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Abstract: Online work may be made safer and simpler with the help of secure cloud collaboration. This article discusses 

challenges encountered, solutions proposed, and novel approaches to data security in cloud collaboration. Access restrictions, data 

integrity checks, and encryption are some of the instruments that we might employ to secure private data while it is being sent or 

stored. The report also discusses recent developments that have made cloud collaboration even safer, such as the use of blockchain 

technology and zero-trust techniques. As more businesses utilize the cloud for collaboration, they must be aware of and abide by 

security guidelines to preserve client privacy and adhere to legal requirements. This article outlines strategies for enhancing the 

security of data and cloud collaboration in several businesses, both now and in the future.  
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1. INTRODUCTION  

Today, modern companies welcome cloud collaboration to 

boost performance, save costs, and inspire innovation. 

Thanks to the flexible and powerful tool the cloud offers for 

data management, storage, and dissemination, teams may 

operate across borders. But as more businesses shift to the 

cloud, they run major security concerns—especially with 

relation to protecting personal data.  

Since data routinely moves across many devices and 

networks, traditional security measures struggle to keep up 

with cloud systems [1]. Not just on the boundaries, but also 

on the data itself, which should be under constant protection 

anywhere. This is "data-centric security" [1].  

Data-centric security lets us focus on maintaining data 

security as it flows via the cloud [2]. By use of advanced 

technologies like tokenization, encryption, and access 

limitations [3], this approach prevents unlawful access and 

breaches. In cloud computing, protecting data itself is more 

important than just defending the adjacent systems [3].  

Companies whose major operations rely more and more on 

cloud services are growing need for private data protection. 

Significant infringement of data security and purity by 

hacking and data breaches may result in financial losses, 

harm to image, and regulatory fines [4]-[6]. According to a 

Cloud Security Alliance study, over 70% of cloud-using 

firms put a high value on data security.  

This puts emphasis on procedures in place to lower the risks 

associated with cloud data transfer by adequately stressing 

the significance of specific security measures. Cloud 

collaboration is the utilization of services and apparatuses 

hosted in the cloud to enhance collaboration, sharing of 

information, and cooperation within firms or between the 

individuals. The speed and freedom of activities are helped 

by the opportunity quickly to find all necessary information 

and material. However, similar to attractors of the cloud 

collaboration including scalability, accessibility and easy 

sharing , the enemies of cloud collaboration are made of 

them. Data belonging to human, system, and cloud setting 

that is transmitted without security means could be 

intercepted, changed or stolen[7]. In cloud work settings, the 

appropriate security steps performed so define data safety 

and confidence. Part of data-centric security in cloud 

cooperation is cryptography. It is the encoding of the data 

such that only those with the right decoding key may view it 

[8].  Data encryption protects the private and unusable 

nature of data even in situations when it is watched or 

collected without consent. Data may be protected in cloud 

platforms both during transfer and storing. Homomorphic 

encryption permits data handling while secured, therefore 

boosting security without affecting usefulness [9].  

Applications for cloud teamwork benefit from this 

especially when numerous people must interact and review 

data. Access control is an additional crucial trait of data-

centric security. The process comprises of outlining and 

putting into practice rules that define who may access data, 
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when they may access it, and what can be done with it [10]. 

Data in cloud systems may be available from numerous 

devices and places, therefore effective access control 

methods are important. This is to avoid unwanted entry and 

ensure that only approved users may deal with important 

data. In cloud work settings, access control is sometimes 

improved by means of ABAC, RBAC, and multi-factor 

authentication (MFA) [11].  

As part of a stacked security approach, these steps reduce 

the chance of leaks and illegal data change. Zero trust is a 

new topic in cloud security. The idea that by default no 

entity—internal or external to the company's network—

should be believed forms the cornerstone of the "zero trust" 

security design. Rather, the least privilege principle has to 

be followed when giving access rights, and every access 

request has to be regularly reviewed.  

This claims that people and systems should only have access 

needed to carry out their duties, hence reducing the possible 

attack area and the danger of data leaks. Zero trust design 

boost cloud collaboration security because they carefully 

regulate and watch data access [12], [13]. Data-centric 

security solutions added into cloud collaboration systems 

may, as proven, greatly increase data security and reduce 

security concerns. For instance, data breach cases reduced 

by 43% in firms employing data-centric security solutions 

compared to those utilizing standard perimeter-based 

security strategies [14]. For the reference to see three 

objectives of Data-Centric Security, that is, Manage, Track, 

and Protect look at Figure 1. 

 

 

Figure 1. Three objectives of Data-centric Security 

 

This shows how important a data-centric approach is to 

protect cloud communication settings. Furthermore, case 

studies from the banking, industrial, and healthcare 

industries show how data-centric security allows firms to 

keep secure contact while meeting with tight regulatory 

standards [15].  

Safe cloud cooperation depends on the data security. It has 

to do with the true accuracy and dependability in their life 

[16]. Data integrity is the safeguard of hacking or misuse of 

data in the cloud services. Some effective ways of data 

integrity preservation and control of the possibility of 

unauthorized modifications is the use of digital signatures, 

blockchains, and checksums [17].  

  Any organization that relies on information for decision 

making, compliance with set standards, and operation must 

be consistent in its data. When workers collaborate with 

each other through the cloud, it reduces the probability of an 

error or misunderstanding and provides accurate and reliable 

information to all the parties and stakeholders. Effective 

cloud team work requires a total solution consisting of data 

protection solutions that can shelter key information from 

multiple perils.   
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Data-centric security solves the fundamental problems of 

cloud systems by focusing on the data rather than the 

technology, hence giving a better and more flexible design. 

With the help of its main elements—data security measures, 

zero trust structures, encryption, and access control—

companies may now interact in the cloud with faith. Data-

centric security is becoming more and more vital as more 

people utilize the cloud, so modern firms who wish to 

preserve their key information assets while gaining from 

cloud teamwork must put it into practice.  

2. REVIEW OF WORKS  

While Bitcoin was the one to push blockchain technology, it 

has already gone beyond its original financial function to 

offer a huge variety of uses in other areas. Notably, Krdzalic 

(2021) [18] in the section devoted to the explaining of 

blockchain principles pointed out its independence and 

immutability as the features that enable safe and open 

transactions. This technology has attracted a lot of attention 

because it may decentralise trust and present new 

opportunities for economical interaction.  

Despite early reservations, Harvey (2014) [19] exposes 

typical misconceptions about Bitcoin and demonstrates its 

potential as a revolutionary financial asset. The autonomous 

nature of Bitcoin exposes traditional financial intermediaries 

to risk as peer-to-peer transactions may be conducted 

without the intervention of a central authority. By lowering 

transaction costs and increasing transaction speed, this 

component provides banking access to impoverished 

populations worldwide.  

The independent nature of Bitcoin tests existing financial 

institutions and governmental structures, said Hayes (2019) 

[20], a researcher in the socio-technological implications of 

the cryptocurrency. Distributed ledger technology (DLT) 

operating in Bitcoin promises to revolutionize money 

storage and transmission, enhancing financial equality and 

resistance to exploitation or control.  

In her discussion of Bitcoin's part in the digital currency 

revolution, Rose (2015) [21] focuses on how it will impact 

global monetary and financial policy. Because of its 

decentralized issuance process and small supply, bitcoin is 

different from fiat currencies and is thus a highly sought-

after inflation hedge and value store in an uncertain 

economic climate.  

In his study of the protocol's governance, Jeong (2013) [22] 

demonstrates how decentralized cryptocurrencies operate 

outside of traditional legal systems. The blockchain of 

Bitcoin, which is based on cryptographic concepts, 

guarantees network members' agreement and data integrity, 

therefore boosting confidence without the usage of 

middleman.  

The existence of blockchain technology and the usage of 

cryptocurrencies are explained in detail by DuPont (2019) 

[23]; moreover, the author describes how this technology is 

applied to various businesses, especially in the finance 

sector. Ethereum, and other cryptocurrencies built upon the 

simple concept of the blockchain have led to contracts that 

can be coded or smart contracts, meaning that agreements 

can be programmed and enforced by the computers without 

the intermediaries.  

In his research of how blockchain influences supply chain 

management, French (2022) [24] discusses how it may 

enhance stakeholder trust and transparency. Parties may 

trace and verify the origin, validity, and movement of 

products across the supply chain using the unchangeable 

blockchain database, hence minimizing fraud and speeding 

logistics.  

Burniske and White [25] introduce Bitcoin as a brand new 

asset class and investigate its investment characteristics as 

well as its possible effects on the financial markets in their 

paper written in 2017. As it can be observed by the 

appearance of cryptocurrency funds and derivatives, 

institutions are getting more and more interested in Bitcoin 

particularly as a hedge against inflation and an investment 

diversification. 

Discussing the application of blockchain technology for the 

issues other than the banking business, Mougayar (2016) 

[26] described how dApps and smart contracts disrupted 

several industries. Some of the use cases that enhance the 

value of blockchain include; identity management, voting 

and DeFi. 

Notaro (2022) [27] is studying the application of 

blockchains to bring new forms and instances of NFTs that 

could possibly change who controls digital artworks and 

create novel virtual goods markets. Due to the peculiarities 

of blockchain characteristics, the NFTs open new 

opportunities for artists and content producers regarding 

asset tracking and ownership. 

A brief on legal considerations of Bitcoin and other 

cryptocurrencies is given in Kilićarslan (2023) [28]. Two of 

these concerns are legality of the currently existing digital 

assets and regulation. Governments are trying to find a 

uneasy equilibrium between change, rules and protection 

through innovations.  

Strilets (2022) [29] looks at how many EU member states' 

laws relate to bitcoins. Preserving investor trust and the 
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expansion of the bitcoin market depend on legal stability. 

Ramadoss (2022) [30] addresses in his technical study of the 

technology the possible applications of blockchain in two 

non-banking sectors: data management and healthcare. 

Blockchain possesses a decentralized secure system to 

protect privateness and promote heterogeneity amid distant 

places local systems. Murthy and Shri (2020) [31] focus on 

the opportunity and threat of incorporating blockchain with 

the cloud computing approach to improve the data accuracy 

and security. Distributed ledger capabilities of blockchain, 

which provide tamper-proof and verifiable records of data 

transfers and access, may help cloud storage choices.  

In analyzing the SWOT (strengths, weaknesses, 

opportunities, and threats) of blockchain technology, 

Niranjanamurthy et al. (2019) [32] draw attention to 

potential benefits and drawbacks in numerous enterprises. 

Though blockchain is transparent and secure, its energy and 

scalability become the reason to limit its use in high volume 

adoption in many applications. The energy and carbon were 

analyzed by Baboshkin et al. (2022) [33] concerning the 

sustainability and cost of bitcoin mining. With the projected 

resolution of environmental issues by consensus mechanism 

developments like Proof-of-Stake (PoS), blockchain 

technology is predicted to become more scalable and 

efficient.  

In their analysis of various applications of blockchain 

technology in intelligent transportation systems, Jabbar et al. 

(2022) [34] demonstrate how they may improve the 

efficiency and security of metropolitan mobility. The 

dispersed, immutable ledgers of blockchains may facilitate 

data exchange among passengers, infrastructure suppliers, 

and driverless automobiles.  

Pagnotta (2022) [35] examined the impact of market 

conditions and security concerns on cryptocurrency prices, 

particularly focusing on the relationship between Bitcoin 

prices and blockchain security. Price fluctuations can be 

influenced by legislative developments and market 

sentiments, reflecting investors’ expectations of the long-

term security and stability of blockchain technology. 

Salem et al. (2022) [36] presented a blockchain-based 

solution for classifieds aids, illustrating the versatility of 

blockchain technology beyond financial transactions. De-

centralised forms of markets have the opportunity to 

increase the level of trust and openness due to the removal 

of middlemen and ensuring that deals are safe and fair.  

  Inorder to have better data security and privacy in cloud 

Rajasekhar and Sundaram (2022) [37] proposed a dynamic 

attribute tree for data encryption and third party auditing in 

cloud storage. Blockchain devolves authority of control and 

authentication from a central point thus minimizing the 

dangers linked to primary and central storage and approval.  

 Wang et al. (2022) [38] proposed S-BDS, namely the a-

blockchain data storage system for IoT devices and 

technologies drawing attention to how important it is for 

improving dependability and trust into decentralized 

systems. Blockchain [39] is safe for the data transfer and its 

keep and maintains its Effectiveness and cuts the risks of 

cyber threats. To enhance the scalability and performance of 

blockchain systems more further Mala and Bezatiev, (2022) 

[40] introduced an incremental hash chain method for 

updating the light nodes of the blockchain. The web 

innovation gives a pathway toward lessening the number of 

computational assets required to support decentralized 

record books.  The problems of authenticity and traceability 

that Agarwal, et al. (2022) [41] has developed in 

pharmaceutical logistics during a drug recall supply chain 

are solved by the construction of a blockchain ecosystem. 

Therefore, by enhancing the numbers of check points in the 

ledger aspect, the stakeholders can easily trace the process 

of how these pharmaceutical products from the moment they 

are produced until the moment they are taken by patients. 

Hence, one would be justified in concluding that blockchain 

technology is revolutionizing industries by handling 

efficiency, security and, more importantly, the question of 

transparency. Apart from virtual currencies, particularly 

bitcoin, blockchain is being used in banking, supply chains, 

healthcare and so on, and is revolutionalising digital 

economies and the systems of global governance. 

3. APPLICATIONS OF BLOCKCHAIN 

TECHNOLOGY  

Owing to its decentralized and irreversible ledger 

capabilities, blockchain technology—which gained 

popularity owing to cryptocurrencies like Bitcoin—is 

increasingly being employed in industries outside of 

banking. A few noteworthy uses of blockchain technology 

across a range of industries are examined in this section.  

3.1 Financial Services 

Blockchain is transforming the financial industry by 

bringing decentralization to asset management, cross-border 

payments, and transaction processing [42]. Because 

cryptocurrencies like Ethereum and Bitcoin eliminate the 

need for conventional financial intermediaries, transfers 

have become faster and less expensive [43]. Blockchain-

powered smart contracts streamline the issue and exchange 

of digital assets by automating processes like loan approval 

and trade settlement [44]. 
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3.2 Supply Chain Management 

Blockchain enhances the ability to trace products in 

complex supply chain networks and improves transparency 

[45]. It reduces fraud, prevents the sale of counterfeit goods, 

and records every transaction and item movement on an 

immutable ledger, thereby enhancing inventory management 

[46]. Distributors, makers, and wholesalers are able to set up 

installment payments with ease and make sure agreements 

are followed as per orders[47]. This technology accelerates 

business processes by getting rid of mediators and making 

sure everyone follows rules.  

3.3 Healthcare 

Blockchain technology is transforming healthcare by means 

of securely storing patient data, enabling simple data 

exchange, and limiting data access to just authorised 

personnel [42]. It helps doctors and hospitals to quickly and 

safely share data with one another [43]. Blockchain also 

makes it possible for patient permission and data use in 

research to be openly recorded, hence boosting patient 

confidence [44].  

3.4 Identity Management 

Identity management solutions based on blockchain 

technologies lower the fraud and identity theft threats. They 

provide verified, safe digital identities [45]. They let users 

manage their personal data and distribute certain 

information only when needed, hence lessening reliance on 

central authority [46].  Blockchain technology is being used 

by businesses and agencies to boost output and save 

administrative expenses [47].  

3.6 Internet of Things (IoT) 

Blockchain technologies have improved the safety and 

efficiency of Internet of Things (IoT) devices, which has 

also made it easier for devices to talk to each other [42]. 

Blockchain's independent and unchangeable record data 

keeping stops hackers and people from getting in without 

permission [43]. Smart contracts make operations more 

accurate and efficient. This lets IoT devices talk to each 

other automatically, which increases their usefulness across 

an extensive spectrum of IoT apps [44].  

3.6 Legal and Regulatory Applications 

Legal and regulatory domains have seen blockchain 

technologies used to improve responsibility, efficiency, and 

openness [45].  

Smart contracts on the blockchain help to streamline 

contract administration and dispute resolution, therefore 

guaranteeing compliance and lowering legal expenses [46]. 

Blockchain is also used in public records, voting systems, 

and property registration to fight corruption and expedite 

government procedures, thereby fostering confidence and 

enhancing services [47]. So in conclusion, blockchain is 

now bring changes across various sectors because it is 

secure, clear, and have efficient solutions. Its decentralized 

record-keeping and smart contracts is not only has enhance 

efficiency but it also drive innovation in law, finance, supply 

chains, healthcare, identity management, IoT and much 

more. The potential of blockchain to transform industries 

and global economies is vast, with ongoing research and 

development expanding its applications. 

4. CHALLENGES AND LIMITATIONS IN 

BLOCKCHAIN ADOPTION 

Although blockchain technology is hailed for its potential to 

revolutionize industries through decentralization and 

transparency, it faces several challenges and limitations that 

hinder its widespread adoption. In this section, we discover 

the main obstacles and issues that prevent the operation of 

blockchain solutions in various sectors. 

4.1 Scalability Issues 

Scalability is a big problem for blockchain networks [15]. 

Platforms like Bitcoin and Ethereum, even though they are 

decentralized, have trouble handling many transactions at 

once [32]. In a blockchain, every node has to check and 

record every transaction, which can slow things down when 

more people use it. New ideas like sharding and layer-2 

scaling are trying to fix this by dividing up the work and 

making the network run more efficiently [27]. But it is still 

hard to make these ideas work everywhere. 

4.2 Regulatory Uncertainty 

Rules and regulations regarding blockchain and 

cryptocurrencies are complex and vary greatly between 

countries [7]. Governments around the world are trying to 

figure out how to classify and regulate digital money, initial 

coin offerings (ICOs), and things that use blockchain [23]. 

Because there is no one set of rules for everyone, it is 

difficult for businesses and investors to know what to do 

.This uncertainty prevents large companies and investors 

from making greater use of blockchain technology, which 

slows down new ideas and progress in this field [41]. 

4.3 Security Concerns 

Security is very important for blockchain because it relies on 

decentralized agreement methods and secret codes [12]. 

Blockchain networks are difficult to spoof because they are 

spread out, but there are still big risks, such as when 

someone has too much power over the system or when there 

are problems with smart contracts [5]. These contracts 
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automatically make deals based on set rules, but they can 

have weak spots that are exploited to steal money [38]. To 

prevent these attacks and make blockchains secure, strict 

security rules, regular checks and steps to keep things secure 

are all really important. 

4.4 Interoperability Challenges 

A major problem with blockchains is interoperability [19]. It 

is difficult for different blockchain systems to talk to each 

other because they use different rules, methods of 

agreement, and data formats [9]. Because of this, it is 

difficult to merge blockchains with other computer systems 

that companies are already using. To fix this and make the 

flow of data and transactions easier between different 

blockchains, experts are working on standards and ways for 

blockchains to understand each other, such as cross-chain 

communication and compatible frameworks. 

4.5 Adoption Complexity and Education 

It is difficult for companies and organizations to use 

blockchain technology [25]. Using it requires special skills 

in distributed networks, blockchain programming and secret 

codes. Also, switching from a normal system to a 

blockchain requires a lot of money for new accessories, 

training and compliance with regulations [36].  There are 

not enough people who know blockchain well, and it is 

difficult for everyone else to learn it, so it is hard for 

companies to start using it. This slows down new ideas and 

prevents them from using blockchain in various industries. 

4.6 Governance and Decentralization 

Unlike older systems that were regulated, blockchain 

networks are dispersed and this brings new problems to how 

they are run [10]. Dispersal makes things clear and prevents 

one part from failing alone, but everyone on the network has 

to agree on how things change or happen. If they don’t, it 

can divide the group or even prevent people from trusting 

the system [20]. To keep blockchains working and growing, 

we need strong rules that are a mix of dispersedness as well 

as making good choices and resolving conflicts well. 

4.7 Environmental Impact 

Given their somewhat vast scale, especially in respect to 

proof-of- work (PoW) currencies like Bitcoin [8], questions 

have been raised about the energy consumption of 

blockchain systems. Since validation of transactions and 

security depends on a lot of electricity and computer work, 

PoW has a large carbon footprint and severe environmental 

implications [16]. To solve this and avoid blockchain from 

damaging the environment, one must migrate to less energy-

intensive technologies such proof-of- stake (PoS) and other 

ecologically friendly approaches [31].  

4.8 Privacy and Data Protection 

A big challenge in blockchain systems is safeguarding 

private data and information [14]. Blockchain makes it 

tough to maintain personal information safe even if it hides 

everything with public ledgers. Smart contracts that 

automatically perform transactions may reveal sensitive 

information if not set up or verified [29]. Experts are 

working at novel approaches such encrypted mathematics 

and proving things without disclosing information to 

guarantee that data on blockchain stays safe [37]. In 

conclusion, overcoming the obstacles and limitations of 

blockchain technology is essential to realizing its full 

potential, even if it has enormous potential to transform 

industries via decentralization, transparency, and security. 

To advance blockchain adoption, it is imperative to address 

scalability issues, navigate regulatory landscapes, enhance 

security measures, promote interoperability standards, 

streamline adoption processes, improve environmental 

sustainability, and fortify data privacy protections.  

Governments, businesses, academia, and software 

developers must work together to foster innovation, advance 

legal clarity, and build robust, scalable blockchain 

ecosystems that advance social and economic advancement 

on a worldwide scale.  

5. FUTURE DIRECTIONS AND EMERGING TRENDS 

Blockchain technology continues to evolve, with several 

promising trends and future directions shaping its trajectory 

across industries. Key areas of focus include: 

5.1 Enhanced Scalability Solutions 

Addressing scalability remains a top priority, with ongoing 

research and development focused on improving transaction 

throughput and network efficiency. Innovations such as 

sharding, layer-2 solutions like Lightning Network, and 

advancements in consensus mechanisms aim to overcome 

current limitations and support broader adoption across 

global markets [27]. 

5.2 Regulatory Clarity and Adoption Acceleration 

Clear regulatory frameworks must be established in order to 

promote the widespread use of blockchain technology. 

While trying to allay worries, governments are becoming 

more aware of the potential benefits of blockchain 

technology. Collaboration among policymakers, industry 

stakeholders, and technology developers is crucial to 

promote blockchain innovation and investment [41].  
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5.3 Integration with Emerging Technologies 

Integration of blockchain technology with AI, IoT, and other 

emerging technologies is probably going to provide new 

possibilities. Blockchain enhances the security and openness 

of IoT data flows, and smart contracts integrated with AI 

algorithms may automate complex tasks [19].  

5.4 Sustainable and Energy-Efficient Solutions 

There is a growing movement to reduce the environmental 

effect of blockchain technology. Energy efficiency is 

increased and global environmental goals are attained when 

proof-of-stake (PoS) consensus techniques replace energy-

intensive proof-of-work (PoW) methods [31].  

5.5 Decentralized Finance (DeFi) and Beyond 

Apps for decentralized finance (DeFi) are constantly 

developing and provide financial services without the need 

for intermediaries. DeFi platforms, which facilitate lending, 

borrowing, and trading, are expanding, indicating that 

blockchain technology has the potential to democratize 

international financial services [20].  

5.6 Privacy-Enhancing Technologies 

Data privacy on blockchain networks is increasing because 

to developments in privacy-preserving technologies such 

secure multi-party computing and zero-knowledge proofs. 

These developments make it possible to safeguard sensitive 

data and covert transactions in a visible, auditable manner 

[37].  

Moving ahead, cooperation between politicians, business 

executives, and technological developers will be essential to 

advancing these trends. In the upcoming years, blockchain's 

ability to solve scalability issues, improve regulatory clarity, 

integrate with emerging technologies, promote 

sustainability, expand DeFi applications, and advance 

privacy solutions could reshape industries, boost trust, and 

empower global economies.  

6. CONCLUSION  

Blockchain technology's decentralization, transparency, and 

enhanced security have the ability to completely change 

business. Barriers like scalability and legal ambiguity 

notwithstanding, ongoing advancements in regulatory 

frameworks, scaling solutions, and integration with 

emerging technologies like AI and IoT are clearing the way 

for widespread use. Blockchain has the potential to change 

business procedures, financial systems, and international 

economies as it develops with developments in 

sustainability, privacy, and decentralized financing (DeFi). 

This would boost trust and efficiency in digital transactions 

throughout the world.  
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