
Blockchain Security Analysis: Adversarial Tactics and Defensive 
Frameworks 

Executive Summary 
The transition from traditional Web2 security to decentralized Web3 architectures represents 
a fundamental paradigm shift. In the Ethereum Virtual Machine (EVM) environment, security 
is defined by an immutable, permissionless, and transparent execution model. This 
document synthesizes the core technical foundations, adversarial methodologies, and critical 
vulnerability vectors identified in the source context.Key takeaways include: 

●​ The Asymmetry of Conflict:  Attackers benefit from zero upfront capital via flash 
loans, total transparency of contract bytecode, and a zero-margin-of-error 
environment for defenders. 

●​ EVM Execution Nuances:  Vulnerabilities often emerge at the intersection of 
high-level Solidity abstractions and low-level EVM mechanics, such as storage slot 
packing, memory expansion costs, and the "63/64th" gas forwarding rule. 

●​ Evolution of Reentrancy:  Security risks have shifted from classical single-function 
reentrancy to sophisticated read-only and cross-contract variants that exploit 
temporary state inconsistencies across modular DeFi protocols. 

●​ Cryptographic and Arithmetic Rigor:  Minor implementation flaws in signature 
validation (malleability) or arithmetic ordering (precision truncation) consistently lead 
to total protocol insolvency or unauthorized privilege escalation. 

1. The Web3 Threat Landscape 

Web3 Adversary Taxonomy 
Adversaries in the decentralized ecosystem are categorized by their sophistication, capital 

access, and strategic intent: 

Adversary Class Primary Vector Capital / Scale 

State-Sponsored APTs Key Theft / Infrastructure 
Compromise 

Nation-State Resources 

Specialized DeFi 
Hackers 

Economic & Logic Exploitation Flash Loans / High 
Technical Skill 

MEV Bots & Searchers Mempool Sniping / 
Front-running 

Algorithmic / Medium 
Capital 

Malicious Insiders Governance / Admin Backdoors Protocol-Level Access 



Phishing Syndicates UI / Permit Signature Abuse Scaled Retail Targeting 

 

The Multidimensional Attack Surface 

The decentralized stack is composed of five interdependent layers, where a failure in any 
single layer compromises the entire protocol: 

1.​ Consensus & Network:  P2P gossip, validator cartels, and eclipse attacks. 
2.​ Mempool & Execution:  Priority gas auctions (PGAs) and Maximal Extractable 

Value (MEV) extraction. 
3.​ Smart Contract Layer:  EVM logic, state storage, and reentrancy hooks. 
4.​ Interoperability & Oracles:  Price oracle manipulation and cross-chain bridge 

signature forgery. 
5.​ Client & Interface:  DNS hijacking and malicious NPM dependency injection. 

2. EVM Architecture and Execution Mechanics 

Data Locations and Gas Dynamics 

The EVM utilizes distinct data regions with unique gas profiles and persistence: 
●​ The Stack:  A LIFO processor limited to 1024 elements of 256 bits each. Only the 

top 16 elements are directly accessible, leading to "Stack Too Deep" errors. 
●​ Memory:  Volatile, byte-addressable linear array. Gas costs for expansion are linear 

initially but become  quadratic  for large allocations, enabling "Return Data Bomb" 
attacks. 

●​ Storage:  Persistent key-value mapping (2^256 slots). Operations 
(SLOAD/SSTORE) are categorized as "cold" (2,100 gas) or "warm" (100 gas) to 
reflect state trie access costs. 

●​ Transient Storage (EIP-1153):  Introduced in the Cancun upgrade, this region exists 
only for the duration of a transaction, offering flat 100-gas access—ideal for 
reentrancy locks. 

The 63/64th Gas Forwarding Rule (EIP-150) 

A parent execution frame can forward at most  63/64th  of its remaining gas to a child call. 
This ensures the caller retains 1/64th of the gas to finalize its own execution even if the 
sub-call exhausts its budget. Failure to check the boolean return value of such calls can lead 
to silent state inconsistencies. 

3. Vulnerability Analysis: Logic and Architecture 

Reentrancy: Classical to Read-Only 

Reentrancy occurs when a contract yields control flow to an external address before 
updating its internal state (violating the Checks-Effects-Interactions pattern). 

●​ Read-Only Reentrancy:  A sophisticated variant where an attacker exploits an 
inconsistent state in a core protocol (like an AMM) to manipulate a view function (like 
getVirtualPrice). This view is then consumed by a third-party lending market to value 
collateral, leading to undercollateralized loans. 



●​ Cross-Contract Reentrancy:  Occurs when Contract A manages state affecting 
Contract B, and the execution allows callbacks before both are synchronized. 

Arithmetic and Precision Risks 

●​ Integer Wrapping:  While Solidity 0.8+ checks for overflows/underflows by default, 
unchecked blocks used for gas optimization can still introduce risks. 

●​ Precision Truncation:  The EVM lacks floating-point math. Executing division before 
multiplication leads to rounding to zero. 

●​ ERC-4626 Inflation Attacks:  First-depositor attacks involve "donating" assets to a 
vault to inflate the share price, causing subsequent small deposits to round down to 
zero shares while the attacker retains 100% of the pool. 

Access Control and Identity 

●​ tx.origin vs. msg.sender:  Using tx.origin for authorization is a critical flaw, as it 
allows phishing contracts to masquerade as the authorized EOA throughout a call 
chain. 

●​ Proxy Initialization:  Proxies require an initialize() function because constructors 
cannot modify proxy storage. If the logic contract fails to call _disableInitializers(), an 
attacker can hijack the implementation contract directly. 

4. Cryptographic Foundations and Flaws 

Signature Malleability 

Due to the symmetry of the secp256k1 curve, every signature (r, s) has a valid counterpart 
(r, n - s). 

●​ The Risk:  If a contract tracks used signatures by hashing the raw signature bytes, 
an attacker can submit the malleated version to replay a transaction. 

●​ The Defense:  Protocols must enforce "lower-s" values (s <= n/2) and use unique, 
signed nonces for replay protection. 

EIP-712 Structured Data 

EIP-712 standardizes typed data hashing to prevent "blind signing." Critical pitfalls include: 
●​ Unhashed Dynamic Types:  Strings and bytes must be hashed (keccak256) before 

being encoded into the struct hash. 
●​ Domain Separation:  The DOMAIN_SEPARATOR must bind the signature to a 

specific verifyingContract and chainId to prevent cross-contract and cross-chain 
replays. 

5. Defensive Frameworks and Mitigation 

DASP-STRIDE Threat Modeling 

Protocol architects are encouraged to adapt the STRIDE framework for Web3:| STRIDE 
Category | Web3 Specific Risk Manifestation || ------ | ------ || Spoofing | Signature replay, 
tx.origin authentication || Tampering | Oracle manipulation, storage layout collision || 
Repudiation | Signature malleability, missing event logs || Info Disclosure | Private 
variables exposed on-chain, mempool visibility || Denial of Service | Gas limit exhaustion, 
unbounded array loops || Elevation of Priv | Uninitialized proxy, missing access modifiers | 



Technical Best Practices 

●​ Checks-Effects-Interactions (CEI):  Mutate internal state (balances, nonces)  
before  making any external calls or Ether transfers. 

●​ Safe Transfer Libraries:  Use wrappers like SafeERC20 to handle tokens that do 
not return booleans (e.g., USDT) or those that return false instead of reverting. 

●​ EIP-1967 Unstructured Storage:  Relocate proxy administrative pointers to 
pseudo-random storage slots to eliminate collisions with logic contract variables. 

●​ Pull-Over-Push Payments:  Avoid iterating over recipient arrays to distribute 
rewards. Instead, allow users to individually claim (pull) their funds to prevent Block 
Gas Limit DoS. 

Forensic and Response Protocols 

Post-exploit defense relies on bytecode tracing and fund tracking. Effective security 
lifecycles incorporate: 

●​ Circuit Breakers:  Mechanisms to pause protocol functionality during an incident. 
●​ Invariant-Based Testing:  Automated tools (Foundry, Echidna) to ensure system 

rules (e.g., "Total assets must equal total debt") are never violated across any 
execution path. 
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