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Ethereum Modified Merkle-Paricia-Trie System

An interpretation of the Ethereum Project Yellow Paper
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| Receiptiin4ity

// Receipt represents the results of a transaction.
type Receipt struct {

// Consensus fields

PostState []byte “json:"root""
Status uinté4 " json:"status"’
CumulativeGasUsed uint64 ~json:"cumulativeGasUsed" gencodec:"required””
Bloom Bloom ~json:"logsBloom" gencodec: "required””

Logs []*Log " json:"logs" gencodec:"required"”

// Implementation fields (don't reorder!)
TxHash common .Hash “json:"transactionHash” gencodec:"required"”
ContractAddress common.Address ~json:"contractAddress™

GasUsed uinté64 “Jjson:"gasUsed” gencodec:"required”’
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e'": "Ox0"

"to": "@x07a565b7ed7d7a678680a4c162885bedbb695fe0"
"1 "Ox1234"




A2 5 W% (cont.)

(1) B G NE

— from: A5 EEFEWHAE, KiEFEHLE R LB A AN S EE<r, s, v>
THEARE], Sl L35 R S5 N S A0 Ak 3 btk

— to: RGWCERIHNE, FEIHATRIKE 2Kl fFEalds
2B B 0x0000...000, FEIEH G20 e & 2n Hitk

— value: W&, BAEWei., Weiig DURTm/ NN, FRATH B
ANDAK T2 B Ether, 1 Ether =107 8 Wei

from: "OXEA674fdDe714fd979de3EdFOF56AA9716B898ec8",
to: "Oxac03bb73b6a9e108530aff4df5077c2b3d481e5a",
gasLimit: "21000",

maxFeePerGas: "300",

maxPriorityFeePerGas: "10",

nonce: "0",

value: "10000000000”
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A2 5 W% (cont.)

(2) KRB FREA LY

— inputdata: %25, AAE AR GRS R R AL, B0 T S 290 RO
28

— nonce: X KiFFHEBIT AL GEE, HTX9— KPP RIANE RS 0T

— gasPrice: KiEE AT LHIgasimtg, T SEBM GasBl AR 5% B 5%
e, M HEAE H ) Gasi) R i

— gasLimit: %% 5 RVFEFENROKIIgas, H TR BE & 20N BEAEHLAY )

from: "OxEA674fdDe714fd979de3EdFOF56AA9716B898ec8",
to: "Oxac03bb73b6a9e108530aff4df5077c2b3d481e5a",
gasLimit: "21000",

maxFeePerGas: "300",

maxPriorityFeePerGas: "10",

nonce: "0",

value: "10000000000”
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A2 5 W% (cont.)

(3) I
— hash: WA EFBEAMIMAE, WIEAAS R,

— r. s, v: HTECDSARIERISEL, H AEE ALY A Z) WIVE Ay
W24, T IIARE IR &AM,
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R 7y KA

L IRER N
— I PFEASHI) DAR S B A A e B B AR A2y I ik (
from) , A HPRHi4E (to) . &% (value) . EEHE K
WM &2 (data) . FLLP% A (gasPrice) &%
| KRR
— HPBIIARIEZARYT A, Z20H P& B RA ST,
1 38 32 [A] — A~ AR Y55 5 #6225
| PARYT AL 78 N 2
— DARYGER AR A 3 PS8 A 5 e ds i kL R (
gasLimit) | FF&Z5H H PRk Y inoncefd, &5 H FASH
B2, s, v, RERL o TN KIEE] M2

— W% s, gasLimitS5nonce i AT AR T E & I,
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| IR R o (IR, K25 0 N 3PP IATIA
—- UEGHR )
- WHEA% S
— BRI S

Message call

World state

gas
Externally L——J supply message Contract account

owned account e cmmememme .. >
EVM code
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X 71T BT

| ESEEEKAT S to AN P B AE 5
— HPERAKTEHIM from 47 to

from: "OxEA674fdDe714fd979de3EdFOF56AA9716B898ec8",
to: "Oxac03bb73b6a%e108530aff4df5077c2b3d481e5a",
gasLimit: "21000",

maxFeePerGas: "300",

maxPriorityFeePerGas: "10",

nonce: "0",

value: "10000000000”
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X 71T BT

| RIEEAR S to AT RS
— EVM #3f from {E X nonce {HA: i 2 Hb ik
— T data Howk Rz R RE A ARG
— K& 4) EVM U7 2 & 2y

from: "OxEAG674fdDe714fd979de3EdFOF56AA9716B898ec8",
to: " Il’

gasLimit: "21000",
maxFeePerGas: "300",

maxPriorityFeePerGas: "10",
nonce: "0",

value: "10000000000"
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X 71T BT

| AR to HEAIKF Y
—  EVM R TR HRE to Motk rhfE iy EVM 4865
o to Huhik HTEAER) R A LA S
- PTG data FE AL S AUS
o data FPONEL BT U A IR Y pR R S 4K
— A b, MEARREA, 2XE2RRESB L.

{
from: "OxEAG674fdDe714fd979de3EdFOF56AA9716B898ec8",

to: "Oxac03bb73b6a9%e108530aff4df5077c2b3d481e5a",
gasLimit: "21000",

maxFeePerGas: "300",

maxPriorityFeePerGas: "10",
nonce: "0",

value: "10000000000"
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| ET PoW #JL
— HmperrE: ASICEE R % resistance: memory hard
puzzle
— PAPAURY R e Ak ethash B3k, 55 B0 E N AT
i) (ASIC resistance). i 7 iggm AL (FLbRrm A2
SHAZ256 pi%k, FrPARIAEEHASICE: r#2BTC)

— IR AZT, R ' AET?
o IES T THI SO BARF 5 T, BT TR, (HiE
G i)W NI
| ¥kt N PoS (Proof-of-Stake)
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PART5 R R B LR :  PoS

+ Proof-of-Stake tNz=1iERA

> I H Sunny King 20124781 3C«PPCoin: Peer-to-Peer Crypto-Currency
with Proof-of-Stake» 14 i, X FMHLHLE T AR MALS B hEmE 4 1
, AFEUR A TR IS TR R P E VR SRAS AR UG AR AR . R %, 3R1E
TEIRBU AR

Proof of Work vs Proof of Stake

hfam 1

Proof of stake, the creator of a new block is
chosen in a deterministic way, depending on
its wealth, also defined as stake.

proof of work is a requirement to define
an expensive computer calculation,

also called mining

< ARERMP: 40 Qtum M, PUKIFWHE % FHPOSHL
<« fEs: FHEE PoW 448 T ik AR a]; 54 BETR
e GRS BHAX Gl (R
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#r POW FLiH: PAKIGR) 3 X
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| AET SV RN, — A A A KRR AR K R BE A 97
AR A XEREEM 45, FELARII 70 02 7S

— o X EREREIR S, FT A BRI
- & FERE, AT aae?

N TSR R, ARSI 51 A T Ghost il
— GHOST (Greedy Heaviest Observed SubTree)

— M Yonatan Sompolinsky fl Aviv Zohari£20134-12 H
5| AR BT
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I EX
—  PAKES & T ANHE T E R A DX 53 )6 FE ME B ) DX e Ry A e

(uncle block) .
— FELARITHAUSCANZ s 7t L EIAUAL,  FE AR TR H e 7 24 Hif X
ey 7 AR AN 2L [ SRR AT AR 2 U
- AEH
— TERTT R P HAB R B AN 4 (R T, RO G2
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BURSF R

HA R Pt 2 HBERN 2 BUCHE, WA DAAZANTAT AL B
BB KRR 2)Z ~ B 7 JZ BT B3R

BRI B PUECHRAREF I 2 |

AN T ABUCHRAYIR B, AT LAGRAS B2 n*1/32
BT U TRRUCH, R R, 15802 mhid i1 /8

[ 7/8 il el

| 1/8 i3 | 3/8 il He i) | | 5/8 thibei)

N+1 *

s He o ) B — AN FUCIX B,
NO HiSR3 ) - AR 13 1/32 HHR A Jil

- R DX Sl £ A
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BUR

| Question: FUAL R HH AL 7 AR TS ?
- RWE.

— MRATRERUSC X B 1 KB Z R 3 5 2 AP AE R 1AL 7y, Sk b
DA A 2 A TR KB Y32 5,
— 1 AR XA BRI IE0 ORI AR X R

| 1/8 i3 | 3/8 i B s il | 5/8 i3 3 | 7/8 i S 3l

N+1 N+3 N+7

N-1

NO ! ll-t:i‘ﬁ’_[ﬂ - i
RS Ii) CETH1/32 )

N N+ 2 N+3 N+4 N+6 A X el % A A

[X B
NO HH B il | 2/8 i B il _

a/8 i P22 i | 6/8 i1 e il
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R

Bl F#1

Overview

(® Block Height:
(@ Timestamp:

(?) Transactions:
(3 Mined by:

(?) Block Reward:
(2 Uncles Reward:

IR ): 3
F4:9%: 0.166

— AN, s R 3* (1/32) = 0.09375

5695161 < >

© 1225 days 12 hrs ago (May-29-2018 04:45:25 AM +UTC)

89 transactions and 3 contract internal transactions in this block

Oxeab74fdde714fd979de3edf0f56aa9716b898ec8 (Ethermine) in 20 secs

3.260603241218831558 Ether (3 + 0.166853241218831558 + 0.09379)

2.25 Ether (1 uncle at Position O)VI Overview

@ Uncle Height: 5695159
() Uncle Position: 0
(3 Block Height: 5695161

W IHeight = 5695159, #J5: 3* (6/8) =2.25

source: https://cn.etherscan.com/block/5695161 74



https://cn.etherscan.com/block/5695161

WU il 5] #2

Overview

(2 Block Height: 5695150 < >

@ Timestamp: ® 1225 days 12 hrs ago (May-29-2018 04:41:51 AM +UTC)

(@ Transactions: 160 transactions and 9 contract internal transactions in this block

() Mined by: Oxeab74fdde714fd979de3edf0f56aa97 16b898ec8 (Ethermine) in 14 secs

(@) Block Reward: 3.31510552614492296 Ether (3 + 0.12760552614492296 + 0.1875)

(? Uncles Reward: 4.875 Ether (2 uncles at Pos|‘t|oN_nO, PDEITIOI‘! 1) N
@ Uncle Height: 5695149 ® Uncle Height 5605148
® Uncle Position: 0 ® Uncle Position: 1
@ Block Height: 5695150 @ Block Height: 5695150

IR ): 3
FLih: 0127
2R, EANRIR: 3* (1/32)*2 = 0.1875
PR h: 3* (7/8 +6/8) =4.875

source: https://cn.etherscan.com/block/5695150 75
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PAK RS AL B

A G ART (£97200W)
| ENERIESS ), R AR L,

Ether Distribution Overview

Genesis (60M Crowdsale 12M Other): 72,009,990.50 Ether
+ Mining Block Rewards: 42,862,582.34 Ether
+ Mining Uncle Rewards: 2,933,324.63 Ether

+ Eth2 Staking Rewards: 274,011.61 Ether

- Burnt Fees: 434,091.46 Ether

= Current Total Supply 117,645,817.62 Ether

Data Source: Total Ether Supply API

Price per Ether

In USD: $3,440.31

In BTC 0.0685

Data Source: CryptoCompare

117,645,817.62 $404,738,082,822.00

Total Ether Supply Market Capitalization

Breakdown by Supply Types

Genesis: Crowd Sale (60,000,000 ETH)

@ CGenesis: Other (12,009,990.49948 ETH)
Block Rewards - Burnt Fees (42,428,490.88428 ETH)
Uncle Rewards (2,933,324.625 ETH)

@ Eth2 Staking Rewards (274,011.61282355 ETH)

source: https://cn.etherscan.com/stat/supply,

2021

.10.6
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AKSTHI R S50

20 R AR PR EE AR

Top 25 Miners by Blocks

In the last 7 days
Source: Etherscan.io

2Miners: SOLO (1.4626%)

0Ox45a36a8el18c37ed4c4/ef4ab827a7c9e579%11e2 (1.6621%)

0xc365c3315cf926351ccaf13fa7d19c8c4058c8el (1.7951%) Ethermine (24.0692%)
MiningPoolHub (2.5868%)
2Miners: PPLNS (2.6493%)
Miner: Oxb7e...707 (2.7500%)
Flexpool.io (2.8185%)
Spark Pool (3.3464%)
F2Pool Old (16.6774%)
Miner: 0xc8F...7C9 (3.5196%)
Miner: 0x070...287 (4.4585%) .
BeePool (8.8484%)
Nanopool (5.0669%)

Hiveon Pool (7.7947%)

KI5 AR T 1B S 5 ) He

source: https://cn.etherscan.com/stat/miner?range=7&blocktype=blocks , 2021.10.6
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PAK T A%

Ether Price (USD)
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20214 Kk

Ether Daily Price (USD) Chart

Source: Etherscan.io
Click and drag in the plot area to zoom in

Sunday, January 19, 2020
[ $166.94 |

Jan'16 Jul'1e Jan'17 Jul"17 Jan'18 Jul"18 Jan'19 Jul'19 Jan 20 Jul 20

DA T A BE IR TR) 224k

Jan '21

source: https://cn.etherscan.com/chart/etherprice , 2021.10.6
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AKIGH

| 20214F 58 7 KK

@ Highest Avg Hash Rate of 736,674.3172 GHI/s was recorded on Saturday, September 25, 2021 @ Lowest Avg Hash Rate of 11.5297 GHI/s was recorded on Thursday, July 30, 2015

Ethereum Network Hash Rate Chart

Source: Etherscan.io
Click and drag in the plot area to zoom in

800 k
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500 k

400 k

Hash Rate (GH/s)

300 k
Sunday, June 21, 2020
[ 187,588.6189 ]

200 k

100 k
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PAK T 3377 B s ) A2 1k

source: https://cn.etherscan.com/chart/hashrate , 2021.10.6



https://cn.etherscan.com/chart/hashrate

Outline

| DURIMA

| DARIH I e A A

| DAKIH BRI

| DARITRIEZ Z#F . Wy, Bloom Filter
| DAKIT B AR N ) B
I
I
I
I

h

AKYTAZ 2
DA AL AL
DRI FAN ME 1) 24
AR YT X e

80



Y 3 R R

el

Dy if Hi =0
D(H) = .
1'1'1?~X(D0« P(H)p,+x X (2)+ ¢ otherwise
where:
(42) Dy = 131072

> D(H)Z AR 2E, B AR PH),, + X X

¢, Fo X BKE 52280 € AR iF E]
e P(H) g 3 KX 3R B M B, B> X 3R 69 3 BLAR A 2 S X 3k
e & 649 AL mk b Sk AT IR R
cxX¢, AFAERAT H B, EHBTGHBRE,
c € R TIR T RGMEEIERE,
> KaEnA TR, A IMED, = 131072,
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X

FEREE

Qﬁ@iﬁgﬂ% x X CZ

(43) T = {%J
(44) ¢ = max (y - {HS — };(H)”SJ ,—99)

> XA o, AR R H
> yAe X B auncledl A Ko 4 R X X3P .4 T uncle ,
WyAR2, TWAHL,
o 3B, Auncleld M E 2 K —ANF4%, B A & Suncleft #7
AT T ER, FLEIRGERURFT T AT EAA
o
> MEEMEK ERIXEN-99, T2 TR EERLH
A ATARD B XA F 4,
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Y 3 R R

el

o e[t
(44) ¢ = max (y - LHS — };(H)”SJ ,—99)

» Ho A AR Reguf R, P(H)y A XX keguf R, 3
RS A 4z, AR Hg > P(H)y, o
ciFH N RABR KRR AR E RIS BT ENAK
M, e T A K 0 R T

> AR druncle® 2L (y = 1) A1)
o thkit ) £[1,8]2 8], Hh¥entMlit4E, EEIAKR—AELE,
o 3R BFR] A[9,17]Z 18], d3ebFE T LAES, HEAFLAL.,
- 40 Z BT 1A £[18,26]Z 1], d¥entmlaE K, HMEEIED AL,
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YR VET

RS L P | H+100000 | —QJ

H{ = max(H; — 3000000, 0)
> eFT AR KR—1%, R2MHBEHRHEK, 2T E5H
BRKAEF B, EAXEL MR Ad K,
> X E B R B & & TR AS 2] PoS TR LT K
4 fork @y R . BB AR T K, TS 1A &
J& 3L A2 B|PoS TR Lo
» H#% 7 fake block number, ® £ iE 49block number H;
MY ZBTAFE . XA AR B RAKE T PoS R #Y
TR, &R RK KBE—FF 695 (EIP100),
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2015 4 7 1 > | Frontier (HI¥WY) BBk
— AN B
| Homestead (%[d) MrBx
201631 imptEB i, R AR

| Metropolis (K#S) Bk
2017 410 H — X% % Byzantium#=Constantinople # 4~-F £

— MRV E I R £ AByzantiumi AT A, A
EIP (Ethereum Improvement Proposal) ¥ & &

— R K 4eblock reward ASANETHM 4 3ANETH

BRI

> | Serenity (THH) Mt
—  PUHRFIL R TAE R U] (Proof of Work, ]
PR PoW)i%1n] PoS, ffife i taEs — & i ey
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Ethereum Average Block Time Chart

Source” Etherscan.io
Click and drag in the plot area to zoom in

Friday, October 6, 2017
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» Header struct {
ParentHash common.Hash i : "parentHash™ ﬁCEQM%?%
UncleHash  common.Hash ‘ : "sha3Uncles" AR 7
Coinbase common.Address :"miner" @ﬁ]:ﬂﬁﬁt
Root common .Hash ‘ : "stateRoot™" ARSNGBy
~ n - ] ] ';\A —\ ><
IGERY common.Hash : "transactionsRoot AT S5 B v
ReceiptHash common.Hash ‘ : "receiptsRoot” Wﬁﬁ%5ﬁﬁ%iﬁ

Bloom Bloom ; :"logsBloom™ Bloom Filter
Difficulty *big.Int ‘ :"difficulty" 0 MR

Number *big.Int ’ : "number" E§£R5%

GasLimit uint64 ) :"gasLimit™ Gas [JE

GasUsed uint64 ‘ : "gasUsed" Eﬁ%?ii%%gasi:%ﬂ
Time *big.Int i : "timestamp™” DX e Fisf i) K
Extra [ ]byte ‘ : "extraData™ AR KRB
MixDigest common.Hash i : "mixHash" ]:VFE%ﬁEﬁﬁﬁﬁgg
Nonce BlockNonce ‘ : "nonce" 21" Noncefl
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