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Self-aware and self-expressive

systems

Tatiana Djaba Nya, Stephan Stilkerich, Peter Lewis, and
Xin Yao

A reference architectural framework and a modelling and simulation
environment for self-aware and self-expressive systems are tested on
an avionic subsystem.

Engineering self-awareness and self-expression in computing
systems is an emerging trend in design and operation of modern
computing systems, which have increasingly complex, heteroge-
neous structures and growing requirements. Embedded avion-
ics systems could make particularly good use of self-awareness
and self-expression. These concepts offer flexibility to avionic
subsystems, allowing them to adapt and deal with the lack
of knowledge, changes and unpredictability of their deploy-
ment environments, and also to work around or even overcome
their functional and performance limitations due to their strict
weight, power, size and density constraints.

Many efforts have been made previously to integrate self-
awareness in computing systems. Some studies, such as that by
Cox, consider self-awareness as a part of metacognition.! Other
studies, such as that of Agarwal, focus on self-awareness in com-
puting systems as an ability of a system to explicitly consider
knowledge about itself.? As for the concept of self-expression,
it has barely been considered in the engineering and computer
science context.

Given the disparate and occasionally overly rigid use of the
term ‘self-awareness’ in the literature and the lack of previ-
ous treatment of the idea of self-expression in the comput-
ing and engineering literature, we developed a more general
working definition for self-aware and self-expressive computing
systems inspired by biology. Based upon that working defini-
tion and with the aim of guiding the design of self-aware and
self-expressive systems, we developed a reference architectural
framewok which structures their requirements.? Then we imple-
mented a modelling and simulation environment which enables
the development of virtual simulators to systematically model,
simulate and study the behaviour and performance of particu-
lar self-aware and self-expressive systems.* This environment is
is new and there is no such environment in previous work. We
intend for it to fill the gap between research at the conceptional
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Figure 1. Reference architecture for a single self-aware and self-
expressive node.

level and implemention of the first proof-of-concept demonstra-
tions.

A self-aware and self-expressive system in our work is de-
fined as a collection of nodes with both self-aware and self-
expressive capabilities. The reference architectural framework of
such a node is shown in Figure 1 and defines the node’s high-
level structure, its required conceptual components and the in-
formation flow among them. Such a node does not need to be a
specific physical system, but instead provides a conceptual con-
tainer for the system being considered: the element in that con-
text which is being referred to as self. A node could therefore be,
for example, an autonomous agent, a running thread, a physical
machine or a collective of these. Importantly, the node represents
a level of abstraction at which knowledge acquisition, represen-
tation and behavioural processes occur.

A node is self-aware if it is in possession of information about
its internal state, and has sufficient knowledge of its environ-
ment (including other potential nodes) to determine how it is
perceived by the other parts of the wider system.>® To en-
able self-awareness in a node, the defined reference architecture
comprises (private) sensors which gather information about the
node’s internal state and public sensors, illustrated here by en-
vironment, and other sensors which gather information about
the node’s environment. Such information is collected inside the
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corresponding self-aware engines and processed within them
with the help of the optional component model(s), if available.
Depending on the processing results, the self-aware node will
initiate self-expression by sending adequate information to the
self-expressive engine.

To exhibit self-expression, a node should be able to assert its
behaviour upon either itself or other nodes of the system, and
this behaviour should be based on the node’s goals, values,
objectives and constraints.>® The self-expressive engine is re-
sponsible for taking decisions about the actions that should be
executed by the node to assert its behaviour, and chooses the cor-
responding actuator to perform the desired actions. For actions
with effects on the node’s internal state, the component termed
‘actuators’ in the reference architecture will be selected. For ac-
tions with effects on the outside world, the self-expressive en-
gine will select external actuators, here termed ‘external actions’.

Finally, the reference architecture comprises a monitor/
controller which has a high-level view of the node’s behaviour
and, when necessary, can adapt the node’s own level of self-
awareness and self-expression. This represents the meta-self-
awareness in the node.

Due to the unpredictability associated with both deployment
environments and the dynamics within them, one key chal-
lenge in realizing self-awareness and self-expression in comput-
ing systems is the appropriate use of effective online learning
schemes. Online learning is applied in two contexts within a
self-aware, self-expressive system: at the adaptation level and
at the meta level.? In the reference architectural framework, on-
line learning algorithms occur at the adaptation level in the self-
awareness engines and the self-expression engine, and addition-
ally at the meta level in the meta-self-awareness component.

Based on the defined reference architecture, we implemented
a modelling and simulation environment using transaction-level
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Figure 2. Structure of the simulation environment. GVOC, SenEnwv,

LModel and SEE are components of transaction-level modelling.
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Figure 3. Chronological execution order within a proprioceptive node.
As in Figure 2, GVOC, SenEnv, LModel and SEE are components of
transaction-level modelling. A, B, C, D, E and F are processes enabling
communication between transaction-level modelling components.

modelling in SystemC, a system description language (see
Figure 2). It is a virtual prototype of the reference architecture
in which the communication among the components of a node is
implemented and well separated from the implementation of the
functional units, which depend on the system to be investigated.
The processes used to initiate this communication are done so
that the environment offers not only an accurate and reliable ex-
ecution chronology of transactions (see Figure 3), which in turn
ensures the functionality and information flow described in the
reference architecture, but also gives fine timing resolution. Fur-
thermore, the environment enables the instantiation of all nodes,
it comprises elements enabling asynchronous communication of
each single node with the outside world including other nodes,
and thus enables us to simulate any topology of self-aware and
self-expressive nodes.

As a first use case, the environment is currently employed for
a self-aware and self-expressive system that realizes novel con-
cepts for fault tolerance to overcome one drawback of today’s
over-designed avionic systems. This concrete system is com-
posed of one single self-aware and self-expressive node repre-
senting an avionic sub-system with safety critical functionality
and showing a novel approach for software fault tolerance in
avionic systems using self-awareness and self-expression.

In our ongoing work we continue to conduct research into
the conception of self-aware and self-expressive systems, and
further optimize the modelling and simulation environment
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which allows us to systematically model, simulate and study
the behaviour and performance of self-aware and self-expressive

systems.7
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