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About me

● Working as a Research Scientist at the Ethereum Foundation.
○ Consensus Research
○ Team works to improve the Ethereum protocol.

■ The rules that participants follow.
○ Examples:

■ More throughput
■ Lower latency
■ Better security

○ Importantly, the Ethereum Foundation does not control Ethereum.

● Working on my PhD at ETH Zurich 
○ blockchain / distributed systems / digital democracy

Feel free to reach out to me if you have any questions!

@yannvon
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Digital Property Rights

Blockchains record who owns what.
Only ~valid~ transactions can be processed = cannot double-spend.

Storage on a computer with an operator or owner does not have this!

If I send you 1 ETH on Ethereum, it means something. 

If I send you 1 ETH on my laptop’s storage, it means nothing.

This creates ✨ Digital Scarcity ✨
Example: At most, there will be 21 million bitcoin.



Public Ledger
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Distributed Ledger



How can nodes agree on the state of the ledger?



tx1

Blockchain



High-level Overview

Every 12 seconds, a new Ethereum block is added to the chain.
Each block:
● Builds on a previous block.
● Contains transactions (transfers, swaps, messages).
● Contains other information too, for example ~consensus information~

Tx: 0x6a44…
Tx: 0x7d9c…

· · ·
Tx: 0xb34a…

Block 100
Builds on 99

Tx: 0xl8q9…
Tx: 0x9cf8…

· · ·
Tx: 0xdbf3…

Block 101
Builds on 100

Tx: 0x7a04…
Tx: 0x6db2…

· · ·
Tx: 0x5ca7…

Block 102
Builds on 101



High-level Overview

Application Layer
Ethereum Virtual Machine (EVM)

Consensus Layer
Proof-of-Stake (LMD-GHOST & Casper FFG)

Networking Layer
Peer-to-Peer (libp2p, discv4/5, …)
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Consensus Layer
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High-level Overview

Application Layer: 
Ethereum Virtual Machine (EVM)

Consensus Layer:
Proof-of-Stake (LMD-GHOST & Casper FFG)

Networking Layer:
Peer-to-Peer (libp2p, discv4/5, …)



Overview

Thousands of computers run the Ethereum software worldwide.

→ To make progress, computers need to agree on what state transitions should be performed.
→ This is the role of the consensus protocol.

Source: chainbound

tx1



Proof-of-Work

Section 1.1



A Short Proof-of-Work Primer
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Forks

Changing consensus 
rules
→ hard fork

Famous examples:
○ The DAO
○ The Merge
○ Pectra





Mining Algorithms

c: challenge
x: nonce
d: difficulty



Mining Algorithms

c: challenge
x: nonce
d: difficulty



Mining Algorithms

c: challenge
x: nonce
d: difficulty



Mining Algorithms

c: challenge
x: nonce
d: difficulty



Mining Algorithms

c: challenge
x: nonce
d: difficulty



Ethereum PoW (GHOST)
Greedy Heaviest Observed Subtree

https://ethereum.org/en/whitepaper/



Memory-Hard PoW (GPU mining)





12th September 2022





Used ~21 TWh per year. 
(~25 % of Bitcoin)

- https://ccaf.io/cbnsi/cbeci
 



Ethash Equivalent Hashrate



Mining Profitability
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Mining Profitability



?



GPU Price Development



Nvidia Share Price in USD



Nvidia Share Price in USD



Blockchain + GPUs ?
● Layer-1: zkEVM
● Layer-2: Zero-knowledge rollups
● Decentralized GPU Markets



Proof-of-Stake

Section 1.2



High-level Overview

Application Layer: 
Ethereum Virtual Machine (EVM)

Consensus Layer:
Proof-of-Stake (LMD-GHOST & Casper FFG)

Networking Layer:
Peer-to-Peer (libp2p, discv4/5, …)







Sybil resistance: Each validator must “stake” 32 ETH
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C1=(B32,1)C0=(B0,0) C2=(B64,2
)

C3=(B96,3
)

B0 B1 B2 B31 B32 B33 B62 B63 B64 B65 B94 B95 B96

epoch 0 epoch 1 epoch 2

Checkpoint 
Blocks

Genesis 
Block



B0 B1 B2 B31 B32 B33 B62 B63 B64 B65 B94 B95 B96

epoch 0 epoch 1 epoch 2

C0=(B0,0) C1=(B1,1) C2=(B64,2
)

C3=(B96,3
)

LMD-GHOST Vote
Vote on blocks
LMD-GHOST = Latest Message Driven Greediest Heaviest Observed SubTree

FFG Vote 
Vote on links between checkpoints
FFG = Casper FFG = Casper Friendly Finality Gadget 

B70



B0 B1 B2 B31 B32 B33 B62 B63 B64 B65 B94 B95 B96

epoch 0 epoch 1 epoch 2

C0=(B0,0) C1=(B1,1) C2=(B64,2
)

C3=(B96,3
)

Super-Majority Link:
validators with >= ⅔ of the total 
stake have sent votes for this link 



B0 B1 B2 B31 B32 B33 B62 B63 B64 B65 B94 B95 B96

epoch 0 epoch 1 epoch 2

C0=(B0 ,0) C1=(B32 ,1) C2=(B64 ,2) C3=(B96, 3)

Justified

Finalized

Justified Justified

Finalized

B160

C5=(B160, 5)

epoch 5

Justified

epoch 3

LMD-GHOST and Casper FFG



(B64, 2)

B94 B95

B96

B32

Votes 🤔
Which chain 
should I follow?

Fork Choice
Spec

B95

Honest 
Validator 
Guide

B95.latest justified 
checkpoint

B95.latest checkpoint

Send the following attestation

1. Start from store.highest_justified_checkpoint
2. Filter out bad branches
3. Follow the branch with the highest number of 

GHOST votes until you find a leaf block
4. The leaf block is the head of the chain

● Latest justified checkpoint
● Latest finalized checkpoint 
● ….

B95

B64 B65 B94 B95

epoch 2

C2=(B64,2
)

Votes Votes

Votes

(B32, 1)

How do validators cast FFG votes?



(ᐧ , 1) (ᐧ , 2) (ᐧ , 3) (ᐧ , 4)

(ᐧ , 1) (ᐧ , 2) (ᐧ , 3)Double 
Vote

Surround 
Vote

If a validator commits a slashable offence
● its stake will be slashed by X
● it will be forced to exit the validator set

Slashable Offences



Dashboard
beaconcha.in



Protocol Overview



Nodes and Validators

Section 2



High-level Overview

Application Layer: 
Ethereum Virtual Machine (EVM)

Consensus Layer:
Proof-of-Stake (LMD-GHOST & Casper FFG)

Networking Layer:
Peer-to-Peer (libp2p, discv4/5, …)





No Owner or Operator

No single entity can:
● Process transactions incorrectly.
● Remove or alter previous 

transactions.
● Turn the blockchain off.
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‣ Entities in charge of consensus

‣ Have unique Validator ID
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‣ Entities in charge of consensus

‣ Have unique Validator ID

‣ Periodically propose a new block to 
add to the blockchain

‣ Once per epoch attest on their view of 
the blockchain (called an Attestation)
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Dashboard: Client 
Diversity
https://clientdiversity.org/

Unique in Ethereum: Many 
independent client implementations 
for added security.





tx1



tx1

tx1
tx1

tx1

tx1

tx1

tx1

tx1



Dashboard: Client 
Diversity
https://clientdiversity.org/

Unique in Ethereum: Many 
independent client implementations 
for added security.



Dashboard: 
Geo-Distribution
https://chainbound.grafana.net/public-dashboards/d00
1850804e1454fa24852c9dd82db97
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Smart Contracts
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High-level Overview

Application Layer: 
Ethereum Virtual Machine (EVM)

Consensus Layer:
Proof-of-Stake (LMD-GHOST & Casper FFG)

Networking Layer:
Peer-to-Peer (libp2p, discv4/5, …)



State
EVM

tx1

Transaction





<address> 

<balance>

<code>

<memory>

Smart contract

Ethereum is the first 
general-purpose blockchain. Smart 
contracts can do arbitrary 
computation.



Types of Transactions

• Sender

• Receiver

• $

• Maybe some input (text saved to the blockchain)

• Signed with the private key of the sender

Direct Transfer of ether



Types of Transactions
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Types of Transactions



General-Purpose Computer

Ethereum allows users to build any 
application on it.

Using “smart contracts”.
Transactions can:
● Transfer tokens between accounts.
● Create new smart contracts.
● Interact with existing smart 

contracts.
This is the main difference with Bitcoin!

Part of a smart contract



Types of Transactions

emojiblocks.com



etherscan.io



Incentives
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What is Protocol Design?

● The Ethereum Protocol is the rules that govern how users and service providers interact with the system.
● Protocol design is about creating, updating and incentivizing these rules to obtain the ecosystem’s 

objectives.
○ Allowing more users to do more stuff on the world computer for lower fees.



Incentives, Incentives, Incentives

Ethereum is a distributed system, with incentives
● System can be maintained by anyone: Incentives for consensus participants to do 

their job well, under open and dynamic participation => Proof-of-Stake
● System can be used by anyone: Deal with congestion and prevent spam/DoS => Fee 

market
● System secures more than itself: Understand its place within a larger ecosystem => 

Rollups / Layer 2



txcity.io/v/eth-btc



payload.de/data



How much money do users 
spend to transact on 
blockchains?
https://cryptofees.info/



Robust Incentives Group

Ethereum Foundation research team focused on everything with strategic flavour.

Strategic in the sense:

● Stakeholders make decisions to optimise their payoffs
● Their payoffs are affected by decisions of other stakeholders

You can find their work on https://rig.ethereum.org

https://github.com/ethereum/rig


Layer-2s
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Protocol Overview



Dashboard: Rollup.wtf
https://rollup.wtf/



Dashboard: L2 Beat
https://l2beat.com



emojiblocks.com



Decision Making & Governance
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Distributed Decision Making

● No single party can decide what happens to Ethereum.
● Ethereum researchers free to work on the topic they believe to be most impactful.
● Different people prefer different Ethereum futures.

Justin Drake’s beamchain Jon Charbonneau’s View



So, you want to improve Ethereum

1. Find what Ethereum is currently lacking.
a. DA, Execution, Settlement, others?

2. Contribute to developing ideas.
a. Inclusion Lists developed by multiple people over time.
b. Many parallel research streams.
c. New streams popping up!

3. Research to production.
a. Out-of-protocol data gathering.
b. Prototypes, testnets, etc.

4. Propose Ethereum Improvement Proposal (EIP).
5. Convince the community!

Ti
m

e



All Core Devs



Hardforks

● About every year, new Ethereum update.
● Accepted EIPs introduced via a hardfork.

○ New set of protocol rules that govern how honest actors behave.
● Hardforks require:

○ All core devs incorporating the software into multiple clients.
○ Testing of the upgrades.
○ Validators adopting new upgrade.



What’s Next For Ethereum?

Section 7



1. Scale L1
2. Scale L2
3. Improve UX



EIP Example: Block Construction

● One actor per slot has full control over inclusion, ordering, and exclusion of 
transactions.

● Ethereum protocol elects one proposer to facilitate an auction choosing the builder.
● Sensitive to censorship for economic or regulatory reasons.

mevboost.pics



Inclusion Lists

● Family of designs that allow multiple people to include transactions in a block.
● Chain neutrality: Any pending, fee-paying transaction ought to be included if it is 

available and if there is room to include it on-chain.

IL
tx a
tx b

Signature

tx 1

tx b

tx a
tx 6

Payload
Block

Constrain

IL




