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Computational Self-Awareness

Computational systems increasingly face the challenge of performing
effectively, efficiently, robustly and flexibly in a complex interconnected world,
where they interact with people, each other, the economy and the climate.
This leads to uncertainties that are difficult to understand and predict.

Computational self-awareness refers to the properties of a computational
system that are inspired by self-awareness concepts in humans and
animals [3, 2, 4], and is a direct attempt to face this challenge.

Systems with computational self-awareness learn and adapt during their
lifetime on an ongoing basis, based on their sensed experiences and the
internal models that they build. In doing so, they develop an awareness of
themselves and their experience of the world.

Three key concepts:
▶ Public and private self-awareness: self-aware systems are concerned
not only with knowledge of their internal aspects (state, capabilities, etc.)
but also of their external experiences and their impact on and role within
their physical and social environments.

▶ Levels of self-awareness characterise different aspects of the system’s
self-knowledge, e.g.: stimulus-awareness, interaction-awareness,
time-awareness, goal-awareness and meta-self-awareness.

▶ Collective self-awareness: self-awareness can build up in a distributed
way and does not imply a central component providing the
self-awareness.

Architectures for Computational Self-Awareness

Our reference architecture [3] for self-aware systems describes at a high-level
how multiple online learning components can be structured, to provide
self-awareness at various levels.

Several architectural patterns can be derived, by taking different subsets of
the reference architecture, as needed, for the application.

By combining simpler learning processes in this way, highly complex adaptive
learning behaviour can be achieved. Compared to implementing this using a
single complex technique, the system is easier to understand and analyse.

The Problem of Extensibility

▶ Self-aware systems can be designed according to a realisation of one of
these architectural patterns.

▶ The concrete architecture most appropriate has been shown [4] to vary
for a given task based on factors such as the dynamics and complexity of
the task, which motivate structuring learners differently.

▶ Architectures used so far in self-aware computing have either been
too rigid to allow this adaptability to go beyond simple cases (the
architecture on the left pre-supposes only one meta-self-awareness
component), or too high level to provide any meaningful design
detail from a self-awareness perspective, such as MAPE-K [1].

The Problem of Adaptivity

▶ Carrying out the architecture selection process is currently manual and
time-consuming and results in a fixed output.

▶ If the environment changes, systems are reliant on humans to change
their architecture periodically in an offline and time-consuming way.

▶ Self-aware systems do not yet know about or adapt the architecture
of their own learning machinery, even though this will be needed
when facing different unforeseen situations.

Towards Dynamic Architecture

There is a need for a new approach to architecture for computational
self-awareness, which both captures self-awareness concerns (e.g. online
learning, reflection, subjectivity, self-expression), while also supporting
dynamic reconfiguration of the architecture, and hence the way
self-awareness is organised and thus realised, in a system.

Such architectures could be based on structured, dynamic, loosely coupled
online learning processes, designed to maximise reusability through generic
self-awareness components. This is more reminiscent of connectionist
architectures, such as those of neural networks, than the intelligent agent
architectures from which both ours and MAPE-K are derived.

What is needed to realise this vision:
▶ An approach to enable a range of online learning algorithms to be
encapsulated into generic self-awareness processes, such that they may
be connected to each other using standard interfaces, in reflective
relationships (i.e., as input, to learn about them, with respect to
higher-level goals).

▶ Techniques for the architecture of a system to evolve during runtime,
including the runtime creation of new self-awareness processes, the
rewiring of existing ones, and processes that add little value be stopped.

This dynamic architecture approach allows for arbitrary architectures to be
formed and re-formed on the fly.

The architecture itself becomes a topic for self-awareness processes to
learn and reason about, and to adapt.
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