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Abstract. A formal model of metaphor is introduced. It models
metaphor, first, as an interaction of “frames” according to the
frame semantics, and then, as a wave function in Hilbert space.
The practical way for a probability distribution and
a corresponding wave function to be assigned to a given
metaphor in a given language is considered. A series of formal
definitions is deduced from this for: “representation”, “reality”,
“language”, “ontology”, etc. All are based on Hilbert space. A
few statements about a quantum computer are implied: The so-
defined reality is inherent and internal to it. It can report a result
only “metaphorically”. It will demolish transmitting the result
“literally”, i.e. absolutely exactly. A new and different formal
definition of metaphor is introduced as a few entangled wave
functions corresponding to different “signs” in different
language formally defined as above. The change of frames as the
change from the one to the other formal definition of metaphor is
interpreted as a formal definition of thought. Four areas of
cognition are unified as different but isomorphic interpretations
of the mathematical model based on Hilbert space. These are:
quantum mechanics, frame semantics, formal semantics by
means of quantum computer, and the theory of metaphor in
linguistics.

1 INTRODUCTION

The thesis of the paper is fourfold: (1) Metaphor can be seen as
the interaction of at least two frames in a sense of frame
semantics. (2) Then representation can be interpreted as the
particular case of zero interaction between the frames. (3) In
turn, this allows of the frames to be interpreted formally as
correspondingly “reality” and the “image of reality”, and
language as an (even one-to-one) mapping between those two
universal and formal frames of “reality” and its “image”. (4)
Metaphor can be further represented formally as the
“entanglement”? of two or more frames and thus in terms of
quantum information.

That thesis has advantage (or disadvantage from another
viewpoint) to be self-referential and paradoxical: Indeed the so-
defined concept of metaphor is in turn the interaction between
two frames: both that of frame semantics and that of formal
semantics and consequently it would be “only” a metaphor if the
frame semantics and formal semantics can interact as this text

! Dept. of Logical Systems and Models, Institute for the Study of
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2 Entanglement can be interpreted as a kind of interaction due to
wholeness: If two or more entities constitute a common system, they can
interact with each other by the whole of the system itself, i.e. holistically,
rather than only by some deterministic and unambiguous mechanism.

advocates; and vice versa: if any scientific notion is expected to
be a representation of reality, this text should be zero-content for
the set of its extension should be empty. Nevertheless, that
explicit paradox is rather an advantage as the analogical paradox
generates the development of language and thus perhaps this text
as a live part of it.

The mathematical formalism of quantum mechanics (the so-
called quantum mathematics) can serve for a formal theory of
metaphor and thus for a serious technical formulation applicable
to Al. However, the demonstration of the latter is absolutely
impossible in the volume of the present paper. Its purpose is
restricted only to outlining the possibility of a “quantum theory
of metaphor”.

That “quantum theory of metaphor” can be defined as that
mathematical model of metaphor, which is based on Hilbert
space very well utilized already by quantum mechanics.

Thus the suggested “quantum theory of metaphor” would
share a common mathematical formalism with quantum
mechanics. If that is the case, the representation of metaphor
in terms of quantum mechanics is neither merely a loose analogy
nor any metaphor of “metaphor”, but rather a mapping between
two different interpretations of the underlying model of Hilbert
space.

Furthermore, the notions, approaches and even visualisations
of quantum mechanics are exceptionally well developed in
detail. They allow of that theory of metaphor called quantum to
be represented immediately by a complete language including
both mathematical model and huge practical area such as
quantum mechanics.

Some of the most essential concepts of quantum mechanics
necessary also to that theory of metaphor are “entanglement”,
“quantum information”, and “quantum computer” defined
bellow. Besides them, still a few terms need some specification,
namely: “frame semantics”, “frame” “formal semantics”:

“Frame semantics” is meant in the sense of Charles J.
Fillmore: “Frame semantics offers a particular way of looking at
word meanings, as well as a way of characterizing principles for
creating new words and phrases, for adding new meanings to
words, and for assembling the meanings of elements in a text
into the total meaning of the text” [1].

“Frame”: “The idea is that people have in memory an
inventory of schemata for structuring, classifying and
interpreting experiences, and that they have various ways of
accessing these schemata and various procedures for performing
operations on them” [2]. “By the term ‘frame’ I have in mind
any system of concepts related in such a way that to understand
any one of them you have to understand the whole structure in
which it fits ...” [1]. The “frame” already linked to formal
semantics is specified as a set of well-orderings referring to
something as its “logic”, in which any property, relation, part or
feature of that something can be understood by somebody or by
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some group. Consequently, that formal and semantic “frame”
means the relation between the wholeness of that something and
the “logic” of it as a collection of well-orderings.

“Formal semantics” is a term used both in logic and in
linguistics® but in partially different meanings [3]. The common
is the utilization of mathematical and logical models. However,
the logical “formal semantics” addresses the natural entailment
in language in terms of logical sequence while the linguistic
“formal semantics” discusses rather the correspondence both of
linguistic units and the wholeness of texts to reality in terms of
mathematical mappings, set theory, and logic [4, 5]. These
meanings will be “entangled” in this paper by the mathematical
concept of well-ordering, which can refer both to any logical
sequence, and thus to any entailment in language, and to set
theory including the axiom of choice, and thus to any one-to-one
mapping of language and reality, such as a presentation.

“Entanglement” is a term in quantum mechanics, meaning the
information interaction between two or more quantum systems
and thus being fundamental for the theory of quantum
information. However, the formal and mathematical definition of
“entanglement” as that Hilbert space®, which cannot be
factorized to any tensor product of the Hilbert spaces of
subsystems, allows of the term to be generalized to any model
utilizing Hilbert spaces. For the formal and semantic model used
here is based on Hilbert space(s), the concept of entanglement is
applicable. It is the mathematical base for the model of
metaphor.

“Quantum information” is a term initially coined by quantum
mechanics to describe the base of a generalized kind of
information underlying all quantum mechanics. So, quantum
information can be interpreted as both transfinite series of bits
and finite or infinite series of qubits. A bit is the elementary
choice between two equally probable alternatives, and a qubit
(i.e. quantum bit) can be interpreted as the elementary choice
among an infinite set of alternatives though it is initially defined
in quantum mechanics as the normed superposition of two
orthogonal subspaces of Hilbert space. The quantity of
information whether classical or quantum is the quantity of the
corresponding elementary choices (whether bits or qubits)
necessary for transforming a well-ordering to another (both,
whether finite or transfinite). Thus quantum information can be
interpreted as the quantity of elementary choices necessary to
transform a frame into another and consequently the information
of any metaphor formalized as above.

“Quantum computer” [7, 8, 9] is a mathematical model
involved by quantum mechanics to interpret its formalism as a
generalized kind of calculation, processing quantum information.
Thus all physical states and processes may be also seen as
computational.

3 Some authors doubt the relevance of formal semantics to natural
languages [6].

4 The complex Hilbert space is the fundamental mathematical structure
underling quantum mechanics. It is a vector space defined over the field
of complex numbers. Hilbert space can be thought as the infinitely
dimensional generalization of the usual three-dimensional Euclidean
space where furthermore the real numbers are replaced by complex ones.
Just the complex Hilbert space is meant for “Hilbert space” in the paper.
It allows of: arithmetic and geometry to be generalized and thus unified
into a single structure; the possible and actual to be not more than
different interpretations of a single mathematical structure.

The advantages of the suggested theory of metaphor would be
the following:

It relies on a developed and utilized model though in a rather
different scientific area.

It can be applied practically as this is sketched (only roughly)
in Section 2.

It would aid the formal reconstruction of semantic
interactions as a whole as well their historical change by
investigating the correlations in the uses in texts and discourses.

It allows of far reaching unifications, generalizations, and
philosophical conclusions.

A section (6) is devoted to the unity of thesis as a single,
coherent and contextual whole consisting of the distinguished
parts (namely the four “folds” of the fourfold thesis above). The
mathematical model lent by quantum mechanics is the common
base.

Nevertheless some ideas can be considered in their own right
even out of the model, e.g. representation as a particular,
borderline and limiting case of metaphor.

However this seems to be impossible as to others, e.g. the
converse relation of model and reality, proposed near the end of
Section 4. Those are logical corollaries from the utilized model.

The argumentation for the thesis has four corresponding
points:

(1) Metaphor can be understood as the appearance of a new
frame by interaction of two or more initial frames for some
essential part of each of them is shared by all. Thus the
understanding of each of them separately generates immediately
the understanding of the metaphor as a new whole [10, 11]
demonstrating therefore the appearance of a new frame, which is
not the simple additivity of the sub-frames composing it. The set
of well-orderings formalizing semantically a frame can be
substituted by a point of Hilbert space [12], and interpreted as a
wave function® of a quantum system [13]. Any possible frame is
measurable as a single value of quantum information. Then the
metaphor will be interpretable as the entanglement of the
quantum systems corresponding to each sub-frame composing it.

(2) Representation can be interpreted after that as a particular
and borderline case of metaphor, a “zero” metaphor, or just as
the simple additivity of the sub-frames composing it. The
corresponding wave functions are orthogonal to each other and
there is no entanglement between them.

(3) Language is reduced to an infinite countable set (A) of its
units of meaning, either words or propositions, or whatever
others [14]. It includes all possible meanings, which can be ever
expressed in the language rather than the existing till now, which
would always a finite set. The external twin of reality is
introduced by another set (B) such that its intersection with the
above set of language to be empty. The union of them (C=AUB)
exists always so that a one-to-one mapping (f: C<A) should
exist under the condition of the axiom of choice. The mapping
(f) produces an image (B (f)) of the latter set (B) within the
former set (A). That image (B (f)) serves as the other twin of
reality to model the reality within the language as the exact
representation [15] of the reality out of language (modelled as
the set B). In the model, the necessity and sufficient condition of

> The term “wave function” is used bellow without quotation marks also
a synonym of an element of the complex Hilbert space. Exactly
speaking, the former is the common interpretation of that element in
quantum mechanics.



that representation between reality both within and out of the
language is just the axiom of choice: If the axiom of choice does
not hold, the relation between the sets B (f) and B cannot be
defined rigorously as an exact representation but rather as some
simile and the vehicle between the two twins of reality can be
only metaphor®.

(4) Metaphor formalized as above is representable as the
wave function of the frame compounded by two or more sub-
frames, which interact between each other by means of the
shared nonzero intersection. The quantity of quantum
information of a metaphor is different from that quantity of the
corresponding representation. Thus the metaphor demonstrates
the entanglement of the composing sub-frames after they have
been formalized as points in Hilbert space [16].

The intuitive sense for metaphor to be represented as the
entanglement of its terms is the following. The meaning of any
term in a metaphor influences the meanings of the rest.

Consequently, their meaning within the metaphor is
essentially different from those of the terms by themselves.

Any mathematical model of metaphor needs a certain relevant
quantity of that influence. Once that model involves Hilbert
space(s), the entanglement and the corresponding quantity of
quantum information are the most natural applicant for
describing the degree of that influence.

However, the metaphor itself being already mathematically
modelled serves to describe the degree of entanglement between
different formal realities (or “languages”) in Section 4 and
Section 5. Then the formal concept of language is accordingly
generalized from a simple representation of reality, i.e. its
identical “twin”, to a metaphorical image of both reality as a
whole and its separate elements such as “things”.

The paper is organized as follows. The sections from 2 to 5
argue for the four “folds™ of the thesis: (1) to (4) above. Section
6 unites them into a single viewpoint. Section 7 presents the
conclusions and provides directions for future work.

Key words: characteristic function of probability distribution,
entanglement, Feynman interpretation of quantum mechanics
frame. frame semantics, Google, metaphor, wave function as
characteristic function

2 METAPHOR AS INTERACTION OF
FRAMES

Metaphor can be seen as the interaction of two or more frames as
follows. Any frame corresponds of some unit of meaning such as
a word. The meaning is understood as a whole, i.e. all links
between this unit and other units in the frame are actually given
according to frame semantics. One can suppose language as the
maximal frame containing all other frames as sub-frames.

© The axiom of choice is independent of the other axioms of set theory in
the usual systems of its axioms. The former case corresponds to the
systems with the axiom of choice, the latter without it. However in fact,
the utilized model of Hilbert space is invariant to it without being
independent of it in a sense: Quantum mechanics uses Hilbert space both
with and without the axiom of choice in two interpretations of quantum
mechanics, which identify to each other and anyway distinguish from
each other. This is rather a special and inherent property of Hilbert space
than an accidental one brought in by quantum mechanics for
interpretation.

Anyway the most part of language remains absolutely or almost
irrelevant to the understanding of any given term. The other,
quite small part most relevant to the understanding can be used
for its definition. Consequently, the understanding of a meaning
can be thought as an exactly determined position in the maximal
frame of language, in which the neighbour links are crucial, the
next links are less crucial, and the significance of further links
weaken very fast, but gradually, moving away from the position
in question and converging to zero as to the most part of the
language [17].

The same picture can be repeated for arbitrarily many
meanings, and particularly for one more:

Let us figure that both meanings are simultaneously active
and their joint understanding is supposed. If both meanings are
neighbour or at least relevant in definition, this is rather a
proposition than a metaphor. The link between them is explicit in
the frame of each of them.

However that is not the case of a proper metaphor where the
link connects two areas, each of which is relevant for
the understanding of one term, but irrelevant for the other one.

Obviously, the transition between the compound frame of a
proposition and that of a metaphor is gradual [10].

Metaphor can be seen as a generalization of proposition
referring to remote meanings in the maximal frame of language.
Proposition does not generate any radically new meaning
irredundant to those of its parts. The meaning of a proposition
can be called “analytical” in a broad and linguistic sense’.

Any metaphor appeals to some implicit meaning relevant to
the pathway frame between the connected ones. However, that
pathway frame of a metaphor is not objective. It depends not
only on the connected frame, but also on the person(s) who
understand(s). The pathway and thus the implicit frame are not
unambiguously determined: it includes also the personality and
biography of who understands. The meaning of a metaphor can
be called “synthetic” in a broad and linguistic sense:

One can utilize the picture of the maximal frame, in which are
chosen two positions as two points. Furthermore, the proposition
connects them by a single “classical trajectory” while, the
metaphor does the same by all possible trajectories, each of
which is differently probable. Any understanding chooses only
one of them. The mapping analogy to the Feynman
interpretation® of quantum mechanics [18, 19, 20, and 21] is
obvious. It addresses further the idea for the mathematical
formalism of quantum mechanics to be only adapted to the
relevant terms of frame semantics:

Indeed any measurement in quantum mechanics corresponds
to a given understanding of what the metaphor mean. The
metaphor unlike any proposition does not predetermine how it
should be understood, however it defines implicitly a wave

7 That “broad and linguistic sense” means that the proposition is a series,
the elements of which are ordered in a whole. Anyway this is not the
rigorous formal and logical deduction, which is analytical in a narrow
sense for the premise implies the conclusion necessarily. The analyticity
of a proposition is pragmatic and due to the possibility and probability of
a rather expected link being usual and more or less often used. Metaphor
is rather unexpected and nevertheless understandable.

8 The essence is any motion or change to be generalized as done in
infinitely many paths simultaneously rather than in a single one.
The metaphor can be thought in the same way as the motion from a term
to another or others in “many paths”, each of which is an interpretation
of the metaphor in questions and can be realized by somebody.



function of all possible understandings as the set of pathways, in
any of which it can be interpreted equally justifiably.

Entanglement and the Feynman interpretation are both
deduced from the mathematical formalism, but historically
independent of each other. Nevertheless, there exists the
following rigorous logical link between them:

The Feynman interpretation implies entanglement:

Indeed any “path” between two or more quantum entities
means that they share at least one of their own possible states as
common. And vice versa: if there is not entanglement, the
Feynman interpretation would be impossible for this means that
the entities are orthogonal to each other and thus they are not
able to share any common states.

Furthermore, the exact mathematical formalism, which the
Feynman interpretation implies, considers Hilbert space only as
an approximation or as a limit after infinitely many “paths”. In
fact, that approximation and thus the nonzero difference between
Hilbert space and the proper formalism of that kind are
inherently necessary for that interpretation because this allows of
entanglement to “sneak” implicitly into it.

Consequently, the Feynman interpretation is a stronger
statement than the standard mathematical formulation about
single, independent and thus non-entangled Hilbert spaces,
which are all equivalent to a single Hilbert space”.

Once the Feynman interpretation is involved for the
mathematical model of metaphor as above, this implies
immediately that entanglement is also though implicitly
introduced and should be discussed in the framework of that
model.

The Feynman interpretation further means that if it is
universal, all quantum systems are entangled, and the standard
consideration of quantum mechanics by single and non-
entangled Hilbert space is not more than a working idealization
and simplification.

That states of affairs in quantum mechanics can be forthwith
interpreted in terms of the utilized model of metaphor:
Representation is not more than a working idealization and
simplification of metaphor: one statement, which will be
discussed in detail in the next section.

The situation of two terms can be continued to more than two,
even to arbitrarily many, and one is able even to consider the
case of the metaphor of metaphors [22] as well that of the
“proposition of metaphors”. The method for that continuation is
the relevant interpretation in terms of quantum mechanics in
order to be borrowed the very well developed mathematical
model.

Practically, one needs some relevant, reliable, and relatively
unambiguous method for any given metaphor in a given

® However one has to mean that any quantum system referring to a
single Hilbert space can be always exactly and equivalently represented
as consisting of two or more entangled subsystems and correspondingly
Hilbert spaces. Then the viewpoint of the system differs from that of any
subsystem. The Feynman interpretation is a way the viewpoint of the
quantum whole to be represented as a certain function (namely its wave
function) of the viewpoints of its virtual classical “parts”, each of which
is featured by a single classical “path”. The suggested model of metaphor
being considered as a whole would consist of the virtual parts of its
interpretations, any of which is featured by its own proper associative
path and a corresponding probability of this path calculable by relevant
frequency uses.

language with its use and history to be adequately determined its
wave function. This method can involve the following stages:

1. Determining a broad set of associative series, which can
connect the terms of the investigated metaphor.

2. Structuring this set as a directed graph [23].

3. Determining the combinatory frequency of each vertex in
the entire dictionary of the language or in any as contemporary
as historical sub-dictionary if need be.

4. Calculating the frequency and probability in any possible
pathway in the graph.

5. Summarizing these data as a probability distribution.

6. Approximating this probability distribution [24] by a wave
function.

7. Eventually interpreting and modelling this wave function
as a state of a quantum system and thus of a quantum computer.

Only stage 1 depends crucially on the human creativity to be
figured all thinkable and unthinkable associative series, which
can connect the terms of a metaphor. All rest stages can be
accommodated for relevant software.

However, ever this first stage might be replaced by a formal
frequency use analysis of common terms in the frames of all
terms constituting a given metaphor. One should consider those
frames as frequency use in the context of a given term and
consisting of two, three, four and so on words. Consequently, the
following stages «1’» and «1”» can substitute the above «1»:

1’: Formally determining the frame of each term constituting
the given metaphor as frequency uses of two, three, four, five,
and so on words, containing the term in question.

1”: Determining the frequency use of common terms in the
frames of the terms of the investigated metaphor.

Those stages can be quite roughly illustrated by an imaginary
example for their application about a real metaphor, e.g. “The
moon is sad”.

First of all, this is an obvious metaphor, which connects a
celestial body, which is impossible to be sad, with a human
mood, that to be sad: Who is sad cannot be anything inanimate
such as the moon.

Furthermore, “Google” shows that the exact phrase as above
is used in 59,000 web sources (retrieved on 14.03.2015).
Nevertheless, the phrase is found in no case in the huge data base
of English literature in “Ngram Viewer” of “Google books”
(again then). Consequently, this is a real contemporary metaphor
rather than a “white metaphor” coining Derrida’s metaphor
about any too used metaphor.

There are at least two different practical methods, which
would give also different results perhaps, to be determined the
paths and their corresponding probabilities for the latter term,
“sad”, to be reached starting from the former term, “moon”.

The one method would construct the frames of both terms by
means of main frequency uses of small contexts containing the
terms and would search for coincidences of terms belonging to
both frames.

One can figure as an imaginary example that the pair (moon,
round) has frequency use “f1” and probability “p:” calculable as
the ratio of “fi” to the number of all considered frequency uses
in the frame of “moon”. Furthermore, the triple (round, face,
sad) is analogically featured by “f2” and “p2” in the frame of
“sad”. “Round” is the searched coincidence. It allows of
constructing some relevant function “Pi1 (fi, p1, f2, p2)”, which
would suggest a value of the composed path (moon, round, face,
sad) connecting both terms of the metaphor in a possible way.



The other method would consider only the frequency uses of
those pairs, the series of which starts from “moon” and finish to
“sad”.

In the above example, those would be: (moon, round), 3, ps3;
(round, face), fi, ps; (face, sad), f5, ps. They would imply some
P2 (3, p3, fa, pa, f5, ps) of the same path however calculated by
the latter method.

If that procedure either in the former or in the latter method is
repeated as to many enough paths, one can yield the probability
distribution, which refers to the metaphor “The moon is sad” in
English, with any preliminarily defined exactness. Then,
the characteristic function of that probability distribution will
represent the searched wave function of the metaphor in
question.

The above two methods can be further modified and mixed in
different proportions. However, they reflect two different ways
for the model of metaphor to be understood: either as the
entanglement of the frames of terms constituting a given
metaphor or as a single frame of the metaphor as a whole, which
is practically reduced to a set of series corresponding to paths
between the terms of the metaphor.

Anyway the goal of the paper is only the possibility in
principle as well as a schematic diagram of how the metaphors
first interpreted in terms of frame semantics to be further
modelled mathematically and then computationally.

3 REPRESENTATION AS A PARTICULAR
CASE OF METAPHOR

The next step refers to representation: How the representation to
be grounded on metaphor? The usual way is the reversed: How
the metaphor to be founded by representation, which is granted
as a self-obvious base?

However, the above mapping to quantum mechanics leads
just to the metaphor to be the starting point. The end point is not
so the representation by itself, but the concept of reality to be
obtained in a formal and mathematical way [25] in order to be
modeled.

The representation can be considered as a particular and
borderline case of metaphor following the method for quantum
mechanics to be reduced to classical mechanics by the principle
of correspondence.

The problem is the following. Some metaphor is given.
Which are the boundary conditions, on which its wave function
can be transformed into that of a corresponding representation?
The wave function of a representation is degenerated in a way so
that the corresponding probability distribution is reduced to a
single infinite pick in a single point, i.e. to the Dirac 3-function.

That result for the probability distribution in all associative
ways of the metaphor in question can be obtained so: the interval
of nonzero probabilities converges to the limit of a single point.

The process of convergence requires both decreasing the
associative “distance” between the connected terms of the
metaphor (which are at least two) and increasing the extension of
the generalization of the terms so that the set of all associative
pathways to be able to be reduced gradually to a single one. If
that is the convergence, the corresponding directed graph of the
metaphor will degenerate to a directed segment and even to
a directed segment of zero length. The latter in turn is equivalent
to a bit of information [26]: the “cell” of the segment possesses

two equally probable, but alternative state of each of the two
ends.

This would correspond to the degenerated or “ontological”
metaphor: ““A” is A’ decodable as the dialectic judgment that
both “A” is A, and “A” is not A. The two ends of the “zero
segment” are: “A” and A (whatever A is).

The directed segment of zero length (or a bit) means an
clementary choice as well as an identical mapping. If these
concepts are applied to an infinite set, they require the axiom of
choice and even a special case of invariance in relation to it. That
invariance consists in this, any subset of any set not only to be
able to be enumerated by virtue of the axiom of choice, but also
the set and the enumerated image of it to be identified.

The mathematical model of representation deduced from the
metaphor should include all aforesaid formal properties.

Let us now interpret these mathematical features of
representation in terms of frame semantics, i.e. as an interaction
between two frames, which relation can be even identical. That
interaction is zero in both opposite cases: both where the frames
are absolutely independent of each other and where they
coincide.

Even more, both cases can be identified by the above formal
properties of representation as the “two ends of a directed
segment of zero length” or as the “ontological metaphor”: “”’A”
isA’.

Then the “class of all representations” can be defined as
‘reality’ in terms of the formal frame semantics. Reality can be
deduced from representation, which in turn can be deduced from
metaphor.

The formal and mathematical concept of reality is crucial for
modeling any intellect able to be standalone. The demarcation
line between a machine however “clever” and an intellect
however “stupid” is just the concept of reality, which is inherent
for the latter and somebody else’s for the former. Thus the
machine however “intelligent” remains a machine in somebody
else’s reality, e.g. a human being’s.

Reality equivalent to the class of all representations is
equivalent also to the aforesaid invariance to the axiom of choice
for the class of all representations coincides with that invariance.
However, it can be defined only on infinite sets.

Practically, this means that the formal concept of reality
defined as above can be modeled only by some quantum system,
i.e. on a quantum computer rather than on a Turing machine (i.e.
on any standard computer independent of its power) always
representing always a finite series after finishing effectively by
any result .

A representation modeled on a quantum computer is a
measurement of it. Any direct measurement means for a
quantum computer to be irreversibly demolished, though:

This means that the superposition of all possible states, which
is essential for its definition, is reduced to a single one, namely
what is measured. Indeed the processing of a quantum computer
consists in a reversible and smooth change of all elements of a
set of probability distributions. Thus the statistical probabilities
of the corresponding ensemble of measured results are changed
as the output of that computer. However, the measurement of
any state cancels irreversibly its work and it is destroyed in fact.

Consequently, the attempt to be modeled that formal concept
of reality on a quantum computer fails for the set of
representations, i.e. measurements are not infinite: even if the
measurements are done of a collection of quantum computers.



Furthermore, that collection is not only finite, but also a
statistical ensemble rather than a coherent state.

One has to search for other, nondestructive ways for
mappings of a coherent state into another or other of a quantum
computer rather than into the elements of a statistical ensemble.

This requires the correspondence of reality and image to be
first reformulated in a generalizing way allowing of the
communication between them by means of entanglement.

4 HILBERT SPACE: REALITY AND ITS
MAPPING WITHIN A QUANTUM
COMPUTER

The next step refers to the formal concept of language again by
means of Hilbert space [27, 28]. The goal of that step addresses
reality to be generalized in way allowing of sharing reality not to
lead to demolishing the quantum computer. The constraints and
quantitative laws of that sharing are further problems.

Once reality is defined formally as a special set of mappings,
one can continue generalizing to broader and broader sets of
mappings. They can be also considered as “languages” mapping
the so defined “reality” in different ways. Furthermore, each that
language offers a different metaphor in general'® for each
“element of reality” being a representation. Then any collection
of metaphors about those “elements of reality” is a language
obviously defined already formally.

In other words, the language is defined as a particular set of
primary (or “elementary”) metaphors, in which at least one term
is necessarily an “element of reality” while the others designate
or define it. Two frames correspond to them in frame semantics
being linked to each other by a wave function, i.e. by a point in
Hilbert space according to the model introduced in section 2.

This means that any language should be consider as a state of
the quantum field over reality. The term of “quantum field” is
meant as usual in quantum mechanics, i.e. as a mapping of a set
(the set of all representations, or “reality”) into Hilbert space.

The “set of all possible states of the so-defined quantum
field” including all possible languages will be designate as
‘ontology’'.

Consequently, the concept of ontology is implied much
broader than that of reality. If any image of reality in any
language is interpreted as another reality, then ontology is the
class of all realities or of all possible worlds.

One can demonstrate that those formal concepts are able to be
modelled entirely within Hilbert space in a quite natural way.
Indeed “representation” corresponds to the relation of two
coinciding elements of the two dual spaces. They are both
identical and complementary.

Consequently, the so-defined formal concept of reality is
inherent to Hilbert space. If Hilbert space is considered as a
model shared e.g. by quantum mechanics, that reality is internal
rather than external to it. It is complete to that reality.

The interrelation of model and reality (more exactly, the so-
defined reality as a formal model) is rather extraordinary in
comparison with classical physics, science, and epistemology,

10 Particularly some metaphors in some languages can coincide.

11T, Giraud offers a fundamentally different ontological perspective
[32].

being “reversed” in a sense. Model contents the model of reality
rather than reality contents the reality of model.

Then any language is a mapping of Hilbert space [29] into
itself, and thus any physical quantity'> is a language defined
formally as above (but not vice versa).

Furthermore, Hilbert space can be considered as a quantum
computer, and any point in it as a state of it. So that quantum
computer should content reality in the sense of the above formal
model of reality within itself being therefore standalone rather
than a machine within somebody else’s reality.

However, there is a considerable problem of how two or more
different realities are able to communicate. Particularly, how is
a quantum computer able to transfer a result to us without
demolishing itself and thus destroying also that other reality
within it and different from ours?

As we will see: only “metaphorically”.

5 METAPHOR IN TERMS OF
ENTANGLEMENT

The next step requires the relation of any two “languages” to be
defined in terms of Hilbert space(s) therefore involving
entanglement between them. The goal is: some nondestructive
way for transmitting information between two or more realities
identified as languages to be outlined. The way of measurement
has already excluded above as destructive.

Let there are two different “metaphors” of one and the same
“element of reality” in two languages, i.e. two wave functions.
The “element of reality” can be excluded and any of the two
metaphors can be directly referred to the language (reality) of the
other. Those language and reality in the neighborhood of the
metaphor are unambiguously defined by the corresponding wave
function. Thus the metaphor will “seem” or “appear” as the
entanglement of both wave functions from the viewpoint of each
of the languages.

One can compare the formal definition of a metaphor in
Section 2 as a single wave function with the present definition as
the entanglement of two ones. Obviously, these definitions do
not coincide: There are two different definitions of one and the
same metaphor therefore each one needing some different, but
relevant interpretation:

The metaphor defined as in Section 2 as a single wave
function should be interpreted as that in the common system of
the language or in the universal reality to the particular realities
of each term.

The metaphor defined as here, in Section 5 as the
entanglement of two or more wave functions should be
interpreted as seen from the particular viewpoint of each term of
it and thus in the corresponding particular reality.

However, that mismatch is just the nondestructive way for a
quantum computer to transmit a result, as we see, only
“metaphorically”. The transfer is “less metaphorical”, i.e. more
precious, the quantum computer will be more influenced by the
transfer, even demolished after any absolutely exact transmission
of its result. The mismatch depends on the quantity of
entanglement, in particular, on that of the quantum computer and
our reality.

12 In the way as it is defined in quantum mechanics.



If one of the terms of the metaphor is permanent, e.g.
anchored in our reality, the change of the others can be
interpreted as the metaphorical “message” thus poetically [30,
31]. The quantum computer turns out to be a “poet”.

Practically, the transmitted result will be a change of the rest
frames to an anchored frame postulated as that of reality as to
our reality. That change of a few frames being also a change of
metaphor and an arbitrary!'® operator in Hilbert space can be
defined as a single elementary thought [33].

Consequently, a quantum computer cannot report a result in
a nondestructive way, but can communicate a thought just as a
human being can. If the thought is clearer, the computer is more
“obsessed” by it: i.e. its state and thus future work will be more
influenced by its communication.

6 THE UNITY OF THESIS

One can deduce the following from summarizing Sections 2 — 5:

From 2: Metaphor can be represented as an interaction of
frames in terms of frame semantics, and then modelled formal as
a “wave function”, i.e. as an element (point, vector) in Hilbert
space.

From 3: Representation can be defined as a particular case of
metaphor, namely as the directed segment between two
coinciding frames with a corresponding probability distribution
degenerated to a Dirac d-function. The set of all representations
is a formal definition of reality.

From 4: That reality turns out to be inherent and internal to
Hilbert space and thus to any quantum computer. It can be also
considered as identical to a formal concept of language. The
class of all languages (or “realities”) defines formally the
concept of ontology.

From 5: A quantum computer can report a result only
“metaphorically” or “poetically”. The report is more precise, the
quantum computer is more influenced; and even demolished in
the borderline case of absolutely exact report. That report is a
change of a metaphor to an anchored term and can be considered
as a formal definition of thought.

Conclusion from 2 to 5: Any quantum computer being
furthermore standalone and supplied by reality can think. Human
thinking can be exhaustedly modelled by a quantum computer.

The unity of the thesis includes a few heterogeneous fields of
cognition: quantum mechanics as a theory of nature, frame
semantics as a theory of human thinking, the theory of metaphor
and representation as a theory of language, quantum computer as
a theory of artificial intellect. The four can share a common
mathematical model based on Hilbert space(s). This allows of a
uniform and even mathematical description both of thinking
whether human or artificial and of states and process whether
physical or linguistic. These four can be considered as not more
than different interpretations of a single model and thus
isomorphic to each other.

7 CONCLUSIONS & FUTURE WORK

This paper shows how one can use the concept of frame in frame
semantics to define metaphor as an interaction of frames.
The Feynman “many-paths” interpretation of quantum

13 That is neither self-adjoint, nor linear in general.

mechanics allows of the metaphor to be represented by a wave
function and thus the mathematical model of Hilbert space to be
involved.

One can demonstrate a general approach for any given
metaphor in any given language to be assigned a relevant
probability distribution and then a wave function. Though the
approach is shown by the example of two terms, it can
immediately extend to more than two terms following the pattern
of quantum mechanics: any separate position in the Feynman
model corresponds one-to-one with a term of the metaphor.

The formal model of metaphor implies that of representation
as a particular and borderline case of the “ontological” metaphor
’A” is A’, and the Dirac d-function as the corresponding
probability distribution. This allows of a formal definition of
reality as the set of all representations. That reality is inherent
and internal to Hilbert space. Thus any quantum computer turns
out to be supplied by its inherent and internal reality. Its reality is
what guarantees for it to be standalone rather than a machine in
somebody else’s reality. However, a quantum computer cannot
report us any absolutely exact result without self-demolition.

One can define a formal concept of language within Hilbert
space as the mapping of “reality”, being internal to the Hilbert
space, to the same Hilbert space. That mapping can be
considered as a quantum field in the standard definition of
quantum mechanics. However, it can be also interpreted as
a language mapping any element of reality (signified) into
another (signifier) by means of that metaphor (sign), the wave
function of which is the value of the quantum field for this
element of reality. Furthermore one can define ‘ontology” as the
“class of all languages” and therefore of all realities or all
possible worlds.

This allows of another formal definition of metaphor as a
compound “sign” (i.e. two or more entangled wave functions)
consisting of two or more signs referring to different signifier in
different languages, but of a single common signified.

That formal concept of language is a “quantum field” on
“reality”, i.e. as a mapping of the set of the formally defined
reality in Hilbert space into the same Hilbert space. Any
“element of reality” is a “signified” mapped by the “sign” of
a metaphor (i.e. a wave function) into another (in general)
“element of reality” as a “signifier”. Any “language” is also
interpreted as another and different “reality” again formally
defined. ‘Ontology’ is further defined as the “class of all
languages” and thus that of all realities.

The other, new, and different formal definition of metaphor is
given as the relation between different signifiers of a single
element of reality as a signified and therefore modeled by two or
more entangled wave functions corresponding to the sign of each
term in each language.

There will be two distinct definitions of one and the same
metaphor: as a single wave function according to Section 2 and
as a few entangled wave functions according to Section 5. The
quantitative mismatch (being due to the entanglement) between
the two definitions can be represented back in terms of frame
semantics as a change of a frame to another, after which all rest
terms will change their position to one anchored to that reality
(language) chosen as a reference frame, e.g. ours.

That “frame change” being also a “metaphor change” can be
defined as an ‘elementary thought’ [34].

Any quantum computer can transmit any result in a
nondestructive way only “metaphorically” or “poetically” rather



than literally, i.e. as an elementary thought. The thought
transmits the result more exact, it is more “obsessive” for the
computer: that is its state and thus reality is more influenced by
the event of transmission. The borderline case of an absolutely
exact report of the result is tantamount to its demolition.

One can also say that quantum computer thinks in this sense
of transferring a message between realities (or languages)
metaphorically. Furthermore, the essence of thought turns out to
metaphorical and thus poetical in the frame of the present paper.

The unity of the thesis demonstrates that a single and
common mathematical model based on Hilbert space can be
shared by four scientific fields: quantum mechanics describing
nature; frame semantics describing human cognition; linguistics
describing metaphor and representation; theory of quantum
information describing quantum computer.

That unity implies the following five directions for future
work. Four ones for each of the four fields enumerated above
and still one, the fifth for their synthesis developing the
underlying mathematical model.
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