to tell outsiders a story based on
words such as “agents” and “autonomy” (e.g. (18; 25; 26)). This is, in my opinion, not a
good approach because it begs the question “what is an agent?” (and results in a debate),
and because “autonomy” can be a scary concept, evoking Al notions of rampant robots.

Instead, I think the story that we should be telling should focus on words such as “com-
plexity”, “adaptability”, and “goals”. Indeed, the argument presented by Georgeff (15)
avoids the term “agent” completely, and focuses (in the context of service orchestration)
on how goal-directed orchestration reduces coupling and increases robustness.

It is clearly more convincing if the story is supported by numerous case studies, show-
ing how agent-based systems worked to solve real-world problems. Thus, collecting case



Future Directions for Agent-Based Software Engineering 3

studies, as has been done by AgentLink (23) and by the AAMAS industry track, is impor-
tant in that it provides concrete examples of applications across a range of domains, and
also because it helps to dispel the perception of agents as “esoteric AI”. Perhaps even more
convincing, but hard to obtain, are measurements that quantify the difference that agent-
based solutions can make. For example, the analysis of Benfield et al. (1) which found sig-
nificant benefits to developing software structured as BDI (Belief-Desire-Intention) agents.

There are a number of related fields, such as service-oriented computing (18), the grid
(14) and autonomic computing (32), where the issues that have been tackled by researchers
within the agents community are very relevant. Sadly, awareness in these communities of
the existence of work in the agents community is sometimes lacking. Ghose’s paper (in this
issue) explores this issue in more detail, with particular focus on the service-oriented com-
puting community. What we need to do here is to publish work in these areas’ conferences
and journals, and organise other means to link across the communities (e.g. discussion
panels, joint events, invited talks).

Additionally, I believe it’s important to continue to produce useful tools, not just papers
(a point that is also made by Calisti in her paper in this issue). Suppose that ABC Software
Company has decided that it makes sense for them to develop an agent-based solution.
Having only published papers, and no tools, leaves them in the position of having to de-
velop their own agent platform before they can even begin solving their problem (cf. the
pitfalls of “you want your own agent architecture” and ‘““You obsess on infrastructure” (42),
where Wooldridge and Jennings noted that, back in 1999, “. .. almost every multiagent sys-
tem project that we have encountered has devoted significant resources to implementing
this infrastructure from scratch.”). Clearly, to be of use, tools need to be documented,
supported, and reliable, not research prototypes.

Finally, it’s essential to “close the loop” by using our tools and techniques “in anger”
(38), i.e. in a real setting. Doing this not only gains credibility, but, more importantly,
gives us feedback to guide further work. In particular, as researchers we often have to
make simplifying assumptions in order to make progress. Some of these assumptions are
reasonable, whereas others need to be relaxed in order for our work to be applicable in
real settings. Only by applying our work “in anger” can we really find out (and often be
surprised by!) which assumptions need to be relaxed.

4 THE FUTURE: RESEARCH DIRECTIONS

Broadly speaking, there are three aspects that have been foci for researchers in agent-
based software engineering. The first is individual agents, and is characterised by questions
around how to structure individual agents. A dominant approach is the so-called “cogni-
tive” approach where agents are designed in terms of mentalistic notions such as beliefs,
goals and plans. The argument for ascribing these notions to software agents (the “inten-
tional stance” (9)) is that it provides a simpler way of understanding complex entities. The
second aspect is interaction between agents, and is characterised by questions around how
to obtain effective interaction and communication between agents. Topics of interest to
agent interaction research include agent communication languages and interaction proto-
cols. The third aspect is open societies of agents, and concerns how to ensure that an open
society operates smoothly (e.g. using norms, institutions, and economic paradigms). Luck
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and McBurney (21) term these aspects “agent”, “interaction” and “organization” (these
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concepts are similar, but not identical, to the “micro”, “macro” and “meso” terminology of
Zambonelli and Omicini (44)).

In this section we briefly outline three research areas that I believe are key for the future
of the field. The first concerns research within the “agent” aspect, specifically, concerned
with the foundational concept of goals. The second area is concerned with reconciling the
different aspects, and integrating techniques, both between the three aspects, and between
the cognitive and the emergent approaches to engineering agent systems. The third key
area concerns obtaining assurance that an agent system will meet its requirements.

A fourth area for future work is extending the scope of AOSE methodologies beyond
the so-called “classical” phases of the software life-cycle to encompass activities such as
debugging (13; 29), testing (11; 16; 24; 45) and software maintenance and evolution (6).

4.1 Goals

Goals, achieved persistently and flexibly, are what give agents their adaptability. That
is, goals are foundational to cognitive agents (they also turn out to be useful for require-
ments engineering (36)). Indeed, I believe that we will (eventually) look back and view
the contribution of our work as being “goal oriented programming/design”, rather than
“autonomous agents”.

However, perhaps surprisingly for a foundational concept, there is still scope for foun-
dational work, including answering questions such as:

e What evidence is there that cognitive agents are a good approach, and for which
types of problems are they suitable? (e.g. (1))

e What goal types are useful?
Most work has focussed on so-called “achievement” goals, but many other goal types
are both possible and useful (37).

e What (generic) mechanism can be added to agents to detect interactions between
goals, in order to avoid conflict (e.g. resource contention) and exploit positive inter-
actions (“synergy”)? (e.g. (3; 17; 33; 34))

e How to make the process of designing agent systems more goal-oriented? (e.g. (20))

4.2 Integrating Approaches

There has been a significant amount of work on each of the three aspects discussed
earlier (agent, interaction, and organization). However, much less work has been done
on integrating these aspects and their associated approaches to developing agent systems.
For example, although there has been much work on agent interaction (most of which has
treated agents as black boxes), the resulting mechanisms for interaction are not always a
good match with cognitive agents. Even where the match is reasonable, there is duplication
of mechanism: (e.g.) goals and plans for (single/internal) agent design, and something else
(e.g. social commitments) for designing agent interactions.

It can be argued that if we assume that our agents are cognitive and use goals, then it
makes sense to try and build robust agent interactions on top of such agents. An example is
teamwork (a specific for of interaction) which has been characterised in terms of cognitive
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agent concepts, specifically, joint-persistent goals (4). The challenge is to extend to forms
of interaction other than teamwork. Some specific questions to be considered are:

e How to use flexible and robust goal achievement by single agents to enable multiple
agents to achieve goals in a robust and flexible way? (e.g. (15))

e How does this compare with conventional approaches for choreography/orchestration,
and with agent interaction approaches (e.g. protocols, social commitments)?

e How can we link agent interaction concepts with individual agent concepts? (e.g.

(39)).

Going beyond interactions amongst a small number of agents, there has been much
work on societies of agents, which has developed a range of concepts such as norms,
institutions, organizations, and game theory. Again, there is duplication of mechanism
with respect to both individual agents and agent interactions, and there is a lack of link
with interaction and individual agents. Some initial work that looks at linking cognitive
agents with agent organizations has been done by Tinnemeier et al. (35).

Another issue that needs to be resolved is reconciling the cognitive approach and the
“emergent” approach (where a collection of simple agents exhibit useful, typically emer-
gent, collective behaviour). These two approaches each have their own research communi-
ties, and interaction between them is somewhat limited. Bridging this gap involves looking
at questions such as:

e How to ascribe goals to non-goal-based (and possibly emergent) behaviours? (e.g.

(30)

e How to design and build hybrid systems that combine aspects of emergent and of
cognitive agents? (e.g. (31))

e How to design goal-based agents in systems which exhibit emergent behaviour?

4.3 Validation & Verification

“...systems exhibiting emergent behavior [are] ... the equivalent of a specifi-
cation that says “surprise me”.” — Lou Mazzucchelli, in (26).

A recurring issue in practice (21; 23) is how to obtain confidence that an agent system
will behave appropriately in a range of situations. Conventional testing is less effective for
flexible adaptable software, since there are many more possible behaviours to be tested:

“...validation through extensive tests was mandatory ... However, the task
proved challenging for several reasons. First, agent-based systems explore
realms of behaviour outside people’s expectations and often yield surprises
...7 (23, Section 3.7.2).

Indeed, investigation of the behaviour space of BDI agents (40) has shown that:

e Even for relatively small goal-plan trees® the number of possible behaviours is very
large.

2A goal-plan tree is a visualisation of a BDI agent’s plans where each goal/event has as children the plan
instances that are applicable to it, and each plan has as children its sub-goals.
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e A significant contributor to the size of the “behaviour space” is the use of failure
handling.

e There are more behaviours that result in failure than there are behaviours that result
in the root-goal being successfully achieved. Furthermore, the probability of a failed
behaviour occurring is low. Taken together, these two findings imply that testing
failed executions is particular hard: there are many of them, and they are hard to
“access”.

An obvious answer to this problem is the use of some form of formal methods to
systematically explore the execution space (10). However, much more research is needed
to make this practical. In addition to all the usual challenges that arise when verifying
complex concurrent systems, there are two additional challenges.

The first challenge is that typically we don’t want to just check well-known properties
such as liveness or safety, but also various forms of domain-specific correctness. Unfor-
tunately, it is not always clear how to specify such properties. For instance, what does
it mean for a manufacturing management and optimisation system (23, section 3) to be
functioning correctly? It is easy to specify that all packages are (eventually) delivered. But
how can we specify that the delivery schedule is “efficient”? There may also be situations
where an efficient schedule cannot be obtained (e.g. if a key bridge is closed) — how can
we specify that the system will do a reasonable job under the circumstances?

The second challenge is dealing with systems that are dynamic, including those whose
structure may change. One possible approach is to use an assume-guarantee style of rea-
soning (10), another is to defer (some) reasoning and checking to runtime (12).

Just to reemphasize: what is needed is research that leads to practical and useful tools,
and that (eventually) avoids making assumptions that renders it inapplicable to real sys-
tems. Also, what is needed is not the ability to prove a system correct, as much as the
ability to find errors in the system, and to obtain assurance regarding the system’s level of
correctness, and the assumptions that need to hold for it to function correctly.

5 CONCLUSION

We briefly reviewed the past, and then discussed ideas for “marketing”, and outlined
key research directions, namely further work on the foundational concept of goals, work
on integrating different aspects, techniques for verifying and validating agent systems, and
extending the scope of AOSE methodologies. Although much work remains to be done,
recent progress in both research and industrial adoption has been most encouraging, and
the future of agent-based software engineering looks bright.
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