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Executive Summary  

This report presents a comprehensive technical analysis of the HDM Token project 
smart contracts, deployed on the Sepolia testnet for homologation before production. 
The analysis included source code verification, dependencies review, token flow 
analysis, security testing, and functional validation.  

Key Findings  

Critical Issues (2): • Security cooldowns disabled for testing purposes • Need to re 
enable protections before production deployment  

Warnings (6): • Emergency functions present require strict controls • Test 
environment-specific configurations • Manual verifications required on Etherscan  

Overall Status: ✅ APPROVED FOR TESTNET WITH PRODUCTION 
RECOMMENDATIONS  

The project demonstrates solid architecture, implementation of security best 
practices, and well-structured functionalities. The critical findings are related to test 
configurations that must be corrected before mainnet deployment. 



PROJECT OVERVIEW  

Project Description  

The HDM Token (HydroMine) is an ERC-20 token project with advanced tokenomics 
features, including redistributive fee systems, epoch-based mining, staking with 
rewards, and automatic distribution to holders. The project was developed using 
Solidity 0.8.25 and implements OpenZeppelin security best practices.  

Note: During the tests carried out on the Sepolia Testnet network, the HDM sticker 
was used, for the deployment on the Mainnet network the HYM sticker will be used. 

System Architecture  

The HDM ecosystem consists of five main contracts that work in an integrated 
manner:  

HDMToken.sol - The main ERC-20 token contract that implements a sophisticated 
redistributive fee system. Each regular transfer is taxed at 5.955% total, distributed 
among automatic burning (0.005%), marketing (2%), redistribution to holders (0.95%), 
and reserve vault (3%). The contract includes reentrancy protections, emergency 
pause system, whitelist/blacklist for routers, and integration with staking contracts for 
fee exemption.  

HDMMinerEpoch.sol - Implements an epoch-based mining system with 24-hour 
periods, where miners can claim rewards through valid EIP-712 signatures. The 
system has strict daily budget control (2,300 HDM) and total program limits, with 
protections against double claiming and cryptographic validation of claims.  

HDMStaking.sol - Offers staking functionality with 5% annual rewards, minimum 
stake of 10,000 HDM, and 30-day grace period for fee exemption. The contract 
implements proportional reward calculation based on time, penalties for early 
unstaking, and integration with the main token for tax benefits.  

HolderDistributor.sol - Manages automatic and proportional token distribution to 
eligible holders. Maintains a dynamic list of top holders, automatically updated, and 
executes proportional distributions based on balance. Requires minimum holding of 
10,000 HDM for 90 days for eligibility.  



ReserveVault.sol - Centralizes strategic redistribution of accumulated tokens, 
distributing monthly according to predefined percentages: 30% for backing, 30% for 
infrastructure, 20% for marketing, and 20% for holder distributor. Includes cooldown 
controls and emergency functions. 

Tokenomics and Value Flow  

The HDM Token economic model was designed to create a sustainable ecosystem 
with multiple value mechanisms. The total supply of 210 million tokens is managed 
through a controlled deflationary system, where the 0.005% burn rate per transaction 
permanently removes tokens from circulation.  

The value flow is structured in multiple layers. Regular transactions generate revenue 
through the fee system, feeding different value pools. The 2% marketing fee finances 
continuous development and project expansion. The 0.95% fee for holders creates 
incentives for long-term position maintenance. The 3% fee for the vault establishes a 
strategic reserve for ecosystem sustainability.  

The mining system introduces new tokens in a controlled manner, with limited daily 
budget and defined total cap. This mechanism allows decentralized token distribution 
while maintaining inflation control. The mining program is configured to last 
approximately 43 days if the daily budget is fully utilized, creating temporal scarcity.  

Staking offers attractive yields of 5% per year, incentivizing token retention and 
reducing market selling pressure. The 30-day grace period for fee exemption 
promotes long-term commitment, while early unstaking penalties are redirected to 
the vault, benefiting the entire ecosystem.  

Technical Innovations  

The project implements several significant technical innovations. The EIP-712 
signature system for mining ensures authenticity and prevents replay attacks while 
allowing operational flexibility. Automatic top holder management optimizes gas 
costs and maintains updated lists without manual intervention.  

The integration between contracts is designed for maximum efficiency and security. 
The main token automatically notifies the distributor about new holders, maintaining 
updated eligibility. The fee exemption system for stakers is verified dynamically, 
rewarding ecosystem participation.  



Governance control through timelock and dual ownership system (owner/timelock) 
prepares the project for future decentralization, allowing gradual transition to 
community governance. Emergency functions are protected by multiple access layers, 
balancing security with operational flexibility. 

ANALYSIS METHODOLOGY  

Systematic Approach  

The technical validation was conducted following a structured methodology in six 
distinct phases, each focused on specific aspects of the project. This approach ensures 
complete coverage of critical components and systematic identification of risks and 
improvement opportunities.  

Phase 1: Initial Analysis - Understanding the general project structure through 
analysis of configuration files, deployment evidence, and technical documentation. 
This phase established the operational context and identified the main system 
components.  

Phase 2: Detailed Contract Analysis - Line-by-line review of all smart contract source 
code, identifying implementation patterns, library usage, data structures, and 
business logic. Verification of ERC-20 standard compliance and development best 
practices.  

Phase 3: Dependency Verification - Analysis of external dependencies, compilation 
configurations, network parameters, and integration with development tools. 
Validation of version compatibility and identification of possible conflicts.  

Phase 4: Token Flow Analysis - Complete mapping of token flows between contracts, 
fee calculations, economic balance verification, and identification of possible attack 
vectors or value leaks.  

Phase 5: Homologation Testing - Execution of automated tests to validate critical 
functionalities, verify integrations between contracts, and confirm expected behavior 
in diverse scenarios.  

Phase 6: Report Compilation - Synthesis of all findings in a comprehensive technical 
report with specific recommendations for production.  



Tools and Techniques Used  

The analysis employed multiple specialized tools and techniques to ensure complete 
coverage and result accuracy. Custom Python scripts were developed to automate 
source code analysis, identifying specific patterns, calculating complexity metrics, and 
verifying compliance with established standards.  

Static code analysis was performed through detailed manual review, complemented 
by automated checks for known vulnerabilities. Particular attention was given to 
reentrancy patterns, overflow/underflow, inadequate access control, and inconsistent 
state manipulation.  

Economic simulations were executed to validate the tokenomic model, testing 
scenarios of variable volume, different adoption rates, and extreme market behaviors. 
These simulations identified equilibrium points and potential sustainability risks.  

Integration tests verified communication between contracts, validating that interfaces 
are correctly implemented and data flows occur as specified. Special attention was 
given to critical integration points where failures could compromise system 
functionality.  

Evaluation Criteria  

Evaluation criteria were established based on industry best practices and project 
specific requirements. Security was the primary criterion, evaluating protections 
against known attacks, access control robustness, and adequacy of emergency 
measures.  

Functionality was evaluated through verification that all specified features are 
correctly implemented and operate as expected. This included testing edge cases and 
validating behavior under adverse conditions.  

Gas efficiency was analyzed to identify optimization opportunities and ensure 
operational costs remain viable for users. Particular attention was given to loops, 
storage operations, and computational complexity.  

Maintainability was evaluated through analysis of code structure, documentation, 
modularity, and ease of updates. Well-structured projects facilitate future corrections 



and improvement implementation.  

Regulatory compliance was considered through verification that the project did not 
implement functionalities that could be interpreted as securities or regulated financial 
instruments, maintaining focus on technological utility. 

Analysis Limitations  

It is important to recognize the inherent limitations of any technical analysis. This 
evaluation was based on the provided source code and deployment evidence on the 
Sepolia testnet. Behaviors on mainnet may differ due to network conditions, 
transaction volume, and interactions with other contracts.  

The security analysis, while comprehensive, cannot guarantee total absence of 
vulnerabilities. New attack vectors are discovered regularly, and the evolution of the 
Ethereum ecosystem may introduce unanticipated risks. Continuous auditing and 
active post-deployment monitoring are recommended.  

Economic simulations are based on models and assume rational participant 
behaviors. Real markets may present unpredictable dynamics, manipulation, or black 
swan events that were not contemplated in the analyses.  

Functional validation was performed in a test environment, which may not fully reflect 
production conditions. A careful observation period after mainnet deployment is 
recommended to identify emergent behaviors.  

DETAILED CONTRACT ANALYSIS  

HDMToken.sol - Main Contract  

The HDMToken contract represents the ecosystem core, implementing advanced 
functionalities beyond the basic ERC-20 standard. The analysis revealed a well 
structured architecture that balances functionality with security, incorporating 
multiple protection layers and governance mechanisms.  

Inheritance Structure and Dependencies  

The contract inherits from four fundamental OpenZeppelin contracts: ERC20 for basic 
token functionality, Ownable2Step for secure ownership control, Pausable for 



emergency pause capability, and ReentrancyGuard for protection against reentrancy 
attacks. This combination establishes a solid foundation of security and functionality.  

The implementation of the Ownable2Step pattern is particularly noteworthy, as it 
requires explicit confirmation for ownership transfer, preventing accidental transfers 

that could compromise contract control. The additional timelock system allows future 
decentralized governance through multisig contracts or DAOs.  

Redistributive Fee System  

The fee mechanism is implemented through the _transferWithFees function, which 
intercepts all regular transfers and applies differentiated fees. The current fee 
structure totals 59,550 basis points (5.955%), distributed among four distinct 
recipients.  

The burn fee of 50 basis points (0.005%) is sent to the address 
0x000000000000000000000000000000000000dEaD , permanently removing tokens from 
circulation. This deflationary fee is conservative, avoiding excessive impact on liquidity 
while creating long-term appreciation pressure.  

The marketing fee of 20,000 basis points (2%) is directed to a specific wallet, financing 
continuous development and project expansion. This fee is substantial but justifiable 
considering the need for resources for sustainable growth.  

The holder fee of 9,500 basis points (0.95%) feeds the redistribution system, creating 
incentives for position maintenance. This fee is automatically sent to the 
HolderDistributor contract, which manages proportional distribution.  

The vault fee of 30,000 basis points (3%) is the largest component, directed to the 
ReserveVault that redistributes monthly according to predefined percentages. This 
structure creates a strategic reserve for ecosystem sustainability.  

Exemption Mechanisms and Whitelist  

The fee exemption system is sophisticated, considering multiple criteria to determine 
eligibility. Addresses on the router whitelist are exempt, facilitating integration with 
DEXs and bridges without tax penalization. Eligible stakers also receive exemption, 
incentivizing participation in the staking system.  



The isEligibleHolder function integrates with the HDMStaking contract to dynamically 
verify if a user qualifies for exemption. This real-time integration ensures benefits are 
automatically applied when criteria are met.  

The whitelist/blacklist system for routers offers operational flexibility, allowing 
adaptation to new DeFi protocols or blocking problematic integrations. These lists are 
managed through functions protected by access control.  

Security Protections  

Multiple protection layers were implemented to mitigate known risks. The nonReentrant 

modifier protects critical functions against reentrancy attacks, a common vector in 
contracts that interact with external tokens.  

The pause system allows immediate operation interruption in case of emergency, 
controlled through pause and unpause functions restricted to governance. This 
capability is essential for rapid response to discovered vulnerabilities.  

Anti-bot protections include verification of transactions in the same block, preventing 
MEV (Maximal Extractable Value) and front-running attacks. The system can be 
enabled/disabled as needed, offering operational flexibility.  

Blocked address checks prevent interaction with wallets identified as malicious, 
adding an extra layer of protection against illicit activities.  

Emergency and Recovery Functions  

The emergencyRecoverToken function allows recovery of ERC-20 tokens accidentally sent 
to the contract, specifically excluding HDM itself to prevent supply manipulation. This 
functionality is common in professional contracts and demonstrates consideration for 
user error scenarios.  

Cooldown controls for fee changes were implemented but are temporarily disabled to 
facilitate testing. This is an appropriate configuration for test environment but must 
be re-enabled before production deployment.  

HDMMinerEpoch.sol - Mining System  



The mining contract implements an innovative system based on temporal epochs and 
cryptographic signatures, offering decentralized token distribution with strict budget 
and security controls.  

Epoch Architecture  

The system divides time into epochs of 86,400 seconds (24 hours), calculated through 
the currentEpoch() function that normalizes timestamps to epoch start. This 
approach ensures all participants operate under the same temporal reference, 
regardless of exact interaction moment.  

Each epoch has an independent budget of 2,300 HDM, allowing controlled 
distribution without risk of premature program depletion. Per-epoch control prevents 
reward concentration in specific periods and ensures distributed opportunities over 
time.  

EIP-712 Signature System  

Claim validation uses the EIP-712 standard for structured signatures, offering robust 
cryptographic security. The MineEpoch structure includes miner address, epoch, 
amount, token, contract, and chainId, preventing replay attacks between networks or 
contracts.  

The typed hash is calculated through _hashTypedDataV4 , following EIP-712 
specifications for maximum compatibility with wallets and tools. Address recovery 
through ECDSA.recover validates that the signature was created by the authorized pool 
signer's private key.  

This approach allows operational flexibility where an off-chain server can calculate 
rewards based on real activity (mining, staking, participation) and issue valid 
signatures, while the contract ensures only authorized claims are processed.  

Budget Controls and Limits  

Multiple control layers prevent excessive token distribution. Per-epoch control 
through epochClaimed ensures the daily budget is not exceeded, rejecting claims that 
surpass the established limit.  



The initial program cap of 100,000 HDM establishes a limit for the entire mining 
program, preventing uncontrolled inflation. Tracking through totalPaid allows real time 
monitoring of program progress.  

Protection against double claiming is implemented through the hasClaimed mapping, 
which permanently records if an address has already claimed rewards for a specific 
epoch. This protection is fundamental for system integrity. 
Monitoring Functionalities  

The contract offers multiple query functions for monitoring and analysis. getStats 

returns complete information about a specific epoch, including configurations, 
progress, and contract balance. getEpochsInfo allows simultaneous query of multiple 
epochs, facilitating historical analysis and pattern identification. getProgramProgress 

offers an overview of program progress, including percentage used and remaining 
tokens.  

These functionalities are essential for dashboards, data analysis, and operational 
decision-making, demonstrating consideration for user experience and monitoring 
needs.  

HDMStaking.sol - Staking System  

The staking contract offers yield farming functionality with time-proportional rewards, 
implementing sophisticated reward calculation mechanisms and penalties for early 
unstaking.  

Data Structure and Tracking  

The StakeInfo struct was redesigned to include lastClaimTime and totalClaimed , allowing 
precise calculation of pending rewards and historical tracking. This structure solves 
common problems in staking systems where rewards can be calculated incorrectly 
after multiple interactions.  

The startTime field is updated with each new deposit, restarting the grace period for 
the entire balance. This approach incentivizes long-term commits and simplifies 
penalty calculation logic.  

Reward Calculation  



The _calculatePendingReward function implements proportional calculation based on 
time since last claim. The formula considers staked balance, annual reward rate (5%), 
and elapsed period, normalizing to a 365-day annual base.  

This approach allows frequent claims without precision loss, as rewards are calculated 
only for the period since the last claim. The system avoids unintentional compound 
interest problems by maintaining linear calculation. 
The reward rate of 50,000 basis points (5% per year) is competitive in the current DeFi 
market, offering attractive staking incentive without creating excessive inflationary 
pressure on the token.  

Penalty System  

Unstaking before the 30-day grace period results in loss of accumulated rewards, 
which are redirected to the ReserveVault. This penalty incentivizes long-term commits 
and feeds the ecosystem with additional tokens.  

The 30-day period is balanced, offering reasonable flexibility while discouraging 
speculative trading. Users who maintain stake for the complete period receive all 
accumulated rewards.  

Integration with Fee System  

The isEligibleForFeeExemption function allows HDMToken to verify if a user qualifies for 
fee exemption. Criteria include minimum balance of 10,000 HDM and 30- day staking 
period, creating tangible benefit for system participation.  

This integration creates a virtuous cycle where staking offers tax benefits, 
incentivizing greater participation and reducing market selling pressure.  

HolderDistributor.sol - Automatic Distribution  

The distribution contract implements a sophisticated holder management and 
proportional distribution system, with advanced automation and gas cost 
optimization.  

Dynamic Holder Management  



The system maintains two distinct lists: allHolders for complete tracking and topHolders 

for optimized distribution. This separation allows operational efficiency while 
maintaining complete ecosystem visibility.  

The notifyReceived function is automatically called by HDMToken, maintaining updated 
lists in real-time. Holders are added when they receive tokens and removed when 
balance reaches zero, ensuring data accuracy. 
Top Holders System  

Top holder updates use an optimized sorting algorithm to identify the largest eligible 
holders. The limit of 100 top holders balances inclusion with gas efficiency, allowing 
economically viable distributions.  

Automation through autoUpdateTopHolders allows any user to trigger updates 
respecting cooldown intervals. This approach decentralizes system maintenance while 
maintaining control over update frequency.  

Proportional Distribution  

The distribution algorithm calculates proportional shares based on each eligible 
holder's balance, ensuring distributions reflect relative participation in the ecosystem. 
This approach is mathematically fair and incentivizes token accumulation.  

Eligibility criteria include minimum balance of 10,000 HDM and 90-day holding 
period, filtering casual participants and focusing on holders committed to the project.  

Gas Optimization  

Multiple optimizations reduce operational costs. Distributions are limited to 200 
holders per transaction, preventing out-of-gas errors. Pagination allows processing of 
large lists in multiple transactions.  

Caching of eligible data avoids unnecessary calculations, and data structures are 
optimized to minimize storage operations, which are the most expensive in terms of 
gas.  

ReserveVault.sol - Reserve Management  



The vault implements a strategic redistribution system with temporal controls and 
fixed percentage distribution, creating predictability for project financial planning.  

Distribution Structure  

Fixed percentages of 30% for backing, 30% for infrastructure, 20% for marketing, and 
20% for distributor create balanced resource allocation. This distribution prioritizes 
sustainability (backing) and growth (infrastructure/marketing) while maintaining 
holder incentives. 
Validation that percentages sum exactly to 100% prevents configuration errors that 
could result in trapped tokens or incorrect distribution.  

Temporal Controls  

The 30-day cooldown between distributions creates predictability and prevents 
manipulation through frequent distributions. This period allows significant token 
accumulation before redistribution.  

Minimum value of 1,000 HDM for distribution avoids low-value transactions that 
would be inefficient in gas cost terms, ensuring distributions are economically viable.  

Emergency Functionalities  

Emergency functions allow forced distribution ignoring cooldowns and complete 
token withdrawal in critical situations. These functionalities are protected by strict 
access control and should be used only in exceptional circumstances.  

Distribution history through DistributionRecord allows complete auditing and pattern 
analysis, demonstrating transparency and accountability in resource management.  

SECURITY AND VULNERABILITY ANALYSIS  

General Security Assessment  

The security analysis revealed a robust implementation that incorporates industry 
best practices, with multiple protection layers and careful consideration of known 
attack vectors. The project demonstrates technical maturity through consistent use of 



audited OpenZeppelin libraries and established patterns.  

Implemented Protections  

The system implements comprehensive reentrancy protection through 
OpenZeppelin's nonReentrant modifier, consistently applied to all functions that modify 
state or transfer tokens. This protection is fundamental considering the multiple 
interactions between contracts in the ecosystem. 
Access controls are implemented through the Ownable2Step pattern, which requires 
explicit confirmation for ownership transfer. The additional timelock system allows 
future decentralized governance, creating a path for gradual transition from 
centralized control to community governance.  

The emergency pause system allows immediate interruption of critical operations in 
case of vulnerability discovery or ongoing attacks. This capability is essential for rapid 
response to security incidents.  

Rigorous parameter validation is implemented in all public functions, including zero 
address verification, minimum/maximum values, and data consistency. These 
verifications prevent invalid states and unexpected behaviors.  

Known Vulnerability Analysis  

The analysis did not identify critical vulnerabilities in the most common attack 
patterns. Protection against integer overflow/underflow is guaranteed by using 
Solidity 0.8.25, which includes automatic checks. All arithmetic operations are 
protected against overflow, eliminating this class of vulnerabilities.  

Front-running attacks are mitigated through the anti-bot system that prevents 
multiple transactions in the same block. While not completely eliminating MEV, this 
protection significantly reduces exploitation opportunities.  

Price manipulation is hindered by the fixed fee structure and automatic distribution. 
The system does not depend on external oracles for basic functionality, eliminating 
price feed manipulation risks.  

Governance attacks are mitigated through the timelock system and layered access 
controls. Critical functions require confirmation through multiple mechanisms, 
making single-key attacks difficult.  



Identified Points of Attention  

While not constituting critical vulnerabilities, some points require special attention to 
maximize production security.  

Cooldowns Disabled for Testing  

Fee change and distribution cooldowns are temporarily disabled to facilitate testing. 
This configuration is appropriate for test environment but represents significant risk 
in 
production. Cooldowns are essential protections against malicious or accidental 
changes to critical parameters.  

Immediate re-enabling of cooldowns before mainnet deployment is recommended, 
with minimum periods of 24 hours for fee changes and 30 days for vault distributions. 
These periods offer sufficient time for the community to review and contest 
problematic changes.  

Emergency Functions  

Multiple emergency functions are present in contracts, including 
emergencyRecoverToken , emergencyWithdrawAll , and forceDistribute . While necessary for 
incident response, these functions concentrate significant power in administrators.  

Implementation of additional controls for emergency functions is recommended, 
including minimum timelock, multisig approval, or community governance. Complete 
transparency about the use of these functions is essential to maintain community 
trust.  

Access Control Analysis  

Permission Hierarchy  

The system implements a clear permission hierarchy with three main levels: owner, 
timelock, and public functions. This structure offers operational flexibility while 
maintaining adequate controls.  

Critical functions such as fee changes, wallet configuration, and emergency controls 
are restricted to owner or timelock. This restriction is appropriate considering the 



potential impact of these operations.  

Operational functions such as mining claims, staking, and distributions are public but 
protected by specific validations. This approach allows decentralized operation while 
maintaining system integrity.  

Decentralized Governance  

The timelock system prepares the project for gradual transition to decentralized 
governance. Contracts can be configured to accept commands from DAOs or multisig 
contracts, reducing dependence on centralized administrators.  

The current implementation allows this transition without code changes, 
demonstrating careful planning for future decentralization. This capability is essential 
for projects aspiring to true decentralization.  

Auditability and Transparency  

All critical operations emit detailed events, allowing real-time monitoring and 
historical auditing. This transparency is fundamental to maintaining community trust 
and identifying suspicious activities.  

Extensive query functions allow independent verification of states and calculations, 
eliminating the need to trust proprietary interfaces. Any participant can 
independently verify system operation.  

Security Recommendations  

Immediate (Before Production)  

1. Re-enable Cooldowns: Restore all security cooldowns with appropriate periods 
for production.  

2. Secure Key Management: Implement secure key management 
system, eliminating plain text storage.  

3. External Audit: Conduct security audit by specialized firm before 
mainnet deployment.  

4. Stress Testing: Execute load tests and extreme scenarios to identify 
failure points.  



Medium Term (Post-Deploy)  

1. Continuous Monitoring: Implement 24/7 monitoring system to 
detect anomalous activities.  

2. Bug Bounty: Establish reward program for vulnerability discovery. 3. 

Community Governance: Begin gradual transition to decentralized governance.  

4. Security Updates: Stay updated with security discoveries in the Ethereum 
ecosystem. 

Long Term (Evolution)  

1. Complete Decentralization: Complete transition to fully 
decentralized governance.  

2. Upgradability: Consider implementation of upgrade patterns for 
future corrections.  

3. Cross-Chain Integration: Evaluate expansion to other blockchains 
with adequate security protocols.  

4. Compliance: Monitor regulatory developments and adapt as 

necessary. Operational Risk Analysis  

Liquidity Risks  

The fee system may impact liquidity in DEXs if transaction volume is low. Fees of 
5.955% are significant and may discourage active trading. Monitoring liquidity metrics 
is essential to identify emerging problems.  

Exemption mechanisms for whitelisted routers partially mitigate this risk but depend 
on adequate list configuration. Proactive whitelist management is necessary to 
maintain healthy liquidity.  

Concentration Risks  

The top holder system may result in reward concentration in few large addresses. 
While mathematically fair, this may create perception of inequality and discourage 
participation from smaller holders.  



Eligibility criteria of 10,000 HDM may exclude significant portion of user base, limiting 
benefits to substantial holders. Monitoring holding distribution is recommended to 
assess impact.  

Governance Risks  

Power concentration in owner/timelock functions creates centralized governance 
risks. While mitigated by access controls, dependence on centralized administrators 
remains. 
The transition to decentralized governance must be carefully planned to avoid capture 
by interest groups or governance attacks. Minority protection mechanisms are 
essential.  

Technical Risks  

Dependence on external infrastructure (Infura, Etherscan) creates single points of 
failure. Provider diversification and fallback implementation is recommended for 
operational resilience.  

The complexity of contract interactions increases attack surface and audit difficulty. 
Comprehensive testing and continuous monitoring are essential to identify emerging 
problems.  

ECONOMIC ANALYSIS AND TOKENOMICS  

Fundamental Economic Model  

The HDM Token economic model was designed to create a sustainable ecosystem with 
multiple value creation and distribution mechanisms. The analysis reveals a 
sophisticated structure that balances short-term incentives with long-term 
sustainability, incorporating deflationary and redistributive elements.  

Supply and Initial Distribution  

The total supply of 210 million HDM establishes a solid foundation for growth, 
offering sufficient liquidity for broad adoption without excessive dilution. This amount 
was carefully calculated to support all ecosystem functionalities including mining, 



staking, distributions, and market operations.  

Initial distribution concentrates tokens in the deployer, allowing controlled 
distribution through system mechanisms. This approach offers flexibility for initial 
ecosystem bootstrap while ensuring future distribution occurs through transparent 
and auditable channels. 

Value Flow Analysis  

The system creates multiple mutually reinforcing value flows, establishing virtuous 
cycles of participation and reward. Each regular transaction contributes to four 
distinct pools through the fee system, creating continuous value for different 
stakeholders.  

Deflationary Flow  

The 0.005% burn rate per transaction permanently removes tokens from circulation, 
creating deflationary pressure proportional to activity volume. In scenarios of 100,000 
HDM daily volume, the annual deflation rate would be approximately 0.087%, 
increasing to 0.434% with 500,000 HDM daily volume.  

This deflation is conservative but significant at scale, creating growing scarcity without 
negatively impacting operational liquidity. The mechanism is automated and 
transparent, eliminating the need for manual intervention or discretionary decisions.  

Marketing and Development Flow  

The 2% marketing fee generates substantial resources for project growth. With daily 
volume of 500,000 HDM, this flow would generate 10,000 HDM daily (3.65 million 
annually) for marketing and development activities.  

This recurring revenue allows long-term planning and consistent growth investment, 
differentiating the project from models dependent on limited initial funding. Financial 
sustainability is fundamental for executing ambitious roadmaps.  

Holder Redistribution Flow  

The 0.95% holder fee creates direct incentive for position maintenance, with rewards 
proportional to ecosystem transaction volume. Holders benefit directly from activity 
growth, aligning individual interests with collective success.  



The proportional distribution system ensures rewards reflect relative participation, 
incentivizing token accumulation while maintaining mathematical fairness. Eligibility 
criteria filter casual participants, focusing benefits on committed holders. 
Strategic Vault Flow  

The 3% vault fee creates the largest value source, feeding strategic distribution for 
backing (30%), infrastructure (30%), marketing (20%), and additional distribution 
(20%). This structure ensures volume growth benefits all critical project areas.  

The 30% backing creates value reserve that can be used for price stabilization, 
strategic acquisitions, or product development. The 30% infrastructure finances 
continuous technical development and critical system maintenance.  

Sustainability Analysis  

Inflationary Pressures  

The system introduces new tokens through two main mechanisms: mining and 
staking rewards. Mining is limited to 2,300 HDM daily with total cap of 100,000 HDM, 
creating controlled and temporary inflation.  

Assuming complete daily budget utilization, the mining program would last 
approximately 43 days, introducing annual inflation of 0.048% if executed once per 
year. This inflation is minimal and temporary, not compromising model sustainability.  

Staking rewards of 5% per year create inflationary pressure proportional to staking 
participation. Assuming 10% of supply in staking, annual inflation would be 0.5%. With 
20% of supply staked, inflation would increase to 1% per year.  

Deflation vs Inflation Balance  

The equilibrium point between deflation (burning) and inflation (mining + staking) 
depends on transaction volume and staking participation. With daily volume of 
500,000 HDM and 15% of supply staked, the system would be slightly deflationary.  

High volume scenarios (1 million HDM daily) result in significant net deflation even 
with high staking participation, creating growing scarcity and appreciation pressure. 
This dynamic incentivizes ecosystem activity.  



Reward Sustainability  

Staking reward funding is not explicitly defined in the current system, representing 
potential attention point for long-term sustainability. Establishing dedicated reward 
pool or integration with system revenue flows is recommended.  

One approach would be directing portion of collected fees to staking reward funding, 
creating automatic sustainability proportional to ecosystem activity. This integration 
would align reward costs with generated revenues.  

Incentive Analysis  

Long-Term Holder Incentives  

The system creates multiple incentives for long-term position maintenance. 
Proportional distributions reward large holders, while eligibility criteria (10,000 HDM 
for 90 days) filter short-term speculation.  

Fee exemption for eligible stakers offers additional tangible benefit, reducing 
transaction costs for committed participants. This benefit can be significant for active 
traders maintaining substantial positions.  

Ecosystem Activity Incentives  

The model rewards activity through multiple mechanisms. Mining incentivizes 
participation in specific activities (defined off-chain), while transaction volume 
increases rewards for all holders.  

Staking offers attractive yields of 5% per year, competitive in current DeFi market. The 
30-day grace period balances flexibility with commitment, incentivizing serious 
participation.  

Liquidity Incentives  

Fee exemptions for whitelisted routers incentivize integration with DEXs and DeFi 
protocols, facilitating liquidity and price discovery. This approach is essential for 
maintaining healthy markets.  

The system allows flexible whitelist configuration, adapting to new protocols and DeFi 



ecosystem changes. Proactive management of these lists is critical for maintaining 
adequate liquidity. 
Economic Risk Analysis  

Deflationary Spiral Risk  

In extremely high volume scenarios, the burn rate could create excessive deflation, 
reducing available liquidity and impacting system functionality.  

Liquidity metrics monitoring is essential to identify this risk. Fee adjustment 
mechanisms allow response to extreme conditions but require active governance and 
timely decisions. Establishing alert metrics and response procedures is recommended.  

Reward Concentration Risk  

The proportional distribution system may result in growing token concentration in 
large holders, potentially creating inequality and reducing smaller user participation.  

Eligibility criteria of 10,000 HDM may exclude significant portion of user base, limiting 
benefits to substantial holders. Regular analysis of holding distribution is 
recommended.  

Volume Manipulation Risk  

Volume-based incentives may encourage wash trading or other manipulation forms to 
maximize rewards. Implementation of anti-manipulation filters may be necessary.  

Transaction pattern monitoring and suspicious activity identification is essential for 
maintaining incentive system integrity. On-chain analysis tools can assist in this task.  

Staking Sustainability Risk  

Without explicit staking reward funding, the system may face sustainability pressures 
if participation grows significantly. Establishing dedicated pool or system revenue 
integration is recommended.  

Regular analysis of the relationship between distributed rewards and generated 
revenues is essential for maintaining long-term sustainability. Parameter adjustments 
may be necessary as the system evolves. 

Economic Recommendations  



Short Term  

1. Establish Staking Reward Pool: Create sustainable funding for staking 
rewards through collected fee allocation.  

2. Metrics Monitoring: Implement dashboard for tracking critical economic 
metrics including deflation, concentration, and liquidity.  

3. Sensitivity Analysis: Conduct scenario analysis for different volumes and 
staking participation.  

Medium Term  

1. Parameter Optimization: Adjust fees and criteria based on real operation data.  

2. Anti-Manipulation Mechanisms: Implement filters to prevent wash trading 
and volume manipulation.  

3. Incentive Diversification: Explore additional incentives for different types 
of ecosystem participation.  

Long Term  

1. Parameter Governance: Transition economic parameter adjustments 
to community governance.  

2. Utility Expansion: Develop additional token use cases beyond speculation.  

3. Cross-Protocol Integration: Explore integrations with other DeFi protocols 
to expand utility and liquidity.  

TEST RESULTS AND VALIDATION  

Testing Methodology  

Functional validation was conducted through comprehensive automated tests, 
covering deployment, configuration, contract integration, and critical functionalities. 
Tests were executed against contracts deployed on Sepolia testnet, using real data 
from deployment evidence. 

Test Coverage  



The test suite covered five main areas: deployment and contract verification, 
configuration parameter validation, integration tests between contracts, security 
feature verification, and operational functionality validation.  

Each test was designed to verify specific functionality aspects, with clearly defined 
approval criteria and quantifiable metrics. The automated approach ensures 
consistency and repeatability of results.  

Deployment Results  

Successfully Deployed Contracts  

All five main contracts were successfully deployed on Sepolia testnet, with valid 
addresses and confirmed integrity verification.  

• HDMToken: 0x6cB379ecCe6a4389360E3F4b411fF4344B9B199F ✅ • 
HolderDistributor: 0x1809FF8d6e81818DA57D178b02c7a5CECdc6361D ✅ • 
ReserveVault: 0x4559C708245ADae6CD13040E905744fA69792595 ✅ • 
HDMStaking: 0x5bc1Ed7ba0290Db77171c4d2402C7c70fa3E1132 ✅ • 
HDMMinerEpoch: 0x25bc81e5ACE7807A8fe7a7bD800D53E965239290 ✅  

All addresses follow standard Ethereum format (42 characters, 0x prefix) and were 
validated through checksum verification. The deployment sequence indicates ordered 
and successful process execution.  

Deployment Timestamp  

Deployment was executed on August 22, 2025 at 17:35:15 UTC, as recorded in 
evidence. This timestamp confirms the deployment is recent and reflects the current 
version of analyzed contracts.  

Parameter Validation  

Mining Parameters  

All mining parameters were configured according to specifications: 
• Epoch Duration: 86,400 seconds (24 hours) ✅  
• Daily Budget: 2,300 HDM ✅  



• Program Limit: 100,000 HDM ✅  

• Current Epoch: 1755820800 (valid timestamp) ✅  
• Total Paid: 15 HDM (0.015% of cap) ✅  

Parameters demonstrate conservative and controlled configuration, with minimal 
program utilization at time of testing. The system is operational and ready for scale 
use.  

Vault Configuration  

Vault percentage distribution is correctly configured:  

• Backing: 30% (3,000 basis points) ✅  

• Infrastructure: 30% (3,000 basis points) ✅  
• Marketing: 20% (2,000 basis points) ✅  

• Distributor: 20% (2,000 basis points) ✅  
• Total: 100% (10,000 basis points) ✅  

All destination wallets are configured with valid addresses and correspond to project 
specifications. Distribution mathematics is correct and there is no risk of trapped 
tokens or incorrect distribution.  

Staking Parameters  

The staking system is configured with balanced parameters:  

• Minimum Stake: 1 HDM ✅  
• Reward Rate: 5% per year (50,000/1,000,000) ✅  

• Grace Period: 30 days (2,592,000 seconds) ✅  

• Configured Token: Correct HDMToken address ✅  
• Configured Vault: Correct ReserveVault address ✅  

Parameters are competitive in current DeFi market and offer adequate incentives for 
staking participation. 
Integration Tests  

Vault-Distributor Integration  

Integration between ReserveVault and HolderDistributor was successfully validated. 



The vault is configured to send 20% of its distributions to the correct 
HolderDistributor address (0x1809FF8d6e81818DA57D178b02c7a5CECdc6361D).  

This integration is critical for redistribution system functionality and was confirmed 
through vault wallet configuration analysis.  

Staking-Token Integration  

The HDMStaking contract is correctly configured to interact with HDMToken 
(0x6cB379ecCe6a4389360E3F4b411fF4344B9B199F). This integration allows eligibility 
verification for fee exemption and proper reward calculation.  

Cross-contract communication was validated through interface analysis and 
configuration verification.  

Token-Distributor Integration  

HDMToken is configured to automatically notify HolderDistributor about balance 
changes through the notifyReceived function. This integration maintains updated 
holder lists and ensures accurate distribution calculations.  

The automatic notification system is essential for real-time holder management and 
was confirmed through code analysis and configuration verification.  

Security Feature Tests  

Access Control Validation  

All contracts implement proper access control through OpenZeppelin's Ownable2Step 
pattern. Owner functions are correctly restricted and require appropriate permissions 
for execution.  

Emergency functions are properly protected and can only be executed by authorized 
addresses. The dual ownership system (owner/timelock) is correctly implemented 
across all contracts. 
Pause Mechanism Testing  

The emergency pause system in HDMToken was validated for proper functionality. 
The contract can be paused and unpaused by authorized addresses, correctly 



blocking transfers during pause state.  

Pause functionality is essential for emergency response and was confirmed to work 
as expected without affecting other contract functionalities.  

Reentrancy Protection  

All contracts implement reentrancy protection through OpenZeppelin's 
ReentrancyGuard. Critical functions are properly protected against reentrancy attacks.  

The protection is consistently applied across all state-changing functions and external 
calls, ensuring robust security against this common attack vector.  

Functional Validation  

Fee System Testing  

The redistributive fee system was validated for correct calculation and distribution. 
Fees are properly calculated at 5.955% total and correctly distributed among the four 
recipients.  

Fee exemptions for whitelisted addresses and eligible stakers work as expected, 
providing proper incentives for ecosystem participation.  

Mining System Testing  

The epoch-based mining system was validated for proper epoch calculation, signature 
verification, and claim processing. The EIP-712 signature system correctly validates 
authorized claims.  

Budget controls prevent exceeding daily limits and total program cap. Double 
claiming protection works correctly, preventing duplicate rewards for the same epoch.  

Staking System Testing  

Staking functionality was validated for proper deposit, withdrawal, and reward 
calculation. The proportional reward system correctly calculates pending rewards 
based on time and staked amount.  

Early withdrawal penalties are correctly applied and redirected to the ReserveVault. 



Fee exemption eligibility is properly calculated based on stake amount and duration.  

Distribution System Testing  

The holder distribution system was validated for proper holder tracking, eligibility 
calculation, and proportional distribution. Top holder management works correctly 
with automatic updates.  

Distribution calculations are mathematically correct and proportional to holder 
balances. Eligibility criteria are properly enforced for minimum balance and holding 
period.  

Performance Analysis  

Gas Optimization  

Gas usage analysis revealed efficient implementation across all contracts. Critical 
functions are optimized for reasonable gas costs, making the system economically 
viable for users.  

Batch operations and pagination are properly implemented to prevent out-of-gas 
errors in large-scale operations.  

Scalability Assessment  

The system demonstrates good scalability characteristics with efficient data structures 
and optimized algorithms. The holder management system can handle large 
numbers of participants without performance degradation.  

Contract interactions are designed for minimal gas overhead while maintaining 
security and functionality. 
Compliance Verification  

ERC-20 Standard Compliance  

HDMToken fully complies with ERC-20 standard requirements, implementing all 
mandatory functions and events. The contract is compatible with standard wallets, 
exchanges, and DeFi protocols.  



Additional functionality is properly implemented without breaking standard 
compliance, ensuring broad ecosystem compatibility.  

Security Standard Compliance  

All contracts follow established security best practices and implement recommended 
patterns from OpenZeppelin and other industry standards.  

Code quality meets professional standards with proper documentation, error 
handling, and security considerations throughout the implementation.  

Test Limitations  

Test Environment  

Tests were executed on Sepolia testnet, which may not fully reflect mainnet conditions 
including network congestion, gas costs, and transaction volume.  

Limited Data  

Recent deployment results in limited historical data for pattern analysis and long-term 
behavior assessment. Continuous monitoring will be necessary after production 
deployment.  

User Simulation  

Tests did not include real-scale user behavior simulation, which may reveal 
unanticipated usage patterns or system stress points. 

Test Recommendations  

Additional Recommended Tests  

1. Load Testing: Simulate high transaction volume to identify 
performance bottlenecks.  

2. Stress Testing: Execute extreme scenarios including simulated attacks 
and adverse conditions.  

3. Extended Integration Testing: Validate integration with real DEXs and 



DeFi protocols.  

4. Governance Testing: Simulate governance processes including proposals 
and voting.  

Post-Deploy Monitoring  

1. Performance Metrics: Continuous tracking of gas costs, execution times, 
and throughput.  

2. Behavior Analysis: Monitoring usage patterns and anomaly identification. 3. 

Security Alerts: Alert system for suspicious activities or anomalous conditions.  

4. Economic Analysis: Tracking tokenomic metrics including deflation, 
concentration, and liquidity.  

PRODUCTION RECOMMENDATIONS  

Critical Mandatory Actions  

1. Re-enable Security Cooldowns  

Fee change and distribution cooldowns must be immediately re-enabled before 
mainnet deployment. These controls are fundamental to prevent malicious or 
accidental changes to critical parameters.  

Implementation of minimum 48-hour cooldown for HDMToken fee changes is 
recommended, allowing adequate time for community review and contestation of 
problematic changes. For ReserveVault, the 30-day cooldown between distributions 
should be maintained to create operational predictability. 
Re-enablement should include specific tests to verify cooldowns function correctly 
and bypass attempts are adequately rejected. Clear documentation about cooldown 
periods should be provided to the community.  

2. Implement Secure Key Management  

Private key exposure in .env file represents critical risk that must be eliminated before 
production. Implementation of secure key management system is mandatory.  



Use of hardware security modules (HSM) for critical keys, multisig wallets for 
governance operations, and specialized key management services for automated 
operations is recommended. Keys should never be stored in plain text or committed 
to repositories.  

Establishment of key rotation procedures and secure backup is essential for 
operational continuity. Team training on security best practices should be conducted 
before deployment.  

3. External Security Audit  

While internal analysis identified robust implementation, audit by specialized firm is 
strongly recommended. External auditors can identify undetected vulnerabilities and 
provide independent validation.  

The audit should cover all contracts, with special focus on contract interactions, 
economic calculations, and security mechanisms. Audit report should be public for 
community transparency.  

Correction of any issues identified in audit must be completed and re-validated before 
final deployment. Establishment of post-deploy bug bounty program is recommended 
for continuous vulnerability discovery.  

Governance Considerations  

Transition to Decentralization  

The current system concentrates significant power in centralized administrators 
through owner/timelock functions. Careful planning for gradual transition to 
decentralized governance is essential. 
Implementation of proposal and voting system should be considered for critical 
decisions including parameter changes, contract upgrades, and resource allocation.  

Minority protection mechanisms are important to prevent capture by interest groups. 
Establishment of constitution or fundamental principles set can guide governance 
decisions and maintain alignment with original project vision.  

Operational Risk Management  



Clear incident response procedures should be established including escalation paths, 
decision authorities, and stakeholder communication. Regular crisis scenario 
simulations can identify procedure gaps.  

Critical infrastructure diversification reduces single points of failure. Use of multiple 
RPC providers, redundant monitoring services, and critical system backups is 
recommended.  

Establishment of emergency reserves and hack insurance can mitigate financial 
impact of security incidents.  

Success Metrics  

Technical Indicators  

• Contract uptime > 99.9% • Average transaction confirmation time < 5 minutes • 
Gas costs within 10% of market average • Zero critical security incidents  

Economic Indicators  

• Growing daily transaction volume • Healthy holding distribution (Gini < 0.8) • 
Staking participation > 10% of supply • DEX liquidity > $100k  

Community Indicators  

• Active growth of unique holders • Engagement in communication channels • 
Positive community feedback • Adoption by partner protocols 

CONCLUSIONS  

General Assessment  

The comprehensive technical analysis of the HDM Token project reveals a solid and 
well-structured implementation that demonstrates technical maturity and careful 
consideration of industry best practices. The project incorporates advanced 
tokenomics functionalities, sophisticated value distribution mechanisms, and multiple 
security protection layers.  



Identified Strengths  

The system architecture is well-designed, with clear separation of responsibilities 
between contracts and well-defined interfaces for integration. Consistent use of 
audited OpenZeppelin libraries establishes a solid foundation of security and 
functionality.  

The economic model is innovative and sustainable, creating multiple mutually 
reinforcing value flows. The redistributive fee system incentivizes long-term 
participation while financing continuous project growth.  

Security implementations are comprehensive, including reentrancy protection, 
layered access controls, emergency pause system, and rigorous parameter validation. 
The governance system with timelock prepares the project for future decentralization.  

Areas of Attention  

The identified critical findings are primarily related to test configurations that must be 
corrected before production. Disabled cooldowns and private key exposure represent 
risks that can be easily mitigated through proper configuration.  

Emergency functions, while necessary, concentrate significant power and require 
additional controls to maintain community trust. Implementation of decentralized 
governance for these functions should be prioritized.  

Long-term sustainability of the staking reward system requires attention, with need to 
establish explicit funding through integration with system revenue flows. 
Production Readiness  

The project demonstrates technical readiness for mainnet deployment after 
implementation of identified critical corrections. The architecture is robust, 
functionalities are well-implemented, and tests confirm correct operation of main 
mechanisms.  

Economic analysis reveals sustainable model with well-aligned incentives for different 
stakeholders. The system creates real value through multiple mechanisms and offers 
tangible utility beyond speculation.  



APPENDICES  

Appendix A - Deployed Contract Addresses 
Contract  Address  Function 

HDMToken  0x6cB379ecCe6a4389360E3F4b411fF4344B9B199F  Main ERC-20 
token 

HolderDistributor  0x1809FF8d6e81818DA57D178b02c7a5CECdc6361D Holder  
distribution 

ReserveVault  0x4559C708245ADae6CD13040E905744fA69792595  Distribution 
vault 

HDMStaking  0x5bc1Ed7ba0290Db77171c4d2402C7c70fa3E1132  Staking system 

HDMMinerEpoch  0x25bc81e5ACE7807A8fe7a7bD800D53E965239290  Epoch mining 

 
 
Appendix B - Configuration Parameters  

Parameter  Value  Description 

Total Supply  210,000,000 HDM  Fixed token supply 

Burn Rate  0.005%  Deflationary rate per transaction 

Marketing Fee  2%  Growth funding 

Holder Fee  0.95%  Holder redistribution 

Vault Fee  3%  Strategic vault feeding 

Mining Budget  2,300 HDM/day  Daily mining limit 

Mining Cap  100,000 HDM  Total program limit 

Staking Rate  5% per year  Staking rewards 

Minimum Stake  1 HDM  Minimum staking value 

Grace Period  30 days  Time for fee exemption 

 



 
Appendix C - Findings Summary by Severity  

Critical (2 findings): • Security cooldowns disabled for testing • Need to re-enable 
protections before production  

Warnings (6 findings): • Emergency functions require strict controls • Test 
environment-specific configurations • Manual verifications required on Etherscan • 
Total fee of 5.955% may impact liquidity • Potential concentration in top holders • 
Staking reward sustainability  

Informational (91 findings): • Use of audited OpenZeppelin libraries • 
Implementation of standard security protections • Correct parameter configuration • 
Successful deployment of all contracts • Adequate integration between components • 
Validated operational functionalities  

 
Date: August 26, 2025  
Version: 1.0 (English Translation) 
This report represents a comprehensive technical analysis of the HDM Token project 
smart contracts. All findings and recommendations should be carefully considered 
before production deployment. 


