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Smart Contracts Consensus and the

Ethereum Network

SGe
Smart Contracts and the
Ethereum Software Model
with relevant examples.

Ethereum

To maintain the integrity of the
network, Ethereum uses unique
consensus algorithms and blockchain

optimizations.

Ethereum is evolving towards scaling
to become an accessible platform for
everyone. This part will also contain
possible future problems.
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Data model and storage Transition to Proof-of-
Introduction structure Stake

The idea behind Ethereum Ethereum has its own
accounting model and

unique data storage system,
which distinguishes it from
Bitcoin. S e

Ethereum has switched to Proof-of-
Stake, a greener and more sustainable
mechanism where security is provided

by pledging ETH. T

ing and the Future of



The iIdea behind Ethereum

e ATu ring Complete system means a system 1a) DOUGRAY SCOTT ATEWINSLET JEREMY NORTHAM SAFFRON BURROWS
which a program can be written that will find an
answer (although with no guarantees regarding
runtime or memory).

« Ethereum is cryptocurrency that are built for any
application
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What is Ethereum?

- Ethereum is an ambitious altcoin designed to provide
a Turing-complete programming language for building
decentralized applications (dApps) and smart contracts

- |t acts as a general-purpose decentralized computer,
where smart contracts can manage digital assets and
complex workflows autonomously.

-Described in late 2013 by Vitalik Buterin, launched as
Frontier in 2015. Funded via Bitcoin-based pre-sale
(raised funds for Ethereum Foundation).

- Other projects that tried to realise same idea:
Counterparty, Nxt, BitShares




Why Ethereum iIs the most noticable?
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- Several novel technical ideas as EVM, Solidity, gas
etc.

- Funded via Bitcoin-based pre-sale (raised funds
for Ethereum Foundation).

What Is Ethereum Virtual Machine (EVM)?

August - September Osaka, Japan

2025




Smart Contract Programming
Mode|

 Smart Contract = Program on the Blockchain BUYING A HOUSE ON ETHEREUM
« Executed by the EVM
« Autonomous & Persistent

« Owns and Manages Funds

Lawyers, brokers,
insurance

* Public API

SMART CONTRACTS
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A simple example: Namecoin In
Ethereum.

contract NameRegistry {
mapping(bytes32 => address) public registryTable;
function claimName(bytes32 name) {
if (msg.value < 10) {

* You can build simple services like DNS or name throw;
}

systems directly in Ethereum with just a few lines if (registryTable[name] == 8) {

C)f’S;()Ii(jit)/. ; registryTable[name] = msg.sender;

* Like Namecoin, this contract creates a basic name
registration system, but fully inside Ethereum.

VIRTUAL MACHINE
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Gas. The first way to Limit and
charge for calculations

* Gas = Execution Fee for each operation

- Examples of Gas Costs: Simple math (add, compare) =1
gas, SHA-3 hash = 20 gas, Writing to storage =100 gas,
Sending a transaction = 21,000 gas (base fee)

- In Ethereum, if you run out of gas mid-execution, it's like
your car stalling halfway to the destination — you lose your
fuel, and you don’t reach your destination

- What limitations in building apps on Ethereum we have?
No big computations




Security and Incentive Concerns.

* Higher Complexity
« Less Maturity

* Gas Fees Issue. Gas is paid only to the block proposer ﬁﬁ’ SECR,TY ,‘

J

e Validation Risks




Real World Chess example.

» Alice and Bob want to bet on a chess game, but don't trust
each other.

* Bob reviews the contract and deposits his matching stake.

 No one can withdraw funds early or cheat the system.

Bytecode

- Key Idea: Ethereum enables trustless games where the — ‘.'.&
I __J LU J L= A

rules and funds are enforced directly by the blockchain.

Miners

!

IE\.reml
«— <“— | (Contract
Q Execution

Verification Released
Payment

Smart Contract

+ % 1
._
© i-e .2
e —F
e—i

Create
Transactions

=

TRANSACTIONS

Included in a Block

I I I s

Blockchain




Who plays white? Randomization
propblem

If (block.timestamp % 2 == 0) { Alice

» Ethereum (and other blockchains) do not have a built-in plays white } else { Bob plays white }

mechanism for generating random numbers, because of
determinism of blockhain

* You cannot use a random() function like in other
programming languages

Commit Stage

Reveal stage

e Two ideas to solve it: Block hash randomness

e Commit-reveal scheme

AliceNumber = 181@ (in binary = 1@ in decimal)

BobMNumber = 8118 (in binary = 6 in decimal)




Beyond Games: Financial Applications of
Ethereum.

Ethereum enables powerful financial applications: l ! '
« Escrow Payments — trustless, conditional payments. Open B a Za a r
* Prediction Markets — decentralized betting on future events.

 Smart Property — programmable ownership of assets (real estate, IP,
etc.).

* Micropayment Channels — fast and cheap off-chain transactions.
*Mixing Services — enhance privacy in transactions.

« Decentralized Auctions & Exchanges — on-chain marketplaces.




State and account balances In
Ethereum.

» Stores balances directly in accounts (like a bank).

H@RIZENI ACADEMY

RECORDING THE STATE OF THE SYSTEM

« Each account/address has a balance and state.
* Supports both user accounts and contract accounts.

* Simpler for smart contracts and interactions between
contracts.

Directed graph of assets (UTXOs)
moving between users




Merkle Patricia tree

“thereum erkle-
An in t.'. ‘1' he E Cl'C.lI
Block Header, H or By e
StateROOt, Hr Hash function: Tifica 3
Keccak 256-bit hash of the root Simplified Wor State, o
node of the state trie, after all KECCAKZ 5 6 ( )
transactions are executed and Keys Values

finalisations applied H 45.0 ETH

World State Trie

1 1 M ROOT: Extension Node Hn ETORNEl
« Combines Merkle Tree + Prefix Tree (Trie). Cprefix | sharednibblefs) || rextnode” | a7 ]f[5]2]e]s] tiem
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» Fast lookups and updates.

Leaf Node Extension Node Leaf Node

» Keys = account addresses (usually 160-bit . (o[ d3 [ ¢ ]

Ethereum addresses) Prefixes

0 - Extension Notfie, Branch Node
o etensior Hoae. EEEEEEE
odd number of nibbles,

 Values = account and contract states. 2 - Leaf Node, even e

number of nibbles

30 - Leaf Node, odd Leaf Node
number of nibbles

[0 = 15* nibble

1 nibble = 4 bits




What Is stored in the leaves??

.| Transaction
Receipts Trie i

S

For regular (EOA) accounts: Balance, Nonce and [ [ I -
CodeHash O 0O O [{._..---

Header

For contracts: All the same (Balance, Nonce, oxtaDat T Heco
gasLimit Ay State
CodeHash), but also: a Storage root [] —-

"“'JSBEE;ZE in ¥ . ‘ 2;:?;;;:»0:
Structure of the Transaction:

parentHash
receiptsRoot
sha3Uncles

size

stateRoot

Block _ _ Block _
0

timestamp
lotalDitficulty
transactionsRoot yom
uncles gas
gasPrice
hash
nput

\ Block header

A transaction

structure \
\ Block body

Account nonce

nonce

0
iransactionindex
v,rs

. Transactions
Gas price

Gas limit

Recipient
Amount
Payload

Signature values

Figure 3. An Ethereum transaction structure



MPT vs Merkle Tree

 Merkle Tree = Proof of inclusion for
transactions.

* MPT = Combines proof of inclusion and
dynamic state updates for accounts/contracts.

Feature

Structure Type

Purpose

Leaf Data

Path
Representation

Updates

Lookup Efficiency

Block Usage

Main Use Case

Merkle Tree (Bitcoin)

Binary Tree (2 children per node)

Stores transactions inside a single block

COnly transaction hashes

Binary left/right path

Built anew for each block

Used only for transaction proofs

Merkle root of transactions stored in
block header

Merkle proof for transaction inclusion

Merkle Patricia Trie (Ethereum)

Prefix Tree (Trie) + Merkle Tree (up to 16
branches)

Stores global account and contract
states

Full account data (balance, nonce,
codeHash, etc.)

Hexadecimal prefixes (0-9, a-f)

Persistent across blocks, supports fast
updates

Fast lookups, inserts, and deletes

Multiple roots (state, storage, receipts,
txs) stored

Merkle proof + dynamic state
management



Data stora

parentHash

nGnce

 All states is laying in levelDB on each
validator.

« State trie — global account state.

List of Transactions

« Storage trie — contract data.

List of Ommers

e Transactions trie — block transactions
themselves.

* Recipts trie — transaction execution results.

ge structure

World State trie

Account State

nonce

Account Storage trie

Transaction

R stateRootHash: (01>, <BranchHash»|
Block 0 Block 1 Block 2

data data data
file(s) file(s) file(s)

BranchMash: [<>, <leaflMash, Leafl28Mako)

LeaflHash: [« <12.06TH, storageRootHah 1|

Leaf2BHash: | , 31 IETH, storagefootitash28»)

Block header storagefoctHash2B: [<Qw, BranchHmbh>]

BranchHash: [, <leatlHath, Loaf28Hach>|

Parent hash |

Storage trie
| LeafiMash: [<7c>, 'S
Uncle list State’s root

hash hash Leal2Bsash (<38, '14)

Block header |
Receipts’ root ]

hash ‘_L—__. receiptsRootHash: [<Key>, <Vabues]

Transactions’
root hash

Nonce

Other meta

| data Receipts trie BranchHash: [<Key>, <Value>)

I it LeafHash: [<Koy>, <Value>|
Block body

Block body

Transactions Uncle st

trarsactionsRootHash: [<Key>, <Value>]
BeanchMash: [<Xay>, <Value>|

Leafrash: [<Key>, <Value>|

Root
Node




Contract Data Storage In Ethereum

(Account) storage

* Maps 256-bit keys — 256-bit values (theoretical space:
2264 bytes or 1.7 x 107! GB). More data - more payment

and you can not run into limit of memory, but in —r T T
economical
—_—

. . . 256 bit 256 bit
e How not to run into Iimit? its its

Storage is a key-value store that maps 256-bit words to 256-bit words.
Access with SSTORE/SLOAD instructions.
All locations in storage are well-defined initially as zero.




Data Retention Policy in Ethereum

 Permanent Ledger
« State Trie Pruning
* Pruning Window. Delete after 5000 new blocks (~20 hours).

» Goal is to reduce disk space usage while still allowing recent historical queries.



Replay protection

« Each account has a transaction counter (honce).
* Prevents replaying the same transaction twice.

« “| authorize my nth transaction to be a payment of 1
ether to Bob.”

REPLAY ATTACK
Part 1

1. BTC forks into BT1 and BT2 2. BT2 broadcasts 3 coins to 3. BT2 Network approves transfer.
Address Y.

+) @ ) [

REPLAY ATTACK
Part 2

1. Someone copies and broadcasts your 2. The same transaction is broadcast 3. BT1 Network approves transfer
BT2 transfer to the BT1 Network. through the BT1 Network. and sends it to Address Y on BT1 chain.

£ | «)) )
) &) |




Conflict resolution In Ethereum

« Ethereum uses the GHOST (Greedy Heaviest
Observed Subtree) protocol to resolve blockchain
forks efficiently.

« Chooses the branch with the heaviest subtree
(most descendant blocks, including uncles).

Block Block Block Block
. . ' - *— -
« GHOST improves Ethereum’s fork resolution by | 0 1b 2¢ 3b

counting uncles as part of the chain's total weight,
unlike Bitcoin’s simple "longest chain" rule.

* Miners of uncle blocks receive partial rewards.



Ethereum block size

« Each new block is created by a miner (before PoS) or a validator (in PoS), and this block creator can
change the gas limit within the allowed range.

 Raising or lowering the gas limit by no more than 1/1024 (~0.097%) of the previous value per block.
* This allows the market itself to determine the optimal gas limit

e Validators decision is based on network load and Technical limitations of nodes

Ethereum Average Block Size Chart

Source: Etherscan.io

Click and drag in the plot area to zoom in




Ethereum block time

* The spikes in Ethereum block time are caused by
the built-in Difficulty Bomb.

Ethereum Average Block Time Chart

urce: Etherscan.io
i n ag in the plot area to zoom in

m 6&m Ty All

A mechanism that exponentially increases
mining difficulty over time.

» After major upgrades (e.g., Byzantium,
Constantinople, London, The Merge), the bomb is
delayed (defused) via hard forks.

* Since Ethereum switched to Proof-of-Stake
(2022), the Difficulty Bomb has been deactivated,
resulting in stable block times (~12 seconds).




Proof of Stake

« PoOS is a consensus mechanism where validators
lock up assets to secure the network.

 In Ethereum, validators stake ETH into a smart

contract. @lﬁl‘ e lﬁll g Q‘ &

* Verify new blocks. Create & propagate blocks

OccaSiO Na I Iy. The probability of validating The validators do not receive Proof of stake systems can be
a new block is determined by a block reward, instead they much more cost and energy
how large of a stake a person collect network fees as their efficient than proof of work,

* Misbehavior (e.g., double-signing, sending =S S SRR
conflicting data) can result in loss of staked ETH
(slashing). Incentivizes honesty and network
security.




Proof of Stake Validators

« Becoming a Validator:
* Deposit 32 ETH into the deposit contract
« Run three software clients:
« Execution client
« Consensus client
« Validator client
« Join the activation queue Eifereu Wainnet (PoV)

* Validator Duties
* Receive new blocks
 Re-execute transactions
 Verify block signatures.
* Vote (attest)

JSON-RPC API




How a Transaction Gets Executed In
Ethereum PoS

* Transaction Creation
* Sign using private key
* Include validator tip + base fee $ othereum

Network
Transaction Signed Transaction Ethereum Ethereum , . .
Transfer

Client Client
Ether To address To address Accept/

« Submission & Mempool Dota EVMbyacode) | g, Dol (EVM byecode) | Propoyets T\ —7
« Sent to execution client -> Added to Gontact e

Value .
— ) =
Contract deploy(param, ...) ECDSA Signature Ethereum Ethereum _
I | Iel A poo ontrac _ (Transaction Hash) Client Client
Contract
func(param, ...)

Nonce Nonce

Transaction

* Block Proposal.
* Validator selected using RANDAO

ﬂ New Block
Wallet
Private key Transaction status el
Transaction 1

Remote O Poll Transaction 2 I
. Call<...> Transaction Transaction (our transaction)
* Block Propagation

Transaction 3

« Using Gossip protocol .

 Finalization




Finality in Ethereum PoS

* The 1st block of every epoch = a checkpoint.
* Validators vote for checkpoint pairs.

- If votes represent = 2/3 of total staked ETH:
« Target checkpoint becomes justified.
 The previous justified checkpoint becomes
finalized.

Reverting a finalized block requires burning at least 1/3
of all staked ETH.

If finality fails for 4 epochs, an inactivity leak activates

Block 1 Added

BLOCK FINALITY

ON ETHEREUM

6.2mins 6.4 mins i
Slot BZJ/

(=]

-
Block 1 Justified

Block 1 Finalized




Crypto-Economic Security in Eth PoS

. . o0 Slashing penalty per validator vs share of the network slashed in the 36 days surrounding
* Missed rewards for |naCt|V|ty- the slashing event (with an empty exit queue)

Correlation penalty [ Leak penalty B Initial penalty

* Slashing for:
 Proposing multiple blocks in one slot
(equivocation).
« Submitting contradictory attestations.

» Correlation Penalty depends on how many validato
are slashed together.

« ~1% stake if slashed individually.

 Up to 100% stake loss in mass slashing events.

I
=
w
°
@
=
[2]
&
(%)

p ena Ity Tl me I | ne: Percentage of faulty validators in 36 days surrounding slashing event (see definitions below)
Day 1: Immediate penalty (up to 1 ETH).

Day 18: Correlation penalty applied.

Day 36: Validator forcibly ejected from network.

Daily: Minor penalties for inactivity.



33% Attack In Ethereum PoS

- a 33% attack happens when a single entity or

group controls more than 33% of the total staked
ETH.

- Possible risks:
-Can finalize and build invalid blocks.
-May censor transactions (preventing them from
entering blocks).

-Can create conflicting checkpoints and disrupt
finality.

- Compared to PoW:
-In PoS, such an attack would require controlling
33%+ of the staked ETH, making it extremely
capital-intensive.
-Slashing mechanisms can severely penalize

dishonest behavior, leading to massive stake
loss.

Staked ETH

A 33% attack would require over $22.6 billion in ETH
stake.
Even if such a sum could be raised, the attack carries
the risk of slashing and social forking (where the
network could "disconnect" malicious stakes).



From GHOST to LMD-GHOST

How LMD-GHOST Works:

* Chooses the fork (chain) with the most
accumulated attestations (votes).

 Follows the branch with the greatest validator
weight supporting it.

* GHOST is based on the number of blocks in
subtrees (tree weight).

 LMD-GHOST is based on the fresh votes of
validators and their stake-weight (validator
weight) when choosing a chain.

Aspect

Protocol Type

Purpose

Block Time

Target

Finality

Security Focus

Attack

Resistance

GHOST (Ethereum PoW era)

Fork-choice rule for PoW chains

Selects the heaviest subtree {counts

uncles)

~12-15 seconds

Probabilistic (based on number of

confirmations)

Uncle blocks add weight to the chain

(partial rewards)

Resilient to short-term forks due to high

block frequency

Depends on hash power distribution

LMD-GHOST (Ethereum PoS era)

Fork-choice rule for PoS (validators vote on

chain head)

Selects the chain with the most recent validator

attestations

Fixed 12-second slots

Economic + deterministic finality (via

checkpoints & attestations)

Mo concept of uncles (validators vote directly)

Faster finality and better fork resolution based

on validator votes

Depends on validator participation and stake

distribution




Summary M

Aspect

Consensus

Mechanism
Energy Consumption

Hardware

Requirements

Decentralization Risks

Block Time

(Ethereum)

Finality

Attack Costs
Environmental Impact

Token lssuance

Recovery After Attack

Proof-of-Work (PoW)

Mining via computational work
(hashing)
High (due to mining hardware)

Specialized equipment {ASICs, GPUs)

Mining pools can centralize hash

power

~12-15 seconds (before The Merge)

Probabilistic (waiting for 6-12

blocks)
Requires 51% hash power
High CO; emissions (electricity use)

Higher issuance to cover mining

incentives

MNo native recovery mechanism

gration from PoW to PoS

Proof-of-Stake (PoS)

Validators stake coins and attest blocks

Low (no mining, just validation)

Standard hardware (laptop, server)

More decentralized due to lower entry barriers

Fixed 12-second slots (after The Merge)

Deterministic (checkpoints + supermajority

votes)
Requires 33%+ stake but nsks slashing
Minimal environmental footprint

Lower Issuance (validators need less

compensation)

Community coordination (e.g., social recovery

of chain)




Ethereum roadmap

* Developed by Ethereum researchers, developers,
and the community.

 Formalized as Ethereum Improvement Proposals
(EIPs).

 The roadmap is dynamic — it evolves based on
tech progress and network needs.

* Long-term upgrades may shift depending on
external events (e.g., quantum computing
advancements).

THE

Beacon Chain
launch

Altair
Warmup fork

Merge:
PoW => PoS

THE SURGE

EIP-4488
specification

Extra-protocol
MEV markets

THE VERGE

Similifying block
@ verification

Verkle trees

Fully SNARKed
Ethereum

By Stacy Muur

Source: Binance Research, Ethereum.org

ROADMAP

Simple, robust and decentralized PoS

View SSF consensus Single slot
Merge algorithm finality

Distrubuted Other fork choice Improved
validators improvements aggregation

Secret leader SSF validator Even more

Withdrawals 3 X 2
election economics validators!

@ 100K TPS and beyond on rollups

EIP-4488 Basic rollup P2P design
implementation scaling for DAS

DA sampling Full rollup scaling
clients
Limited training wheels

Efficient DA
self-healing

Optimistic rollups

zKEVM rollups No training wheels

Reliable transaction inclusion, avoiding risks
from MEV

Inclusion lists In-protocol

: MEV burn
or alternative PBS

In-protocol App-layer MEV
PBS spec minimisation

Similifying the Fixing everything
protocol, else
eliminating tech

debt and limit costs Account

abstraction

History expiry

EIP-4444 Endgame EVM

State expiry VDFs




What About Sharding?

 Old plan: split Ethereum into shard chains.

* New plan: focus on rollups + Danksharding.

* Rollups batch transactions offchain, reducing
costs, but data storage is still expensive.

* Proto-Danksharding introduces "blobs" (temporary
data storage) to cut rollup costs further.

« Goal: Transactions could cost less than $0.001.

Nodes still |

. Cu rrent Status: P roto_ Da n ksh a rd i n g X ala I teqular tx ) L ala X eqular tx ) L ala X ala I ) \ {::i:g?l?;de%?ﬁ
launched with the Dencun upgrade (March 2024). 2 corts s ety

in data tx

Data blob Data blob Data blob Data blob

Modes don't fully download data blobs. Instead, they verify
them indirectly through data availability sampling (DAS) Node




A More Secure Ethereum

Security Upgrades in Roadmap:

« Staking Withdrawals

« Defending Against Attacks: - —_——
- View-Merge

« Single Slot Finality (SSF)

~480,000 Validators ~480,000 Validators

~15,000
Validators

* Defending Against Censorship:
« Distributed Validator Tech (DVT)
 Proposer-Builder Separation (PBS)
* Protecting Validators:
« Secret Leader Election (SLE)

Only 1/32 of the validator
set attests in each slot
today, but SSF would
require all validators to
attest to every slot

Under the hood of SSF
there are actually two
Beacon slots, (justification
and finality) that only

Roadmap

A4

Proposer-Builder
Separation (PBS)

Consensus Layer

Distributed Validator
MNode Staking Technologv

thereum
operators nodes Ethereum

Voting beacon chain

Instructions



Improving User Experience on Ethereum

« Goal: Make Ethereum as easy to use as traditional web apps

 Beyond Seed Phrases Solution: Smart Contract Wallets +
Account Abstraction.

 Nodes for Everyone. Running a node today is resource-heavy
 Future upgrades:

Verkle Trees
Statelessness/ Data expiry
Light Nodes




Future-Proofing Ethereum. Quantum
Resistance

« Ethereum must remain secure & reliable even as new threats (e.g.,
guantum computing) emerge.

o
J

« Quantum ResistanceSimplifying the system reduces attack surfaces and ﬂ;m.ﬁ{;*-

boosts performance. N ,awm

u( twuﬁ \W :

il ((Q(‘ N ¥

“‘»\%M\.,w . M"NN‘ gldl LN o
'h!. ‘“‘“Mw

%UU s Ml'l'l *3'”}“"“; ,"4"4,,.

« BLS Signatures i
1 «v«m it 2y

e KZG Commitments

* Replace with guantum-resistant cryptography:
« STARK-based sighatures
« Lattice-based signatures

) ;J TR rluu 'U“Jl s
W "'d’ﬂfu"m '”’ AP
4. 4’1

; ""'*” *}‘w @

Quantum resistance = longer-term, but essential for Ethereum’s
long-term survival.



Future-Proofing Ethereum. Simplifying
Ethereum

* Simplifying the system reduces attack surfaces and boosts performance. selfdestruct
Impossibility to work
Upcoming changes: [

« Remove SELFDESTRUCT opcode

Common

» Deprecate old transaction types vulnerability

« Optimize gas metering

* Unify compression

DelegateCall




Thanks for attention

Any questions?



Resources

“Bitcoin and Cryptocurrency Technologies” by Arvind Narayanan, Joseph Bonneau, Edward Felten, Andrew
Miller, and Steven Goldfeder. Ethereum and Smart Contracts: chapter 10.7

Understanding blockchain: definitions, architecture, design, and system comparison: Sections |1I.B and IV.D.2, as
well as Ethereum-related text in Section IV.B

Ethereum, Ethereum PoS

Ethereum, Ethereum future upgrades

Ethereum, Scaling Ethereum

Ethereum, A more secure Ethereum

Ethereum, Improving user experience

Ethereum, Future-proofing Ethereum

Quora, What is the blocktime of Ethereum?

Etherscan. Analytics of Ethereum 2025

Quora, What is the size of a block in the Ethereum blockchain?

Mirror.xyz, Ethereum replay attack

NikArt, Alan Turing: The Man Who Changed History Twice in a Single Moment

Beaconcha. Chart of staked ether amount
EthRoadmap. Interactive Eth Roadmap.



https://arxiv.org/abs/2207.02264
https://ethereum.org/en/developers/docs/consensus-mechanisms/pos
https://ethereum.org/en/roadmap/
https://ethereum.org/en/roadmap/scaling/
https://ethereum.org/en/roadmap/security/
https://ethereum.org/en/roadmap/user-experience/
https://ethereum.org/en/roadmap/future-proofing/
https://www.quora.com/What-is-the-blocktime-of-Ethereum
https://etherscan.io/charts
https://www.quora.com/What-is-the-size-of-a-block-in-the-Ethereum-blockchain
https://mirror.xyz/zhangfang.eth/sF7aF9fL7t4ax0v93Eosn5xGpoTD4eNj7qQV5vx0Uxg
https://nik.art/alan-turing-the-man-who-changed-history-twice-in-a-single-moment/
https://beaconcha.in/charts/staked_ether
https://ethroadmap.com/
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