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Abstract—Driven by the current technological challenges, the
software engineering domain is shifting towards autonomous
software structures. The architectures of tomorrow will look
‘agent-like’, as it has already happened with microservices. This
requires a rediscovery of the autonomous agent abstraction
which, when applied to modern software engineering, offers a
valid solution to the issues of scalability, adaptivity and privacy.

I. I NTRODUCTION
The agent abstraction has been a success story in the scientific domain [1][2] yet the software engineering world has been
reluctant to adopt it widely [3]. Nevertheless, agents are ideally
suited to represent the heterogeneous, highly distributed, and
dynamic systems that are ubiquitous in nowadays world.
Therefore, it is plausible to claim that current technological
challenges represent an opportunity for using extensively the
agent abstraction in modern software development.
Currently, the most successful architecture in software
engineering is the Service-Oriented Architecture (SOA), which
is an evolution of the widespread client-server model [4].
Despite its success, SOA has drawbacks too, such as:
• services do not tackle satisfactorily privacy and trust
concerns;
• performances of applications are highly dependent on the
execution latency of the services;
• often, SOA leads to relative heavy-weight interfaces
(especially when using SOAP);
• versioning and configuration management are complex,
thus leading to deployment bottlenecks.
These issues are an indication of the complexity of modern software projects, which are technical cost-drivers. It
is worth to mention two mitigation initiatives: the ‘reactive
manifesto’ [5] and the development of ‘microservices’ [6].
This position paper focuses on the autonomous agent abstraction [7] and shows that it represents a logical next step
for the type of software that reactive, microservices lead to.
Importantly, it offers a more complete solution to the above
mentioned challenges in SOA.
II. AUTONOMOUS AGENT MODEL
Throughout the past few decades, several authors have
given their own definition of ‘agents’ (see, for instance [8],
[9], [10]). In some cases, they were placed in the field of
artificial intelligence with a large focus on the cognitive,

semantics aware, representation of intelligence (such as for
Shoham’s agent-oriented programming model); in other cases,
the emphasis was put on autonomy (such as for Wooldrige’s
perspective). We follow the latter approach by proposing the
following definition of an agent:
An agent is an autonomous goal-oriented representation of
existing, external, sometimes abstract entities.
It is evident that the focus of this definition is mostly on
the autonomous behavior of the software entities. Agents still
require some form of cognitive behavior, but it is limited to
a minimal level required to be ‘goal-oriented’. The definition
provides a requirements framework for agents from which it
is possible to deduce a minimal set of capabilities an agent
needs. The set described in [9] includes:
• Autonomy: an agent should be able to perform its actions
independent of the represented entity;
• Social ability: an agent should be able to communicate
with others, including with the entity it represents;
• Responsiveness: an agent should perceive its environment
and react to changes in it;
• Pro-activeness: an agent should not just react, but take
initiative, in a goal-oriented manner.
These four elements can be further translated into technical
characteristics, which can be then implemented in actual
software solutions:
• Memory: the ability to obtain a world view, keep state
and remember the goals of the represented entity;
• Communication: the ability to communicate with other
agents and the environment;
• Control: the ability to compare the world view with the
goals and choose actions (e.g., messages) to influence the
world towards those goals;
• Self-propelled: the ability to execute independently from
external triggers.
In general, most modern software solutions contain the first
two features and, depending on the application, the third one;
rarely, software is self-propelled and mostly in the form of
scheduled preselected tasks.
III. E XAMPLE IMPLEMENTATION
Multiple implementations can incorporate these four characteristics. As an example, this paper offers an agent model,

shown in Fig. 1, inspired by the control systems theory and
hence representing an agent as a feedback system:

•

•

•

Figure 1. Feedback-based agent model.

It consists of a specific set of variables (a worldview) that get
updated by sensors. Such variables are compared with a given
set of goals at time-driven intervals triggered by the sensor
updates themselves. The comparison can lead to the need for
some action to get closer to the stated goals. The actions lead
to changes in the outside world, which lead to new sensor
data, updating the worldview again.
The models elements can be mapped to the four agent
elements mentioned above:
•
•
•
•

Memory: the worldview and goals form the memory of
the system;
Communication: the actions and sensors are implemented
as messages;
Control: the whole feedback loop forms a control system;
Self-propelled: through the trigger generator this system
can act proactively.

This agent model exhibits a several interesting behaviors:
(i) it asynchronously interacts with the outside world; (ii) it
reacts with low latency to changes in the outside world; (iii) it
offers uniform handling of users, the environment and other
software agents; (iv) it actively works towards system stability,
even in the presence of large deviations of the goals; (v) it can
cope with temporal disruptions in the sensors and/or actions.
Agents modeled in this was can work together by each
working to common goals where the influence on the outside
world of one agent gets seen by the other agents through the
sensor data. Goals at various abstraction levels can be achieved
by forming hierarchical structures of such agents.
IV. AUTONOMOUS SOFTWARE
Current challenges in software engineering include:
•
•
•

Privacy and trust: possibly the biggest challenge: how to
give control over data back to the subjects of that data?
Engineering scalability: applications and services need to
be build ‘internet-scale’.
Developing ‘adaptive’ systems: engineering models need
to incorporate changing dependencies, new usage contexts and user-scripting [11];

Heterogeneity: software is used in diverse environments
(smart homes, robotics, big data etc.) which may involve
different programming languages;
Dealing with legacy systems: much of the future interaction needs to be done with currently closed environments
(e.g., embedded systems, legacy business databases);
Robustness and decoupling: applications become dependent on cloud services, thus causing stability bottlenecks
and unwanted coupling among deployment locations.

SOA provides only a partial solution to these challenges: it
naturally handles heterogeneity and access to legacy systems
and, thanks to the current progress towards micro-services and
reactive software, it also handles the scalability challenge. This
is a good step forward, but the robustness, adaptiveness and
especially trust challenges are not solved by either of them;
on the contrary, the trust challenge has escalated through the
involvement of SOA.
Autonomous software agents provide a different approach
to these challenges, even though the agents can be build on
top of the same technologies of SOA. Especially if the agents
are based on web technologies, equivalent to SOA, they offer
similar solutions for heterogeneity and legacy access. Additionally, the bi-directional, state-rich, self-propelled communication of agents allows handling of temporal communication
and processing disturbances; their state-richness allows agents
to adapt to changing context, especially if much of their logic
is data-driven.
In the realm of privacy and trust, agent modelling provides
a natural approach for privacy: agents are a natural container
of data and its associated goals. The goals act as a filter,
determining what data is needed in the world view, and more
importantly, what data is not necessary. If the communication
of data is not beneficial for some stated goal, the agent
will not communicate them (or even know them altogether).
This ‘need-to-know’ basis prevents the sort of unbridled data
hoarding that some current big-data software solutions seem
to focus on. However, this benefit does depend on users being
in control of the goals of their own agents, which is an ethical
requirement that software professionals should incorporate.
V. D ISCUSSION AND FUTURE WORK
The direction SOA and micro-services is developing towards has a very high agent-like quality to it. Software is
becoming more autonomous, highly distributed, with apps,
services and dedicated (small) databases. The existing agent
models can help tackle the complexities that will emerge from
this future architecture. Therefore, the agent community has
an important challenge: it needs to provide tools, libraries,
documentation and models, aimed at handling the technical
challenges in modern software engineering.
Software engineering is a highly practical, pragmatic field
which will be definitely adopt a specific approach, if it is
shown to be beneficial. We believe the agent based approach
is worthwhile and has genuine benefits if applied to current
software issues.
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