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Abstract 

This article presents a comprehensive framework for implementing privacy-preserving credit card 

reward systems using Secure Multi-Party Computation (SMPC) technologies. Traditional reward 

architectures require extensive sharing of sensitive transaction data across multiple entities, 

creating significant privacy risks, security vulnerabilities, and regulatory compliance challenges. It 

leverages cryptographic advances to enable card issuers, payment networks, and merchant 

partners to collaborate on reward calculations, fraud detection, and personalized offers without 

revealing sensitive transaction details to one another. The article explores the evolution of privacy-

preserving technologies in financial systems, comparing Fully Homomorphic Encryption, Zero-

Knowledge Proofs, and SMPC approaches. A detailed case study of a travel rewards program 

implementation demonstrates how this framework ensures data remains protected throughout the 

entire process while maintaining the performance characteristics necessary for production 

deployment. The system provides comprehensive privacy protection, enhances fraud detection 

capabilities through secure collaboration, and facilitates compliance with evolving privacy 

regulations. Performance evaluations confirm the practical viability of the article, with minimal 

latency impact, strong scalability characteristics, and robust security guarantees. It contributes to 
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the growing field of privacy-enhancing technologies for financial services and offers a viable 

solution to balance analytical utility with privacy protection in consumer-facing applications. 

 

Keywords: Secure Multi-Party Computation, Privacy-Preserving Cryptography, Credit Card 

Rewards, Financial Data Privacy, Cryptographic Protocols 

 

Introduction 

Credit card reward systems have emerged as essential tools for financial institutions seeking to drive 

customer engagement and retention in an increasingly competitive market. These programs leverage 

incentive structures ranging from cashback percentages to travel miles and merchant-specific discounts 

to encourage specific spending behaviors among cardholders. According to comprehensive industry 

analysis, reward programs significantly influence purchasing decisions for most consumers, with 

research indicating that 68% of cardholders actively modify their spending patterns to maximize reward 

accumulation. The effectiveness of these reward ecosystems depends on intricate collaboration between 

multiple stakeholders throughout the payment infrastructure: issuing banks maintaining cardholder 

accounts and transaction histories, payment networks facilitating global transaction routing and 

settlement, and merchant partners offering targeted incentives based on consumer segments. As 

Aggarwal and Yu note in their survey of privacy-preserving big data analytics, the global credit card 

rewards market has evolved into a multi-billion dollar ecosystem, with transaction-linked reward 

systems processing over 84 terabytes of consumer purchase data daily to determine appropriate reward 

allocations [1]. This massive data processing operation has raised significant privacy concerns that 

traditional security approaches struggle to address adequately. 

 

 
Fig 1: Research Findings on Privacy Concerns in Credit Card Reward Systems [1] 

 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25013053 Volume 16, Issue 1, January-March 2025 3 

 

Traditional reward architectures necessitate extensive sharing of sensitive transaction data across 

multiple participating entities, creating several critical vulnerabilities in the system. The exposure of 

detailed transaction data reveals intimate consumer spending patterns and preferences in ways that many 

cardholders fail to appreciate. Research published by Aggarwal and Yu demonstrates that with access to 

just three months of anonymized transaction metadata, pattern recognition algorithms can re-identify 

specific individuals with 91% accuracy and predict future purchasing behavior with 74% precision [1]. 

This level of transaction visibility across multiple organizational boundaries represents a substantial 

privacy risk that has increasingly concerned privacy advocates and regulators. Security vulnerabilities 

multiply as data flows through the reward ecosystem, with each participating entity representing a 

potential breach point. The research by Aggarwal and Yu documented that systems requiring cross-

organizational data sharing experienced 2.4 times more attempted security breaches than siloed systems, 

with sensitive financial data remaining particularly valuable to attackers [1]. 

Additionally, regulatory compliance challenges have intensified as privacy frameworks like GDPR and 

CCPA impose strict requirements on data sharing and processing activities. Implementing 

comprehensive privacy compliance measures requires significant investment from financial institutions. 

Aggarwal and Yu note that proper data protection infrastructure for reward systems typically requires 

18-24 months of development and annual maintenance costs equivalent to 9-14% of the program's 

operating budget [1]. 

Recent advances in privacy-preserving cryptography offer promising solutions to these challenges by 

enabling the computation of sensitive data without exposing the underlying information. Secure Multi-

Party Computation (SMPC) represents a particularly transformative approach in this domain. It allows 

multiple entities to jointly compute functions over their respective inputs while mathematically 

guaranteeing that those inputs remain private. As detailed in the research by Kamara and Mohassel on 

strengthening financial services through secure computing, the adoption of privacy-enhancing 

technologies in financial services has grown substantially in recent years, with SMPC implementations 

demonstrating particular advantages in scenarios requiring collaborative computation without data 

sharing [2]. Their research documented that financial institutions implementing SMPC for collaborative 

analytics reduced their regulatory compliance burden by approximately 36% while improving their 

analytical capabilities through access to previously unavailable cross-organizational insights [2]. The 

financial services sector has demonstrated increasing interest in these technologies. Kamara and 

Mohassel report that investment in privacy-enhancing technologies for financial applications has grown 

at an annual rate of 28% since 2019 [2]. 
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Fig 2: Traditional vs. Privacy-Preserving Reward Architecture [2] 

 

This article explores a comprehensive framework for implementing privacy-preserving credit card 

reward systems using SMPC technologies specifically adapted to the requirements of multi-stakeholder 

reward programs. We demonstrate how this approach enables card issuers, payment networks, and 

merchant partners to collaborate effectively on reward calculations, fraud prevention, and personalized 

offer generation without revealing sensitive transaction details to one another. This approach addresses 

fundamental privacy and security challenges while improving analytical capabilities by implementing 

mathematically guaranteed privacy controls at the protocol level. A detailed case study on a travel 

rewards program illustrates the practical application of these techniques in a real-world context, where 

our implementation achieved a significant reduction in exposed personally identifiable information 

while maintaining high reward calculation accuracy and meeting performance requirements necessary 

for production deployment. As Kamara and Mohassel emphasize in their research, such privacy-by-

design approaches represent the future direction of financial data processing in an environment of 

increasing privacy awareness and regulation [2]. 

 

Related Work 

Privacy-preserving technologies in financial systems have evolved significantly in recent years, with 

research exploring various cryptographic approaches to address the competing requirements of data 

utility and privacy protection. Among these approaches, three main categories have emerged as 

particularly relevant to financial applications. Fully Homomorphic Encryption (FHE) enables 

computations on encrypted data without decryption, providing complete data protection throughout the 

processing lifecycle. As documented by Aggarwal and Yu, FHE represents the gold standard for 

privacy-preserving computation in terms of security guarantees, offering provable privacy even against 

compromised processing environments [1]. Their research catalogs several implementations for financial 

applications, highlighting Gentry's groundbreaking work applying FHE to credit scoring systems. These 

implementations achieved complete theoretical data protection but faced substantial computational 
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overhead, with Aggarwal and Yu reporting processing times ranging from 75-420 seconds for financial 

calculations traditionally executed in milliseconds [1]. Despite recent optimizations reducing these 

computation times by approximately 40%, the performance characteristics of FHE remain prohibitive 

for real-time payment applications where sub-second response times are typically required. 

Zero-knowledge proofs (ZKP) offer an alternative approach, enabling one party to prove to another that 

a statement is true without revealing any information beyond the validity of the statement itself. This 

property makes ZKPs particularly suitable for verification scenarios in financial systems. According to 

Aggarwal and Yu, ZKP implementations for transaction verification have demonstrated promising 

efficiency characteristics, with verification times ranging from 30-85 milliseconds for standard financial 

operations [1]. However, their research also identifies significant limitations when applying ZKPs to 

complex reward calculations, noting that the approach requires predefined verification circuits designed 

in advance for each specific computation. This requirement introduces substantial development overhead 

and limits the flexibility needed for dynamic reward programs where calculation rules frequently 

change. Aggarwal and Yu's survey indicates that financial institutions implementing ZKP systems 

reported an average of 34 developer days required to implement each new reward calculation rule, 

making the approach impractical for rapidly evolving loyalty programs [1]. 

 

 
Fig 3: Comparison of Privacy-Preserving Technologies [3, 4] 

 

Secure Multi-Party Computation (SMPC) has emerged as a balanced solution for privacy-preserving 

financial applications, offering strong privacy guarantees while providing reasonable performance 

characteristics suitable for production environments. The fundamental breakthrough of SMPC is its 

ability to allow multiple parties to jointly compute functions over their private inputs without revealing 

those inputs to one another. As detailed in the comprehensive work by Bogetoft et al. on deploying 

SMPC for financial data analysis, this approach enables collaborative computation while maintaining 

clear boundaries between each participant's private data domains [3]. Their research documented SMPC 

implementations achieving computation times ranging from 88-143 milliseconds for standard financial 
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operations while mathematically guaranteeing input privacy for all participating entities [3]. This 

performance profile aligns significantly better with the real-time requirements of payment processing 

systems. A particular advantage of SMPC, highlighted in Bogetoft's research, is its ability to handle 

dynamic calculation requirements without requiring extensive protocol redesign. Their analysis of a 

Danish financial services implementation demonstrated that SMPC protocols could incorporate new 

calculation rules with minimal development overhead, typically requiring 2-5 developer days per rule 

modification [3]. 

Current credit card reward architectures predominantly rely on centralized data processing models that 

consolidate transaction data in secure environments operated by a single controlling entity, typically the 

card issuer or payment network. As Kamara and Mohassel observe in their analysis of financial data 

security practices, these centralized approaches emerged largely due to performance and manageability 

considerations rather than optimal privacy characteristics [2]. Their research indicates that 

approximately 76% of reward programs currently employ such centralized architectures, with most of 

these systems relying on contractual protections and access controls rather than cryptographic guarantees 

to protect sensitive data [2]. While financial institutions have made significant investments in enhancing 

security through encryption and rigorous access management, Kamara and Mohassel argue that the 

fundamental privacy risks of data centralization persist in these architectures. Their longitudinal analysis 

revealed that centralized financial systems experienced an average of 1.3 reported data exposure 

incidents over a three-year observation period, compared to 0.3 incidents for systems implementing 

privacy-by-design principles through technical rather than policy controls [2]. 

SMPC offers an alternative approach that aligns with emerging best practices for privacy-preserving 

financial systems. As detailed by Bogetoft et al., the technology enables a shift from centralized to 

distributed processing models where sensitive data remains within organizational boundaries while 

enabling collaborative computation [3]. Their pioneering implementation of SMPC for Danish sugar 

beet auctions demonstrated that financial applications could achieve privacy protection and 

computational efficiency using a properly designed SMPC framework. Multiple parties successfully 

conducted complex price discovery and market clearing operations in their system without revealing 

their confidential bidding strategies or production capacities [3]. This implementation established critical 

feasibility evidence for SMPC's financial applications. However, Bogetoft acknowledges that significant 

additional work was required to adapt the approach to retail payment systems' specific requirements and 

scale. Our research extends these foundational efforts by specifically addressing the unique requirements 

of credit card reward systems, particularly focusing on the multi-stakeholder nature of reward 

ecosystems and the need for real-time performance in consumer-facing applications. By building on the 

work of Bogetoft et al., we demonstrate that SMPC can be successfully applied to this specific domain, 

enabling privacy-preserving reward calculations, secure fraud detection, and compliance with evolving 

privacy regulations while maintaining the performance characteristics necessary for production 

deployment in high-volume payment environments [3]. 

 

Privacy-Preserving Computation: Techniques and Applications 

Introduction to Privacy-Preserving Computation 

Privacy-preserving computation represents a critical advancement in modern information processing, 

allowing organizations to derive valuable insights from sensitive data while maintaining strict 

confidentiality protections. This approach has gained significance as data privacy regulations like the 
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General Data Protection Regulation (GDPR) in Europe and the California Consumer Privacy Act 

(CCPA) in the United States have imposed stringent requirements on data handlers. These regulations 

have fundamentally changed how businesses approach data analysis, necessitating technological 

solutions that balance analytical utility with privacy protection. 

 

Homomorphic Encryption 

Homomorphic encryption stands as one of the foundational techniques in privacy-preserving 

computation. This cryptographic method enables computations directly on encrypted data without 

decryption, ensuring that sensitive information remains protected throughout the analytical process. For 

instance, a financial institution can analyze encrypted transaction data to detect fraudulent patterns 

without exposing the actual transaction details of individual customers. The mathematical properties of 

homomorphic encryption ensure that operations performed on the ciphertext yield the same results as if 

they were performed on the plaintext once decrypted. However, performance remains a practical 

challenge, with fully homomorphic encryption operations typically requiring significantly more 

computational resources than their plaintext counterparts. 

 

Privacy-Preserving Applications on Smartphones 

Smartphone platforms have become a critical focus area for privacy-preserving applications due to the 

wealth of sensitive data they collect. As detailed in research by Becher et al. (2011), smartphones 

present unique privacy challenges as they combine extensive personal data collection with always-on 

connectivity. The researchers examined various privacy-preserving techniques for mobile environments, 

including on-device processing that minimizes data transmission, differential privacy implementations 

for location data, and cryptographic protocols optimized for resource-constrained devices. Their analysis 

showed that effective privacy preservation on smartphones requires a careful balance between security 

strength, processing efficiency, and power consumption, with solutions that process sensitive data 

locally whenever possible showing the most promising privacy outcomes. 

 

Secure Multi-Party Computation 

Secure Multi-Party Computation (SMPC) represents another powerful approach in the privacy-

preserving toolkit. This technique allows multiple parties to jointly compute a function over their inputs 

while keeping those inputs private. For example, competing pharmaceutical companies could collaborate 

on drug discovery research without revealing their proprietary molecular databases. SMPC protocols 

utilize cryptographic techniques such as garbled circuits, secret sharing, and oblivious transfer to ensure 

that no participating party learns anything beyond what can be inferred from their input and the 

computed output. These protocols have been successfully implemented in various domains, from 

healthcare data analysis to financial risk assessment, though challenges remain in scaling these solutions 

to handle large datasets efficiently. 

 

Privacy-Preserving Analytics and Secure Multiparty Computation 

According to the ISACA Journal (Volume 2, 2021), privacy-preserving analytics and secure multiparty 

computation transform how organizations approach collaborative data analysis. The journal highlights 

that organizations adopting these technologies typically reduce privacy compliance incidents by 

approximately 30% compared to traditional data-sharing approaches. The article emphasizes that SMPC 
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allows organizations to perform joint analytics across institutional boundaries while maintaining 

regulatory compliance. For example, banks can collectively analyze transaction patterns to detect money 

laundering activities without exposing customer information to one another. Implementing such systems 

requires careful consideration of network infrastructure, computational requirements, and cryptographic 

key management. Organizations implementing SMPC-based solutions report spending an average of 15-

20% more on initial setup costs than traditional analytics platforms. However, they often realize 

significant long-term benefits through reduced compliance costs and expanded analytical capabilities. 

 

Applications in Digital Marketplaces and E-Commerce 

Recent research published in the Electronic Markets journal (2024) explores the application of privacy-

preserving computation in digital marketplaces and e-commerce platforms. The study examines how 

these technologies enable new business models that leverage collaborative analytics without 

compromising user privacy. The researchers identified several key application areas, including privacy-

preserving recommender systems that generate personalized product recommendations without exposing 

individual user preferences, secure supply chain analytics that optimize inventory management across 

multiple organizations, and privacy-enhanced fraud detection systems. Implementing these technologies 

has shown promising results, with early adopters reporting improved customer trust metrics and 

enhanced ability to derive insights from previously inaccessible data sources. The researchers note that 

organizations implementing privacy-preserving technologies in their digital marketplaces typically 

observe a 12-18% improvement in data utilization rates compared to traditional approaches that rely on 

data minimization or anonymization. 

 

Differential Privacy 

Differential privacy has emerged as a mathematical framework that provides formal privacy guarantees 

in data analysis. This approach works by introducing carefully calibrated noise into query results, 

ensuring that the presence or absence of any individual record cannot be confidently determined from 

the output. Organizations like the U.S. Census Bureau have adopted differential privacy to release 

statistical data, balancing the need for accurate population statistics with protecting individual 

respondent information. The technique is particularly valuable for public datasets and statistical releases, 

where the goal is to provide meaningful analytical value while preventing the identification of specific 

individuals within the data. Implementation requires determining an appropriate "privacy budget" that 

quantifies the acceptable level of privacy loss across multiple queries. 

 

Cross-Sector Applications 

As privacy-preserving computation continues to evolve, its applications are expanding across numerous 

sectors. In healthcare, these techniques enable collaborative research on patient data across multiple 

institutions without exposing protected health information. Financial services firms utilize privacy-

preserving analytics for fraud detection and risk assessment while maintaining customer confidentiality. 

Telecommunications companies employ these methods to analyze network usage patterns without 

compromising subscriber privacy. Each implementation requires careful consideration of the specific 

privacy requirements, performance constraints, and regulatory obligations relevant to the domain. 
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Future Directions 

The future development of privacy-preserving computation will likely focus on improving 

computational efficiency, enhancing usability for non-specialists, and developing domain-specific 

optimizations that balance privacy protection with analytical utility. As organizations increasingly 

recognize data privacy as a compliance requirement and a competitive advantage, we can expect 

continued investment and innovation in these technologies. The ultimate goal remains consistent: 

enabling valuable insights from sensitive data while providing robust privacy protections for individuals 

and organizations. 

 

Case Study: Travel Rewards Program with Privacy-Preserving Computation 

Case Study: Travel Rewards Program Implementation 

This section presents a comprehensive case study of a travel rewards program to demonstrate the 

practical application of privacy-preserving computation technologies in financial services. This 

implementation allows cardholders to earn points for travel-related purchases while ensuring their 

personal and transaction data remains protected throughout the process, from point acquisition to 

redemption. As noted by Jiang et al. in their research on privacy-preserving techniques for financial 

services, such implementations can significantly enhance customer trust while maintaining the utility of 

reward programs in driving consumer engagement (Jiang et al., 2023). 

 

Phase 1: Transaction Processing with Enhanced Privacy 

The transaction processing phase establishes the foundation for secure reward calculations by 

implementing multiple layers of privacy protection from the initial point of data capture. 

 

Transaction Initiation 

When a cardholder purchases using their credit card—for example, buying an airline ticket for $500—
the transaction begins its journey through a secure payment ecosystem. The merchant's point-of-sale 

system captures the transaction details and routes them to the payment network through encrypted 

channels. As demonstrated in research by Benhamouda et al., encrypting transaction data at this early 

stage creates a foundation for privacy-preserving services that can withstand sophisticated data 

interception attempts while maintaining the functional requirements of payment systems. Their work on 

privacy-enhanced services for mobile applications showed that proper implementation of encryption at 

the transaction initiation phase can protect sensitive information throughout the entire payment lifecycle 

(Benhamouda et al., 2018). 

 

Data Collection 

During this critical stage, the issuer bank securely records key transaction attributes, including the 

transaction amount ($500), merchant category code (indicating an airline purchase), transaction date and 

time, and payment method details. These elements are encrypted using the bank's private key before 

transmission to the payment network. According to Riazi et al., secure multi-party computation 

frameworks like Chameleon can process encrypted financial transactions with minimal overhead while 

maintaining strong privacy guarantees. Their extensive performance analysis showed that modern SMPC 

frameworks can achieve processing times as low as 0.15 seconds for complex operations on encrypted 
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data, making them viable for real-time transaction processing in financial applications (Riazi et al., 

2018). 

 

 
Fig 4: Travel Rewards Program Implementation Flow [9] 

 

Payment Authorization 

The payment network processes the authorization request without decrypting the transaction details. The 

network can verify the transaction's validity using advanced cryptographic techniques while maintaining 

complete data confidentiality. The SMPC frameworks compared by Riazi et al. demonstrate significant 

improvements in computational efficiency, with frameworks like SecureML, MiniONN, and Chameleon 

reducing processing time by up to 4.5× compared to earlier approaches. These improvements make 

privacy-preserving payment authorization practical for mainstream financial applications, with 

Chameleon, in particular, showing a significant 5-6× improvement in overall run-time compared to 

previous state-of-the-art solutions (Riazi et al., 2018). 

 

Phase 2: Reward Calculation Using Secure Multi-Party Computation 

Once the transaction is authorized and settled, the system initiates the reward calculation process using 

sophisticated privacy-preserving techniques to protect sensitive data. 

 

Secure Reward Algorithm 
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The reward calculation leverages Secure Multi-Party Computation (SMPC) to determine the appropriate 

point allocation without exposing sensitive data. The issuer provides the encrypted transaction amount 

($500) as input. At the same time, the merchant contributes the encrypted reward rate (2 points per 

dollar for airline purchases). Using SMPC protocols, these inputs are securely combined to calculate the 

reward (1,000 points), with the final result revealed to authorized parties while the inputs remain 

confidential. Research by Riazi et al. demonstrated that hybrid SMPC frameworks like Chameleon can 

perform secure computations on encrypted data with significantly improved performance compared to 

traditional approaches. Their implementation demonstrated a 31.1-sec/0.05-sec training time for logistic 

regression models with 5 million samples, indicating that complex reward calculations can be performed 

efficiently on encrypted data (Riazi et al., 2018). 

 

Reward Ledger Update 

Following the calculation, the system securely updates the encrypted reward ledger by retrieving the 

current encrypted point balance, using SMPC to add the newly earned points to the balance, storing the 

updated balance in the encrypted ledger, and sending a confirmation to the cardholder without revealing 

the detailed calculation process. According to research published by Dighade and Sampat in the ISACA 

Journal, organizations implementing such SMPC-based approaches can significantly improve data 

security while maintaining operational efficiency. Their research indicates that organizations adopting 

privacy-preserving analytics and secure multiparty computation techniques have successfully preserved 

data privacy while enabling complex analytical operations, allowing entities to collaborate without 

sharing sensitive information and providing up to 30% reduction in privacy compliance incidents 

(Dighade & Sampat, 2021). 

 

Phase 3: Privacy-Preserving Fraud Detection 

Concurrent with reward processing, the system performs privacy-preserving fraud detection to identify 

potential abuse while maintaining strict data protection standards. 

 

Anomaly Analysis 

The fraud detection module analyzes encrypted transaction patterns for anomalies such as unusually 

large purchases outside the cardholder's typical spending pattern, rapid point accumulation through 

multiple small transactions, geographic inconsistencies in transaction locations, and time-based 

anomalies such as transactions in quick succession. This analysis occurs on encrypted data using 

differential privacy techniques, ensuring user privacy is maintained even during security checks. 

Research by Jiang et al. indicates that privacy-preserving financial fraud detection systems can achieve 

detection rates comparable to traditional methods while providing strong privacy guarantees. Their 

research on privacy-preserving fraud detection demonstrated that federated learning approaches coupled 

with differential privacy can achieve an F1-score of 0.904 and an AUC of 0.963, nearly matching the 

performance of centralized systems while significantly reducing privacy risks (Jiang et al., 2023). 

 

Collaborative Detection 

Multiple stakeholders participate in joint fraud detection, with the issuer contributing encrypted 

historical transaction data, the payment network providing encrypted cross-network patterns, merchants 

supplying encrypted category-specific benchmarks, and SMPC protocols identifying suspicious patterns 
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without revealing the underlying data. According to Dighade and Sampat, this collaborative approach 

significantly enhances fraud detection capabilities while preserving privacy. Their research in the 

ISACA Journal highlights that privacy-preserving analytics and secure multiparty computation enable 

organizations to perform sophisticated analytics across institutional boundaries while maintaining strict 

data privacy. Allowing data to remain at its source and never be exposed in plaintext outside the 

organizational boundary enables valuable insights without compromising sensitive information, allowing 

financial institutions to identify up to 40% more suspicious transactions while maintaining regulatory 

compliance (Dighade & Sampat, 2021). 

 

Phase 4: Secure Reward Redemption 

The final phase demonstrates how cardholders can securely redeem their earned rewards without 

compromising sensitive information. 

 

Secure Redemption Request 

When a cardholder wishes to redeem their points—for example, using 25,000 points for a hotel stay—
the redemption request is encrypted and sent to the payment network. This encryption ensures that 

sensitive details about the redemption remain protected. As Benhamouda et al. explains in their research 

on privacy-preserving applications on mobile platforms, encryption of user requests is essential for 

maintaining end-to-end privacy in financial services. Their work demonstrates that properly 

implemented encryption can protect sensitive redemption details from unauthorized access even when 

transmitted through potentially insecure channels, protecting against external attackers and internal data 

misuse (Benhamouda et al., 2018). 

 

Validation and Processing 

Using SMPC, the system performs several validation checks, including verifying that the encrypted 

point balance is sufficient, confirming that the redemption meets program requirements, and securing the 

deduction of points from the encrypted balance. Each stakeholder participates in this validation without 

accessing the user's transaction history or reward details. According to research by Feng et al., privacy-

preserving validation can be implemented efficiently using homomorphic encryption and secure 

multiparty computation. Their work on privacy-enhancing technologies for digital markets demonstrates 

that such validation processes can be performed with latency as low as 100-200 milliseconds for basic 

operations, making them suitable for real-time redemption processing while maintaining strong privacy 

guarantees (Feng et al., 2024). 

 

Completion 

Upon successful validation, the hotel partner receives confirmation of the redemption without accessing 

the cardholder's transaction history. The cardholder receives their benefit while maintaining privacy 

across the ecosystem. This selective disclosure mechanism ensures that sensitive information is shared 

only on a need-to-know basis. As highlighted by Feng et al. in their comprehensive analysis of privacy-

enhancing technologies for digital markets and finance, such selective disclosure mechanisms are crucial 

for maintaining user privacy while enabling the functionality of complex financial systems. Their 

research shows that properly implementing privacy-enhancing technologies can facilitate seamless 
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transactions while reducing privacy risks by up to 75% compared to traditional approaches (Feng et al., 

2024). 

 

Benefits of the Privacy-Preserving Reward System 

The privacy-preserving reward system offers several advantages over traditional approaches, verified 

through extensive testing and real-world implementations. 

 

Enhanced Privacy Protection 

The system provides comprehensive privacy protection through multiple mechanisms, including keeping 

transaction data encrypted throughout the processing pipeline, allowing stakeholders to collaborate 

without accessing each other's sensitive information, enabling cardholders to maintain control over their 

data, and implementing selective disclosure to ensure that only necessary information is shared. These 

protections address growing consumer concerns about data privacy while enabling effective reward 

programs. As research by Jiang et al. demonstrated, financial systems implementing privacy-preserving 

technologies can significantly enhance user trust while maintaining full functionality. Their survey of 

users of privacy-enhanced financial services showed that 78% of respondents expressed an increased 

willingness to participate in loyalty programs when strong privacy protections were in place, indicating 

that privacy enhancements can directly contribute to program adoption and engagement (Jiang et al., 

2023). 

 

 
Fig 5: SMPC Implementation Benefits in Financial Services 

 

Advanced Fraud Prevention 

The privacy-preserving approach enhances fraud detection through real-time multi-stakeholder analysis 

of encrypted data, improved pattern recognition across previously siloed information, reduced false 

positives through collaborative verification, and early detection of sophisticated fraud schemes. By 

enabling secure collaboration among stakeholders, the system identifies fraudulent activities that might 
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go undetected in traditional isolated systems. According to Dighade and Sampat, privacy-preserving 

fraud detection can identify suspicious patterns without exposing sensitive data. Their research indicates 

that organizations implementing secure multiparty computation for fraud detection have successfully 

reduced the risk of data exposure while improving detection rates. By allowing multiple parties to 

analyze encrypted data collaboratively without revealing their inputs, these systems have demonstrated 

up to a 30% reduction in privacy compliance incidents while maintaining or improving fraud detection 

capabilities (Dighade & Sampat, 2021). 

 

Regulatory Compliance 

The system facilitates compliance with evolving privacy regulations through privacy-by-design 

principles, minimizing data sharing and enhancing consumer control, addressing PCI DSS requirements 

through end-to-end encryption, and implementing data minimization principles throughout the 

architecture. This compliance-focused approach reduces regulatory risk while building consumer trust. 

Research by Feng et al. highlights the importance of regulatory compliance in financial systems and 

demonstrates that privacy-enhancing technologies can significantly reduce compliance burdens. Their 

analysis of financial institutions implementing privacy-enhancing technologies showed that such 

implementations can reduce the cost of compliance reporting by up to 35% while improving the 

accuracy and comprehensiveness of compliance documentation. Additionally, their research indicates 

that privacy-enhanced systems can reduce the time required for regulatory audits by up to 40%, 

providing significant operational benefits beyond direct privacy improvements (Feng et al., 2024). 

 

Performance Evaluation 

To validate the practical viability of our approach, we implemented a prototype system using an SMPC 

library and tested it in a simulated payment environment with rigorous performance metrics. 

 

Transaction Latency 

The privacy-preserving reward calculations introduced minimal latency, with basic point calculation 

requiring less than 50ms additional processing time, complex multi-tiered rewards adding less than 

100ms, and comprehensive fraud detection checks adding less than 150ms. These latency figures remain 

within acceptable limits for real-time payment processing, ensuring enhanced privacy does not 

compromise user experience. The performance analysis conducted by Riazi et al. provides context for 

these results, demonstrating that modern SMPC frameworks can achieve processing times suitable for 

real-time financial applications. Their benchmarks of different secure computation frameworks show 

that hybrid approaches like Chameleon can achieve significantly better performance than pure 

cryptographic methods, with improvements of 4.5× in online runtime and 2.5× in communication 

compared to previous state-of-the-art methods (Riazi et al., 2018). 
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Fig 6: Performance Evaluation Metrics [9] 

 

Scalability 

The system demonstrated strong scalability characteristics with linear scaling up to 10,000 transactions 

per second, consistent performance under increasing load, and efficient resource utilization across 

distributed components. These results suggest that the privacy-preserving approach can scale to meet the 

demands of enterprise-level reward programs. The research by Dighade and Sampat in the ISACA 

Journal provides context for these scalability results, demonstrating that properly implemented privacy-

preserving analytics and secure multiparty computation can handle substantial transaction volumes. 

Their analysis indicates that while implementing privacy-preserving technologies typically requires 

more computational resources than traditional approaches; the efficiency gap has narrowed significantly 

with recent advancements. Organizations implementing these technologies report that the additional 

computational overhead is acceptable, given the significant privacy benefits and reduced regulatory risk 

(Dighade & Sampat, 2021). 

 

Security 

Security analysis confirmed the system's robustness with no information leakage observed during 

extensive testing, resistance to common attack vectors, including side-channel attacks, and effective 

security even with partial compromise of participating entities. The security evaluation validates that the 

privacy guarantees are maintained under various threat scenarios. As highlighted by Jiang et al., 

comprehensive security testing is essential for privacy-preserving financial systems. Their research on 

security evaluation methodologies for privacy-preserving financial services demonstrates that properly 

implemented systems can withstand sophisticated attacks while maintaining core functionality. Their 

testing framework, which evaluated systems against over 200 distinct attack scenarios, provides a robust 

methodology for assessing the security of privacy-preserving financial applications (Jiang et al., 2023). 
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Conclusion 

The privacy-preserving credit card reward system presented in this paper demonstrates that strong 

privacy protection and efficient reward program functionality are not mutually exclusive objectives. By 

implementing SMPC technologies specifically adapted to the requirements of multi-stakeholder reward 

programs, our framework enables effective collaboration between financial institutions while 

maintaining strict data confidentiality. The detailed case study of a travel rewards program 

implementation validates the practical viability of this approach, showing that privacy-preserving 

computation can be successfully applied to high-volume payment environments without compromising 

performance or user experience. Our evaluation confirms that the system provides comprehensive 

privacy protection through encrypted transaction processing, secure reward calculation, privacy-

preserving fraud detection, and protected redemption mechanisms. These protections address growing 

consumer concerns about data privacy while enabling effective reward programs that drive customer 

engagement. The collaborative approach to fraud detection enables financial institutions to identify 

suspicious activities that might go undetected in traditional isolated systems while maintaining the 

confidentiality of sensitive data. The system also facilitates compliance with evolving privacy 

regulations through privacy-by-design principles, data minimization, and selective disclosure 

mechanisms. This compliance-focused architecture reduces regulatory risk while building consumer 

trust, increasingly representing a competitive advantage in the financial services sector. As privacy-

preserving computation technologies mature, further improvements in computational efficiency, 

enhanced usability for non-specialists, and domain-specific optimizations are anticipated. Future 

research should focus on reducing the implementation complexity of SMPC protocols, the article 

exploring hybrid approaches that combine the strengths of different privacy-preserving techniques, and 

developing standardized frameworks that facilitate adoption across the financial services industry. This 

work contributes to the growing field of privacy-enhancing technologies for financial services. It 

demonstrates that privacy-by-design approaches represent the future direction of financial data 

processing in an environment of increasing privacy awareness and regulation. By enabling valuable 

insights from sensitive transaction data while providing robust privacy protections, our framework offers 

a viable solution to one of the most significant challenges facing modern financial services. 
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