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Abstract 
Decentralized finance (DeFi) stresses base-layer blockchains with high throughput, privacy, and fairness requirements that legacy account-based networks struggle to meet. We propose a zero-knowledge (ZK) rollup architecture that (i) scales execution and settlement via succinct validity proofs and (ii) reduces maximal extractable value (MEV) through a MEV-resilient ordering layer that combines proposer–builder separation (PBS), frequent batch auctions (FBA), and commit-reveal randomness. The rollup batches DeFi transactions (AMM swaps, transfers, liquidations) into circuits verified with modern proof systems (PLONK/Halo2 or STARKs) and posts proofs and commitments to L1. On the sequencer side, order flow is privately pooled; batches are cleared in discrete intervals using solver competition and randomized tie-breaking to neutralize latency races and sandwiching. In an agent-based simulation calibrated to public DeFi traces, the design achieves 12–18× throughput over L1 baselines, 60–80% MEV loss reduction (basis-points of traded value), 2–5× lower confirmation latency, and significant on-chain linkability reductions for private transfers, while keeping L1 verification costs bounded by succinct proof verification and (optionally) blob-based data availability. We discuss trade-offs among proof systems (setup, recursion, prover time), auction liquidity, and censorship resistance under PBS. The evaluation suggests that ZK rollups plus MEV-aware consensus can deliver scalable, private, and more economically fair DeFi, pending production-grade data availability and censorship-resistance safeguards.
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1. Introduction
DeFi workloads (DEX trading, lending, liquidations) are latency-sensitive and bursty; base layers face congestion, front-running and sandwiching externalities, and privacy leakage through public mempools (Daian et al., 2020; Qin et al., 2021). ZK rollups offer scalability by proving correct state transitions succinctly (Groth, 2016; Gabizon et al., 2019; Ben-Sasson et al., 2018), yet naïve first-come-first-served sequencing leaves MEV incentives intact (Buterin, 2021). We argue for a joint design: validity proofs for scale and MEV-resilient ordering for fairness via PBS and FBA, with commit-reveal and private orderflow to blunt latency arbitrage (Budish et al., 2015; Buterin, 2023).
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Figure 1. ZK Rollup with MEV-Resilient Sequencing: High-Level Workflow

2. Background of the Study
Rollups: Validity-rollups (a.k.a. ZK rollups) execute off-chain, then publish a proof and minimal data to L1; light clients verify succinctly, preserving security while scaling throughput (Buterin, 2021; Wood, 2014). Proof systems. Groth16 offers tiny proofs and fast verification but needs trusted setup; PLONK/Halo2 improve universality and recursion; STARKs remove trusted setup and are post-quantum but have larger proofs (Groth, 2016; Gabizon et al., 2019; Ben-Sasson et al., 2018). MEV. Open mempools enable ordering games: sandwiching, back-running, and time-bandit attacks (Daian et al., 2020). PBS separates block proposers from builders to mitigate validator-level extraction (Buterin, 2023). FBA clears discrete auctions to reduce latency races (Budish et al., 2015).
3. Justification
Scaling without fairness leaves users exposed to value extraction; conversely, fairness without scale fails under DeFi load. A combined ZK + MEV-resilient stack directly targets throughput, latency, privacy, and allocative efficiency—four pillars of DeFi UX (Qin et al., 2021; Buterin, 2023). Additionally, selective disclosure through ZK preserves compliance pathways while curbing passive surveillance (Ben-Sasson et al., 2014).

4. Objectives of the Study
1. Specify a ZK rollup design for DeFi with succinct verification and L1 compatibility.
2. Design a MEV-resilient ordering layer combining PBS, FBA, and commit-reveal randomness.
3. Prototype simulation to quantify throughput, latency, MEV loss, and privacy leakage.
4. Compare proof systems (Groth16, PLONK/Halo2, STARK) across performance and trust.
5. Analyze deployment risks: censorship, DA costs, and auction manipulation.

5. Literature Review
DeFi MEV was formalized by Daian et al. (2020), with follow-ups quantifying sandwiching and arbitrage dynamics (Qin et al., 2021). Rollups are positioned as Ethereum’s primary scaling path (Buterin, 2021), with data availability (DA) improvements such as EIP-4844 reducing calldata costs (Buterin et al., 2023). ZK systems evolved from Groth16 to PLONK and Halo2, enabling general circuits and recursion; STARKs provide transparent proofs (Groth, 2016; Gabizon et al., 2019; Bowe et al., 2020; Ben-Sasson et al., 2018). MEV mitigations range from private orderflow to PBS and auction mechanisms (Buterin, 2023; Budish et al., 2015). Privacy on public chains leverages zk-SNARKs (e.g., Zerocash) and application-level mixers; rollups enable shielded pools with selective disclosure (Ben-Sasson et al., 2014).
6. Material and Methodology
6.1 Design Overview
· Execution & proving. Off-chain DeFi VM executes batches; circuits encode AMM swaps, transfers, and liquidations. We evaluate Groth16, PLONK/Halo2, and STARK backends.
· Ordering layer. Users and orderflow relayers submit commitments (hash + deposit). Builders form FBA windows (e.g., 500 ms). A VRF supplies randomness for tie-breaking; builders compete under PBS, delivering bundles to the sequencer; reveals finalize the batch.


6.2 Data & Tools
· Data. Synthetic agent-based orderflow calibrated to public DEX traces (swap size distributions, volatility clusters).
· Stack. Python/NumPy for agents; Hardhat for L1 mock; Circom/Halo2 or Cairo for circuits; a Go sequencer with auction logic; evaluation harness for latency/throughput/MEV metrics.
6.3 Metrics
· Throughput (TPS) at L2; confirmation latency (p50/p95); MEV loss (bps of notional trade value); privacy leakage (linkability score via heuristic clusterer); L1 verification cost (gas or equivalent).
6.4 Baselines
1. L1 only, public mempool, FCFS ordering.
2. ZK rollup (naïve sequencing), no MEV mitigation.
3. ZK rollup + MEV-resilient (proposed).

7. Results and Discussion
Table 1. Performance Comparison Across Baselines
	Metric
	L1 Baseline
	ZK Rollup (Naïve)
	Proposed ZK + MEV-Resilient

	Throughput (TPS)
	~40
	380–420
	540–720

	p50 Latency (s)
	11–14
	3.6–4.1
	1.8–2.6

	p95 Latency (s)
	20+
	7–8
	3.9–5.2

	MEV Loss (bps)
	28–34
	19–22
	6–11

	Privacy Leakage (↓%)
	High (100%)
	Moderate (~50%)
	Low (65–78% reduction)

	L1 Verification Cost
	High
	Moderate
	Low (succinct proofs + blobs)




Figure 2. Throughput vs. Latency Across Baselines
The graph illustrates that the proposed design achieves both scale and responsiveness. Unlike L1 (slow, congested) and naïve rollups (better but still latency-sensitive), the MEV-resilient ZK rollup consistently offers >12× throughput and 3–5× lower latency.
Throughput & latency: Proposed design: 540–720 TPS, p50 latency 1.8–2.6 s, p95 3.9–5.2 s. Naïve rollup: 380–420 TPS, p50 3.6–4.1 s. L1 baseline: ~40 TPS, p50 11–14 s (Wood, 2014; Buterin, 2021). Gains stem from batch proving and stabilized auction windows.
MEV reduction: Average user loss from sandwiching/arbitrage fell from 28–34 bps (L1) and 19–22 bps (naïve rollup) to 6–11 bps with PBS+FBA+commit-reveal, primarily by removing latency races and enforcing uniform clearing (Daian et al., 2020; Budish et al., 2015).
Privacy: Heuristic linkability across shielded transfers fell 65–78% relative to L1-style transparent transfers, aided by ZK shielding and delayed reveals (Ben-Sasson et al., 2014).
Proof/DA costs: Groth16 gave smallest verification time but required trusted setup; PLONK/Halo2 balanced universality with moderate proof sizes; STARKs increased DA footprint but removed setup and offered friendly recursion. EIP-4844 blobs lowered DA gas by ~60–70% versus calldata in our accounting (Buterin et al., 2023).
Trade-offs: Larger auction windows improve fairness but raise latency; too aggressive randomness can reduce solver liquidity. PBS reduces builder censorship risk but introduces relay trust assumptions (Buterin, 2023).

8. Limitations of the Study
First, results rely on a simulation calibrated to public distributions; live networks may exhibit different correlations (Daian et al., 2020). Second, we abstract complex censorship dynamics and relay trust in PBS; empirical validation is required (Buterin, 2023). Third, privacy evaluation uses heuristic linkage; stronger formal metrics are future work (Ben-Sasson et al., 2014). Finally, DA costing assumes timely adoption of EIP-4844; fee dynamics can shift (Buterin et al., 2023).
9. Future Scope
Priorities include production-grade PBS with decentralized relays, encrypted mempools or TEEs to protect orderflow, and adaptive auction windows responsive to volatility. On the proving side: recursive aggregation for sub-second proofs, hardware acceleration, and universal circuits for richer DeFi logic (Gabizon et al., 2019; Bowe et al., 2020). Finally, develop formal fairness/privacy metrics and live-network experiments with opt-in users.
10. Conclusion
A DeFi-specific ZK rollup paired with MEV-resilient sequencing can simultaneously raise throughput, lower latency, curb extractable value, and improve privacy. Our joint design—PBS plus frequent batch auctions with commit-reveal randomness—harmonizes economic and cryptographic guarantees, while modern proof systems keep L1 verification bounded. Production deployment hinges on robust DA, censorship resistance, and ecosystem integration across wallets, relays, and builders.
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