Dual Space A Universal Scientific
Language for Abstract Configuration
Spaces

J.Konstapel Leiden16-7-2026.

Abstract

Modern science has independently developed a remarkable variety of
abstract spaces. Physicists work with Hilbert spaces, phase spaces,
and configuration spaces. Control engineers formulate systems in
state spaces. Artificial intelligence employs latent spaces and
embedding spaces. Evolutionary biology uses fitness landscapes.
Ecology uses niche hypervolumes. Neuroscience describes neural
population activity as attractor manifolds. Economics and the social
sciences use agent state spaces and phase portraits. Cognitive science
studies conceptual spaces. Linguistics treats meaning as a system of
relational differences. Psychology has modeled behavior as
movement within a topological life space. Cosmology describes the
universe itself as a point moving through an abstract configuration
space. Information geometry, semantic spaces, and solution spaces
appear throughout mathematics and the natural sciences.

Although these concepts emerged independently, they perform the
same fundamental function: they describe the space of possible
relations rather than the objects themselves.

This paper proposes that these apparently different mathematical
constructions are specializations of a more general concept, here
called Dual Space. Unlike Peter Rowlands' specific algebraic
implementation, Dual Space is introduced as a universal scientific
framework describing the relational configuration space underlying
every dynamical system.
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The purpose of this paper is not to replace existing mathematical
formalisms but to demonstrate that modern science already relies
upon a common conceptual architecture whose general significance
has remained largely unnoticed.

1. The Hidden Consensus of Science
Scientific disciplines appear remarkably different.

Quantum mechanics studies wave functions. Biology studies living
organisms. Artificial intelligence studies representations. Psychology
studies cognition and behavior. Linguistics studies meaning.
Economics studies decisions. Cosmology studies the universe as a
whole.

Yet every mature discipline eventually introduces an abstract
mathematical space that is not directly observable.

These spaces are not physical objects. They are spaces of possibility.

This observation is so common that it has become almost invisible.
The present paper argues that this recurring pattern is not accidental.

2. The Universal Appearance of Abstract Spaces

The following overview illustrates how independently each discipline
arrived at the same conceptual move — replacing objects with
relational coordinates.

2.1 Physics: Hilbert space, phase space, and dual vector space

Classical mechanics represents a system's possible states not by the objects in it but by
points in phase space, where each point encodes position and momentum
simultaneously. J. Willard Gibbs formalized this in 1902 with the concept of the
statistical ensemble: rather than following one system through its succession of
configurations, one determines how a whole population of systems is distributed
among the various conceivable configurations and velocities at a given time [1].
Quantum mechanics generalizes this to Hilbert space, where physical states are
vectors and observables are operators acting on that vector space.
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A more radical version of this idea comes from Peter Rowlands' nilpotent quantum
mechanics. Rowlands argues that a single three-dimensional vector space cannot by
itself generate the singularities that correspond to fundamental particles; this requires
combining two three-dimensional vector spaces that are dual to each other in a
physical sense, and their combination produces a nilpotent quantum mechanics that
incorporates exact supersymmetry and removes self-interaction anomalies [2]. In his
own later formulation, physics cannot be reduced to a single space-time-like structure;
instead its true structure requires two vector spaces, or a space and an antispace, that
are dual to each other, with all physical measurements mediated via one of these
spaces while the other supplies the structure that makes fermionic singularities
possible [3].

Rowlands, together with Vanessa Hill, extended this dual-space construction into
biology in a series of papers collectively titled "Nature's Code," and in a dedicated
chapter of his book Zero to Infinity: The Foundations of Physics [4]. They argue that
the Dirac nilpotent fermion-plus-vacuum structure — with its four fundamental
components (space, time, mass, charge), the 64 elements of its algebra, its double-
helical structure, chirality, and five-fold broken symmetry — corresponds closely to
the structure of the DNA/RNA genetic code, with its four bases, 64 triplet codons,
double-helical structure, chirality, and five-fold axial symmetry [5]. This is not an
external analogy imposed by a third party but a recurring, self-developed theme within
Rowlands' own body of work.

2.2 Control theory and dynamical systems: state space

Modern control theory formulates any dynamical system, mechanical or economic, in
terms of a state space: the set of all values its internal state variables can take. A
system's entire future behavior is, in principle, determined by its position and
trajectory within this abstract space rather than by any single observable output. This
is structurally identical to phase space in physics, but arose independently within
engineering.

2.3 Artificial intelligence: latent space and embedding space

In deep learning, a latent space is an abstract, lower-dimensional representation of
data that captures its essential features and underlying structure, generated by a neural
network and termed "latent" because it encodes hidden regularities not directly present
in the raw input, typically produced by an encoder that maps input data into that space
and a decoder that reconstructs data from it [6]. This idea extends beyond single data
points to relational data: deep latent space models for graphs aim to combine the
interpretability of classical Bayesian latent-variable graph models with the
representational power of deep neural networks, introducing interpretable latent
variables such as latent position and community membership as node representations

[7].
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A parallel and independently developed strand is the notion of semantic or embedding
space in natural language processing. Word2vec, introduced by Mikolov and
colleagues, demonstrated that words could be represented as dense vectors in a
continuous space such that semantically similar words cluster together, and that
relations between concepts could be captured as directions or arithmetic operations
within that space [8], famously allowing analogies such as king — man + woman =
queen through vector arithmetic. This built on the older distributional hypothesis in
linguistics — the idea that a word's meaning can be inferred from the statistical
pattern of contexts in which it occurs [9], summarized in Firth's dictum that a word is
characterized by the company it keeps.

2.4 Evolutionary biology: fitness landscapes

Sewall Wright introduced the concept of the fitness (or adaptive) landscape in 1932 as
a way of visualizing evolution as movement of a population across a surface of peaks
and valleys defined by reproductive success rather than as a sequence of isolated
observations [10], an image that has since become, in Dennett's phrase, a standard
imagination prosthesis for evolutionary theorists. The landscape is not a physical
terrain; it is a relational space in which position is defined by genotype or allele
frequency and elevation by fitness, with the population represented as a point driven
uphill by selection but capable of becoming trapped on a local peak.

Stuart Kauffman later generalized this into the NK model, a tunably rugged fitness
landscape defined over binary strings of length N, where a second parameter K
controls how many other positions influence the fitness contribution of each site [11],
allowing the landscape's ruggedness to be tuned continuously between a single
smooth global optimum and a highly fragmented, many-peaked structure. The concept
has since propagated into immunology, protein evolution, and even the social sciences
[12], illustrating exactly the kind of cross-disciplinary transfer this paper's Dual Space
proposal aims to make explicit rather than incidental — though this transfer has also
generated ambiguity, since the properties attributed to fitness landscapes vary
considerably as the concept moves between fields.

2.5 Cognitive science: conceptual spaces

Independently of both physics and Al, Peter Gérdenfors proposed conceptual spaces
as an intermediate representational level between symbolic and connectionist
approaches in cognitive science [13], built from geometric structures organized
around quality dimensions, intended to model concept learning and similarity in ways
that neither pure symbol manipulation nor pure neural association could capture on its
own. On this account, properties normally treated as abstract predicates are instead
organized spatially, according to topological principles such as convexity and
betweenness, so that meaning itself becomes a geometric relation rather than a
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symbolic assignment. This is a strikingly direct cognitive-science analogue to
embedding spaces in Al arrived at from an entirely different starting point.

2.6 Mathematics and statistics: information geometry

Shun-ichi Amari's information geometry treats the set of all probability distributions
of a given family as a differentiable (Riemannian) manifold — a statistical manifold
— equipped with a metric derived from Fisher information [14], providing the
geometric foundation for studying information transfer, data analysis, and statistical
inference. Here the "points" of the space are not particles or states but entire
probability distributions, and distances between them quantify statistical
distinguishability rather than physical separation — again the same underlying move:
relations replace objects as the primary subject matter.

2.7 Neuroscience: attractor manifolds and neural state spaces

Grand-scale recordings of neural population activity show that, despite thousands of
measured dimensions, activity typically traces out a low-dimensional manifold whose
dimension and topology match the encoded variable — a manifold perspective that
allows the encoded variable to be decoded without prior knowledge of the input,
output, behavior, or topography [15]. This was demonstrated directly for the
mammalian head-direction circuit, where the possible states form a topologically non-
trivial one-dimensional ring, stable across waking and REM sleep [15]. Recurrent
neural networks exhibit attractor dynamics, in which network activity evolves toward
specific, stable patterns within the state space of possible neural activation patterns
[16], with point attractors, line or ring attractors, and limit cycles representing
different geometric forms of the same underlying low-dimensional, stable manifold in
population activity. This is structurally identical to what is called phase space in
physics and latent space in Al — independently rediscovered within neuroscience.

2.8 Ecology: the niche as hypervolume

Independently of physics, Al, and neuroscience, Hutchinson defined the ecological
niche as a hypervolume in an n-dimensional, abstract environmental space that allows
a population to persist indefinitely [17], distinguishing between the fundamental niche
(before interspecific competition) and the realized niche (after). Each point in this
space corresponds to a possible state of the environment under which the species can
survive [18]; the axis dimensions are not physical coordinates but biotic and abiotic
factors that influence birth and death rates. Here too: not the object (the organism) but
a relational space of possible conditions is central — and the concept has since spread,
like the fitness landscape, into functional morphology, community ecology, and
evolutionary biology at large.

2.9 Economics and social systems: state space and agent space
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Modern economic theory relies heavily on state-space models, in which each
decision-making unit — household, firm, government body — is modeled as a
collection of state-conditioned transition processes [19]. Agent-based computational
economics rejects the externally imposed rationality and equilibrium conditions of
classical models and instead generates a phase portrait of the system: which regions of
the state space are credibly reachable, and which basins of attraction lead to which
equilibria [20]. The same concepts as in the previous sections — state space, basin of
attraction, phase portrait — are thus independently redeployed, now for
socioeconomic rather than physical or biological systems.

2.10 Linguistics: language as a system of relations

Ferdinand de Saussure's structural linguistics rejected the idea that words directly
represent physical entities, arguing instead that a language is a system of
interdependent terms in which the value of each term results solely from the
simultaneous presence of the others [21]. Meaning is relational and differential: a sign
has no positive content on its own, only differences and oppositions relative to other
signs in the system [22]. This is, formally, the same claim later made independently by
embedding-space semantics in Al (§2.3): a linguistic unit is defined by its position
relative to other units in a structured space, not by an intrinsic property of its own —
arrived at more than half a century before the vector-space formalization.

2.11 Psychology: the topological life space

Kurt Lewin, drawing explicitly on the physical concept of the field, proposed a
psychological field or "life space" as the locus of a person's needs, goals, and
behavior, and adapted topology — a branch of mathematics dealing with spatial
relationships — to map the regions, boundaries, and pathways within that life space
[23]. Behavior, in this account, is a function of the entire life space at a given moment,
not of isolated stimuli or traits [24]; vectors represent the forces moving a person
toward or away from goals within it. Lewin's attempt at full mathematical
formalization did not survive intact, but the underlying move — treating behavior as
movement through a relational, geometric space of possibilities rather than as a
property of the person in isolation — anticipated, independently, the same architecture
found in physics, Al, and ecology.

2.12 Cosmology: superspace and minisuperspace

In quantum cosmology, the wave function of the universe is defined as a functional on
the configuration space of all possible three-dimensional spatial metrics and matter-
field configurations — termed "superspace" by John Wheeler — on which the
Einstein equations describe the classical mechanics of a configuration point moving
through that space [25]. Because this space is infinite-dimensional, one works in
practice with minisuperspace: a finite-dimensional truncation in which only a limited
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number of degrees of freedom, such as the scale factor of the universe, are retained
[26], on which the Wheeler—DeWitt equation is then solved. This is perhaps the most
extreme example in this paper of the generic pattern: even the universe as a whole is
not described as an object, but as a point moving through an abstract relational
configuration space.

3. The Common Principle
The central observation is surprisingly simple.

Every scientific space describes possible configurations, possible
relationships, possible transformations, possible trajectories.

None of these spaces primarily describe matter itself. Instead they
describe constraints upon matter. They are therefore relational rather
than material.

What section 2 makes explicit is that this pattern is not merely
conceptual — in several cases the mathematical machinery converges
as well. Fitness landscapes, state spaces, latent spaces, and niche
hypervolumes are all, formally, manifolds or graphs equipped with a
scalar or vector field (fitness, cost, activation, survival probability)
whose gradient structure determines dynamics. Information geometry
supplies a metric structure that can, in principle, be imposed on any of
them. This commonality suggests the existence of a deeper
abstraction, rather than a family of unrelated metaphors.

4. Beyond Individual Disciplines

Current science treats these spaces as discipline-specific
constructions.

Physics possesses Hilbert space and Rowlands' dual vector space.
Artificial intelligence possesses latent space and embedding space.
Biology possesses fitness landscapes. Ecology possesses the niche
hypervolume. Neuroscience possesses the attractor manifold. Control
theory and economics possess state space. Cognitive science
possesses conceptual space. Linguistics possesses the system of
differential signs. Psychology possesses the topological life space.
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Statistics possesses the statistical manifold. Cosmology possesses
superspace.

There is almost no attempt to ask a more fundamental question: why
do all mature sciences eventually invent an abstract configuration
space?

This paper proposes that the answer is simple. Every complex system
requires a relational description. The space appears whenever object-
based descriptions become insufficient — when what matters about a
system is not what it is at a given instant, but the structure of what it
could become.

5. Dual Space as the General Concept

Peter Rowlands introduced Dual Space within the mathematical
framework of nilpotent quantum mechanics. His Dual Space
possesses precise algebraic meaning: a second Clifford algebra,
structurally identical to the first but commutative with it, dual to it in
the sense of carrying no additional physical information, with the
duality fixed by a zero-totality condition [2], a construction the author
argues supplies the mathematics needed for both quantum mechanics
and other areas of physics simultaneously.

The proposal developed here is different. Dual Space i1s generalized
into a universal concept.

Definition. Dual Space is the abstract relational configuration space
in which the possible coherent states of a system are represented
independently of their physical realization.

This definition deliberately avoids restricting Dual Space to quantum
mechanics, consciousness, biology, or artificial intelligence. Instead it
becomes a universal scientific abstraction — a meta-space of which
Hilbert space, latent space, fitness landscape, niche hypervolume,
attractor manifold, state space, conceptual space, the linguistic sign
system, the psychological life space, the statistical manifold, and
cosmological superspace are all specific coordinate realizations, each
carrying its own metric, dynamics, and interpretation.
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6. Why Science Needs Such a Concept

Scientific revolutions repeatedly occur when relations become more
fundamental than objects.

Newton replaced isolated observations by phase trajectories. Einstein
replaced forces by geometry. Quantum mechanics replaced particles
by state vectors — and, in Rowlands' extension, by a duality between
two vector spaces. Artificial intelligence replaced symbols by
embeddings. Modern biology increasingly studies fitness landscapes
and niche hypervolumes rather than isolated organisms. Neuroscience
increasingly studies population manifolds rather than single neurons.
Economics increasingly studies phase portraits of agent populations
rather than representative individuals. Linguistics, a century ago,
already replaced the isolated word by the system of differences.
Psychology, in Lewin's hands, already replaced the isolated trait by
the topological field.

The historical trend is unmistakable. Science progressively shifts from
objects towards relations. Dual Space provides a common language
for this transition.

7. Consciousness as One Application

Consciousness is not the motivation for introducing Dual Space. It is
merely one application.

If consciousness represents a dynamical organization of coherent
relationships, then it naturally occupies a region within Dual Space.
The same conceptual framework can equally describe ecological
systems, neural systems, economic systems, social systems, artificial
intelligence.

Dual Space therefore precedes consciousness. It is not invented to
explain consciousness.

8. Implications



Viewing scientific spaces as manifestations of a single abstraction has
several consequences.

First, results from different disciplines become mathematically
comparable. A ruggedness measure defined for NK fitness landscapes,
for instance, may translate directly into a statement about the
geometry of a loss landscape in machine learning, since both are
scalar fields over a high-dimensional combinatorial or continuous
space.

Second, theories developed in one field may become transferable to
another, as already happened when fitness-landscape thinking
migrated from population genetics into immunology and the social
sciences, and when field-theoretic thinking migrated from physics
into psychology via Lewin.

Third, apparently unrelated concepts such as latent spaces, attractor
manifolds, niche hypervolumes, and semantic spaces become
different coordinate systems defined upon a common relational
architecture.

Finally, Dual Space becomes a candidate for a scientific meta-
language rather than another discipline-specific theory.

9. Conclusion

The history of science reveals a remarkable convergence. Independent
disciplines repeatedly invent abstract relational spaces whenever
direct object-based descriptions become inadequate — a pattern that,
as this paper has shown, extends from subatomic physics to the
topology of a single human life space, and from the genetic code to
the geometry of the universe as a whole.

Rather than treating these constructions as unrelated inventions, this
paper proposes that they are instances of a single higher-order
concept. Dual Space is therefore introduced not as an additional
physical dimension nor as a speculative metaphysical realm. It is
proposed as the universal configuration space of coherent relations
from which discipline-specific mathematical spaces emerge.

10
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Whether this proposal ultimately proves useful will depend on its
ability to unify existing theories without replacing their successful
mathematics. If successful, Dual Space may provide the common
conceptual language that modern science has independently
approached from many different directions without explicitly
recognizing their shared foundation.
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	2.6 Mathematics and statistics: information geometry
	Shun-ichi Amari's information geometry treats the set of all probability distributions of a given family as a differentiable (Riemannian) manifold — a statistical manifold — equipped with a metric derived from Fisher information [14], providing the geometric foundation for studying information transfer, data analysis, and statistical inference. Here the "points" of the space are not particles or states but entire probability distributions, and distances between them quantify statistical distinguishability rather than physical separation — again the same underlying move: relations replace objects as the primary subject matter.
	2.7 Neuroscience: attractor manifolds and neural state spaces
	Grand-scale recordings of neural population activity show that, despite thousands of measured dimensions, activity typically traces out a low-dimensional manifold whose dimension and topology match the encoded variable — a manifold perspective that allows the encoded variable to be decoded without prior knowledge of the input, output, behavior, or topography [15]. This was demonstrated directly for the mammalian head-direction circuit, where the possible states form a topologically non-trivial one-dimensional ring, stable across waking and REM sleep [15]. Recurrent neural networks exhibit attractor dynamics, in which network activity evolves toward specific, stable patterns within the state space of possible neural activation patterns [16], with point attractors, line or ring attractors, and limit cycles representing different geometric forms of the same underlying low-dimensional, stable manifold in population activity. This is structurally identical to what is called phase space in physics and latent space in AI — independently rediscovered within neuroscience.
	2.8 Ecology: the niche as hypervolume
	Independently of physics, AI, and neuroscience, Hutchinson defined the ecological niche as a hypervolume in an n-dimensional, abstract environmental space that allows a population to persist indefinitely [17], distinguishing between the fundamental niche (before interspecific competition) and the realized niche (after). Each point in this space corresponds to a possible state of the environment under which the species can survive [18]; the axis dimensions are not physical coordinates but biotic and abiotic factors that influence birth and death rates. Here too: not the object (the organism) but a relational space of possible conditions is central — and the concept has since spread, like the fitness landscape, into functional morphology, community ecology, and evolutionary biology at large.
	2.9 Economics and social systems: state space and agent space
	Modern economic theory relies heavily on state-space models, in which each decision-making unit — household, firm, government body — is modeled as a collection of state-conditioned transition processes [19]. Agent-based computational economics rejects the externally imposed rationality and equilibrium conditions of classical models and instead generates a phase portrait of the system: which regions of the state space are credibly reachable, and which basins of attraction lead to which equilibria [20]. The same concepts as in the previous sections — state space, basin of attraction, phase portrait — are thus independently redeployed, now for socioeconomic rather than physical or biological systems.
	2.10 Linguistics: language as a system of relations
	Ferdinand de Saussure's structural linguistics rejected the idea that words directly represent physical entities, arguing instead that a language is a system of interdependent terms in which the value of each term results solely from the simultaneous presence of the others [21]. Meaning is relational and differential: a sign has no positive content on its own, only differences and oppositions relative to other signs in the system [22]. This is, formally, the same claim later made independently by embedding-space semantics in AI (§2.3): a linguistic unit is defined by its position relative to other units in a structured space, not by an intrinsic property of its own — arrived at more than half a century before the vector-space formalization.
	2.11 Psychology: the topological life space
	Kurt Lewin, drawing explicitly on the physical concept of the field, proposed a psychological field or "life space" as the locus of a person's needs, goals, and behavior, and adapted topology — a branch of mathematics dealing with spatial relationships — to map the regions, boundaries, and pathways within that life space [23]. Behavior, in this account, is a function of the entire life space at a given moment, not of isolated stimuli or traits [24]; vectors represent the forces moving a person toward or away from goals within it. Lewin's attempt at full mathematical formalization did not survive intact, but the underlying move — treating behavior as movement through a relational, geometric space of possibilities rather than as a property of the person in isolation — anticipated, independently, the same architecture found in physics, AI, and ecology.
	2.12 Cosmology: superspace and minisuperspace
	In quantum cosmology, the wave function of the universe is defined as a functional on the configuration space of all possible three-dimensional spatial metrics and matter-field configurations — termed "superspace" by John Wheeler — on which the Einstein equations describe the classical mechanics of a configuration point moving through that space [25]. Because this space is infinite-dimensional, one works in practice with minisuperspace: a finite-dimensional truncation in which only a limited number of degrees of freedom, such as the scale factor of the universe, are retained [26], on which the Wheeler–DeWitt equation is then solved. This is perhaps the most extreme example in this paper of the generic pattern: even the universe as a whole is not described as an object, but as a point moving through an abstract relational configuration space.

	3. The Common Principle
	The central observation is surprisingly simple.
	Every scientific space describes possible configurations, possible relationships, possible transformations, possible trajectories.
	None of these spaces primarily describe matter itself. Instead they describe constraints upon matter. They are therefore relational rather than material.
	What section 2 makes explicit is that this pattern is not merely conceptual — in several cases the mathematical machinery converges as well. Fitness landscapes, state spaces, latent spaces, and niche hypervolumes are all, formally, manifolds or graphs equipped with a scalar or vector field (fitness, cost, activation, survival probability) whose gradient structure determines dynamics. Information geometry supplies a metric structure that can, in principle, be imposed on any of them. This commonality suggests the existence of a deeper abstraction, rather than a family of unrelated metaphors.
	4. Beyond Individual Disciplines
	Current science treats these spaces as discipline-specific constructions.
	Physics possesses Hilbert space and Rowlands' dual vector space. Artificial intelligence possesses latent space and embedding space. Biology possesses fitness landscapes. Ecology possesses the niche hypervolume. Neuroscience possesses the attractor manifold. Control theory and economics possess state space. Cognitive science possesses conceptual space. Linguistics possesses the system of differential signs. Psychology possesses the topological life space. Statistics possesses the statistical manifold. Cosmology possesses superspace.
	There is almost no attempt to ask a more fundamental question: why do all mature sciences eventually invent an abstract configuration space?
	This paper proposes that the answer is simple. Every complex system requires a relational description. The space appears whenever object-based descriptions become insufficient — when what matters about a system is not what it is at a given instant, but the structure of what it could become.
	5. Dual Space as the General Concept
	Peter Rowlands introduced Dual Space within the mathematical framework of nilpotent quantum mechanics. His Dual Space possesses precise algebraic meaning: a second Clifford algebra, structurally identical to the first but commutative with it, dual to it in the sense of carrying no additional physical information, with the duality fixed by a zero-totality condition [2], a construction the author argues supplies the mathematics needed for both quantum mechanics and other areas of physics simultaneously.
	The proposal developed here is different. Dual Space is generalized into a universal concept.
	Definition. Dual Space is the abstract relational configuration space in which the possible coherent states of a system are represented independently of their physical realization.
	This definition deliberately avoids restricting Dual Space to quantum mechanics, consciousness, biology, or artificial intelligence. Instead it becomes a universal scientific abstraction — a meta-space of which Hilbert space, latent space, fitness landscape, niche hypervolume, attractor manifold, state space, conceptual space, the linguistic sign system, the psychological life space, the statistical manifold, and cosmological superspace are all specific coordinate realizations, each carrying its own metric, dynamics, and interpretation.
	6. Why Science Needs Such a Concept
	Scientific revolutions repeatedly occur when relations become more fundamental than objects.
	Newton replaced isolated observations by phase trajectories. Einstein replaced forces by geometry. Quantum mechanics replaced particles by state vectors — and, in Rowlands' extension, by a duality between two vector spaces. Artificial intelligence replaced symbols by embeddings. Modern biology increasingly studies fitness landscapes and niche hypervolumes rather than isolated organisms. Neuroscience increasingly studies population manifolds rather than single neurons. Economics increasingly studies phase portraits of agent populations rather than representative individuals. Linguistics, a century ago, already replaced the isolated word by the system of differences. Psychology, in Lewin's hands, already replaced the isolated trait by the topological field.
	The historical trend is unmistakable. Science progressively shifts from objects towards relations. Dual Space provides a common language for this transition.
	7. Consciousness as One Application
	Consciousness is not the motivation for introducing Dual Space. It is merely one application.
	If consciousness represents a dynamical organization of coherent relationships, then it naturally occupies a region within Dual Space. The same conceptual framework can equally describe ecological systems, neural systems, economic systems, social systems, artificial intelligence.
	Dual Space therefore precedes consciousness. It is not invented to explain consciousness.
	8. Implications
	Viewing scientific spaces as manifestations of a single abstraction has several consequences.
	First, results from different disciplines become mathematically comparable. A ruggedness measure defined for NK fitness landscapes, for instance, may translate directly into a statement about the geometry of a loss landscape in machine learning, since both are scalar fields over a high-dimensional combinatorial or continuous space.
	Second, theories developed in one field may become transferable to another, as already happened when fitness-landscape thinking migrated from population genetics into immunology and the social sciences, and when field-theoretic thinking migrated from physics into psychology via Lewin.
	Third, apparently unrelated concepts such as latent spaces, attractor manifolds, niche hypervolumes, and semantic spaces become different coordinate systems defined upon a common relational architecture.
	Finally, Dual Space becomes a candidate for a scientific meta-language rather than another discipline-specific theory.
	9. Conclusion
	The history of science reveals a remarkable convergence. Independent disciplines repeatedly invent abstract relational spaces whenever direct object-based descriptions become inadequate — a pattern that, as this paper has shown, extends from subatomic physics to the topology of a single human life space, and from the genetic code to the geometry of the universe as a whole.
	Rather than treating these constructions as unrelated inventions, this paper proposes that they are instances of a single higher-order concept. Dual Space is therefore introduced not as an additional physical dimension nor as a speculative metaphysical realm. It is proposed as the universal configuration space of coherent relations from which discipline-specific mathematical spaces emerge.
	Whether this proposal ultimately proves useful will depend on its ability to unify existing theories without replacing their successful mathematics. If successful, Dual Space may provide the common conceptual language that modern science has independently approached from many different directions without explicitly recognizing their shared foundation.
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