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// preCheck#IH9/E=5%
/! REGRICHIFIF 52 tER MM FNITH. X FH LRI ZEZENMEXpoo L HIAHERIE, ZecommitTrans
func (st *StateTransition) preCheck() error {
// Make sure this transaction's nonce 1is correct.
// t@&noncefd
if st.msg.CheckNonce() {
nonce := st.state.GetNonce(st.msg.From())
if nonce < st.msg.Nonce() {
return ErrNonceTooHigh
} else if nonce > st.msg.Nonce() {
return ErrNonceToolLow

}
return st.buyGas()

¥

func (st *StateTransition) buyGas() error {

sl 7T /-Lb/a 38 [T]. .n
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if st.state.GetBalance(st.msg.From()).Cmp(mgval) < 0 {
return errInsufficientBalanceForGas
}
if err := st.gp.SubGas(st.msg.Gas()); err '= nil {
return err

}

st.gas += st.msg.Gas()

//initialGas

st.initialGas = st.msg.Gas()
st.state.SubBalance(st.msg.From(), mgval)
return nil

+

RHEERLRT /\‘651 ENRFFXMEX ., RIOHIT, BEHTFHEPRS
\sigmaFfIR Z T, B R ZET R I \Upsilon, BIIAFTAIAS{ \sigma}’,

3.1 FRE

AERZHRATHNEDERESD, UKIGREFRE FIRE . FIRSEERRZPEMERN
—MAEN, SRSTANZUAFEXLEEFS. RHNFRESES:

o HEES (self-destruct set) , FHA_SRKRR, EBERZ T ZEBEMHERNIK,

PAN
;IE<|:|0

HiZ5 (log series), FA_IFRT, 1EEMAABHITIIHNANTERINNES,

o IKFE4 (touched accounts) , FIA_tRR, HPTHKFER 5 4RSI
bR

o JBFXRAN (refund balance) , FAA_r, EERSTRZEEERLALKEKFHE
&,

FIRENEAERT
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/*
The State Transitioning Model
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A state transition is a change made when a transaction is applied to the current w
The state transitioning model does all all the necessary work to work out a valid

1) Nonce handling
2) Pre pay gas

3) Create a new state object if the recipient is |0%32

4) Value transfer
== If contract creation ==
4a) Attempt to run transaction data

4b) If valid, use result as code for the new state object

== end ==

5) Run Script section

6) Derive new state root

*/

//gp H—FiEBgasLimit #=E6Igas
type StateTransition struct {

ap *GasPool
msg Message
gas uint64

gasPrice  *big.Int
initialGas uint64

value *big.Int
data [1byte
state vm.StateDB
evm *xvm.EVM

¥

// TransitionDb will transition the state by applying the current message and
// returning the result including the the used gas. It returns an error if it

// failed. An error indicates a consensus issue.

func (st *StateTransition) TransitionDb() (ret [lbyte, usedGas uint64, failed bool

/! ZEME, MEBIEMHE)E, st.gasigasPricexgasLimit, EIFFTHIZS #o

if err = st.preCheck(); err '= nil {
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msg := st.msg
sender := vm.AccountRef(msg.From())
homestead := st.evm.ChainConfig().IsHomestead(st.evm.BlockNumber)
contractCreation := msg.To() == nil

// Pay intrinsic gas
// [BlBgas, thitZEqg0
gas, err := IntrinsicGas(st.data, contractCreation, homestead)
if err '= nil {
return nil, 0, false, err

b

if err = st.useGas(gas); err != nil {
return nil, 0, false, err

}

var (
evm = st.evm
// vm errors do not effect consensus and are therefor
// not assigned to err, except for insufficient balance
// error.
vmerr error

)

/! BIEEH

if contractCreation {
ret, _, st.gas, vmerr = evm.Create(sender, st.data, st.gas, st.val
} else {
// Increment the nonce for the next transaction
/1 RITEH
st.state.SetNonce(msg.From(), st.state.GetNonce(sender.Address())+
ret, st.gas, vmerr = evm.Call(sender, st.to(), st.data, st.gas, st

b
if vmerr '= nil {
log.Debug("VM returned with error", "err", vmerr)
// The only possible consensus—error would be if there wasn't
// sufficient balance to make the transfer happen. The first
// balance transfer may never fail.
if vmerr == vm.ErrInsufficientBalance {
return nil, 0, false, vmerr
b
b

/ /BB, HiREIZ R FEETKF

st.refundGas()

[/ IR GELE T

st.state.AddBalance(st.evm.Coinbase, new(big.Int).Mul(new(big.Int).SetUint
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return ret, st.gasUsed(), vmerr != nil, err

3.21 B—3FWERAARR
TR EABgasiHENEANCERT
N 54-568EHgasiEiEg OMITE S,

o AT _i,T_d, BIRZMWinitildata=rER, OMIEODFFitE., HOWMETE
TxDataZeroGas, FEOF T3#{TxDataNonZeroGas, FH3XK#,

o NERLERL, NN LLIRBESANETEERE.

o NIREMITEY, MLEELHITHETEERE,

// IntrinsicGas computes the 'intrinsic gas' for a message with the given data.
// 1tEq0

func IntrinsicGas(data [lbyte, contractCreation, homestead bool) (uint64, error) {

// Set the starting gas for the raw transaction
var gas uint64
// 557156
if contractCreation && homestead {
gas = params.TxGasContractCreation
} else {
gas = params.TxGas
b
// 2zt54, IR#Enon-zeroflizero data#7iTitE
// Bump the required gas by the amount of transactional data
if len(data) > 0 {
// Zero and non-zero bytes are priced differently
var nz uint64
for _, byt := range data {
if byt !'= 0 {
nz++

¥
// Make sure we don't exceed uint64 for all data combinations
if (math.MaxUint64-gas)/params.TxDataNonZeroGas < nz {
return 0, vm.ErrOutOfGas
ks

gas += nz * params.TxDataNonZeroGas

z := uint64(len(data)) - nz
if (math _MaxllintR4d=nas) /narams _TxDataZernGas < 7 {
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b
gas += z * params.TxDataZeroGas

}

return gas, nil

TEITRSFENERAMRT AX57RTIIERY_0MITE., RAFYIERRN
gasLimit*gasPrice+value, SEFREAZHEN_EXbuyGas.
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ﬁ%%n‘lﬁlmﬁ%%g O/J\?%i':gaslelt(.:.D‘UJEIEIEE%%%BT\%) ERTRTIEKRSR
TINB IS ZATT T EA ., BATRAHBIXRNgasLimit-B&EEfEIENgasERTH
FR S HgasLimit,

RBMART (BT ZE) BEERT

NHE9-61RTRSHATIRIIMIEIRTS, ZAEE—TTNER, BTEEREED HENN
BhR. RSFEHRITE, 2ETELKEEK,Nbalance/fiET{Ygas
(gasLimit*gasPrice) , FHI§1ZMF MInoncefl—., EMSEIRSHEE.
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NH62FK T

o NIRZZHtONE, MERENRER S, IREFEZRE N \Lambda_{4],
o DNRELIMIT, IRTEEZEREI\Theta_{4},

o MNETHNHESEE: MIBIRESS\sigma}{0}, KEZMKF#HES(T), 5l HgasiEg,
gasPriceT_ p,j&%va/ueT v, [BE1518HZ T \mathrm{o}},0,50\top. EHr]AHgas{Egl
gasLimit-g_0, WARX63FR. FRIFEBET_{\mathrm{o}}$,iRIER S R EIEES NI
EHRITEANREBMAE, THRSES, BHEMRES.

o IZIIKFT_t K BB ITREIRSMS\sigmal{0/#£Z 5 {\sigmakP}, FlRrIgas
jjg $ x%%Jklu\jjA Q%E’Hkuﬁjﬂzo

T REMEIZERT
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ANSRRZZHITERIBRAIRITE, BRENZZNITEFRIRgaslEg' L, FIREE
EA M ABEMNgas (T_g-g’) H—FFBNIFET,

func (st *StateTransition) refundGas() {
// Apply refund counter, capped to half of the used gas.
// FAtEgasii—F, 5FIKEEKENLR
refund := st.gasUsed() / 2
if refund > st.state.GetRefund() {
refund = st.state.GetRefund()
b
// FIFHIEgas 18
st.gas += refund

// Return ETH for remaining gas, exchanged at the original rate.
remaining := new(big.Int).Mul(new(big.Int).SetUint64(st.gas), st.gasPrice)
st.state.AddBalance(st.msg.From(), remaining)

// Also return remaining gas to the block gas counter so it 1is
// available for the next transaction.
st.gp.AddGas(st.gas)

R 2RISR RT A66-69FX TR G ZEWNMEFIRS (ZFriRETNE
FIRSEXNIHE—LEZEHBAPNSEIARESR) , EFEMWRITEIVAS
{\sigma}_{PIHIX 37 :

o FEMEFNRELRZHRIEEK, . ATN67,

o XNURFHRLH T, ATN68, EFmBi Tautthit, 269,

ARNT0-T2EXT, RGNERINE., GRINE\sigmal SFERINENXFN, FEB
RESHNKFERNZ, 27, BAENIKFESHIEENIKS, =, Az72.

PA73-75, EXTRGNEM/LMEXRFER., HPANT73, EXTRHNEENA,
gasLimit-1Ef, RN74EX T RBHNHEFRIIEINR S FIREHHHEFRI, AN75E
X7 R NREIRSEIN R HAIT RIS,

Mg, 5298l

F=8P TEALIEMSURTHRFIERFANTA., ZHB N SN BT TEHT
FAAARRE

Loading [MathJax]/jax/output/HTML-CSS/fonts/STIX/General/Regular/SuppMathOperators.js

https://yuan1028.github.io/ethereum-yellow-paper2/ 7/16



2022/2/15 F4-12:40 PIARY e FigfE (=) —yuanl028 — yuan1028
MR EREMK,, —LKREBERS,, BEEEX EAFKS, . —£ 54K
F. 3—TXREEE461%2, BIEZRSNENRLE—THNEAKF,, 824MKF 6l
FEL:PUN Ex (IS

RIEMAE RS AMKF b, A77.

o IXERANKFnoncefEN1, Hbalancelx NigHA{E, storageRootiZ A=, codeHash
RZEMHash, AT,78-79.

o SHRIMKF REFREBIAME, ~I(80-81.

o TITRY, BHITEANYMIRNIIE, WREITIEFRgastE, NAABERSER, B
FEIEfBgas, M EHREIENESAKFthS#KEIRE, BEMERRRIEK,,

o MNREAMBITITAIN, NitEFEcoderyiEE:, HIN, NMhgEMKFHcode,

o MNRAERMUZMEFMEER, BIRIAES, (XA RIEEEARE, homestead
byzantium& BB AE])

// Create creates a new contract using code as deployment code.
func (evm *EVM) Create(caller ContractRef, code [lbyte, gas uint64, value xbig.Int

// Depth check execution. Fail if we're trying to execute above the
// limit.
if evm.depth > int(params.CallCreateDepth) {
return nil, common.Address{}, gas, ErrDepth
b
if l'evm.CanTransfer(evm.StateDB, caller.Address(), value) {
return nil, common.Address{}, gas, ErrInsufficientBalance

b
// Ensure there's no existing contract already at the designated address
nonce := evm.StateDB.GetNonce(caller.Address())

evm.StateDB.SetNonce(caller.Address(), nonce+1)

/] LA LRttt

contractAddr = crypto.CreateAddress(caller.Address(), nonce)

// B ZENZE LMK I aIttat A5, TR Ol SS AT iR

contractHash := evm.StateDB.GetCodeHash(contractAddr)

if evm.StateDB.GetNonce(contractAddr) != @ || (contractHash != (common.Has
return nil, common.Address{}, 0, ErrContractAddressCollision

}

// Create a new account on the state

snapshot := evm.StateDB.Snapshot()

/] BIEE LK

evm.StateDB.CreateAccount(contractAddr)

if evm.ChainConfig().IsEIP158(evm.BlockNumber) {
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/] FIER B35 S 2ITIK

evm.Transfer(evm.StateDB, caller.Address(), contractAddr, value)

// initialise a new contract and set the code that is to be used by the
// EVM. The contract is a scoped environment for this execution context
// only.

contract := NewContract(caller, AccountRef(contractAddr), value, gas)
contract.SetCallCode(&contractAddr, crypto.Keccak256Hash(code), code)

if evm.vmConfig.NoRecursion && evm.depth > 0 {
return nil, contractAddr, gas, nil

if evm.vmConfig.Debug && evm.depth == 0 {
evm.vmConfig.Tracer.CaptureStart(caller.Address(), contractAddr, t

}

start := time.Now()

[/ BITEEY], HITELIHITIER, EHRRHR/GLE
ret, err = run(evm, contract, nil)

// check whether the max code size has been exceeded
maxCodeSizeExceeded := evm.ChainConfig().IsEIP158(evm.BlockNumber) && len(
// 1f the contract creation ran successfully and no errors were returned
// calculate the gas required to store the code. If the code could not
// be stored due to not enough gas set an error and let it be handled
// by the error checking condition below.
/1 MRELICIZERLT), TERRE], it EELIFEABAIER. HIIAE, RESLIIKFHIcode,
if err == nil && !'maxCodeSizeExceeded {
createDataGas := uint64(len(ret)) * params.CreateDataGas
if contract.UseGas(createDataGas) {
evm.StateDB.SetCode(contractAddr, ret)
} else {
err = ErrCodeStoreOutOfGas

// When an error was returned by the EVM or when setting the creation code
// above we revert to the snapshot and consume any gas remaining. Addition
// when we're in homestead this also counts for code storage gas errors.
// WRAZErrCodeStoreOut0fGashyid, revert Hgitzs, JE#gas. 1EAFErrCodeStore0l
if maxCodeSizeExceeded || (err != nil && (evm.ChainConfig().IsHomestead(ev
evm.StateDB.RevertToSnapshot(snapshot)
if err !'= errExecutionReverted {

contracrt llecaCGaclrantracrt GCac)
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b

// Assign err if contract code size exceeds the max while the err is still

if maxCodeSizeExceeded && err == nil {
err = errMaxCodeSizeExceeded

b

if evm.vmConfig.Debug && evm.depth == 0 {
evm.vmConfig.Tracer.CaptureEnd(ret, gas-contract.Gas, time.Since(s

}

return ret, contractAddr, contract.Gas, err
¥
4.1 IR

BARIERENERART 2R 76RTEACIENERLERT.

BHCIEFENSHE: RIUAS\sigma, kix&E (s), [RIAEAE (o) , FIMgasfA
(9) , gasftt& (p) , TBEME (v), BHWAIMIBHCRBEESLRA—RESKENFT
B () HrENERNERE (e) , URRERITIER (W)

RN ITELYRIRNER NP ETRIRSEE\sigmal’, FIRMgaslEg . KRBT
RSA, RPIREIBz, &490body code \mathbf{o}.

MESARFIFERCRT ARXN7740 0 7T AR MIAITE AL, AIUELZ
IRAIEE MK i AR & EERInoncelEE X,

// CreateAddress creates an ethereum address given the bytes and the nonce
func CreateAddress(b common.Address, nonce uint64) common.Address {

data, _ := rlp.EncodeToBytes([]interface{}{b, nonce})

return common.BytesToAddress(Keccak256(data) [12:])
}

B MR RT

AT BT RIS, FEXNMKF EITHRMAEML. A78-824H T EIESLY
ZEHERIRES.

NRTORTIHENEAWKF,, EnoncefEH1, balanceBRiBMME+REE (MRFEEY
P ARZT, A82) , storageNZT, codeHash AT Hhash,

ANBO-BIRTUMRBEAKFERNZ, MWHRIZE, FEARNE, NENbalancelERBZE
BAMEV,

| Loading [MathJax]/jax/output/HTML-CSS/fonts/STIX/General/Regular/SuppMathOperators.js

https://yuan1028.github.io/ethereum-yellow-paper2/ 10/16



2022/2/15 4-12:40 PIKYi B BiE#E (=) - yuan1028 — yuan1028

BURFitER Bt E, FERUNAITENMENAREAE, AR834GHT
REBHRITRIRE,

N8I3R, EIWTE\sigma &l EH1T, mIHgasiENg, BITHESENI, shE
ALIZREARERL, aNFEMNSAMKF ., BIMVIIT 2 B4 SFTEIERIAS
$\sigma”, FlRKEIgasBEg"S, FIRSA, BARRSEzZ,

H AN A T 84927,

o |_aNFTERMELANKF b, Bla;
o |_oNFEAEAZ, Blo;
e |_pANgashig, Blp;

o |_dNEHMERMNInput data, EARENEIZE, FrlAdatafzn=;
o |_sAKIXE, YEIRERZE, Bls;

o |_viiEmM{E, Blv;

o |_bA#wmtAIBER, Bli;

o |_eNSRNARKLARE, Ble;

o _WHIREETIXR, Blw,

RBMATIREPUREM T gasfERRRIER, WEERAABRIRS, RKEEZERE
LR RITRVAT, BB RAIRETIERRE 7 ATEgas(H, BEGHURFEKIER
2, BRORAWREIEIPATS. MREEME, BERRERKS.

REMNATHIR M SLARVERENT), WEEFMEBNASLONBEIFEIZENE LMK
Fo 29N ITEFHESANBMENERE, RESSANRBRERX.

EINHIT 2 ERIEHITHIER
e gasfH, MIRKEHE. HAMNIER gasBRAgMN**} - ¢, BIEEMNMNITRRE, B
JHAEIEFEcodeMgas, WIR LR, MFIFRgas{ENO. AT 94.

o NEHRE, MR, WEIRBIEMMMITEIVAS. BMI, MARSEZIIGEDIA
& \sigmar{*+}, REHIT-LERFEEZLE, MRSUKSETTEKRS, WEEKF &
NE, SNXELIKFBNcode#ITIRE.,

o AT, MRIGFPRTENZT (RBNEITHRENIIERMLIET) , & gashE
M3 S fFfifcodeRV TR, NPRZTRINO0. 28 HEEMI91.

o MEENIEREA. 1. FBMNIGFDIASEANZT Hecode AT 2. gas E AT [ 1ZFfi#coder’
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4.2 $5aliR

SRR AR DIHRITRIONR, MEIZNSAK, I RFERN, RATER
Bbody code, RUEAIEARIZENNRBESENZEFTHRTIAEMREEIR,

MR AR ZUAERBFENERN, BBABANKF T3R5 T L B =H MR
12, BRNZOREAESEIN., MY FEZHNSTOPREE, HEZVMBEHRITIRENG
NZ=E, BN AITERE, AEEZEHNKFNcodethi B2, BAXTELINKFH
FER—MEFTKF, MERTESHKARFEEER.

h. S47EH
SLERMRIZN T

o WIRtoMKF Ut ARTZIE, MUFTE.

e MsendershFENkvaluefEZltolkF.

o NEAMKF PRI EANE, #HITIRE, HEDARIT.
o EMHMITELIKAI,

o MRBAMITHE, NENREISLAORITZEIRPIATE,

// Call executes the contract associated with the addr with the given input as
// parameters. It also handles any necessary value transfer required and takes
// the necessary steps to create accounts and reverses the state in case of an
// execution error or failed value transfer.
func (evm %EVM) Call(caller ContractRef, addr common.Address, input []byte, gas ui
if evm.vmConfig.NoRecursion && evm.depth > 0 {
return nil, gas, nil

// Fail if we're trying to execute above the call depth limit
if evm.depth > int(params.CallCreateDepth) {
return nil, gas, ErrDepth
b
// Fail if we're trying to transfer more than the available balance
if !evm.Context.CanTransfer(evm.StateDB, caller.Address(), value) {
return nil, gas, ErrInsufficientBalance

var (

to AccountRef(addr)
snapshot = evm.StateDB.Snapshot()
Loading [MathJax]/jax/output/HTML-CSS/fonts/STIX/General/Regular/SuppMathOperators.js
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if levm.StateDB.Exist(addr) {
precompiles := PrecompiledContractsHomestead
if evm.ChainConfig().IsByzantium(evm.BlockNumber) {
precompiles = PrecompiledContractsByzantium
b
if precompiles[addr] == nil && evm.ChainConfig().IsEIP158(evm.Bloc
// Calling a non existing account, don't do antything, but
if evm.vmConfig.Debug && evm.depth == 0 {
evm.vmConfig.Tracer.CaptureStart(caller.Address(),
evm.vmConfig.Tracer.CaptureEnd(ret, 0, @, nil)

¥
return nil, gas, nil
b
evm.StateDB.CreateAccount(addr)
}
/1 ¥k

evm.Transfer(evm.StateDB, caller.Address(), to.Address(), value)

// Initialise a new contract and set the code that is to be used by the EV
// The contract is a scoped environment for this execution context only.
// IREBEWITHIAHE

contract := NewContract(caller, to, value, gas)
contract.SetCallCode(&addr, evm.StateDB.GetCodeHash(addr), evm.StateDB.Get

start := time.Now()

// Capture the tracer start/end events in debug mode
if evm.vmConfig.Debug && evm.depth == 0 {
evm.vmConfig.Tracer.CaptureStart(caller.Address(), addr, false, in

defer func() { // Lazy evaluation of the parameters
evm.vmConfig.Tracer.CaptureEnd(ret, gas-contract.Gas, time
()
b
/! BITHAE
ret, err = run(evm, contract, input)

// When an error was returned by the EVM or when setting the creation code
// above we revert to the snapshot and consume any gas remaining. Addition
// when we're in homestead this also counts for code storage gas errors.
if err !'=nil {

evm.StateDB.RevertToSnapshot(snapshot)

if err != errExecutionReverted {

contract.UseGas(contract.Gas)
1
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return ret, contract.Gas, err

by

5.1 AN ART
NN ENEANEANLERT.

BABAZRENSHE: RIS \sigma, &Ki2E (s), FBIARE (o) , WKWEA

(r) , BAKFIE (c) , ATAgasE (g9) , gasitig (p) , HEMWKEn (v), BEME
(\tilde{v}) ,ERHBHAIHITHIBAYInpUt dataHLSEEFR N —RIEBKENFETEAE (d) .4
BIEIMAERNELRE (e) , MURAPRIEHIZIER (W) .

RN HITELOERNER NP EIERIREES{\sigma}l’, FIRrIgaslH . RFF
KEA, RZREHz, SANEALR \mathbf{o}.

BT A RIS

NTL99-1051 RN AITEANE Z FIRI—EIRRPRTES,

FEEHINMPITEONEBZE, BR#THEIK. (RIEREENEKERER) 2799,
AT EAEBAREERARENXMN, FTUEMENE X2 100-105.

o THAEWMRZAINZE Hvaluey0, MIFAREMRANT, &, ERAEMNbalance/fiZx

#®kE., 2~T100-102.

o MNREFEWEWKRFATFE, BHEKESHNO, MFEEIZEWKE, EEnoncelB0, RENNEE
Mk&iv, storageRootRZHITRIE, codeHashAZERhash,

o NNRZEMF, TFE, HEMKENONARLE,
o WIRZWEMRFFE, WERFARCTHIRIIN _LIZMKIE.,

EAPITELORERANERALRT
RBNMITHSE, 2109-118:

o |_apEIEIKF, Blr, (EEANCIENIME, ZLNFEIBNEAKF) ;
o |_oNRIRIAAZE, Hlo;
e |_pAgasPric, Elp;
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o _LvAtEIME CEEXEHAZHEWE) , BD\tilde{vh

o |_eHBIEAREARE, Hle;

o |_WIXFREIE, Blw;

o tAJ#ZMINKF (touched accounts) NFRAEMKFFIZKE K,

REAHATREAN AT19-120, HPERANOMBISHATIRIFFNEL, TETM—
LEEANMBNCESRE, &E—MENERRFNEA.

BARITHIE RN ATN106-118A 7R,
o MNREAMITRMY, MAREELREIZBIRVAE. WRHAITRIN, MRSEZNNITRE

RS, ~T1086.

o MIRGLMITRI, NIEREIEMBMNgas, gasFRENO.RLIN, NEREERITIEH
Hgas, AT107.

o MRSLIPATRI, MEREO0, AINREN.
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