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T2 Bl ofst EXt ol cislof ozt M= XA gen]
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CKB %3 &c|

SEX QI =EXE 72X HiZ0| /= AHEO| =, 0] 710|E= CKBZt 0184 2tsst=X| Olalist= Ol ==
0| & Zio|ct, L2l&= Cell 22, A3ZE(Script), E2H™MM(Transaction), 12|11 CKB-VMe| 7|2
T QAE H 0lsE 4 Qe YWAlo 2 MTE Zolct,

SEXQI2 UESR A TEtol| X EHMME 7|S5H= US| HE 2715t =) SIHAL §lO|
MSEEE THsot/ sttt CKB(Common Knowledge Base)&= Nervos LIERI3Q| 7= ASC =,
A2l ZH(Proof of Work, PoW) 2|0l 7|Htsl 2HEICE Ol MZXES2 &S HES fE2EN
HERIIE ES5t0 EAMME 510 2ot HotMut HEAstE HEISHTL

P 822 SAIOf LIEfHICE =, O B2 CKByteE 4

2t Cell2 7|50l 28t

7
=2 &St H2|E 2/3 62 CKBytes 0|42 &&sh= 20| MEEICH

>

Cell 2E2 0[2{5t Celle| 5% HAlS HolstH ) ATEIE (Script)ofl 2l3H Cello| AFEE[AHLE HAE =
A= 0] HoliZICt. LE SFH|QI0l| =71 Cell2 2HAO0|E2 +F GiCt. Cell2| HIO|EE |
O|E3}2{H sliEf Cellg 4-H|(consume)3liof stit — HIO|HE F&5t0 =88t =, UO0|EEl JEE
He MER CellS Mdslof SHt.
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Live Cells

100 CKB )
Cell #1

100 CKB
Cell #3

100 CKB =)
Cell #2

100 CKB
Cell #N

0. Initial State

0P" AH|E|X| 42 Cell2 Live CellOIEt ED1 0| &% EzHx IH Afg%g¢ ICH 0|2 S0,
|

1. M (Create): 24 200 CKBytes E&9| Live CellS MEHSIC), 0|F £ 2 = 71| M2

Live Cello| MM ZIC}, 5tLt= 100 CKBytesZ, 2% Alice?t &3 siHE 4~ Q== MY

2 otLt= 99.999 CKBytesZ, XH0| AR6t TH= CellO|Ct 0.001 CKBytes A10|= EZHEM

T2 AREICH

100 CKB

Payment to Alice

200 CKB & . 0.001 CKB
Transaction —
Your wallet Tx fee for miners

99.999CKB &

Change to you

Input Cell Output Cells

2. MY(Sign): 7l 7|2 EMF M| MHSI0], st Cell Ll CKBytesE AL HEH0| ASE 5
StC},

—
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Sign to unlock 100 CKB 8

Payment to Alice

. 0.001 CKB
— Transaction —j
Tx fee for miners

O’é Private key

200 CKB S
Your wallet 99.999 CKB 8
Change to you
Input Cell Output Cells

. MIK(Broadcast): ME =, X[Z0A 7t2 717t CKBUIERI = E2 ERMMZ HZEIHAE
Ct.

X

Blockchain network

/

. d&(Validate): =4 === 021 HE EXIE +AIst0] EAMMO| R oS SISt XhM|EH L

82 AZ e HnE 4 Yt

Validation /

@ Ssufficient amount :
o Digital signature : \

o No double-spending

5. Mil(Propagate): 23 = EUMME HEYI S| CIE L E2 MIE|0 mempoolof XZHEICE
mempool2 M=AHS0| EMMM S MBS | M7EX| O|ghel ERMME A2 HEtsts 3710]
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Mempool for

each node

m
P

transactions

waiting to be mined

6. &(Confirm): AHZXAHS2 mempoolo| M ETMAS MEiS] MER S0 ZetA|ZICH ER
MMO| ZetEl E20| AM=ZEH SZA|2l0f] 7=, O A|™of|AM ERMME 15]2] =l
(confirmation)2 27| Lt

Select from Add to Block Block is validated and
Mempool added to Blockchain
=
& __ _ <
g I S s i
: >
O Ayt

o 7|ESQ CKBytes Live Cell2 £H|=|0{ Dead CellZ2 ZA|EICY,

o MZ MMEF 719 Live Cell(100 CKBytes2| Alice Cell, 99.999 CKBytes2| At&X} Cell)
=2 == ol 2 Aefot EICE

o 0| M =50| xi=E wjDiCt ESMMZ FI15 0l 2ol 2 2ol S EA(Ql LHoj A2 541 HOory
0| ZstEICt

[ ]
AR E(Scripts)
ASzERR
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CKBOllM A3 ZIE(Script)= 2H|Ql0flA MlE =~ Q1= Hio[{2| A mfo|Ct, 0|= CKB-VMO|2} 2
2|l= RISC-V HHO &gt 7|t 7t oM Malisl= 2200 2 | CellE BS54 M|Of5t7| 2|8 &
olo| =2|E £=3list 4= QICt ADLE AH2k(Smart Contract)zt SAFSHA AzHst 4= QICt.

Script’s Structure

Required E E

| (" ) 1

Lock Script — code_hash I

100 CKB : :
Cell with 2 Scripts &y : hash_type i
Type Script —» :

: : args i

Optional i .

1 - J 1

e code_hash:CKB-VMO| 2Eg AJZE FEE AEICY,
e hash_type: CKB-VMO| A3ZE FELI AIZEE FH= WA X|HSICY,

o args: ARSI SAl S, 23-ES FE5| ?l8h 212 MSeitt.

AIREE F K] F2 |RY0| ACE:

o Lock Script: Cell9| A7H ¥ HZS H0fst= s AAZER HSH0| A= AFXIEE CellE &
HIg 4= U= SHCt,

o Type Script: E2HMMO|M CellO| O{EH ABEIALE 2HE = U=KIE Foldt= MEHA AT
EO|C}.

CKB A|AR) A3RE

71 ZQH A AR ASFEIE Z 5H = secp256kl_blakel60_sighash_allz 22zl 7|2
Lock ScriptO|Ct. 0] AFZIE = secp256Kk1 EfRl541t Blake2b siA| ¥112|ES AHESH0{, s 712!
7| 29 XI2t0| Cellof| AZAE CKBytesE &2 afidlstr AH|E 4~ U S HESICE,

ol E0, Alice7t secp256k1_blakel60_sighash_all Lock ScriptZ 25 &l CelloflA
CKBytesE M&ste{= 42 Cha 24-0| & EICE:

1. MME Alice2| 712! 7|12 MYHEICE, 0] MHE2 Alice”t Cell2| CKBytesE AHEE #HEH0| /S

Yoot

2. EiEMo] MM L2 27172 Blake2bZ dliAI510] |22 Blake160 SHAIS AASHCL
Lock Script= O| siiA|E Cell®| script_argsoll M2 sHA|QF H|WSHCH = sHA[ZF YX|oHH
AAEIEE= secp256kl SME AL MHE HE5H0] MHO| A s Z7H7(2] 712! 7|2 4N
e s stolsiet,

Ao = &= Lo

mo |m
ol I':“é

o
i_|

)
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https://github.com/nervosnetwork/ckb-system-scripts/blob/master/c/secp256k1_blake160_sighash_all.c

CKB-VM

CKB-VM2 CKB #0i|M ATZEE Malist= 7H 0{AI0[C} Siti&0| 0 @ EAAQI RISC-V BHN
&2 AHEsiH, CPUO| tiet X~ M2 E HStl =2 2240 o142 St}
A3YUE N
ATEE A2 EZHMMNO| CKB HESR 20| M=2 wf A|ZECH CKB-VMZ M code_hash®f
hash_typeSZ HALl= AR E FEE syscallsE Sall 220 E=5iCt CHEe =2
ckb_load_cell_data()®t ckb_load_witnesses() §2| syscallS AFE25t0{ EHRM LYO|
Cell 2 WitnessOllM 2ot HIO|EHE S2{2CH 2Rt B E QA7 FH|E|H, CKB-VM2 A3REES
AHASH0] S707| SHA|, ME AE, MEE 22| Hlu S sdiete=N ECMMS Ao Al = A3
ZEO| uiatgio] 0o|H MMl Malg o|n|siH, 0|= F=et ERHTMO|C), Bt = 00| Ot 2hE Hiets
M Ml HIi = 7tFE|0] ESMME2 25 X2|EIC}

Transaction data

E Cell Data = E Syscalls

5 Input #1 E E . 5

E g E E ckb_load_script() E

! ) : : load_cell_data() !

' Capacity 0x746a528800 ' ' ckb_load_witnesses() '

i data <Cell Data> L :

: code_hash| 0x3d2023..3221 | @ Memory CPU :

3 lock args Oxabc3302..4456 | | : i

: hash_type type E ; ;

type null E

0. Initial State

ALO|Z(Cycles)
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CKB-V ZL27|2 St N0 28 F=E XASIES AU AOIZ(cycle)2 238
E M| AL H|ES FFsh= Hel=, 2 HHOL syscall2 LS 9| AIO|2S AH|SHT}, 22{Lt O
eloh RUdE Fet T 22 oY WS LX[ot| fleh HER7L EReks 2|0[sitt. 0| 2leH &
O] AZM max_block_cyclesets HEE Sl AIO|I2 et=E &Fslrt. 0| 2E= 5iLtel 5 Lo
M E2E AJRETAMES = s T MOIZ +2| dots FotD, 252 AL0|2 &0] 0|2 Z1fstH =52

=g,

% CKB H|2I5l MIRANAL| max_block_cyclese= 3,500,000, 0000]|LCt,

ZR6H T, 7HE EIMO|LE AT EO|= HE9 =
max_block_cycles #H¢| Lol Q= o, HRst BIE2[ AO|E2 AEY = RULCH.

2f FHO{Lf syscalle| At0|2 T 4]0 Chist XtMlet 82 AMO|S ot S Sot AT EE NS FIS)

.

Y

O|2X X|AS &S3UCHH, O[H| 2F ez Lokz =H|7} =|ACt.

e Quick StartE Eslf & ¥ CKB Z2HEE MdH st
o F=dApp FEZ|YHZ HIZ 0|Ss CKB ?{0f M AHZ2 L

Kl
=
%L
=.°£
HL
Pal

5&
rr
>
10
>
1>
o
10
o
+
30
i

CKB 7|2 744

Nervos &9l

Nervos E5i|2l0|2r?

Nervos 2542/2 Common Knowledge Base2t1l = 5t0{, Nervos MEfA2| 7t 22X A S
OICE 7[BF AZ 2= M Nervos SEH|212 &% AIS T M=2E MBI 0l= EE5YSE IrhststH
ME E|A5H0| fAE |A|E|1, FASHT QNG| HAEIRICE £2 582 MY E ZE 0|52
M2 UA EESH= Z0|Ch

>
rr
fjo

LS X (Multi-Layer Architecture)
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S2EYs AAEE Y e ey EA0|EQTrF Exffettt, tEXCl o= 2Ed, 2oty €8st 2t
o| #&o|Ct T HZ0|M O] M| 7HXIE BF =2 £FO2 Sh57|= X2 ASS LM 27| T2
=X

o 14Z(Layer 1)2 HotMut SEASI0| 2 S S50 49| AlS0l| M2 E HIEHCt

. 271|"(Layer 2)2 0| =ES HF0] =B HO| ALZXI0A e Z2PHl ERMMS K|S

0| £ S B RS 510 LEYS, HOY, BEHN0| =2 2T TMBIC,

CKByteZl?

Nervose| H[O|E|E EZ CKBy
M 1HIO|EQ| Gi|O|&] X%
X2 = AFE =T

KB2t1 §iCt otLte| CKByte E22 Nervos &f0f|
H2|E R0{stCt. CKBytes EMMM Sl 1Mol HQdt ++55

{m)

Im}
Horr
]

-

ol

O

0|'J
mﬁ
B>
30 &
ot H

Nervos0f 100H}0|E2| H|0|E{E MEs5tH™ BHEA| 100 CKBytesE E-R3H0F HCt. H|O0|E{7F Nervos
ol 37h2 RHX|st= 3¢, siE CKBytese= 7! ME= |XIEICH HIO|E71 T O] HR Gl0] A1H|=[H,
100 CKBytesE CHA| Et: B2 A8 = A ECh

Lot CKBytes= Nervos DAOO| Ofjx|gh 4= {204, AH|0|Z 2t FAfet YA o= By S HE + QUL

CKByteof| chst =7 = Cell 22 3! AN 7L & MMOj| A CHELCY,

NervosO|A{e| == 2{H

Nervost Javascript, Rust, C & M& O 2 #g
2 et4 S HSSHCt,

Kl

2243 210 E K| 5104 AOLE AH|eF T2 a2

|O10{| A Cf|O|E{Q} AtEHE XESH 2~

=X
OR k= 4= AL

|0
|0

= S¢iet o Z2|AH( 0|40t

—

$9

r

CKB-VMOo{lM A EICE CKB-VM2 145 RISC-V 7Hef Al = | JHEXt0f|A| ot st
= . 0121 CKB-VM QIARATL MZ CHE ADIE A2fS SAl0 2lie &
A01, 2 HEHE Sl i—.%“éi | A =t

NervosolMel =221 of st XtMet LiE2 Cell 2 Ent CKB-VM A430|A CHELH.

8t2|(Consensus)
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Nervos= NC-MAXz} £2|= 2t ZY(PoW) 7|8F &ef 12|52 AHEsit. PoWe Eot elIE|E
£ MSote z/He £FMLE 08| X2 ASE(QUC

Nervose HIEEl_OIOI L}7 tEE gro|(Nakamoto Consensus)E 7|8IC 2 sl0{, HOotHO|Lt EFES]
E #&5HK| oMM =T EMM £E H[FX O 2 52|10 &Y A7HS THEAIZICL

Xl Nervose Ethereum CHH| 2F 1082| XM2|22 MS3H, &= Layer 2 £FM40| 245tHgof 2t
Jstgamo R SEE o2 o AEICH

Nervos 2| Z112|F2| 7ol thet XtMlet LiE2 gtel(Consensus) M40 M CHE GfFO0|CH.

CKB vs. BTC

CKB= £EH212 ZHXMAtel HIERQIo| M S 2oF UTXO2H 21 S (Proof of Work) 22 HIER
elo| 22X S AS3IHA, ES| H|EZR QIS flet Ao R4t 2i|0|0] 2 £F4 S Lefst= O 1Rt
A=HS E‘Jf._‘—li | 7}0|=E= Nervos CKB O{E S Alxfote ol 2ot sy 7HEnt H| w S QLIS 7]

UTXO vs Cell

BTC2| UTXO

UTXO(Unspent Transaction Output)= EHMMO| 2t2 El & L= C|X|E st Q| 2+ 2|0|SHTt.
o2 01 Aliced|#| 5 BTC7} /11 Bobd|A| 4 BTCE EHCHH & 7H9I MZ2 UTXO7t MM EICEH

Bob2 28t 4 BTC2t AliceE £/80.999 BTC. UTXOS2| 0| &= SUEL M2 20| R2lslof
6PEHI, T1 Xt0|= XZAtOl|AH| EHMM 5 2 X|ZE|7| IZ0|CY.
2BTC 1 ‘ 4BTC
Alice’s wallet J ‘ Payment to Bob
0.001BTC

—— Transaction —
Tx fee for miners

3BTC 1 ‘ 0.999 BTC

Alice’s wallet J ‘ Change to Alice
Inputs Outputs
(UTXOs from previous transaction) (UTXOs of this transaction)
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UTXOO0l= scriptPubKey® 2247l £t 2to] Zatz|0f I, 0|= UTXOE AH|st7| 9l £
0f0F 5h= Z=Z1S &Eeltt.

UTXO2| H[0|E] 71 Z== L3t 2Tt

"value": 5, // The amount of Bitcoin

"scriptPubKey": "OP_DUP OP_HASH160 <PubKeyHash> OP_EQUALVERIFY
OP_CHECKSIG" // The locking Script that sets the conditions for spending
the UTXO

b
5BTC E ScriptPubKey (Locking Script) E
UTXO from txid: 6059..decc | | |DUP)[HASH160| | PubKeyHash| | EQUALVERIFY | [CHECKSIG
CKB2| Cell

UTXO2t &2, Cell2 O =2 RAME MSsICt Cell2 CKBL| 7|& thHelo|0 LS atm|# otL|z} o|0]
A, HIEIQ TE 22 OE |89 Ho|HE MEE 4= ALt Cellol= Lock Scriptet Type ScriptZh 2
= matelr}

nol'

o Lock Script: HEZ?I2| scriptPubKeyX 3 2&stH, Cell2 22 sixlotl AH[E 4~ =
s Holsirt,

e Type Script: MEHX™ AJZIEZ Cell #HEH E= AE) HO|0f Ci$t =742 Fo|strt.

Cell2| 0|8 &= CHE2t ZT:

{
"capacity": "@0x19995d@ccf", // The size of the Cell (in shannons)
"lock": {
// A Script that defines the ownership of the Cell
""code_hash":

"Ox9bd7e06f3ecfdbedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args'": "0x0a486fb8f6fe60f767T001d6372dadlbe91172259",
"hash_type": "type"
o
"type": null // An optional Script that defines the type of the Cell.
¥
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Data
Input Cell with Lock Script

Lock Script

code_hash| 0x3d2023...3221 |-

args Oxabc3302..4456

hash_type type

Actual Script Code

const vl = load_valuel_from_witness();
const v2 = load_value2_from_witness();

oo 1 ooy
: referencing const result = vl + v2;

if (result === 8) { return 0;}

return 1;

Bitcoin Script Interpreter vs. CKB-VM

Bitcoin Script Interpreter

Bitcoin Script Interpreter= AE§ 7|Hlo = AAZE M & A H|O|EE XESY| sl A Xtz

£ AESIT HEZRQI AFEEQ| QI4h2 H|0[E{SE ABHO| FEA[(F7H)SEALE EH(H[7H) T, TH= GIF
Ttz P2PKH(Pay to Public Key Hash) 22 M&&Ql H

|m

jiLJ__:qEJEEEEIFC>EjAf6L f

H— o —

[Signature ][PubKey} [DUP][HASH 160 ][PubKey Hash EQUALVERIFY”CHECKSIG]

ScriptSig ScriptPubKey

Stack

CKB-VM

0. Initial State: Empty stack
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I
S
l

22 MB350 0l 28X d™ln RUHES 7Hs5H7 ot RISC-VE ez AMEL = A= 2
gl B3} 7He 2 =

=S ozTzfg
ENAE SAlelD
2 H}
= L-

Hof=1

Transaction data

Cell Data =
Input #1
Capacity 0x746a528800
data <Cell Data>

code_hash| 0x3d2023..3221

Syscalls

load_script()

«b_load_cell_data()
ckb_load_witnesses()

lock

args

Oxabc3302..4456

hash_type type

type

null

Memory CPU

0. Initial State

BTC Script vs. CKB Script

LS BTC Script@t CKB Script2| &FA| H|O|Ct:

No. 12 /150



Aspect BTC Script CKB Script
Statefulness Stateless Stateful; Can maintain and
update state (data) across
multiple transactions
Introspection Limited. Proposed Extensive. With Lock Script and
opcodes like OP_CTV to Type Script to inspect and
impose future spending interact with other Scripts and
constraints the entire transaction.
Programmability = Limited by stack-based RISC-V based VM enables

scripting and predefined
opcodes

extensive programmability and
multiple high-level languages

Script Structure

Series of opcodes
operating on a stack,
limiting its scope to basic
transaction conditions

Written in high-level languages
and compiled to the RISC-V
instruction set

Use Cases Transaction validation, Transaction validation, Smart
basic contracts contracts, dApps
Interoperability Limited Can run other VMs like EVM,
enhancing cross-chain
compatibility
Upgradeability Requires network-wide Allows upgrades without hard

BTC ExliZiM vs CKB E

EziTM 2lo|Z A0S

SEXQ AAEIM E

hard forks for changes

EIH
= 1 L

=AM 10| ZAO| 22 MHRE] S

-

[ Create }—'[ Sign }—v[ Broadcast ]~RPC—>‘ Validate }—>‘ Propagate }—'

forks

IX| 042 CHAIZ H&ICY,

Confirm ’

Sender’s Wallet

1. Create: H&E CIX|Y Xt HRs 942 U 5242 X

2. Sign:

Nodes & Miners
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o

Ct.

3. Broadcast: SAIXte| X|ZH0|M 74E 7172 HIER A L E2 ESHMN S HE EFAESITY

4. Validate: === 224, MY 219, EEXMQ Z2EE &4, J2|10 AFBXI M| 722 HBot
0f EAMMS 2fletrt

5. Propagate: 455H, = E= EMMMAS HEQF CHE L E2 MIUfSICh EMMM2 S50 2
27| 7|CtE|= EAMO| A KA Al mempooloi| IS

6. Confirm: EziX40 x =¥ ,
E IFEICE 0= 0| EE2 FXshe 2 24 252 20l 315 I AH EAMES HLt X5t

Al 2h=Ct.

il
ot
rm
(1]
Jhu
o
M
n
2
T
Hl
ro
=2
o
d
mn
|-EI
=°.£
ot
|m
=
= 7
r=
rlo
i
oz
rtn
N
|0

= UTXO 22 &[0l 2=

$0

A
=T

{
"version": "01000000", // Transaction version number
"inputcount": "02", // Number of inputs
"inputs": |
// List of transaction inputs
{
"txid":

"6059fa31ab283937854e8hball28ae4572e7994af5b9e7a9450107f63a740dccc",
"vout": "01000000", // Index of the output in the previous
transaction

"scriptsigsize": "6b",
// Script providing necessary data to satisfy the scriptPubKey
"scriptsig":

"'483045022100fed4209b8711a22e0d4a9%e8b1d2c209b53180e89debbc13ea535d91a32b
76fe60220672c4554bc8119a5¢cb31b9f1741b0bc95eaaa7f457037aecbe®dc740d1b8elb
00121032de50ebflade927db3ced1e88ea9ddb8bc2503f486dc5b8ef5dd54f67cel2101"
"'sequence": "ffffffff"
o
{
"txid":
""32074770640754938a380295c914408389637c1lbd3cbbedfaa86264bcf667094",
"vout": "00000000",
"scriptsigsize": "6b",
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"scriptsig":
"483045022100c52e23ca33145f9ce7d0e92e7f1386ae06f0a72bca®@dced4bbb8ad969d15
839020220213978ceadf9788961c52c164c605b40cc669al0ea53ce0add282d60606950a
4012103c69cel119333de82dc0275539ad70bfae7f366e76a501fb2671052a1278bd8df2"

’

"sequence": "ffffffff"

¥
1,
"outputcount": "02", // Number of outputs
"outputs": |

// List of transaction outputs

{

"amount": '"94983f0300000000", // The value of the output in
satoshis.
"scriptpubkeysize": "19",
"scriptpubkey":
""76a914a82d981ccfa5cb703a4dcecc84d5b29797c3071288ac"
b
{
"amount": "001bb70000000000",
"scriptpubkeysize'": "19",
"scriptpubkey":
"762914d94afb03198c6chbc@118b50a62f5ae8508e3cf4388ac"
¥
1,
"locktime'": "00000000" // The earliest time that the transaction can
be added to the blockchain
¥

o inputs HEQ| txidet vout= EFH(Ql &2 0|F EGHMMO|M LHOZE A S UTXO07t
SOIRIX| X[ stct.

—

o ZJ U EE9 scriptsigli= UTXOS &3 stiAlst= ol 2eet TIXE M1t 37177 et

o EGHMME EX amountZ M& 7HX|E LEH = MZ22 outputsE MMt
o Z %EJOH = scriptPubKeyZt MEE|0, et ETHMMO|M 0] EHE AH|ot7| et 22 X|F
5

E
K02 SARL| B77| SfAI HYS HBSHE QAL TBHEIC,

0
m9
;

J

| ESHMO| ZHkst T £ 2% 0]X|2F Nervos CKB2| Cell 222 O 2 HEHME
2 | |90l Hgtstct. Cell E%S HEli(state)E 22 242 S0l =Ct

EMME Live Cellg ut7|5t2 AHET Cells ét'“‘*oiw SEIE Yoo 5, Tt |
Celle| & 82 El

No. 15 /150



» CKB EZIMMO| O|0|H F12&= ChS 2 ZLk:

"version": @, // Transaction version number
"cell_deps": [ // An array of outpoint pointing to the Cells that are
dependencies of this transaction.
{
"out_point": { // A cell outpoint that point to the Cells used as
deps.
"tx_hash":
"Oxbd864a269201d7052d4eb3f753f49f7c68b8edc386afc8bbbef3el5a05facca2",
"index": "0@x0"
b
"dep_type": "dep_group" // Dependency type (0 for Code, 1 for
DepGroup)
¥
1,
"header_deps": [ // An array of hashes pointing to block headers that
are dependencies of this transaction.
"Oxaall24dab6a230435298d83a12dd6c¢c13f7d58caf7853f39cea8aad992ef88a422"
1,
"inputs": [ // An array of referenced Cell inputs.
{
"previous_output": {
"tx_hash":
"@x8389eba3ae414fb6a3019aa47583e9be36d096c55ab2e00ec49bdb012c24844d",
"index": "@Ox1"
o
"since": "0x0" // Timelock feature
b
1,
"witnesses": [ // Provided by transaction creator to make the
execution of corresponding Lock Script success.
"0x55000000100000005500000055000000410000004a975e08Ff99fa0001

42ff3b86a836b43884b5b46T91b149f7cc5300e8607e633b7a29¢c94dc01c6616al2f62e
74al
415f57fcc5a00edlac2d7034e90edf4fdf800"
]
"outputs": [ // An array of Cells that are used as outputs,
{
"capacity": "@0x746a528800",
"lock": {
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""code_hash":
"0x9bd7e06f3ecfdbedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args'": "0x56008385085341a6ed68decfabb3balf3eea7b68",

"hash_type": "type"
H
"type": null
+
{
"capacity": "0x1561d9307e88",
"lock": {

""code_hash":
"0x9bd7e06f3ecf4bedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args": "0x886d23a7858f12ebf924baaacd774a5e2cf81132",

"hash_type": "type"

¥
"type": null
b
]r
"outputs_data": [ // An array of Cell data for each Cell output.
"ox",
X!

1,
b

Unlocking & Verification Process

BTC 0| A|

01 AN 148 2t2) £ 38IE2 =5 UTXOR Alice?} o1 2418+ SLETIE wateect. o
ASBIEL EHTL | 9l5h MIBE £ 40| go| 25| 80| H=E 27BiC

UTXO02| ScriptPubKeyol| M&E &2 AJZEE= EZS AH|
1 20| Fel L

el

= As ZUS X[YEL) ol= LhE

OP_ADD <8> OP_EQUAL

ScriptPubKey (Locking Script)

{OP_ADD] {OP_EQUAL]

8BTC
UTXO from txid: 6059...dccc
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UTXOE AH|5t7| #ls a2 aiixstH, Alices 22 ATRES| IS BIES= Q2 ATRES
|

x| Z3H0f . 0

OP_3 OP_5
E el locki . E
8BTC | ScriptSig (Unlocking Script) L . 4 2999 BTC &
, — lransaction
UTXO from txid: 6059...dccc \ : Payment to Bob
Becomes Input New UTXO

Unlocking Script Locking Script

3
[ 1. Push number 3 and 5 onto the stack
Stack

2. UTXOO| ¥14%El scriptPubKey?| 2t AAZIE AlSH:

o OP_ADDE ABHO| B @] = =XH(52F 3)E Het 7l Cista, Z2H(8)S ABH0H| ChA| F=AISHTY
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Unlocking Script Locking Script
| 5 ] OP_ADD
[ J —i 8
E Add the top 2 numbers E
G+ =C] ) | e
i 5 i M
i 3 i _ | 8 ]
CETT TP Trre : 2. Execution of OP_ADD
Stack Stack

e 81|OP_EQUAL

; Unlocking Script Locking Script
Push

3. Push number 8 onto the stack

Stack

. OP_EQUALS AEHO| T Q] &= 2=XK 81} 8)E &ol0{ MZ Z2X| &lst, Au(TRUE)E AEH0|
ZAIBHL,
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Unlocking Script Locking Script

R
OP_EQUAL R s .
[ 8 ] - — OP_1(TRUE) |
‘ E Check if two numbers are equal E
w | B G)==C]=(m) |
] 8 N M
E 8 i ) OP_1(TRUE)
o m---oo oo : 4. Execution of OP_EQUAL
Stack Stack
5. AEHO| =2 X|Z 20| TRUEO|H EMMM2 @ S55ICH 0 ZHFEICH ABHO0| False2 ZLtALE H|O
Qlom Eizde Bgo|ct
CKB 0j|A|
CKB O|A[Of| M ARG 222 HERAQIO| AR 7|H AFZIE A|ARIHLCC CHIXHCHS S T2 T2 3+
A AHEICEH 0{7| M= BTCOHMQE 22 O|AIE A5, Alice?t IS El & 2| §0| 80| Z|0{0f StCt

= 27 2oz #A = Live Cell2 4|12 siCt

Lock ScriptE #31517| ?Isl /AR ES AESHT:

load_valuel from_witness();
load_value2_from_witness();

const vl
const v2

const result = vl + v2;

if (result === 8) { return 0; }
return 1;
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Data
Input Cell with Lock Script

Actual Script Code

const vl = load_valuel_from_witness();

Lock Script
const v2 = load_value2_from_witness();

const result = vl + v2;

args Oxabc3302..4456 i (result === 8) { return 0:]

code_hash| 0x3d2023...3221 4: referencing ---»

return 1;

0| Cello| &2 < sliXI5t0] At|sl2™, Alice= 7|(HIERQI0AQ| 9122 ATRIEQL QLANE H|25H0f
SICH 0] 2R, Alice= witnesses ZEO| Xt 31t 52 M Z6HC}

0

o’ ! Key to unlock Lock Script !
Witnesses l Valuel 3 X
! ; . Data
! Value2 5 +— Transaction —»
i | New output Cell
; / 0.001CKB /
Data O R ccemomomanocnes Unlock / Tx fee for miners /
Input Cell with Lock Script

22 4

ol

Y| CHA I 235H0|C}:
1. Witness G|O|E{ 2E

e Z2tv1(3)atv2(5)= witnesses ZEO|M ZEEICE

load_valuel_from_witness(); // number 3
load_value2_from_witness(); // number 5

const vl
const v2
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const vl load_valuel_from_witness();
const v2 = load_value2_from_witness();

const result = vl + v2;
if (result === 8) { return 0;}

return 1;

Memory CPU
0x2000 | 1100101000000001 <Script> x0 | 3
0x2004 | 0000000001110100 |<Cell Data>
0x2008 | 0000001100000111 <Witness> x1)5
t fetched and decoded X2
xN

Witness values from the Memory are fetched and decoded to CPU’s registers

o ALt
ATAZIEL £ 20| 5t 7|ASICE

const result = vl + v2; // 3 +5 =8
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const vl = load_valuel_from_witness();
const v2 load_value2_from_witness();

const result = vl + v2;
if (result === 8) { return 0;}

return 1;

CPU
x0 | 3 “ i Add E
x| |1 si+isi=is)
<2 | 8 ) - e
N b e e s

O|™Q| result”} 82t ZCHH CKB-VM2 0= dtatstrt

=X ZCHH CKB-VM2 18 ghetetrt

if (result === 8) { return @; + // 8 === 8 in this case

return 1;
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const vl = load_valuel_from_witness();
const v2 = load_value2_from_witness();

const result = vl + v2;

if (result === 8) { return 0;}

return 1;

CPU
x0 [ 3 —’E CheckiftwonumbersareequalE
x5 s = = lsi = U —+rewrno — | EEIR
2 | 8 LT
xN E

e Cel]l 2=
e CKB-VM
e CKBAIZIE

o CKB EZiZHM

Cell
= {#cell-structure}
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Cell2 #EHE XZE5H= | AFE|l= Nervos CKBe| 7+ 21 22501 £H|0|Ct

Cell: {
capacity: HexString;
lock: Script;
type: Script;
data: HexString;
b

Zl C 9} MM {#fields-and-description)

Name Type Description

capacity Uint64  Celle 27|(&t?l: shannon). 1 CKB = 100,000,000 shannons.

lock Script ~ Celle| Y20t ARHE LHlote ATRE.
type Script ~ EMMMOM YHo= AH|E|HL EHo= MME|7| 2[5 Cello| 20}
Ste ElS dHlste ATEE

data Bytes HENSE MESH= | ALE.

Of| Al

"capacity": "©x19995d@ccf",
"lock": {
""code_hash":
"Ox9bd7e06f3ecfdbedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args'": "0x0a486fb8f6fe60f767f001d6372dadlbe91172259",
"hash_type": "type"
o
"type": null
}

2k (Capacity)
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r‘ Om
nOEJ.-

= EZHEE0] A Cellol 1% St & o|0|gtct. Ol= XMEE CKB E229| &2t Cell 2HI=( data,
K, = SA|0f| LIEFHCY,

I
o T

HMO0| 23 Cell2 MMe mf, sliie £ CellO| HRot= 22 22l 2 Celle| capacity E =
.l
HA

A
A
o= Balr

)

-

=

Occupied (Cell) = Cell's capacity

E2ME A4S 3 & ot t3a 2t

Ol Cell0| RE =S NS S5 22 24T = HHSICL capacity = £6F CKB E2 Tt S Lt
EtLHOY, O]= H|EAIO] CTxOuto| nValue Z= 2 QAFSICE

Z| & Cell 22H61 Bytes){#capacity-mini}
2t Cell2 Ct29| g4 HEE NESH| fIsH Z|2 61 CKBytesS 0| 2fsH{Of St}
e capacity: 8 bytes
e lock: 32 bytes

e args: 20 bytes
e hash_type:1byte

0|2 &5t 61H0|EZt EICt. 1 CKByte= 2X|210)| 1HI0|EE NMEY #ME|E 20I52 2, Cell2 0] 7|
2 MY 3= 53517 flal |4 61 CKBytesE 2 /3H0F S

Cell 2d!

Nervos CKBE= HIEZ2I9| OF7|EXZ HZ 6} ME XE AL ZA YEFSIEIUTX0 Z2/2/ Cell 22/

OD/LE
= L

o/ E’EFJE HIEZ 29| Eh~dif HEH S R A3,

CKBOIA= 22 AEf7} Cell ofl /T, AAS STA|OI0IA +3E/D], 1= C7} BE ZHE2 H2|st
ot
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https://www.bitcoinabc.org/doc/dev/class_c_tx_out.html

Cell 24

HIEZ QIS UTXO Z&0oM AZS 2ot Cell 2E2 Nervos L 7HE Celle| St 1 otof| Z&H=l G
O|E{E H|0|Este IHHE S ™O|SHTt,

Cell2 2H0|C}. Yt 2|2l F=7tz[H Cell2 HZAE 2 giCt. Cell LHF CI0|EHE &
(Consumption) 2t= 28-S {X{0F 8tCt O|= 7|E CellS AH[5I0{ H|O|HE F&-+H5HCHZ, ¥
O|EE HIO|HE H2 MER2 CellS W4l 2210 F7tet= S 2l0SHt.

EfMME Live Cell2| 2Et2 AH|stn MZ2 Cell2 MA5H= MEf HSIE BHISIC} HEXH I = 2
&l 2= Lock Script2 Type ScriptE &2l5t0{ ESHMMZ HAFSSICE 0= ZHELXLZL Holst 75 &4
= QxstD BN Q= uiX|EHT}

~N
J/

Live Cells

— Remove Cells are removed and added to the set of live cells + Add

+

Transaction

® Dead Cell K Capacity
R R N 2 Updated Data
: Cell Ref ! " Ref Data
| Unlock Proof | + Cell 7 Extracted 2
e SO AN Type

Cell oA BE Cix/gd

UZ RO ZIFEIC), TR

0] OtLl2t AtB ROl | AR20] &

RSt KA ALSE Mste WES
=

QA SHEOR ALl
_E_w 5 AOKE Aof PAIS F4a0f axm EYHOR ADjE At

S ox 4

m
Rl
m &
=
=
&
<
—t
)
\_C/)
Hm
T
I
CE
m
T
o
:olg
ol'l

9
[
o
il
ol

o

1 o
1]
A
rrJ
>
o g
m
vl
1©
S
HT
LU
0
52
Il'|
el
m
1o

o= =

2At HAE 4 goo
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0] 25 TEL A4 97| HIBO| Cifet MUE FolsiC} XHA0| Nervos Ale| B7HS MRSt 8, ARAHE
AEH HIE (state rent) 21 2910] B £7) B|2e) 4 ClAL0] EJof, Ol £t OLA A0l X1
5 My,

Sptie
Cell 2EIo| Rt &= Of2f M| 71X 2O M LHRHA &Had 2 F0{SHC}
Scalability
Separation of Parallel Batched
Concerns Execution Transactions

Computation

Batched Trans

Trans #2
F Gﬁﬁ)}—’ [ Trans #2 [ N

@ Validation - {9\} Trans #3 N

Cell 222 ADE 7|of Mol M Attt ASS =2
2 CllO[E7} g ECt. O] O] Blo|E = 242! 45
f

=
S 0

|
= $|°H MIE%EE I**E“Zf T E:E7f d5s &Y

L-O -

Cell 2EIO| A= ADLE 7 oF AlSHO| 7t e y
04, 012] 7Haf 0{Al0] SAJofl MRHEICE Oli= CPU 20| =7+ S7}ote St HHE 0| A =t0teldt stk
efe= MSettt

—
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Cell 40l Ehatitol of2 ol
Sl0f, ERBY OHIFICS M2l 4428 HASRIC

O
-l
il
>
O
[m
é
rO

1A Tl ERTMO 2 HYX[E

Cell 22| M& LHE2t O == 0| AN = & FI5}EY.

gt9|(Consensus)

NervosollMof gfol= S =21 AArRL Bixl| LEfof| tis Z0XI=0| LX|E Astof =2t HEfE 2|0

= o
ST}, O] HElofl= 2 At8Xte| CKBytes 2/ akt ZIAte| C|X|& Arikat 242 Cf| OBt et EIrt
= to| HFE{ et Rt o] EdiMM o2 T4 El Nervos HIERIZ= f&8H ERAMIL T =)Mo Cf
off XISMCZ ofo|E HRZ ottt T MAMCE Zitel L Eef 2K IE S HE L= R0l &2
£ 2otz tle =8 N7t GELL L ES2 ErMMEn S5 HEE /51| 2o HAIXIE wEtsHA|
2t o245t HIAIKl= M7t FHHZALE R AZ[ALE OF0]| =&fSHA| b5 4= QUCH FEFH =22 7|51 HA
4 B o Qlth &gt 7ix7F 22 7| WE, 2elE Edotr| /leh Aust sZ2H0] 24X 0|C,

X2z} ZHd S0 (Proof-of-Work Over Proof-of-
Stake)

Nervose| S E EMst7| flaiiA= EFe
X|25H(PoS) ChH| ™S HIE O 2 £|H

(o]
HA
]
~ =

1= 2| oi7{L| &0 sttt ZYEH(PoW)2 Lt 22
| MEfO 2 [M=RAT:

. SEUS POW M2 A2 |, olLix] 48|, A S 9l 2010 Mt ARG XI5
x| 4xol e BRst0E, &7|HoR SHEHE ARFt,

- HOHY: PoWS CHOMS gto IALIBEC 71 B TR R st Of THastn e Zeelag
RIBEITE Ol ot F|op 7HSH2 WaT MUHOR o ost LIEYIS Bttt

. ZHY: PoWs Z7| Hoixjo|| S2I8 0 eIt HAl0| ZHEHOR Hoje|of 27| Hof
Kol 2l PoSet 22|, PoW's AlZiof ufe 20t B8 s Ha 2HiS B asict

HIEZQI9| LIZIRE &2|(NC)E 100] g 717t SOt 248t AR RE] H|ETQIS YOlsH2 PoW
22| F0|Ck. OI 7l&2 E&5| 0= AlZte] Alds AE 2SERACH

Nervose| NC-MAX &o|= L7l & §lo|2 7|gto2 slEi M =ote fldsix| 8¢ NCo| 32 of
HpICt, ERMM 24 B0 Chal 2ot MEAS FB5H0, LIEI H2ILS Iohestn HEX NC 7
3 CiH| SN S XIS M| B0ls S P43 458 HOIEL
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https://medium.com/nervosnetwork/https-medium-com-nervosnetwork-cell-model-7323fca57571

MEX EFAHClo|M = E2AM MO} X|¢10| =S TS0 HIEQT S8 fAA Hot Ford S Zefe
2 ALCH NC-MAXE &2l 182 H|eH(propose)at 78] (commit) & tHAZ 28510{, EZHRM0| 7
OlE|7] Hoj| et o| MUtz =& eto 24 SetHst ESAM 2Hlof| 2 X[} F M S MG}

SE0 HIEYI0IM 2 2142 F0|5 EAMM H2/ZS Y 2 UK, HEYT S7/5 SHZ 15
T0H2E H|20| £0HE £& YTk NC-MAXE HES|3 M50 mat 22 74248 Exoz Z s 12|
2 IrHakITIA, ATl TI0F 22 HIS S RAIBICE Ol2{8t HSH Y22 UEYD 2ot Fstxl
OJT T B 25 AZHS it

07| "Mi=2 M=At/t Gt oliA| T2 Mot By S A E 510] HERXF Eots ofstA|ZICE NC-

MAXE HIE/T0| Q1A 5242 HEls| 51D LoiT 07| M2 THS Ysratozu o] X0 ciS
S} 95 I L= 2012 BE M2f510f, NC-MAXE 0[7|% &2 Hatg +ol4 e 0iSof HEYA &

NC-MAXOoj| chst =2 0|sHE ¢/ NC-Max: Breaking the Security-Performance
Tradeoff in Nakamoto Consensus 2t RFC Consensus Protocol € z115tz2}.

S| 20le] DR gols 92l N8 SHA2S6 SiA B8 2B N2 UEil} SHASS
7|80l 8t 7| A2 21 ZAtS BB 01HS B 4 ATk J2iLt HIEDOIS I8 ekt olmats ool

CRr A EE 9101, A SH0f Fefe = Tk

0| ¥t S slfZst7| lal, Nervose= MERAOf BHE ME2 LS EHE siA 3:.#._ Eaglesonge AN
Ct. Eaglesong2 &AM thed) HOHMO| S XSS ?
ST} 0] 412 Nervos?| Hots 4ststn, SHA25601 CHEH QFHSH CHRMS Iﬂ%% EEW %’SOJ ol'ET-”

§
> 0
Fl

Eaglesong0f Ci$t O 242 Y= = RFC Eaglesong £ &5zt

FAE SEH|Q) RS SAI5Hs O] AFBEIE 2ot BXI2 0|20{7 71 2XFHo|C,
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https://eprint.iacr.org/2020/1101
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0020-ckb-consensus-protocol/0020-ckb-consensus-protocol.md
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0010-eaglesong/0010-eaglesong.md

CKBO[M2] Al E 2t =2

HIERQIZ2 AZat FA/E S MS2 2 22let S=X|2I0[Ct. SHLtel A F0| of2] Fa HZ2E = U=

o, Ol= ZetO|HA| 7 S ¢leh &

nx
X
[s)
II

OlE2|Zo| Bafut ebil, B2
OfZ2[A|0[d HEtof| M THALS &
oF FA0f AZE|0] Z2fO[HA

ruTru
>
Ew
>
=

CKBO|M= 220| HIEZI1t O RAISICE: StLte] A F0] 02] Faet AAE 4 QUCt.

A Fas SEE WGOICH AF2 7| 4228 &5 —’F—_’t

Ct SUst AY offol M= MZ CHE Lock Scripte MZ Ct

rlru

| -
CKB F47| k| =
0] 0| OfE TBIE| =X Olafi5tei, CKB 47} 07| THE|=X| ATHE BR7} Ik CKB F4s
Chst 2lo] 2X120] OfLI2}, HE A91e| Bech32m %4 #4|(BIP-350) 8 HEWAL, 7|8 Lock

IStCH Lock Scripte £A7#0| O%EA HEE|=XE ™25, code_hash,
rgs 2| M 2EE FMEICE 0|5 EE0|| Chst XtMIsH LHE2 Script £ ot

CKB F=2E A45}7| 2lal, Lock ScriptE “payload”2t £2|= HIO|E B{¥Z QIRL |1 0|F 2[5

HA|(Full) HO|2E @Al2 Bech32m Q12 Z& AFEsH0] Lock Scriptl| 2= H|0|E 2EE QIALSH
Ct:

payload = 0x00 | code_hash | hash_type | args

FA 2 2| Z(Wrap Into Address)

HO|2E = Bech32/Bech32m /31 BCH ®MFM S AF2510{ HHEZRQI Bech32 T4 SA(BIP-
173) = HEZ QI Bech32m F4 &A(BIP-350) 2 M2t A2 & EIC

Bech32/Bech32m A8 2 M 2222 A-E0, 0|2 6Xh= HI3H 22 AtEEICt:

o AIEO| 9IS 5 = R 2(HRP): Hjeltl= "ckb", HIAEU2 "ckt"

fjo

HS

o

o OJO|E]{ H&: base32 Q1Y of2f E= Base32 Q1T L oy C}-

No. 31/150



https://github.com/sipa/bips/blob/bip-bech32m/bip-0350.mediawiki
https://en.wikipedia.org/wiki/BCH_code
https://github.com/bitcoin/bips/blob/master/bip-0173.mediawiki
https://github.com/sipa/bips/blob/bip-bech32m/bip-0350.mediawiki

+0 q p z r \ 9 X 8

+8 g f 2 t \% d w 0

+16 S 3 j n 5 A k h

+2/ C e 6 m u a 7 1
of2ff ZEERXE= Lock ScriptE H|0|2E= Q12 Hs}7| #/sl 6HIO|E BCHE F7I5t11, 0|0 Base32
2 Q1A eh 7|, DX 2= A0 HE = U= HFAR MIHE H=0l= S PHERIT

payload

_ Add 6 bytes BCH
e Base32 encoding checksum

a Add human-readable part and separator

data part checksum

Of| Al: || =2 MM
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code_hash to encode:
9bd7e06f3ecf4bedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8
hash_type to encode: 01

args to encode: b39bbcOb3673c7d36450bcl4cfcdad2d559c6c64

full address generated:

ckblqzda@cr@8m85hc8j Infp3zer7xulejywt49kt2rrovthywaa50xwsqgdnnw7qgkdnnclfk
g59uzn8umtfd2kwxceqxwquc4

CKBO0|A 2] 52 (Hashing in CKB)

CKB= 7|2 sllA| €12|52 = BLAKE2b £ ARZ&HCE CKBOA A85h= BLAKE2b2| #4|& 42
ckbhashz X0y, T332 22 E85 71t

e 32HI0|E &2 CIO|HAE F7|

e ckb-default-hash 2= personalization

Nervos= RISC-V @&o{ &gt
HZE|IE LS &€&

5
SES FAIGIHAM £

RISC-V

RISC-V & Z2 A 72 9|3t 7|tto]
o2, CPU| A B2 =1H HZsict.
S 9la PEEIACE SISt OIX

HAE MSEHct.

n
i
T
om
0
L
&
2]
¢
<
rr
i
a!
o

CH|O|A0f M 2f0|E={2|E F7t5t

:’
e () 1
= A0S ZHCISICE O = Wkt |9 A SAHE | SHEF o{dl) Hot SHES0] IS 20|Eete| FEH S &2
=
=
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https://en.wikipedia.org/wiki/BLAKE_%28hash_function%29#BLAKE2b_algorithm
https://riscv.org/

= NervosOl|A H[O[E|E5HA| ZHE Ol AtgE 4= R
MS5h= E719 A0S 8L 4= U0, ASEX| 42

E?E AMES ERIHGIN O%ﬁolﬂﬂﬁﬁﬁﬂﬁ 12F B2 7} 7+SSiet.

Nervos CKB& JavaScript, Rust, Go, Java, Ruby & 02 &=F Z=T242] A0{0f| CHSH 1|0[E[E
SDKE M| Sstct.

CKB-VM H{H

CKBHUESQTE Hote 2 M5 &k T 8, 22 RISC-V & XS 2I5l A|ZH0] X|'hof w2t .
QS CKB-VM HE S =I5} Lt 2tA StEZ A O|HIEZ EE{ Q| 2= CKB-VM HZF S &olstz{H
VM Version History £ 2+25}2},

CKB-VMo| thist & B2 d&2= REC CKB-VM & &135l2t

AEES

AR E(Script)

kS

CKB Z2E=0|| olal| Holzl #2] 2loi|=, Eai™Eol @2 3 & Cellof Zetel 23T E| 7[8het HS
O] £7I2 Q7 #lCt.

2

| >

Script: {

code_hash: HexString

args: HexString

hash_type: Uint8, there are 4 allowed values: {0: "data", 1: "type",
2: "datal", 4: "data2"}
¥

gl c ot dAH{#Hfields-and-description}
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https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0003-ckb-vm/0003-ckb-vm.md

Name Type Description

code_hash H256 CKB A3ZEE ¥stst= ELF &4
RISC-V HO[LH2[2] S{A[. XfM|SE LB 2
code_hash &%

Q.

hash_type Uint8, one of the 4 values: {o: Ux[ot= dep cell2 32 I code hash

"data", 1: "type", 2: "data1", 9| affA] BHAl XMt L2 hash_type
3: "data2'"} Ax
args H256 ATZE AH = M| QUKL XtM|SH LIE
=2 script _args &=

Script vs. Code
CtS ot 20| Scriptet Code 8 F1&§HCt:

o Scripte= 2H|QI0M Ml 7H58 AEES FZESh= H0|E] £Z0|C,
S

e Code= CKB-VMOI|M Ml 74550 Script #2201 2|3 &= E &+ = RISC-V HIO|HZ|E 2
O[T

« T Cell2 RISC-V H0|L2| REE Z8t5H= Cello|Ct,
X

o Script= =2 Y Z8I5HK| 520, BX| 2=

Lo —

i
ikl
Pl
[o]]
N
H0
ﬂl
e
ro
m
T
>
>
ﬂl
[l

Lock Script

Ol= Cellel 27# S 25tz 23 EEES F2l5IH, Cell 272t 2T E 2X|S 2E[ot= O AFZEILY.

UBHM Ol Lock Script= code_hash Of #2F MY 212|F2 X&st= Cellel siA| 242 &EstD
args o 77| ALt S nlato|HE MESict,
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signature algorithm

J % N
// Capacity e N7 N
Y o code_hash
Data ’
Cell I hash_type
Lock Script
\ FAE args
3 Type Script e A 4
N J

public key address

0| Cell2 &3 sliAl2f @, = Lock Script 452 2= Wl AF8X= witness o MY YEE E0{0}

Sttt A% 2P0 M Lock Script= ME HEQt MOl ME L2[52 Sall 217t args oF EX|sh=X|

£ d&o10], EAMM0| MM 2 2 Cell 2RX0|| 2fs MBE[USS HESITE

HEZ QIO CTxOutdl| = scriptPubKey o FASHA|, A3EES d5H2= Hlishy| f{ah A=
IRt0HE MSE =+ A= +7L oliE CellS 52| UHCZ ABE 4= /ULHF, Cellel 2RHS 71

Ch.

Type Script {#type-script}

Ol= Celle| RS 2850, YEtM o= Cell Het = = e HO| M[2f2 Holstih ME2 Cell2
data 7t 7|& Cell22H YA HEtz|=X|E X|™HSITE type 2 Script @ 22 HI0|H X2 7HX0f
StCt.

o
rlo
=OII__I

StLte| EZHHMOYA 1= Cellzt £ Cell0| 5§t Type ScriptE SRk= 22, 2 At0[2 H
= Type Script?t Felst #21S W2t0f S},

Type Scripte| MEXQI AL Atzjle UDT O|ch E2 o, HZ22 EZ2 MZR Cell Z2{2Z 4
delB2) O] ME22 EZS0| A0 FolEl 22 4ol MR U=X| AE3H| fI5l Type Script7t
HQ3ICt

Lock Script vs. Type Script
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Type Scripte= Lock Scriptet RAFSHK|E & Z4X| Xt0| 7} QALY

e Type Script= M& AFSHO|CY,
o CKB= E#iFMOl|M o] CisiiA2F Lock ScriptE &l=4stot.
o CKBz= EAMO|M 30 =3 250 sl Type ScriptE Astot.

Lock Script®t Type Script= M2 CHE =X 2 7HEICE Lock Script= At 2R3 2 f/g 2402
Type Scripte= OHEE[A0|M 225 ¢

| — 1=
OXFE'*CGH% UHo EM f_Tl_ otoj| 7(-|x+5| E3s AH'%EI-_J|\_ OlE 2 HXISICY,

30l Type Scripte SYst 22| Cellol| cht AEf To| Alko 2 7|ssict. £ EtYJo| XIHE Cell
£212 F3 0, 342 Cello| 1 Type Scriptol 2LE HE5 7512 EZHSS S 4 9IC) w510 3
C& Cello] T |[(YH2Z AI)E ol = AHEICE

O|£ £0{: Alice= Xt4l0
St 2 UDTe| #&ln

25t EH UDT 9| 70| data Z=o| 7H’“EICH A4, type script &

Hu
™M=
o
o
1o
Em
rr
(@)
@,
1o
N
0

St QUCE Alice7t Y& EZ 2 Bobo|A| ELi2{H,
0| Cell2 /822 AFEst Bobe| lock script E AtEsH= st type SC rlpt o &9 Cell
2 ddsiof sttt O L3 Alice= EHMMZ g6l CKB =2 ®EE & ULL T Alice?} 0] Cell
o|RE EZS HIUX| = 4R, Fi=02 EFS HASIY| Q5 XIS QIst 7t &3 Cellé ddstof st
Ct.

code_hash

code_hash £ CKB 23 & % Zatst= ELF @4 RISC-V HIo[H{2|2| SHA|E 2[D[gict. =542 2
st AFRE XAl sl E2 M| HEE dep Cello| MEEICE hash_type 20l W2, code_hash
£ dep Cell2| H|0|E 8H)KI = dep Cell9| Type Script siiA|2F LX|sHOF Bt ERTM AE T X|H
=l 42, A vio|H2[= CKB-VM QIAEAZ ZEEICE

hash_type

hash_type = ¥x|st= dep Cell2 2 I code_hash 2| aiA! &AlZ HO|SHC} 0| 2E
hash__type #t2 of2liet 20| £ JSON =34, siA| O 24 2|0 S8t VM HEof| CHESHT:
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hash_type JSON Representation Matched by VM Version

0 "data" Data hash (blake2b) 0
1 "type" Type Script hash 2
2 "data1" Data hash (blake2b) 1
A "data2" Data hash (blake2b) 2

VM HZ o MEd ghHof| CHsl| O 2ot=22{™, RFC0032: CKB VM Version Selection 2 ¥&stzt.

"Data Hash vs. Type Hash"

Introduction

hash_type 2E= A3ZE H0|H2|E 32 I code_hash & 07| siAdsljof sH=XIE X[FSHTY
Q&% hash_type 2t2 47H0|Ct:

Code Location VM
hash_type Method Version Upgradeable Description
data Hash of Script VO No Immutable Script
binary on CKB-VM vO
datal Hash of Script \al No Immutable Script
binary on CKB-VM v1
data2 Hash of Script V2 No Immutable Script
binary on CKB-VM v2
type Hash of a Cell’s Latest Yes Upgradeable
Type Script Script

0|52 F 7HX| "= LIt

« Datahash(data, datal, data2): A3 & E Hlo[42|of Cigt 2 & =0|Ct =S £50|0
& 7tsstA EES.

e Type hash(type): ZE Cell2| Type Script 7[8tC2 AIZEE FHASICL
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Data Hash

hash_type Ol data(®:= datal, data2) ¢! 42, A3&E= A3EEQ| code_hash 2f Cell o
O|E{2| Blake2b siiA|Z D4EISI0{ ZE CellE F=Lt 0l= AIZETL ESHMMO[ cell_deps & 5Lt
of 2=2o| Yetst vio|Hz| 2HI=TF EXNE g 7|Cheh2 2|0|gHTh

Type Hash

type hash2 ?IX| X|H&|= == LS Type ScriptE AHEsH= ME2 ZE Cell2 wH|st0] ¥
20| =& 4 Q/Ct, 22 Celloll= HHI0|EE Z=T}
cell_deps Of Zgf5tH LO|0|EE HXO| MAEICE

o] gazol= Péoﬂé% 2 2 Cell2| up7 |7t Q37| Wi=2ol|, ¥20]= =212 sl Cell2| Lock
Scriptol| 2l ZHE 4= UCH — Ol S0, =7t Y 20|=2 EC|HE 4= A=K = o =210 M 5
BE[=X| Mgte == ALt

type hashe A3 EJt YX|sh= Type ScriptE 7+l &12|9| CelldlAM ZEE ’;‘é
S} o Celle| Type Script”t 7|tist= code_hash 2 @x[stal 1 Cello] ¢
E|0 Q7| 51, SiE A7 AFHol| ARZEICEH

rulo

:::caution Advanced: Potential for Malicious Code Substitution
type hash A2 A2 MSotX|Tt) 0|26t &st 2|AIE ZefStot:

e MZLIE IE IS Y1 JU2HME Sst Type Scriptet type hashE S/35h= Ct2| Cell
O &Ex{e 4 Ut

o SAX= SYUSHHAIE SRote 28 UL AE JHsSSt AE HITE BHE0, AJZETIO|E ZE
A oEY Z XYH FAHMo= 0|01H 4= UL
0|2t 0|RZ, 0| 22 Type Script AtA|0]| H|St Z74(0l|: ‘Yt &1pl AB)S F8lst= LHE
& O[sliSk= g ZHEXAHOI| AR HEEICH — SOIE|X| 42 T E Cell0| +8%|= AS LX[5H7| /sH
ML AL E B RULE BESH| s Type ID A2 S 12152t

Type ID

Type ID= CKBOIAM tHAE(singleton) Cell Eflg M4st=
Type Script sHA|E 7t2I Live CellO| §F AlFof| T SR

0| type hashE& A2 Il £3| %%@HI, st Type ScriptE 712! 27 Celle| ‘M2 wX|5t7| mf
ZO0|Ct, CHA| 2ol type hash7t &4 Erdst RAUSHCellE 7127|258 E&ot0] S8 MAstn 3
A HE Sl
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Type ID= CKB2| system Scripts & otL10|H, I SA2 Z2E

Mt
1>
MHA
2
R
Ou
]
rt
_ITI_

Why This Design Matters

A3 EZ data hash £ type hashZ &Z& 4 AT 02 M, CKBE WA} ALK} 2 E0f|7|
QUIMTF EX|E R ZSITE 0] 0|5 M2 CIsH AL Al2|S XIISHTH

E.-I O =
o = FEX (data datal, data2) = 0 Hats| SUSH T MaliE| =2 BEIS5H0], ZAISE 8
O|5kA| st &7|M xieid g FElstct
o AOY0|E I}t &E(type) = Type IDE Sall Y&tz AEXE FXIotHM B =HO|L} 7|

data, datal, data2 £ hash_type 22 At&5t= AR EE= CKB-VM 2| HHH T &lA|
AT 3%'%?@ VMO| HAE|HEtE Y= S22 BESICH 8| type hashE A5t
A

nbSicl iy
= =
E= gtd 2[4 VM HEO|M H=bEZ[0] HEX 32t 8P TISIEITY.

e

A3z

I

O] 7= 2= HOXI 20| et M2 gnt Re1del #d¥s HE + JARSF S 7HE A= ¥a20l=
B2E /I AFEES AME 5= U1, O 28t &4l B S 2l5t= AF8Xt= data hashE At&35101 §3
B0 et o= AUCE

T2 20 0|26t RAHS LB @M, CKBE TSt 2718 £85t1 1 AR that S2I oJAf
NS X|9I5HC}

-

e Data hash — =M1t ZIAL 7HsA 0]

e Type hash — 2712{0|=E 7t540| 24 | MSE

Of MEA2 HMO[X| 0], HRSICHH Lisof| HEe == QU
oE S0, AFEETI XS0l Type IDE ArEalf H{ZE|RICHH, CH25 +ae 4= ATt

AFEE HO|H2|9| Al TS 2&lSh= CellE Z=Ct

=

N
|

ata_hash £ 74tSHCt

d
3. CH& VM H{TOf 2t hash_type: data, datal, = data2 £ At8a| AR EE RHfE S

o
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O|EA| ot ¥ 120| = 7tsst type 2X0|M S82| data FEE Fetsto], M3 S i A= BT 1
xat & olC}
o= T A .

script_args

script_args £ 233 EQ| o2 A CKB-VM QAR AN ME L= QIXHE |0|§tCt. CKBAUAM =
207 MBI X o2 script_args o, M HE7twitnesses o MZE| X2 Of= 247t OfL|

CKBE 2iS2 10| Lock Script 7|22 1 Eststn, 188t ATES of Hipt Assto 24
Lock Script &3S 7taslstot,
O] Z2M|A= 3EAZ FHEICH

1. 238 E J83l(Script Grouping): CKB= Lock Script¥2 I2{2 JES}SHT}. 0f of[A|0f|A]
= =0l & 712l Lock ScriptZt AF&EIC}. 0|52 Y8t REE 712|7|X|2H MZ CHE argsE 7t
ZICH 017 | M= QI AT o1 201 AR S 7HEl g1 of| IS SHCE 0 2
AlollM AR EICE.

rol

2. AE 2|X| X]™(Code Locating): CKBE cell_deps 0lA 2EE A|-SIT}, 0= H|O|E] sHA|
7+

Cell2 s{iME|0, O H[O|E{E REZ ALESICE

3. &s(Execution): CKB= A3EES

Mm

CKB syscall2 A3ZE7 EMMM O|O|HE =S
|0l M SIS K| X|ESh= QXS 7HEICE o2 01 ASEE Xf 1S °'°E1”4

ckb_load_script(addr, len, offset)

A H witnessE 2E5I2{H:

ckb_load_witness(addr, len, offset, @, CKB_SOURCE_INPUT);
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xXg Ml 2/Xtaddr, len, of fset 2 212 HIO|E|E OC|0f| XZ5t2 H HIO[ES SHSX[ MOfstrt. e
st ?lst, tHE HEIM = THE X0 LSS

0 2 inputs HfEof| Cisk QI=AO|CE

CKB_SOURCE_INPUT 2 H[O|E] AAE X[Y5t0] ESiZM Q=0 =Lt Ol= witnesses E A2
= AMSEICH,

Eah oM M ¢ A= OFS ?I8 71 witness R inputs HiE S 2EE O
22 CKB_SOURCE_GROUP_INPUT & Sdli 7t&f HiZ 2| IEIA S AHZ5H0] &
£ QICt. CKB_SOURCE_GROUP_INPUT € A3l witnessE 21 W= X[ &6t

LA} SUSH 2 X|0f| = witnesst =L,

2= HI0|BE = ZE syscall2 CKB_SOURCE_GROUP_INPUT 2t 7+& inputs H{@o| QIEIAE At
88 4 Qlol, € E0 ckb_load_cell_sx syscall B{Zz|7} QAC}.

Type Script &&= Ct=2 HM2I5HH Lock Script At | AFstC:

1. Type Script” 8= Cell2 FA|EICH.

2. 21 £ O =o| Type Script7t AFEE 128 HM5H= o AFREICE

CKB_SOURCE_GROUP_INPUT It fAfSHAl, AFEE JF0|M 714 outputs HiE | QIHA S AHZSt
7| let E H|0|E AA CKB_SOURCE_GROUP_OUTPUT O &Nt}

CKBOl[A EMM 2 LE Cell(0|H EAMMMEO| E2)S utr[5t 22 CellS H-dsiCt.
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Transaction

CellDep OutPoint

Type Type Type
version unit32 out_point OutPoint — tx_hash H256
cell_deps [CellDep] 0-Code index uint32

dep_type
1- DepGroup
header_deps [H256]

inputs [Cellinput] Celllnput

witnesses [Bytes] Type

outputs [CellOutput] — previous_output | OutPoint

since uinté64

outputs_data [Bytes]

CellOutput
Type
Type
code_hash H256
capacity uinté64
0-Data
] hash_type

lock Script 1-Type

type Script args Bytes
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Name Type Description

version Uint32 3 UM A ESMMZ AESH= ESME A,

cell_deps [CellDep] O] EziEMO| o|&5t= Cell2 712|7|= outpoint &
E XtHst 82 cell deps X

header_deps [H256(hash)] O EZZMO] 2[ESH= 25 Sl|HE 7i2[7|= H256 SHA|
SE XMSH L8R header_deps &=.

inputs [CellInput] ZZxEl Cell 3ol 22 XtM|gH LHE 2 inputs &

witnesses [Bytes] il Lock Scripte| 4&% ’éi% 2|l ERHRM M-}

7t HiSst= 2k RiMlst I—H itnesses &=

outputs [Cells] EHOZ AMEE|= e11°| SE0=2, MZ 4dE Cell2
= & QUCE XiMISHLHE 2 outputs X,

outputs_data [Bytes] 2t £3 Cello| H|O|H =5, XtM|St LIE2

Of| Al

» XA ECHAME HY|

outputs data &=.

"Oxbd864a269201d7052d4eb3f753f49f7c68b8edc386afc8bbbef3el5ad5facca2",

{
"version": "0x0",
"cell_deps": |
{
"out_point": {
"tx_hash":
"index": "0x0"
+
"dep_type": "dep_group"

}
1,
"header_deps": |

"Oxaal1ll124dab6a230435298d83a12dd6¢c13f7d58caf7853f39cea8aad992ef88a422"

1,
"inputs": |
{

"previous_output": {
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"tx_hash":
""O0x8389eba3ae414fb6a3019aa47583e9be36d096c55ab2e@0ec49bdb012c248444d",
"index": "@x1"
o
"since'": "0x0"
b
1,
"outputs": |
{
"capacity": "0x746a528800",
"lock": {
""code_hash":
"0x9bd7e06f3ecfdbedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args": "0x56008385085341a6ed68decfabb3balf3eea7b68",
""hash_type": "type"
H
"type": null
b
{
"capacity": "0x1561d9307e88",
"lock": {
""code_hash":
"Ox9bd7e06f3ecf4bedf2fcd2188b23f1b9fcc88e5d4b65a8637b17723bbda3cce8",
"args'": '"0x886d23a7858f12ebf924baaacd774a5e2cf81132",
"hash_type": "type"
F
"type": null
¥
1,
"outputs_data": |
"ox",
gy
1,
"witnesses":
["0x550000001000000055000000550000004100000042975e08ff99fa0001

42ff3b86a836b43884b5b46191b149f7cc5300e8607e633b7a29c94dcA1c6616al2f62e
74al
415f57fcc5a00edlac2d7034e90edf4fdf800"

EziTHM ME} = {#transaction-states}
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Pending

» Confirming
e Confirmed
 Conflicting
e Conflictive
e Reverted

o Abandoned

0| 552 YHX|X| 42 Cellol| 2|&3t= orphan transaction € M| 2|st=Cl|, EZHZM
Mo 0|5 FAlst7| W=Z0|Ct.

Of2l MIMOJAM MY5H=0| M2 CIE AEjol|= MZ CHE HM2Fo| @ LEICH
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Unmark Abandon

Mark
Abandon Abandon
Pending (Starting Point) Reverted
Action Action Action
Store Locally All Store Locally Most Store Locally All
Sendto CKB | Regularly Send to CKB No Sendto CKB | Regularly
Use Outputs Limited Use Outputs No Use Outputs Limited
:. _____________________________ )::‘—..::(____-__-__-__-_____-__-______.:
) r--l 1
Conflicting Transactions On-Chain On-Chain
1
Reverted
Action Action
Store Locally All Store Locally All
<t Send to CKB No Send to CKB No
Transactions Reverted
Reverted
Use Outputs No Use Outputs Limited
Conflicting Transactions .
X Confirmations X Confirmations

J J
Action Action

Store Locally Recent Store Locally Recent

Send to CKB No Send to CKB No
Use Outputs No Use Outputs Yes
Pending EZiZiM

MZE MME EAM2 Pending &EH 2 A|ZfEHCH

No. 47 [ 150



CKB E7}

| -

—

HOF BtCt. O]

o
E2z &0 1 Cello| 3¢t

o2 M&
x| 212

~
S|

SohsieiH,
34

of #|o['d 0

1

PN
(hi

=

O M&std CKB E2 7|
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N
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HOF BFCt.

o

M2 Pending 22 &|=0f7tCt.

oz xXH
H

E2ix

X~
S|

{517 57|
AELRO1A H

Z4
=

S
=

SXx

N

1
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| -
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dd71:= 0218t Conflicting ERHMMS 2Z0j| ME5HOF &ttt 0|=0| CiA| Pending 0| E 7H5d0[ !
7| W= 0lct.

d47|= Conflicting E2iRM0| £ Cell2 AHE3HM= ¢F EICE

Conflicting EHMM S 2otet= R= 50| | SHXH, siiY Conflicting EMM2 Pending2
=2 &S0ttt

Conflicting EHMM F otLf2t: X359 gelg #o™  LIHX| Conflicting E2HZ M2 Conflicted
7t L.

Conflictive E2HZHAM
exlol EamMT E=5tT

Conflictive {7} EICEH
AM7|= Conflictive EAHME S 24 MEA0|M HMASEALE, 22 AR g0z Hakgh 4 QIO
MM7]= Conflictive EEFMC| £ CellS At&EsliA = oF EICL

Conflicting ESHMME Zolote R £50| =|S2{X|H, Conflictive EXHMM2 Pending 2 &
SO0FZIT

Reverted ¢Ei= Pending 2| 8322, sig EMMO| ol SFHE|RACH SRS S AlAfettt.

MM7|= AHEXIIE SIS ZP (57| 2 $ig I, Pending E== Reverted EZHX S Abandoned £ #
e b J2{Lt Efo|Y xt2 Qlsl|, Abandoned = HA|E EZHZM0] 0[0] L= =0f H|

el & 7|7t =0t MZtslof siCt. Abandoned 2 FA|=l E2HEH
Mg MHEGIK| L= 24512t s E2HXM0| 0|0| Pending AEHY £ Q17| Wi20|LCt, 2

>
R
Pl
rr
=
Q)
=3
([an
o
=3
D
([N
[m
rl'lJ
12
B
mjo
o
D
=
o,
ot
=
oQ
|0
HU
o
>
=l
>
o
4>
30
il

EMM2 Pending % Reverted E&H™M0t OE7HX| 2 Abandoned 0lA Confirming L=
Conflicting ©2 FO0|g 4 /Ct.
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Cell_deps

cell _deps = Ezi=iMo| AT

— =

UAEZ 5Lt 0= Cell2 27| &
20|01, A3 A|F0l| Live AEHO{OF 2 Cel

7t &==l Live Cellof| §2& %
Ch. cell_deps Hi&2| Z} e=2 CellDep ErO|CH.

o

rok |rn

CellDepe| 1=

Name Type Description
out_point OutPoint E2iTiM0| o|=st= EX Live Cell2 712|ZICt 0] Cell2 AlH
758t AELLOIO|HE Zae 4= UL

d& CKB7} 018 sti443oF sh=A| ==Lt

0_._

dep_type code or o|E
dep_group

out_point

EXN &9 Cell2 AHSICH EFRJ2 OutPoint 0|0, E&HAMM hash 2 &3 index 2 M EICY

Name Type Description

hash H256 (hash) siiE CellO| &5t ERMRMO| SHA|.

index Uint32 1 EAMMMO| 53 SR0i|M2| Cell IH A,
dep_type

o|Zd Cells 018 AtE3H0F Sh=A| Felstrt:

code

out_point 2| Cello| 21 ZEEICE O LHE(ES ZE)2 A3 E A3l & CKB-VMO|M AHEE £
UL

dep_group

out_point 2| Cell0| dep J&OIC}E O]= OutPoint 552 Z&lstth CKBE 0| 552 211, LIEE
Zt Cell2 711 cell_deps ¢ AXME ZESICL 0|2 Solf dep_group 2 T FXE 02 =M S

ZLofsh= 7hash ol Elot

No. 50 / 150



header_deps

header_deps = 23EEJI &2 & M2 = U= == 50 oAl LIEsiH, B2 2HdS BY
5 =

Sb7| 2l E8 Hgho| HEE

inputs

inputs EE&= O EHMMO| AH[SH= CellS& LIZSHT} inputs of 24 &=2 CellInput EFO|
0f, o[of| MdE £ Cellg FESICL

Structure of Celllnput

Name Type Description

previous_output OQutPoint O™ EqMMo| EY £ Cell2 HESICL,

since Uint64 O] Y2 A A E S &= J=XIE F|gtot= =740|Ct XbA|
st L{82 RFC: Transaction Since Precondition €
Exst2t

previous_output

U2 = A= Cellof CHSH &L Ol= Fetbet &3 Cell2 AlEsH= ERM hash 2 £3 index
2 FdElC
Name Type Description
hash H256 (hash) 3l CellO| &5 ERTHMO| SHA],
index Uint32 1 EAMMO| S5 SR0i|M2| Cell /= A,
since
since EE= EMEO[ 2} Q0| F R &= MEHA Z210[C. Ol = 0| RE3HX[7| Hof| SF=[0{0f

[ =
XY MOl AENT} since Q7 RUE £E517{LE Z1t6H= A0
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Ol H7{LIZE AlZH EHEE Y2 K551 5101, X|91 XIZ0|Lt CHRIZE A 22 AL AlEE XIsict £
PHHMS 0f2] THAPKI| Q212 Eat 4 UTH 2F Y22 XKl since TS TFE 4 QU0f, 2 TARKI} A}
Ao| E2HmM H520| O1x]| REHXISX| HO{Z 4 QUCt 22iLtEHY 9219] since Z70| 0|EEYU AL,
HA EHMME L sof ofsf HEEIC
since 242 CkS X & & siLt2 BHY 4 UCH

. 2245

OIFT I Wy F&I0f Chst 7|&=& MEAFEE2 RFC0017: Transaction Since Precondition € &X
St

withesses

witnesses = 3lid 2IEES| 5K LS 7hs5H st| flal EAHMM G HSET. Ol S

o, MY A3 Lock Script7t S1tst=E MYHO| =&t 4 QUL
CKB #tail4, 3717 3= A3BIES| args O X&stD, MY YE=witnesses Off AT,

witnesses

= E HIECt EGNZMO| 25t oo S H|0|EHE witnesses ZE=0| HIO|E ¢
E 2 Z|2#sl6 @2 4= QUL Z&EsH= Molecule O|Lt 1 Bho| 2199 FHAE] X|25} BHHS AE 4= Q)
Ct.

Conventional Usage

witnesses & CKB EZZ M0 D12 RS0, ASZETEH =

witnesses H|O|EHE HE == UCL AT ZE 72t SetMt 45 7t BX|E [s EF 27t OFEE|of Q)
Ct SAXH7EX] & 7EX|7F QICH WitnessArgs 2 CoBuild.

WitnessArgs

WitnessArgs = CKB HRLIE|0M MM = AME|= 22|Ch O 7= M 7He] EEE ZESIT):

table WitnessArgs {

lock: BytesOpt, // Lock args
input_type: BytesOpt, // Type args for input
output_type: BytesOpt, // Type args for output
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Transaction

WitnessArgs

Type Type
r
lock BytesOpt
Proof Data{ input_type BytesOpt ——>  witnesses [Bytes]
\ output_type BytesOpt

~ = N\
WitnessArgs WitnessArgs WitnessArgs

Serialized by Molecule

0| 7= Molecule 0 2|2l table O[C Al LS D Mex(0pt)o|n, Hofe| 2 PAks0| Tj2t
Metmoz AtgE 4 QC

rn

CKBUM= M2 CHE AT ET M2 CHE AIF0|| A& EICEH:

e Lock Script £ /& Cell(2H|Z! uff)ofl A2t AS=Irt,

e Type Script = Y1t £ Cell(AH[-HME ) 2= MSHEICY,
O| {20l WitnessArgs #+&0il= M 7H2| MEHXN ZET} QUL

e lock: Lock Script?t AtEstH= H|O|H
o input_type: &% A3F A| Type Script?t AHEst= H|O|E
e output_type: &5 A3 A| Type Script?| AFZst= H|O|E

of taj|of| et ZE A3 E = Witness H|0|E{E WitnessArgs25E Sl=Ct.

witnesses BEO|M WitnessArgs &f=2| &M = SQ3IC} 0l= A3EE 55t of 2fs| ddE 7t
& el QI A0 CHSSt7| =Z0|C.

Example and Test

e Contract: Group Exec
e Unit Test

Ol HIAHLIES HEst/| /sl Cist 22 Y S +dsts 2AIEEE HAIET:
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https://github.com/nervosnetwork/molecule
https://github.com/nervosnetwork/molecule/blob/master/docs/encoding_spec.md#table

1. XRtlel Args LS S-HCH(0] of|ol M= UTF-8 2AH).

2. load_script_hash & AH8sH At4l2| ScriptHashE &=Lt
3. load_cell_lock_hash @ load_cell_type_hash & ArZ3li Ct2 Cell2| Lock/Type
ASZEE AAlotn O QIHA S E5HCt

4. load_witness_args £ AHEsll 2 E GroupInput 2 GroupOutput HIO|HE &0 &=t

CHUTF-8 2XAtY 2 &= Witness 7).

HAE E2iME C20r 20| M EICtH

Lock:
Code Hash: lock_script_1

Type:
Code Hash: type_script_1

Lock:
Code Hash: lock_script_1

Type:
Code Hash: type_script_2

Outputs:

Q:

Lock:
Code Hash: lock_script_1

Type:
Code Hash: type_script_2

Lock:

Code Hash: lock_script_1
Type:

Code Hash: type_script_1

st
FE
k=t
_IT'_
Fl_r
rn
p
0
b
=

(O] EAFMS = 70| TypeScripts S wét 200, 2X= SEet 2|

0|= gict)

HAE DES et 2L,

e lock_script_1: inputs[0], inputs[1]
e type_ script_1: inputs[0], outputs[1]
e type_ script_2: inputs[1], outputs[0]
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CKB Ezi®MM0j| A Witnesses = Inputs 3 Outputs 2 SZX0|Ct, J2{L} Zf withesse| QIHIAE=
J1740] &3t A3 E O F9| oleA0f CHSSICY.

OlE€ E0, type_script_10| inputs[@] Ztoutputs[1] 2 AES}I=(RICHH, 0] IFES
WitnessE 2= i witnesses [0] 2twitnesses[1] O] & ™MAEICE (017|M'— HFEA| SHEH

GrouplInput 2t GroupOutput = AE3H0f 80} — 0|52 Witness= M2 OHE s A1 €= +
= Qlct)
153 0|7, ATZEE= 31 0] WitnessE 2ESITCE:

e lock_script_1:witnesses[0],witnesses[1] (GroupInput2 £3H)

o type_script_1:witnesses[0] (Grouplnputg &), witnesses[1]
(GroupOutputs Sal)

o type_script_2:witnesses[1] (GroupInputE Sdll), witnesses[0]
(GroupOutputs E3H)

O|2EH S0 AJZET} SUSH WitnessE AHEsHA & £ JASS & 4 QUCE 02§ &2 AX| ER
MMoj| A E5tCt, & =2 siZst7| @6, CKBE E& 229! WitnessArgs £ T QIiCt

WitnessArgs2| Ml 2== 212| Ml 7HX] 7ts gt ?Ix|of| F2ts| oid et oS &0, lock_script_1
Olwitnesses[0] 8 ¥2 M= lock HERE F&e = 20 OEVHK|E type_script_12
witnesses[0] OIM input_type EEZ 7tHZ 4 ULt

Raw Test Output (full logs)

———— tests::test_group_exec stdout ——-

[contract debug] lock 1

[contract debug] Inputs Lock: [00, 01]

[contract debug] Inputs Type: None

[contract debug] Outputs Type: None

[contract debug] Index: @, Lock Witnes: Witness 0, Lock

[contract debug] Index: 1, Lock Witnes: Witness 1, Lock

[contract debug] type 2

[contract debug] Inputs Lock: None

[contract debug] Inputs Type: [01]

[contract debug] Outputs Type: [00]

[contract debug] Index: @, InputType Witnes: Witness 1, Input Type
[contract debug] Index: @, OutputType Witnes: Witness 1, Output Type
[contract debug] Index: @, InputType Witnes: Witness @, Input Type
[contract debug] Index: @, OutputType Witnes: Witness 0, Output Type
[contract debug] type 1

[contract debug] Inputs Lock: None

[contract debug] Inputs Type: [00]

[contract debug] Outputs Type: [01]
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[contract debug] Index: @, InputType Witnes: Witness 0, Input Type
[contract debug] Index: @, OutputType Witnes: Witness 0, Output Type
[contract debug]l Index: @, InputType Witnes: Witness 1, Input Type
[contract debug] Index: @, OutputType Witnes: Witness 1, Output Type
consume cycles: 245118

Ol HIAEWME HIZ 28 S ?lsh Ml Z=(lock, input_type, output_type) 7t 2F A QlCt.
LockO|E TypeO|E, Zf A Kpalel 1 gim] U= QI A0 M AE2| WitnessE 74 2Lt

018 150| 3 YUt U QIHAE ZR5IH, SYsH WitnessE “IHARE” Sh= AXE B 4= JUX|oH 2t
Ap gt 2ERF 082 =S T[ehtt.

CoBuild

CoBuild= 02 SAKIZF ZR|2l HXIE Sl g=X 22 CKB ERMMS Hdsts WEs 45t
T=EZO0|Ch E5F 7| & WitnessArgss tixloh=, 8 7455t X3t £IgtA el ERMAM witness
20[0tR HEES UE= WS SHE B

J2{Lt CoBuild Z2EZ2 012 £=7| 71|o1| 9,192% SIIHEME 2| AFRE|X| Lon] EEE OFA] &t
M| X| £ULCH CoBuildo| Cigt o BE2 LIE2 H[QHA Of| A 2Feleh o~ UL,

|'l‘l

E2ixM 110 Cist XpM|SH 452 RFC0022: CKB Transaction Structure £ #tx35}tz2},

outputs _data

outputs_data = 2 &3 Cell2| H|0|HE B2 ==0|Ct outputs 2| im Cellol| Chst HIO|E =
outputs_data 9 itHim| gt=o 2 MEE=ICE

uts data
| M3HE 7ts

[El

u 2EZ AZ0

~+
o

wn
|

E outputs 2t E2[5tH CKB-VM o ASEE AAM0| thes|X| 1,
FAl S

02 ©
ob
B
ol

sl {#header}
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ﬂJ_

header 2&=+= Block & UncleBlock #%&2| €
EILO|EHE Z&5HH, eelet Hel ABU M 52

m
rg"
.I.I.
ﬂ
o
oh
i

Type Type
header Header header Header
uncles [UncleBlock] proposals [H80]

transactions | [Transaction] Header
proposals [H80] Type
raw RawHeader
nonce uint128

Header?| 1%

Name Type Description

raw RawHeader EE 9|9l H0o|ZE.

nonce uint128 PoW m{Z2| afiEf. HHEZT 2l nonce 2 SAlSICE.
RawHeader

RawHeader = =% 3l|C{2Q| 1|0| 2 =0|LC}.
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Type
raw RawHeader
nonce uint128

Type
version uint32
compact_target uint32
timestamp uinté64
number uint64
epoch uinté4
parent_hash H256
transactions_root H256
proposal_hash H256
uncles_hash H256
dao H256
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Name Type Description

version Uint32 23 0|%F LMa & Q= A A S8H 2X|E sl Zst| £
ol A2 El= 252 BT

compact_target Uint32  compact target @422 E31E PoW 0|

timestamp Uint64  Z2|= the|e] RYA AZEEfQJARE

number vint64 % =0|E LIEfHCt

epoch Uint64 S =3 HE. number 7t X | Z3 HSE,

index 7t 3z 030 M2 E5F QIHA(0RE AIZ))E,
length 7t Sixif of| £=32| ZO|E LtEACE D ZHESHH | gf
2 BtEA| (number & OxFFFFFF) \| ((index

& OxFFFF) << 24) \| ((length & OxFFFF)
<< 40) O[0jof 5t

parent_hash H256 2o S50 aliA|
(hash)
transactions_root H256 EZ™MAM siA|2] CBMT(Complete Binary Merkle

(hash) Tree) R E2 EZiTM witness iA|2| CBMT FEE
®Z(concatenate)sto] @2 SH{A|

proposals_hash H256 2% proposal IDS2| Al Q0| gie™ 7|24 2
(hash) = 00|Ct,

uncles_hash H256 A2 2E ol sHA|E2 HZEst 442 siAl. X|2Ho] i ™
(hash) |=2Z+S 2= 00|Ch
dao Bytes DAO £t H|O|E{E L EISICE, XbA|EH LHE2 REC0023:
Deposit and Withdraw in Nervos DAO £ #=Z3}
2},
nonce Uint128 PoW H{Z2| aliEl. HHEZ 2l nonce 2 FAlSICY.

XtM|EH MHE2 RFC-00272] RawHeader £ Z=5t2t.

Header S =2 MA
Cts AL|=I2 Nervos CKB &AM =5 5L 0| CHSt POWE A&5t= 2P 2 AHSHT}:

1. 229 2A| HlOJEIE HYsHetn o

o

9

Ct.

ol

No. 59 /150


https://en.wikipedia.org/wiki/Unix_time
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0023-dao-deposit-withdraw/0023-dao-deposit-withdraw.md
https://en.bitcoin.it/wiki/Nonce
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0027-block-structure/0027-block-structure.md#rawheader

VBN W N
)
o
rz
N—
m
[>
[m
s
io
N
0
>
—_=
ol
==
>
P'E
o

pow_hash := ckbhash(molecule_serialize(raw))
pow_message := pow_hash || to_le(nounce)
pow_output := eaglesong(pow_message)

// for Testnet, there is another round of hash
// pow_output = ckbhash(pow_output)

from_be(pow_output) <= compact_to_target(raw.compact_target)

S|ALREO|M ALSE B4 S

—

o :=:LCl¢

| | : Hto|{2] @& (concatenation)
e ckbhash: CKB £3t 42| Blake2b sl{A]

o from_be: BAC|IOZ CIFLE HIO|EE
e molecule_serialize: A7|0tE AtEaf| 7+ TE HIO|H 2|2 &S}

» eaglesong: CKBe| 2IdE&Y &te| ¢112|&. RFC0010: Eaglesong &%

e compact_to_target: raw.compact_target 2 2IZYE H0|= EtZIS| compact &4
OSEEH AN EtIlE S

A= e

Header sjA| == U A2

header £ lAlZ|{ 1Rt header_hash & MMSICE Ol header_hash = 22 &Zst= Ol Al
gEICk

header_hash := ckb_hash(molecule_serialize(header))

uncles

uncles & 0| 20| Fx3t= 22 22 o R=20Ict uncles o/ 24 85
A 29| #C{2t proposals & Z&5HX|2F ERNMES LEI5IX| OF=Ct,

HO

UncleBlock EI0|0H,
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https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0027-block-structure/0027-block-structure.md#ckbhash
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UncleBlock

Type Type
header Header header Header
uncles [UncleBlock] proposals [H80]

transactions | [Transaction]

proposals [H80]

UncleBlocke| X

Name Type Description
header Header Y2 =59 &5 5. X[M|gH LHE2 header &Z.
proposals [H80] 0| JZ EE0| Motst &2 ERMMM IDE2 S5, KtA[St LIES

proposals &=,

transactions

transactions = 20 &=l 7ol=l ERHMME0| 220|Ct, O| HiYQ| 2 KA = EGHM J1X £
[(t=C},

A v ERMS oA cellbase EAM0/0{0F 30f — 0l HBA7H 22 BAS HA5H| 9lsh o
= =4 eamMo|ct

proposals == = LHO|M H|etel ERTM S LIEH = 16T QIZEE A2 EH
MM [DES| 2E2S proposal ID= E2iZM s{{A[2] X Z 10HIO0|E0|C

= E
il E
EamiMo| 225010 2{9l%|7| Fojl BFEA] proposal ID7} HIoHe|o{of 3tct.
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o EfiMMO| proposal ID7t 25 E£= 1 552 22| proposals EE0| LIFE[0 JI2H, Y
=f EZHMM2 proposed £ 7HFEIC
o EZHMMO| =Z52| transactions BEO| LIEHLIH, siT EFHMM2 committed £ 7HFEIC

rtx_proposal_window for Block #23 ——

(ot} ok} o ()

transactions: [ TO, T1, T2]

* [ ] Y

proposals:[..., T1,..]
[ ]

uncles: [ proposals: [TO, .., T2]
* Y

TZEZ W2t0|H close 2 far & EAMMO| proposal 2t AT AtO[2] 2|91 7H2|2| Z|&Ztat Z|cH
2 XHsict 22 ¢ of HolE|= H|-cellbase EMHM2 £2 p of| M H|Qtz|0{0F 5HHH, 07| A

close <= ¢ - p <= far

CKB Hj|2IHIof| A= close 7k 20|12 far 7+ 100|Ct. L2fA:

2 <=c-p<=10

2|2 20|, EMMO0| S5 230 AHSIE M, sl EUHMNES E5 138H E5 217HX|2)
tx_proposal_window LHO{| A X|Qt=|0{OF SHCL,

A& EEEE

Nervosl| A& EE HEFE
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Nervos CKB= H|IEZR
M EZ, ZdeEZ)2 At
dot= A7 20| gt

ol == HRSHL

XA SEEHOZ ALL|

= 2#9| CellZ ESEICE 2
|01 A, XpLH0] EMMM = =

23j|ol XAt 2 7R E|= 72 Bojol7|?

219| UTXO 2ES LTAZI Cell ZHE A8, 2= CIXIE RHAH(CHA| /HICH
i Cello= 23 EEIH

EEE 172 ESIHME ARXC| s SH|st

O TR U F0M, CellZ HBE|H—ALBAIL AR, TS, M S Jq=—HE EE E= LK EH 2E
ME = TIgst 2H|Q CIX[Y Rt 2 ZHREICE 0|218h XHitol|= CHZ 0] ZetEICt
« |0|E|2 EZ(CKBytes)
o« AM2Xt M| E2(sUDT, xUDT)
o 22l CIX|H EEE&'E(Spore ZIEEZE S8t DOB)
o HIEZQIT Nervos CKBE 91Z5t= RGB++ ZEEZ=E AT E ARt
EZEFHR
Asset Type Equivalent Description Protocol
CKByte Native / HIOIE|E REE|E| L HHHA EZ Native
(CKB)
xUDT User- ERC-20 2HPIeE AFEAT F2l 75 Ay EE xUDT
Tokens defined
Spore Digital ERC-721, et 7kset LHAA ZHR|, ZIgst 2Hel &~ Spore
Object Ordinals ™, Z2fo|HA| HE| 2HIZE X|¥5H=  Protocol
(DOB) R CIXY ouNE
RGB++ HIEZQI  / s UTXO Hields Sl E2|X| §lo[ H]  RGB++
1} S35 HE E Q11 Nervos CKB 7F Apeh 2=l 31 4h - Protocol
old sREds/tsstAl g

E3LoiA

CKByte E3L-2A
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CKByte= Nervos2| HO[E|E EZC 2, M| 7HX| R =2 S ST A0S (L), EHMM
+R(Eh), e ME(XE).

o AO|E(Cycles) 2 AOIE ZAEME A3l & CKB-VMO| ZXst ERiMM HE0f| AHSE A4t X+
Off 2t RH=Z AHol|A| E&fstrt,

o EziXM 2428 (Transaction Fees) = U EQ3 Eot2 E53517| @|al ¢irt 522 A& 20
CHal xH=ZKtoflA| XIZEICE

 JEf HE(State Rent) = EHMM HIO|HE X[EX oz HEsr| ffeh ME S MSof Chsl i
= A0 A 2EEHT.

3|g X=0|cf. e 2

Rl
°
|u
=
M
o
12
rz
mo 4>
40 >
HU
rr
[m
R
12
|'>-
mo
_>£
E
oh
=
1]
i
ro
=2
P
d
3
rr
L
M
x0)
ror
ne

CKByte2| 2R+= Nervosol|A| H|0O|E 1HIO|EQ) H“?JEI%%:'— O{SICE M Cell2 “HAd5t21H, A
7 Cell0| H®dte 3740l 483t= CKBytesE E-RdH0f 5tCt. 0| CKBytes= Cell2| =& S¢t
CellO| ~H|=|H CKBytes= sHiA| =0 ZAtEet 4= UL, &Ef @IE= CKBytes &3 7|2F St At
X|EECt.

Z*-OIJO

At
7|

rQ o L
OHT i

0,
o=

Nervos2| 2= XA H|0|E HES EQ 2 6f

D2 HEl MEQ| CH&0] EIC}. Ol= Nervosoi|A Xttt &
X0l CKBytes?Z 24X0]7| 201 25Xl 7t

ZES| Hot2 MEE 7HR|off 8|25 2HEE|010F Fefd S ERIE &
St= M= AHOl|A| 2adstct. CKBytes 7HX|7t &f&otH HE
A

&35h= St Eohs HEEiT.

ALt CKBytes= UIEQZIE ES
CHst HAE 715101, MZEHEl 71X

J2{Lf CRARA Z2E0|M = HIO[E|E E20| XA 7ix|2] d&at e &5
20l “RA2 Xt X7 7F LS Nervose CKByteE HI0[E XZof
2O =M 0|2 ZEIT,. Ol= Ateto] M2 flall CKBytesE HQ 2 5t
ANZIBEZ2 &7 2 A

_

Z4
=
(@]
Il

5l
s gy,

AMEN| Ml E(State Rent)

A= HESIT0IM Ho|Ee REAT BES BASIH, 0|20 ERHM £42s M ASS 1
ABICH J2iLt 487 HAE| D Lig ) KE2XHs Clo|E BEo| Cist %7} IME| 27} giTt shZHMo R A,
A

' Al E = ClIOIE 2ES 2l A=At A| XEH o2 Edstrt.

0

il

X7t NervosoOl| H|O|HE M&E mf, @Rt 37t
M 2= AFEXAH EHSIEZ) Nervose
|0]ME ALESICE

o

H
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HIO|Ef MY S0l= CKBytes2| 287t &7 |0 B2 ¢S 4 8itt &7l CKByteso| +&2 LYK,
QIEZ2f0| M2 Qlsh 11 7kX|7F MAS| Z 4510, Ol= Nervosoi| GIO[E S XMEst= ALXIA 2 Fats

O|ZIC} O] BH2 J1X| ZATF ME) FIEE LASICY,

Ch5t= O_I%EIOIMo MNiZiEz| & %H( econdary Issuance)2 2 Z2{Z -0 &
7 8= CKBytesE Nervos DAOO ol x|(lock)&t2
= AP*HEI Ao Haf2 HE = CL OIE A _OHH O| H|HLIEE & XiM|5| CHELE.

H|0| A UHsH(Base Issuance)

HEQA £7| EA| A|F0ll= CKBytes2| 7Fx|7F S0 Ot SHICH NervosS Ahat MEo)| j2dx oz
orS7| lah, HIEDRQIS| xi= nhd b RAFSHA| HIO|A ElES Soff Hotg YA|H o= HASHY MzZXH=
2N 2| E Soll 18 E CKBytes &2 2h=Ct A7H0| SEM XMZ Xpite| 7k 7F A&t a2t =

H|O| A giali= of 4 A0t B E|H, 3362 CKBytes &5tof| =Ee w{7kX| £Hst 0 o= 756t ¢!
o k=]

—

2|

il
Mt

Hjo] A el 0]=0fl=, _E_H"—h't Tz = Mzt QME[EL H|0|E EE0| S25HK] g2 = T
T2 0 QIE0|ME = M E| A2 0[2{5 L2 E sttt

= X -

F3t7Lt Nervos DAO 2/50f| CKBytesE E&

~
=
=HHEIC:

™o
in|
o
=S
ogt
ro
n
ojo
=2

o ZHZXHAEH HEZ)
e Nervos DAO AEX}

o X|&HOQIJHEEZ QI5F Nervos XHEH EIXZ)

Nervos DAO

CKBytes ERAt= E2& Nervos DAOO| oiX|(lock)go =24 HAS A2 4 QICt EAR MZHE|
ar=liof Hl2sto S=AME0, F7|XH el Q1E2|0|M 2HE A4sl] 7kXIE | XIS NervosoilM 372 ER
Sh= A8 XH= CKBytesZt &7 22 2 Nervos DAO| 0| x[&F &~ gict, S7F &R Cello] AH|E[0]
CKBytes”t slix|=[™, 0|2 Nervos DAOOI| OiX|gh 4= ULt O] HIFHL|E2 EE s H|0E HMAHE &
Sto] EEH|Q1e| &7 22| 7tsd g BHESITL

XtMSH LH82 RFC Crypto-Economics of the Nervos Common Knowledge Base £ & 115t
2f.
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https://ckbdapps.com/halving
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0015-ckb-cryptoeconomics/0015-ckb-cryptoeconomics.md

xUDT

xUDT (Extensible User-Defined
Token)

xUDT(Extensible User-Defined Token)= Nervos CKBO|AM CHAIS EZ2S M5t 22|54 |
Q/st EZ HE0|Ct 0|C2|Z2e| ERC-20 Of siEtstCt & 4~ X[ — O =2 ot

xUDTE A8t AFH Ho|El 4E 2E 2 AH85H= 7|= Simple User-Defined Token(sUDT)
Off #L=E|RACE Olol| CHH[SH, xUDT= 2 A3EEES Sall & dF 23 2 2&d £ 7 510 &&d
= TSIt — 0| Sof O AT el AHEA Sl 2] EE S

A8 Al

xUDT= sUDT7I HE5HA| Rots 28! Z2 IS SEO|LE AMEA 2%]0] 2ot A|LH2[20] &
SfStot. L AL All= T2t 2Lt

Ch ATZIELS 2F GH|0|EQ| MEtM It BAMS A5}

o AJRIE ZX| J[dlo] T2 O20{E Wall: EH ASSHA T710| 5= A0 E2 Sl S 5126l
Ct— olE %m secp256k1 S7H7[7F AP HolEl AR Xt A2t YX[ot=X| AE5t01, =7t X0
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https://ethereum.org/en/developers/docs/standards/tokens/erc-20/
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0025-simple-udt/0025-simple-udt.md
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0052-extensible-udt/0052-extensible-udt.md
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https://eips.ethereum.org/EIPS/eip-721
https://docs.ordinals.com/overview.html
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https://github.com/sporeprotocol/spore-sdk
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0019-economic-model/0019-economic-model.md

Spore Z2E=2 JPEG Z2 &4 O|0|X|0f| =Z&t=|X| 30 & elet CIX|E

& # ZHIx FAMS XS E 4
A=A O] A2 7HEXet 22[0[0[&{ 7} CHefet Redol O|C|0f<f B0 S 21 2X|2lof MZstal 2

2|5le 2 Bt

DOB/0 =2E=

DOB/o Z2EZ2 LX[E QEHME(DOB)2| £d2 st C|2F5H7| 9Ig #&F 7 & 2lE{m|o[A
HA[O|C 0{7[0fl= CtZ 20l ZefEICt:

« DNA — 34/ GjojE| 7%
e Pattern — A2 9[5 #Z3l L A7|0}

e Decoder — DOBE utalst A{Est= 28 HS

DOB/o= 0iE2|7|0|40| DOBe &t 2185t O|0|E F&s5t= YWAIZ EEslo0], 88 S&dS 37|
solir}
=

DOB/1==2EZ

DOB/1 Z2EZ2 DOB/0 20| =&/, SVG O[0[X| AT

3 DOBE= CI2S E5) /|10 XI™ A2t ZEIXZ T35

o omu
4 =2
)
nl

o DOB £40| SVGE HgtE|= U4 Ho|

FI AR

e DApp EE2|Y: Spore ZEZEZZ DOB M4

o Spore ZE2EF FA HIA]

e Spore Docs

No. 69 /150


https://docs.spore.pro/
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https://rgb.tech/
https://docs.aluvm.org/
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Inputs Outputs

buyer's utxo
btc_ utxo#1

—

[ 1
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https://github.com/utxostack/RGBPlusPlus-design/blob/main/docs/light-paper-en.md
https://github.com/utxostack/RGBPlusPlus-design/blob/main/docs/lockscript-design-prd-en.md
https://github.com/utxostack/RGBPlusPlus-design/blob/main/docs/security-analysis-en.md
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* Blockchain
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e Transaction
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e Block Time
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Blockchain (ESx|9l)
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https://en.wikipedia.org/wiki/Boneh%E2%80%93Lynn%E2%80%93Shacham
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e Data

 Lock

e Lock Script

* Type Script

e Dead Cell
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e Cell Model

e UTXO on Bitcoin.org
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e Lock Script

* Type Script

o Cell Model

» Cell Model on the Nervos Blog

e UTXO on Bitcoin.org
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https://developer.bitcoin.org/glossary.html
https://medium.com/nervosnetwork/https-medium-com-nervosnetwork-cell-model-7323fca57571
https://developer.bitcoin.org/glossary.html
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» Cold Storage
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https://en.wikipedia.org/wiki/Virtual_machine
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https://www.nervos.org/ckbpage
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o Cryptography at Wikipedia
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o Estimate cycles

» Max block cycles

 Rules for calculating cycles in REC on Nervos Network Github

e Script
e RISC-V

e Ethereum's Gas
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https://en.wikipedia.org/wiki/Cryptography
https://docs-old.nervos.org/docs/essays/faq#estimate-cycles
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0014-vm-cycle-limits/0014-vm-cycle-limits.md
https://ethereum.org/en/glossary/#gas
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https://en.wikipedia.org/wiki/Decentralized_autonomous_organization
https://en.wikipedia.org/wiki/Decentralization
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https://github.com/nervosnetwork/ckb/tree/develop/rpc#error-poolrejectedtransactionbyminfeerate
https://en.bitcoin.it/wiki/Miner_fees#Feerates
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e Transaction Fee
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e Proof of Work
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ckb init —--chain Mainnet && ckb miner

2t 27

* Block
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e Proof of Work
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e Native Token
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e Block Reward

e Transaction Fee

Boxer

Nervos 20|01 £2£#|2l(Common Knowledge Base)S AE5t7| st A&

et 271

« Common Knowledge Base

e Boxer on GitHub

Rust 2t0|=212].

block _version

SEO| T A[A” 0|of BE0[04, 7[2gE2 00|t

-1 =2—

L HA—

pub const BLOCK_VERSION: Version = 0;

2t 27

e Block

Cellbase (&H]|0|A)

2t 220j|M 22 CKBytes
HIEZQIo| FQIH|0|A EZHEH
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o CKByte

» Coinbase on Bitcoin.org

cellbase_maturity

ZE|= AHo|a EH2 EF

CEFZ AEHO|DY, AH|E|7

(o
H

E |
| —
E 3 & Al dH|0]A FES VX ERAM0] SHlE|=

|> rz;
=2
P
rwni

pub(crate) const CELLBASE_MATURITY: EpochNumberWithFraction =
EpochNumberWithFraction: :new_unchecked(4, 0, 1);

et 27|
e Cellbase
cell_deps
EHHME L AFEETJHERE Live Cello H2(817| ©8)e &= JES 5t= A2l & Live Celle| 0!
H.

XHMISH L2 Script dependencies &=

et 27

» Dependencies

Ckbhash

CKBOIM AR E[= 7|2 silA| ¥ 112|E2 blake2b0|0d, CtE1h 0] L
o S LIO[MAE 27]: 32
e personalization: ckb—default-hash

ckbhashe ¢ &2 M &%t blake2b sHA|Z 2|O|GHCY,

import hashlib
def ckbhash():
return hashlib.blake2b(digest_size=32, person=b'ckb-default-hash')
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et 27

e Blake2b

CKB Merkle Tree (CKB {Z Eg|)

CKBHZ E2|& LS ¥ &8 At&ot= CBMT(Complete Binary Merkle Tree)O|C}:

ckbhash(left || right)

ckbhash & afA] g=0/d, | | & O/Fl 2iZE olo|3i}

2t 27

e Merkle Tree for Static Data
e Ckbhash
» Merkle Tree on Wikipedia

Code Hash (Z.E §jjA])
EJ 0|05 = Type IDE &2E[= £ AE 712|7|= slilA| 242 Z&ot= Aol ZE.
bl 27|

 Cell

EMMME SEXQI0| FTtet= 0. ERHFM0] FHSIE|H =HQIEITE
M=Xt= 78] B4 (Commit Reward)& &5l 78! QIME|EE P =Lt

2t 27

e Commit Reward

e Confirmation

e Propose

e Transaction
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» Block

e Proposal Zone

e Transaction

Consume (2H|)

Live Cell2 Eai™M Qo 2 AtEot= M.
AH|El Live Cell2 Dead Cell 2 EA|=ICE

et 271

o Cell

Cell Model
Dead Cell
Live Cell

UTXO on Bitcoin.org

7= 80{E
Active Cell (2 A)

= Live CellO|2} 504, 2%l CKB SEHO| ZXi5H= ZO|Ct. g Mot A Eciido] el o2 Arge
olC}
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2|0

e Live Cell
et 27|
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- Input

e Transaction

Aggron
Mainnet Lina0f| ci&st= 2 #% Nervos CKB HIAEH,
e CKBHZ: >=v0.101.0 (F|A! oFH H{F HE)

o HILJA|A SHAL:
0x10639e0895502b5688a6be8cf69460d76541bfas821629d86d62bavaae3f960

(@)

o X7|5}HAHN: ckb init —-chain testnet
o ESA AI™: 2020-05-22 04:00:00 UTC
o ckb2021 &45} A|™: 2021-10-24 03:00:00 UTC

e Testnet

rfok

S| E A

e Lina

e Mainnet

Animagus

Nervos CKB ?/0A SAets Z2f|Yf2 20|02, & & 2FS HX|K| 211 E AE TS el =3

)
o 4 QT2 BITt
el 57|

e Cell Collection
e Nervos CKB

o Animagus A S27

Args (21X}

Arguments®| 2f0q. QIXt=
Off MS%=|= lo|E{o|Ct.
QIXt= Ho| MME wf do| YF 2 MEEIC.
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 Cell
e Lock Script
e Type Script

Axon

AEM Hot 3l A ZES & A[Ql 7|gk 200 2 ZEEE 3 T3, Axon AM|2l2 &Lt CKBO||

2t 27|

e Layer2
e Nervos CKB

25 sfjAl &t BLAKE2bE 64H|E Z31Z(NEONS X 5k= ARM E&Hof| £ Mstz[0f IO,
~6/4HIO|E ZO0|| CIO|HAEE MMSICt CKBE 7|2 dllA| 212|522 BLAKE2DE AFRSIHTL
ehif| 57|

e Blake2b =&
e Ckbhash

o Blake sliA| gt 2(7|8i 0}

» Hash Function on Wikipedia

Block Subsidy (ES§ HEX3)

M=AF 58 dYstil SEX2IS E3ohy| flol MlESet ARE Aol thsl HO|E|E S3t2 X|g&=

e Block Reward

e Transaction Fee
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« Common Knowledge Base

e Boxer on GitHub

Rust 2t0|=212].

block _version

SE2| BT, AlAF ofeF 0|04, 7|22 00]Ct.

-1 =2—

pub const BLOCK_VERSION: Version = 0;

et 27|

e Block

Cell Collection (M %!

=
of: 8 Agel Thelis =relst| ffat, sy 40| B &y s +EIsH0f 3ttt
2t 2]

Cellbase (&H]|0|A)

2t 2204 MZ2 CKBytesES Lt ofalS st AT,
|E3Ql0| TolHlo]A ERHR ML S UG JHolct

[

uol-
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P 7|

* CKByte

» Coinbase on Bitcoin.org

cellbase_maturity
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= [ —
0]~ 82 &8 =
x

? AEHO|D], AH|E[7

pub(crate) const CELLBASE_MATURITY: EpochNumberWithFraction =
EpochNumberWithFraction: :new_unchecked(4, 0, 1);
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e Cellbase

cell_deps

EMM L AFZETFEHZE Live Celloll H2(817] T&)Y &= AT 5h= A2 & Live Cell| 29

XHMISH L8 Script dependencies &=

2t 2]

» Dependencies

Ckbhash
CKBOIM ARE|= 7|2 siA| € 12|52 blake2bO|0{, CHE2t ZH0| LA EICE:
o Z LIO|HAE 37]: 32

» personalization: ckb—default—hash

ckbhashe= ¢l €82 X&gt blake2b siA|Z 2|0|atCt.

import hashlib
def ckbhash():
return hashlib.blake2b(digest_size=32, person=b'ckb-default-hash')

et 27

o Blake2b

CKB Merkle Tree (CKB £ Eg|)

CKBHZ E2|& LS ¥ &t+E At&ot= CBMT(Complete Binary Merkle Tree)O|C}:
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ckbhash(left || right)

ckbhash & aA] g=0/m, | | & O/Fl 2iZE olo[3i}

et 27|

o Merkle Tree for Static Data
e Ckbhash
o Merkle Tree on Wikipedia

Code Hash (Z.E 5l|A])

EH HIO|H == Type ID2 HxEl= 5 22 727 = diAl 4/ Zefst= Ao EE.

2t 27|

HetEl ERMMS SEX(QI0f FTtsh=
[m]

E o0y
H=Z2Xt= 78 2A4(Commit Reward)S %3H 19J OIMEIEE Y=L},
ehif| 57|

e Commit Reward

e Confirmation

e Propose

e Transaction

EaEM 7{500] Zae|= £52| MM

7190 Zofl= 0|F 2~107H2 £=2| H|Qt Z(Proposal Zone)ol| LIERt f &5+ EatxiMg
Ct.

et 7|
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e Block

e Proposal Zone

e Transaction

Consume (£H|)

Live Cell2 EZHM 2O Z AtZsH= 1Y,
AH|El Live Cell2 Dead Cell2 HFA|=ICH
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 Cell

Cell Model
Dead Cell
Live Cell

UTXO on Bitcoin.org

CPFP
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!

2310, AP} H@ EHMMT} B0H X2|SHEE QEsts E2HM CiF| LhAlo|Ct,
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» Fee Bumping
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o Cryptographic Primitive on Wikipedia
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dao_type_hash
NervosDAOZ2| type_hash.

XtM|SH LH82 CKB Genesis Script ListE &=,

2t | 27|

o Type Script Hash

Data
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e Historical Cell
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o Cell
Cell Model

Consume

Transaction

UTXO on Bitcoin.org

No. 119 /150


https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#ckb-genesis-script-list
https://developer.bitcoin.org/glossary.html

Dep Group

0{2f 72| S|EYS SlLte| o| &Y BEER |0, X5 &/ AtE5t= 2|EHSS T HZX 2 XFE = U

St .
2t 2]

 Dep Type

e Dependencies

e CKB Transaction Structure on GitHub

e Dependencies

e CKB Transaction Structure on GitHub

Deps
dependencies®| %!,
S2lof

» Dependencies

Dependencies

UNHOZ depsetiz HECH O|ZHS EUMMON FEE| M oj0|3it ELOR HxE A
(o]

= [
A7 M= EUMM Lo M AliE= 2E AT E| MIEICH 2|EH(deps)2 AH|E|X| g4=C

e Consume
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e Script

e Transaction

Duktape= Nervosol|A XHHIAIZE 7|8F ADLE ZHEME S MAlls= o] AHSEIC.
el 27|

» Duktape Official Website

22 M2 ofsf Q&S Proof of Work 23 HES s Zsts Ho|£o| &,

mjo
ol

HEZ = M= HOR -2 HEof| wet S5 dd £22 Ho{5h7| fIst HOl=E At =Fsirt.
et 27|

e Proof of Work

Diviner
Rust2 Z& X (deterministic) HAE =33
et 27|

e Diviner on GitHub

Eaglesong

Nervos CKB 221EH(Proof-of-Work)2 ?lal EHs| 7HEE MER Al &2, HOt sfA| &7t
ZQstOHE Z2|0f| = Mgfsict.

et &7]

» Eaglesong RFC on the Nervos Github

 Introducing Eaglesong, Nervos’s New Hash Function for CKB Proof-of-Work

epoch_duration_target
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NC-Max7} X|&5t= ofjAH of| 23 Z0|. CKBOIM = 4AIZtC 2 MFEICE

pub(crate) const DEFAULT_EPOCH_DURATION_TARGET: u64 = 4 x 60 *x 60; // 4
hours, unit: second

et 27|

e Epoch
e NC-Max

ERC20
712H4Q1 CHA| 7ts EE2 I8t 0|28 E2 HE.

Nervos?| sUDTE= 0|2[Z2| ERC20 Ee= ERC777 EE EZ0| s{{=taHCt.
g 27|

* ERC777
e Fungible Token

e Token
e User-Defined Token

o ERC20 on Ethereum.org

ERC721
CHxl 27+s E2(NFT)S /2t olti2|E B2 EE.
2t 57|

» Non-Fungible Token

o Token

» ERC7210n Ethereum.org

ERC777

ERC203t2| 5t9| S3+2 SXI5tEM JHAE 0|2l thil s £2 BE.
Nervos?| sUDTE= 0|2[&2| ERC20 Ee= ERC777 EE E=0| s{{=aHCt.
et 271
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e ERC20

» Fungible Token

e Token
e User-Defined Token

e ERC7770on Ethereum.org

ERC1155
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e Fungible Token

» Non-Fungible Token

e Token
e User-Defined Token

o ERC1155 on Ethereum.org

Fee Bumping

SESIILL 27| 24 B7 AR W
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= [}
AlZ|= HAHLE. EH“ILI HiH2

Q B0l 712 95, 0|0| HREIHAEE EBFMO| 2452 =7}

CPFP(Child Pays For Parent)2t RBF(Replace-By-Fee)O|LC}.

et | 27

Full Address
Q12t=l Lock Scripte] FA| 2= sAI7F Z&HEl Nervos2| F4 $4l,
et 27|

e Address
e Short Address

Generator
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Genesis Block

EEXQQ MM MEHE =7|Sleot7| flofl MME[= A #Hf 25 MUAA EES XM EE0|EZZ 0|M EE
= MZSHA| A=Che= ™ol RYUsICt
ehif| 57|

e Block

e Blockchain

genesis_hash
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e System script
o Nervos MEtHe| 71 0| [HE EF AR
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2t 27

e Genesis block

Godwoken
Nervos CKBZ /5t 0|0 2 2@ =3, SEETHE0 A AIE 2HS CKBO| M2,
et 27|

» Godwoken on GitHub

e Godwoken Documentation Site

Governance Script

A8 el EZ(UDT)2l &3t FHMa Felst= Type Script.
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e Governance Script Hash
« UDT
o User Defined Token

o Type Script

Governance Script Hash
Mloj| A ATZIEZS At7EH i AlEXIE AFSHE, S Type Scriptl Blake2b Al
2|0

o Type Script Hash

et 27

e Governance Script
« UDT
» User Defined Token

e Type Script

Historical Cell
Dead CellE 7t2|7|= CHA| 0.
Seolof
e Dead Cell
et 27|

o Cell
e Cell Model

Inbound Connection
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e Qutbound Connection

Indexer
JHLRILE AFRXI7F KA 7|20 28Hst= Live CellS =™ 6t= 0 Z2|#H|0|M = 2to| =222,
et 27|

o Cell
e Live Cell

initial_primary_epoch_reward

CKB 7|2 Yl (base issuance)of|lA 0| 23 tHe| = = X107 CKBytes2 X|2&|= QIME[E. CKBL
oo 25 7142 SEASIX|TH |23 = of LAIZIOE NFE £ Qo2 HA U2 of|x3 7
2 2FECL 24 oZ3=1_917_808_21917808 Shannon?| CKBytesE Yo, 22 1A &

x7| 7|2 waf2 o 429 CKBytesO|H, HIER QI QAFSHA of 40T} #2510 232 SETHEICY,

Al2HAL block reward = initial_primary_epoch_reward /epoch_length(sig of|zZ32

=¥

pub(crate) const INITIAL_PRIMARY_EPOCH_REWARD: Capacity =
Capacity::shannons(1_917_808_21917808);
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e Block Reward

e Epoch

e secondary_epoch_reward

Input

EZHMMO||M AF2E|= Live Cell. ESHHMO| UEQT0f ol5 S2t=|H, siEt Live Cell2 Ql2ioz AH|
£|0f Dead Cell2 EA|=ICE,
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e Consume
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e Dead Cell
e Live Cell

e Transaction

Keyper
EF MEXA ME &= X2 Lock ScriptE #2|sh= WS 748 AR
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e Lock Script

e Keyper on GitHub

Late Spawning
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e Genesis Block
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o HILIAIA SHA:
0x92b197aa1fba0f63633922c61c92375c9c074a93e85963554f5499fe1450d0e5
o X7|8t™W&HON: ckb init —-chain mainnet

o EA AI™: 2019-11-15 21:11:00 UTC

e Mainnet
ES5HX| 2 A

A

e Aggron

e Testnet
el 27|

e Nervos CKB

Live Cell

OFE] AH|E|X| QO ALR 7S A1,

HIEZQIQ| O|AIR EMTM Z2(UTXO)1t SAFSICE.
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e Active Cell
shi| 27|

o Cell
e Cell Model
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e Lock Script

Lock Script
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o Address
o Cell
e Type Script
. Script

Lock Script Hash
Hof M ASBEES Fxhuff AlEXIZ AL85H=, Lock Script2| Blake2b sHA|.
et 27|

« Cell
» Lock Script

Mainnet
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o Common Knowledge Base
e Lina
» Nervos CKB

rok

S5Hx| 2 2

e Aggron

e Testnet

max_block_bytes

S50 518&|= =/t E&AM 37[(HI0|E). 1000712| 2-in-2-out secp256k1 EZHHMO

37|12 7|F02 AFEL

pub const MAX_BLOCK_BYTES: u64 = TWO_IN_TWO_OUT_BYTES x*
TWO_IN_TWO_OUT_COUNT;

max_block_cycles

E20| 518&[= £|CH EHMM ALO|Z SHE. 1000712 2-in-2-out secp256k1 EZEM0
AO|2E 7|Z0 2 AMNEILY,

/// cycles of a typical two-in-two-out tx.
pub const TWO_IN_TWO_OUT_CYCLES: Cycle = 3_500_000;

/// count of two-in-two-out txs a block should capable to package.
const TWO_IN_TWO_OUT_COUNT: u64 = 1 _000;

pub(crate) const MAX_BLOCK_CYCLES: u64 = TWO_IN_TWO_OUT_CYCLES =
TWO_IN_TWO_OUT_COUNT;

max_block_proposals_limit

sfLto] 220| ZaHE 4 2= Hek(proposal 2| Zoh 44, 7122E2 1,500 AlZtBiC

TWO_IN_TWO_OUT_COUNT
pub const MAX_BLOCK_PROPOSALS_LIMIT: u64 = 1_500;
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e Proposal Zone

max_uncles_num

siLte| 250 5l8sl= A2 2582 2|t 7i==(Uint64). 7|24t2 20ICt.

const MAX_UNCLE_NUM: usize = 2;
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e Uncle

median_time_block_count

const MEDIAN_TIME_BLOCK_COUNT: usize = 37;

Minting
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Mz2 EZs ddst= otE.
2t 271

e Token

Molecule
Nervos NetworkdM E2| AI2E|= 23S = 3.
| 57|

» Molecule Specification
» Molecule on Github

Muta

PoS, BFT gf2e| ¥ ANtE AHEME S XISt E AAEl 12 HAEDOI0|= 7Hset ds S5Xel =
RN

No. 131 /150


https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0008-serialization/0008-serialization.md
https://github.com/nervosnetwork/molecule

et 27|

e Muta on GitHub

e Proof of Stake

Nervos CKB

Nervos Network®| 2{0[0{ 1 EE#|2l, Common Knowledge Base.
Nervos CKB= Nervos BlockchainO|2t1 & S2ICt,
2|0

* CKB

» Common Knowledge Base

e Nervos Blockchain
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e Layeri

Off-Chain Computation
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22 2& Nervose 2IH|Ql At 2% HASS AFRSICY
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e On-Chain Computation

e On-Chain Verification

Off-Chain Scaling
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e On-Chain Scaling

Off-Chain State

SEX 10| MYEIX] ZUAALE 2H|2] ADE AEMET} HIS 4+ gl= 0 Z2|#[0] 42 H[0]&.
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https://github.com/nervosnetwork/muta
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e On-Chain State

On-Chain Computation
ADIE ZAESHEO| D E OIAMO| HIEQFO| RE =E0|A SA|0f 2H|QIC2 $3lE|= =202y I,

o2l e exfol giite Atg3ict,
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» Off-Chain Computation

On-Chain Scaling
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e Off-chain Scaling

On-Chain State

SEX|210| MZEE] AUon] 2X|Ql AOIE HEMETL MA 7Hs6HHZ2|7|0|M H|O|H.
Nervose 2 E ANLE HAEEN 2X|Q AEHE MBSt
et 27|

e Off-Chain State

On-Chain Verification

HESRZ 22| BEHES £0/7] flol 2= ALrE QX210 li5tE], 21 H[0|E2] HE=2 2|10 A
AT X H ol

Nervost @Il ittt 2|0 ASS A3,
2t &7

e On-Chain Computation
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Open Transaction
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o Cryptographic Signature

e Transaction

Optimistic Rollup

101 21[0]0{ 2 EZHHMM X2|2FS =0|HA, 20|10 10| XS5t

rir
HT
<

0

7| 24 (fraud proof)2S AtE3s
|:1|O|E-| 7I2AMS 825H= 20 HiAl

S o= =26° =-d o 1.

gt 27|
e Layer1
e Layer2
Orphan

Orphan Block®| 22!,

S2/0f
e Orphan Block

e Uncle

Orphan Block
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» Block
o NC-Max
e Orphan Rate
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e Orphan Block

e orphan rate target

orphan_rate_target

NC-Max”t X|'gst= 5 orphan =5 H|2. CKBO|M = 2.5%= HHEICh

// o_ideal = 1/40 = 2.5%
pub(crate) const DEFAULT_ORPHAN_RATE_TARGET: (u32, u32) = (1, 40);
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e Orphan Rate
» Orphan Block

Orphan Transaction

el Al-o| 22 EHMMO| st ERHMM, CH2 =2 Muls|X| ofn 22 HHol| HEE0, JH =7
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» Orphan Block

Outbound Connection

“outgoing connection” 0|2t & SiC},
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L& 2FHAM TCP HZ S i
A AAZ0|LCt,

Y L ETFAR(Z7] TCP SYN T2l &)Yk, 7 AZA2 outbound (&
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e Inbound Connection

Outpoint
EUMM Lo S 52 4

e Live Cell

e Transaction

Overlord

HuobiZ ?I3l Nervos7Zt A7st H|RHEl Zof 318 §to| Yna|5o2, xE 43 710| EAMM S Xz|&
2= ULt
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e Qverlord on Medium

P2WSH

Pay-to-Witness-Script-Hash. P2SH®t RAlsHHEZQI E2TM SO0[X|2t SegWitS AHEst
Cf,
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https://medium.com/nervosnetwork/overlord-a-new-consensus-algorithm-3cc51690d269
https://en.bitcoin.it/wiki/Pay_to_script_hash
https://en.wikipedia.org/wiki/SegWit

permanent_difficulty_in_dummy

dev-chain0| NC-MAX 0|z £ & H|&4315101 PoW7t HO|(dummy) ¥ ), HHO|=8 1F &

EfZ RXIBHCE boo leanS2 FA0l|A EAIs1EE 4 QlCt.
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o Difficulty

Polyjuice
Godwoken &0f|M 0|5 2|Z S8 HEIRISE AMSSHCE
ehif| 57|

e Godwoken

e Polyjuice on GitHub

primary_epoch_reward_halving_interval

CKB 7|2 2ol M of| =3 Hato| Bizf F=7|(YEHo = 4H). B AFH0| 2H iz Hoo| Hete=z &

ABITY,

pub(crate) const DEFAULT_PRIMARY_EPOCH_REWARD_HALVING_INTERVAL:
EpochNumber =
4 % 365 x 24 x 60 x 60 / DEFAULT_EPOCH_DURATION_TARGET; // every 4 years
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e initial primary epoch reward

Proposal Zone

S20jM E2HHM HOH0| BEEE MM,
el 27|

e Commitment Zone

e Propose

Propose
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https://github.com/nervosnetwork/polyjuice
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=2 XH= Het 2A&(Proposal Reward)S Saff Aot QIMEIEHE (=L,
st ©7|

e Commit

e Confirmation

e Mempool

e Proposal Reward

e Proposal Zone

e Transaction

proposer_reward_ratio

NC-Max7} X|gst=, EAMMM =7 & HQhs MEet [M=ZRI0A S0t7t= 24 HlE. CKBOAM=
40%= 2|0 A, ER %

)

const PROPOSER_REWARD_RATIO: Ratio = Ratio::new(4, 10);

et 27

e Proposal Reward

e NC-Max
RBF
Replace-by-Fee?| 2fXl. HZ2|E L EAMES St YHE AESE O =2 s+=2E 71 M EH
MMO = CHA|SH= ZI2F M ERMAMMO| g = XA OISl = 2E EMAMMO 25 E SHLE S
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https://github.com/bitcoin/bips/blob/master/bip-0125.mediawiki

>< Input-1 >

( Output-1 )
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e CPFP

e Fee Bumping

RGB++

8123 3 ot A4S, 39 MEf, AATE! 7|58 HESHCt
el 57|
« RGB
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 CKB-VM
e RISC-V on Wikipedia
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https://rgb.tech/
https://en.wikipedia.org/wiki/RISC-V
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 Schnorr Signature on Wikipedia

Script
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e CKB-VM

e Lock Script

e RISC-V

* Type Script

e ELF on Wikipedia

script_args

script_argss A3EEQ| O Z CKB-VM QIAE A0 MEE|= CIXIE 9|0|§iCt CKBOIME S
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e CKB-VM

o Witness

secondary_epoch_reward
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https://en.wikipedia.org/wiki/Schnorr_signature
https://en.wikipedia.org/wiki/Executable_and_Linkable_Format
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0003-ckb-vm/0003-ckb-vm.md

21 A2 £ REOZ O|R|ZIC,. SiLt= D El 72 QHEIE (A 2f 19934408 CKBytes)0|1, Tt
=

pub(crate) const DEFAULT_SECONDARY_EPOCH_REWARD: Capacity =
Capacity::shannons(613_698_63013698);

2t 2]

e initial primary epoch reward

e Secondary Reward

e Secondary Issuance

secp256kl_blakel60 sighash_all_type_hash

CKB HIAA AFBIEN Z5HEl secp256k1_blakel60_sighash_all9| EtRL sHA].

XMgH LHE2 07| &=,

secp256kl_blakel60 multisig_all_type_hash

CKB MUAA ATBIEO| 2= secp256k1_blakel60_multisig_allQ| EtRL SHAl

XiMgh Li82 07| &=,

Seed Cell
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Shannon
CKBytes?| 24 tH¢|. 1 CKByte = 100,000,000 Shannon.
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https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0015-ckb-cryptoeconomics/0015-ckb-cryptoeconomics.md
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#ckb-genesis-script-list
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#secp256k1blake160
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#ckb-genesis-script-list
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#secp256k1multisig
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* CKByte

» Common Knowledge Byte

 Satoshi (denomination) on Bitcoin.org

Short Address
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» Code Hash

» Lock Script
e Full Address

Simple UDT
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e SUDT
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e Token
e UDT
User-Defined Token

ERC20 on Ethereum.org
Simple UDT RFC on Nervos Nerwork Github
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https://developer.bitcoin.org/glossary.html
https://eips.ethereum.org/EIPS/eip-20
https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0025-simple-udt/0025-simple-udt.md

SPV
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o SPV Wallet

o Simplified Payment Verification on BitcoinWiki

SPV Wallet
SPV T2EZ2 AIE2st= 42 S5y X[
et 27|

« SPV

SUDT
Simple UDTQ| 2kt
S2|0f

e Simple UDT

Testnet

“E|AE HEXIVQ| AFO 2 Mainnetl| S22 AlZ22]|0|M5t= HEXA. Nervos CKBL| HIAEU
0|22 Aggronolrt.
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https://en.bitcoinwiki.org/wiki/Simplified_Payment_Verification

* Aggron

o}

(Tl
.mi
—]

e Mainnet

Transaction Confirmation Number

i orphan rate”t 2.5%

<]

17|

ol

3

SHLICH(Nic Carter?| 2 &%x).

S
Ct. Nervos CKB

A
T

OflAf, E Nz

=
S

SEHQ ZX 2

(e}
-

ol

<]

HAXKOR %A 153

=
[

H =]

3

o
=

e Confirmation

NC-Max
e Orphan Block

e QOrphan Rate

Transaction Hash
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table Transaction {

RawTransaction,

BytesVec,

raw:
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https://docs-old.nervos.org/docs/essays/tx-confirmation
https://medium.com/@nic__carter/its-the-settlement-assurances-stupid-5dcd1c3f4e41
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e Transaction Witness Hash

e Molecule
e Ckbhash

e Transaction Hash in RFC on Nervos Network Github

Transaction Witness Hash

I'OII

EZHMM MHE ckbhashZ si&5t0 MM E|= s{A|. CKBOIAM EzHMM 2 moleculeZ Z&EsHz|0{, A

table Transaction {
raw: RawTransaction,
witnesses: BytesVec,
b
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e Transaction Hash

e Molecule
e Ckbhash

Transaction Root

sIciel transactions root ZE&= CHE0t 2L

ckbhash(T || W)
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e Ckbhash
e CKB Merkle Tree
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https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0027-block-structure/0027-block-structure.md#transaction-hash

e Transaction Witness Hash

tx_proposal_window
NC-Max7} X|&sh= 250 H[ot H|E 742, CKBO|AE 2~10 202 MHEIC,

2| olAlOf| M, ERHHMHO] S5 130 MZ M=, S5 15~23 At0[2] FoilM 7{S1E 4= ACt.

pub(crate) const TX_PROPOSAL_WINDOW: ProposalWindow = ProposalWindow(2,
10);

tx_version

ERMZHHO| T, A|AH ofjof ZE0[0f 022 AFEIC

pub const TX_VERSION: Version = 0;

type_id

CKBQ| system_scripts & stLt. Type ID2| 1R EA2 CKBO| LHZHE A3ZEZ M RustZ %]
H F3E|0] ACH= HOICh CKB-VMOIM HlE|X|= X2 CHE CKB MUHAA ATZEME ALZS 5
ACE.

Type IDO|| Cist &15 MH2 E23 =2 &1 Introduction to CKB Script Programming 6:
Type ID ( =0 HY)
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. Script
o Type Script

type_id_code_hash
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et 27
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https://github.com/nervosnetwork/rfcs/blob/master/rfcs/0024-ckb-genesis-script-list/0024-ckb-genesis-script-list.md#type-id
https://xuejie.space/2020_02_03_introduction_to_ckb_script_programming_type_id/
https://talk.nervos.org/t/ckb-type-id/4258

Type Script
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» Lock Script

« Script

e Type Script Hash

Type Script Hash
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e Lock Script
e NervosDAO
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https://github.com/nervosnetwork/ckb-system-scripts/blob/66d7da8ec72dffaa7e9c55904833951eca2422a9/c/dao.c
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Ct &, uncle2 01E5 HtAlCZ = O
Ol X|2lof| HZ 7HsaloF SiCt, Q! &|QITt A E|X| k2 Qlolo| 222

uncleo| 2 £= giC}.

if !snapshot.is_main_chain(&uncle.hash()) // o2l x|Qlof Qiofof Sict,
&& !'snapshot.is_uncle(&uncle.hash()) // & ™ uncleO| & £ giCt.
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e Orphan Block
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e Orphan Rate
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Uncle Rate
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e Orphan Rate
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Validator
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e Type Script

e Transaction
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e Transaction
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e User-Defined Token
e Simple UDT

« UDT
Zk-SNARK
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e Transaction
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o Zk-STARK

e Non-interactive zero-knowledge proofs on Wikipedia

Zk-STARK
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e Transaction
o Zk-SNARK

» Non-interactive zero-knowledge proofs on Wikipedia

2. BRI 7tA 2 QIBITHH, SfQIc|X| 42 ERNM ML S Q20| YR s MRS AIESIE O 2 =22 M
22 EAMMS PtE= RBF fee bumping @S 12152t Abandoned ESHMMES AH|SHH 0] S40] A2t
ZIC}. RBFE v0.112.1 0= CKB2| 7|2 7[S0|t. ¢

No. 150 /150


https://github.com/nervosnetwork/ckb/releases/tag/v0.112.1
https://en.wikipedia.org/wiki/Non-interactive_zero-knowledge_proof
https://en.wikipedia.org/wiki/Non-interactive_zero-knowledge_proof
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