2022/2/15 E4-12:14 PIKYi B BiE#E (=) - yuanl028 — yuan1028

'lﬁ yuan1028 Blog About Archive Tags

B Yuanl1028

UXKIFERPIFEE (=)

2018-06-12 Ethereum

78 EHAARITIRE

EX=MALDEHEMNRELERZHIT (BRESVEIENSLOEA) #ITTNE, &

EPMANUKSPNEDIATEYREZ. UKBEMINMEVMEZER R TEELUNEE. EVM
FEMHAEBERTEN S A FENE R EEVMAEAR LE2WgasRE , Ftt, PIMUE
BT E S ER R LR HIRHAIgas B ERFIN,

6.1 EfIRHE

EVM
———  [[<addr=>]]
- @@<addr=
ROM RAM

non-volatile
[ [<addr=]
» ([@<addr=
Calldataloaded <byte> = ROM RAM
volatile

o EVMEETH (So#tfEd) W%, EVMARAS MERINI AN R2561L, HEXRE—
ERABIARN, 79102441,

o EVMAERF, MBRBAIFUFTHAEREME. REE2HKREN, EMEHEENE
AR,

https://yuan1028.github.io/ethereum-yellow-paper3/ 1/21


https://yuan1028.github.io/
https://yuan1028.github.io/
https://yuan1028.github.io/
https://yuan1028.github.io/about
https://yuan1028.github.io/archive
https://yuan1028.github.io/tags
https://yuan1028.github.io/tags#Ethereum

2022/2/15 E4-12:14 PIKYi B BiE#E (=) - yuanl028 — yuan1028

o EVMthE—11ZiEsR, NMEAF, FHESNEIFZRMEN, A EARFREN—abo
T4 . EVMO T REFREFN, EEMROM R BT iE<HKIAE,

e EVMEMERTEBCHIES: “EVMEDE”, EUXIF EETHEESHN, BF
#H2RASRESHIUSolidity> RREERIB., ARBERFHREVME] AIRENEVMET
3,

// EVM is the Ethereum Virtual Machine base object and provides
// the necessary tools to run a contract on the given state with
// the provided context. It should be noted that any error
// generated through any of the calls should be considered a
// revert-state-and-consume-all-gas operation, no checks on
// specific errors should ever be performed. The interpreter makes
// sure that any errors generated are to be considered faulty code.
//
// The EVM should never be reused and is not thread safe.
type EVM struct {
// Context provides auxiliary blockchain related information
Context
// StateDB gives access to the underlying state
StateDB StateDB
// Depth is the current call stack
depth int

// chainConfig contains information about the current chain

chainConfig *params.ChainConfig

// chain rules contains the chain rules for the current epoch

chainRules params.Rules

// virtual machine configuration options used to initialise the

// evm.

vmConfig Config

// global (to this context) ethereum virtual machine

// used throughout the execution of the tx.

interpreter xInterpreter

// abort is used to abort the EVM calling operations

// NOTE: must be set atomically

abort int32

// callGasTemp holds the gas available for the current call. This is neede
// available gas is calculated in gasCallx according to the 63/64 rule ana
// applied in opCallx.

callGasTemp uint64

// Interpreter is used to run Ethereum based contracts and will utilise the
// passed environment to query external sources for state information.
// The Interpreter will run the byte code VM based on the passed
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// configuration.
type Interpreter struct {
evm *EVM
cfg Config
gasTable params.GasTable
intPool *intPool //#£

readOnly bool // Whether to throw on stateful modifications
returnData [lbyte // Last CALL's return data for subsequent reuse

6.2 &H

MARIFEMANMITERER, TEBILERA,
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(6',¢g',A,0)=E(0,g,1) (121)
=(s,L,t,7) (122)

6.4 MITIIE

o MATNIFIGRY, REMEREETH, BEFITEEAN0.

o ABREVMAIRBFAINITR S, ABTREIMTERFINSHNEIRES., RIS
EUXIBENZEBIRS(global state), 28RS FJ3KEMIgas, FEFITEES, KA
FHRAE, NERFIEIRE, HRIRNES,

o IERANTIMLITHEMIER (POP) &R (PUSH) |
o BNEW, RRIgasti=HIBIENIE, EFITH=SBRIEI,

AESTREUINER, BMEEMAIEEE:

o MZBRARBEIRES (err = nil BUIER. B0 gasTE, IS, HRINAE, MK
Memt1024, THENJUMP/JUMPIBEINES) BEIbELE, HEFERIESGEN
[EEE40 BT —1MER,

o MZFEATRIEFILE (RIAPATERRRIZR, haltsEiErevert) , BIMERT, M8
MEFE—TERRS, RITZENFRgas, FENFRE. URAGHHE.

o RITMITIRBBEIFENRS, BREB/AFIITTI—D.

// Run loops and evaluates the contract's code with the given input data and retur
// the return byte-slice and an error if one occurred.
//
// It's important to note that any errors returned by the interpreter should be
// considered a revert-and-consume-all-gas operation except for
// errExecutionReverted which means revert-and-keep—gas-left.
func (in xInterpreter) Run(contract xContract, input [lbyte) (ret [lbyte, err erro
// Increment the call depth which is restricted to 1024
in.evm.depth++
defer func() { in.evm.depth—- }()

// Reset the previous call's return data. It's unimportant to preserve the
// as every returning call will return new data anyway.
in.returnData = nil

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

[/ NasIAEEE: AIkERYgas, FEfFit#laspc, AFIIAZEmen, AizHAFHEEE, HEIIAES
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var (
op OpCode // current opcode

mem NewMemory() // bound memory

stack = newstack() // local stack

// For optimisation reason we're using uint64 as the program count
// It's theoretically possible to go above 2764. The YP defines th
// to be uint256. Practically much less so feasible.

pc = uint64(0) // program counter

cost uint64

// copies used by tracer

pcCopy uint64 // needed for the deferred Tracer

gasCopy uint64 // for Tracer to log gas remaining before execution

logged bool // deferred Tracer should ignore already logged ste
)

contract.Input = input

if in.cfg.Debug {
defer func() {

if err !'= nil {
if !'logged {
in.cfg.Tracer.CaptureState(in.evm, pcCopy,
} else {
in.cfg.Tracer.CaptureFault(in.evm, pcCopy,
b
b

H(0)
b
/! BHEF=FERIKZPHT—,
/! 1. 2885, EMAEZHERLIN, HERITLHE =H#Ereturn
// 2.#1THIREREVERT #i%.
// 3. AITHFE,
// The Interpreter main run loop (contextual). This loop runs until either
// explicit STOP, RETURN or SELFDESTRUCT is executed, an error occurred du
// the execution of one of the operations or until the done flag is set by
// parent context.
for atomic.LoadInt32(&in.evm.abort) == 0 {
if in.cfg.Debug {
// Capture pre-execution values for tracing.
logged, pcCopy, gasCopy = false, pc, contract.Gas

// Get the operation from the jump table and validate the stack to
// enough stack items available to perform the operation.

/! FERHRIBRAAITAIERIE

op = contract.GetOp(pc)

/! PNRIEESEIRIFEES KT
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operation := in.cfg.JumpTable[op]
if loperation.valid {
return nil, fmt.Errorf("invalid opcode 0x%x", int(op))

}
// HREBIEFERIEERK, A BELRIEE_THI, AAEFRZELEFHTLIE.
if err := operation.validateStack(stack); err != nil {
return nil, err
¥

// If the operation is valid, enforce and write restrictions
if err := in.enforceRestrictions(op, operation, stack); err != nil
return nil, err

var memorySize uint64
// calculate the new memory size and expand the memory to fit
// the operation
/] ITTEFTRIEEEAIA 7= 6]
if operation.memorySize != nil {
memSize, overflow := bigUint64(operation.memorySize(stack)
if overflow {
return nil, errGasUintOverflow

// memory 1is expanded in words of 32 bytes. Gas

// 1s also calculated in words.

if memorySize, overflow = math.SafeMul(toWordSize(memSize)
return nil, errGasUintOverflow

}
// consume the gas and return an error if not enough gas is availa
// cost is explicitly set so that the capture state defer method c
// JH#gas
cost, err = operation.gasCost(in.gasTable, in.evm, contract, stack
if err !'= nil || !contract.UseGas(cost) {

return nil, ErrOutOfGas
b
if memorySize > 0 {

mem.Resize(memorySize)

if in.cfg.Debug {
in.cfg.Tracer.CaptureState(in.evm, pc, op, gasCopy, cost,
logged = true

// execute the operation

/] RITEMBIIRIE, [LERHEIDE, M EFERE R T EEEN
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res, err := operation.execute(&pc, in.evm, contract, mem, stack)
// verifyPool is a build flag. Pool verification makes sure the 1in
// of the integer pool by comparing values to a default value.
if verifyPool {
verifyIntegerPool(in.intPool)

// 1f the operation clears the return data (e.g. it has returning
// set the last return to the result of the operation.
if operation.returns {

in.returnData = res

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

pc++ //iHEESII—, HEEAIT

}

return nil, nil

6.4.1 BFRENEAART

EBATRITEONERRIZFT B FRBARTUIASo, T AgasfEg, BAD, PIBA3R
IEINKFEST, STRUNRBER, BEIFNRSRS WITRIR Agasyy, X5
FIRSATIBERH0, MATNI23AR,

PATHIEREE —TERRITIERE, EXXZIECRE. WATN124MT,
H A g3IASu, B4

FlFgasiag, #IREEINMARIFIAgasfd, AR125,

ERIT8EEpc, ¥ia{ERO0, AI126,

RFEREmM, IRANE0, A127,

NEFERBFERNFE, #4880, 2128,
s, MIRANZ=NE, L1129,
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o HAEHIL, #¥WWANZE, AR130.

E(6,8.1,T) = (¢', 4y, A, 0) (123)
6’0 A, ...,00=X((6,p, A%, D) (124)
By =8 (125)

oo =0 (126)

i = (0,0,...) (127)

p =0 (128)

ps =0 (129)

Ho =0 (130)

(.04 1,0) if Z.p.D)
) (2.#/,A% 1,0) if w=REVERT

X(@mAD) =) b0 a0 if oto (13
X (0(0', nA, I )) otherwise

o=Hu,l) (132)

(a,b,c,d)-e =(a,b,c,d,e) (133)

u' = p except: (134)

ﬂ;:’, = ﬂg - C(O-7ﬂ’ I) (135)

A EREXE AN AT131-135R 7R,
o QD%LWHEEPLEUET’%“ BlZ(o, p, ), m#ENEMEBERILT—IvE, MWERLER,
THRSED, RIENBRTY, THFREA, SNESRED.

° &D%TM?EPI?%‘CEPI’_#E HBIEMITRIIRIE Arevert, MER LS THPRSEE
IR ERIRSH (30BR T gasiEfE A 134-135) :.:E’J%Jk?‘.fAO,ZHAEmH:‘O

o MNRMTHURILER, HIARTRIEFIERRT, BMESHLEoARNE, MIRERNITE
KURAEELE. AewmEBEH (@, DBEAN132, 1FEIEX6.44,

o RHITEREILER, BASHINE, PEHIT I —HIEN.
SRR HITIIRIEE X A2 7\136.

o HEFRITHE/NTELMNFTENR, HERTHREANFTHIEEPXNIRIE,
e BNIHSTOP

_ ) blpyd it pye < |l
= ¢ ¢ 1
W {STOP otherwise (136)
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6.4.2F BRI LEX

R TIREPNFEE AT LIS, M AT137:

Zio,p, 1) = p, < Clo,p, 1) Vv (137)
ow =0 V
lugll < 0w Vv

w=JUMP A pug0]& D)) V

w=JUMPI AN pJl]#0 A pJ0]&Dy)) V

(w = RETURNDATACOPY A p 11+ p2] > |l )V
gl — 6 + > 1024 v

(—lw A W(w, p))

Ww,u) = w € {CREATE, SSTORE, SELFDESTRUCT} v  (138)
LOGO <wAw<LOG4 V
w € {CALL, CALLCODE} Apg[2] #0

o gaslERNELASZ(IEE. Blu, < Clo,p,1).

func (in *Interpreter) Run(contract *Contract, input [lbyte) (ret [lbyte, err e

Y/
for atomic.LoadInt32(&in.evm.abort) == 0 {

[/ e
// gaslENEUZITIER
cost, err = operation.gasCost(in.gasTable, in.evm, contract, stack, mem,

if err !'= nil || !'contract.UseGas(cost) {
return nil, ErrOutOfGas

b

[/ ees

by
}

o HHINIRIER TR, 0, = T, SRHRFWITNNFTHEAZ,

func (in xInterpreter) Run(contract xContract, input [lbyte) (ret [lbyte, err e
[/ ves
for atomic.LoadInt32(&in.evm.abort) == 0 {
[/ s
/! FERHBIERITHIERIE
op = contract.GetOp(pc)
/] INRIEC D EIRIEESZ T
operation := in.cfg.JumpTable[op]
if l'operation.valid {
return nil, fmt.Errorf("invalid opcode @x%x", int(op))

}

https://yuan1028.github.io/ethereum-yellow-paper3/ 9/21



2022/2/15 E4-12:14 PIKYi B BiE#E (=) - yuanl028 — yuan1028
[/

o SEIRAGE (EERRZTHE, RERE—TEE) |kl <o,

func (in xInterpreter) Run(contract *xContract, input [lbyte) (ret [lbyte, err e

[/ v
for atomic.LoadInt32(&in.evm.abort) == 0 {
//aas
/! TEREBIEHFERIEER, EHHBLRIEE_TH), IAEFZELDERH T,
if err := operation.validateStack(stack); err !'= nil {
return nil, err
}
// If the operation is valid, enforce and write restrictions
if err := in.enforceRestrictions(op, operation, stack); err != nil {
return nil, err
s
//as
b

o LATRIENDNGE, BRI TEE
(w = JUMP A pg[0] & D(Iy))(w = JUMPI A pg[1] # 0 A pg[0] & D(ly))

/| REEIRIE
func opJump(pc *uint64, evm *EVM, contract *Contract, memory *Memory, stack xStack
pos := stack.pop()
if !contract.jumpdests.has(contract.CodeHash, contract.Code, pos) {
nop := contract.GetOp(pos.Uint64())
return nil, fmt.Errorf("invalid jump destination (%v) %v'", nop, po

b
*pc = pos.Uint64()

evm.interpreter.intPool.put(pos)
return nil, nil

func opJumpi(pc *uint64, evm *EVM, contract xContract, memory *xMemory, stack xStac
pos, cond := stack.pop(), stack.pop()
if cond.Sign() '= 0 {
if !contract.jumpdests.has(contract.CodeHash, contract.Code, pos)
nop := contract.GetOp(pos.Uint64())
return nil, fmt.Errorf("invalid jump destination (%v) %v'",
b
*pc = pos.Uint64()
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} else {
*pC++

evm.interpreter.intPool.put(pos, cond)
return nil, nil

o HEIRIEANREIZUERIE, ER2RENBIBERERIT T RAITFKE,
(w = RETURNDATACOPY A p (1] + p 21 > |lu, )

func opReturnDataCopy(pc *uint64, evm *EVM, contract xContract, memory *Memory, st

var (
memOffset = stack.pop()
dataOffset = stack.pop()
length = stack.pop()

end = evm.interpreter.intPool.get().Add(data0Offset, length)

)
defer evm.interpreter.intPool.put(memOffset, dataOffset, length, end)

/1 FIBTREIZHE KB & S L IFKE
if end.BitLen() > 64 || uint64(len(evm.interpreter.returnData)) < end.Uint
return nil, errReturnDataOutOfBounds

b
memory.Set(memOffset.Uint64(), length.Uint64(), evm.interpreter.returnData

return nil, nil

o FTRUMRRIAR/NAKT1024,||usl| — 6, + a,, > 1024

o SN RAERIFEESIERE Ly A Ww, u), E{EEESABA, CREATE,
SSTORE, SELFDESTRUCT, LOGO, LOG1, LOG2, LOGS3, LOG4, MKCALL
FICALLCHAINCODE, /~3t138,

func (in xInterpreter) enforceRestrictions(op OpCode, operation operation, stack *
if in.evm.chainRules.IsByzantium {
if in.readOnly {
// If the interpreter is operating in readonly mode, make
// state-modifying operation is performed. The 3rd stack i
// for a call operation is the value. Transferring value f
// account to the others means the state is modified and s
// return with an error.
if operation.writes || (op == CALL && stack.Back(2).BitLen
return errWriteProtection
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by
by

return nil

6.4.3 B REAZILE X

D(¢c) = Dy(c,0) (139)

{} it i>lcl
Dy(c,i) =4 {i} UDs(c,NG,c[i]) if e[i]=JUMPDEST (140)
D;(c, N(i, c[i])) otherwise

S {i+w—PUSH1+2 if w e [PUSHI,PUSH32]
N(i,w)=+< . _
i+ 1 otherwise
NIL1B39-141 93 Bk EERIIE N o
o PkitRlc, HEPKFERICHEOTIES ., AT140.
o HKEERICHEITIES, WMRIKTHFTFcHKE, Mk, SNHEERINT—1F
BIESHUE, AT140.

HAPNG wiE FT—TERNRERESHUE, RAZREMEIES, MA2EHE, I
BEpushis < IR R FE BT pushi#t ERVEHE .

(141)

o WIRYFIAFLHPUSHX, MIPKEERIi+X+1 (AAKREIZETRERpushH EEUE, F
WiES, EPLTXLEHRE) .

o ZMJAi + 1.

6.4.4 IE BRI ZHRETRIFERCE X

IFEHRIRPRTE AT =

o HBIUIRIENRETURNZEREVERT, MEMNAY#HITIRIE,
o HEIIR{ENSTOPEESELFDESTRUCT,
o HE RIREIZE,

St XESTOPE & SELFDESTRUCTIREIFIHNEE, FTLAZEG. 1Pt E0 R ATHIIE
I
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Hproen@) if W € REVERT)
Hp,I) =40 if we {STOP,SELFDESTRUCT) (142)

%) otherwise
6.5 MITRVAE G EHARYZ LR

PATIRERLTEMEIIAEM LR (ERBPEITREANO) , SRMETRELRIER
17, FRBEREHITHENAEMRAMNERE, RPEROTREAR., MATN143-146FR

MNo

O((e.p.AD) = (&' .4/ A, D) (143)

A= a, -6, (144)

sl = llpsll + A (145)

Vx € [aw, 1)« pslx] = pglx — A] (146)

P43RT, BREERTIIRNSe RTINS U RN FIRNSAR TSI, 3
TREAFIGENASe FRINIRSE FIFIREA B EITRE,

PNAART, HBBMN, Efa, HEEHREAKES,S, NHIRIENERES.
NA146KRTR, HHIKE, BIANERSHRNKE+ZHNRE,

AN46RT, HPHTR, BRTHEBNTR,, ERAE, (ERBHEINEO, A
MINRAMRTERSZS T HETR, NWRATENZESIHSINENRE)

Hg = p, — Clo,p, D) (147)
Jiomp() i w=JUMP

Hpe = {JJUMPI(ﬂ) it w=JUMPI (148)
N(pye, w)  otherwise

AH147-148RTEB— Rk gasTIRFIT BB pcIE M. HfgaslERREgasHZ LAl
BRAERUTEER, pcfEJUMPHIJUMPIRIRSIRZEkAEEIBNMIE, HREREM—, BIT—5K

(=N
BH<Xo

Him = My (149)
”i, =, (150)
A=A (151)
6 =o (152)

AN149-152, RIHRENERNTRZAEATELN ., LR ERARREEZN AR ER
M)

+. KRS HEE
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EXRAEMTER, BEZSHIERZ—RVIRAEN, T AW EWPEA—FEE
AXREE, EURIFFEX "RE WAL, XBENEENZRITEE (td, total
difficultyE X2/~ 153-154) , R EtdER RGN EHE,

B, = B + By (153)
' = P(By) (154)
AI153-154R R HHI BRI R IEE td{E N E R BRI R E td{E N £ =51 X ERAYXE
E1E,

BIRARERE D KBTI ER:

o KIfommers,

o RINZZ 5,

o ITEIERE,

o NIFtH FURSF XRAInoncefd,

// ValidateBody validates the given block's uncles and verifies the the block
// header's transaction and uncle roots. The headers are assumed to be already
// validated at this point.
func (v *BlockValidator) ValidateBody(block *types.Block) error {
// Check whether the block's known, and if not, that it's linkable
if v.bc.HasBlockAndState(block.Hash(), block.NumberU64()) {
return ErrKnownBlock
b
/] B XRE L TFTE
if !'v.bc.HasBlockAndState(block.ParentHash(), block.NumberU64()-1) {
if !lv.bc.HasBlock(block.ParentHash(), block.NumberU64()-1) {
return consensus.ErrUnknownAncestor
b
return consensus.ErrPrunedAncestor
b
// F&iifommers
// Header validity is known at this point, check the uncles and transactic
header := block.Header()
if err := v.engine.VerifyUncles(v.bc, block); err != nil {
return err
b
if hash := types.CalcUncleHash(block.Uncles()); hash != header.UncleHash {
return fmt.Errorf("uncle root hash mismatch: have %x, want %x", ha
b
// IFRZHIhash{E
if hash := types.DeriveSha(block.Transactions()); hash != header.TxHash {
return fmt.Errorf("transaction root hash mismatch: have %x, want %

}
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return nil

7.1 OmmerfJ#5:a8

Ommergi & ifuncle B X XIRI R B XER, AKIFHblockiJuncles=Ex A LATZEfifuncle
XiR, EXRHNSRATHIMEEENommeri# TR,

// VerifylUncles verifies that the given block's uncles conform to the consensus
// rules of the stock Ethereum ethash engine.
func (ethash xEthash) VerifyUncles(chain consensus.ChainReader, block *xtypes.Block
// If we're running a full engine faking, accept any input as valid
if ethash.config.PowMode == ModeFullFake {
return nil
b
/] BPNXREZEHTuncle X#
// Verify that there are at most 2 uncles included in this block
if len(block.Uncles()) > maxUncles {
return errTooManyUncles
b
// Gather the set of past uncles and ancestors
uncles, ancestors := set.New(), make(map[common.Hash]xtypes.Header)

// Gt ERUARIXER
number, parent := block.NumberU64()-1, block.ParentHash()

for i :=0; 1< 7; i++ {
ancestor := chain.GetBlock(parent, number)
if ancestor == nil {
break
b

ancestors[ancestor.Hash()] = ancestor.Header()
for _, uncle := range ancestor.Uncles() {
uncles.Add(uncle.Hash())

¥

parent, number = ancestor.ParentHash(), number-1
b
ancestors[block.Hash()] = block.Header()
uncles.Add(block.Hash())

// HHAZTR
// Verify each of the uncles that it's recent, but not an ancestor
for _, uncle := range block.Uncles() {

// Make sure every uncle is rewarded only once

hash := uncle.Hash()

if uncles.Has(hash) {
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return errDuplicateUncle
b
uncles.Add(hash)

// Make sure the uncle has a valid ancestry
// filuncle XBEEH L Euncle Xt

if ancestors[hash] != nil {
return errUnclelsAncestor
b
if ancestors[uncle.ParentHash] == nil || uncle.ParentHash == block
return errDanglingUncle
b
// B@iFuncle Xt#AJheader
if err := ethash.verifyHeader(chain, uncle, ancestors[uncle.Parent
return err
b
b
return nil
b
I1Bull <2 Ayegy VU) A kU, P(Bn)g, 6) (155)
alse if n=0
kU Hmy=11 -9 (156
( ) {s(U,H) V k(U,P(H)y,n—1) otherwise (156)
s(U,Hy=(P(H)=P(U) N H#U AN U & B(H)y) (157)

EURR—TXRH
o SLHXIRS(U, H)EX U A7, REXREESXREGEARRE, BRXREE
(P(H) =P(U)ANH # U; #RZABXRAZEBESHUNclesXIRAU & B(H)y

o UEBEHMIN AR uUNcleE X IN/A156, &EnR0, NR[Efalse (3&HOAHIMEE
=), BUNEAURHIRBEXIR (—K) , EAURHBIR XREIN-1TMEXIR,

o uncleXRHBA#BI21, ||Bull < 2,2:155

o uncleXRATHMAMXER,V(U) A k(U, PBu)g,6) (AXEARXXIRIIGHAR,
BB SRR BKIREZERASEESEAN)

7.2 R 5
Buy = ¢(R), (158)

o KEEblockdpytxHashEZ % Jyblock.Transactionfdhash, MAREFIAER (LIS
ValidateBodyMI&EE % »
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o EMNZEEZENITRE, HITERKMANgasERESHIXIRIMEAgasEER, AR
158.

o WIGEIMHIITEHIbloomA Kreceipt@ &5 XR L HIbloomEA KreceiptHashiE
&,

o MRELELWINIT Z FRHE FIREHHRIRE S 5 KRk FrIRoottH[E,

// ValidateState validates the various changes that happen after a state
// transition, such as amount of used gas, the receipt roots and the state root
// itself. ValidateState returns a database batch if the validation was a success
// otherwise nil and an error is returned.
func (v *BlockValidator) ValidateState(block, parent xtypes.Block, statedb xstate.
header := block.Header()
// RIS usedGas & MXH#aIGasUsed
if block.GasUsed() != usedGas {
return fmt.Errorf("invalid gas used (remote: %d local: %d)", block
b
// Validate the received block's bloom with the one derived from the gener
// For valid blocks this should always validate to true.
rbloom := types.CreateBloom(receipts)
if rbloom != header.Bloom {
return fmt.Errorf("invalid bloom (remote: %x Tlocal: %x)", header.

/! BIKEIHIhashE
// Tre receipt Trie's root (R = (Tr [[H1, R1], ... [Hn, R1]]))
receiptSha := types.DeriveSha(receipts)
if receiptSha != header.ReceiptHash {
return fmt.Errorf("invalid receipt root hash (remote: %x local: %x
b
// BHistate
// Validate the state root against the received state root and throw
// an error if they don't match.
if root := statedb.IntermediateRoot(v.config.IsEIP158(header.Number)); hea
return fmt.Errorf("invalid merkle root (remote: %x local: %x)", he
b

return nil

7.3 it B3R
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QB,0) =06’ :6' =6 except: (159)
/ _ IBul|

6 [Bucly =6[Buclp + | 1+ 7 Ryiock (160)
Vuesy : (161)

dwg:{? if6[Uc]=@ A R=0
a  otherwise

a' = (6[Ucly, 6lUcly + R, 6[Ucls, 6[Uc].) (162)

1
R = <1 + 3 (U; — BHi)>Rblock (163)

Let Ry =3 % 10" (164)

o " THIZRINEEZFIR 0k M/AT164, MR X RunclesARZE, METunclexHR
BIN329 Z—BIRb1ock 2. TATN160, i THIRENRREII_E 2R,

o XFiZXRAMuncles, T unclet®, ITHEEY THIRHF), WATN163, EiREuncle
RE SRR ERITEN., HIINER, uncleiR N HRHIRRXIRNTE, BAZ
uncletRiVE LRI AZEI/\ D Z IR0k K. ZRREEZS, ZRINREILD,

// AccumulateRewards credits the coinbase of the given block with the mining
// reward. The total reward consists of the static block reward and rewards for
// included uncles. The coinbase of each uncle block is also rewarded.
func accumulateRewards(config *params.ChainConfig, state xstate.StateDB, header xt
// Select the correct block reward based on chain progression
blockReward := FrontierBlockReward
if config.IsByzantium(header.Number) {
blockReward = ByzantiumBlockReward
b
// Accumulate the rewards for the miner and any included uncles
reward := new(big.Int).Set(blockReward)
// itBuncletkdrf THIER)
r := new(big.Int)
for _, uncle := range uncles {
r.Add
r.Sub
r.Mul
r.Div

uncle.Number, big8)

r, header.Number)

r, blockReward)

r, big8)
state.AddBalance(uncle.Coinbase, r)

~ o~ o~ o~

r.Div(blockReward, big32)
reward.Add(reward, r)
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// HEIH THIZR P EEZRILRunc le XIREHEEFAT—EE5 25
state.AddBalance(header.Coinbase, reward)

7.4 #iGstateFllnonce

o RHATRIMHE FIREE XA(B),2/A5\165, BIHiTProcessZ BIRIH SR,

o MATEINXIRIBER S, BITRFERHRERN (BHYHIT, ApplyTrasaction) WA
170, BRRGNTTRE, EXRIEREE (Finalize, 1B TRMF) , W
169FI 74,

o HITRZURPFETERZNIEIER, BHXATUARI71-173M7R,

o HITRMNXRE RERXRNEEXF N XRKPRInonceld, mixHashfE, AT

166-168Ff7 .

// Process processes the state changes according to the Ethereum rules by runni
// the transaction messages using the statedb and applying any rewards to both
// the processor (coinbase) and any included uncles.

//

// Process returns the receipts and logs accumulated during the process and

// returns the amount of gas that was used in the process. If any of the

// transactions failed to execute due to insufficient gas it will return an err
func (p *StateProcessor) Process(block xtypes.Block, statedb xstate.StateDB, cf

var (
receipts types.Receipts
usedGas = new(uint64)
header = block.Header()
allLogs [Ixtypes.Log
gp = new(GasPool).AddGas(block.GasLimit())

)
// Mutate the the block and state according to any hard-fork specs

if p.config.DAOForkSupport && p.config.DAOForkBlock != nil && p.config.DAOFor
misc.ApplyDAOHardFork(statedb)
b
// Iterate over and process the individual transactions
for i, tx := range block.Transactions() {
/! ERNRITERRSZ
statedb.Prepare(tx.Hash(), block.Hash(), i)
receipt, _, err := ApplyTransaction(p.config, p.bc, nil, gp, statedb, hea
if err !'= nil {
return nil, nil, 0, err
b
/! FEIRZGHIKES HE
receipts = append(receipts, receipt)
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allLogs = append(allLogs, receipt.Logs...)

}

// Finalize the block, applying any consensus engine specific extras (e.g. bl
p.engine.Finalize(p.bc, header, statedb, block.Transactions(), block.Uncles()

return receipts, alllLogs, *usedGas, nil

_ J o0 if P(By)=¢
s = { : TRIE(Ls(07)) = P(By)y, otherwise (165)

AI65FE X XKRFUTRIIHE RS ANL(B), NRRXERAZT, MHFIRER IR
&, BMAATRTRYH FURTS A B A IR LS N A tH FURSN

®B)=B": B =B" except: (166)
1256

B!, =m with (x,m) = PoW(B* ,n,d) (168)

B* =B except: B =r(II(I'(B),B)) (169)

NI166-1697F X 7 XIRAH FURSAERIT T IR E 2 BI1, HnoncefEFImixHash
BEEHEPOWEIEEEX,

(1) if n<0
olnl = { Y(o[n — 1], Br[n]) otherwise (170)

PNHI70EX T EnFERZRIIHE TS, HnhFORS, HFEIRSWEIEXAI(B),ENEE
NFRZRNEFRSHERE-IZRZNEM ENARSHEZRY (RTR5) .

_J0 if n<O
Rinl, = { Yé(o[n — 1], Br[n]) + R[n — 1], otherwise (171

R[n], = Y'(6[n — 1], Br[n]) (172)
R[n], = Y*(6[n — 11, By[n]) (173)

R[n],, R[n];, R[n], DAIRTISMAIENFRZ GRS, BE, UREREFENgas
(=8

o R[n], BB A171FR, AEN-TTHNRIVEFER[N — 1], 11 LSRR ZREFE
Yé(o[n — 1], Br[n]) .

o R[n]||AEFRGHHEEM EIBIIENIZR S A&,

o R[n], H#ERFAVIASHITIR LB IR N APIRSES
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