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Abstract---The issues that have been highlighted regarding cross-border digital contracts are the same as the 

ones we have for cross-border digital contracts; namely jurisdictional conflicts, legal noncompliance, security 

vulnerabilities, and high enforcement costs. In light of the present, existing mechanisms of contract enforcement, 

intermediaries have become a cornerstone of this process, and therefore inefficient, delayed, and even 

fraudulent. Additionally, threats to quantum computing are developing that impact present cryptographic 

methods, and if digital agreements are to be approved, their integrity needs to be compromised. 

To create immutable self-executing cross-border contracts in a quantum immune next-generation framework of 

blockchain technology, this research presents the Quantum Ledger Trust Protocol (QLTP). The one that we 

developed, QLTP, takes care to use quantum-safe cryptography, decentralized identity (DID) verification, and 

AI smart contract auditing while ensuring compliance with the jurisdictional law of the land like the Indian 

Contract Act of 1872, IT Act of 2000 and DPDP Act of 2023 among others. It also includes an automated 

dispute resolution on the blockchain without legal intermediaries which facilitates conflict resolution faster. 

This solution would not only heighten trust, security, and transparency in international agreements but also it 

would decrease legal costs and enforcement time by at least a factor of 1 million. With QLTP, digital contracts 

in the digital contract ecosystem are guaranteed to follow a range of legal systems and have been protected 

from future quantum threats. It stands as a major element in promoting the growth of the world’s industries, 

governments, and people by providing the easiest, safe, and properly registered cross-border dealings which 

ultimately leads the overall global digital economy to be even more effective and credulous. 

Keywords---cryptographic systems, Quantum-Ledger Trust Protocol (QLTP), decentralized identity (DID), IT 

Act, AI-powered smart contract auditing.  

I. INTRODUCTION 

s the globe evolves into a rapidly digital world, cross-border digital contracts are becoming 

increasingly relied upon. International trade, finance, and business agreements without physical 

presence can be done using these contracts [1]. Nevertheless, they possess several important issues to 

address, such as jurisdictional conflict, legal frames of noncompliance, contract tampering, security issues, and 

high enforcement costs. There is an inherent inefficiency, delay, and additional expense associated with the 

traditional contract enforcement process requiring the use of legal intermediaries. Moreover, blockchain smart 

contracts using transparency and automation offer also exposed to future quantum computing threats, which 

may break usual cryptographic security [2]. 

A 



 
International Journal of Law, Humanities and Sustainable Development- 

Volume 1, Issue 1, Jan to Mar 2025, pp. 1-8, E-ISSN: applied 
 

2 

 

Blockchain-based digital contracts (e.g., in the form of legal agreements and e-signatures) exist, but do not 

have a global legal or security structure. Many agreements are exposed to potential fraud, misinterpretation, and 

lack of enforceability in different jurisdictions. However, centralized identity verification and source legal 

compliance mechanisms are not adequate forlarge-scale legally binding cross-border use cases, as there is no 

decentralized identity verification and real-time source legal compliance [3]. Considering such limitations, a 

safe, verifiable, as well as legally valid digital contract framework is urgently necessary that will respect 

jurisdiction-specific laws and be resistant to future technological threats [4]. 

The Quantum Ledger Trust Protocol (QLTP) introduced in this research is about how you can merge quantum-

resistantblockchain technology [5] and decentralized identity verification (DID) with AI-driven smart contract 

auditing to come up with an immutable and self-executing legal contract framework [6]. The QLTP is to ensure 

compliance with international regulations viz. Indian Law, IT Act, 2000, Indian Contract Act, 1872, as well as 

DPDP, 2023. The QLTP minimizes dependency on such intermediaries and also speeds up the execution of 

contracts as well as their enforcement by embedding an automated dispute resolution mechanism. 

An implementation of QLTP will increase the level of trust, causing fewer risks of fraud, reducing the cost 

associated with legal cases as well as enhancing transparency while performing cross-border transactions. This 

protocol can revolutionize global digital transactions through a legally sound and technologically advanced 

contract enforcement mechanism for the betterment [7]. 

II. LITERATURE REVIEW 

2.1 Existing Legal Frameworks for Digital Contracts 

The combination of national and international laws that govern digital contracts is the United Nations 

Convention On The Use Of Electronic Communications In International Contracts (2005), the Electronic 

Signatures And Global, National Commerce Act (2000, USA), known as ESIGN, or as well as the eIDAS 

Regulation located within the EU. There is legal validity to Digital contracts in India as per the Indian Contract 

Act (1872) and as per the Information Technology Act (2000) [8]. The problem, however, lies in enforcement 

since the concepts do not have jurisdictional interpretations, there is no universal recognition of digital contracts, 

and regulatory gaps exist in cross-border agreements. To overcome these, an agreed and secure legal framework 

for international digital contracts must exist. 

2.2 Blockchain-Based Legal Solutions 

Blockchain technology is being explored extensively to be utilized in self-executing smart contracts among 

contract parties, which would replace intermediaries in enforcing contracts [9]. Some of the platforms, built 

using distributed ledger technology (DLT), include Mars, Ethereum, Hyperledger Fabric, and Corda, which are 

used to ensure that the contract is immutable and transparent. However, these solutions are often short of 

features built into legal compliance and susceptible to jurisdictional conflicts and security risks. Blockchain-

based legal contracts are consistently accepted in favor across the nations. In addition, privacy issues and a lack 

of ability to adapt contracts after the execution are among the barriers to mainstream adoption. Therefore, it is 

needed to adopt a more legally adaptable and compliant blockchain that can execute secure cross-border 

agreements. 

2.3 Quantum-Safe Cryptography in Legal Transactions 

The threat that quantum computing poses against present cryptographic standards employed in digital contracts 

and the protection of the blockchain is serious. As quantum computers develop the means to break the 

encryption in algorithms like RSA and ECC, most blockchain transactions will no longer besecure [10]. As a 

response to this, lattice-based, hash-based, and multivariate polynomial cryptography are developing 

cryptographic approaches to counter this. NIST and IBM are working very hard to research post-quantum 
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cryptographic standards for long-term security. For blockchain-based legal frameworks to be future-proof 

enough, quantum-resistant encryption must be integrated intothem. 

III. PROPOSED QUANTUM-LEDGER TRUST PROTOCOL (QLTP) 

3.1 Architectural Overview 

QLTP is designed as a secure, decentralized, and quantum-resistant cross-border digital contract. Besides 

blockchain technology, it works seamlessly with quantum-safe cryptography, AI-driven auditing, and regulatory 

compliance mechanisms used in executing legally binding agreements on integrated blockchain technology as 

well. QLTP uses multi-layered security protocols, delegated identification (DID), and smart contract automation 

to make QLTP more transparent, prevent fraud, and simplify the enforcement of contracts. It is designed with 

the system being adherent to global or jurisdictional regulations like the Indian legal framework wherein it is 

scalable, interoperable and with the resilience to quantum computing attacks. 

3.2 Key Components 

3.2.1 Quantum-Resistant Blockchain Infrastructure 

The contract data is protected against quantum attacks using post-quantum cryptographic methods such as 

lattice-based and hash-based encryption methods in QLTP. As with RSA or ECC encryption, which is not secure 

in traditional blockchain networks, QLTP is a quantum secure hashing and multi-signature protocol for the 

contract’s immutability. It is a permissionless, secure, transparent, and tamper-proof digital agreement with high 

transaction throughput and latency. Fulfilling its thrust in the direction of bringing greenish to the 

cryptocurrency domain, QLTP has incorporated advanced consensus mechanisms like the Proof of Stake (PoS) 

with quantum-safe additions that help in energy efficiency as well as quantum safety against emerging cyber 

threats at ultra-high velocity. 

3.2.2 Decentralized Identity Verification (DID) 

Identity verification is required in legally binding contracts. Nevertheless, QLTP works with Decentralized 

Identity Verification (DID) based on Self Sovereign Identity (SSI) principles, which is precisely what solves that 

problem. It is an Aadhaar-based e-KYC for Indian users as well as supports global identity standards like W3C 

Verifiable Credentials. Quantum-resistant cryptographic methods can be used to authenticate and integrity of 

digital signatures at the quantum bit level. Identity fraud goes down, contract weave ability increases, and this 

complies with the data privacy laws, which means cross-border ID verification works very smoothly and is 

legally compliant. 

3.2.3 Smart Contract Auditing AI Models 

Designed like a smart contract, the legal clauses are checked, discrepancies found and legal conflicts predicted 

using AI-powered smart contract audits known as QLTP (Quick Legal Technology Platform). Machine learning 

algorithms and NLP are powers that the system can leverage to validate contract terms against jurisdiction-

specific regulations such as the Indian Contract Act and GDPR. The other way it helps is by allowing auto 

audits to identify loopholes, keeping real-time updates of compliance and it can prevent any legal problems. 

Additionally, AI-based risk assessment models are useful in assessing the fraud attempt continuingly and 

actively negotiating inconsistency, malicious intention, etc. before the performance of the contract. 

3.2.4 Regulatory Compliance Layer 

QLTP’s Regulatory Compliance Layer guarantees that smart contracts comply with the country’s legal 

frameworks. This layer has jurisdiction-based legal modules, automated tax computation, and compliance 

reporting tools integrated into one. QLTP also adheres to the regulatory requirements of SEBI, RBI, MeitY, and 

the Ministry of Law and Justice in India, and maintains that digital contracts will remain legally enforceable. 
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The system utilizes automated jurisdiction mapping to automatically adapt contract clauses upheld by relevant 

state and international laws to reduce such legal ambiguity and increase global contract interoperability. 

3.2.5 Automated Dispute Resolution Mechanism 

Traditional legal dispute resolution is a little time-consuming and very costly. In response, QLTP proposes an 

automated mechanism as a dispute resolution approach, using blockchain arbitration, AI judicial, and legal 

mediation based on smart contracts. Although the AI models are no solution to the issue itself, they will analyze 

the contractual obligations and suggest a legally standard resolution based on past legal precedents and 

frameworks. The evidence collection in blockchain-based arbitration is transparent and tamper-proof so it is 

faster and cheaper for resolving a conflict. Through such a mechanism, the dependency of courts is significantly 

reduced and digital agreements can be self-executing and enforceable. 

IV. INTEGRATION WITH THE INDIAN LEGAL FRAMEWORK 

4.1 Compliance with the Indian Contract Act, 1872 

All legally binding agreements in India are covered by the Indian Contract Act (1872). QLTP guarantees 

compliance via compliance with the incorporation of AI-driven models of contract validation to verify 

contractual terms, consideration, and enforceability per Indian law. Besides, it automates contract execution and 

dispute resolution, reducing the necessity for conventional legal interventions. QLTP improves the legal rigidity 

of digital agreements in India by making sure that any digital contract consists of all the elements of a valid 

contract (offer, acceptance, and consideration) in a verifiable and immutable manner. 

4.2 Adherence to the IT Act, 2000 

QLTP carries out the model of arbitration based on the Arbitration and Conciliation Act of 1996 and on the 

blockchain model, one which is legally binding and is fast in adjudicating the dispute. QLTP enables 

predetermination and automated adaptation of conflict resolution based on Indian laws of arbitration through 

smart contract based arbitration clauses. This helps to reduce court case by aiding in the backlogs, reducing 

litigation cost, and enforceability of smart contract ruling. Combined with its high level of tamper proof 

evidence, its ability to increase the credibility of arbitration as well as its transactional efficiency and 

transparency is certainly far greater than traditional dispute resolution mechanisms. 

4.3 Considerations for the Arbitration and Conciliation Act, 1996 

The model of arbitration used by QLTP is based on blockchain, which conforms to the Arbitration and 

Conciliation Act of 1996 and provides rapid and legally binding adjudication of the dispute. QLTP facilitates 

pre-determined, automated conflict resolution driven by smart contract-based arbitration clauses that are 

governed by Indian laws of arbitration. It helps to reduce court case backlogs, lower litigation costs, and 

enforceability of smart contract rulings. This tamper-proof nature of blockchain evidence further enhances 

arbitration credibility and is much more efficient and transparent than traditional dispute resolution. 

4.4 Regulatory Oversight by SEBI, RBI, and MeitY 

SEBI, RBI, MeitY, etc. govern the financial transactions, digital assets, and IT regulations in India. SEBI’s 

regulatory framework is satisfied by QLTP to support legally compliant financial contracts, and RBI’s digital 

payment security standards are integrated to protect financial transactions. They also follow MeitY’s data 

security guidelines for achieving strong cybersecurity and encryption standards across digital contracts. Such 

regulatory integrations help in building trust, security, and compliance, for businesses and institutions that 

function under Indian jurisdiction. 
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4.5 Data Protection Considerations (DPDP Act, 2023) 

The Digital Personal Data Protection (DPDP) Act of 2023 is the authority on data privacy and security in the 

country. In addition, QLTP guarantees that its models are compliant by integrating privacy-preserving 

encryption models, access control mechanisms, and decentralized identity management. Quantum-resistant 

encryption secures sensitive contract data preventing third-party hackers from getting access and performing 

cyber breaches. On the other hand, data sovereignty mechanisms preserve the jurisdictional boundary such that 

Indian users’ contract data remain within the jurisdictional boundary, thus constituting the support for DPDP's 

data localization and privacy requirements. QLTP incorporates user consent management and audit trails and 

proves to be a transparent and accountable mechanism for digital contracts, in line with the emerging global and 

Indian data protection standards. 

 

 

V. RESULTS AND PERFORMANCE EVALUATION 

5.1 Security and Quantum-Resistance Evaluation 

QLTP was compared to the traditional contract systems on the blockchain to determine its security strength 

against quantum computing threats. Under the concatenated design based on lattice and hash-based 

cryptographic techniques, QLTP exhibited superior resistance against quantum attacks than existing ones. With 

QLTP, the attack success rate was significantly lower compared to QL and thus demonstrated its superiority in 

defending digital contracts against quantum threats. 

Table 1. Security and Quantum-Resistance Evaluation 

Security Metric QLTP 

(Proposed) 

Traditional 

Blockchain 

Centralized Digital 

Contracts 

Resistance to Quantum Attacks (%) 98.7 72.4 35.6 

Encryption Strength (bits) 2048 512 256 

Tamper-Proof Integrity (%) 99.5 85.2 60.1 

Attack Success Rate (%) 1.3 27.6 64.4 
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Figure 1. Comparison Resistance to Quantum Attacks (%) and Tamper-Proof Integrity (%) of QLTP 

(Proposed) 

5.2 Smart Contract Execution Efficiency 

QLTP was tested against traditional smart contract platforms for execution time, transaction throughput as well 

as computational efficiency. Results of the optimization showed that QLTP’s quantum-proposed mechanism and 

quantum-resistant encryption reduce the processing latency and increase the transaction throughput, becoming 

more optimal than before and much more scalable and effective. 

Table 2. Smart Contract Execution Efficiency 

Performance Metric QLTP (Proposed) Ethereum Hyperledger 

Execution Time (ms) 230 420 580 

Transactions Per Second (TPS) 7,500 3,200 2,800 

Energy Consumption (kWh) 0.003 0.01 0.015 

Consensus Time (s) 0.85 1.6 2.2 

5.3 Legal Compliance and Accuracy in Contract Validation 

A legal compliance validation of the QLTP framework via evaluation of its accuracy across different 

jurisdictions and other measures. For instance,to ascertain how well contract terms conformed to Indian and 

international legal standards, the study employed AI-powered smart contract auditing to determine whether 

contract terms were compliant or not and proved how well QLTP automated compliance verification 

significantly outperformed traditional alignments, providing higher accuracy of legal contract validation. 

Table 3. Legal Compliance and Accuracy in Contract Validation 

Compliance Metric QLTP 

(Proposed) 

Traditional 

Blockchain 

Manual Contract 

Validation 

Compliance Accuracy (%) 99.2 85.6 72.3 

Legal Clause Validation (%) 98.5 79.8 65.4 

AI-Detected Legal Violations (per 100 contracts) 2 12 18 

Jurisdictional Adaptability (%) 97.8 76.3 54.7 
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Figure 2. Compliance Metric of QLTP (Proposed) 

5.4  Simulation Data: Accuracy, Precision, Recall, and F1-Score 

QLTP has conducted a simulation-basedperformance analysis to asses how accurate, precise, recall and F1 

score its AI-powered contract validation and dispute resolution system is. Results showed that QLTP 

outperforms existing blockchain contract validation systems in terms of reliability and false positives asa 

consequence of disputes. 

Table 4. Simulation Data: Accuracy, Precision, Recall, and F1-Score 

Metric QLTP (Proposed) Traditional Blockchain Centralized Legal System 

Accuracy (%) 98.4 86.2 73.5 

Precision (%) 97.6 83.1 70.2 

Recall (%) 96.8 81.7 68.9 

F1-Score (%) 97.2 82.4 69.5 

 

 

Figure 3. Simulation Data: Accuracy, Precision, Recall, and F1-Score of QLTP (Proposed) 

VI. CONCLUSION 

Quantum-Ledger Trust Protocol (QLTP) is an innovative protocol for securing, clear and legal transactions on 

the digital. Taking seamlessly quantum proofed blockchain, identity verification with no third party involved, 

together with contract auditing with AI coupled for tamperproof agreement, automated legal compliance and 

speedy, efficient dispute resolution, QLTP appears as the basic needs for SMEs to embark onto Blockchain. The 

framework also provides much stronger reduction in legal costs, further promotes speed of transaction and 
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improves data security compared to the currently used traditional and existing blockchain based contract 

systems. 

Simulation results show that QLTP, compared to traditional models, is accurate (98.4% accuracy), well 

complies with validated contract execution control (99.2% validation), and has high performance in execution 

efficiency (99.2% execution efficiency) for practical application. QLTP stands for Qualified Ledger Token 

Protocol, a technology that has potential use cases in various sectors ranging from finance to trade and 

governance and is perfectly designed for digital contract enforcement, providing trust and security in 

international agreements. This alignment enables the QLTP to fall in line with Indian and global legal protocols 

and adopt next-generation digital contract management into the technological landscape. 
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