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(1/17) @ethereum Fundamentals: The (Post-Merge) State
Transition Function 

The World Computer is a decentralized state machine, let's
walk through the state transition function 

Sound like nonsense? This thread will explain what happens
every time a validator receives a new block
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(2/17) @ethereum is (probably) most accurately described as a distributed state machine - a

model of computation with 2 major components: 

- the state, the configuration of the system at a moment in time 

- a transaction, the set of instructions to change the state
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(1/19) Computer Science Fundamentals: Blockchain 
Computers, @Bitcoin and @ethereum 

What is a blockchain computer and what makes it 
special? How did @VitalikButerin build on top of 
Bitcoin to create Ethereum? Why is Ethereum The 
World Computer? 

This thread has answers!
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(3/17) A state is a static snapshot in time, the transactions are the instructions to change the

state and the state transition function is the mechanism that applies the transactions to the

state. 

Inputs: current state, block 

Output: new state

(4/17) Consensus Spec: state_transition 

First, process all the empty slots that do not have a block (process_slots). Check the

signature of the block (verify_block_signature) and if it's valid, process the block by

executing the underlying transactions (process_block).
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(5/17) Sometimes a slot passes without a block being proposed; maybe the proposer was

offline or the network dropped the block. The state transition function moves through empty

slots and triggers a change of epoch, if needed. 

Inputs: current state, slot 

No output

(6/17) Consensus Spec: process_slots 

While the current slot is less than the intended slot, progress forward (process_slot). If the

next slot is going to be a new epoch, execute the processes associated with consensus and

prepare for the next epoch (process_epoch)
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(7/17) An epoch is 32 slots/blocks. When process_slots moves through this boundary, the

validator must attend to many consensus-based and housekeeping duties. 

Input: current state 

No output

(8/17) Consensus Spec: process_epoch 

Below is the consensus spec, as you can see it's very dense. The next tweet will provide a

summary of each step.

https://pbs.twimg.com/media/FeVMfe6UcAAplYj.jpg
https://pbs.twimg.com/media/FeVMgO1VQAA756p.jpg


(9/17) Even at this level, things are very dense. I'll add a few resources for further deep dives.
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(10/17) Deep dive: 

- process_justification_and_finalization 

- process_inactivity_updates 

- process_rewards_and_penalties 

- process_slashings 

- process_slashings_reset 

- process_participation_flag_updates
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(1/22) @ethereum Consensus: Casper FFG 

The World Computer coordinates via Proof of Stake; 
validators place $ETH at stake in order to participate 
in the system. But what actually IS this system and 
how does it achieve consensus? 

A guide to Ethereum finality.

11:52 PM · Oct 2, 2022

Read the full conversation on Twitter
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(11/17) Deep dive: 

- process_randao_mixes_reset
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(1/20) @ethereum Fundamentals: Randomness and 
RANDAO 

Randomness is critical property for crypto and the 
World Computer. Unfortunately, computers are 
terrible at generating randomness without external 
input... and the EVM has no external input. 

A guide to untrusted randomness.
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(12/17) Finally, we get to the good part; it's time to process the block! Checking the header

one more time, the validator will feed the block (and the transactions it carries) into the

EVM. It ends with some consensus housekeeping. 

Inputs: current state, block 

No output

(13/17) Consensus Spec: process_block 

At the core, the validator performs final checks (process_block_header) and feeds the block

into the EVM (process_execution_payload).

https://pbs.twimg.com/media/FeVMhZNUYAAlgRJ.jpg
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(14/17) Consensus Spec: process_execution_payload 

The first chunk of this function is just more checks. The moment the validator passes the

transactions to the EVM is: 

execution_engine.notify_new_payload(payload)

(15/17) Finally, the validator returns to its consensus duties. It adds to RANDAO

(process_randao), votes on its view of the deposit contract (process_eth1_data), manages

slashings, attestations, etc (process_operations) confirms the sync committee

(process_sync_aggregate).

(16/17) And we're done! 

In summary: 

def ethereum_state_transition: 

process_slots 

if new_block = new_epoch: 

process_epoch 

process_blocks 

Repeat.
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(17/17) Further Reading 

@benjaminion_xyz's eth2 book is the best semi-technical manual on Ethereum I have come

across. If you like my stuff, just skip to the good stuff: 

All the code you be found on the Ethereum github: 

Upgrading Ethereum
A technical handbook on Ethereum's move to proof of stake and beyond.

https://eth2book.info/altair/part3/transition

GitHub - ethereum/consensus-specs: Ethereum Proof-of-Stake Conse…
Ethereum Proof-of-Stake Consensus Specifications. Contribute to
ethereum/consensus-specs development by creating an account on GitHub.

https://github.com/ethereum/consensus-specs

https://twitter.com/benjaminion_xyz
https://eth2book.info/altair/part3/transition
https://eth2book.info/altair/part3/transition
https://github.com/ethereum/consensus-specs
https://github.com/ethereum/consensus-specs


• • •

Like what you read? Help me spread the word by retweeting the thread (linked below).  

Follow me for more explainers and as much alpha as I can possibly serve.  
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