This study focuses on developing a C# framework that simulates Solidity
programming to simplify the development, debugging, and testing of smart
contracts. The project enables a more efficient approach to Solidity, offering
advanced tooling within the C# ecosystem for a robust blockchain
development experience.
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As the demand for blockchain solutions escalates, so does the need for streamlined tools in
Solidity, the primary language for writing smart contracts on Ethereum and compatible

platforms. Despite Solidity’'s importance, developers face limitations due to outdated or



incomplete tools that complicate coding, testing, and debugging of smart contracts.
Recognizing these challenges, we initiated a study to create a C# framework that mimics
Solidity's syntax and functionality. By leveraging the extensive .NET ecosystem, our
framework aims to provide developers with an easier Solidity development experience that
accelerates productivity and enhances the ability to test and troubleshoot complex smart

contracts.

Solidity has rapidly become the preferred language for smart contract programming, largely
due to its syntax, which resembles JavaScript. However, unlike other programming
languages with robust integrated development environments (IDEs) and debugging tools,
Solidity remains constrained by minimal and often outdated tools. Developers frequently
rely on public test networks, where the slow execution speeds and lack of debugging
options hinder the effective testing of complex contract logic. Popular tools, such as Remix,
Truffle, and Ganache, have helped streamline some Solidity workflows but still fall short for
large-scale or intricate projects, where developers need more advanced debugging and

control capabilities.

These limitations impact both project timelines and contract security, as Solidity's
immutability on the blockchain means that once deployed, a contract cannot be changed.
Errors or vulnerabilities must be avoided at all costs, which requires meticulous testing.
Additionally, complex interactions like those required in DeFi applications demand high
flexibility in testing, something that traditional Solidity tools often fail to support. Thus, our
study seeks to build a C#-based framework that simulates Solidity's programming
experience but with the added advantages of C# debugging and testing tools, ultimately

empowering developers to create more secure and efficient smart contracts.

The core of our study involves leveraging the .NET and Ci# ecosystems to construct a
framework that replicates Solidity's syntax and functionality, to the best extent possible.

Key technologies and components of the framework include:

Custom Classes and Interfaces: Essential Solidity concepts are implemented as C# classes,

including Address, BaseContract, Msg, Mapping, and Block, to reflect Solidity's



programming structures and support features like account handling, contract interactions,

and token management.

SafeMath Library: To ensure safe arithmetic operations, the framework includes a version
of Solidity's SafeMath library, addressing concerns over overflow and underflow errors

within smart contracts.

ERC Standards and Uniswap Contracts: ERC20 and ERC721 token standards, as well as
Uniswap V2 Router and Pair contracts, have been embedded to simulate typical blockchain

financial operations, such as token transfers and liquidity provision.

Simulation Tools: Built-in simulation tools allow extensive testing across multiple

transaction scenarios, ensuring that contracts are robust under varying conditions.

Through these technologies, our framework provides a Solidity-like experience within the
C# environment, supporting developers as they design, test, and refine their smart

contracts.

Study Details

The primary objective of our study is to create a C# framework that mirrors the Solidity
programming experience while introducing enhanced testing, debugging, and execution
capabilities. Specifically, our framework is designed to simplify smart contract development
by enabling Solidity-like syntax within the .NET ecosystem, thereby allowing developers to

write, test, and debug contracts more efficiently. Key objectives include:

¢ Simulate Solidity Syntax: The framework closely follows Solidity's syntax and
structure, enabling Solidity developers to transition smoothly to Ci# while retaining

familiar syntax patterns.

e Enhance Debugging and Testing: By leveraging Ci#'s debugging tools, the
framework facilitates a level of testing and error diagnosis that is challenging to
achieve in Solidity alone, enabling developers to simulate complex transaction

scenarios and assess contract behavior over time.



o Enable Smart Contract Standards: Support for popular standards such as ERC20
and ERC721, as well as Uniswap-related contract interactions, allows developers to
test a range of decentralized finance (DeFi) applications, including token transfers

and staking.

¢ Automate and Simplify Translations: By aligning C# code with Solidity's syntax, the

framework enables easy an easy translation from Ci to Solidity.

To achieve these objectives, we ran a comprehensive analysis of Solidity’s functional
requirements, particularly around smart contract standards, tokenomics, and transaction
dynamics. We conducted iterative testing by implementing example contracts, including
token contracts, staking models, and complex liquidity pool setups. This approach allowed
us to evaluate the framework’s ability to handle real-world financial interactions typical in
DeFi applications, while ensuring robust performance and error handling across diverse

scenarios.

Our study demonstrates that this framework successfully addresses several key limitations

in Solidity development, offering the following insights:
Improved Productivity and Ease of Use

The C# framework allows developers to work within a modern, feature-rich environment,
reducing the time required for both development and debugging. Traditional Solidity
development often involves slow, public test networks for testing; our framework replaces
this with local simulations, drastically improving iteration times. Developers found that
working in C# enabled them to bypass Solidity’s limitations and provided tools to inspect

contract behavior more directly.
Enhanced Testing Capabilities for Complex Contracts

Through the framework, developers can run extensive simulations that involve thousands
of transactions in mere seconds, something that would be prohibitively time-consuming on

a Solidity testnet. This allows for deep testing of contracts under stress, including various



tokenomics and liquidity scenarios, while identifying potential edge cases that could lead to
critical issues post-deployment. Additionally, the framework supports integration testing
with custom scenarios, aiding in the robust validation of financial algorithms and DeFi

mechanics like staking and yield farming.
Strengthened Security Protocols

The adoption of .NET's debugging tools within our framework facilitates early detection of
vulnerabilities, significantly mitigating security risks inherent in smart contract
development. The SafeMath library integration also prevents common Solidity errors like
integer overflow and underflow, known issues in financial contracts that can lead to
substantial financial losses. This capability to validate the contract’s logic under high
transaction volumes ensures better security without the high costs typically associated

with such exhaustive testing in Solidity environments.
Increased Accessibility for Developers

The familiar structure of C# lowers the learning curve for developers new to Solidity or
blockchain development. The framework's design encourages traditional software
development practices, such as test-driven development (TDD) and modular code
organization, which are not native to Solidity development but offer significant benefits in
code maintainability and scalability. Our tests show that this approach enables easier
onboarding for developers familiar with .NET, expanding the pool of talent able to

contribute to Solidity projects.

Technically, our framework facilitates a cross-functional development approach that
combines C#'s advanced tooling with Solidity’s blockchain functionalities. This hybrid model
is particularly valuable for projects requiring complex financial simulations or long-term
economic testing, as it allows developers to deploy smart contracts with higher confidence

in their stability and performance. Future enhancements, such as automatic translation



between C# and Solidity and additional support for emerging smart contract standards, will

further refine the framework’s capabilities and broaden its applicability.
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