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Abstract: This paper explores the design variables of private blockchain systems in balancing data integrity
and performance within Building Management Systems (BMS). It highlights the significant role of blockchain
technology, particularly private blockchains, in enhancing data handling and trustworthiness. The analysis
delves into how key design elements such as consensus mechanisms, access permissions, and scalability
impact system efficiency and reliability. Furthermore, it discusses the integration of emerging technologies
like Artificial Intelligence (Al) and edge computing to improve these design variables, optimizing data
processing and decision-making. Ultimately, this study suggests that a thoughtful approach to private
blockchain design is essential for achieving a sustainable equilibrium in BMS, optimizing both performance
and data integrity for diverse applications.

Index Terms - Private blockchain, data integrity, performance, Building Management Systems (BMS),
consensus mechanisms, scalability, security, artificial intelligence, edge computing

|. INTRODUCTION

As industries investigate fresh approaches to boost data handling and trustworthiness, the tech world sees
big changes. Private blockchain tech, in particular, has become a key area because it could change how data
is managed in systems like Building Management Systems (BMS). By using what blockchain naturally offers,
organizations can find a good mix of data trustworthiness and smooth operation, which is key for getting
things done efficiently. But, this investigation has its problems; because private blockchains have tricky
design details, it's important to carefully look at both how safe and how efficient they are. These design choices
matter more than just the technical side; they also affect how organizations make decisions. Given the quick
progress in Al and digital tech, as some studies show, tackling these issues is becoming more and more
important to really make the most of blockchain systems while cutting down on risks to data trustworthiness
and how well they work ((Kyriaki A Tychola et al., 2025), (Miller T et al., 2024)).

A.Overview of Private Blockchain Technology and its Relevance to BMS)

Private blockchain technology's rise carries considerable weight for Business Management Systems (BMS),
especially in boosting data integrity and overall performance. These blockchains provide a controlled setting
where involved parties can share and confirm transactions securely, all without jeopardizing confidential data.
This secure setup proves especially helpful for BMS, given that they often manage substantial amounts of
proprietary and operational data. A blockchain-enabled 10T system, operating in a hybrid fashion, for example,
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can ensure data integrity while also reducing security threats tied to data tampering and unauthorized access
(Kumar KS et al., 2024). Consensus mechanisms customized for private blockchains, when integrated, also
optimize performance, supporting efficient transaction handling while keeping strong security measures in
place. This blend proves vital for BMS, where both rapid decision-making and dependable data are key. Thus,
private blockchain tech acts as a key tool in improving both the abilities and the general effectiveness of BMS
in today's organizations (R Hylock et al., 2019).

I1. DESIGN VARIABLES IN PRIVATE BLOCKCHAIN

When building private blockchain systems, several design choices impact how well data integrity and
performance are balanced, particularly in Business Management Systems (BMS). Things like how consensus
is reached, who has permission to access data, and how easily the system can grow all play a part, affecting
how efficiently and reliably the blockchain works. For example, using Practical Byzantine Fault Tolerance
(PBFT) to agree on data improves its integrity, but it can also slow things down. Also, only allowing certain
people to see the data strengthens security but could make the system less transparent. Incorporating
technologies like artificial intelligence and edge computing can help improve these design variables, leading
to better data processing and decision-making ((Ghoreishi et al., 2023)). As organizations deal with these
complicated issues, they need to think about how these design decisions affect the system's overall
effectiveness from many angles ((N/A)).

A. Key Factors Influencing Blockchain Architecture and Consensus Mechanisms

The design of blockchain's architecture hinges on factors like scalability, security, and consensus—all vital
for balancing data integrity and performance in Business Management Systems (BMS). Scalability, for one,
shapes a blockchain's capacity to manage more transactions effectively, without sacrificing performance. This
becomes incredibly important in enterprise environments; higher throughput isn't just a perk, it's often critical
for meeting demands and expectations. Security deeply informs the need for solid consensus mechanisms,
ensuring transactions are verified and agreed upon by network participants, boosting trust. The interaction
between these factors also affects interoperability; research indicates the need for bridge solutions to improve
connectivity between blockchain networks. Such solutions are key to optimizing performance and integrity
across platforms within an organization (Arcos C et al., 2023). Moreover, grasping the technological,
organizational, and regulatory aspects that affect blockchain adoption is important for sustained use in varied
business applications. These aspects include the impact of current regulations, an organization's openness to
new tech, and existing infrastructure; these each play a role in the success of blockchain initiatives (Foster et
al., 2023). As this space continues to evolve, keeping up with these considerations is increasingly critical for
organizations aiming to use blockchain to their advantage.

I11. DATA INTEGRITY IN BLOCKCHAIN MANAGEMENT SYSTEMS (BMYS)

Within Blockchain Management Systems (BMS), particularly within private blockchains, preserving data
integrity stands as paramount to ensure user transparency and trust. System design elements need a careful
balance, ensuring data accuracy without sacrificing optimal performance. Blockchain tech, known for its
immutable record-keeping, reduces corruption and access risks, proving indispensable in data-dependent
sectors like construction and infrastructure. Take bridge management, for example. A solid BMS using
blockchain improves structural health data integrity and maintenance history, supporting better decisions and
resource use (Brighenti et al., 2024). Additionally, coupling Al with BMS boosts analytical capabilities,
ensuring data preservation and its practical use in supporting sustainable practices within circular economies
(Ghoreishi et al., 2023). This synergy of tech and operational efficiency emphasizes sound design for
maintaining data integrity.
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A. Techniques for Ensuring Data Integrity and Security in Private Blockchains

Within private blockchains, robust data integrity and security are exceptionally important, especially
considering these systems' increasing use in areas like finance and healthcare, where much is at stake.
Achieving strong data integrity often means using complex cryptographic algorithms designed to protect
transactions and user data from unauthorized access and tampering. For example, using post-quantum
cryptographic solutions addresses potential vulnerabilities caused by quantum computing advancements,
which may compromise traditional cryptographic methods (Yokubov et al., 2023). To boost security,
consensus mechanisms, such as the Raft protocol, require agreement among a subset of nodes before data
validation, preventing single points of failure and creating a more resilient network (University for Business
and Technology - UBT, 2024). Moreover, integrating advanced monitoring systems enables real-time anomaly
detection, enhancing data integrity by proactively identifying and mitigating potential threats, ensuring ongoing
protection against data breaches. Multi-signature authentication also proves valuable, mandating multiple
approvals for transaction execution and enhancing security around sensitive data. Generally speaking, these
strategies create a secure environment for data transactions and are essential for maintaining trust in private
blockchain applications as they evolve and expand into new sectors. This kind of assurance is critical for
organizations aiming to fully utilize blockchain technology while protecting important information from
emerging threats.

IVV. CONCLUSION

To summarize, delving into the design variables of private blockchain systems offers considerable
understanding of the delicate equilibrium between data integrity and performance inside Building Management
Systems (BMS). The examination suggests that, generally speaking, decentralized platforms enhance security
and decrease vulnerabilities linked to centralized systems; however, they also bring about complexities that
might affect system performance. As previously mentioned, the incorporation of multimodal Al can
additionally bolster the resilience of these blockchain solutions, creating synergies that improve security and
operational efficiency (Saad A et al., 2024). Furthermore, it's critical for future research to keep tackling the
challenges presented by the convergence of these technologies; their combined potential can lead to innovative
applications across various sectors, including healthcare and engineering (University for Business and
Technology - UBT, 2024). Ultimately, a thoughtful approach to the design variables of a private blockchain
will ensure that BMS can achieve a sustainable equilibrium, optimizing both performance and data integrity
for diverse applications.

A. Summary of Findings and Implications for Future Research in Blockchain Design and Performance

Delving into the design variables within private blockchain ecosystems brings to light essential insights.
These underscore the delicate interplay between data integrity and overall system performance, especially
when considering Banking Management Systems (BMS). Research indicates blockchain technology's
capability to notably boost operational efficiency. It also bolsters transparency and trust among the various
stakeholders involved. Blockchain integration, for example, into banking frameworks, (Barnett et al., 2024)
has highlighted its promise in cutting transaction expenses. Furthermore, it can improve shareholder equity via
new methods like tokenization and smart contracts. That being said, as the banking sector copes with emerging
threats—notably from quantum computing, which might compromise existing security protocols—the
requirement for blockchain solutions able to withstand quantum attacks becomes increasingly crucial
(Yokubov et al., 2023). Consequently, the direction of future research should focus on adapting blockchain
design in order to tackle these inherent vulnerabilities. Optimizing consensus protocols and boosting scalability
are vital for encouraging lasting expansion and robustness in banking management systems.
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