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AEXRME, BiE e
! pgbench DB @) scale factor = 100 = ~1.6GB

| RoF2—0FiE

o 7—/0O0-R:EX(r/w HY) & Select only(readDd ) ND2FEFE
- Select onlyld, 9.1.2&9.2 8 DL TEMR

o 54l X 3MEEHE = FIYEEN/FY—7ER(TPSE)ELE
* Robert HaasDBIE 75 iEICHER (cf. PostgreSQL Conf. 2012)

| BRI

® Hardware

« CPU: Intel E7310 (4cores/chip) X 4, 1.6GHz, FSB 1033MHz
* memory: 16GByte

- Disk: 1) OS and AP, 2) DB data, 3) WAL

® Software
- DBMS: PostgreSQL 9.1.2

— NUM_BUFFER_PARTITIONS#%256, NUM_LOCK_PARTITIONS%Z64(_1&X09
— shared_buffer = 4GB

* OS: Linux 2.6.18-164.6.1.el5 (CentOS)
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Early Lock Release M%h5R
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EARTEHIERHIcommit TEH LY
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EHOWALEZAAFE7/OA%EwWake up

WALWriteLockﬁgﬁﬁ t = T t = T
X1-1 ;' —l X1-1 0l g&—d
X1-2 5 x12 Moy
! | RihEtisleep
X2-1 . X2-1 (b !
X2-2 X2-2 11—&—-'-—11
WAL buffer e ' || — LSN WAL buffer T s } —> LSN
Disk ! i '—ﬂt Disk ! i —ﬂt

t Lock acquire (success) ' Lock release

X Lock acquire (fail) Lock wait

HFESYDIAE Twake up Wake upDIETEHIESE. .
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Linux A—RWVES 21—V E{ER

| DLKM&EL T, WALFFBRDqueueE 1 TIAU R
o BEXAASTTH, TOLSNUIT(+ LSNORKAME)D7OLA%Zwake up

Kernel

] O] PostgreSQL
[ backend processes
- B u
B B . X System call
T 2 * (Wait for log-write finish)
""""""""""" « ¥ o« e s
f Dynamically Loadable Kernel I\/Iodule\
Queue head

\_

\ il — LSN

Flush Write )

N1 n+2
[~ n+3
m \ n+4
%Wake T 1l

(write fm:shed ) Wake up
v. (write unfinished)

cf. Horikawa, T., An Unexpected Scalability Bottleneck in a DBMS: A Hidden Pitfall in Implementing Mutual Exclusion,

PDCS 2011, ACTA Press.
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pgbench®¥F1E (s ? )

ZOMERIR
| AREREHSSO RS HLL

Tit -s 100
o . CRIELDIE. ...pgbeneti branches DITEDRIr—V 97794

RU(DFIVTF 74T 10)UIEN S, FRFER#L10%2BAdE0Y
IR RELTHENMHESEDIENIZETT,
¢ REDIATLTRIDESLRETRIEFBIIITHOEVDT, REDVATL

TOHOHEZHMLED LD AVF2—I7XKOBMICIEHFNESDHEWLNS
ElcBUET, cf. AH EX, pgbench®d{ELZ L,

http://lets.postgresql.jp/documents/technical/contrib/pgbench/

RNFIA7 (X=7) DIFEISEICRHEE ?

DB2{#&EN Y1 X3
. i} IBIFRL
% #ﬁaIE
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&

t touple ¥ (#ntagE) x10¥E Rk
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tellers scale x 10 D scale x 100

branches scale x 1 scale x 10

(history) O (insert&hTL<)

Muuu""""

Page 11

Copyright © 2012 NEC Corporation. All rights reserved.

Empowered by Innovation N E‘



9.2TlE? --select (read) only --
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(///) PostgreSQL Conf. To)%iﬁ*ﬂ (select only)

| ] ] ] | L | | 1 | ] 1 | ] | ] 1 | ] | ] 1
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PostgreSQL Conf. 2012 Tokyo, Robert Haas $&&R&E#} (2012/2/24) by way of H. Takatsuka
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9.2TIE? - writedt) --
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(Bi§) EHOWALEZAAFE7OtA%Zwake up

WALWriteLockEfgﬁﬁ t=T
X110 X1-1 |l g&%z
X1-2 X1-2 0 B
2 | RipEtisleep
X2-1 b X2-1 (b !
X22 el X22 |ie———
WAL buffer e ' || — LSN WAL buffer ‘e s | — LSN
Disk [} i '—ﬂt Disk [} i —ﬂt

1 Lock acquire (success) ' Lock release
X Lock acquire (fail) Lock wait

HFESYDIAE Twake up Wake upDIEEHNIESE. . .

[
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cf. LWLock®EHERY)

Holder Waiter Interceptor Lock data ~~
l [ ‘mutex, owner, list
R B T T " Acquire
T owner == NULL ' (success)
¥ | —owner =p1 o
e T i
. |owner = NULL i)
" |— Enq(&list, p2) 1.
Sleep}{
( owner = NULL R Release
¥ | waiter = Deq(&list)
Wakeu ,:’ ____________ ; ___ __________ _\\'AC L“re
: : | owner==NULL i/x¢q
(waiter delay @ —» owner = p3 ; i(success)

il

T owner != NULL
¥ [ — Enq(&list, p2)

“Acquire again
' (fail)

" struct LWLock R
' mutextc &k 2 HEfth il
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LWLockAcquireOrWait() 2 Cee-

Holder Requesters Holder Requesters Holder Requesters
Lock data Lock data Lock data
Acq. Acq. 41_{_1_’ Acq.
4—
1 fai
Qr fall
| r |
I fail I
Rel. I Rel. —— Rel.
|
|
LWLockAcquire() LWLockConditionalAcquire() LWLockAcquireOrWait()
LWLockAcquireOrWait()ledk ZWALE A Al
(
Queue head
-
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LWLockAcquireOrWait() D3RR

l
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BERER HE - writedst) --

e | 5 2beta
i 9.1.2 (x10) !© BasLiThiE
| 4800 j ZDIEHS 5100
9.1.2 WAL |
4600 | @
912ELR |
3200 | @
912 | ThEYIC
2700 |
o T o \
' IERAAaI VS @ JERHAOZIVH
1 7300 | 8700

DAY EB|EBRIC. . .

- ~ Page 19 Copyright © 2012 NEC Corporation. All rights reserved. Empowered by Innovation NE(



Empowered by Innovation N E‘

TOfth, 9.20( 1% EE )IE{L R

(from code reading)



Fast Path Lock (before)

t“
o
o

HASHELEMENT

hash
LOCK (Resource)
= T
~——

PROC (Transaction)

myProcLock[N]

“ PGPROC

Relation
MDLOCK

h 4

lockLink

—

LOCKTAG

proclLocks

]

procLocks

procLink

lockLink |

procLink |- :
\ lockLink
procLink

PROCLOCK

.~ HASHELEMENT

lockLink
procLink

cf. LOCALLOCKIZ#& &

e

.
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Fast Path Lock (after)

hash .~ HASHELEMENT
LOCKTAG
procLocksy procLocks
LOCK (Resource)
— T *
LOCK
v
PROC (Transaction) . HASHELEMENT
lockLink
procLink

A 4

myProcLock[N]
. 4\ lockLink |
_ procLink |- :
Relation(table ) lockLink
|OCk'E¥E‘i::T%E procLlnk

(max. FP_LOCK_SLOTS_PER _BACKEND)

hashi#{E%&bypathT&B PROCLOCK

foLocalTransID

cf. LOCALLOCKIZ#& &
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snapshot {5012

*freeProcs

*autovac..

*startup..
PROC_HD

*allProcs
*allPgXact \

PROC_HDR

GetSnapshotData()A
for (index = 0; index < arrayP->numProcs; index++)

for (index = 0;
index < numProcs;
index++)

i

PGPROC

footprintd/Jv&i
prefecthZIRHRiADHS

‘\

PGPROC

9 . 1 PGXACT 9 . 2

= #EzZ2IEColumn DBICITLVD
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FEH

| pgbenchZZEELRDZIRIEHD
® branch&RAOLI—REMICHITIRI D RNV DB THD R REEXR
- branch&RAOLI-KF¥ZE10{E = KPRV IBM(HEER L)
® WAL writelcdl13 “AivELisleep” BEDTHIRIEK
- DLKMTHil$ %75 i& Fi2E
+ LWLock + XLogFlush() ®DHuE (9.2TEAEh7=F 3L %&back port) }0%%

L = eWBATR, ThTHERES

| 92 (20t )b

® Fast Path Lock (select only CAZLIR)

- {BL, Bl{ERIE? :‘:_';::f lock@activityZ ILsHZEE, 9. 1FLidtrivialLERH 5D
cf. QQA @ U-stream#RH

® Snapshot SV TOF+v1-IRA KR
- #EZ2FEColumn DBICRITIVD
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1. RecordTransactionCommit() &1 71 RE(FE%E)

static Transactionld
RecordTransactionCommit(void)

{ £
Transactionld latestXid = InvalidTransactionld; fstatic void Eﬁﬁﬁ h
CommitTransaction(void)
{
cleanup: Transactionld latestXid;
/* Clean up local data */
 (rolo) P RAUEHEEDOT, HUOLOEES
pfree(rels); { /,»”
—Fransactiontd latestXid = InvalidTransactionld;]
return latestXid;
Y
cleanup:
( static void ) /* Clean up local data */
CommitTransaction(void) if (rels)
{ pfree(rels);
Transactionld latestXid;
}
latestXid = RecordTransactionCommit();
cf. RecordTransactionCommit()% \‘\\
j\ o callL T DR, } e &R, retrun valuelIFILEHMBRICAS
g J \_ J
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2. XLogFlush(YMEEU L ZCommitTransaction() D&k # =18 &l

,_
il

e

Il

g if ((wrote_xlog && synchronous_commit > SYNCHRONOUS COMMIT_OFF) || A
forceSyncCommit || nrels > 0)
{ )
if (CommitDelay > 0 && enableFsync &&
MinimumActiveBackends(CommitSiblings))
pg_usleep(CommitDelay);
XLogFlush(XactLastRecEnd);
if (max_wal_senders > 0)
WalSndWakeup();
‘ .....................................................
\ J
if (markXidCommitted) 9%3-
TransactionldCommitTree(xid, nchildren, children);
} 8o
else { JEFIHAcommitEFDMIE; }
B then&elseMM G ICAND
" if (markXidCommitted) h
{
MyProc->inCommit = false;
END_CRIT_SECTION();
) J
XactLastRecEnd.xrecoff = 0; /
e 29 Copyright © 2012 NEC Corporation. All rights reserved. Empowered by Innovation NEC



(52T) BEIRODIRRE

if ((wrote_xlog && synchronous_commit > SYNCHRONOUS_ COMMIT_OFF) ||

forceSyncCommit || nrels > 0)

{
if (markXidCommitted)
TransactionldCommitTree(xid, nchildren, children); ﬁbr‘:m'ﬂ
}
else
{ \
XLogSetAsyncXactLSN(XactLastRecEnd);
if (markXidCommitted)
TransactionldAsyncCommitTree(xid, nchildren, children, XactLastRecEnd); .
;Hﬁlﬁﬂcommlt
rif (markXidCommitted) A R DBIE
{
MyProc->inCommit = false; | . - - b,
END_CRIT_SECTION(); O a7 01T
L} J ~
}
%é ___T_:EPage 30 Copyright © 2012 NEC Corporation. All rights reserved. Empowered by innovation NEC
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(58 7) CommitTransaction()DEXE — XLogFlush() HBENSE

(if ((wrote_xlog && synchronous_commit > SYNCHRONOUS COMMIT_OFF) || )
forceSyncCommit || nrels > 0)
{

if (CommitDelay > 0 && enableFsync &&
MinimumActiveBackends(CommitSiblings))
pg_usleep(CommitDelay);

XLogFlush(XactLastRecEnd);

if (max_wal_senders > 0)
WalSndWakeup();

r
if (markXidCommitted)

{ ifDS 7=

MyProc->inCommit = false;
END_CRIT_SECTION();

L} J

}

\XactLastRecEnd.xrecoﬂ’ =0;

BEIL 7=XLogFlush()Dcallinil —

[ RESUME_INTERRUPTS(): ]
} CommtiTransaction()DER#EIcH>7=WIE

‘Hul“lllu....

__ U-.m-

Il
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