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ligth mode

light Xt #ERENX, ERXMNXRLHTEL, MABSHEHNEIE. SEMA light 21X, BELSHRBE les
H3%, m3E eth/downloader B3R EABIXENDITHINIALS K light X TH.

deliver

downloader % F Tdeliver] FIRMBERLLEER, BATZEMEMEE—LRAPBRENFE, BNTE
FE%i2—T ldeliver] HH3<HY 85,

downloader 2RZFM M [T , BEXLFLAMEMNNERE 10, BITEXBXESIY, FIENEEL
KR E 2B eth BERTH peer X% ProtocolManager.handleMsg SEIIHY. HB4 downloader iR
ERAZE THEIWEIRNE?

¥ ProtocolManager.handleMsg EWEIEIER, <I8M Downloader XZAJLA Tdeliver] J53%, Wk
B EHRZIEE downloader &3, XJLA™ Tdeliver] 73E2 712 :

DeliverHeaders

DeliverBodies

DeliverReceipts

DeliverNodeData

WMHE—TEMRBMELI, Cf1E4EMAT Downloader.deliver Jik. XM EBESHEAN
channel, BAMENNSEFEIENLTE. FLXJL4 channel #i& downloader kBN HEAIEIE :

 headerCh : f£i%headerfiiz
o bodyCh : f&iXbody%iiE
o receiptCh: f£i%receiptifE
o stateCh : f&iXstate$iizE

EEASTRIREBA, BZARRETRAXEREIE. REEFXLE channel REFIEIRE. EEEZFLXL
channel B91EF -

KPR TEHRTE

FAF— 3K B R#EHE— T downloader Y T1E7RTZ:
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FHATH
(Synchronise)

EHIHEE%

(findAncestor)

BITTIELRE
(spawnSync)

go routine

go routine

|

go routine

processHeaders

processFullSyncContent 5 processF: tent

T skeleton KR

&5
‘ (headerPgrrocCh) ‘

(bodyWakeCh 3, receiptCh)

header ENHUEE
(InsertHeaderChain)

EXH
THRRBER YEZ T body / receipt

(queue.Schedule)

.
)
(bodyCh 5}, receiptCh)

A TE; body / receipt [

deliver to queue
. | (queue.DeliverBodies) |
(queue.DeliverReceipts)) :

[een |
‘ " | deliver to queue
(headerCh) | |(queue.DeliverHeaders)
*

DeliverHeaders [

DeliverBodies 3}
DeliverReceipts | -~

[processFuIISyncContent]

[prooessFaslSyncContenﬂ

IREVTE IR EIE
(queue.Results)

IRENSTE IR MR
(queue.Results)

FIE pivot

before pivot after pivot

EABEE Gose) ) ©

(commitFastSyncData)
| T state
(syncState)
BABUERE
(commitPivotBlock)

BNBUEE
(importBlockResults)

DeliverNodeData

A LEER], downloader HZM Downloader.Synchronise FIATITRIREHES, ©EEHH

Downloader.findAncestor ¥ ZE|5¥EET

REVFERPIESSR, FMBIRFRET. ERSH, KENBII%
A go routine SREHAERIEIE, LLEN header. body. receipt %, BBk header Z4), HTEHIEZELTFREE
HEH header EAFHIREY, LLNBERSEEAIANXR, BAFTELBLEEN1TH header, RINEHIE
H[EZ body 1 receipts FIZF2, DUEILMIFBESSBNEE. RNMTENREHATELXHMHINE, *

& Downloader.bodyWakeCh F1 Downloader.receiptWakeCh X ->channel:

func *

if ==

uinte4 uinto64 * . error

//header28 F#5M, MbodyWakeChfreceiptWakeChi@4iX—EE

for 1= range
select
case <- false:
case <-d.

chan bool

//B$header FTHEM T, EERRBLETH. BbodyWakeChflreceiptWakeChiBAIiX—HE &

for := range []chan bool
select
case <- true:
default:
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}

//3RERbody 9L FE (1D

func (d *Downloader) fetchBodies(from uint64) error {
//3EEXBErwakeChigbodyWakeCh
err := d.fetchParts(..., d.bodyCh, d.bodyWakeCh, ...... D)

//3kBreceiptl%i2 A3

func (d *Downloader) fetchReceipts(from uint64) error {
//FEXERwakeChfyreceiptWakeCh
err := d.fetchParts(..., d.receiptCh, d.receiptWakeCh, ...... D

update := make(chan struct{}, 1)
for {
select {
case <-d.cancelCh: ......
case packet := <-deliveryCh: ......
//%FwakeCh
case cont := <-wakeCh: ......
case <-ticker.C: ......

case <-update:

//MNREERE THNEE, MAEEGHHANRAEIIELETHAIEIRE
if pending() == 0 {
if !linFlight() && finished {

return nil

break

1£ Downloader.fetchParts i, ERRWEHMEEF, WRREHEER, ERTSMMTAHEEN (F—1E

HAPERY ticker S, (BINREBLEEIEER, B pending) RE{EHN 0, MABMITATEMHE) .

deliveryCh HJ{EH BodyCh I receiptCh , 7 ldeliver] /NFEHATHT, XFA channel 2R TH
RINAH LR EIER, MEIEN TRIEREEWE update KELIRRH, FAIMLBERTEASKENXAHEE . M—RTREM
INERE T B B EFE wakeCh , BRI{EH bodyWakeCh T receiptWakeCh , 7 LEMNREHAHRER
SEL, RBRILET THH header #1E, FBUEXF channel. B, AT EAR S header Al
body HHEHIENARERNF R, EINEEHSELHETERS, MR header BE THMIN (wakeCh ZHEH
B) , HE4REFSEEEIEN.

[P header B, SEMBENTRABS—1MES (skeleton) , REHIEH
Downloader.fillHeaderSkeleton EF X EEE. FTiBM lskeleton] , EIEER—ENXE RS —XR,
K& E T ERFMEHETIRR.

1f fast L T, downloader iEE—1 lpivot] BIHEZ. FAI5E fast XA STEARMITHE state 70 receipt £1
. BERDHN, TREL2EENSEURHXRY state 2EAMITE, MIEMNKEL, XNSEHE pivot.
BEET pivot XL state 4k, pivot KIRMM LRI state; = E KT pivot I XN EAMITH state
. KT pivot EGHBRNE TEHESHITIFEHMNITH.
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1E downloader &3, TEHE— queue WHR. XNNEHEREITEZBSHERHTER, UEEED
B BIRHITHLE . LLMERPE 2], Downloader MNHRSBFFEREM 821 SA queue XNHA, FHiE
headerEZ IS HiF queue ; T T % body #1 receipt FIZ&LFZMATAEIAE queue BIPLLEIEZ BT LATE
M. fx/5, Downloader TAJPAIFE queue NHREMLXRMAERIBECETHTK T XF queue HIIE
AR, ESEXBXE.

TEENHE—HIEAST— T XL EENAR.
findAncestor

XREDFHE—HEEZNEE, REWE SHEXR, XBEFA—NEEXERRRXEREZRIHX
B, IPMXERNERET RNXRN R =-TE, XM eth THY peer.Head 753AFAIRAUSREL; MK EAIERZE
AT RBATNHERXRNEEEE. —RELT, RTRPNIE ESERSHNXRATLUH X5,
BHREERIL—EZXFE. TPl Downloader.findAncestor FEARKIIZ I EERSH. HEHN
lancestor] -

ERUFBEENEXER, —M2BEIRR—ARE—SEXEARN. BEEREENXHER, E2EMRMXEX SR
PHRE— P AEEENXSE; S—MEMNE—SEXERA, BEZHZERABX R XFHFAFT7EBEINE
Downloader.findAncestor M. FIIDHIRE—TXFEMTTE.

./:EIET.I IZFEI/A

Downloader.findAncestor HEJc(FFHEE BRI EAERIERESL. BV EEERTHRHR:

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {
var (
floor = int64(-1)
localHeight uint64
remoteHeight = remoteHeader.Number.Uint64()
D
switch d.mode {
case FullSync:
localHeight = d.blockchain.CurrentBlock().NumberUe4()
case FastSync:
localHeight = d.blockchain.CurrentFastBlock().NumberU64()
default:
localHeight = d.lightchain.CurrentHeader().Number.Uint64()

if localHeight >= MaxForkAncestry {
// We're above the max reorg threshold, find the earliest fork point

floor = int64(localHeight - MaxForkAncestry)

from, count, skip, max := calculateRequestSpan(remoteHeight, localHeight)

go p.peer.RequestHeadersByNumber(uinte4(from), count, skip, false)

AR ESEHETET RMNEE ( remoteHeight ) MAMEE ( localHeight ) , REFIEMA
calculateRequestSpan TTHERENEE X EMEFE. XEREP from TEREJMEBNEEFFRIRBX
W, max REESEMLR, BRXANTERE 7 ARSHERELNESEXE. count TERFR—HMEZ
BEFEREZ DN, skip WAREXTER, kil skip EH3, from EH 10, MFEEHNE—IRREE
H10, EZANEEN 14. HHEE from < count « skip « max XANEZEBIUE, A ERH
peer.RequestHeadersByNumber %i%%kElheaderfliizK T o

XEF— floor ZEFEIET, BARANSTEATE. XMTERKRTHEBELANSENR/NME. EN
{&5 localHeight - MaxForkAncestry (3 -1) , ’@E’JEEIRAHE?EE"]ﬁgﬁll\ttzkiﬁé'lﬁﬁ%—gd\
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MaxForkAncestry X4 % JINRE/N, RIAMIIZENSXHEAEKT, SEFEH, TAFERTE
4, Downloader.findAncestor R[EI$HR.

calculateRequestSpan FISEEIRIITE AL ESE, RREBEETUTAT FXF. FERBRIEX MRS
BEQE, HAELHTEHBEIR. RIE Downloader.findAncestor J5ARIERRAAIIRAD, XFh A EE BRIk
BHAEEENFTRX, ENHNEAURAMNZEER: IRNIANTREERNE L, HFESEETARNEERETR
Ko BINAXFZHERFMIZELTRMERFXHR (AN LERBEHR localHeight TEMMNMKXIR) 2
HEHEE, AUBEERBNKRXEZEDNIZEE localHeight FAREEE. FH, R downloader_test.go
i TestRemoteHeaderRequestSpan HRFEISLIL, FINAEEASHEEIIEX—BIR: MEF D RENS
EZHTK, IPMXEHRATUEE localHeight FriRERAEELEN. XiEH [ 1200, 1250 ] X —HNiX 2 1E
WIGIE T IX A, BHFHE S EM [20, 58] X—AIBEINIAR AR, B2IK from ZM 21 FFiEH, &
FEREE 20. BEXAHEHRXREEZEEH 38, Lt [1200, 1250] X—XEMNEEZEERN 50 EE /M.

HANALEEE TR R

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

for finished := false; !finished; {
select {
case <-d.cancelCh:
return @, errCancelHeaderFetch
case packet := <-d.headerCh:
case <-timeout:
return @, errTimeout
case <-d.bodyCh:
case <-d.receiptCh:

// Out of bounds delivery, ignore

XERBERZEEREE, TEINRETE packet := <-d.headerCh X/ case B, BEFR%EFREIEKMheader
HERITHHTA IR, BUE [deliver] NTIRANMREIN, headerCh iR A kEEEKEIMheaderf.

BETRB1FME—TIEE headerCh X channelfficase:

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

for finished := false; !finished; {
select {
case packet := <-d.headerCh:
//HEREIEIEN T R RS 2RI EREIENT R
//3IEREIfheadersiIEiE
//BEREIfheadersEERKIEENSE

finished = true
//EBERER MheadersRe— M nHEARER, HHMEEESSHXIR,
for i := lenCheaders) - 1; i >= 0; i-- {

/ /R EBANE RN S E X B AR X IR

//RERNAHETELRE NIRRT, MRAMERRE T HEES
//FEHERENRENSEIREEnumberflhashZ &9,

h := headers[i].HashQ)

n := headers[i].Number.Uint64()

var known bool
switch d.mode {
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case FullSync:
known = d.blockchain.HasBlockCh, n)
case FastSync:
known = d.blockchain.HasFastBlockCh, n)
default:
known = d.lightchain.HasHeader(h, n)

}

if known {
number, hash = n, h
break

}

XEBRRIBBARK, BBERAREE. ERIIS headers HIBUE, BEAREREFARINMNER. ﬁﬂ%%’f
&, WMNESEESHXRAR, RERNEAMEEEEME TXMXE. MRENHAAXRERNMTETRZ
B ERNAES, XN EEHANSEMBFHIREE number 1 hash TEA, XEREHMERT . W% =
RERFIHEEEL, Bk RINENOrEIR, HHEEheadersBIRIEFAIIINER, finished TEFS
A trueo

ED LIRS TR A header ##E, HEEN TRITMAE. HNESERFEHRIGRZEAMN:

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

if hash !'= (common.Hash{}) {
if int64(number) <= floor {
return @, errInvalidAncestor
}

return number, nil

R hash ZTEREZHIME, FIANBIEEERERET T HEHESE. REERNHBES floor TEHHT
RIE, AIERE floor TBRFZMNEHEEENSENS/IME, WREBIARBLENSELXMEEN, FIA
AEMIPRZEARAKRT, TEAFHTEDS. MR—VEE, BREKFMEFELNSE number &

=
HEo

WR hash ZTEEINNE, WH—EREREIREHESL. MATBEREER —HEEK.

—_ Na ol

— 7=

RXEZHEESHHERLESHRNABNERESEEHN [THEREE] 2EHNERE, AFIHRERNEERZ
—NEZRREFENIEHE MRESFE IR, BMZETRRN. THRTE—R, BEIRRBHHRE
BRHERT .

BARE-T A ERNRBOERRG. TEMNRDEE [BEERZE] MNRE—RAEN:

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

start, end := uint64(@), remoteHeight
if floor > @ {
start = uint64(floor)

for start+l < end {
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check := (start + end) / 2

go p.peer.RequestHeadersByNumber(check, 1, @, false)

for arrived := false; l!arrived; {
select {
case packer := <-d.headerCh:

if lknown {
end = check

break

RERXZ—MEIREN TR TE. REEAEXT ZHERNXKRSESTE:
forfBERFRENE Fa{E check , FF7E for fEFRNEHT start =X end KIE. FE
floor RIS,

start A end , RETE

start WIBUENREET

select/case AT case 5 TEZEFE] FHRLFEREE, Rt EANRIGHHFREREZEN. B

THME—T headerCh X4 case:

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

for start+l < end {
check := (start + end) / 2

for arrived := false; larrived; {
select {
case packer := <-d.headerCh:

//BIBREIHIENT SRS RHITEREBENT R
//BiERE#headersiiiE

arrived = true

>
]

headers[@] .Hash()
n := headers[@].Number.Uint64()

var known bool
switch d.mode {

known = ......

//ERAAEMATZIE, RBAHEHEENSEZELcheckEZ 2/
if lknown {
end = check

break

// RIRTEAIMIFIE

//ZBIE T —MnfERE KRN EIEE

header := d.lightchain.GetHeaderByHash(h)
if header.Number.Uint64() != check {

return @, errBadPeer
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}
//BARBRTEAMIZTE, PR EEENSEE L checkTBA
start = check

hash = h

XERREEAMK, ESBHRAREGRE. ERNITEIRLN header 5, RBLEAMERIX header 2E
T, MREFE, RRERBLNSENZE [check, end] XK EH; MRFEFE, RAFEHELENEENZ
fE [start, check] XX 8. WRFEILEESE, WLHE start+1>=end Y, start ZEFHENIHEELN

AR — A BRI orBIRERF R

func (d *Downloader) findAncestor(p *peerConnection, remoteHeader *types.Header) (uint64, error) {

// Ensure valid ancestry and return
if into64(start) <= floor {

return @, errInvalidAncestor
}

return start, nil

BEMIEEELT, THRHTIZBE. ERBEXBAREFEE— /N MRITHSE/NF
MaxForkAncestry , BlstartfI{ER0RS, MR—ERBKEIFEFHEL, start TENES—EREL—EHHO,
FIEER 0 et KRR SWORE HEHEE:, EIFEFMG AT MRIERNT Rt XREHEN, Bt
Rt XKRE R —ERELEANEL. BRXFTLNEEANZEIERER (SRR —HIEA blockchain
BREHEESEN 1 IXRENSKRERY) , ERERREXERZ—PKIR, Nz EEEEE] —+#, Hif—
T hash ZENEZSEHINE, BIAE start TEEERERTHEHELHX R,

header BY T &1 skeleton

1EIAF Downloader.findAncestor FRENZ|HEIEILE, BT UHAER S ERFIFEFITRRELS T UK
PR REEEESFHITELSH, BEEE XN header, REBEFXRE body SR, XHEMNRERE
AREMRRESER, SINEEASHHFRTRER (SRXEFLTEBLEXNNA) .

FERTE R, header HIBZEEWE LK, R header B, H— Tskeleton] HIff&, HIEERSR
MEANT AR X RN EIR 2B RHIA, K/~ MaxHeaderFetch , IPAINEIGE TEH A header HEEB KT
XME, MEKEIIREENE, S4H5% MaxHeaderFetch 4 (BEBAIBES T T# MaxHeaderFetch

A, BAIARITA skeleton) « MBAERIRERE—MITER, MAM T skeleton. RIBKFH skeleton HAIFTH
header T# T3k, REANANE - SEBHIENT NTRETTEH, 2B MEskeleton]

( Downloader. fillHeaderSkeleton ) . F/EH T EHIBAZE] MaxHeaderFetch 4> header.

EMTHAAEIRELZTME— TR THEZHREIEX M. WRBEED T —MEETR, EWUEY
E-PMEFRKATDERFEESHXRERE (EXLHERFEACEH, WM LEEREI RS AKIA
H) o MRFNHIRKM 0 FAEHMMERR L, BRBMNEEREEREIR, R THT —EREFHHIAK
INEHR. WRFRMEMBEZL MaxHeaderFetch PXIER, RERIXLXRITEEFHIEFIZEIH skeleton
(AT 8E2 skeleton FYEHETE T, SEFSRIAT skeleton EHESET) , WMSKIVERITRRXLLE. BRS
K, EXRIACEIHRBIEM A,

TRTERANERIGE, BIMEERBEE2UNASEIA. header W T#H 2 Downloader.fetchHeaders i:

func (d *Downloader) fetchHeaders(p *peerConnection, from uint64, pivot uint64) error {

skeleton := true // Skeleton assembly phase or finishing up

getHeaders := func(from uint64) {
if skeleton {
go p.peer.RequestHeadersByNumber(from+uint64(MaxHeaderFetch)-1, MaxSkeletonSize,
MaxHeaderFetch-1, false)
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} else {
go p.peer.RequestHeadersByNumber(from, MaxHeaderFetch, @, false)
}
}
getHeaders(from)
for {
select {
case <-d.cancelCh: ......
case packet := <-d.headerCh:......
case <-timeout.C: ......
}

E—FFiE, RO T — ¥R R AR ALK header fIiEK. BEMRD HARATE. EXPRAPSHETE
EE T skeleton, NERENEMEE fromeMaxHeaderFetch-1 FiA (83%) , SFF MaxHeaderFetch-1 £y
BEIER—1 header, |%1EK MaxSkeletonSize .

AT skeleton TEMMEN true, RILIMEDEL IR T IRE skeleton HUIEK. ETRFEE—1 for TBIRSEHF
header ¥BIIFIRIFANIE, FEAIELIZFITSIEAR getHeaders %iE header HHEMIIER. RINNYKEETTE:

func (d *Downloader) fetchHeaders(p *peerConnection, from uint64, pivot uint64) error {

for {
select {
case packet := <-d.headerCh:
//packet. Items(OROKFKIKENheaderiiiEH0, WFiESHEEIERILAREN T
/BN FD ZiREskeleton FHIEM T
if packet.Items() == @ &% skeleton {
skeleton = false
getHeaders(from)
continue
}
if packet.Items() == 0 {
//BNZEAD LR Bheader FTH5 T, &JHR%headerProcChiBilheaderE 28 FHTM
select {
case d.headerProcCh <- nil:
return nil
case <-d.cancelCh:
return errCancelHeaderFetch
}
}
}
}

£ headerCh BEHER, SHAHMEEEEHE. RBLLELEEHENER, MEREHER LIRS
TE T skeleton, iAA skeleton TE AT, HILFAM getHeaders FRENT#H X (8] R HAI AL

MaxHeaderFetch MNXHR. FETRBMHEITA skeleton /NAF header. 1R LBPRSTREFE T3 skeleton, i
X E &R header BB A THTEMR T, RIBEMELZIEHEEL headerProcCh JBHI header BE LM TETEM -

HNBREALIENHLE:

func (d *Downloader) fetchHeaders(p *peerConnection, from uint64, pivot uint64) error {

for {
select {
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case packet := <-d.headerCh:

if skeleton {
filled, proced, err := d.fillHeaderSkeleton(from, headers)
headers = filled[proced:]
from += uint64(proced)
} else {
if n := lenCheaders); n > 0 {
head := ... // 7Zith current block WEE

// If the head is way older than this batch, delay the last few headers
if head+uint64(reorgProtThreshold) < headers[n-1].Number.Uint64() {
delay := reorgProtHeaderDelay
if delay > n {
delay = n
}

headers = headers[:n-delay]

XEEEHAMEEZERELIE skeleton, WRZE, HAHRITAIEIERD skeleton iR 7, XEIFH
Downloader.fillHeaderSkeleton XEBHTETE, XA FELREIETN I EheadersfE b E headerfi R
5| (P8 24| 24Eheader2FH Downloader.processHeaders £ 7) , REF XA NREESFIE
¥ headers 1 from TE.

MR LFIBIEHTZ skeleton, WRARMNEXREALSBERZT, RFTEBH—LEXIERELHINT, MEK
AR IX L R FBHY header. XBLEFIMAMHN EHEESHIREIR header NREEENSEZREHE
reorgProtThreshold A, MERZ, BESEREM reorgProtHeaderDelay > header £, XEH
FTAR? BINERETE, FEE TENRBEEHITIRRA:

func (d *Downloader) fetchHeaders(p *peerConnection, from uint64, pivot uint64) error {

for {
select {

case packet := <-d.headerCh:

// Insert all the new headers and fetch the next batch
if lenCheaders) > 0 {
select {
case d.headerProcCh <- headers:
case <-d.cancelCh: ......
}
from += uint64(lenCheaders))
getHeaders(from)
} else {
// No headers delivered, or all of them being delayed, sleep a bit and retry
select {
case <-time.After(fsHeaderContCheck):
getHeaders(from)
continue

case <-d.cancelCh: ......

3

}
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}

EAERN if 9XH, BFELAET skeleton, EATEEESE &S reorgProtHeaderDelay MXIR (AT
BEREE) o BBAIE headers FTEEREMNHMELTNALEEHRRLT . F—1if HHRITER, MB
A header KRR, Bi%k% headerProcCh #{T4b¥E, Downloader.processHeaders =%Z1FiX channel
RSHB TR, WNERE header EAME, HifE%fF fsHeaderContCheck %, BYIEH getHeaders i%
KR, XEFARBR? & L —BRE, R—ERE—TXMEH.

HEUXBRIB—FHREREE. FRAMERN, H commit (HITRAEXE, M lpull request] HEXE. M lpull
request] H{EBMMRERNIATLT X ENRBHMBEFING: XMERFEERNTRALELIMA Tinvalid
hash chain] $Hi%, EIXMERHERZENERN ERMTIET SRS —ERRFEENMA R A
FHMERRP, ERETRELET reorg ##iF (BUXBIERXT MEHES5ME) WNE) ; SRNBRIRES
EiERHH KR, WHREARNNISCTHFNESE EOXKR, MBITREX N EMHERR, Rkt
BAX®RN#HSIRE linvalid hash chain] 4iR.

ZRLE Treorgl #iE, MBEAFXRMA. EUAFEMLE, FHEE—PRRERR 10 73 20 4
Ao —RIEAT, MRONEBXHKEEE, ENESHEELZFERN, SR THEAERAMEBNRS]. FTAERH™
E—PRRPXENEZE, EBERLTER—AXREEMNGTTRTIRELE lreorgl ##fE. BREEERAHM
MURZXHREIRE] WELSEIR, state BIBNELSHIFERT . £ fast BEHEXT, H— lpivot] XHRAIHE
&, BRMNEERFAGRE, SRRRATKELSZATREREED Mpivot] XER, XLEXIRE state ZHES M
KETH, ZRAKEETENRRNELERE, EEAEFS—AXRNENITTLE Treorg) HRIEN
RRKIGM.

FEBIARXMERTLRER Treorg) BIERHFFENXRNZESIEN, IUEFHIIINXRE [FRE

B, IRARESHXRFEERES (WHERNESEENNELERK) (EXE IRXESHREHER
%1 MRIBFPEN XN EeEESAMEREEFNRSSENZEEKRT reorgProtThreshold ) , A4
EEZHT LR RSRITIXR, XH2E reorgProtThreshold #1 reorgProtHeaderDelay XMNEEERIH

X FI/EMEAI sleep fsHeaderContCheck #, HIEB/BE—NEHRZ, BRLR3EHE. M Tpull request)

holiman $Z[SJMEEE, FE—THIAZME KERAIFIBT AR :

if head+uint64(reorgProtThreshold) < headers[n-1].Number.Uint64() & n >= reorgProtHeaderDelay

JE SR IEE AL T TR

if head+uint64(reorgProtThreshold) < headers[n-1].Number.Uint64()

BERILE2UATEEX/E, KRB reorgProtThreshold #1 reorgProtHeaderDelay HIEXfE (48 7F12) ,
headers # 7~ AT £ 258 delay. PPl sleep fsHeaderContCheck FPEIRIDRIIZ2HITREIM .

ZJlt, Downloader.fetchHeaders J3AFERT, FIBMXKRLBM TEHTRKT -
pivot

BIERAGE, fast BRHESHREMET T A TE receipt FIFEMRIHI X EREY state F0i8, XA KRWEFRH
pivote 7 pivot Kz &, FrARIXRESZER full X T, L&A header 1 body fE AT state A0
receipt FIEEN FEMAZEIBEH, MABERAMSE L THN receipt A stateo X—/NEEATFETIHIX L
e

RATHEE—T pivot REMIEEEMTHEEN . ERSRFEHEF T BEFSHRELE, BIUTET pivot
B, BAERENT:

func (d *Downloader) syncWithPeer(p *peerConnection, hash common.Hash, td *big.Int) (err error) {

pivot := uint64(0@)
if d.mode == FastSync {
if height <= uint64(fsMinFullBlocks) {
origin = @
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} else {
pivot = height - uint64(fsMinFullBlocks)
if pivot <= origin {

origin = pivot - 1

XE height TERRMEXNHTTRNEE. ATUESD, WRE fast EXENHTHEEELT
fsMinFullBlocks , M pivot HI{EN height - fsMinFullBlocks , &NH 0. XE origin TERE
HEFETHNRREEXENEREE (78) , M EEXEREOATUEZIMERTE fast X T, T
origin PHEZ/NTFHET pivot , UHMBERBFETHNXRX E—EZEE pivot Xk,

XEITHET pivot TEFETAAR? RIMMBERBFIURESEE, XN ETEERAT
Downloader.fetchHeaders #1 Downloader.processHeaders #WJ5ik. HIIDHNEEXB N EEZEA
A pivot XNSHW. AIELIFEIEHZ, pivot XM FZBHEELTE
Downloader.processFastSyncContent H1, MAZ _LEIRFIFIRZELL fetchHeaders F1
processHeaders . ERIMIARBELENBREIRBNTE, BEE

Downloader.processFastSyncContent o

F{1%cE fetchHeaders :

func (d *Downloader) fetchHeaders(p *peerConnection, from uint64, pivot uint64) error {
case packet := <-d.headerCh:
if packet.Items() == 0 {
// Don't abort header fetches while the pivot is downloading
if atomic.LoadInt32(&d.committed) == @ & pivot <= from {
select {
case <-time.After(fsHeaderContCheck):
getHeaders(from)
continue
case <-d.cancelCh:

return errCancelHeaderFetch

Downloader.committed FEARFRMEBEXFZ pivot KIRFIFTEEEE (B state) 2B DEWIRZEIARMEHE
B, MRIZEBER 1, FUAH 0. FALUXEMRBIRILERTZER T TEEKEIMN header 1827 0 (ATREX T
BESRBEEIEBITULHNT) WIEAT, MR pivot KEUREERIZZ ZIAMEHRE B YaNERkKPKRESEXRTF
pivot EE, BARE—= ( fsHeaderContCheck ) FIRIEKHHY header, IXEWME N T EF pivot XERAIZ
Zo

BAVBE—T processHeaders HiXf pivot ZHEHIEH:

func (d *Downloader) processHeaders(origin uint64, pivot uint64, td *big.Int) error {

if chunk[len(chunk)-1].Number.Uint64()+uint64(fsHeaderForceVerify) > pivot {
frequency = 1

}

if n, err := d.lightchain.InsertHeaderChain(chunk, frequency); err != nil {
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chunk TERFRUE—AEES AKRHEIELEN header. XEH pivot ETEFREM frequency HIE,
frequency HIE{UXFAREEEL lightchain.InsertHeaderChain , EEXEEEERAMTE XL,
BRELNEERE—T header WEMM. FILIR chunk FRXRMESEEMN L
fsHeaderForceVerify XF pivot £%{, IPAX header FIFEH 2 LEE 4% o

S % E pivot it S E LA ZIZENES, A Downloader.processFastSyncContent H1o F]
FRFMEFXNDFE.

func (d *Downloader) processFastSyncContent(latest *types.Header) error {

stateSync := d.syncState(latest.Root)

pivot := uint64(0)
if height := latest.Number.Uint64(); height > uint64(fsMinFullBlocks) {
pivot = height - uint64(fsMinFullBlocks)

X2 latest ZHWMERSHBMITENELIXENESEE. EXNTE—HE, 2ELEEXFDL latest B
state £#E (18 latest HistateBIEAEE) , RRUE pivot TE. FRXEMITHEFTESIERINES
NIFFIERS R I B2 — .

BMNBEBERERRB. FENRBE AR for B3, BEEERMEUERARBUXEKELER, Bt
WEBEUE AT L5k

func (d *Downloader) processFastSyncContent(latest *types.Header) error {

for {
//EFE A NN X REE
results := d.queue.Results(oldPivot == nil)
if oldPivot != nil {
results = append(append([J*fetchResult{oldPivot}, oldTail...), results...)

//RHREM, B pivot Xk,
if atomic.LoadInt32(&d.committed) == @ {
latest = results[len(results)-1].Header
if height := latest.Number.Uint64(); height > pivot+2*uint64(fsMinFullBlocks) {
pivot = height - uint64(fsMinFullBlocks)

//BA pivot KRR, t19 results
P, beforeP, afterP := splitAroundPivot(pivot, results)
if err := d.commitFastSyncData(beforeP, stateSync); err != nil {

return err

//45TRAME P: FHE state R, HIAA commitPivotBlock IRZZZIAHMEIERE.
if P 1= nil {
// If new pivot block found, cancel old state retrieval and restart
if oldPivot != P {
stateSync.Cancel()
stateSync = d.syncState(P.Header.Root)

oldPivot = P
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}
select {
case <-stateSync.done:
d.commitPivotBlock(P) //commitPivotBlock £3%% Downloader.committed &&H 1

oldPivot = nil

case <-time.After(time.Second):
oldTail = afterP

continue

/7% afterP FRRIXIRE NAHEIEEE .
if err := d.importBlockResults(afterP); err I= nil {

return err

B for BN LIERTBEATURENT:

1. SREUT# 52 RAY block, L pivot J95 XL block H143 AL =#k: P. beforeP. MafterP, Hrh P K3k
pivot X,

2. beforeP SAARMEIEE. FRXLXRERHE state ZHEMN.

3. MR YRIFMAIXRAPLETE pivot K3 (B] P FAZE) , MTHH state ik, HFETHRUEE P B

ANAHIRE.

4. WMETH P K state HIRBH, MEM oldTail FETEARBARMEIEEN afterP , REEFME
1 SR

5. WRE 3 HHEA pivot BIN, M afterP BAARMEIERE. EEXLXIRE state 2 AMITE H R
Ho

HXER—REEBSEAZE oldPivot XNEEUENEREM. oldPivot REMBDZHNKIMT — pivot
KR, EERRINEAREREE. KEHERLHET oldPivot MIE, F—AR:

if oldPivot != nil {
results = append(append([J*fetchResult{oldPivot}, oldTail...), results...)

XEMEEZE, URBNE RS ALIREM pivot X3, 4 oldTail A—EREE L IRARMARIMEL
BEEM afterP HREER, MNBFERENAZ results . MEZLHET oldPivot HIRIBR:

if oldPivot != P {
stateSync.Cancel()

oldPivot = P

-

XEBREFMTREEHH pivot KR, WSR2 N EFE XLz

BE-NEFHERNMSE, pivot KRFFBEENR—MBENXR, MEAWETEHELN, HEFRBN
T

func (d *Downloader) processFastSyncContent(latest *types.Header) error {
if atomic.LoadInt32(&d.committed) == @ {
latest = results[len(results)-1].Header
if height := latest.Number.Uint64(); height > pivot+2*uint64(fsMinFullBlocks) {
pivot = height - uint64(fsMinFullBlocks)
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ENENSRITEH pivot KRWIRZY, AEpFERINKREECELL L/ pivot BEBHTAZ (2*
fsMinFullBlocks) , BLEFAFX RN EEEHITE pivot.

AT AZ KBS EH pivot NG EMR? YIRS —MEF THEM state, REATIAEARMITEX PN XRUFH
X ERHY state F1 receipt #13E, XFEMA M4 Q)ERL?

BRI FERETXREHIAENEE. BARNERRBSH—TFHEHMITEL T pivot KIRNEE, BHRIZE
BHEREEA £ T pivot XA state ##E. EFT T pivot BJ state Z ATXELAS(E], W55 E A RES4kEuE
K, BHEEEATF height « EYSFHNIHEE T pivot KERE state FHER, BHEXMRHRANFTAHE
Z2—MRIEMXRT . HTFIHXRM state SATRESHEETN. TREN (XTXREBNFEAANBTITESE
XEXE) , BRI ETEXD (pivot) KR state i, FJRETEB R T BNEEE.

XA @A pull requestf B R

Since we added in-memory pruning about a year ago, the downloader cannot stick to a single pivot point

throughout sync, rather it needs to push it forward if the chain progresses enough (since old state will
become unavailable).

fetchParts

Downloader.fetchParts iXNJ73AFSRIREU X REHR, FEIREN X R = AP EIRA 535
(fillHeaderSkeleton. fetchBodies. fetchReceipts) , #2118 fetchParts LR, EXPMHEXTTFE
Z&, RECEENRERRESEFZRABRHEAXNTE. LTHEEEKITENSHIEMIIRE, RESH
IEHRF4E T RENCOE (TRESXMERCERSTEDS, BAERENUEAIEIIMEMEBEM) -

WX B ETH—/N R~ TIX 7%

fetchParts FEFMRZEHEMINEEEM queue NREARTS, BXBEIEERIIAESX queue XTHME
TTEMARNE FF queue KIEMDITESEXBENE) , HRIANLEETR queue MM —HLXREIER
HEERR . XERA T EIRF 258 T header, H1R4E header & T#; body # receipt (AR 2 fast #1)

queue TR TIX—URERIXEHIFENEE, JUEMBREMLELETUTIETRT . MEKIEEETH
L LR TEHBR %5 R,

HANFERE— T EMNBAEEHNRE:

func (d *Downloader) fetchParts(...... ) error {
ticker := time.NewTicker(100 * time.Millisecond)

defer ticker.Stop()
update := make(chan struct{}, 1)

finished := false

for {
select {
case <-d.cancelCh:......
case packet := <-deliveryCh:

case cont := <-wakeCh:......
case <-ticker.C:......
case <-update:

}

XHF—F, HIXNFENKBERRLLEEWM. FEAEEECIET ticker M update A channel,
BEMES% deliveryCh M wakeCh , fetchParts AIEEZRFEEIRSEFHXMA channel HIEE.

HIX B FHREMIZELELE update SHEE, HEJLA channel ERESHEHHTHENLAEE, &2
WA udpate BHTT—HHI%E. 7 update RIERIH, BE TIHEKEA . THTMRSE THMERLL
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|,

BETREMND A HT— T8 channel WESHEE, SWMLER.

deliveryCh

deliveryCh fEFSLEERTHNEE, YBEREHEETHTRE, MEAIXA channel &8 B HIEGLET
ske 53X channel 25 Downloader X% Deliver J53:4H%H (DeliverHeaders. DeliverBodies«
DeliverReceipts) - MiAM fetchParts HI=ARIBHTIUIEER], XNSHHIEFRERN TR
Downloader.headerCh « Downloader.bodyCh . Downloader.receiptCh . MiX=- channel S3I#EMUT
EANFERWEALIE: Downloader.DeliverHeaders « Downloader.DeliverBodies «
Downloader.DeliverReceipts o FfIZAIIREIT, HIEFMMEHIELIERZTE ProtocolManager.handleMsg
W, EREXNEPREIRER, sisBRAMERNA Downloader T8 deliver J53%, HMIGEIRERE
fetchParts i,

BAVEE—T deliveryCh SHEZMALEM:

func *Downloader) fetchParts(...... error
for
select
case = <-
if = d. . . 1= nil
if ==
return
if =
select
case <- struct
default:

FEREITHEEUE, SEAHRAZHEENTREETEER, RAEELEATHENRITAAXNTTEN T,
SR TRBE, EWEERENTFEELH, RNSWETENTRRENEIE. MRIEMER, B
HEZRZLEEIET .

MRTRRZEZN, RN2EA deliver SEELBEIE, FHeEHREE, HEEREHRIIFR setldle K
TRIRBAZTHRS. MR—INREEM, MLHEEL update HITT—SH0AE.

deliver SHE—IEIARH, EEXRBE, BMRWEIF TEBINEENE, BEEBRIIE M. NiE
Fl fetchParts ZMIRIBE, XNSHEAREBNEREEIERT queue 3T5 K Deliver J53%:
queue.DeliverHeaders . queue.DeliverBodies . queue.DeliverReceipts . HEt2iH, WEI TEIN
HEHRE . #4T queue HEITALIE.

setldle 2— T EIBERH, EHEENTR (peer) WNERKBHTEHRSREANZTEN (dle)  XNEREHH
SCPRSCIEBZIAA T peerConnection XHRAIMEKTTE: SetHeadersIdle <  SetBodiesIdle «
SetReceiptsldle o XHYMERFE THUILEEIRR, FHATUMRLES AT R APER— DT TH. FEX
B ANE ARSRNEREIEM A, LT aUgBE TH header, E2—1 header THMZ T
=, BE{ITREESE T body E#iE.
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wakeCh

XfF wakeCh , MEFEAIAFIE, XNSEARME fetchParts , WEIXMHERFEFTNBE AT LALE
T (BHREIREATATE, HTHETHT) « BINERE—T wakeCh HEMLE:

func (d *Downloader) fetchParts(...... ) error {

select {
case cont := <-wakeCh:
if lcont {

finished = true

select {

case update <- struct{}{}:
default:

}

wakeCh RUHEREHIFEE L. KESRIEHEPHNERE finished o X4 channel FFEMERENGE,
EELELEFTETH. FARGBARTSREEETRNA, RN2HE—TTEEEN THN wakeCh AIELIX
TESRIEMTT -

3FF header T E (HLR B EIEF skeleton B heaer) , wakeCh HIEHESEE queue.headerContCh o
QB queue.DeliverHeaders FAIFTBRE TEA header & TETR TH, F %X false /X4
channel. fetchParts TEWEIXAHERT, FENERTE header FETH T . KX HELA
queue.headerContCh FIRAZAIT:

func (g *queue) DeliverHeaders(...... ) (int, error) {
if len(q.headerTaskPool) == @ {
g.headerContCh <- false

TE T # body 3k receipt B, wakeCh AJEHSIZ Downloader.bodyWakeCh Ik

Downloader.receiptWakeCh . £ Downloader.processHeaders ™, WIRLZINFFAE header D& TEHS5TH
T, BAKIE false £53XF channel, BAIE(1EBH header 7. FRIX BN ZEHM header 7, M
JEZ B HHI body T receipt T, B A body F receipt H¥I TE ki F header. FZ header 5t TH TR A BE T,
FTUAXSF T # body =X receipt f fetchParts 3kif, WEIX wakeCh FRFBASHEBEMILE D THEIE

T XR&EETIRT .

WSRFE Downloader.processHeaders FIEELIET —Ht header, Fi&& X true 81X channel, BEIEA]
BFNLETTDRET, HERFEUALESBEHEFTEAE, RETRER (REEIRE finished 7 true) .

XA R IEH SRR

func (d *Downloader) processHeaders(origin uint64, pivot uint64, td *big.Int) error {
for {
select {
case headers := <-d.headerProcCh:
if lenCheaders) == 0 {
for _, ch := range []Jchan bool{d.bodyWakeCh, d.receiptWakeCh} {

select {
case ch <- false:

case <-d.cancelCh:
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}
}
return nil
}
for _, ch := range [Jchan bool{d.bodyWakeCh, d.receiptWakeCh} {
select {
case ch <- true:
default:
}
}
}
}
}
ticker

ticker.C HUHBAERZIEEEEM, X4 channel A2A T EEMEMEIE update FUEERIE, HRBEHE

B AT ZBEUEXEMREN—NTRET T HK. EREELERBUT:

func (d *Downloader) fetchParts(...... ) error {

select {

case <-ticker.C:
select {
case update <- struct{}{}:
default:

}

update

update EHHEE=/ channel %, SRHELESII T fetchParts KIFTEEXEIZEE, HPB R THE

ZHbE. BTREMHK, BITEESMAIBL ST,

EE—BONNRBEF, TERZ-LERMEHNT, {KBWT:

func (d *Downloader) fetchParts(...... ) error {
for {

select {

case <-update:
if d.peers.Len() == 0 {

return errNoPeers

}
// Check for fetch request timeouts and demote the responsible peers
for pid, fails := range expire() {

if peer := d.peers.Peer(pid); peer != nil {

if fails > 2 {
setIdle(peer, @)
} else {
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d.dropPeer(pid)

[

// If there's nothing more to fetch, wait or terminate
if pending() == 0 {
if linFlight() && finished {
return nil
}
break

KREEELHMRETAERT R, RERWNMAEBNEENER, S THEENT A d MEENEE. MRXE
PTRTHNTHENBEEARSZ (KT 21) , AUERRNRNETESHETHLHECHMEEHEES,
AR setldle FXMPRRBRTRRE; MRENHNEERE/NT 24, NEERHASXMERIEHNERE
(XEEZHEEHRON, WR—APREZRXTHFNIZTH 100 FHIE, B—FENT, IMERALSSHK
WP (ERBEXFIE LM EZI TN -

setldle fEN%A deliveryCh HRIEEBENAN, AUXEHIINBE—T expire o expire Z—TEIFE
#, SRESFAANBREEEE. XPMRBEFIMEZEAT queue XTHRAY Expire J734:
queue.ExpireHeaders « queue.ExpireBodies . queue.ExpireReceipts , X=N/7AMS K 2BNER
{H, XME=Z downloader.requestTTL J5ARIRENE (XF TTLESE [RTT 5 TTL) /MH) « EED
Expire 755&H, SEITHAIERE THNEIETR, RIGRESE LA E N EERT S ERENEE, FEERE.

HEAESEBRHIEUE, 28 pending RIAMEBLBEFTETHNEE. URRE, THEH LR
inFlight #{#M finished TEHTHUT. finished E— )BT E, HLE wakeCh HIHENBTAE
WIRBE N true (B0 TwakeChJ /NF5) ©

pending SRR T —PEFERE, RAHIRE, EENEHMESEERTE NHNEE. ENXMER
queue FTEAY Pending 735%: queue.PendingHeaders . queue.PendingBlocks
queue.PendingReceipts o XL Pending 77ASIRE queue WHRAFICFEHEBF THMNESEHE.

inFlight 2#BE—TEIARE, MNBFHAUEL, ENERNEANEETRHE EETHMN. BT THER
MEIE (T8 NEESZH ] ) - THIRFESE queue XA InFlight 53%:  queue.InFlightHeaders «
queue.InFlightBlocks « queue.InFlightReceipts . XLt InFlight 7755RISCELS Pending 735525, 3K
Bl queue XHRMWFMBIZRMIEE TEHAIEIEEE.

(XF queue WERMHEMAHT, BESBXREILE)

FEERMHMTR G, BIBREERSNE:

func (d *Downloader) fetchParts(...... ) error {
for {
select {
case <-update:
progressed, throttled, running := false, false, inFlight()
idles, total := idle()

for _, peer := range idles {
if throttle() {
throttled = true
break
}
if pending() == 0 {
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break

1
i

// Reserve a chunk of fetches for a peer. A nil can mean either that
// no more headers are available, or that the peer is known not to
// have them.
request, progress, err := reserve(peer, capacity(peer))
if err 1= nil {
return err
}
if progress {
progressed = true
}
if request == nil {
continue
}
if err := fetch(peer, request); err != nil {
panic(fmt.Sprintf("%v: %s fetch assignment failed", peer, kind))
}
running = true
}
// Make sure that we have peers available for fetching. If all peers have been tried
// and all failed throw an error
if Iprogressed & !throttled & & !running && len(idles) == total && pending() > @ {

return errPeersUnavailable

[

o}

)

X—BRRBEBAMHK, EXEZEEIREEN, MIEAMENTRHTR, HA fetch RECREEIEIER.

ERXIEER, ELEGRHE, HRAZTESNSH. BEMIEFGNAL, RBAERILSH. i

AFASER AT — TXLESHNENX
inFlight ZHINNANAET, SHAREEIEAETRNEENRE.

idle SHE— 1 EIERLE, ARREFELSITSHNTR. EFIEFMER peerSet XHRHY IdlePeers 77

5%: peerSet.HeaderIdlePeers . peerSet.BodyIdlePeers . peerSet.ReceiptIdlePeers . 7E

downloader ﬁi?&EFE’\] peerConnection XM, SLIIT X eth #HRAN peer FTREVEZE, #I17 —LORES
ER, EhHBESEE T N. M peerSet E—%t peerConnection MIEIEINTS. %F peerConnection

5 peerSet HIF4EE, i55%& [peerConnection 5 peerSet] /N

throttle ZHBE— P EIARL, MBFAUEE, XIPRENEZREALAN THEERFTEEE—T. 5(1

T header T %, EMEFFMEE2—MERRE false MEE (AL T# header FEMRALEE—TH) ;

*F body F1 receipt, ERISLFRER queue FTHAI ShouldThrottle 755%: queue.ShouldThrottleBlocks N
queue.ShouldThrottleReceipts « AT AETHIREHFEHE—TR? HXTEEANTHIESHAAMAZ
KIN7E. M queue XF5HJ ShouldThrottle 75 7EMSEIRE, MR THHNEIE NN L THERENMEEFH

MEIEANE, BET limit , MBEEE—T,; ™ limit HFAEZ blockCacheMemory X4 K/NHATE
(64 M) FRRATEMRIEHRE M. (XF queue HIFMLI, BESEXRBE)

reserve SHEE—TEIARY, EMENEMN TEES PR —LAIUTHNES, HiBE—
fetchRequest #it. ERISEFRSLIENZIEA queue XT5H) Reserve J57%: queue.ReserveHeaders <
queue.ReserveBodies « queue.ReserveReceipts . T IRE fetchRequest ITHR, BIXiRE—

process T E, FIIEERATHNIBLAWLE. LMETREEXRAFARGEEM—EX5, HILEH body
F0 receipt #HEZHY, LW@I?EE‘“E’T%%ETﬁE’] 7 queue XEM Reserve 7335H, & XTiXFIERHTIR
Ho MEBRSHEIE, XEHESWEBRCHTERI. £FAREAN, EEEL4Y TEEFRCATH

BT BB E

capacity SHMBE—PEIERE, ENELARRELR THFEERNEIEN . EHEFRIIEHRE

Fi peerConnection HY Capacity 737%: peerConnection.HeaderCapacity «

peerConnection.BlockCapacity . peerConnection.ReceiptCapacity . XLt Capacity 5522 iRIEE ST
REMDREZAMN THIRHINELR, RRERXTHNEE. capacity 2585 setldle SH &R

yangzhe.me/2019/05/09/ethereum-downloader/#5| 5

21/35


https://yangzhe.me/2019/05/10/ethereum-downloader.queue/

2022/2/7 F2712:45 DIAHG IR RS fRMT . X B [F]#-downloader
E. AAEIAR setllde B, &R RANKEKREIMNEIE N EHITIER. M peerConnection A Capacity 75
SEIEREE EIR setIdle iERMEIEIITITEMN. XFAMITHETE, AASF [peerConnection 5
peerSet| /N5,

fetch SHME—AMBERL, ENINRERAE, MELXRBEENIER. ZIMSHNZERE HER,
XERTHEEST

ERATXESHNEXE, NFHXBERBEHRLERGFERT . RBESFERRENESRTATHEE, TS
FIREERZIENEE— T EEMEHIBEETHERT,; MRAMES, WIEN—EHIEN THES, #HT
TH. iR, WREFBIZXRFETH. BERFLEFTH. BMBEARTABEN. BEMIFEHREFTET
%, BTHRBIETER, FMIREE errPeersUnavailable fHIRo

ZEi, FAVEEA update HEMLEIRESITER T ATLUEE update HEMAETZEHNHR AT FIHT
EREAHEFTETH, WREFENREFBMEENIBER. EXPIBRHHETH queve WRESTRER,

ARIARITI Y — L5, SBRIBE LEHRESR. XLFHEEREHERTEATH, RETHIRHY
RENER, FTTRERRSNHEEES.

RTT 5 TTL

WREMNECE-MHENME 10 27, BEXBANBRRANLE. BASZKNEFTBNE? —RINHET
—PRARNE, FHFERARBHER—1EE. EAEATN downloader BT ZX A, downloader 1
HfER TRTT) A TTTL] ZWANEEESENNE, FREREHINSESR. TERINSKERFXZ2NM

LI

TRTT) REMEZMEEIERIFZIEIRMFZMRBHE (Request round trip time) o X FXMESHBREEE
REBEHEB, TEHEMNSAHE—T.

—2HMNAZEN KRBT ENANE] , FEEHEZOHIE (WL 10 NN ESERBBEBXRMN) .
SCRR B IX A R E 24615 K AMZKEL MaxHeaderFetch £:##& (header =X body % receipt) RUERE. FHAEXAD
ERBEETE skeleton A LWEEAMER, M skeleton REXRIERILFEZN TH HiTH, 4
MaxHeaderFetch £##E. AIHAE R BIEIET skeleton A< HE RTT) WR? FIEREFMESLI, &
Downloader.findAncestor #1 Downloader.fetchHeaders 1, #ZEIEZEFHM peerConnection.peer
BHELZBEEEK, MARZFEMARN peerConnection 3%, BRAHIAM peerConnection IT5HY setldle FH3%

35; MTEMATE skeleton IMFEHAY Downlaoder.fetchParts J53%, BT peerConntection HJ Fetch J5
7% (FetchHeaders. FetchBodies. FetchReceipts&) #1 Setldle 755% (SetHeadersldle. SetBodiesldle.
SetReceiptsldle®) . i1 TRTT) AITTEMEFIERZTE Fetch 757%H0 Setldle 57EH TR

TREBNNAREE 438 M [ MaxHeaderFetch $E0E] , FHRBHELFEIERT AT, LprLiXE
HIEE =6 X 3R header« body~ receipt FEUER—3, HIL TRTT) HERFRIERIFHKEIFESE
MaxHeaderFetch ZFEBAPIRKHE. XEENENTH AN RTT % peerConnection.setIdle J5iEREHT
B, MIXPITEW peerConnection.SetHeadersIdle « peerConnection.SetBodiesIdle .

peerConnection.SetReceiptsIdle =J5EIAM.

MTTL] REMZHMERAAVFNRKHE . BTN EREREEE, BIAANHTTRBR T XS
LEE TR, BMAEZW T .

BRTEAMES, TERNEEENENMEEN. SENFEINTRKE, BE -1 RTTE, XMERER
1 peerConnection.rtt o BE—PMHHREAN, SBAE—MYHRE, XMERELARECERENTR
B RTT B9 (%L

func * * error

%F peerSet.medianRTT MISLIMSHTIESE [peerConnection 5 peerSet] T Hfl lpeerSet] /N5

XNMYREERAZRHES AR AE, BHEATRNERERTHEERIT, ALERENEREREIE
H, BEXXANT AN RTT REER, FEEBEETHTANESERL. EFNTEEESD Fetch &

( peerConnection.FetchHeaders « peerConnection.FetchBodies %) B3 fetch fUiCiARTE, S
Setldle 7535 ( peerConnection.SetHeadersIdle . peerConnection.SetBodiesIdle %) i+# fetch HiiZ
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2022/2/7 F2F12:45 PIRI IEREAENT . X3 [ #-downloader
AR R HRTR B ZERE, B2 RTT f9{E. THEMEXRBEI (BF&REURSEIERER, FHXBRFE
Fi peerConnection.FetchHeaders #1 peerConnection.SetHeadersIdle Z5f5) :

func (p *peerConnection) FetchHeaders(from uint64, count int) error {

//7E headerStarted FiEg® fetch HIRRIARTIE
p.headerStarted = time.Now()

func (p *peerConnection) SetHeadersIdle(delivered int) {
p.setIdle(p.headerStarted, delivered, &p.headerThroughput, &p.headerIdle)

func (p *peerConnection) setIdle(started time.Time, delivered int, throughput *float64, idle
*int32) {

//FA time.Since HERTEZE

elapsed := time.Since(started) + 1 // +1 (ns) to ensure non-zero divisor

//EH rtt

p.rtt = time.Duration((1-measurementImpact)*float64(p.rtt) +
measurementImpact*float64(elapsed))

ERXEEH RTT BIAE, Hl RTT EHFHAERK: [BR RTT EMRIESRIMNAEIZ. EFRIHN RTT B4
(1 - measurementImpact) , = 0.9, RISEIMASEIZALL measurementImpact , Bl 0.1,

NESIMTRERTTET, EXFNEHEEAERAR? £ Downloader XM, F— M
Downloader.qosTuner HJ go routine, E&R—ENEITE—1TEF Downloader X% RTT {&:

func (d *Downloader) qosTuner() {
for {

// ERIBEMSRIFAMETS RTT RAHER rtt AE

rtt := time.Duration(
(1-gosTuningImpact)*float64(atomic.LoadUint64(&d.rttEstimate)) +
gosTuningImpact*float64(d.peers.medianRTT())

D)

atomic.StorelUint64(&d.rttEstimate, uint64(rtt))

// rtt BT, 50388 (rttConfidence) hEEREEH
conf := atomic.LoadUint64(&d.rttConfidence)

conf = conf + (1000000-conf)/2
atomic.StoreUint64(&d.rttConfidence, conf)

select {
case <-d.quitCh:
return
case <-time.After(rtt):
}

I ETER—EBNEHMEH—T Downloader.rttEstimate HIfE. BHFESENT A RTT EHHZE
B, LREAMITIOEBEHITED: AESE (1-gosTuningImpact) , B10.75; HETMFET AP RIE AL
qgosTuningImpact , B 0.25.
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2022/2/7 F2F12:45 DL AR . X B[R #-downloader
7 Downloader.rttEstimate , XNJ7AILEEH Downloader.rttConfidence FE&, HITEM g M50
e¥ , BIRR [EZATEF EM{E Downloader.rttEstimate #HEESLER] , EMNESENTFHETF
1000000, £ Downloader.qosTuner HISLIIA, #R#EZBI Downloader.rttEstimate MIE, FitEAERZ
LFHEREEITTF 1000000 Y.

RIAFNHL, SHEFTREAN, RN RTT 2— MEHEE, THRSIFEAEERK. AEEEHTR
BAR, RTT WEMENRGEERTEN, RESHETT —BENENEEEEUNE, ToEFEETE L. X1
Mz O8E MENT N XMIE L. Downloader IF5%E— Downloader.qosReduceConfidence 7J53%,
XANFTEFEAREN ME0EE MEN, MEXDNHFEIBEEINTREA

( Downloader.RegisterPeer ) B ASIAM. Wt 2iH, ¥EHFTRMAR, HTHERTT 2&EM, B
Downloader.rttEstimate HWEEFIMATET, ALERL—T Mzt A
Downloader.rttConfidence RI{E.

FB4 downloader BHRZANAF XA ME OB MIE? SLhr L ERARBEIHTE TTL, ENERENNEA:

func *
var
= . . &d.
= float64 . &d. / 1000000 .0
= . * . float64 /
if >
return

ATLES], RTT M 50851 —#ARITHE TTL. HF Downloader.rttConfidence T HLIREIRLT
1000000, HEXANFTEE conf TEMER 1 H/NF 1. L rtt / conf WERZATRET rtt . 1
MEW, [MEOHE #/), B30 TTLEER. BHEEEL, HEEBNEIRBEERM—L,

RTT BR 7 ARITE TTL, <M peerConnection I Capacity 7555 ( peerConnection.HeaderCapacity
%) —BITEEX THNRERIERNEE. BEFRMATRNTE TpeerConnection 5 peerSet] /N5 HEAR.

peerConnection 5 peerSet

ENAXRE SR RNIREE, RREETRNZE peer WE, EEXLNZMZE peerSet , Ef]
SCINTE eth/peer.go XA . TMAE downloader X, RRIZFET RMZ peerConnection X%, BHIRIXLERY
SR peerSet , BEfISLINFE eth/downloader/peer.go XfFH . X—/NFH{185kEE downloader #tk f1
FJ peerConnection 5 peerSet s

peerConnection

BHRTURAERHIE, peerConnection EXf eth/peer XHRMELE, LKEIIEBEKNINAENAEZERN
£ eth/peer W&, BN THE—LEITIHEE. M downloader/peerSet RR5 eth/peerSet RIG L%
ftA%kFR, BEMNINGERZENN, MBEXNEEMN peer WRNEE.

FAIMIAIREIE, peerConnection FSRABEIEIERKMINEEMARFERANZE eth/peer WITE, XE
peerConnection XI% A Fetch 735% ( peerConnection.FetchHeaders « peerConnection.FetchBodies

%) WL AATEER, FEEETERR. BIXEZFE KT peerConnection #IRHE T HRLESITINAE:

o idle status: #RMCE T REEE THFELEIRE
o capacity: IHEESE—1 RTT BEINGRZ AILAT 20 &40
o lack: FRIE H C TH K MAI HIE

BN E—TX=1%ITh5EE.
idle status

peerConnection WHEAWNFE, FRICRUENEEEIEL THERKE, ENo5e:
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2022/2/7 F4-12:45 PLIRY5 IR RS fRdT . X 3[R #7-downloader
« headerldle
¢ blockldle
« receiptldle

« stateldle

REFEEXFUUMEEMNSHIRRTHEBEN TEHRS. BIER int32 K, 7 fetch HIEZH, %
BHENFEORE N, ELATE fetch header 1 :

func (p *peerConnection) FetchHeaders(from uint64, count int) error {

if latomic.CompareAndSwapInt32(&p.headerIdle, 0, 1) {

return errAlreadyFetching

fetch HERMHEIRM RIS XN R L.

LEIETHSTHRE, £18M Setldle 735% ( peerConnection.SetHeadersIdle «
peerConnection.SetBodiesIdle %) , FHENHFEMEIREN 0. LZLL header Z5:

func (p *peerConnection) SetHeadersIdle(delivered int) {
p.setIdle(p.headerStarted, delivered, &p.headerThroughput, &p.headerIdle)

func (p *peerConnection) setIdle(started time.Time, delivered int, throughput *float64, idle
*int32) {
defer atomic.StoreInt32(idle, @)

Frig idle WK EHRA T EFNEERIEKRE, ATRUEIRS NPT R ARELRIER, MmEkE—F sl FIt
fR:

func (d *Downloader) fetchParts(...) {

idles, total := idle(Q)

for _, peer := range idles {
if err := fetch(peer, request); err != nil {

AILEZRIFE Downloader.fetchParts H{EF AR idle T fetch ##E. M idle SHBLE peerSet HY
IdlePeers 753% (%1 peerSet.HeaderIdlePeers . peerSet.BodyIdlePeers %) , LEi%E
peerSet.HeaderIdlePeers 73547, #EfFM 7T peerConnection.headerIdle RIIFHHAEZETH. (%
F peerSet.HeaderIdlePeers HINITIESERER peerSet] /M)

capacity

peerConnection &7/ Capacity 5%, FARITEBESE— RTT BHRNAARUED %D &EHE, XM

NITER:
* HeaderCapacity
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2022/2/7 F4-12:45 PLIRY5 IR RS fRdT . X 3[R #7-downloader
« BlockCapacity
* ReceiptCapacity
» NodeDataCapacity

ENRISCEERZ R, FAN1A header #i#EABIE—T peerConnection.HeaderCapacity HISLIN:

func (p *peerConnection) HeaderCapacity(targetRTT time.Duration) int {
p.lock.RLock()
defer p.lock.RUnlock()

return int(math.MinC
1 + math.Max(
1,
p.headerThroughput * float64(targetRTT)/float64(time.Second)

Js
float64(MaxHeaderFetch))

XMTEEEEEZS, HLRIFER. BT math.Min 1 math.Max , XEZEMEZE p.headerThroughput
* float64(targetRTT)/float64(time.Second) XK F. targetRTT SEHE—I RTTE, HiI—=EX
BEENELIME. FIAZEEEXNF, XEZEM headerThroughput XNFERIEX. HE
headerThroughput RZFRAEZET R — D ERAEIRII . BEIXANFEIE RTT MERPE, RE5kE
L headerThroughput f8ZI—4 RTT EEAANA DUEH % 540E.

AT %NIE peerConnection.headerThroughput RFRMZE—FHERAIEBIEHFZFEIR? XZEF Setldle 7775,
FANEZ L header EIE 24451 :

func (p *peerConnection) SetHeadersIdle(delivered int) {
p.setIdle(p.headerStarted, delivered, &p.headerThroughput, &p.headerIdle)

func (p *peerConnection) setIdle(started time.Time, delivered int, throughput *float64, idle
*int32) {

elapsed := time.Since(started) + 1 // +1 (ns) to ensure non-zero divisor
//measured & 1 WEERTHNEIES
measured := float64(delivered) / (float64(elapsed) / float64(time.Second))

*throughput = (1-measurementImpact)*(*throughput) + measurementImpact*measured

peerConnection.SetHeadersIdle ZE—RTHTEMERIAM. fEFEF, EEER
peerConnection.setldle 733%, E=12Hm=Z peerConnection.headerThroughput HIFEEH, ™
delivered SEREBARBMINTHIEIENEE. £ peerConnection.setldle H, BHEGE AR THIEFRE
KIRS[E elapsed , REFARR THMERELHMN 1 BN THMNEIEE measured , BHH measured &f)
NE#H throughput 2%y, WE] peerConnection.headerThroughput -

lack

peerConnection LIRMETIERMEWLUR PR THEMNEENER, XEBERA NI ERSIIMA:
peerConnection.MarkLacking F1 peerConnection.lacks . ¥ TEEHIREMAT, AR
peerConnection.MarkLacking XSRS header RIS AT A TEREMI ] o peerConnection WHR
fEF lacking FERIEREXMEE.

Y queue WHEMMIETIHEEZTETHNEIEH, £MA peerConnection.Lacks REIALTRRE M
5K XFEHIE, MRERK T ERBITIX AR
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2022/2/7 F2F12:45 DL IR fEAT . X B [F 47 -downloader

func (g *queue) reserveHeaders(...) {
for proc := @; proc < space & len(send) < count && !taskQueue.Empty(); proc++ {
if p.LacksChash) {
skip = append(skip, header)
1 else {

send = append(send, header)

peerSet

peerSet XHRIZHTXT peerConnection MIEIRINAE. BT BMMINAE (NfEMA id i peerConnection
WNEH REHAEANT RN KRB HEANTRE) 24, peerSet FEXFFMANINEE: REZH
BT, MTERET RN RTT P EE.

REZEATRAOSSHARER, AL header R AHIE— T ERISEI:

func (ps *peerSet) HeaderIdlePeers() ([J*peerConnection, int) {
idle := func(p *peerConnection) bool {
//{ER peerConnection.headerIdle #ETERTZR
return atomic.LoadInt32(&p.headerIdle) ==
}
throughput := func(p *peerConnection) float64 {
p.lock.RLock()
defer p.lock.RUnlock()
return p.headerThroughput

}
return ps.idlePeers(62, 64, idle, throughput)

func (ps *peerSet) idlePeers(minProtocol, maxProtocol int, idleCheck func(*peerConnection) bool,
throughput func(*peerConnection) float64) ([J*peerConnection, int) {

ps.lock.RLock()

defer ps.lock.RUnlock()

//BEFRBZERT R
idle, total := make([]*peerConnection, @, len(ps.peers)), @
for _, p := range ps.peers {
if p.version >= minProtocol && p.version <= maxProtocol {
if idleCheck(p) {
idle = append(idle, p)
}

total++

//EFAERT AR T HIRERSIMERF
for i := 0; i < len(idle); i++ {
for j :=1 +1; j < len(idle); j++ {
if throughput(idle[i]) < throughput(idle[j]1) {
idle[i], idle[j] = idle[j], idle[i]
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2022/2/7 F2F12:45 DL AR . X B[R #-downloader

return idle, total

T PLEER] peerSet IERZf#F peerConnection.headerIdle RFEFENTEEERE header ZRM. TEFREL
FiE header THMT R, TLRETREVMEIETHEE ( peerConnection.headerThroughput ) X¥
HBTHE R .

HHEEET R RTT F{IEMINGERE peerSet.medianRTT HISLIR:

func (ps *peerSet) medianRTT() time.Duration {
ps.lock.RLock()
defer ps.lock.RUnlock()

//BEFRAET R rtt FHEE

rtts := make([Jfloat64, @, len(ps.peers))

for _, p := range ps.peers {
p.lock.RLock()
rtts = append(rtts, float64(p.rtt))
p.lock.RUnlock()

}

sort.Float64s(rtts)

//RERFRAIE, MREFNTREZTF qosTuningPeers 1 (5 1) ,
//FA rtt BEESH 5 MERPAUE (MERIFN 5 DHREBULR)
median := rttMaxEstimate
if gosTuningPeers <= len(rtts) {

median = time.Duration(rtts[qosTuningPeers/2])
} else if len(rtts) > 0 {

median = time.Duration(rtts[len(rtts)/2])

//BRF A EIME

if median < rttMinEstimate {
median = rttMinEstimate

}

if median > rttMaxEstimate {
median = rttMaxEstimate

}

return median

ALLEEXANTTAMEA peerConnection.rtt FREESMTRM RTT &, FRAUEBERAKN 5 M TRMN
SivE e

stateSync

EBENEA (pivot] MEESHRHEIIREIT, pivot KK state HIEBEMEET A TE. BLAX—/N T
B, Rk EE downloader R Z WA E 5 pivot XIRE] state F1HEAY -

state #1#BHIEH{RFLFE eth/downloader/statesync.go #1, EEANELHTEEE trie HEHRF trie.Sync XWH
KB &. EAFTIBM state iR, LR LME—IR tre &, MESEHERE, REEFSIXRN LHE TR,
FERFFIEMAHE, downloader R trie BIHIIRIEF (Root) , FAXMAFBLENHENAIRT R BAET
REBERSHNTEANBS, MBEZE trie.Sync FITMXMBERMBTHR (e NENTF RLIERTFH MK
) . %AJ5 downloader A AJ LA X LEIE F E B SN T . RIELRETHIT, BERKENMHFTHRER
B, B trie WS TR T o

TERMNZRBERSREFNERINT, KAEE state WEDSZWAEIMM. & Donwloader NHRIEEE D

state #4ERY, ©&E5EIAA Downloader.syncState 3EEI—1 stateSync X%, Fit
Downloader.syncState J53Ath/Z state B REMER. RINEEEXNTHFENEHR:

yangzhe.me/2019/05/09/ethereum-downloader/#5| 5

28/35



2022/2/7 F4F12:45 DL AR . X B[R #-downloader

func (d *Downloader) syncState(root common.Hash) *stateSync {
s := newStateSync(d, root)
select {
case d.stateSyncStart <- s:
case <-d.quitCh:
s.err = errCancelStateFetch
close(s.done)
}

return s

XANTTEREE, EHLAM newStateSync £ — MR stateSync W&, SHAKEERISH state Y
root 7. REBX DM L1EL Downloader. stateSyncStart « &/EIREIXMHHIIT .

IBALIEEZTF Downloader.stateSyncStart X channel HISHEMR? EHENRBAIUALI, X channel 7
Downloader.stateFetcher J3iEA#EERF. MXPT7ELFr ER2—MEITHR goroutine, EATE
Downloader XTSRS, £{EM Downloader.stateFetcher 753%8#E— goroutine:

func New(...) *Downloader {

WMEH(IE—T Downloader.stateFetcher AYSCE]:

func (d *Downloader) stateFetcher() {
for {
select {
case s := <-d.stateSyncStart:
for next := s; next != nil; {
next = d.runStateSync(next)
}
case <-d.stateCh:
// Ignore state responses while no sync is running.
case <-d.quitCh:

return

EANFERSEIBREE, £ for BRE, THERF Downloader.stateSyncStart HIHE, REER
Downloader.runStateSync AMEEEAIEIE. XELES AR ZAE Downloader.stateSyncStart
SHEM for fERR. ERELE, TAFAPARASHREN . (IMNXERBLE, F&
Downloader.runStateSync BRAESIRE—NHH stateSync XH ( next TE) , REXIEH
Downloader.runStateSync #H{TRME. FHILFHA1%EE Downloader.runStateSync ik FiREERIEG
e

func (d *Downloader) runStateSync(s *stateSync) *stateSync {

go s.run()
//FEREMZET, SRl ZBINESIEFR LR
defer s.Cancel()

select {
// The stateSync lifecycle:

case next := <-d.stateSyncStart:
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2022/2/7 F4F12:45 DL AR . X B[R #-downloader

return
case <-s.

return nil

EXANTEFR, RAKEl stateSync.done T Downloader.stateSyncStart EERASIRE.
stateSync.done MFHEERB LFAERLR, REXFEEETHTR T, BLRE nil;
Downloader.stateSyncStart X/ channel, 1IEZR|ZA7E Downloader.stateFetcher JiiEFRIRZEIRIARA

= |\

channel. XF|ETAEBR?

EIREXAERATERBLRE state FHREIR, EBMELIHN state BSERFHITLE, MAESR
BEEEZANESHIE CEE Downloader.runStateSync H1 defer s.Cancel() X#FiEMA) , RERE
FrHIERKFHEFIAM Downloader.runStateSync HEfTAbE.

WM SE state FZHEEBERT, ERIMXKRELSIRES, B—NEIE—PXIRE state HIFREL; NRE
BSHM state, FTEAFEIBNELITIZ. XM state BSHI L EOHIRBERT UG Hk:

func * * . error

Downloader.processFastSyncContent 2—> gotoutine, E—JFiA%tAA Downloader.syncState £i27T
X{ state FIERIIERK. MEREHNRIEH, MRELI pivot KIRELETHE (oldPivot != P ) , PBAFKEHE
ZHIXT state ##EAIIER ( stateSync.Cannel() ) , FEHIHA Downloader.syncState F{#F R pivot

XA E Root 5% & state @

(3¥=7 Downloader.processFastSyncContent H4&#RHH state B2 al, SLFEMAT
stateSync.Cannel J53%, HFAXNFES—ESFRISIBREMEHNTASRE . EHLFINARBIFRET
B, Downloader.runStateSync 73EFRiZIEWE] stateSync.done HIHEMBERITAT UgE)
Downloader.stateSyncStart SHERIHR, EEXREMNKETE Downloader.stateFetcher HiF— for fEER
F1#E Downloader.runStateSync F#EUg4bEE Downloader.stateSyncStart HE. )

(=]

(FTiLanfa, FHE S Downloader.stateFetcher FRJIXA for fEIMREITHBEL S, T2BHEEBENNT
ELEEBHINEEFIZEE. )

EMERE S Downloader.stateFetcher fF, H{BEREECHMKTE Downloader.runStateSync o X475
FREK, RS FKRE, EBEEE—HS:

func * *

var
= map[string]* // Currently in-flight requests

* // Completed or failed requests
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timeout = make(chan *stateReq) // Timed out active requests
D)
defer func() {
// Cancel active request timers on exit. Also set peers to idle so they're
// available for the next sync.
for _, req := range active {
req.timer.Stop()
req.peer.SetNodeDataldle(len(req.items))

1O

// Run the state sync.
go s.run()

defer s.Cancel()

// Listen for peer departure events to cancel assigned tasks
peerDrop := make(chan *peerConnection, 1024)
peerSub := s.d.peers.SubscribePeerDrops(peerDrop)

defer peerSub.Unsubscribe()

FEN—TFFREX T =ATE, ETREIET— goroutine 8 stateSync.run FFEAXT state #iTREE, 3t
EFFRHBAIAM stateSync.Cannel « XEZMHHMBHE—THLEXH=AZTENEX, BAEERRBE
HEEN:

o active: IEfEAEEAANERES
o finished: EATHIIERES (RERINEELY)
o timeout: AR IEFE LM ERANIE R & 48RS, #FRIX channel HE{TiEN

RERNBEEFEHRRE. 2 ERREBE— AN for fEIR, EREIFANTEFMAIEEM channel SEE. B4
RIBEELER2HBRER. HUIEMRT . AWKIFRT T select/case 7B E FHI—L channel IIRLE, % M1%E
E—AEERE S EMA channel FIZMIE:

func (d *Downloader) runStateSync(s *stateSync) *stateSync {

select {

case next := <-d.stateSyncStart:
return next

case <-s.done:
return nil

case p := <-peerDrop: ......

FERBHHERAX = channel 2 B8N IELEELFIEMRAY. Downloader.stateSyncStart X channel
EMNaEE&iHd T, ERATHUENLZIHE state FAH1EKHLE. stateSync.done MBEFHATIUEFEH
sk, Rk state AFH 5T T M peerDrop XNLEBUMEBTF EMAEEH R, REATAWFEET, FRLEE
— LA .

FrZX =4 channel 24k, for {EIRFIEE A IRIXEE channel :  Downloader.trackStateReq . timeout -
Downloader.stateCh . deliverReqCh . EfIFIQMERIBESR LELRER, FHEFMEEMT LT, HX
QIR 7 LRI channel FIRS BT, B MZEMBFIERT . AL FTEILLE LIXLE channel FIAS 8] IR
P, BIRXANEEIFENMNBENAERE. BRI R X
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‘ Downloader.stateCh ‘

LDownloader.trackState Rqu L deliverReqCh J

timeout

B, EhEEREIMEE2Z Downloader.trackStateReq , BLfr LRI stateSync WNRERT —K
BER. BNEBBEMHABRTREX channel XKIXHE:

select

case s.d. <-

MIXERIBAILLES, X stateSync EEHF—MERNRE (req) , BEXMERNRELZIEL
Downloader.trackStateReq J&, S EJEM peerConnection.FetchNodeData %i#2##EIERK.

THEHRNBEEM Downloader.trackStateReq FULEIEEEEE AR :

select
case 1= <-d.

if i= . . I= nil

= true

// Start a timer to notify the sync loop if the peer stalled.
= . . func
select
case <-

case <-s.

WENEREIE req fF, BEEY active HIUNXANTRIBEEELEBNIER, MEZNEIHAIEKPETFH
A finished 1 (EREXMT) - RENHH req BE—timer 5, ¥ req MAZE| active H.
(28 active REEELEHIIERNESD)

S IEIS Downloader.trackStateReq RI|E—MERKEBELHT, MABETRSLERMIBER: RINKEI%E,
KiABRY. AL EERBIAEN. RIF 442 Downloader.trackStateReq HEHIRIEH, 4 req LTERE
T—timer, EMNBNEHLEREHE req XMEKREKLT timeout TE:
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req.timer = time.AfterFunc(req.timeout, func() {
select {
case timeout <- req:
case <-s.done:
}
19)

FTElE timeout WEDHER, REREMERKEBHRT, RNERBREALEN:

func (d *Downloader) runStateSync(s *stateSync) *stateSync {

for {
select {
case req := <-timeout:
if active[req.peer.id] !'= req {
continue
}
// Move the timed out data back into the download queue
finished = append(finished, req)
delete(active, req.peer.id)
}
}

REE, MEBNAIERE active d1, MPEEM active dfikg, FHBEEMAZ finished H (TH{Bk
BT .

B—HERERINEREIZIE, Downloader.stateCh RiETIXMIEN. % eth HbRIZUTE
INodeDataMsg | ;HER <1 Downloader.DeliverNodeData J53%, M Downloader.stateCh IEFE7EiX
PNIEREMAR. IREEXEENLERE:

func (d *Downloader) runStateSync(s *stateSync) *stateSync {

select {
case pack := <-d.stateCh:
req := active[pack.PeerId()]
if req == nil {
continue
}
// Finalize the request and queue up for processing
req.timer.Stop()

req.response = pack.(*statePack).states

finished = append(finished, req)
delete(active, pack.PeerId())

BERITETROREAMNEEERE, REEEHMEEE active Ho. WRAENPEREINEIELE] req.response
H, & req A finished w1, ZAEM active Hifllx.

FEREESEUIRRELEN, HLWERSA finished TRH, HEMEZ deliverReqth ZIEfEMT.
ER— for BRABHRTBER, RITFETES for BRI EREHIAEXA channel HIABRE:

func (d *Downloader) runStateSync(s *stateSync) *stateSync {
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for {

var (
deliverReq *stateReq
deliverReqCh chan *stateReq

D,

if len(finished) > 0 {
deliverReq = finished[@]
deliverReqCh = s.deliver

1
i

select {
case deliverReqCh <- deliverReq:
// Shift out the first request, but also set the emptied slot to nil for GC
copy(finished, finished[1:])
finished[len(finished)-1] = nil
finished = finished[:len(finished)-1]

[

[

E 7 deliverReqCh 2 for {EARIANFBEE, BEULEAR—E, deliverReqth HSWEINEX . MRE T
3EK ( finished HIKEAXTF 0) , M| deliverReqCh HIfEH stateSync.deliver , MB—1MEHLEE
deliverReq HIfEJ finished WE—1TTE; BN deliverReqCh F1 deliverReq #AZRIAE nil. 3T
SR7E select/case JEAIH, W deliverReqCh F1 deliverReq FNTEBMEEINE, B4 deliverReq H
MEMES KL deliverReqCh , HiEiH finished HEEPHE—INETHKNIBE KRS LEL
stateSync.deliver . THEAEHNE finished FHE—NTEHIE (AAXNTECLBHSA
stateSync.deliver 7T) o

AIAEE], deliverReqCh X4 channel EPr LA TRHEAETRMIERELEL stateSync.deliver

Ziif, 4 Downloader.runStateSync FFEBANMRET . BUEKRE, XN EREEEYIREIR state 4
F1 stateSync XWHEHIHIX, BIEF stateSync WHRELZHANER, FENHRENEHEEEXSA stateSync
PO B8

BETRBEMNELTHT stateSync MR XPMWRMINAEREE, HHERE— Root lBFH, THE state £
&, FEEESAN Downloader.stateDB X PEIRES. AIEIAINIT, Frig state IR 21 trie #, T#
trie HHI T AR R L IRYE Root BHFEHRT M, REEIT trie.Sync HIFEIMABT mAM@ITH BT RS
7, BEAXEEFESHNNT R KIERE#HT, BISKRENNFERBEBESRI, BENRER DK
N7 BETIX—THIR, stateSync WRANRBHRIEERTSHEMRT . £T trie.Sync MNEA, AUS
EXE.

ISea

EXEXEER, #1927 downloader BRI EEiB4E. downloader X KR THOMAHER, —HME
full =, B—HFE fast B £ full EBX T L TEHX R header F1 body; fast #3 Tk T header 1 body,
T TEHETA XA receipt 3B pivot XERH state ##E, pivot KEUFEHIRER, #A full BX—HT.

TETEAT, eth BREEFE— Tbestpeer] # downloader 15k, FTiEAY lbest peer] HLE
[TotalDifficulty | {Ef AT A (%F TotalDifficulty HEXIEMBE AT NS EIXEXE) - £ downloader
W, BYi@id findAncestor FAMEHECS [bestpeer] ZERHEFESE, REMXNEBAELFR, EXF
FHEERENBIXSR, ARFETHNXREEXEHITTH. £ TEHAIREF, downloader e el
XK E A header 940, SHEMNRKE—PMXERAER [skeleton] , BE5EM [bestpeer] HTFEXLE
skeleton, AFEFEEECT RXEG—2H header BT TH (FLEFTIBR [HHFE skeleton] ) - §XF header TH
RINE, MEEETHERXYEM body # receipt (full # I T2 T body)

1f fast X T, downloader HRE THX R IEH, TLMEERSHXRBPIER—PXRIEA Tpivot] X

o pivot KRR EET, EEZRHNKRERE state #EA; T pivot KIRAY state W EMEET &h

THH; pivot ZEHIX L pivot X3RE] state AEA, FEAMIE body ITH T B DK state IR EMEEK
(iR pivot 2 FRIXERF full X THXRNLAETE—HEN) -

EENTHIEF, FE Downloader XHRHM queue WHREVEE, HETHRXRTHNER. FRIXEE
HAIRSHTT Downloader XHRM—LSLI, queue WRAMFEIITIESEIXE.
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