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Abstract—Problem: Blockchain consensus remains con-
strained by slow transaction verification, redundant mining
effort, high communication overhead, and increased confirma-
tion latency as the number of nodes grows. Objective: This
study proposes NCABS, a controlled parallel mining consensus
approach intended to improve blockchain throughput, latency,
transaction commit rate, and resource utilization. Methodology:
NCABS combines verifiable head-miner selection, transaction-
validation delegation, parallel block generation, and a 75%
confirmation threshold. The framework is evaluated against
Practical Byzantine Fault Tolerance (PBFT) through ten repeated
experiments over node densities from 40 to 140, using throughput,
latency, communication load, transaction commit rate, scalabil-
ity, and responsiveness as performance metrics. Results: The
plotted results show that NCABS achieves higher throughput
and transaction commit rates than PBFT, reduces aggregate
communication messages by approximately 45%, and lowers
latency at 40 nodes from about 310 ms for PBFT to about
195 ms for NCABS. In the transaction-commit-rate experiment,
NCABS reaches approximately 3200 transactions per second,
compared with about 2200 transactions per second for PBFT.
Conclusion: The findings indicate that controlled parallel mining
can reduce redundant computation and communication while
improving blockchain responsiveness. The current evaluation is
performance-oriented; adversarial testing and broader empirical
comparison with additional consensus baselines are identified as
future work.
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I. INTRODUCTION

Blockchain-based systems combine cryptography, public
key infrastructure, and economic modeling to synchronize
distributed databases through peer-to-peer networking and
decentralized consensus. This technology has the potential
to revolutionize various business areas and is expected to
be rapidly adopted into mainstream use in a wide range of
domains [1]. Blockchain technology has immense potential,
but its market penetration is still relatively low. The ecosystem
surrounding blockchain is not yet mature enough to support
its widespread use, especially in supply chain applications.
This is because most supply chains today involve many geo-
graphically dispersed and professionally diverse stakeholders,
making them complex and difficult to manage. Therefore,
extensive groundwork is required before blockchain can be
adopted on a large scale. A recent study by Jabbar et al.
[2] provides a detailed analysis of blockchain-enabled supply

chains, discussing the challenges and future directions. The
most significant challenge the blockchain ecosystem faces is
scalability, which affects transaction processing speed and
efficiency. Compared to traditional databases, blockchain is
slower in retrieving and committing records, and it requires
more computing resources. The scalability of these resources is
a major concern as it affects the system’s ability to respond and
function effectively as the size of input increases to meet user
demand [3]. Scalability is crucial in three key aspects of a sup-
ply chain system: 1) Throughput, which refers to the efficiency
of producing results; 2) Storage, which involves maintaining
transaction records; and 3) Network communication, which
pertains to the number of messages exchanged among nodes
to finalize a transaction. This study focuses on throughput and
network communication scalability.

Considering the founding cryptocurrency, Bitcoin can han-
dle 4——5 transactions per second. As the average transaction
size is 380.04 bytes and the block size is 1,048,576 bytes,
the number of transactions per block is 2, 759.12. The current
block generation time is 600 seconds (10 minutes). Con-
versely, traditional centralized payment systems, e.g., VISA,
MasterCard, and PayPal, offer significantly higher transaction
rates per second [4]. VISA processes over a million daily
transactions, i.e., around 1800 per second. From a storage
perspective, the size of the Bitcoin Blockchain has grown
steadily since its creation. It reached approximately 242.39
gigabytes in size as in Q3, 2021, while it was only 53,647
MB in Q4, 2015. In Ethereum, transactions increased from just
USD $ 3,000 in Oct 2015 to over one million in Jan 2023.
Improving network communication is crucial for reducing
energy consumption and propagation delay. In Blockchain,
each node acts as a relay, broadcasting all transactions at least
twice. When a transaction is generated, it is first broadcast to
all nodes. Once a block containing the transaction is mined, it
is rebroadcast to all nodes. Unfortunately, this process leads to
block propagation delay [5]. Given this process, increasing the
data transmission rate to handle a large volume of transactions
is not feasible, as it requires more network bandwidth. Hence,
it is essential to develop more effective data transmission
mechanisms. Additionally, the number of transactions per
block, Ny, is determined by the maximum block size, Bg; e,
and the average transaction size, T§;,., as shown in Eq. (1):
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The throughput, 6, is the rate at which transactions are
processed, which is defined by the number of transactions per
block and the block generation time, Ty;.ck, as described in
Eq. (2):

\‘BsizeJ
Ntz _ Ti‘ize (2)
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The delay in block propagation, At,;.p, is a function of
the network topology and the number of nodes N, as shown
in Eq. (3):

Atprop = f(N, networktopology) 3)

The total transaction confirmation time, Tton firmation, 18
the sum of the transaction propagation delay, the mining time,
and the block propagation delay, as defined in Eq. (4):

Tconfirmation = Att:vProp + Tmining + Atblockprop (4)

In a parallel mining system like NCABS, the total consen-
sus time, Tncaps, is the minimum time among all parallel
tasks, as shown in Eq. (5):

Tncaps = min(T1, Ty, . .., Tk) )

The communication complexity of the PBFT algorithm,
Cpprr is of the order of the square of the number of nodes,
as shown in Eq. (6):

Cpprr = O(N?) (6)

The contributions of this research study in the blockchain
scalability domain are enumerated as follows. The first two
are considered major contributions, while the next two are of
second and third-level need and importance.

e A new consensus mechanism, NCABS, has been
proposed to speed up consensus in blockchain. This
mechanism uses parallel mining instead of solo or
repetitive mining, making it a strong solution for
achieving the target. To help readers better understand
this, a graphical presentation of the various steps
involved in consensus-based scalability solutions for
blockchain has been included.

e A detailed experimental comparison of PBFT and
NCABS is presented, focusing on throughput, network
latency, scalability, and responsiveness, with results
depicted.

e A comparative analysis of PBFT variants, includ-
ing Multi-layer PBFT, NBFT, CDBFT, and RBFT,
is presented in a summarized tabular format and a
discussion.

e A multi-layer categorization of available scalability
solutions in the literature is provided, along with their
extended versions.
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II. PROBLEM FORMULATION

This study considers a blockchain network consisting of N
nodes, where each node participates in transaction validation
and block generation. The key challenge is to minimize:

e  Transaction confirmation time (7confirmation)
e  Resource utilization (CPU, energy)

e  Network communication overhead
Subject to the following constraints:

e  Maintaining consensus correctness
e  Avoiding forks

e  Ensuring fairness among miners

Formally, the objective function is defined as Eq. (7):

min  Tonfirmation + A1 - ResourceUsage

+ A2 - CommunicationCost )

Such that [see Eq. (8) and Eq. (9)]:
Consensus Validity > 75% 8)
Fork Probability — min ©)]

The formulation reflects three observations that guide
the design of NCABS. First, confirmation delay increases
when many miners repeat the same transaction-verification
and nonce-generation work. Second, PBFT-style consensus
becomes communication intensive as the network size grows
because message exchange increases with node density. Third,
a controlled validator and head-miner selection process is
needed so that performance gains do not come at the expense
of consensus correctness or fork resistance.

III. LITERATURE SURVEY

Tian Junfeng et al. [6] proposes a parallel mining-based
enhancement to blockchain consensus that improves through-
put and reduces latency by enabling concurrent mining op-
erations. It introduces coordination mechanisms to maintain
consistency and security while minimizing forks. Experimental
results demonstrate significant performance gains, making the
approach suitable for scalable, high-performance blockchain
applications.

Yin Lingyuanan et al. [7] proposes a parallelism-enabled
blockchain consensus framework to overcome the limita-
tions of traditional PoW-based systems. By allowing concur-
rent mining and validation processes, the approach improves
throughput and reduces latency, while maintaining consistency
and security through coordination mechanisms. Experimental
results confirm its effectiveness for scalable and real-time
blockchain applications. The work by Lulu Ke et al. [8]
proposes a blockchain-based framework for vaccine supply
management that ensures verifiability, traceability, and data
integrity. By eliminating reliance on centralized authorities
and introducing an improved digital signature scheme, the
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approach enhances both security and efficiency. Experimental
results demonstrate reduced computational cost and improved
trust, making it suitable for real-world healthcare supply
chains.

Soohyeong Kim ez al. [9] classified the scalability methods
as on-chain, off-chain, side-chain, child-chain, and inter-chain
solutions. Junfeng Xie et al. [10] categorized scalability
solutions into four groups: the number of transactions, block
interval time, data storage, and data transmission. This study
classifies blockchain scalability solutions into three categories:
on-chain, off-chain, and consensus mechanism-based. The
following paragraphs briefly review each category, and Fig. 1
provides a visual representation of the classification. Although
several solutions exist in each category, only representative
methods are discussed due to space constraints.

The statistical gap motivating scalability research is sub-
stantial. Bitcoin typically processes about 4-5 transactions per
second, while Ethereum is commonly reported at around 15
transactions per second and permissioned systems can achieve
higher rates under controlled membership. In contrast, conven-
tional payment systems such as VISA are reported to process
around 1800 transactions per second in the cited literature
[4]. This gap is intensified by communication complexity:
PBFT-based designs require all-to-all message exchange with
O(N?) communication cost [11], whereas scalable blockchain
deployments require transaction throughput and confirmation
latency to remain stable as the number of nodes increases.

A. On-Chain Solutions

Require a structural or fundamental change to the
blockchain, and thus a modification to the protocol’s un-
derlying rules. This is technically known as a hard fork or
controversial hard fork when there is a split in the community,
as groups form who accept or reject the proposed update. Some
popular examples of new currencies addressing the scalability
issue that have resulted from a hard fork are as follows:
Bitcoin Cash - Increases the block limit (1M B — 8MB),
Litecoin - Reduces block generation time (10min — 2.5min),
DASH - Higher transaction speed. For comparison, in the case
of Ethereum, the maximum capacity is 15 transactions per
second, and permissioned Blockchains typically offer much
higher transaction throughput than an open and permissionless
network. Changes to the Bitcoin Blockchain’s proof-of-work
parameters could be an option to increase scalability; for
example, decreasing the block generation time or increasing
the block size [12]. Still, these are unlikely to be feasible
solutions, since they cause effects such as orphan blocks,
forks, chain reorganization, slower network propagation, and,
in extreme cases, security vulnerabilities such as selfish mining
and double-spend attacks. Another method in this category to
improve Blockchain scalability is sharding. This is a way to
divide blockchain data across nodes, enabling transactions to
be processed in parallel. Instead of every node processing every
transaction and storing all the data, nodes are grouped, with
each group handling and processing a portion of the data.
This helps scale the network by enabling high concurrency.
Segwit (Segregated Witness) is an upgrade to the data structure
(transaction format) of the Bitcoin protocol. The transaction is
segregated into original data and signature data (witness). The
witness data is separated from the Merkle tree record [13] and
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appended as a separate structure at the end. This upgrade is
part of the Litecoin protocol.

B. Off-Chain Solutions

It uses secondary protocols built on top of the main
blockchain and are, therefore, referred to as a second-layer
scalability solutions. In this approach, transactions are of-
floaded from the main blockchain and performed privately
between the interacting partners. It confers the advantages
of reduced congestion on the MainNet, increased throughput,
reduced transaction fees, and space savings. Many off-chain
solutions for various platforms are available in the literature,
e.g., [14], [15]. Lightning Network [14] covers small and
everyday transactions that do not need to be stored on the
Bitcoin MainNet. Off-chain approaches to scalability issues in
Ethereum include the Raiden network and Plasma cash [16],
[17]. These off-chain mechanisms reduce the number of trans-
actions of the entire network processes, though they still
require at least two transactions to initialize and terminate the
off-chain channels.

Optimizing the working of the Consensus algorithm can
also aid in addressing scalability [15] issues. The Proof of
Work (PoW) was first introduced with Bitcoin. It engages
all miners simultaneously in a competition to create a block,
and only the first to produce a valid block is accepted and
rewarded. Thus, the energy and computational resources of
the other nodes are wasted [15]. In contrast to PoW, Proof of
Stake (PoS) chooses a validator among all the participating
nodes using a stake-based selection algorithm. An exclusive
right to create a block is assigned to this selected node, while
the remaining nodes do not need to waste energy or com-
putational resources. In contrast to PoS, Delegated Proof of
Stake (DPoS) operates democratically, with delegates elected
by token-holding nodes. EOS.IO is a decentralized Operating
System that uses DPoS as its consensus algorithm, focused
on scalability and capable of processing millions of transac-
tions per second. Steemit featuring STEEM, SteemPower, and
SteemDollar as native cryptocurrencies is a Blockchain-based
social media platform. It uses DPoS and Graphene to process
millions of transactions per second efficiently. In the domain
of financial transactions, Bitshare is a decentralized platform
designed to enhance transaction processing speed. Another
DPoS-based solution to the scalability issue in blockchain at
the second layer is Lisk.

It is a modular blockchain platform with smart contract
functionality, which offers a partial solution to the blockchain
scalability problem through the use of sidechains. Until now,
all the extensions mentioned here have not reached matu-
rity and are still under development. The Byzantine Fault
Tolerance (BFT) consensus algorithm gives a solution to
a classic problem in distributed computing, the Byzantine
General Problem. BFT takes different forms: practical BFT,
Federated Byzantine Agreement, Delegated BFT, and others.
Practical BFT (PBFT) can scale to large computational loads
with only a minimal increase in latency [11]. Among many
other projects that use the BFT are LibraBFT, Hyperledger
Fabric, and Zilliga. The Stellar Consensus Protocol (SCP)
is an improved implementation of the Federated Byzantine
Agreement. It requires multiple rounds of voting to reach
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Fig. 1. Categorization of scalability solutions for the blockchain.

consensus, which generates significant network traffic. How-
ever, the messages are lightweight and within the capabilities
of the currently available Internet. A further extension to
SCP is the Pi Consensus algorithm, specifically designed for
low-energy/computationally power devices such as home PCs
and mobile phones. The Bitcoin-NG consensus algorithm [18]
reduces latency and increases throughput by using leader
election to append microblocks.

Some other extensions of PBFT that work for the scal-
ability of the Blockchain network are Kauri [19], Hotstuff
[20], and DBFT [21]. A comprehensive performance mod-
eling and analysis of Hotstuff for Blockchain consensus is
given in [22]. A detailed article on the challenges of PBFT-
inspired consensus for blockchain and enhancements over neo
dBFT is available at [23]. This proposed scalability solution,
NCABS, is categorized as optimizing the Consensus algo-
rithm to improve the scalability of the Blockchain network.
Existing methods either improve throughput at the cost of
communication overhead or reduce energy consumption while
sacrificing decentralization. NCABS addresses both issues,
simultaneously. Table I presents the comparison of blockchain
consensus methods.

TABLE I. COMPARISON OF BLOCKCHAIN CONSENSUS METHODS

IV. PRELIMINARIES

The following is a brief description of key terminology
and concepts to better understand the proposed solution and
the rest of the study.

A. Cryptocurrency Addressing

An alphanumeric identifier of 26-35 characters representing
different cryptocurrency presentation formats, beginning with
the numbers 1, 3, or bcl, is shown in Fig. 2. The figure
provides a self-explanatory depiction of the formats, charac-
teristics, validation, and generation of cryptocurrencies.

The public key (K,ub) is first hashed using SHA-256 and
then RIPEMD-160 to produce a public key hash (Hpub).

H,u, = RIPEMD160(SHA256(K b)) 10)

The resulting public key hash is shown in Eq. (10). Next,
a version byte (V') is prepended to the hash to create the
versioned payload (Py):

Py =V | Hpuw an

Eq. (11) illustrates the concatenation of the version byte
with the hash. A 4-byte checksum (C') is generated by per-
forming a double-SHA-256 hash on the payload and extracting
the first four bytes.

Method Parallelization | Limitation Gap
PBFT No O(NQB' com- | Not scalable C' = Substry 4(SHA256(SHA256(Py/))) (12)
munication
PoW No Energy waste Inefficient
Parallel Mining (ex- | Yes Fork risk No control The checksum calculation is formally defined in Eq. (12).
isting) . .
NCABS Yes . Controlled & effi. The checksum is appended to th_e versioned payload to form
(Proposed) cient the complete binary address (Apin).
Apin = Py | C (13)
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Fig. 2. Cryptocurrency address format, characteristics, generation, and validity.

The final binary address is constructed by appending the
checksum, as shown in Eq. (13).

Finally, the binary address is encoded using the Base58 al-
phabet (A58) to produce the human-readable address (A,ddr).

Aaddr = EnCOd€A58(Abm) (14)

The human-readable address is generated through Base58
encoding as per Eq. (14).

B. Genesis Block

The Genesis Block is the first block in a blockchain. In the
case of the Bitcoin Blockchain, it was initially numbered ‘1°,
but modern versions start with ‘0’. This block is hard-coded
and serves as a trusted starting point for the participants. It is
an unspendable subsidy that does not refer to a previous block.
The genesis block is indexed as 0 in modern implementations.

C. Unspent Transaction Output: UTXO

UTXO is an indivisible chunk that currently represents
the “Right to Spend” of someone at a given moment and is
recorded on the blockchain. Every received currency chunk
is recorded as a UTXO in the blockchain and is scattered
throughout the blockchain, even from a particular owner. The
Wallet scans the blockchain and calculates the user’s balance.
The UTXO data on the blockchain is stored in a database table
in local memory or in a permanent storage called the UTXO
set or UTXO pool.

D. Transaction Format

The UTXO consumed by a transaction (i.e., payment or a
transaction fee) is termed transaction input, while transaction
output is the UTXO created by a transaction (i.e., change of
“Right to Spend” authority or small money returned as change
by the spending money with a large valued UTXO).

E. Transaction Fee

A transaction fee is a charge levied on users for each
cryptocurrency transaction. This fee is collected to process the
transaction on the network. The transaction fee is calculated
on the basis of the transaction size in kilobytes. Some wallets
automatically calculate and include the transaction fee. There-
fore, the user needs to choose a wallet that suits their needs.
Additionally, it is crucial to note that the wallet must source
a set of UTXOs that add up to sufficient currency (the trans-
action amount plus the transaction fee). Manual accounting
for the transaction fee is recommended when wallet-level fee
estimation is unavailable.

F. Merkle Tree

Merkle Root comes up with a Merkle tree when a repeated
encryption process forms a tree structure and ends up at a
single hashed value. In Ethereum, the state’s information is
stored in the Merkle Particia. It is for preventing the Block
from any counterfeit. The Merkle Path in the Merkle Tree
helps a node find a particular transaction quickly and easily.
The conditional state update of the blockchain is represented
in Eq. (15):
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Cy, otherwise.

V. PROPOSED SOLUTION

In the proposed idea, only some miners participate in the
nonce generation and hence do not pick up the transaction from
the unconfirmed pool. Each miner generates a random number,
and their timer is set to it. The one with the lowest random
number value can pick up the transaction. To reduce miners’
computational load and save verification time, the relevant
data is communicated to the specific node. The selection of
this particular node is on the part of the selected miner. The
selected miner generates a random number from the range
of the total number of nodes and sends the required data
to that selected node. The selected node verifies the shared
transaction and performs the necessary hashing, culminating
in the generation of the Merkle tree that ends at the Merkle
root. This selected node shares the data with the head miner.
The head miner solves the puzzle for generating the nonce
value (explained in the subsection Nonce Generation).

This contrasts with the traditional nonce-value generation
competition among all miners, which consumes and wastes
computational power and delays block generation. Next to it
is the new block generation by the head miner. This newly gen-
erated block is appended to the existing blockchain and shared
among miners for validation. On having validity confirmation
from %th of the total miners, this blockchain is replicated to
all the miners. A transaction confirmation message is sent to
the transaction’s direct stakeholders. The detailed workings
of the proposed scheme, along with the architectural and
communication models, are presented in subsequent subsec-
tions. Table II gives some commonly used terms and their
descriptions. A schematic diagram of the consensus algorithm-
based scalability solution for blockchain is given in Fig. 3.
Also, a detailed presentation of the Merkle Tree-Generation
algorithm, which is self-descriptive, is given in Algorithm 1.
The components of Fig. 3 are presented separately in Fig. 4 and
Fig. 5, and their detailed workings are well explained in the
proposed solutions. The consensus condition for a new block
to be replicated is based on a threshold of valid confirmations,
as shown in Eq. (16):

Nconfi'r‘m > N (16)

e

where, N.onfirm is the number of miners confirming
validity, and N is the total number of miners. The selection of
a miner for nonce generation is based on the lowest random
number, as represented in Eq. (17):

S = {ie M| R = min(Ry) a7

where, S is the set of selected miners, M is the set of all
miners, and R; is the random number generated by miner 7. To
prevent a miner from choosing or modifying R; after observing

TABLE II. SOME FREQUENTLY USED TERMINOLOGIES AND THEIR

DESCRIPTION.
Term Description
V(Block) Block validators/miners
ViTa Transaction Validators
Act(nodes) Actors
Power(comp) Computational power
Wealth(rin) Token wealth

Unconfirmed Transactions Pool
Confirmed Transactions Pool
Block Generator

POOl(U,Tw)

POOl(C,Tm)
Gen(piock)

competitors’ values, the election can use a lightweight commit-
and-reveal process. Each eligible miner first broadcasts a
commitment ¢; = H (u;||pk;||Hprev|l€), Where u; is a locally
generated cryptographic random seed, pk; is the miner identity,
Hpey s the previous block hash, and e is the current election
epoch. After the commitment window closes, miners reveal
u;, and the score is recomputed as R; = H (u;||pk;|| Hprev]€)-
Missing or inconsistent reveals are discarded and may trigger
slashing. The total consensus time for the proposed system,
TncaBs, 1s a function of the parallel mining time for the
head miner, which is a significant improvement over traditional
mining methods, as described in Eq. (18):

Tncas < Tsolo (18)

where, Tiolo is the time for a traditional solo mining
process.

A. Architectural Model

The stakeholder nodes are grouped into three major cat-
egories namely; Block Validators [V( Block)}, Transaction Val-
idators [V(7y)], and Actors [Act(poqes)]. Computational power
[Power(comp)] and Token wealth fWealth(Tkn)] are two
parameters to set the threshold for categorizing the applicant
nodes into Block validators and Transaction validators. Actors
are transaction nodes that have installed the Blockchain client
and wallet applications to interact with the Blockchain network
and perform transactions (sending and receiving currency).
Transaction validators are nodes with applicants that meet the
lower thresholds for Power comp) and Wealth(rgy). The ap-
plicant nodes that meet the upper limit criteria for the threshold
values, i.e., Power(compy and Wealth(ryy), are categorized
as Block validators. These are also the full nodes. Since
their work is heavier and more resource-intensive than that of
the transaction nodes (Actors), e.g., due to nonce generation.
First, the Transaction is entered into the system and placed
in the Unconfirmed Transaction Pool [Pool_r.)]. Later,
once it reaches back from the Transaction Validators [V(ry)],
it is placed by the miner in its own confirmed transactions
pool [Pool(c_ry)] that is explained in Section V-Cla and
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Fig. 3. Consensus algorithm-based scalability solution for blockchain.

are graphically represented in Fig. 4. The description of the
terminologies used in this study is tabulated in Table II.

B. Communication Model

Moreover, the higher the number of incoming transactions,
the lower the risk of such inconveniences caused by outdated
node status. As with each node’s response to the transaction
verification data, the updated list of alive nodes is shared.
So there is very little chance of incorrect information. Every
node that sends the transaction verification data back to the
head miner will attach the list of live nodes. This list of
received messages is then communicated to co-miners. The
node collects this information while getting its transactions
verified.

C. Detailed Working of the Proposed Solution

The proposed solution operates through a structured con-
sensus algorithm where validation precedes consensus to en-
sure the running blockchain is the final, agreed-upon version.
The process begins when a transaction is placed into an un-
confirmed transaction pool, Pool(U —Tx). A block generator,
Gen(Block), is then selected via a protocol in which all miners
generate a random number and set a corresponding timer; the
miner with the shortest timer value wins the right to pick
up the transaction bunch. This winning miner, or head miner,
then delegates the computationally intensive verification task
by randomly selecting a dedicated Transaction Validator node,
V(Tx). This selected V(Tx) node verifies the transaction’s
legitimacy, syntax, and data structure, and performs the neces-
sary hashing to generate a Merkle tree and its corresponding
Merkle root. The validator sends this data back to the head
miner, who then solves the puzzle to generate a nonce, creates

the new block, and appends it to its local blockchain. This
newly updated blockchain is shared with other miners for
validation. Upon receiving confirmation from at least 3/4ths of
the total miners, it is replicated across the entire network, and a
confirmation message is sent to the transaction’s stakeholders.

1) Consensus algorithm: The validation precedes the con-
sensus. The consensus protocol ensures that the currently
running Blockchain is the final, true version on which at least
the system’s key stakeholders have agreed. In the proposed
consensus algorithm, the Blockchain is replicated to all the
miners, once having the validity confirmation from %th of
total miners. This %th ratio is chosen following the renowned
previous practices in the literature. Section V-Clc explains
it in detail. Before it, nonce generation is the core activity
miners perform to make the process fairer, as described in
Section V-Clb. After the Block generation and the replica-
tion of the Blockchain throughout the network through DLT.
The transaction is confirmed and committed. This process is
presented in Section V-Cld.

a) Transaction pool: The transaction pushed from the
Wallet into the blockchain system is placed in the transaction
pool. In Bitcoin, it is named the Mempool. The selected
miner picks up the transaction(s) out of the available transac-
tions in the transaction pool [Unconfirmed Transactions Pool
(Pool(7—7z))]. Once the transactions are returned from the
V(Tm) after confirmation, each miner places them in their
in-house maintained pool, the Confirmed Transactions Pool
[Pool(c—1y)]. There are some issues of delaying in picking
up the transaction from Pool(y_r;) due to low transaction
fees. One solution to it is increasing the transaction fee to
push it faster to get it done. SegWit-enabled wallets like Ledger
Nano S, Exodus, Segwitaddress, Trezor, or Electrum are worth
considering to get faster confirmation from the transaction

www.ijacsa.thesai.org

1071 |[Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

Algorithm 1 Merkle Tree Generation

1: Input: A set of transactions in a block, T =
{tx1,txe, ... txn}.

2: Output: The Merkle Root, Mp.

3: Definitions:

4; Let H(-) be a cryptographic hash function (e.g., SHA-

256).

5: Let || denote the byte-wise concatenation operator.

6: Let L; be the list of hash nodes at level j of the tree.

7: function COMPUTEHASH(data)

8: return H(data)

9: end function

10: function BUILDMERKLETREE(T) > Generate leaf nodes
(Level 0)

11: Initialize Lo < 0

12: for i =1 ton do

13: l; < ComputeHash(tx;)

14: Append [; to Lg

15: end for

16: j<0 > Iteratively build the tree until one root
remains

17: while |L;| > 1 do

18: Initialize L;4q < 0

19: Let N; = |L;| > Iterate over pairs of nodes in the
current level

20: for k =1to [N;/2] do

21: Let the left child hash be hj¢ < Lj;[2k — 1].

22: Let the right child hash be hpjgne <

L;[2k] it 2k < N;

L;[2k —1] if 2k > N; (Handles odd number of nodes)
> Compute the parent hash by hashing the concatenated
children’s hashes

23: The parent hash hpqrens 1S computed as:
hparent == H(hleftHhright)

24: Append hparent 0 Ljt1

25: end for

26: j—i+1

27: end while > The final list contains the single Merkle
Root

28: Mpg « L;[0]

29: return Mp

30: end function

pool. In the experimental setup, submitted transactions are
processed according to their priority, and no external accel-
eration application is used to push selected transactions ahead
of the normal queue. A concise depiction of transaction pools
is shown in Fig. 4.

b) Nonce generation: A nonce is a number that results
from repeatedly hashing the input until it meets a certain
difficulty threshold. In a Block, nonce generation is a major
task performed by miners and takes most of their time. The
process of generating nonces is called mining, and miners
mainly do it. It is also called puzzle solving because it is a
completely random, trial-and-error process that continues until
the eligible signature is reached and the required difficulty
level is met. It could take many forms, ranging from spaces
to question marks to numbers, periods, capital and lowercase
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Transactions Pool Transactions Pool

Pool(i7_r4)

Pooligrsy

The selected miner picks up the
transaction(s) out of the available in
the Unconfirmed transaction Pool.

Each miner places confirmed
transaction in its own maintained
‘Confirmed Transaction Pool’

(a) (b)

Fig. 4. (a) Unconfirmed transaction pool, (b) Confirmed transaction pool

letters, and digits. Once nonce is generated, it is disseminated
among other miners along with its key for verification. This
also indicates to other miners that they should pause and
stop proceeding to actual block generation. Since each block
generation process requires the previous block hash as a
prerequisite, if all nodes start generating blocks, it can lead
to confusion about the previous block hash. This sharing of
the newly generated nonce also confirms the miner’s message
and prevents it from being misleading. This successful node
completes the block generation process by setting its previous
block hash parameter to the latest record in the Blockchain.
The locally upgraded Blockchain at the particular miner is sent
to the other miners for validation. This received message is a
Go Ahead call for two actions at the message recipient i.e.,
Miners. 1) Validation check of the received Block version and
respond to the outcome. 2) Proceed to the block generation
process.

c) Block  generation: The Block  Generator
[Gen(piocky] is selected by following a special protocol.
All the miners generate a random number and set their timers
accordingly. The miner with the least timer value takes the
right to pick the transaction bunch from the Pooly_7g).
From a practical perspective, the miner completes its waiting
time, which is equal to the randomly generated value,
wins the competition, and takes the turn to start the Block
generation process, first by picking the transaction(s). A
message disseminated to all other miners from this winning
miner stops them from waiting further. The message sender
miner, i.e. the previously winning miner, does not take part
in the next competition and will wait for a message from
the winner node of the next turn to take part therein. The
message also contains its random number value. All the
recipient miners wait for this time, then generate a random
value as previously presented and discussed on completion
of this phase of transaction bunch picking. The transaction
verification process is initiated by the V(7 ) node. Once all
the required data for a Block is collected and produced, the
selected Gen(piock) node proceeds to its generation. Here,
another important point needs attention, i.e. a serious clash
surely will be raised on getting the previous Block Hash and
including it in the required data for generating the nonce and
hence the Block generation. Suppose two miners proceed
with Block generation using the same previous hash value. In
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that case, it will disrupt the Blockchain, leading to multiple
forks that would be impossible to resolve later. Hence, it is
critically important to focus on it and to resolve it.

The fairness of this selection depends on making the
random values unpredictable before the election and verifiable
after the election. NCABS therefore assumes that random num-
bers are generated using a cryptographically secure pseudo-
random number generator and are bound to the previous block
hash and the current epoch through the commit-and-reveal
process described above. This binding prevents a miner from
reusing a favorable value across epochs, and the public reveal
enables other miners to recompute the score before accepting
the head-miner result. If two miners obtain the same score, the
tie is resolved deterministically by selecting the miner with the
smaller hash of (pk;||Hprev|le).

The miner that starts the process of generating the nonce
value up to the Block generation disseminates a message to
stop the other miners and to start the same phase in parallel due
to the issue of repeated usage of previous block hash. During
miner selection, it is assumed that candidates must meet a
minimum computational power threshold; hence, all miners are
capable of generating the Block with proper efficiency. Once
the Block is generated and appended to the local blockchain, it
is communicated to miners for sufficient validation. On having
validity confirmation of %th of miners, it is replicated to the
blockchain network through DLT. After a successful Block
generation, the other miners begin the next Block generation
using the previous block hash. This is a repetitive process.
A concise depiction of Key processes in Block generation by
the Block generator and its interaction with the transaction
validator module is shown in Figure 5.

d) Transaction verification: Transaction verification is
at the end of Transaction Validators’ Cluster (T'V C'), compris-
ing of (V7)) nodes. The miner that picks the transactions
bunch generates a random number having value from v;
to vp—1 (n is the number of nodes in TVC). The V(r,)
corresponds to the outcome number of this random num-
ber generation assigned to the transaction bunch. The V(r,)
picks a transaction from the transaction bunch at a time and
verifies it by following the number of encapsulated tasks.
Firstly, transaction legitimacy is checked, i.e., whether the
transactions are legal, not malicious, and not double-spent. In
addition, the transaction syntax and data structure, the input
and output values, the transaction size (i.e., must be less than
the block size), the transaction value (i.e., must be between
the minimum and maximum limit values), and the signature
limit are verified. When a transaction is marked as correct,
the next step is checking that its matching transaction (i.e.,
child transaction) exists, and if so, then both the parents and
child transactions are processed further by placing them in the
transaction pool; otherwise, it is put in the Orphan Transaction
Pool. Once it passes the initial screening, it is hashed. This
process is repeated for all transactions in the transaction bunch,
and the Merkle tree is completed, yielding the Merkle Root.
To maintain privacy while obtaining the desired data from the
neighboring node to verify the payment, Bloom Filter is part
of the transaction verification process. It comprises various
patterns to aggregate data as defined in BIP37. Fig. 6 depicts
the transaction processing flow as a block diagram, starting
with the availability of currency in the wallet and ending
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with committing the transaction to lock the wallet. This figure
presents another schematic diagram (at the abstract level) of
Fig. 3.

2) Slashing: The cheater participant (miner and transaction
verified) is penalized by having its stake confiscated. This
removal of the cheater’s stake reduces the token supply on the
blockchain, thereby elevating the token price at the individual
level. This is another way for bad actors to cover up the
impact of their dishonesty. Also, this removed stake is non-
transferable and is directly dumped for no use. The full
process of leader election, transaction validation, mining, and
consensus is detailed in Algorithm 2.

The transaction verification algorithm details the procedure
performed by a dedicated validator node. It checks the validity
of each transaction in a batch and computes the final Merkle
Root, as shown in Algorithm 3.

D. Security Considerations and Adversarial Model

NCABS is designed primarily for a permissioned or con-
sortium blockchain setting in which validator identities are
known and eligibility is controlled through the computational-
power and token-wealth thresholds described in the architec-
tural model. This membership assumption is important for
security. A Sybil adversary cannot freely create unlimited
validator identities unless it also satisfies the admission criteria
for each identity. The slashing rule further discourages strategic
behavior by penalizing miners or transaction validators that
submit inconsistent election reveals, invalid validation results,
or malformed block data.

The 75% confirmation threshold provides a Byzantine-
fault-oriented safety condition. In a validator set of size N, an
adversary controlling fewer than one-fourth of the confirming
miners cannot independently finalize an invalid block because
the block must receive at least %N valid confirmations. This
threshold also reduces the likelihood of forks because blocks
generated from stale or conflicting previous hashes do not
receive sufficient confirmations. However, a large colluding
majority remains a serious risk in any consensus protocol;
51% attacks have been shown to affect cryptocurrency value
and trust [24]. Therefore, NCABS should be interpreted as re-
sistant under the stated permissioned-membership and honest-
majority assumptions, rather than as a complete defense against
majority capture in an open permissionless network.

Double-spending attacks are addressed at the transaction-
verification layer. The selected transaction validator checks
transaction legitimacy, syntax, input and output values, signa-
tures, transaction size, and double-spending conditions before
generating the Merkle root. A transaction batch that fails
these checks is rejected before block assembly. The current
work evaluates these mechanisms from a protocol-design and
performance perspective; systematic adversarial simulation,
including coordinated Sybil attempts, double-spending cam-
paigns, selfish mining, and majority-capture scenarios, remains
part of the future validation plan.

E. Complexity Analysis

The computational complexity of NCABS is reduced
compared to PoW due to selective miner participation. In
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The corresponding computational reduction ratio is therefore
approximately k/N. From the communication perspective,
PBFT has O(NN?) message complexity because of its all-to-all

traditional PoW, O(N) miners compete to solve the same
block-generation problem. In NCABS, only O(k) selected
miners participate in the active mining phase, where £ < N.

www.ijacsa.thesai.org 1074 |Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 17, No. 6, 2026

Algorithm 2 Proposed Consensus and Block Creation Process

1: procedure BLOCKCREATIONPRO-
CESS(Hprev, Pooly —1z, M, V)

> Phase 1: Block Generator Election

2: Initialize timers T} < oo for all M; € M
3: for each miner M; € M in parallel do
4: Generate random seed u; using a CSPRNG
5: Broadcast commitment ¢; < H (u;||pki|| Hprev||€)
6: Reveal u; after the commitment window closes
7: Compute score r; < H (w;||pk;||Hprev|l€)
8: Set timer T} < r;
9: end for
10: Wait for the first timer to expire
11: Mgen < argmingg, e pm(T5)
12: Myge,, broadcasts a halt signal to all other miners in
M
> Phase 2: Transaction Validation Delegation
13: Tounch < Mgern selects a batch of transactions from
Pooly _1,
14: Vr, < randomly select a validator from V
15: Send Tpunch to the selected validator Vi,
16: (Toatid, Hrrerkie) — VERIFYTRANSAC-
TIONS(%unch)
17: if Hpjerkie 1s null then
18: return Block Generation Failed (Validation Error)
19: end if
> Phase 3: Mining (Proof-of-Work)
20: Initialize Nonce < 0
21: Hpeader < CreateHeader(Hprey, Hprerkie, timestamp, ...
22: while H(H}oqder, Nonce) > Dr do
23: Nonce < Nonce + 1
24: end while
> Phase 4: Block Assembly and Consensus
25: Biew + AssembleBlock(Hyeqder, Nonce, Toatid)
26: Myge,, broadcasts Bje,, to all miners in M
27: Initialize con firm_count <~ 1 > Mg, votes for its
own block
28:  for each miner M; € M\ {Mgy,} do
29: if M; validates B,,.,, as correct then
30: con firm_count < confirm_count + 1
31: end if
32: end for
33: if con firm_count > 3| M| then
34: Append B, to the global blockchain
35: return B, .,
36: else
37: Discard B,,cq
38: return Block Generation Failed (Consensus Not
Reached)
39: end if

40: end procedure

voting structure, whereas NCABS reduces the active consensus
communication to approximately O(kN). Hence, NCABS re-
duces both computational and communication overhead when
the selected active set remains much smaller than the complete
node set.

Algorithm 3 Transaction Verification and Merkle Root Gen-
eration

1: procedure VERIFYTRANSACTIONS(7punch)

2: Toatid < 0

3: for each transaction Tz; € Tpuncn do
4: if ®(Tx;) is true then

5: Toatid < Toatia U {Tx;}

6: end if

7: end for

8: if Tyaiiq is not empty then

9: Hprerkie < MerkleRoot( Ty aii4)
10: return (Tyaria; Haerkle)

11: else

12: return ((), null)

13: end if

14: end procedure

VI. EXPERIMENTATION AND PERFORMANCE
EVALUATION

A. Performance Metrics

The following metrics are used to evaluate the performance
of the proposed model [see Eq. (19) to Eq. (21)]:

Number of Transactions

Throughput = 19

roughpy Time (19

Latency = Time per Block Confirmation (20)
Throughput

Efficiency = rougpu 21

Resource Usage

Each experiment is repeated 10 times, and average values
with standard deviation are reported to ensure robustness.
To validate the performance of the proposed NCABS con-
sensus mechanism, a series of experiments was conducted
and compared against the Practical Byzantine Fault Tolerance
(PBFT) algorithm. The evaluation was performed using a setup
that included specialized GPU chips, the CGminer software
package, and membership in the Poolin online mining pool.
The core performance metrics for this comparative analysis
were throughput, network latency, network scalability, and
responsiveness. Experiments were conducted across a range
of network node densities (40—140) to assess the system’s be-
havior under increasing load. The results consistently demon-
strated that NCABS offers superior performance, achieving
higher throughput, lower resource utilization, a higher trans-
action commit rate, and lower latency than PBFT. For ex-
ample, NCABS reduces aggregate communicated messages
by approximately 45% in the scalability experiment, and the
responsiveness experiment shows a latency reduction from
about 310 ms for PBFT to about 195 ms for NCABS at 40
nodes.

www.ijacsa.thesai.org

1075 |Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

B. Theoretical Evaluation

Usually, miners experience latency when hearing about
transaction validation at different points in their life cycle.
Furthermore, different miners select transactions based on their
convenience (e.g., transaction fees) and begin validating them
to perform the activities required for block generation. But only
one block is accepted based on consensus, to be appended
to the blockchain and then replicated across the network of
miners using Distributed Ledger Technology. Both processes
are time-and computational resource-intensive. In the proposed
solution, both issues are addressed by assigning the transaction
verification role to a dedicated node, i.e. Transaction verifier.
Therefore, miners do not need to remain engaged in this
process, and these resources are better used to keep the system
up and running.

The input transactions are readily picked by the miners
and put in the processing queue for further assignment to the
transaction verifier. This utilizes available resources efficiently
and effectively, increasing the system throughput i.e., more
transactions are processed and reach the finality state per unit
time. Miners have more time to dedicate to block-generation
processes, such as nonce generation, without competing with
one another, resulting in more efficient resource utilization and
higher throughput. A single transaction is picked by only one
miner rather than multiple miners (as is practised in other
blockchains). It reaches finality with a high probability, as
there is no risk or uncertainty of dropping or deselecting
the generated block at the end. What comes in the flow will
gain the finality status. The verifying nodes are well aligned
with their assigned tasks, without redundant effort on the
same transaction (which may become part of multi-transaction
bunches picked by various miners on their turn). Transaction
verifier works with one miner at a time, while one miner
can assign transaction bunches to more than one transaction
verifier. This further contributes to effective resource utilization
with better block throughput.

During the block generation, the winning miner prevents
the other miners from completing their waiting time to pick
up the transaction batch. This algorithm has twofold benefits.
It saves time wasted unnecessarily and contributes to better
system throughput. Secondly, it helps them autonomously
synchronize and enter the transaction-picking phase again
almost simultaneously, i.e., a fair deal. By using the temporal
analysis, the introduced nonce-generation process results in
the block generation taking a bit longer. If the set procedure
in Bitcoin and other blockchains is followed, carrying out the
process simultaneously is more time-consuming. Although the
temporal impact is not well appreciated in the proposed mech-
anism, it is far less than the usual process, as mentioned before.
Selecting transactions redundantly across multiple miner picks
also delays the block generation process.

C. Implementation Detail

Specialized GPU chips, sufficient cooling for the hardware,
an always-on internet connection, a mining software package,
and membership in both an online cryptocurrency exchange
and an online mining pool are the major implementation
parameters. The market is well-supplied with crypto-mining
software packages, including CGminer, Bitminter, BFGminer,
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Multiminer, and EasyMiner. CGminer is used as the repre-
sentative mining software in this implementation because it
supports multi-threaded and multi-pool mining configurations
[25]. A group of crypto-miners who combine their computa-
tional resources over a network can increase their collective
computational power. Poolin, Autopool, Slush Pool, Bitfury,
and FZpool are among the widely used mining pools. Poolin
is used as the representative mining-pool setting in this study
and was reported to mine approximately 20% of blocks at the
time considered.

1) Performance metrics: To validate the proposed con-
sensus mechanism’s performance, it is compared with PBFT
across various evaluation parameters. Those are summarized
into throughput, network latency, network scalability, and re-
sponsiveness. The results are presented from Fig. 7 to Fig. 17.
The detailed discussion is given in subsequent sections.

a) Throughput and network latency: To measure the
concurrency in the Blockchain system, an important metric is

transaction throughput per Second T(T'PS), i.e., P = Tsum)
where T(sum) is block time and 0t is the total transac-
tion count during that block time. It reflects the number
of transactions packaged per unit of time. It states that the
higher the throughput value, the greater the consensus effi-
ciency and the greater the potential for transaction processing.
Hence, Throughput < ConcurrencyFE f ficiency. Transac-
tion latency is the time between submitting a transaction and
its confirmation. It measures the blockchain’s consensus al-
gorithm’s computational efficiency, communication efficiency,
and runtime. Reduced latency will increase transaction confir-
mations and decrease the risk of blockchain bifurcation.

NCABS mPBFT

550

500

400
- ‘ ‘ ‘
300

025 05 075 1 12515 175 2 22525 275 3 32535 375 4

Transaction Per Second

Time (ms)

Fig. 7. Average results of throughput - time(ms) vs. transaction per second.

Transratency) = Block(conp)t — Trans it

where, Trans ratency) 18 the transaction latency that is the
difference between the block confirmation time Block(con )t
and the transaction initiation time T'rans rpit. Fig. 7 shows
the average result of throughput, time vs. transactions per
second, and reflects the outperforming of NCABS to PBFT.
The variability in results over time indicates changes in the
nodes’ status. In NCABS, Power(comp) and Wealth ) are
two parameters used to categorize nodes into Block validators
and transaction validators. The status change also affects
throughput, as shown in Fig. 7 and Fig. 8. This is also shown
in Fig. 9, which compares the change in throughput to the
transaction commit rate (Fig. 10). The same also impacts the
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Fig. 10. A summarized view of the throughput comparison of NCABS and
PBFT.

graph representing the blockchain network resource utilization,
as in Fig. 11. Consequently, this status change also affects
message communication since it increases inter-node message
passing for node status reallocation. That is reflected in Fig. 11
and Fig. 12.

Across all the above-cited figures, the comparison of
NCABS with PBFT for throughput and resource utilization as
performance evaluation parameters also shows the network’s
stability. The higher the frequency of switching the node status,
the greater its negative impact on the network. The variation
in throughput and resource utilization over time is due to
varying node involvement. At ty, a fraction of nodes serve
as validators or supervisor nodes, while at ¢1, upon the status
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Fig. 11. Blockchain network resource utilization. A comparative view of the
per node messages communicated by NCABS and PBFT along with their
exponential trend.

mNCABS mPBFT

2000

1800

1600
1400
1200
1000

800

600

Messages Communiated

400
200

40
Number of Nodes

Fig. 12. Blockchain network resource utilization. An aggregated comparative
view of the messages communicated in the blockchain network of 40 nodes.

switch, another fraction of nodes assume the same role. This
plays a role in the said graph style. In short, as explained
above, NCABS achieved higher throughput, lower resource
utilization, a higher transaction commit rate, and lower latency
than PBFT. Considering Fig. 9, it is clearly evident that the
higher the transaction commit rate, the more the throughput,
i.e., transactions per second. Over time, throughput increases
along with the transaction commit rate for NCABS, and it
is higher than that of PBFT. The performance of NCABS is
improving compared to PBFT. The reason for this better result
is the minimal communication during the validation process.
Extending this, the time required to confirm a transaction is
also shorter for NCABS than for PBFT.

b) Network scalability: Among many other scalabil-
ity solutions in Blockchain that require close attention for
improvement, throughput and latency are the most impor-
tant concerns. Adding more nodes significantly increases the
time needed to confirm transactions, reducing the number of
transactions per second. To address the weakness of the slow
transaction verification process, as in the founding systems
and their descendant solutions, this job is at the end of
the Transaction Validators’ Cluster, which comprises selected
transaction validator nodes. The same approach is used in
PBFT and its variants. One approach to improve the scalability
or speed of transaction processing is to design a faster proof-
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of-work solution. NCABS uses a method to accelerate the
proof-of-work process by parallel rather than solo mining. This
decreases the overall burden on the Blockchain network nodes
and helps ensure that no more than two miners exert the same
effort on a given block.
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Fig. 13. Comparative results of network scalability over varied network
densities in NCABS and PBFT, along with their exponential trend.
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Fig. 15. Network scalability.

Fig. 13, Fig. 14, and Fig. 15 show the network load
leading to Network scalability at different network densities.
The results shown in the figures are averages across multiple
simulations. The results are obtained at varying numbers of
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nodes, ranging from 40 to 140, with a difference of 10 nodes
per experiment. Fig. 15 shows the summary of the inferred
and calculated results (averaged) from all the experiments with
different blockchain network node densities. It reflects the
response of message communication to set up the transaction’s
confirmation. The total number of messages communicated
by the proposed mechanism, NCABS, is approximately 45%
fewer than that of PBFT. Referring to Fig. 13, the difference
in the number of communicated messages for a network with
a node density of 40 and a node density of 140 is huge,
especially in the case of PBFT. This difference is due to
network instability, specifically to the redundancy introduced
by multiple miners mining the same transaction. In contrast,
NCABS follows the one-time, one-node policy, as discussed
previously, to reduce this communication load. Fig, 13 and
Fig. 14 also endorse the network stability scenario. NCABS is
far more stable compared to PBFT. Since the variability in the
communication load is minimal and gradually improving in
various node densities from 40 to 140 in NCABS. In the case
of PBFT, this difference increases exponentially. It performs
better for small-scale networks but worsens as network scale
increases. Also, the exponential trend line for the resulting
PBFT graph is much higher and steeper than that for NCABS.
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Fig. 16. Network latency under increasing node density for NCABS and
PBFT.
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Fig. 17. Aggregated responsiveness comparison using transaction commit
rate.

The data in Fig. 13 are also represented as a line graph
in Fig. 14, showing far less variability in communication
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TABLE III. COMPARISON OF CONSENSUS ALGORITHMS

Algorithm Communication TPS Groupings of  Nodes Participation in Con-  Supervision Scalability
Complexity Nodes sensus Mechanism Mechanism
PBFT [26] Average Low No No No low
Multi-Layer Average Average Yes No No Average
PBFT [27]
NBFT [28] High Average Yes No No Average
GH [29] High Low Yes No No Average
CDBEFT [30] Average Low No Yes No Poor
RBFT [31] High Average No No Yes Poor
Algorithm [32] High Low Yes No No Average
PoW [33] High Low No No No Poor
PoS [34] High Low No No No Poor
DPoS [35] High Average No No Yes Average
NCABS Low High Yes Yes Yes Good
(Proposed)

load for NCABS compared to that of PBFT. Hence, it re-
sults in better network scalability. Since network stability,
communication, and network throughput are directly related
to network scalability, NCABS delivers far better scalability
than its competitor. Fig. 16 and Fig. 17 depict the results of
network responsiveness from the perspective of the number of
nodes versus latency in milliseconds. In Fig. 16, keeping the
node density up to forty, the time interval from transaction
submission to transaction confirmation is almost the same for
both algorithms for thirteen nodes somewhere in the network.
As network latency measures the computational efficiency and
runtime of the blockchain’s consensus algorithm, throughput
is also closely related to it. But later, the latency difference
in PBFT increases from node thirteen onward. This decreases
its throughput, impacting network scalability. The aggregated
responsiveness results are also shown in Fig. 17, indicating
that higher latency is associated with lower responsiveness and
lower scalability, and vice versa.

D. Comparative Analysis of Typical Consensus with NCABS

Table III compares consensus algorithms, focusing on the
extended PBFT ideas. A similar comparison is made by Wu
X. et al. [36]. The comparison indicators are communication
complexity (which also includes communication overhead),
Throughput (TPS), nodes’ grouping (aka sharding), nodes’
participation in the consensus mechanism, supervision of the
consensus process, and scalability. The empirical evaluation
uses PBFT as the primary baseline because it is the closest
directly implemented Byzantine-fault-tolerant comparator in
the experimental setup. The remaining consensus protocols
are included as qualitative baselines to clarify how NCABS
differs from common PBFT variants, PoW, PoS, DPoS, and
related group-based protocols. As far as comparing Proof of
Work (PoW) and Proof of Stake (PoS), considering the open
environment for public blockchain, PoW and PoS are more
suitable. Comparing these two, the PoS algorithm prioritizes
the highest equity when electing nodes, consumes the least
energy, and exhibits a higher degree of centralization than the
PoW algorithm, but it lacks security. Its optimized version,
DPoS, fine-tunes the number of participating nodes. PoW has
stronger decentralisation, a relatively simple implementation,
and high fault tolerance, but with the drawbacks of slow
transaction speeds, higher energy consumption, and lower
throughput [37].

The GH algorithm divides the network nodes into groups,
each with a primary node. Local consensus leads to the global
consensus achieved by the collective work of only the primary
nodes of the designed groups. This increases communication
complexity by increasing overhead among interacting nodes.
The same is true for NBFT, RBFT, PoW, and its variants, i.e.,
PoS and DPoS. Hence, it also impacts transaction throughput.
Data processing speed has been significantly increased, and
security has been improved, but the decentralization aspect
needs further optimization. The Paxos, Raft, and PBFT al-
gorithms are better suited to permissioned chains, such as
consortium and private chains, that require identity verification
and have limited node counts. These consensus algorithms
can provide excellent information-processing capabilities, low
resource consumption, and tolerance to non-Byzantine errors.
However, implementing the Paxos consensus algorithm is more
difficult and only suitable for consortium chains and private
chains with relatively high security. The Raft algorithm is more
practical and performs similarly to Paxos. Still, its shortcom-
ings are similar to those of the Paxos consensus algorithm,
and it is only suitable for consortium and private chains with
relatively high security. The PBFT consensus algorithm offers
strong data processing capabilities and enhanced security and
is only applicable to consortium and private chains. In addition,
the PoH and CW-PoW consensus algorithms proposed in 2021
are improvements and optimizations of the typical consensus
algorithm, and they feature high computational efficiency, low
energy consumption, and strong safety and reliability. NCABS
is well-suited for the permissioned blockchain for the same
reason as PBFT. A detailed experimental-based comparison
of these two algorithms is made in the previous section.
The comparative analysis results for the algorithms above are
shown in Table III.

VII. DISCUSSION

The experimental results show that the main advantage
of NCABS comes from reducing redundant work during
transaction verification and block generation. In PBFT, con-
sensus communication grows rapidly with the number of
participating nodes because voting and message exchange are
broadly distributed across the validator set. NCABS narrows
the active consensus path by selecting a head miner, delegating
transaction verification to a specific validator, and requiring
a 75% confirmation threshold before replication. This design
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explains why the scalability experiment reports approximately
45% fewer communicated messages than PBFT and why the
latency curve remains lower for NCABS as node density
increases.

The proposed method is also consistent with the related-
work discussion on consensus-based scalability. PoW improves
openness and decentralization but wastes computation because
many miners compete for a single accepted block. PBFT
improves deterministic finality in permissioned environments
but can suffer from high communication overhead. PBFT vari-
ants such as Multi-Layer PBFT, NBFT, CDBFT, RBFT, and
HotStuff-inspired approaches attempt to reduce this overhead
through grouping, leadership, or pipelined voting. NCABS
follows the same broad goal of reducing redundant coor-
dination, but it does so through controlled parallel mining
and explicit separation between transaction validation and
block generation. This separation is the main methodological
difference from the compared baselines in Table III.

From a deployment perspective, NCABS is best interpreted
as a permissioned or consortium-chain mechanism. Its security
assumptions depend on controlled validator admission, verifi-
able random selection, slashing, and an honest-majority condi-
tion under the 75% confirmation threshold. These assumptions
make NCABS suitable for applications such as supply-chain
blockchain systems, where participant identities and compu-
tational eligibility can be managed. They also limit direct
transfer to open permissionless networks without additional
defenses against Sybil identities, selfish mining, coordinated
double spending, and majority capture.

The comparison with PBFT provides a direct empirical
baseline because PBFT is the closest implemented Byzantine-
fault-tolerant comparator in the present evaluation. The qualita-
tive comparison with additional consensus protocols strength-
ens the positioning of NCABS but does not replace full
empirical benchmarking against all modern variants. There-
fore, the results should be read as evidence that NCABS im-
proves performance under the stated experimental conditions,
while broader adversarial and multi-baseline testing is required
before generalizing the claim to all blockchain consensus
settings.

VIII. CONCLUSION

This study presented NCABS, a controlled parallel-mining
consensus mechanism for improving blockchain scalability.
The conclusions of the study are as follows:

e NCABS reduces redundant mining and transaction-
verification effort by separating head-miner selection,
validator delegation, block generation, and confirma-
tion into coordinated stages.

e Across ten repeated experiments with node densities
from 40 to 140, NCABS achieves better throughput,
lower communication overhead, and lower latency
than PBFT; in the reported scalability result, aggre-
gate communicated messages are reduced by approx-
imately 45%.

e The comparative analysis indicates that NCABS is
particularly suitable for permissioned or consortium

Vol. 17, No. 6, 2026

blockchain applications where validator identity, com-
putational eligibility, and confirmation thresholds can
be managed.

Two limitations remain. First, the current evaluation is
simulation/prototype-based and uses PBFT as the direct em-
pirical baseline, while other modern consensus variants are
compared qualitatively. Second, the framework assumes min-
imum computational capability among miners, controlled val-
idator admission, and honest-majority behavior; adversarial
experiments involving Sybil behavior, double spending, selfish
mining, and majority capture have not yet been conducted.

Future work will extend NCABS through broader empirical
benchmarking against additional PBFT variants and modern
consensus protocols, real deployment testing, and adversarial
evaluation under coordinated attack scenarios.
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