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I. Introduction 
1.1 Background 

DeFi is an abbreviation for Decentralized Finance, which is a set of financial services built on the 

principles of blockchain and Cryptocurrency not managed by a central authority. It must be understood that DeFi 

systems utilize graphs where computational technology replaces middlemen and brings the scaling costs of 

transactions down to P2P levels. The use of blockchain in the decentralised finance eliminates the traditional and 

centralised systems mostly employed in the banking sector because the information cannot be altered. 

 

1.2 Objectives 

The current paper focuses on the computation of DeFi solutions, such as the work and structure of the 

services, as well as the comparison of the advantages and disadvantages of using decentralized finance in 

comparison with traditional finance. Through examining the most important applications of DeFi and the structure 

of the protocols, we try to explain the technical and algorithmic basis of this novel finance domain. 

 

II. Literature Review 
There is a recent uptrend of literature regarding DeFi as it continues to grow as a disruptive technology 

in lending, trading, and investment. It is important to point out that the mechanisms that underlie smart contracts, 

liquidity pools, and algorithmic asset management have been studied earlier. Nevertheless, there is a significant 

lack of general research on the computational efficiency of these DeFi protocols and comparison with the banking 

activities. 

The literature on Decentralized Finance (DeFi) is expanding rapidly, reflecting the transformative 

potential of this technology on traditional financial services. DeFi, a movement built on blockchain technology, 

aims to decentralize financial transactions by leveraging smart contracts and distributed ledger systems. Research 

in this field has so far concentrated on DeFi’s disruptive potential, especially in lending, trading, and investment 

services, and has highlighted the unique benefits DeFi can bring in terms of accessibility, transparency, and 

efficiency. However, a significant gap exists in the exploration of computational models underlying DeFi 

protocols, as well as in a direct comparative analysis of DeFi and traditional banking. 
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2.1 Key Areas of Study in DeFi 

Smart Contracts 

Smart contracts are the building blocks of DeFi, enabling automated, trustless transactions on the 

blockchain without the need for intermediaries. Studies by Buterin (2014) and others have demonstrated how 

smart contracts allow for secure, self-executing financial agreements that are transparent and immutable. Research 

on smart contracts has largely focused on their ability to replace traditional contracts and facilitate peer-to-peer 

(P2P) financial services. However, the computational intricacies of smart contract algorithms, which manage 

various financial functions such as loan origination, collateralization, and liquidation, remain underexplored in 

detail. 

 

Liquidity Pools and Automated Market Makers (AMMs) 

Liquidity pools and AMMs are core innovations in DeFi that allow users to trade assets without a 

centralized exchange. AMMs, as seen in platforms like Uniswap and SushiSwap, utilize algorithms to balance 

asset prices based on supply and demand, with liquidity providers earning fees. Key studies, such as those by 

Adams, Zinsmeister, and Robinson (2020), have investigated how AMMs facilitate decentralized trading and 

reduce reliance on order books. While these studies provide insights into the operational benefits of AMMs, the 

computational algorithms—such as the constant product formula,  

𝑥⋅𝑦=𝑘 

x⋅y=k, that underpins many AMM protocols—are often treated as “black boxes.” Further exploration is 

needed into how these algorithms ensure continuous liquidity and maintain stable prices in volatile markets, as 

well as how they differ from traditional centralized exchange algorithms. 

 

Algorithmic Asset Management 

Algorithmic asset management, or yield farming, represents another area where DeFi has challenged 

traditional finance. Through automated protocols, DeFi platforms provide users with opportunities to earn returns 

by lending or staking their assets. Studies on yield farming have emphasized the potential for high returns but 

have also highlighted associated risks, such as “impermanent loss” and protocol failure. Notable research includes 

Schär (2021), which discusses the mechanisms of decentralized asset management and yield optimization. 

However, there is limited research on the mathematical and computational modeling of yield farming strategies, 

which could enable more accurate forecasting of returns and risks, and offer a direct comparison with traditional 

asset management techniques used by banks and investment firms. 

 

2.2 Comparison with Traditional Financial Systems 

In contrast to the innovation-focused literature on DeFi, research on traditional financial systems has 

emphasized stability, risk management, and regulatory oversight. Studies on traditional banks underscore their 

role in providing safe, insured financial services through centralized control and rigorous compliance with 

regulatory standards. By design, traditional financial systems operate on centralized databases with strict access 

control, which increases security but may also reduce transparency and efficiency. The computational models 

used in traditional banking—such as risk assessment algorithms in lending, asset pricing models, and database 

management systems—are mature and well-documented. However, few studies have directly compared these 

traditional models to DeFi’s decentralized, algorithm-driven systems, particularly in terms of computational 

performance, scalability, and security. 

 

2.3 Security and Compliance in DeFi and Traditional Finance 

Security in DeFi is an area of growing concern, with several studies focusing on vulnerabilities in smart 

contract code and blockchain architecture. Since DeFi protocols operate without centralized oversight, they are 

susceptible to hacking, coding errors, and “flash loan” exploits, where attackers manipulate asset prices for 

arbitrage profits. Researchers like Chen et al. (2020) have examined these vulnerabilities, proposing frameworks 

for improving smart contract security through formal verification methods. In traditional finance, security relies 

on centralized databases, firewalls, and encryption, with additional safeguards from regulatory bodies and 

insurance mechanisms, such as deposit insurance in banks. While both DeFi and traditional finance face unique 

security challenges, there is a lack of comparative studies assessing the computational costs of security protocols 

in both systems, as well as the relative impact of security breaches on their respective user bases. 

Compliance and regulation also differ significantly between DeFi and traditional finance. Traditional 

banks are subject to comprehensive regulatory frameworks that require compliance with anti-money laundering 

(AML) and know-your-customer (KYC) laws, which add to the computational overhead of centralized banking 

operations. In contrast, DeFi’s decentralized nature has made regulatory compliance challenging, as there is often 

no central entity to enforce AML and KYC. Studies by Zohar (2021) discuss the regulatory implications of DeFi, 

yet little research has been conducted on the computational models that could enable decentralized KYC or AML 

protocols within DeFi. 
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2.4 Gaps in Computational Analysis of DeFi 

Although the operational aspects of DeFi have been extensively studied, there is a notable gap in research 

focused on the computational models and algorithms that power DeFi. Key areas that warrant further exploration 

include: 

Interest Rate Mechanisms: DeFi platforms like Aave and Compound utilize algorithm-driven, real-time 

interest rate adjustments based on supply and demand. Unlike the fixed or centrally-determined interest rates in 

traditional banks, these rates fluctuate continuously, creating a dynamic system that is computationally complex. 

A deeper analysis of these algorithms, including the factors that influence rate changes and the resulting impact 

on market stability, could offer insights into the efficiency of DeFi lending models. 

Pricing and Liquidity Algorithms: The pricing algorithms used in AMMs, such as the constant product 

formula, maintain liquidity autonomously but are highly susceptible to volatility. While studies have demonstrated 

the operational efficiency of AMMs, there is limited research on the stability of these algorithms under extreme 

market conditions, such as high-frequency trading or liquidity shocks. Comparing these DeFi algorithms with 

traditional market-making algorithms used in centralized exchanges could highlight their computational strengths 

and weaknesses. 

Scalability and Throughput: DeFi protocols, which are often limited by the transaction processing 

capacity of underlying blockchain networks, face scalability issues that traditional financial systems handle more 

effectively. Few studies have examined the scalability trade-offs in DeFi, particularly how Layer-2 solutions (e.g., 

rollups and sidechains) impact the computational complexity of DeFi operations. Comparisons between 

blockchain-based and centralized transaction processing could provide valuable insights for enhancing DeFi’s 

scalability. 

While the literature on DeFi has provided substantial insights into its potential to transform finance, there 

remains a significant gap in computational analysis. As DeFi continues to evolve, there is a need for research that 

examines its foundational algorithms and compares them directly to the systems used in traditional finance. Such 

comparative studies would enable a clearer understanding of DeFi’s capabilities, limitations, and the 

computational resources required to address issues of scalability, security, and market stability. This paper aims 

to address these gaps by focusing on the computational approaches underlying DeFi, exploring their implications 

for the future of decentralized financial systems. 

 

III. Designing the computer architecture of decentralised finance. 
3.1 Smart Contracts & Blockchain Environment 

The basic element in DeFi is smart contracts: self-contained programs that run on blockchains such as 

Ethereum. Ingenious contracts allow cross-counterparty monetary exchanges and do not necessitate a supervisory 

governing body. The operations are protected with cryptographic algorithms that guarantee their safety and 

uncompromised nature. 

 

3.2 Decentralized Lending Protocol 

Lending protocols like Compound and Aave mean people are able to lend or borrow assets directly to 

others without the need for a middleman. Using these protocols, interest rates are determined algorithmically 

depending on the supply and demand, a system far from the centralized system of fixed-interest-rate lending 

offered by conventional banks. 

 

3.3 Automated Market Maker (AMMs) 

AMMs like Uniswap offer decentralized trading through the use of formulas to govern the pools of liquidity. 

Such pools enable token exchange without having to go through an exchange central. The pricing models which 

are embedded in AMMs employ constant product mechanisms that enable the autonomous provision of liquidity, 

as well as the balancing of supply and demand. 

 

IV. Comparing Its Operations with a Conventional Bank 
4.1 Economy and Productivity 

DeFi removes middlemen, unlike traditional finance, meaning that businesses effectively cut costs such 

as transaction charges. On the other hand, the traditional banking industry is characterized by very high costs of 

administration, expenses which are recovered by charging clients. 

 

4.2 Transparency and Security 

Akin to this, the decentralised nature of the technology’s ledger improves the transparency that is 

necessary for users. However, centralized functions that are characteristic to the traditional banks are likely to 

have potential risks and weak points, which evolution can turn into their leverage. 
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4.3 Scalability Challenges 

Despite the number of advantages of DeFi, scalability of such systems is still questionable, which is explained by 

the computational characteristics of existing blockchains. It is solved on Layer-2 scaling solutions like rollups are 

being worked out. 

 

V. Computational Models in DeFi 
5.1 Interest Rate Algorithms in Lending Protocols 

As has been stated earlier, such platforms employ computational algorithms for setting the appropriate rate of 

interest. These algorithms are derived from real time data about liquidity pools as well as actively trading users 

unlike banking which has fixed rate systems. 

 

5.2 Pricing Algorithms in AMMs 

The constant product formula,  

𝑥⋅ 𝑦 = 𝑘 

x⋅y=k, utilised by AMMs, allows trade with liquidity pool to be in a manner that is mutually beneficial. This 

formula allows for dynamic pricing because the prices shall be adjusted using the token supply and demand as 

proposed in a decentralized system. 

 

5.3 Types of Yield Farming and Staking Models 

Yield farming is a form of incentives that offers users return in form of extra tokens to inject liquidity into the 

pool. Siloing, including staking models which hold the users’ funds as stakes for their returns, are established 

based on computational stores for security and encouraging interactions. 

 

VI. Conclusion 
It’s a way that financial services in general, and banking solutions in particular, are offered swiftly, 

transparently, and easily – through the power of computation. Despite the current problems that are related to its 

security and the presence of limitations to scale out the qty of decentralized financial applications, the ability to 

work on the democratization of access to financial services does require further research of the area. Upcoming 

changes in computing capabilities, specifically concerning blockchain technology, have a lot to offer to the 

development of DeFi. 
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