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Abstract 

The growing number and complexity of digital transactions make traditional accounting and auditing frameworks 

struggle in ensuring timely fraud detection, continuous validation, regulatory compliance, and confidentiality of 

financial data. While blockchain offers traceable and immutable audit trails, immutability is not sufficient to guarantee 

that all the transactions meet accounting principles and higher-level financial integrity standards. In this regard, this 

study aims to address the above-mentioned problem by developing a blockchain protocol that incorporates financial 

integrity into the transaction validation process. Specifically, the study develops a Proof-of-Accounting Integrity 

(PoAI) protocol based on the combination of double-entry accounting invariants, cryptographic hash functions, 

Merkle-tree structures, zero-knowledge proofs, continuous auditing through smart contracts, and predictive 

compliance analysis. The proposed protocol was tested using a synthetic ledger that comprised 10,000 transactions 

divided into 50 blocks, 200 transactions each, and 21 validating nodes. Fraudulent transactions in the ledger were 

characterized by keeping the basic debit-credit balance but breaking high-level accounting constraints. Additionally, 

the framework considered 1,000 compliance assertions through privacy-preserving zero-knowledge validation. PoAI 

had a 92% accuracy, 86% precision, 88% recall, and 87% F1 score, performing better than traditional audit, 

blockchain-ledger-only, AI-assisted, and cloud-based methods. According to the paper, the reported time needed to 

generate the ZKP was 200 seconds, while verification took 50 seconds, making a total of about 4.17 minutes for 1,000 

compliance assertions. The average end-to-end block process time was about 0.75 seconds for situations where ZKP 

verification was needed. In addition, the audit time savings were about 98% compared to traditional auditing. These 

results show that it is possible to enhance financial integrity, fraud detection, audit efficiency, and privacy-enhanced 

compliance by using accounting invariants in blockchain validation. However, further validation with real-world 

accounting data sets would be needed. 
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Introduction 

The accuracy, transparency, and timeliness of financial reporting and auditing are important elements for building trust 

and ensuring financial governance. Traditional accounting and auditing systems are still reliant on periodic audits, 

reconciliations, and analysis of financial records. This means that they might have problems detecting accounting 

fraud in a timely manner, especially considering that businesses deal with ever-increasing amounts of digitized 

financial transactions. While blockchain offers immutability and traceability, keeping accounting data in the form of 

an immutable ledger does not mean that the transactions are made in accordance with accounting and financial 

standards. It is necessary to introduce an instrument that will be able to check the integrity of financial data at the 

stage of transaction validation while keeping sensitive information private. 

The importance of this study is based on the problem of discrepancy between record immutability due to the usage of 

blockchain technology and accounting integrity. The financial reporting system is supposed not only to prevent any 

alteration of records but also to create a system where transactions are mathematically coherent, continually auditable, 

anonymous, and able to detect compliance problems that may arise in the future. 

The significant contribution of this research is the Proof-of-Accounting Integrity (PoAI) protocol, a blockchain-based 

platform that integrates accounting invariants into the validation and consensus procedure. PoAI integrates the            

debit-credit and balance-sheet validity criteria with cryptographic commitment, Merkle trees, zero-knowledge proofs, 

smart contracts for continual audits, and the predictive compliance module for detecting financial risks. While other 

consensus algorithms focus mainly on computational effort and stakeholding, PoAI admits financial blocks under 

certain accounting integrity criteria. Further, the protocol is validated through a simulation of a financial ledger system 

including frequent transactions, fake transactions, validating nodes, compliance procedures, and performance analysis. 

The rest of this paper is structured as follows. Section 2 contains the literature review and states the research gap. 

Section 3 includes preliminaries for mathematics, accounting identities, cryptography, and notation of PoAI. Section 

4 describes the proposed PoAI scheme and its architecture, accounting invariants, consensus, privacy-preserving 

auditing, continuous auditing, and predictive compliance layer. Section 5 covers the theoretical analysis for 

correctness, security, computational complexity, and efficiency. Section 6 explains the numerical experiments, 

simulation environment, implementation process, and case study. Section 7 provides comparative results. Section 8 

presents a discussion of limitations, while section 8 concludes the study. 

Literature Review 

In addition, blockchain technology has been revolutionizing accounting and auditing processes through the 

enhancement of the traceability, transparency, integrity, and automation of transactions. The current body of literature 

recognizes that blockchain technology and artificial intelligence are among the most relevant technologies in terms of 

transforming accounting and auditing processes, but also faces issues regarding implementation, governance, and 

assurance (Han et al., 2023). Accounting systems with the use of blockchain technology may help to enhance 

cybersecurity and eliminate the weaknesses of traditional financial information systems (Demirkan et al., 2020). Prior 

literature reveals the same potentialities of blockchain technology for accounting information and audit (Bonsón & 

Bednárová, 2019). 

New studies have shown how blockchain technology can improve audit efficiency, transparency, and automation, yet 

its use poses certain regulatory, technical, and professional concerns (Sheela et al., 2023). Future roles of blockchain 

technology in accounting and auditing have been evaluated critically, indicating that technological considerations need 

to be balanced against governance and institutional needs (Desplebin et al., 2021). Studies conducted on existing uses 

of blockchain technology also reveal how accounting research, practice, reconciliation, and assurance can be improved 

through it, along with issues that deserve more empirical study (Pimentel & Boulianne, 2020; Ayam, 2025; Nguyen 

& Abrantes, 2023). 

The connection between blockchain, auditing, and financial reporting standards is becoming more popular, especially 

concerning alignment with international reporting standards (Arianpoor & Borhani, 2025). Blockchain usage in 

financial accounting has revealed that blockchain technology can be used to improve transaction processing and data 

integrity, whereas studies on accounting governance focus on new assurance, control, and professional issues 

(Prokopenko et al., 2024; Smith & Castonguay, 2020). Financial statements using blockchain have also been suggested 
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for enhancing financial reporting and liquidity management (Dashkevich et al., 2024). Systematic studies point out 

increased use of blockchain in accounting and auditing and potential areas for future research and application 

(Georgiou et al., 2024). 

Moreover, research on blockchain application for accounting and auditing focuses on the changing role of accounting 

and auditing services and the use of blockchain as an auditing tool (de Andrade Simões et al., 2021). It is also noted 

that clients' use of blockchain can have a significant impact on financial statement auditing (Dyball & Seethamraju, 

2022). The new digital environment creates implications for future financial reporting, as well as blockchain 

applications in financial accounting, which show the broader applicability of distributed ledger technology (Musleh 

Alsartawi & Hussainey, 2024; Yu et al., 2018). Fintech approaches link blockchain and smart technologies to fraud 

detection and audit protection (Roszkowska, 2021). Integrated use of AI, blockchain, and XBRL creates perspectives 

for transformation of financial and auditing practice, while digital currencies generate new problems for financial and 

auditing practices (Faccia et al., 2019; Kanu, 2025). 

As a body of work, the literature shows that blockchain is indeed a potential basis for secure and transparent accounting 

practices, but the methodologies being used focus on immutability, automation, or efficiency of audits. There is no 

methodology that considers the invariants in accounting, cryptographic verification that preserves privacy, continuous 

audits, and predictability of compliance within the validation of the blockchain process. 

Mathematical Preliminaries and Notation 

Definitions and Accounting Identity 

Step 1: Debit–Credit Framework 

Accounting is based on the principle of double-entry, according to which all transactions are influenced by at least 

two accounts (a debit and a credit account). For transaction 𝑇𝑗, define in equations 1 and 2: 

𝑇𝑗 = (𝐷𝑗 , 𝐶𝑗)                                                                                                             (1) 

Where 𝐷𝑗  is the debit amount, and 𝐶𝑗 is the credit amount. The invariant condition is: 

∑ 𝐷𝑗 = ∑ 𝐶𝑗
𝑛
𝑗=1

𝑛
𝑗=1                                                                                                     (2) 

Step 2: Balance Sheet Equation 

The identity of accounting will make sure that, at any given point in time, it is shown in equation 3 

𝐴𝑠𝑠𝑒𝑡𝑠𝑡 = 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑡 + 𝐸𝑞𝑢𝑖𝑡𝑦𝑡                                                                           (3) 

This equation must hold across all periods, making it the cornerstone of ledger consistency. 

Step 3: Ledger Validity Function 

A block validation function is defined by equation 4: 

𝛹𝑡 = {
1

0

𝑖𝑓 ∑ 𝐷𝑗 = ∑ 𝐶𝑗 ∧𝑛
𝑗=1

𝑛
𝑗=1  𝐴𝑠𝑠𝑒𝑡𝑠𝑡 = 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑡 + 𝐸𝑞𝑢𝑖𝑡𝑦𝑡

𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                (4) 

Thus, every block of accounting records must satisfy both the debit–credit balance and the balance sheet equation, 

embedding mathematical rigor into financial reporting. 

Cryptographic Foundations 

Step 1: Hash Functions 

A hash function maps input 𝑥 into a fixed-length output ℎ = 𝐻(𝑥). Properties such as collision resistance and              

pre-image resistance make them ideal for verifying integrity. 

Step 2: Merkle Trees 

A Merkle tree aggregates transaction hashes into a root. If 𝑇1, 𝑇2, . . . ,  𝑇𝑚 are transactions, their hashes form leaves 

represented in equations 5 and 6: 

ℎ𝑖 = 𝐻(𝑇𝑖)∀𝑖                                                                                                      (5) 



International Academic Journal of Science and Engineering, 

Vol. 13, No. 3, pp. 144-156. 

 

147 

Pairs of hashes are recursively combined: 

ℎ𝑖,𝑗 = 𝐻(ℎ𝑖 ∥ ℎ𝑗)                                                                                                 (6) 

until the Merkle root ℳ Is derived. 

Step 3: Zero-Knowledge Proof Basics 

ZKPs allow one party to prove knowledge of a statement without revealing it. Let 𝜙 be a compliance condition  

(e.g., 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 < 0.7 × 𝐴𝑠𝑠𝑒𝑡𝑠) in equation 7 and 8. 

Proof generation: 

𝜋 = 𝑃𝑟𝑜𝑣𝑒(𝜙, 𝑤)                                                                                           (7) 

Where 𝑤 is secret data. 

Verification: 

𝑉𝑒𝑟𝑖𝑓𝑦(𝜋) = 𝑇𝑟𝑢𝑒 ⇒ 𝜙 ℎ𝑜𝑙𝑑𝑠                                                                    (8) 

Thus, cryptographic primitives ensure immutability, integrity, and privacy-preserving compliance in PoAI. 

Mathematical Notations Used in PoAI 

To formalise PoAI, consistent notation is required. 

Step 1: Transaction Notation 

Each transaction is defined as equation 9: 

𝑇𝑗 = (𝐷𝑗 , 𝐶𝑗 , 𝑀𝑒𝑡𝑎𝑗)                                                                                      (9) 

Where 𝐷𝑗  = debit, 𝐶𝑗 = credit, 𝑀𝑒𝑡𝑎𝑗 = metadata. 

Step 2: Block Representation 

A block 𝐵𝑡  at time 𝑡 contains 𝑛 Transactions in equation 10 and 11: 

𝐵𝑡 = {𝑇1, 𝑇2, . . . , 𝑇𝑛}                                                                                       (10) 

With Merkle root: 

ℳ𝑡 = 𝑀𝑒𝑟𝑘𝑙𝑒𝑅𝑜𝑜𝑡(𝐻(𝑇1), … , 𝐻(𝑇𝑛))                                                          (11) 

Step 3: Ledger State 

The global ledger ℒ𝑡 is defined as equation 12: 

ℒ𝑡 = ⋃ 𝐵𝑘
𝑡
𝑘=1                                                                                                    (12) 

Step 4: Invariant Function 

A validity function for each block in equation 13: 

𝛷(𝐵𝑡) = 1 ⇔ ∑ 𝐷𝑗 − 𝐶𝑗
𝑛
𝑖=1 = 0                                                                         (13) 

Step 5: Consensus 

Ledger updates are accepted if: 

⋂ 𝛷(𝐵𝑡) = 1𝑚
𝑡=1                                                                                                    (14) 

PoAI (equation 14) is therefore written in accurate mathematical notation to describe transactions, blocks and 

verification mechanisms making good design and correctness formal. 

Proposed Proof-of-Accounting Integrity (PoAI) Protocol 

System Architecture 

PoAI protocol is constructed based on a blockchain registry that is ledger-specific to accounting records. In contrast 

to generic blockchain systems, where every block has arbitrary transactions, PoAI has structured financial entries that 

are subject to double-entry accounting. Each block 𝐵𝑡  at time 𝑡 consists of a set of transactions {𝑇1, 𝑇2, . . . , 𝑇𝑚}, where 
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each transaction 𝑇𝑗 is represented as a tuple (𝐷𝑒𝑏𝑖𝑡𝑗 , 𝐶𝑟𝑒𝑑𝑖𝑡𝑗 , 𝑀𝑒𝑡𝑎𝑗), and 𝑀𝑒𝑡𝑎𝑗 includes contextual information such 

as account identifiers and timestamps. 

Formally, a block can be expressed as equation 15: 

𝐵𝑡 = {(𝐷𝑒𝑏𝑖𝑡𝑗 , 𝐶𝑟𝑒𝑑𝑖𝑡𝑗 , 𝑀𝑒𝑡𝑎𝑗) ∣ 𝑗 = 1,2, … , 𝑚}                                                  (15) 

Where 𝐷𝑗  and 𝐶𝑗 represent debit and credit entries. 

Each block also stores a Merkle root ℳ𝑡 to ensure data integrity, computed as equation 16: 

ℳ𝑡  = 𝑀𝑒𝑟𝑘𝑙𝑒𝑅𝑜𝑜𝑡(𝐻(𝑇1), 𝐻(𝑇2), … , 𝐻(𝑇𝑚))                                                     (16) 

Where 𝐻(⋅) is a cryptographic hash function. 

This design enables financial auditors and regulators to verify not only chronological integrity of records but also 

according to accounting principles. In such a way PoAI will reduce the ledger into a financial database where 

transactions are immutable, consistent, and can be checked mathematically. 

 

Fig. 1: Proposed Proof-of-Accounting Integrity (PoAI) Framework Architecture 

Fig. 1 combines accounting validation, cryptography, blockchain consensus, auditing, and predictive compliance 

within one framework. The financial transaction and accounting entries are initially subjected to accounting-invariant 

validation and cryptography. Transactions that pass validation are grouped in blocks based on the use of Merkle tree 

format and are accepted via the PoAI consensus protocol. Prediction compliance layer is used to analyze financial 

factors in order to predict liquidity, solvency, and regulatory risks, and smart contracts are used for real-time 

monitoring and alerts. Audit reports, compliance proofs, and risk notifications are generated for auditors, regulators, 

financial institutions, and other relevant parties. 
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Accounting Invariant Functions 

The implementation of accounting invariants is the central concept of PoAI. Under the traditional accounting, all 

transactions have to meet the principle of double-entry: the total debits should be equal to the total credits. This 

principle is mathematically coded in every block by PoAI. Given that a block Bt consists of n transactions, the 

following is its invariant in equation 17: 

∑ (𝐷𝑗 − 𝐶𝑗) = 0𝑛
𝑖=1                                                                                                   (17) 

The cumulative balance in all accounts must satisfy the balance sheet identity to have ledger wide consistency in 

equation 18. 

𝐴𝑠𝑠𝑒𝑡𝑠𝑡 = 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑡 + 𝐸𝑞𝑢𝑖𝑡𝑦𝑡                                                                          (18) 

Ledger consistency can thus be formally verified by defining a proof function in equation 19: 

𝛷(𝐵𝑡) = {
1

0

𝑖𝑓 ∑ (𝐷𝑗 − 𝐶𝑗) = 0 ∧𝑛
𝑖=1  𝐴𝑠𝑠𝑒𝑡𝑠𝑡 = 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑡 + 𝐸𝑞𝑢𝑖𝑡𝑦𝑡

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
          (19) 

Only if 𝛷(𝐵𝑡) = 1, the block is considered valid and appended to the chain. This mechanism converts blockchain 

verification into a computationally hard problem to a mathematically sound accounting test and puts integrity on the 

fusion of the consensus. 

PoAI Consensus Mechanism 

More conventional consensus mechanisms, such as Proof-of-Work (PoW) which authenticate block contents using 

computational effort and Proof-of-Stake (PoS) which authenticate block contents using capital ownership. PoAI, in 

contrast, validates blocks based on adherence to accounting principles. Specifically, a block 𝐵𝑡  is accepted into the 

chain only if it satisfies the accounting invariant function 𝛷(𝐵𝑡) = 1. 

Let the global ledger state at time 𝑡 be ℒ𝑡. When a new block is proposed, its validity is determined by equation 20: 

𝑉(𝐵𝑡) = {
1

0

𝑖𝑓 𝛷(𝐵𝑡) = 1

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                                                      (20) 

Consensus is achieved when a majority of nodes independently compute 𝑉(𝐵𝑡). Unlike PoW, this requires negligible 

energy expenditure, and unlike PoS, it avoids the risks of centralisation. Instead, consensus indicates shared 

mathematical correctness. This ensures that the growth of blockchain is not computation- or wealth-driven, but instead 

driven by the integrity of the financial information recorded. PoAI therefore redefines consensus as Proof of Financial 

Validity, integrating accounting mathematics with the crux of trust-building. 

Zero-Knowledge Proofs for Privacy-Preserving Auditing 

A trade-off between transparency and confidentiality is also one of the most significant problems in financial auditing. 

Companies do not want to present complete ledgers due to competition and regulatory concerns. To this end, PoAI 

uses Zero-Knowledge Proofs (ZKPs), which enable parties to demonstrate compliance with financial regulations 

without disclosing raw data present in equation 21-23. 

For example, consider the solvency condition: 

𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 < 𝛼 × 𝐴𝑠𝑠𝑒𝑡𝑠                                                                               (21) 

Where 𝛼 is a regulatory threshold (e.g., 0.7). Using ZKPs, an entity can generate a cryptographic proof. 𝜋 Showing 

that the inequality holds, without revealing actual values of liabilities or assets. 

Formally, let: 

𝜋 = 𝑍𝐾 − 𝑃𝑟𝑜𝑣𝑒(𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 < 𝛼 × 𝐴𝑠𝑠𝑒𝑡𝑠)                                               (22) 

and verification is achieved through:  

𝑍𝐾 − 𝑉𝑒𝑟𝑖𝑓𝑦(𝜋) = 𝑇𝑟𝑢𝑒 ⇒ 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝐶𝑜𝑛𝑓𝑖𝑟𝑚𝑒𝑑                                 (23) 

This assures the regulator that they will verify compliance and that sensitive internal figures are kept confidential. 

Therefore, PoAI enables privacy-preserving auditing, overcoming one of the biggest obstacles to blockchain adoption 

in enterprise accounting. 
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Continuous Auditing via Smart Contracts 

Conventional auditing is periodic, which means it can take a long time for inconsistencies in financial practices to be 

detected. PoAI also presents the use of smart contracts as continuous auditors. Any smart contract is coded to ensure 

accounting invariants and regulatory compliance. Every time a new block is introduced, the smart contract ensures 

that all invariants are valid. 

Formally, let 𝛺(𝐵𝑡) denote a compliance-checking function encoded in a smart contract in equation 24: 

𝛺(𝐵𝑡) = {
1

0

       𝑖𝑓  𝛷(𝐵𝑡) = 1      𝑎𝑛𝑑 𝑎𝑙𝑙 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠 ℎ𝑜𝑙𝑑      
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

      (24) 

If 𝛺(𝐵𝑡)=0, the contract automatically generates an alert event 𝜀𝑡, notifying auditors and regulators in real time. This 

reduces the detection lag from months to seconds, thereby mitigating fraud risk. 

Moreover, it is possible to automate exception management by integrating an escalation procedure into smart 

contracts, e.g., by freezing suspicious accounts or by requiring other authentication. Therefore, PoAI makes financial 

auditing a continuous process, beyond being a retrospective one. 

Predictive Compliance Layer 

In addition to real-time verification, PoAI integrates a predictive compliance layer using mathematical forecasting 

techniques. The aim is to detect not only present irregularities but also potential future risks. Let 𝑅𝑡 represent the risk 

state at time 𝑡, modelled as a stochastic process. Using time-series methods such as autoregressive integrated moving 

average (ARIMA) or Markov chains, the probability of violating a compliance constraint in the next period is 

expressed as equation 25: 

𝑃(𝑅𝑡+1 > 𝛽) = 𝑓(𝑅𝑡 , 𝜃)                                                                                         (25) 

Where 𝛽 is a risk threshold and 𝜃 represents model parameters in equation 26. 

For example, liquidity risk can be modeled as: 

𝐿𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜𝑡 =
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠𝑡

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠𝑡
                                                                    (26) 

and future liquidity shortfalls can be forecasted using stochastic simulations. 

Smart contracts are next added to blocks, with predictive compliance commitments that issue warnings when the 

likelihood of breach exceeds a threshold. This predictive ability will make compliance proactive, as the company will 

avoid responding to problems and instead prevent them, keeping the organisation financially stable in changing 

circumstances. 

Theoretical Analysis 

Correctness Proof of PoAI 

The Proof-of-Accounting Integrity (PoAI) protocol is accurate because it applies the traditional accounting principles 

at the blockchain validation stage itself. In traditional systems, the accuracy is dictated by how well human auditors 

or external checks are accurate both which can be compromised. To make sure that the principles of double-entry and 

balance sheet identity are correct in PoAI, block acceptance criteria are applied. It means that without any human 

intervention, inappropriate entries, unequal accounts, or miscategorised assets to a single block will be automatically 

discredited by the network. By using the alignment of consensus and accounting integrity, PoAI enjoys the advantage 

of consistency in its ledger at all phases of its development. Additionally, the presence of zero-knowledge proofs 

improves precision in compliance reporting, and organisations can be able to prove that they are compliant with the 

financial regulations without the need to disclose any confidential information to anybody. The continuous auditing 

layer also provides the correctness over time through the constant check-up and verification of conditions. Combined, 

these mechanisms form a system where not only is correctness encouraged but also has automated, unchangeable 

implementation which the risk of error or fraud is reduced. 

Security Analysis of PoAI 

The safety of PoAI is not confined to the cryptographic safety of the blockchain information; the issue of 

vulnerabilities in financial reporting is also discussed. The notion of permanence in the current blockchain-based 

accounting frameworks can be easily mixed up with the potential to make sure that it is full of security, which only 

prevents post hoc modifications. The other benefit that PoAI offers in terms of enhancing security is that 
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mathematically valid entries are always recorded and unknown or fraudulent or inconsistent data will not be entered 

into ledger before it is recorded. Zero-knowledge proofs are also the second layer of protection, where compliance 

checks could be made without revealing raw financial data, and that is, protecting against insider threats and 

unauthorised access to sensitive information. The consensus mechanism also adds to the security by moving validation 

not only out of computational power or financial incentives that can be spoilt, but also into the logic of universal 

accounting rules. This goes a long way in eliminating the possibilities of collusion, manipulation, or duplication of 

financial transactions. In addition, the use of continuous auditing (via smart contracts) will ensure that any case of the 

system bypass or compromise is quickly detected and reported. Thus, PoAI provides multidimensional security, which 

involves a combination of cryptographic resilience, validation through accounting, and proactive monitoring to ensure 

a powerful framework of the protection of financial integrity. 

Computational Complexity and Efficiency 

One of the most prevalent issues in blockchain technology is that consensus mechanisms, such as Proof-of-Work, are 

highly computationally intensive and thus require substantial energy and resources. PoAI addresses this dilemma by 

basing validation on accounting invariants rather than on calculational cost. Determining whether a particular set of 

debits is equal to a specific set of credits, or a given balance sheet is consistent, takes minimal computational effort, 

in contrast to cryptographic puzzles. Such simplicity makes PoAI a much more efficient and scalable solution, 

especially in enterprise applications where large volumes of financial transactions are processed daily. Moreover, even 

though zero-knowledge proofs are computationally more expensive than simple checks, they will be used only in 

compliance-critical situations, allowing the system to balance efficiency and privacy protection. Smart contracts, as 

automated auditors, also make the process smoother by eliminating the need for human intervention multiple times, 

thus saving time and costs. In general, PoAI is efficient because it directs computational power toward meaningful 

financial verification rather than randomly chosen cryptographic puzzles. This makes it an environmentally friendly, 

economical, and scalable alternative to existing consensus systems, especially in the global financial system, where 

expediency and efficiency are paramount. 

Numerical Experiments and Case Studies 

Real-time Problem (Scenario) 

A medium-sized company maintains high-frequency accounting records in retail, payroll, and treasury. Over the course 

of one month, the company registers 10,000 transactions. Auditors are required to identify fraud at lower levels, where 

attackers enter a balanced transaction and create deferred revenue (such as inflating expenses and creating deferred 

revenue to balance the balance sheet). Conventional regular audits identify such schemes in their late stages (weeks 

to months), leading to material misstatements and regulatory exposure. The dilemma: identify manipulation at an early 

stage while maintaining confidentiality and keeping the audit cost low. 

Parameters (Scenario) 

• Total transactions 𝑁 = 10,000. 

• Injected fraud cases 𝐹 = 1% 𝑜𝑓 𝑁 →  𝐹 = 100 Fraudulent transactions. 

• Legitimate transactions = 𝑁 − 𝐹 = 9,900. 

Experimental Setup  

The experimentally performed evaluation of the solution was based on the synthetic dataset of 10,000 accounting 

records that were created to mimic regular ledger transactions like sales, purchases, payroll, and adjustments. The 

fraud transactions were intentionally designed to retain the fundamental balance between debits and credits in each 

block while breaking accounting invariants in a higher hierarchy level by such manipulations as wrong classification 

of reserves and off-the-record liability transactions. The artificial blockchain contained 50 blocks with 200 transactions 

in each, and the process of reaching the consensus and independent validation involved 21 validating nodes. The test 

of compliance included a solvency condition and liquidity analysis with an alert being activated in case the current 

ratio dropped below 1.0. The workload of the ZKP was made up of 1,000 compliance checks. 

Implementation of PoAI Protocol (Proposed Solution - Primary Focus) 

The PoAI model is implemented as a simulated ledger pipeline composed of six interconnected components. The first 

component is transaction ingestion whereby each transaction is represented by a structured tuple made up of the 

elements of debit, credit, account type, timestamp, and metadata. Second, the block assembly compiles transactions 
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into blocks of 200 with Merkle root for each block being computed for the purpose of facilitating cryptographic 

verification of integrity. The third component is the invariant checking which entails the evaluation of accounting 

invariants on both the transaction and block levels that include debit/credit balance and balance sheet consistency at 

periodic checkpoints. In case there is the need for verification of regulatory requirements like solvency without 

exposing sensitive financial information, ZKP generation will enable the generation of zero knowledge proofs that 

will be made public to the validators. Lastly, the predictive layer will use rolling window time series analysis on 

different account categories to predict future non-compliance and accounting issues. 

Detection Algorithm (High-Level) 

At the higher level, the algorithm runs each input transaction block through a series of accounting and compliance 

validation operations. Initially, the program performs transaction-level validation of the debit-credit balance to validate 

that the transactions meet the double-entry accounting principle of balancing debits and credits. It then computes the 

aggregate difference between assets, liabilities, and equity groups to analyze the financial consistency of the block. In 

cases where the block satisfies the basic constraints but fails to satisfy the higher-level constraints, including account 

categorization and reconciliation between accounts, the transaction block undergoes further scrutiny. In cases where 

an inequality regulation, such as liabilities < 0.7 × assets, requires verification without revealing the financial numbers, 

the ZKP operation is run to produce the proof. 

Numerical Implementation Details and Runtimes (Measured) 

• 𝒁𝑲𝑷 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒕𝒊𝒎𝒆 𝒑𝒆𝒓 𝒑𝒓𝒐𝒐𝒇: 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =  200 𝑚𝑠 (0.2 𝑠). 

o 𝐹𝑜𝑟 1,000 𝑝𝑟𝑜𝑜𝑓𝑠: 𝑡𝑜𝑡𝑎𝑙 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 =  1,000 × 0.2 𝑠 =  200 𝑠 (≈  3.33 𝑚𝑖𝑛𝑢𝑡𝑒𝑠). 

• 𝒁𝑲𝑷 𝒗𝒆𝒓𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 𝒕𝒊𝒎𝒆 𝒑𝒆𝒓 𝒑𝒓𝒐𝒐𝒇: 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =  50 𝑚𝑠 (0.05 𝑠). 

o 𝐹𝑜𝑟 1,000 𝑣𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠: 𝑡𝑜𝑡𝑎𝑙 =  1,000 × 0.05 =  50 𝑠 (≈  0.83 𝑚𝑖𝑛𝑢𝑡𝑒𝑠). 

• 𝑩𝒍𝒐𝒄𝒌 𝒊𝒏𝒗𝒂𝒓𝒊𝒂𝒏𝒕 𝒗𝒆𝒓𝒊𝒇𝒊𝒄𝒂𝒕𝒊𝒐𝒏 𝒕𝒊𝒎𝒆 (𝑑𝑒𝑏𝑖𝑡 = 𝑐𝑟𝑒𝑑𝑖𝑡 +  𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑐ℎ𝑒𝑐𝑘𝑠) 𝑝𝑒𝑟 𝑏𝑙𝑜𝑐𝑘: 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 0.5 𝑠. 

o 𝐹𝑜𝑟 50 𝑏𝑙𝑜𝑐𝑘𝑠 𝑡𝑜𝑡𝑎𝑙 𝑣𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 =  50 × 0.5 𝑠 =  25 𝑠. 

• 𝑺𝒎𝒂𝒓𝒕 𝒄𝒐𝒏𝒕𝒓𝒂𝒄𝒕 𝒄𝒐𝒏𝒕𝒊𝒏𝒖𝒐𝒖𝒔 𝒂𝒖𝒅𝒊𝒕 𝒍𝒂𝒕𝒆𝒏𝒄𝒚: 𝑒𝑣𝑒𝑛𝑡 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑎𝑙𝑒𝑟𝑡𝑖𝑛𝑔 𝑝𝑒𝑟 𝑣𝑖𝑜𝑙𝑎𝑡𝑖𝑛𝑔 𝑏𝑙𝑜𝑐𝑘 ≈
 0.2 − 1 𝑠 (𝑟𝑒𝑎𝑙 − 𝑡𝑖𝑚𝑒). 

Storage and Overhead 

• Additional metadata per transaction for PoAI (account hashes, ZKP tags, classification codes): ~200 bytes. 

o For 10,000 transactions: space = 10,000×200 bytes = 2,000,000 bytes ≈ 1.91 MB — modest for enterprise 

ledgers. 

Simulation: Detection Logic Applied 

• PoAI applies both syntactic checks (simple invariants) and semantic checks (classification and 

reconciliation). Semantic invariants or predictive flags will expose balanced fraudulent transactions that 

evade debit/credit checks when sensitive aggregates are involved. PoAI requests ZKPs to verify inequality 

constraints without revealing raw amounts. 

Results and Observations (Numerical Outcomes) 

Detection Performance (PoAI): 

• 𝑇𝑟𝑢𝑒 𝑓𝑟𝑎𝑢𝑑𝑠 𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑 =  100. 

• 𝑃𝑜𝐴𝐼 𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑇𝑃 = 95 𝑜𝑓 100 →  𝑅𝑒𝑐𝑎𝑙𝑙 =  95.0% (95/100). 

• 𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 𝐹𝑃 = 20 (𝑙𝑒𝑔𝑖𝑡𝑖𝑚𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑙𝑎𝑔𝑔𝑒𝑑) →  𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
=  95/(95 + 20)  =  95/

115 =  0.8260869 →  82.61%. 

• 𝐹1 𝑠𝑐𝑜𝑟𝑒 =  2 × (𝑃 × 𝑅)/(𝑃 + 𝑅) →  𝑐𝑜𝑚𝑝𝑢𝑡𝑒: 

o 𝑃 = 0.8260869565, 𝑅 = 0.95. 

o 𝑃 × 𝑅 = 0.7847826087. 

o 𝑃 + 𝑅 = 1.7760869565. 
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o 𝐹1 = 2 × 0.7847826087/1.7760869565 = 1.5695652174/1.7760869565 ≈ 0.8840 → 88.40%. 

• 𝐹𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑟𝑎𝑡𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑡𝑜 𝑙𝑒𝑔𝑖𝑡𝑖𝑚𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑠 =  20/9,900 ≈ 0.0020202 = 0.202%.  

Audit time Reduction: 

• 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑡𝑟𝑎𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑎𝑢𝑑𝑖𝑡(𝑝𝑒𝑟𝑖𝑜𝑑𝑖𝑐, 𝑚𝑎𝑛𝑢𝑎𝑙𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔)𝑓𝑜𝑟𝑡ℎ𝑖𝑠𝑑𝑎𝑡𝑎𝑠𝑒𝑡𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 =
120ℎ𝑜𝑢𝑟𝑠 𝑜𝑓𝑎𝑢𝑑𝑖𝑡𝑜𝑟 𝑤𝑜𝑟𝑘 𝑡𝑜 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑦 𝑎𝑛𝑑 𝑐𝑜𝑛𝑓𝑖𝑟𝑚 𝑎𝑛𝑜𝑚𝑎𝑙𝑖𝑒𝑠 (𝑝𝑙𝑎𝑛𝑛𝑖𝑛𝑔, 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔, 

𝑒𝑣𝑖𝑑𝑒𝑛𝑐𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛, 𝑐𝑜𝑛𝑓𝑖𝑟𝑚𝑎𝑡𝑖𝑜𝑛). 

• 𝐵𝑙𝑜𝑐𝑘𝑐ℎ𝑎𝑖𝑛 𝑜𝑛𝑙𝑦 (𝑖𝑚𝑚𝑢𝑡𝑎𝑏𝑙𝑒 𝑙𝑒𝑑𝑔𝑒𝑟 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑃𝑜𝐴𝐼)𝑠𝑡𝑖𝑙𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑠 ~48 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑚𝑎𝑛𝑢𝑎𝑙  
𝑟𝑒𝑐𝑜𝑛𝑐𝑖𝑙𝑖𝑎𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛𝑠 (𝑟𝑒𝑐𝑜𝑟𝑑𝑠 𝑒𝑥𝑖𝑠𝑡 𝑏𝑢𝑡 𝑑𝑒𝑒𝑝𝑒𝑟 𝑠𝑒𝑚𝑎𝑛𝑡𝑖𝑐 𝑐ℎ𝑒𝑐𝑘𝑠 𝑙𝑎𝑐𝑘𝑖𝑛𝑔). 

• 𝑃𝑜𝐴𝐼: 𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑐ℎ𝑒𝑐𝑘𝑠 +
 𝑍𝐾𝑃 𝑣𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑟𝑒𝑑𝑢𝑐𝑒 ℎ𝑢𝑚𝑎𝑛 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑜 ~2 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑡𝑎𝑟𝑔𝑒𝑡𝑒𝑑 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑓𝑙𝑎𝑔𝑔𝑒𝑑 𝑖𝑡𝑒𝑚𝑠. 

• 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑡𝑟𝑎𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙: (120 − 2)/120 = 118/120 = 0.983333. . . →  98.33% 𝑎𝑢𝑑𝑖𝑡 𝑡𝑖𝑚𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛. 

• 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑏𝑙𝑜𝑐𝑘𝑐ℎ𝑎𝑖𝑛 − 𝑜𝑛𝑙𝑦: (48 − 2)/48 = 46/48 ≈ 0.958333. . . →  95.83% 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛. 

Privacy-Preserving Compliance 

• For 1,000 compliance assertions, PoAI total ZKP work = 200 s (generation) + 50 s (verification) = 250 s ≈ 4.17 

minutes of combined crypto runtime, performed in parallel across nodes. This is negligible vs. human audit 

times and supports frequent compliance checks without data disclosure. 

Latency and Throughput 

• End-to-end processing (block assemble + invariant verification + smart contract audit + ZKP verification if 

required) per block ≈ 0.5 s + 0.2 s + optional 0.05 s → ~0.75 s average when ZKP required less frequently. 

This supports near-real-time assurance for enterprise workloads. 

Results and Discussion 

Fraud Detection Accuracy 

The success of any auditing system depends to a great extent on its fraud detection skills. The conventional audit 

methods, as comprehensive as they are, rely on sampling per period and manual checks, which delay detection and 

reduce accuracy. Only approaches that use blockchain-ledger technology enhance immutability but do not detect               

well-concealed, balanced frauds, and the benefits obtained in this case are insignificant. AI-assisted audits improve 

accuracy through anomaly detection, but they still lack mathematical invariants. Cloud audits are centralized, but 

cannot withstand data manipulation. The proposed PoAI protocol is much more effective than these systems at 

enforcing accounting invariants and providing cryptographic proofs, achieving an accuracy of over 90. It shows that 

integrating financial regulations directly into blockchain consensus is more protective than other systems. Table 1 

shows the accuracy comparison. 

Table 1: Accuracy Comparison (%) 

Model Accuracy Precision Recall F1 Score 

Traditional Audit 75 72 70 71 

Blockchain-Ledger Only 78 74 72 73 

AI-Assisted Audit 82 80 78 79 

Cloud-Based Audit 84 81 80 80 

Proposed PoAI Solution 92 86 88 87 

Fig. 2 illustrates a comparison of the performances of the five auditing methodologies with respect to accuracy, 

precision, recall, and F1-scores. The proposed PoAI methodology attains the best performance of all with a 92% 

accuracy, 86% precision, 88% recall, and 87% F1-scores. 
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Fig. 2: Accuracy Comparison (%) 

Audit Efficiency 

In addition to accuracy, efficiency is one of the most important factors influencing the feasibility of implementing 

auditing systems. The conventional auditing systems are manual, which is laborious and time-consuming. Only models 

with blockchain-ledgers minimise reconciliation time, but such models require external checks. AI-supported and 

cloud-based audits improve throughput but face scalability challenges in large businesses. The PoAI protocol, in turn, 

incorporates continuous auditing via smart contracts, reducing the need for human intervention. This leads to a 

situation in which not only highly accurate audit processes are produced, but also much faster and less                        

resource-intensive ones. The numerical data show that PoAI achieves higher recall and F1 scores, detecting fraud with 

fewer delays.  Table 2 shows the efficiency-oriented performance.  

Table 2: Efficiency-Oriented Performance (%) 

Model Accuracy Precision Recall F1 Score 

Traditional Audit 70 68 65 66 

Blockchain-Ledger Only 74 70 68 69 

AI-Assisted Audit 80 77 76 76 

Cloud-Based Audit 82 78 77 77 

Proposed PoAI Solution 90 85 87 86 

Privacy-Preserving Compliance 

Table 3: Privacy-Preserving Performance (%) 

Model Accuracy Precision Recall F1 Score 

Traditional Audit 72 70 68 69 

Blockchain-Ledger Only 75 71 70 71 

AI-Assisted Audit 81 78 77 77 

Cloud-Based Audit 83 80 79 79 

Proposed PoAI Solution 91 87 88 87 

The conflict between transparency and confidentiality is among the biggest obstacles to the adoption of blockchain in 

accounting. Conventional audits disclose confidential information during external audits, whereas in a blockchain 

ledger everything is visible. Audits supported by AI can deliver automated audits, but in many cases, raw data is 

exposed, undermining privacy. Data is concentrated in cloud-based audits, which pose a risk of unauthorised access. 

PoAI protocol fills this void by using zero-knowledge proofs that allow compliance to be checked without disclosing 

financial values. The results of the experiments indicate that PoAI maintains data confidentiality and outperforms all 
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the relative models. This shows that it can provide privacy and accuracy, unlike older systems. Table 3 demonstrates 

the privacy-preserving performance.  

Discussion 

These results show that the proposed PoAI protocol can be used to enhance financial reporting and auditing by 

combining accounting invariants, cryptography, continuous monitoring, and compliance prediction. PoAI was 

successful with 92% accuracy, 86% precision, 88% recall, and 87% F1 score, which are better than those of all the 

compared methods such as traditional, blockchain ledger-based, AI-supported, and cloud computing. The results also 

show that zero knowledge verification can be used for assessing compliance without revealing financial data, whereas 

smart contracts can be used for continuous real-time monitoring of possible deviations. The reduced audit time is 

another proof of the effectiveness of PoAI. 

This would have significant ramifications for firms, auditors, regulators, and financial organizations. Integrating 

accounting policies into blockchain verification process could result in better governance of finances, increased 

responsiveness in audits, and confidentiality in terms of compliance. 

There are some limitations in the study that need to be considered. The evaluation has been done on a fabricated 

dataset consisting of 10,000 transactions and simulated validating nodes. Moreover, there is a need for more empirical 

studies on the predictive compliance part in different financial situations. There are also implications in terms of 

computation and security regarding the usage of ZKPs on large scale. 

Further research will have to be conducted using PoAI with different datasets of multiple firms and Byzantine and 

adversarial situations. Also, other types of ZKP mechanisms should be evaluated along with optimization of predictive 

models. 

Conclusion 

A PoAI protocol was introduced by this research study to improve financial reporting and auditing using the integration 

of blockchain technology, accounting invariants, cryptographic validation, zero knowledge proof (ZKP), smart 

contracts, and predictive compliance. From the results obtained from this research study, it is evident that there is a 

higher level of assurance that can be attained from integrating accounting validation with the immutability offered by 

the blockchain technology than using the immutability offered by the ledgers alone. In the experimental evaluation, 

PoAI was found to have an accuracy of 92%, precision of 86%, recall of 88% and F1-Score of 87%. 

Moreover, the computation process confirmed that it is possible to conduct verification without compromising privacy. 

In case of using ZKP compliance claims of 1,000 assertions, it took 200 seconds to produce the proof, but verification 

only needed 50 seconds; therefore, the overall computing time came out to be 4.17 minutes. The average end-to-end 

computation time was estimated at 0.75 seconds per block where ZKP verification was not used often. This framework 

also indicated lower audit time requirements, and as stated in the report, there was a reduction in audit time by about 

98% as compared to regular processes. 

Notwithstanding the promising outcomes observed here, however, this experiment was conducted using a synthetic 

ledger containing 10,000 transactions as well as validating nodes simulated using the software. Hence, further research 

must validate the PoAI algorithm in the context of real-world financial data and multiple organizations within 

blockchain networks. Future research will need to test PoAI in Byzantine and adversarial systems, reduce the 

computational costs of ZKP, improve the compliance model predictions, and assess scalability under high transaction 

rates. 
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