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Abstract
Embryonics is a long-term research project attempting
to draw inspiration from the biological process of ontogeny, to implement novel digital computing machines
endowed with better fault-tolerant capabilities. This
article discusses the degree of bio-inspiration attained
while also attempting to start a similarity debate on
various implementation decisions, on why and how nature developed its subtle, intricated means of growing,
healing and reproducing.

Motto: “What makes stem cells special is that
they’re immortal, and they can become anything
they want to be.” — Dr. James Thomson, University of Wisconsin.

Introduction
The incredibly huge number of some 60 trillion (60 ×
1012 ) cells make up a human being, with as many as
10 billion (1010 ) cells with 100 trillion (1014 ) interconnections concentrated in each of our brains (Mange &
Tomassini 1998). Intelligence, creativity, the capacity of
abstractization and ultimately conscience are all possible thanks to this marvelously complex human machine.
Yet its entire structure emerges from a single cell, the
zygote, giving birth to a completely functional organism
that will continue to develop and enhance its features
throught its entire life.
However, there is a key question that arises, driving
biologists and not only: how can all this be possible?
How can this be, that a single cell would divide for such
a large number of times even us humans find difficult to
imagine? And what mechanisms direct the division process so perfectly that when it ends the result is a healthy
organism? Would it be possible to exploit these mechanisms to inspire engineers, perhaps including novel computational implementations? It seems that nature has
created a remarkable circle: we became complex enough
to develop sciences and now scientists have reached the
point that enables them to study how nature can reach
such complexity.
A special type of cell appears to answer some of the
previous questions, a cell that can give birth to other

identical cells, and all being able to become specialized
cells themselves, such as muscular or nerve cells. But
it is not all that easy to discover nature, let alone to
penetrate its mysteries. After nearly 20 years of hard
work, two teams of scientists have succeeded in growing
and replicating these mother cells (Thomson & others
1998). Called “stem cells”, these basic units ultimately
mature and differentiate to become the building material
of all types of body tissue (May 2000).
The fact that scientists are all driven by common questions is remarkably demonstrated by recent history, the
research on novel bio-inspired computing systems having roughly the same age as modern biology. In the late
1940’s von Neumann began to develop a theory of automata in order to contribute to a better understanding
of both natural automata (living beings) and of artificial automata (computational systems) (Sipper et al.
1998). In more recent years there has been significant
research carried out in a new project, aiming at creating bio-inspired computer hardware, called Embryonics
(Tempesti 1998; Tempesti, Mange, & Stauffer 1998).
The purpose of this article is not to delve into the
ethical issues’ debate — related to cloning or using the
DNA molecule as a threat (Alexander 2000) — but to
take a comparative look to the recent findings in the field
of cellular biology and their virtual mirror, the world of
Embryonics. Intriguingly, there are many more similarities and common ideas than it is possible to explain by
a mere coincidence. Section 2 briefly describes the discovery of a new kind of cell. Section 3 presents the path
to a new kind of bio-inspired computer hardware within
the Embryonics research environment, together with a
deeper look inside the characteristics of the newly discovered cell and how the two relate to each other. Finally, Section 4 presents the conclusions and some general guidelines for the future of the Embryonics.
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do (Prodan et al. 2001).
Another part of the molecule, the functional unit, is
implemented as an on-line self-testing device, using the
voting majority technique. Once the testing features in
place, any detected error should allow the recovery, or
healing of the organism. Due to the vast complexity
of biological organisms, healing (self-repairing) mechanisms can only be effective if the task is hierarchically
decomposed and dealt with accordingly.
Embryonics uses a hierarchy composed of two selfrepairing mechanisms. The cellular structure is built of
active and spare molecules. In the event of functional
failure of an active molecule, all its functions are taken
by the nearest spare molecule by means of shifting part
of the cellular active resources one position. This is the
self-repairing mechanism at the molecular level (Figure
2). A similar process takes place in nature, where the cell
is capable of fabricating the resources needed. This is obviously impossible with current technology, the only way
of providing additional resources at the molecular level
being as spares. During its artificial life, the electronic
organism may experience the situation when inside a cell
a new fault is detected, but no more spares are available. This is the moment the second self-repair mechanism enters the stage, at the cellular level: the faulty
cell “dies”, then it is isolated, and all active cells are
shifted a position by rerouting all the interconnections
(Mange et al. 1998; Negrini, Sami, & Stefanelli 1989).
This is again inspired by nature, where foreign bodies
(objects or mutating cells) are isolated and eventually
eliminated. Self-replication can be seen as a special
case of growth; after configuring an initial cellular structure, the self-replication process considers this as a pattern and colonizes the whole environment (Sipper 1998;
Tempesti 1998).

Conclusions
This article presented the essential bio-inspired features
of the Embryonics project. It all started as a long-term
research project, and, while it still remains largely so,
the bio-inspired hardware developed allows us to build
computing machines endowed with improved robustness,
copied and adapted from biology to electronics. The
technological advancements also give us now the opportunity to implement digital systems based on novel, complex operating principles but also put a higher pressure
onto the design process and necessary trade-offs. Successful bio-inpired hardware may emerge only together
with successful theory on nature’s ways and the ways of
implementing them in silicon.
All discussed issues lead us to believe that real bioinspired hardware systems might just be closer than we
think, thus narrowing the gap between biology and biologically inspired digital systems.
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