International Journal of Modern Physics D ) . "
Vol. 34, No. 16 (2025) 2544017 (16 pages) \\:3 World Scientific
© World Scientific Publishing Company www.worldscientific.com
DOI: 10.1142/S0218271825440171

Can quantum gravity be both consistent and complete?”

Mir Faizal ®,T+898 Lawrence M. Krauss @,11 Arshid Shabir ( %I
Francesco Marino (9***** and Behnam Pourhassan (Tt:#11f

TIrving K. Barber School of Arts and Sciences,
University of British Columbia — Okanagan, Kelowna,
British Columbia V1V 1V7, Canada

YCanadian Quantum Research Center,
204-3002 32 Ave, Vernon, BC V1T 2L7, Canada

SDepartment of Mathematical Sciences, Durham University,
Upper Mountjoy, Stockton Road, Durham DH1 3LE, UK

YFaculty of Sciences, Hasselt University,
Agoralaan Gebouw D, Diepenbeek 3590, Belgium

I0rigin Project Foundation, Phoeniz AZ 85018, USA

"CNR-Istituto Nazionale di Ottica and INFN,
Via Sansone 1, I-50019 Sesto Fiorentino (FI), Italy

School of Physics, Damghan University,
Damghan 3671645667, Iran

H¢enter for Theoretical Physics,
Khazar University, 41 Mehseti
Street, Baku AZ1096, Azerbaijan
Smirfaizalmir@gmail.com
Mlawrence@originsproject.org

llgslone186@gmail.com
francesco.marino@ino.cnr.it
b, pourhassan@du. ac.ir

sokok

Received 19 May 2025
Revised 29 July 2025
Accepted 30 July 2025
Published 27 August 2025

General relativity, despite its profound successes, fails as a complete theory due to presence of
singularities. While it is widely believed that quantum gravity has the potential to be a complete
theory, in which spacetime consistently emerges from quantum degrees of freedom through
computational algorithms, we argue that this goal could be fundamentally unattainable. We
examine how this limitation could emerge in various contexts, depending on whether or not every
mathematically valid result is physically realized. In the first case, Go6del’s incompleteness
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theorems, along with related results by Tarski and Chaitin, imply that no theory formulated as a
formal axiomatic system can be complete, and that within any computational framework, a fully
consistent internal truth predicate is impossible. In the second case, if only a subset of mathe-
matical truths is realized in nature, we argue that this selection cannot be determined by any
purely computational process. Hence, a meta-theoretical approach based on nonalgorithmic
understanding is indispensable in every case. We discuss some possible consequences of this
observation for describing physical systems and note that a nonalgorithmic approach should be
essential for any theory of everything.

Keywords: Quantum gravity; Godel’s incompleteness theorems; undecidability.

1. Introduction

Physics was developed to describe and predict phenomena occurring in spacetime.
However, the theory of general relativity—linking gravity to the curvature of spacetime—is
a theory of spacetime itself. It has had overwhelming success in explaining gravitational
phenomena, from the perihelion precession of Mercury to the recent detection of gravi-
tational waves."?> Despite its success, general relativity predicts its own breakdown at
singularities, which occur at the center of black holes and at the initial instant of the big
bang.?* At these points, the very structure of spacetime breaks down and becomes
ill-defined. Thus, this theory is not complete as it cannot describe physics at such points.

Singularities are not exclusive to general relativity; they emerge across various
fields of physics,”° at scales where a given model no longer adequately describes the
system. They are expected to disappear when the full theoretical framework is ap-
plied. A prominent example is flow discontinuities in classical fluid mechanics, which
are associated to curvature singularities of an effective (acoustic) metric and are
resolved through a full quantum hydrodynamic framework.”® Similarly, in different
approaches to quantum gravity, such as loop quantum gravity (LQG) and string
theory, curvature singularities are replaced with finite, well-defined structures. In
loop quantum cosmology (LQC), a symmetry-reduced model of LQG, the big bang
singularity is resolved through a “quantum bounce,” where the universe transitions

910 Tn string theory, the fuzzball paradigm replaces

11,12

from contraction to expansion.
black hole singularities with extended structures.

The disappearance of singularities suggests something deeper: spacetime as
represented by the smooth manifold of classical relativity is an emergent structure
that breaks down in certain situations. This is similar to the emergence of effective
manifolds in condensed matter physics from a mean-field representation of under-
lying quantum dynamics.® In the context of string theory, using double field theory
(DFT), T-duality can be incorporated as a fundamental symmetry.'? T-folds, a
concept based on it, extend spacetime geometry by allowing transition functions
involving T-duality transformations. This further reinforces the idea that spacetime
is an emergent structure within quantum gravity, as spacetime is not always well-
defined in this case.!* Likewise, spin foam models in LQG indicate the emergent
nature of spacetime. These models describe spacetime as arising from a discrete
network of quantum structures.'® Thus, both string theory and LQG exemplify the
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emergent nature of spacetime, wherein the smooth manifold of classical relativity
arises from a deeper quantum gravitational degree of freedom.

These developments strongly align with Wheeler’s “it from bit” proposal, along
with its contemporary formulations within string theory'®!” and LQG,'® which
assert that information fundamentally underpins physical reality.'” The inability of
classical theories to describe singularities further supports this perspective: space-
time, as an emergent phenomenon, cannot account for regions where its underlying
quantum information structure cannot be described in terms of spacetime geometry.
While ‘it’-representing spacetime and matter fields in it—is not complete, it is
expected that ‘bit’—representing quantum gravity—could be complete and consistent
computational ‘theory of everything’. We will argue here, however, that it is not
possible to construct such a theory based on algorithmic computations.

Here we clarify two distinct philosophical attitudes toward the relation between
mathematics, the theory of everything and physical reality. The first approach can
be referred to as Universal Actualism. In this first stance, championed by Wein-
berg, 2’
principle, physically actualized. The theory of everything is identified with a

every mathematically sound deduction from the theory of everything is, in

maximally expressive set of axioms; once the axioms are fixed, all their theorems are
regarded as concrete physical facts about the cosmos. Existence is therefore equated
with formal derivability, and the distinction between “possible” and “actual”
collapses into pure mathematics. Recent proponents of this view include “‘Mathe-
matical Universe Hypothesis,” which similarly equates physical existence with
membership in the set of consistent mathematical structures.?!

The second philosophical position may be referred to as Selective Actualism. In this
approach proposed by Schmidhuber, it is argued that while all computable universes
exist as valid abstract programs, only a select subset is physically actualized.?> A clear
distinction is made between what is a mathematically valid deduction from the theory
of everything and what is physically realized — the latter being only a subset of the
former. This selection is not determined by computation alone, but rather by a meta-
mathematical principle that relies on nonalgorithmic understanding.

Although Selective Actualism clearly requires the existence of nonalgorithmic
understanding, the purpose of this essay is to argue that nonalgorithmic under-
standing should be also essential even within the framework of Universal Actualism.
Godel’s incompleteness theorems, together with related results by Tarski and
Chaitin, suggest that no theory expressed as a formal axiomatic system can be both
complete and consistent. This suggests that a form of non algorithmic understanding
is required, even in a context where all mathematically valid results are expected to
be physically realized.

2. Quantum Gravity

Quantum gravity aims to unify the principles of quantum mechanics and general
relativity within a single consistent framework. Despite significant advancements in
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approaches such as string theory”*?* and LQG,?>? a complete and definitive theory
remains elusive. So, we have different approaches to quantum gravity, and based on
those different approaches multiple axiomatic constructions of quantum gravity have
been proposed.?” 33 In general, we first note that any viable candidate for quantum
gravity must adhere to fundamental axioms that ensure both physical and mathe-
matical coherence. Furthermore, such a formal mathematical axiomatic system, F ¢,
generates spacetime rather than existing within it.?* These include both physically
motivated axioms of quantum gravity denoted by Fpyg, and the axioms of the
mathematics quantum gravity are built upon (such as Zermelo—Fraenkel set theory
with the Axiom of Choice) denoted by F o¢. Here, we have Foo = F poc U F uga-

The essential axioms required for quantum gravity to qualify as a theory of
everything, can be summarized as follows:

(1) Effectively Axiomatizable: The axioms {A;, Ay, ... } of F(q are finite. This is
important for the theory to be computationally well-defined. Spacetime should
emerge as a consequence of these axioms.®?* For example, in string theory,

24,35

spacetime emerges from the dynamics of extended objects, or as a result of

quantum information using holography,'®'” and in LQG, spacetime is an

15,25 and can be again derived

emergent feature of spin networks and spin foams,
from quantum information.'®

(2) Sufficient Expressiveness: The system F is capable of encoding basic arith-
metic operations over natural numbers, including addition and multiplication.
Quantum gravity must describe physical phenomena, which reduce to both
classical spacetime and standard quantum mechanics in certain limits and so it
must be capable of allowing numerical calculations (e.g. scattering amplitudes,
curvature, entropy etc), which inherently require arithmetic. It maybe noted
that both string theory and LQG reproduce results from general relativity and
quantum mechanics/quantum field theory in appropriate limits.?326

(3) Consistency: A theory of quantum gravity must be internally consistent, and so
F o does not derive any contradictions. Apart from mathematical consistency,
it should be physically consistent, avoiding unphysical results like negative
probabilities. String theory achieves consistency through anomaly cancella-
tion,?*36 while LQG ensures it through the rigorous quantization of geometric
degrees of freedom.?"37

(4) Completeness™: The theory must describe phenomena across all scales, from the
Planck scale to cosmological scales. This includes the resolution of singularities,
such as those found in black holes and the big bang.”'' A complete theory should
also encompass the origin of universe, which is attempted via quantum

*In this context, completeness should be understood as a complete description of all physical phenomena.
It should not be confused with mathematical completeness, which is considered here only in the context of
Universal Actualism. In Selective Actualism, completeness means that everything physical should be a
computational or Godelian consequence of the theory, although not every mathematical consequence of
the theory is necessarily physical.
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cosmology in LQG!'%?> or colliding branes in string theory.?® It should be
consistent with all observational data.

These axioms should produce a formal structure that satisfies some important
properties. A viable theory of quantum gravity must reduce to standard theories, in
the limit those theories have been tested and verified. For example, both string
theory and LQG fulfill this requirement by recovering quantum field theories and
general relativity in appropriate limits.?3:2%:26

It must also properly address the measurement problem by providing a mecha-
nism for the apparent collapse of the wave function. Furthermore, this has to be
intrinsic to explain the quantum-to-classical transition in cosmology.?’ Models based
on gravitationally induced objective collapse, !
naturally resolve this issue by linking wave function collapse to spacetime structure.
This is neither random nor algorithmic nor computational, but is fundamentally
related to nonalgorithmic understanding.

The theory must also explain the emergence of spacetime as a macroscopic

suggest that quantum gravity may

phenomenon arising from more fundamental quantum structures. It is important
that the emergent spacetime does not lead to contradictions, such as closed timelike
curves, which would require principles like the Novikov self-consistency principle,*?
again based on nonalgorithmic understanding.

Furthermore, spacetime singularities should be naturally resolved in quantum
gravity. Such resolution of singularities occurs in principle in string theory due to
11,35 and in LQG due to discrete quantum geometries.”>'* However,
it is important to note that these involve Planck scale physics, and it has been

extended objects,

demonstrated that quantum gravity prevents its own measurement at such
scales.*>** So, dealing with this requires nonalgorithmic understanding as that
described by the Lucas—Penrose argument.’”?? As this nonalgorithmic under-
standing operates at a fundamental level in nature, it is not possible to explain all
natural phenomenon using computational algorithms alone. As such there is a more
fundamental reason why quantum gravity, when based solely on computation,
cannot be both consistent and complete.

3. Godel’s and Tarski’s Theorems in Quantum Gravity

We will begin by distinguishing between the computational consequences and the
Godelian consequences of an axiomatic system describing quantum gravity.”%-°! In
any sufficiently expressive, consistent and effectively axiomatizable formulation of
quantum gravity, it is possible to derive certain consequences through computational
algorithms. However, these computational outcomes do not encompass the full set of
consequences that can be derived from the system.

To begin, we consider a formal system for quantum gravity, which we denote as
Foc- This system is assumed to be consistent, meaning that it does not derive any
contradictions, but it is also sufficiently expressive and axiomatizable for these
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theorems to hold. Godel’s incompleteness theorems state that in any formal system
that is sufficiently expressive, there exist mathematical statements that are true
within the system but cannot be proven by the system itself.”>-°! In the context of
quantum gravity, as the formal system J ¢ is consistent and sufficiently expressive,
there must be certain mathematical statements, like G, which cannot be proved
within the system. Such statements are true by virtue of the structure of the system
but are not provable using its axioms and rules.

So, certainly, F ¢ cannot be both consistent and complete, and this is a direct
implication of Godel’s theorems. The truths that will be true will not be limited to
the computational consequences of F ), but will also include Godelian consequences
of Fge. In Universal Actualism, these Godelian consequences will definitely corre-
spond to some physical aspects of the theory. Thus, undefinability will be an intrinsic
feature of Universal Actualism, and we will require a meta-theoretical approach
to address them. On the other hand, in Selective Actualism, two possibilities
arise: either some Godelian consequences are part of the physically important con-
sequences, or none of the Godelian consequences is expressed as physically important
consequences. In the first case, we still have some Godelian consequences, which are a
part of the physical theory and hence need a meta-theoretical approach. The other
case requires the identification and elimination of all Godelian consequences of the
theory, and this selection process cannot be algorithmic. So, as this elimination of all
the Godelian consequences is, in itself, nonalgorithmic and beyond computation,
it again requires a meta-theoretical approach. In any case, we do require a meta-
theoretical approach based on a nonalgorithmic understanding to construct
quantum gravity.?%->2

Additionally, while the system JF s can be assumed to be consistent, it cannot
prove its own consistency. This is a direct consequence of Godel’s second incom-
pleteness theorem, which asserts that no sufficiently powerful formal system can
prove its own consistency. Therefore, 7 cannot prove the mathematical statement
Con(F¢), which asserts that F is free from contradictions. If . were able to
prove its own consistency, it would also be able to prove the mathematical statement
G, which contradicts the undecidability of G. Consequently, the consistency of Fgq
must be established externally, relying on a meta-theoretical framework that
transcends the formal system itself.?>>> This holds true for both Selective Actualism
and Universal Actualism. In Selective Actualism, this is trivially true, as the very
definition of the approach does not imply that a fully complete and consistent
physical theory can be derived solely from computations based on the axioms
of quantum gravity. In Universal Actualism, it holds true due to Godel’s incom-
pleteness theorems.

We have not yet discussed whether these consequences will have important
physical implications or will be trivially true due to the very structure of
Foc = Froa U Fuga- Here, we would like to note that, on physical grounds, some
Godelian statements of F ¢ should have important physical consequences. Different
approaches to quantum gravity are based on the quantization of some underlying
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degrees of freedom and thus obey quantum logic. For example, string theory is based
2436 while LQG is based on a quantum theory of
certain discrete degrees of freedom.?”>” Hence, all approaches to quantum gravity
obey quantum logic. However, quantum logic has been demonstrated to be funda-
mentally undecidable and Godelian.’® °® Even when quantum mechanics has been
proposed to be modified by quantum gravity, such as in gravitational collapse
models, it has been suggested that the objective collapse in the measurement problem
of quantum mechanics itself is related to Godel’s incompleteness theorem.*%4! Thus,
there are fundamental physical consequences of every quantum system that cannot
be fully captured by any algorithmic computation. Certainly, these would be present
in any formalism of quantum gravity, which would be based on some quantum logic.
More directly, aligning with Wheeler’s ‘it from bit’'? — along with its contemporary
formulations within string theory'S'” and LQG'® — we observe that quantum
information in quantum gravity constitutes the basis of observable physical phe-
nomena. As quantum logic for this quantum information describing quantum gravity
is fundamentally undecidable and Gédelian in nature, certain physical phenomena

on the quantum theory of strings,

that follow from the quantum logic of quantum gravity must likewise be undecidable
and Godelian. So, as ‘bit’ — or more precisely, ‘qubit’ — is certainly Godelian,>* 6
‘it” must be Godelian as well.

Furthermore, it has been argued that even the selection of observables in general
relativity is Godelian and thus undecidable.”” It seems very unlikely that quantum
gravitational arguments could make it decidable. In fact, we would possibly calculate
them as expectation values of some underlying degrees of freedom. The details of the
calculation will depend on the specific approach taken. However, those calculations
would be undecidable and Godelian, as we already know their expectation value has
to coincide with the results in general relativity due to the Ehrenfest’s theorem.

We now note that, within the framework of Universal Actualism, it has been
argued using Weinberg’s approach that if we had a final computational theory of
everything, a complete theory of quantum gravity, then all scientific mathematical
truths would be computationally derived from the axioms of that theory.?? Tarski’s
undefinability theorem shows that this is impossible.”®?? Thus, we now turn to the
implications of Tarski’s undefinability theorem for Fy;. According to Tarski’s
theorem, the truth predicate for mathematical statements within g, cannot be
defined within the system itself. If we assume that the truth predicate, Truer,, (z),
can be defined within F, we can construct a self-referential mathematical state-
ment 9 that asserts, “The statement 1 is not true.” This leads to a paradox, as v
would be true if and only if it is not true, thus violating the principle of noncon-
tradiction. This contradiction shows that the truth predicate cannot be defined
within the formal system.

The undefinability of the truth predicate has profound implications for the
understanding of quantum gravity. It suggests that certain truths within the system
cannot be fully understood within the system itself and require an external, meta-
theoretical framework for their interpretation. This meta-theoretical framework is
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based on an external truth predicate, which is constructed using nonalgorithmic
understanding. It forms the deepest aspect of the workings of quantum gravity. So,
Tarski’s undefinability theorem reinforces the idea that quantum gravity, like any
formal system that seeks to capture fundamental physical reality, cannot be self-
contained and requires external structures to fully comprehend its truths.®® Selective
Actualism is already based on such nonalgorithmic, noncomputational external
structures, which selectively express some consequences of the theory physically.
Here, we have argued that this is also true for Universal Actualism, and that the
Weinberg proposal is impossible to attain due to Tarski’s undefinability theorem.

Godel’s incompleteness theorems and Tarski’s undefinability theorem highlight
the limitations of any formal, algorithmic approach to understanding quantum
gravity. These theorems suggest that quantum gravity cannot be fully captured by
an internal, self-contained formal system. Instead, it requires an external meta-
theoretical framework to address fundamental questions about provability, truth
and consistency. This underscores the need for an approach based on a non-
algorithmic understanding to discuss quantum gravity — one that goes beyond the
computational consequences of formal systems and incorporates external truth
predicates for a complete description.

4. Chaitin’s Incompleteness Theorem

Even though formal mathematical systems are based on logic, and Gddel’s and
Tarski’s theorems demonstrate implicitly the limitations of a theory of quantum
gravity purely formulated as a formal axiomatic system, practical calculations in
quantum gravity are typically carried out using computational algorithms. To
explicitly investigate these limitations, one must therefore examine the constraints
within the framework of algorithmic information theory.

Chaitin’s incompleteness theorem®:? is a profound result in algorithmic infor-
mation theory, which results in similar fundamental limitations as Godel’s theorems
(and is directly related to them®®). In essence, it states that in any consistent and
sufficiently expressive formal system, there exists a bound on the provability of
mathematical statements based on their algorithmic complexity. This theorem
complements Godel’s incompleteness theorems by demonstrating that the inability
to prove certain truths arises from their informational complexity. It should be noted
that, although algorithmic information theory demonstrates that any formal system
contains infinitely many undecidable mathematical statements, only a vanishingly
small fraction of such unprovable statements could plausibly relate to specific physical
properties. Establishing such a correspondence requires explicit constructions, as
shown, for instance for specific systems.5:6

We will first analyze the mathematical consequences of Chaitin’s theorem for any
axiomatic formalization of quantum gravity,?” ®® and then discuss some physical
implications. For any formal axiomatic system, Chaitin’s theorem applies directly.
Accordingly, we can state that for any formal system Foq = F pge U F pge, there
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exists a constant K, determined by the axioms of F¢g, such that no mathe-
matical statement S with Kolmogorov complexity K (S) greater than Kr o can be
proven within the system. The Kolmogorov complexity K(.S), is defined as the length
of the shortest possible program that can compute S on a universal Turing machine.
In other words, it is the minimal number of bits required to describe S algorithmi-
cally. Thus, each mathematical statement within ¢, can be encoded as a finite
binary string, allowing us to apply Chaitin’s theorem to the formal structure of the
theory. However, it remains unclear whether these mathematical limitations are
merely a trivial consequence of the fact that Fo; = F poe U F e, or whether they
have meaningful physical implications.

It has recently been demonstrated that, due to Chaitin’s theorem, the spacetime
foam (i.e. Planckian quantum gravitational fluctuations of spacetime) would become
undecidable.%6 It has also been argued that these fluctuations of spacetime can have
detectable signatures on gravitational waves. So, detailed descriptions of spacetime
topology at the Planck scale involve complexities beyond the provability threshold of
Fqc, thus showing that some truths in quantum gravity, though valid, would lie
outside the reach of computational derivation. This is a direct consequence of the fact
that the spacetime foam is undecidable in quantum gravity as a result of Chaitin’s
theorem.%¢

Furthermore, any systems in quantum gravity, such as those describing the
microstates of black holes, involve high complexity. The Bekenstein—-Hawking
entropy, for instance, scales as Sgy ~ A/ (4&%), where A is the horizon area. The
scaling of entropy with the black hole’s surface area suggests that the number of
possible microstates grows exponentially with the area, indicating a highly complex
structure underlying the microstates of a black hole.5” If information about indi-
vidual microstates requires a Kolmogorov complexity exceeding Kz, ., they will be
unprovable within the formal system of quantum gravity. It has already been argued
that quantum gravity prevents its own measurement near the Planck scale.’**! In
fact, these works argue that this is directly related to incompleteness theorems.

It has already been demonstrated that the Heisenberg uncertainty principle in
quantum mechanics can be directly related to Chaitin’s theorem.5%%° Now, it is
possible to study the uncertainty principle for any quantum gravitational system,
and it can directly affect the properties of spacetime. The uncertainty principle has
been studied in string theory, where it has direct implications for black holes and D-
branes.™ Similarly, the uncertainty principle has also been studied in the context of
LQG.™ The uncertainty principle in quantum gravity has direct implications
for quantum cosmology.”?”® These results can be seen as direct consequences of
Chaitin’s theorem on quantum gravity.

Thus, Chaitin’s theorem suggests a fundamental limitation in the axiomatic
formalization of quantum gravity. It implies that there exist true mathematical
statements in quantum gravity, which have a Kolmogorov complexity beyond the
capacity of the formal system to prove. In other words, there are mathematical
truths in quantum gravity that cannot be captured or proven by any algorithmic
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formal system like F . This aligns with the broader idea in the foundations of
quantum gravity that there are aspects of the theory that may be fundamentally
unprovable within any formal system, reinforcing the need for meta-theoretical
frameworks to fully understand the working of quantum gravity.

5. Application to Physical Problems

We will now discuss some potential applications of such a structure beyond
computation in quantum gravity. It should be noted that we will not explicitly prove
the undecidability of these structures, but will instead provide physical arguments as
to why they are expected to be undecidable. We will also mention physical systems in
which specific properties have been shown to correspond to mathematical undecid-
able statements.” We notice however that, in most cases, these results have been
obtained via the halting problem of a universal Turing machine or through other
mathematical systems embedding or simulating a universal Turing machine. It is
possible to show that the undecidability of the halting predicate and Godel’s in-
completeness phenomena are extensionally equivalent. By encoding a Godel-style
self-referential sentence as the source code of a program, one constructs an arithmetic
statement whose provability within any consistent, computably enumerable theory
would decide whether that program halts. If the theory could resolve every such
statement, it would effectively compute the universal halting problem, contradicting
Turing’s diagonal argument. Conversely, the inability of the theory to settle the
program’s behavior mirrors its inability to prove its own consistency. Hence Godel’s
incompleteness theorems follow almost immediately from the halting problem,
affirming that no sufficiently expressive formal system can simultaneously prove its
consistency and decide all halting instances.”® As previously noted, undecidability
arises naturally within Selective Actualism. In the following, however, we employ
physical reasoning to argue that it also holds within the framework of Universal
Actualism, and that computation alone is insufficient to fully account for actual
physical phenomena.

We start our analysis from the black hole information paradox.”® It could be that
the information stored in a black hole associated with Planck scale physics, where
quantum fluctuations and traditional notions of geometry appear to break down,
cannot be microscopically algorithmically computed due Chaitin’s incompleteness
theorem, as alluded to above. In this case, the emergence of smooth spacetime from
Planck-scale physics would occur through thermalization, where microscopic quan-
tum gravitational degrees of freedom collectively evolve into a macroscopic
geometric state. This could be beyond algorithmic computation, as in general it has
been explicitly proven that determining whether a given system thermalizes is
computationally undecidable.””

Thermalization appears to be very important in existing quantum gravity models
for understanding the emerges of classical spacetime from Planck scale physics. In
string theory, via AdS/CFT, perturbations drive a rapid gravitational collapse that
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thermalizes the bulk into a smooth black hole horizon with well-defined thermody-
namic properties.”® Furthermore, in fuzzball theory, thermalization emerges as the
collective behavior of numerous microstate geometries that statistically reproduce
the black hole’s thermal radiation spectrum.” Similarly, in loop quantum gravity,
coarse graining thermalizes discrete quantum geometries into a continuum phase
that recovers classical spacetime.®? As it appears to be impossible to computationally
determine if the given system thermalizes,”” such emergence of spacetime could be
uncomputable. This might be deeply related to not only the black hole information
paradox, but the emergence of spacetime itself. So, it is possible that a full resolution
of information paradox and explanation of the emergence of spacetime can only
come from a meta-theoretical framework whose principles transcend conventional
computation.

It has also been demonstrated that no computational algorithm can decide
whether a quantum many-body Hamiltonian is gapped or gapless.®! This is done by
constructing a family of Hamiltonian’s, whose spectral gap encodes the halting
problem, so that determining the presence of a spectral gap is fundamentally un-
decidable. This results holds because the halting problem,*” which is directly related
to the Chaitin’s incompleteness theorem,® proves that no algorithm can universally
decide whether an arbitrary program will halt, thus establishing a fundamental limit
on computation.

This result has motivated the study of such behavior in the full renormalization
group (RG) flows, which have been shown, in quantum many-body systems, to not
be computable.®* RG flows in both string theory,® and LQG,®% play an important
role in the emergence of spacetime.®”%% If RG flows in quantum gravity are algo-
rithmically uncomputable, the emergence of spacetime from quantum gravity could
be beyond algorithmic computations. It is also worth noting that certain properties
of tensor networks are not computable.®” Tensor networks have been used both in
string theory” and LQG' to explain the emergence of spacetime from quantum
gravity.

Similar problems also occur in other aspects of quantum gravity. For example, it
has been explicitly demonstrated that as a consequence of Godel’s incompleteness
theorems, it is not computationally possible to determine if a given two dimensional
supersymmetric theory breaks supersymmetry.’? As supersymmetry is an important
ingredient in superstring theories,?® these results could again have important
consequences in quantum gravity.

Also, using an explicit construction of quantum spin models whose phase
diagrams encode uncomputable problems, it has been shown that no general algo-
rithm can fully determine these diagrams,”? implying intrinsic computational limits
to predicting phase transitions and understanding complex quantum matter. Now as
the quantum spin model and LQG are closely related mathematically,”* this may
have important implications for LQG. So, it is possible that the full phase diagram of
LQG, like quantum many-body systems, is fundamentally not computable.
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These results suggest that certain truths lie beyond the computational domain of
any consistent and sufficiently expressive theory of quantum gravity. Note that the
principle of sufficient reason states that every physical fact has a reason, which forms
the basis of science itself.”>? The absence of an algorithmic explanation does not
contradict this principle; rather, it suggests that while some explanations may be
expressed in algorithmic terms, others reside in a nonalgorithmic understanding,
which still provides a sufficient explanation for the phenomena in question.

In fact, several undecidable problems occur due the link between certain prop-
erties of physical systems and the Turing’s halting problem.’” It has been argued
using a Stewart approach that nonalgorithmic understanding can overcome such
intrinsic computational limitations.”® This is closely related to the Lucas—Penrose
argument?® %9), indicating that there is something intrinsically noncomputational in
nature and its description in terms of computational algorithms is rather limited.

The Novikov self-consistency principle’® provides another compelling example of
nonalgorithmic understanding. Originally formulated in the context of time travel
and closed timelike curves in general relativity, it posits that events within regions of
spacetime containing causal loops must be self-consistent. So, any action taken by a
time traveler must have already been part of history, ensuring that the timeline
remains consistent and free from contradictions.*?> This principle cannot be compu-
tationally derived from general relativity axioms but is an intuitive addition that
resolves paradoxes due to self-referentiality. Similarly, in quantum gravity, principles
inspired by the Novikov self-consistency framework may enable the resolution of
truths that exceed the provability limits of formal systems due to self-referentiality,
offering a broader understanding of phenomena that cannot be computationally
derived.

Gravitationally induced objective collapse, which addresses the measurement
problem in quantum mechanics using an objective physical process tied to gravita-
tional effects, also exemplifies the application of nonalgorithmic understanding.*%-4!
In this framework, measurement occurs independently of an observer, and is neither
random nor computational. In fact, it has been explicitly demonstrated that even
quantum logic is inherently undecidable due to incompleteness theorems.?® >¢ So, an
40,41 produces a better physical
explanation of the measurement problem. It is well established that there are

approach based on nonalgorithmic understanding

limitations to computations in various problems of physics.”* Here we have argued
that these similarly imply it is impossible for quantum gravity based on computa-
tions to be both consistent and complete. Here, it is important to note that even if
some specific phenomena discussed here are not undecidable, the general arguments
presented imply that there will definitely be some undecidable phenomena. Hence,
this problem will inevitably arise, and we need to go beyond a computational
framework to address it.

To address the inherent limitations of formal systems in quantum gravity, a meta-
theory of everything M,z is needed, which contains nonalgorithmic understanding.
This meta-theory of everything would extend the computational-based formal

2544017-12
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system JF ¢ by introducing a truth predicate T'(z), enabling the recognition of truths
beyond formal provability. Specifically, M,r would allow for the acceptance of
Godel statements G as true, the resolution of undefinable truths and the acknowl-
edgment of high-complexity mathematical statements S with K(S) > K Foo
This meta-theory would satisfy: T'(G) = 1 for G true but unprovable in Fq. By
transcending the algorithmic limits of F g, My,p would provide a framework to
explore truths that lie beyond computation. Inspired by principles such as Novikov
self-consistency, and similar principles based on nonalgorithmic understanding, this
approach could integrate rigorous computations with nonalgorithmic insights. It
could potentially resolve challenges like the black hole information paradox and the
complexities of Planck-scale physics.

Considerations of quantum gravity have suggested that physics should evolve
from a focus on ‘it’ (i.e. matter fields moving in spacetime) to a focus on ‘bit’; i.e.
information being more fundamental. The considerations we present here suggest
that neither ‘it’, nor ‘bit’ is fundamental. Namely, a nonalgorithmic understanding
should operate at a fundamental level in any theory of everything.

Acknowledgment

We would like to thank {zzet Sakalli, Salman Sajad Wani and Aatif Kaisar Khan for
useful discussions. We would also like to thank Aatif Kaisar Khan for sharing with us
important papers on undecidability. We want to thank Stephen Hawking for his
discussion on Godel’s theorems and the end of physics, which motivated this work.
We would also like to thank Roger Penrose for his explanation of Godel’s theorems
and Lucas—Penrose argument, which forms the basis of meta-theoretical perspective
based on nonalgorithmic understanding developed here.

ORCID

Mir Faizal ® https://orcid.org/0000-0002-3292-9426
Lawrence M. Krauss ® https://orcid.org/0000-0002-6917-2308
Arshid Shabir ® https://orcid.org/0000-0001-7545-4128
Francesco Marino © https://orcid.org/0000-0002-1532-9584
Behnam Pourhassan @ https://orcid.org/0000-0003-1338-7083

References

1. Einstein, A. Die Feldgleichungen der Gravitation. Sitz. Konig. Preuss. Akad. 844-847,
(1915). Available in English translation as ‘The field equations of gravitation’ in CPAE 6
(Doc. 25). http://einsteinpapers.press.princeton.edu,/vol6-trans/129

B. P. Abbott et al., Phys. Rev. Lett. 116 (2016) 061102.

R. Penrose, Phys. Rev. Lett. 14 (1965) 57.

S. Hawking and R. Penrose, Proc. R. Soc. A 314 (1970) 529.

V. I. Arnold, Catastrophe Theory (Springer, Berlin, Heidelberg, 1992).

M. Berry, Light Sci. Appl. 12 (2023) 238.

S otk W

2544017-13


https://orcid.org/0000-0002-3292-9426
https://orcid.org/0000-0002-6917-2308
https://orcid.org/0000-0001-7545-4128
https://orcid.org/0000-0002-1532-9584
https://orcid.org/0000-0003-1338-7083

M. Faizal et al.

10.
11.
12.
13.

14.
15.
16.

17.
18.
19.

20.

21.
22.

23.

24.
25.
26.

27.
28.
29.

30.
31.
32.
33.

34.
35.

36.
37.
38.
39.

40.
41.

F. Marino, C. Maitland, D. Vocke, O. Ortolan and D. Faccio, Sci. Rep. 6 (2016) 23282.
S. L. Braunstein, M. Faizal, L. M. Krauss, F. Marino and N. A. Shah, Nat. Rev. Phys.
5 (2023) 612, arXiv:2402.16136 [gr-qc].

M. Bojowald, Phys. Rev. Lett. 86 (2001) 5227.

A. Ashtekar, T. Pawlowski and P. Singh, Phys. Rev. D 74 (2006) 084003.

S. D. Mathur, Fortschr. Phys. 53 (2005) 793.

S. D. Mathur, Gen. Relativ. Gravit. 42 (2010) 113, arXiv:0805.3716 [hep-th].

O. Hohm, C. Hull and B. Zwiebach, J. High Energy Phys. 08 (2010) 008, arXiv:1006.4823
[hep-th].

C. M. Hull, J. High Energy Phys. 10 (2005) 065, arXiv:hep-th/0406102 [hep-th].

A. Perez, Living Rev. Relativ. 16 (2013) 3.

D. Jafferis, A. Zlokapa, J. D. Lykken, D. K. Kolchmeyer, S. I. Davis, N. Lauk, H. Neven
and M. Spiropulu, Nature 612 (2022) 51.

M. Van Raamsdonk, Science 370 (2020) 198.

J. Mékeld, Int. J. Mod. Phys. D 28 (2019) 1950129, arXiv:1905.02611 [gr-qc].

J. A. Wheeler, Information, physics, quantum: The search for links, in Complezity,
Entropy, and the Physics of Information (Physical Society of Japan, 1990), https://
philpapers.org/archive/ WHEIPQ.pdf.

S. Weinberg, Dreams of a Final Theory: The Scientist’s Search for the Ultimate Laws of
Nature (Knopf Doubleday Publishing Group, 1994).

M. Tegmark, Found. Phys. 38 (2008) 101, arXiv:0704.0646 [gr-qc].

J. Schmidhuber, A computer scientist’s view of life, the universe, and everything, in
Foundations of Computer Science: Potential — Theory — Cognition, Lecture Notes in
Computer Science, Vol. 1337 (Springer, Berlin, Heidelberg, 1997), pp. 201-208.

M. B. Green, J. H. Schwarz and E. Witten, Superstring Theory (Cambridge University
Press, 1987).

J. Polchinski, String Theory (Cambridge University Press, 1998).

C. Rovelli, Quantum Gravity (Cambridge University Press, Cambridge, 2004).

T. Thiemann, Modern Canonical Quantum General Relativity (Cambridge University
Press, 2007).

E. Witten, Nucl. Phys. B 268 (1986) 253.

H. Ziaeepour, Symmetry 14 (2022) 58, arXiv:2109.05757 [gr-qc].

M. Faizal, A. Shabir and A. K. Khan, Nucl. Phys. B 1010 (2025) 116774,
arXiv:2407.12313 [hep-th].

L. Bombelli, J. Lee, D. Meyer and R. D. Sorkin, Phys. Rev. Lett. 59 (1987) 521.

S. Majid, Philos. Trans. R. Soc. Lond. A 376 (2018) 0231, arXiv:1711.00556 [math-ph].
G. M. D’Ariano, Int. J. Theor. Phys. 56 (2017) 97, arXiv:1701.06309 [quant-ph].

X. D. Arsiwalla and J. Gorard, Int. J. Theor. Phys. 63 (2024) 83, arXiv:2111.03460
[math.CT].

M. Faizal, Int. J. Mod. Phys. A 38 (2023) 2350188, arXiv:2403.10694 [gr-qc].

N. Seiberg, Emergent spacetime, in 23rd Solvay Conference in Physics: The Quantum
Structure of Space and Time (Brussels, Belgium, 2006), pp. 163-178 (2007).

M. B. Green and J. H. Schwarz, Phys. Lett. B 149 (1984) 117.

A. Ashtekar, Phys. Rev. Lett. 57 (1986) 2244.

J. Khoury, B. A. Ovrut, P. J. Steinhardt and N. Turok, Phys. Rev. D 64 (2001) 123522,
arXiv:hep-th/0103239.

J. L. Gaona-Reyes, L. Menéndez-Pidal, M. Faizal and M. Carlesso, J. High Energy Phys.
02 (2024) 193, arXiv:2401.08269 [gr-qc|.

R. Penrose, Gen. Relativ. Gravit. 28 (1996) 581.

L. Di6si, Phys. Lett. A 120 (1987) 377.

2544017-14



42.
43.

44.

45.
46.

47.
48.
49.

50.
51.

52.
53.
54.
55.
56.
57.

58.

59.

60.

61.
62.
63.
64.

65.
66.
67.

68.
69.

70.
71.
72.
73.
74.
75.
76.

7.

Can quantum gravity be both consistent and complete

I. D. Novikov, Phys. Rev. D 45 (1992) 1989.

B. Pourhassan, X. Shi, S. S. Wani, S. Al-Khawari, F. Kazemian, I. Sakalli, N. A. Shah and
M. Faizal, J. High Energy Phys. 25 (2025) 109, arXiv:2310.12878 [hep-th].

B. Pourhassan, X. Shi, S. S. Wani, S. Al-Kuwari, I. Sakalli, N. A. Shah, M. Faizal and
A. Shabir, Ann. Phys. 477 (2025) 169983.

J. R. Lucas, Philosophy 36 (1961) 112.

R. Penrose, Godel, the mind, and the laws of physics, in Kurt Gédel’s and the Foundations
of Mathematics: Horizons of Truth (Cambridge University Press, 2011), p. 339.

R. Penrose, Behav. Brain Sci. 13 (1990) 692.

S. Hameroff and R. Penrose, Phys. Life Rev. 11 (2014) 39.

J. P. S., “The Lucas—Penrose arguments,” in The Argument of Mathematics (Springer,
2023).

K. Gédel, Monatsh. Math. 38 (1931) 173.

P. Smith, An Introduction to Godel’s Theorems, 2nd ed. (Cambridge University Press,
Cambridge, 2007).

M. Faizal, A. Shabir and A. K. Khan, Int. J. Theor. Phys. 63 (2024) 290.

T. Fritz, Arch. Math. Logic 60 (2021) 329.

J. Eisert, M. P. Miiller and C. Gogolin, Phys. Rev. Lett. 108 (2012) 260501.

M. Van den Nest and H. J. Briegel, Found. Phys. 38 (2008) 448.

S. Lloyd, Phys. Rev. Lett. 71 (1993) 943.

A. Panagiotopoulos, G. Sparling and M. Christodoulou, Phys. Rev. Lett. 131 (2023)
171402.

A. Tarski, Pojecie Prawdy w Jezykach Nauk Dedukcyjnych (The concept of truth in the
languages of the deductive sciences), in Prace Towarzystwa Naukowego Warszawskiego,
Wydzial III, Vol. 34 (1933).

A. Tarski, Logic, Semantics, Metamathematics: Papers from 1928 to 1938 (Hackett
Publishing Company, Indianapolis, 1983).

M. Faizal, A. Shabir and A. K. Khan, FEurophys. Lett. 148 (2024) 39001,
arXiv:2410.10903 [physics.hist-ph].

G. J. Chaitin, J. ACM 22 (1975) 329.

G. J. Chaitin, Meta Math! The Quest for Omega (Pantheon Books, New York, 2004).
S. Kritchman and R. Raz, Notices AMS 57 (2010) 1454.

T. Paterek, J. Kofler, R. Prevedel, P. Klimek, M. Aspelmeyer, A. Zeilinger and
C. Brukner, New J. Phys. 12 (2010) 013019.

J. Purcell, Z. Li, and T. Cubitt, arXiv:2410.02600 [quant-ph)].

M. Faizal, A. Shabir and A. K. Khan, Int. J. Theor. Phys. 64 (2025) 194.

V. Balasubramanian, B. Craps, J. Hernandez, M. Khramtsov and M. Knysh, J. High
Energy Phys. 06 (2025) 083.

C. Calude and M. Stay, Int. J. Theor. Phys. 44 (2005) 1053.

C. S. Calude, M. J. Dinneen, M. Dumitrescu and K. Svozil, Phys. Rev. A 82 (2010)
022102.

T. Yoneya, Prog. Theor. Phys. 103 (2000) 1081.

L. Perlov, J. Math. Phys. 59 (2018) 032304.

Y. Ohkuwa and Y. Ezawa, Class. Quantum Grav. 30 (2013) 235015.

Y. Ohkuwa and Y. Ezawa, Class. Quantum Grav. 29 (2012) 215004.

A. Perales-Eceiza, T. Cubitt, M. Gu, D. Pérez-Garcia, and M. M. Wolf, arXiv:2410.16532.
C. S. Calude, Stud. Log. 109 (2021) 1053.

A. Almbheiri, T. Hartman, J. Maldacena, E. Shaghoulian and A. Tajdini, Rev. Mod. Phys.
93 (2021) 035002

N. Shiraishi and K. Matsumoto, Nat. Commun. 12 (2021) 5084.

2544017-15



M. Faizal et al.

78.
79.
80.
81.
82.
83.

84.
85.
86.
87.
88.
89.
90.

91.
92.
93.
94.
95.
96.
97.

98.
99.

P. M. Chesler and L. G. Yaffe, Phys. Rev. Lett. 102 (2009) 211601, arXiv:0906.4426 [hep-th].
S. D. Mathur, Fortschr. Phys. 53 (2005) 793, arXiv:hep-th/0502050 [hep-th].

S. Steinhaus, Front. Phys. 8 (2020) 295.

T. S. Cubitt, D. Perez-Garcia and M. M. Wolf, Nature 528 (2015) 207.

A. M. Turing, Proc. Lond. Math. Soc. s2-42 (1937) 230.

M. Li and P. Vitanyi, An Introduction to Kolmogorov Complexity and its Applications
(Springer, 2019).

J. D. Watson, E. Onorati and T. S. Cubitt, Nat. Commun. 13 (2022) 7618.

C. G. Callan, D. Friedan, E. J. Martinec and M. J. Perry, Nucl. Phys. B 262 (1985) 593.
S. Steinhaus and J. Thiirigen, Phys. Rev. D 98 (2018) 026013, arXiv:1803.10289 [gr-qc|.
D. Litim, Phys. Rev. Lett. 92 (2004) 201301.

J. Ambjern, J. Jurkiewicz and R. Loll, Phys. Rev. Lett. 95 (2005) 171301.

M. Kliesch, D. Gross and J. Eisert, Phys. Rev. Lett. 113 (2014) 160503.

P. Hayden, S. Nezami, X.-L. Qi, N. Thomas, M. Walter and Z. Yang, J. High Energy
Phys. 2016 (2016) 009, arXiv:1601.01694 [hep-th].

B. Dittrich, F. C. Eckert and M. Martin-Benito, New J. Phys. 14 (2012) 035008,
arXiv:1109.4927 [gr-qc].

Y. Tachikawa, Int. J. Theor. Phys. 62 (2023) 199.

J. Bausch, T. S. Cubitt and J. D. Watson, Nat. Commaun. 12 (2021) 452.

A. Feller and E. R. Livine, Class. Quantum Grav. 33 (2016) 065005, arXiv:1509.05297
[gr-qc].

F. Amijee, Principle of sufficient reason, in Encyclopedia of Early Modern Philosophy and
the Sciences, D. Jalobeanu and C. T. Wolfe, (eds). (Springer, 2021).

G. W. Leibniz, Discourse on Metaphysics (Hackett Publishing Company, Indianapolis,
1996).

C. H. Bennett, Nature 346 (1990) 606.

I. Stewart, Nature 352 (1991) 664.

J. L. Friedman, M. S. Morris, I. D. Novikov, F. Echeverria, G. Klinkhammer, K. S.
Thorne and U. Yurtsever, Phys. Rev. D 42 (1990) 1915.

2544017-16



	Can quantum gravity be both consistent and complete?&lowast;
	1. Introduction
	2. Quantum Gravity
	3. G&ouml;del&rsquo;s and Tarski&rsquo;s Theorems in Quantum Gravity
	4. Chaitin&rsquo;s Incompleteness Theorem
	5. Application to Physical Problems
	Acknowledgment
	ORCID
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


