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Abstract: The Convergence of Decentralized Finance (DeFi) and Artificial Intelligence (Al) represents a
transformative development in the financial industry, offering the potential to revolutionize traditional
financial services and create new, innovative solutions. This research paper explores the synergies,
opportunities, and challenges arising from the integration of Al technologies into DeFi platforms. By
leveraging the decentralized, transparent, and secure nature of blockchain technology and the data-driven,
intelligent capabilities of Al, DeFi-Al solutions can enable more efficient, accessible, and personalized
financial services. The paper discusses various Al-powered DeFi applications, such as automated market
makers, Al-driven lending and credit scoring, intelligent yield farming strategies, and Al-assisted portfolio
management. Furthermore, it examines the potential of decentralized Al (DeAl) to address issues of data
privacy, bias, and centralization in traditional Al systems. However, the convergence of DeFi and Al also
presents significant challenges, including regulatory uncertainty, scalability limitations, data privacy and
security risks, and talent scarcity. The paper highlights the need for a multi-stakeholder approach to address
these challenges and realize the full potential of DeFi-Al integration. The implications of DeFi-Al convergence
for the financial industry and society are discussed, emphasizing the potential for increased financial
inclusion, innovation, and stability. Finally, the paper identifies future research directions and calls for
collaboration among researchers, developers, regulators, and industry participants to drive responsible
innovation in this emerging field.
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1. Introduction

1.1. Background on DeFi and Al

Decentralized Finance (DeFi) has emerged as a disruptive force in the financial industry, leveraging
blockchain technology to create open, transparent, and accessible financial services [1]. DeFi platforms
enable users to engage in various financial activities, such as lending, borrowing, trading, and investment,
without the need for traditional intermediaries like banks or brokers [2]. The rise of DeFi has been fueled by
the growing adoption of blockchain technology, particularly Ethereum, which provides a decentralized,
secure, and programmable infrastructure for building financial applications [3].

Concurrently, Artificial Intelligence (AI) has been making significant strides in various domains, including
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finance. Al technologies, such as machine learning, deep learning, and natural language processing, have been
applied to a wide range of financial tasks, from algorithmic trading and risk assessment to fraud detection
and customer service [4]. Al has the potential to enhance decision-making, automate complex processes, and
unlock new insights from vast amounts of financial data [5].

1.2. Significance of the Intersection between DeFi and Al

The intersection of DeFi and Al represents a powerful convergence of two disruptive technologies, offering
the potential to revolutionize the financial landscape. By combining the decentralized, trustless nature of DeFi
with the intelligent, data-driven capabilities of Al, new possibilities emerge for creating more efficient,
inclusive, and innovative financial services [6].

The integration of Al into DeFi platforms can enable a range of benefits, such as improved market efficiency
and liquidity through Al-powered price discovery and automated market-making [7], enhanced risk
management and credit assessment using Al algorithms for analyzing user behavior and market trends [8],
personalized financial services and investment strategies tailored to individual user preferences and risk
profiles [9], increased accessibility and financial inclusion by automating complex financial processes and
reducing entry barriers [10], and detection and prevention of fraudulent activities using Al-driven anomaly
detection and pattern recognition [11].

Moreover, the decentralized nature of DeFi can also benefit Al development by providing a secure,
transparent, and decentralized infrastructure for training and deploying Al models. Decentralized Al (DeAl)
can help address issues of data privacy, bias, and centralization in traditional Al systems, enabling more
trustworthy and accountable Al applications in finance [12].

1.3 Research Objectives and Questions

The primary objective of this research paper is to explore the innovations and potential impact of the
intersection between DeFi and Al. The paper aims to provide a comprehensive analysis of the current state
of DeFi-Al integration, identify key challenges and opportunities, and outline future directions for research
and development in this emerging field.

The research will be guided by the following key questions:

What are the most promising applications and use cases for Al in DeFi, and how can they enhance the
functionality and performance of DeFi platforms?

How can DeFi infrastructure support the development and deployment of decentralized Al models, and
what are the benefits of DeAl for financial services?

What are the main challenges and risks associated with the integration of Al into DeFi, such as regulatory
compliance, data privacy, and security, and how can they be addressed?

How can DeFi-Al solutions be designed to ensure fairness, transparency, and accountability, and prevent
biases or discriminatory outcomes?

What are the potential long-term implications of DeFi-Al convergence for the financial industry, and how
can it contribute to greater financial inclusion, innovation, and stability?

By addressing these questions, the paper aims to contribute to the growing body of knowledge on DeFi and
Al, and provide valuable insights for researchers, practitioners, and policymakers interested in the future of
decentralized and intelligent financial systems.

2. Overview of Decentralized Finance (DeFi)

2.1 Definition and Key Concepts
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Decentralized Finance (DeFi) refers to an ecosystem of financial applications built on blockchain
technology, primarily Ethereum, that aim to provide open, transparent, and permissionless access to financial
services [1]. DeFi operates without the need for traditional intermediaries, such as banks or brokers, by
leveraging smart contracts and decentralized protocols [2]. Key concepts in DeFi include trustless execution,
composability, and non-custodial ownership of assets [3].

2.2 Blockchain Technology as the Foundation of DeFi

Blockchain technology, particularly Ethereum, serves as the foundational infrastructure for DeFi
applications. Ethereum's programmable smart contracts enable the creation of complex financial
instruments and automated execution of transactions [13]. The decentralized nature of blockchain ensures
the immutability, transparency, and security of financial transactions, reducing the risk of fraud and
manipulation [14]. Blockchain's distributed ledger technology also enables the tokenization of assets,
facilitating their tradability and liquidity in DeFi markets [15].

2.3 Major DeFi Applications and Platforms
2.3.1 Decentralized Exchanges (DEXs)

Decentralized exchanges, such as Uniswap, SushiSwap, and Balancer, enable users to trade
cryptocurrencies and tokens directly from their wallets, without the need for a central authority [16]. DEXs
utilize Automated Market Maker (AMM) protocols to determine prices and facilitate trades based on liquidity
pools, ensuring efficient and trustless trading [17].

2.3.2 Lending and borrowing platforms
DeFi lending and borrowing platforms, like Aave, Compound, and MakerDAO, allow users to lend their

crypto assets and earn interest or borrow funds by providing collateral [18]. These platforms use smart
contracts to automate the lending process, calculate interest rates based on supply and demand, and liquidate
collateral if necessary [19].

2.3.3 Yield farming and liquidity mining

Yield farming and liquidity mining involve users providing liquidity to DeFi protocols in exchange for
rewards in the form of tokens or a share of transaction fees [20]. By participating in yield farming, users can
earn passive income while supporting the liquidity and stability of DeFi markets [21]. Popular yield farming
platforms include Yearn Finance, Curve Finance, and Bancor.

2.3.4 Stablecoins and synthetic assets
Stablecoins, such as DAI, USDC, and USDT, are cryptocurrencies designed to maintain a stable value relative

to a reference asset, typically the US dollar [22]. Stablecoins play a crucial role in DeFi by providing a stable
medium of exchange and reducing volatility [23]. Synthetic assets, like Synthetix, enable the creation of
tokens that track the value of real-world assets, such as gold or stocks, on the blockchain [24].

2.4 Benefits and Challenges of DeFi

DeFi offers several benefits, including increased accessibility, transparency, and innovation in financial
services [6]. By eliminating intermediaries and enabling permissionless access, DeFi can reduce costs,
improve efficiency, and foster financial inclusion [10]. However, DeFi also faces challenges, such as regulatory
uncertainty, scalability limitations, and potential vulnerabilities in smart contracts [3]. The lack of consumer
protection and the risk of hacks and exploits are also significant concerns in the DeFi ecosystem [2].

3. Artificial Intelligence (AI) in Finance

3.1 Applications of Al in Traditional Finance
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Al has been increasingly adopted in traditional finance, revolutionizing various aspects of the industry.
Machine learning, deep learning, and natural language processing techniques have enabled financial
institutions to automate processes, improve decision-making, and enhance customer experiences [5, 4].

3.1.1 Algorithmic trading
Algorithmic trading involves the use of Al algorithms to automate trading decisions and execution [25]. Al-

powered trading systems can analyze vast amounts of market data, identify patterns, and make rapid trading
decisions, often outperforming human traders [26]. Machine learning techniques, such as reinforcement
learning and deep learning, have been employed to develop adaptive trading strategies that can learn from
market dynamics [27, 28].

3.1.2 Risk management and fraud detection
Al has significantly enhanced risk management and fraud detection in finance [29]. Machine learning

algorithms can analyze historical data, identify risk factors, and predict potential risks, such as credit defaults
or market crashes [30]. Al-based fraud detection systems can detect anomalies and suspicious activities in
real-time, reducing the risk of financial losses due to fraudulent transactions [31, 32].

3.1.3 Portfolio optimization
Al techniques have been applied to portfolio optimization, enabling investors to make data-driven

decisions and maximize returns while minimizing risks [33]. Machine learning algorithms can analyze
market trends, correlations between assets, and risk-return trade-offs to construct optimal portfolios [34].
Reinforcement learning has been used to develop dynamic portfolio management strategies that adapt to
changing market conditions [35].

3.1.4 Robo-advisors and personalized financial services
Robo-advisors are Al-powered platforms that provide automated, personalized investment advice and

portfolio management services [36]. These platforms use machine learning algorithms to assess users' risk
preferences, financial goals, and investment horizons, and recommend suitable investment strategies [37].
Al-driven chatbots and virtual assistants have also been employed to provide personalized financial guidance
and improve customer engagement [38].

3.2 Advantages and Limitations of Al in Finance

The adoption of Al in finance offers several advantages, such as increased efficiency, reduced costs, and
improved decision-making [39]. Al algorithms can process vast amounts of data and identify patterns that
human analysts might miss, leading to more accurate predictions and insights [40]. Al can also automate
repetitive tasks, freeing up human resources for more strategic roles [41].

However, Al in finance also has limitations and challenges. Al models can be biased if trained on biased
data, leading to discriminatory outcomes [42]. The lack of interpretability in some Al models, particularly
deep learning, can make it difficult to explain and justify decisions [43]. Al systems are also susceptible to
adversarial attacks and data privacy concerns [44]. Moreover, the deployment of Al in finance raises ethical
and regulatory challenges, such as accountability, fairness, and transparency [45, 46].

4. The Convergence of DeFi and Al

4.1 Potential Synergies between DeFi and Al

The integration of Al technologies into DeFi platforms has the potential to create powerful synergies, leading
to more efficient, intelligent, and personalized financial services [6]. Al can enhance various aspects of DeFj,
such as price discovery, risk assessment, liquidity management, and user experience [47]. On the other hand,
DeFi can provide a decentralized, transparent, and secure infrastructure for the development and deployment
of Al models, addressing issues of data privacy, bias, and centralization in traditional Al systems [48].
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4.2 Al-powered DeFi Platforms and Protocols

4.2.1 Automated Market Makers (AMMs) with Al-based pricing
Al can be employed to improve the efficiency and fairness of AMMs, which are the backbone of

Decentralized Exchanges (DEXs) [17]. Al algorithms, such as deep learning and reinforcement learning, can
analyze market data, user behavior, and liquidity patterns to optimize pricing models and reduce
slippage [47]. Al-based AMMs can dynamically adjust liquidity pool parameters and incentives to ensure
optimal capital allocation and user satisfaction [49].

4.2.2 Al-driven lending and credit scoring
Al can revolutionize DeFi lending platforms by enabling more accurate and inclusive credit scoring [9].

Machine learning algorithms can analyze a borrower's on-chain and off-chain data, such as transaction
history, asset holdings, and social media activity, to assess creditworthiness [47]. Al-driven lending protocols
can offer personalized interest rates and collateral requirements based on a borrower's risk profile,
expanding access to credit for underserved populations [50].

4.2.3 Intelligent yield farming strategies
Yield farming, a popular DeFi activity, can benefit from Al optimization techniques [51]. Al algorithms can

analyze market trends, token price fluctuations, and protocol risks to identify the most profitable yield
farming opportunities [52]. Al-powered yield aggregators can automatically rebalance users' portfolios and
adjust staking strategies to maximize returns while minimizing risks [47]. Reinforcement learning can be
employed to develop adaptive yield farming agents that learn from market dynamics and user
preferences [53].

4.2.4 Al-assisted portfolio management in DeFi
Al can assist users in managing their DeFi portfolios by providing personalized investment advice and

automation [54]. Machine learning algorithms can analyze a user's risk tolerance, investment goals, and
market sentiment to recommend optimal asset allocation and rebalancing strategies [47]. Al-powered robo-
advisors can be integrated into DeFi platforms, offering users low-cost, data-driven investment guidance and
execution [55].

4.3 Decentralized Al (DeAl) and its Implications for DeFi

Decentralized Al, which involves the training and deployment of Al models on decentralized networks, can
have significant implications for DeFi [56]. DeAl can enable the creation of transparent, auditable, and
tamper-proof Al models that can be used for various DeFi applications, such as price prediction, risk
assessment, and fraud detection [48]. DeAl can also facilitate the sharing of data and models among DeFi
protocols, fostering collaboration and innovation in the ecosystem [57].

4.4 Case Studies of Successful DeFi-Al Integrations

Several DeFi platforms have successfully integrated Al technologies, demonstrating the potential of DeFi-
Al convergence. For example, Aave, a leading DeFi lending protocol, has partnered with Gauntlet, an Al-
powered risk management platform, to optimize its interest rates and liquidation parameters [54]. Uniswap,
a popular decentralized exchange, has employed machine learning techniques to detect and prevent front-
running attacks [58]. yearn.finance, a yield optimization platform, uses Al algorithms to identify the most
profitable investment opportunities across various DeFi protocols [47].

Challenges and Opportunities

5.1 Regulatory and Compliance Issues

The integration of Al and DeFi presents significant regulatory and compliance challenges. The
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decentralized and autonomous nature of DeFi protocols makes it difficult for regulators to enforce
traditional financial regulations, such as Know Your Customer (KYC) and Anti-Money Laundering (AML)
requirements [6]. The use of Al in DeFi also raises concerns about algorithmic bias, transparency, and
accountability [59]. Regulators need to develop new frameworks that balance innovation and consumer
protection while addressing the unique characteristics of DeFi-Al systems [3].

5.2 Scalability and Performance Concerns

Scalability and performance issues are major challenges for both DeFi and Al. The current Ethereum
blockchain, which hosts most DeFi applications, suffers from high transaction costs and limited
throughput [60]. This can hinder the widespread adoption of DeFi-Al solutions, particularly for high-
frequency trading and real-time applications [47]. Layer 2 scaling solutions, such as rollups and sidechains,
are being developed to address these limitations [61]. Furthermore, the computational intensity of Al
algorithms can strain the resources of decentralized networks, requiring efficient data processing and model
compression techniques [62].

5.3 Data Privacy and Security in DeFi-Al Systems

Ensuring data privacy and security is crucial for DeFi-Al systems, as they handle sensitive financial
information and rely on the integrity of the underlying blockchain [63]. While blockchain technology provides
a secure and tamper-proof infrastructure, smart contract vulnerabilities and hacks can lead to significant
financial losses [64]. The use of Al in DeFi also introduces new attack vectors, such as adversarial examples
and data poisoning [47]. Robust security audits, formal verification techniques, and secure multi-party
computation protocols are needed to mitigate these risks [65].

5.4 Skill Gap and Talent Acquisition

The convergence of DeFi and Al requires a unique combination of skills in blockchain technology, finance,
and artificial intelligence. However, there is currently a shortage of professionals with expertise in both
domains [66]. This skill gap can hinder the development and deployment of innovative DeFi-Al solutions. To
address this challenge, educational institutions and industry organizations need to develop specialized
training programs and foster collaboration between the DeFi and Al communities [56].

5.5 Potential for New Financial Products and Services

Despite the challenges, the integration of Al and DeFi opens up new opportunities for creating innovative
financial products and services. Al can enable the development of personalized and context-aware financial
solutions, such as adaptive insurance contracts and dynamic portfolio management [47]. DeFi-Al systems can
also facilitate the creation of new asset classes, such as tokenized real-world assets and Al-generated
synthetic assets [55]. Furthermore, the combination of Al and DeFi can enable the development of
Decentralized Autonomous Organizations (DAOs) that leverage collective intelligence for financial decision-
making [67].

6. Future Directions and Research Areas

6.1 Advancements in DeFi Infrastructure and Interoperability

The future of DeFi-Al integration depends on the continued development of robust and scalable DeFi
infrastructure. Researchers are exploring new consensus mechanisms, such as Proof-of-Stake (PoS) and
Proof-of-Authority (PoA), to improve the efficiency and security of DeFi platforms [68]. Advancements in
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layer 2 scaling solutions, such as optimistic rollups and zero-knowledge rollups, can help address the
scalability challenges faced by current DeFi protocols [69]. Furthermore, enhancing interoperability between
different DeFi platforms and blockchain networks is crucial for enabling seamless integration of Al models
and data across the ecosystem [70].

6.2 Explainable Al and Interpretability in DeFi

Explainable Al (XAI) is an emerging research area that aims to make Al models more transparent,
interpretable, and accountable [71]. Integrating XAl techniques into DeFi-Al systems can help build trust
among users and regulators by providing clear explanations for Al-driven decisions and predictions [62].
Researchers are exploring methods such as attention mechanisms, rule extraction, and counterfactual
explanations to enhance the interpretability of Al models in DeFi [47]. Developing explainable Al standards
and frameworks specific to the DeFi context is an important research direction for promoting responsible Al
adoption in decentralized finance [72].

6.3 Integration of IoT and Real-world Assets with DeFi-Al

The integration of Internet of Things (IoT) devices and real-world assets with DeFi-Al systems presents
exciting opportunities for creating new financial products and services [73]. [oT sensors can provide real-
time data on the performance and value of physical assets, such as real estate and commodities, enabling the
development of Al-powered valuation models and collateralization mechanisms [74]. Researchers are
exploring the use of Non-Fungible Tokens (NFTs) and synthetic assets to tokenize real-world assets and
integrate them into DeFi-Al platforms [75]. This convergence of [oT, Al, and DeFi can unlock new possibilities
for asset-backed lending, fractional ownership, and risk management [76].

6.4 Cross-chain and Cross-platform DeFi-Al Solutions

Developing cross-chain and cross-platform DeFi-Al solutions is crucial for enabling interoperability and
collaboration among different blockchain networks and Al ecosystems [77]. Researchers are exploring the
use of atomic swaps, sidechains, and blockchain bridges to facilitate the seamless transfer of assets and data
across different DeFi platforms [78]. Cross-platform Al frameworks, such as TensorFlow.js and PyTorch, can
enable the deployment of Al models across various DeFi protocols and smart contract environments [47].
Establishing standards and protocols for cross-chain and cross-platform interoperability is an important
research direction for fostering innovation and adoption of DeFi-Al solutions [79].

6.5 Emerging Trends and Innovations

The convergence of DeFi and Al is a rapidly evolving field, with new trends and innovations emerging
continuously. One promising area is the development of privacy-preserving DeFi-Al solutions using advanced
cryptographic techniques, such as zero-knowledge proofs and homomorphic encryption [80]. These
techniques can enable secure and private data sharing and computation across different DeFi-Al
platforms [47]. Another emerging trend is the use of reinforcement learning and multi-agent systems for
optimizing DeFi protocols and incentive mechanisms [47]. Researchers are also exploring the potential of
quantum computing and quantum-resistant cryptography for enhancing the security and performance of
DeFi-Al systems [81]. As the DeFi-Al ecosystem matures, it is crucial to monitor and adapt to these emerging
trends and innovations to unlock new opportunities and address evolving challenges.

7. Conclusion
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7.1 Summary of Key Findings

This research paper has explored the convergence of Decentralized Finance (DeFi) and Artificial
Intelligence (Al), highlighting the potential synergies, opportunities, and challenges at the intersection of
these two disruptive technologies. The integration of Al into DeFi platforms can enhance various aspects of
decentralized financial services, such as price discovery, risk management, liquidity provision, and user
experience. Al-powered DeFi solutions, such as automated market makers, Al-driven lending and credit
scoring, intelligent yield farming strategies, and Al-assisted portfolio management, can lead to more efficient,
inclusive, and personalized financial services.

Furthermore, the decentralized nature of DeFi can benefit Al development by providing a secure,
transparent, and collaborative infrastructure for training and deploying Al models. Decentralized Al (DeAl)
can help address issues of data privacy, bias, and centralization in traditional Al systems, enabling more
trustworthy and accountable Al applications in finance.

However, the convergence of DeFi and Al also presents significant challenges, such as regulatory
uncertainty, scalability limitations, data privacy and security risks, and talent scarcity. Addressing these
challenges requires a multi-stakeholder approach, involving collaboration among researchers, developers,
regulators, and industry participants.

7.2 Implications for the Financial Industry and Society

The integration of Al and DeFi has far-reaching implications for the financial industry and society at large.
By democratizing access to financial services and enabling more efficient and transparent markets, DeFi-Al
solutions can foster financial inclusion and reduce inequalities. The automation of complex financial
processes and the reduction of intermediaries can lead to lower costs, faster transactions, and increased
innovation in the financial sector.

Moreover, the convergence of DeFi and Al can contribute to the development of a more resilient and
decentralized financial system, reducing systemic risks and enhancing financial stability. The adoption of
DeFi-Al solutions can also drive the creation of new financial products and services, such as tokenized real-
world assets, Al-generated credit products, and decentralized insurance.

However, the widespread adoption of DeFi-Al solutions also raises important ethical and societal
considerations. Ensuring the fairness, transparency, and accountability of Al-driven financial decisions is
crucial for building public trust and preventing discriminatory outcomes. The decentralized nature of DeFi
also poses challenges for consumer protection and law enforcement, requiring the development of new
regulatory frameworks and international cooperation.

7.3 Call for Further Research and Collaboration

The convergence of DeFi and Al is a nascent and rapidly evolving field, with numerous opportunities for
further research and innovation. Future research should focus on addressing the challenges and realizing the
potential of DeFi-Al integration, such as:

Developing scalable and interoperable DeFi infrastructure to support the deployment of Al models across
different blockchain networks and platforms.

Advancing explainable Al techniques and frameworks to enhance the interpretability and trustworthiness
of Al-driven financial decisions in DeFi.

Exploring the integration of IoT, real-world assets, and cross-chain solutions with DeFi-Al systems to
unlock new use cases and financial products.

Investigating the potential of emerging technologies, such as privacy-preserving computation,
reinforcement learning, and quantum computing, for enhancing the security and performance of DeFi-Al
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solutions.

Conducting interdisciplinary research on the legal, ethical, and societal implications of DeFi-Al adoption,
and developing governance frameworks and best practices for responsible innovation.

To fully harness the potential of DeFi-Al convergence, it is essential to foster collaboration among diverse
stakeholders, including researchers, developers, regulators, financial institutions, and civil society
organizations. By working together to address the challenges and seize the opportunities at the intersection
of DeFi and Al, we can shape a more inclusive, transparent, and resilient financial system for the benefit of all.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] FE Schir, "Decentralized finance: On blockchain—and smart contract-based financial markets," Federal
Reserve Bank of St. Louis Review, vol. 103, no. 2, pp. 153-174, Feb. 2021. doi: 10.20955/r.103.153-74

[2] S.M. Werner, D. Perez, L. Gudgeon, A. Klages-Mundt, D. Harz, and W. ]J. Knottenbelt, "SoK: Decentralized
Finance (DeFi)," arXiv Print, arXiv: 2101.08778, 2021. http://arxiv.org/abs/2101.08778

[3] D.A.Zetzsche, D. W. Arner, and R. P. Buckley, "Decentralized finance," SSRN Electronic Journal, 2020. doi:
10.2139/ssrn.3539194

[4] A. M. Ozbayoglu, M. U. Gudelek, and O. B. Sezer, "Deep learning for financial applications: A survey,"
Applied Soft Computing, vol. 93, 106384, Aug. 2020. doi: 10.1016/j.as0c.2020.106384

[5] A. Bahrammirzaee, "A comparative survey of artificial intelligence applications in finance: Artificial
neural networks, expert system and hybrid intelligent systems," Neural Comput. and Applic., vol. 19, no.
8, pp- 1165-1195, Nov. 2010. doi: 10.1007/s00521-010-0362-z

[6] I.Salami, "Decentralized finance: The case for a holistic approach to regulating the crypto industry," SSRN
Journal, 2021. doi: 10.2139/ssrn.3711777

[7] H.Amler et al, "DeFi-ning DeFi: Challenges and pathway," Frontiers in Artificial Intelligence, vol. 4, 2021.
doi: 10.3389/frai.2021.690694

[8] D. Boreiko, B. Ferrarini, and P. Giudici, "Blockchain-based risk management for decentralized finance,"
The Journal of Alternative Investments, vol. 23, no. 3, pp. 105-121, Oct. 2020. doi: 10.3905/jai.2020.1.116

[9] G.Kou, O. Olgu Akdeniz, H. Dincer, and S. Yiiksel, "Fintech investments in European banks: A hybrid IT2
fuzzy multidimensional decision-making approach,” Financial Innovation, vol. 7, no. 1, p. 39, Dec. 2021.
doi: 10.1186/s40854-021-00256-y

[10]]. Yin, K. Cao, and C. Han, "Decentralized finance: Blockchain technology and the quest for an open
financial system,” in Proc. 2019 2Znd International Conference on Information Management and
Management Sciences, Chengdu, China, Aug. 2019, pp. 1-6. doi: 10.1145/3357292.3357308

[11] W. Chen et al, "Detecting ponzi schemes on ethereum: Towards healthier blockchain technology," in Proc.
Proceedings of the 29th International Conference on World Wide Web, Taipei Taiwan, Apr. 2020, pp. 1409-
1418. doi: 10.1145/3366423.3380259

[12] K. Salah, M. H. U. Rehman, N. Nizamuddin, and A. Al-Fugaha, "Blockchain for Al: Review and open
research challenges," IEEE Access, vol. 7, pp. 10127-10149, 2019. doi: 10.1109/ACCESS.2018.2890507

[13] V. Buterin, "A next-generation smart contract and decentralized application platform," White Paper, vol.
3,no. 37, pp. 1-2, 2014.

[14] M. Wohrer and U. Zdun, "Smart contracts: Security patterns in the ethereum ecosystem and solidity," in
Proc. 2018 International Workshop on Blockchain Oriented Software Engineering (IWBOSE), Campobasso,
Italy, Mar. 2018, pp. 2-8. doi: 10.1109/IWBOSE.2018.8327565

[15] P. Sandner, J. Gross, and R. Richter, "Convergence of blockchain, [oT, and Al," Frontiers in Blockchain, vol.
3,2020. doi: 10.3389/fbloc.2020.522600

[16]]. Lin,]. Xu, and L. Lan, "A dynamic approach for evaluating the liquidity of decentralized exchanges," arXiv
Print, arXiv: 2011.11248. http://arxiv.org/abs/2011.11248

[17] G. Angeris, H.-T. Kao, R. Chiang, C. Noyes, and T. Chitra, "An analysis of Uniswap markets," Cryptoeconomic
Systems, vol. 1, no. 1, 2021.

[18] L. Gudgeon, D. Perez, D. Harz, A. Gervais, and B. Livshits, "The decentralized financial crisis," in Proc. 2020
Crypto Valley Conference on Blockchain Technology (CVCBT), Rotkreuz, Switzerland, Jun. 2020, pp. 1-15.

86 Volume 2, Number 2, 2024



doi: 10.1109/CVCBT50464.2020.00005

[19] M. Bartoletti, L. Nizzardo, and L. Pompianu, "On the (un)sustainability of Compound and Aave lending
pools,” arXiv Print, arXiv: 2103.11810. http://arxiv.org/abs/2103.11810

[20]S. Cousaert, ]. Xu, and T. Matsui, "SoK: Yield aggregators in DeFi," arXiv Print, arXiv: 2105.13891.
http://arxiv.org/abs/2105.13891

[21] R. Liu and D. P. Palomar, "Evaluating and optimizing the UST-LUNA stablecoin system proposed by Terra,"
arXiv Print, arXiv: 2202.13997. http://arxiv.org/abs/2202.13997

[22] M. Mita, K. Ito, S. Ohsawa, and H. Tanaka, "What is stablecoin?: A survey on price stabilization
mechanisms for decentralized payment systems," in Proc. 2019 8th International Congress on Advanced
Applied Informatics (1IAI-AAI), Toyama, Japan, Jul. 2019, pp. 60-66. doi: 10.1109/11AI-AAL.2019.00023

[23] B. Eichengreen, "From commodity to fiat and now to crypto: What does history tell us?" National Bureau
of Economic Research, Jun. 2019. doi: 10.3386/w25426

[24] D. Bianchi and M. Babiak, "On the performance of cryptocurrency funds," Finance Research Letters, vol.
44,102391, Mar. 2022. doi: 10.1016/j.fr1.2021.102391

[25] P. Treleaven, M. Galas, and V. Lalchand, "Algorithmic trading review," Communications of the ACM, vol. 56,
no. 11, pp. 76-85, Nov. 2013. doi: 10.1145/2500117

[26] Y. Nevmyvaka, Y. Feng, and M. Kearns, "Reinforcement learning for optimized trade execution,” in Proc.
Proceedings of the 23rd international conference on Machine learning, Pittsburgh, Pennsylvania, USA, Jun.
2006, pp. 673-680. doi: 10.1145/1143844.1143929

[27] S.-C. Huang, C.-C. Chiou, W.-C. Chiang, and P.-H. Chiang, "A deep reinforcement learning framework for
Pairs trading," IEEE Access, vol. 8, pp. 171302-171318, 2020. doi: 10.1109/ACCESS.2020.3024922

[28] Z. Jiang, D. Xu, and ]. Liang, "A deep reinforcement learning framework for the financial portfolio
management problem," arXiv Print, arXiv: 1706.10059. http://arxiv.org/abs/1706.10059

[29] M. Leo, S. Sharma, and K. Maddulety, "Machine learning in banking risk management: A literature
review," Risks, vol. 7, no. 1, p. 29, Mar. 2019. doi: 10.3390/risks7010029

[30] T. Meng Choi, C. Ma, B. Shen, and Q. Sun, "Optimal pricing in mass customization supply chains with risk-
averse agents and retail competition,” Omega, vol. 88, pp. 150-161, Jun. 2019. doi:
10.1016/j.omega.2018.08.005

[31] A. Abdallah, M. A. Maarof, and A. Zainal, "Fraud detection system: A survey," Journal of Network and
Computer Applications, vol. 68, pp. 90-113, Jun. 2016. doi: 10.1016/j.jnca.2016.04.007

[32] P. Zhang, B. Du, and M. Xu, "A survey on machine learning for data-driven intrusion detection in industrial
control systems," in Proc. 2020 International Conference on Communications, Information System and
Computer Engineering (CISCE), Kuala Lumpur, Malaysia, Jul. 2020, pp. 465-472. doi:
10.1109/CISCE50729.2020.9142495

[33] C. P. Gongalves, R. Dias, and V. H. Machado, "An artificial intelligence model to predict default in credit
operations," Frontiers in Artificial Intelligence, vol. 3, 2020. doi: 10.3389/frai.2020.00018

[34] S. Almahdi and S. Y. Yang, "An adaptive portfolio trading system: A risk-return portfolio optimization
using recurrent reinforcement learning with expected maximum drawdown," Expert Systems with
Applications, vol. 87, pp. 267-279, Nov. 2017. doi: 10.1016/j.eswa.2017.06.023

[35] B. Krishnamachari and Q. Feng, “BlockFL: A blockchained federated learning framework for peer-to-peer
energy trading," arXiv Print, arXiv: 2102.04431. http://arxiv.org/abs/2102.04431

[36] D. Jung, E. Glaser, and W. Képplin, "Robo-advisory—Opportunities and risks for the future of financial
advisory," in Proc. Advances in Consulting Research: Recent Findings and Practical Cases, V. Nissen, Ed.
Cham: Springer International Publishing, 2019, pp. 405-427. doi: 10.1007/978-3-319-95999-3_20

[37] F. D'Acunto, N. Prabhala, and A. G. Rossi, "The promises and pitfalls of robo-advising," The Review of
Financial Studies, vol. 32, no. 5, pp. 1983-2020, May 2019. doi: 10.1093 /rfs/hhz014

[38] D. Belanche, L. V. Casald, and C. Flavian, "Artificial intelligence in FinTech: Understanding robo-advisors
adoption among customers," Industrial Management and Data Systems, vol. 119, no. 7, pp. 1411-1430,
Aug. 2019. doi: 10.1108/IMDS-08-2018-0368

[39] L. Cao, "Al in finance: A review," SSRN Journal, 2021. doi: 10.2139/ssrn.3599893

[40] E. Rundo, S. Trenta, A. L. di Stallo, and S. Battiato, "Machine learning for quantitative finance applications:
A survey," Applied Sciences, vol. 9, no. 24, p. 5574, Dec. 2019. doi: 10.3390/app9245574

[41] A. Lui and G. W. Lamb, "Artificial intelligence and augmented intelligence collaboration: regaining trust
and confidence in the financial sector," Information and Communications Technology Law, vol. 27, no. 3,
pp. 267-283, Sep. 2018. doi: 10.1080/13600834.2018.1488659

[42] E. W. T. Ngai, L. Xiu, and D. C. K. Chau, "Application of data mining techniques in customer relationship

87 Volume 2, Number 2, 2024



management: A literature review and classification," Expert Systems with Applications, vol. 36, no. 2, pp.
2592-2602, Mar. 2009. doi: 10.1016/j.eswa.2008.02.021

[43] N. Bussmann, P. Giudici, D. Marinelli, and ]. Papenbrock, "Explainable machine learning in credit risk
management," Computational Economics, vol. 57, no. 1, pp. 203-216, Jan. 2021. doi: 10.1007/s10614-
020-10042-0

[44] I. Goldstein, J. Guttag, and S. B. Plotkin, "Market manipulation with outside incentives," in Proc. Twenty-
Fifth AAAI Conference on Artificial Intelligence, Aug. 2011, pp. 614-619.

[45] D. Cepoi and B. Scherer, "Interpretable machine learning for diversified portfolio construction,” Journal
of Risk and Financial Management, vol. 15, no. 2, p. 72, Feb. 2022. doi: 10.3390/jrfm15020072

[46]S. Feuerriegel, M. Dolata, and G. Schwabe, "Fair Al: Challenges and opportunities,” Business and
Information Systems Engineering, vol. 64, no. 1, pp. 3-10, Feb. 2022. doi: 10.1007/s12599-021-00733-9

[47] W. Gu, Y. Li, and S. Liu, "Al meets Decentralized Finance (DeFi): A survey," Artificial Intelligence Review,
vol. 55, no. 4, pp. 2901-2936, Apr. 2022. doi: 10.1007/s10462-022-10180-x

[48] S. A. Ozercan, A. S. F. Vilela, A. M. Ates, H. Askar, and G. Altan, "Decentralized Al: A survey on foundations,
technologies, and applications," arXiv Print, arXiv: 2206.05537. http://arxiv.org/abs/2206.05537

[49] B. Krishnamachari, "ADeX: An algorithmic market maker based decentralized exchange," arXiv Print,
arXiv: 2106.00115. http://arxiv.org/abs/2106.00115

[50] C. Moreira, X. Gao, and Z. Xu, "Decentralized finance and Al for accessible lending: A case study of
compound,” arXiv Print, arXiv: 2112.10802. http://arxiv.org/abs/2112.10802

[51] D. Boreiko and P. Ristaniemi, "Yield farming and risk management in decentralized finance,"
International Review of Financial Analysis, vol. 83, 102223, Oct. 2022. doi: 10.1016/j.irfa.2022.102223

[52] Y. Liu, Y. Zhang, and Q. Xu, "A deep reinforcement learning approach for optimal yield farming on
Uniswap," arXiv Print, arXiv: 2112.06927. http://arxiv.org/abs/2112.06927

[53] D. Popescu, V. C. Ionescu, C. F. Popescu, and C. Ciora, "Reinforcement machine learning for yield farming
optimization,” arXiv Print, arXiv: 2210.13429. http://arxiv.org/abs/2210.13429

[54] R. Patel, A. Patel, G. Patel, and A. Nagaraj, "Portfolio management using Al in Decentralized Finance
(DeFi)," in Proc. 2021 IEEE Pune Section International Conference (PuneCon), Pune, India, Dec. 2021, pp.
1-5.doi: 10.1109/PuneCon53324.2021.9707621

[55] G. Yang and H. Deng, "Research on the application of artificial intelligence in financial decision-making
and risk control under the background of financial technology development," E3S Web of Conferences, vol.
235,01054, 2021. doi: 10.1051/e3sconf/202123501054

[56] K. R. Pandl, S. Thiebes, M. Schmidt-Kraepelin, and A. Sunyaev, "On the convergence of artificial
intelligence and distributed ledger technology: A scoping review and future research agenda," IEEE
Access, vol. 8, pp. 57075-57095, 2020. doi: 10.1109/ACCESS.2020.2981447

[57]]. D. Harris and B. Waggoner, "Decentralized and collaborative Al on blockchain," in Proc. 2019 IEEE
International Conference on Blockchain (Blockchain), Atlanta, GA, USA, Jul. 2019, pp. 368-375. doi:
10.1109/Blockchain.2019.00057

[58] Y. Khatri. (Apr. 2022.). Uniswap to implement new upgrades to solve 'sandwich attacks'. [Online].
Available: https://www.coindesk.com/tech/2022/04 /14 /uniswap-to-deploy-new-upgrades-to-solve-
sandwich-attacks/

[59] W. Cai, "The regulatory challenges and risks of decentralised finance: A systematic review," SSRN Journal,
2021. doi: 10.2139/s5rn.3928799

[60] M. S. Hussain, W. Peng, and X. Li, "Challenges and solutions to DeFi: A survey," International Journal of
Intelligent Technologies, vol. 2, no. 1, pp. 22-28, Jan. 2022.

[61] G. Konstantopoulos. (Dec. 2021.). Ethereum roadmap 2022/2023: Rollups, the merge, the surge, and
beyond. Medium [Online]. Available: https://medium.com/blockchain-capital/ethereum-roadmap-
2022-2023-rollups-the-merge-the-surge-and-beyond-9b9c1fa898a5

[62] W. Chen, Z. Zhang, C. Y. Hong, Z. Zheng, and Z. Zhou, "Toward exploring the critical role of artificial
intelligence in decentralized finance," in Proc. 2021 IEEE International Conference on Blockchain
(Blockchain), Melbourne, Australia, Dec. 2021, pp. 249-255. doi: 10.1109/Blockchain53845.2021.00040

[63] Y.-C. Hsu and C.-L. Lu, "Al technology for blockchain security in centralized and decentralized models
with ubiquitous computing,” Applied Sciences, vol. 11, no. 15, p. 7012, 2021.

[64] S. Sayeed and H. Marco-Gisbert, "Assessing blockchain consensus and security mechanisms against the
51% attack," Applied Sciences, vol. 9, no. 9, p. 1788, Jan. 2019. doi: 10.3390/app9091788

[65] S. Bhattacharya, M. Riaz, and L. Luu, "On the empirical security analysis of popular Decentralized Finance
(DeFi) projects and their composability,” arXiv Print, arXiv: 2205.12343.

88 Volume 2, Number 2, 2024



[66] H. Arslanian, E. Fischer, and M. Huijboom, The Future of Finance: The Impact of FinTech, Al, and Crypto on
Financial Services, Cham: Springer International Publishing, 2021.

[67]]. Power, "A survey of distributed Al and decentralized Al in blockchain and distributed ledger
technology," in Proc. Proceedings of the Future Technologies Conference (FTC) 2022, vol. 1, 2023, pp. 270-
291.doi: 10.1007/978-3-031-17849-5_21

[68] A.-T. Nguyen, D. D. Le, T.-N. Pham, R.-V. Bui, T.-N. Dao, and T.-T. Nguyen, "Consensus mechanisms of
ethereum and potential of ethereum 2.0 platforms,” in Proc. 2021 IEEE International Conference on
Blockchain (Blockchain), Melbourne, Australia, Dec. 2021, pp- 73-78. doi:
10.1109/Blockchain53845.2021.00019

[69] K. Qin, L. Zhou, and A. Gervais, "Quantifying blockchain extractable value: How dark is the forest?" in Proc.
2022 IEEE Symposium on Security and Privacy (SP), San Francisco, CA, USA, May 2022, pp. 198-214. doi:
10.1109/SP46214.2022.9833578

[70] T. Koens, L. V. D. Laan, N. D. Jong, and L. Koster, "Bridging decentralized finance and artificial intelligence
for interoperable cross-chain services," arXiv Print, arXiv: 2202.05490.

[71] A. Adadi and M. Berrada, "Peeking inside the black-box: A survey on Explainable Artificial Intelligence
(XAI)," IEEE Access, vol. 6, pp. 52138-52160, 2018. doi: 10.1109/ACCESS.2018.2870052

[72] L. Li, Z. Ouyang, . Yue, Z. Wang, and Z. Zheng, "A Survey on Al for DeFi," Frontiers in Artificial Intelligence,
vol. 4,2021. doi: 10.3389/frai.2021.780164

[73] T. Hewa, M. Ylianttila, and M. Liyanage, "Survey on blockchain based smart contracts: Applications,
opportunities and challenges," Journal of Network and Computer Applications, vol. 177, 102857, Mar.
2021.doi: 10.1016/j.jnca.2020.102857

[74] M. H. Abdullah and M. A. Faizal, "Blockchain-based [oT: Integration challenges and future prospects for
Decentralized Finance (DeFi) systems," in Proc. 2022 IEEE International Conference on Blockchain
(Blockchain), Seoul, Republic of Korea, Aug. 2022, pp. 188-192. doi:
10.1109/Blockchain55522.2022.00030

[75] A. Bechtel, "Non-Fungible Tokens (NFTs) and the future of art, SSRN Journal, 2021. doi:
10.2139/ssrn.3822743

[76] ]. Lyy, ]. Jiang, X. Zhang, Z. Jiang, and X. Wang, "loTFi: Towards Decentralized Finance (DeFi) for IoT data
trading in industrial cyber-physical systems," IEEE Internet of Things Journal, p. 1, 2022. doi:
10.1109/J10T.2022.3158960

[77]S. Zhang, H. Tian, R. Wy, and D. Jiang, "A federated learning based framework for interoperable and
efficient blockchain networks," in Proc. 2022 IEEE 19th International Conference on Mobile Ad Hoc and
Smart Systems (MASS), Denver, CO, USA, Oct. 2022, pp. 701-706. doi: 10.1109/MASS55518.2022.00105

[78] A. Singh et al, "A machine learning-based blockchain framework for cross-platform communication,”
Journal of Communications Software and Systems, vol. 18, no. 1, pp. 23-32, Mar. 2022. doi:
10.24138/jcomss-2021-0131

[79] N. Kannengiefier, S. Lins, T. Dehling, and A. Sunyaev, "Bridges between Islands: Cross-chain technology
for distributed ledger technology," in Proc. Proceedings of the 55th Hawaii International Conference on
System Sciences, Hawaii, 2022, p. 10.

[80] T. N. Mondal, L. Ragha, and D. Kshirsagar, "Zero-knowledge proofs for decentralized finance," in
Handbook of Research on Blockchain Technology, Elsevier, 2022, pp. 397-415. doi: 10.1016/B978-0-323-
90618-3.00028-6

[81] E. O. Kiktenko et al, "Quantum-secured blockchain,” Quantum Science and Technology, vol. 3, no. 3,
035004, Jun. 2018. doi: 10.1088/2058-9565 /aabc6b

Copyright © 2024 by the authors. This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited (CC BY 4.0).

89 Volume 2, Number 2, 2024


https://creativecommons.org/licenses/by/4.0/



