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Abstract

:

In the era of digitalization and artificial intelligence (AI), the utilization of Metaverse technology has become increasingly crucial. As the world becomes more digitized, there is a pressing need to effectively transfer real-world assets into the digital realm and establish meaningful relationships between them. However, existing approaches have shown significant limitations in achieving this goal comprehensively. To address this, this research introduces an innovative methodology called the Meta-Metaverse, which aims to enhance the immersive experience and create realistic digital twins across various domains such as biology, genetics, economy, medicine, environment, gaming, digital twins, Internet of Things, artificial intelligence, machine learning, psychology, supply chain, social networking, smart manufacturing, and politics. The multi-layered structure of Metaverse platforms and digital twins allows for greater flexibility and scalability, offering valuable insights into the potential impact of advancing science, technology, and the internet. This article presents a detailed description of the proposed methodology and its applications, highlighting its potential to transform scientific research and inspire groundbreaking ideas in science, medicine, and technology.
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1. Introduction


The Metaverse is a novel and promising technology in the digital realm that has the potential to transform healthcare, science, technology, entertainment, economy, and training by providing realistic experiences for people and professionals [1]. It combines various cutting-edge technologies, including artificial intelligence (AI), virtual reality (VR) [2] and augmented reality (AR) [3], Internet of Things (IoT) [4,5], robotics, blockchain [6], and quantum computing [7]. This convergence of technologies opens new avenues for delivering high-quality services in all aspects of our lives. The combination of these technologies creates a highly engaging and personalized experience and provides intelligent solutions that eliminate barriers between customers and providers, as well as enhance the supply chain and sustainability [8]. For example, the Metaverse has the potential to provide immersive training experiences for medical professionals, allowing them to practice surgeries and procedures in a simulated environment, leading to improved patient outcomes [9]. Additionally, it can facilitate remote collaboration among scientists and researchers, accelerating the pace of scientific discovery. The Metaverse can also enable seamless virtual commerce experiences for consumers, increasing efficiency and reducing environmental impact [10]. Healthcare is an essential aspect of promoting and maintaining the physical, social, and mental well-being of people worldwide, and healthcare systems play a significant role in this regard, while also contributing significantly to the economic growth and industrialization of countries [11]. With the advent of digital healthcare, there has been a revolution in the sector, which has enhanced the interaction between caregivers, patients, and other stakeholders [10].



Furthermore, the relationship between the Metaverse and sustainability holds great importance, as sustainability represents a crucial matter that must be tackled by harnessing the capabilities of this highly efficient technology [12]. The Metaverse is anticipated to have a substantial influence on sustainability globally, affecting the environment, economy, and society [13,14,15]. If consumption and population growth continue to rise without sustainable practices and proper recycling, it could result in the depletion of vital natural resources [16]. Numerous media outlets and businesses recognize the potential of the Metaverse to enhance the economy and financial profitability [17]. However, they emphasize the importance of maintaining a balance by considering environmental, social, and ethical factors. Conversely, the Metaverse has the potential to significantly reduce carbon emissions [18,19]. This is achievable by substituting physical goods with digital ones, minimizing the need for physical mobility and construction through virtual interactions, and conducting simulations in cyberspace rather than physical space. Furthermore, emerging digital spaces are likely to cause less harm to the environment compared to their predecessors due to advancements in technology. If individuals opt to purchase fewer physical items and instead consume and acquire more digitally, the Metaverse could lead to a future that is less reliant on material possessions [16].



Many technology development companies prioritize sustainability goals, aiming to adopt more energy-efficient practices to reduce their carbon emissions. For instance, the Metaverse can facilitate green networking technologies, such as minimizing the number of physical data centers, by storing data and information in the cloud [20]. It is essential to design Metaverse platforms in a way that requires fewer specialized hardware resources and high computing power. Having a small number of Metaverses instead of thousands of Metaverses developed by many organizations might be more efficient [16].



The Metaverse has the potential to revolutionize diverse domains, such as education, entertainment, communication, commerce, and social interactions [21]. It can completely reshape the way we learn, engage in entertainment, connect with others, conduct business, and interact in society. It allows people to connect in a virtual world that is almost as realistic as the physical world, but with endless opportunities for imagination, discovery, and experimentation [22]. Although the Metaverse is already a highly potent and transformative technology, it will become even more significant and influential as it evolves and progresses. One possible future version of the Metaverse is an entirely decentralized and open-source platform, which empowers users to create and own their virtual assets and experiences. This type of Metaverse would be more democratic and accessible, enabling people from all over the globe to contribute to its development. Another potential future version of the Metaverse involves the integration of advanced technologies like AR/VR and AI. The Metaverse provides immersive advantages for both individuals and businesses, including cost reduction by eliminating the need for physical infrastructure and maintenance [23].



However, to achieve its full potential, the Metaverse needs to be more adaptable and applicable. This means that the platform must be flexible and responsive to changes in user needs and preferences. In addition, the Metaverse needs to address technical challenges such as interoperability, security, and scalability. To achieve these goals, it is important to have a more effective design that meets the essential requirements. In this paper, we propose a new approach to improving the performance of the Metaverse within a comprehensive virtual environment called the “Meta-Metaverse”. This approach involves connecting Metaverse platforms and digital twins to each other. A digital twin is a virtual representation of a physical object, system, or process. By connecting digital twins to Metaverse platforms, it is possible to create a more seamless and integrated virtual experience. The utilization of fractal patterns as an infrastructure concept connects metaverse platforms and digital twins, enabling access to digital representations of various elements [24,25,26,27]. The infrastructure, organized in a fractal-like structure, accommodates multiple layers, each with its own digital version. Metaverse platforms provide virtual environments for user interaction, while digital twins represent virtual replicas of physical entities. The interconnectivity within the fractal-based infrastructure allows seamless navigation between layers and fosters a comprehensive understanding of the digital world. This concept enables detailed exploration and immersive experiences, opening up new possibilities for simulations and enhanced understanding across domains.



This paper aims to present the Meta-Metaverse as a groundbreaking idea that can transform various fields of science, technology, and life. It is inspired by a combination of the Metaverse, fractal concepts, and parallel universes. The paper has been organized into six sections. Section 1 introduces the problem and the proposed solution. Section 2 outlines the motivation and need for presenting this approach, including the current limitations of existing methods and the potential benefits of this new approach. In Section 3, we explore how the concepts of fractals and parallel universes inspired the development of this approach, highlighting the theoretical underpinnings and practical implications. Section 4 presents the possible connections between different platforms that could be employed to leverage this approach for a variety of applications. This section covers several ideas that demonstrate the potential of this approach to revolutionize fields such as physics, biology, computer science, and finance. In Section 5, we provide a detailed discussion of the key findings and implications of this approach, highlighting its strengths and limitations. Finally, Section 6 offers concluding remarks, summarizing the key contributions.




2. Motivation


Developing advanced versions of the Metaverse could contribute to an even more immersive and interactive virtual world that resembles reality. The importance of advancing the Metaverse lies in its potential to enhance and transform numerous facets of our existence, encompassing education, amusement, and trade, while additionally fostering novel modes of social engagement and cooperation [28]. Additionally, it can address the environmental and physical limitations of the physical world by providing a virtual space for people to connect and engage with each other. The Metaverse offers a variety of activities beyond socializing and gaming, such as shopping, learning, teaching, cultural exchange, work, and even creating and participating in a new society. Although the Metaverse is considered a new technology, it represents a transformative process that shows how technology can integrate into our everyday lives. However, one concern is that users may lose track of time due to their reduced awareness of their physical bodies while immersed in VR [29,30].



The advancement of technology has progressed so quickly that what used to be considered science fiction, such as self-driving cars and commercial space travel, are now within reach. This progress has also made it possible to create limited versions of Metaverses on gaming platforms, which were once only imagined in science fiction. Additionally, many companies are investing millions of dollars in developing their own Metaverses and applications, creating a new economy. In the realm of education, digital tools are now commonly used by teachers and students for activities such as online classes, sharing of materials, and testing [31]. The implementation of advanced tools, like AR glasses that provide students with virtual content in class, is already underway. Nevertheless, the lack of compatibility between these various technologies presents a challenge for transferring data and content. The Metaverse has the potential to enhance the learning experience by allowing virtual interactions between students and teachers that mirror those in a physical classroom. In fact, the technology is already being used to teach health sciences, including virtual surgery and flight simulators. By integrating VR, the Metaverse, and AI, educational content can be tailored to individual students, which facilitates monitoring and evaluation of their progress by teachers [31].



Despite the progress made, there are still some important challenges to employ this technology more efficiently. Integrating digital twins into the Metaverse is one way to improve its applicability. Digital twins are digital representations of physical assets, processes, or systems that can be used to simulate and analyze their behavior. This would allow users to interact with virtual replicas of real-world assets and systems, enabling better decision-making and performance optimization. The Metaverse needs to be redesigned to provide more advanced avatars that can offer doctors detailed information to speed up diagnosis and treatment. Rather than just providing a digital version of a person, the Metaverse can enable doctors to access different layers of information, such as medical history, genetic makeup, and current symptoms, to diagnose and treat patients more effectively. Developing the Metaverse to its full potential requires going beyond conventional forms and exploring new ways to make the platform more advanced and efficient [32]. This necessitates a commitment to research and development and collaboration between various stakeholders, including technology developers, healthcare providers, and policymakers. Together, we can create a more powerful and transformative Metaverse that can meet the challenges and opportunities of the digital age.




3. Fractals and the Meta-Metaverse


Fractals are complex and repetitive designs that appear in many natural occurrences, like mountain ranges and snowflakes, as well as in computer-generated and mathematical designs [33,34,35]. They possess self-similarity, meaning that the design repeats itself at varying scales. Fractals are adept at representing complexity and detail compactly, and their most defining trait is their infinite level of intricacy [36]. As you zoom in on a fractal pattern, you will find smaller and smaller copies of the overall design, and the pattern repeats indefinitely [37]. This occurs because fractals are produced using a set of equations or rules that generate a geometric form that repeats itself on different scales. Aside from their application in describing natural phenomena, fractals are employed in various fields, such as engineering, computer graphics, and physics. Different types of fractals exist, each with its own distinct set of rules and properties, such as the Mandelbrot set, Julia set, and L-systems [38,39,40]. These varied fractals offer vast potential applications, and they have been utilized to model a wide range of phenomena, from the growth of plants to the movement of stocks in the stock market.



Fractals are mathematical patterns that display self-similarity, indicating that the same pattern repeats at different scales [41,42]. This feature provides fractals with their characteristic “fractal” appearance, which seems “rough” or “broken” due to the irregularity of the pattern. Fractals can be found in various natural and artificial systems and are used in many fields for diverse purposes. In physics, fractals model numerous phenomena, including the mass distribution in the universe, plant growth, and fluid flow. Computer science employs fractals to create computer graphics and design algorithms for solving complex problems [43,44]. Engineering utilizes fractals in designing antennas and other structures that work effectively across a broad range of frequencies. Fractals are also used in the medical field to study the structure and function of biological systems [45], such as the vascular system and the lungs [46], and in psychology to investigate perception and cognition and their role in visual information processing [47]. In summary, fractals are a valuable tool for comprehending and modeling complex systems in diverse fields, with significant applications in science and technology.



Fractal principles have been employed in the creation of computer networks and communication systems in order to enhance the speed and effectiveness of data transmission [36]. By making use of the self-repeating patterns that exist within the data being transmitted between nodes, these systems can be designed to transmit data more efficiently. Fractals are utilized in order to optimize the design of these systems, leveraging the self-similar patterns to improve the speed and efficiency of data transmission. The application of fractal concepts to the design of computer networks and communication systems has thus led to significant improvements in the transmission of data between nodes.



The concept of utilizing fractal patterns as an infrastructure idea to connect several metaverse platforms and digital twins within each other offers a unique approach to accessing and exploring digital representations of everything in the world, ranging from materials to phenomena. This idea involves organizing the infrastructure in a fractal-like structure, where each layer contains its own digital version. At the core of this concept lies the self-similarity and infinite intricacy of fractals. By adopting a fractal-based structure, the infrastructure can accommodate multiple layers, each representing a different level of detail or abstraction. Just as a fractal repeats its pattern at varying scales, this infrastructure enables the integration of various metaverse platforms and digital twins, connecting them within the overarching framework. Metaverse platforms serve as one layer within the fractal-based infrastructure. These virtual environments allow users to interact with digital content and each other. By incorporating metaverse platforms into the infrastructure, users can access and engage with digital representations of objects, systems, and phenomena in a simulated or real-time manner. Digital twins, on the other hand, represent virtual replicas or representations of physical entities. Within the fractal-based infrastructure, digital twins can exist at multiple layers, corresponding to different levels of detail. For example, a building’s digital twin can be represented at a coarse level within a metaverse platform and at finer levels within specialized digital twin platforms. This multi-layered approach facilitates comprehensive simulation, analysis, and monitoring across various granularities.



The fractal-based infrastructure ensures interconnectivity between different layers and platforms, creating a cohesive and seamless digital ecosystem. Users can navigate through the layers, transitioning between levels of detail and abstraction effortlessly. This interconnectivity also enables the exchange of data and information between different layers and platforms, fostering a comprehensive understanding of the digital world. One of the primary advantages of this infrastructure is the ability to access details. By traversing through the layers of the fractal-based structure, users can delve into the specifics of objects or phenomena. Starting from a higher-level representation within a metaverse platform, users can progressively zoom in, revealing more intricate digital twins at finer levels. This approach empowers users to explore and interact with the digital versions of everything, gaining insights into materials, systems, and phenomena with unprecedented depth. The concept of utilizing fractal patterns as an infrastructure idea to connect metaverse platforms and digital twins offers a novel approach to accessing and comprehending the digital world. By leveraging the self-similarity and infinite intricacy of fractals, this infrastructure allows for multi-layered integration, interconnectivity, and detailed exploration. It opens up new possibilities for immersive experiences, comprehensive simulations, and enhanced understanding across a wide range of domains.




4. Possible Connections and Implementation


In this section, we delve into the potential applications and versatility of the Meta-Metaverse. We present three distinct structures that highlight the adaptability of this approach across various domains [48,49,50]. These structures are inspired by nesting software and enable seamless data flow and integration of functionalities between platforms as follows:




	
Ring Structure: The ring structure forms a circular arrangement, connecting each Metaverse platform to its neighboring platforms. This closed-loop configuration facilitates efficient data transfer and communication, ensuring a continuous flow of information. The output of one platform seamlessly becomes the input for the next, creating an uninterrupted chain of interconnected platforms;



	
Series Structure: The series structure connects Metaverse platforms linearly, one after another. This allows for sequential data processing, where the output of one platform serves as the input for the next. It enables step-by-step transformation of information as it progresses through the connected platforms, facilitating progressive analysis and refinement;



	
Hybrid Structures: Hybrid structures combines elements of both series and parallel configurations. It comprises interconnected platforms that operate in series for some data flows and in parallel for others. This provides flexibility and adaptability, allowing for a combination of sequential and parallel processing based on specific application requirements. In these structures, nested structures have been used. These represent a hierarchical arrangement of Metaverse platforms, akin to nesting software. Platforms exist within larger platforms, forming a nested network. This structure enables encapsulation of functionalities and modularization of processes, enhancing scalability and flexibility. The nested structure enables seamless connections and interactions between platforms, creating a comprehensive and interconnected ecosystem.








By adopting these interconnected structures, our approach to Metaverse platform networks harnesses the advantages of nesting software, facilitating efficient data flow, seamless communication, and integration of functionalities across platforms [51]. These structures serve as the foundation for creating a dynamic and interconnected Metaverse ecosystem, unlocking new possibilities for immersive experiences, collaborative environments, and transformative applications in diverse domains.



The formulation of the methodology that utilizes fractal patterns as an infrastructure idea for connecting metaverse platforms and digital twins holds significant importance due to several key aspects, including connectivity and timing. These aspects play a crucial role in establishing reliable communication and creating immersive connections within the digital landscape. Furthermore, emphasizing the need for a mathematical framework to extend and define this idea can pave the way for valuable research and advancements across diverse fields of science and technology. Connectivity is a fundamental aspect of the proposed methodology. By structuring the infrastructure using fractal patterns, it becomes possible to establish connections between different metaverse platforms and digital twins. This interconnectedness allows for seamless navigation and data exchange, enabling users to explore and interact with a comprehensive digital ecosystem. The ability to connect different platforms and digital representations opens up new possibilities for collaboration, information sharing, and immersive experiences that transcend the limitations of individual platforms.



Timing is another crucial consideration in this methodology. The concept of timing recognizes the importance of allocating sufficient time to explore and engage with each layer and platform within the fractal-based infrastructure. As users traverse through various levels of detail and abstraction, the complexity and richness of the virtual worlds they encounter increase. By understanding the significance of timing, users can fully immerse themselves in each platform, appreciating the intricate details and gaining a comprehensive understanding of the digital representations they explore. It is essential to highlight the potential benefits and advancements it can bring to various scientific and technological fields. By defining the methodology in mathematical terms, researchers can develop rigorous models, algorithms, and frameworks that facilitate further exploration and advancements. Mathematical formulations enable precise description, analysis, and prediction of the behavior and interactions within the fractal-based infrastructure. This opens doors for research in fields such as network theory, data science, computer graphics, artificial intelligence, and more. By extending and defining the methodology in a mathematical manner, researchers can explore the theoretical underpinnings, develop efficient algorithms, and propose novel applications across diverse domains. For example, in network theory, mathematical formulations can be used to optimize the connectivity and efficiency of the interconnected metaverse platforms. In data science, mathematical models can facilitate the analysis and interpretation of vast amounts of digital twin data. In computer graphics, mathematical representations can enhance the realism and visual fidelity of virtual worlds.



4.1. Ring Connection


Our proposed network structure involves connecting Metaverse platforms in a ring-like fashion, forming a closed loop. Each platform in the network receives input data from the preceding platform and processes it to generate output data, which serves as input for the subsequent platform. Figure 1 illustrates the structure of the Metaverse platforms in a Meta-Metaverse arrangement. Each block represents a Metaverse platform, while each line represents the connections between the platforms. This arrangement forms a ring network configuration, where data flow sequentially through the platforms.



Equation (1) presents the mathematical model that governs the connections of the Meta-Metaverse. This equation presents a conceptual model that helps us understand the timing and data transmission in a Meta-Metaverse platform. In this mathematical model, imagine a Meta-Metaverse platform consisting of multiple interconnected metaverse platforms. These platforms are connected in a ring-like arrangement, forming a cohesive network. When a user wearing a VR headset explores this interconnected system, they can see various virtual worlds associated with each platform. The equation captures an important aspect of this experience: timing. It suggests that as users navigate through the different metaverse platforms, they need to allocate an appropriate amount of time to fully engage with each platform. The equation implies that the more metaverse platforms a user visits, the more time they will require to explore and immerse themselves in the associated virtual worlds. This concept is significant because it highlights the need for users to spend sufficient time within each platform to fully grasp and appreciate the virtual experiences offered. By allocating ample time, users can delve deeper into the intricacies of each platform and make meaningful connections with the virtual worlds they encounter. Thus, Equations (1)–(5) are conceptualized to serve as conceptual representations of the relationship between time and the user’s journey through the interconnected metaverse platforms. The equation emphasizes the value of time in enhancing the user’s overall experience and understanding of the virtual environments they explore.



This approach relies on the self-similarity and intricate nature of fractals to create a structure where each layer has its own digital version, allowing for seamless connections and exploration. Within this infrastructure, users can navigate through various layers of detail and abstraction, much like zooming into a fractal pattern. As users delve deeper, they encounter more intricate digital representations known as digital twins. In this fractal-based infrastructure, digital twins exist at multiple levels, corresponding to different levels of detail. For instance, a digital twin of a building can have a coarse representation within a metaverse platform and more detailed representations within specialized digital twin platforms. It enables seamless transitions between different layers and platforms, allowing users to explore the digital versions of everything, from materials to phenomena. This interconnectedness facilitates the exchange of data and information, creating a comprehensive and holistic view of the digital world. This cyclical flow of data ensures a continuous exchange of information, enabling users to seamlessly navigate and interact within the Metaverse. The ring network structure we propose offers several advantages for the Metaverse:



The interconnected platforms enable smooth transitions between different virtual environments, allowing users to effortlessly move from one platform to another while maintaining continuity and immersion throughout their Metaverse experience. By establishing a cohesive and interconnected environment, the ring network structure ensures a consistent and seamless user experience, enabling users to explore various virtual spaces, engage in different activities, and interact with diverse content without encountering disruptions or inconsistencies. The ring network architecture provides flexibility and scalability for the Metaverse ecosystem, allowing easy integration of additional platforms into the ring. Equation (1) can be represented as follows:


    M e t a M e t a v e r s e (   t i m e  1  ,   t i m e  2  ,   t i m e  3  … ,   t i m e  n  ,       M e t a v e r s e  1  ,   M e t a v e r s e  2  ,   M e t a v e r s e  3  , … ,   M e t a v e r s e  n  , X ) =       ∑  t i m e =  t 0     t n      {  (   ∑  t i m  e 1  =  t 0    R a n g e (  t 1  )    U s e r ( V R ) → M e t a v e r s  e 1  (  f  1 , 1   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,  f  1 , 2   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,           … ,  f  1 , 3   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,  f  1 , w   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  )     × (   ∑  t i m  e 2  =  t 1    R a n g e (  t 2  )    M e t a v e r s  e 2  (  f  2 , 1   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,  f  2 , 2   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,       … ,  f  2 , 3   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,  f  2 , w   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  )     × (   ∑  t i m  e 2  =  t 2    R a n g e (  t 3  )    M e t a v e r s  e 3  (  f  3 , 1   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,  f  3 , 2   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,       … ,  f  3 , 3   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,  f  3 , w   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  )     …     × (   ∑  t i m  e 2  =  t 2    R a n g e (  t 3  )    M e t a v e r s  e n  (  f  n , 1   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  ) ,  f  n , 2   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  )         … , ,  f  n , 3   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  ) ,  f  n , w   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  )  }     



(1)







This expansion enhances the available functionalities and accommodates the evolving needs and demands of Metaverse users. However, there are certain drawbacks to the proposed ring network structure:




	
The cyclical flow of data within the ring structure limits non-linear interactions and branching scenarios within the Metaverse, constraining users’ navigation and interaction outside the predefined path established by the platform connections;



	
High demand or processing requirements in specific platforms may result in bottlenecks as data flow sequentially through the platforms. This can lead to latency issues or reduced performance for users accessing those platforms;



	
The ring network configuration lacks redundancy and alternative paths, making it susceptible to technical issues or disruptions in a single platform that can impact the entire network’s functionality. This can potentially affect user experiences and system reliability;



	
In terms of implications and future considerations, our research suggests the following:



	
Further exploration of alternative network topologies, such as mesh networks or hybrid configurations, can address the limitations of the ring structure, offering enhanced flexibility, fault tolerance, and adaptability for the ever-expanding Metaverse ecosystem;



	
By leveraging network engineering principles, we can optimize the design, scalability, and functionality of interconnected platforms within the Metaverse, contributing to the creation of a more robust and immersive digital realm for users.









4.2. Series Connection


The Meta-Metaverse, depicted in Figure 2, employs a series mode of network configuration. This means that the platforms are interconnected in a linear fashion, with each platform connected one after another. The series network configuration establishes a sequential connection between the Metaverse platforms. In this setup, data flow from one platform to the next in a linear manner. It ensures that information is transmitted in a specific order, following a predetermined path. Equation (2) describes a mathematical model for the Meta-Metaverse network in the present arrangement.



Advantages of the series network configuration:




	
The series network enables a streamlined flow of data between the platforms within the Metaverse. By establishing a linear connection, it facilitates efficient communication and seamless information transfer. This ensures that data reach their intended destination without unnecessary delays or detours;



	
The linear structure of the series network simplifies the maintenance and troubleshooting process. Due to its linear nature, it becomes relatively straightforward to identify and resolve issues. Network administrators can trace the connection path between platforms, making it easier to pinpoint any disruptions or problems. This simplification of the maintenance process enhances the overall efficiency of managing the network.








Disadvantages of the series network configuration:




	
The series network presents challenges when it comes to scaling. As each new platform needs to be connected in series with the existing ones, there are inherent limitations on the number of platforms that can be effectively integrated into the network. Adding new platforms requires extending the linear chain of connections, which can become complex and potentially lead to performance degradation or bottlenecks;



	
Single Point of Failure: The series network is susceptible to disruptions or failures in any individual platform. If one platform encounters technical issues or disruptions, it can have a cascading effect on the connectivity and functionality of subsequent platforms in the series. In other words, the failure of one platform can disrupt the entire chain of communication, potentially leading to system-wide interruptions. This vulnerability to a single point of failure highlights the need for redundancy and backup solutions to mitigate such risks.










    M e t a M e t a v e r s e ( t i m  e 1  , t i m  e 2  , t i m  e 3  … , t i m  e n  ,     M e t a v e r s  e 1  , M e t a v e r s  e 2  , M e t a v e r s  e 3  , … , M e t a v e r s  e n  , X ) =       ∑  t i m e = =  t 0     t n      {    ∑  t i m  e 1  =  t 0    R a n g e (  t 1  )    U s e r ( V R ) → M e t a v e r s  e 1  (  f  1 , 1   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,  f  1 , 2   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,           … ,  f  1 , 3   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  ) ,  f  1 , w   (  x  M 1 , 1  1  ,  x  M 1 , 2  1  ,  x  M 1 , 3  1  , … ,  x  M 1 , v  1  )     ×   ∑  t i m  e 2  =  t 1    R a n g e (  t 2  )    M e t a v e r s  e 2  (  f  2 , 1   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,  f  2 , 2   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,       … ,  f  2 , 3   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  ) ,  f  2 , w   (  x  M 2 , 1  2  ,  x  M 2 , 2  2  ,  x  M 2 , 3  2  , … ,  x  M 2 , v  2  )     ×   ∑  t i m  e 2  =  t 2    R a n g e (  t 3  )    M e t a v e r s  e 3  (  f  3 , 1   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,  f  3 , 2   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,       … ,  f  3 , 3   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  ) ,  f  3 , w   (  x  M 3 , 1  3  ,  x  M 3 , 2  3  ,  x  M 3 , 3  3  , … ,  x  M 3 , v  3  )     …     ×   ∑  t i m  e 2  =  t 2    R a n g e (  t 3  )    M e t a v e r s  e n  (  f  n , 1   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  ) ,  f  n , 2   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  )       … , ,  f  n , 3   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  ) ,  f  n , w   (  x  M m , 1  m  ,  x  M m , 2  m  ,  x  M m , 3  m  , … ,  x  M m , v  m  )   → U s e r ( V R )  }     



(2)








4.3. Deep Series Connection


The Meta-Metaverse represents a unique network structure where the Metaverse platforms are nested within each other, called deep series connection. In this configuration, each platform is contained within another platform, forming a hierarchical arrangement. Figure 3 illustrates a deep series connection within the Meta-Metaverse network structure. In this configuration, the platforms are interconnected in a sequential manner, similar to the series mode described earlier. However, what distinguishes the deep series connection is the presence of multiple layers or depths within each platform. Each platform in Figure 3 contains nested sub-platforms, forming a hierarchical arrangement.



This nesting implies that the functionality and data flow within the network are organized in a cascading manner. Data flow from the outermost layer of one platform to the corresponding layer of the next platform, and so on, until they reach the deepest layer.



Equation (3) describes the data flow within the deep series connection of the Meta-Metaverse network structure, accounting for the nested layers and connectivity factors. This nested structure can be beneficial for describing various phenomena that are composed of multiple layers, including biological, environmental, engineering, and economic systems. By envisioning platforms nested within one another, we can analyze the interactions and relationships between different layers of a complex system. This hierarchical organization allows for a deeper understanding of how each layer influences the overall behavior and functioning of the system. For instance, in biological systems, such as ecosystems, the nested platform structure can represent the interdependence between different trophic levels. Each nested platform could represent a specific level in the food chain, showcasing how energy and resources flow from one level to the next.
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(3)







This hierarchical representation enables the study of ecological dynamics, such as predator-prey relationships and nutrient cycling. Similarly, in environmental systems, the nested platform structure can depict the different layers of the Earth’s atmosphere, from the troposphere to the stratosphere and beyond. Analyzing the interactions between these nested layers can help understand phenomena such as climate change, air pollution, and atmospheric dynamics. In engineering systems, the nested platform structure can be applied to describe the layers of complex infrastructure projects. For example, in a transportation network, each platform could represent a different mode of transportation, such as roads, railways, or air routes. Understanding the interactions and dependencies between these nested layers is crucial for optimizing efficiency, managing traffic, and improving transportation systems. Moreover, the nested platform structure can also be relevant in economic systems, such as supply chains. Each nested platform could represent different stages of production, from raw materials to finished products. Analyzing the interactions and dependencies between these nested layers helps identify bottlenecks, optimize resource allocation, and enhance overall economic efficiency.



In summary, the Meta-Metaverse with deep series connection, with platforms nested within each other, provides a powerful framework for describing phenomena composed of multiple layers. This hierarchical representation can be applied to various domains, including biology, environment, engineering, and economics, enabling a comprehensive understanding of complex systems and their interconnections.




4.4. Hybrid Connections


The hybrid connection between Metaverse platforms in the Meta-Metaverse network structure offers a unique opportunity to realize a wide range of phenomena within the world of the Metaverse. By combining various network configurations, both mentioned and non-mentioned, this hybrid approach enables the integration of diverse capabilities and functionalities within the Metaverse ecosystem. The hybrid connection allows for the seamless blending of different types of network structures, such as series, parallel, mesh, or tree configurations. Each network structure brings its own set of advantages and characteristics, which can be leveraged to facilitate the realization of different phenomena within the Metaverse. Figure 4 depicts the hybrid connection model within the Meta-Metaverse network structure, emphasizing the combination of different network configurations. This hybrid model integrates series, parallel, mesh, and tree connections, leveraging their respective strengths to enable a wide range of phenomena within the Metaverse. The figure serves as a visual representation of the flexible and adaptable nature of the hybrid connection, showcasing how different network structures can coexist and interact.



In addition, Figure 5 depicts an alternative hybrid configuration within the Meta-Metaverse network structure. This specific configuration represents a distinct arrangement of interconnected platforms and layers, highlighting a different approach to hybrid connections. It emphasizes a unique combination of network structures that have been tailored to support complex interactions and experiences in the Metaverse. For instance, the series mode of connection facilitates sequential connectivity, ensuring the smooth flow of data between platforms. This is particularly useful for modeling phenomena that require a step-by-step process or ordered information transfer.



The incorporation of parallel connections within the Meta-Metaverse framework enables simultaneous communication and data exchange among multiple platforms. This feature enhances collaborative experiences and facilitates real-time interactions within the virtual environment. It proves particularly valuable when simulating complex systems or facilitating multiplayer interactions within the Metaverse, as it allows for seamless and synchronized engagement across different platforms. Furthermore, the adoption of a mesh network configuration within the Meta-Metaverse architecture establishes a distributed and interconnected structure. This decentralized communication approach offers several benefits, including enhanced resilience against single points of failure. By distributing the communication pathways, the system becomes more robust and resilient in the face of disruptions. This network configuration is especially advantageous when modeling phenomena characterized by a high degree of interconnectivity or when ensuring reliability and continuity of communication is critical. To provide a formal representation of the hybrid connection models employed in the Meta-Metaverse, we present Equations (4) and (5) in the manuscript. These mathematical descriptions offer a precise framework for understanding and implementing the proposed approach. They contribute to the overall comprehensibility and technical foundation of the research, allowing for a more rigorous exploration of the concepts and their implications.



The utilization of parallel connections, coupled with a mesh network configuration, within the Meta-Metaverse presents opportunities for enhanced collaboration, real-time interactions, decentralized communication, and resilience against disruptions. The mathematical descriptions provided in Equations (4) and (5) further support the technical underpinnings of the proposed hybrid connection models.
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(4)







Moreover, the tree network structure, although not explicitly mentioned, can be integrated into the hybrid connection. It enables hierarchical organization and efficient distribution of information, making it suitable for representing phenomena with layered or nested components. By combining these different network configurations in a hybrid manner, the Metaverse platforms gain the flexibility to realize a wide range of phenomena. Whether it includes simulating complex biological systems, representing economic models, emulating environmental dynamics, or even constructing virtual worlds, the hybrid connection approach provides the necessary infrastructure to support diverse and immersive experiences within the Metaverse. The hybrid connection between Metaverse platforms offers a versatile and adaptable network structure that enables the realization of various phenomena. By incorporating different network configurations, the Metaverse ecosystem can harness the benefits of each structure and create a rich and interconnected environment that caters to the diverse needs and experiences of its users.
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(5)









5. Directions


In an increasingly digitized world, the transfer of real-world assets into the digital realm and establishing their interconnected relationships has been a challenge. While the concept of the Metaverse has made strides in this direction, it is limited in scope and falls short in achieving comprehensive digitalization across various domains. To address this need, this research introduces a new approach to Metaverse technology called the Meta-Metaverse. By enhancing the immersive experience and creating realistic digital twins of complex phenomena, assets, and objects, the Meta-Metaverse aims to revolutionize the application of the Metaverse. Drawing inspiration from parallel universes, fractal phenomena, and existing Metaverse technology, the proposed methodology leverages a multitude of Metaverse platforms and digital twins with interconnected communications. Through this strategy, we gain valuable insights into the potential impact of advancing science, technology, and the internet. By incorporating a multi-layered structure of Metaverse platforms and interconnected digital twins, the Meta-Metaverse offers enhanced flexibility, scalability, and innovative solutions to overcome existing technological challenges. These platforms and digital twins are arranged and connected within each other, resembling nesting software, allowing for their coexistence and expanding the capacity, scalability, and versatility of traditional Metaverse technology. The adoption of the Meta-Metaverse approach has the potential to transform scientific research, foster groundbreaking ideas, and make significant contributions to various domains such as healthcare, medicine [52], biology, genetics, environmental engineering, economy, supply chain, trading, shopping, marketing, interior design, politics, and social networking. In the following subsections, we will explore the application of the Meta-Metaverse to each of these topics, showcasing its potential to reshape and optimize these domains in the digital realm.



5.1. Healthcare, Medicine, and the Meta-Metaverse


To address these challenges, healthcare services need to be accessible to individuals at their homes, and the recent COVID-19 pandemic has highlighted the urgent need for innovation and adaptation in the healthcare sector [53,54,55]. In this post-pandemic era, there has been a paradigm shift in healthcare, with consumers taking an active role in decision-making and the adoption of virtual healthcare systems, data analytics, and unprecedented collaborations in therapeutics development, which has compelled stakeholders to innovate and adapt to these changing circumstances [10].



At present, advanced hospitals and universities employ technologies like AR, VR, and AI to aid surgeons in performing surgeries more efficiently by offering a 3D view of the patient’s body [56,57]. These technologies do have some drawbacks, such as creating realistic surgical objects in a computer-generated space, offering limited resolution and pocket-size immersion, and being limited to specific clinical settings. The Metaverse, however, has the potential to tackle these problems by providing a realistic environment for interactions among patients, doctors, and objects. Additionally, the Metaverse has numerous benefits such as personalized health data monitoring, patient clinical data analysis, and the elimination of physical and paper-based records [58]. Despite the advantages of using the Metaverse in healthcare services, there are some challenges to its implementation [59]. These include the risk of compromising user privacy, the high cost of the technology, disagreement between healthcare organizations and institutions on launching the technology, ethical issues, potential threats to human health, the risk of depression, violence, and self-harm, possible negative effects on cultural security and overall health status, widening the gap between developed and developing countries, and the potential for inappropriate use on the dark web, such as human trafficking for organ and body part removal [58].



In the medical field, a Meta-Metaverse program might leverage virtual reality (VR) or augmented reality (AR) technology to enable healthcare practitioners to visualize and interact with patient information in a three-dimensional (3D) context. Such a solution could encompass various capabilities, such as:




	
Displaying 3D models of patient anatomy, enabling doctors to examine and explore different bodily systems with enhanced precision;



	
Creating virtual simulations for learning and training, allowing medical students and professionals to practice medical procedures and study various health conditions in a controlled and safe environment;



	
Enabling virtual consultations and telemedicine, so that patients can meet with their healthcare providers remotely and participate in more interactive sessions;



	
Providing virtual rehabilitation and therapy options, letting patients carry out their exercises and treatment plans in a virtual setting;



	
Supporting virtual research and development, enabling scientists and researchers to collaborate and experiment with novel ideas in a virtual laboratory;



	
Facilitating virtual conference and event hosting, enabling medical professionals to attend and participate in conferences, lectures, and other events remotely;



	
Implementing these features would require specialized software and hardware, such as VR headsets, AR glasses, and motion tracking devices, to deliver a fully immersive and interactive experience.








The Meta-Metaverse can be used in psychology to analyze patterns in human behavior, cognition, and emotion, such as how people interact with each other and brain wave patterns. This approach can also help study cognitive processes like attention and perception, as well as emotional expression. For example, it can be used to study communication patterns and how people adapt to changes in their virtual environment. Additionally, the Meta-Metaverse can be used in real-time analysis of brain disorders like epilepsy and schizophrenia, and to understand how people process visual information and remember things. The Meta-Metaverse has the potential to revolutionize psychology by helping us understand complex patterns in human experience and behavior.



Moreover, the Meta-Metaverse has the potential to enhance medicine in numerous ways. It can be applied in various fields such as analyzing disease development, molecular structures, medical images, and physiological signals, among others. To illustrate, the AR/VR and IoMTs-supported Meta-Metaverse platforms and infrastructures can be developed to monitor and examine patterns in brain activity, heart rate, and blood pressure, in order to predict the likelihood of heart disease and detect anomalies in medical images such as MRI scans and X-rays. Additionally, this technology can also evaluate the structure and organization of molecules such as DNA and proteins, and predict their functions based on folding patterns. Furthermore, the Meta-Metaverse can predict the progression of diseases such as cancer and Alzheimer’s disease by examining patterns of progression. Consequently, the Meta-Metaverse can be utilized in medicine to comprehend the intricate relationship between different factors and agents that cause diseases, as well as the underlying physiological disease progression, molecular structures, medical images, and treatment procedures.



On one hand, the implementation of AR and VR technology in sexology, the field of human sexuality, can be beneficial in multiple ways. For instance, it can be utilized to create interactive and engaging educational experiences that educate people on sexual health, pleasure, and communication. These experiences can be tailored to suit individuals of all ages. Moreover, AR and VR technology can be implemented in therapy to assist individuals and couples in resolving sexual issues within a safe and regulated environment. Specifically, VR technology can be used to develop simulations of various scenarios, enabling individuals to practice communication and coping skills concerning sexual intimacy. Additionally, AR and VR technology can be employed in sexology research, allowing researchers to study human sexual behavior and responses under controlled circumstances. This could facilitate a better comprehension and handling of concerns pertaining to sexual health and well-being. Although AR and VR technology can also be utilized to create immersive and interactive sexual experiences for entertainment purposes, it is crucial to approach such content with care and only participate with informed consent.



On the other hand, the Metaverse has the potential to be applied in the sexology field in various ways. One such application is the development of virtual environments that provide a secure and controlled space for individuals to explore and express their sexuality. These environments can be used for sexual education, therapy, or research purposes. Additionally, the Metaverse can function as a platform for virtual sexual experiences, either for entertainment or as a means for individuals to safely discover and express their sexuality. However, it is vital to approach this kind of content with prudence and only engage in it with informed consent. Moreover, the use of the Metaverse in sexology raises several ethical and legal issues, including consent, privacy, and safety, which should be thoughtfully analyzed and addressed.




5.2. Biology, Genetics, and the Meta-Metaverse


The conventional Metaverse has the potential to be utilized in the field of biology in various ways [19,60,61,62]. One such application is the utilization of VR environments to simulate and model biological systems and processes [63,64]. For instance, VR can aid in visualizing and manipulating intricate biological data, such as genetic sequences or protein structures, in a more interactive and intuitive manner. It can also be used to develop simulations of biological systems, such as ecosystems and cell cultures, that enable researchers to test hypotheses and assess the impact of different variables on these systems [65]. Another prospective application is the use of the Metaverse as an online platform for education and outreach, enabling individuals to learn and explore biological concepts in a more immersive and interactive way. However, the implementation of the Metaverse in biology raises a number of ethical and legal concerns, including privacy and security, which should be thoughtfully analyzed and addressed.



The Meta-Metaverse technology can be applied in biology to gain insights into the structures and patterns underlying genetic sequences, various biological systems, and processes. Researchers can utilize this technology to investigate the organization and structure of biological systems, such as the branching patterns of blood vessels and the distribution of neurons in the brain and assess blood flow efficiency and the way plants optimize photosynthesis. Furthermore, this technology can be used to examine the patterns of biological processes, including cell growth and development, cell division, and cell migration. Moreover, the Metaverse can be employed to understand the patterns of ecological systems, such as the distribution of species in ecosystems and the way ecosystems change over time, and to study the patterns of biodiversity and ecosystem response to disturbances. Finally, the Meta-Metaverse platforms can be utilized to analyze the patterns of genetic sequences, including the distribution of nucleotide bases in DNA, gene regulation, and gene expression and interactions. Thus, the Meta-Metaverse technology has the potential to enhance biology research by enabling scientists to understand various biological systems, processes, and genetic sequences in a more effective and efficient manner.




5.3. Environmental Engineering and the Meta-Metaverse


The Meta-Metaverse approach has potential applications in the field of environmental engineering, enabling a better understanding of the complexities underlying natural systems, environmental pollution, management strategies, and risks [66,67,68]. One such application is the modeling and simulation of natural systems, such as river networks and coastlines, which can be analyzed through the use of various Metaverse platforms. This technology can help to define the distribution of sediment and the ways in which rivers respond to changes in their environment. Additionally, the Meta-Metaverse can be used to study patterns of environmental pollution, including the distribution and movement of contaminants in ecosystems, as well as the impact of oil spills in the ocean [69]. The Meta-Metaverse approach can also aid in recognizing patterns of environmental management, such as changes in resource use and waste production over time and assessing the effectiveness of different management strategies in urban areas. Moreover, this technology can assist in studying patterns of environmental risks, including the likelihood and consequences of natural disasters and exposure to environmental hazards, such as air pollution. In summary, the Meta-Metaverse approach has the potential to positively impact various aspects of environmental engineering.




5.4. Economy and the Meta-Metaverse


The Meta-Metaverse technology holds promise for widespread application in the field of economics, enabling researchers to better comprehend the intricate factors that shape various aspects of the economy [70,71,72]. Specifically, this approach can be used to analyze financial markets, economic growth, inequality, and complexity. For instance, the Meta-Metaverse can be employed to investigate fluctuations in stock prices, patterns of market volatility, and the risk of market crashes. It can also be utilized to study patterns of economic growth, such as changes in GDP and other economic indicators, and to explore variations in economic growth across different countries and the likelihood of economic recessions. Moreover, fractal analysis can help to understand patterns of economic inequality, including the distribution of wealth and income within a society, and to investigate the patterns of wealth inequality and the potential for social unrest. Lastly, the Meta-Metaverse can analyze patterns of economic complexity, such as the interactions between different sectors of an economy and the patterns of trade, and examine the influence of different sectors on one another. In summary, the use of the Meta-Metaverse in economics can provide researchers with valuable insights into the complex patterns and structures that underlie financial markets, economic growth, inequality, and complexity.




5.5. Gaming and the Meta-Metaverse


It is common for computer games to feature other games or mini games within them. This can serve to provide players with additional content and variety, or to offer a change of pace during gameplay [73,74,75,76]. These inner games or mini games may be accessed through a menu or portal within the main game, and upon entering them, players will be transported to a new game environment. The inner game will have its own rules, objectives, and gameplay mechanics, which players will need to engage with in order to progress or succeed.



Visually, this concept can be represented as a series of nested environments or layers, with the main game at the outermost level and the inner games contained within [77,78]. The inner games may appear as smaller, self-contained environments or screens within the larger game world [79]. This could be illustrated as a series of concentric circles or squares, with the main game depicted as the outermost layer and the inner games shown at progressively smaller layers within. Alternatively, the inner games may be portrayed as portals or doorways that lead into separate game environments embedded within the larger game world. The concept of the Metaverse in gaming refers to a virtual space that is shared by multiple users and combines elements such as virtual worlds, augmented reality (AR), and the internet. This space enables players to engage in a wide range of activities and interact with each other and their surroundings through virtual reality (VR) avatars. The Metaverse is created by merging virtual enhancements with physical reality and maintaining virtual space.



The use of the Metaverse in gaming is intended to provide players with a more immersive and interactive experience. Players can explore virtual worlds, complete challenges and quests, and socialize with other players. In some cases, games may incorporate AR elements, making the gameplay experience more realistic and interactive. The potential of the Metaverse is vast, and it has the power to transform the way games are designed and played. For example, game developers may create persistent virtual worlds that evolve based on player actions and interactions. This could lead to a more dynamic and ever-changing gaming experience where players have a direct impact on the direction and progress of the game.



The Meta-Metaverse has versatile applications in gaming, allowing for intricate and visually captivating designs. Its usefulness can be seen in various aspects of game design, such as level design, character design, and visual effects. For level design, the Meta-Metaverse can produce realistic landscapes and environments with intricate details. Similarly, in character design, it can create intricate textures and patterns for clothing and armor, among other things. The Meta-Metaverse is also capable of generating complex visual effects like water, fire, and environmental elements like clouds and foliage. In the future, the Meta-Metaverse is expected to be widely used for generating realistic terrain that mimics natural landscapes. Moreover, the repeating patterns can be combined in various ways to produce a vast range of environments, which adds to the infinite diversity of the game world. The approach discussed in the previous statement can also be utilized for generating height maps, which are grayscale images that represent the terrain’s height at each point. These height maps can then be used to create 3D meshes of the terrain that can be rendered in the game. Various Meta-Metaverse platforms can generate height maps, each with unique properties and characteristics. The parameters of the fractal algorithm can be adjusted to fine-tune the terrain’s appearance to fit the game’s requirements. Furthermore, the Meta-Metaverse can be used to create a sense of infinite diversity in a game world by using different algorithms and platforms to generate various terrain types like forests, deserts, and mountains. By altering the algorithms’ parameters, a wide range of environments can be produced. Therefore, using the Meta-Metaverse to generate terrain and create diverse game worlds enhances the game’s believability and immersiveness by producing realistic and varied landscapes and environments.



Moreover, there are various ways in which players can move between games using the Meta-Metaverse approach. One such way is by switching between different platforms, which is expected to be a popular feature of many Meta-Metaverse-powered gaming platforms. Another method is through cross-platform play, which enables players to play with or against each other across different gaming platforms that support the Meta-Metaverse. For instance, a player using a PC can play with another player on a mobile device. Additionally, some games may include portals or gateways that allow players to travel between different virtual worlds or dimensions within the Meta-Metaverse environment. Connecting to external Meta-Metaverse-based platforms on the cloud or edge layer is another potential area of research for gaming. This would allow players to access other games or virtual worlds through external Meta-Metaverse-based platforms. Using third-party Metaverse-based platforms is also a fascinating way to enjoy the Meta-Metaverse applications in the gaming world. In summary, there are various methods through which players can move between different Metaverse-based games, depending on the features and capabilities of the games and platforms used.




5.6. Supply Chain and the Meta-Metaverse


The Metaverse has a supply chain system that involves various processes and organizations responsible for producing, handling, and distributing goods and services in AR/VR environments [80,81,82]. To illustrate how the supply chain operates in the Metaverse, here are ten examples. Firstly, companies can create and sell virtual objects and experiences for use in the Metaverse, including clothing, furniture, and virtual spaces [83]. Secondly, virtual real estate can be bought, sold, and rented in the Metaverse, and companies can specialize in developing and managing virtual real estate [80,84]. Thirdly, companies can offer virtual event spaces for rent or sell tickets to virtual events like conferences or concerts. Fourthly, the Metaverse can offer virtual tours of real-world locations, and companies can create and sell these virtual experiences [82,85].



Moreover, the Metaverse can be used for virtual education, healthcare, retail, entertainment, workspaces, and transportation. Companies can create and sell virtual educational experiences or materials, develop virtual healthcare solutions or offer virtual healthcare services, create virtual stores, offer virtual entertainment experiences, rent virtual workspaces, and sell virtual office software and tools or develop virtual transportation infrastructure [86,87,88]. In terms of supply chain management, the Meta-Metaverse supply chain can be a network of interconnected virtual organizations and processes that is self-similar across different scales or levels. An example of a fractal supply chain is a network of suppliers and manufacturers that produce and distribute goods to retailers and customers, where similar processes and relationships are at play at each level of the network [87].



The Meta-Metaverse supply chains are distinct from linear supply chains, which are more hierarchical and have a clear chain of command from top to bottom. Meta-Metaverse supply chains are decentralized and flexible, emphasizing collaboration and partnerships, making them more resilient and adaptable to changes in demand and market conditions. This approach can be applied to the food supply chain in various ways, as demonstrated below. First, modular and scalable production techniques can be employed for food processing to adapt to changes in demand. Second, multiple distribution channels, including direct-to-consumer, wholesale, and retail, can be utilized to ensure a flexible and resilient distribution network. Third, food waste reduction efforts can be improved by identifying and addressing waste at every level of the supply chain. Fourth, modular, reusable, or biodegradable packaging materials can be integrated into the supply chain for packaging design. Fifth, multiple layers of safety measures can be implemented throughout the supply chain to ensure food safety. Sixth, digital traceability systems can be used to track food products from farm to fork, enabling transparency and accountability. Seventh, partnerships and networks can be fostered to encourage collaboration within the food supply chain. Eighth, customer engagement can be enhanced by using multiple channels to connect with customers and understand their needs and preferences. Finally, innovation can be encouraged in the food supply chain by fostering experimentation, learning from failure, and iterative improvement at all levels of the supply chain.




5.7. Trading, Shopping, Marketing, and the Meta-Metaverse


The Metaverse could offer various applications for shopping, including the ability for companies to create virtual stores, allowing customers to try on clothing, accessories, or makeup virtually, and virtual fitting rooms where customers can try on clothes in a virtual environment [89,90,91,92]. Additionally, companies could offer virtual personal styling services, host virtual marketplaces, and provide virtual product demonstrations. The Metaverse could also enable virtual events, virtual gift-giving, virtual loyalty programs, and virtual customer service [93].



The benefits of the Metaverse for shopping could include greater convenience, personalized shopping experiences, immersive experiences, a wider selection of goods, increased accessibility for people with disabilities, enhanced customer service, and increased security [94]. Customers could shop from anywhere with an internet connection, and virtual personal styling or customized product recommendations could provide a more tailored shopping experience [95]. The Metaverse could also make shopping more engaging and enjoyable through VR fashion shows and virtual product demonstrations. Additionally, it could potentially offer a greater selection of goods than physical stores, and shopping from home could be more accessible for people with disabilities or mobility issues. The Metaverse could also provide enhanced customer service through virtual customer support and increased security by eliminating the need to physically handle or transmit payment information [96].



The Meta-Metaverse concepts can potentially assist shoppers in making informed and strategic decisions about their purchases in the context of shopping. One way to apply the Meta-Metaverse in shopping is by analyzing the patterns and structures of different products and their prices over time. For instance, the Meta-Metaverse can help to identify products with fluctuating prices and those consistently priced at a certain level. This information can enable shoppers to make informed decisions about when to purchase products to get the best value for their money. The Meta-Metaverse can also be used through algorithms and machine learning techniques to analyze vast amounts of data, including customer reviews, ratings, and product specifications, to identify trends and patterns that may not be immediately apparent to the human eye. By providing valuable insights and data, the Meta-Metaverse can help shoppers make more informed and strategic decisions about their purchases. As a result, the Meta-Metaverse will play a crucial role in the field of shopping and consumer decision-making.



There are multiple ways to utilize the conventional Metaverse for marketing and advertising purposes. Some potential applications include creating virtual storefronts for customers to browse and purchase products, hosting virtual events or trade shows, displaying targeted and interactive virtual ads, and using virtual influencers to promote products and services [97,98]. The Metaverse offers an immersive and shared environment that can engage and reach a wider audience than physical events.



The Meta-Metaverse can also be utilized in marketing in various ways, such as designing visually appealing marketing materials, analyzing customer behavior to identify purchasing patterns, targeting marketing campaigns to specific subgroups within a larger market, measuring the effectiveness of marketing campaigns, predicting future market trends by analyzing historical data, and optimizing marketing strategies by identifying the most effective tactics and channels to reach target markets.




5.8. Interior Design and the Meta-Metaverse


The Metaverse is a digital world that can be accessed through the internet and has several potential uses in interior design [99,100,101,102,103]. One of the ways it can be applied is by creating virtual showrooms or design studios, which would allow designers to showcase their work to clients in a virtual environment. This would enable clients to explore and interact with the designs in a more immersive way, aiding them in their decision-making [104,105]. Another way the Metaverse can be used in interior design is by utilizing virtual reality technology to create immersive, interactive design experiences. By doing so, designers can offer their clients the opportunity to experiment with various design options in a virtual space. In addition, the Metaverse could be employed as a platform for online interior design consultations, offering a more convenient and efficient design process for clients. Therefore, the Metaverse offers many potential applications in interior design, allowing designers to create more immersive and interactive design experiences for their clients. By incorporating the Meta-Metaverse approach into interior design, the aforementioned uses of the Metaverse can be further enhanced. Some of the benefits of utilizing fractal concepts in interior design are as follows:




	
Intricate, repeating patterns can be created, adding visual interest to the design;



	
A sense of depth and movement can be incorporated into the design, increasing its complexity and visual appeal;



	
Design layouts can be analyzed and optimized by understanding the flow and functionality of interior spaces, leading to more efficient and effective designs;



	
Historical design data can be studied to identify patterns and predict future design trends;



	
Designers can work more efficiently and effectively by understanding the most effective design strategies;



	
Overall, the Meta-Metaverse approach can help designers create more visually interesting and complex designs, optimize design layouts, and predict future trends in interior design.









5.9. Social Networking and the Meta-Metaverse


Social networking involves utilizing the internet and online platforms to create relationships with others [15,106]. This can involve activities such as connecting with friends and family on social media, joining online communities and forums, and engaging in group discussions or chat rooms [107,108,109]. VR involves using technology to generate computer-generated environments that allow users to interact with it in a way that seems realistic [110]. This is generally done with the help of VR headsets or other specialized equipment, which makes it possible for users to see, hear, and interact with virtual environments as if they are physically present in those environments. In recent times, social networking and VR have intersected more frequently, with the creation of VR platforms that allow users to socialize and connect with each other in virtual spaces. These VR social networking platforms can provide a more immersive and interactive way for users to connect with each other and can offer a more convenient and accessible means for people to socialize and meet, regardless of their physical location.



The conventional Metaverse has the potential to enhance social networking and friendship-making applications [111], and the Meta-Metaverse can make this experience even more effective and enjoyable for users. Although conventional Metaverse applications have their own benefits, one way in which it can improve these applications is by offering a more immersive and interactive social experience. In the Metaverse, users can communicate and socialize with each other using avatars and other virtual representations, creating a more meaningful and engaging connection. Another benefit of the Metaverse is that it provides a convenient and accessible platform for communication and connection, allowing users to connect with others regardless of their physical location. This can help people meet and connect with others who share similar interests or backgrounds, making social networking and friendship-making more accessible and convenient. Overall, the Metaverse has the potential to enhance social networking and friendship-making applications by providing a more immersive, engaging, and convenient platform for connecting with others [112].



Therefore, the Meta-Metaverse has various potential applications in friend-making apps. One way to utilize the Meta-Metaverse is by analyzing social connections and relationships among users of a friend-making app to identify opportunities for growth and improvement. This analysis can provide insights into how users are interacting and forming connections within the app, allowing developers to enhance the user experience and encourage more meaningful connections. The Meta-Metaverse can also be used to predict which users are likely to form connections based on shared interests and characteristics, enabling the app to recommend potential friends to users. Moreover, the Meta-Metaverse can evaluate the strength and stability of social connections within the app to identify which connections are most valuable and should be prioritized for resources and efforts. The Meta-Metaverse can also optimize social features such as algorithms and user interface design to make the app more user-friendly and effective in fostering connections. By utilizing the Meta-Metaverse to understand and improve the social features of friend-making apps, developers can create a more engaging platform for users to connect and form relationships.




5.10. Politics and the Meta-Metaverse


The Metaverse has the potential to transform political systems by creating a new platform for people to engage and participate in the political process [22,113,114,115]. The Meta-Metaverse approach can significantly improve the Metaverse’s capacity to achieve this goal.



The conventional Metaverse can aid political governments by enabling more inclusive participation in the political process, allowing people who cannot attend meetings or rallies to participate virtually [112,116,117,118]. This can make the political process more accessible and representative of diverse perspectives. Moreover, the Metaverse can provide a new space for political discourse and debate, allowing people to engage in immersive and interactive discussions about political issues. This can lead to a more informed and engaged citizenry.



	
The Meta-Metaverse-based governance can structure political systems hierarchically, with each level of government having equal power and responsibility. This can promote decentralized decision-making and balance of power;



	
Meta-Metaverse-based political parties can be structured within each other, with each unit having equal decision-making power. This can foster internal democracy and prevent concentration of power in a single faction;



	
Meta-Metaverse-based voting systems can be designed to reflect society’s diversity, ensuring that individuals have equal say in decisions that affect them. This could include liquid democracy or quadratic voting;



	
Meta-Metaverse-based constitutions can be structured to apply at different levels and branches of government, protecting citizens’ and governments’ rights and responsibilities;



	
Meta-Metaverse-based budgeting can ensure fair and transparent allocation of resources by giving each level of government equal control over its budget;



	
Meta-Metaverse-based political campaigns can promote internal democracy and prevent concentration of power within a single group or faction;



	
Policymaking based on the Meta-Metaverse can distribute decision-making power evenly across different levels and branches of government, making the process transparent and inclusive;



	
The Meta-Metaverse media can enhance transparency and prevent concentration of power within a single group or faction;



	
Meta-Metaverse-based public engagement can give the public a meaningful role in shaping policy decisions that affect them;



	
Meta-Metaverse-based education can promote internal democracy and prevent concentration of power within a single group or faction by giving each branch or unit equal decision-making power.






Imagine multiple virtual spaces where people can interact with each other and with virtual objects and environments in real-time, with various Metaverse platforms allowing for detailed exploration. This can enable more people to participate in democratic processes, including those who are unable to attend physical events. The Meta-Metaverse, a specific Metaverse platform, could provide a platform for immersive and interactive forms of political participation, such as virtual town hall meetings, and lead to more transparent and accountable decision-making through technologies like blockchain and edge computing. While the potential benefits of the Meta-Metaverse for democracy are largely theoretical, it could lead to more inclusive and accountable forms of democracy.




5.11. Smart Manufacturing and the Meta-Metaverse


Smart manufacturing involves using advanced technologies and techniques to improve manufacturing efficiency, productivity, and other aspects of the process [119]. The Meta-Metaverse could enhance smart manufacturing by providing a virtual platform for collaboration, communication, training, and data visualization [120,121,122,123,124,125]. This could result in increased efficiency, productivity, and effectiveness in the manufacturing process. The Meta-Metaverse could facilitate collaboration and communication among manufacturing teams, offer training and simulation platforms, and enable more accurate analysis of manufacturing process data through immersive and interactive data visualization platforms. The Meta-Metaverse could be applied to creating production plans, designing manufacturing processes, optimizing the supply chain, quality control, resource allocation, maintenance plans, production scheduling, inventory management, addressing inefficiencies in manufacturing processes, and improving collaboration among different entities in the supply chain.





6. Discussion


The concept of ubiquity in virtual worlds is directly related to the primary requirement of a fully realized Metaverse [126,127,128,129,130]. This requirement is to provide a cultural and interactive environment for humans that is as compelling as the physical world. The physical world is ubiquitous in several ways. First, it is physically present everywhere, and we cannot escape it. Second, our existence in the physical world is easily recognizable and distinct from others, primarily due to our physical embodiment, which includes our face, body, voice, fingerprints, and retinas. We also have a few universally applicable artifacts such as our signature, birth certificates, passports, licenses, social security numbers, bank accounts, and credit cards, which enhance our identity. Additionally, our identity is reflected in our preferences for things like books, music, movies, and food, as well as the memorabilia associated with our lives. Even though our perception of the physical world may vary, it is still ubiquitous, and we cannot escape its presence. This is true regardless of our state of consciousness or whether we are alive or not. Similarly, although our identity can be questioned or stolen, there is always an authentic version of ourselves with a core set of artifacts that authentically represents us [131].



The Metaverse is a virtual world where individuals come together and interact, and just like in the physical world, there is a requirement for transportation. The utilization of systems such as public transportation and sharing economy applications (such as car-sharing, bicycle sharing, and e-scooters) in Metaverse systems have the potential to be successful because blockchain technology and avatars provide a more efficient means of conducting identity verification and payment processing. As a result, implementing transportation systems with Metaverse technology presents significant benefits and possibilities [132,133,134,135].



The role of the Metaverse in integrating new technologies into education is expected to be crucial. However, concerns have been raised regarding the potential loss of physical interaction between students and teachers, as well as the limited access to this technology for some educational institutions. Moreover, the Metaverse may introduce new behaviors that could have a negative impact on real-world relationships and culture, posing a significant challenge for society when adopting this technology. In the present day, the use of filters in social media apps have become common for improving our appearance, and popular Instagram profiles often dictate our travel destinations and restaurant choices. Previously exclusive to magazines and newspapers, such content is now easily accessible on platforms such as Tik Tok, YouTube, and Instagram [31].



Fractal theory has found applications in some areas of quantum physics as a means of better understanding certain phenomena [136]. In particular, the concept of fractal dimension has been utilized to examine the complexity of quantum wave functions, which describe the behavior of quantum systems and investigate how these systems can display self-similar behavior at different scales [137]. Fractal concepts have also been used to study quantum chaos, which is the behavior of quantum systems that are highly sensitive to initial conditions, similar to chaotic systems in classical physics. Researchers have employed fractal concepts to explore the quantum behavior of chaotic systems and comprehend how quantum systems can exhibit fractal-like behavior. Additionally, fractal concepts have been applied to study the properties of quantum systems at the interface between classical and quantum behavior, such as the quantum-classical transition in the behavior of large molecules. In all of these cases, fractal concepts have enabled researchers to understand how the properties of quantum systems can exhibit self-similar behavior and how this behavior can be related to classical physical phenomena [138].



Fractals have become increasingly relevant in computer science, and have been applied to a wide range of problems within the field. Fractals are particularly useful in computer science because of the self-similarity they exhibit, which has made them a valuable tool in various applications. One significant application of fractals in computer science is image compression, which involves digitally representing images in a manner that is efficient for storage and transmission. Fractals can be employed to accomplish this task by capturing the self-similar patterns present in the image, which can then be represented using a small set of parameters called a fractal code. This allows for more efficient storage and transmission of images, as the fractal representation requires less space than the original image. To reduce the time and resources required for image storage and transmission, it is crucial to represent images digitally in an efficient manner, and fractals have proven to be especially useful in this regard due to their ability to capture self-similar patterns and represent them using a compact set of parameters [139].



Fractals have found applications not only in image compression but also in computer graphics, particularly in creating realistic images of natural objects such as landscapes and trees. Fractal algorithms are used in this field by recursively applying self-similar patterns to generate the overall structure of the image. This approach allows for the creation of intricate and complex images that are difficult to produce using standard computer graphics techniques. Fractals have been utilized in computer graphics to generate highly detailed and realistic images of natural objects, such as landscapes and trees, through the use of fractal algorithms that apply self-similar patterns to create the overall structure of the image. This technique enables the creation of intricate and complex images that are challenging to produce using traditional computer graphics methods [140].



The use of fractal concepts extends to the field of algorithms and computational complexity, where they are employed to represent algorithm structures and comprehend the relationship between the complexity of an algorithm and the size of the input. By aiding researchers in designing more efficient algorithms and gaining insight into the boundaries of computation, fractals play a crucial role in this area. In fact, fractals have numerous applications in computer science and have been instrumental in solving various problems in the field. Their ability to capture self-similar patterns and be expressed using a limited number of parameters has proven particularly advantageous in image compression, computer graphics, and the design of computer networks and communication systems. Therefore, fractals have greatly contributed to improving the efficiency and effectiveness of algorithms and computational complexity research.



The results highlight the importance and potential applications of fractals in various fields of science and technology. Fractals, with their self-similar patterns and infinite intricacy, offer valuable insights and solutions in different domains. One significant finding is the role of fractal theory in quantum physics. The paper discusses how researchers have utilized fractal concepts to better understand the complexity of quantum wave functions and the behavior of quantum systems. Fractal dimensions have been employed to analyze the self-similar behavior of quantum systems at different scales. Additionally, the paper explores how fractals have been applied to study quantum chaos, where highly sensitive systems display behavior similar to chaotic systems in classical physics. This research contributes to a deeper comprehension of the intricate nature of quantum phenomena and their connection to classical physics. The paper also delves into the application of fractals in computer science. It discusses how fractals have been instrumental in image compression, where they capture self-similar patterns to represent images efficiently using fractal codes. This approach enables the storage and transmission of images with reduced space requirements. Additionally, the paper explores how fractals have been utilized in computer graphics to generate realistic and intricate images of natural objects like landscapes and trees. By applying fractal algorithms, computer graphics can achieve a level of detail and complexity that is challenging to attain using traditional methods.



Moreover, the integration of fractal concepts in algorithms and computational complexity has been described. It discusses how fractals offer insights into algorithm structures and the relationship between algorithm complexity and input size. By leveraging fractal principles, researchers can design more efficient algorithms and gain a deeper understanding of the boundaries of computation. The paper demonstrates how fractals have found applications in various problems within computer science, aiding in image compression, computer graphics, and the design of efficient computer networks and communication systems. The results emphasize the wide-ranging impact and practicality of fractals in scientific and technological domains. Fractals provide a powerful tool for understanding complex systems, optimizing algorithms, and enhancing the efficiency of various processes. The implications of these results extend to fields such as quantum physics, computer science, image processing, and algorithm design. The findings showcased in the paper highlight the versatility and potential of fractals as a valuable resource for advancing research and technology in multiple disciplines.



Despite its potential benefits, there are challenges and concerns to address. One limitation is the requirement for ubiquity, or the need to create a virtual environment that is as compelling and interactive as the physical world. Achieving this level of immersion and cultural richness in the Metaverse may be a complex task. Additionally, the integration of transportation systems within the Metaverse poses practical challenges. While systems like public transportation and sharing economy applications have potential benefits in terms of identity verification and payment processing, there may be technical and logistical hurdles to overcome in implementing these systems effectively. In the context of education, there are concerns about the potential loss of physical interaction between students and teachers. The adoption of Metaverse technology in education may raise questions about the balance between virtual and real-world interactions and the impact on learning outcomes. Furthermore, access to Metaverse technology may not be universal, potentially leading to unequal opportunities for educational institutions and students. Another limitation lies in the potential effects of the Metaverse on real-world relationships and culture. The introduction of new behaviors and reliance on filters and curated content in social media platforms may impact personal relationships and shape societal norms. It is crucial to consider the implications and potential consequences of adopting Metaverse technology on a broader scale. While fractal theory offers valuable insights and applications in quantum physics, computer science, and other fields, there may be limitations in its application. The complexity of quantum systems and the challenges of interpreting fractal-like behavior require further research and exploration to fully understand and utilize these concepts effectively.




7. Conclusions


In conclusion, this research has presented a groundbreaking approach to the development of Metaverse technology, aiming to address the limitations of current digitalization efforts and create a more immersive and realistic digital representation of various phenomena and assets. By interconnecting Metaverse platforms and utilizing digital twins within a multi-layered structure, the proposed Meta-Metaverse methodology offers a novel solution to enhance the capacity, scalability, and versatility of traditional Metaverse technology. This approach holds tremendous potential to revolutionize multiple aspects of our lives, spanning science, medicine, technology, and beyond. By bridging the gap between the physical and digital worlds, the Meta-Metaverse approach opens up new opportunities for scientific research, enabling the exploration of cause-and-effect relationships in a virtual environment. Moreover, this interconnected Metaverse has the power to spark innovation, facilitate collaboration, and inspire groundbreaking ideas that can shape a better future. As we continue to advance Metaverse technology, it is essential to embrace this new approach and its potential implications while ensuring ethical considerations and inclusivity. By harnessing the capabilities of the Meta-Metaverse methodology, we can unlock the transformative potential of the Metaverse and pave the way for a more interconnected and enriched digital reality.
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Figure 1. Structure of the Metaverse platforms in a Meta-Metaverse arrangement, showcasing the ring network configuration. 
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Figure 2. Network structure of the Meta-Metaverse in a series configuration, where each block represents a Metaverse platform, and each line denotes the connection between the platforms. The series network facilitates sequential data flow and streamlined communication within the interconnected platforms. 
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Figure 3. Illustration of the deep series connection in the Meta-Metaverse network structure, showcasing nested platforms with multiple layers. 
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Figure 4. Visualization of a specific configuration within the hybrid connection model, showcasing the interconnectedness and interplay of different network structures to support complex interactions and experiences in the Metaverse. 
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Figure 5. Illustration of a distinct configuration within the hybrid connection model, showcasing the interconnected platforms and layers, and highlighting the unique network structure designed to enable complex interactions and experiences in the Metaverse. 
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