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Abstract

In the ever-evolving realm of Financial Technology (FinTech), the very concept of FinTech marks a
revolutionary advancement, reshaping the fundamental mechanics of financial transactions. These
innovative protocols, operating autonomously, execute the intricacies of financial agreements embedded
within their code. By eliminating traditional intermediaries, FinTech optimizes transaction processes,
enhancing efficiency, reducing costs, and fostering trust among participants.

Central to FinTech is blockchain technology, which provides a decentralized ledger that securely records
financial agreements, mitigating the risks of tampering and uncertainties inherent in conventional
methods. This transformative system is driving various sectors, including finance, towards a transparent
and automated economy.

However, the progress of FinTech is hindered by challenges in data privacy, analogous to those
encountered in sectors such as healthcare where the management of sensitive information is
paramount. Here, Fully Homomorphic Encryption (FHE) emerges as a potential solution. By enabling
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computations on encrypted data without decryption, FHE fortifies FinTech against privacy breaches while
facilitating essential analytics and data exchange crucial for advancing digital transactions.

The practical application of FHE within FinTech has historically faced barriers due to its intensive
computational requirements. Yet, the advent of Cornami's FracTLcore™ computing fabric technology
presents a promising solution. This scalable and reconfigurable computing architecture is purpose-built
to meet the rigorous demands of FHE, surpassing traditional computational limitations and offering a
massively scalable and adaptable computing framework. This innovation signifies the transformation of a
theoretically robust security measure into a commercially viable reality for FinTech, potentially ushering
in a new era of secure and efficient data sharing.

This paper recognizes the practical challenges hindering the widespread adoption of FHE, particularly its
computational demands. It proposes that innovative post-von Neumann computing architectures, such

as Cornami's FracTLcore® Compute Fabric, hold the key to overcoming these obstacles. By providing the
necessary computational power, these technologies make FHE a viable option for organizations dealing

with and executing FinTech solutions.

Through this whitepaper, we aim to explore the intersection of FinTech's role in data exchange, the
imperative for stringent cybersecurity, and the advanced computing solutions poised to redefine data
transaction security. Our goal is to chart a prospective path, revealing how to harness the power of data
amidst the intricacies of privacy and security in an increasingly data-centric FinTech landscape.

Challenges

Regulatory Compliance

Navigating the intricate landscape of data sharing in the FinTech industry presents a formidable
challenge, particularly when it comes to reconciling the drive for innovation with adherence to stringent
data protection regulations like the General Data Protection Regulation (GDPR) and the California
Consumer Privacy Act (CCPA). These regulatory frameworks, established to safeguard individuals'
privacy rights and personal data, impose rigorous requirements on FinTech firms aiming to share data
across borders while maintaining compliance with diverse legal mandates.

The GDPR, implemented in 2018, represents a landmark regulation governing the processing and transfer
of personal data within the European Union (EU) and the European Economic Area (EEA). It mandates
that organizations processing personal data must ensure lawful and transparent processing, obtaining
explicit consent from data subjects for data processing activities [1]. Furthermore, the GDPR imposes
strict restrictions on the transfer of personal data outside the EEA, necessitating the implementation of
appropriate safeguards to protect data subjects' rights and freedoms [2].

Similarly, the CCPA, enacted in 2020, confers California residents with significant rights over their
personalinformation held by businesses. These rights include the right to know what personal
information is being collected, the right to opt out of the sale of personal information, and the right to
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access and delete personal information upon request [3]. Notably, the CCPA applies to businesses
meeting specific criteria, irrespective of their physical presence in California, thereby extending its
jurisdictional reach to FinTech entities operating beyond the state's borders [4].

For FinTech firms engaged in cross-border data-sharing endeavors, compliance with the GDPR and CCPA
poses a formidable challenge. Such compliance necessitates the implementation of robust data
protection mechanisms, encompassing encryption, anonymization, and data minimization strategies, to
safeguard personal data while facilitating lawful data-sharing activities [5]. Additionally, these firms must
grapple with the intricacies of international data transfers, ensuring adherence to the GDPR's stringent
requirements governing the export of personal data outside the EEA [6].

The source of the challenge lies in striking a delicate balance between harnessing data for innovation and
growth while upholding the stringent data protection standards enshrined in regulations like the GDPR
and CCPA. Non-compliance with these regulations carries significant repercussions, including hefty
fines and reputational damage, underscoring the imperative for FinTech firms to adopt a proactive
approach to data governance and compliance.

Cybersecurity Risks

Safeguarding financial information from cyber threats and data breaches demands robust security
measures, given the highly interconnected nature of data sharing within the FinTech ecosystem. The
proliferation of digital transactions and the increasing reliance on cloud-based services and third-party
integrations amplify the risks associated with cyberattacks, making it imperative for FinTech firms to
adopt comprehensive cybersecurity strategies [7].

One significant cybersecurity risk confronting FinTech firms is the threat of data breaches, wherein
malicious actors gain unauthorized access to sensitive financial information. According to the ldentity
Theft Resource Center (ITRC), there were 1,862 reported data breaches in the United States alone in
2020, exposing over 300 million records [8]. These breaches not only result in financial losses but also
erode consumer trust and confidence in FinTech platforms.

Additionally, FinTech firms are vulnerable to various forms of cyber threats, including malware,
ransomware, phishing attacks, and distributed denial-of-service (DDoS) attacks. Malware, such as
viruses and trojans, can infiltrate FinTech systems, compromising data integrity and confidentiality.
Ransomware attacks, where cybercriminals encrypt sensitive data and demand ransom payments for
decryption, pose a significant threat to FinTech firms, potentially disrupting operations and causing
financial harm [9].

Phishing attacks represent another prevalent cybersecurity risk, wherein cybercriminals impersonate
legitimate entities to deceive users into divulging confidential information, such as login credentials and
financial details. With the increasing sophistication of phishing tactics, FinTech firms must implement
robust authentication mechanisms and user education programs to mitigate the risk of phishing attacks
[10].
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Furthermore, the reliance on third-party vendors and service providers introduces additional
cybersecurity challenges for FinTech firms. While outsourcing certain functions can enhance operational
efficiency, it also expands attack surfaces and introduces potential vulnerabilities. FinTech firms must
conduct thorough due diligence on third-party vendors, assess their security posture, and implement
contractual safeguards to mitigate the risks of data breaches and security incidents [11].

FinTech firms are increasingly targeted by cybercriminals due to the high-value financial transactions and
sensitive customer information they handle. Implementing multi-layered security measures is essential
to protect against these threats. This approach includes encryption, intrusion detection systems, access
controls, and comprehensive employee training programs. Collaboration with cybersecurity experts and
participation in information-sharing initiatives further enhances threat intelligence and defense
capabilities against evolving cyber threats.

Key Components of Multi-Layered Security:

1. Encryption: Secures data in transit and at rest, making it unreadable to unauthorized individuals.

2. Intrusion Detection Systems (IDS): Monitor network and system activities for malicious activities
or policy violations.

3. Access Controls: Ensure that only authorized individuals can access sensitive information, based
on their roles.

4. Employee Training Programs: Educate employees on recognizing and responding to
cybersecurity threats like phishing attacks.

Benefits of Multi-Layered Security:

1. Provides comprehensive coverage against a wide range of threats by implementing various
security controls at different levels (network, endpoints, applications, and users).

2. Enhances the overall security posture of the system, making it difficult for cybercriminals to
infiltrate.

3. Offers adaptability to evolving threats, allowing for the integration of new security controls as
threats and technologies develop. [12]

Collaboration and Information Sharing:

Collaborating with cybersecurity experts and participating in information-sharing initiatives are crucial for
staying ahead of emerging cyber threats. These partnerships facilitate the exchange of threat intelligence,
enabling FinTech firms to adapt their security measures in response to new information about potential
vulnerabilities and attack methods.

Implementing a multi-layered security approach, combined with ongoing collaboration and information
sharing, empowers FinTech firms to protect themselves and their customers from the increasingly
sophisticated and diverse range of cyber threats they face today [13].

4 © 2024 Cornami, Inc. All Rights Reserved. CORNAMI

Intelligent Computing



Overall, addressing cybersecurity risks is paramount for FinTech firms to maintain the integrity,
confidentiality, and availability of financial information in an increasingly interconnected and digitally
driven ecosystem [13].

Consumer Trust and Privacy Concerns

Maintaining consumer trust while respecting privacy preferences poses significant challenges, especially
given the need to balance personalized services with user data boundaries. Research indicates that
ethical considerations, including bias, discrimination, privacy, transparency, justice, ownership, and
control, are crucial in the intersection of big data, Al, and customer trust within FinTech. Companies are
advised to safeguard customer data, comply with data protection laws, and promote corporate digital
responsibility to build trust. Practical suggestions include employing encryption techniques, ensuring
transparency in data collection and usage, providing customers with opt-out options, and training staff
on data protection policies [14].

Balancing innovation with consumer protection in FinTech requires addressing significant challenges,
such as the pace of technological breakthroughs outpacing regulatory development, data breaches,
ethical decision-making, and enhancing consumer education and awareness. Strategies for responsible
FinTech innovation include embedding privacy and security measures from the outset, fostering
collaboration, enhancing transparency, empowering users, and investing in continuous education and
training for staff [15].

Addressing data privacy in the digitized world is pivotal, with FinTech at the core of major security
concerns. Implementing the latest security practices, such as multi-factor authentication, biometric
authorization, and regular risk assessments, is essential for FinTech apps. Additionally, transparency
about data collection, comprehensive terms of use, privacy policies, and regulatory compliance helps
build authority and gain trust. Educating users about the app’s functionalities and integrating safety
measures into the user experience (UX) are also recommended practices for fostering trust in FinTech
solutions [16].

For a comprehensive expansion on building and maintaining trust among users in the FinTech sector, itis
imperative to delve into the complex relationship between technological innovation and ethical
standards, regulatory compliance, and the imperative of protecting consumer data privacy.

Solutions

Advanced Encryption Techniques

Implementing Fully Homomorphic Encryption (FHE) offers FinTech firms a groundbreaking way to ensure
data privacy and security, enabling secure computation on encrypted data. This means that companies
can perform necessary analytics while the data remains encrypted, ensuring that sensitive information is
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never exposed, even during the data-sharing process. This capability meets stringent regulatory
requirements without compromising the confidentiality of sensitive information.

The concept of FHE is considered by many, including the United States Department of Defense, as the
"holy grail of encryption”. FHE allows for operations to be performed on encrypted data, generating
encrypted results that, when decrypted, match the results of operations performed on the plaintext. This
level of encryption provides a robust foundation for privacy-preserving computation, ensuring data
security at rest, in transit, and during processing. FHE addresses the critical challenge of protecting data
not just when it is stored or being sent over networks but more importantly, while it is being used or
processed. The significance of FHE lies in its ability to enable the use of untrusted networks and enhance
data privacy by ensuring that data or models remain encrypted throughout the computation process.

Initially presented by Craig Gentry in 2009, FHE has evolved through various schemes, including the
Cheon-Kim-Kim-Song (CKKS) scheme which is efficient for floating point calculations, and commonly
used in machine learning algorithms. FHE schemes are based on complex mathematical constructs,
particularly lattice and Learning with Errors (LWE) problems, which are considered difficult to solve and
likely resistant even to quantum computing attacks. This makes FHE a quantum-safe solution, providing
a strong cryptographical guarantee of the security of data during processing, a critical protection that
traditional encryption schemes do not address [17].

Yet, the practical application of FHE has been limited by its significant computational overhead. Recent
research efforts, including those by NYU Tandon School of Engineering, are focused on developing
specialized hardware accelerators to make FHE computation more feasible for practical applications.
These efforts aim to dramatically decrease the performance penalty incurred by FHE computations and
accelerate FHE calculations to approach the performance levels of current unencrypted data processing
[18].

Traditional computing systems often struggle to efficiently handle the complex calculations required for
FHE. This is where Cornami's FracTLcore® Scalable and Reconfigurable Computing Fabric technology
comes into play. Cornami's architecture is specifically designed to tackle the computational challenges
posed by advanced cryptographic techniques such as FHE.

For FinTech applications, the adoption of FHE can transform how data is securely managed, enabling new
levels of privacy and security for financial transactions and customer data. As FHE technology continues
to mature and becomes more accessible, it holds the potential to redefine the standards for data privacy
and security in the FinTech industry and beyond, and Cornami's Scalable Computing Fabric technology
offers massive hardware acceleration capabilities, enabling the rapid processing of encrypted data while
maintaining high levels of privacy and security.

Protecting Consumer Data

In the realm of FinTech, protecting consumer data has emerged as a critical undertaking, notably through
the utilization of FHE. This technology ensures that sensitive financial information remains encrypted
throughout its lifecycle, thus establishing a trust foundation by showcasing a commitment to user privacy
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alongside the delivery of personalized services. The significance of leveraging FHE lies in its ability to
perform computations on encrypted data, offering a robust security measure that doesn't compromise
the data's confidentiality during analysis [15], [19], [20].

Addressing cybersecurity comprehensively, FinTech firms are encouraged to implement a variety of
protective measures. Regular risk assessments, Multi-Factor Authentication (MFA), and robust
encryption practices are pivotal in safeguarding consumer information against unauthorized access.
Furthermore, establishing a well-defined incident response plan and fostering a culture of cybersecurity
awareness among employees are vital strategies for mitigating risks associated with data breaches and
cyberattacks. These practices not only enhance security but also play a crucial role in maintaining
compliance with regulatory standards, such as GDPR and PCI DSS, underscoring the industry's
commitment to consumer protection [19].

The evolution of FinTech services also necessitates a focus on ethical considerations and consumer
education. FinTech companies must integrate ethical decision-making processes, promote data literacy,
and ensure transparency in their operations. These efforts should be complemented by promoting
collaboration with regulators and industry peers to share best practices and insights, thus enabling the
FinTech ecosystem to navigate the complexities of digital finance responsibly [15].

The digital transformation within banking and FinTech underscores the transition towards cloud-native
platforms, highlighting the role of digital strategies in enhancing data security. By moving to the cloud,
financialinstitutions can leverage advanced technologies to ensure safer payment processes and better
manage cybersecurity threats. The adoption of identity verification technologies and comprehensive
digital identification procedures further supports the endeavor to protect consumer data in an ever-
evolving digital landscape [20].

The FinTech industry's approach to consumer data protection is multifaceted, intertwining advanced
encryption technologies like FHE with a broad spectrum of cybersecurity measures and ethical practices.
By prioritizing consumer safety and adhering to regulatory standards, FinTech firms can harness the full
potential of data-driven innovation while safeguarding individual privacy and fostering a sustainable and
inclusive financial future [15], [19], [20].

Benefits

Regulatory Compliance

FHE significantly aids FinTech firms in maintaining regulatory compliance while managing sensitive data.
FHE enables secure computation on encrypted data, thus allowing companies to analyze and gain
insights from data without the need to decrypt it. This ensures adherence to stringent data protection
regulations such as the General Data Protection Regulation (GDPR) while still leveraging data for valuable
insights [21], [22].
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The adoption of FHE and similar privacy-preserving technologies is becoming increasingly vital as
FinTechs navigate a complex web of regional and international data protection laws. For instance, the
GDPR in the EU places heavy emphasis on the lawful processing of personal data, requiring FinTech
organizations to carefully choose the correct basis for data processing, such as consent, legitimate
interest, or performance of a contract. FinTech firms must ensure transparency, obtain proper consent,
and respect the privacy rights of individuals, including access, rectification, erasure, and the right to
object to data processing [22].

Likewise, the compliance checklist for FinTechs highlights the importance of adhering to a patchwork of
regulations across different regions, including emerging laws in states like Virginia and California. This
emphasizes the need for FinTech companies to stay informed and agile, adapting their data protection
strategies to comply with both current and upcoming regulations. Ensuring compliance not only protects
against steep penalties but also reinforces customer trust and loyalty by demonstrating a commitment to
privacy and security [21].

In addition to legal compliance, adopting a privacy-aware culture and integrating principles of privacy by
design into FinTech operations can further strengthen a company's stance on data protection. This
involves embedding privacy considerations into the development process of FinTech services, ensuring
end-to-end security, and being transparent about data handling practices. Such an approach is aligned
with both ethical standards and consumer expectations, ultimately contributing to a more trustworthy
and sustainable FinTech ecosystem.

Leveraging FHE and closely adhering to data protection laws and principles are critical steps for FinTech
companies aiming to ensure regulatory compliance, safeguard consumer data, and maintain a
competitive edge in the rapidly evolving digital finance landscape.

Cybersecurity Advantages

Incorporating FHE into the cybersecurity strategies of FinTech companies significantly enhances data
protection by enabling computations on encrypted data. This innovative approach minimizes the risk of
exposing sensitive financial information by reducing potential attack vectors and reinforcing the security
infrastructure within the FinTech sector. The adoption of FHE is part of a broader set of cybersecurity
practices critical for safeguarding digital financial services.

Key components of a comprehensive cybersecurity strategy in the FinTech industry include conducting
thorough risk assessments, implementing multi-factor authentication (MFA), enforcing strong encryption
protocols, and developing robust incident response frameworks. Regular risk assessments help identify
and mitigate vulnerabilities, MFA adds an essential layer of security, and encryption of data in transit and
at rest protects against unauthorized access. An effective incident response plan ensures that FinTech
firms can quickly react to and recover from cyber incidents [19].

Continuous monitoring and testing of FinTech systems play a vital role in early vulnerability detection and
the maintenance of security measures. Educating employees about cybersecurity best practices is
equally important, as it empowers staff to recognize and prevent potential cyber threats. Collaborative
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efforts among FinTech companies, regulatory bodies, and cybersecurity experts facilitate the exchange of
threat intelligence and the development of industry-wide security standards [19].

The integration of artificial intelligence (Al) and machine learning (ML) into cybersecurity operations
marks a significant advancement in threat detection and response capabilities. These technologies
enable the analysis of large datasets to identify unusual patterns and behaviors that may indicate a
security threat, allowing for proactive and efficient cybersecurity measures [19].

FinTech companies also face challenges such as managing insider threats and third-party risks; and
balancing robust security with a seamless user experience. Techniques such as encryption,
comprehensive cybersecurity training, detailed incident response strategies, and strategic partnerships
are employed to address these challenges and mitigate cybersecurity risks. These measures aim to
protect sensitive financial data, comply with regulatory requirements, and preserve consumer trustin
digital financial services [23], [24].

Blockchain technology further strengthens cybersecurity in FinTech by offering a secure, transparent, and
immutable platform for conducting financial transactions. Its decentralized architecture and consensus
mechanisms reduce the risk of data breaches and unauthorized data manipulation, contributing to the
overall integrity and security of FinTech platforms [24].

As the FinTech industry navigates an increasingly complex cyber threat landscape, leveraging FHE,
alongside comprehensive cybersecurity practices and the adoption of cutting-edge technologies like Al
and blockchain, is crucial for protecting financial data and ensuring the resilience of the digital financial
ecosystem.

Cyber Crimes Investigations

FHE is revolutionizing the field of financial crime investigation by enabling analysis of encrypted data,
thus maintaining the privacy and security of sensitive financial information. FHE's capacity to allow for
complex computations on encrypted data without decryption eliminates the risk of data exposure during
the investigation process. This breakthrough technology is a game-changer in enforcing fraud detection
and flagging suspicious activities, all while adhering to data protection standards.

The rise of Artificial Intelligence (Al) in combating financial crimes is noteworthy. Al's ability to sift through
vast amounts of data from a variety of sources—including public records, online databases, and even the
deep web—transforms the landscape of financial crime investigations. Al technologies deploy
sophisticated algorithms to detect unusual patterns of behavior, identify relationships, and spot
irregularities in financial transactions. These capabilities significantly strengthen efforts to combat
money laundering, identity theft, and various forms of fraud, making Al an indispensable tool in the
arsenal against financial crimes [25].

The U.S. Secret Service's role in protecting the financial infrastructure of the nation underscores the
importance of adapting to technological advancements in combating financial and cyber crimes. Their
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focus has shifted towards addressing sophisticated crimes such as credit card fraud, wire fraud,
computer network breaches, and other cyber-enabled financial crimes, reflecting the evolving nature of
financial crimes in the digital age. The Secret Service's investigative efforts encompass a broad spectrum
of financial crimes, showcasing the critical need for innovative solutions like FHE and Al in safeguarding
financial systems and sensitive information from criminal exploitation [26].

In the context of financial crime investigations, technologies like FHE and Al represent a paradigm shift
towards more secure, efficient, and effective investigation methodologies. As financial institutions and
investigative agencies integrate these technologies into their operations, the ability to analyze encrypted
data securely and leverage Al for anomaly detection will play a pivotal role in mitigating risks associated
with financial crimes. The advancements in these technologies not only enhance the security and privacy
of financial data but also significantly improve the detection and prevention of financial crimes,
contributing to the overall resilience of financial systems against the threats posed by cybercriminals.

The ongoing development and application of FHE and Al in financial crime investigations highlight the
necessity for continuous innovation and collaboration among technology providers, financial institutions,
and law enforcement agencies. As these technologies evolve, so too will the strategies employed by
criminals, necessitating a proactive and adaptive approach to financial crime prevention and
investigation.

The Impact of Scalable Computing on Privacy-Enhancing
Technologies in FinTech

The advancement of privacy technologies in the FinTech sector is vital for safeguarding sensitive financial
data. Innovations like Cornami's scalable and reconfigurable FracTLcore® Compute Fabric are pivotalin
meeting the high computational demands of FHE. This scalable computing architecture facilitates real-
time encrypted processing of financial data while preserving the highest security standards.

This architecture is scalable, reconfigurable, and versatile, catering to the diverse computational needs
inherent in various privacy technologies within the FinTech industry. It ensures the efficient functioning of
intricate algorithms essential for FHE and allows for the integration of FHE with synergistic technologies
such as Zero Knowledge Proofs (ZKP) and Privacy-Preserving Machine Learning (PPML). This integration
fosters robust solutions that process sensitive financial information efficiently without compromising
security.

By optimizing the computational aspects, Cornami's FracTLcore® Compute Fabric enables complex
computations on encrypted data to be performed rapidly and securely, a crucial requirement for financial
institutions. The FinTech sector, therefore, stands to gain from the dual benefits of high-performance
computing and stringent data privacy measures.

With such technological advancements, FinTech organizations can explore new horizons for securely
handling and analyzing extensive financial data sets. This is critical not only for preserving consumer
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confidence but also for advancing financial analytics and service personalization. The FracTLcore®
Compute Fabric by Cornami signifies a significant leap in applying compute-intensive privacy
technologies, heralding the development of more sophisticated and secure financial data processing
systems.

Conclusion

In analyzing the transformative impact of FHE in FinTech, we recognize its critical role in securing
sensitive financial data and proprietary insights. FinTech entities employ FHE to analyze and exchange
encrypted data safely, negating the necessity for decryption, thereby enhancing protection against cyber-
attacks, and ensuring compliance with stringent financial regulations like the GDPR and PCI DSS.

In FinTech, where data security is of utmost importance due to the confidential nature of financial data,
FHE facilitates secure data analysis and sharing. This is vital for the development of collaborative efforts
in financial innovation while safeguarding client and proprietary information. The implementation of FHE
in FinTech data systems introduces myriad advantages. Beyond meeting regulatory compliance, it
enables joint ventures in financial research, risk assessment, and customer service enhancement. The
computational intensity of FHE poses challenges; however, advances in hardware accelerators and
algorithmic efficiency are broadening its applicability in the FinTech space.

The prospective influence of FHE on FinTech, particularly when integrated with scalable computing
solutions from Cornami, is significant. Cornami's scalable computing framework addresses the intense
computational requirements of FHE, enabling swift processing of encrypted data, thus facilitating
broader adoption of this technology.

By harnessing the strengths of FHE and the technological advancements from Cornami, the FinTech
sector is primed to embark on a new chapter. In this chapter, paramount data privacy, fortified security,
and collaborative innovation converge, driving the industry toward a secure, effective, and cooperative
future.
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