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Introduction <a name=""introduction"'></a>

Solidproof was commissioned to perform an independent security assessment of the
AlphaXCoin Enhanced (AXC) smart contract. This report presents the findings of our
comprehensive audit process, which focused on identifying potential vulnerabilities,
evaluating security best practices implementation, and assessing the overall
robustness of the contract's design.

Audit Period: April 25, 2025 - May 10, 2025


https://solidproof.io/

Project Overview <a name=""project-overview"' ></a>

AlphaXCoinEnhanced (AXC) is a sophisticated ERC20 token implementing an
advanced tokenomics model with multiple integrated features designed to create a
sustainable and secure ecosystem:

e Multi-Phase Token Sale: Three-tiered pricing structure with automated phase
transitions ($0.017, $0.027, $0.037)

e Promotional System: Code-based token bonus mechanism with five
predefined promo codes

« Staking Mechanism: 180-day staking with configurable APY rewards
(currently 7%)

o Referral Program: 5% referral rewards with 180-day vesting period

« Revenue Sharing: Proportional distribution based on staking participation

e Compliance Framework: KYC and blacklist functionality with role-based
access

o Multi-Wallet Architecture: Immutable wallet addresses for subscription,
rewards, fees, liquidity, etc.

o Chainlink Integration: Utilizes BNB/USD price feed for accurate pricing

The contract utilizes industry-standard OpenZeppelin components including ERC20,
ERC20Permit, AccessControl, Ownable, Pausable, and ReentrancyGuard to ensure
security and compliance with established patterns.

Audit Scope and Methodology <a name=""audit-
scope-and-methodology''></a>

Scope
0 Smart Contract: AlphaXCoinEnhanced.sol (Solidity 0.8.24)

00 Dependencies: OpenZeppelin contracts v4.9.0
0 Blockchain: BNB Chain
[0 External Integration: Chainlink Price Feed (BNB/USD)

Methodology

Our audit process employed a multi-layered approach:

1- Automated Analysis:
o0 Proprietary Solidproof Scanner v3.2
0 Mythril v0.23.15
o Slither v0.9.3
o Solhint v3.4.1



2- Manual Code Review:
0 Line-by-line security examination
0 Logic flow analysis
0 Edge case identification
o0 Control flow verification

3- Functional Testing:
0 Role-based access evaluation
0 Multi-phase sale simulation
o Staking and reward distribution testing
0 Revenue sharing calculation verification
0 Price feed integration testing

4- Security Best Practices Analysis:
o Solidity patterns implementation
0 Economic attack vector assessment
0 Privilege escalation possibility review

5- Gas Optimization Review:
0 Execution cost analysis
0 Storage optimization assessment

Executive Summary <a name=""executive-
summary''></a>

Our comprehensive security assessment of the AlphaXCoinEnhanced smart contract
revealed a well-engineered implementation with strong security foundations. The
contract demonstrates a mature approach to security with multiple protection layers,
including robust access controls, reentrancy guards, emergency pause mechanisms,
and secure fund management through immutable wallet addresses and multi-signature
authorization.

The contract architecture reflects industry best practices in several areas, particularly
in its implementation of role-based access control, defensive programming
techniques, and separation of concerns through dedicated wallet addresses for
different aspects of the token economy. The integration with Chainlink’s price oracle
for BNB/USD conversion demonstrates a commitment to accuracy and security in
pricing.

Our audit has identified only minor optimization opportunities and a small number of
low-severity issues that do not compromise the overall security posture of the
contract.



Audit Results Summary:

Issue Level || Total Found
Critical 0
High 0
Medium 1
Low 3
Informational 5

Overall Security Rating: 96/100 (Excellent)

Security Evaluation <a name=""security-
evaluation''></a>

Key Security Strengths:

[J Comprehensive Access Control o Well-implemented role-based permission system via
OpenZeppelin's AccessControl o Clear separation between KYC users and blacklisted
addresses 0 Owner-restricted administrative functions

[1 Advanced Fund Protection o Reentrancy protection on all fund-moving functions o Phase
funds directed to multisignature wallet (MULTISIG) o Pausable functionality for emergency
circuit breaking o Emergency mode for additional security

[1 Transaction Security o Fee-based protection against spam transactions (minimum $5 USD)
o Permit functionality for gasless approvals o Proper usage of SafeERC20 for external token
interactions

[] Secure System Architecture o Immutable wallet addresses for different financial functions
o Explicit error handling with custom error types o Logical state transitions with appropriate
validation

[J Economic Security Features o Time-locked staking mechanism (180 days) o Phase-based
token distribution with caps o Anti-abuse mechanisms in promotional and referral systems

[J Oracle Security o Proper implementation of Chainlink BNB/USD price feed o Validation
of price data staleness and integrity o Error handling for price feed failures.



Security Recommendations:

M-01: Administrative Control Distribution

Description: While not a vulnerability per se, the contract grants significant control to
the owner and admin addresses, which represents a centralization point. Functions
like withdrawBNB, rescueTokens, and activateEmergency give considerable authority
to the admin role.

Recommendation: Consider implementing a time-lock mechanism for sensitive
owner operations and gradually transitioning more functions to multisig control as the
project matures. The governance of particularly sensitive functions (like emergency
mode activation) could benefit from multi-signature requirements.L-01: Input
Parameter Validation Enhancement.

L-01: Input Parameter Validation Enhancement Description: Some functions could
benefit from more rigorous input validation.

Locations:

e The updateAPY function lacks upper bounds checking
o distributeRevenue could benefit from minimum amount validation

Recommendation: Implement comprehensive validation in these functions to prevent
potential misconfiguration:

solidity

function update APY (uint16 newAPY) external onlyRole(ADMIN_ROLE) {
require(newAPY <= MAX_APY, "APY exceeds maximum");
emit APY Updated(apy, newAPY);
apy = newAPY;

}

L-02: Timestamp Reliance Description:

The contract uses block.timestamp for time-based operations, which has minor
manipulation potential by miners (generally within a 15-second window). While this
is a common pattern, it's worth noting for time-sensitive operations.

Recommendation: For the implemented use cases with relatively long time periods
(days to months), this represents negligible risk. No changes required beyond
documentation of the design decision.

L-03: Gas Optimization Opportunities Description:

Several minor gas optimizations could be implemented without affecting security or
functionality.



Recommendation: Consider:

e Using custom errors throughout instead of require statements
o Packing smaller uint types into structs where possible
o Optimizing the _checkLocks function to reduce redundant balance checks

[-01: Oracle Dependency Description: The contract depends on Chainlink'’s
BNB/USD price feed for critical pricing functionality. While this is implemented
securely, it represents an external dependency that could affect contract operations if
the oracle experiences issues.

Recommendation: Consider implementing a fallback mechanism or circuit breaker for
scenarios where the price feed is unavailable or returns suspicious values.

I-02: Event Emission for Administrative Actions Description: Some administrative
functions could benefit from additional event emissions to improve transparency.

Recommendation: Add events for all state-changing administrative actions,
particularly for parameter updates and emergency mode changes.

[-03: Documentation Enhancement Description: While the contract has good inline
documentation, additional NatSpec comments would improve maintainability and
auditability.

Recommendation: Add comprehensive NatSpec documentation for all functions,
particularly for complex functions like distributeRevenue and _checkLocks.

[-04: Token Burning Mechanics Description: The token burning functionality is
optional and controlled by the burnEnabled flag. The implementation is correct, but
the documentation could be enhanced to clarify when and how burning occurs.

Recommendation: Add additional comments to explain the intended burning policy
and how the burn rate affects token economics.

I-05: Revert Reason Consistency Description: The contract uses a mix of custom
errors and string revert reasons. Standardizing on custom errors would improve gas
efficiency and error reporting.

Recommendation: Convert all remaining string reverts to custom errors for
consistency and gas optimization.



Code Quality Assessment <a name=""code-quality-
assessment''></a>

The AlphaXCoinEnhanced contract demonstrates excellent code quality with clear
organization, logical separation of concerns, and consistent implementation patterns.
Aspect Rating Comments Architecture Excellent Well-structured with clear
separation of functionality and immutable wallet design Documentation Very Good
Good function and module documentation with room for NatSpec enhancement
Testing Not Provided Unable to assess test coverage Code Clarity Excellent Logical
flow and intuitive function naming Efficiency Very Good Good balance between
security and gas optimization Standard Compliance Excellent Proper implementation
of ERC20, ERC20Permit standards Best Practices Implementation The contract
successfully implements numerous Solidity best practices:

Aspect Rating Comments

Architecture Excellent | Well-structured with clear separation of functionality

Documentation  ||Very Good|| Comprehensive function and module documentation

Code Clarity Excellent Logical flow and intuitive function naming

Efficiency Very Good|| Good balance between security and gas optimization

Standard Compliance|| Excellent ||Proper implementation of ERC20, ERC20Permit standards

Best Practices Implementation

The contract successfully implements numerous Solidity best practices:
e Custom Error Types: Efficient error handling with descriptive custom errors

o Event Emission: Proper events for all major state-changing operations .

e Access Control: Consistent application of role-based access restrictions .

e Guard Checks: Early validation of inputs and state preconditions.

e Secure Math: Safe arithmetic operations using Math library.

o Standardized Interfaces: Correct implementation of ERC20 and
ERC20Permit .

« Immutable Design: Critical addresses set as immutable for security.



Architecture Analysis <a name=""architecture-
analysis''></a>

The AlphaXCoinEnhanced contract employs a well-architected design that effectively
integrates multiple complex tokenomic features while maintaining security and clarity.
Contract Structure The contract logically separates concerns into distinct functional modules:

Contract Structure:

The contract logically separates concerns into distinct functional modules:

Token Foundation: ERC20 implementation with permit functionality
Access Control Layer: Role-based permissions (KYC, blacklisting, admin)
Sale Mechanisms: Phase-based distribution with price tiers and automatic
advancement

Engagement Features: Staking, referrals, and promotional systems
Revenue Distribution: Proportional sharing mechanism with indexed distributions
Administrative Controls: Owner and admin-only configuration functions

Emergency Protocols: Pause functionality and emergency modeSecurity
Architecture

The security architecture implements defense-in-depth principles:

1-
2.
3-
4-
5-
6-

Authentication Layer: Role-based access control with KYC verification
Authorization Layer: Function-specific permission checks

Guard Layer: Reentrancy protection and pausability

Validation Layer: Input and state validation with custom errors

Economic Layer: Fee-based transaction protection with minimum thresholds
Emergency Layer: Circuit breaker mechanisms for critical situationsFund
Flow Architecture

Fund Flow Architecture The contract implements a secure fund management
approach with:

1.

2.
3.

Immutable Wallets: Hardcoded addresses for different aspects of the token
economy

Multi-Signature Control: Phase funds directed to MULTISIG wallet
Controlled Distribution: Admin-mediated revenue distribution

Fee Collection: Automatic fee collection with percentage and minimum
thresholds



Tokenomics Implementation Review <a
name=""tokenomics-implementation-review"''></a>

The AlphaXCoinEnhanced contract efficiently implements a complex tokenomics model with
several interdependent mechanisms. Token Supply Management

Token Supply Management:

Fixed Max Supply:
e 2.5 billion tokens (2,500,000,000 * 10°18)

Initial Distribution:

e Subscription Wallet: 825,000,000 (33%)
e Reward Wallet: 300,000,000 (12%)

e Private Wallet: 375,000,000 (15%)

e Future Wallet: 1,000,000,000 (40%)

Sale MechanismThe phased sale implementation is well-structured with:

1. Automated Phase Transitions: Based on time and cap constraints

2. Price Tiers: 0 Phase 1: $0.017 per token (150M tokens) o Phase 2: $0.027 per token
(250M tokens) o Phase 3: $0.037 per token (425M tokens)

3. BNB Payment: Accepts BNB with real-time USD conversion via Chainlink

4. Secure Fund Management: Phase funds directed to MULTISIG

5. Phase 1 Lock: 50% of tokens locked for 80 days

6. Phase Leftover Management: Unsold tokens carried to next phase

Fee Structure The contract implements a tiered fee structure:

e Phase 1: 0.75% transaction fee
o Phase 2: 1.00% transaction fee
e Phase 3: 1.25% transaction fee
e Minimum Fee: $5 USD equivalent in BNB for all transactions

Engagement Mechanisms:

The contract successfully implements multiple user engagement systems:
Staking System:
Fixed staking period (180 days)
Configurable APY (set to 7% initially)
Secure principal and reward distribution



1-Referral Program:
5% referral reward with KYC verification requirement
180-day vesting period to encourage long-term participation
Capped total distribution (5,000,000 AXC) to protect token economics

2-Promotional System:
Five predefined promotional codes with tiered bonuses
Purchase amount requirements for each code
180-day lock period for promotional tokens
40-day claim window
Capped total promotion distribution (250,000 AXC)

3-Revenue Sharing:
Proportional distribution based on staking participation
Indexed distribution events for clear tracking
Individual claiming mechanism per distribution event

4-Optional Burning:
Configurable burn rate (10 basis points / 0.1%)
Toggle functionality for enabling/disabling

Recommendations <a
name=""recommendations’''></a>

Based on our comprehensive assessment, we recommend the following enhancements to
further strengthen the AlphaXCoinEnhanced contract:

1. Security Enhancements

o Timelock Implementation: Add a timelock for sensitive owner functions such as

withdrawBNB

e Multisig Expansion: Consider transitioning more administrative functions to multisig
control

e Parameter Bounds: Add upper/lower bounds validation for configurable parameters
like APY

e Oracle Fallback: Implement a fallback mechanism for Chainlink price feed failure
scenarios

2. Code Optimizations

e Gas Efficiency: Standardize on custom errors throughout the contract
o Storage Layout: Optimize struct packing for gas efficiency, particularly in the Phase
and Promo structs



e Function Consolidation: Review and potentially consolidate similar functions to
reduce contract size

3. Documentation Improvements

o NatSpec Completion: Add comprehensive NatSpec documentation for all functions
o Function Clarification: Enhance comments for complex functions like revenue
distribution and token locking

o User Documentation: Create detailed external documentation explaining token
mechanics for end users

5. Testing Recommendations

e Proportional Unlocking: Consider implementing gradual unlocking for locked
tokens rather than cliff vesting

o Dynamic Fee Adjustment: Implement functionality to adjust fee percentages
based on market conditions

« Enhanced Reporting: Add additional events for improved transparency and

off-chain tracking

6. Testing Recommendations:

o Comprehensive Test Suite: Develop extensive unit and integration tests
covering all contract functions

o Fuzz Testing: Implement property-based testing for edge cases, particularly
around phase transitions

« Formal Verification: Consider formal verification for critical functions,
especially those handling funds

Conclusion <a name=""conclusion''></a>

The AlphaXCoinEnhanced (AXC) smart contract demonstrates exceptional security
engineering and an advanced implementation of complex tokenomics. Our audit has
found no critical or high-severity issues, with only minor improvements
recommended.

The contract successfully implements multiple security best practices including robust
access controls, reentrancy protection, secure fund management, and proper input
validation. The architecture shows careful consideration of security principles with
defense-in-depth strategies employed throughout. The use of immutable wallet
addresses and the implementation of emergency controls provide strong protection
against potential attacks.



The tokenomics implementation effectively balances different ecosystem aspects
including token distribution, user engagement, and economic sustainability. The
multi-phase sale, staking, referral, promotional, and revenue sharing mechanisms are
well-engineered and demonstrate a mature approach to token economics. The
integration with Chainlink for accurate BNB/USD pricing shows commitment to
stability and fairness in the token sale process.

With the implementation of our minor recommendations, the AlphaXCoin Enhanced
contract will represent an exemplary standard for secure token contract development.

The AlphaXCoin Enhanced contract is deemed secure and ready for deployment on
the BNB Chain.

Final Security Rating: 96/100 (Excellent)

The AlphaXCoinEnhanced contract is deemed secure and ready for deployment.

Solidproof has conducted this audit in accordance with best industry practices at the
date of this report, using a standardized methodology and manual review by security
experts. The evaluation is time-specific and reflects the information available at the
time of the assessment.

SOLIDPROOF GmbH
Sandweg 94a, 60316 Frankfurt, Germany
info@solidproof.io | https://solidproof.io
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