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ABSTRACT: Bitcoin is the most popular among cryptocurrencies, including Litecoin, Dogecoin, and Peercoin. Blockchain
is the foundation of cryptocurrencies, and most cryptocurrency technologies are decentralized. Despite its benefits,
blockchain remains a cutting-edge technology with flaws that can be addressed to increase efficiency. Therefore, this
research digs into the topic of scalability in blockchains and presents a comparative analysis of numerous blockchain metrics
with real-time data. We performed this using a blockchain simulation (BlockSim) and then looked at effective techniques
that may be utilized to overcome the limitation by comparing the simulator and real-world circumstances. The second part
of this research proposes an effective algorithm that improves the scalability of the Bitcoin network through efficient
transaction deferment. In this study, we propose an algorithm that enhances the current Bitcoin protocols using Inventory
messaging (INV) and transaction deferment or adjournment. The deferred transaction relays on the message to carry
multiple raw transactions. These improvements are compatible with the existing Bitcoin Network protocols. The
improvement algorithm was simulated using BlockSim and the AnyLogic Multi Paradigm Simulation Engine, where the
simulators were configured with 1000 nodes interconnected in a Bitcoin-like Peer-to-Peer network. The result of the
simulation shows that the adjourned transaction protocol provides a controlled reduction in the number of messages required
to propagate a transaction at the cost of a modest increase in transaction propagation time. By adjusting the threshold and
timeout values, we can manage the tradeoff between the number of messages and propagation latency, thereby improving
the network's overall scalability. Our results indicate that the proposed method achieves up to a 30% reduction in network
message overhead while maintaining an acceptable transaction propagation delay. This suggests that enhanced transaction
adjournment techniques can significantly optimize Bitcoin's scalability without compromising its security and
decentralization.

Keywords: Blockchain, BlockSim, SupplyChain, Bitcoin, Litecoin, Dogecoin, and Peercoin.
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1. INTRODUCTION

Blockchain has recently attracted a lot of research attention as a promising technology for realizing distributed
ledgers. The ledger aims to achieve decentralized transaction management, which means that any node connected to the
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ledger can initiate transactions according to rules, and the transaction does not need to be controlled by a third party. All
transactions within the framework are stored in blocks, which are then linked together as a chain and then sorted
chronologically. Furthermore, transactions written in blocks are unchanging and transparent to all peers. With all these
appealing characteristics, blockchain stands out from traditional centralized trust entities and has the potential to become
a significant enabler for future financial systems. From Bitcoin, the first decentralized cryptocurrency, to Ethereum, and
then the emerging permissioned blockchain, blockchain has advanced rapidly in recent years (Yadiv and Shevkar, 2021).
Nowadays, blockchain-based applications are part of our daily lives, whenever the number of users increases, the
scalability issues will occur and that will greatly affect the development of blockchain. The transaction throughput and
transaction confirmation latency are two of the performance metrics in blockchain and both haven’t reached an acceptable
level in recent popular blockchain systems, which can form the bad user’s quality of experience (Zhou, et. Al., 2020).
However, if compared with the centralized payment system such as banking system, the transaction throughput and
transaction confirmation latency cannot be improved effortlessly in blockchain, a self-regulating system that needs more
attention to maintain decentralization. In most of the studies on accuracies of blockchain, it was noted that some
researchers raise the view of Blockchain Trilemma. Likewise, the CAP theory in distributed system which used the
Blockchain Trilemma to highlight three vital properties in blockchain system that includes decentralization, security, and
scalability, and all of them cannot be perfectly co-exist. For example, let consider shortening the block interval of Bitcoin
which can increase the transaction throughput, but it will also affect the security of the entire system because there is
increase in probability of fork. Thus, balancing between these three properties of blockchain system is critical for future
development of blockchain (Yadiv and Shevkar, 2021).

At this moment, Bitcoin is considered the most frequently used application by means of blockchain technology.
Bitcoin is a decentralized digital currency payment system which involves a public transaction ledger known as
blockchain. One important aspect of Bitcoin is how it maintains the value of currencies without the control of any
organization. Despite this, it is reported that the number of transactions and new users in the Bitcoin network is increasing
regularly (Zheng et al., 2018). Furthermore, conversions with the currencies like EUR and USD occur regularly in the
currency exchange markets. Thus, Bitcoin has gained too much consideration from diverse contexts and is currently the
most successful digital money using Blockchain technology. The literature highlighted one crucial mechanism that
Bitcoin employs known as Public Key Infrastructure (PKI). In PKI, each user has one pair of public and private keys.
The public key is used in the address of the user Bitcoin wallet whilst private key is for user authentication. The
transaction of Bitcoin involves the public key of sender, numerous public keys of the receiver, and the value to be moved.
In around ten minutes, the transaction will be written in a block and then connected to the existing written block. Here,
all written blocks and transactions made are saved on the disc storage of the users known as nodes. These nodes maintain
details about every recorded transaction in Bitcoin network. Moreso, these nodes are satisfied by checking the accuracy
of the transactions (this approach is also known as mining) (this method is also known as mining). Further, when all
transactions are done successfully, a consensus exists between all nodes (Li. et. al., 2019). One benefit of blockchain is
that public ledgers will never be edited or even erased when data is accepted from all nodes. This is the key reason why
blockchain is so popular to its data integrity and security issues. There are quite a few technical challenges and limitations
identified for the adaptation of blockchain technology in the future (Yadiv and Shevkar, 2021).

a) Throughput: The bitcoin network's capacity has been increased to 7 transactions per second, whereas other
transaction processing networks such as VISA and Twitter process 2,000 and 5,000 transactions per second, respectively.

b) Latency: This is the ability to achieve efficiency in security that will provide more time to be spent on a particular
block to overshadow the cost of double spending attacks. Double-spending is defined as the result of spending money
successfully and more than one time. It is reported that bitcoin has ability to protect against double-spending after each
transaction added to the block is verified (Wang and Wang et al., 2019) However, this is what makes the latency a strong
issue in blockchain technology.

c) Size and bandwidth: In February 2020, the size of blockchain in Bitcoin network is around 427GB. It is reported
that when throughput issues increase up to the VISA level, then blockchain can raise to 214PB in the subsequent year
(Yadiv and Shevkar, 2021)

d) Security: It is indicated that blockchain has 51% possibility of attack. In this attack, a single entity can control
most of the network’s mining hash-rate and this can manipulate the blockchain. To overcome this issue, more research
on security is necessary.

e) Wasted resources: An enormous amount of energy is wasted in mining Bitcoin (around $15million per day) which
is caused by the Proof-of-Work effort. However, there are some other options used in industrial fields like proof-of-stake
(Zhou et al., 2020). In Proof-of-Stake, the resource that is associated is the amount of Bitcoin a miner holds.

f) Usability: The application program interface of Bitcoin is very difficult to use in developing services.

g) Versioning, hard forks, multiple chains: It was noted that quite number of nodes has 51% possibility of attack.
Here, another issue emerges when chains are divided for administrative or versioning purposes.

Looking at blockchain as a technology, all these issues need to be solved to have more efficient mining in blockchain
technology. These will change the way transactions are carried out every day. Therefore, to understand the current state
of research conducted in blockchain, it is important to gather all relevant research (Yadiv and Shevkar 2021).
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1.1 STATEMENT OF THE PROBLEM

The scalability issues in blockchain technology have been revealed recently. (Zheng 2018) analyzed and come up
with some important metrics to measure the scalability of Bitcoin such as maximum throughput, latency, bootstrap time
and cost per confirmed transaction. However, maximum throughput and latency issues are considered as the top important
performance metrics with significant impact on user’s quality of experience. Furthermore, the transaction throughput
matrix receives too much attention in the research area. In the works of (Decker and Wattenhofer) which report that
Bitcoin’s highest transaction throughput is about 7 transactions per second whereas Visa is about 2000 to 65,000
transaction per second. Transaction throughput is controlled by the block interval and the block size. If the block is higher,
then it can store many transactions that will raise the throughput, but at the same time it can cause an increase in block
propagation time. In Bitcoin, the block interval is nearly 10 minutes, while block size is 1IMB, here there is a high chance
to limit the number of transactions stored in every single block. Therefore, maintaining block propagation time by
increasing the block size, the average bandwidth will define the block propagation time of the blockchain system (Bitcoin
Cash, 2019). Moreover, the transaction confirmation latency matric has a relation with user experience. Now that there
is a massive amount of Bitcoin transactions, it is noted that the limited size of blocks is not enough to deliver all
transactions which are submitted by nodes. Under such circumstances, it is found that miners are likely selecting
transactions with high transaction fees, so that other transactions with a low offer must wait till packaged, this is what
leads to longer transaction latency (Decker and Wattenhofer).

2. LITERATURE REVIEW

A new architecture for data analytics on the Bitcoin and Ethereum platforms was introduced in reference (Bitcoin
Cash, 2019). This tool enables the integration of blockchain data with data from other sources as seen in Table 1. This
framework also allows for well organizing data in a database. In (Yadev and Shevkar 2021), which categorized
blockchain implementations and make comparison among them using blockchain-based frameworks particularly to
analyze the effect of the blockchain architecture on software architecture. This research focuses on the major architectural
elements of blockchain platforms and the impact of blockchain design on the quality of blockchain-based software,
including performance and scalability. (Perve et al., 2018) recognized some quality attributes in blockchain technology.
This work, however, also explored some quality issues and solutions for blockchain implementation. Thus, the results
show that blockchain platforms might require an enhancement in some respects including security, scalability, and so on.
Ref. (Nayak et al., 2015) introduced simulation and performance modelling to predict latency of blockchain systems.
However, most of the results have an error close to 10%. Thus, the research of this work also aims to help in assessing
various blockchain design options. In (Miller et al., 2019) introduced a performance evaluation model in blockchain
technology. This work described a model purposely to evaluate a software design at early stage of software development
to avoid impact in changing requirement.

Kalodner (2018) into some of the issues with scalability in blockchains, particularly Bitcoin. The findings of this
study suggested that Bitcoin needs major throughput and latency improvements. Ref. (Manuskin 2020) introduced a
software called BTCS park specifically for analyzing Bitcoin. This software has a user-friendly interface. In (Hafid, et
al., 2020) proposed and designed a performance model. This model is applied in Practical Byzantine Fault Tolerance.
However, this work investigated the possibilities of performance bottlenecks in networks with varieties of nodes.
LeMahieu (2018) presented a scalability protocol for blockchain platforms known as ByzCoin. When tested on the
Bitcoin platform, this protocol provides good security and performance. In (Byzntine, 2019) introduced a parallelization
approach purposely to measure BFT systems. However, this approach has also increased the BFT system’s performance.
The results of this work showed that the introduced approach has increased the throughput of the system. Ref. (Bitcoin
NG, 2015) present a Bitcoin-NG protocol that will address scalability issues in Bitcoin platform. This study also
highlights security concerns and the efficacy of several related procedures. The findings of this study show that Bitcoin-
NG can deliver optimal scalability even with low bandwidth. In (Canetti and Rabin 2016) comparing two different
blockchains-based and byzantine-based fault tolerance in scalability and performance issues. The result shows that the
performance of blockchains-based is better than the byzantine-based fault tolerance, whereas in blockchains-based PoW
is better than BFT in terms of scalability. In (Sompolinsky 2015) proposed and implement a two-layered blockchain
platform for data storage. The architecture in this platform gives high performance but is very weak in scalability issues.
In (Sompolinsky 2015) introduced a mobile application called Mobichain. This Mobichain aims to make transactions in
commerce. The performance evaluation conducted shows that Mobichain application is a very efficient solution for m-
commerce applications. Swanson (2013) studied and measured the performance of Ethereum and Hyperledger Fabric
blockchains with respect to number of transactions ranging from 1 to 10000. However, the results obtained from this
experiment indicated that Hyperledger performs better than Ethereum in throughput, execution time, and latency.

Blockchain, like any other new technology, faces technical issues such as scalability, security, and performance.
Performance is one of the most difficult aspects of implementing blockchain systems as a replacement for traditional
databases. Throughput, latency, size and bandwidth, security, wasted resources, usability, and versioning and hard forks
are seven foreseeable technical hurdles for blockchain adaptation, according to Swan 2015. The key restriction and issue
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that has not been properly researched and evaluated, according to a comprehensive review on research subjects on
blockchain is scalability (Yii-Huukmo et al., 2016). Because developed blockchain frameworks are expected to involve
a significant number of nodes, evaluation is required. Even though there are numerous blockchain platforms, this analysis
demonstrates that there is no consistent technique for analyzing, evaluating, and assessing Blockchain scalability. The
goal of this study is to examine the scalability of Blockchain technology, the blockchain platform, and to develop a better
scalability algorithm to increase the scalability of the Blockchain network. The review of the related literature shows that
scalability is the most challenging issue in Blockchain technology. However, a lot of solutions have been proposed to
address the scalability problem in Blockchain. Some of the notable solutions that truly improve scalability issues in
Blockchain technology are solutions such as SigWit (Lombrozo et al., 2015), this solution increases Block size from
1MB to 4MB. Elastico (Luu et al., 2016) improves blockchain scalability using shading approach. This solution improves
blockchain scalability by splitting the transactions into different shades thereby improving the performance (Throughput)
of the system. Lightning network (Poon et al., 2016) improves Blockchain scalability through payment channel on Bitcoin
network, this solution improves the throughput to almost 20TPS. Other notable solutions are Plasma (Poon et al., 2017),
Omnilledger (Kokoris-Kogias, 2018), Txilm (Ding et al., 2019), Sprites (Miller et al., 2019). All these solutions have
been implemented and tested on real Blockchains but still perform below expectation. DAG-Based solutions were
proposed as an improvement to the current scalability issues. Solutions such as Inclusive (Lewenberg et al 2015), Dagcoin
(Lerner, 2015), IOTA (IOTA, 2019) also improve Blockchain scalability to some level, but still more needs to be done
on improving Blockchain scalability issues. Scalability issue is among the issues that hinder the wide adoption of
Blockchain technology (Zhou et al., 2020). The current throughput of current Blockchain is very poor compared to with
the centralised payment system such as PayPal and Visa. The throughput of pioneer Blockchain platforms such as Bitcoin
and Ethereum processes only 7TPS and 20TPS respectively (Hafid et al., 2020). While the centralised platform such as
PayPal and Visa processes 193TPS and 1700TPS respectively Yadev and Shevkar, 2020). This shows the significance
of need in improving the scalability of Blockchain technology. Other available solutions such as transaction propagation
and cross-chain solution are data propagation-based approaches which also improve Blockchain Scalability through data
propagation. Some of the notable solutions that are based on data propagation are Early (Naumenko et al., 2019), Kadcast
(Rohrer and Tschorsch 2019), Velocity (Chawla et al., 2019) and bloXroute (Klarman et al., 2019). Despite their great
effort, there remains a huge gap in trying to attain the required scalability of the system. The major problem of these
solutions is a) some nodes are reached in message broadcast, b) they lack multicast capability and c) no bandwidth
utilisation.

This research work will improve the work done on transaction propagation by leveraging unreachable nodes. The
problem of this approach is in Bitcoin network is that it’s inefficient due to its lack of less nature and its lack of
multicast/broadcast features. Another gap observe in this approach is that the number of messages needed to propagate a
single transaction is very high, which is wasteful in terms of bandwidth, that’s why this research work reviews this
approach and present and improve the approach through development of an efficient algorithm that improves transaction
propagation using adjournment approach (Franzoni and Daza, 2020).

Table 1: Table of Comparison of Blockchain Scalability Studies

Study Scalability Simulation Tool Key Findings Limitations
Technique Used

This Study Enhanced BlockSim, Achieves up to 30%  Slight increase in

(Proposed Work) Transaction AnyLogic reduction in network  transaction
Adjournment message overhead propagation time
(Deferred while maintaining
Transaction Relay acceptable
with INV propagation delay
Messaging)

Eyal et al. (2016) Bitcoin-NG (Leader- Custom Simulator Reduces transaction  Requires protocol
Based Block confirmation time changes and
Generation) and increases centralization risks

throughput

Gervais et al. (2016)  Adjustable Block Bitcoin Core Improved Increased risk of
Size & Block Simulator transaction orphaned blocks
Interval confirmation speed
Optimization

Croman et al. (2016)

Off-Chain Scaling
(Payment Channels,
Lightning Network)

Theoretical Analysis

Reduces on-chain
load, improves TPS

Complexity and
centralization
concerns
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Sompolinsky & GHOST Protocol Theoretical Model Reduces block Increased
Zohar (2018) (Graph-Based Block propagation time and  computational
Validation) improves fork complexity
resolution
Pass et al. (2017) Fruitchain (Hybrid Custom Simulation Enhances security Requires protocol
Block & Transaction and scalability modifications
Validation)

3. CRITICAL OVERVIEW OF BLOCKCHAIN SCALABILITY SOLUTIONS

Bitcoin has gotten a lot of attention in the cryptocurrency world, especially because of its scalability difficulties.
(Bitcoin Cash 2020) looked at several metrics to determine Bitcoin's scalability, including maximum throughput,
bootstrap time, latency, and cost per confirmed transaction. The maximum throughput and latency, on the other hand, are
regarded to have a substantial impact on the user's quality of experience. Furthermore, the transaction throughput matrices
receive the greatest attention. Furthermore, according to (Yadev and Shevkar 2021), Bitcoin has a transaction throughput
of around 7 transactions per second, whereas Visa has a transaction throughput of 2000 to 65,000 transactions per second.
Much research depicted that transaction throughput is controlled by the block interval and the block size. Normally,
bigger blocks accommodate many transactions which can raise the throughput and increase the block propagation time.
Next block is generated based on the current block that critically reduces the probability of fork, block size and as well
average block interval. However, block interval takes almost 10 minutes in Bitcoin while the block size is almost 1 MB
(Scherer, 2017). As a result, the number of transactions that must be accommodated in each block is reduced. As a result,
the average bandwidth of the entire system, which determines block propagation time, becomes a performance bottleneck
of the blockchain system to maintain block propagation time while increasing block size. Furthermore, a new statistic
known as transaction confirmation latency will prove to have a strong link to user experience. Transaction throughput is
limited by the block interval and block size, according to several research. Larger blocks typically accommodate more
transactions, resulting in higher throughput and longer block propagation times. The next block is generated based on the
current block, reducing the likelihood of a fork, block size, and average block interval. Bitcoin, on the other hand, has a
block interval of over 10 minutes and a block size of almost 1 MB (Scherer, 2017). As a result, the number of transactions
that must be accommodated in each block is reduced. Thus, the average bandwidth of the entire system, which determines
block propagation time, becomes a performance bottleneck of the blockchain system to maintain block propagation time
while increasing block size. Moreover, a new statistic known as transaction confirmation latency will be proven to have
a strong link to user experience. Because of the large volume of Bitcoin transactions that occur daily, the limited size of
blocks is unable to transmit all transactions submitted by nodes. As a result, miners can choose transactions with larger
fees. As a result, transactions with lesser fees will have to wait until they are packaged, resulting in longer transaction
latency (Scherer, 2017). Furthermore, Ethereum is another PoW-based blockchain that exacerbates the problem because
some decentralized apps (Rohrer and Tschorsch 2019) have caused widespread network congestion. Therefore, this
research work studied some various research works that describe different Blockchain scalability problems with their
solutions respectively. Further, these research works solve the scalability issues with different approaches and strategies.

4. ANALYSIS OF BLOCKCHAIN SCALABILITY
4.1 METRICS OF SCALABILITY ANALYSIS

Let's look at some of the blockchain parameters that have been collected and analyze them to gain a better knowledge
of how the blockchain system is built. The information was taken from reliable websites including blockchain.info and
coinbase.com.

4.2 TRANSACTION AND CONFIRMATION TIMES ANALYSIS

The chart below was created by evaluating the transaction and confirmation times between the dates of 3/2/2021 and
14/2/2021. The data was collected and rounded to the nearest 0.0001 fee/KB. The following analysis was carried out,
keeping in mind that this is real data. Look at the chart below, which was created using the information gathered:
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FIGURE 1. Confirmation Times vs. Transactions (blockchain.info)

In terms of individual graph timings, the graph of Figure 1 displays the distribution of 948 transactions in the range
of 0-15000. As can be seen, the time plotted on the legend is not consistent; thus, let us organize the data and arrange the
time in ascending order for a more thorough study.
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FIGURE 2. In seconds, the distribution of increasing transaction order (coinbase.com)

The distribution of rising transaction confirmation times is depicted in the graph in Figure 2. A few observations on
the pattern of the distribution can be made:

a) As the system's transaction volume increases, the confirmation time grows as well.

b) We can confidently assume that an increase in transaction volume is proportionate to an increase in confirmation
times (Sapirshtein et al., 2015)

Let's have a look at the distribution in which Transactions have been sorted by increasing Confirmation Times in
Figure 3.

mmm transactions
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Figure 3. Transactions Vs Increasing Order of Confirmation Times
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Figure 4. Transactions Vs Confirmation Time in Seconds

The graph of Figure 4 supports the claim made before raising the number of transactions and causes the confirmation
time of the transactions to increase. There are sharp peaks for transactions above 80000, as seen in Figure 5, indicating a
significant increase in confirmation times. We'd like to lessen the network's flow's dramatic peaks by evenly dispersing
these transactions, resulting in increased efficiency and lower network latency (Sompolinsky 2015). This is when the
blockchain system's scaling begins. While incorporating more transactions in a block may improve throughput, mining
such blocks into the blockchain increases system overhead and causes network delays.

4.3 CONFIRMATION TIMES AND TRANSACTION FEE ANALYSIS

The transaction fee has a significant impact on the time it takes for a transaction to be confirmed. It is the single most
compelling reason for a miner to mine and includes transaction in a block. The graph below shows the relationship
between transaction fee and confirmation time in minutes.

Figure 5. Time it takes to confirm a fee in minutes

The graph in Figure 5 displays and represents the impact of transaction fees on the time it takes for each transaction
to be confirmed. It's worth noting that the same transaction fee may apply to many transactions. A transaction fee of
0.0002 BTC, for example, may require about 100 transactions, and the confirmation time for that transaction from
conception to block and subsequent inclusion in the blockchain could vary. The information was gathered between
February 25, 2021, and March 2, 2021.

The graphical representation shows that:

a) The 0.006 transaction cost has a shorter confirmation time than the other transaction fees of 0.0002, 0.0003,
0.0004, and 0.0005.

b) It enables us to recognize that the higher the transaction price, the lower the likelihood of a faster confirmation
time. Though we cannot promise that this will happen for every transaction, as we will see later, even those with greater
transaction fees may suffer and experience longer confirmation times in some instances.

Let's test if this holds true in a larger number of transactions. To do so, we plotted the graph over a larger data set
that includes a variety of additional transaction fees.
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Figure 6. Confirmation Time per Transaction Fee for different Number of Transactions

Even when altering the number of transactions associated with each transaction cost, the average confirmation time
for larger transaction fees remains relatively low, as shown in Figure 6. Let's look at what percentage of transactions in
real-time situations higher transaction fees have.

4.4 ANALYSIS OF TRANSACTIONS AND TRANSACTION FEE
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Figure 8. Increasing Transaction Fee vs. Percentage of Transactions
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4.5 MODEL OF THE BLOCKCHAIN SIMULATOR
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Figure 9. Model of the BlockSim Simulator

a) Transaction Pool - It is the pool in which all transactions are stored. All incoming transactions are added to the
transaction pool, and all outgoing transactions are removed from it. After a certain amount of time, the transaction pool
in an ideal bitcoin system is overwhelmed with transactions.

b) Transactions- A message is created by a data structure. This message initiates a bitcoin transaction between two
parties. This is usually a one-time transfer of a certain number of bitcoins.

¢) Miners- Miners oversee encoding transactions in blocks and mining them into the blockchain, or universal
distributed ledger. The miners work together to overcome a difficult situation. After the block is successfully added to
the blockchain, the winner receives the block reward.

d) Blocks- A data structure for putting transactions together. It can be thought of as a transaction container.

e) Blockchain- It's a chronologically ordered arrangement of blocks. Blocks that are successfully mined are added to
the block chain. It is a large database that stores every transaction ever made in the history of bitcoin.

4.6 UML CLASS DIAGRAM FOR THE BLOCKSIM SIMULATOR

Transaction Transaction pool

+ transactions:array of objects

+ transaction_id:integer
i n 1 | +total_no_of transactions:integer

+ transaction_amount:float

+ getTransactions(): array of
+ getID():integer objects

- getTransactionAmount():float obtains

transactions

Miner

+ transactions:array of objects Black

+ blocks: array of objects

+ transactions:array of

1 +mining_capacity:integer 1 k objects
- + block_size:integer
<> + mineBlocks():object 4 +reference_of_last_block:
+appendToBlockchain()-void integer

- sortTransactions():void

+getTransactionFromTransactionPool():
array of objects

*

appends
blocks L

Blockchain

+ blocks: object list

+ getBlockchainData:object list

Figure 10. UML Class Diagram of the BlockSim Simulator

4.7 THE OPERATION OF THE BLOCKSIM SIMULATOR

To describe what the Blockchain simulator does and how it re-enacts the blockchain system in detail, we'll go over
the Blockchain in an ideal working system step by step. When a transaction is completed in an ideal Blockchain system,
such as the Bitcoin protocol, the following happens:
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Figure 12. A partial view of the Transaction Pool for Miners is seen in this illustration
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5. THE PREVIOUS ALGORITHM

This research work improves the work done on transaction propagation by leveraging unreachable node in (Franzoni
and Daza 2020). The problem of this approach in the bitcoin network is, its inefficient due to the permissionless nature
of the bitcoin network, the approach also lacks multicast/broadcast features. Another problem of approach, (Franzoni and

10
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Daza 2020), is that the number of messages needed to propagate a single transaction is very high, which is wasteful in
terms of bandwidth utilization. The proposed algorithm figure 3,3 wasted a lot of bandwidth, that why it’s important to
develop a better and more reliable approach that will effectively propagate messages. The approached used in this
dissertation is using transaction adjournment/deferred transactions. The next section of this research work describes the
proposed algorithm using transaction adjournment.

Algorithm 1: Proxy(tz)

Pick a random peer P from the proxy set;

Send tr to P and set a timeout t;

When t expires;

if The majority of outhound peers advertised tr then
' Retumn

else
| Repeat

end

Figure 14. Proxy operation (Franzoni and Daza 2020)

Algorithm 2: R Propagation Rules

Divide time into epochs:

if New epoch begins then

Select subset S from U peers uniformly at random from different
buckets;

Set S as the proxy set

end

if Create new transaction tr then

Mark tz as prozying:

Run proxcy(tr)

end

if Receive a proxying transaction try, from a U peer then

with probability p, execute prory(tey,):

otherwise, dif fuse(tr)

end

Figure 15. Propagation rules (Franzoni and Daza 2020)

6. SCALABILITY IMPROVEMENT

Bitcoin is the most well-known cryptocurrency, as well as the most well-known (and publicly known)
implementation of blockchain technology. Bitcoin uses a replicated blockchain record to facilitate financial transaction
verification and storage. Single transactions are finally packed into blocks, which are then propagated through a peer-to-
peer (P2P) network using a set of simple protocols to ensure the ledger's consistency. Because the network has no
permissions, node can join or leave at any time, and protocols rely heavily on redundancy to compensate for the lack of
multicast and broadcast capabilities.

The huge quantity of INV messages, which are notifications about newly acquired data items (blocks and
transactions) delivered via the network, is one of the drawbacks of this redundancy. The inefficiency is especially
noticeable for transactions that are small, ranging from 100 to 500 bytes, yet require the full Bitcoin message, which is
then bundled as a TCP message, to be replicated multiple times at each node to propagate a single transaction. This
inefficiency has previously been noticed, and solutions have been presented. A new transaction is not broadcast to all
peers of a node in the Erlay protocol (Naumenko et al., 2019). Instead, for each transaction, it only employs a subset of
the peers (this is called low-fanout flooding). The node will then use set reconciliation procedures to periodically engage
its peers in mutual updating of transaction mempools. However, this strategy adds to the computational complexity by
requiring the calculation of initial and subsequent symmetrical set differences, as well as the creation of the appropriate
messages. It employs an 8-byte short transaction ID that is incompatible with current Bitcoin implementations.
Furthermore, some transactions may be known to one peer but not to the other, in which case they must be transferred in
the traditional way (i.e., via the INV-GETDATA-TX handshake), negating many of the benefits gained through the
upgraded protocol. Another enhancement was created as part of the Dandelion++ project (Fanti 2018), however its
purpose is anonymization of transaction source nodes rather than bandwidth reduction. The protocol also necessitates

11



Umar Danjuma Maiwada et al., Wasit Journal of Computer and Mathematics Science Vol. 4 No. 2 (2025) p. 1-27

non-trivial software changes; however, this is justified by the increased source of privacy. In this study, we take a different
method, postponing the notification of new transactions until a predetermined number of new transactions have been
received by a node. Optionally, a timeout can be set to limit the amount of time that postponed transactions must wait
before being announced. This method, dubbed postponed transaction relay subsequently, provides for a significant
reduction in the number of messages required to propagate a single transaction across the network. A minor increase in
transaction propagation delay is the price to pay. However, the increase is not excessive, and the tradeoff between a lower
number of messages and a longer transaction propagation time can be modified by adjusting the threshold for sending
new transaction announcements. As can be shown, the threshold value isn't crucial, as the near-optimal tradeoff can be
found across a large range of values.

Algorithm 3.
Name: Scalability improvement through transaction Deferment.
Inputs: Data: incoming TX message with new transactions
Data: set of Peers
Data: list of deferred transactions
Data: threshold (maximum size of deferred list)
Data: timeout for sending the INV announcement

Output: Improve transaction propagation

Start

1 Loop;

2 while deferred.count() < threshold or timer.time() < timeout
do

3 receive TX message from a peer;

4 if transaction known then

5 drop transaction

6 else

7 verify transaction and add to deferred list
8 end

9end

10 if deferred.count() > 0 then
11 for p € Peers do
12 prepare a new INV message containing all deferred

Transactions;

13 send the new INV message to peer p;
14 clear deferred list
15 endfor

16 restart timer;
17 goto Loop
18 end

This research work develops an improved algorithm that improves scalability of Blockchain (Bitcoin Network) the
modification of data propagation protocol. Because of its permissionless structure and absence of multicast/broadcast
features, data propagation in the Bitcoin network is inefficient. In particular, the number of messages required to
propagate a single transaction is extremely high, resulting in a waste of bandwidth. In this paper, we suggest a modest
change to the Bitcoin software that allows for a significant reduction in the number of messages required to propagate a
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transaction across the network. The change involves postponing transaction announcements until a specified quantity of
new transactions has been collected. We show that by doing so, the quantity of messages can be drastically decreased.
This reduction comes at the cost of a longer transaction propagation time. However, by carefully selecting the threshold
number of deferred transactions, the tradeoff between traffic reduction and transaction latency can be reduced.

If numerous new transactions could be announced in a single INV message, the number of INV messages would
decrease. Because an INV message can already contain up to 50,000 inventories, such as blocks and transaction hashes,
this feature does not necessitate any changes to the structure of Bitcoin messages. The default data propagation protocol
demands (or, rather, implies) that a node broadcasts the INV notification about a transaction to its peers immediately
after confirming a freshly received transaction, therefore this function is 'underutilized.' In this scenario, "newly received"
refers to both transactions injected into the node from an external client and transactions received from peers since the
last INV announcement. To limit the number of such announcements and, as a result, the amount of bandwidth spent, we
may allow nodes to delay sending an INV announcement until multiple transactions have been collected and then
broadcast them all with a single INV message. This is the second enhancement, also known as deferred transaction relay.
In terms of implementation, we have two options that are not mutually exclusive. To begin, a node could wait until a
certain number of new transactions have arrived and been aggregated before broadcasting them to all its peers. However,
transaction arrivals are random, and it's possible (though unlikely) that the deferred transaction collection's threshold size
will not be met for a long period, perhaps tens of seconds. We can set a timeout to send announcements when the threshold
size is met, or when the timeout expires even if the predetermined threshold number of postponed transactions is not
reached, to reduce the waiting time. These two approaches work together to limit and regulate transaction propagation
latency.

Waiting has the disadvantage of increasing transaction propagation latency, as transactions will take longer to
propagate. There is no need for a separate reconciliation step in Erlay because all transactions are guaranteed to be
transmitted to all nodes (Naumenko et al., 2019), additionally, no changes to Bitcoin communication formats are required.
All that's needed is a minor tweak to the transaction relay algorithm. We also see that, with or without the timeout feature,
the content of the deferred INV message is inefficient. Some peers may already be aware of some of the deferred
transactions. The ideal approach would be for the node to keep track of which peers have declared which transactions
and to prepare individual announcements for each peer, announcing only those transactions that the recipient peer has
not yet learned about. This strategy, however, has a couple of drawbacks: To begin with, it would add to the complexity
of bookkeeping, but this is easily handled. Second, and probably more importantly, due to postponed transaction relay, a
peer may have previously learnt about the transaction (or numerous transactions) but has not yet told the current node.
This means that all redundancy resulting from all peers receiving the identical INV notice is difficult to delete. This isn't
a big deal because each transaction in an INV message only has a 4-byte data item type and a 32-byte hash, so the quantity
of redundant data is probably small enough to overlook.

In Algorithm 1, we employ two parameters in the pseudocode deferred transaction relay: threshold, which is the
maximum number of transactions for which the INV announcement is deferred, and timeout, which is the maximum time
for verified transactions to be spent in the deferred transactions list. Newly received and validated transactions are
temporarily saved in a list known as the deferred list. When the list's size reaches a predetermined limit, an INV message
containing all the list's transactions is sent to all peers. Furthermore, each batch of transactions published via INV
messages to the node's peers’ resets (really, restarts) a timer that ticks down from the timeout setting. The list of deferred
transactions is checked when the timer ends. If the list is found to be non-empty, no action is performed; however, if it is
found to be non-empty, all the node's transactions are transmitted to all the node's peers via INV messages. In the latter
instance, the number of transactions may be smaller than the predetermined limit. After that, the timer is reset. We also
want to point out that the proposed deferred transaction relay is fully backward or, to put it another way, two-way
compatible with current Bitcoin software. INV messages, for example, can already contain several transaction
inventories. As a result, nodes running existing software can receive such messages without issue. INV messages with a
single transaction inventory, on the other hand, can be received by nodes running updated software. So, in terms of
compatibility, this update necessitates no changes or adjustments.

7. ANALYSIS OF TRANSACTIONS AND CONFIRMATION TIMES

For transactions in the range of 0-60000, the graph below was created. In seconds, the confirmation time is measured.
With a rise in the number of transactions, we witness a progressive increase in confirmation times. For analysis, these
values were taken from the Simulator.

Let's look at the confirmation time trend for a few transactions to have a better idea of the relationship between
transactions and confirmation timings. The information below was gathered by setting the transactions to a specific value
and recording their confirmation times.
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Figure 16. Transactions with their Confirmation Times
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Figure 17. Confirmation Times per Transactions

A series of ten transactions is depicted in the graph above, with values of 200, 400, 800, 1200, 2000, 4000, 6000,
8000, 10000, and 20000. The confirmation time in seconds has been recorded in the appropriate manner.
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Figure 18. Simulator and Real Time Confirmation Time for 1200 transactions
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Figure 19. Simulator and Real Time Confirmation Time for 6000 transactions
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Figure 20. Simulator and Real Time Confirmation Time for 12000 transactions
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Figure 21. Simulator and Real Time Confirmation Time for 20000 transactions
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Figure 22. Confirmation Time Trend for Simulator and Real time Environments

8. TRANSACTION FEE AND CONFIRMATION TIMES ANALYSIS

The graph below was created using data from transaction fees ranging from 0.0004 BTC to 0.04 BTC. For analysis,
the confirmation time for each has been recorded in seconds. Though Figure 23 shows irregular peaks for transactions in
the 0.001 to 0.002 range, the trend is quite consistent.

15



Umar Danjuma Maiwada et al., Wasit Journal of Computer and Mathematics Science Vol. 4 No. 2 (2025) p. 1-27

004 m

0.01 mm

0.006

0.005 s ——
0.0042 ——
0.0035 e

0.003  m—

0.0025 —————
0.002
0.0015
0.001

0.0008 ————
0.0006
0.0004

0 500 1000 1500 2000 2500 3000 3500

Figure 23. Confirmation Times with increase in Transaction Fee

Let's look at confirmation times for different transaction fee values to get a better idea of how transaction fees affect
confirmation time.
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Figure 24. Transaction Fee Confirmation Time in Seconds

The graph Figure 24 shows the confirmation cost in Bit coin Units of 0.004, 0.008, 0.0125, and 0.05. For analysis,
the confirmation time for each has been recorded in seconds.
Now we'll compare the simulator data to real-world data.
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Figure 25.Trends in Confirmation Time for 0.004BTC in Simulator and Real-Time Environments
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Figure 26. Trends in Confirmation Time for 0.008BTC in Simulator and Real-Time Environments
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Figure 27. Trends in Confirmation Time for 0.0125BTC in Simulator and Real-Time Environments
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Figure 28. Trends in Confirmation Time for 0.05BTC in Simulator and Real-Time Environments
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Figure 29. Average Confirmation Time as Transaction Fee Amount Increases
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9. ANALYSIS OF SCALABILITY PARAMETERS

1. Latency- Latency in the blockchain network is defined as any delay induced by the propagation of blocks via the
network. The time it takes for a transaction to be confirmed has a direct impact on network latency. Lower latencies and
faster network propagation would result from faster transaction confirmation times. We discovered that, based on the
simulator's analysis and comparison to real-time data, the following can be done to reduce network latency: The open
challenges to the techniques recommended have also been described below:

a) Increasing the transaction price would enhance the likelihood of a faster confirmation time for that transaction, as
well as its odds of being included in the block and, in some cases, reduced latency.

b) Increasing the system's transaction load would result in longer latencies. We can expect the block size to expand
as the number of transactions in the system grows. To transport bigger blocks, more network bandwidth would be
required, more power would be consumed, and the network would get congested, increasing delay.

2. Throughput- The number of transactions confirmed per second is how the blockchain system's throughput is
measured. Most modern payment processing systems, such as Visa, have a throughput of 2000 transactions per second
on average. The typical throughput of Bitcoin-based blockchain systems is only 7 transactions per second. Clearly, to
close the gap between this and a modern payment processor, scalability must be much increased. The following are a few
of the findings from the study:

a) Increasing the block size to accommodate a larger number of transactions will raise both the transaction load and
the throughput of the system. The block size in the current Bitcoin system is limited to 1 MB. This sounds like a valid
claim if we truly want to boost efficiency.

b) Increasing block size to achieve better throughputs comes at the expense of blockchain security and
decentralization.

c) Hard forking would be required if the transaction load on the system increased, as would the block size.

3. Transaction Fee and its Effect on Scalability- Transaction delays are one of the most significant issues with
Blockchains that affect scalability. These transaction delays are the result of a combination of variables, one of which is
the transaction fee. Because every user can add a set transaction amount to a transaction, thereby pushing it to the front
of the line, some transactions with minimal transaction fees become starved. It could mean one or two things:

a) First, transactions with greater transaction fees are confirmed more quickly. This occurs for the reasons indicated
above, when a transaction is pushed to the front of the line because it has a greater transaction fee associated with it. For
the miners, this is very profitable. As a result, transactions with lower transaction fees are severely harmed.

b) The second case is when a transaction suffers even though it has a significant transaction fee attached to it. This
happens when a transaction's value is large, yet there are other transactions in the queue with the same or greater values.
So, if all n transactions have the same transaction fee, a transaction may starve and take an eternity to complete in a pool
of n transactions.

4. Block size- As previously established, the Bitcoin block size is how capped at 1 MB. A block can hold roughly
1000-2000 transactions on average. As shown below, reducing or increasing the block size has a significant impact on
scalability metrics:

a) Increasing the block size would result in an increase in blockchain capacity. With more data capacity and increased
security, the potential of bitcoin-based blockchain protocols grows.

b) An increase in transaction load combined with a larger block size would imply the ability to execute many
transactions, resulting in higher throughput and efficiency.

¢) Increasing the block size to allow for greater capacity and transactions would reduce security and move control to
a centralized entity.

5. Number of miners in the system- More mining power in the blockchain system would help to distribute the
power consumption and block mining task across the network more equitably. Lower latencies and convergence would
result. Faster confirmation times and higher throughput would also be a benefit.

10.PERFORMANCE EVALUATION OF THE PROPOSED ALGORITHM

We constructed a Bitcoin network simulator using AnyLogic multi-paradigm simulation engine from The AnyLogic
Company, Oakbrook Terrace, IL, to analyses the performance of the deferred transaction relay. In our simulator, 1000
nodes are connected to a Bitcoin-style peer-to-peer network. A node's maximum and minimum connectedness were 9
and 52, respectively, resulting in a mean connectivity of 16.35 and a network diameter of 4. The cumulative distribution
function of delay obtained from measurements in the real Bitcoin network is used to determine network delays,
considering the differences in intra- and inter-continental delays between Europe, Asia, and the Americas. We'll suppose
that the network capacity is 1GBps and that individual nodes have 10MBps throughput. Using uniform distribution,
transactions are injected into a randomly chosen node. The entire network's transaction arrival rate was set at 4.5
transactions per second, which is close to the real Bitcoin network. With uniform distribution, transaction sizes range
from 100 to 511 bytes. The simulator runs a functional Bitcoin network with block generation, propagation, and chaining,
but the approach described above, and the findings given focus solely on transaction volume. We've done a variety of
experiments with this simulator, including different protocol choices and threshold and timeout numbers, as detailed
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below. Each trial lasted 11,500 seconds, or slightly more than three hours and ten minutes. During this time, the total
number of transactions generated was in the region of 51,500 to 52,150.

The postponed transaction list threshold was changed between 1 and 12 in the first set of trial runs. When the threshold
is set to one, all required transactions are sent one by one, for obvious reasons. The threshold for the delayed transaction
list was modified in the same range in the second set of experiments, but the timeout feature was enabled with a 5 second
timeout. Figure 30 shows the average number of messages transmitted per transaction and per node in this scenario.

total messages per TX

mmtotal (no timeout)
16 & total (55 timeout)
14 INV only (no timeout)

INV only (55 timeout)

1 2 3 4 5 6 7 8 9 10 11 12

maximum TX hashes per INV message

Figure 30. The total number of INV, GETDATA, and TX messages required to propagate a single transaction,
as well as the total number of INV, GETDATA, and TX messages.

The higher set of numbers (shown in blue) refers to the entire number of messages: INV, GETDATA, and TX
combined, whereas the lower set (shown in green) relates to simply INV messages. The threshold number of transaction
hashes that must be delivered in a single INV message is the independent variable in both diagrams. As can be seen,
when numerous transactions are transmitted together, the number of messages required to propagate a single transaction
to/from a node rapidly reduces. When each node collects only two new transactions before sharing them with its
neighbors, the amount of INV messages lowers by half! The number of INV messages is reduced to one-tenth of the
initial number by waiting for roughly 8 or 9 new transactions. Because the total number of messages comprises
GETDATA and TX messages, the latter of which only contains a single raw transaction, the relative advantage in terms
of the total number of messages is a little lower. Even so, collecting just two transactions from the deferred transaction
list reduces the total number of messages by about 42.8 percent, and waiting for three or four reduces the total number
of messages by 57.3 percent or 64.8 percent, respectively; increasing the threshold value reduces this even more, but the
savings are getting smaller. It's worth noting that the difference between the situation with no timeout (solid lines) and
the case with timeouts enabled (circles) is nearly negligible. The timeout functionality, in other words, has no effect on
the total quantity of messages transmitted. The following is an explanation: The average transaction arrival rate is 4.5 per
second, which is true for the entire network as well as each individual node because transactions must be transmitted to
each node. The average number of new transaction arrivals per node should be substantially over 20 in a time of 5 seconds
(which corresponds to the timeout limit). Even at the maximum threshold value of 12, threshold limiting will most likely
be used before timeout limiting, which will only be used in a small fraction of occurrences. This effect will be
considerably more prominent at lower threshold values.

Figure 31 shows the total number of expired (solid green line) and interrupted (dashed red line) timeouts to validate
this. There is no diagram for the first experiment run in which the timeout functionality is disabled, for obvious reasons.
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Figure 31. In this experiment, the number of expired and interrupted timeouts (in millions) was counted
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As can be observed, as the threshold value is increased, the number of expired timeouts grows, while the number of
expired timeouts drops. The overall number of expired timeouts, on the other hand, is more than two orders of magnitude
greater than the number of interrupted timeouts, which explains why the two variables are represented on radically
different vertical scales. As previously stated, reducing the quantity of messages comes at the cost of transaction
propagation delay. This may be seen in the graphs of mean propagation delay, which is the time it takes for a transaction
to reach 99 percent of the network's nodes. Figure 32 depicts the appropriate diagrams.
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Figure 32. Time it takes for a transaction to reach 99 percent of nodes (transaction propagation delay)

As expected, the restricted threshold deferred transaction relay generates an increase in propagation latency that is
slightly but not considerably larger in the experiment without the timeout limitation (solid line) than in the trial with this
limitation (dotted line). Due to the randomness of transaction arrivals, waiting for the threshold may take longer if there
is no timeout limit. The timeout limit, on the other hand, indicates that not every INV message will contain the full
complement of transactions, resulting in an increase in the number of transactions, as previously mentioned. While the
nearly fourfold increase in transaction propagation delay may appear excessive, it should be perfectly acceptable in
practice. The average size of a Bitcoin node's mempool is currently well over 60MBytes, according to figures obtained
from tracking sites. The typical block size is somewhat more than 1MByte, and one block is generated every 10 minutes
on average. As a result, the average time a transaction spends in the mempool before being packaged into a block is far
longer than the deferred transaction relay's 1.5 seconds of additional propagation time. In the third series of experiments,
the postponed transaction list threshold was set at 5, and the timeout was varied between 0.5 and 6 seconds. For reference,
a value labelled imm (for 'immediate’) was added to some of the diagrams; it corresponds to the case where the threshold
was set to 1, implying that there is no timeout at all; as a result, those values are identical to the corresponding values for
the threshold of one obtained in the first experiment. The total number of messages and the number of INV messages
required to send a single transaction from/to a single node are depicted in Figure 33.
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Figure 33. The total number of INV, GETDATA, and TX messages required to propagate a single transaction,
as well as the total number of INV, GETDATA, and TX messages

As can be observed, raising the timeout allows the node to accumulate more transactions in the deferred list before
delivering an INV announcement, which reduces the overall number of messages sent. However, unlike the preceding
Subsection's situation with a fixed timeout, the overall number of messages frost declines rapidly before flattening out at
around 6 total messages and 3.5 INV messages.
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Figure 34. Total number of expired and interrupted timeouts (in millions)

This is due to the interaction between the threshold and timeout values once again. Because the threshold value is
set to five, the threshold limitation will most likely be activated before the timeout limitation. As a result, the number of
messages remains constant at the levels shown in Figure 34, with a threshold of 5. Figure 36 shows the number of expired
and interrupted timeouts: as the timeout lengthens, the number of interrupted timeouts increases rapidly, while the number
of timeouts that manage to expire decreases in a complementary fashion. Furthermore, as shown in Figure 35, the
interaction between threshold and timeout constraints extends to transaction propagation latency. In this case, the delay
rises to around one second at timeout values of 1.5 to 2s, then falls slightly and remains essentially flat at about 0.8s; as
previously stated, this value corresponds to that in Figure 35 with a threshold of 5.
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Figure 35. Time it takes for a transaction to reach 99 percent of nodes (transaction propagation delay)

11.CONCLUSION

In the current day, a centralized authority, such as a bank, is completely responsible for providing services. This is
because the bank is seen as a trustworthy entity. The blockchain system is decentralized and is steadily gaining
commercial acceptance. Blockchain is a sought-after technology because of its pseudo-anonymous and decentralized
structure, and enthusiasts are delving further into it to fully utilize its potential, not just as digital money but also for other
applications and services that may be constructed. The global pool of networkers, such as miners, employs their
computing power to secure the blockchain system's security. The lack of central authority assures that no third party may
interfere with the transaction because it is in the public domain. This also means that there are no additional fees to pay
if a third party initiates these services. This is the primary reason behind blockchain's future potential as well as its current
appeal. The scalability parameters of blockchains remain a source of concern, as they prohibit their utilization from
matching that of modern payment processors. However, depending on the application service, a compromise or a balance
might be struck to use blockchain in specific situations. For instance, if an investor is more interested in exchanging
massive amounts of data and is ready to tolerate some security and centralization compromises, a blockchain-based
protocol can be created accordingly. If the needs are more specific, such as greater security, the contemporary blockchain
protocol is ideal. This study introduced an enhanced transaction adjournment technique aimed at improving Bitcoin’s
scalability. The proposed method, which utilizes Inventory messaging (INV) and deferred transaction relay, was
simulated using BlockSim and the AnyLogic Multi Paradigm Simulation Engine with a network of 1000 interconnected
nodes. The results demonstrated that this approach effectively reduced network message overhead by up to 30% while
maintaining an acceptable increase in transaction propagation delay. By adjusting threshold and timeout values, a balance
can be achieved between reducing message traffic and maintaining reasonable transaction speeds. This suggests that
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enhanced transaction adjournment techniques can significantly optimize Bitcoin's scalability without compromising its
security and decentralization. These findings highlight the potential for future enhancements to blockchain protocols that
prioritize efficiency and scalability while preserving the core principles of decentralization as seen in Table 2. Further
research can explore adaptive mechanisms that dynamically adjust transaction adjournment parameters in response to
network congestion, improving Bitcoin's overall efficiency in real-world applications.

Table 2. Comparison of Blockchain Scalability Studies and Acquired

Study Scalability Simulation Tool | Key Findings Limitations Acquired
Technique Used Results
This Study Enhanced BlockSim, Reduces Slight increase Achieved up to
(Proposed Transaction AnyLogic message in transaction 30% reduction in
Work) Adjournment overhead while propagation time | network message
(Deferred maintaining overhead with an
Transaction transaction speed acceptable
Relay with INV propagation
Messaging) delay increase
Eyal et al. Bitcoin-NG Custom Reduces Requires Achieved 2-3x
(2016) (Leader-Based Simulator transaction protocol changes | increase in
Block confirmation and transaction
Generation) time and centralization throughput but
increases risks required leader
throughput selection
Gervais et al. Adjustable Bitcoin Core Improved Increased risk of | Improved
(2016) Block Size & Simulator transaction orphaned blocks | transaction speed
Block Interval confirmation by 15% but
Optimization speed increased orphan
rate
Croman et al. Off-Chain Theoretical Reduces on- Complexity and | Increased
(2016) Scaling Analysis chain load, centralization transactions per
(Payment improves TPS concerns second (TPS) to
Channels, 1000+ but
Lightning required
Network) extensive off-
chain adoption
Sompolinsky & | GHOST Theoretical Reduces block Increased Reduced block
Zohar (2018) Protocol (Graph- | Model propagation time | computational orphaning by
Based Block and improves complexity 17%, improving
Validation) fork resolution stability
Pass et al. (2017) | Fruitchain Custom Enhances Requires Improved block
(Hybrid Block & | Simulation security and protocol finality by 20%,
Transaction scalability modifications ensuring faster

Validation)

confirmations

12.FUTURE WORK

Due to its difficulty in scaling, the Blockchain presents a risky environment for users and businesses interested in
exploring its potential as a full-fledged consumer platform. It's time to stop thinking of blockchain as only the backbone
of digital currencies. Other applications and services can be built on top of blockchain's ability to carry large amounts of
data and provide security. Exploration of multichines, which can move all types of currencies in a single distributed
ledger, paving the door for a technology that considers both security and legislation. As traditional methods of financial
exchange fade away, blockchains and their possibilities in digital currency, smart contracts, and payment processors
become increasingly important. The number of users in the blockchain system is also increasing as the popularity of
blockchains grows. Purchasing items and doing micro transactions are only the beginning of blockchain technology's era.
Trading without boundaries is no longer a silly idea, but a reality, thanks to the integration of mining in mobile phones,
better security for wallet handling, and the development of various applications and services based on the blockchain

protocol.
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