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Abstract: Recent research has developed the Ising model from physics, especially statistical me-
chanics, and it plays an important role in quantum computing, especially quantum annealing and
quantum Monte Carlo methods. The model has also been used in opinion dynamics as a powerful
tool for simulating social interactions and opinion formation processes. Individual opinions and
preferences correspond to spin states, and social pressure and communication dynamics are modeled
through interactions between spins. Quantum computing makes it possible to efficiently simulate
these interactions and analyze more complex social networks.Recent research has incorporated con-
cepts from quantum information theory such as Graph State, Stabilizer State, and Surface Code (or
Toric Code) into models of opinion dynamics. The incorporation of these concepts allows for a
more detailed analysis of the process of opinion formation and the dynamics of social networks. The
concepts lie at the intersection of graph theory and quantum theory, and the use of Graph State in
opinion dynamics can represent the interdependence of opinions and networks of influence among
individuals. It helps to represent the local stability of opinions and the mechanisms for correcting
misunderstandings within a social network. It allows us to understand how individual opinions
are subject to social pressures and cultural influences and how they change over time.Incorporating
these quantum theory concepts into opinion dynamics allows for a deeper understanding of social
interactions and opinion formation processes. Moreover, these concepts can provide new insights not
only in the social sciences, but also in fields as diverse as political science, economics, marketing,
and urban planning.
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1. Introduction
The study of approximate quantum algorithms for Ising distri-
bution functions began in physics, particularly in the field of
statistical mechanics. The Ising model is a simple mathemat-
ical model developed to understand the physical properties
of magnetic materials and subsequently applied to a variety
of scientific and engineering problems. The model is de-
signed to simulate the behavior of spin systems, where the
interaction of spins can generate complex patterns and phase
transitions. In recent years, this model has played an impor-
tant role in the field of quantum computing, particularly in
quantum annealing and quantum Monte Carlo methods.

In opinion dynamics, the Ising model is also a powerful
tool for simulating social interactions and opinion formation
processes. In this field, an individual’s opinions and pref-
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erences correspond to spin states, and social pressure and
communication dynamics are modeled through interactions
between spins. Quantum computing makes it possible to effi-
ciently simulate these interactions and analyze more complex
social networks.

Recent research has incorporated concepts from quantum
information theory such as Graph State, Stabilizer State, and
Surface Code (or Toric Code) into models of opinion dynam-
ics. The incorporation of these concepts allows for a more
detailed analysis of the process of opinion formation and the
dynamics of social networks.

Graph State is a concept that lies at the intersection of
graph theory and quantum theory, where nodes correspond
to qubits (cubits) and edges correspond to entanglements be-
tween cubits. Graph State can be used in opinion dynamics
to represent the interdependence of opinions and networks of
influence among individuals.

Stabilizer States play an important role in quantum error
correction, but in opinion dynamics they are used to represent
the stability and consistency of opinions. It allows us to
analyze how individual and collective opinions evolve over
time and what factors cause these changes.

Surface Code (Toric Code) is a two-dimensional lattice
model used for error correction of quantum information. In
opinion dynamics, it helps to represent the local stability of
opinions and the mechanisms for correcting misunderstand-
ings within a social network. This allows us to understand
how individual opinions are affected by social pressures and
cultural influences, and how they change over time.

and how they change over time.
Incorporating these quantum theory concepts into opinion

dynamics allows for a deeper understanding of social inter-
actions and opinion formation processes. Moreover, these
concepts can provide new insights not only in the social sci-
ences, but also in fields as diverse as political science, eco-
nomics, marketing, and urban planning. With the advance-
ment of quantum computing technology, these approaches
are expected to develop further in the future and open up new
areas of social science.

2. Ising Models, Quantum Complexity
Research

2.1 Case Studies in Quantum Computing
These papers present important research related to quantum
computing and information theory. Following is a sum-
mary of what each paper features and what research it has
done: Preskill (1998) provided comprehensive lecture notes
on quantum computation and information in Quantum Com-
putation and Information. This paper details the basic princi-
ples and concepts of quantum computation. In "Algorithms
for quantum computation: discrete logarithms and factor-
ing," Shor (1994) proposed algorithms for discrete logarithms
and factorization in quantum computation. These algorithms
demonstrate the ability of quantum computers to solve these
problems faster than classical computers.

Grover (1996) introduced a fast quantum mechanical al-
gorithm for database search in "A fast quantum mechani-
cal algorithm for database search. This algorithm has been
shown to solve search problems faster than classical algo-
rithms.Deutsch (1985), in "Quantum theory, the Church-
Turing principle and the universal quantum computer," pre-
sented theoretical considerations. This paper explores in
depth the relationship between quantum and classical compu-
tation. Aaronson (2007) provided a discussion of the limits of
quantum computers in "The Limits of Quantum Computers.
The paper discusses extensively the possibilities of quantum
computation and its limitations, focusing on open problems.
These papers represent important contributions to the field
of quantum computing and information theory. They focus
on a wide range of topics, from fundamental principles of
quantum computation to fast algorithms and theoretical con-
siderations. They provide insights into the possibilities and
limitations of quantum computing and into future information
processing technologies.

2.2 Ising Models and Computational Complex-
ity Research

These papers present important research on Ising models and
computational complexity. The following is a summary of
the features of each paper and the type of research it has
conducted:

Barahona (1982) conducted a study of the computational



complexity of Ising spin glass models in "On the computa-
tional complexity of Ising spin glass models". This paper
explored theoretically the difficulty of computational prob-
lems in Ising models.

Lucas (2014), in "Ising formulations of many NP prob-
lems," proposed a method to convert many NP problems into
Ising models. This clarified the connection between compu-
tational complexity theory and Ising models.

Park and Newman (2013) provided a solution to the Ising
problem on a chimera graph in "Solution of the Ising problem
on a chimera graph". This is related to the development of
efficient solution methods for specific hardware structures.

Lucas (2018) described the development of Ising ma-
chines over the past 70 years in "Ising machines: the first 70
years". The paper focuses on different approaches, including
classical computation and quantum annealing.

Megow and Verschae (2016), in "Solving the Ising prob-
lem with a D-Wave quantum annealer," proposed a way to
solve the Ising problem using D-Wave quantum annealing
machines. This is an important study on the practicality of
quantum computing.

These papers present important research at the intersec-
tion of Ising models and computational complexity theory.
Ising models can be applied to a wide variety of computa-
tional problems and their computational complexity is exten-
sive. These studies are relevant to both classical computation
and quantum computing and point to important advances in
the field of computational science.

2.3 Quantum Annealing and Physics Research
These papers present important research focused on the con-
nection between quantum annealing and physics. Below is a
summary of what each paper features and what research it has
done: In "Quantum Annealing for the Number-Partitioning
Problem," Pudenz and Lidar (2013) used quantum annealing
to address the number partitioning problem. This work was
one of the early attempts to apply quantum computing to opti-
mization problems. Boixo et al. (2014) provided evidence for
quantum annealing with more than 100 qubits in "Evidence
for quantum annealing with more than one hundred qubits."
This study provided insight into the scalability of quantum
annealing. Katzgraber and Young (2015), in "Monte Carlo
methods in the physical sciences: celebrating the 50th an-
niversary of the Metropolis algorithm" They highlighted the
importance of Monte Carlo methods in the physical sciences.
Monte Carlo methods are widely used in the physical and
computational sciences. Albash and Lidar (2018) provided a
comprehensive review on slow quantum annealing (compu-
tation in insulating quantum systems) in "Adiabatic quantum
computation". The paper provides a detailed description of
the basic principles of quantum annealing. Kadowaki and
Nishimori (1998) studied quantum annealing in the trans-
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verse Ising model in "Quantum annealing in the transverse
Ising model. This paper was an important step in the under-
standing of quantum annealing in the framework of statistical
and quantum mechanics. These papers provide important
insights into the interface between quantum annealing and
physics. Quantum annealing has been applied to a variety
of problems, including optimization and combinatorial opti-
mization, and research is ongoing on both its theoretical and
practical aspects. Understanding the relationship between
physics methods and quantum annealing has also contributed
to the development of quantum computing.

3. Method of Approximate Quantum
Algorithms for the Ising Distribution

Function
The following is an introduction to the Opinion Dynamics
research paper. We will cover the historical background of
research related to approximate quantum algorithms for Ising
distribution functions, which will then be used to introduce
the importance of the study of Opinion Dynamics.

Opinion formation and its diffusion in social networks is
regarded as an important research topic in modern society.
Understanding how individuals’ opinions and beliefs spread
and influence each other within networks provides impor-
tant insights in a variety of fields, including politics, market-
ing, information transfer, and even epidemiology. This phe-
nomenon, called opinion dynamics, is driven by a complex
network of interactions and information transfer between in-
dividuals, and many mathematical models and computational
methods have been proposed to understand it.

In this paper, we focus on the application of approximate
quantum algorithms for the Ising distribution function to the
study of opinion dynamics and its new insights and results.



We have focused on exploring possibilities beyond classical
models and methods, and on harnessing the power of quantum
computation to better understand the mechanisms of opinion
formation and diffusion within social networks. The results
of this research are expected to have far-reaching implications
for a wide range of applications related to opinion formation,
information transfer, and social dynamics.

Opinion formation and its diffusion in social networks is
regarded as an important research topic in contemporary so-
ciety. Understanding how individuals’ opinions and beliefs
spread and influence each other within networks provides im-
portant insights in a variety of fields, including politics, mar-
keting, information transfer, and even epidemiology. This
phenomenon, called opinion dynamics, is driven by a com-
plex network of interactions and information transfer between
individuals, and many mathematical models and computa-
tional methods have been proposed to understand it.

In addition, the incorporation of the concept of Surface
Codes (or Toric Codes) in the modeling of opinion dynamics
is opening new vistas. These codes are methods that utilize a
two-dimensional lattice-like structure for quantum error cor-
rection, and their distinctive properties may be applied to
the study of opinion dynamics to model the local stability
of opinions and error (misinformation or misunderstanding)
correction mechanisms within social networks.

Research on approximate quantum algorithms for Ising
distribution functions originally started in statistical physics,
but is now considered very important in the field of quantum
computing. This approach is used to simulate particle inter-
actions and its applications range from physics to chemistry,
biology, economics, and even the social sciences. Specifi-
cally, it is used to analyze opinion dynamics, or the process
by which people form opinions. In this field, Ising models are
used to simulate individual opinions and social interactions,
and quantum computing is used to efficiently analyze these
dynamics.

The Ising model was originally developed to understand
the magnetization of magnetic materials, but has since been
applied to the study of more complex interacting systems.
In quantum computing, particularly quantum annealing and
quantum Monte Carlo methods, the model has contributed to
increased computational efficiency. The use of qubits (cubits)
allows efficient exploration of large state spaces that cannot
be handled by conventional computers.

In the field of opinion dynamics, Ising models play an im-
portant role in modeling the influence of opinions among indi-
viduals and social pressures. Individual opinions are treated
as spins, and the interaction of these spins with each other
simulates the change or diffusion of opinions. By incorporat-
ing quantum computing techniques, these processes can be
simulated with greater speed and accuracy. More recently,
the study of opinion dynamics has incorporated concepts from

quantum information theory such as Graph State, Stabilizer
State, and Surface Code (or Toric Code). By incorporating
these concepts into models, the process of opinion forma-
tion and the dynamics of social networks can be analyzed
in greater detail. Graph State is a concept that links graph
theory and quantum theory, where nodes represent cubits and
edges represent entanglements between cubits. In opinion
dynamics, it is used to represent the interdependence of opin-
ions and influence networks among individuals. Stabilizer
State is important in quantum error correction, but in opinion
dynamics it is used to represent the stability or consistency
of opinions. This allows us to analyze how individual and
collective opinions change over time and what causes these
changes and what causes those changes. Surface Code is a
two-dimensional lattice model used for error correction of
quantum information. In opinion dynamics, it helps to de-
scribe the local stability of opinions and the mechanisms for
correcting misunderstandings in social networks. It allows us
to understand how individual opinions are affected by social
pressures and cultural influences and how they change over
time.

Incorporating these quantum theory concepts into opin-
ion dynamics allows for a deeper understanding of social
interactions and opinion formation processes. In addition,
these concepts are expected to bring new insights not only
to the social sciences, but also to fields as diverse as politi-
cal science, economics, marketing, and urban planning. As
quantum computing technology advances, these approaches
are expected to be further refined and to open up new areas
of social science.

3.1 Idea of Quantum Algorithms for the Ising
Distribution Function

Research on approximate quantum algorithms for Ising dis-
tribution functions began in physics, particularly in statistical
mechanics, and has become an important application area
in quantum computing. The Ising model is a mathematical
model developed to understand physical phenomena such as
the magnetism of matter, which simulates the interaction of
spins. The model has applications in a wide range of fields be-
sides physics, including chemistry, biology, economics, and
social sciences.

The Ising distribution function describes the statistical
properties of these spin systems, but it is usually very dif-
ficult to compute this function accurately. For this reason,
the development of approximation algorithms is of great im-
portance, and quantum computer-based approaches have at-
tracted much attention. Specifically, quantum annealing and
quantum Monte Carlo methods are being used to compute
the properties of Ising models faster or more accurately than
traditional computing methods.

The approach with quantum annealing, the process of
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mapping the Ising model to qubits (cubits) and gradually
transforming them from an initial state into a Hamiltonian
that represents the model. This approach tracks changes in the
quantum state while maintaining a state close to the ground
state, eventually sampling the state of the Ising model. For
example, D-Wave Systems’ quantum annealing machine uses
this approach and is being investigated for applications in a
variety of fields, including optimization problems, machine
learning, and materials science.

Another approach is the quantum Monte Carlo approach,
which applies a specific quantum gate to a cubit system to
stochastically sample the state space of the system. This
method is used to estimate the probabilities for different terms
of the distribution function of the Ising model. Applica-
tions of quantum Monte Carlo methods include the study of
changes of state of matter and chemical reactions, as well as
financial modeling.

These quantum algorithms have the potential to provide
better results than classical approaches, especially in large
Ising models and complex interacting systems. However,
the current level of technology and error rates of quantum
computers must be taken into account. Quantum algorithms
continue to evolve and new techniques and ideas will be in-
troduced regularly.

3.2 Approximate quantum algorithm
Consider applications to the Stabilizer State, Graph State, and
Surface Code (or Toric Code) State related to the approximate
quantum algorithm for the Ising distribution function.

1.Stabilizer State
Definition: Stabilizer States refer to specific quantum states
associated with quantum error-correcting codes. These states
are defined by a set of stabilizers and are used for error cor-
rection and protection of quantum information. Visualization
Method: Stabilizer states are often represented as a series of
stabilizer operators, which are shown in mathematical no-
tation. While intuitive graphical rendering is difficult, it is
possible to represent them as quantum circuits and visualize
them as vectors of quantum states.

2. Graph State
Definition: A Graph State is a quantum state constructed
based on a particular graph structure. Here, nodes represent
cubits and edges represent entanglement between cubits. Vi-
sualization Method: Graph States can be directly visualized
using the corresponding graph structure. Nodes and edges
can be used to show the interaction and entanglement rela-
tionships between cubits.

3. Surface Code (Toric Code) State
Definition: Surface Code is a method of quantum error cor-
rection based on a two-dimensional lattice-like structure. Vi-
sualization method: They are visualized as a 2-dimensional
or 3-dimensional lattice, with the cue bits placed at the ver-
tices or edges of the lattice. The error correction process can
be visualized on this lattice.

These visualization methods will facilitate a deeper un-
derstanding of quantum states and help to clearly illustrate
complex concepts and processes in quantum computing.

Here is the translated text with LaTeX code for the for-
mulas and parameters: It is theoretically possible to model
opinion dynamics (opinion formation dynamics) by apply-
ing an approximate quantum algorithm for the Ising partition
function. Opinion dynamics model the process of opinion
formation and dissemination within social networks, and the
Ising model provides a suitable framework for representing
such systems.

4. Opinion Dynamics:Ising Model
In the Ising model, each particle (spin) can be in one of two
states: "up" or "down". When applied to opinion dynamics,
the state of each particle can represent an individual’s opinion
(for example, "for" or "against"). Interactions between parti-
cles model the influence of opinions between individuals.



Formulas and Parameters
The Hamiltonian of the Ising model is expressed as follows:

𝐻 =
∑︁
⟨𝑖, 𝑗 ⟩

𝐽𝑖 𝑗 𝑠𝑖𝑠 𝑗

∑︁
𝑖

ℎ𝑖𝑠𝑖

where, 𝑠𝑖 is the spin (or opinion) of the particle (or indi-
vidual) 𝑖. 𝐽𝑖 𝑗 represents the strength of interaction between
particles 𝑖 and 𝑗 (reflecting the magnitude of influence be-
tween individuals). ℎ𝑖 is the external field (which can repre-
sent external factors or media influence).

Application to Opinion Dynamics
1. Network Construction: Construct a network with individ-
uals as nodes and their social connections as edges.

2. Setting Interactions: Set the influence between individ-
uals (𝐽𝑖 𝑗 ), based on the strength of relationships and degree
of opinion influence.

3. Setting External Fields: Use ℎ𝑖 to model the influence
of external media and other factors.

4. Simulation: Evolve the system according to the dynam-
ics of the Ising model, and simulate changes and distributions
of opinions.

Quantum algorithms can be used to simulate the dynam-
ics of this Ising model. Specifically, quantum annealing and
quantum Monte Carlo methods are effective for large systems
or systems with complex interactions. Modeling opinion dy-
namics using the Ising model helps deepen our understanding
of opinion formation and dissemination in social networks.
Additionally, the use of quantum algorithms offers the poten-
tial for more efficient simulation of such complex dynamics.
However, detailed data and sophisticated modeling are re-
quired to accurately model realworld social networks.

5. Discussion
Stabilizer States

Incorporating the conditions of Stabilizer States into the mod-
eling of opinion dynamics signifies applying concepts from
quantum information theory within the context of social sci-
ences. Stabilizer States provide a framework for describing
quantum states in certain quantum error correction codes. To
apply this to opinion dynamics, it’s necessary to translate
these abstract concepts into concrete social science models.

Basics of Stabilizer Formalism
In Stabilizer Formalism, quantum states are characterized by
stabilizer operators. These operators "stabilize" a specific
quantum state, meaning they are operators that do not change
that state. In a qubit system, stabilizers are described as
elements of the group generated by Pauli matrices.

Application to Opinion Dynamics
When considering Stabilizer States in the context of opinion
dynamics, each individual’s opinion state is modeled as a
qubit, and stabilizer operators are interpreted as rules that
"stabilize" these opinion states. This can be used to represent
how an individual’s opinion is influenced by specific social
pressures or norms.

1. Representation of Opinion States: Represent the opin-
ion of individual 𝑖 as a qubit 𝑞𝑖 . For instance, |0⟩ might
represent one opinion (e.g., in favor), and |1⟩ another opinion
(e.g., against).

2. Definition of Stabilizer Operators: Define a stabilizer
𝑆𝑖 as an operator that acts on the opinion state 𝑞𝑖 and does
not change it. For example, consider 𝑆𝑖 such that 𝑆𝑖𝑞𝑖 = 𝑞𝑖 .

3. Physical Interpretation of Stabilizers: The stabilizer 𝑆𝑖
models how an individual’s opinion is "stabilized" by social
networks, media, and cultural norms. For instance, 𝑆𝑖 can be
set as a parameter representing the influence from a particular
social group or information source.

4. Modeling Interactions: Interactions between individ-
uals can also be considered. For example, the interaction
between two individuals 𝑖 and 𝑗 can be modeled using a
stabilizer 𝑆𝑖 𝑗 . This interaction can represent the influence
of opinions between individuals. Parameters of Stabilizers:
Define the specific form of the stabilizer 𝑆𝑖 (e.g., a com-
bination of Pauli matrices) and how it affects the opinion
state. Strength of Interaction: The strength of the interaction
between individuals is defined through the stabilizer 𝑆𝑖 𝑗 , re-
flecting the strength of relationships and the degree of opinion
sharing.

Caveats
This approach is an example of applying quantum information
theory concepts to social sciences. The direct correlation to
actual social dynamics is not always clear. Care is needed in
interpreting quantum theory concepts in the context of social
sciences. Concepts like qubits and stabilizers may function
as metaphors in social science models. This framework has
the potential to offer new perspectives in the study of opinion
dynamics, but careful consideration is required in its inter-
pretation and application.

In quantum computation, rather than taking on the state
of 0 or 1, a bit can take on both 0 and 1 states simultaneously
in the form of a superposition. The Bloch sphere is used to
visualize this superposition state. Using randomly generated
theta (theta) and phi (phi) angles, each qubit is initialized to a
specific superposition state. Although this process is different
from social phenomena and opinion dynamics, the superpo-
sition of qubits can be thought of as analogous to representing
the spectrum of social opinion as a continuum rather than a
simple binary choice (0 or 1). That is, opinions on an issue
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Fig. 8: Quantum Stabilizer State Opinion Dynamics

can be diverse, not simply for or against, but also taking inter-
mediate positions. The fact that the state of each qubit is in a
different position on the Bloch sphere indicates the diversity
of opinion states held by different individuals. These qubits
can form quantum entanglement through interaction, which
can also be thought of as representing the complex interac-
tions between individuals in social opinion formation. Also,
when there is interaction between qubits, it is represented by
the formation of quantum entanglement, which can be seen
as a quantum analogue of how opinions between individuals
influence each other. In quantum computation, "stabilizer
operators" are used as operators that preserve a particular
quantum state, but such concepts do not directly apply in this
context. However, the fact that the state of a qubit is initialized
by random parameters can be viewed as a process by which
an individual forms its opinion based on random elements.

In an actual quantum computation, these qubits play the
role of bits in a computational task, but by incorporating them
as a metaphor in a social science context, we may be able
to examine social phenomena and the dynamics of opinion
formation from a new perspective.

Fig. 6 shows the interaction network and how individuals
are interconnected. This models a social network or relation-
ship between people. The structure of this network suggests
how opinions tend to spread or how certain individuals may
play a central role in opinion formation.

The mesh image of opinions and interactions shows the
complex patterns of how opinions interact among individuals.
From this image, one can read how opinions are spatially con-
centrated and how they are dispersed. Darker colored areas
probably indicate areas where opinions are closely interact-
ing, suggesting that clusters of opinions are forming. The
density of the interaction network also indicates the strength
of the interaction between individuals within the network.
A strongly interacting network indicates an environment in
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which opinions can propagate quickly and can indicate a ten-
dency toward consensus building or polarization of opinions.
The stabilizer operator image is an indicator of how stable
(i.e., hard to change) each individual’s opinion is. Darker
colored regions may indicate individuals whose opinions are
more stable. This distribution helps us understand how opin-
ions may change over time.

This model is useful for understanding the process of
social opinion formation and may be particularly applicable
to social network analysis and the study of collective behavior.
Of course, comparisons with actual data are necessary to
assess how well these models reflect reality in actual social
phenomena.

Graph States
Incorporating the concept of Graph States into the modeling
of opinion dynamics represents a highly innovative approach
of applying the framework of quantum information theory to
the context of social sciences. Below is a general proposal
for expressing this idea mathematically.

5.1 1. Definition of Qubits:
Represent the opinion of individual 𝑖 with a qubit 𝑞𝑖 . 𝑞𝑖 can
take the base states |0⟩ or |1⟩. The state of the qubit can
represent an individual’s opinion, such as ’for’ or ’against’.

5.2 2. Generation of Graph States:
Construct a graph 𝐺 and correspond each node to a qubit,
with edges representing interactions between qubits. An edge
(𝑖, 𝑗) can represent the entanglement between qubits 𝑞𝑖 and
𝑞 𝑗 .

5.3 3. Definition of Hamiltonian:
Define the system’s Hamiltonian 𝐻 as follows:

𝐻 =
∑︁

(𝑖, 𝑗 ) ∈𝐺
𝐽𝑖 𝑗𝜎

(𝑖)
𝑧 𝜎

( 𝑗 )
𝑧 +

∑︁
𝑖

ℎ𝑖𝜎
(𝑖)
𝑥

Here, 𝐽𝑖 𝑗 represents the coefficient of interaction between
qubits, ℎ𝑖 represents the coefficient of external field influence,
and 𝜎𝑧 and 𝜎𝑥 are Pauli matrices.

5.4 4. Dynamics of the System:
The time evolution of the system can be simulated using the
Schrödinger equation or quantum circuits. The creation and
manipulation of entanglement can be achieved using CNOT
gates and other quantum gates.
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Setting Parameters
Interaction Coefficient 𝐽𝑖 𝑗 : Represents the strength of inter-
action between qubits and models the influence of opinions
between individuals. External Field Coefficient ℎ𝑖: Rep-
resents external factors influencing an individual’s opinion
(e.g., media or cultural influences).

5.5 Caveats
This model includes metaphorical interpretations and does
not indicate a direct physical correspondence. Additional
data and experimental validation are required to model the
dynamics of opinions in actual social networks. This ap-
proach provides a theoretical framework for exploring new
interactions between quantum information theory and social
sciences. In practical research and applications, it is impor-
tant to assess the effectiveness and limitations of this model
through concrete data and experimental validation.

The states of the qubits (cubits) and the interaction co-

Fig. 13: Tile Graph of Interaction Coefficients:Quantum
Graph State Opinion Dynamics

efficients (entanglement) between them are visualized. By
viewing the states of the qubits as social opinions, we can
think of these qubits as representing individuals exhibiting
simple binary opinions. In this simulation, individuals have
an opinion of 0 or 1. As a consideration, note that in real so-
cial phenomena, opinions are more continuous and complex.
The interaction coefficient between each cue bit can be con-
sidered as the influence between opinions. It represents the
strength of the social interaction, which is used to understand
how opinions interact and evolve over time. The first 3D
graph shows the distribution of opinions by cubit, and in this
representation it appears as if the opinions of each cubit are
independent. In reality, however, their states are dependent
on each other due to entanglement among the cubits. In the
context of social science, this is equivalent to modeling how
individuals are affected by each other within a group. The
graph of the interaction network shows the interaction coef-
ficient 𝐽𝑖 𝑗 between the cubits. The larger this coefficient is,
the stronger the entanglement between the two cubits. This
corresponds to the strength of the ties between individuals
in a social network and is a factor that affects the speed and
pattern of opinion propagation.

Such a model provides a theoretical framework for study-
ing the dynamics of opinion formation within social groups.
Of course, it is important to test the validity of the model
using actual social network data.

Considerations based on a model that visualizes the states
of qubits and the interaction coefficients between them. The
tile graph represents the strength of the interaction between
individual agents (qubits) in a social network. Light tiles in-
dicate strong interactions and dark tiles indicate weak interac-
tions. This pattern reflects the degree of social connectedness
and influence, for example, the relationship between opinion
leaders and their followers, and possibly the existence of a
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closer-knit community.
Considered as opinion dynamics, the mesh graph repre-

sents the differences in opinion and strength of interaction
between individuals in a continuous space. This visualiza-
tion can represent the concentration or dispersion of opinions,
or patterns of opinion flow or change, helping to understand
social opinion dynamics.

As a discussion of the distribution of opinions by cubit,
the binary distribution of opinions represented by a cubit is
shown. This represents the balance of opinion in a group at a
given point in time, and this information helps us understand
the diversity of opinion and whether one opinion is dominant
or not.

Discussion of the behavior of the interaction coefficient
𝐽𝑖 𝑗 by entanglement**:. - The interaction coefficient 𝐽𝑖 𝑗 be-
tween tile and mesh graphs represents the degree of entangle-
ment between cubits. High entanglement, in a social context,
implies strong social influence and close relationships, which
play an important role in opinion propagation and change.

6. Conclusion
Toric State(Code)

Incorporating the concept of the Toric Code into the model-
ing of opinion dynamics is a complex endeavor that further
develops this modeling. The Toric Code is a method that
utilizes a 2D lattice structure for quantum error correction.
Applying this to opinion dynamics might allow us to model
the local stability of opinions within social networks and the
mechanisms for correcting errors (such as misinformation or
misunderstandings).

Application of Toric Code to Opinion Dynamics
The key features of the Toric Code are qubits arranged on a
2D lattice and specific patterns of error correction operators

to stabilize these qubits. This can be applied to opinion
dynamics as follows.

1. Definition of Qubits
Place qubits 𝑞𝑖 𝑗 representing individual opinions at each point
on a 2D lattice. Each qubit, for instance, could represent one
opinion with |0⟩ and another opinion with |1⟩.

2. Introduction of Error Correction Operators
At the core of the Toric Code are error correction operators
to stabilize the states of qubits. These can be interpreted as
social mechanisms to ’correct’ misinformation or misunder-
standings.

3. Definition of Hamiltonian
The Hamiltonian 𝐻 of opinion dynamics can include terms
representing interactions between individuals and influences
from external sources.

Interactions Between Qubits: Interactions between adja-
cent points on the lattice represent the influence and sharing
of opinions. This is defined by interaction coefficients 𝐽𝑖 𝑗 .
Error Correction Mechanisms: Model mechanisms for cor-
recting misinformation or misunderstandings through error
correction operators. These operators can represent social
pressures, norms, education, and other mechanisms for cor-
recting misinformation.

Caveats
The concept of the Toric Code, originally from the context
of quantum error correction, becomes highly abstract when
applied to social sciences, requiring careful interpretation.
While this model has the potential to enrich the theoretical
framework of opinion dynamics, the direct correlation with
actual social dynamics might not be clear. When applying
quantum theory concepts to social sciences, it’s important
to clearly understand the difference between their roles as
metaphors and their physical reality. The application of the
Toric Code to opinion dynamics could provide new insights
into the flow of information and correction mechanisms for
misunderstandings within social networks.

(1)Consideration as a Social Phenomenon
The use of qubits and their interactions to model social phe-
nomena is quite innovative. Qubits allow for the representa-
tion of states that are not just binary (as in classical models),
but can also exhibit superposition and entanglement, which
could metaphorically represent the complex and sometimes
non-deterministic nature of human opinions and social inter-
actions. For instance, the state of a qubit could represent an
individual’s opinion, which is not just a simple yes/no but can
be a complex combination of factors.



Fig. 15: 3D Map of Interaction Coefficients:Quantum Toric
Code Opinion Dynamics:1

Fig. 16: 3D Map of Interaction Coefficients:Quantum Toric
Code Opinion Dynamics:1

Fig. 17: Tile Graph of Interaction Coefficients:Quantum
Toric Code Opinion Dynamics

Fig. 18: Mesh Graph of Opinions and Interactions:Quantum
Toric Code Opinion Dynamics



(2)Consideration of Opinion Dynamics
Opinion dynamics often deal with how individual opinions
change over time due to factors like personal conviction and
social influence. In this quantum-inspired model, the inter-
action coefficients 𝐽𝑖 𝑗 could represent the strength and nature
of influence between individuals 𝑖 and 𝑗 , similar to coupling
constants in physical systems. The dynamics could then be
analyzed by how these coefficients affect the state of the qubits
over time.

(3) 𝑞𝑖 𝑗Distribution of Opinions for Different
Qubits
The code generates a random distribution of qubit states,
which can represent a diverse set of opinions within a popu-
lation. In a quantum system, the distribution of these states
can be influenced by interactions with other qubits, suggest-
ing how a consensus or disagreement may form in a social
group.

(4) 𝐽𝑖 𝑗 Interaction Coefficients by Entanglement
Entanglement is a uniquely quantum phenomenon where the
states of two qubits become linked, such that the state of one
cannot be described independently of the state of the other. In
social models, this could represent deep connections between
individuals where the opinion of one strongly influences the
other. The interaction coefficients in an entangled state could
be very high, reflecting this strong connection.

(5) ℎ𝑖 𝑗 Behavior of External Field Influence ℎ𝑖 𝑗 )
In physics, an external field can change the state of a system.
In social terms, this could represent external media influence
or cultural norms that affect individual opinions. The model
could include this by having an external field term ℎ𝑖 𝑗 that
influences the state of the qubits. This would allow the model
to consider both internal interactions and external influences.

The tile graph shows interaction coefficients, which could
indicate how strongly each pair of qubits (individuals) influ-
ences one another. The mesh graph appears to combine these
coefficients with the states, giving a contour map of opinions
and interactions.

For a more detailed analysis, we would need to know how
the interaction coefficients and the qubit states are updated in
time (the dynamics), and how the external field is applied to
the system.

This structure can also be used metaphorically to rep-
resent a network of individuals (qubits) with their opinions
(qubit states) and the interactions (edges) between them, po-
tentially influenced by an external field (environmental fac-
tors).

Fig. 19: Tile Graph of Interaction Coefficients:Quantum
Toric Code Opinion Dynamics

Fig. 20: 3D Map of Interaction Coefficients:Quantum Toric
Code Opinion Dynamics:1



(1)Consideration as a Social Phenomenon
The surface code grid can represent a social network where
nodes are individuals and edges are the relationships or path-
ways through which opinions can influence one another. The
"Score" could represent the strength or intensity of an indi-
vidual’s opinion, and the "Qubit State" might indicate the
stance (positive, neutral, negative). This grid can model the
complexity of social interactions and how opinions spread
and evolve over time.

(2)Consideration of Opinion Dynamics
The qubit states with associated scores could represent how
strongly individuals hold their opinions. The dynamics of
these opinions can be studied by examining how changes in
one node (individual) affect others. In a quantum analogy,
this could relate to the concept of superposition, where an
opinion might be a combination of states until an interaction
(measurement) causes it to collapse to a definite state.

(3) 𝑞𝑖 𝑗 Distribution of Opinions for Different
Qubits
The distribution of opinions across the grid reflects the diver-
sity of a social group. This distribution could also indicate
clusters of consensus or disagreement. For example, areas
with similar scores and qubit states might represent groups
with shared opinions, while areas with diverse scores could
indicate a contentious topic.

(4) 𝐽𝑖 𝑗 Interaction Coefficients by Entanglement
In this analogy, entanglement could represent a scenario
where the opinion of one individual cannot be fully described
without considering another’s opinion. High interaction co-
efficients might then represent relationships where opinions
are strongly correlated or entangled. In social terms, this
could be akin to close-knit communities or peer influence.

(5) ℎ𝑖 𝑗 Behavior of External Field Influence ℎ𝑖 𝑗

The external field’s influence can be likened to societal pres-
sures, media influence, or cultural norms that can sway in-
dividual opinions. The behavior of ℎ𝑖 𝑗 might illustrate how
individuals or groups of individuals react to external stimuli,
with some changing their opinions (state change) while others
remain unaffected.

To advance the analysis, it would be helpful to understand
the rules governing the state changes for the qubits, the exact
nature of the scores, how the interaction coefficients are de-
termined, and how the external field is quantified and applied
within this model.
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