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Q T#HAPP ®

15 | BF: A4 FNetcdAELBIBAE?

2021-02-22 fEEE

etcdsCERIR HNIRRE >

iHid: T8RA
B 16:44 K/ 15.33M

’eF, BB,

TEfEF eted ROITFER, 14\ %)S’ZE WESRSEINSEIZ? il eted EPRW?T T4
TMB B9 key-value, BREFETIXIER G, &2 etcd RFAREIAZIEN G, BER2HRTA
FRSEEY? saoire?

SRRSO KBRS SMES: etcd INE. FEBLXINE, BEHRERE etcd B
Bl REEENEIERSFEE, SINBEELLAEN, URSIEa. e,
B, BERERIEHET, NEESAREARNNGEAE, BESETE, B4 Y

/> expensive request, B etcd RIFHIIZEIE, S5 O0OM,

DI BEE
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SRR etcd AFEHARSIENRT, (RIKESTE—RNEHAVE?

WIHRSMZERS etcd #Hi2, ZVERERREIGIEKT, Bns EIRSS IR,

WIFREFFE etcd debug 5, EF etcd HIZEEEW, SA/FRE heap profile 5K
FaMA.

LA EEEEESIEN, BIEAERAR etcd SFAIR, EREFRREIHEAF DI SSHIAHR
T, BERLEBEATEEENIN, 55 etcd FNEERE. SOERPAIESERREZR
FROKEERSHY, HENHREFRERITRERE?

EFNNDTATSEIS, JUSBHRNTERESTEMTE, BRIREIERIE
.

TERELL etcd BIEKiEA0, RIREERIATESE etcd REFEARKSIZUDERS
HEGREN.,

Client® ‘ — | etcdctl/clientv3

16

Watcherjz
B4
0 Lease “

Raft2 BER ©

]
Leader Log
Election Replication
raftLog @
Members Read B
hip Index Ready/

(€))]

%E

MERFAILAEE], & eted INEI—NEiEKIE, gRPC Server SFMFREIIERE. 1EEE
Hiz, 255 etcd HEM fd. goroutine &R Lk, FESFERBSEHZHINTE.
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HR, ETHA 2 0ANER Raft IRE R, ©HRERUIBEKRIIATRBREFE raftlog &
HE. etcd raftlog [FimsSEMERFENE, ZORMEEHAE. EI raftlog ERNNEFSER
FHIAERBEMKIELL, EHRAESITIETRE DR BN — RS,

eI ATRBRERFSHT SENG, ENRAZPRSHIRERES, SERTRF treelndex
TRIREY B-tree B, BH key SIRASER. EXTIETF treelndex 1RIRAY B-tree &
BRRES key. HERTSEEMIELL.

BT treelndex IRERIIZES EE/G, etcd 1§ key-value BUEIRFAHFEE! boltdb,
boltdb /7 mmap A, ¥ db MG EHMERAANFH. FLERMAIRIERS
15 db IFMAIARTE page HEHEAVIER T, etcd Y db TR, (FRNAFETHK,

FRY, EXMNIEFEERNEEEI

—5E, Hith client aATRESBIEETF watcher, MIMXNEERERA key, etcd BE
E(FFA—EHIRELR watcher, #5% key 2 ISITAYSE,

B—AH, RXNEBEKM key iFKEXT Lease, Lease IRREHENTFHEFAEIEE
Heap SRIEEAITHIRY Lease, Fit Heap B2 — SR —EREFRIEURESE.

&, MUNEEBEKRRESHRANTE, E5KkAStEaSMANE L. THE
expensive request, HFFEXBEIR, MVCC EREEFHANFREEINGR, R
BESHNFHRIE,

ET U LEEmEEN R OSIRERERRFRIDT, HINEMSENMBEER. 55
&7 . BBfEImERIB MR, HESEHNRERER?

B TRBMBE— 1 LRES, FRRANE TRERENDEIE.

—A* key (ER# G AFRIZEH

FAIEBE goreman BEa—1 3 7/ etcd &EF (linux/etcd v3.4.9), db quota J3 6G,
PATUI RIS SHMER etcd AELFIBR:

H47 1000 kA9 put [E— key #24E, value /3 TMB;
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BEremFi T compact, defrag #81E;

& SHIE
1 # put@E—"key, Hl{T1000;X
for i in {1..1000}; do dd if=/dev/urandom bs=1024
count=1024 | ETCDCTL_API=3 etcdctl put key || break; done

# FKENEfrrevision, FE4E
etcdctl compact " (etcdctl endpoint status --write-out="json" | egrep -o '"revi

# NIEEREATE O R TR R B
etcdctl defrag --cluster

O 0o N o u b~ W N

EITFRERT, ZEEE etcd db size 20KB, etcd HIE2RTE 36M £4, BRI TEET
o

db size

29 KiB

24 KiB

20 KiB

15 KiB
22:47:30 22:48:00 22:48:30 22:49:00 22:4

Memory

37.2MiB
36.7 MiB
36.2 MiB
35.8 MiB

35.3 MiB
22:45 22:46 22:47 22:48 22:49

{RITNHAAT 1000 )R[EH key B, etcd HELHATZORER? 49 37M? 1G?
2G? 3G? IREHEAfIR?

H47 1000 ;XA9 put #AEE, db X/\H etcd RFESAR B FEFR.

https://time.geekbang.org/column/article/344621 4/17



2021472 15| A7 A& REetcd W77 di IS 4 762
db size

1.234 GiB

1.229 GiB
1.225 GiB
1.220 GiB

1.215 GiB
22:54 22:55 22:56 22:57 22:58

Memory

3.26 GiB

3.21 GiB
3.17 GiB

3.12 GiB
22:54 22:55 22:56 22:57 22:58

LEA 1T compact, defrag @5<E, MITER, db K/NRE 1M A, BRREK
I etcd HFESCIRAMG AT 26 EANE.

db size

1.3 MiB
1.1 MiB
977 KiB

781 KiB
23:10 2311 23112 2313 23:14

Memory

2.8GiB

2.3GiB

1.9 GiB

1.4GiB
23:10 23:11 23:12 23:13 23:14
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BANERRE— key, A4 etcd GATXASHAERE? £ etcd RETRIEHE
M5?

raftLog

SRR put IBKAAHE, etcd FiEE Raft WEGIGERFEILSEEMT R, FHR
R EE TERXTET.

Raft Log
index | term | data_|
Raft -
State 5 2 b<-2
Machine

2 hello<- FHERZEAN

world

" puthello<-world
4 N
[ client @

MsgHeartBeati&/&
(Commit:6)
MsgAppRspiH /S

Follower Follower

A C

etcd Raft HEEHIEINRIZE

MEFFAILIER], Raft RRAVBAZ—NER /Msg, #itigt—/9 Ready 4514, etcd
SBIIEREIRA—NHEE, 12522 Raft 1R,

Raft #EHUGZEIIIERE, SIBILESIBNINR raftLlog BY unstable 72&RY entry NTFEE
b (BRiE 2) , HEBFSAMHILERE%EE] Ready £, BIEEERZ

etcdserver (BIHHAE 3) &

etcdserver lNHIHE., FHAME WAL F1, FEMNZR raftLog RIAFFiE storage BY
entry #H+ (BFRE 5)
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TER 2 raftLogBg O EELSHI, BH storage. unstable, committed, applied &4H
EJZ storage FFEEEIFAMWE] WAL FRIAEFRHE, unstable FHERFAMAIZBEFIR
B, —BRANUSKERRETRE, BEAFEI S AF S BRIERE

SHIED
1 type raftlLog struct {
2 // storage contains all stable entries since the last snapshot.
3 storage Storage
4
5
6 // unstable contains all unstable entries and snapshot.
7 // they will be saved into storage.
8 unstable unstable
9
10
11 // committed is the highest log position that is known to be 1in
12 // stable storage on a quorum of nodes.
13 committed uinté64
14 // applied is the highest log position that the application has
15 // been -dinstructed to apply to its state machine.
16 // Invariant: applied <= committed
17 applied uint64
18 1}

ML raftlog £k, {REJLIEE], FiEEIHESBER] storage KEIE
Storage Storage TEX T1## Raft HEFZ BRI D APl 200, WSS BERIRIESCIRz

HITEBIASCEL, etcd EFRYZE Raft BIZEARSEMHRY MemoryStorage, EEN AN
T, mORERT —MUEXFHEEEFAMENEERE.

SHNE
1 // MemoryStorage implements the Storage interface backed
2 // by an in-memory array.
3 type MemoryStorage struct {

4 // Protects access to all fields. Most methods of MemoryStorage are
5 // run on the raft goroutine, but Append() is run on an application
6 // goroutine.

7 sync.Mutex

8

9 hardState pb.HardState

10 snapshot pb.Snapshot

11 // ents[i] has raftLog position i+snapshot.Metadata.Index

12 ents []pb.Entry

13}
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BLEESIEKIES, RFPRERN Raft BEFESERMZEZ, WARrLE etcd HIR
OOM 1Mg?

etcd fRMHL T RIRFIEARTNRERMFRIX M A,

B/SRRTLABEITEZE --snapshot-count SECRIEHIERRIRATER, EERAR
100000 (etcd v3.4.9, BHf etcd fRAZ 10000) , tBEIES 10 HMEiEKAtA—IKIR
RREERKIR(E.

REBEMTEZfE, etcd BN EF ERMIRIANETEE.

LR EEMFATRBERRE—NGBDTE?

B2 REB /& Raft HESRH. #&EH DefaultSnapshotCatchUpEntries £83%
&, BUA 5000, HRIAXFHEENRE.

REB—/\Eo AESBEHESLE N THENER Follower LAMEAIFFHEA Leader FXEX Raft
AERE, LVRIREL Leader #E, % raftlog FAMREEAHEERE, MRBERIER
FBZ51ERY Follower, XFFHEFIEEKXT .

BITLA ESHrarEl, dISRIRAYEK key-value LHERK, ELan_ EEEAIZEFIHRE 1M,
1000 XML, BB etcd raftLog Z/DEEFE 16 IRTF. XEENHTAREFEESIEK
IEBUREABTEIRAIREA.

B&7 raftlog GARESM, MVCC 1=RAY treelndex/boltdb =R 2UHAFEAEARZFN
ig?

treeIndex

— put 55 KNIHESBEHERZHT RBARERE, 1XHY etcdserver Fi=M Raft &
PERENEIRZHEEEE, MAZI MVCC 15 treelndex # boltdb,

BAIRNE treelndex & T google AF btree FESLI— MRS SRR, £ etcd
81 key #i&TE treelndex FRF—NES|IR (keylndex), 1IBRIRHY key FIMASEHEF
B, T EREIEEER.
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SHIRAS
1 type keyIndex struct {
2 key [Ibyte
3 modified revision // the main rev of the last modification
4 generations []generation
5 3

RRS, (REIRXT key BHUEKL. MIFRR(FEISTE key RIS IIRFIEIN—RIESICR
(revision), EItt, BEEISKUXEAIEMN, etcd RFE—EIEIN. BRANTEIRIBMAS, B
IBSZRIRE S AYE?

EXRMEETE. [ENFKRE 2 11 EERFRNEH, SJ{RIT compact apPhY, etcd 2B
[ treeindex FEIZA keylndex, BEHFEIRASIERSEMEREY key, FEHATE.

M LEHEHRI keyIndex EIREEMFATIR, —1 key RIZRS IIAFFFHIRIRAT key K\ R
PRI SEARAEL. compact SREEEX. ATERAFRSIMOREZHRE, key RIKE
AT, FEIMREEEREFSIEESERES,

boltdb

£ treelndex #&ERF IR, EF5T keylndex FIREEME, {RAY key-value #3E. Bk

KRS, lease FEXEESFREFEEIMNTEI— mvccpb.keyValue ZEiafk+, 2 boltdb

B value, key NIZ treelndex FRIFRINRAS, AEEE boltdb FE#ZOREFR db X
4,

S
1 kv := mvccpb.KeyValue{
2 Key: key,
3 Value: value,
4 CreateRevision: c,
5 ModRevision: rev,
6 Version: ver,
7 Lease: int64 (leaselD),
8

[

BIEIFRAIENS boltdb B, BET etcd EFoMATSEIE mmap HF, 4§ etcd db X4
ISRl etcd HHFEHBHEZSIE], FHIEE mmap B MAP_POPULATE flag, B£5&ik Linux i
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ZIMEE, ik Linux R R EFE LEWIEREH,

ATRNEEBERT, BESERTTERENNEFIREN, 18t read RAEVER, mmap
D T—IRM page cache #ENEHZEAFHEAZTBIRGRIE, FILBEREFAIMEE.

= etcd TRAFAR, HJESSE db EHXINAIRFIIHIRH. SiEiEKpFRITTRIE
REFRS, ME~ERUEE, SEERIREFEHE 10, XHFEERERT etcd HIE
OOM, {BRIIERFEBARIER,

MELE boltdb A9 key-value #1 mmap #HEINBHFRATATED, FliIn#zH boltdb 34X
IN, 54K key-value X/, ECERIERIE4ETREE, EUWIBRAE, BERIIZWFSH,

watcher

EIRBA key B9BHE, Efth client iXai@T etcd A9 Watch MIRHLE, SRENE key AYZS
=,

ARRYEE— watcher FEZERIANFIRMLEZB KE?

£ 2 08Watch #ERITH 5SSO, FHFAURNMEBL LI watcher RIBIKRE S,
ANTNERTR. SREIE— watcher B, client 5 server #377i& 5, StIEE—1 gRPC
Watch Stream, FEEIEIZIX gRPC Watch Stream &iX6lzE watcher 153K,

B~ gRPC Watch Stream & etcd WatchServer BN goroutine 468, — N2
sendLoop, Bk Watch EHAUEX, —1 2 recvloop, REREFUL client AYBIE. EX

g watcher iIFEKBA.

ERIXIEA watcher 3Eist, etcd B9 WatchableKV R EISERFEIENIIRNEETELNE
ZErgeh, SCIIRTEERY Watch SS{HEX,
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Send
WatchRequest

clientv3 serverWatc

Recv
WatchResponse

recv send
Loop Loop

serverWatchStream

Create/Cancel Watch

Watch Events/channel

v

WatchStream

create/cancelwatch [ notify/send

i

4 WatchableKV(watchableStore)

sync sync
Watchers Victims

Loop Loop

MvCC

FEItt watch YSIFHIEIFEZSRINTFER client &880, gRPC Stream. watcher £

(watching) BX, W TFEATUIR:

c1 FRBNMNEEEENRNE,
c2 FE1 gRPC Stream FZENIARF,
c3 F=E1 watcher HERIAE.

1 memory = cl x number_of_conn + c2 *
2 avg_number_of_stream_per_conn + c3 *
3 avg_number_of_watch_stream

SHMES

MR etcd XA 2 LIRS, KEHEREL Watch #ldH c1. 2. 3 SANAFESBIU

T:

B client IEZHFEALY 17kb BIRTEF (c1);

& gRPC Stream jBFEAZY 18kb BIARTF (c2);

B watcher jB3EK%9 350 P15 (c3);
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HiraSEEREFER watcher IR R, RAZRIGE FTREFEREXN/), BFESENRTF
[(=RE) =W

IR EEEFHARE watch SHERRROTHE. TEEMKRZ, KSn, ERinER,
M2 PEZEF BRI BE SRR,

£ etcd 3.4.9 hxAR, &1 watcher BAIA buffer 2 1024, buffer R{REEE watch NMZS
R, @ watchID, watch Ef4 (watch E4EE key. value) %,

EREFMHEN, FrERE8AFFE. (RefbiE"
etcd debugging mvcc pending events_total 1EtRIRIEHFRAYS4EL,
etcd debugging slow watcher total SFRIEIZIEHT watcher 1, ERFTEIIRE.

expensive request
LRSI AR key-value 5, IR client SIEETAE, BEr-EaEHREFEHHE.
RIZERNIBANT 100 PNXEE 1M K/MEY key, 1#8id Range £ M0—X&EiH 100 1 key,

B2 boltdb 1BA. RFEFIHEIREEHEZELD 100MB WARTF. I TNEREBATR, ESERD
A key-value, 15 key-value {RFZEIEAH kvs H,

S5
1 kvs := make([]mvccpb.KeyValue, T1limit)
2 revBytes := newRevBytes()
3 for 1, vrevpair := range revpairs[:len(kvs)] {
4 revToBytes(revpair, revBytes)
5 _ vs := tr.tx.UnsafeRange(keyBucketName, revBytes, nil, 0)
6 if len(vs) != 1 {
T e
8 3
9 if err := kvs[i].Unmarshal(vs[0]); err != nil {
10 iieee..
11 }

HHEiR, —XEIHEERTEL 100MB RE. =E£TZE2 100MB UiGRE, BEER
QPS #XfE, Ea5% OOM, M-EHINES.
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count-only, limit Ei8)ft key BAKLALERS, thEFEIFERNARFFE. BAENE
1w treelndex RUEHFEF, SEHEX key (REFEEEER. = key 2R, HHEADR
?)I_ILJO

IESNFRFE db A/NRiHEIRY, £ master 532, FHEIREZAEX PR R count-only
1 limit EASENTF S FARIGRYEIRL,

etcd v2/goroutines/bug

FRTLALNEEOMRIR, expensive request 17 RAIRESEIRENAFITHIN, EELL
TIHEHEESE etcd REFERRE.

BE eted R{ERAT v2 B9 API EATKEMY key-value i, X&SHRHENS.,
{iIJX0& etcd v2 B9 key-value EE2FEERFHHAY, BT v2 BY watcher RHFZEE
B, NEFEELL v 8T — M ER.

1£ etcd 3.4 [RAZHI, etcd BRIARRTSZHF etcd v2/v3 API, etcd 3.4 MRAEGAZKFAT v2
APl, {REJLUEIT etcd v2 API # etcd v2 RTEEAEELRAY metrics BIER
etcd_debugging_store, MZREEFHEEE v2 HESHEHNFLAS.

H)x 2 goroutines it SHAFELAS. oMot ERRmWIASEFBE, etcd 7E5T
ENEEHAHE, &HIEZENETREASE] goroutine [EEFHHEME, RASHAFI
B, RAaLUBdWmzR, % go_goroutines EAINX/MAIRR,

/a2 etcd bug SHHAFIME. JREXHERU LZESHARFLESE, WERAT
BER etcd bug SHRIREMEE,

ELaNERHA etcd clientv3 fY lease keepalive FALISRELLEEEA bug, E2SH Leader Bt
. ATFMEE, It bug Bff 3.2.24/3.3.9 iRAFIES,

TERIEFEEER etcd 3.4 IRAHY . BIRERIMER Follower
TRAGF—EHS, Leader THRIEE, B 3.4.6 IRAFEE,

EREHEF A2 etcd bug S3, BMFAUFFRE pprof, =XEM, BIDH
pprof heap SHASRHEESHEA BREAMEHRFISIREM.
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NG

SKFBEI—TEN TMB key RYSERRZEA, LSIRMATHIRESH etcd AELSASEEIZL
RSN, R, RANHEKETESHREFORRESNERSENT TEXEE, (RS
T

DefaultSnapshotCount(100000)
Kkey-value ) raftLog/MemoryStorage
expensive request DefaultSnapshotCatchUpEntries(5000)
EHKEkey

treelndex
R E{EAv2 APITEE T key-value

etcdA{F

) mmap
goroutine

clientiE 5L

etcd bug
watcher gRPC Watch Stream#§

watcher#{l

BI55E raftlog, AT#E) slow Follower EX&uE, BEMERE 5000 FRIAKEINS
BEREREFFR., S0 key IFERXR, {REH 5000 REF=ERANRFFE.

HIRZ treelndex, 8 key-value £ERFHFRE— RS, =5 |[MAIFEIR key i<
FE. REBHHSERAEXR, RALUET compact 655 E4E,

A5 boltdb, etcd FEIRIATR, 2B mmap RFEER, B 3XU4MEIEIEIANESE.
{RATLAEE compact ap<EIKIBIRES, defrag ap<itfTiE AR,

#ZER watcher, BIRELEIRIEZEL. gRPC Watch Stream #{. watcher #{5%,
watch HlH— NI 2N A EF EESLR SHERN S RERF, (RLUEIdEX
metrics RATARIERRAVSEHLAK slow watcher,

REERNEB T —LHENZIRSHNAFERE, IABEIAZF expensive request, etcd
th7Zf% T v2 API SRS key, goroutines SHEELIR etcd lease bug £,

HESKINAS, BEBEIIRNEINT etcd RFEHESNERR, SERE(RAVERE, ik
A% expensive request, it etcd HEERR,

B
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™ key EFZL G RFAIEABIF, &EHIT compact 0 defrag FRIERE 2G, At
LAER 1G £AR? £ macOS NMTHER—HIR?

WM REAFM TXNNER, P TRE, SEREONA.

RUHRAGENSE, WMRIFRANXTRIRTENER, BRBEESZEIRIAR, Eh5.

5 2 EID Y=
5E SR IEIHELF

Redis #% /0% R 5 5Lk
MBRI2ZSDAE, #0235 Redis

RS
PR BRI EFRBIT S R

yi

K a
el nien ¥ 89 sp7aHNnz=¥199

© IR EFFHRATE, REVFAINMSERER. NHCEINGEER, WEENIREDBKREEREFERE.

t—& 14| &R BAHAIREetcdiERSHINER?

TR 16| 4RERAREM (L) : WMECRT FEetcditae?
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BIEEE (3)

ﬁ shuffle
V' 2021-02-22
etcd v2 |9 key-value #BZ2FHEEARZENTR, BAREHNEMAR

fFEEIE: Rigetcd v2iikey-valueBIRAEERZHAY MR Retcd vVIEEFMHE T AEHetcd v
2 key-value#fiz, MESHAFLARE.

{RETLAZ#E Tetcd v2 storefIEN, etcd v2fikey-valueHUET 2 EIEFEEXNEENG
https://github.com/etcd-io/etcd/blob/release-3.3/store/store.go#L73:L83

4 »
CJ 03
: [1h¥8]
2021-03-24
KiE, BAEFNE NetcdfURRS, BHAREINE? BRIREATEBEFELE, LIgSRES
JF

fEERS: ENATLUTMNERIRV2CIEER, BRIhEERESR, https://github.com/etcd-io/etc
d/blob/release-0.4/server/v2/get_handler.go sAiEEBEetcd V3R, EXMNIEH, KRS
RV :

THEER, I NEEMER SRR, RS —Sk TS

2. BEENK G ERZ OERAIAPIRY, tbiletcd v3 mvecAIREBRIME 3214
https://github.com/etcd-io/etcd/blob/v3.4.9/mvcc/kv test.go

3. BCshFESRBEST

4. BCZXI T, HE B letcd&ER, EOELetcdctiZFNpSHBERIET

5. BERBIRTLAK B debug, EANSEMER

Q STl
2021-03-24
2, BaT. TEhEMAZEletcd, WMRBBE I BetcdFBREA THEANE, EIABEN
FIR.
ANERETEERTIE, A LERBIT—IF, IR M—LEEREA.
ERNGHImSE FEE? KGR treeindexflbboltE N EENL,
BF v
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fEERS: EE—NMERE, HET—YER, BTSRRIV HRER, IZEREE,
https://github.com/etcd-io/etcd/blob/release-0.4/server/v2/get_handler.go 5B E&etcd
VRIS, FEXMNIREF, FEIRILNEY:

TIVEER, HWIMREERES TR, B8 —LA5RET

2. EE WX RGN EIERZ OERAIAPIEY, tbiletcd v3 mvecHEBRTI I
https://github.com/etcd-io/etcd/blob/v3.4.9/mvcc/kv test.go

3. BCHMFEERBOHT

4. HCSXLEK T, BPE B letcdSiF, EPEBetcdctIZNMLHBERET

5. BERBIAT LA debug, EINSEMER

INRLEHXIMEIRN, FTLAZRIE MEXIEEISiERissuefIPR, SHIIAR, LIS E, HE
IR, MRENNHANEESERR, BRHEAZRSRElabel help wanted, https://github.co
m/etcd-io/etcd/issues?q=is%3Aopen+is%3Aissue+label%3A%22Help+Wanted %22

treelndexiz > 2btree, boltdbiz/Eb+ tree REFREINIRE, THEERIINEERIR], ={RXJetcd
B—ZEE, FJLUFHEEES, THTEFRHbtreeRb+ treeStH]l, BERARWERE.
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