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StateDB FEMINALFLEFRRHEIEN KA EEINER. XTXINENFEREE, TUEERSXEX

==
o

Interpreter 2— M0, ERBAE EWInterpreter SEIEMAINAE. XE— MRBREENSR, EIMEEH
THREMENIES, BEEBIIREIES. BHITIESH, oM —LRTIRIE, WIR gas. BT EEFTL.
EZESHEENBEMTRIBIATEX NS H, MEIERTE vm.Config A JumpTable ZFEiF.

vm.Config AEMNMERREHRTEERES, HHOKEEMNFE JumpTable « JumpTable =&
vm.Config MI—FEE, B2—1H 256 1 operation WRARMMELE. MBEREED — OESHITHEIE
SH, BAM JumpTable H3KBUESHEERIEE, Bl operation XN&H. XNWEHEESTHREHITHERES
RIRE. TTHEIESH gas HENRE S,

ERBH, RBUKHHEATE, JumpTable FEEFEMMUNTEMXTER:
constantinopleInstructionSet « byzantiumInstructionSet . homesteadInstructionSet .
frontierInstructionSet . XEHRLSKZHIESEMHEN, AEEERANER, FALIBRAZFE

ZMiES %K.

AIETHET evm BRI EMIE, BRINERERN/NTE, WRENARFAE T IRERNZIH.

ARG E#IAL: EVM

EVM XI5E evm BHSSNSHHEENXN SR, ERKRT —PDUAKGEMUN. FIAXINER, UATHHAT L]
BEMERAEAT. TERNMEDNNEE. SAOMEIE. SAONERAZHIERFANTE—T.

£# EVM

BEIMNREY, SAE—£325, BEME— EWM RIITZZHPREIE. X2 ApplyTransaction iX
DRI AEIA

func ApplyTransaction(config *params.ChainConfig, bc ChainContext, author *common.Address, gp
*GasPool, statedb *state.StateDB, header *types.Header, tx *types.Transaction, usedGas *uint64,
cfg vm.Config) (*types.Receipt, uint64, error) {

msg, err := tx.AsMessage(types.MakeSigner(config, header.Number))

if err != nil {

return nil, @, err

}

// Create a new context to be used in the EVM environment

context := NewEVMContext(msg, header, bc, author)

// Create a new environment which holds all relevant information

// about the transaction and calling mechanisms.

vmenv := vm.NewEVM(context, statedb, config, cfg)

// Apply the transaction to the current state (included in the env)

_, gas, failed, err := ApplyMessage(vmenv, msg, gp)

if err I=nil {

return nil, @, err

ApplyTransaction REFITIBER R ZHHERICREIAATTRSHIEE (state.StateDB) /1, XEAHEHE
BIKEEMHTENES (WRZHPEEAMIE)  XPRHE—FHHIEA Transaction.AsMessage H—
Transaction X HRIFILE Message XNH, HABXNMHMFERATIEX LH—E, BAEEAF, msg
LRTBERTHTLUNEANZZINES, TREANT B, XEWE (51 #EK TEE] £4 EW X
8

/G ApplyTransaction €T Context X%, XNMNHRHAETEGER T —Lih0 L5 XRELIRN 755
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¥ T3k ApplyTransaction FIFIXLES%y, AA vm.NewEWM REBIE T LAKENWL, BT
ApplyMessage B{THHXINAE. ApplyMessage RE—{TREE, ERZXFERT
StateTransition.TransitionDb J5i%. F{IRE—TXANTE:

func (st *StateTransition) TransitionDb() (ret [Jbyte, usedGas uint64, failed bool, err error) {
// BUT B
if err = st.preCheck(); err != nil {

return

// HHRERORHEL

contractCreation := msg.To() == nil

if contractCreation {

// 1R EWM.Create BIE&Y

ret, _, st.gas, vmerr = evm.Create(sender, st.data, st.gas, st.value)
} else {

// RREIEEL, WEA EW.Call BAEY

st.state.SetNonce(msg.From(), st.state.GetNonce(sender.Address())+1)

ret, st.gas, vmerr = evm.Call(sender, st.to(), st.data, st.gas, st.value)

// VAEFIRE gas, FHBEHEEMN gas ITAF IIKFH

st.refundGas()

st.state.AddBalance(st.evm.Coinbase, new(big.Int).Mul(new(big.Int).SetUint64(st.gasUsed()),
st.gasPrice))

return ret, st.gasUsed(), vmerr != nil, err

StateTransition XHRIZRTHEVE—EX S IRPHRSEIE, il gas WTEFES. £
StateTransition.TransitionDb X734, H5HM StateTransaction.preCheck ##E 35 H] Nonce
EREGLEH, HFMNZHNEAXEKAT THX] X5HMEHEN gas, MR L] KK, HALXHZHH
KT o

T3k StateTransaction.TransitionDb F|THFINZZRECEEY, XRBESZHHERERT TR
HIMRY . MRFZEASL, NiEA EW.Create BHTOIE; MRTE, MIFEA EWM.Call HITEHRB.
(NBR—EHENEKRZ S, BRESERNE, BARSTEH EWM.Call SEIEWKINEE) o

EVM ST #IT5RHEETNRESS, StateTransaction.TransitionDb 8 StateTransaction.refundGas ¥
FRATH gas BARZFHILEE. REREREN gas iTAFT ITKFH.

LFEREE EWM FEREMXTENIERP. W TXAE M%) , #NAEELXNE EW HI6)E:

func NewEVM(ctx Context, statedb StateDB, chainConfig *params.ChainConfig, vmConfig Config) *EVM {

evm := &EVM{
Context: ctx,
StateDB: statedb,
vmConfig: vmConfig,

chainConfig: chainConfig,
chainRules: chainConfig.Rules(ctx.BlockNumber),

interpreters: make([JInterpreter, 0, 1),

if chainConfig.IsEWASM(ctx.BlockNumber) {
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panic("No supported ewasm interpreter yet.")

// vmConfig.EVMInterpreter will be used by EVM-C, it won't be checked here
// as we always want to have the built-in EVM as the failover option.
evm.interpreters = append(evm.interpreters, NewEVMInterpreter(evm, vmConfig))

evm.interpreter = evm.interpreters[@]

return evm

NewEVM REFASROIE—DMHEMNNS, EANISH, SXSHWT:

ctx: FRHEH 0] 24 BT X R EEHURFIIZH TR A R B 200
statedb: AKIPRSEIREN R

chainConfig: HaIH RN XRFERERF S

vmConfig: EE#AEEEER

AR vmConfig SEHMEIETTREERER, tEWED Config.JumpTable ##E ( Config.JumpTable =7
NewEVMInterpreter HIET) .

NewEWM EREFISLIIAEREE, BRTISEICR TRUIN, TEHEEM NewEWInterpreter SIE— MR
BHRNR. BINEE— TX RIS

func NewEVMInterpreter(evm *EVM, cfg Config) *EVMInterpreter {
// We use the STOP instruction whether to see
// the jump table was initialised. If it was not
// we'll set the default jump table.
if !cfg.JumpTable[STOP].valid {
switch {
case evm.ChainConfig().IsConstantinople(evm.BlockNumber):
cfg.JumpTable = constantinopleInstructionSet
case evm.ChainConfig().IsByzantium(evm.BlockNumber):
cfg.JumpTable = byzantiumInstructionSet
case evm.ChainConfig().IsHomestead(evm.BlockNumber):
cfg.JumpTable = homesteadInstructionSet
default:

cfg.JumpTable = frontierInstructionSet

return &EVMInterpreter{
evm: evm,
cfg: cfg,
gasTable: evm.ChainConfig().GasTable(evm.BlockNumber),

XN EAEREMERE AT, HEEAT Config.JumpTable FE. AIMEFRIXERIBUATIIRARE, £
TARBHRNGIETIX N FEE. RERHER— EVWInterpreter WHIIRE (XBEIFEFRT gasTable X
NFE, BHRARNCERZE, £ lgas FIEFE] N HBEFEMRER) .

B2, MAHESLE—2X5N, B2BA NewEWM RHEIE EW X%, WHRSREA. AE—2£88
BT, NewEVM MISTIIBRMERE, RIZILRMEXMNSH, BRCIE—MEESEN%. Config.JumpTable =F
EETHIRRT 2R, MBS SRNERT TER.

(ellfES=g Ay
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TERNEBEED, MRZHGNERENT, IRRLKEFZFHNENRECE—5EY, HILEA EWM.Create
HATHXMNINGE . MERNBKEEFEXN T AWML E LM CIER .

HeREZE EWM.Create HIRED:

func (Cevm *EVM) Create(caller ContractRef, code []byte, gas uint64, value *big.Int) (ret [Jbyte,
contractAddr common.Address, leftOverGas uint64, err error) {
contractAddr = crypto.CreateAddress(
caller.Address(), evm.StateDB.GetNonce(caller.Address()))

return evm.create(caller, &codeAndHash{code: code}, gas, value, contractAddr)

EWM.Create MIRADRER, StRBILRIELAMEIEEMUFIAK P Nonce &, THEHk— M HhitE,

ERELAMMIE. ARFEXNMUEMEESEES EW.create . XER—FEIBNEATHEI TKA
#I Nonce &, FTEAR—M&ELANRE, SREESANTINSAMIERZAT—HN (AAEARBELEZ56)
B, MERE—IR3S Nonce EHSHE) -

BIEEANERE EW.create J5EH, THEHRRXANTENE—IBHRE:

func (evm *EVM) create(caller ContractRef, codeAndHash *codeAndHash, gas uint64, value *big.Int,
address common.Address) ([]byte, common.Address, uint64, error) {
// MERNRIENBIFRERE
if evm.depth > int(params.CallCreateDepth) {
return nil, common.Address{}, gas, ErrDepth
}
// MEARNBIEERTH EBHIUKT
if levm.CanTransfer(evm.StateDB, caller.Address(), value) {
return nil, common.Address{}, gas, ErrInsufficientBalance
}
// BINELNRIEERN Nonce &
nonce := evm.StateDB.GetNonce(caller.Address())
evm.StateDB.SetNonce(caller.Address(), nonce+l)

FRRBLEEES, TEE LT, HERSNLEENKIH Nonce E.

E—if HIETHA EVM.depth iBRESNMBITERIRE. & solidity B=H, ATFESATREY new Xig
FRIBFHEANER, BXH [EEAPEEA] NRINARRBERFN, XWX if HETHEX.
EVM.depth EMBERNKFIAIETHN (B EWMInterpreter.Run A1) 11, BERISSTERER 1 (REIHE
A AT IRIRIEMAE EW. create H#HT) -

RAVGLEE EVWM. create I T—E3RAD:

func (evm *EVM) create(caller ContractRef, codeAndHash *codeAndHash, gas uint64, value *big.Int,

address common.Address) ([]byte, common.Address, uint64, error) {

contractHash := evm.StateDB.GetCodeHash(address)

if evm.StateDB.GetNonce(address) != 0 ||
(contractHash !'= (common.Hash{}) && contractHash != emptyCodeHash) {
return nil, common.Address{}, @, ErrContractAddressCollision

}

// Create a new account on the state

snapshot := evm.StateDB.Snapshot()

evm.StateDB.CreateAccount(address)

if evm.ChainConfig().IsEIP158(evm.BlockNumber) {
evm.StateDB.SetNonce(address, 1)

}

evm.Transfer(evm.StateDB, caller.Address(), address, value)
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XERABARSEEEDUETSAKS, HFEXSPAERGFHUAATEE (value ) HEIXDHCIERNKA
B, XEAUEFKFR, SEREXNMKARTCEFE, NRCEFERERRDHERT .

HANSLE T EARIRAE:

func (evm *EVM) create(caller ContractRef, codeAndHash *codeAndHash, gas uint64, value *big.Int,
address common.Address) ([]byte, common.Address, uint64, error) {
contract := NewContract(caller, AccountRef(address), value, gas)

contract.SetCodeOptionalHash(&address, codeAndHash)

if evm.vmConfig.NoRecursion && evm.depth > 0 {

return nil, address, gas, nil

}
ret, err := run(evm, contract, nil, false)
if err == nil && !maxCodeSizeExceeded {
createDataGas := uint64(len(ret)) * params.CreateDataGas
if contract.UseGas(createDataGas) {
evm.StateDB.SetCode(address, ret)
} else {
err = ErrCodeStoreOut0OfGas
}
}

return ret, address, contract.Gas, err

XEBRBEEMET—D Contract XWH. — Contract WRESMEF T EAERITIREFNHKERES,
LLan&4eEE. AN 5. A49% R gas. AUREAMAIBH jumpdests i8R (XF jumpdests i R1ES
ERER TBERES] N .

Bl Contract WRIE, BRENZ—Aif #lT. MRUAFEDVIKEBERABIFOREL, mZplelE
SANSRERAERALRES, WEEREKD, EFRERAGARE (F— 1 RESH) . (IHESZRKE
XD HIMTAILIE, MRFRES)T, ATLAEBEREKIIE? )

BEREAA run BEIZTEANRE. Bi1—2B¥EAEXD run B8, %REE run REFHRHLE.
MEIETRT), BEAREEEBIKERS ( maxCodeSizeExceeded 7 false, —2HXNEZE) , MiF
M StateDB.SetCode ¥&LANRBEMIIUATTRSEIEENSAMKAH, YREEFEHE—ELHIEN gas.

RARSFRATAERNEARBREENZITRENIRER, MAZERRZZSHEE (B
Transaction.data.Payload , (i EVM.Create 7550 code %) . XREAANENBRRBAERFER_
BHEMIRR, BT EARENREIN, MFREBIMEAT —EREE, UERITHEXNIEE. STTFOIERR, 4
ERBATHTAN EEEEH (SN EH constructor J53%) HIRTE. BRI HIFBRHFREH
FIHRZ ARG T REGEEAR, EW BUTIXEE MRS, SfrEFERITTEUR constructor 753E, R
EHAANEERBIEE, ANFTSEXEN ret TEEANSANEEREEHIIRSEIEES.

3F maxCodeSizeExceeded TE, BIERMEEANNKRE (B ret TE) BEEBIE—KE. AIEMNRE
B run BREEEEABAREEERLESXNTEMEANBE. BRSXNHAEE, FFUBEAM k.

TERMNMKER run B, BEREARIT - PELN0RNIREN:

func runCevm *EVM, contract *Contract, input []byte, readOnly bool) ([]byte, error) {
if contract.CodeAddr !'= nil {
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precompiles := PrecompiledContractsHomestead
if evm.ChainConfig().IsByzantium(evm.BlockNumber) {

precompiles = PrecompiledContractsByzantium

}

if p := precompiles[*contract.CodeAddr]; p !'= nil {

return RunPrecompiledContract(p, input, contract)

}
}
for _, interpreter := range evm.interpreters {
if interpreter.CanRun(contract.Code) {
if evm.interpreter != interpreter {
// Ensure that the interpreter pointer is set back
// to its current value upon return.
defer func(i Interpreter) {
evm.interpreter = i
}(Cevm.interpreter)
evm.interpreter = interpreter
}
return interpreter.Run(contract, input, readOnly)
}
}

return nil, ErrNoCompatibleInterpreter

EANREARAK, A~ TFRMLERT . REEIEHOHM S8R T2 — 5k, MRZNHTE
NRMNERH Run 757%E. XFXERFHRIBUNITFRES, BSEREMN TUEXEA] N, XERTRFH

BT

run REHEFISRIBE— for BEF, MHAT EVM RAEZE—DALL
BE. HENERBHRRAE—MRANMERERE, M2 EVMInterpreter , HINMELKE LE—TEXNTRMK

Run 753:

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err

error) {
in.evm.depth++
defer func() { in.evm.depth-- }()

pc = uint64(@) // program counter

for atomic.LoadInt32(&in.evm.abort) == 0 {
op = contract.GetOp(pc)
operation := in.cfg.JumpTable[op]

res, err := operation.execute(&c, in, contract, mem, stack)
switch {
case err != nil:

return nil, err
case operation.reverts:

return res, errExecutionReverted
case operation.halts:

return res, nil
case loperation.jumps:

pC++

yangzhe.me/2019/08/12/ethereum-evm/

IR RS f#AT . evm

7/28



2022/2/6 F4-8:14 IR IR RS fFAT : evm
}
}

return nil, nil

ORI T EP HA R ORRBEXER R HR. TRXNTHEREMAENRBRIE 0 M FEBFBIIT, B
FiRE.

BNATERY, FESANRFRSBA-LRE. £ RANEZSONERERD, HITHRXE/RANRK
We FIAIEEANTRITZERLEE M612] B go R, MEMFAREA—H, REMITHRFLRNES.

ATEFBNTRIX IR, BARE LM FAEM solidity IFIF T HEX N E LM SN RELTESHILH
Ek. SLURRBNT:

contract test {
uint256 x;

constructor() public {

x = Oxfafa;

function multiply(uint256 a) public view returns(uint256){

return x * a;

}

function multiplyState(uint256 a) public returns(uint256){
X =a*7;
return x;

}

HWERLHERIBE, KA HANESWT:

mstore(0x40, 0x80)
callvalue

dupl

iszero

tag_1

jumpi /* BkEEEl tag_ 1 */
0x00

dupl

revert

tag_1:
/* "../test.sol":63:111 constructor() public {... */
pop
Oxfafa /* Oxfafa xEH=E */
0x00
dup?2
swapl
sstore
pop
dataSize(sub_0)
dupl
dataOffset(sub_0)
0x00
codecopy
0x00
return

stop
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sub_0: assembly {

BINAHFEEESHIES, BRBAXEFNER. IS —FHRIET —LR(E, RESHREE] tag_1 Q4REEH
fTo £ tag_l MRS, FATATLLEER Oxfafa XPXRBETF, XEH(IE constructor 73EFA x &E
HIWMAE. FTAFIRTARIE tag_1 RAMRIBHIT T EAMVAKIE. REEY codecopy 1L, W
sub_0 EHREMNEIEENERIFRE. FNSAEENREEM sub_0 FFREILELANEE. XHIESLT
EMNaTEiEe, EEIRSEEETFNEARE, 2N run RECREFHEE.

BAEY

EWM JNEEZAFEXTEANER, 952

e EWM.Call

e« EVM.CallCode

e EVM.DelegateCall
e EVM.StaticCall

BMNER-TEOMIASUNTTENES, REHEY EW.Cll E—TERSUNREZWNMTSSIN.

EVM.Call SEIMPEANESLABEAMINGE, RITAFHN. FEN=1ERBTRXEISE EW.Call EER~EN
Z5. FIMXERNAEA=MARH XHREHE.

EVM.CallCode 1 EVM.DelegateCall

BHAEEETRINE, EVWM.CallCode 1 EVM.DelegateCall MIFHEENTLIMAAR B B9EFM. Fi1m
HERIZESHAEBECHE, b go WIFREEE, C++ i STL = boost. fENAAMBREIES, solidity HiBHEED
KE. B5EBIESHIUAGE, solidity SHRMRBEREANERAR, VANTEEH—F, HERIXHRE
TEE-NEENMI, REAATRIBRAXA TEAN) RENTTE. BAANSRE—EFENEME, b
AAMARE. B, BEMMENMUATHRES. MERNEZZRA TEE4] NRE, AEIXERE
MRVRE TEEY) BCHEY, BXTRESERITEEN.

Bian, wE— TESL] MITASSI T —PXENRIE: MBEKPPABEKPE—EH. MRXEMN 18
CKF I ENE TEEA] NIKP, BEERTIEN (BAREASHERB-—IMERSUATHEY, HE
A ABIXLERHE) o

LAY EVM.DelegateCall REMZHT. X MARABIN TESEY) WERE, REXBCHIFRE; & TE
£49) gttt REMECHMI (BRIBER [EEY] MR  Mik—k, TEAH] NEM, e
BEMBEMH—HT, [EEY] MREMEZECSHEHRE—F.

Bl AKPIERAT B&4, M B &4 FiEd DelegateCall AT C AL, A CAENMIBARAZEHREN
A, CEAMMICKIRENKM B a2ptthit. FIRENIA AREKRN TESL) BflFh, TBECKP]
HAEE [EeY) NKFRT, MERA TEAAN] MIKF, BKEHA P URRIEZM I BT T .

EWM.CallCode 5 EVM.DelegateCall 2f), FEMZ EWM.CallCode FEE TEEZ] MEAE, REN
T [EAYA) HAAIE. BHtEH, MR ABY CallCode KITFXIAM B, ML BHAMAELE A, M B AIK
PR T Ae

BE&E—TH2E, EW.CallCode F1 EVM.DelegateCall &2 T#IAMALM ETXERE, AIMILLIARNS
ARBAGESSHIRE—F, MNMXE TEAH) WEM. BRI, EVM.DelegateCall £EMHHIARE
NHAAEZEMEARGHMIE, T EW.CallCode REBHIRIARENMNAS Ht.

TRTEBNFENBENMINGE, BIBPREFERBPACSN2MASEIZBMINER. XF EwM.CallCode 3k
%, BRI TERRNUTRBRER AR &AM

func (evm *EVM) CallCode(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pig.Int) (ret [Jbyte, leftOverGas uint64, err error) {
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var (
to = AccountRef(caller.Address())
D)
contract := NewContract(caller, to, value, gas)

contract.SetCallCode(&addr, evm.StateDB.GetCodeHash(addr), evm.StateDB.GetCode(addr))

AUEE, EFNAIEHREER—TEANEN, BEARMMI to TERERAAE, BHE caller
miHbit. ({B#E3AA Contract.SetCallCode RY, code HyHiIHAZE addr )

FF EVM.DelegateCall ki, BEREE TEJLITRBEEXWHIAREGAMNARENE S :

func (evm *EVM) DelegateCall(caller ContractRef, addr common.Address, input []byte, gas uint64)
(ret []byte, leftOverGas uint64, err error) {

to = AccountRef(caller.Address())
contract := NewContract(caller, to, nil, gas).AsDelegate()

func (c *Contract) AsDelegate() *Contract {
parent := c.caller.(*Contract)
c.CallerAddress = parent.CallerAddress

c.value = parent.value

return c

XEEABNIETRE to TERBMARE, UHE caller Mthit, XFEXAREAMNE SN E
M. WRAENMEREREY Contract.AsDelegate M. XNTEE, HAANEAZE L
CallerAddress HERBEBIAAZEN CallerAddress , WEISEIAAZNIARSMMI (L, (FHE—
THEERAAE)

EVM.StaticCall

EVM.StaticCall 5 EVM.Call ), M—FREAZ EWM.StaticCall RAFPITSIERRAEENEIREN
5. MEMTHREPBEXHENIES, REKM. LT FUTELA:

contract test {

uint256 x;

function multiplyState(uint256 a) public returnsCuint256){
X =a*7;

return x;

BARE[EF EVM.StaticCall A multiplyState 7%, BNESBHEAMRE x T8, M x TER
BEEURI RS SR E K X7

EVM.StaticCall RIASSIMIELHITSEBR A FHEEIRNTESHR? EM7ZFEM EWInterpreter.Run
J3%PA R EVMInterpreter.enforceRestrictions J53M, BJLITXERRED:

func (in *EVMInterpreter) Run(contract *Contract, input [Jbyte, readOnly bool) (ret []byte, err
error) {

yangzhe.me/2019/08/12/ethereum-evm/
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if readOnly && !in.readOnly {
in.readOnly = true

defer func() { in.readOnly = false }()

operation := in.cfg.JumpTable[op]
if err := in.enforceRestrictions(op, operation, stack); err != nil {

return nil, err

func (in *EVMInterpreter) enforceRestrictions(op OpCode, operation operation, stack *Stack) error

{
if in.evm.chainRules.IsByzantium {
if in.readOnly {
if operation.writes |l (op == CALL && stack.Back(2).BitLen() > @) {
return errWriteProtection
}
}
}
return nil
}

AEE], EWInterpreter.Run H—1 readOnly %, WMEN true, BEIRE
EWMInterpreter.readOnly A true; MEBIBRERITIESH, &
EWMInterpreter.enforceRestrictions FEHRXNEMITIRE, WRERIE, BEFERITHESESRE, X
E{EF CALL 52 ME B ARIKE, HMLEEREHEIR.

MEBERRBEEL, EW.StaticCall MSLEIBEEMIESEEM operation XNHEE, HEHAIZRIE
LREESEE. M readonly SHIERNRETF EVM.StaticCall :

func (Cevm *EVM) StaticCall(caller ContractRef, addr common.Address, input [Jbyte, gas uint64) (ret
[Ibyte, leftOverGas uint64, err error) {

// run REHEE—TSE readOnly H true

ret, err = run(Cevm, contract, input, true)

for _, interpreter := range evm.interpreters {

if interpreter.CanRun(contract.Code) {

// AR EVMInterrepter.Run, &E—"2% readOnly IERE EVM.StaticCall fEAH true

return interpreter.Run(contract, input, readOnly)

EVM.Call {9231

RERNKE-THREEAN EWM.Call KX, ERWMARESAN. KERK, BRNDRSBKRE:
yangzhe.me/2019/08/12/ethereum-evm/ 11/28
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func (evm *EVM) Call(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pig.Int) (ret [Jbyte, leftOverGas uint64, err error) {
if evm.vmConfig.NoRecursion &% evm.depth > @ {

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
}
// Fail if we're trying to transfer more than the available balance
if levm.Context.CanTransfer(evm.StateDB, caller.Address(), value) {

return nil, gas, ErrInsufficientBalance

SEFHAR—ARRADLLAR B, 5 EVWM.create ZEf), BRIMNBARAMENERAERTARBNIZSH
HEMUKRT. FEIBHZ input 28, XZIFAELM public 7S H.

HANBEE T — MR

func Cevm *EVM) Call(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pig.Int) (ret [Jbyte, leftOverGas uinto64, err error) {

var (

to

AccountRef(addr)
snapshot = evm.StateDB.Snapshot()
D)
if levm.StateDB.Exist(addr) {
precompiles := PrecompiledContractsHomestead
if evm.ChainConfig().IsByzantium(evm.BlockNumber) {
precompiles = PrecompiledContractsByzantium
}
if precompiles[addr] == nil &%
evm.ChainConfig().IsEIP158(Cevm.BlockNumber) && value.Sign() == 0 {
return nil, gas, nil
}
evm.StateDB.CreateAccount(addr)
}
evm.Transfer(evm.StateDB, caller.Address(), to.Address(), 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, to, value, gas)

contract.SetCallCode(&addr, evm.StateDB.GetCodeHash(addr), evm.StateDB.GetCode(addr))

XEAMRIBM T WEEF. —2HMSNMIREHFE, “RERSINERELE— A%, A
StateDB.GetCode MRZSEIEEFHIRMALIMNE, HRIAGLUNRH.

—RIEAT, WARNESAMIRIZFETFURITRSEEEY, ERERAANELERINT .. TNHMRE %L
o BE—MES, MEWAANSOMBIERTEEXHER, WRBEBIERERSERES, WEIR6=E
— e (RTFMEXHAAMBUNFMRES, BSEREN TTEXEA] M) .

HANAEE R E AR

yangzhe.me/2019/08/12/ethereum-evm/
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func (evm *EVM) Call(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pig.Int) (ret [Jbyte, leftOverGas uint64, err error) {

ret, err = run(evm, contract, input, false)

// 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. Additionally
// when we're in homestead this also counts for code storage gas errors.
if err 1= nil {
evm.StateDB.RevertToSnapshot(snapshot)
if err != errExecutionReverted {

contract.UseGas(contract.Gas)

}

return ret, contract.Gas, err

REXBAORBEZEN run BHENIAR, RAELAEHREEHRE, 77E%R. XEW run BHES5EES
AARANRE— TR, AEFAEISNEX R, EEFATHRIUREN®E BIEE4) N BHhYF
run EREHINA.

FIXBRATRERALER: REINMBRIFASAREE? ATIRMER StateDB.GetCode FEAANRM, REME
A input RREIRENISHE, ARBERZITAARBHE, BEEBEBSL public AN F?

XEMLSUESANEN, RE NEAI NPT TESHERNNMBEVEIEN, RESESARFHREHE
B, SEA—LERBEGE? ENAEAEN, RNIANBT HFESBANCIEZEANNRE, BRESHUITXER
i, SALESANELRERE. KU, KESEBEA-LERSANKRE, REFERERNSERTX
LR, Bl DEML BIMBIERARNEXM public 735%.

BETEHIENNG, BNBFTEENE T TREEETF) IMES. & solidity WXBEHIXXHEF, MATHA
2 [REUEFEF] » BERE, MRELN public JAMPB FRHHEM Keccak-256 BAHMET 4 MFT9.  (RF
MEREEEEF | MIFEMEAMITETTE, FSEXRXE) -

MEREIEEET | SFRT AR EANBINEZEREANB 7L, EMSEEIE—R, WREREETZ5H data
HiER. BHMNPABINSARABADT, FRELXNES LI TRRLOEET] MHEE? XZRA
MEREIEIEET | FIS B BT IREH TR A AT EBAN go REIRDSTRE, MEH & LMmIFRE R FN AR
KRBT T

BANEA TELQEE) NEHREQRE. BHNETRRRIY, SHFENEHONREIM sub_0 X MRELFIRN,
MU MRS RNIESHNFRATI LR RERNBMIBIX LIS T H k.

BARFERBIT

contract test {

uint256 x;
constructor() public {

x = Oxfafa;

function multiply(uint256 a) public view returns(uint256){

return x * a;

}

function multiplyState(uint256 a) public returnsCuint256){
Xx=a*7;
return x;

}

yangzhe.me/2019/08/12/ethereum-evm/ 13/28
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WIRFCCRRBE, sub_0 FREFEMHARBUT:

sub_0: assembly {
mstore(0x40, 0x80)
callvalue
dupl
iszero
tag_1
jumpi
0x00
dupl
revert
tag_1:
pop
jumpi(tag_2, lt(calldatasize, 0x04))
shr(@xe@, calldataload(@x00))
dupl
0x1122db9a // 753k multiplyState RIRELEIEFHIE
eq
tag_3
Jjumpi
dupl
0xc6888fal // A% multiply MIRELEZFFROE
€q
tag_4
Jumpi
tag_2:

BIAZEIREREES, REHEER 0x1122db9a 1 0xc6888fal RIERI—LIESHMAIMNT « XHEME, EFF
HDHZE test.multiplyState H test.multiply RIRFIEERTHIE, HILAHEHERS, BIBAERBRIX
BRELRSHPNREIEEFIE, WRKET (eq 1L, TTFHEE) , MBEHEEMKRE ( tag 3 =
tag_4 ) EHIT. XHFBESHHMNREILETF, SRR T EBEYERE public TEMNER. FEXMEF
i, tag_3 XN test.multiplyState , tag_4 XN test.multiply )

LS8R E, MAAASEAAN go FINREARNER, EAHIUERERTR, RERENITENE
<. BEHITAREMANES, RBIESARNERN.

fRFREENTE . EVMInterpreter

fRTRSS3I5R EWMInterpreter FIRMBBHITIEEMENES. TUFERBE—RME, LFRNESERERIT
TEHTIABBENRTHMN, M2EM vm.Config.JumpTable HfY operation WHRTHH, BERENEHE
RTREKBITIELD, REFRBMENN operation W&, HEBEAELEMERESH operation.execute B
B A EHERENR. WA, BREENRARATERNIAEIE.

EVMInterpreter XEHER Run 75%, BINERX—NTEITENMR - TEXNFTENTI. XTFENRDG
A, NS FR—BA—BARRE. TEHIHE—IBOHNRG:

func (in *EVMInterpreter) Run(contract *Contract, input [Jbyte, readOnly bool) (ret []byte, err
error) {
if in.intPool == nil {
in.intPool = poolOfIntPools.get()
defer func() {
poolOfIntPools.put(in.intPool)

in.intPool = nil

yangzhe.me/2019/08/12/ethereum-evm/ 14/28
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HO)

// Increment the call depth which is restricted to 1024
in.evm.depth++

defer func() { in.evm.depth-- }()

// Make sure the readOnly is only set if we aren't in readOnly yet.
// This makes also sure that the readOnly flag isn't removed for child calls.
if readOnly && !in.readOnly {

in.readOnly = true

defer func() { in.readOnly = false }()

// Reset the previous call's return data. It's unimportant to preserve the old buffer
// as every returning call will return new data anyway.

in.returnData = nil

S

// Don't bother with the execution if there's no code.
if len(contract.Code) == 0 {

return nil, nil

X—ESRRAD R R, RAE2¥iAL EWInterpreter NWHRH—LEFE. intPool KFMZE big.Int X
SR— BT, XS EMECI MR big. Int XNRNFFHE. XETEMT EVM.depth HIE, XME
£ TOIEAHN) NFREIE. E—NEAPAUER new SIEBIIN—PEYL, XMENETEARRIFE

&, EWM.depth iR TIEANEH.

FANALEE T EARIRR:

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err
error) {

mem = NewMemory() // bound memory

stack = newstack() // local stack

// For optimisation reason we're using uint64 as the program counter.
// It's theoretically possible to go above 2A64. The YP defines the PC
// to be uint256. Practically much less so feasible.

pc = uint64(@) // program counter

X—ER2—ETEMER. 2AUEX—BEMEYK, 2EZRIE mem M stack TE. EEANMITIRE
h, B=MEESENSTR, EPAMHMERNERIIE (HEESE TEHE AT, EN93HE mem F1
stack TEREK. mem E— *Memory KEKXFR, BERXT —RFEHAETE,; stack 2 *Stack
RKE, BXBT—F push F pop FHERBRIENENT K.

RN#EEREMNRE. FEMNRBEE D for BIFRE, XA for BRHRENBITEAMNMIT, EEIBTHP
i, SBRIEIR, BENFLERITHES. XA for BERLLEKR, BNKRSIRE:

func (in *EVMInterpreter) Run(contract *Contract, input [Jbyte, readOnly bool) (ret []byte, err
error) {

yangzhe.me/2019/08/12/ethereum-evm/ 15/28
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for atomic.LoadInt32(&in.evm.abort) == 0 {
op = contract.GetOp(pc)
operation := in.cfg.JumpTable[op]

// MERSHWERE
if loperation.valid {
return nil, fmt.Errorf("invalid opcode @x%x", int(op))
}
// MERTZEZERE
if err := operation.validateStack(stack); err != nil {
return nil, err
}
// MERBBEIESRE
if err := in.enforceRestrictions(op, operation, stack); err != nil {

return nil, err

for fBIA—FFIR, MMEARBPRELSIEERTHESHE (pc BREERT UATEERTHNESHALE) |
RIEM vm.Config.JumpTable AHEXEIZRIESFMESH operation XNHK. XPNWRICETRSMEZIE
EE, LLUMBEIESHERE. BOHFEN gas MITHEE. IESEERERES (XMESETEm Bk
#: vm.Config.JumpTable | /N5) » BEEMTEHRERTEMNZERSESRAMNRIEG,

HAMEEF for A EIER S BT

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err
error) {

// MRBEHTHIESTERIINFEFMETE,
// Wt EFRBEN=EAN
var memorySize uint64
if operation.memorySize != nil {
memSize, overflow := bigUint64(operation.memorySize(stack))
if overflow {
return nil, errGasUintOverflow
}
if memorySize, overflow = math.SafeMul(toWordSize(memSize), 32); overflow {

return nil, errGasUintOverflow

// TEEERITHIESRBEEN gas EHINR, MR gas TE, MEEKBERET
cost, err = operation.gasCost(in.gasTable, in.evm, contract, stack, mem, memorySize)
if err != nil || !contract.UseGas(cost) {
return nil, ErrOutOfGas
}
// ARIERBHATFFMETE
if memorySize > @ {

mem.Resize(memorySize)

yangzhe.me/2019/08/12/ethereum-evm/
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}

FEREBIRBE, TEMTAGE, —RITERERNTHESERNAFEFETE, FHRIE mem NRHEH
BHNTE; ZRITEEZEEFEMN gas, FIBUHFEXL gas, MRFEH, NIRE KM

HANETRERE—HBHRBG:

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err
error) {

// RRELHIRENATREL

res, err := operation.execute(&c, in, contract, mem, stack)

if operation.returns {

in.returnData = res

// BH, SMEBIRRIELIEH
switch {
case err != nil:
return nil, err
case operation.reverts:
return res, errExecutionReverted
case operation.halts:
return res, nil
case !operation.jumps:

pC++

3

return nil, nil

XERRISIAA operation.execute K%, FREIEMMBEIESMMNES. AHRERE, B switch HHEIE
18, HEFBE pc .

RBEKRE, BERWR EWInterpreter FHRBHTAEFRMAA, TIEBITEARDIRMIESE, FM
vm.Config.JumpTable HEUSIESER, REKE®R. NEEE. gas AR, HEAMABEESHREHIT
BLMIIEE, (UEmE.

MEXEY

RIS RM Run JERTE run REHWIARMN. EHIARZET, run TLAET—MER, RIOHRZH
MFREXEA] « WTRREEBHR:

func runCevm *EVM, contract *Contract, input []byte, readOnly bool) ([]byte, error) {
if contract.CodeAddr !'= nil {
precompiles := PrecompiledContractsHomestead
if evm.ChainConfig().IsByzantium(evm.BlockNumber) {
precompiles = PrecompiledContractsByzantium
}
if p := precompiles[*contract.CodeAddr]; p != nil {

return RunPrecompiledContract(p, input, contract)

yangzhe.me/2019/08/12/ethereum-evm/
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XERBEEEAR CodeAddr REEMEXALRMLE, MR IEFHIEH RunPrecompiledContract IZE{TiX
EREXEH, MABRNRESE. CERXEMMZ CodeAddr , EA DelegateCall FINAETRES KR EEL
Hitit, 18 CodeAddr BAREHAH)

RABEUAIRANTRE, MEXSAMNESHEARE, PrecompiledContractsByzantium X8 BREIELL
BHE, AR N EEE—T:

var PrecompiledContractsByzantium = map[common.Address]PrecompiledContract{
common.BytesToAddress([]byte{1}): &ecrecover{},
common.BytesToAddress([]byte{2}): &sha256hash{},
common.BytesToAddress([Jbyte{3}): &ripemdl6@hash{},
common.BytesToAddress([Jbyte{4}): &dataCopy{},
common.BytesToAddress([Jbyte{5}): &bigModExp{},
common.BytesToAddress([]byte{6}): &bn256Add{},
common .BytesToAddress([]byte{7}): &bn256ScalarMul{},
common.BytesToAddress([]byte{8}): &bn256Pairing{},

AINEZIX LB [TEXALA) Mttt 2FEENITH, EIMM1 E8, EMUT
0x0000000000000000000000000000000000000008 X#f. ST HIFTHWEE — Run 735%, AR
TEEEANNE, BEEERZA go RIBIUN, MAEBBFERITE—NELN. MNIRNEBFHATUELR,
XU 2 EA & BEENIIEE. T2 ARII—LE solidity A BRE. LEWNXSTF solidity 9 ecrecover iX
TRERFCRT, BRI REFRERE, R2EEEA STATICCALL XMESEIAN. STATICCALL HNIEM
FRANT:

staticcall(gas, toAddr, inputOffset, inputSize, retOffset, retSize)

LI ecrecover RY, HETANSE toAddr FiE 0x0000000000000 1.
KZHIT ecrecover.Run F3ESEINULINEE .

B

FYMEMER EWM.Call JFRAEAN, MRYPAANASABIEMEX &AL, BERFETRSEERE
M, EEATE XM B E— KA

func (evm *EVM) Call(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pbig.Int) (ret [Jbyte, leftOverGas uint64, err error) {
if levm.StateDB.Exist(Caddr) {
precompiles := PrecompiledContractsHomestead
if evm.ChainConfig().IsByzantium(evm.BlockNumber) {

precompiles = PrecompiledContractsByzantium

}
if precompiles[addr] == nil && evm.ChainConfig().IsEIP158(evm.BlockNumber) && value.Sign()
-0 {
return nil, gas, nil
}

evm.StateDB.CreateAccount(addr)

gas HIHEFE

yangzhe.me/2019/08/12/ethereum-evm/ 18/28



2022/2/6 F4-8:14 IR IR RS fFAT : evm
TAEE, EAHIESHNIT. BIENEESEHEERE gas . X—/NTHRRNEFE—TOTHE—MIE
HIENTERZIHFEM gas fH.

gas ERE— A, ©EHM, #FCHE Transaction.data.Price FEH. EEAPITHIEZRT, DAHES
RIBRZ 5 R gas EMEY, MZHEZRBAKAPMBHENHUAT (B8R WX gas) ; 8ARITR
&, BIEAREMMN gas BIRERZ HERBA. WTRBHR:

func (st *StateTransition) TransitionDb() (ret []byte, usedGas uint64, failed bool, err error) {
// £ st.preCheck & ML, gas
if err = st.preCheck(); err != nil {

return

/7 BUTEY

// BEEFATHN gas, HIEEEMAM gas AN LkFH

st.refundGas()

st.state.AddBalance(st.evm.Coinbase, new(big.Int).Mul(new(big.Int).SetUint64(st.gasUsed()),
st.gasPrice))

XEHAUEY, EAANTEESR, gas R PEEE, THRIMKP LUATREL. YRLkaaANE
AILAEFM gas IRAE, BEESARHIT, gas BHHUERE, HERSANFLEHITH gas HHFER.

BVEE, DA AhENIT—FIESMREEEME gas. Lr LERSEWMBATZA, REETHEFFEHN
FEMY gas , FHESUHFERIXLE gas fa, FHRBREIITIES. WTRBFR:

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err

error) {

operation := in.cfg.JumpTable[op]

cost, err = operation.gasCost(in.gasTable, in.evm, contract, stack, mem, memorySize)
if err != nil || !contract.UseGas(cost) {

return nil, ErrOutOfGas

res, err := operation.execute(&c, in, contract, mem, stack)

AIAEE], FESIREIT operation.execute MRIFIESHS, #<LIA operation.gasCost THFZFER gas
&, 7 Contract.useGas SHFEBIXL gas.

RARESEEE], EEMAEHIEA operation.gasCost HE—NSHHET
EWMInterpreter.gasTable o XNFEHAIEENX T —EAFHIESEITENT gas HAZINEE, CSEMRERS
IR HAIA L :

func NewEVMInterpreter(evm *EVM, cfg Config) *EVMInterpreter {

gasTable: evm.ChainConfig().GasTable(evm.BlockNumber),
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}

5 vm.Config.JumpTable ZM\, RI|UARANTE, XEWHEEUHNEHERE. BN— LB SR
A, T EVMInterpreter.gasTable mEAESHW—HAEIER:

GasTableConstantinople = GasTable{
ExtcodeSize: 700,
ExtcodeCopy: 700,
ExtcodeHash: 400,

Balance: 400,
SLoad: 200,
Calls: 700,
Suicide: 5000,
ExpByte: 50,

CreateBySuicide: 25000,

H gasCost B— 1M REEHEPNTFE, BERSHTRE, IMFEEANRHEERE, BmitESFXBRE.
XLEZ BER2FE JumpTable RECELTH (ZW TBk#ER: vm.Config.JumpTable] /)¥5) o tb#NX$TF ADD #<,
EHENXNT (TENREZEE newFrontierInstructionSet HIHER)

ADD: {
execute: opAdd,
gasCost: constGasFunc(GasFastestStep),

validateStack: makeStackFunc(2, 1),
valid: true,

I8

M constGasFunc # GasFastestStep RIENXIIT:

func constGasFunc(gas uint64) gasFunc {
return
func(gt params.GasTable,
evm *EVM,
contract *Contract,
stack *Stack,
mem *Memory,

memorySize uint64) (uint64, error)

{
return gas, nil
}
}
const (
GasFastestStep uinte4 = 3
D)

AL F ADD $5$35ki%, EM gas HEREEMN, M 3. BN FRLES, gas WITEREER LT, XE
BA——F12T, BXBRATUEREEFBHESR.

BXE, TUBSHBBENITASREER gas , SEARNEEE (Memory WRAKRMEMRTE, HFLTH
TMemory| /NT5) 0 StateDB sk X RS, BT ESEFE gas « FILTEFTE operation.gasCost FrigERI R %L
., X gas MITHEBHFEZRZTHENAR: BEESAFIHEN gas « EFHAFEREEEZM gas « £
StateDB FEHZEM gas « W FAZHIES, ERMEATEMN, EXFRLES (Hki CODECOPY
SSTORE) , Eflf gasCost EIMLZEEEIANTFFH StateDB FHMNIE R .

XBERER—TNEEMA gas HFE. THNEEM gas EMEREA memoryGasCost o XNEESIRIBE R
HZEARN, IHEREBERERN gas H. BERAEFHRNZBA/NET HRIZEANY, BENBS T FEHFE
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gas o

REFERRB—RNE, KELERINSRPUTIECHINER gas , TARMERIBENSHFE gas . —FIERZ
EPITEAZH, H—MEEEIEEAZE.

EPITE LN ZRIEFEN gas #FRz A Tintrinsic gas) , M TNREBFTR:
func (st *StateTransition) TransitionDb() (ret []byte, usedGas uint64, failed bool, err error) {

// Pay intrinsic gas
gas, err := IntrinsicGas(st.data, contractCreation, homestead)
if err I=nil {

return nil, @, false, err

}

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

}

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

ret, st.gas, vmerr = evm.Call(sender, st.to(), st.data, st.gas, st.value)

MREBATNEY, EEATRERNITZH, MBS useGas - IR} gas EZH IntrinsicGas HHEHRAM.
XN REARESARBEHIE 0 FHWHERITE BN gas B. (BREXBFHFE, BBATEZE)

F—MIERESEANZE. BTEAERINEEILSARBEMEIRSEIEE StateDB H1, FTASANEE
SHFE gas. WITREZFIR:

func (evm *EVM) create(caller ContractRef, codeAndHash *codeAndHash, gas uint64, value *big.Int,
address common.Address) ([]byte, common.Address, uint64, error) {

// BlEEY, SEANBEREE ret F

ret, err := run(Cevm, contract, nil, false)

maxCodeSizeExceeded := evm.ChainConfig().IsEIP158(evm.BlockNumber) &&
len(ret) > params.MaxCodeSize
if err == nil && !maxCodeSizeExceeded {
// BYIBIEMIN, BEWREFE] StateDB ZHI, % useGas
createDataGas := uint64(len(ret)) * params.CreateDataGas
if contract.UseGas(createDataGas) {
evm.StateDB.SetCode(address, ret)
} else {
err = ErrCodeStoreOutOfGas

AILBEIEEACEMRING, EIHH StateDB.SetCode FEANRBREFIRSEIBES. BERGEZH, Bk
THFE—EHUER gas - WIRILK gas "B, SARAWRRE, thRtelERMM.
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PrE£ER: vm.Config.JumpTable

HNAIEEEREY, BESFZALEREES. BONALERBERLE, BRE vm.Config.JumpTable FE

M. E@UE%%%‘%E’\] NewEVMInterpreter REH, BREBUAGMANTE, SERTBNNFERXNF
E:

func NewEVMInterpreter(evm *EVM, cfg Config) *EVMInterpreter {
// We use the STOP instruction whether to see
// the jump table was initialised. If it was not
// we'll set the default jump table.
if lcfg.JumpTable[STOP].valid {
switch {
case evm.ChainConfig().IsConstantinople(evm.BlockNumber):
cfg.JumpTable = constantinoplelnstructionSet
case evm.ChainConfig().IsByzantium(evm.BlockNumber):
cfg.JumpTable = byzantiumInstructionSet
case evm.ChainConfig().IsHomestead(evm.BlockNumber):
cfg.JumpTable = homesteadInstructionSet
default:

cfg.JumpTable = frontierInstructionSet

return &EVMInterpreter{
evm: evm,
cfg: cfg,
gasTable: evm.ChainConfig().GasTable(evm.BlockNumber),

XEmEH ﬁlm/l\m:., FYME— TRAERAE, frontierInstructionSet XMW HEAR THEARNIESESR,
HEZNEXNXNMESHT 7R, 20— 12 constantinoplelnstructionSet (XERMUABHFARBEE—

T o

XN RFYRTIHZE  [256]operation , FEANIESH opcode BEARS], NPEEERESHEAEEN
operation X&. FrA opcode ENXTE opcodes.go X HH, EEFRA——FHT .

operation WHRFEMCIRTHLSHMABES, ENEXWNT:

type operation struct {

execute executionFunc // ELHIBEHIATRE

gasCost gasFunc // WEIESKBEEEN gas ERRE
validateStack stackValidationFunc // WMEKZTEESEBIELERIIRE
memorySize memorySizeFunc // ITEESKERENNGFEME S EANIIRE

halts  bool // ELWITRREREE LRREENIT

jumps  bool // RERMIEIES (FEMEIEISHITHARARER pc TEMNE)
writes bool // BREREES (R8N StatDB AAEE)
valid  bool // RERBRIES
LETRERSPEHITHIRE R SEIEE
<

reverts bool // 3§
returns bool // 8%

NERENFEILVFMERFER, XBERAZHET. B reverts FEREZYW—T. BAIRAE
REVERT fESRBEIXNFEA true (| REVERT 8O NIZXWN T solidity ISR require F revert iR
) o MERXNFELHN true, NHATHESPITERE, EVWMInterpreter.Run I BEDR[E$5IR
errExecutionReverted . X MEIRES—EEOAIER run REHMNARBEH, LA EVWM.create =

EVM.Call - R run REMZXDMERE, BLAKFKRN gas RIEHFERAE (HFER, NRZHEHR,

FTE gas WHEHRER) . MTRIBAFR:
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func (evm *EVM) Call(caller ContractRef, addr common.Address, input []byte, gas uint64, value
*pig.Int) (ret [Jbyte, leftOverGas uint64, err error) {

ret, err = run(evm, contract, input, false)

if err I=nil {
evm.StateDB.RevertToSnapshot(snapshot)
if err != errExecutionReverted {

contract.UseGas(contract.Gas)

BREETES

BREEHE SRS TERE A5k, REXBESEMNE—T. £EANIESH, BRMIBEES (RE CALL X
2) : JUMP F1 JUMPI. EfHFFHRMTTET, BERR BirthitpE—&iES 2 JUMPDEST.

AL JUMP 15500650, BE—TENBBRREMNRG:

func opJump(pc *uint64, interpreter *EVMInterpreter, contract *Contract, memory *Memory, stack
*Stack) ([Ibyte, error) {
pos := stack.pop()
if !contract.validJumpdest(pos) {
nop := contract.GetOp(pos.Uint64())
return nil, fmt.Errorf("invalid jump destination (%v) %v", nop, pos)
}
*pc = pos.Uint64()

interpreter.intPool.put(pos)

return nil, nil

XA RBAERHAITT JUMP $8<%. RIBESEMEHREE—ME, fEABEENM. XMEEIHEANFEAR
5 0 FEMRB. RERESIEA Contract.validlumpdest ¥FIEHX BN E—FIESEEE
JUMPDEST, MRFAEXEFHEHET -

T R S o) B2 AR o B O b0 88— 455 S 2 JUMPDEST. RATEESIHREE, EEEMNMMNE 0 MFEY
K{EZEZE JUMPDEST X opcode BB ZR T e MRXNFTHE2—KIES, IHIZXMHF,; BURXANF
TEEE, BRATT. b JUMPDEST iX4 opcode HIfEH Ox5b, WNRHE TEH—EES:

60 5b 60 80 ......

BEMFERELSHEXN:

PUSH1 @x5b
PUSH1 0x80

AILEE, XER Oxsb ZIEAKHRLIN, MIFES. BMRFESE jump I5SBEITE 1 AFT (M0 Fiait
), FHEXA Ox6b HMIESHIR, BEBERSE 0 £35S JUMPDEST, BREFNM.

it ¥ i By 5 — &5 SR E 2 JUMPDEST, ZRIEMR: —EM{E JUMPDEST #5< /) opcode HI1E;
TREXRFES, MIEEBEHE.

TERREIINEB—T Contract.validJumpdest AT, BRT LEXS opcode o (GXMRfEE) , Contract

HEetE—NMIBAENSR (B bitvec , bitvector) o XPMHWREMLERAT—BENES, MRENE—R
BANTFHREFEBHIE, ;K bitvec MXMRBEXNEM M) REN 1, WREESNEREN 0. #
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Contract.validlumpdest ™, BEEPEENMNEBEEXMIBENRHN (A1 580, KA
2 ERIEERS.

FATEME—T Contract.validIumpdest HIRED:

func (c *Contract) validJumpdest(dest *big.Int) bool {
udest := dest.Uint64()
if dest.BitLen() >= 63 || udest >= uint64(len(c.Code)) {

return false

// MEBMNMIELSERSH JUMPDEST
if OpCode(c.Code[udest]) != JUMPDEST {

return false

// TENABRHZNEENTNERSEES, MIEEERE

// CodeHash FAZWIER. —MREBSUNEHENZITD X
if c.CodeHash !'= (common.Hash{}) {
// Does parent context have the analysis?
analysis, exist := c.jumpdests[c.CodeHash]
if lexist {
// Do the analysis and save in parent context
// We do not need to store it in c.analysis
analysis = codeBitmap(c.Code)
c.jumpdests[c.CodeHash] = analysis
}

return analysis.codeSegment(udest)

// CodeHash AZEMIER,
/! —RRRRHENLIE. ERBENE NIRSEIERZE
if c.analysis == nil {

c.analysis = codeBitmap(c.Code)

}

return c.analysis.codeSegment(udest)

RBH—FFHEREBRMANREBREAKR, BAGARBITERLAK. REgEREENEERENE 0 NF
TRE2E JUMPDEST X opcode {H. HIXLHFEEKRN, oSSR ETENMNERT2ESMIELRIE.

CEREAESHREEFR NI, BEREEMHMNIFERE—HN. AT Contract.jumpdests HEET
SAMAEZENEIE, M Contract.analysis REBETHHESANEIE. XEMESRZ codeBitmap HEEAERK
IS, DRI RA codeSegment J5iko

FA%E—T codeBitmap %

func codeBitmap(code []byte) bitvec {
bits := make(bitvec, len(code)/8+1+4)
for pc := uint64(0); pc < uinte4(len(code)); {
op := OpCode(code[pc])

if op >= PUSH1 &% op <= PUSH32 {
// PUSH1 {3k push #E{EH 1 DFTERMARNRNEIE
// PUSHZ {3k push 1EREH 2 DPFTERARNENEE
// VAR, A numbits 7 op - PUSH1 + 1
numbits := op - PUSH1 + 1
pC++
for ; numbits >= 8; numbits -= 8 {

bits.set8(pc) // 8
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pc += 8
}
for ; numbits > @; numbits-- {

bits.set(pc)

pC++
}
1 else {
pC++
}
}
return bits

XADRBARERMVEE. MEABHEEN bitvec , ENEERBRE [Ibyte o AXDEREH, code S
REBTENEUNTENEURE, REMLBIRFHE—RIES, BEBLENRBEAVEDETRER 1.
bits.set FREIEEMBAILEM 1; bits.set8 FREIEERBMNLETE 7 MIEBRER 1.

(MR LEE, RORE push IESLERBHRIEIR, AERSHBISUL. B, RESXFMKE
RAMNTARTERIETRER, BARELEEEEREENAEHIE 1. BRI AAMERMTRE, R
IEX RS E EFRER)

BT bitvec XHR, BMATLIEN bitvec.codeSegment FIEiHE—MRBUEHEHIET :

func (bits *bitvec) codeSegment(pos uint64) bool {
return ((*bits)[pos/8] & (@x8@ >> (pos % 8))) ==

o}

BENTERRERREERBUNERST A0, MRE, NWRRXMrBLNER—FES, MR
BIERU, UAHEDVIAXNPEEIESREIG LR ™R, PEEENhAE 0 £iES X I2 JUMPDEST, FHEF

315 opcode fEAAE, E/RIDXFHLR—FKIES, MIFLBEIR. PR AIBREI AT LARIEE BB THY IER
7, AR LB — B R .

e

AR AP E =TT A ESANEIE: & AFERERE. RELIEE. A RERSEEEZ KA
B, REMPMESNIETERE, MERT.

HRMAFREFEERRSERBINKYE, NTHR:

func (in *EVMInterpreter) Run(contract *Contract, input []byte, readOnly bool) (ret [Jbyte, err
error) {

var (
mem = NewMemory() // bound memory

stack = newstack() // local stack

TEHRNDAFEAN BTN EET R

Stack

Stack MRNSHMZITRME THRINEE, EPNLERLHEL. ENEXREE:

type Stack struct {
data [J*big.Int
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}

ERBE— data FE, XE—NALRKEE, ARFTIARFEETE. JUETCHTREIEEE big.Int .
newstack EREFSREIE— IR S

func newstack() *Stack {

return &Stack{data: make([]*big.Int, @, 1024)}

o}

XD RBBDREE, £RT —NRE 1024 NMEEZSENHEETR data FE.
Stack MWEALMRIETTE, TRRM [EdtEH ) NARSEHIESCRSIIN, LW push F pop, FEEEM

swap 753, S n REMET BIEARE—TR) @n MR, MIEMKEE 0 PTRFABE
#2. Stack WTASLIEMRE R, JLFHE—ITREBRE, FWXEHRTHRIET .

Memory

Memory XYRAGLUMEBITRE T —BROFIBNEFHETE. ENEXWT:

type Memory struct {
store [Ibyte
lastGasCost uint64

o}

ALBBX PN EXRRES, store FERAFRRHE-FENAFENFHETE. lasteasCost Mk
EERERFEZEN, 251HEHEREN gas.

Memory XYZIRMtT —LiRIETTIE, MR set M setd2, AR IEENEIRFHIIEEREH.
Memory.Resize FEEW—MEUE, RIELFHENZEERNNFXDMEE. HEFELRES, BA—

FTEIENE, EAYHFRNEEREURERETE N gas M. JHAEMNKR/NEH memoryGasCost HHHE. M
XNEHHEIRE, RERFTEEE SaE @ik, BB MBI gas.

K2 TEfE: StateDB

KAGRENR StateDB BIZUUATMRESEIEE, XM EEETESTHEKANEES, SEKFAEXNEH
REBFENNFEEE. XPIRTZ evm BERAMX R BEHETRRSEIERE, TUSERXREXE.

HEHBR

ATXEMTENE, XEWHIR—T evm RRANHEHMNR. BESIXENRAE evm MR LOIIRE, 1FH
HRBBENET .

intPool

intPool & big.Int EBPTEMN—NEEM. £ evm EHRMRBH, THIIESHNBBERET, YB52H
B HE—1 big.Int TER, #HALUET intPool ki#tfT.

£ intPool W, XPXSHREEA Stack WHREM—LEERREEAMN big.Int TE. ¥EANFEH
intPool.get HFE— big.Int TER, ESMEPEE—1, SENIESHFUE—; YEAEH
intPool.put #HE— big.Int TER, EEXPMTEMBINMBNZRFEEFLER (RIERPEENEIES
KEERR) , #HESBABEM intPool.get WEEFIM.
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logger

1£ evm f25RA1, log 34575 ISONLogger #1 StructlLogger @Hh, Tf1EBIN—ERIME i E —LE log IR,
XUETHEER AT AT IEMERN, TR THT.

MRIZE vm.Config.Debug FEEA true , BAEREMNIZITA, StructLogger =B —LLIFLM log Hiti,
FH{EHTAR. BREERIEBMENKEEHFITLUREXNFE, RFARERRRBEFHE— T
{EE,

B

evm RRSLH TETUATLEESANEDN, 2— M EREEMNER. EXRXESE, RIHFHETRT evm i
RESLHL, BESNRNMEMARAN; aAESTUNMHBRENITHNESS.

BNEXEFRCENRY, DAHEHRAARREZHREANTII, THIASE evm ERTREHLSAMET,
evm RIZE T EEEAAPITHEIY, 2HEB/NN—H. MEBEZETRUALEESANIH, THEE
SIEEE A AR IR solidity THE -

KRR, MRXERHER, EBERFIEL.
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