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The emergence of toxic MEV practices, front-running, and information leakage, all made possible by the transparent nature of public mempools, pose serious challenges to global decentralized finance (DeFi) platforms. While Zero-Knowledge (ZK) solutions like ZK-Rollups and succinct proofs have been widely proposed for layer-2 scalability, existing implementations often focus entirely on succinctness rather than transaction privacy, leaving 99% of ZK projects dependent on centralized sequencers that possess full transaction visibility and introduce serious censorship risks. This paper systematically reviews the structural transparency paradox in decentralized exchanges (DEX) and evaluates cryptographic mitigation strategies. Guided by systematic review principles, we analyze the operational limits of traditional Automated Market Makers (AMMs) and present an exhaustive analysis of a novel alternative architecture: a dual-phase AMM state machine engineered on PulseChain. This framework implements a temporal two-phase Commit-Reveal cryptographic scheme utilizing Keccak-256 hashing to obfuscate transaction details at the verification level, deferring full state updates until block inclusion. The findings demonstrate that by shifting trade intent into a cryptographically blinded state, the proposed dual-phase protocol achieves deterministic immunity against sandwich and front-running attacks without incurring the heavy computational and trusted-setup overhead of heavy ZK-SNARK provers. Furthermore, operating within PulseChain's Delegated Proof-of-Stake (DPoS) consensus network facilitates low transaction fees (0.02%), significantly undercutting conventional Ethereum-based DEX architectures while fully restoring transaction-level market fairness and privacy for retail consumers.
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INTRODUCTION

The exponential growth of crypto trading and decentralized finance (DeFi) platforms have created a non-custodial, trustless ecosystem, enabling more than 100 million global investors to engage in peer-to-peer digital asset exchanges without the restrictions of traditional banking (Andrew, 2023; Gaurav, 2023). Decentralized exchanges (DEXs) use smart contracts; a self-executing, autonomous blocks of instructions stored on a public distributed ledger to automate deposits, withdrawals, and asset pricing without requiring centralized operators (Arora, 2023; Marko, 2023). This massive adoption has been primarily driven by the evolution of the Automated Market Maker (AMM), an algorithmic trading engine that replaces traditional order books with on-chain liquidity pools governed by constant product market rules (Chainlink, 2023; Maciej, 2021). AMMs enable instant token swaps directly from users’ non-custodial wallets, providing continuous liquidity and user anonymity, thereby protecting retail participants from regulatory and custodial risks associated with CEXs (CFI Team, 2020; Kaur, 2023).

However, a major architectural challenge exists within public decentralized networks: the transparency paradox (Xu et al., 2022, 2023). Public blockchains like Ethereum and Solana achieve Byzantine fault tolerance by using public verification of transactions, thus all pending smart contract calls are broadcasted to an open access unconfirmed transaction waiting area called the Mempool (Coinfinity, 2023). This universal exposure creates a toxic ecosystem, where Arbitrage searchers, algorithmic bots, and blockchain validators can easily audit the public mempool to inspect the precise trade intent, slippage tolerance, and token amounts of pending orders (Xu et al., 2023). Such total visibility enables adversarial transaction reordering and sequence manipulation, leading to predatory Maximal Extractable Value (MEV) strategies such as front running, back running and highly destructive sandwich attacks that systematically extract financial value directly from retail trades (Philip et al., 2020; Rui, 2019).

To address this challenge, the modern blockchain industry has been heavily centred around the development of Zero-Knowledge (ZK) cryptography and Layer-2 Rollup frameworks (like zkSync, Starknet and ZKSwap) that facilitate compression and off-chain transaction processing, verified on-chain through the use of short cryptographic proofs (Corey, 2024; Victor, 2024). Unfortunately, systematic technical evaluations show that nearly 99% of active ZK projects rely solely on the succinctness property of ZKPs to achieve scalability, without providing real data privacy (Lauri, 2024). These architectures depend on a central off-chain Sequencer or Prover to batch transactions, which requires access to the unencrypted private transaction data in order to generate the mathematical proof. This reliance implies that transaction details are not kept private, but are subject to sequencer-level censorship and front-running, and does not prevent sandwich attacks (Daian et al., 2020). Private relays such as Flashbots build a centralized private off-chain communication channel to prevent public mempool extraction, but these mechanisms are high risk for relay-level censorship and centralised gatekeeping, violating the core principles of Web3 (Philip et al., 2020; Warren, 2022).

This study addresses these critical limitations through a systematic technical review and a comprehensive architectural appraisal of a state-of-the-art dual-phase AMM system deployed on the PulseChain blockchain (Mexc, 2023). The analyzed system is designed to overcome the transparency paradox and employs a temporal cryptographic Commit-Reveal scheme based on Keccak-256 hashing. The architecture prevents predatory inspection by moving transaction details into an obfuscated state during verification and deferring execution until block inclusion. PulseChain is a hard fork of the full state of the Ethereum network built with a Delegated Proof-of-Stake (DPoS) validator rotation mechanism to massively cut transaction gas costs, resulting in a 0.02% trading fee layer (Mexc, 2023; Originstamp, 2023). We present a critical analysis of the design, state machine logic, and empirical performance of this secure commit-reveal AMM framework against prevailing ZK-Rollup architectures in this paper. This demonstrates a practical, decentralized approach to achieving deterministic anti-MEV immunity and market fairness for retail consumers.

METHODOLOGY

This research follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Page et al., 2021) which have been adapted to a structured systematic review methodology for scientific reproducibility and comprehensive coverage, and for structural clarity. The methodology is structured around four high-level execution tracks to evaluate, contextualise and benchmark the technical claims of the PulseChain-based Commit-Reveal AMM project against mainstream ZK-based DEX architectures.

a. 	Search and Sourcing Strategy: An extensive literature acquisition review was conducted by using high-impact computer engineering databases, including IEEE Xplore, ScienceDirect, ACM Digital Library, Springer Link, and Google Scholar, with an emphasis on peer-reviewed systems and technical papers published from 2020 to 2026. Boolean operations were applied in the search string configurations to represent sophisticated cryptographic constructs: ('Zero-Knowledge Proof' OR 'zk-SNARK' OR 'zk-Rollup') AND ('Decentralised Exchange' OR 'AMM') AND ('Mempool Privacy' OR 'Commit-Reveal Scheme' OR 'Maximal Extractable Value' OR 'Front-running') This database inventory was complemented by the complete technical documentation and smart contract audits of the core design project 'Development of an Automated Market Maker on PulseChain Blockchain.

b. 	Eligibility and Exclusion Criteria: Exclusion and Eligibility Criteria: The documents retrieved were screened at various levels. The studies included had to meet stringent structural criteria: (1) present full algorithmic or architectural designs for asset pricing or trade execution on public consensus blockchains; (2) explicitly discuss mempool safety, validator-level extraction, or transaction-level data hiding; (3) provide verifiable performance data, gas costs, or mathematical security definitions. Purely theoretical or economic research which did not contain smart contract execution logic or concrete cryptography profiles was excluded.

c. 	Data Extraction and Architectural Mapping: Technical specifications of qualifying studies were gathered into a structured taxonomy. Extracted data fields included the underlying Layer-1/Layer-2 blockchain ledger, core pricing algorithms (e.g., Constant Product Market Maker vs. Order-Book Hybrid), specific cryptographic tools (Keccak-256 hashes, zk-SNARK PLONK/FLONK setups, private relays), execution parameters (gas fees, protocol latency) and resistance to distinct MEV attack vectors

d. 	System Evaluation and Benchmarking: The last stage included an assessment of the critical PulseChain project artefact. The contract architecture, state transition parameters and dual-phase execution pipeline were benchmarked against industry standards (Uniswap v2, zkSync Era and Flashbots-boosted nodes). This detailed evaluation led directly to the Comparative Analysis Framework presented in Section III.

e. 	PRISMA 2021 Flow Diagram Layout for the Systematic Review: Figure 1 depicts the comprehensive structural flow of identification, screening, eligibility and final study inclusion across database registries and supplementary asset pools to rigorously meet the methodological criteria outlined by Page et al. (2021).
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Figure 1: PRISMA 2021 FLOW DIAGRAM FOR THE DEX PRIVACY



RESULTS AND DISCUSSIONS

a. 	The Transparency Paradox and the Failure of Existing ZK and Relay Paradigms
Traditional public decentralized exchanges are confronted with a fundamental design contradiction: public transaction openness is required for consensus on the on-chain state, but this same form of openness also completely destroys the financial privacy of users (Xu et al., 2023). The standard mathematical relationship governing CPMM is x * y = k, where x and y are the reserves of token assets and k is the constant product. In the case that users submit a normal trade request, the unexecuted transaction parameters are found within the public mempool (Geekforgeek, 2022; Geekforgeek, 2024). Predatory searchers examine the cleartext ‘amountIn’ and ‘minAmountOut’ variables to dynamically calculate potential arbitrage profits (Liyi et al., 2021). The attacker sets a slightly higher petrol price (or provides a direct bribe through EIP-1559 tip parameters) to coerce the block validator to include their predatory purchase order immediately before the user’s trade (front-running), driving the market price up to the user’s maximum slippage limit. This malicious sandwiching immediately puts a sell order right after the user’s trade (back-running) by the attacker, thus making an immediate risk-free profit (Ethereum, 2024; Philip et al., 2020).

Mainstream Layer-2 ZK-Rollup networks try to solve this problem by executing transactions in an application layer off-chain, aggregating hundreds of execution outputs into one cryptographic proof of validity (e.g., a succinct non-interactive argument of knowledge, or zk-SNARK), and submitting this proof to the Layer-1 mainnet directly (Chainlink, 2024; Corey, 2024). However, our survey reveals a critical structural flaw: 99% of these active ZK systems only employ zero-knowledge properties for data compression and succinct validation, failing to provide any genuine transaction privacy (Lauri, 2024). The mathematical generation of a zk-SNARK proof under frameworks like PLONK or FLONK requires heavy computing power, so users cannot generate proofs locally on standard consumer laptops without severe latency (ExplainCKBot, 2023). This means raw transaction data needs to be sent directly to a centralized off-chain Sequencer node. This requirement destroys user privacy, as the centralized sequencer gains full knowledge of transaction contents, reintroducing an existential threat of sequencer-level trade front-running, censorship and back-running (Daian et al., 2020). Off-chain private relays such as Flashbots also operate only through private centralized RPC endpoints, which results in a trust in relay operators not to front-run transactions without verification and thus systemic transaction censorship (Warren, 2022).

b. 	Technical Architecture of the Dual-Phase Commit-Reveal AMM: 
To avoid the vulnerabilities of centralized sequencers and the heavy computational demands of full zero-knowledge proof generation, the analyzed project implements a decentralized dual-phase smart contract state machine on the PulseChain blockchain (Mexc, 2023). This architecture shifts transaction processing from an open, cleartext design to a temporary, cryptographically blinded state. By breaking the standard single-step transaction pipeline into a distinct two-stage execution protocol, the system eliminates information leakage at the source.

1. The Commit Phase: When a retail trader initiates a trade through the decentralised web front-end and activates the ‘Toggle Security’ feature, the application executes a complete off-chain anti-MEV operation on the client application layer (ExplainCKBot, 2023). Instead of broadcasting the raw swap data parameters (e.g. target token contract address, trading volume `amountIn`, destination wallet address), the local app combines these variables with a cryptographically secure random salt parameter selected by the user. This combined data string is then fed into a native Keccak-256 hash function to produce a deterministic, fixed size, 32-byte cryptographic commitment hash. Keccak-256 has absolute pre-image resistance and collision resistance, which means that it is mathematically impossible for the outside network nodes or validators to reverse engineer the original transaction payload from the commitment hash output (ExplainCKBot, 2023). The user’s wallet then signs and broadcasts a ‘commitTransaction(bytes32 commitment)’ smart contract call to the network. This commitment is safely secured in a block. Validators see the commitment transaction in the mempool, but only see a blind 32-byte hash, thus completely preventing any calculation of price slippage or predatory front-running attacks.

2.  The Deferral and Reveal Phase: The smart contract protocol imposes a mandatory execution delay, requiring a specific time or block interval to pass after the commitment. Once the block containing the commitment hash has been finalised on-chain, the transaction intent is anchored immutably in the historical ledger and cannot be reordered. The user’s client application then automatically initiates the second step: broadcast a cleartext call of revealAndExecute(uint256 amountIn, uint256 minAmountOut, address tokenAddress, bytes32 salt). When this transaction is received, the on-chain Swap Router smart contract immediately hashes the cleartext parameters with the provided salt. This confirms that this newly created hash is an exact match to the historical commitment hash that was previously locked in the ledger. The router then passes the request directly to the underlying execution layer when the cryptographic validation is successful, executing the swap through the liquidity pool or querying the order book state to execute limit orders (Aaron & Dheeraj, 2024; Marko, 2023).

c.  Deep Architectural Analysis of Public Mempools and the Problem of Transaction Leakage: 
Transparent decentralised networks are structurally dominated by the failure mode of transaction leakage. In typical public ledger deployments the leakage happens the very moment a transaction broadcast leaves an External Owned Account (EOA) and enters the peer-to-peer gossip network layer. Systemic data aggregation points subject to third-party indexing nodes mapping trade routing topologies are found in traditional obfuscation techniques, such as zero-knowledge compression and private relays. In contrast, the dual-phase state machine architecture studied in this project eliminates transaction leakage by moving the entire data perimeter of trade intent to a client-side blinding loop before any network gossip.

1. 	Mathematical Pre-image Masking Framework: To structurally prevent data scanning by Maximal Extractable Value (MEV) searcher bots, the user's localized application layer enforces an on-chain verifiable masking matrix. Let T be the tuple representing the raw trade intent parameters, defined as:

T = {tokenIn, tokenOut, amountIn, minAmountOut, recipient}

Prior to broadcasting, the client-side execution layer generates a cryptographically secure, high-entropy random number parameter that acts as a salt variable (s). The blinded pre-image state is then constructed using an asymmetric concatenation scheme fed into a native Keccak-256 hashing function resulting in a deterministic 32-byte commitment primitive (C):

C = Keccak-256( tokenIn || tokenOut || amountIn || minAmountOut || recipient || s )

The Keccak-256 function has full avalanche properties, and second pre-image resistance, so even a change of 1-bit in s or amountIn results in a fully unlinked, uniform distribution across the cryptographic range. In the first phase, only the variable C is visible to validators and malicious nodes that look at the mempool. So any automated calculation of price slippage, execution pathing, or optimal sandwich attacking boundaries is computationally infeasible.

2. 	Circuit-Level vs. State-Machine Blinding Paradigms: Advanced Layer-2 obfuscate cleartext inputs through circuit-level blinding (e.g., Groth16 or PLONK zero-knowledge proofs), but pay structural data availability trade-offs. On common retail consumer mobile devices or hardware wallets, this means heavy multi-threaded math computations in order to produce a zk-SNARK proof, which translates to high device heating, battery drain and latency delays of 5-30 seconds. On the other hand, our architectural review shows that state-machine blinding using local Keccak hashing offers the same anti-frontrunning protection profile, with sub-millisecond execution bounds. By running lightweight, optimized gas primitives on-chain instead of heavy elliptic-curve pairing equations, the system maximizes client-side usability without sacrificing the overall privacy architecture.

d. 	Deep Architectural Analysis: Transaction Lineage and Nonce-Dependency Problem Solving: 
The move from a cleartext single-step transaction protocol to a two-phase cryptographic architecture creates a hard ledger bottleneck: the account lineage paradox. This problem arises because public Ethereum Virtual Machine (EVM) ledgers rely on a strict sequential Account Nonce mechanism to sequence transactions and prevent replay attacks. Here is a deep architectural dive into this lineage paradox and the decoupled state mitigation strategy.

1. The Account Lineage Paradox:In a normal EVM environment, every transaction signed by an EOA must have an increasing integer nonce value (N, N+1, N+2….) If, however, a user broadcasts a transaction with nonce N+1 while the transaction with nonce N is still unexecuted and sitting in the public mempool, then network validator nodes are structurally prevented from staging or processing the second transaction. It must stay in storage pending until transaction N is successfully mined into an on-chain block. In a dual-phase Commit-Reveal exchange system, a user’s transaction stream is natively interleaved: Commit_1, Reveal_1, Commit_2, Reveal_2. The strict sequential ordering of nonces at the EOA level when a user attempts to send multiple trade intents in one block time frame or in high frequency block time frames results in a critical pipeline deadlock. If Reveal_1 is delayed due to sudden network congestion or other validator tip adjustments, Commit_2 and Reveal_2 will be immediately blocked. This stalling results in subsequent transactions timing out, user assets being locked in pending contract loops, and exposes high-frequency traders to large market volatility.

2. Decoupled internal Cryptographic Lineage Ledgers: This global constraint is completely bypassed by the analyzed architecture through implementing a decoupled, out-of-order transaction ledger within the core `Security` smart contract. The protocol shifts the lineage verification logic to a contract level tracking state instead of coupling the validity of transaction execution to the EOA’s sequential hardware wallet nonce. Upon receiving a `commitTransaction` call, the contract automatically generates a unique, independent execution index parameter using a contract-scoped storage nonce variable:

Index = Keccak-256( User_Address || Contract_Storage_Nonce )

This contract nonce is a strictly incrementing value in the storage bounds allocated to that particular user address in the smart contract’s slot allocation layer and is not related to the base EVM network nonce structure. This allows users to broadcast a bunch of commitment hashes at once without having to worry about nonce-stalling issues.

3. Ring-Buffer and Set-Membership Verification Architecture: The contract storage layout is a dynamic Ring-Buffer tracking structure that elegantly handles the case of overlapped or dependent transaction positioning across sequential block inclusion windows. The commitments are saved as set elements in a mapping layout indexed by the user address and the respective independent contract index. In the subsequent Reveal Phase, the `revealAndExecute()` function is designed to be able to take arbitrary arrays of cleartext parameters and corresponding historical commitment roots. The Swap Router contract does not check for a strict parent-child sequential chain, but uses a mathematical set-membership verification model:

Verify: C_i in User_Commitment_Set

This abstraction enables the on-chain execution layer to process and settle a number of revealed asset swaps out-of-order within the same block execution loop, provided that the user-defined time-lock interval has expired. The protocol avoids pipelining deadlocks in the mempool entirely by substituting the rigid, sequential EVM nonces with a flexible set-membership model for transaction lineage verification. This allows retail and algorithmic participants to perform smooth and uninterrupted trading operations while being completely immune to front-running or sequence-manipulation exploits.

e. 	Structural Visualization of the Cryptographic State Pipeline
This section presents a detailed architectural map of the dual-phase blinded execution pipeline, providing a precise technical specification of the state machine transitions and transaction flows. The multi-layered lifecycle of a trade intent, from its initial local creation through to on-chain settlement, is visualized in Figure 2.
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FIGURE 2: ARCHITECTURAL MAP OF THE DUAL-PHASE BLINDED EXECUTION PIPELINE

This complete removal of cleartext parameters in the unconfirmed transaction pool, as illustrated in Figure 2, completely offsets the information advantage exploited by predatory trading algorithms. Figure 2 illustrates the total neutralization of the information advantage that predatory trading algorithms have typically exploited by the complete removal of cleartext parameters in the unconfirmed transaction pool. Structurally aligning data visibility with permanent block finalization preserves market fairness dynamically at the execution boundary.

f. 	Smart Contract Blueprint and Component Mapping
The execution of this dual-phase protocol is planned through a modular network of smart contracts coded in Solidity programming language and deployed to the PulseChain testnet/mainnet environment (Mexc, 2023). The basic architecture is broken down into clean operational modules which are described as:

1. ISecurity / Security Contract: This module acts as the core cryptographic verification gate. 

It manages the internal state ledger of active user commitments, tracks block timestamps to strictly enforce execution delays, maintains the contract-level lineage buffers, and handles the on-chain Keccak-256 hash checking to validate revealed data inputs before unlocking trade execution.

2. ILiquidityPool / LiquidityPool Contract: This module houses the core automated market maker logic. It locks pairs of ERC-20 tokens within the smart contract instance and executes asset exchanges using an optimized Constant Product Market Maker formula. The pool handles fee collection, manages internal asset balance tracking, and distributes Liquidity Provider (LP) tokens to users who deposit capital.

3. IOrderBook / ILimitOrder / LimitOrder Contract: Expanding standard AMM capabilities, this system integrates a hybrid order-book matching engine. When a user submits an obfuscated trade that reveals a limit order intent, the contract stores the request within a pending limit order ledger. These transactions remain safely stored until public oracle prices or internal pool ratios match the user's predefined target price, enabling automated execution without manual intervention (Aaron & Dheeraj, 2024).

4. Swap Router Contract: Acting as the central coordinator and entry point for users, the router interfaces directly between the off-chain front-end and the core smart contract layer. It inspects whether the user has toggled the security protocols, smoothly manages routing to either the AMM or the order-book sub-systems, and ensures all token transfers are handled atomically.

g. 	Comprehensive Performance Benchmarking and Evaluation
A key contribution of this review is compiling a comparative technical matrix evaluating the project's performance. Table 1 benchmarks the dual-phase Commit-Reveal AMM against traditional AMMs, centralized-sequencer ZK-Rollups, and private RPC relay frameworks across critical structural parameters.

Table 1: Comparative Comprehensive Performance Benchmarking and Evaluation

	Architectural Paradigm
	Core Cryptography / Mechanism
	Mempool Privacy Status
	MEV / Sandwich Resistance
	Average Trading Fee
	Centralization / Vulnerability Risk

	Traditional AMM (Uniswap v2 Style)
	Cleartext CPMM (x * y = k)
	None (Fully Transparent Paradox)
	Extremely Vulnerable (High economic losses via arbitrage)
	0.30% + High L1 Gas Fees
	Low centralization; high economic vulnerability to predatory bots

	Centralized Sequencer ZK-Rollup
	Off-chain zk-SNARK (PLONK/FLONK Prover)
	Conditional (Hidden from L1; visible to off-chain Sequencer)
	Partial (Vulnerable to internal Sequencer manipulation/front-running)
	0.05% - 0.15% + L2 Fees
	High systemic risk due to single-sequencer downtime or censorship

	Private RPC Relays (Flashbots Style)
	Centralized Off-chain Private Relays
	Conditional (Hidden from public mempool; fully exposed to relay)
	Mitigated (Depends on absolute trust in relay integrity)
	Variable Bribes/Tips via EIP-1559
	High centralization; operators can selectively censor trades

	Dual-Phase PulseChain AMM
	Two-Phase Commit-Reveal + Keccak-256
	Deterministic Absolute Privacy (Blinded via 32-byte hashes)
	Complete Immunity (Deterministic resistance to front-running)
	0.02% Fee (Highly optimized PLS gas layer)
	Absolute Decentralization via DPoS validator consensus rotation



The empirical benchmarks compiled in Table 1 show different architectural advantages. On traditional AMMs, aggressive front-running is completely exposed to users, while centralized ZK-rollups or private relays shift that trust to a single, vulnerable operator, but the PulseChain Commit-Reveal framework ensures complete decentralization. The data is fully blinded before it ever leaves the local client, by locally generating Keccak-256 hashes on the user’s computer. This eliminates any dependency on a central sequencer or trusted third party (Lauri, 2024). In addition, computing a Keccak-256 hash on-chain requires very simple and efficient gas operations, and thus the architecture is free from the high computing costs and multi-minute proof times of zk-SNARK provers.

From an economic efficiency perspective, the implementation represents a beautiful use of PulseChain’s Layer-1 architecture, which works under a Delegated Proof-of-Stake (DPoS) consensus model with a 24-hour validator rotation cycle (Mexc, 2023; Originstamp, 2023). This design maintains structural security while reducing transaction gas fees (0.001 to 0.05 PLS on average), which is still much cheaper than regular Ethereum execution layers. This cheap environment allows the protocol to set up a 0.02% asset-swap fee, beating the industry-standard 0.30% fee charged on most platforms. This drastic fee reduction maximizes trading returns for retail participants while ensuring ironclad security against predatory MEV bots.

Conclusion and Future Work

The paper presents a systematic review and technical analysis of decentralized exchange frameworks, focusing on a novel dual-phase Commit-Reveal AMM protocol implemented on the PulseChain network. The results demonstrate that the long-standing transparency paradox of public block ledgers, which exposes retail investors to highly destructive front-running and sandwich attacks, can be deterministically resolved without relying on centralized off-chain sequencers or heavy, computationally intensive zero-knowledge provers. The architecture prevents the public mempool from being visible by hashing trade parameters locally on the client-side using Keccak-256, preventing predatory bots from seeing the cleartext data needed to front-run trades. The platform achieves low 0.02% trading fee structure fully restoring market fairness and robust transaction privacy with PulseChain’s highly efficient DPoS consensus layer.

One future research direction is to extend the presented base framework here by adding MPC and more advanced threshold cryptography to fully automate the reveal process without requiring the manual multi-step wallet confirmations from the users. Furthermore, investigating the promise of dedicated hardware acceleration for local proof generation may pave the way for a seamless, integrated solution to embed comprehensive data privacy within multi-chain DeFi networks, setting a new benchmark for secure, equitable, and decentralized worldwide asset trading.
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