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ABSTRACT

Bitcoin's underlying era, blockchain, has attracted quite a few
interests recently. Blockchain acts as an immutable ledger that
permits decentralized transaction processing. A growing number
of industries, consisting of monetary offerings, reputation
management, and the internet of things (loT), are relying on
blockchain technology. Blockchain era still faces several
boundaries, inclusive of scalability and security problems that
want to be addressed. This paper presents an intensive
introduction to blockchain technology. First, we provide a brief
creation to blockchain architecture earlier than contrasting some
not unusual consensus methods utilized in diverse blockchains.
We also in short evaluate the technical difficulties and recent
advances. We additionally define capability blockchain traits for
the destiny.

Keywords
Scalability, decentralization, consensus, and blockchain

1. INTRODUCTION

The time period "cryptocurrency" has recently won reputation in
each commercial enterprise and academia. Bitcoin is one of the
maximum successful cryptocurrencies, with its capital market
exceeding $10 billion in 2016 [1]. The key technology used to
increase Bitcoin is the blockchain, which became first proposed
in 2008 and delivered in 2009 [2]. With a particularly designed
information storage shape, transactions on the Bitcoin network
ought to take area without the involvement of a third celebration.
All showed transactions are recorded in a listing of blocks on the
blockchain, which can be concept of as a public ledger. This
chain expands as new blocks are constantly introduced. For
consumer safety and ledger consistency, uneven cryptography
and distributed consensus algorithms have been used.

Blockchain can be used in a diffusion of financial offerings,
including digital assets, remittances, and online payments,
because it lets in payments to be processed without the use of a
financial institution or different intermediary [3], [4]. It may also
be used in other industries, such as clever contracts, public
offerings, and the internet of things, recognition structures.
These industries benefit from Blockchain in numerous methods.
Blockchain is immutable, first. Once a transaction is saved in
Blockchain, it cannot be changed. Blockchain may be utilized
by agencies that want to be very dependable and honest so as to
appeal to customers. Also, seeing that Blockchain is
decentralized, it can save single points of failure. even though
blockchain generation offers a good deal capability for the
improvement of future net services, there are some of technical
difficulties it must triumph over. initially, scalability is a major
trouble. presently, a Bitcoin block can handiest be 1 MB in
length, and a block is mined about every 10 minutes. As an end
result, the Bitcoin community can simplest technique 7
transactions in line with 2d, making it not able to address high-
frequency buying and selling. but larger blocks require extra
garage space and propagate more slowly across the network. The
increasing centralization that effects from fewer and fewer users

looking to preserve one of these massive blockchain will reason
this to appear. As an end result, it has tested hard to stability
block length and safety. Second, it has been proven that
egocentric mining strategies can cause miners making more
money than is truthful [10] and be able to make more money in
the future, miners conceal their extracted blocks. In this
situation, forking could arise frequently, which would slow
down the improvement of the blockchain. Consequently, a few
treatments want to be proposed to solve this problem. Further,
it's been shown that privateness leakage can occur in blockchain
although users only use their public and private keys for
transactions [11]. Further, there are numerous widespread
problems with cutting-edge consensus techniques including
proof of work and evidence of Stake. As an example, the proof
of Stake consensus technique can also display the anomaly that
the wealthy get richer, while proof of labor wastes excessive
electricity.

Numerous resources, consisting of blogs, wikis, discussion
board postings, codes, conference proceedings, and journal
articles, have a wealth of information on blockchain. A technical
study on decentralized digital currencies, which include Bitcoin,
become performed through Tschorsch et al. [12]. It specializes
in blockchain technology instead of digital currencies. A
technical report on blockchain was published by way of the
Nomura studies Institute [13]. It focused on blockchain research,
encompassing present day advancements and rising traits.

The blockchain architecture is introduced in segment 2. The
common consensus algorithms used in blockchain are displayed
in segment 3. The technological difficulties and maximum
recent traits in this discipline are summarized in section 4. The
paper is concluded in segment 6 after phase 5 explores a few
potential destiny instructions.

Numerous sources, including blogs, wikis, forum postings,
codes, conference proceedings, and journal articles, have a
wealth of information on blockchain. A technical study on
decentralized digital currencies, such as Bitcoin, was conducted
by Tschorsch et al. [12]. Our study differs from [12] in that it
focuses on blockchain technology rather than virtual currencies.
A technical report on blockchain was published by the Nomura
Research Institute [13]. Study is focused on cutting-edge
blockchain research, encompassing current advancements and
emerging developments.

The blockchain architecture is introduced in Section 2. The
common consensus algorithms used in blockchain are displayed
in Section 3. The technological difficulties and most recent
developments in this field are summarized in Section 4. The
paper is concluded in section 7 after section 5 explores some
prospective future directions.
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2. BLOCKCHAIN ARCHITECTURE
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Fig. 1: An example of blockchain which consists of a
continuous sequence of blocks.
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Fig. 2: Block internal structure

Blockchain is a series of blocks like a traditional public
ledger, contains an exhaustive list of transaction records [14].
A blockchain is shown as an example in Figure 1. A block
only has one parent block if the block header contains a
preceding block hash. The internals of blockchain are then
thoroughly explained.

2.1 Block

A block consists of the block header and the block body as

proven in figure 2. particularly, the block header consists of:

(i) Block version: Specifies which set of block
validation tips to use.

(i) Merkle tree root hash: the sum of all the block's
transactions.

(iif) Timestamp: the modern time expressed in seconds
relative to the start of astronomical time

(iv) nBits: the preferred minimal length of a legitimate
block hash.

(v) Nonce: a 4-byte subject that normally starts with 0
and rises with every hash computation (in addition
records about as soon as is furnished in section I11).

(vi) A 256-bit hash fee that refers to the previous block
is the discern block hash.

A transaction counter and transactions make up the block
frame. relying at the block length and the size of each
transaction, a block can incorporate a maximum wide variety
of transactions. Blockchain validates the authenticity of
transactions via an asymmetric cryptography algorithm [13].
In an unreliable environment, asymmetrical virtual signatures
are utilized. next, we give a short example of a virtual
signature.

2.2 Digital Signature

Each user as a fixed of personal and public keys. The
transactions are signed the use of a private key that need to be
saved secret. The transactions which have been digitally signed

are disseminated across the entire network. the two steps of an
ordinary virtual signature are the signing segment and the
verification phase. for example, consumer Alice wants to talk
with consumer Bob.

(1) Alice uses her personal key to encrypt the statistics she
desires to sign, then she offers Bob each the encrypted records
and the authentic records.

(2) Bob verifies the cost within the verification stage the usage
of Alice's public key. Bob may additionally then quickly decide
if the data has been altered or no longer. The elliptic curve is the
not unusual digital signature m approach utilized in blockchains
is the elliptic curve digital signature set of rules (ECDSA) [16].

2.3 Key Characteristics of Blockchain

2.3.1 Decentralization: Blockchain operates on a distributed
network where no single entity holds control. Instead of relying
on a central authority, decisions are made collectively by all
participating nodes, enhancing security and reducing the risk of
centralized control or failures.

2.3.2 Persistency: Once a transaction is recorded on the
blockchain, it is permanent and unchangeable. This ensures data
integrity, as the records cannot be altered or deleted, making the
system highly reliable for keeping historical information.

2.3.3 Anonymity: Blockchain allows users to conduct
transactions without revealing their real identities. Participants
are identified through cryptographic addresses, ensuring privacy
while still maintaining trust in the system.

2.34 Auditability: The blockchain's transparent and
chronological record of all transactions makes it easy to track
and verify data. This auditability ensures that every transaction
can be traced back to its origin, promoting transparency and
trustworthiness in the network.

Table 1: Comparisons among public blockchain,
consortium blockchain and private blockchain

Property Public blockchain | C ium blockchain | Private blockchain

Consensus All miners Selected set of nodes One organization

Read permission | Public Could be public or Could be public or

restricted restricted

Immutability Nearly impossible | Could be tampered Could be tampered
to tamper

Efficiency Low High High

G i No Partial Yes

Consensus process | Permissionless Permissioned Permissioned

2.4 Taxonomy of blockchain systems

Public blockchain, personal blockchain, and consortium
blockchain are the three standard classes used to describe
modern blockchain systems [17]. In a public blockchain, all of
us may additionally get entry to all facts and take part in the
consensus method. however, in a consortium blockchain, the
consensus manner might handily involve a select few nodes.
regarding personal blockchain, handiest nodes from a single
enterprise might be permitted to participate within the consensus
procedure.

A non-public blockchain is considered as a centralized network
due to the fact handiest one organization has whole control over
it. on account that just a small range of nodes might be selected
to decide the consensus, the consortium blockchain constructed
with the aid of several businesses is simplest partially
centralized. The three distinct kinds of blockchains are as
compared.

2.4.1 Consensus determination- every node on a public
blockchain might take part in the consensus system. And with
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consortium blockchain, simplest a delegated organization of
nodes are in charge of validating the block. concerning
personal chains, they are absolutely under the authority of 1
agency, which has the energy to pick out the closing
consensus.

2.4.2 Read permission- in relation to a private blockchain or
a consortium blockchain, it relies upon if transactions are
visible to most of the people.

2.4.3 Immutability- Transactions in a public blockchain are
almost not possible to adjust with due to the fact information
are saved on a big number of participants. alternatively,
because there are fewer members in a private blockchain or a
consortium blockchain, transaction.

2.4.4 Efficiency- As there are numerous nodes within the public
blockchain community, it takes a long term for blocks and
transactions to spread. As an end result, there's low transaction
throughput and excessive latency. personal blockchain and
consortium blockchain may be greater powerful with fewer
validators.

2.45 Centralized- Public blockchains are decentralized,
consortium blockchains are in part centralized, and personal
blockchains are absolutely centralized since they are managed
through an unmarried entity. that is the major distinction among
the three types of blockchains.

2.4.6 Process of consensus- The public blockchain's consensus
method is open to participation from everybody in the globe.
both consortium blockchain and personal blockchain are
permissioned, not like public blockchain. Public blockchain can
attract many customers and companies due to the fact it's miles
handy to everybody inside the globe.

Since public blockchain is accessible to everyone, it can entice
a big consumer base and vibrant communities. each day, new
public blockchains are created. The consortium blockchain has
numerous capacity enterprise makes use of. presently,
Hyperledger [18] is creating blockchain frameworks for
company consortiums. moreover, Ethereum has supplied
equipment for developing consortium blockchains [19].

3. CONSENSUS ALGORITHMS

The Byzantine Generals Problem (BGP) illustrates the
challenge of achieving consensus among distributed and
potentially unreliable nodes[20]. In this scenario, a group of
generals commanding different divisions of the Byzantine
army must decide whether to attack a city or retreat.
However, some generals may have conflicting opinions, and
the success of their action relies on a coordinated decision: if
not all loyal generals agree to attack, the attempt will fail.

This problem translates directly to blockchain technology,
where nodes in a decentralized network must reach
agreement on the state of the ledger without a central
authority. The challenge is further complicated by the
potential for unreliable or malicious nodes, which may
attempt to disrupt the consensus process.

In a blockchain, ensuring that all nodes maintain identical
ledgers is crucial. To achieve this, various consensus
mechanisms have been developed to address the Byzantine
Fault Tolerance (BFT) problem and ensure consistency
across the network.

3.1 Approaches to consensus

3.1.1 Proof of Work (PoW): Miners compete to solve
complex mathematical puzzles to validate transactions and

create new blocks.

Pros: High security due to the computational effort required;
widely tested and proven.

Cons:Energy-intensive and environmentally unfriendly;
can lead to slower transaction times.

3.1.2 Proof of Stake (P0S): validators are chosen
to create new blocks based on the number of coins they hold
and are willing to "stake" as collateral.

Pros: More energy-efficient compared to PoW; incentivizes
users to hold onto their tokens.

Cons: Potential centralization if a few holders dominate the
stake; "nothing at stake" problem.

3.1.3 Delegated Proof of Stake (DPo0S): Token
holders vote to elect a small number of delegates who are
responsible for validating transactions and maintaining the
network.

Pros: Faster transaction times; reduced energy
consumption; allows for democratic governance.

Cons: Potential for centralization if a few delegates gain too
much power; risks of "vote buying."

3.1.4 Practical Byzantine Fault Tolerance
(PBFT): Designed for permissioned blockchains, PBFT
allows nodes to reach consensus even if some nodes are
unreliable, typically requiring a two-thirds majority for
agreement.

Pros: High throughput and low latency; resilient against
malicious nodes.

Cons: Requires a known set of participants; can become
inefficient as the number of nodes increases.

3.1.5 Proof of Authority (POA): A limited number

of pre-approved validators are responsible for validating
transactions and creating blocks.

Pros: Fast and efficient; low resource consumption; suitable
for private and consortium blockchains.

Cons: Centralization risk; relies on the trustworthiness of
the authorities.

3.1.6 Federated Byzantine Agreement (FBA):
Nodes form "quorums" and reach consensus based on a pre-
selected set of trusted nodes.

Pros: Flexibility in trust assumptions; can achieve
consensus with fewer messages.

Cons: Requires participants to agree on the set of trusted
nodes; potential for collusion.

Conclusion

The choice of consensus mechanism significantly affects the
performance, security, and decentralization of a blockchain.
Each approach has its strengths and weaknesses, and the
selection often depends on the specific requirements of the
blockchain application being developed.

TABLE 2: Consensus Algorithms Comparison
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Fig. 3: Multiple Branches

Fig. 3: An example of a blockchain with multiple branches,
where the longer department subsequently turns into the
principle chain while the shorter department is dropped. A block
header hash fee is decided by each node of the PoW community.
The block header contains a nonce, which miners often modified
to supply exceptional hash values. The consensus states that the
predicted cost ought to be decrease than or equal to a particular
given fee. the opposite nodes then need to mutually confirm that
the hash value is accurate after receiving the block when a node
reaches the desired price and proclaims it to all other nodes. If
the block is validated, similarly miners will upload it to their
individual blockchains. Miners are nodes that carry out hash
calculations, and the PoW procedure is referred to as mining in
Bitcoin.

In a decentralized network, legitimate blocks can be generated
concurrently if numerous nodes discover the proper nonce
nearly concurrently. therefore, branches much like the ones in
figure three may end result. it's miles fantastic that opposing
forks will generate the following block simultaneously. inside
the PoW protocol, a chain that continues becoming longer is
seemed as the real one. consider two forks that resulted from
simultaneously validating U4 and B4 blocks. The mining
process keeps till a longer branch is determined. considering that
B4, B5 produces a longer chain, the miners on U4 might pass to
the longer branch.

The several laptop calculations required through PoW miners
devour too much system sources. so that it will lessen the loss,
positive PoW protocols that allow some potential aspect-
packages were created. for example, Primecoin [25] searches for
specific prime wide variety sequences which can be beneficial
for mathematical studies. PoS (evidence of stake) is a PoW
replacement that uses less electricity. An evidence-of-stake
mechanism requires miners to prove they are the rightful
proprietors of the finances. its miles believed that folks who
possess more currencies are less probable to attack the network.
deciding on applicants primarily based entirely on account
balance is extraordinarily unfair because the wealthiest
candidate might inevitably dominate the community. therefore,
a number of options are proven at the side of the stake quantity
to choose which one can be utilized to create the following
block. Black coin [26] uses unpredictability in particular to
predict the destiny. It uses a component that searches for the
hash value with the lowest price even as accounting for the stake
amount. Peercoin prefers coin selection based totally on age
[21]. Peercoin's coming near block is more likely to contain
older and large corporations of currency. in comparison to PoW,
PoS is greater powerful and makes use of less strength.
unluckily, attacks may want to occur considering mining prices
are so low. Many blockchains start out utilizing POW and switch
over to PoS over the years. As an illustration, Ethereum intends
to replace from Ethash, (a sort of PoS) [28].

3.2 Advances on consensus algorithms

A terrific consensus algorithm manner efficiency, safety and
comfort. these days, a number of endeavors were made to
improve consensus algorithms in blockchain. New consensus
algorithms are devised aiming to resolve some specific problems
of blockchain. the principle concept of Peer Census [33] is to
decouple block creation and transaction confirmation in order
that the consensus speed may be significantly improved. except,
Kraft [34] proposed a new consensus approach to make sure that
a block is generated in a relatively stable speed. its miles
recognized that excessive blocks generation charge compromise
Bitcoin’s safety. So, the greedy Heaviest-located Sub-Tree
(GHOST) chain choice rule [35] is proposed to remedy this
trouble. in preference to the longest branch scheme, GHOST
weights the branches and miners ought to pick the higher one to
comply with. Chepurnoy et al. [36] supplied a brand-new
consensus set of rules for peer-to- peer blockchain structures
wherein anyone who provides non- interactive proofs of
retrievability for the beyond kingdom snapshots is agreed to
generate the block. In this type of protocol, miners handiest must
store vintage block headers as opposed to complete blocks.

4. CHALLENGES & RECENT
ADVANCES

Despite the significant potential of blockchain, it encounters
various challenges that constrain its widespread adoption. Some

31



International Journal of Computer Applications (0975 — 8887)

International Conference on Artificial Intelligence and Data Science Applications - 2023

key challenges and recent advances as follow:

4.1 Scalability

With the number of transactions increasing every day, the
blockchain becomes cumbersome. each node has to shop all
transactions to validate them on the blockchain due to the fact
they have got to test if the source of the modern-day transaction
is unspent or no longer. besides, because of the unique limit of
block size and the time c programming language used to
generate a brand-new block, the Bitcoin blockchain can most
effective process nearly 7 transactions in step with 2d, which
can't fulfill the requirement of processing thousands and
thousands of transactions in real-time style. meanwhile, because
the potential of blocks is very small, many small transactions is
probably delayed considering miners choose those transactions
with excessive transaction fee.

There are a number of efforts proposed to cope with the
scalability problem of blockchain, which can be labeled into two

types:

4.1.1 Storage optimization of blockchain-Consider
that it's far harder for node to operate complete reproduction
of ledger, Bruce proposed a unique cryptocurrency scheme,
wherein the vintage transaction facts are eliminated (or
forgotten) by way of the community [37]. A database named
account tree is used to keep the balance of all non-empty
addresses. except light-weight purchaser could also help fix
this hassle. a unique scheme named Ver Sum [38] become
proposed to provide every other way allowing lightweight
customers to exist. Ver Sum lets in light-weight clients to
outsource highly-priced computations over large inputs. It
ensures the computation result is accurate via evaluating
results from more than one server.

4.1.2 Redesigning blockchain: In [39], Bitcoin-NG
(next Generation) turned into proposed. The principle
concept of Bitcoin-NG is to decouple traditional block into
elements: key block for leader election and micro block to
shop transactions. The protocol divides time into epochs. In
each epoch, miners should hash to generate a key block. as
soon as the key block is generated, the node turns into the
leader who's chargeable for producing micro blocks. Bitcoin-
NG additionally extended the heaviest (longest) chain
approach wherein micro blocks convey no weight. on this
way, blockchain is redesigned and the tradeoff among block
size and network security has been addressed.

4.2 Privacy Leakage

Blockchain can maintain a certain amount of privacy through the
public key and private key. users transact with their non-public
key and public key without any real identification exposure.
however, it is proven in [40], [5] that blockchain cannot assure
the transactional privateness since the values of all transactions
and balances for every public key are publicly seen. except, the
recent take a look at [41] has proven that a consumer’s Bitcoin
transactions can be connected to show person’s records.
moreover, Biryukov et al. [11] provided an approach to
hyperlink consumer pseudonyms to IP addresses even when
customers are in the back of community cope with Translation
(NAT) or firewalls. In [11], every purchaser may be uniquely
identified through a fixed of nodes it connects to. however, this
set may be found out and used to find the beginning of a
transaction. more than one strategy had been proposed to
enhance anonymity of blockchain, which can be roughly
categorized into two sorts:

4.2.1 Mixing [42]: In blockchain, user’s addresses are

pseudonym but it is nonetheless feasible to link addresses to
person real identity as many customers make transactions with
the equal address regularly. mixing service is a kind of provider
which presents anonymity by means of moving funds from more
than one enters addresses to a couple of output addresses. as an
instance, consumer Alice with deal with A wants to ship a few
prices range to Bob with address B. If Alice directly makes a
transaction with enter cope with A and output cope with B,
courting between Alice and Bob is probably discovered. So,
Alice ought to send budget to a trusted intermediary Carol. Then
Carol transfer price range to Bob with multiple inputs c1, c2, c3,
etc., and multiple output d1, d2, B, d3, and so forth. Bob’s cope
with B is likewise contained inside the output addresses. So, it
turns into tougher to show dating among Alice and Bob. but the
middleman might be cheating and display Alice and Bob’s
private records on purpose. it is also feasible that Carol transfers
Alice’s funds to her own deal with in place of Bob’s address.
Mix coin [43] gives an easy method to keep away from cheating
behaviors. The middleman encrypts users’ requirements
consisting of finances amount and switch date with its personal
key. Then if the middleman did now not transfer the cash,
anybody ought to affirm that the middleman cheated. but theft is
detected but nevertheless no longer prevented. Coinjoin [44]
relies upon on a significant blending server to shuffle output
addresses to prevent theft.

Anonymous: In Zerocoin [46], zero-knowledge proof is
used. Miners are not required to authenticate a transaction
through a digital signature; instead, their validation focuses
on confirming that the coins involved belong to a recognized
list of valid coins. Payment’s origin is unlinked from
transactions to prevent transaction graph analyses. However,
it still discloses information about payment destinations and
amounts. To tackle this issue, zero cash [47] was introduced.
Zero cash utilizes zero-knowledge Succinct Non-interactive
Arguments of Knowledge (zk-SNARKS), which conceals
transaction amounts and the values of coins held by users.

4.3 Selfish Mining

Blockchain is liable to assaults of colluding selfish miners.
specifically, Eyal and Sirer [10] showed that the community
is inclined despite the fact that simplest a small portion of the
hashing energy is used to cheat. In selfish mining strategy,
selfish miners maintain their mined blocks without
broadcasting and the private branch might be found out to the
public most effective if a few necessities are satisfied.
because the non-public department is longer than the cutting-
edge public chain, it could be admitted through all miners.
earlier than the non-public blockchain publishment, sincere
miners are losing their assets on a vain department while
selfish miners are mining their non-public chain without
competition. So selfish miners generally tend to get extra
sales.

Primarily based on selfish mining, many different attacks
have been proposed to expose that blockchain is not so cozy.
In stubborn mining [48], miners should expand its advantage
through non-trivially composing mining assaults with
community-degree eclipse attacks. The path-stubbornness is
one of the stubborn methods that miners still mine the blocks
even though the personal chain is left behind. yet in some
cases, it is able to bring about 13% gains in comparison with
a non-path-cussed counterpart. [49] shows that there are
selfish mining techniques that earn extra cash and are
seasoned desk for smaller miners as compared to easy selfish
mining. but the profits are rather small. furthermore, it
suggests that attackers with much less than 25% of the
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computational resources can nonetheless benefit from selfish
mining. To assist fix the selfish mining problem, Heilman
[50] supplied a novel approach for honest miners to select
which department to observe. With random beacons and
timestamps, honest miners would choose more clean blocks.
but, [50] is prone to mining. But the gains are relatively small.
Furthermore, it shows that attackers with less than 25% of the
computational resources can still gain from selfish mining.
To address the selfish mining problem, Heilman [50]
introduced a novel approach to guide honest miners in
choosing which branch to follow. By incorporating random
beacons and timestamps, honest miners are inclined to select
more recent blocks. However, [50] is vulnerable to forgeable
timestamps. Zero Block [51] builds on the easy scheme: each
block has to be generated and usual via the network within a
most time interval. within Zero Block, selfish miners can't
reap more than its expected praise.

5. POSSIBLE FUTURE DIRECTIONS

Blockchain has shown its capacity in both enterprise and
academia. Future directions can be explored in four key
areas: blockchain testing, addressing the tendency toward
centralization, leveraging big data analytics, and enhancing
blockchain applications. Each of these areas presents unique
opportunities for innovation and improvement, which could
significantly advance the technology and its adoption across
various sectors. By focusing on these domains, stakeholders
can contribute to a more robust and decentralized blockchain
ecosystem.

5.1 Blockchain testing

Currently one-of-a-kind varieties of blockchains seem and
over 700 cryptocurrencies are indexed in [52] thus far. but a
few builders would possibly falsify their blockchain
performance to attract investors driven by means of the big
seasoned. except that, when customers want to mix
blockchain into business, they must know which blockchain
fits their necessities. So blockchain testing mechanism needs
to be in vicinity to test one-of-a-kind blockchains.

Blockchain testing will be separated into two levels:
standardization section and checking out segment. In
standardization phase, all criteria ought to be made and agreed.
whilst a blockchain is born, it can be tested with the agreed
standards to valid if the blockchain works fine as developers
claim. As for testing phase, blockchain checking out wishes to
be done with distinctive criteria. as an instance, a consumer
who's in charge of on-line retail commercial enterprise cares
about the throughput of the blockchain, so the exam wishes to
check the common time from a consumer send a transaction to
the transaction is packed into the blockchain, capability for a
blockchain block and many others.

5.2 Stop the tendency to centralization

Blockchain is designed as a decentralized device. but there's a
fashion that miners are centralized within the mining pool. to
date, the pinnacle five mining swimming pools collectively
owns large than fifty-one% of the entire hash energy in the
Bitcoin network [53]. apart from that, selfish mining method
[10] showed that pools with over 25% of total computing power
may want to get more sales than fair percentage. Rational miners
would be attracted into the selfish pool and finally the pool may
want to effortlessly exceed 51% of the overall electricity.
because the blockchain isn't always supposed to serve some
groups, some methods must be proposed to resolve this problem.

5.3 Big data analytics

Blockchain may be properly combined with massive
information. here more or less categorized the mixture into
kinds: information control and facts analytics. As for
statistics management, blockchain may be used to keep
critical records as it is allotted and relaxed. Blockchain could
also ensure the statistics is authentic. as an example, if
blockchain is used to store sufferers’ fitness data, the facts
could not be tampered and it is tough to stole the ones private
facts. on the subject of facts analytics, transactions on
blockchain can be used for massive data analytics. as an
example, consumer trading patterns might be extracted. users
can predict their capability companions’ trading behaviors
with the evaluation.

5.4 Blockchain applications

Currently maximum blockchains are used inside the financial
domain, increasingly programs for unique fields are appearing.
conventional industries ought to take blockchain into
consideration and observe blockchain into their fields to
decorate their systems. as an instance, consumer reputations
could be saved on blockchain. at the identical time, the up-and-
coming enterprise may want to make use of blockchain to
enhance overall performance. for instance, Arcade town [51], a
ridesharing startup offers an open market in which riders
connect without delay with drivers with the aid of leveraging
blockchain generation. drivers.

A clever settlement is an automated transaction protocol that
executes the phrases of an agreement [54]. it's been proposed for
long term and now this concept may be applied with blockchain.
In blockchain, clever contract is a code fragment that would be
completed with the aid of miners routinely. smart contract has
transformative capacity in various fields like financial services
and loT.

6. LIMITATIONS

Writing a research paper on blockchain can be incredibly
rewarding, but it also comes with several limitations and
challenges:

6.1 Rapidly Evolving Technology

Blockchain technology is constantly changing. Keeping up
with the latest developments can be difficult, leading to
potential obsolescence of research.

6.2 Lack of Standardization

There are many different blockchain platforms and protocols,
each with unique features and use cases. This diversity can
complicate comparisons and analyses.

6.3 Limited Empirical Data

Depending on focus, there might be a shortage of real-world
data and case studies, making it hard to support arguments
with concrete evidence.

6.4 Interdisciplinary Nature

Blockchain intersects with various fields (e.g., computer
science, law, economics), which can make it challenging to
cover all relevant aspects comprehensively.

6.5 Complexity of Concepts

The underlying principles of blockchain (like cryptography
and consensus mechanisms) can be complex, making it hard
to explain these concepts clearly to a broader audience.

6.6 Regulatory and Legal Challenges

The legal landscape around blockchain and cryptocurrencies
is still developing. This can create uncertainties in research
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findings.

6.7 Bias and Misunderstandings

There is often a hype cycle surrounding blockchain, which
can lead to biased interpretations of its potential. Avoiding
sensationalism while remaining realistic is crucial.

6.8 Scalability Issues

Discussing scalability solutions and challenges can be
difficult, as these are still hotly debated topics with ongoing
research.

6.9 Ethical Considerations\

Issues like privacy, security, and the environmental impact of
blockchain technologies need careful consideration, adding
complexity to analysis.

6.10 Technical Language

The use of technical jargon can alienate readers who are not
specialists in the field, making it necessary to strike a balance
between technical accuracy and accessibility.

7. CONCLUSION

Blockchain has demonstrated its potential to transform
traditional industries through its key characteristics:
decentralization, persistency, anonymity, and auditability. This
paper provided a comprehensive overview of blockchain
technology, covering its architecture and essential features.
Standard consensus algorithms were discussed, with an analysis
and comparison of these protocols across various aspects.

Additionally, challenges that may impede blockchain
development were identified, along with existing approaches to
address these issues. Several future research directions were
proposed. As blockchain-based applications continue to emerge,
in-depth investigations into their implementations and impacts
will be crucial for unlocking the full transformative potential of
blockchain across various sectors.
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