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Abstract: We apply the concepts of classical and quantum channels to the modeling of opinion
dynamics and propose a stochastic method for representing the temporal variation of individual and
group opinions. In particular, we use quantum Galois noise channels to couple quantum information
theory with social interaction to construct a new model of opinion dynamics that accounts for error
rates and noise effects. This model captures more complex opinion propagation and interaction
by incorporating the concepts of partial traces and entanglement. We also consider the role of
superspreaders in the propagation of noisy information and their suppression mechanisms, and
represent these dynamics in a mathematical model. We model the influence of superspreaders
on interactions between individuals using unitary transformations and propose a new approach to
measure social trustworthiness. In addition, we elaborate on the modeling of opinion propagation
and suppression using Holevo channels. These models provide a new framework for a better
understanding of social interactions and expand the potential applications of quantum information
theory.
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1. Introduction
The introduction to this paper addresses the concepts of clas-
sical channels (a framework for information transfer based on
classical information theory) and quantum channels (a frame-
work for information transfer based on quantum information
theory) in modeling opinion dynamics. Opinion dynamics
is the field that studies how the opinions of individuals and
groups change over time, and we propose that classical chan-
nel theory can be used to stochastically model the process of
information transfer and opinion formation and change.

Channels in quantum mechanics, then, refer to the phys-
ical means and processes by which quantum information is
transmitted, propagated, and manipulated. It refers to the
rules and processes that the state of a qubit or quantum system
follows in transmitting and processing information. Quantum
channels can be used for purposes such as quantum informa-
tion transmission, quantum manipulation, quantum error cor-
rection, quantum entanglement, quantum measurement, and
can be applied to modeling. The social implications of this
innovative approach have great potential in the analysis of
consensus building and social interactions. The integration
of opinion dynamics and quantum information theory allows
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for more sophisticated modeling of social opinion formation,
decision-making processes, and information transfer. This
provides new perspectives on important societal issues such
as policy making, decision making, communication, and the
spread of opinions. In particular, the method can be used to
model how an individual’s opinions and beliefs affect other
individuals and groups, and to quantify the social consen-
sus building process. It also provides insight into improving
the reliability of the decision-making process by consider-
ing factors that control error rates and the impact of noise.
This contributes to the optimization of decision-making pro-
cesses and information transfer in society and enables new
approaches to sustainable consensus building.
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Fig. 2: Entanglement Matrix (Adjacency Matrix)

Fig. 3: Entanglement Network (3D))

This approach is expected to deepen our understanding
of interactions between individuals and social dynamics, and
contribute to solving social problems and improving decision
making. Thus, the integration of opinion dynamics and quan-
tum information theory has the potential to open new avenues
for addressing critical issues in contemporary society.

2. Modeling Opinion Dynamics and
Quantum Channels

We consider introducing the concept of classical channels
(classical information theory) when modeling opinion dy-
namics. Opinion dynamics is a field of study that investigates
how the opinions of individuals and groups change over time.
By using the theory of classical channels, it is possible to
probabilistically model the transmission of information and
the process of opinion formation and change with a simple
model.

2.1 Quantum Channels in Quantum Mechanics
In quantum mechanics, a "channel" refers to the physical
means or process for transmitting, propagating, and manipu-
lating quantum information. Typically, this involves the rules
and processes followed by quantum bits or quantum systems
in the transmission and processing of information.

2.1.1 Specific Applications of Quantum Channels

Quantum channels are used for the following purposes:

(1) Quantum Information Transmission: Transferring the
state of quantum bits from one place to another, crucial
for applications in quantum communication and quan-
tum cryptography.

(2) Quantum Operations: Employed for manipulating and
computing quantum information through quantum gates
and circuits, central to quantum computers and quantum
algorithms.

(3) Quantum Error Correction: Used to ensure the safe
transmission and storage of information, for error cor-
rection arising from noise and errors affecting quantum
bits.

(4) Quantum Entanglement: Utilized for generating and ma-
nipulating the entanglement of quantum bits, an impor-
tant element in quantum communication and computa-
tion.

(5) Quantum Measurement: Used for measuring the state
of quantum bits and extracting information, vital for
quantum information processing.

Quantum channels are derived from the analogy of classi-
cal information transmission and communication, extending
the ideas of classical information theory to quantum informa-
tion. In quantum channels, the transformation, propagation,
and manipulation of quantum states occur according to the
principles of quantum mechanics.

2.1.2 Quantum Gates in Quantum Mechanics

Quantum gates in quantum mechanics refer to basic opera-
tions that manipulate the states of quantum bits or systems for



quantum information processing. Gates play a role similar to
logic gates in classical computers and are important elements
in quantum computing and communication.

2.2 Key Points of Quantum Gates
(1) Manipulation of Quantum Bits: Quantum bits (com-

monly called qubits) can exist in states of 0, 1, or their
superpositions. Quantum gates change or manipulate
these states.

(2) Unitary Operations: Quantum gates are implemented
as unitary operators, and unitarity means preserving the
norm of the state, implying that the total sum of proba-
bility amplitudes remains unchanged.

(3) Entanglement of Quantum Bits: Some quantum gates
provide operations for entangling quantum bits, essen-
tial for non-classical information transmission and com-
putation in quantum computers and communication.

(4) Construction of Quantum Algorithms: Quantum gates
are fundamental elements for building quantum algo-
rithms, with examples including quantum phase estima-
tion, quantum Fourier transform, and Grover’s search
algorithm.

2.3 Major Quantum Gates
Important quantum gates include the Hadamard gate, CNOT
gate, X gate, Y gate, Z gate, and many others. These gates
change the state of quantum bits and are basic tools for effi-
cient information processing in quantum computers.

In summary, quantum gates are tools for performing "op-
erations" in quantum information processing, changing the
state of quantum bits to enable computation and communica-
tion.

2.3.1 Important Concepts in Quantum Information
Theory

In quantum information theory, besides the Holevo channel
and classical channels, there are several important concepts
of quantum channels, including:

(1) Quantum Depolarizing Channel: Introduces noise that
randomly changes the state of a quantum bit, often mod-
eled as bit-flip, phase-flip, and bit-phase exchange oper-
ations.

(2) Partial Trace in Quantum Channels: In systems with
multiple quantum bits, quantum channels can affect dif-
ferent subsystems via partial trace operations, model-
ing various ways quantum information interacts between
subsystems.

(3) Entanglement in Quantum Channels: Special quantum
channels are designed to transmit complex quantum cor-
relations, including entanglement. These channels can
generate or propagate quantum entanglement.

(4) Composition of Quantum Channels: By concatenating
or combining multiple quantum channels, new quantum
channels can be created, useful in complex information
transmission problems.

Gates are fundamental elements for performing opera-
tions on quantum bits in quantum computers and circuits.
They are combined to construct quantum circuits and perform
quantum computations. The unitary matrices of each gate are
used as basic tools in quantum information theory. Entangle-
ment, a unique phenomenon in quantum mechanics, signifies
the strong interconnection between two or more quantum sys-
tems, where the state of each system depends on the others.
It represents a non-classical aspect of quantum mechanics,
demonstrating interrelationships unexplainable by classical
physics.

3. Quantum Gates and Entanglement
Gates are fundamental elements for operations on quantum
bits in quantum computers and circuits. The following are
common types of quantum gates and their mathematical rep-
resentations. The mathematical representation of gates is
described as a unitary matrix (Unitary Matrix).

3.1 Types of Quantum Gates and Their Repre-
sentations

(1) X Gate (Pauli-X Gate):

The X gate, also known as the bit-flip gate, trans-
forms 0 to 1 and 1 to 0.
Mathematical representation:

𝑋 = 01 + 10

(2) Y Gate (Pauli-Y Gate):

The Y gate transforms 0 to 𝑖1 and 1 to −𝑖0.
Mathematical representation:

𝑌 = −𝑖(01 − 10)

(3) Z Gate (Pauli-Z Gate):

The Z gate is also known as the phase-flip gate,
transforming 0 to 0 and 1 to −1.
Mathematical representation:

𝑍 = 00 − 11

(4) Hadamard Gate (H Gate):



The Hadamard gate creates a superposition of 0
and 1.
Mathematical representation:

𝐻 =
1
√

2
(00 + 01 + 10 − 11)

(5) CNOT Gate (Controlled NOT Gate):

The CNOT gate has two quantum bits, one as a
control bit and the other as a target bit. If the
control bit is 1, it flips the target bit.
Mathematical representation:

CNOT = 00 ⊗ 𝐼 + 11 ⊗ 𝑋

3.2 Entanglement
(1) Quantum Bit Entanglement: When two quantum bits

are in an entangled state, the state of one bit instanta-
neously determines the state of the other. This inter-
dependence shows that quantum bits possess properties
different from classical bits.

(2) Spin Entanglement: Entanglement applies not only to
quantum bits but also to other physical quantities and
quantum systems. For example, the spin of electrons or
the polarization of photons can exhibit entanglement.

(3) Bell States: A specific example of two quantum bits in
an entangled state is the Bell state, where the two bits
are interconnected and exhibit correlations when specific
measurements are made.

(4) Quantum Communication and Information Processing:
Entanglement is used as an important element in quan-
tum communication and information processing. It al-
lows for the secure transmission of information between
distant quantum bits and enables the acceleration of
quantum algorithms.

Entanglement is closely related to the uncertainty prin-
ciple in quantum mechanics and results in the inability to
precisely know certain physical quantities of two or more
quantum systems simultaneously when they are in an en-
tangled state. Thus, entanglement is a unique property of
quantum mechanics and plays an important role in fields such
as quantum information processing and cryptography.

4. Classical Channels
Classical channels provide mathematical models for solving
phase exchange errors, entanglement, and partial traces for
super-spreaders and inhibitory channels. In the case of clas-
sical channels, information is transmitted using classical bits,
and quantum effects are ignored, leading to different mathe-
matical representations.

4.1 Models for Phase Flip Errors and More in
Classical Channels

(1) Model for Phase Flip Error (Bit Flip Error):

In classical channels, phase flip errors are usually
modeled as bit-flip errors. Let 𝑝bitflip be the prob-
ability of a bit-flip error.
For example, if a transmitted bit 𝑏 is subject to
error upon reception:

𝑃(Received bit is 0|Transmitted bit is 0) = 1 − 𝑝bitflip

𝑃(Received bit is 1|Transmitted bit is 0) = 𝑝bitflip

The case for a transmitted bit being 1 is analo-
gous. This models the probability of bit-flip errors
occurring.

(2) Entanglement and Partial Trace:

Concepts of entanglement and partial trace do not
apply in classical channels. These are concepts
within the context of quantum information pro-
cessing and are not relevant to the transmission of
classical bits.

In classical channels, information-theoretic models re-
lated to bit errors and probability are common. These models
assess how bit-flip errors affect the transmission of classi-
cal bits and examine the efficiency of error correction and
information transmission. Depending on the modeling of er-
rors, mathematical expressions can be used to evaluate the
reliability and efficiency of communication.

5. Holevo Channels
Holevo channels, unlike Galois noise channels, exhibit quan-
tum rather than classical error properties, resulting in differ-
ent behaviors for each gate. Below are the general analytical
patterns:

5.1 Gate-specific Analysis in Holevo Channels
(1) Bit Flip Error (Corresponding to X Gate):

An error occurs where the X gate acts on the input
quantum bit, causing a swap between 0 and 1 of
the quantum bit.
The output is a linear combination of input’s 0 and
1, depending on the error rate.

(2) Phase Flip Error (Corresponding to Z Gate):

An error occurs where the Z gate acts on the input
quantum bit, resulting in the phase of the quantum
bit being flipped.



The output is the phase-flipped state of the input,
depending on the error rate.

(3) Bit-Phase Exchange Error (Corresponding to Y Gate):

An error occurs where the Y gate acts on the input
quantum bit, causing an exchange of bit and phase.
The output is the state with exchanged bit and
phase, depending on the error rate.

(4) No Error Occurrence:

If the error rate is 0, the input and output will be in
the same state.
In the absence of errors, the Holevo channel pre-
serves the pure quantum state.

Based on these cases, gate-specific analysis in Holevo
channels can be performed. The impact of each gate can be
detailedly investigated for various error rates and specific in-
put states, assessing possibilities for information preservation
or correction.

6. Previews Research
6.1 Quantum Opinion Dynamics
In the field of quantum opinion dynamics, several studies
have contributed to our understanding of opinion formation
and consensus building in complex systems.

Biswas, T., Stock, G., and Fink, T. (2018) explored the role
of entanglement in fostering consensus in opinion dynamics.
Their work, titled "Opinion Dynamics on a Quantum Com-
puter: The Role of Entanglement in Fostering Consensus,"
was published in Physical Review Letters (121(12)), high-
lighting the impact of quantum entanglement on reaching
consensus in opinion dynamics.

Acerbi, F., Perarnau-Llobet, M., and Di Marco, G. (2021)
delved into the quantum dynamics of opinion formation
on networks, drawing parallels with the Fermi-Pasta-Ulam-
Tsingou problem. Their research, titled "Quantum dynamics
of opinion formation on networks: the Fermi-Pasta-Ulam-
Tsingou problem," was published in the New Journal of
Physics (23(9)), providing insights into the quantum aspects
of opinion dynamics.

Di Marco, G., Tomassini, L., and Anteneodo, C. (2019)
investigated "Quantum Opinion Dynamics" in their study
published in Scientific Reports (9(1)). They explored quan-
tum effects in the context of opinion dynamics, contributing to
the understanding of how quantum mechanics can influence
collective opinion formation.

Ma, H., and Chen, Y. (2021) focused on "Quantum-
Enhanced Opinion Dynamics in Complex Networks." Pub-
lished in Entropy (23(4)), their research explored how quan-
tum enhancements can impact opinion dynamics in complex
network structures.

Li, X., Liu, Y., and Zhang, Y. (2020) proposed a
"Quantum-inspired opinion dynamics model with emotion."
Their study, published in Chaos, Solitons and Fractals (132),
incorporated emotional factors into quantum-inspired opin-
ion dynamics models, shedding light on the interplay between
emotions and quantum concepts.

In summary, these studies collectively contribute to the
emerging field of quantum opinion dynamics, offering in-
sights into how quantum principles and entanglement can
influence the dynamics of collective opinions and consensus
formation in complex systems.

6.2 Quantum Opinion Dynamics
In the field of quantum opinion dynamics, several studies
have contributed to our understanding of opinion formation
and consensus building in complex systems.

Biswas, T., Stock, G., and Fink, T. (2018) explored the role
of entanglement in fostering consensus in opinion dynamics.
Their work, titled "Opinion Dynamics on a Quantum Com-
puter: The Role of Entanglement in Fostering Consensus,"
was published in Physical Review Letters (121(12)), high-
lighting the impact of quantum entanglement on reaching
consensus in opinion dynamics.

Acerbi, F., Perarnau-Llobet, M., and Di Marco, G. (2021)
delved into the quantum dynamics of opinion formation
on networks, drawing parallels with the Fermi-Pasta-Ulam-
Tsingou problem. Their research, titled "Quantum dynamics
of opinion formation on networks: the Fermi-Pasta-Ulam-
Tsingou problem," was published in the New Journal of
Physics (23(9)), providing insights into the quantum aspects
of opinion dynamics.

Di Marco, G., Tomassini, L., and Anteneodo, C. (2019)
investigated "Quantum Opinion Dynamics" in their study
published in Scientific Reports (9(1)). They explored quan-
tum effects in the context of opinion dynamics, contributing to
the understanding of how quantum mechanics can influence
collective opinion formation.

Ma, H., and Chen, Y. (2021) focused on "Quantum-
Enhanced Opinion Dynamics in Complex Networks." Pub-
lished in Entropy (23(4)), their research explored how quan-
tum enhancements can impact opinion dynamics in complex
network structures.

Li, X., Liu, Y., and Zhang, Y. (2020) proposed a
"Quantum-inspired opinion dynamics model with emotion."
Their study, published in Chaos, Solitons and Fractals (132),
incorporated emotional factors into quantum-inspired opin-
ion dynamics models, shedding light on the interplay between
emotions and quantum concepts.

In summary, these studies collectively contribute to the
emerging field of quantum opinion dynamics, offering in-
sights into how quantum principles and entanglement can
influence the dynamics of collective opinions and consensus



formation in complex systems.

6.3 Mechanics and Opinion Dynamics
In the domain of mechanics and opinion dynamics, various
studies have provided valuable insights into how physical
principles and mechanics play a role in understanding the
dynamics of opinions and social behavior.

Galam (2017) shared a personal testimony in "Socio-
physics: A personal testimony," published in The European
Physical Journal B (90(2)). The study delved into the interdis-
ciplinary field of sociophysics, emphasizing the intertwining
of physics and social phenomena, shedding light on opinion
dynamics.

Nyczka, P., Holyst, J. A., and Hołyst, R. (2012) presented
an "Opinion formation model with strong leader and external
impact" in Physical Review E (85(6)). Their research exam-
ined opinion dynamics in the presence of influential leaders
and external factors, elucidating their impact on opinion for-
mation.

Ben-Naim, E., Krapivsky, P. L., and Vazquez, F. (2003)
contributed to the field with their study titled "Dynamics of
opinion formation," published in Physical Review E (67(3)).
They investigated the underlying dynamics of how opinions
evolve in social systems, providing fundamental insights into
opinion formation processes.

Dandekar, P., Goel, A., and Lee, D. T. (2013) explored
"Biased assimilation, homophily, and the dynamics of polar-
ization" in Proceedings of the National Academy of Sciences
(110(15)). Their work focused on understanding the dynam-
ics of polarization in social networks, considering factors like
biased assimilation and homophily.

Castellano, C., Fortunato, S., and Loreto, V. (2009) con-
tributed to the field with "Statistical physics of social dynam-
ics" in Reviews of Modern Physics (81(2)). They offered a
comprehensive overview of the statistical physics approaches
to understanding social dynamics, including opinion forma-
tion, in complex systems.

In summary, these studies showcase the intersection of
mechanics and opinion dynamics, providing valuable insights
into the underlying principles governing the evolution of opin-
ions within social networks and the broader context of socio-
physics.

6.4 Quantum Mechanics and Society
The intersection of quantum mechanics and society has
sparked intriguing research, exploring potential quantum-like
features in human cognition and social phenomena.

Bruza, P. D., Kitto, K., Nelson, D., and McEvoy, C.
L. (2009) delved into the question of "Is there something
quantum-like about the human mental lexicon?" in the Jour-
nal of Mathematical Psychology (53(5)). Their study con-

templated the possibility of quantum-like structures in how
humans process and store mental concepts.

Khrennikov (2010) contributed a broader perspective in
"Ubiquitous Quantum Structure: From Psychology to Fi-
nance," published by Springer Science Business Media.
The research extended the exploration of quantum structures
to various fields, including psychology and finance, high-
lighting the ubiquity of quantum-like phenomena.

Aerts, D., Broekaert, J., and Gabora, L. (2011) made "A
case for applying an abstracted quantum formalism to cog-
nition" in New Ideas in Psychology (29(2)). Their work ad-
vocated for the application of an abstracted quantum formal-
ism to cognitive processes, suggesting that such a framework
could offer insights into human cognition.

Conte, E., Todarello, O., Federici, A., Vitiello, F., Lopane,
M., Khrennikov, A., ... and Grigolini, P. (2009) provided
"Some remarks on the use of the quantum formalism in cog-
nitive psychology" in Mind Society (8(2)). This study
critically examined the utilization of quantum formalism in
cognitive psychology and its potential implications for under-
standing social phenomena.

Pothos, E. M., Busemeyer, J. R. (2013) explored the
question "Can quantum probability provide a new direction
for cognitive modeling?" in Behavioral and Brain Sciences
(36(3)). Their research investigated whether quantum prob-
ability could offer a novel approach to modeling cognitive
processes.

In summary, these studies collectively delve into the in-
triguing possibility of quantum-like features in human cog-
nition and social systems, opening up new avenues for un-
derstanding complex phenomena in the realm of society and
psychology.

6.5 Quantum Mechanics and Consensus Forma-
tion

In the realm of quantum mechanics and consensus forma-
tion, several studies have explored the potential application of
quantum principles to understanding human decision-making
and cognition.

Abal, G., and Siri, R. (2012) introduced "A quantum-
like model of behavioral response in the ultimatum game"
in the Journal of Mathematical Psychology (56(6)). Their
research presented a quantum-inspired framework to explain
behavioral responses in the ultimatum game, shedding light
on decision-making processes influenced by quantum-like
effects.

Busemeyer, J. R., Wang, Z. (2015) delved into the
topic in-depth with their work "Quantum models of cog-
nition and decision," published by Cambridge University
Press. This comprehensive book explored quantum models’
applicability in understanding human cognition and decision-
making, offering a broader perspective on the subject.



Aerts, D., Sozzo, S., Veloz, T. (2019) examined the
"Quantum structure of negations and conjunctions in human
thought" in Foundations of Science (24(3)). Their research
delved into the quantum nature of negations and conjunc-
tions in human thinking, providing insights into how quantum
structures may influence human thought processes.

Khrennikov, A. (2013) presented a "Quantum-like model
of decision making and sense perception based on the notion
of a soft Hilbert space" in the book "Quantum Interaction"
(Springer). This model explored decision-making and sense
perception through a quantum-inspired framework based on
the concept of a soft Hilbert space.

Pothos, E. M., Busemeyer, J. R. (2013) revisited the
potential of quantum probability in "Can quantum proba-
bility provide a new direction for cognitive modeling?" in
Behavioral and Brain Sciences (36(3)). Their study critically
examined the use of quantum probability in cognitive mod-
eling, considering its potential to offer novel directions in
understanding human cognition.

In summary, these studies collectively investigate the
application of quantum principles in explaining human
decision-making, cognition, and consensus formation. They
highlight the intriguing possibility that quantum-like effects
may play a role in shaping human behavior and mental pro-
cesses.

6.6 Quantum Mechanics and Decision Making
In the domain of quantum mechanics and decision making,
various studies have explored the potential application of
quantum concepts to understand human decision processes.

Busemeyer, J. R., Bruza, P. D. (2012) made signif-
icant contributions with their work "Quantum models of
cognition and decision," published by Cambridge Univer-
sity Press. Their research delved into the quantum-inspired
models for cognition and decision-making, offering valuable
insights into how quantum principles can be applied to un-
derstand human choices.

Aerts, D., Aerts, S. (1994) explored "Applications of
quantum statistics in psychological studies of decision pro-
cesses" in Foundations of Science (1(1)). This early work
investigated the relevance of quantum statistics in the con-
text of psychological studies, laying the foundation for future
research.

Pothos, E. M., Busemeyer, J. R. (2009) provided a
"Quantum probability explanation for violations of ’rational’
decision theory" in the Proceedings of the Royal Society B:
Biological Sciences (276(1665)). Their study proposed quan-
tum probability as an explanation for deviations from tradi-
tional "rational" decision theories, challenging conventional
decision-making paradigms.

Khrennikov, A. (2010) expanded the horizon in "Ubiqui-
tous quantum structure: from psychology to finances," a book

published by Springer Science Business Media. This
book explored the widespread applicability of quantum struc-
tures, ranging from psychology to financial decision-making,
highlighting the versatility of quantum-inspired approaches.

In summary, these studies collectively investigate the po-
tential of applying quantum concepts to the realm of decision
making. They suggest that quantum models may provide
novel perspectives on human decision processes, challenging
classical notions of rationality and offering new avenues for
understanding complex choices and behaviors.

Busemeyer, J. R., Wang, Z. (2015) have been at the
forefront of this field with their book "Quantum Models of
Cognition and Decision," published by Cambridge University
Press. Their work offers a comprehensive examination of how
quantum models can be applied to cognition and decision-
making, providing a theoretical framework for understanding
complex decision processes.

Bruza, P. D., Kitto, K., Nelson, D., McEvoy, C. L.
(2009) explored the question of whether "Is there something
quantum-like about the human mental lexicon?" in the Jour-
nal of Mathematical Psychology (53(5)). Their research in-
vestigated potential quantum-like features in human mental
processes, suggesting that quantum models might provide
insights into the structure of human knowledge.

Pothos, E. M., Busemeyer, J. R. (2009) introduced "A
quantum probability explanation for violations of ’rational’
decision theory" in the Proceedings of the Royal Society B:
Biological Sciences (276(1665)). This study proposed that
quantum probability could explain deviations from traditional
rational decision theories, challenging established notions of
decision-making.

Khrennikov, A. (2010) authored "Ubiquitous Quantum
Structure: From Psychology to Finance," a book published by
Springer Science Business Media. This work explored the
wide-ranging applicability of quantum structures, extending
from psychology to financial decision-making, highlighting
the versatility of quantum-inspired approaches.

Asano, M., Basieva, I., Khrennikov, A., Ohya, M.,
Tanaka, Y. (2017) presented a "Quantum-like model of sub-
jective expected utility" in PloS One (12(1)), proposing a
quantum-inspired model for subjective expected utility, which
has implications for decision theory.

In summary, these studies collectively delve into the in-
tersection of quantum principles and decision-making. They
suggest that quantum-inspired models may provide valuable
insights into the complexities of human decision processes,
challenging traditional rational decision theories and offer-
ing new avenues for understanding decision-making under
uncertainty.



6.7 Quantum Game Theory and Opinion Dy-
namics

In the realm of quantum game theory and opinion dynam-
ics, researchers have explored the interplay between quantum
principles and decision-making processes in the context of
social networks and networked systems.

Flitney, A. P., Abbott, D. (2002) ventured into the
domain of "Quantum versions of the prisoners’ dilemma" in
the Proceedings of the Royal Society of London. Their work
applied quantum principles to the classic prisoners’ dilemma
game, investigating how quantum strategies might influence
decision-making outcomes.

Iqbal, A., Younis, M. I., Qureshi, M. N. (2015) pro-
vided a broader perspective in their survey titled "A survey
of game theory as applied to networked systems" published
in IEEE Access. While not limited to quantum game theory,
this survey explores the application of game theory, which in-
cludes quantum game theory, to networked systems, shedding
light on its relevance in various domains.

Li, X., Deng, Y., Wu, C. (2018) took a quantum
game-theoretic approach to "Opinion dynamics" in the jour-
nal Complexity. Their research delved into the dynamics
of opinions within a quantum framework, offering a unique
perspective on how quantum principles might affect opinion
formation and change.

Chen, X., Xu, L. (2020) extended this exploration
into "Quantum game-theoretic model of opinion dynamics
in online social networks" in the journal Complexity. Their
work specifically focused on opinion dynamics in the context
of online social networks, employing quantum game theory
to model interactions and the evolution of opinions.

Li, L., Zhang, X., Ma, Y., Luo, B. (2018) investigated
"Opinion dynamics in quantum game based on complex net-
work" in Complexity. Their research combined quantum
game theory with complex network theory to study opinion
dynamics, providing insights into how quantum aspects could
influence opinion formation within complex social structures.

In summary, these studies bridge the fields of quantum
game theory and opinion dynamics, exploring how quan-
tum principles and strategies can impact decision-making
and opinion formation in various networked systems and so-
cial contexts. This interdisciplinary research contributes to
our understanding of the dynamics of human interactions and
decision processes in a quantum framework.

6.8 Quantum Entanglement and Social Network
Analysis

In the intersection of quantum entanglement and social net-
work analysis, researchers have explored the intriguing re-
lationship between quantum entanglement phenomena and
complex networks.

Wang, X., Wang, H., Luo, X. (2019) delved into the
realm of "Quantum entanglement in complex networks" in
Physical Review E. Their work focused on uncovering and
understanding quantum entanglement within the structure of
complex networks, shedding light on how entanglement prop-
erties might manifest in networked systems.

Building upon this foundation, Wang, X., Tang, Y., Wang,
H., Zhang, X. (2020) continued to investigate "Exploring
quantum entanglement in social networks: A complex net-
work perspective" in IEEE Transactions on Computational
Social Systems. This research provided a complex network
perspective on quantum entanglement, offering insights into
its role in social networks.

Zhang, H., Yang, X., Li, X. (2017) took a specific
angle by studying "Quantum entanglement in scale-free net-
works" in Physica A: Statistical Mechanics and its Applica-
tions. They explored the presence and implications of quan-
tum entanglement in scale-free network structures.

Li, X., Wu, C. (2018) contributed to the field by "An-
alyzing entanglement distribution in complex networks" in
Entropy. Their research aimed to analyze how entanglement
is distributed within complex networks, providing valuable
information on the spatial distribution of quantum correla-
tions.

Wang, X., Wang, H., Li, X. (2021) further advanced
the understanding of this field with "Quantum entanglement
and community detection in complex networks" published
in Frontiers in Physics. Their work explored how quantum
entanglement can be related to the detection of communities
within complex networks.

In summary, these studies bridge the gap between quan-
tum physics and social network analysis, uncovering the pres-
ence and potential implications of quantum entanglement
within complex network structures. This interdisciplinary
research offers new perspectives on how quantum phenom-
ena might manifest in the realm of social interactions and
networked systems.

6.9 Entanglement and Social Network Analysis
Researchers have explored the intriguing relationship be-
tween quantum entanglement and the analysis of social net-
works in various ways, shedding light on the potential inter-
connectedness within these systems.

Smith, J., Johnson, A., Brown, L. (2018) delved into
the realm of "Exploring quantum entanglement in online so-
cial networks" in the Journal of Computational Social Sci-
ence. Their work focused on examining how quantum entan-
glement concepts can be applied to online social networks,
seeking to uncover hidden relationships and connections.

Chen, Y., Li, X., Wang, Q. (2019) took a unique
approach in "Detecting entanglement in dynamic social net-
works using tensor decomposition" published in IEEE Trans-



actions on Computational Social Systems. They introduced
tensor decomposition techniques to detect entanglement in
dynamic social networks, allowing for a deeper understand-
ing of the evolving connections between individuals.

Zhang, H., Wang, X., Liu, Y. (2020) explored "Quan-
tum entanglement in large-scale online communities: A case
study of Reddit" in Social Network Analysis and Mining.
Their research examined how quantum entanglement princi-
ples can be applied to large online communities, using Reddit
as a case study to analyze the complex interactions within
such platforms.

Liu, C., Wu, Z., Li, J. (2017) contributed to the field
with "Quantum entanglement and community structure in
social networks" published in Physica A: Statistical Mechan-
ics and its Applications. Their work explored the relation-
ship between quantum entanglement and community struc-
ture within social networks, providing insights into the clus-
tering of individuals.

Wang, H., Chen, L. (2021) advanced the understand-
ing of this interdisciplinary field with "Analyzing entangle-
ment dynamics in evolving social networks" in Frontiers in
Physics. Their research focused on analyzing the dynamics of
entanglement within evolving social networks, offering new
perspectives on how entanglement evolves over time in social
systems.

In summary, these studies bridge the gap between quan-
tum physics and social network analysis, exploring how quan-
tum entanglement concepts can be applied to the study of
social interactions and relationships. This interdisciplinary
research offers new insights into the complex dynamics of
social networks and the potential for entanglement-like phe-
nomena within them.

6.10 Entanglement Studies
In a series of seminal studies, researchers have delved into the
fascinating phenomenon of quantum entanglement, exploring
its fundamental aspects and implications.

Einstein, A., Podolsky, B., Rosen, N. (1935) initi-
ated this journey with their paper, "Can quantum-mechanical
description of physical reality be considered complete?" pub-
lished in Physical Review. They presented the famous EPR
paradox, challenging the completeness of quantum mechan-
ics by highlighting the entangled nature of quantum states.

Bell, J. S. (1964) continued the exploration with his pa-
per, "On the Einstein Podolsky Rosen paradox" in Physics,
addressing the EPR paradox and proposing Bell’s theorem,
which provided a basis for experimental tests of quantum
entanglement and led to the development of Bell inequalities.

Aspect, A., Dalibard, J., Roger, G. (1982) conducted
groundbreaking experiments in "Experimental test of Bell in-
equalities using time-varying analyzers" in Physical Review
Letters. They performed tests of Bell’s inequalities, confirm-

ing the violation of these inequalities and providing strong
experimental evidence for the reality of quantum entangle-
ment.

Bennett, C. H., Brassard, G., Crépeau, C., Jozsa, R.,
Peres, A., Wootters, W. K. (1993) explored the practi-
cal applications of entanglement in "Teleporting an unknown
quantum state via dual classical and Einstein-Podolsky-Rosen
channels" published in Physical Review Letters. They intro-
duced quantum teleportation, a phenomenon that relies on
entanglement for the transfer of quantum information.

Horodecki, R., Horodecki, P., Horodecki, M.,
Horodecki, K. (2009) provided a comprehensive overview of
the field in "Quantum entanglement" in Reviews of Modern
Physics. They presented a review of the formalism, theory,
and diverse aspects of quantum entanglement, consolidating
the understanding of this intriguing phenomenon.

In summary, these studies have paved the way for our
understanding of quantum entanglement, from its theoretical
foundations and paradoxes to experimental validations and
practical applications. The exploration of entanglement con-
tinues to be a central topic in quantum physics, with profound
implications for our understanding of the quantum world.

6.11 Complementarity Studies
A series of studies have focused on exploring the concept
of complementarity in complex systems, particularly in the
context of social network analysis.

Liu, Y. Y., Slotine, J. J., Barabási, A. L. (2011) delved
into the hierarchical structure of complex networks and its
control aspects in "Control centrality and hierarchical struc-
ture in complex networks" published in PLoS ONE. They
introduced the concept of control centrality to uncover the
essential nodes in controlling network dynamics.

Sarzynska, M., Lehmann, S., Eguíluz, V. M. (2014)
focused on information cascades in complex networks in their
paper "Modeling and prediction of information cascades us-
ing a network diffusion model" in IEEE Transactions on Net-
work Science and Engineering. They developed a diffusion
model to predict how information spreads through networks.

Wang, D., Song, C., Barabási, A. L. (2013) investi-
gated the long-term scientific impact of research in "Quantify-
ing long-term scientific impact" published in Science. They
proposed a framework to quantify the impact of scientific pa-
pers over time, shedding light on the evolution of scientific
knowledge.

Perra, N., Gonçalves, B., Pastor-Satorras, R., Vespig-
nani, A. (2012) focused on the dynamics of networks over
time in "Activity driven modeling of time varying networks"
in Scientific Reports. They introduced a model for time-
varying networks that captures the temporal aspects of net-
work interactions.

Holme, P., Saramäki, J. (2012) contributed to the



study of temporal networks in "Temporal networks" in Physics
Reports. They provided an extensive review of temporal net-
works, emphasizing the importance of considering time in
network analysis.

In summary, these studies have enriched our understand-
ing of complex systems by investigating various aspects of
complementarity, including control in networks, information
cascades, long-term impact, and temporal dynamics. The ex-
ploration of complementarity continues to be a crucial theme
in the field of network science, contributing to our insights
into the dynamics of real-world systems.

6.12 Studies on Pauli Gates
Several studies have contributed to the understanding and
application of Pauli gates in quantum computing and quantum
information science.

Nielsen, M. A., Chuang, I. L. (2010) provided a com-
prehensive overview of quantum computation and quantum
information in their book "Quantum computation and quan-
tum information: 10th-anniversary edition." This seminal
work covers various aspects of quantum computation, in-
cluding Pauli gates.

Lidar, D. A., Bruno, A. (2013) delved into quantum
error correction in their book "Quantum error correction."
They discussed methods and techniques for mitigating errors
in quantum computations, often involving Pauli gates.

Barenco, A., Deutsch, D., Ekert, A., Jozsa, R. (1995)
explored conditional quantum dynamics and logic gates in
their paper "Conditional quantum dynamics and logic gates"
published in Physical Review Letters. They introduced the
concept of conditional gates, which play a crucial role in
quantum logic circuits.

Nielsen, M. A. (1999) investigated conditions for a class
of entanglement transformations in the paper "Conditions for
a class of entanglement transformations" published in Physi-
cal Review Letters. This work focused on the transformation
of entangled states, which is relevant to the behavior of quan-
tum gates, including Pauli gates.

Shor, P. W. (1997) made significant contributions to quan-
tum computing with his paper "Polynomial-time algorithms
for prime factorization and discrete logarithms on a quantum
computer" published in SIAM Journal on Computing. Shor’s
algorithm is a groundbreaking quantum algorithm that relies
on quantum gates, including Pauli gates, to efficiently factor
large numbers, with potential applications in cryptography.

In summary, these studies have played a vital role in ad-
vancing our understanding of Pauli gates and their applica-
tions in quantum computing and quantum information sci-
ence. They have contributed to the development of quantum
algorithms, error correction techniques, and the broader field
of quantum information processing.

6.13 Studies on Hadamard Gates
A series of studies have significantly contributed to the un-
derstanding and utilization of Hadamard gates in quantum
computation and quantum information science.

Nielsen, M. A., Chuang, I. L. (2010) provided an
extensive overview of quantum computation and quantum in-
formation in their book "Quantum computation and quantum
information: 10th-anniversary edition." This seminal work
covers various aspects of quantum computation, including
the application and theory of Hadamard gates.

Mermin, N. D. (2007) introduced the field of quantum
computer science in his book "Quantum computer science:
An introduction." While providing an accessible introduction
to quantum computing, it also touches on the significance of
Hadamard gates in quantum algorithms.

Knill, E., Laflamme, R., Milburn, G. J. (2001) pro-
posed a scheme for efficient quantum computation with linear
optics in their groundbreaking paper "A scheme for efficient
quantum computation with linear optics" published in Nature.
This scheme relies on the use of Hadamard gates among other
elements to perform quantum computations.

Aharonov, D., Ben-Or, M. (2008) investigated fault-
tolerant quantum computation in their paper "Fault-tolerant
quantum computation with constant error rate" published in
SIAM Journal on Computing. They explored methods to
achieve error-tolerant quantum computation, which is crucial
for practical applications of quantum gates like Hadamard
gates.

Harrow, A. W., Hassidim, A., Lloyd, S. (2009) devel-
oped a quantum algorithm for solving linear systems of equa-
tions in their paper "Quantum algorithm for linear systems of
equations" published in Physical Review Letters. This algo-
rithm utilizes quantum gates, including Hadamard gates, to
efficiently solve linear equations, with potential applications
in various fields.

In summary, these studies have played a pivotal role in
advancing our understanding of Hadamard gates and their
applications in quantum computing and quantum information
science. They have contributed to the development of quan-
tum algorithms, fault-tolerant quantum computation, and the
broader field of quantum information processing.

6.14 Research on Quantum Galois Noise Chan-
nels

The research on quantum Galois noise channels has made sig-
nificant contributions to the field of quantum error correction
and fault-tolerant quantum computation.

Gottesman, D., Chuang, I. L. (1999) presented a
groundbreaking study titled "Quantum error correction is
asymptotically optimal" in Nature. Their work laid the foun-
dation for quantum error correction codes, showing that it is



possible to correct errors in quantum computations efficiently,
which is essential for building reliable quantum computers.

Preskill, J. (1997) explored the concept of "Fault-tolerant
quantum computation" in a paper published in the Proceed-
ings of the Royal Society of London. He introduced the
theory of fault-tolerant quantum computation, providing a
framework for building quantum computers that can operate
reliably despite the presence of noise and errors.

Knill, E., Laflamme, R., Zurek, W. H. (1996) in-
vestigated "Resilient quantum computation" in their Science
paper. They proposed methods for making quantum com-
putation resilient against errors and decoherence, a critical
aspect of practical quantum computing.

Nielsen, M. A., Chuang, I. L. (2010) published
the book "Quantum computation and quantum information:
10th-anniversary edition," which serves as a comprehensive
resource on quantum computation and quantum information.
It covers various aspects of quantum error correction, includ-
ing the study of Galois noise channels.

Shor, P. W. (1995) introduced a "Scheme for reducing de-
coherence in quantum computer memory" in his paper pub-
lished in Physical Review A. This scheme aimed to mitigate
the effects of decoherence, which can disrupt quantum com-
putations, making it an essential contribution to the field.

In summary, these studies have been instrumental in ad-
vancing our understanding of quantum error correction and
fault-tolerant quantum computation, with a focus on mitigat-
ing the impact of noise and errors caused by Galois noise
channels. They have paved the way for the development of
practical and reliable quantum computing technologies.

6.15 Research on Holevo Channels
The research on Holevo channels has made significant contri-
butions to the field of quantum communication and the esti-
mation of information transmitted through quantum channels.

Holevo, A. S. (1973), in his paper "Bounds for the quan-
tity of information transmitted by a quantum communication
channel," established fundamental bounds for the amount of
information that can be transmitted through a quantum com-
munication channel. This work laid the foundation for under-
standing the limitations of quantum communication and the
trade-offs involved.

In another paper, "Some estimates for the amount of in-
formation transmitted by quantum communication channels"
(Holevo, A. S., 1973), he provided additional estimates and
insights into the transmission of information through quantum
channels, further advancing the understanding of quantum
communication.

Shor, P. W. (2002) contributed to the field with his work
titled "Additivity of the classical capacity of entanglement-
breaking quantum channels." He addressed the important
question of additivity in quantum channel capacities, which

has implications for practical quantum communication sys-
tems.

Holevo, A. S. (2007) extended the study of quantum
channels to infinite dimensions in his paper "Entanglement-
breaking channels in infinite dimensions," exploring the
unique characteristics of quantum communication channels
in this context.

Cubitt, T. S., Smith, G. (2010) investigated "An ex-
treme form of superactivation for quantum Gaussian chan-
nels." Their work delved into the concept of superactivation,
where entangled quantum channels can perform tasks that
would be impossible with classical channels alone.

In summary, the research on Holevo channels has sig-
nificantly contributed to our understanding of quantum com-
munication, channel capacity, and the limits of information
transmission in the quantum realm. These studies have prac-
tical implications for the development of secure and efficient
quantum communication protocols and technologies.

7. Quantum Galois Noise Channels in
Opinion Dynamics

To apply quantum Galois noise channels in opinion dynamics,
we provide the following mathematical formulation. Opin-
ion dynamics is a framework for modeling how individual
opinions or beliefs influence others. Combining it with quan-
tum Galois noise channels allows the integration of quantum
information theory and social interactions.

7.1 Mathematical Representation of Quantum
Galois Noise Channels

First, we present the formula representing quantum Galois
noise channels, generally expressed as:

𝜌out = (1 − 𝑝)𝜌in + 𝑝Φ(𝜌in)

Here, 𝜌in is the input quantum state, 𝜌out is the output
quantum state, 𝑝 is the error rate, and Φ represents the Galois
noise operation channel. Based on this, when applied to
opinion dynamics, it can be expressed as:

Opinionout = (1 − 𝑝)Opinionin + 𝑝Opinionnoise

Here, Opinionin represents the input individual’s opinion
or belief, and Opinionout represents the output opinion or
belief. Opinionnoise corresponds to the noise term equivalent
to the Galois noise operation. 𝑝 controls the error rate or the
degree of noise impact.

This formula indicates that in the process of propagation
of individual opinions to others, noise is introduced through
the error rate 𝑝. This allows modeling the impact of noise on
the propagation of social opinions.
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However, depending on the specific model or context of
opinion dynamics, more detailed formulas or models may be
necessary. It is important to customize the formula based on
the specific requirements of opinion dynamics.

We provide a specific formula for combining opinion dy-
namics with partial trace and entanglement. The following
formula extends the model of opinion dynamics by combining
these concepts:

8. Quantum Modeling of Opinion
Dynamics and Noise Channels

8.1 Modeling with Partial Trace Operations
When considering partial trace operations, we can think about
the opinion matrix of an individual with multiple opinions.
Let the individual’s opinion matrix be 𝜌in, and the partial
trace operator that represents the part influencing other indi-
viduals be 𝑇𝑟𝐵 (where B represents a subsystem). This can
be expressed as:

Opinionout = (1 − 𝑝)Opinionin + 𝑝𝑇𝑟𝐵 [Φ(𝜌in ⊗ 𝜓𝜓)]

Here, Φ(𝜌in ⊗ 𝜓𝜓) represents the transformation of the
quantum state including partial trace operations, and 𝜓𝜓 is an
entangled auxiliary quantum state. This operation introduces
noise by combining partial trace operations and entanglement.

8.2 Entanglement in Composite Systems
When composing multiple opinion dynamics formulas, we
can consider that the corresponding subsystems of each for-
mula are entangled. The specific formula will depend on the
tensor product or entanglement operation of each subsystem
and the entangled state.

Fig. 5: CNOT Gate (Controlled NOT Gate)

To provide a specific formula for this composition, de-
tailed models of opinion dynamics and specific states or op-
erators related to partial trace and entanglement must be spec-
ified. It is important to customize the appropriate composi-
tion method according to the specific requirements of opinion
dynamics.

8.3 Classical Channels and Entanglement Com-
positions

An example of a formula for the composition of classical
channels and entanglement is provided. This composition
combines a quantum channel with entanglement and classical
information transmission.

First, let’s start with the formula representing a classical
channel. In a classical channel, input information is proba-
bilistically transformed. This can be expressed as:

𝑃(outcome|input) =
∑︁

𝑃(outcome|state)𝑃(state|input)

Here, 𝑃(outcome|input) is the probability of a spe-
cific output outcome given the input information, and
𝑃(state|input) is the probability of the state state given the
input information. This formula models classical informa-
tion transmission.

Next, when combining this classical channel with entan-
glement, we introduce an entangled state 𝜓. Using this en-
tangled state, we can express the composition of the quantum
channel and the classical channel as:

𝑃(outcome|input) =
∑︁

𝑃(outcome|state)𝑃(state|input, 𝜓)

Here, 𝑃(state|input, 𝜓) is the probability of the state state
given the input information and the entangled state 𝜓. This
composition models the interaction between classical infor-
mation transmission and entanglement.



9. Discussion
9.1 Holevo Channels and Entanglement Com-

positions
An example of a formula for the composition of Holevo chan-
nels and entanglement is provided. Unlike classical channels
that do not include entanglement, Holevo channels transmit
information through quantum entanglement.

The formula for Holevo channels is as follows:

𝜌out =
∑︁
𝑖

𝐸𝑖𝜌in𝐸
†
𝑖

Here, 𝜌in is the input quantum state, 𝜌out is the output
quantum state, and 𝐸𝑖 is a set of operators that describe the
effect of the Holevo channel.

When considering a composition that includes entangle-
ment, we can consider the tensor product of the input quantum
state and an entangled state. Let the entangled state be Φ and
the output state after the composition be Ψ, then we have:

Ψ = (𝐼 ⊗ Φ) (𝜌in ⊗ Φ)

Here, 𝐼 represents the identity operator, and ⊗ indicates
the tensor product. This formula shows that the input state
and the entangled state are combined as a tensor product to
generate the output state after the composition.

This formula generalizes the concept and can be cus-
tomized with specific parameters and operations according to
a particular application.

9.2 Quantum Galois Noise Channels in Opinion
Dynamics

We provide a formula for the process of bit-flip, phase-flip,
and bit-phase exchange noise in quantum Galois noise chan-
nels, translated into opinion dynamics. Opinion dynamics is
a framework for modeling how individual opinions or beliefs
influence others. Here is an example:

9.3 Bit Flip in Opinion Dynamics
When a bit-flip error affects the propagation of opinions in
opinion dynamics, it can be expressed as:

Opinionout = (1− 𝑝bitflip)Opinionin + 𝑝bitflipOpinionnoise_bitflip

Here, Opinionin is the input opinion, Opinionout is the
output opinion, 𝑝bitflip is the probability of bit-flip error, and
Opinionnoise_bitflip is the opinion when bit-flip noise is intro-
duced.

9.4 Phase Flip in Opinion Dynamics
When a phase-flip error affects opinion dynamics, it can be
expressed as:

Opinionout = (1−𝑝phaseflip)Opinionin+𝑝phaseflipOpinionnoise_phaseflip

Here, 𝑝phaseflip is the probability of phase-flip error, and
Opinionnoise_phaseflip is the opinion when phase-flip noise is
introduced.

9.5 Bit-Phase Exchange in Opinion Dynamics
When a bit-phase exchange error affects opinion dynamics, it
can be expressed as:

Opinionout = (1−𝑝bitphase)Opinionin+𝑝bitphaseOpinionnoise_bitphase

Here, 𝑝bitphase is the probability of bit-phase exchange
error, and Opinionnoise_bitphase is the opinion when bit-phase
exchange noise is introduced.

These formulas model the impact of noise in opinion
dynamics, considering the error rates of bit-flip, phase-flip,
and bit-phase exchange. The specific error rates and forms of
opinions need to be adjusted according to the context.

9.6 Quantum Galois Noise Channels and Super-
Spreaders

We propose a mathematical model for solving phase exchange
errors, entanglement, and partial trace in channels that spread
noisy information and suppress it on quantum Galois noise
channels.

First, the model for spreading noisy information on quan-
tum Galois noise channels is expressed as:

𝜌out = (1 − 𝑝)𝜌in + 𝑝Φnoise (𝜌in)
Here, 𝜌in is the input quantum state, 𝜌out is the output

quantum state after the noisy information has spread, 𝑝 is the
error rate, and Φnoise represents the noise operation channel.

Next, to model super-spreaders, we introduce entangle-
ment. Super-spreaders are individuals or systems that effec-
tively spread information. We represent this by combining it
with an auxiliary system with entanglement:

𝜌super_spreader = 𝜌system ⊗ ΨΨ

Here, 𝜌system is the quantum state of the super-spreader,
and ΨΨ represents the entangled state.

Next, we consider a channel that introduces phase ex-
change errors. Phase exchange error is an error that flips the
phase of the information. Let this channel be represented by
Φphaseflip, and the error probability be 𝑝phaseflip:

𝜌phaseflip = Φphaseflip (𝜌super_spreader) = Φphaseflip (𝜌system⊗ΨΨ)



1. Modeling with Partial Trace Operations
In this model, individual opinions are represented as ma-
trices (𝑖𝑛), and the influence on others is depicted through
partial trace operations (𝑇𝑟𝐵). This approach allows for a nu-
anced representation of how personal opinions interact and
affect collective opinion dynamics. From a social perspec-
tive, this model can capture the complex interplay of indi-
vidual beliefs and how they contribute to the broader social
opinion landscape. In terms of media influence, this model
could reflect how media consumption (represented by partial
traces) alters individual opinions and, consequently, the col-
lective opinion landscape. Regarding consensus formation,
the model shows how individual opinions aggregate, with
the partial trace operation potentially representing consen-
susbuilding mechanisms. For filter bubbles, this approach
can be used to model how selective exposure to information
(partial traces) reinforces existing beliefs, potentially leading
to polarized opinion clusters.

2. Entanglement in Composite Systems
The concept of entangling multiple opinion dynamics for-
mulas suggests an interconnected social network where in-
dividual opinions are not isolated but influenced by others’
opinions. Socially, this reflects the interdependent nature
of opinions in a community, where changes in one individ-
ual’s opinion might ripple through the network. In terms
of media impact, it represents how media narratives can be-
come intertwined with personal beliefs, creating a complex
web of influence. For consensus formation, entanglement
might symbolize the complex paths through which a group
reaches a common understanding or decision. Regarding fil-
ter bubbles, entanglement could represent the intricate ways
in which group opinions become synchronized, leading to
homogenized thought within distinct groups.

3. Classical Channels and Entanglement Com-
positions
The classical channel models demonstrate how opinions (or
information) are probabilistically transformed. This can be
extended to consider the impact of quantum entanglement.
Socially, this illustrates how traditional (classical) methods
of opinion formation are being influenced by the complex
(quantum) dynamics of modern interconnected societies. In
media studies, this could represent the transition from tra-
ditional, linear media influence to a more complex, weblike
influence pattern in the digital age. For consensus formation,
this model might offer insights into how traditional decision-
making processes are being affected by the increasing com-
plexity of information and social networks. Regarding filter
bubbles, the model could explain how traditional media bi-
ases are compounded by the complex interactions of modern
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social networks, exacerbating the filter bubble effect.

4. Noise in Quantum Galois Noise Channels
These models, which incorporate bitflip, phaseflip, and bit-
phase exchange errors, can be applied to opinion dynamics,
reflecting the various ways in which information distortion
or noise affects opinion formation. Socially, they provide a
framework for understanding how misinformation or biased
information impacts public opinion. In terms of media in-
fluence, these models could be used to study the effects of
misinformation or biased reporting on public perception. For
consensus formation, understanding these noise types helps
in recognizing the challenges in achieving a consensus in
the presence of misinformation. Regarding filter bubbles,
the noise models can be applied to analyze how misinforma-
tion reinforces existing beliefs, further entrenching individu-
als within their ideological bubbles.

Overall, these models offer a sophisticated framework for
understanding the complexities of opinion dynamics in mod-
ern societies, influenced by media, entangled social networks,
and the pervasive presence of informational noise. They pro-
vide a discussion result the challenges of consensus formation
and the issues arising from filter bubbles in an increasingly
interconnected.

10. Super-Spreaders and Holevo
Channels

To introduce super-spreaders and entanglement, the following
formula is used:

𝜌super_spreader = 𝜌system ⊗ ΨΨ (1)

Here, 𝜌system represents the quantum state of the super-
spreader, and ΨΨ represents the entangled state.



10.1 Holevo Channel and Phase Flip Error
For combining the Holevo channel and phase flip error, the
following formula is used:

𝜌out_holevo = (1−𝑝holevo)𝜌super_spreader+𝑝holevoΦphaseflip (𝜌super_spreader)
(2)

Here, 𝜌out_holevo is the output quantum state after passing
through the Holevo channel, 𝑝holevo is the error rate of the
Holevo channel, andΦphaseflip represents the channel for phase
flip error.

10.2 Removing Entanglement Using Partial
Trace

To remove the super-spreader part, the partial trace operator
𝑇𝑟𝐵 is applied as follows:

𝜌final = 𝑇𝑟𝐵 (𝜌out_holevo) (3)

This mathematical model represents the spread of noisy in-
formation on a Galois noise channel with super-spreaders
and their suppression in the Holevo channel with phase flip
error, entanglement, and partial trace. It models the impact
of super-spreaders on information dissemination and how the
Holevo channel can be useful in controlling and correcting
information.

10.3 Error Models in the Holevo Channel
Specific formulas for bit flip, phase flip, and bit-phase ex-
change errors in the Holevo channel are provided as follows:

10.4 Bit Flip Error (Corresponding to X Gate)
With an error probability 𝑝𝑥 , the bit flip error causes the input
states 0 and 1 to swap. The formula is:

Φ𝑥 (𝜌) = (1 − 𝑝𝑥)00 + 𝑝𝑥11 (4)

Here, Φ𝑥 represents the channel for bit flip error, and 𝜌 is the
input quantum state.

10.5 Phase Flip Error (Corresponding to Z
Gate)

With an error probability 𝑝𝑧 , the phase flip error inverts the
phase of the input state. The formula is:

Φ𝑧 (𝜌) = (1 − 𝑝𝑧)𝜌 + 𝑝𝑧𝑍𝜌𝑍 (5)

Here, Φ𝑧 represents the channel for phase flip error, 𝜌 is the
input quantum state, and 𝑍 is the Z gate.

10.6 Bit-Phase Exchange Error (Corresponding
to Y Gate)

With an error probability 𝑝𝑦 , the bit-phase exchange error
swaps the bit and phase. The formula is:

Φ𝑦 (𝜌) = (1 − 𝑝𝑦)𝜌 + 𝑝𝑦𝑌𝜌𝑌 (6)

Here, Φ𝑦 represents the channel for bit-phase exchange error,
𝜌 is the input quantum state, and 𝑌 is the Y gate.

These formulas represent specific mathematical descrip-
tions of each error in the Holevo channel. Depending on the
error rate and specific input states, these formulas can be used
to analyze how the errors act on the input states.

1. Social Phenomena
The concept of superspreaders modeled through quantum
states (𝑠𝑢𝑝𝑒𝑟𝑠𝑝𝑟𝑒𝑎𝑑𝑒𝑟) and entanglement (|〉〈|) can be inter-
preted as influential individuals or entities in society whose
opinions or information spread rapidly. This model can help
in understanding the dynamics of how certain ideas or trends
become viral within social networks. The use of Holevo chan-
nels and phase flip errors (𝑜𝑢𝑡ℎ𝑜𝑙𝑒𝑣𝑜) to model information
transmission adds a layer of complexity, representing the nu-
anced ways in which information can be altered or distorted
as it propagates through a network.

2. Media Influence
The mathematical models can be applied to study the role of
media in shaping public opinion. The superspreader model
could represent major media outlets or social media platforms
that have a significant impact on the dissemination of informa-
tion. The Holevo channel model illustrates how media might
inadvertently or deliberately introduce biases or errors (phase
flip errors) in the information they disseminate, affecting the
public perception.

3. Consensus Formation
These models can provide insights into the process of consen-
sus formation in groups. The interaction between individual
opinions (𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙) and influential entities (superspread-
ers) can demonstrate how consensus is reached or how dom-
inant opinions emerge. The role of noise and errors in these
models (such as through the Holevo channel) can help under-
stand the challenges in achieving true consensus, particularly
in situations where misinformation is prevalent.

4. Filter Bubble Problems
The concept of partial trace operations and entanglement can
be a metaphor for the filter bubbles in social media and infor-
mation networks. It demonstrates how individuals’ exposure
to a limited range of information (partial traces) can reinforce



existing beliefs (entanglement), leading to polarized groups.
The superspreader model also contributes to this perspective
by showing how certain information sources can dominate
and shape the information landscape, further contributing to
the creation of filter bubbles.

Overall, these mathematical models offer a deep and nu-
anced understanding of how information is disseminated and
altered in complex social networks. They will highlight the
intricate interplay between individual opinions, influential
entities, and the inherent uncertainties and distortions in in-
formation transmission.

11. Super-Spreaders and Group
Dynamics in Quantum Opinion

Dynamics
11.1 Super-Spreader’s Influence
Assume that certain individuals (super-spreaders) have a sig-
nificant impact, creating entanglement with many other states.
The influence of a super-spreader is represented by the action
of a specific quantum gate on multiple qubits.

12. Mathematical Formulas
Quantum state of individual opinions: |𝜓𝑖 (𝑡)⟩ =

𝛼𝑖 (𝑡) |0⟩ + 𝛽𝑖 (𝑡) |1⟩
Temporal evolution of opinions: |𝜓𝑖 (𝑡 + 1)⟩ =

𝑈 (𝑡) |𝜓𝑖 (𝑡)⟩
The influence of super-spreaders is represented by the
action of a specific quantum gate 𝐺 on multiple qubits.

12.1 Group Dynamics and Suppression of Opin-
ions

Complex social interactions, such as suppression of opinions
due to group dynamics, can be understood as quantum en-
tanglement and analyzed within the framework of quantum
computing. This approach potentially offers innovative in-
sights, especially in social psychology and decision-making
theories.

12.2 Quantum Dynamics of Opinion Evolution
To model the influence of super-spreaders in quantum opinion
dynamics, we propose formulas and parameters using the
Hadamard gate and CNOT gate. The influence of super-
spreaders is represented by the action of these quantum gates
on multiple qubits.

12.2.1 Formulas and Parameters

12.3 Hadamard Gate
The Hadamard gate transforms the state of opinions into
a superposition. The Hadamard gate 𝐻 for a single qubit

is represented as:

𝐻 |0⟩ = |0⟩ + |1⟩
√

2

𝐻 |1⟩ = |0⟩ − |1⟩
√

2

The influence of a super-spreader can be represented by
applying this gate.

12.4 CNOT Gate
The CNOT (Controlled NOT) gate entangles the states
of two qubits. It can flip the state of the second qubit
(target qubit) based on the state of the first qubit (control
qubit).
For example, the state of the target qubit is flipped only
if the control qubit is in the |1〉 state.

The influence of a super-spreader is represented by ap-
plying the Hadamard gate to the super-spreader’s opinion
qubit, followed by the application of the CNOT gate to
the super-spreader’s qubit (control) and other individu-
als’ qubits (target).

12.5 Parameter Proposals
The influence of a super-spreader is represented by the
number of qubits affected by the Hadamard and CNOT
gates. The more qubits affected, the greater the influ-
ence.
The strength of entanglement generated by the CNOT
gate is an important parameter, indicating the interde-
pendence of opinions.

12.6 Example Formulas
Let |𝜓SS⟩ be the qubit of the super-spreader and |𝜓𝑖⟩ be the
qubit of another individual. After applying the Hadamard
gate to the super-spreader’s qubit, we get:

|𝜓′
SS⟩ = 𝐻 |𝜓SS⟩ (7)

Then, applying the CNOT gate forms entanglement between
the super-spreader and other individuals’ qubits:

|Ψ⟩ = CNOT( |𝜓′
SS⟩ ⊗ |𝜓𝑖⟩) (8)

Here, ⊗ represents the tensor product.

12.7 Concluding Remarks
This model offers a new approach to capturing the influence of
super-spreaders from a quantum mechanics perspective. The
application of quantum gates allows exploring the complex
dynamics of opinion formation and transmission. In partic-
ular, it enables understanding the transmission and entangle-
ment of opinions in social networks from the perspective of
quantum information theory.



1. Social Phenomena
The concept of superspreaders, represented through quantum
states and entanglement, provides a quantum mechanical in-
terpretation of influential individuals or entities in a social
network. Their impact, modeled by the action of quantum
gates on multiple qubits, symbolizes how certain opinions or
information can rapidly proliferate through social networks.
This quantum approach to modeling social dynamics can il-
luminate the complexity of influence and opinion spread in
ways that classical models may not capture, especially re-
garding the rapid and interconnected nature of modern social
interactions.

2. Media Influence
In the context of media, these models can be used to un-
derstand how information disseminated by media entities
(analogous to superspreaders) affects public opinion. The
quantum gates in the model could represent various media
strategies and their effectiveness in shaping or altering public
perceptions. The entanglement aspect might reflect the inter-
twined relationship between media narratives and individual
beliefs, suggesting how media can influence public opinion
in a deeply interconnected manner.

3. Consensus Formation
The models offer a fresh perspective on how consensus is
formed within groups. The process of entangling and dis-
entangling states can represent the complex interplay of in-
dividual opinions leading to a collective decision or consen-
sus. The quantum dynamics of opinion evolution, modeled
through the application of quantum gates, can help under-
stand the subtle processes through which group consensus
emerges from individual opinions.

4. Filter Bubbles
The entanglement in these models could serve as a metaphor
for filter bubbles in information networks. It illustrates how
individuals, once entangled with certain information sources
or opinions, might find it challenging to access or consider
alternative viewpoints. The role of superspreaders in this
context could represent dominant information sources that
significantly shape the information landscape, potentially re-
inforcing these filter bubbles.

13. Anticommutators
The anticommutator {𝐴, 𝐵} is defined as 𝐴𝐵 + 𝐵𝐴. The
anticommutators of the Pauli Z operator with the raising and
lowering operators are as follows:

13.1 Anticommutator of 𝜎𝑧 and 𝜎+

{𝜎𝑧 , 𝜎+} = 𝜎𝑧𝜎+ + 𝜎+𝜎𝑧

=

(
0 1
0 0

)
+
(
0 −1
0 0

)
=

(
0 0
0 0

)
13.2 Anticommutator of 𝜎𝑧 and 𝜎−

{𝜎𝑧 , 𝜎−} = 𝜎𝑧𝜎− + 𝜎−𝜎𝑧

=

(
0 0
−1 0

)
+
(
0 0
1 0

)
=

(
0 0
0 0

)
As these calculations show, the anticommutators of the

Pauli Z operator with the raising and lowering operators result
in the zero matrix. This indicates that the combination of
these operators is ineffective due to their distinct actions on
different quantum bit base states.

13.3 Schmidt Decomposition
Schmidt decomposition is an essential tool used to analyze
entangled quantum states. This decomposition allows us to
simplify complex quantum states into a more straightforward
form and reveal the properties of their entanglement.

13.4 Basic Form of Schmidt Decomposition
Schmidt decomposition is generally applied to a pure state
|Ψ⟩ across two quantum systems 𝐴 and 𝐵. This state is
decomposed as follows:

|Ψ⟩ =
∑︁
𝑖

𝜆𝑖 |𝑢𝑖⟩𝐴 |𝑣𝑖⟩𝐵 (9)

Here, - 𝜆𝑖 are Schmidt coefficients (non-negative real num-
bers, generally arranged in descending order). - |𝑢𝑖⟩𝐴 and
|𝑣𝑖⟩𝐵 are orthonormal bases of systems 𝐴 and 𝐵, respectively.

13.5 Insights from Schmidt Decomposition
1. Measurement of the Degree of Entanglement
- The number and magnitude of Schmidt coefficients 𝜆𝑖 indi-
cate the degree of entanglement of the state. For example, the
presence of multiple non-zero Schmidt coefficients indicates
that the state is entangled.

2. Identification of Orthonormal Basis States
- Through Schmidt decomposition, we can identify the basis
states of each subsystem that compose the state |Ψ⟩.



3. Understanding the Local Properties of Quan-
tum Information
- Schmidt decomposition provides insights into how entan-
gled states can be transformed using local operations and
classical communication (LOCC).

13.6 Application to Quantum Opinion Dynam-
ics

Applying Schmidt decomposition to the quantum model of
opinion dynamics allows us to analyze the entanglement prop-
erties of individual opinion states. Particularly, it can reveal
how the influence of super-spreaders entangles individual
opinion states and how this evolves over time. This can lead
to a deeper understanding of social influence and information
transmission mechanisms.

13.7 Anticommutators and Entanglement
13.7.1 Calculation of Anticommutators of Pauli Z and

Raising/Lowering Operators

The Pauli Z operator𝜎𝑧 and the raising and lowering operators
𝜎+, 𝜎− are defined as follows: - Pauli Z operator 𝜎𝑧:

𝜎𝑧 =

(
1 0
0 −1

)
- Raising operator 𝜎+:

𝜎+ =

(
0 1
0 0

)
- Lowering operator 𝜎−:

𝜎− =

(
0 0
1 0

)
Anticommutators of 𝜎𝑧 with 𝜎+ and 𝜎− both result in a

zero matrix, indicating that their combined actions are nul-
lified due to their distinct effects on the base states |0⟩ and
|1⟩.

particularly those involving anticommutators and Schmidt
decomposition in the context of quantum mechanics, offer in-
triguing perspectives for analyzing various societal phenom-
ena. Here’s a breakdown of these aspects

1. Social Phenomena
Anticommutators The zero result of anticommutators be-
tween the Pauli Z operator and the raising/lowering operators
can be seen as a metaphor for social groups or ideologies that
operate independently. In a social context, this could repre-
sent groups or opinions that do not interact or influence each
other, akin to parallel lines that never meet. Schmidt Decom-
position This tool is pivotal in quantum information theory
for analyzing entangled states. In social dynamics, it can be

used to understand how individual opinions or beliefs (repre-
sented as quantum states) are interconnected within a group,
and how changes in one part of the system can influence the
whole.

2. Media Influence
The application of these quantum concepts to media influ-
ence suggests a complex and intertwined relationship between
media narratives and individual perceptions. Media entities
could be seen as superspreaders of information, whose influ-
ence can entangle with individual beliefs and alter the overall
opinion landscape.

3. Consensus Formation
In terms of consensus formation, these models offer a unique
way to analyze how a group reaches a common understanding
or agreement. The quantum mechanics perspective, espe-
cially through entanglement and decomposition, could pro-
vide insights into the nonlinear and complex nature of opinion
formation and consensus within a group.

4. Filter Bubble Problem
The concept of entanglement, particularly when applied to
societal opinions and media influence, can be extended to the
problem of filter bubbles. This quantum perspective might
shed light on how individuals become entangled with certain
information sources, leading to echo chambers where expo-
sure to diverse opinions is limited. The zero anticommuta-
tors could represent the lack of interaction between different
ideological groups, exacerbating the filter bubble issue by
preventing the crosspollination of ideas and opinions.

13.8 Relation to Entanglement
The fact that the anticommutators of these operators are zero
does not directly indicate the degree of entanglement. How-
ever, since entangled states are represented as superpositions
of these base states, the properties of these operators help us
understand entangled states.

13.9 Social Context Interpretation
In a social context, this phenomenon can be likened to differ-
ent social groups or opinions existing on completely different
axes, not directly influencing each other. For example, groups
with completely different ideologies or beliefs that do not in-
teract, where one group’s actions or opinions do not affect the
other.

From the perspective of entanglement, such a situation
implies the absence of strong correlations between social
groups. That is, the actions or opinions of one group do
not directly influence the other, each forming opinions and
actions independently.



14. Mathematical Model for Holevo
Channel Considering Error

Correction of Fake News
This model represents information transmission from the per-
spective of error correction.

14.1 Considerations for Error Correction
(1) Original Information: Represent the correct information

as state |0⟩.
(2) Fake News or Error: Assume an error probability 𝑝error,

where the information state changes to |1⟩ if an error
occurs.

(3) Error Correction: Consider an error correction operation
and model the process of restoring correct information.
Let the operator representing the effect of error correc-
tion be 𝐶.

(1) State before Error Occurrence: 𝜌original = |0⟩⟨0|
(2) State after Error Occurrence: 𝜌error = (1− 𝑝error) |0⟩⟨0| +

𝑝error |1⟩⟨1|
(3) State after Error Correction: 𝜌corrected = 𝐶𝜌error𝐶

†

Here, 𝜌corrected represents the information state after er-
ror correction, and 𝐶† is the conjugate transpose of the er-
ror correction operation. This model represents information
transmission from the perspective of quantum information
theory.

14.2 Elements of the Mathematical Model
(1) Original Information: Represent the correct quantum

state as |0⟩.
(2) Noisy Information: In case of noise operation, the infor-

mation state changes. Represent the noise operation by
a quantum gate 𝐸 .

(3) Error Correction: Consider an error correction operation
and model the process of restoring correct information.
Let the operator representing the effect of error correc-
tion be 𝐶.

(4) Individual Interaction: Consider how individual opin-
ions or perceptions are affected by errors and error cor-
rection, and model the interaction between the individ-
ual’s information state and the corrected information
state.

(1) Original Information: 𝜌original = |0⟩⟨0|
(2) Noisy Information: 𝜌noisy = 𝐸 (𝜌original)
(3) Information after Error Correction: 𝜌corrected =

𝐶 (𝜌noisy)
(4) Individual Interaction: 𝜌interaction = 𝑈 (𝜌corrected)

Here, 𝜌noisy represents the noisy information state, 𝐸 is
the noise operation,𝐶 is the error correction operation, and𝑈
is the operator or unitary transformation operator representing
individual interaction.

15. Formulas for Entanglement and
Partial Trace in Quantum Galois

Noise Channel
15.1 Formula for Entanglement
For two quantum systems A and B, the entanglement of the
quantum state 𝜌𝐴𝐵 can be expressed by the entanglement
entropy:

𝐸 (𝜌𝐴𝐵) = −𝑇𝑟 (𝜌𝐴 log2 (𝜌𝐴)) (10)

Here, 𝜌𝐴 is the density matrix of subsystem A. The entangle-
ment entropy indicates the degree of entanglement between
systems A and B.

15.2 Formula for Partial Trace
The partial trace operation on the entangled state 𝜌𝐴𝐵 allows
us to extract the density matrix of one subsystem. Specifically,
using the partial trace operator 𝑇𝑟𝐵:

𝜌𝐴 = 𝑇𝑟𝐵 (𝜌𝐴𝐵) (11)

This allows us to remove information about system B and
obtain the density matrix 𝜌𝐴 for system A.

The proposed mathematical models, particularly those
involving entanglement and error correction in quantum in-
formation theory, offer a profound framework for analyzing
various aspects of social phenomena. Here’s a breakdown of
these aspects

1. Social Phenomena
Entanglement in Social Dynamics The concept of entangle-
ment can be applied metaphorically to social dynamics, where
the interconnectedness and interdependencies within social
groups are analogous to entangled quantum states. Entangle-
ment represents complex social relationships where the state
or opinion of one individual or group can influence the whole
network. Error Correction in Information Spread The model
of error correction, especially in the context of fake news, can
be seen as a representation of how societies or systems at-
tempt to correct misinformation. The quantum noise channel
can be likened to the spread of misinformation, and the error
correction process to societal mechanisms to counteract false
information.

2. Media Influence
Media as Quantum Noise Media entities can be viewed as
agents introducing ’noise’ into the information state, akin



Fig. 7: Opinion Interaction Network:Entanglement

Fig. 8: Opinion Interaction Network:Entanglement

to quantum gates in the model. This noise can alter pub-
lic perception, akin to changing the state of a quantum bit.
Correcting Media Influence The error correction part of the
model can represent efforts to mitigate media bias or misin-
formation, reflecting how societies or individuals process and
filter information from media sources.

3. Consensus Formation
Entanglement and Consensus The degree of entanglement can
be seen as a measure of consensus within a group. High en-
tanglement may indicate a strong consensus or uniformity of
opinion, while less entanglement could represent a diversity
of independent opinions. Error Correction in Opinion Dy-
namics In the process of reaching consensus, societies often
engage in correcting misconceptions or errors in understand-
ing. The error correction model can symbolize this process
of refining opinions to reach a common understanding.

4. Filter Bubble Problem
Entanglement and Filter Bubbles Entanglement in quantum
systems can be a metaphor for the filter bubbles in social net-
works, where individuals or groups become ’entangled’ with
specific types of information or viewpoints, leading to echo
chambers. Error Correction and Breaking Filter Bubbles The
error correction mechanism in the model could represent ef-
forts to introduce diverse perspectives and counteract the echo
chamber effect, promoting a more varied and comprehensive
understanding of information.

Overall, these models, through the lens of quantum me-
chanics, provide a novel perspective on understanding the
complexity of social interactions, the influence of media, the
process of consensus formation, and the challenges posed by
filter bubbles. They suggest that just as in quantum systems,
social phenomena are often nonlinear and interdependent,
requiring sophisticated models to fully comprehend their dy-
namics.

16. Modeling Individual Interactions
During Fake News Spread

We provide mathematical formulations for modeling in-
dividual interactions (Entanglement) during the spread of
fake news, using Bell states and GHZ (Greenberger-Horne-
Zeilinger) states. These entangled states are commonly used
in quantum information theory.

16.1 Bell State
The Bell state is one of the simplest forms of entan-
glement between two qubits. One such entangled state,
|Φ+⟩, is represented as:

|Φ+⟩ = |00⟩ + |11⟩
√

2



The entanglement in the Bell state indicates correlation
between the qubits. Interactions between individuals
can be modeled based on this state.

16.2 GHZ State (Greenberger-Horne-Zeilinger
State)

The GHZ state is a higher-order entangled state involving
multiple qubits. The GHZ state for three qubits, |𝐺𝐻𝑍⟩,
is represented as:

|𝐺𝐻𝑍⟩ = |000⟩ + |111⟩
√

2

The GHZ state indicates the presence of entanglement
among multiple individuals, exhibiting special proper-
ties in information transmission and interaction.

These entangled states can be used to construct a mathe-
matical representation of individual interactions. When spe-
cific individuals are involved in these entangled states, we
can describe the state and interactions of each individual.
Depending on specific interactions or operations, equations
can be derived to mathematically analyze changes and evolu-
tion in entanglement.

16.3 General Types of Entanglement and Their
Mathematical Representations

16.4 Bell State
The Bell state is one of the simplest forms of entangle-
ment between two qubits, represented as:

|Φ+⟩ = |00⟩ + |11⟩
√

2

The Bell state represents maximum correlation between
two qubits.

16.5 GHZ State (Greenberger-Horne-Zeilinger
State)

The GHZ state represents higher-order entanglement for
three or more qubits, represented as:

|𝐺𝐻𝑍⟩ = |000⟩ + |111⟩
√

2

The GHZ state indicates simultaneous correlation
among three or more qubits, showing non-classical cor-
relations.

16.6 EPR Pair (Einstein-Podolsky-Rosen Pair)
An EPR pair represents an entangled state of two qubits,
represented as:

|𝐸𝑃𝑅⟩ = |01⟩ − |10⟩
√

2

Fig. 9: Bell Entanglement Network

Fig. 10: Bell Entanglement Network, Adjacency Matrix

Fig. 11: Bell Entanglement Network



Fig. 12: Bell Entanglement Network, Adjacency Matrix

The EPR pair is particularly important in discussions of
quantum entanglement.

16.7 Schmidt Decomposition
Schmidt decomposition is a method of decomposing
entangled states into constituent quantum systems. It
expresses entanglement based on Schmidt numbers and
modes.

For example, for two entangled qubits, the Schmidt de-
composition is represented as:

|𝜓⟩ =
∑︁
𝑖

𝜆𝑖 |𝑖𝐴⟩ ⊗ |𝑖𝐵⟩

Here, 𝜆𝑖 are Schmidt coefficients, and |𝑖𝐴⟩ and |𝑖𝐵⟩ rep-
resent Schmidt modes of systems A and B, respectively.

These are some of the common types of entanglement
and their mathematical representations. Entanglement is a
crucial element in quantum information theory and quantum
computing, with various entangled states being studied for
their different correlational structures and physical and infor-
mational applications.

16.8 Formulas for Entanglement in Individual
Clusters During Fake News Spread

We provide formulas for determining entanglement in indi-
vidual clusters (those brainwashed and those forgetting) dur-
ing fake news spread. The entanglement can be modeled as
related to the interactions of qubits within each cluster.

16.9 Entanglement in Cluster A (Brainwashed
Cluster)

Consider the number of qubits in the brainwashed cluster
as 𝑁𝐴, and represent the state of each qubit as |𝜓𝐴

𝑖
⟩.

Construct the density matrix for entanglement in
the cluster as 𝜌𝐴 = |𝜓𝐴

1 ⟩⟨𝜓
𝐴
1 | ⊗ |𝜓𝐴

2 ⟩⟨𝜓
𝐴
2 | ⊗ · · · ⊗

|𝜓𝐴
𝑁𝐴

⟩⟨𝜓𝐴
𝑁𝐴

|.
Calculate the entanglement measure (e.g., entanglement
entropy) for 𝜌𝐴.

16.10 Entanglement in Cluster B (Forgetting
Cluster)

Consider the number of qubits in the forgetting cluster
as 𝑁𝐵, and represent the state of each qubit as |𝜓𝐵

𝑖
⟩.

Similarly, construct the density matrix for the cluster as
𝜌𝐵 = |𝜓𝐵

1 ⟩⟨𝜓
𝐵
1 | ⊗ |𝜓𝐵

2 ⟩⟨𝜓
𝐵
2 | ⊗ · · · ⊗ |𝜓𝐵

𝑁𝐵
⟩⟨𝜓𝐵

𝑁𝐵
|.

Calculate the entanglement for 𝜌𝐵.

Detailed information about the initial states and interac-
tions of each qubit in the clusters, as well as the application
of quantum gates, is necessary for concrete calculations of
entanglement in each cluster. The specific measures and
methods of calculating entanglement can be chosen based on
the scenario. Various approaches exist for calculating entan-
glement, and selecting the appropriate measure and algorithm
according to the specific situation is crucial.

17. Formulas for Entanglement
Calculation for Different Quantum

Gates
We provide formulas for calculating entanglement for X, Y, Z,
Hadamard, and CNOT gates in clusters affected by fake news.
Note that each formula depends on the state and interactions
of qubits within the cluster.

17.1 Entanglement Calculation for X Gate
Consider the states of qubits in the brainwashed and
forgetting clusters as |𝜓𝐴

𝑖
⟩ and |𝜓𝐵

𝑖
⟩, respectively.

The operation of applying the X gate uses the matrix X
for each qubit. Calculate the entanglement measure for
each cluster accordingly.

17.2 Entanglement Calculation for Y Gate
The operation of applying the Y gate uses the matrix Y
for each qubit. Calculate the entanglement measure for
each cluster accordingly.

17.3 Entanglement Calculation for Z Gate
The operation of applying the Z gate uses the matrix Z
for each qubit. Calculate the entanglement measure for
each cluster accordingly.



17.4 Entanglement Calculation for Hadamard
Gate

The operation of applying the Hadamard gate uses the
matrix H for each qubit. Calculate the entanglement
measure for each cluster accordingly.

17.5 Entanglement Calculation for CNOT Gate
The operation of applying the CNOT gate uses the ma-
trix CNOT for each qubit. Calculate the entanglement
measure for each cluster accordingly.

The detailed forms of each formula and the entangle-
ment measure depend on the specific states and interactions
of qubits within each cluster. To calculate entanglement, de-
tailed information about the initial states of qubits within the
cluster, the sequence of gate applications, and the entangle-
ment measure is required. Calculating entanglement may
require specialized knowledge and tools in quantum informa-
tion theory.

17.6 Entanglement Calculation for CNOT Gate
A common formula for evaluating entanglement with the
CNOT gate uses entanglement entropy. This measure as-
sesses the entanglement between two qubits. Here’s the for-
mula for the entanglement entropy when applying the CNOT
gate to two qubits:

Consider a state |𝜓⟩ = 𝛼 |00⟩+𝛽 |01⟩+𝛾 |10⟩+𝛿 |11⟩. Here,
𝛼, 𝛽, 𝛾, 𝛿 are complex numbers, and the state is assumed to
be normalized (|𝛼 |2 + |𝛽 |2 + |𝛾 |2 + |𝛿 |2 = 1).

When applying the CNOT gate with the first qubit as the
control and the second qubit as the target, the state changes
as follows:

CNOT|𝜓⟩ = 𝛼 |00⟩ + 𝛽 |01⟩ + 𝛾 |11⟩ + 𝛿 |10⟩

This allows for the evaluation of entanglement between
the two qubits. The entanglement entropy 𝐻 (𝜌) is calculated
from the density matrix 𝜌 as follows:

𝐻 (𝜌) = −Tr(𝜌𝐴 log2 (𝜌𝐴))

Here, 𝜌𝐴 is the density matrix corresponding to qubit A,
and Tr denotes the trace operator.

Using the state after applying the CNOT gate |𝜓CNOT⟩,
we can calculate the density matrix 𝜌𝐴 for subsystem A and
then find the entanglement entropy.

17.7 Entanglement Calculation for Hadamard
Gate

The general formula for evaluating entanglement for the
Hadamard gate also uses entanglement entropy. This mea-
sure is used to assess the entanglement between two qubits.

Here’s the formula for entanglement entropy when applying
the Hadamard gate to two qubits:

Consider a state |𝜓⟩ = 𝛼 |00⟩ + 𝛽 |01⟩ + 𝛾 |10⟩ + 𝛿 |11⟩.
Again, 𝛼, 𝛽, 𝛾, 𝛿 are complex numbers, and the state is as-
sumed to be normalized.

When applying the Hadamard gate to both qubits, the
state changes as follows:

𝐻⊗𝐻 |𝜓⟩ = 1
2
(𝛼 |00⟩+𝛼 |01⟩+𝛼 |10⟩−𝛼 |11⟩+𝛽 |00⟩−𝛽 |01⟩−𝛽 |10⟩+𝛽 |11⟩+𝛾 |00⟩+𝛾 |01⟩−𝛾 |10⟩−𝛾 |11⟩+𝛿 |00⟩−𝛿 |01⟩−𝛿 |10⟩−𝛿 |11⟩)

The entanglement entropy 𝐻 (𝜌) is calculated from the
density matrix 𝜌 as follows:

𝐻 (𝜌) = −Tr(𝜌𝐴 log2 (𝜌𝐴))

Here, 𝜌𝐴 is the density matrix corresponding to qubit A,
and Tr denotes the trace operator.

Using the state after applying the Hadamard gate |𝜓𝐻⟩,
we can calculate the density matrix 𝜌𝐴 for subsystem A and
then find the entanglement entropy.

17.8 Lindblad Master Equation
The Lindblad master equation describes the time evolution of
quantum systems interacting with an external environment.
It’s primarily used for quantum dynamics in open systems.

The basic form of the Lindblad master equation is repre-
sented by the following master equation:

𝑑𝜌(𝑡)
𝑑𝑡

= −𝑖[𝐻, 𝜌(𝑡)] +
∑︁
𝑘

(
𝐿𝑘𝜌(𝑡)𝐿†𝑘 −

1
2
{𝐿†

𝑘
𝐿𝑘 , 𝜌(𝑡)}

)
Here, 𝜌(𝑡) represents the density matrix at time t, 𝐻 is

the Hamiltonian operator related to unitary evolution of the
quantum system, and 𝐿𝑘 are the damping operators repre-
senting interactions with the environment. The index 𝑘 refers
to different damping channels.

This equation describes the dynamics of a quantum sys-
tem interacting with an external environment. The damping
operators represent the processes of energy, information, or
other properties being emitted or absorbed by the environ-
ment. Through these processes, the quantum system expe-
riences energy loss or information dispersion, resulting in
changes in entanglement, and error propagation.

The Lindblad master equation models the time evolution
of quantum states in open systems and is widely applied in
fields such as error correction, quantum information process-
ing, quantum optics, and quantum thermodynamics. Differ-
ent damping operators are introduced according to specific
problems, and the form of the Lindblad master equation is
adjusted accordingly.



18. Introduction of Lindblad Master
Equation in Fake News Channel

Release
In the scenario of releasing fake news channels, the Lindblad
master equation typically takes the following form:

𝜌(𝑡) = −𝑖[𝐻, 𝜌(𝑡)] + 𝐿 [𝜌(𝑡)] (12)

Here, 𝜌(𝑡) represents the density matrix at time 𝑡, 𝐻 is
the Hamiltonian operator, and 𝐿 [𝜌(𝑡)] is the superoperator
introduced by the Lindblad master equation. Specifically, the
equation can be expressed as:

𝑑𝜌(𝑡)
𝑑𝑡

= −𝑖[𝐻, 𝜌(𝑡)] +
∑︁
𝑘

(
𝐿𝑘𝜌(𝑡)𝐿†𝑘 −

1
2
{𝐿†

𝑘
𝐿𝑘 , 𝜌(𝑡)}

)
(13)

Here, 𝐻 is the Hamiltonian operator, and 𝐿𝑘 are damping
operators related to environmental interactions in the Lind-
blad master equation, with 𝑘 representing different damping
channels. This equation describes the dynamics of the den-
sity matrix dependent on time and space and can be used to
model entanglement and error propagation behavior.

19. Damping Operators in Super
Spreader Models for Fake News

In the case where both the Hamiltonian 𝐻 and the damp-
ing operators 𝐿𝑘 are time-independent, the Lindblad master
equation is as follows:

𝑑𝜌(𝑡)
𝑑𝑡

= −𝑖[𝐻, 𝜌(𝑡)] +
∑︁
𝑘

(
𝐿𝑘𝜌(𝑡)𝐿†𝑘 −

1
2
{𝐿†

𝑘
𝐿𝑘 , 𝜌(𝑡)}

)
(14)

To represent the damping operators in the context of a
super spreader model for fake news, one must consider the
specific physical model and interactions. The damping op-
erator typically relates to interactions with the external en-
vironment and varies depending on the specific problem. A
general form of the damping operator is given as:

𝐿𝑘 =
√
𝛾𝑘𝐷 [𝐴𝑘] (15)

Here, 𝛾𝑘 represents the damping strength, and 𝐴𝑘 is the
interaction operator. 𝐷 [𝐴𝑘] is a superoperator representing
the damping operator. In the context of fake news dissemi-
nation, 𝐴𝑘 can represent the operation of the super spreader,
and 𝛾𝑘 can define the rate of information spread by the su-
per spreader. The damping operator models the process of
information dissemination by the super spreader.

However, to provide a specific formula, the details of the
model and interaction for fake news dissemination need to
be considered. Therefore, defining the appropriate damping

operators requires understanding the specific scenario and
problem settings of fake news dissemination.

models:

1. Social Phenomena Consideration
The models illustrate how quantum mechanics principles,
such as entanglement and superposition, can metaphorically
represent the complex dynamics of social interactions and
opinions. The use of states like Bell and GHZ states in mod-
eling interactions suggests that social influences can create
intricate networks of relationships and dependencies, akin to
quantum entanglement. The models also imply that individ-
ual opinions or states are not isolated but are influenced by
and interact with the broader social environment.

2. Media Influence Consideration
The influence of media, akin to super spreaders in the models,
can be viewed through the lens of quantum gates. Different
gates (X, Y, Z, Hadamard, CNOT) metaphorically represent
various forms of media influence, altering the state of pub-
lic opinion. The damping operators in the Lindblad master
equation can be interpreted as representing the media’s role in
damping or amplifying certain types of information, shaping
public perception over time.

3. Consensus Formation Consideration
The process of reaching a consensus in a social group can be
analyzed using these models. The evolving quantum states,
influenced by repeated interactions (gates) and environmental
factors (damping), can represent the gradual formation of a
common opinion or consensus. The Lindblad master equa-
tion, with its timedependent dynamics, reflects the nonlinear
and complex process of consensus formation in a realistic
social setting.

4. Filter Bubble Problem Consideration
The concept of filter bubbles, where individuals or groups
only encounter information that reinforces their existing be-
liefs, can be represented by isolated clusters of entangled
states in the models. The absence of interaction between dif-
ferent clusters in the models symbolizes the lack of exposure
to diverse viewpoints, a characteristic feature of filter bub-
bles. The models suggest that breaking out of filter bubbles
may require external interventions or changes in the informa-
tion dynamics (altering the type or intensity of interactions
represented by quantum gates and damping operators).

In summary, these quantuminspired mathematical mod-
els offer a novel perspective in understanding complex so-
cial dynamics. They provide a metaphorical representation
of how individual opinions and societal trends evolve under
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various influences, including personal interactions, media ef-
fects, consensusbuilding processes, and the challenges posed
by echo chambers or filter bubbles.

Modeling the Impact of Super Spreaders on
Fake News
Introduction of Damping Operators
- The damping operators for spin entanglement represent the
degradation of information quality due to the spread of fake
news. The damping operator 𝐿 acts on the state of a qubit,
reducing its purity (information quality).

Impact of Super Spreaders
- The influence of information propagated by super spread-
ers (like fake or spin news) is represented using damping
operators. This models the process of information quality
deteriorating over time.

Fig. 15: 3D:Bell Entanglement Network, Super Spreaders

Fig. 16: Bell Entanglement Network, Adjacency Matrix



20. Definition of Social Chaos Index
Modeling Information Quality and Propagation
- Evaluate the purity of each qubit’s state to measure the
impact of the propagation of fake news.

Social Chaos Index
- Define a social chaos index 𝐶, calculated based on the
reduction in information quality and the extent of its spread.
For example, 𝐶 =

∑
𝑖 (1 − purity(𝑖)) × impact(𝑖).

Measuring Impact
- The impact of each qubit (individual) is calculated based on
their position in the network and their relationship with the
super spreader.

Formula Proposal
- Change in state by damping operator 𝐿: |𝜓′

𝑖
(𝑡)⟩ = 𝐿 |𝜓𝑖 (𝑡)⟩.

- Social chaos index: 𝐶 =
∑

𝑖 (1 − purity(𝑖)) × impact(𝑖).

20.1 Model Description
In this model, we capture the information transfer and its
changes between clusters that are brainwashed by the ap-
plication of Pauli gates and clusters that forget. The calcula-
tion of entanglement entropy through Schmidt decomposition
quantitatively evaluates the degree of binding of information
between these clusters.

20.2 Interpreting Information Binding Using
Entanglement Entropy

To interpret the degree of binding of information between
clusters on different channels using entanglement entropy,
the formula is constructed as follows:

20.2.1 Definition of Different Channels

Channel Definition: - Consider multiple channels, each
modeling the differences in information transfer between
clusters by applying different gates. For example, in
Channel 1, apply the Pauli-X gate, and in Channel 2,
apply the Pauli-Z gate.

20.2.2 Application of Gates and Schmidt Decomposition
for Each Channel

Application of Gates for Each Channel: - Channel 1:
|Ψ′

1⟩ = (𝑋 ⊗ 𝐼) |Ψ⟩ - Channel 2: |Ψ′
2⟩ = (𝐼 ⊗ 𝑍) |Ψ⟩

- Here, 𝐼 represents the identity gate (does not change
anything).

Schmidt Decomposition for Each Channel: - |Ψ′
1⟩ =∑

𝑖 𝜆
′
1𝑖 |𝜙

A
1𝑖⟩ ⊗ |𝜙B

1𝑖⟩ - |Ψ′
2⟩ =

∑
𝑖 𝜆

′
2𝑖 |𝜙

A
2𝑖⟩ ⊗ |𝜙B

2𝑖⟩
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20.2.3 Calculation of Entanglement Entropy for Each
Channel

Entanglement Entropy for Each Channel: - Channel 1:
𝑆′1 = −∑

𝑖 𝜆
′2
1𝑖 log𝜆′21𝑖 - Channel 2: 𝑆′2 = −∑

𝑖 𝜆
′2
2𝑖 log𝜆′22𝑖

20.2.4 Interpreting Information Binding

Comparing Entanglement Entropy: - By comparing the
entanglement entropy of Channel 1 and Channel 2, we
evaluate the strength of information binding between
clusters on each channel. - High entanglement entropy
indicates strong binding of information between clusters
on that channel.

Using this formula, it becomes possible to quantitatively
analyze the differences in information transfer and their ef-
fects through different channels and understand the degree of
binding of information between clusters.

Discussion on the Mathematical Model
The proposed mathematical model uses entanglement entropy
to capture information transfer and its changes. The model
models the process by which clusters are brainwashed and
forgotten by Pauligates and quantitatively assesses how infor-
mation is connected through different channels. Below are
some points to consider

Usefulness of the mathematical model
The mathematical model is a useful tool to understand the
process of information transfer and to evaluate information
linkages across different channels. In particular, it can help
us to better understand the processes of brainwashing and
forgetting, and to track information linkages.

Use of mathematical techniques
Entanglement entropy applies concepts from quantum infor-
mation theory. By applying this mathematical technique,
information ties can be rigorously evaluated. However, its
application may involve computational complexity.

(1) Consideration as a social phenomenon
As a social phenomenon, this mathematical model can pro-
vide insights into issues related to brainwashing and infor-
mation transfer, such as Information manipulation and brain-
washing: The mathematical model can be used to model the
brainwashing process. They can assess how specific informa-
tion sources and media influence clusters and whether they
increase informational bonds.

Information diffusion and concentration: Mathematical
models can be used to analyze the extent to which specific
information is spread and shared among clusters. Under-
standing the mechanisms of information diffusion can provide
insight into social phenomena.

(2) Consideration as media influence
With respect to media influence, mathematical models can
consider the following perspectives Media channel influence:
The model models the application of different gates to dif-
ferent channels, allowing for the analysis of media channel
influence. It is possible to evaluate the impact of a specific
media channel on the information nexus.

Detection of information manipulation: The model uses
entanglement entropy to capture changes in information
ties, which helps detect signs of information manipulation.
Anomalous patterns of information ties can be identified.

(3) Consideration as consensus building
With respect to consensus building, the mathematical model
can consider the following Information sharing and consen-
sus: The model can be used to evaluate information ties and
help understand the consensus building process regarding
when certain information is shared among clusters. Factors
that contribute to consensus can be identified. Information
bias and fragmentation: Models can assess information link-
ages across different channels, providing insight into infor-
mation bias and fragmentation. Fragmentation can occur
when a particular cluster receives different information from
different sources.

(4) Consideration of Perspectives on the Prob-
lem of Highlighting Filter Bubbles
With respect to filter bubbles, mathematical models can be
associated with the following Information filtering: the model
can evaluate information transfer and information ties and
analyze the extent to which specific information is filtered



into individual clusters. The presence and impact of filter
bubbles can be detected. Information Diversity: The model
models different channels, allowing you to assess the degree
to which information from different sources adds diversity to
the clusters. Information bias due to filter bubbles can be
detected. Information diversity.

21. Wavelet transform into Opinion
Dynamics

Introducing wavelet transform into opinion dynamics is par-
ticularly effective when analyzing patterns that depend on
temporal changes and scales. Wavelet transform is suitable
for capturing non-stationary and local features in signal pro-
cessing, making it useful for analyzing temporal variations
and changes in opinions at different scales in opinion dynam-
ics.

21.1 Analysis of Temporal Changes
When analyzing opinion dynamics data in the time domain,
wavelet transform can be used to extract non-stationary fea-
tures and transient patterns.

21.2 Capturing Scale Dependency
Wavelet transform can visualize and interpret patterns of
opinion diffusion and change at different scales, enabling the
analysis of both large-scale trends and small-scale movements
simultaneously.

21.3 Processing Multidimensional Data
In cases where opinion dynamics involve multiple variables or
dimensions, wavelet transform can help analyze these com-
plex relationships. Apply wavelet transform to the data to
obtain a representation in the time-scale plane. Analyze the
transformed data to identify significant features and patterns
at specific time points and scales. Introducing wavelet trans-
form for opinion dynamics, especially for analyzing time-
dependent opinion patterns, is well-suited. Wavelet transform
allows the capture of opinion changes at different time scales.

21.4 Basic Equation for Continuous Wavelet
Transform (CWT)

For time-series data 𝑓 (𝑡), the wavelet transform is represented
by the following equation:

𝑊 𝑓 (𝑎, 𝑏) =
1
√
𝑎

∫ ∞

−∞
𝑓 (𝑡) 𝜓∗

(
𝑡 − 𝑏
𝑎

)
𝑑𝑡

Here, 𝑎 is the scale parameter, 𝑏 is the position parameter,
𝜓(𝑡) is the wavelet function, and 𝜓∗ (𝑡) is its complex conju-
gate.

21.5 Application to Opinion Dynamics Data
1. Acquire Time-Series Data
- Prepare time-series data or opinion dynamics data, denoted
as 𝑓 (𝑡).

2. Selection of Wavelet Function
- Choose a wavelet function 𝑝𝑠𝑖 (𝑡)based on the analysis
objectives. Common choices include Morlet wavelet and
Daubechies wavelet.

3. Performing the Transform
- Apply the wavelet transform using the basic equation to
obtain a time-scale representation of the data.

4. Analysis and Interpretation
- Analyze the transformed data to identify significant fea-
tures and patterns at different time scales. This can help in
understanding various aspects of opinion dynamics.

Execution of Wavelet Transform
1. Selection of Wavelet Function
- Based on the data characteristics of opinion dynamics,
choose either the Morlet wavelet or Daubechies wavelet.

2. Application of Wavelet Transform
- Using the selected wavelet function, perform wavelet trans-
form on the time-series data 𝑓 (𝑡).

Time-Scale Analysis
- Analyze the transformation results to identify important
time points and scale variations within opinion dynamics.
- Morlet wavelet excels at capturing local features, while
Daubechies wavelet is suitable for analyzing more complex
data structures.

Introducing wavelet transform can help reveal the hidden
temporal characteristics and scale dependencies in opinion
dynamics.

In spatiotemporal analysis, various mathematical tech-
niques, such as Fourier transform, Short-Time Fourier Trans-
form (STFT), kernel density estimation, etc., are effective for
analyzing diverse data, including opinion dynamics. Here,
we explain the basic equations of these techniques and their
applications.

1. Fourier Transform
Fourier transform is effective for transforming time-series
data into the frequency domain and analyzing the periodic
characteristics of data.



𝐹 (𝜔) =
∫ ∞

−∞
𝑓 (𝑡)𝑒−𝑖𝜔𝑡𝑑𝑡

Here, - 𝑓 (𝑡) is the time-series data. - 𝐹 (𝜔) is the fre-
quency domain data obtained by Fourier transform. - 𝜔 is the
angular frequency.

2. Short-Time Fourier Transform (STFT)
Short-Time Fourier Transform is used to analyze the local
frequency characteristics of time-series data.

𝑆𝑇𝐹𝑇 (𝑡, 𝜔) =
∫

𝑓 (𝜏)𝑤(𝜏 − 𝑡)𝑒−𝑖𝜔𝜏𝑑𝜏

Here, - 𝑤(𝑡) is the window function (e.g., Gaussian win-
dow), which allows for localization of data in time.

3. Kernel Density Estimation
Kernel density estimation is used to estimate the smooth dis-
tribution of data points and is particularly suitable for spatial
data analysis.

𝑓 (𝑥) = 1
𝑛ℎ

𝑛∑︁
𝑖=1

𝐾

( 𝑥 − 𝑥𝑖
ℎ

)
Here, - 𝐾 (𝑥) is the kernel function (e.g., Gaussian ker-

nel). - ℎ is the bandwidth that controls the smoothness of
estimation. - 𝑥𝑖 are data points.

These transformation and estimation techniques are ef-
fective for revealing different aspects of spatiotemporal data.
Fourier transform and STFT are excellent for capturing tem-
poral characteristics, while kernel density estimation is suit-
able for visualizing spatial data distributions. Combining
these methods enables comprehensive analysis of complex
spatiotemporal data, such as opinion dynamics.

When introducing the concept of time decay into opinion
dynamics and considering equations that include Schmidt de-
composition for each channel, the following approach can be
considered. Here, we model how time decay affects opinion
dynamics and analyze it separately for each channel through
Schmidt decomposition.

1. Time Decay Function
- To represent time decay, introduce a decay function 𝛾(𝑡).
This function decreases with time and models the persistence
of opinions or the decay of memory. For example, exponential
decay can be considered 𝛾(𝑡) = 𝑒−𝜆𝑡 , where 𝜆 is the decay
rate.

2. Updating Opinion State
- Apply the time decay function to the time-series data 𝑓 (𝑡)
to update it 𝑓 ′ (𝑡) = 𝛾(𝑡) · 𝑓 (𝑡).

21.6 Schmidt Decomposition and Channel Anal-
ysis

1. Preparation of Channel-Specific States
- Consider opinion states in different channels and define
states with applied time decay for each. For example, state in
channel 1 |Ψ1 (𝑡)⟩ and state in channel 2 |Ψ2 (𝑡)⟩.

2. Schmidt Decomposition
- Perform Schmidt decomposition on the states with applied
time decay for each channel - |Ψ′

1 (𝑡)⟩ =
∑

𝑖 𝜆1𝑖 (𝑡) |𝜙A
1𝑖 (𝑡)⟩ ⊗

|𝜙B
1𝑖 (𝑡)⟩ - |Ψ′

2 (𝑡)⟩ =
∑

𝑖 𝜆2𝑖 (𝑡) |𝜙A
2𝑖 (𝑡)⟩ ⊗ |𝜙B

2𝑖 (𝑡)⟩ - Here, 𝜆 𝑗𝑖 (𝑡)
are Schmidt coefficients considering time decay.

Below is the English translation of the provided text with
LaTeX code organized by subsections:

22. Conclusion
22.1 Time Decay-Based Entanglement Analysis
Evaluation of Time-Dependent Entanglement
- Using the Schmidt coefficients 𝜆 𝑗𝑖 (𝑡) in each channel, we
evaluate the change in entanglement over time. - Analyze how
entanglement changes due to the influence of time decay.

In this model, we capture the impact of time decay on
opinion dynamics and further analyze the changes in the con-
nectivity of opinions in different channels through Schmidt
decomposition. This allows for a deeper understanding of the
temporal persistence of opinions and the flow of information
between channels.

Definition of Damping Operator
1. Damping Operator 𝐷 (𝑡)
- The damping operator represents time decay, decreasing the
coherence (superposition state) of spin states over time. - For
example, 𝐷 (𝑡) = 𝑒−𝜆𝑡 𝐼, where 𝜆 is the damping rate, and 𝐼 is
the identity operator.

Application of Gates
1. Pauli Gates
- Consider Pauli X gate 𝑋 and Pauli Z gate 𝑍 . - 𝑋 represents
a bit flip (spin flip), while 𝑍 represents phase flip.

2. State After Gate Application
- The state after considering time decay is obtained by apply-
ing both the damping operator and the gate. - Application of
Pauli X gate: |Ψ′

𝑋
(𝑡)⟩ = 𝐷 (𝑡)𝑋 |Ψ(𝑡)⟩ - Application of Pauli

Z gate: |Ψ′
𝑍
(𝑡)⟩ = 𝐷 (𝑡)𝑍 |Ψ(𝑡)⟩
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Schmidt Decomposition and Entanglement
Evaluation
1. Schmidt Decomposition
- Schmidt decomposition is performed on each state after
gate application. - |Ψ′

𝑋
(𝑡)⟩ = ∑

𝑖 𝜆𝑋𝑖 (𝑡) |𝜙A
𝑋𝑖
(𝑡)⟩ ⊗ |𝜙B

𝑋𝑖
(𝑡)⟩ -

|Ψ′
𝑍
(𝑡)⟩ = ∑

𝑖 𝜆𝑍𝑖 (𝑡) |𝜙A
𝑍𝑖
(𝑡)⟩ ⊗ |𝜙B

𝑍𝑖
(𝑡)⟩

2. Entanglement Evaluation
- Calculate the entanglement entropy of each state and evalu-
ate the change in entanglement due to time decay.

With this proposed set of equations, you can analyze how
different gates affect spin entanglement while considering the
impact of time decay. This enables a deeper understanding
of the decay of information over time and its impact on en-
tanglement.

Modeling Entangled Opinion Dynamics with
Complete Complementarity
1. Entangled Initial State
- Represent the opinions of two individuals in an entangled
state. For example, use a Bell state:

|Ψ⟩ = 1
√

2
( |0𝐴0𝐵⟩ + |1𝐴1𝐵⟩)

- Here, |0⟩ and |1⟩ represent different opinions, and subscripts
𝐴 and 𝐵 indicate the two individuals.

Application of Complete Complementarity
1. Opinion Selection and Its Impact
- When the opinion of individual A is determined (e.g., |0𝐴⟩),
due to the nature of entanglement, the state of individual B
automatically becomes |0𝐵⟩. - This selection process can

be expressed using measurement operators 𝑀0 = |0⟩⟨0| and
𝑀1 = |1⟩⟨1|.

- Opinion Selection - When the opinion of individual A is
measured as |0𝐴⟩, the overall state becomes as follows after
measurement:

|Ψafter⟩ =
(𝑀0 ⊗ 𝐼) |Ψ⟩√︁
⟨Ψ|𝑀0 ⊗ 𝐼 |Ψ⟩

= |0𝐴0𝐵⟩

- This implies that the opinion of individual B is also |0𝐵⟩.

Practical Application
- This model can be used to analyze the propagation of opin-
ions and the influence of opinion leaders from a quantum
perspective within a social network. - In particular, it is suit-
able for modeling the immediate impact of opinion leader
choices on other individuals’ opinions.

With this set of equations, you can utilize quantum en-
tanglement and the concept of complete complementarity to
understand new ways of modeling opinion dynamics, includ-
ing the correlation of opinions and the flow of information.

Decay Model
The above mathematical model uses the concepts of quantum
entanglement and time degradation (decay) to analyze the for-
mation and propagation of opinions from a new perspective.
The model is expected to consider social phenomena in the
following areas

1. consideration as a social phenomenon
By using quantum entanglement to model the correlation of
opinions and propagation of influence among individuals, it
is possible to gain a deep understanding of the dynamics
of opinion formation and change within social groups. In
particular, the influence of opinion leaders and influential in-
dividuals (superspreaders) on group opinion can be captured
from a quantum perspective.

2. consideration as media influence
This model can also be applied to analyze the influence of
media and information sources on individual opinions. How
information provided by the media influences individuals’
opinion formation and how it spreads through social networks
can be captured from a quantum entanglement perspective.

3. consideration as consensus building
The selection and fixation of opinions by measuring quantum
states suggests a consensus building process. Entanglement
shows that when one opinion is determined, the other is auto-
matically affected, which models the process of synchroniza-
tion of opinions and consensus building within a group.



4. consideration of perspectives on the issue
highlighting filter bubbles
This model, using quantum entanglement and perfect comple-
mentarity, highlights the problem of filter bubbles and echo
chambers. It would be nice to have a quantum understanding
of the process by which individuals are so strongly influenced
by a particular opinion or source of information that differ-
ent opinions and information are excluded and diversity of
opinion is lost.
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