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Abstract

Cloud computing has become an essential technology due to its ability to provide scalable infrastructure and data services at a low cost and with
minimal effort. It is widely adopted across various IT sectors and excels in providing flexible and scalable solutions for storage, computation,
and networking. However, despite its widespread adoption, information security concerns remain a significant challenge, hampering its full
potential. Issues such as data breaches, insufficient access controls, privacy risks, and vulnerability to external attacks persist, making security a
critical obstacle for cloud computing’s growth. At the same time, blockchain technology has emerged as a promising solution for addressing
these security challenges. Celebrated for ensuring data integrity, authenticity, and confidentiality, blockchain’s decentralized structure offers a
potential safeguard against the risks cloud systems face. For instance, blockchain’s ability to maintain an immutable, tamper-proof ledger and
decentralized control can mitigate unauthorised access risks, thereby enhancing cloud environments' transparency and security. One of the
blockchain’s core components is the consensus protocol, a method through which a network of nodes validates transactions without needing to
trust any single entity. In the case of Bitcoin, users follow the Proof of Work algorithm, dedicating hardware and energy resources to solve
cryptographic puzzles and verify transactions. This decentralized verification process addresses fraud concerns, but it also brings challenges such
as high energy consumption and network centralization, particularly in regions with cheap electricity. These concerns have led to worries about
collusion risks and policy changes affecting the stability of the network. Blockchain’s decentralized nature has sparked significant interest,
especially in its potential to enhance cloud computing security. Its ability to provide tamper-proof transaction logs, eliminate single points of
failure, and grant users more control over data aligns well with the security demands of cloud environments. However, blockchain itself faces
challenges, including scalability issues and its association with black-market trading due to its open-access model. Despite these concerns,
blockchain’s integration into cloud systems presents a unique opportunity for addressing key security obstacles, thereby offering more robust
solutions for corporate and financial applications.
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1. Introduction

Open Source Cloud Computing (OSCC) has brought numerous benefits in both industrial and academic environments.
It has facilitated cost-effective solutions, enhanced flexibility, and encouraged innovation. However, it is essential to
acknowledge that OSCC also introduces potential risks such as data security concerns, compliance issues, and reliance
on community support. Therefore, while embracing OSCC, it is essential to carefully assess and address these risks to
ensure the overall stability and security of the system [1]. The data belonging to users of cloud services faces a
substantial risk of being lost, hacked, or compromised, leaving them with no means to safeguard themselves from this
precarious situation. Cloud users are often unaware of the entities they are engaging with or sharing their information
with, further exacerbating their vulnerability to potential threats.

Transparency is an essential issue for cloud customers. The lack of visibility into data access and movement within the
cloud poses significant risks that cloud providers must address and mitigate [1], [2] with sufficient understanding
between cloud consumers or organizations. Blockchain is a growing technology cloud customers can utilize to increase
trust and data security while outsourcing and acquiring cloud services. When compared to the security of a centralized
database, Blockchain can provide significant protection [3]. In the world of blockchain technology, effective
communication is crucial for the creation and validation of new transactions. Furthermore, reaching a consensus on the
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ledger, which serves as a verified transaction record, also requires seamless communication [4]. This communication
occurs among nodes, each maintaining a copy of the ledger and informing others about newly submitted or confirmed
transactions. Administrators of private blockchains have the authority to control who can run a node and how these
nodes are interconnected. Notably, nodes with a higher number of connections receive information at a faster rate [5].

Moreover, nodes are often expected to maintain a specific number of connections to be considered active. Identifying
and avoiding nodes that impede information transfer or transmit inaccurate data is imperative to ensure the system's
integrity. In the context of a private blockchain underpinning commodities trade, trusted trading partners may hold
more central positions within the network. As a security measure, newly added nodes may be required to maintain a
connection to one of these significant nodes [6]. The significance of presenting apparent novelty in the article can be
overstated, as it is paramount to avoid the risk of sounding like a mere summary of existing knowledge while
contributing new insights.

2. Cloud Computing

Cloud Computing is a methodology for providing on-demand network access to a shared pool of programmable
computing resources that can be quickly supplied and released with minimum administration effort and service provider
contact [1]. Different services are given to the end-user using three different delivery methods in Cloud Computing.
Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (laaS) are three delivery
models that give infrastructure resources, application platforms, and software as services to consumers [2]. Figure 1
depicts the strong association between Cloud Computing features, cloud model deployment, and service model
deployment. The cloud environment is likewise subjected to varying levels of security requirements. All cloud services
are built on the base of laaS; PaaS builds on laaS, and SaaS builds on PaaS. Information security challenges and dangers
are passed down through consecutive models as they inherit capabilities [3]. Figure 1 shows the Cloud Computing
architecture
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Figure 1. Cloud Computing Architecture [3].

Cloud computing offers several advantages, making it highly attractive for individual users and organizations. Its
scalability allows the network to support millions of users and nodes with a flexible hardware architecture that can
scale in and out. Elasticity enables the system to adjust workloads by dynamically allocating and deallocating resources,
ensuring that all resources are optimally used according to demand. Privacy is crucial, as it allows users to control their
data securely. With infinite computing resources, users don't need to plan for capacity in advance, as cloud services
provide resources on demand. Costs vary depending on applications and usage frequency, meaning users pay based on
the extent of resource consumption. Utilization is maximized as resources can be adjusted to handle varying loads.
Cost-effectiveness is another key advantage, with cloud services offered on-demand, eliminating the need for software
licenses and hardware-specific software. Performance is critical, as high efficiency is essential for applications running
on cloud systems. Finally, data sharing and access flexibility enhance user freedom, making cloud computing highly
adaptable and user-friendly [4].
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3. Ethereum

The header, transactions, including the transaction hash or transaction root, and the state radio booth, the state hash, or
the state root, are the major components of an Ethereum block [5]. The block's integrity is maintained by ensuring that
the block header contents are not tampered with, that transactions are not tampered with, and that state transitions are
calculated, hashed, and verified effectively [6]. Keep in mind that the Blockchain is designed to be an unchangeable
record. The block hash in Ethereum is the sum of all the items in the block header, including the hashes of the
transaction root and state root [7]. As shown in figure 2, it computes using a variation of the SHA-3 method called
Keccak and all of the block header components.
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Figure 2. Ethereum Block Header [7].

On the other hand, bitcoin, a typical block, has roughly 2,000 transactions, whereas in Ethereum, a typical block
contains about 100 transactions. The require a reliable method for detecting tampering and validating transactions [8].
The Merkle tree hash, which we examined in an earlier lesson, is used to process the hashes of transactions in a block.
Because only the hash of the chained states from one block to the next must be recomputed, the Merkle tree hash is
also employed to compute the state root hash. It's also utilized to determine the hash root of receipts. Keep in mind the
benefits of flat vs tree representation [9]. In a Merkle tree, leaf nodes form the lowest layer, such as L1, L2, L3, and
L4. Child nodes are nodes at lower tiers that contribute to a parent node’s value; for example, "Hash 0-0" and "Hash
0-1" are the children of the "Hash 0" node. At the very top is the root node, the single node at the uppermost level, also
known as the "Top Hash." Additionally, orphaned blocks may arise if excessive mining leads to the simultaneous
creation of multiple blocks, leaving some blocks excluded from the main chain.

Thousands upon thousands of transactions are contained in each block. Keeping all the data in each block as a series
will be inefficient. Finding any specific transaction will be extremely difficult and time-consuming if you do so.
However, utilizing a Merkle tree may significantly reduce the time it takes to determine if a specific transaction fits in
that block [10].

Rather than going through the time-consuming process of examining each hash to determine if it corresponds to the
data, trace the trail of hashes leading up to it. This cut down on the amount of time it takes. When we mention "mining,"
we're looking for a new block to be put into the Blockchain [11]. Miners from all around the world are working hard
to ensure that the chain continues to expand. People used to be able to mine with only their laptops, but as time went
on, they began to join mining pools to pool their computer power and mine more effectively; nevertheless, this might
have been an issue. Each cryptocurrency, for example, has a cap. There are only 21 million bitcoins. There are a total
of 21 million bitcoins in circulation. If the miners keep going at this rate, they can extract all the existing bitcoins [12].

Mining is similar to a game in that you solve a puzzle and receive rewards. Setting the difficulty raises the complexity
of the challenge, making it more time-consuming to solve. As a result, a predefined difficulty level is chosen to limit
block construction. The difficulty goal for bitcoins is a 64-character string that starts with several zeroes (the same as
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a SHA-256 result). As the difficulty level rises, so does the quantity of zeros. After every 2016 block, the difficulty
level changes [13].

Only one path to the tree must be checked if any transaction is to be confirmed. There's no need to look through every
single transaction. State transitions occur as a result of Ethereum's intelligent contract execution. Every state change
necessitates a re-computation of the state root hash. Only the damaged path in the Merkle tree has to be recomputed
rather than the complete collection of states. When state 19 changes to 20, the route direction is altered to 31, 41, and
the state root hash 64 recalculates. As seen at the bottom of the block header, the block hash is produced by computing
the state root hash, transaction root hash, and receipt root hash [14]. Figure 3 shows that the path is recomputed, not
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Figure 3. Merkle Tree [14].

To solve the PoW puzzle, these roots and the other elements in the header are hashed along with the variable nodes.
By embedding the previous block hash in the current block header, the block hash provides two essential functions:
verification of the block's integrity and transactions and establishment of the chain link [20]. Assume that any
participating node tampers with the block, changing its hash value, causing a discrepancy in the hash values, and
declaring the node's local chain invalid [15]. Due to a hash discrepancy, other miners would reject any future blocks
initiated by the node, ensuring the chain's immutability. To summarize, the various pieces of the Blockchain are secured
using a mix of hashing and encryption [16]. In decentralized networks that operate outside trust borders, the private-
public key pair and hashing are crucial underlying principles [17], [18].

fransaction ] \ Iransaction ] ’ Iransaction ‘

4. Blockchain

Through communication, blockchains achieve consensus on their ledger, which is the list of verified transactions.
Communication is necessary to write and approve new transactions. This communication occurs between nodes, each
of which maintains a copy of the ledger and informs the other nodes of new information, such as newly submitted or
verified transactions. Operators of private blockchains can control who is allowed to operate a node, as well as how
those nodes are connected. A node with more connections will receive information faster.

Similarly, nodes may be required to maintain a certain number of connections to be considered active. To maintain the
integrity of the system, a node that restricts the transmission of information or transmits incorrect information must be
identifiable and able to be circumvented. In a private blockchain for commodities trading, more established trading
partners may be granted more central positions in the network. New nodes may be required to connect to one of these
central nodes as a security measure to ensure proper behavior [19].
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5. Blockchain Structures

A data structure is a specific type of data storage. Understanding how a Blockchain operates necessitates the knowledge
of two data structure features [20], [21], [22]. They are as follows:

5.1. Pointers

In programming, pointers are variables that hold the address of another variable. In most programming languages,
standard variables are used to store data. For example, Int a = 10 denotes the existence of a variable "a" that stores
integer values. It holds an integer value of 10 in this example, a standard variable. Instead of storing values, pointers
hold addresses for other variables, which is why they are called pointers; they point to other variables' locations [23],
[24].

5.2. Linked Lists

A linked list is one of the most critical data structure components, and it looks like this: It consists of a series of blocks,
each of which contains data and is connected to the next block by a pointer. In this situation, the pointer variable has
the address of the next node, and therefore the connection is established. As you can see, the last node contains a null
pointer, which means it has no value [24].

One thing to remember is that each block's pointer carries the location of the following block. This is how pointing is
accomplished. The initial block is known as the "genesis block," its pointer is outside the system. The Blockchain is a
linked list of data with a hash pointer to the preceding block, which forms the chain. A hash pointer is similar to a
pointer, except instead of merely holding the previous block's location, it also contains the hash of the data within the
previous block. This is a minor change that makes Blockchains so incredibly dependable and forward-thinking [25].

Assume a hacker has access to block three and attempts to alter the data. Because of the nature of hash functions, even
a minor change in data will substantially alter the hash. This means that any minor changes made in block three will
change the hash stored in block 2, which will change the data and hash of block two. Consequently, adjustments will
be made to block one and subsequent blocks. This will cause the chain to alter, which is impossible [9], [31] totally.
The immutability of blockchains is achieved. A block header contains essential information, including the block version
number, which indicates the version of the block, the current date and time of the block’s creation, and the current
difficulty level associated with mining the block. It also includes the hash of the preceding block, linking it to the
previous block in the chain; a nonce, a unique value used to satisfy the difficulty requirement for block mining; and
the Merkle Root Hash, representing the combined hash of all transactions within the block.

5.3. SHA-3 Hash Function

The third type of cryptography is the hash function, which encrypts data using mathematical modeling. The Hash
Function is a one-way function with no key since ciphertext cannot cover plaintext. In cryptography, the hash function
is helpful for ensuring data validity, notably in computer network security. As communication technology improved,
cryptographic security issues arose to secure the sender's data and receivers [26]. It has been utilized for various
additional purposes since the discovery of secure hash functions [27]. Before delivering any information to the server,
the authentication information is encrypted using a symmetric cryptography technique, and extra hash functions are
utilized, as illustrated in figure 4.
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Figure 4. Hash Function SHA-256 [28].

The SHA hash function is a cryptographic function created by the National Security Agency (NSA) [29]. Secure Hash
Algorithm (SHA) is an acronym for Secure Hash Algorithm. The three SHA algorithms are known as SHA-0, SHA-1,
and SHA-2 and are organized differently. The SHA-1 algorithm can calculate a string's hash value. SHA-1, SHA-2,
SHA-3, SHA-256, SHA-384, and SHA-512 are all viable Message Digest algorithms [30].

6. Blockchain Security Challenges

When creating network architecture, uncommunicative or occasionally active nodes are considered security risks [30].
Nodes can go offline for various reasons, but the network must be designed to function without them, and it must be
able to swiftly bring them back up to speed if they do [31].

A single primary chain with a continuous state is called a secure chain. Every valid block contributed to this chain
raises the chain's trust level. A competitive miner created each of the candidate blocks [31]. The method or process for
selecting the next block is known as PoW. Hashing is used in PoW [32]. Calculate the hash of the block header
components, a constant number, and a nonce, a variable. First, if the hash value is less than two pairs (128 for Bitcoin)
and less than the difficulty function for Ethereum, the problem is solved. If it still hasn't been solved, repeat the process
after adjusting the nonce value; if it still hasn't been solved, the riddle has been solved, and the winning block should
be broadcast for other miners to verify [33], [34].

For value transfer platforms, cryptocurrencies employ distributed ledgers, or Blockchains, to store information about
each address's balance. The method, however, may be used for any data. The Blockchain's operation is dependent on
the network's collective agreement on the contents of the ledger: rather than having authority for keeping accounts
centralized in one entity, such as a bank, it is shared amongst all; this necessitates the network’s consensus on the
information recorded on the Blockchain. In addition, reaching a consensus influences the protocol's security and
economic factors [35], [36]. These consensus procedures are explained below:

6.1. Proof of Work (PoW)

The PoW distributed consensus process was invented by Satoshi Nakamoto, the mysterious person who created bitcoin.
Many cryptocurrencies, including Ethereum, did the same. In PoW, all of the machines in the network responsible for
ensuring the Blockchain's security, or "Miners" in the context of bitcoin, cooperate to solve a puzzle of a mathematical
operation called a hash. Although easy for a machine to do, this operation requires a lot of repetition, which increases
the computational cost. A hash with particular characteristics is sought after by computers [36], [37]. A new block of
transactions may be added to the Blockchain by the computer that arrives at the solution first and provides supporting
evidence that they have completed the required work. Figure 5 shows that they receive a portion of freshly created
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bitcoins (12.5 BTC every block, or about every 10 minutes), plus all of the modest transaction fees customers paid to
transmit coins.

It is expensive to add a batch of new transactions to the Blockchain because of the transparent format of the ledger.
Still, it is relatively simple to determine whether the transactions are legitimate. Transactions are not entirely
"confirmed" until miners have added multiple blocks to the Blockchain, collectively validated by miners [38]. The
remainder of the network will ignore any fraudulent coin spending attempts made by malicious actors. The only way
an attacker could pull off such a scam is if they had a significant processing advantage, repeatedly beating the PoW
competition using the "51 percent assault," which necessitates possessing more than half of the network's hash rate. No
miner has ever been successful [39], As indicated in figure 5.
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Figure 5. Proof of Work (PoW) [37].

6.2. Proof of Stake (PoS)

Specifically designed chips for mining have given rise to a whole industry. A more modern technique that doesn't need
any special hardware has gained popularity recently: PoS. PoW costs money and uses energy since it requires so much
processing. The probability that a participant will contribute the following block of transactions to the Blockchain
depends on their hash rate in the PoW protocol. In PoS, a participant's coin stake affects their likelihood [36]. Each
node in the network has an address assigned to it, and the more coins that address has, the more likely it is that the node
will mine (or "stake") the following block. It is comparable to a lottery in that the winner is selected randomly, but the
odds are better if they have more coins (lottery tickets) [39].

6.3. Leased Proof of Stake (LPoS)

Like tiny miners with low hash rates are unlikely to mine a block in bitcoin, conventional PoS holders with low balances
are unlikely to stake a block. Several years may pass before a smallholder is fortunate enough to develop a block. As
a result, fewer key participants are left to operate the network since many holders with low balances choose not to run
a node. Motivating these smaller holders to engage is major since network security improves with more members [39].

Waves use the LPoS method. Leasing balances to staking nodes is one way LPoS does this [1], [40]. The leased monies
are still entirely under the holder's control and may be relocated or spent whenever desired (at which point the lease
expires) [41]. Leased coins raise the staking node's "weight,” which raises the probability that it will be granted
permission to add a block of transactions to the Blockchain. Better chances and a proportionate part of any gains are
given to the lessees [42]. An attacker would require more than half of the coins to complete the necessary transactions
effectively; buying these would raise the cost and make such a task prohibitively costly [40]. Each of the two variations,
LPoS and DPoS, has unique advantages. It doesn't need cost recovery in the same way as bitcoin does since it is less
energy-intensive than PoW. Therefore, platforms with a fixed currency supply and no block reward inflation are most
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suited for PoS systems. Stakers would not support the method used by most crowd-funded platforms, which issue
tokens depending on investment and dilute them with excess currencies [43].

6.4. Delegated Proof of Stake (DPoS)

Currency owners can vote on a list of nodes, which allows them to stake new transaction blocks and add them to the
Blockchain using their balances under DPoS. Even while it might not instantly reward them in the same way as LPoS
does, this affects all currency holders. Holders have more power and influence over the network because of the ability
to vote on changes to network settings. BitShares uses a similar but somewhat different method [40].

6.5. Proof of Importance (Pol)

The last phase of these consensus procedures is called Proof of Pol [44]. NEM, the "New Economy Movement," was
the first cryptocurrency platform to take this action. When it comes to Pol, it's not only about coined balance [40]. The
foundation of NEM's consensus algorithm is that useful network activity should be rewarded rather than the quantity
of money. Balance, reputation (which is determined by a different specially developed algorithm), and the volume of
transactions to and from that address are some factors that influence whether a block gets staked. Pol provides a fuller
picture of a "valuable" network participant.

Numerous platforms combine PoW and PoS; the first is used to distribute funds before switching to the second to
maintain the network. There are many variations of these fundamental ideas. Master-nodes combined with PoW mining
is a further method, as seen with DASH and Crown. These aid in transaction processing and receive a share of the
benefits from blocks miners create through their work. Regardless of the situation, the consensus approach works to
protect the network, primarily through economic means: attempting to attack the network should be prohibitively
expensive while assisting in its protection should be more valuable [45].

7. Public Security Satisfaction

Customers have high expectations for both the efficient execution of tasks and the swift and effective resolution of any
mistakes. In this context, robustness refers to a system's ability to continue functioning under adverse conditions or
when encountering unexpected disruptions. This is particularly crucial in decentralized networks like Blockchain,
where no single entity manages the data or operations [46].

The subsequent section will detail the specific challenges that can occur in Blockchain processes. For Blockchain to
maintain its security, it must be capable of handling variations in network performance, potential system failures, and
security threats without compromising the integrity of the ledger. Subsequent sections will delve deeper into these
specific challenges and outline how they can be effectively addressed. All of these issues will be covered in the
following sections:

7.1. Trust

Recognize that on a decentralized Blockchain, trustworthiness also comprises securing, verifying, confirming, and
ensuring the availability of resources needed for transaction execution [47], [48]. This is accomplished by safeguarding
the chain with the proper protocols, verifying transactions and blocks for tamper-proofing, determining whether
resources are available for commerce, and executing and confirming transactions, as shown in figure 6. The Trust Trail
involves a series of actions to maintain the integrity of a blockchain system. First, transaction validation ensures each
transaction meets necessary requirements. Then, resource and gas availability are verified to confirm sufficient
resources for transaction processing. An inventory of transactions is created, followed by transaction completion to
establish a new state. Next, a new block is added, and efforts are made to reach consensus among network participants.
Finally, the chain expands as new blocks are added, and transactions within these blocks undergo verification to ensure
accuracy and consistenc.
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Examine each of these actions. The first and second phases confirm the resources and verify the transaction,
respectively. In the case of Bitcoin, there are roughly 20 criteria that must be checked before a transaction is valid (the
syntax, the transaction signature, timestamp, nonce, gas limit, and sender account balance are all verified before
execution); similarly, in the case of Ethereum transactions, the availability of fuel, gas stations, and other resources for
flawless contract implementation is also confirmed. Transaction hashes and signatures are also verified. Transactions
are carried out in the third stage. The Merkle tree hash of the validated transactions is computed. All miners participate
in the transaction for the transfer or execution of smart contracts. The state resulting from transaction execution is used
to compute the Merkle tree hash of the states, which is the state root of the block header. Also determined is the
reception root of the block header [39], [1].

Trust mechanisms in blockchain networks rely on decentralized models that eliminate the need for a central authority
by enabling a distributed network of participants to validate and secure transactions. Different blockchain networks
implement these mechanisms in various ways, using consensus algorithms to maintain trust and prevent malicious
activity. It would be interesting to explore examples of how decentralized trust models operate across different
blockchain networks and their security implications [49].

7.1.1. Proof of Work (PoW)

PoW Utilized by Bitcoin and Ethereum (pre-2022). In PoW, participants (miners) compete to solve complex
mathematical puzzles to validate transactions and create new blocks. The first miner to solve the puzzle earns the right
to append the block to the chain and is rewarded with cryptocurrency [50].

Security Implications in PoW are considered secure due to the high computational power required to manipulate the
network (51% attack), where a malicious actor would need to control more than half of the network's hashing power.
The drawbacks of PoW include high energy consumption and the risk of network centralization, as mining tends to
concentrate in regions with cheaper electricity. This could lead to potential collusion and control by a few entities [51],
[52].

7.1.2. Proof of Stake (PoS)

They were utilized by Ethereum 2.0, Cardano, and Polkadot. PoS selects validators to create new blocks and validate
transactions based on the amount of cryptocurrency they "stake" as collateral. The more coins a participant stakes, the
higher their chance of being chosen to validate transactions [53].

Security Implications in PoS are more energy-efficient than PoW as it does not require intensive computational work.
It enhances security by penalizing malicious actors who stake their coins, ensuring they have "skin in the game.” If
validators behave dishonestly, they lose their staked assets. The Drawbacks with PoS Wealthier participants with more
staked coins have a higher chance of controlling the network, potentially leading to centralization.

7.1.3. Delegated Proof of Stake (DP0S)

EOS, and TRON utilized DPoS. In DPoS, token holders select a small group of delegates or witnesses accountable for
validating transactions and safeguarding the network. These delegates are motivated to prioritize the community's best
interests to maintain their position [54].
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Due to the fewer nodes involved in validation, security Implications in DPoS offer superior speed and efficiency
compared to PoW and PoS. The Drawbacks with DPoS The voting process has the potential to result in centralization,
as a small group of delegates may wield disproportionate control over the network, giving rise to concerns about
collusion and diminished decentralization [54].

7.1.4. Byzantine Fault Tolerance (BFT)

This text provides valuable insights into the BFT consensus mechanism, which prominent platforms such as
Hyperledger, Cosmos, and Ripple utilize. BFT models ensure that the network can still reach consensus even if some
nodes act maliciously or fail, as long as most nodes remain honest. The Practical Byzantine Fault Tolerance (PBFT)
variant enables participants to agree on the Blockchain's state through communication between nodes, often with a
known validator set. Regarding security implications, BFT models offer robust resistance to malicious behavior, as
attacks would require a significant proportion of nodes to be compromised. However, BFT may encounter scalability
challenges as the network grows, leading to increased communication overhead. Furthermore, the reliance on a known
validator set reduces certain aspects of decentralization [55].

7.1.5. Proof of Authority (PoA)

VeChain, some Ethereum sidechains utilize them. Mechanism: In PoA, trusted validators are pre-approved by the
network to validate transactions based on their reputation. Validators are typically known and reputable entities.
Security Implications: PoA networks offer high throughput and low latency, making them efficient for specific use
cases such as private or permissioned blockchains. Nonetheless, PoA's trust model is more centralized because
validators are known and approved, introducing reliance on trusted entities and diminishing the trustless and
decentralized nature of the system [56], [57].

7.2. Integrity

In a decentralized network, participants must be able to identify one another uniformly. Let's start with the addresses
of the accounts. A distinctive account address is necessary to preserve transaction integrity [39]. The transaction is
authorized by the sender's digital signature, which comes in at number two, and the authenticity of the transaction's
content comes in at number three [1]. Generating account addresses involves a sequence of steps using a public-private
key pair. In the first step, a 256-bit random integer is created, forming the private key, which is securely stored and
kept confidential. In the second step, an ECC algorithm is applied to the private key, generating a unique public key.
Finally, in the third step, the public key undergoes hashing to produce the account address, a shorter identifier of 20
bytes (160 bits).

Let's examine the transaction that was initiated by this address. Asset transfers require approved transactions that are
also unreliable and unchangeable. They began by examining the digital signature technique and used it for that specific
transaction. Data is encrypted and hashed using the digital signature. The secure hash is digitally signed before the
receiver receives the actual data. The receiver can recompute the hash of the original data received and compare it to
the received hash to verify the document's integrity [58]:

Step 1: Ascertain the transaction's data fields' hash.

Step 2: Involves using the participant's private key, which was used to start the transaction, to encrypt the hash. As a
result, the transaction loses trustworthiness when it is digitally signed to approve it.

Step 3: The transaction was just recently updated with this hash. Others may confirm the transaction’s hash beforehand
by computing it and decrypting it with the sender's public key.

Compare the computed received hash with the digital signature after that. If the transaction matches, approve it. If not,
it should be declined [56]. Figure 7 illustrates how the timestamp, nonce, account balances, and appropriateness of fees
are all evaluated as part of a thorough transaction verification.
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Figure 7. Operations Trust [49].

Blockchain, the distributed ledger technology supporting Bitcoin, holds potential value beyond its use as a digital
currency, but its effectiveness relies on robust security. Establishing reliable initial conditions is important to ensure
secure transactions [58]. The process is as follows: First, compute the hash value of the transaction’s data fields. Next,
encrypt this hash using the participant's private key to initiate the transaction. This encrypted hash is then added to the
transaction as a digital signature. Others can verify the transaction by recalculating the hash and decrypting the digital
signature using the sender's public key. Finally, compare the newly calculated hash with the decrypted hash from the
signature; if they match, the transaction is approved. If they do not match, the transaction is rejected.

7.3. Chain Split

The Bitcoin protocol allows this chain to split into two chains during the subsequent cycle. It is doubtful that the
following block in each chain will happen at the exact moment. Consequently, one of the chains is combined by the
winner of the subsequent block generation cycle, which is then considered the accepted chain. The most recent block
has been added to the main chain in this case. The longest and most dependable main chain is currently this one. The
transactions from the other blocks are sent to the unconfirmed pool. The transactions from the other blocks are sent to
the unconfirmed pool. Although there is a very slim probability that the main chain would split, the bitcoin protocol
provides ways to rejoin it into a single chain within a cycle [58], [41].

Etherium accommodates more than one person we know by allowing them Runner-Up blocks and providing a little
reward for these Runner-Up blocks. This incentive idea contributes to the chains' security. The Runner-Up chains do
not get any additional blocks; only the leading chain does. In other words, when introduced, the runner-up blocks are
preserved for six more blocks. It is possible to view a Blockchain with two blocks, one with a height of 4567 and the
other with a height of 4557. The one introduced most recently is less trustworthy than the one further down the chain.
Add the problem of double spending now. Digital money and other consumables might be one-time-use digital assets
used again in transactions, either knowingly or unknowingly [42].

In a decentralized network like the Blockchain, there is no intermediary. We require a policy and an automated
deterministic approach to address this problem. A rule for handling transactions and double-spending in Bitcoin is to
accept the first transaction that refers to the digital asset and reject the subsequent transactions that do the same [42].
A combination of account numbers and a global nonce are used to overcome the double-spending problem in Ethereum.
A global nonce is part of every transaction that an account starts. The nonce is raised after that [43]. The time stamp
on the nonce in the transaction should be unique and verified to prevent duplicate uses of digital savings. Well-defined
methods for handling exceptions increase the credibility of the Blockchain [44], [45].

A chain split in a blockchain happens when the network separates into two distinct chains due to differences in protocol
rules or upgrades. This can occur through soft forks, backward-compatible updates, or rigid ones, creating permanent,
incompatible chains. Chain splits have significant security implications. Soft forks can cause temporary consensus
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issues and reduced hash power, making the network more susceptible to 51% attacks. On the other hand, severe forks
present more significant risks, including double spending through replay attacks and hash power dilution, which
weakens both chains.

Additionally, hard forks can lead to community fragmentation and network instability. Chain splits can compromise a
blockchain's security by creating vulnerabilities during the transition, reducing hash power, and weakening network
consensus. To mitigate these risks and maintain the integrity of the Blockchain, it is essential to implement measures
such as replay protection, consensus alignment, and user education [59], [60].

7.4. Forks

A fork in the road is where you should invest your trust. The words hard fork and soft fork, both types of forks, are
most frequently employed in blockchain technology [60], [46]. According to reports, Ethereum hard split around block
4.7 million. On a high level, this section describes hard and soft forks. Forks are only a component of the organic
evolution of nascent technology that makes Blockchain possible.

Regarding strength and trust, rigid and soft forks are at the forefront of managing extreme situations. The fork is a little
break in the chain; on the Blockchain, such an event is viewed as normal. On the other hand, a slight process adjustment
could occasionally be necessary, often by integrating fresh software into old procedures. This strategy was employed
in the soft fork scenario to introduce the script concept to Bitcoin. This is comparable to a problem-solving software
patch or bug fix. A significant modification to a protocol is referred to as a "hard fork." It's essential to keep in mind
that the two chains that arise after a hard fork are incompatible. This was the case with the transition from Homestead
to Metropolis Byzantium [47].

To fix a severe software flaw in a decentralized autonomous organization, the Ethereum protocol unexpectedly hard
forked, splitting into Ethereum Classic and Ethereum Core Decentralized Autonomous Organization (DAO). A hard
fork of Ethereum was anticipated. The Ethereum improvements included but not limited to (i) Suggestions for
Ethereum Improvement (EIP and (ii) Transaction processing in parallel.

PoW consensus is still in use, except for every hundred blocks, and the PoS consensus protocol is used to assess it. The
little reward for building blocks was also reduced from 5 ethers to 3 ethers. The terms "soft fork" and "hard fork" in
the context of Blockchain relate, respectively, to the release of bug patches and new operating system versions. Forks
are techniques that increase the robustness of the Blockchain system. Well-managed forks contribute to the growth of
trust in the Blockchain by providing methods to handle unforeseen faults and planned improvements. You may find
the documentation for other EIPs here [54].

Forks, whether hard or soft, can lead to a loss of trust in the blockchain network if users perceive instability, conflicts
within the community, or concerns about future splits. Trust is critical for maintaining a solid user base and secure
transaction processing. A loss of trust can result in reduced network participation and value. Furthermore, forks can
provide new attack vectors for malicious actors. For example, they may exploit the uncertainty or confusion following
a fork to launch phishing attacks, impersonate network validators, or attempt to disrupt exchanges and services handling
both versions of the Blockchain. Forks, whether hard or soft, come with built-in security risks that can undermine
blockchain agreements, divide communities, and create new vulnerabilities. Hard forks risk creating permanent
network divisions, spreading resources thin, and enabling replay attacks, while soft forks can temporarily weaken
agreement, introduce bugs in new rules, and pose centralization risks. To address these risks, clear communication,
broad community support, robust replay protection, and comprehensive testing are needed before making any changes
to the protocol. In both scenarios, the blockchain ecosystem needs to balance the need for innovation and upgrades and
the necessity of upholding network security and integrity [67].

8. Security Improvement

Another method of demonstrating security is by using the encryption algorithm. As seen below, several methods are
frequently used for chain security as well as effective validation and verification [61], [62]:
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8.1. Asymmetric Key Encryption

Using two public and private keys that are mathematically related but not identical, asymmetric cryptography encrypts
data [61]. While decryption uses the private key, encryption uses the public key. Each key has a particular function,
unlike symmetric vital approaches that utilize the same key for encryption and decryption.

It should be noted that it is computationally impossible to deduce the private key from the public key. As a result,
public keys may be freely distributed, enabling users to easily and quickly encrypt data and validate digital signatures.
Private keys can be kept secret, ensuring that only those who possess them can establish digital signatures and decode
content [61], [62] figure 8. The Keys' Mechanism (PoW).
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Figure 8. Keys Mechanism (Public and Private) [61].

Public keys are stored in digital certificates to facilitate secure distribution and transmission, as their size makes them
impractical to remember. In contrast, private keys are not shared; they are securely stored within the software or
operating system you use or on specialized hardware (like a USB token or hardware security module) equipped with
drivers that ensure compatibility with your software or system. These digital certificates are issued by Certificate
Authorities (CASs) [62], [63].

8.2. Public-Key Cryptography

Anyone may use the public key to encrypt data because it is available. On the other hand, the private key is kept a
secret and can only be used by those with it to decode data [61]. Suppose that Donald Trump posts a private message
on Facebook. Facebook must ensure that nobody in the middle (like the NSA or an internet service provider) can see
the communication when the former president sends it. Faster transaction verification through network communication
is one benefit of this encryption. There are several key benefits to using public and private key encryption. First, the
public key is accessible to everyone, allowing open communication without compromising security. Second, the private
key must remain secure; if exposed, intermediaries or unauthorized users could potentially decode sensitive
information. This public-private key pairing lets computers quickly encrypt and decrypt messages, streamlining secure
communication. Furthermore, decrypting an encrypted message without the private key is extremely difficult and time-
consuming, potentially taking millions of years to break.

The kernel of the situation is that each public-key cryptography technique has a unique trapdoor function. A trapdoor
function has just one way to be calculated, or at least one that can be quickly calculated (with current computers, in
fewer than millions of years) [64]. There is no function for a trapdoor:

A+B=C (1)

If the private key is one of the two main components of the public key, the public key is a huge number. This is an
excellent example of a trapdoor function since adding the numbers in the private key together is straightforward to
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obtain the public key. Recreating the private key using a computer will take much time, even if you have the public
key [64].

8.3. Rivest Shamir Adleman (RSA)

The RSA protocol supports public-key encryption and digital signatures [65]. This approach lets the receiver transmit
a message that can be encoded by any sender but can only be decoded by the recipient. As a result, anybody can encrypt
and deliver data over any public channel; only the first receiver can decode the data [66].

The user can transfer the encrypted data after completing authentication RSA. The user's private key will be used to
encrypt the data. Next, the encrypted data and the public key will be delivered. On the other hand, the proxy will get
both the public key and the encrypted data, and it will use its private key to decode it [66].

8.4. Elliptic Curve Cryptography (ECC)

The key pair in the Bitcoin and Ethereum blockchains are generated using an algorithm from the ECC family [65]. as
seen in figure 9.
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Figure 9. ECC Carve [67].

The private key must be 200 digits or more to be considered safe in actual cryptography. You would use ECC for the
same reasons RSA is used. RSA and ECC generate a public and private key that permits secure communication between
two parties. A 256-bit key in ECC offers almost the same amount of security as a 3072-bit key in RSA, which is one
advantage of ECC. ECC permits 10% of RSA's storage and bandwidth to be used by devices with constrained resources,
such cellphones, embedded computers, and cryptocurrency networks. Figure 10 illustrates how both bitcoin and
Ethereum use ECC-based algorithms for encryption.

Figure 10. Comparing key pair of ECC and RSA [67].

Encryption methods are vital for safeguarding the security and integrity of blockchain systems. The following are some
fundamental encryption techniques that play a crucial role in securing blockchain operations [68]:
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8.4.1. Multi-Factor Authentication (MFA)

MFA is a robust security measure that requires users to verify their identity using a combination of different credentials
before being granted access to blockchain systems. These credentials can include traditional elements like passwords
or PINs and more advanced factors such as one-time passwords (OTPSs), security tokens, smartphones, and biometric
data like fingerprints or facial recognition. In the context of Blockchain, MFA plays a critical role in fortifying the
security of wallets and accounts by introducing an additional layer of protection beyond just passwords. This means
that even if a password is compromised, the use of supplementary verification methods helps to thwart unauthorized
access to valuable blockchain assets, thereby mitigating the risks associated with hacking and theft [68].

8.4.2. Secure Key Management

Private keys are critical in blockchain technology, enabling users to access assets, sign transactions, and secure
communications. Employing robust key management methods is essential to ensure these keys are stored, transmitted,
and managed securely [68].

Hardware Security Modules (HSMs) are physical devices designed to securely generate, store, and protect private keys,
reducing the risk of exposure to malware and external threats. Cold Storage, which involves storing private keys offline
(in cold wallets), protects against online attacks. Examples of cold storage solutions include hardware wallets and paper
wallets, both of which remain disconnected from the internet.

Hierarchical Deterministic (HD) Wallets can generate multiple private keys from a single seed, simplifying the backup
and recovery process while maintaining a high level of security. Implementing secure essential management practices
is crucial for blockchain users and organizations to retain control over their assets, effectively minimizing the risks of
critical loss or unauthorized access.

8.4.3. Smart Contract Auditing

Smart contracts are essentially self-executing programs that exist and operate on blockchains. They are commonly
utilized in decentralized applications (dApps), token issuance, and automated processes. However, it's essential to be
aware that bugs or vulnerabilities within intelligent contracts can potentially result in exploits or loss of funds. To
mitigate such risks, security experts conduct smart contract auditing before deployment. This process involves a
comprehensive examination of the code to pinpoint any potential flaws, logic errors, or vulnerabilities. Specifically,
auditors scrutinize for issues such as reentrancy attacks, which have the potential to facilitate double withdrawals or
other malicious activities. Moreover, formal verification techniques employing mathematical methods prove that a
contract behaves as expected under various scenarios. Ultimately, regular smart contract audits play a critical role in
upholding trust in blockchain applications, minimizing risk, and averting costly exploits, as evidenced by past incidents
involving platforms like The DAO or Poly Network [68].

By leveraging advanced security measures such as MFA, Secure Key Management, and Smart Contract Auditing,
blockchain systems can bolster their defenses against unauthorized access and attacks. These encryption-based
strategies play a crucial role in safeguarding user assets, mitigating potential vulnerabilities, and instilling confidence
in the reliability and robustness of blockchain platforms.

9. Cryptographic Considered Secure

A particular kind of hash function that works well for cryptography is called a cryptographic hash function [27]. A
cryptographic hash function has to have the qualities listed and explained below [69] to be thought of as secure:

9.1. Deterministic

You will always get the same output no matter how often you run a specific input through a hash function. Determining
is crucial since using different hashes each time will make it difficult to follow the input.

9.2. Quick Computation

The hash function should quickly return the input hash. The system will be ineffective if the process is not swift enough.
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9.3. Pre-Image Resistance

It only requires comparing the hashes of all numbers from 1 to 6, which is simple. You can compare hashes and return
the original data since hash functions are deterministic and produce the same hash for any input. This, however, only
functions when there is significantly less data available. The primary strategy for finding the original input is known
as the "brute-force approach.” In the brute-force approach, random data is collected hashed, the result is compared to
the target hash, and the process is repeated until a match is discovered.

9.4. Changes in Input Hash

It is a critical function since hashing contributes to immutability, one of the Blockchain's most outstanding features.
The hash will change significantly even if users make a minor change to the input. Using SHA-256, let's test it out:
Check out how much the output hash has changed after the case of the initial letter of the input has been altered.

9.5. Collision Resistant

With two different inputs, A and B, where H(A) and H(B) are their respective hashes, H(A) can't equal H(B) (B). A
unique hash will be assigned to each input. The square root of N random items colliding has a 50% chance of happening
when there are N possible outcomes for an event.

Consider a 128-bit hash that has two 128 potential results. In other words, it is far simpler to overcome impact resistance
than pre-image resistance. Even though no hash function is collision-free, identifying a collision often takes a lot of
time. When employing a function like SHA-256, it is acceptable to assume that:

A=B if H(A) = H(B) @)

9.6. Puzzle Friendly

The consequences and effects of just this one trait for Bitcoin are enormous. It is a fascinating property Puzzle Friendly.
If k is chosen from a distribution with maximum, it is impossible to find an input x such that H(k|x) = Y for every
output "Y." That most likely means that the distribution from which the value is drawn is very scattered; nonetheless,
there is very little likelihood of selecting a random value. An assortment with a low min-entropy is one between 1 and
5. Indicating concatenation is the symbol "|." Concatenation is the procedure used to connect two strings. For, Let's say
your output value is "Y." If you choose a random value "k" from a wide distribution, it is impossible to find a number
X such that the hash of the concatenation of k and x yields the result Y. It's essential to remember that "infeasible™ does
not equate to "impossible,” as individuals often achieve this.

10. Scalability with Blockchain-Cloud and Its Impact on Security

In cloud computing, scalability enables service providers to adjust resources to meet changing user demands. However,
this flexibility can pose security risks, as over- or under-provisioning may lead to data breaches or denial-of-service
(DoS) attacks. Managing security in distributed environments is complex, as organizations must secure a larger
potential attack surface. As cloud systems scale, controlling identity and access becomes increasingly challenging,
raising concerns about unauthorized access and data leaks [20].

Cloud computing faces critical vulnerabilities such as DDoS attacks and data breaches. DDoS attacks inundate cloud
services with excessive traffic, causing downtime and increased operational costs. Cloud providers counter these
attacks with traffic filtering and DDoS protection services. Data breaches result from misconfigurations, weak access
controls, or insider threats, leading to significant financial and reputational damage. Encryption, robust identity
management, and continuous monitoring are crucial for preventing these vulnerabilities and ensuring cloud security.

Blockchain's decentralized and consensus-based nature creates scalability challenges. As more nodes join and
transaction volume increases, the network may experience slower processing times and higher costs. Consensus
mechanisms like PoW and PoS become bottlenecks as the network scales, and 51% of attacks become more feasible
with large, centralized mining pools or participants controlling most of the computational power.
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10.1. Interplay Between Scalability and Security in Both Systems

The challenge of scalability in Blockchain and Cloud Computing is multifaceted, as it involves the delicate balance of
maintaining security while expanding capacity. In the realm of Cloud Computing, rapid scalability can significantly
complicate the task of securing distributed resources, thereby making it increasingly challenging to enforce robust
security controls. Similarly, in the context of Blockchain, endeavors to enhance scalability through methods like
sharding or layer-two solutions (such as the Lightning Network for Bitcoin) can potentially introduce new
vulnerabilities. This is because these methods may reduce redundancy and decentralization, vital for ensuring security
within the Blockchain ecosystem [70], [71].

10.2. Addressing Scalability with Blockchain-Cloud Integration

Integrating Blockchain's decentralized security model with the scalability benefits of cloud computing poses a
significant challenge for both Blockchain and Cloud Computing infrastructures. It is crucial to address this challenge
to ensure that these systems can effectively accommodate the growing demands of users while upholding their
performance and security standards [68], [71].

10.3. Scalability in Cloud Computing and Its Security Implications

Cloud computing is designed to be highly scalable, allowing for the seamless adjustment of resources such as storage,
processing power, and network bandwidth based on demand. However, cloud infrastructures expand to accommodate
a growing user base and a more comprehensive range of applications [71].

As cloud systems expand, the number of potential attack entry points increases, making securing all nodes and services
harder. Improper resource allocation during scaling, such as over-provisioning or under-provisioning, can lead to
vulnerabilities. For example, under-provisioning can cause performance issues and make systems vulnerable to DoS
attacks, while over-provisioning can increase unnecessary costs and complicate access control management.
Additionally, managing and securing large volumes of data across distributed locations becomes more complex as
cloud services scale, increasing the risk of data breaches and loss, especially in multi-tenant environments where
multiple clients share infrastructure.

10.4. Scalability in Blockchain and Its Security Implications

Blockchain technology faces unique scalability challenges due to its decentralized and consensus-based nature, where
multiple nodes must verify each transaction. This requirement can lead to slower processing times and increased
operational costs as the network expands, posing security implications that affect its ability to process transactions
efficiently and securely [71]. One major issue is the limitations of consensus mechanisms: blockchains that use
protocols like PoOW or PoS struggle with increased network activity, leading to slower transaction speeds and higher
energy consumption. These limitations can create bottlenecks and even leave the system susceptible to 51% attacks,
where an entity controlling most of the network's computational power could potentially alter transaction records.
Another issue is the risk of centralization; some blockchain networks attempt to enhance scalability by implementing
centralized solutions or reducing the number of nodes required for transaction validation. While this improves speed,
it weakens the security provided by decentralization, introducing single points of failure and the risk of collusion among
influential participants. Finally, delays in transaction validation are common in busy networks, as the time needed to
validate and confirm transactions increases with higher network traffic, causing transaction delays.

10.5. Addressing Scalability with Blockchain-Cloud Integration

Combining Blockchain and Cloud Computing technologies can effectively address scalability challenges while
maintaining robust security measures [71]. One potential approach is the implementation of layered solutions in
Blockchain, such as the Lightning Network for Bitcoin. These innovative technologies are designed to reduce the main
Blockchain's load by diverting transaction processing to secondary layers, enabling the network to handle a higher
volume of transactions without overburdening the consensus mechanism. This enhances the Blockchain ecosystem's
scalability while ensuring the underlying infrastructure remains secure and robust. Another technique is sharding,
which involves dividing the Blockchain network into smaller, more manageable segments called shards. Each shard
handles a specific portion of transactions, aiming to improve the network's scalability. However, sharding can introduce
security challenges, as each shard may experience reduced decentralization, making it more susceptible to security
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breaches and attacks. Additionally, integrating blockchain technology into cloud computing platforms for decentralized
resource management presents a promising solution. This decentralized cloud approach allows platforms to allocate
resources securely and efficiently dynamically, leveraging Blockchain's transparency and trust features. Furthermore,
blockchain technology ensures data integrity and provides tamper-proof auditing within cloud environments, enhancing
scalability and security in cloud-based systems.

10.6. Balancing Scalability and Security

The expansion of Blockchain and Cloud Computing must be carefully managed to guarantee that security is not
threatened. Measures to improve scalability should not undermine decentralization, integrity, or confidentiality. Both
cloud service providers and Blockchain networks should seek solutions that balance performance, cost, and security,
ensuring that the scalability enhancements are implemented without sacrificing crucial aspects of the systems. They
were delving into alternative consensus mechanisms, such as PoA or DPoS, which offer enhanced energy efficiency
and scalability while upholding robust security measures. Leveraging hybrid models is essential for optimizing
transaction processing. By employing these models, non-sensitive transactions can be processed off-chain (in the case
of Blockchain) or off-cloud (in the case of Cloud Computing). This strategy effectively alleviates congestion and
significantly enhances scalability [71].

10.7. Here Are Real-World Studies Involving Blockchain and Cloud Computing

This section provides summaries of notable security incidents related to blockchain and cloud computing, as detailed
in table 1. These incidents highlight vulnerabilities stemming from misconfigurations, inadequate access controls, and
weaknesses in smart contract security. Each case underscores critical lessons for maintaining robust cloud security,
ensuring proper configuration management, and conducting comprehensive code audits to prevent similar breaches in
the future.

Table 1. Summary of significant security incidents related to blockchain and cloud computing

Incident Description Key Lesson
Capital One Data Misconfiguration of an AWS firewall exposed sensitive Highlights the importance of proper
Breach (2019) information of over 100 million customers, leading to an $80  cloud configuration management.
million fine.
Ethereum DAO A vulnerability in the DAO's smart contract allowed an Stresses the need for comprehensive
Hack (2016) attacker to steal $60 million in Ether, prompting a hard fork ~ code audits.
to recover the funds.
Microsoft Azure A misconfigured database on the Azure cloud platform Emphasizes the importance of regular
Data Breach (2020)  exposed sensitive customer data, raising concerns about configuration reviews.
cloud data security.
Bitfinex Hack The compromise of multi-signature wallets led to the Reinforces the need for robust security
(2016) unauthorized transfer of $72 million in Bitcoin. measures in cryptocurrency
exchanges.
Parity Wallet Hack ~ The breach in multi-signature wallets allowed a hacker to Underlines the necessity of thorough
(2017) steal over $30 million in Ether. security audits for smart contracts.
AWS S3 Bucket Organizations like Verizon and Accellion suffered data leaks  Highlights the need for stringent
Exposures due to publicly accessible, misconfigured S3 buckets. access controls in cloud storage
settings.

Capital One Data Breach (2019): The misconfiguration of an AWS firewall resulted in the exposure of sensitive
information belonging to over 100 million customers. This incident led to Capital One being fined $80 million, a stark
reminder of the critical importance of proper cloud configuration management.

Ethereum DAO Hack (2016): In the past, a vulnerability in the DAO's smart contract resulted in an attacker stealing
$60 million worth of Ether. This unfortunate incident prompted a contentious hard fork to recover the funds, a powerful
reminder of the critical importance of conducting comprehensive code audits.
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Microsoft Azure Data Breach (2020): A misconfigured database in the Azure cloud platform exposed sensitive data
from its customers. This incident has sparked concerns regarding cloud data security and emphasized the importance
of conducting regular configuration reviews to prevent such breaches.

Bitfinex Hack (2016): Bitfinex's multi-signature wallets were compromised, leading to the unauthorized transfer of
$72 million in Bitcoin. This significant breach emphasized the critical need for implementing and maintaining strong
security measures within cryptocurrency exchanges.

Parity Wallet Hack (2017): The breach in Parity's multi-signature wallets resulted in a hacker absconding with over
$30 million worth of Ether. This incident underscores the importance of conducting comprehensive security audits
while developing smart contracts.

AWS S3 Bucket Exposures: Numerous organizations, such as Verizon and Accellion, experienced data leaks due to
misconfigured S3 buckets left publicly accessible, highlighting the importance of implementing stringent access
controls.

The recent security breaches are a stark reminder of the formidable hurdles confronting organizations leveraging
Blockchain and Cloud Computing technologies. These incidents underscore the critical importance of implementing
robust security measures, conducting thorough audits, and adhering to best practices in development and configuration.
These actions are essential for fortifying defenses against vulnerabilities and minimizing the potential fallout from
security breaches.

The vulnerabilities and challenges faced by different consensus mechanisms in blockchain technology are crucial
factors to consider in ensuring a network's security, efficiency, and decentralization. In PoW networks, the risk of 51%
attacks allows a single entity with the majority computational power to manipulate transactions. Similarly, wealthier
or more influential participants can dominate the network, posing similar threats in PoS and DPoS systems. Consensus
mechanisms like PoW and BFT may encounter scalability challenges due to their reliance on significant computational
resources and node communication, leading to limited transaction throughput. Despite being designed for
decentralization, consensus models like PoS, DPoS, and PoA introduce centralization risks. Wealth concentration,
voting mechanisms, and reliance on trusted validators can result in unequal power distribution among participants.
While PoW offers robust security, it is energy-intensive.

On the other hand, PoS and DPoS are more energy-efficient but may face significant security trade-offs as network
centralization increases. Choosing a trust mechanism significantly impacts a blockchain's security, efficiency, and
decentralization. It is essential to carefully consider the trade-offs associated with each consensus model based on the
specific needs of the network and its intended use cases.

11. Conclusion

The Cloud Computing environment should allow for universal access to data storage services. However, there are a
variety of security issues explained carefully in this article that might prevent this from happening. These features,
supported by an attractive and economical approach, have led to growing support for this article. The primary reason
for bitcoin transactions is the exchange of bitcoins. The text strings corresponding to the bitcoins being traded are
unique to each transaction.

Meanwhile, some Blockchain systems record the ownership of the assets or shares that are a part of a transaction. A
private key, a long number generated by an algorithm designed to produce a random and unique result and linked to
any data in the bitcoin system, identifies ownership. The second level will be availability, as providers can be victims
of attacks that stop their operations running. The attacks are the consequence of preserving private critical
vulnerabilities; these assaults are not the result of a weakness in bitcoin's security. All sensitive and essential data must
be encrypted before posting to prevent users from accessing each other's files. This paper discusses security issues that
arise with the user to prevent users from accessing each other's files; all sensitive and essential data must be encrypted
before being posted. There are no controls to regulate access to sensitive files, including those containing passwords.
The data transfer security within the cloud is currently not ensured by using file encryption techniques.
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Moreover, both Blockchain and Cloud Computing face significant challenges related to scalability. Overcoming these
challenges requires a thorough understanding of the security implications involved. The future success of both systems
must embrace innovative technologies and hybrid solutions that enhance scalability without compromising security.
These incidents underscore the urgent need for enhanced security measures and best practices in Blockchain and Cloud
Computing environments.
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