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WAL:Write-Ahead Logging
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Data lost without WAL

shared-buffer
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Data Files ‘LL:LL‘ ‘LFLL‘

Table A Table B

@ Postgres Conference China 2016 FEFH P KXK&




Data Recovery with WAL
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PostgreSQL Warm Standby

* Primary node supports both read and write.
» Standby node supports neither read nor write.

—> SPGDATA/xlog SPGDATA/xlog —>
\ .|

' 1& /
SPG_archive_dir

Primary node:postgresql.conf

archive_mode = on
archive_command = 'cp -i %p /shared/psql_wal/%f"

Standby node: recovery.conf

standby _mode ="'on'
restore_command = 'cp -f /var/lib/postgresql/data/archive/%f %p </dev/null'
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PostgreSQL Hot Standby

* Primary node supports both read and write.
« Standby node supports read only.
« Use Stream replication to transfer WAL records.

- 54$PGDATA/xlog $PGDATA/xlog —
n oD

/ —
Stream Replication f

Primary node:postgresql.conf
_________________ Standby node:postgresql.conf

wal_level = hot_standby @~ SS===============
max_wal_senders = 1 hot_standby = on

Standby node: recovery.conf

primary_conninfo = 'host=192.168.0.1 port=5432 user=ruser password=password’
standby_mode = on
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PostgreSQL Stream Replication

« Standby node: Recovery process notifies Postmaster to start the WAL receiver process.
« Standby node: Postmaster process starts the WAL receiver process.

« Standby node: WAL receiver process tries to connect to the Primary node.

* Primary Node: Postmaster accept the connection and spawn the WAL sender process.
+ The WAL receiver and WAL sender begin to work.

« WAL receiver tells WAL sender the WAL location(LSN, Log Sequence Number) to start.
« WAL sender starts sending WAL records to WAL receiver.

WAL sender and WAL receiver exit on communication timeout. WAL receiver will be started again
and then WAL sender.
4 Standby node

\ SPGDATA/xlog

Postgres /
backend WAL sender 4 Standby node
|

_ $PGDATA/xlog y

J

$PGDATA/xlog
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LSN(Log Sequence Number)/RE.

Record(n):length=500 Record(n+1):length=600

\

MK E . 8000 LSN=8000 LSN=8500

e LSNZFER—MNWAL record7ZE WALK 5 81
%, ﬁn%ﬁﬁm (SEPRRILSNITELEERE

« §— WAL recordtit—4LSN.

@ Postgres Conference China 2016 FEFH P KXK&



Bl EH|: Synchronous Replication
- BSREHIEKREPrimary T S L, Postj%res backend=F 1 =i i 5 55 WAL

recordsi StandbyIZFH 5 AWAL HAES (3 & # N A AR S B (replay). X
MNEFF1SPostgres backendPAZE, EZ|HEHNAILSN Mstandby &

*+ HWAL senderif{E|standby S EHILSN, f5140: 10000, FTEFFHHIES
/backend, HwaitLSN/NFZFTFNMZLSN, #la0: 8000,9000, =#MLE,

Primary Node \\ l

waitLSN=8000

waitLSN=9000
(ynchronous Standby Node\
waitLSN=10000

waitLSN=13000 WAL Record,
LSN=10000 Drocess
Backend-d WAL Sender WAL Receiver

/L Flush=9000,

\L ] $PGDATA/xlog / Apply=8000 k SPGDATA/xlog
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B4tk d: Standby #fE, S
Primary JoiE1IE R T1E

. %r@gﬁﬁﬂ’\]standbyﬁﬁi%, o & EHE, SEWAL senderliIl 4~ 2{E{a] 3k EWAL receiver
IR o

+ X2 SHPrimaryif, RHEMPostgres backend=#MEE, BEREHITHIESHIEE, #
MBBEER iR, REIKK.

- —LENRAEFBEIXFRERN, STMEFEGNREEER, MEXMEER. TEE
FEEREFHIPostgres backendiEfEZ AN ~%, HEMEFERRZRIR

\

Primary Node \
waitLSN=8000

e Backend-a

waitLSN=9000
waitLSN=10000 [S

e w Backend-b ~

ynchronous
Standby Node

WAL Receiver

- J

waitLSN=13000

Backend-c

e Backend-d WAL Sender
$PGDATA/xlog j
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AT LAFRE D57 BNl

- ETREHIEhot standby@EEEF R EZHIStandby T R itlfE, S
Primary nodett Jo ;£ T 1E.

. ﬁzﬂ]E’JfE%%FT%EO i1 EE: Standbyi = HEIMEEE, Primary™smgE
G TIE, BAANNRHIERF f.'ZlZﬁch*;LIYE i B sCI .

« BEANW: XERLUEZHY, .jjﬂyuu,?i%l]ﬂ’lﬁE’Jm?’]TPrlmar yFiStandby
EEFEHESE—H. —PMH8ET, Zh—1 TkalZ*L*}EEﬁIy&?ET

Wake up
- sender
/ A Synchronous

—_
application

Synchronous

Asynchronous
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Postgres backend WAL sender

Begin commit

Write WAL records
to WAL segments

Send WAL

Wait for LSN records to
Standby

Waken up

Gets receiver’s
LSN

Commit succeed
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Switching between synchronous
mode and asynchronous mode

Postgres backend

WAL sender
Begin commit

Write WAL records to
WAL segments

Synchronous
replication

Send WAL
works well?

records to
Standby

Wake up all Wait for LSN
waiting
backends

Gets receiver’s
LSN

Commit succeed
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« RESFIVEZIA, BIFHIWAL sender/=4, XTRZAY
WalSnd.pid 1% & Bt WAL senderfyPID, 3EO.

« WAL senderiB{5#80F, 1B, EwalSnd.pidi&E A0,

- HBRIZHIWalSnd.pid&BA0RT, EIZREFITAANTH.

WAL Sender WAL Receiver

WalSnd

WAL Sender WAL Receiver

[ typedef struct WalSnd
{
pid_t pid; /* this walsender's process id, or 0 */
WalSndState state; [* this walsender's state */
XLogRecPtr sentPtr; [* WAL has been sent up to this
point */

—_— i WaISnd'I =
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Synchronous to Asynchronous
« FHREMIPIE: IMRWalSnd].

pid&f =20, N

IImI

|| Mz B B F 1 R A

IR AL

[
PN

19, rAEEZIRIH
%, HARSER.

5*77’ ﬁﬁ_t */\lzﬂi
o RYMEFEEEN, K%< 1E, WALsender
BH, LR,

WalSnd.pid=0

WalSnd.pid=0

WAL sender stopped

Standby [crash]

WAL sender stopped

Standby [crash]

i [ A5 2 ) standby #8 Hi i 17
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Asynchronous to Synchronous

o BRIRZES, MR E.

o U —ANFMIWALsenderiatT, fii EiRH T,

o HH¥—A[EH WAL senderiit 2)WAL receiver it NV 2& .
LSN=91000 LSN=90000

WalSnd.pid=235
WAL sender
WalSnd.pid=0 WAL sender stopped Standby [crash]

£ /b—A[E B Standbyk B 1, JfHLSNIE Ek T
-
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SEINZATS 1

postgresql.conf

adaptive_sync_repli_flag=on/off #X/NH <& d|—VIT)EE, RARX NI K
#ITH, FETiReA T/E, B0, BraEEnE AR E AT,

adaptive_sync_repli_lsn_catchup=8192 #f F L V)#2|[E] 0K, standby¥% f& HJLSNEE
/NFIXAME

RN E

Bool adaptive_sync_repli_flag=true/false #X} it & Z %iadaptive_sync_repli_flag.
Int adaptive_sync_repli_Isn_catchup=8192 #X} M it & Z#{adaptive_sync_lsn_catchup.
Int adaptive_sync_repli_status=(adaptive_sync, adaptive_async, disabled)
WalSnd {

XLogRecPtr standbyLSN; //WAL receiverii 2| i) & 58T ILSN, WAL senderiil BE F1iE
Standby¥& J5 /2 Z>LSN.
}

...
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SEINZE 52

SyncRepWaitForLSN(XLogRecPtr XactCommitLSN){

SyncRepWaitForLSN()iE N\ 55455 B I 4G 2

R adaptive_sync_repli_flag=true
{
A A K [F 2 WAL sender, WalSnd[]
MR FEE R DH — FH WAL sender,WalSnd.pidIE0
{
if(adaptive_sync_repli_status==adaptive_sync/* B &M [EHHER*/) {
[IARBRERLER, FMet4, SyncRepWaitForlSN()RH14T IH ) Z 4
} else if(adaptive_sync_repli_status==adaptive_async/* B &M FH R */) {
if( ( myLSN-WalSnd.standbyLSN )<adaptive_sync_repli_lsn_catchup ) {
adaptive_sync_repli_status==adaptive_sync; //5F 2| F 5,
//SyncRepWaitForLSN()R-$A4T IH H)3Z 48
}else {
[RAE T BiE M R P AR
wakeup_all_transactions(); //M:BEFTH % FFH fbackend 2
return; //ZS 4T SyncRepWaitForLSN() ¥ 3447 |H 32 48
}
}
}
B, WREH FPWALsenderfFiE
{
if(adaptive_sync_repli_status==adaptive_sync/* 4Bl B & M. [F B */)
{ [/FABEFP
wakeup_all_transactions(); //MeRE BT &2+ Kbackend#EE
adaptive_sync_repli_status==adaptive_async
}
return;///A 34T SyncRepWaitForLSN() ¥ $4AT IH K2 B A &5 o
}
}

//SyncRepWaitForLSN /5 42 IE H# AbBR

G



SEINZET5:3

R adaptive_sync_repli_flag=true WAL Senderjﬁ%%}izélz ’ j'JFazl:ﬁzﬁI/f/E HTJ‘ ’ 'ﬁlﬁ )F‘/—“_Zﬁ )

U IR WAL sender SR [E2D

R B A H B FPWAL senderF7E
{
if(adaptive_sync_repli_status==adaptive_async/* H &N FH R */) {
/IR EE RSN, WA RRTIH®E] FPER
if( ( myLSN-WalSnd.standbyLSN )<adaptive_sync_repli_Isn_catchup ) {
adaptive_sync_repli_status==adaptive_sync; //F 2R &,
}
}

=
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fnHadaptive_sync_repli_flag=true WAL sen deriﬁ%ﬁi@ Hj Zﬁ_ﬁ ’ ﬁi*{jﬁ o
{ Eikak SR

EFTA K F2>WAL sender
R B A H B FPWAL senderf e
{
if(adaptive_sync_repli_status==adaptive_sync/* B &M [F]zB R */) {
[/ R RIS, WPI%RBFPER
adaptive_sync_repli_status=adaptive_async;
MeRE Bt R 454 1 ) backend B 72

wakeup_all_transactions();

}
}
}

=
@ Postgres Conference China 2016 FE B P X&



Thanks!

Q&A
L FR S EMIERSERA A

Postgres Conference China 2016 fFERH K&



