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Learning Objectives

By the end of this lesson, you will be able to:

1 Explain the blockchain scaling trilemma

2 Compare optimistic and ZK rollups

3 Understand data availability and its importance

4 Analyze L2 cost and performance tradeoffs

5 Evaluate bridge security and risks

L2s enable Ethereum to scale without sacrificing security.
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Scaling Trilemma

Decentralization

Security Scalability

Pick 2?

Bitcoin
Ethereum L1

L2 Rollups
Solana?

Traditional DB
(not blockchain)

The Blockchain Trilemma

L2s aim to achieve all three by inheriting L1 security.
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TPS Comparison
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L2s achieve 100-1000x more TPS than L1.
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Rollup Architecture

Layer 2 Rollup
Execute transactions | Compute state | Compress data

Layer 1 (Ethereum)
Verify proofs | Store data | Settle disputes

Post data
+ proof

Users

Computation off-chain | Security from L1

Rollup Architecture: Execute on L2, Verify on L1

Execute off-chain, verify on-chain.
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Optimistic vs ZK Rollups

Feature Optimistic RollupZK Rollup
Proof TypeFraud proofsValidity proofs

Finality ~7 days disputeMinutes

Withdrawal7 day waitFast (~hours)

ComplexitySimpler Complex (ZK math)

ExamplesOptimism, ArbitrumzkSync, StarkNet

Optimistic: assume valid, prove fraud | ZK: prove validity mathematically

Optimistic vs ZK Rollups

ZK: prove validity. Optimistic: assume valid, allow challenges.
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Cost Comparison
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Transaction Cost Comparison

L2s reduce costs by 10-100x compared to L1.
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Data Availability

Ethereum
(calldata)

Most secure
Most expensive
Security: High

EIP-4844
(blobs)

Cheaper
Temporary (~2 weeks)

Security: High

Alt-DA
(Celestia)

Cheapest
External security

Security: Medium

Cost decreasing  ----->

EIP-4844 (Proto-Danksharding): Ethereum upgrade for cheaper L2 data

Data Availability Options for Rollups

EIP-4844 dramatically reduces L2 data costs.
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Bridge Types

Native
Bridge

L1 <-> L2
rollup bridge
Most secure

Slower

Trusted
Bridge
Multisig

custodians
Fast

Trust required

Trustless
Bridge

Light clients
ZK proofs

Secure
Complex

Bridge Risk: Billions lost to bridge hacks (Ronin, Wormhole, Nomad)
Native rollup bridges inherit L1 security; cross-chain bridges add risk

Bridge Types: Moving Assets Between Chains

Native L2 bridges are safest; cross-chain adds risk.
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Key Takeaways

Remember These Points

1 Rollups: execute off-chain, verify on-chain

2 Optimistic: fraud proofs, 7-day withdrawal

3 ZK: validity proofs, fast finality

4 Data availability: critical for security

5 Bridges: significant security risks

Next Lesson: Privacy Technologies.
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