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There’s Plenty of Hidden Information at the
Quantum Bottom
Ignazio licata∗
ISEM, Institute For Scientiﬁc Methodology, PA, Italy

Quantum computation is not just a technological promise, but the most challenging test for the conceptual problems in Quantum Mechanics. Nowadays
Experimental Metaphysics (A. Shimony) is a well-established activity much
more complex than any old contraposition between naı̈ve realism and slippery
randomness. We could say that Schrödinger’s cat has been tamed and is leading us along the most charming paths of the physical world. At the same time,
there are emerging problems which suggest to deeply reﬂect on the connections between Physics and Computation Theory. In fact, it is well known that
even if all de-coherence problems were solved, quantum computing performances should not be qualitatively different from the classical computer ones,
except for few cases when the superposition state makes possible to transform
an exponential time of computation in a polynomial time. NP-complete problems appear thus impregnable even by traditional quantum computing, to such
an extent that it has been suggested to consider the impossibility to use the
known Physics’ laws to build a computer able to solve NP-complete problems
as a new principle – just like thermodynamic ones- (Aaronson, 2005).
It is known that a Quantum Turing Machine can be formally deﬁned so as to extend the classical paradigm to the calculation with qbit (see, for example, Perdrix and Jorrand, 2006). The outcome is however controversial: within such
scheme Quantum Computation does not seem more powerful, but only more
effective. And more: in some cases it is possible to demonstrate that the performances of the Turing scheme-based Quantum computing can be obtained also
by classical systems in polynomial time (Ahronov, 2007; Calude, 2007). All
that sounds paradoxical. In fact, the local and classical world emerges from the
non-local quantum one. This one permeates any aspect of the physical world.
Turing Machine is a computation model strongly connected to classical, local
∗
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and deterministic physics. So the proper question is whether the Turing model
is really the best scheme for quantum information. The idea of qbit allows
to expand easily the traditional concepts of algorithm and universality, but on
the other hand the great informational resources of quantum correlations are
penalized. In particular, with “quantum gates”, the constrains of reversibility and unitarity limit the possibility to detect quantum information just to the
outputs of superposition states; and yet nothing prevents us from thinking of
a different approach to quantum systems which, within peculiar experimental arrangements, can get qualitatively different answers and be endowed with
oracular skills, so turning into a resource all non-locality features, even those
which are traditionally regarded as a limit within the classical scheme, such as
de-coherence, dissipation and probabilistic responses.
In other words, Quantum Turing Machines constrain the quantum system to
yes/no answers, whereas the real computational vocation of QM would be to
use superposition and non-locality to obtain probabilistic oracles and beyond
Turing barrier performance.
The recent debate on hyper computation has raised new questions both on the
computational abilities of quantum systems and the Church-Turing Thesis role
in Physics (Syropoulos, 2008).
Processing information is what all physical systems do. Such intuition ﬁrst
expressed by Rolf Landauer with exemplary clarity has recently risen from the
ranks giving birth to extremely interesting and promising developments. The
latest computational models have increasingly undermined the privileged position of Turing-Computation model and the role of Church-Turing thesis, as
well. The various kinds of Unconventional Computing focus on either different
vocations than Turing-Machine, such as the attention for the spatial and temporal features of computing, or schemes of information processing related to
reﬁned forms of non-linearity, fuzziness and inﬁnite or non-computable many
values (C. Teuscher et al. 2008).
We propose here the idea of “geometry of effective physical process” as the
essentially physical notion of computation (Licata 2007, reprinted in this volume; Licata & Resconi 2009). In other words, computation is strongly tied
to the very physical nature of the system and its global conﬁguration, and the
”algorithm” is the evolution itself of the system. The notion of geometry has
also a signiﬁcance directly connected to the task: computation - considered
as an activity oriented by an observer -depends on the adopted experimental
conﬁguration, and the hypercomputational potentialities - far from being limit
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situations only occurring in exotic physical environments - depend upon the
transformations of the system’s geometry. Consequently the term ”programming” takes on a completely new meaning just in relation to the particular
geometry the experimental apparatus deﬁnes.. In the same way as Gödel outcomes are considered ”limiting” within the Hilbert axiomatic program, whereas
they reveal the open logic of mathematics if regarded from a more general
viewpoint, the super-Turing possibilities of oracles emerge from a vision which
links geometry to information.
The problem of alternative models becomes crucial in quantum computing.
The recent works on Adiabatic Quantum Computation and Quantum Neural
Networks (Tien Kieu, 2004; Perus et al., 2004) thus suggest that a model for
the ”Schrödinger Machines” has to be searched in a different direction as well
as the classical paradigm appears as a ”Turing Cage” for the computational
potentialities of Quantum Physics.
The quantum case has to be dealt with in different way. Here an ”active information” ﬁeld (Bohm and Hiley, 2005) makes its appearance; it has no equivalent in Classical Physics and indicates the non-local features of quantum domain (superposition and ERP-Bell Correlation).The essential trait of Quantum
Physics is non-locality, which could naturally perform the hypercomputation’s
feature: exploring ”many worlds” in ﬁnite time by means of superposition and
entanglement (Licata 2007). The Active information described is deeply different from classical one: it is, in fact, intrinsically not-Shannon computable;
if it were so, it would mean to violate the Bell Theorem on the impossibility of
a QM with local hidden variables. The QC hyper-computational potentialities
thus derive from the ”unbounded” active information role in acting as ”oracular
source” in particular experimental conﬁgurations. (Licata, 2008).
Such aspects could be important not only from a technological point of viewfor nonlocal communication, cryptography, and exponentially-fast computation -, but they could reveal us something signiﬁcant on the Universe origin
and maybe on Quantum Physics structure itself. It has been hypothesized that
the current arrangement of Quantum Theory (Born Rules) is the fossil of a
quantum state far from equilibrium con strong non-local correlations and that
has played a fundamental role in primordial universe (Licata & Chiatti, 2009;
Valentini, 2002; 2010). Investigating the possibility to reproduce those conditions in laboratory could be the access to extraordinary and completely new
resources.
In this volume we have tried to provide a panorama of these trends. On one
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hand the physics of traditional, Turing-based Quantum Computing – crucial
to clarify the old foundational problems and surely decisive in the future in
nanotechnology and quantum communication - , on the other the possibility
of a broader concept of quantum information which will lead to a new pact
between quantum dissipative ﬁeld theory and the concept of computation in
physical systems
The Editors (Ammar Sakaji, Ignazio Licata, Jatinder Singh, and Sara Felloni)
owe the authors and the Editorial Board of Electronic Journal of Theoretical
Physics (EJTP) which has been the “cradle” of the whole project, a lot. Ignazio Licata is particularly grateful to Mike Stennet, Cris Calude and to the
HyperComputation group; Sara Felloni has been the precious trait d’union
with the new tendencies emerged in “Practical Quantum Communication and
the Quantum Communication Workshop 2010”, that event has been organized
and supported by UNIK, the University Graduate Center of Kjeller, located at
the Kjeller Technology Cluster, Oslo, Norway, and it has been co-supported by
NISNet - The Norwegian Network in Information Security .
Ignazio Licata, EJTP Editor
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Effective Physical Processes and Active
Information in Quantum Computing
Ignazio Licata∗
ISEM, Institute For Scientiﬁc Methodology, PA, Italy

Abstract
The recent debate on hypercomputation has arisen new questions
both on the computational abilities of quantum systems and the ChurchTuring Thesis role in Physics. We propose here the idea of “effective
physical process” as the essentially physical notion of computation. By
using the Bohm and Hiley active information concept we analyze the
differences between the standard form (quantum gates) and the nonstandard one (adiabatic and morphogenetic) of Quantum Computing,
and we point out how its Super-Turing potentialities derive from an incomputable information source in accordance with Bell’s constraints.
On condition that we give up the formal concept of “universality”, the
possibility to realize quantum oracles is reachable. In this way computation is led back to the logic of physical world.

1

Introduction: “Purely Mechanical” (Turing, 1948)

One of the liveliest spheres in contemporary research is the study of the deep
conceptual connection between Physics and Computation. Any physical system can be considered as an information processor continuously dialoguing
with the external environment. The initial values are transformed into the ﬁnal
ones by the system’s internal dynamics. The fundamental problem we deal
with when working on such scenario is the role of Turing Computation in describing the informational activity of physical systems. The Church-Turing
Thesis (CTT), in its strong form, states that any processing of syntactic information can be described by means of a suitable TM. To be more precise, any
∗
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