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1 Background

The original question of the research I started in 2009 addressed the method-
ology of creating AI capable of natural language understanding (NLU). The
fact that we have collaborated with Tibor Vámos to develop such a system
seemed to be a good background for this philosophical investigation. In 2010
and 2011, with the help of graduate and undergraduate students, as well as
the �nancial support of the MTA SZTAKI Institute for Computer Science
and Control, I continued working on related projects.

These investigations were based on the assumption that, by asking only
about the �how�, and nothing more, I would be able to evade some really
di�cult problems. I would be able to avoid taking a stand on whether ma-
chine intelligence is �real� and would not have to consider how to distinguish
machines from humans. I had to realize, however, that this assumption was
�awed. Methodology cannot be constructed unless it contemplates some fun-
damental questions. Therefore, instead of working on a methodology that
comes without any ontological assumptions, I began working on a deeper
question�the question of the ontological status of machines, especially that
of intelligent, autonomous machines. As such, this research can be under-
stood as a preliminary study based on which the original question about the
AI engineering methodology might be answered in the future. My theory
investigates the relationship between program design and running compu-
tation, as well as the nature of computation. It therefore has consequences
not only for methodology, but also for how we evaluate the performance of
machines.
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2 Goals

Though the philosophy of arti�cial intelligence is a popular topic, relatively
little attention has been paid to the ontological status of computers. The
most likely reason for this neglect is that computers are usually identi�ed
with symbol processing systems (e.g., Turing machines). The Turing ma-
chine, however, is only an epistemic tool for designing and describing com-
puters, and it is well-known that the Turing machine describes only one
aspect of computers. One goal of my dissertation is to show that the shift
in the conception of computers has greater signi�cance than acknowledged.
Furthermore, this conceptual shift premises the Chinese Room argument and
many arguments of Hubert Dreyfus.

In the new wave of AI (i.e., nouvelle AI), researchers began to work on
embodied and emergent systems without re�ecting on the basic, still unan-
swered questions about the nature of machines. They experimented with
new architectures, such as the molecular computers that use DNA to exe-
cute calculations. In my dissertation, I seek to show that, despite the great
achievements in methodology and technology, this new wave did not funda-
mentally change how computers were constructed. The terms embodied and
emergent, imported from philosophy, came to refer merely to new styles of
system design and implementation in AI.

While conducting my research, it became clear to me that the problem
of machine knowledge cannot be investigated without approaching the prob-
lem of knowledge in general. This latter question, in turn, also involves
metaphysical commitments. The most popular theories regarding the possi-
bilities and limits of AI often fail to explain their own assumptions about the
structure of the world; yet with critical investigation, it is clear that these
assumptions are there. In other discourses, such as the philosophy of mind,
it seems fairly well ackowledged that di�erent metaphysics (e.g., dualist,
monist, and Platonist) allow for di�erent answers. In these debates, even
the term emergence appears in its original meaning�as a middle ground
between dualistic and monistic worldviews.

The goal of my dissertation is thus to construct an emergentist computer

conception.

My dissertation relies mostly on the sophisticated emergentist philoso-
phy of Michael Polanyi, which I apply to recent developments in computer
science. The emergent nature of computers is presented along with its con-
sequences�the possibility of tacit knowledge in some computers. I believe
that the outcome of this investigation will help us to understand and eval-
uate AI-produced performances. Some of the new achievements in AI can
be interpreted as the appearance of machine knowledge, in which knowledge
stands in its usual sense, and yet the distinction between the human and the
machine can be preserved.
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3 Novel Results

In my dissertation I show that Hubert Dreyfus, in his famous AI critique

(Dreyfus 1972), works with a hidden assumption about the nature of comput-

ers�that computers are symbol processing systems best described as Turing

machines. Consequently, the limits of Turing machines and real computers

are identical.

Though Dreyfus's truly profound work has been discussed thoroughly in
the literature, the assumption in question is not revealed and it appears to
underpin other arguments of John Searl, Roger Penrose, and even Michael
Polanyi. Details on these arguments are presented in my dissertation. Most
of the actual AI works appear to be based on this assumption as well. How-
ever, while the philosophers of AI construct arguments against the symbol
system and thus �ght with a straw man, not any real computer, AI practi-
tioners usually had no problems with the vision of fully symbolic intelligence.

Regarding AI's future, Dreyfus predicted that any intelligent behavior
that can be formulated can also be achieved by a computer, while the rest
cannot. In addition, he claimed that most of the important problems that
AI practitioners tackle fall into the latter category, which includes advanced
chess skills, linguistic skills, and navigation in real environments, among
others. Every attempt to create such computer applications is therefore
futile.

This approach to AI, however, has its dangers. Whenever AI applica-
tions succeeded in the above areas, it appears as if the problems became
formalized, and consequently, the territory of yet-unformalized intelligence
could only shrink over time. This could include creativity or emotions in the
near future.

In turn, this development would also mean that the unformalizability of
intelligence is not true after all. In a recent publication, even Dreyfus has
expressed doubts (Dreyfus 2012 ) while re�ecting on the success of IBM's
Watson on Jeopardy.

However, all of these conclusions about the perfect formalizability of
intelligence are unjusti�able, for they draw upon a misinformed conception
of computers. My theses on the nature of computers are as follows:

1. Every computation has physical properties. This fact can be neglected

in some particular cases only.

2. The output of any computation is not fully determined by formally

speci�able factors, such as the program, parameters, and run-time input

symbols.

3. The factors shaping computation�the program (and its underlying al-

gorithm), the parameters, the physical processes within and surrounding

the computer, user interaction, interaction with other systems�are in

4



a holistic relationship with each other. Consequently, the output of any

computation is the result of this holistic relationship.

4. From these theses, it follows that identifying a computer as a purely

formal system is not the right approach. We often ignore the fact that

the result of any computation is not determined by purely symbolic

factors, for we interpret the output as a purely symbolic result as well.

However, this interpretation can be applied only for a particular, though

ubiquitous, class of computations.

The fact that architectural levels collaborate during computation and
thus control the output �ts together into the emergentist philosophy. An-
other set of theses connects embodied computers to Michael Polanyi's emer-
gentist metaphysics, in order to evaluate their performance and investigate
whether there is a possibility of machine knowledge:

1. One interpretation of Michael Polanyi's personal knowledge philosophy

(Polányi 1964) is that all machines are emergent and therefore can be

characterized only by combining physical description and non-physical

operational principles, not with purely physical description only. This

idea is also true for computers.

2. Robots with tacit knowledge have an active centre�a necessary condi-

tion of any kind of knowledge�that is realized by a computer.

3. Computers with purely explicit knowledge cannot exist.

The description of emergent machines reveals that the sub-discipline cur-
rently called �emergent computing� does not involve the emergent concept
proposed by philosophers. Every computer and every computation has been
emergent from the beginning, while �emergent computing� is a new architec-
tural approach to design systems.

The analysis of explicit knowledge illuminates the fact that, to have ma-
chines with partially explicit knowledge, it is necessary to implement the
ability of articulation. The question whether this is possible is an empirical
one. Today, such systems are not known to exist. As long as we do not
know such systems, we can say that any machine with knowledge has tacit
knowledge. While true, this thought can be counterintuitive, for it is usu-
ally considered that machines with knowledge whatsoever have only explicit
knowledge.
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