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pgbench TAVFI—DEEITTIE. UTDLIIC1 R HENTEITEINE FSHD 3 DE(TPS: Transactions Per Second)MHE AENET, 135, Mincluding
connections establishing |[dPostgreSQ LANEREICE LIz BEESAETPSE, lexcluding connections establishing IIFCNESFLLTPSERLET,

transaction type:
scaling factor: 10
query mode: simple
number of clients: 10

of threads: 1

number of transactions per client: 1000
number of transactions actually processed:
tps = 85.184871
tps = 85.296346

TPC-B (sort of)

number

10000/10000
(including connections establishing)
(excluding connections establishing)

pgbench(ZIZT AT —ILT7HR 1 ELHIEENHD ., T—AR—2ADWEAILE— K Tpgbench FEBITEZEICLD FEDTA ZADTAMNROT—I N EER TEET . T
TAWRDAT =)V TPD R T, COEETERITORE JICHIET B pgbench_accounts JEWVIT—TILTLOFHEDT—A ., $915MBDT—AR—ABMERSNFET,

LIS, FAT—ILTPDRICH G T BT —IR- A1 X&RLET
= 4.1 AT=ILIPDRCRH T BT —AR-2Y

1%
AT—NTFNE | F-BR—AHAX

1 15MB

10 150MB

100 1.5GB

1000 15GB

5000 75GB

WL E—FTldpgbench_accounts DMICET—TILHMERSNES , ERENDT—TINDUR M EUUTITRLET,

% 4.2 pgbench_accounts(0 )

LIES] THE dAVE
aid integer POV NESEF)
bid integer XIEES
abalance integer OFEDE%8
filler character(84) "%
%% 4.3 pgbench_branches(XJE)

il % T—aR dAVE
bid integer XEBS
bbalance integer OFENEEE
filler character(84) | &%
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5 4.4 pgbench_tellers(BOELFE)

LES ki dAVE
tid integer BHEEES
bid integer XEES
tbalance integer AEOEEE
filler character(84) | f&%

AT=ILIPDAN 1 DFF. pgbench_accounts [d 10 754, pgbench_branches (&1 ¥, pgbench_tellers (& 10 DT —ANEREINET, AT —ILT7DA%E
EPTEINICHBAILTET—TNDOT-IMEZET,

pgbench [CF #k 2 BATaVhHBNFET, F¥HIE PostgreSQLE #BIEE N, CCTIR ARFET FALTWSELATVav0H EHRBALET,
& 4.5 AUFI-=DT7—TILHH1E

. EV 84

-i RYFI=DT7=T ORI
. 2T =L TP
-F RSB T—TINDI1T70 A

£ 4.6 KUFY-DDELT

. EV L

-C RO 1 7 MK
- pgbench RAOI—HALYRE
T RIUFI-DERTIHHH
-n ETAIENF1—LETOEN
-P BEUEHHIEDOLUR— MR
- ETVIVDFEH AT IERT

4.3. TRELAE AL

4.3.1. N\—FIx 7k
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Network Switch(1GbE)

Network Switch(10GbE) HPE 5700-32XGT-8XG-2QSFP

v

DBH—/\#1 BH—/\#2 ERENTA
DL380 Gen10 L380 Gen10 DL360 Gen10
(2P/32c, 384GBAE!)) /32¢, 384GBAE')) (2p16¢,384GBAE!))

Windows Server 2016 RHEL 7.3 RHEL 7.3

FC Switch SN3600B

NIC1
3PAR Store Serv 8200 ] 3PAR
(1.8TB x 244 RAID10, Management

EHHE17.8TiB) J Console

4.1 #5E\— FOTPHER
LTI EEHROIBI DB Y— /%2 16T ARHITAIEALELE,
4.32.YIFII7HERK
BIIBBOYIMITPERERLET,

& 4.7 DBY—)\#2

oS Red Hat Enterprise Linux 7.3
PostgreSQL 9.6.6, 10.1

& 4.8 AfETHA
(O Red Hat Enterprise Linux 7.3
pgbench 10.1

4.3.3. h—RIVEKE

e 0OS F74)E
o NMN=ALyF1VTEFALEL

4.3.4. PostgreSQL 3% 5

PostgreSQLERE 771l postgresql.conf TOEREIFUTDENTT, CNoIFSBRABRIMEREFHRIRE CHBETT,
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listen addresses = '*' ... SRBIAIIUNLOELRA
max_connections = 500 ... ZWHICHE
shared buffers = 40GB

work mem = 1GB
maitenance work mem = 20GB
checkpoint timeout = 60min
max wal size = 160GB

4.3.5. IRi8

LIFOFIET, T—AR=AD 528 &R LEL,

initdb CF—A71LY etk L. LERICRUEZE EZEpostgresql.conflCEBik LET,

S initdb --no-locale --encoding=utf-8
$ vi $PGDATA/postgresqgl.conf

PostgreSQLEREILTAVFI—VRADT—IR—-AZERLET,

$ pg _ctl start -w

S createdb [dbname]

44 REETTESER)

pgbenchARVRERWNT. AVFI—DRT—IR=2&AT =L 77052000 CHIERE LET,

$ pgbench -i -s 2000 [dbname]

ARREIETIE pg_prewarm EVa1—)LEHAWVET,

pg_prewarm [Z)\WI7F vy 1l T—IINT—RERH RALTHOEI1-II T, NvI7FvyoahthU7? SN TWST—AR—AEEEZOHREIE TIREBEARE T
WICAWSIENTEET,

F9.BIEADUT MRITHIC pg_prewarm EEITLET, CNICEDT—TILT—REITARTINYI7E oI IHSNET,
=# SELECT pg_prewarm('pgbench accounts');

UTOAIT S BRNABLADUT L TR LT BELBARHIINILIICLELE, ZNiE. pgbench DIZH# YFUZA (pgbench -S) TIFCPUILTER B A
FIDHDBENVEHTT , EERBIICIE, S5 LIC100001TEERG LTLET,

\set naccounts 100000 * :scale
\set row count 10000
\set aid max :naccounts - :row_count

\setrandom aid 1 :aid max

SELECT count (abalance) FROM pgbench accounts WHERE aid BETWEEN :aid and :aid + :row count;

e, D317V ARG ED D
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$ pgbench -n -h [host] -p [port] -c [clients] -j [threads] -f [BERHAZLADYTF] -T 300 -s 2000 -P 1

-r [dbname]

ELTEITLELUE, SELECTDH THBTZHVACUUMERITE T (-n). pgbench D317V MR(-QEALY R ELEBIS BN S, 300 T D(NEITLTVET, A
Ly RBUZDZA 7Y MRDFE S ELTWNET o AT =L T7D8(-5)[IFT— AR =AM EALBFER L2000 8 E LET . Fh. 1 EOES LiR— MRF PRI TIUDF
BLATUIENBEIBTRIEEICLELE, (L. -P, -r DIBEICI TELNEHREISEOEEICEERNZZEEIHNFEATLE)

FHRIEDSA7Y MRCEICENFNIRTOEITL. ZOh RIEFMERELET, Fo. TENSEIDS1 7V MIE1 2 4 8 16 32 48 64 96} TY,
A5 B R (SRR)

BRIERDTPSOTS7ELLTFISTRUET, 9.6, 10 (FEBICHFA 7Y MIEMICONTTPSHEML, APEEBATZANDIS4 7 METTPSISEBITBER > TL\E
T, 10DTPSIEFEAED AT MRIZBNTHINC9. 6 F LEZHERERBNFELE,

TPS

18000
16000
14000
12000
10000
S000
10
6000
4000
2000
0
0 20 40 60 80 100

4.2 BOFATINICH TS TPS (BER)
4.6. REE A EEHR)

pgbenchdYVFERAWT, AVFI—DRAT—AIR-2ZAT =L 77052000 THHAL LET . COEE, I1LT7DAIF 80 £LET,

$ pgbench -i -s 2000 [dbname] -F 80

BEHRRIATEH, pg_prewarm EVa1—)LERWNET, BIEADUTMEITHIIC pg_prewarm #RTULET, CNICEDT—TINT—RIEITARTINWI7F o2& HH
SNFET,

=# SELECT pg prewarm('pgbench accounts');

LTFO2DUT N EEFHRDASLADYT L THRRL T BEBRFEIMNSLIICLELE,
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\set naccounts 100000 * :scale

\set aid val random(l, :naccounts)
UPDATE pgbench accounts SET filler=repeat (md5 (current timestamp::text),2) WHERE aid = :aid val;

NE D17V FRREEEDD

$ pgbench -n -h [host] -p [port] -c [clients] -j [threads] -f [EEHZRHIAZLADYTF] -T 300 -s 2000 -P 1

-r [dbname]

ELTEITLELE, VACUUMEEITET(-n). pgbench D347V MR- ALY R () EE S BN S, 300 FD(NEITLTLET, ALY RIS TV Mk
DERELTVET , AT —ILTPDA(s)ICIET—AR— 2 ELBEERI L2000 F4EE LET . Fo. 1 EOESH LR— MIREBP)ERIIVOFEH LA TV I(nEERET
BIEEICLELE, (FZEL. -P, -r DIBEICIH>THLINERRESEOERICERZEANSCERHIFFATLE)

FHANEDSA 7Y MRCEICENZEN3EI T ORITL, TP REFERELET, T, THSEIDI1 7ML 24816 3248 64 96) TF, COEE, BHRE
SEDIGERFETEROT-IINEENEST. EEMEAELLTVET,

A7 BELEER (EHR)

BEHERDTPSOYS7ELTITRULET, 9.6, 10 [FEBICHSA 7Y MUEMICON TIPSO M ULET A, I7RERZEAVDIF1T7Y ML ENERN ., K
TPSIF9.6 M0 REC EMBHEREBNFELE,

TPS

140000
120000
100000
80000
60000 10
40000

20000

0 20 40 60 80 100

4.3 BEHSATIMRICH TS TPS (B FR)
100 EH RS L EMRIBTREHICHIER ., BMOBRIEETOELE,

4.8. B INFREE

4.8.1. YATLI-IRAE

BN=I30 postgres TALANEITITEIVATLA-INERELELE, strace AV REAWNDET. EITLEVATLI-IIERETEET, strace AYVRET
TN TEETENEIATLI-NOFMZRULETN, -« 7793V E2RAWBIETYATLI-INOEHEITITENATEETT,
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Fz F AT VaAVERVBETRIDRRICEFIOLAEEHTVET, (L. /WIIVFIOEAUNEIEITLEITVET)

9.6 &£ 10 TREENDHT 80 DM TPV MERIEED pgbench EXRIC, pgbench BfTRABERCYATLI-IVERIEEREIELTVET,

$ cat ${PGDATA}/postmaster.pid | head -nl | xargs -I@ strace -p @ -f -c -o {(HAEXI?MIL)

Time %

20 40

=
Wy
=
=
=
LA
[racd
¥y
(W8
=
(WS
Wy

semop
sendto
Iseek
write
fsync

recvfrom

System calls

read
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open

4.49.6 M postgres JALANMERTSVATLI-IL
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Time %
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futex
sendto
Iseek
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System calls

read
fdatasync
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open

B 4.5 10 @ postgres JOCANMEATEIYATLI-I

T ENENRTEHFBBEIGOREVIEDO Y ATLI-IERLTVET, FIASN TS YATLI-ZEERIUTTN., ETEMEISENA—FSVYATLI—
IWHEBS>TWELE, 9.6 [E semop, 10 & futex YATLI-IHREAVDNTVET,

Fe BTSN VATLI-NOFEREETEEIS-EHEERFIFEONES, 9.6 D semop, 10 @ futex DEITEFEIS-EHERLZONROBETY
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futex
semop
0 2000000 4000000 6000000 8000000
Calls
M errors

B 4.6 9.6 M semop, 10 M futex DEITEIFETS—EI%K
futex DYATLI—IUE semop [CRHULTIS—EHHNEL, I5-BIEDKRESH) T4—IVAMETIOBA RO TEBVDNEFBEINET,
EB(C INDOYATLI-INE DB LRI RSN TSN ERERLEL L, (CIHDERITEMOREZ L. BB DRETTOTCVEY
YAT L= IVEREUH LRID AR YD b L—ZBRER(S strace D -k ZFVavERAVELE,

9.6 Tsemop HNALLNTLVET -G TO2@NTLE,
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semop (5472262,
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semop (5505031,

>

VV VYV VYV VVVYVYVYV

({3,
/usr/1ib64/1libc-2.
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17.
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/usr/local/pgsqgl/9.
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/usr/local/pgsgl/9.
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17.
/usr/local/pgsql/9.6.

/usr/lib64/1libc-2.

-1,
17.

6

Y O OY O O O)Y OY OY O

4

17.

Y O O O O O) O Oy OY O

01, 0
so (semop+0x7) [0xf8£37]
.6/bin/postgres (PGSemaphoreLock+0x41)

1)

[

( [0x24f441]
.6/bin/postgres (LWLockAcquireOrWait+0xfc) [0x2ab60c]
.6/bin/postgres (XLogFlush+0xcd) [0xdb75d]
.6/bin/postgres (CommitTransaction+0x4a7) [0xd2f17]

( [0xd39f5]

(

(

(

(

[0x2b5fe5]

.6/bin/postgres (CommitTransactionCommand+0xc5)
.6/bin/postgres (finish xact command.part.4+0x35)
.6/bin/postgres (PostgresMain+0x1fb2) [0x2b98c2]
[Ox6b42a]

[0x26018a]

.6/bin/postgres (ServerLoop+0x964)
.6/bin/postgres (PostmasterMain+0xe6a)
[0x6bf10]
[0x21b35]
[0x6bf77]

.6/bin/postgres (main+0x3e0)
so(_libc_start main+0xf5)
6/bin/postgres (_start+0x29)
0}1, =0
so (semop+0x7) [0xf8£37]
.6/bin/postgres (PGSemaphoreUnlock+0x41)
.6/bin/postgres (LWLockRelease+0x264) [0x2abc84]
.6/bin/postgres (XLogFlush+0x138) [0xdb7c8]
.6/bin/postgres (CommitTransaction+0x4a7) [0xd2f17]

(

(

(

(

(

1)

[0x24f4cl]

.6/bin/postgres (CommitTransactionCommand+0xc5) [0xd39f5]
.6/bin/postgres (finish xact command.part.4+0x35) [0x2b5fe5]
.6/bin/postgres (PostgresMain+0x1fb2) [0x2b98c2]

[Ox6b4d2al

[0x26018a]

.6/bin/postgres (ServerLoop+0x964)
.6/bin/postgres (PostmasterMain+0xe6a)
[0x6bfl10]
[0x21b35]
[0x6bf77]

.6/bin/postgres (main+0x3e0)
so(_libc_start main+0xf5)
6/bin/postgres ( start+0x29)

10 T futex BNALGNTLVET —ARLLITD2:@NTULE,
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futex (0x7£7£17ddfe58, FUTEX WAKE, 1) =

> /usr/1ib64/libpthread-2.17.s0 (sem post+0x3d) [0xdb7d]
/usr/local/pgsql/10.1/bin/postgres (PGSemaphoreUnlock+0x22) [0x284ef2]
/usr/local/pgsgl/10.1/bin/postgres (LWLockRelease+0x324) [0x2ed664]
/usr/local/pgsgl/10.1/bin/postgres (XLogFlush+0x138) [Oxedac8]
/usr/local/pgsgl/10.1/bin/postgres (CommitTransaction+0x4cl) [Oxedcall
/usr/local/pgsgl/10.1/bin/postgres (CommitTransactionCommand+0xc5) [0xe57b5]
/usr/local/pgsql/10.1/bin/postgres (finish xact command.part.4+0x15) [0x2£82d5]
/usr/local/pgsql/10.1/bin/postgres (exec simple query+0x392) [0x2fala2]
/usr/local/pgsql/10.1/bin/postgres (PostgresMain+0xf5c) [0x2fb28c]
/usr/local/pgsql/10.1/bin/postgres (ServerLoop+0xbd7) [0x75c6d]
/usr/local/pgsgl/10.1/bin/postgres (PostmasterMain+0xe89) [0x296609]
/usr/local/pgsqgl/10.1/bin/postgres (main+0x3fl) [0x76681]
/usr/1ib64/1libc-2.17.s0(__libc_start main+0xf5) [0x21b35]
/usr/local/pgsgl/10.1/bin/postgres (_start+0x29) [0x766e8]

>
>
>
>
>
>
>
>
>
>
>
>
>

futex (0x7£7£17ddfc98, FUTEX WAIT, 0, NULL) = 0

> /usr/1lib64/libpthread-2.17.s0(do_futex wait.constprop.l+0x2b) [0xd79b]
/usr/1ib64/libpthread-2.17.s0(_ new sem wait slow.constprop.0+0x4f) [0xd82f]
/usr/1ib64/libpthread-2.17.so (sem wait+0x2b) [0xd8cb]
/usr/local/pgsgl/10.1/bin/postgres (PGSemaphoreLock+0x22) [0x284e92]
/usr/local/pgsgl/10.1/bin/postgres (LWLockAcquireOrWait+0xbd) [0x2ece6d]
/usr/local/pgsgl/10.1/bin/postgres (XLogFlush+0xcd) [0xeda5d]
/usr/local/pgsql/10.1/bin/postgres (CommitTransaction+0x4cl) [Oxedcal]
/usr/local/pgsgl/10.1/bin/postgres (CommitTransactionCommand+0xc5) [0xe57b5]
/usr/local/pgsql/10.1/bin/postgres (finish xact command.part.4+0x15) [0x2£82d5]
/usr/local/pgsql/10.1/bin/postgres (exec simple query+0x392) [0x2fala2]
/usr/local/pgsgl/10.1/bin/postgres (PostgresMain+0xf5c) [0x2fb28c]
/usr/local/pgsgl/10.1/bin/postgres (ServerLoop+0xbd7) [0x75c6d]
/usr/local/pgsgl/10.1/bin/postgres (PostmasterMain+0xe89) [0x296609]
/usr/local/pgsgl/10.1/bin/postgres (main+0x3f1l) [0x76681]
/usr/1ib64/1libc-2.17.s0(__libc_start main+0xf5) [0x21b35]
/usr/local/pgsgl/10.1/bin/postgres (_start+0x29) [0x766e8]

VVVVVVVVVVVVYVYVYV

semop & futex HLVFNE PGSemaphorelock, PGSemaphoreUnlock BESTHIASNTWELE, 2FD. WINEEIT4+EIRIET RSN ALDNDI VAT
LO-JLTUL,

49. £

AIRFECIIBIFRD, PostgreSQLERFT/\—JaVvEIRN—JavEDAT — IV Py T RELL BT E1TLVEL,

STHEL 100Y)-A/—MIFAT—)VERER EZESTLIBEN R Z 0N BHNOT, RILFTFSBREFRVINGEEERGRE(EALBVLDEFELT
Flk.

R SRRCEVTEHIBN— T3V THEEIREEMIFEANTLEN, UAUVEHRICENTIEZ BORFFEGERICSVTH N —JaV0BHLNGIERETH
HEERSNELL,

BHRIOVT, YATLI-IOEN0EBIMREEITVEL L, BIREECED ., FN- V3V TERTRRNA—FBRVYATLI-INELGSCE, TNHDYATL
-V EITAREDBEMN LU SN TIRCIE, 100V ATLI-IIOIS—ENG N EERER TEELE,

Fr  &N=JaVTETHBNF—FROVIATLI-IHELZOE. 10(CHWT Minux LETRHAINZT 74 bOEITAN System V £IT4HD POSIX £IT4
[CEFE] SNizlElkdtOTLE, RAEERRI-2/— Mot fERTEELE,

WREEHLTRBIFTH. CNoDFERSINEHERETOREEEITANEBINLIENKENEHDNET, S E. RIEHAMEF— - LT LI nhHEE
NTUED, ERICEYTADI T4 —IVAE T OREADEINEL0ICH T System V EI7+DEREARMICIEE TR ECHRETRREEDNET,

ECAT, RREEEFRIFFHEA (2018-01-23) [ pgsql-hackers A—=UVH A9 6E£10DE 4 RELLEAR LR S () DIRFESNTET, CHLDFERLARELE
BHRICI0DMEEEE TERTIERTULE, ZOROIAY FTPRIDEITIDEEICLZEEEE THREINTHNELE,

BE:

1. PostgreSQL 10 YJ—A/—hk (AXED)
https://www.postgresql.jp/document/10/html/release-10.html

2. PostgreSQL 10 YJ—A/— (E:EB)
https://www.postgresql.org/docs/10/static/release-10.html
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3. pgsql-hackers A—UVHRAMIIEFEENTE 9.6 £ 10 DEF AL LLEIREE
https://www.postgresqgl.org/message-
id/CAD__OugYDM30%2BdyZnnZSbJprSfsGFJcQI1R%3De59T3hcLmDug4 w %40mail.gmail.com
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5. Windowshit PostgreSQLY4 gE % 5
5.1. A E

ARETIE. . WindowshiPostgreSQLOMEREEBITE L. LinuxhRPostgreSQLEDEREDME R ZLLE LIt #E R &R ULET,
ERDPostgrreSQLA—HFDHI(ZIEWindowshPostgreSQLEEFKICHE>TNBZI—HE LML TNET, UL, CNFETPGEConsTlE. Windowshi

PostgreSQLERALVEMREREEEERELTWVFEBATLE, SEEDPGEConsTld, Linux ETEMLTULVEE S ERBIERHRDBIEEWindowshRPostgreSQLT
£EMEL. LinuxhiPostgreSQLE, Window shiPostgreSQLOMEREDIER 5@ LELE,

5.2. #REEHE R
AFITlE. WindowshiPostgreSQLIRIINIRIZEERBALET,

521. N\—FI17#mk

Network Switch(1GbE)

Network Switch(10GbE) HPE 5700-32XGT-8XG-2QSFP

DBH—/\#1 BH—/\#2 ST
DL380 Gen10 L380 Gen10 DL360 Gen10
(2P/32c, 384GBAE!)) 132c, 384GBAEY)) (2p16¢,384GBAE!))

Windows Server 2016 RHEL 7.3 RHEL 7.3

FC Switch SN3600B

NIC1
3PAR Store Serv 8200 ] 3PAR
(1.8TB x 24K RAID10, Management

XA E17.8TiB) J Console

5.1 #REEN— KT 7R
5.2.2. Y7 FI17HRK

BEHREDYI I PHERERLES,
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% 5.1 DBHY—/W#1

0S Windows Server2016
PostgreSQL 10.1 (EDB installerhR)
5.2 BFEENTHA
oS Red Hat Enterprise Linux 7.3
PostgreSQL 10.1 (Y—2E L FiR)
5.3. BREEETIL

AEITIE. WindowshiPostgreSQLARIINET I ERBALET . RILETINOBEICDWTIE, TEREAART —IL 7Y THREL) 125 & ICLTLEEZL,
53.1. T—3X—-RD5A5HE MK

WindowshRPostgreSQLEA VAM—FTAVAR=ILTRE A VAR=ILRICTF I DT —IR=ADS 2B LET . COT—AX=2D528(F, T4 TlE

C:\Program Files\PostgreSQL\10\data

DOTFICERESNFET, SEQHRERIE TR, T—AR—ADF 2 ENEAMN —JICBRE R, FT— X MEMBIZEW AL IRBIZ O B ZITHIEMER T
EBLTVEY,

5.3.2. PostgreSQL®) % 5

PostgreSQLOEREELTEREIPANEUTOLIICERLCREEERLELE,
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pgbench=# SELECT * FROM pg file settings ;
sourcefile sourceline
| applied | error

C:/Program Files/PostgreSQL/10/data/postgresql. listen addresses
* | t l

C:/Program Files/PostgreSQL/10/data/postgresql. port

| 5432 [t '

C:/Program Files/PostgreSQL/10/data/postgresql.

dynamic shared memory type | windows

C:/Program Files/PostgreSQL/10/data/postgresql. log destination

| stderr |t |

C:/Program Files/PostgreSQL/10/data/postgresql. logging collector

| on | £ l

C:/Program Files/PostgreSQL/10/data/postgresql. log timezone

| Asia/Tokyo | t l

C:/Program Files/PostgreSQL/10/data/postgresql. datestyle

| iso, mdy |t

C:/Program Files/PostgreSQL/10/data/postgresql. timezone

| Asia/Tokyo | t

C:/Program Files/PostgreSQL/10/data/postgresql. lc_messages

| C | t l

C:/Program Files/PostgreSQL/10/data/postgresql. lc monetary

| C | t [

C:/Program Files/PostgreSQL/10/data/postgresql. lc_numeric

| C | t !

C:/Program Files/PostgreSQL/10/data/postgresql. lc time

| C | t l

C:/Program Files/PostgreSQL/10/data/postgresql.

default text search config | pg catalog.english

C:/Program Files/PostgreSQL/10/data/postgresql. max_connections

| 510 | t |

C:/Program Files/PostgreSQL/10/data/postgresql. shared buffers

| 38GB | t |

C:/Program Files/PostgreSQL/10/data/postgresql. work mem

| 1GB | t l

C:/Program Files/PostgreSQL/10/data/postgresql. checkpoint timeout

| 30min |t |

C:/Program Files/PostgreSQL/10/data/postgresql. max_wal size

| 160GB | t l

C:/Program Files/PostgreSQL/10/data/postgresql. logging collector

| on | t |

C:/Program Files/PostgreSQL/10/data/postgresql. log line prefix

| st [sp-&l] | t l

(20 rows)

5.3.3. REEARYFI—YD

RILADRYFI—DELT, PostgreSQLIZEDAYFI—IY—Ibpgbench EERULELE, (pgbenchDFEMICONTIE. TERERBIAT—I 7Y TRED155%E
ICLTLEELY,

5.3.3.1. I HIT -5 & &

T -IDEEE. pgbenchD-iZA T3V TAT—ILI7DA=1000DH 1 AEIEE LELE, fillfactorDERTEET 74 MF—TFILDfilifactor=100). unlogged
tableDIEEFBLELELE,

5.3.3.2. 2B R AT

ETERBIEB00MEETE LELE, EBETHELTL, 2, 4, 8, 16, 32, 48, 72, 80, 96552 TETLELE, SBRATENHIC. LTOAASLDIVE
pgbenchlC5EZTETLELE,
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\set naccounts 100000 * :scale
\set row count 10000
\set aid max :naccounts - :row count

\set aid random(l, :aid max)

SELECT count (abalance) FROM pgbench accounts WHERE aid BETWEEN :aid and :aid + :row_count;

FNFNORBETHICEBVT. IEDEEEERL., ZORIEHRtps) DPEEZAEBEELTET,
5.3.33. BEH R AIE
FEITERE300EHELELE, RBEEITHELTL, 2, 4, 8, 16, 32, 48, 72, 80, 9652 TEITLELE, BEHRATEDEHIC. LTFOIARLDIVE

pgbenchlCHEZTETLELE,

\set naccounts 100000 * :scale
\set aid val random(l, :naccounts)

UPDATE p&bench_accounts SET filler=repeat (md5 (current timestamp::text),2) WHERE aid = :aid val;

FRENORBEFRCHIT, SEOREEREL . ZORERR(ps) DHRMEEAEEELTVES,
5.4. #REEER

AEITIE. WindowshRPostgreSQLIRFHFER #RULET,
541. 3B%

SBRANVFI-DOFEREUTISRUET,

Winows/Linux PostgreSQL 10.1 Readonly tps
18000
16000
14000
12000
10000

== Windows
= 8000 =4 Linux
6000

4000
2000

0
0 o 20 30 40 50 60 7O 80 90 100

connections

SHBRAICEALTIE. LinuxhitPostgreSQLERZFENERNDEREICBHOTNVBEHIBTTEE T, FCPUEAEREps/latencyDBEZRERSE. CPUEAZEN100% 1
TP FETIE. RBFEGEHICHUTRFRT—ILLTED., CPUERAEN100%IALICHBE. tpsIEFEIZNERD, latency MEMULTIKELDIERIDHDET, COET
JVTIE, CPURYDICIIBE LV RICHEDZELE, tpsDIEMALinuxkREFERFMER THI_EN D, CPUEREMERICDONTELinuxiREREFRZERTLEE X
PNET,

5.42. EH %
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Winows/Linux PostgreSQL 10 Write tps

—i= \Windows
e LNz

tps

0 0 20 30 40 50 60 70 B0 90 100

connections

BHRICBAUTE, tpsHME—DHAEICHBE, LinuxhRELELE U Cps ME T I 3ELDIERICENELE, HMBNE—DEEBASE. WindowshRELinuxhREtpsht
BETIREVMERICHIETH, tpsDHILE AV, LinuxhRENEWindow sSRROFINKEBHTUVET, CPUBAZEICOVTEtpsDE-DH LU, TN LIREIC
BoTHENRBEREB2THEL T VO RYDICHITVBIENHERIENET

5.4.3. Windowshi shared buffersF1—=->4

shared_buffers&E mELAI DR EBEEATIDHI10%=$#940GB)E. FEBIC/INESHBFREE64MB) TSRRETIEZAE LEIERERLET,

Winows shared_buffers 64MB/40GB PostgreSQL 10.1 Readonly tps

13000
16000
14000
12000
10000

== G4MB
5000 =t 0GB
6000

4000
2000

0
0 0 20

ps

30 40 50 60 VO 80 90 100

connections

WindowshRPostgreSQLDIZE . shared_buffersh/NSKTHIEEAEENLRBIMERICIHOTVET, BN K E LG E LN BEREBEDFOINENM
EUMEREE>TVET, WindowshRPostgreSQLDIZE . PostgreSQLXZE Dshared_buffersDERBAIC. TWindows VAT LTMDshared_buffers DEiFHIE—
AREIIC64AMBDNG512MB T, JELVIERER D HNETH, ZOBBREBVDIERNHZEEZONET,

5.4.4. Windowshi wal_sync_methodF1—=->%
wal_sync_method Fa—ZUHE, LT D227V CEIMELELE,

e pg_test_fsynclcLBAIE
e pgbenchlCLBBIFE

pg_test_fsyc&ld, PostgreSQLEENMESEBRIGAIC. XEEEGwal_sync_method ERETREHDY—ILTT, pg_test_fsynclcLBBIEEEHEUIFERELL
TITRULET,

% 5.3 pg_fsynclCLBBIEFER

FTAMSE—Y open_datasync fdatasync fsync_writethrough fsync open_sync
one 8kB write 105161.390 n/a 5288.632 5406.255 n/a
(ops/sec)
one 8kB write 105161.390 n/a 5288.632 5406.255 n/a
(ops/sec)

RICEFRAVFI-DTEMRULBIEE. wal_sync_methodZopen_datasync,fsync_writethrough,fsynclCEEULTCERBULLEREUTISRLES,
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Winows PostgreSQL (prep) write tps

90000
80000
70000
60000

50000 == gpen_datasync
40000 == {sync_writethrough
= fync

tps

30000
20000
10000

0
0 10 20 30 40 50 60 70 80 90 100

connections

wal_sync_method(CDWTIE. pg_test_fsync1—T4)T1EE L BHMRELE . EFR(Cpgbench ZAVERIE DM ACHVT. open_datasync R ETHE
T.pgbench THEREE WMpsEHBREVVOFERERBDFELE,

5.5. F&H

EREBAETIVEAWT. WindowshRPostgreSQLELinuxhRPostgreSQLOMREELLEI LELE . B— ARV DY =N\ ETLinux/WindowsDOSDERICLD
BIEEERBULIER. SHROADHFEE. LinuxREFAFOMHRE. EFROBE(CE, tpsHE—DICEIZETRRICIIRAFOMRETLEN E-DEBALZ.
LinuxdDbtpsME T I 2MERNHIDEMEELELE, COFERND. WindowshRPostgreSQLTId, RENDEZAHNEETBIHEICIE. LinuxhizPostgreSQL
ELEERTBEMRENE VAT BEMEN B AEHERISNET, Uh L. BEFHKETRINE. LinuxiREBIFEDOMHERECEBTHD . WindowshiPostgreSQLIFTEREE T
[FlinuxhrEBERIFTVNEEZONET,

HEDPostgreSQLIITA—RIIDONT Window shREIBEDF1—ZUTHBENMREILELE . shared_bufferslCDVTIE. LinuxiRDF1—ZUT A $EFERED,
SREROETIVCR, FERI/NSBEZRELTEERE LOMERBOEVDFEREBDFELE, wal_sync_method(CD\TIE, open_datasyncEEEE TR L
ZHTHBIELVOFEREIDFELE,

5.6. 5%

1. PostgreSQLXE pg_test_fsync
https://www.postgresql.jp/document/10/html/pgtestfsync.html

2. PostgreSQLXE BRMHE

https://www.postgresql.jp/document/10/html/runtime-config-resource.html#runtime-config-resource-memory
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6. 1S5LIVDTY thRERRGE
6.1 HEIHE

HE EVIT-REROFNDSL, T-AR-ACKEDT-AERALVTRRPEMN TV, FLBHMRERLOETIRA MBI TVET, HIZE. EHICHTE5E
E7F-AkE  BECEANET—A%AENETZEMICEEHTTBBI(Business Intelligence)NEE M TY, COLSBEAAELCHVTE. RXIMOEERER
BUIVEMETZIEERED., SHOE/NEDIVEXREICNETELBFERAFETHROLTPICH LT, OLAPEIEENTNET . —fRAIIC. OLAPTIZISLILDTY
PR=T40aZVI DB EEZTPTNEENTNET,

PostgreSQLEOLAPRHBR THEALEZVNELVDE L (L, LIRTH HARIECHIELEN, PostgreSQL 9.5FTINS LIV TUNEESNTWVEH iz, OLAPHET
ERAMICERTERIMRETULE,

#_T.PostgreSQL 9.6 TREEN,, PostgreSQL 10 CHILENZ/AZLILDIUICLS T, PostgreSQLHO LAP R TRAMICERTEDRLS T IzOHERIEL
F9, KRIETE. OLAPICBWTHERIN XD IVEE LERYFI—DFANTHBTPC-DS TERIN TR IVEBMELTHERLET,

6.1.1. TPC-DStIZ

TPC-DSI&, TPC-H DHEMELBIRNIFI—DTARTT, BICLANONBAAI—AF—TELEIC, TPC-HENSHIZT—TIVEIOREFEH(CL. 1ROV TVRT TS
BOT—IN I3 UPEFGEENITOND LS DI T RENTVET,

RFERT—AEENRONT. /0 ANEEEADE ., SOV VIRMEDPEMBERENMTONSIEN . BEDOLTPINECPUDMIEMEBEE, CPUBREDIRED
FEATVIDDRVFI-DREREREKEELET,

TPC-DSTld. 9978 $8/103 RNV TN E RSN TNETH, RERIETIE. ZDIEMDN0.10EN0.11D2FEEE/2 RADD TV D WTHRELETLELE,

CNO2FEHE 2 AERTE LEDIE, AREEICE > TIT B RMREDFER . No. 10ICFAL TINS5 UILD TURTETICECRIMGHAEREN R AoNEIE, No.11
[CBALTIZPostgreSQL 10TDH /S5 LILD TUERITHITHN TS [11 . PostgreSQL 10 THHRRIZ/SS LILD TUst it Uiz /SR —UICR9F LI b DE$I i Uiz e IR
T,

11 No.11BMMZIENo. 4NE%E LETH ., BRMRIIDFERND. No 4FRFER RELEN—TUaV9.5~10DFTART TETHEMA R K (6B LR N RIA
FNH REATHE OB ZRNIREAERENELUL,
6.2. \SLILDIVER

6.2.1. ){5LILHTY
ISUIVDTVER, =200 TV EHOTALATHEL CHFMIETHIET, E—TOLATOMBINEZECITVERITIHMEAHXTY,

BIZIESELECTX T1000 5 Ld— FE2 B RFRTR5E . RRTHEATI /AN AR TR TOEAN1000 5 L1— FEITARTHRERTIVHELRHNET, Enlxt
LT HIAIE. RRTEATSIOLAN10TALAH>T. ENOTHIETIENTENIE, 170 ALENOR T RIF1005LI—- FE107DLICEDFET . EHO
TOLATH TR ETERILERZEN AZ—I7RETOFERAT. EERIELET,

BHOTOCATHRRLEESBLTETTICET, 17O AHENDOER BIRCHDZETERMFIECBNETN. HILEEERICHEITIE S OFIHPZ(T
EL. ZLUTEBTLEUREREED T —DICEENZNEBREDRTREMNR(GNET . EROTOCATEMBTESRMIBINDBNE. SUILITUCEET
BCETEULARETHCEATERMD DD TLEICELEHNET

DT, TIVFRBELDEFTIIVDHNS, IS LIV TIDEI NN RMICAETERLHIBT LIZZEDH NS VLD TIDEIT IV EERLET,
6.2.2. PostgreSQLT® /I LILHTIY

20175 IRFE. PostgreSQLTEREIN TSR/ S LIV TUICETRNIEER. )SSLILAFYY . INSUIL T34V IS UILER D=5 TT,
T3V RSB L EIN RN LEIEE ., /ST TSV ERALET,

explain (analyze , verbose)CRERR LIS LILDTY F5 45
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QUERY PLAN

Gather (cost=1000.00..112816.10 rows=38400 width=52) (actual time=0.198..224.017 rows=99740 loops=1)
Output: log id, date, "time", product id, place id, machine id, app id, access time second, access count, err code
Workers Planned: 4
Workers Launched: 4
—> Parallel Seq Scan on public.access log (cost=0.00..107976.10 rows=9600 width=52) (actual time=0.017..209.797 rows=19948 locps=5)

Output: log id, date, "time", product id, place id, machine id, app id, access time second, access count, err code
Filter: ((access log.log id % '77'::bigint) = 0)

Rows Removed by Filter: 1516052

Worker O: actual time=0.016..214. rows=20088 loocps=1

Worker 1: actual time=0.016..214.° rows=19967 loops=

Worker 2: actual time=0.020..218. rows=20817 loops=1

Worker 3: actual time=0.015..213. rows=20054 loops=

ISUIVOTUTE, IR EACIA D—0—1) WO D500 RO- -0t 2L LTREESN TREBERITT I, RETOLARER IO ALT-H—DEEHEBNE
T, ELT, BTOLATRIE L #EREGather/— FTEHILET,

Fe IS UILDTUTREIESNZT-D— 83, T—TI A XCENT T4 P TREN T HHARETVET
* 6.1 T—IIHAXCELBT-—H—

JoyhH 21 | B4ZX(MB) | BEBT-H—H | REIOEAHK
1,024 8 1 2
3,072 24 2 3
9,216 72 3 4
27,648 216 4 5
82,944 648 5 6
248,832 1,944 6 7
746,496 5,832 7 8
2,239,488 17,496 8 9
6,718,464 52,488 9 10
20,155,392 157,464 10 11

21 7AavhEETOvH 4 T T4V MEKB)DIHETT,

6.2.3. 8SLILDTIVICERETBII5A—4

PSUID TR CEE TR ER/SA—RITIIUA T DINSA =D HIET, 585, max_parallel_workers_per_gather/SZA—=8DT 74)L MBEH/N—329.6 TIZOD
=, T IR MRETENT VLD TUEETENFE B, N—JaV10TRRIINTA—2DT I MEIZ2 TH B, T 74 FRETENSI LILD TURETENET,
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6.2 NSUIDTUCEEETZE /544

ISP Sl 774 ME (9.6) 774 ME (10) A
max_worker_processes [3] 8 8 DATLDR— B/ WD TSIk
D—N—TOC AN K ERE LE
?-0
max_parallel_workers_per_gather | 0 2 —2MGather/—RICX LTHEENTE
B1 B N—BORKREEEELET,
max_parallel_workers [3] [4] — 8 —ElLHEDERB/I 5 LIVD-1—-70
CANRRBERELET,
min_parallel_relation_size 8MB — 1SS UILAEBETIT—IIDR/NTA
AEEELET,
min_parallel_table_scan_size — 8MB NSUINRBEITS T-IINDOFR N A
AEHEELET,
min_parallel_index_scan_size — 512KB IS UIVAEEITIM VT A0 R/
YA &EELET,
parallel_setup_cost 1000 1000 D—N—%ZETIEHDOIAMITT
377U DHBIEEEELET,
parallel_tuple_cost 0.1 0.1 Hd7—h—ho. 1iTEMOTOtAIC
AT RHOIAMIXTETI 0T
OHERMEZIEELES,

3] (L 2 3) max_parallel_workers_per_gatherC4g3E LIzfEN max_worker_processes CIEE LIZEZBADIEE . BEISNST—H—#(S
max_worker_processesDEICHIBRENFT, Fo . EHONI VLD IR RBFCITHNDIEE . BEIENZT—D—HDEF i max_worker_processesT
BEUEEICHEBEINET ., COTsH. TIVERBEOT—I—HENLERISEB SN I T—H—#N D BN ENRHNET,

[4]1 PostgreSQL 10Tld. max_parallel_workers&®HD. /S5 LI TUNDRITICHEREINDT—D—#E. BEARMICEIITELICHEE UEEICHIBRENET, L.
COfENmax_worker_processes CIEE LLEZBA DB G (3. EENSNET—H—%lImax_worker_processes DIEICHIRSNET,

6.3. HREEFEAK

6.3.1. RIEN—FIT7HER

REHRED\— YT PR OB ERLET .

RIS U TR CIEDB Y— N L TSQLEEEETTAMRELELE,

FAPHOAEIA ZDE N LB S LI TN REDEVEL BT RENIC, BRI TRIPREATIYA ZOEHNREZ T RODE Y — /& EALELE,
% 6.3 fRELFADB Y —/ViE Rk

e HH HH

REEY—/\1 (DL380 Gen10) | CPU A7I)L Xeon Gold 6142@2.60GHz
1617x2 A&t 3237
M B=ALyT 405 0ff

BEATY 384GB
NEAN—Y HDD 1.2TB SAS 10K x 16
BRELY—/\2 CPU A7Ib Xeon E5-2630 v4@ 2.20GHz
(Express5800/R120f-1E) 1007x2 &&t 2037
M B=ALyT 405 0ff
BEATY 256GB
NEAN—Y SSD 400GB x 8 (HW-RAIDH— K, RAID 54#&5%)

6.3.2. BRIV ILIIT7HER

BEHREDYI I PR ERLES,
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& 6.4 YIMIITPHER
S YIMIIPRBELUN-TaY
oS Red Hat Enterprise Linux 7.2

Database | PostgreSQL 9.5.10
PostgreSQL 9.6.6
PostgreSQL 10.1

6.4. HRAL /7%

6.4.1. IR HHE

NSV TUREE TR T 02 R ERREELET

6.4.1.1. BREEA

REIATIE. postgresql.conf T, T4 M TIIAAV R IRENTWBNS VLD TUBSED/ ST A =50 A PO M EECH L EDELR)EFORET, 5LV
DIVTOMNEHEORERRE EELET,

AREECE T AV RPYPENTEFEVDIEE DA T, OLAPFRICH TRV TUICKH T HMEREN, EORRERETION., LLEELTIONZHLNCLET,
(HFIC, PostgreSQL 10ICHVTIF, TI4I M DEREZDL DD REEIRFE S B ECHBNFET )

F IS UIVITVEE L LEIG & ICERESN3RTETEN . BMERTNOEDLIICEILL, ENIELBEDTHINEINERIELET,
6.4.1.2. 1R3IB
REEB TlE. /S LD IO 5 EIC LB MR E RE DR E R R ERERLET

REFAICBITB/I5A—R(THNZ T, max_worker_processes, max_parallel_workers_per_gather, max_parallel_workers(PostgreSQL 100d) D&/{5
A—BDBEEEREL., W EDEWNCLIUNIBFFEELLRLET,

AREEECEDT IS UV TUREE S5 A4 AT FIEDF1—Z VY LT, OLAPHERICHEIFBD TUCK I REN . BREAEALD LB TEHICHETER A H
BONEINERLNCLET,

6.4.1.3. X HBH

SEBEELT, N—Yav9.6, N—JaV10ICHBLVT, max_parallel_workers_per_gather=0ICBATRAICR EEITORIREET MBI ELLELET,
CNCED NS ULD TR L Lo BUMERERENE DR EH O EHLMILET,

6.4.2. T—5ETI

AR THEATEIT—AETIVE. TPC-DSICBVWTEZENTNDT—AETFIUCERLET,
138, Scale Factorl32GBEFEALFELE,
BT=TILOTFA X (&, LTOEBITT,
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relname bytes

8192
2318336
68222976
838221824
39616512
13123584
224788480
16179200

|
call center 8 |
catalog page 11718 |
catalog_returns 288491 |
catalog sales 2880108 |
customer 144000 |
customer address 72000 |
customer demographics 1920800 |
date dim 73049 |
dsdgen version 1 8192
household demographics 7200 | 557056
income band 20 | 8192
inventory 16966362 | 1017929728
item 26000 | 15671296
promotion 322 | 81920
reason 36 | 8192
ship mode 20 | 8192
store 22 | 8192
store returns 575285 | 102301696
store sales 5760759 | 1109213184
time dim 86400 | 13533184
warehouse 5 | 8192
web page 74 | 16384
web returns 143629 | 29876224
web sales 1439236 | 420954112
web site 30 | 16384

relname bytes

8 16384

11718 286720
288491 9125888
2880108 90865664
72000 1630208
1920800 43171840
144000 3260416
73049 1654784
7200 180224

|
call center pkey |
catalog page pkey |
catalog returns pkey |
catalog sales pkey |
customer address pkey |
customer demographics pkey |
customer pkey |
date dim pkey |
household demographics pkey |
income band pkey I 20 16384
inventory pkey | 16966362 | 689053696
item pkey | 26000 606208
promotion pkey | 322 16384
reason pkey | 36 16384
ship mode pkey | 20 16384
store pkey | 22 16384
store returns pkey | 575285 18169856
store sales pkey | 5760759 | 181723136
time dim pkey | 86400 1957888
warehouse pkey | 5 16384
web page pkey | 74 16384
web returns pkey | 143629 4554752
web sales pkey | 1439236 45424640
web site pkey | 30 16384

6.4.3. fFEAHIVICONT

AIRFETIE, TPC-DSTEZESLEN0.10EN0 11DV IVEFERALES . TNENOIIUE. T-FETICH L. AT OT -0 HEHERLET
6.4.3.1. No.10

(BER HI—EOHACEH . RIEFHEREH LS 5] TORBRIEOMATEALLIEOHIBEEDDS. il -EEEFE KKRPE-BASETA-E
FRR - HEREER- MELCVIBHEEE N KA2EOWKEEFLN B—0LOD A EHZ L

[5] EEHLUSMCE. WebECHS MBRENSIOTERO2BEN HIEE.

6.4.3.2. No.11

BER) BELLBELT, SEOEERCHIZEALEELIW eb ECHA NERTOERSEEN A ok BEEERHEL,
6.4.4. DBX 7

TERERIEICHZD. TIH ML EELESA-R LU TOERITY .
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% 6.5 TIAIMDEBLE/INTA—A

AP T BRIy — /11
listen_addresses *
shared_buffers 40GB
work_mem 1GB
maintenance_work_mem 20GB
autovacuum off
max_worker_processes [6] 8
max_parallel_workers_per_gather [6] | 2
max_parallel_workers [6] [7] 8
log_line_prefix "%t [%p-%I]: "

6] @23 BIECLINEETEELTERLETS,
[71 PostgreSQL 10D

6.4.5. BIE FIE

BEICHEUTE, SQLORFTHIICpg_prewarmERIALT, F=T)l- AV FWIADF—IEFAAINE—EHEH RSB . PostgreSQLO/WTP.E, bLHOSDFRY
V77 EICHEEE BRI LES

SELECT relname, pg prewarm(oid)
FROM pg class
WHERE relnamespace in (

SELECT oid

FROM pg namespace

WHERE nspname='public'
AND (

relkind='r' OR relkind='i'

6.4.5.1. #BRELABIE 7 &

No.10EN0.11DSQL%E. psql&FEALTEITLET,

e No.10
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select

cd gender,

cd marital status,

cd education status,

count (*) cntl,

cd purchase estimate,

count (*) cnt2,

cd credit rating,

count (*) cnt3,

cd dep count,

count (*) cnt4,

cd dep employed count,

count (*) cntb,

cd dep college count,

count (*) cnt6

from

customer c,customer address ca,customer demographics
where

c.c_current addr sk = ca.ca address sk and

PostgreSQL Enterprise Consortium

ca _county in ('Walker County', 'Richland County', 'Gaines County', 'Douglas County', 'Dona Ana

County') and
cd demo sk = c.c_current cdemo sk and
exists (select *
from store sales,date dim
where c.c_customer sk = ss customer sk and
ss_sold date sk = d date sk and
d year = 2002 and
d moy between 4 and 4+3) and
(exists (select *
from web sales,date dim
where c.c customer sk = ws bill customer sk and
ws sold date sk = d date sk and
d year = 2002 and
d moy between 4 ANd 4+3) or
exists (select *
from catalog sales,date dim
where c.c _customer sk = cs ship customer sk and
cs_sold date sk = d date sk and
d year = 2002 and
d moy between 4 and 4+3))
group by cd gender,
cd marital status,
cd education_ status,
cd purchase estimate,
cd credit rating,
cd dep count,
cd dep employed count,
cd dep college count
order by cd gender,
cd marital status,
cd education_ status,
cd purchase estimate,
cd credit rating,
cd dep count,
cd dep employed count,
cd dep college count
limit 100;

with year total as (
select c_customer id customer id
,c_first name customer first name
,C_last name customer last name
,C_preferred cust flag customer preferred cust flag
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,C_birth country customer birth country
,¢_login customer login
,C_email address customer email address
,d_year dyear
,sum(ss_ext list price-ss ext discount amt) year total
,'s' sale type
from customer
,store sales
,date _dim
where c customer sk = ss customer sk
and ss_sold date sk = d date sk
group by ¢ customer id
,c_first name
,C last name
,c_preferred cust flag
,C_birth country
,c_login
,C_email address
,d_year
union all
select c customer id customer id
,c first name customer first name
,C_last name customer last name
,c_preferred cust flag customer preferred cust flag
,C_birth country customer birth country
;¢ _login customer login
,C_email address customer email address
,d_year dyear
,sum(ws_ext list price-ws ext discount amt) year total
,'w' sale type
from customer
,web sales
,date _dim
where c customer sk = ws _bill customer sk
and ws_sold date sk = d date sk
group by ¢ customer id
,c_first name
,C last name
,c_preferred cust flag
,C_birth country
,c_login
,C_email address
,d_year
)

select

t s secyear.
£t s secyear.
£t s secyear.
£t s secyear.

customer_ id

customer first name
customer last name
customer email address

from year total t s firstyear
,year total t s secyear
,year total t w firstyear
,year total t w secyear
where t s secyear.customer id = t s firstyear.customer id
and t s firstyear.customer id = t w secyear.customer id
and t s firstyear.customer id = t w firstyear.customer id
and t s firstyear.sale type = 's'
and t w firstyear.sale type = 'w'
and t s secyear.sale type = 's'
and t w secyear.sale type = 'w'
and t s firstyear.dyear = 2001
and t s secyear.dyear = 2001+1
and t w firstyear.dyear = 2001
and t w secyear.dyear = 2001+1
and t s firstyear.year total > 0O
and t w firstyear.year total > 0O
and case when t w firstyear.year total > 0 then t w _secyear.year total /
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t w firstyear.year total else 0.0 end

> case when t s firstyear.year total > 0 then t s secyear.year total /
t s firstyear.year total else 0.0 end
order by t s secyear.customer id
;L s secyear.customer first name
,t s secyear.customer last name
, L s secyear.customer email address
limit 100;

6.4.5.2. ¥R &l B3I 5E /5 ik

No.10ENo.11MSQL%E. psql EEALTEITLES,

BIEICFRULTIE, postgresql.confICLA T DERTE
TAEEESEEKEBICLTOET,

TV BREEEITHCETHRENRMEITOCNET, T, BIEZITOANCEpg_prewarmZA VT, X EYLIC

% 6.6 HRALFFERTE

IAGP ] workers = 2 workers = 4 workers = 6 workers = 8
max_parallel_workers_per_gether | 2 4 6 8
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max_parallel_workers 8 16 24 32
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6.5.1. BREEA(SILILDIVERRICLEIEICLDZR)
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ATy —/\1 RNEAN—Y TPC-DSTEZESNSDN0.10EN0.11 | Scale Factor = 2GB
oBHTY
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TPC-DS Query No.10 Elapsed Time vs Version w/o 9.5 environment 1
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TPC-DS Query No.10 Elapsed Time vs Version w/o 9.5 environment 2
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TPC-DS Query No.11 Elapsed Time vs Version environment 1
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TPC-DS Query No.11 Elapsed Time vs Version environment 2
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2.5

Elapsed Time (Sec.)

0.5

TPC-DS Query No.10 Elapsed Time vs Parallel Workers environment 1
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9.6 ——
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max_parallel workers per gether
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D—h—% | 9.6 () 10 (#)
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4 2.4459 2.0827
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8 2.4036 2.0346

Page 44 of 86



PostgreSQL Enterprise Consortium

5.5

Elapsed Time (Sec.)

3.5

TPC-DS Query No.10 Elapsed Time vs Parallel Workers environment 2
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TPC-DS Query No.11 Elapsed Time vs Parallel Workers environment 1
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TPC-DS Query No.11 Elapsed Time vs Parallel Workers environment 2 paraliel part
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Limit (cost=1920510150.45..1920510152.68 rows=47 width=68) (actual time=11967560.428..11967560.439 rows=19 loops=1)
—> GroupAggregate (cost=1920510150.45..1920510152.68 rows=47 width=68) (actual time=11967560.427..11967560.437 rows=19 loops=l)

Group Key: customer demographics.cd gender, customer demographics.cd marital status, customer demographics.cd education status, cu
stomer demographics.cd purchase estimate, custamer demographics.cd credit rating, customer demographics.cd dep count, customer demographics
.cd dep employed count, customer demographics.cd dep college count

-> Sort (cost=1920510150.45..1920510150.56 rows=47 width=68) (actual time=11967560.409..11967560.410 rows=19 loops=1)

Sort Key: customer demographics.cd gender, customer demographics.cd marital status, customer demographics.cd education statu
s, customer demographics.cd purchase estimate, customer demographics.cd credit rating, customer demographics.cd dep count, customer demogra
phics.cd dep employed count, customer demographics.cd dep college count
Sort Method: quicksort Memory: 27kB
—> Nested Loop (cost=217984.67..1920510149.14 rows=47 width=68) (actual time=11963323.535..11967560.289 rows=19 loops=1)
Join Filter: (c.c current cdemo sk = customer demographics.cd demo sk)
Rows Removed by Join Filter: 36495181
—> Seq Scan on customer demographics (cost=0.00..46648.00 rows=1920800 width=76) (actual time=0.005..202.805 rows=19
20800 loops=1)
-> Materialize (cost=217984.67..1919051713.26 rows=49 width=8) (actual time=0.114..6.229 rows=19 loops=1920800)
-> Nested Loop (cost=217984.67..1919051713.02 rows=49 width=8) (actual time=219831.780..11962737.942 rows=19 1
oops=1)
-> Nested ILoop (cost=217984.37..1919048998.10 rows=6909 width=16) (actual time=13693.957..11962695.074 r
ows=1912 loops=1)
—> HashAggregate (cost=217983.95..218076.07 rows=9212 width=8) (actual time=1408.577..1502.045 row
s=17305 loops=1)
Group Key: store sales.ss customer sk
—> Hash Join (cost=3254.88..217960.92 rows=9212 width=8) (actual time=21.141..1376.343 rows=
211451 loops=1)
Hash Cond: (store sales.ss sold date sk = date dim.d date sk)
—> Seq Scan on store sales (cost=0.00..193010.67 rows=5760867 width=16) (actual time=0
.011..830.192 rows=5760749 loops=1)
—> Hash (cost=3253.36..3253.36 rows=122 width=8) (actual time=21.083..21.083 rows=122
loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 13kB
—> Seq Scan on date dim (cost=0.00..3253.36 rows=122 width=8) (actual time=10.94
7..21.057 rows=122 loops=1)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
Rows Removed by Filter: 72927
—> Index Scan using customer pkey on custamer c (cost=0.42..208296.88 rows=1 width=24) (actual tim
e=691.194..691.194 rows=0 loops=17305)
Index Cond: (c customer sk = store sales.ss customer sk)
Filter: ((alternatives: SubPlan 1 or hashed SubPlan 2) CR (alternatives: SubPlan 3 or hashed S
ubPlan 4))
Rows Removed by Filter: 1
SubPlan 1
—> Nested Loop (cost=0.29..69605.82 rows=1 width=0) (actual time=246.900..246.900 rows=0 1
oops=17304)
-> Seq Scan on web sales (cost=0.00..69376.65 rows=28 width=8) (actual time=169.745.
.246.871 rows=9 loops=17304)
Filter: (c.c customer sk = ws bill customer sk)
Rows Removed by Filter: 1416796
—> Index Scan using date dim pkey on date dim date dim 1  (cost=0.29..8.17 rows=1 wid
th=8) (actual time=0.002..0.002 rows=0 loops=163513)
Index Cond: (d date sk = web sales.ws sold date sk)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
Rows Removed by Filter: 1
SubPlan 2
—> Hash Join (cost=3254.88..74454.63 rows=2403 width=8) (never executed)
Hash Cond: (web sales 1.ws sold date sk = date dim 2.d date sk)
—> Seq Scan on web sales web sales 1 (cost=0.00..65778.52 rows=1439252 width=16) (ne
ver executed)
—> Hash (cost=3253.36..3253.36 rows=122 width=8) (never executed)
—> Seq Scan on date dim date dim 2 (cost=0.00..3253.36 rows=122 width=8) (neve
r executed)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
SubPlan 3
—> Nested Loop (cost=0.29..138690.29 rows=1l width=0) (actual time=458.050..458.050 rows=0
1loops=16785)

—> Seq Scan on catalog sales (cost=0.00..138323.23 rows=46 width=8) (actual time=196

.035..457.985 rows=19 loops=16785)

Filter: (c.c customer sk = cs ship customer sk)
Rows Removed by Filter: 2842597

—> Index Scan using date dim pkey on date dim date dim 3 (cost=0.29..7.97 rows=1 wid

(actual time=0.002..0.002 rows=0 loops=319521)
Index Cond: (d date sk = catalog sales.cs sold date sk)
Filter: ((dmoy >= 4) AND (dmoy <= 7) AND (d year = 2002))
Rows Removed by Filter: 1
SubPlan 4
—> Hash Join (cost=3254.88..145226.12 rows=4789 width=8) (never executed)
Hash Cond: (catalog sales l.cs sold date sk = date dim 4.d date sk)
—> Seq Scan on catalog sales catalog sales 1 (cost=0.00..131122.98 rows=2880098 widt
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h=16) (never executed)
—> Hash (cost=3253.36..3253.36 rows=122 width=8) (never executed)
—> Seq Scan on date dim date dim 4 (cost=0.00..3253.36 rows=122 width=8) (neve
r executed)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
—> Index Scan using customer address pkey on customer address ca (cost=0.29..0.38 rows=1 width=8) (actua
1 time=0.017..0.017 rows=0 loops=1912)
Index Cond: (ca address sk = c.c current addr sk)
Filter: ((ca county)::text = ANY ('{"Walker County","Richland County","Gaines County","Douglas Count
y","Dona Ana County"}'::text[]))
Rows Removed by Filter: 1
Planning time: 2.273 ms
Execution time: 11967560.997 ms
(65 rows)

e /\—Y3aV9.6

Limit (cost=1989435197.83..1989435200.20 rows=50 width=116) (actual time=5837.880..5837.890 rows=19 loops=1)
—> GroupAggregate (cost=1989435197.83..1989435200.20 rows=50 width=116) (actual time=5837.878..5837.886 rows=19 loops=1)

Group Key: customer demographics.cd gender, customer demographics.cd marital status, customer demographics.cd education status, cu
stomer demographics.cd purchase estimate, custamer demographics.cd credit rating, customer demographics.cd dep count, customer demographics
.cd dep employed count, customer demographics.cd dep college count

-> Sort (cost=1989435197.83..1989435197.95 rows=50 width=68) (actual time=5837.864..5837.865 rows=19 loops=1)

Sort Key: customer demographics.cd gender, customer demographics.cd marital status, customer demographics.cd education statu
s, customer demographics.cd purchase estimate, custamer demographics.cd credit rating, customer demographics.cd dep count, customer demogra
phics.cd dep employed count, customer demographics.cd dep college count
Sort Method: quicksort Memory: 27kB
—> Nested Loop (cost=173679.20..1989435196.42 rows=50 width=68) (actual time=1725.947..5837.733 rows=19 loops=1)
Join Filter: (c.c current cdemo sk = customer demographics.cd demo sk)
Rows Removed by Join Filter: 36495181
—> Seq Scan on customer demographics (cost=0.00..46648.00 rows=1920800 width=76) (actual time=0.007..243.870 rows=19
20800 loops=1)
—> DMaterialize (cost=173679.20..1987947948.54 rows=50 width=8) (actual time=0.001..0.001 rows=19 loops=1920800)
—> Nested Loop (cost=173679.20..1987947948.29 rows=50 width=8) (actual time=1099.634..1160.304 rows=19 loops=1
)
-> Nested Loop (cost=173678.90..1987945135.92 rows=7157 width=16) (actual time=1097.034..1152.777 rows=1
912 loops=1)
—> HashAggregate (cost=173678.48..173773.91 rows=9543 width=8) (actual time=557.000..561.240 rows=
17305 loops=l)
Group Key: store sales.ss customer sk
-> Gather (cost=4254.87..173654.63 rows=9543 width=8) (actual time=22.603..525.341 rows=2114
51 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Hash Join (cost=3254.87..171700.33 rows=3976 width=8) (actual time=20.033..514.916
rows=70484 loops=3)

Hash Cond: (store sales.ss sold date sk = date dim.d date sk)
—> Parallel Seq Scan on store sales (cost=0.00..159405.96 rows=2400396 width=16)

(actual time=0.013..322.422 rows=1920250 loops=3)
—> Hash (cost=3253.36..3253.36 rows=121 width=8) (actual time=19.853..19.853 row
s=122 locps=3)
Buckets: 1024 Batches: 1 Memory Usage: 13kB
—> Seq Scan on date dim (cost=0.00..3253.36 rows=121 width=8) (actual time
=9.799..19.836 rows=122 loops=3)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
Rows Removed by Filter: 72927
—> Index Scan using customer pkey on custamer c (cost=0.42..208296.27 rows=1 width=24) (actual tim
e=0.034..0.034 rows=0 loops=17305)
Index Cond: (c customer sk = store sales.ss customer sk)
Filter: ((alternatives: SubPlan 1 or hashed SubPlan 2) OR (alternatives: SubPlan 3 or hashed S
ubPlan 4))
Rows Removed by Filter: 1
SubPlan 1
—> Nested Loop (cost=0.29..69605.71 rows=1 width=0) (never executed)
—> Seq Scan on web sales (cost=0.00..69376.54 rows=28 width=8) (never executed)
Filter: (c.c customer sk = ws bill customer sk)
—> Index Scan using date dim pkey on date dim date dim 1 (cost=0.29..8.17 rows=1 wid
th=8) (never executed)
Index Cond: (d date sk = web sales.ws sold date sk)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d year = 2002))
SubPlan 2
—-> Gather (cost=4254.87..64134.86 rows=2384 width=8) (actual time=19.795..181.225 rows=552
59 loops=1)
Workers Planned: 2
Workers Launched: 2
—=> Hash Join (cost=3254.87..62896.46 rows=993 width=8) (actual time=19.257..176.775
rows=18420 loops=3)
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Hash Cond: (web sales 1l.ws sold date sk = date dim 2.d date sk)
—> Parallel Seq Scan on web sales web sales 1 (cost=0.00..57382.85 rows=599685
width=16) (actual time=0.009..107.567 rows=479749 loops=3)
—> Hash (cost=3253.36..3253.36 rows=121 width=8) (actual time=19.055..19.055 r
ows=122 loops=3)
Buckets: 1024 Batches: 1 Memory Usage: 13kB
—> Seq Scan on date dim date dim 2 (cost=0.00..3253.36 rows=121 width=8)
(actual time=9.966..19.026 rows=122 loops=3)
Filter: ((dmoy >= 4) AND (d moy <= 7) AND (d_year = 2002))
Rows Removed by Filter: 72927
SubPlan 3
—> Nested Loop (cost=0.29..138689.82 rows=1 width=0) (never executed)
—> Seq Scan on catalog sales (cost=0.00..138322.75 rows=46 width=8) (never executed)
Filter: (c.c customer sk = cs ship customer sk)
—> Index Scan using date dim pkey on date dim date dim 3 (cost=0.29..7.97 rows=1 wid
th=8) (never executed)
Index Cond: (d date sk = catalog sales.cs sold date sk)
Filter: ((dmoy >= 4) AND (dmoy <= 7) AND (d year = 2002))
SubPlan 4
—-> Gather (cost=4254.87..123574.10 rows=4771 width=8) (actual time=251.298..330.496 rows=1
10495 loops=1)
Workers Planned: 2
Workers Launched: 2
—> Hash Join (cost=3254.87..122097.00 rows=1988 width=8) (actual time=248.959..310.3
83 rows=36832 loops=3)
Hash Cond: (catalog sales l.cs sold date sk = date dim 4.d date sk)
—> Parallel Seq Scan on catalog sales catalog sales 1 (cost=0.00..114322.25 ro
ws=1200025 width=16) (actual time=0.009..200.903 rows=960019 loops=3)
—> Hash (cost=3253.36..3253.36 rows=121 width=8) (actual time=17.051..17.051 r
ows=122 loops=3)
Buckets: 1024 Batche 1 Memory Usage: 13kB
—> Seq Scan on date dim date dim 4 (cost=0.00..3253.36 rows=121 width=8)
(actual time=8.867..17.027 rows=122 loops=3)

Filter: ((dmoy >= 4) AND (dmoy <= 7) AND (d year = 2002))
Rows Removed by Filter: 72927
—> Index Scan using customer address pkey on customer address ca (cost=0.29..0.38 rows=1 width=8) (actua
1 time=0.004..0.004 rows=0 loops=1912)
Index Cond: (ca address sk = c.c current addr sk)
Filter: ((ca county)::text = ANY ('{"Walker County","Richland County","Gaines County","Douglas Count

y","Dona Ana County"}'::text[]))
Rows Removed by Filter: 1
Planning time: 2.310 ms
Execution time: 5838.753 ms
(74 rows)
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e )\—Y39.5

Limit (cost=2098571.40..2098571.41 rows=4 width=132) (actual time=9882417.331..9882417.344 rows=100 loops=l)
CIE year total
—> Pppend (cost=944045.46..1393256.05 rows=6715350 width=220) (actual time=31347.496..39832.048 rows=461362 loops=l)
—> GroupAggregate (cost=944045.46..1155118.18 rows=5276818 width=166) (actual time=31347.494..37126.071 rows=350725 locps=1)
Group Key: customer.c customer id, customer.c first name, customer.c last name, customer.c preferred cust flag, customer.c
_birth country, customer.c login, customer.c email address, date dim.d year
-> Sort (cost=944045.46..957237.51 rows=5276818 width=166) (actual time=31347.437..33488.240 rows=5371601 loops=l)
Sort Key: customer.c customer id, customer.c first name, customer.c last name, customer.c preferred cust flag, custo
mer.c birth country, customer.c login, customer.c email address, date dim.d year
Sort Method: external merge Disk: 883896kB
—> Hash Join (cost=11694.60..354856.10 rows=5276818 width=166) (actual time=139.594..4694.187 rows=5371601 loops=1

Hash Cond: (store sales.ss sold date sk = date dim.d date sk)
—> Hash Join (cost=8076.00..277802.21 rows=5511229 width=166) (actual time=104.472..3431.795 rows=5501511 lo
ops=1)
Hash Cond: (store sales.ss customer sk = customer.c customer sk)
—> Seq Scan on store sales (cost=0.00..193010.67 rows=5760867 width=26) (actual time=0.013..982.918 ro
ws=5760749 loops=1)
—> Hash (cost=6276.00..6276.00 rows=144000 width=156) (actual time=103.472..103.472 rows=144000 locps=
1)
Buckets: 262144 Batches: 1 Memory Usage: 26182kB
—> Seq Scan on customer (cost=0.00..6276.00 rows=144000 width=156) (actual time=0.006..59.612 ro
ws=144000 loops=1)
—> Hash (cost=2705.49..2705.49 rows=73049 width=16) (actual time=34.605..34.605 rows=73049 loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 4449kB
-> Seq Scan on date dim (cost=0.00..2705.49 rows=73049 width=16) (actual time=0.011..23.222 rows=73049
loops=1)
—> HashAggregate (cost=153002.71..170984.36 rows=1438532 width=169) (actual time=2596.201..2677.001 rows=110637 loops=1)
Group Key: customer 1.c customer id, customer 1.c first name, customer 1l.c last name, customer 1.c preferred cust flag, cu
stamer 1.c birth country, customer 1.c login, customer 1.c email address, date dim 1.d year
—> Hash Join (cost=11694.60..117039.41 rows=1438532 width=169) (actual time=110.878..1271.497 rows=1438731 loops=1)
Hash Cond: (web sales.ws sold date sk = date dim 1.d date sk)
—> Hash Join (cost=8076.00..93639.92 rows=1438820 width=169) (actual time=85.471..936.814 rows=1438929 loops=l)
Hash Cond: (web sales.ws bill customer sk = customer 1.c customer sk)
—> Seq Scan on web sales (cost=0.00..65778.52 rows=1439252 width=29) (actual time=0.009..249.180 rows=143924
7 loops=1)
-> Hash (cost=6276.00..6276.00 rows=144000 width=156) (actual time=84.549..84.549 rows=144000 loops=1)
Buckets: 262144 Batches: 1 Memory Usage: 26182kB
—> Seq Scan on customer customer 1 (cost=0.00..6276.00 rows=144000 width=156) (actual time=0.008..42.5
86 rows=144000 loops=1)
—> Hash (cost=2705.49..2705.49 rows=73049 width=16) (actual time=24.930..24.930 rows=73049 loops=l)
Buckets: 131072 Batches: 1 Memory Usage: 4449kB
—> Seq Scan on date dim date dim 1 (cost=0.00..2705.49 rows=73049 width=16) (actual time=0.019..14.193 rows=
73049 locps=1)
-> Sort (cost=705315.35..705315.36 rows=4 width=132) (actual time=9882417.328..9882417.334 rows=100 loops=l)
Sort Key: t s secyear.customer id, t s secyear.customer first name, t s secyear.customer last name, t s secyear.customer email add
ress
Sort Method: top-N heapsort Memory: 51kB
—> Nested Loop (cost=0.00..705315.31 rows=4 width=132) (actual time=65298.027..9882415.035 rows=382 loops=l)
Join Filter: ((t s secyear.customer id = t w secyear.customer id) AND (CASE WHEN (t w firstyear.year total > '0'::numeric) T
HEN (t w secyear.year total / t w firstyear.year total) ELSE 0.0 END > CASE WHEN (t s firstyear.year total > '0'::numeric) THEN (t s secyea
r.year total / t s firstyear.year total) ELSE 0.0 END))
Rows Removed by Join Filter: 116789448
—> Nested Loop (cost=0.00..537356.80 rows=13 width=268) (actual time=51185.761..9440691.635 rows=5287 loops=1)
Join Filter: (t s firstyear.customer id = t s secyear.customer id)
Rows Removed by Join Filter: 757357814
—> Nested Loop (cost=0.00..369414.25 rows=16 width=104) (actual time=41605.749..8383949.375 rows=10841 loops=1)
Join Filter: (t s firstyear.customer id = t w firstyear.custorer id)
Rows Removed by Join Filter: 1554943027
-> CTE Scan on year total t s firstyear (cost=0.00..184672.13 rows=56 width=52) (actual time=31347.529..31679.
091 rows=69732 loops=1)
Filter: ((year total > '0O'::numeric) AND (sale type = 's'::text) AND (dyear = 2001))
Rows Removed by Filter: 391630
-> CTE Scan on year total t w firstyear (cost=0.00..184672.13 rows=56 width=52) (actual time=86.506..117.877 r
ows=22299 1loops=69732)

Filter: ((year total > '0O'::numeric) AND (sale type = 'w'::text) AND (dyear = 2001))
Rows Removed by Filter: 439063
-> CTE Scan on year total t s secyear (cost=0.00..167883.75 rows=168 width=164) (actual time=0.002..91.634 rows=6986

1 loops=10841)
Filter: ((sale type = 's'::text) AND (dyear = 2002))
Rows Removed by Filter: 391501
-> CIE Scan on year total t w secyear (cost=0.00..167883.75 rows=168 width=52) (actual time=58.814..81.687 rows=22090 locp
s=5287)
Filter: ((sale type = 'w'::text) AND (dyear = 2002))
Rows Removed by Filter: 439272
Planning time: 1.732 ms
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Execution time: 9882579.077 ms
(58 rows)

e /\—Yavio

Limit (cost=2325263.07..2325263.08 rows=5 width=132) (actual time=9167300.012..9167300.025 rows=100 loocps=1)
CIE year total
=> Append (cost=487078.35..1569013.03 rows=7199995 width=220) (actual time=5368.720..10511.778 rows=461362 loocps=1)
-> Finalize GroupAggregate (cost=487078.35..1329228.33 rows=5760759 width=220) (actual time=5368.718..7740.506 rows=350725 loo
ps=1)
Group Key: customer.c customer id, customer.c first name, customer.c last name, customer.c preferred cust flag, custamer.c
_birth country, customer.c login, customer.c email address, date dim.d year
—> Gather Merge (cost=487078.35..1137203.04 rows=4800632 width=188) (actual time=5368.659..7284.982 rows=526909 locps=1)
Workers Planned: 2
Workers Launched: 2
—> Partial GroupAggregate (cost=486078.33..582090.97 rows=2400316 width=188) (actual time=5297.614..6795.760 rows=
175636 loops=3)
Group Key: customer.c customer id, customer.c first name, customer.c last name, customer.c preferred cust flag
, customer.c birth country, customer.c login, customer.c email address, date dim.d year
-> Sort (cost=486078.33..492079.12 rows=2400316 width=166) (actual time=5297.576..5509.034 rows=1790534 loop
s=3)
Sort Key: customer.c customer id, customer.c first name, customer.c last name, customer.c preferred cust
_flag, customer.c birth country, customer.c login, customer.c email address, date dim.d year
Sort Method: quicksort Memory: 518574kB
-> Hash Join (cost=11694.60..231707.33 rows=2400316 width=166) (actual time=129.090..1662.490 rows=179
0534 loops=3)
Hash Cond: (store sales.ss sold date sk = date dim.d date sk)
-> Hash Join (cost=8076.00..197785.01 rows=2400316 width=166) (actual time=97.578..1187.631 rows
=1833837 loops=3)

Hash Cond: (store sales.ss customer sk = customer.c customer sk)
—> Parallel Seq Scan on store sales (cost=0.00..159405.16 rows=2400316 width=26) (actual t

ime=0.014..341.113 rows=1920250 loops=3)
-> Hash (cost=6276.00..6276.00 rows=144000 width=156) (actual time=96.616..96.616 rows=144
000 loops=3)
Buckets: 262144 Batches: 1 Memory Usage: 26182kB
—> Seq Scan on customer (cost=0.00..6276.00 rows=144000 width=156) (actual time=0.01
5..52.952 rows=144000 locps=3)
-> Hash (cost=2705.49..2705.49 rows=73049 width=16) (actual time=30.976..30.976 rows=73049 locps
=3)
Buckets: 131072 Batches: 1 Memory Usage: 4449kB
—> Seq Scan on date dim (cost=0.00..2705.49 rows=73049 width=16) (actual time=0.019..19.52
1 rows=73049 loops=3)
—> HashAggregate (cost=149794.31..167784.76 rows=1439236 width=220) (actual time=2659.957..2741.482 rows=110637 loops=1)
Group Key: customer 1.c customer id, customer 1.c first name, customer 1.c last name, customer 1.c preferred cust flag, cu
stomer 1.c birth country, customer 1.c login, customer 1.c email address, date dim 1.d year
-> Hash Join (cost=11694.60..113813.41 rows=1439236 width=169) (actual time=114.108..1395.779 rows=1438731 loops=1)
Hash Cond: (web sales.ws sold date sk = date dim 1.d date sk)
—> Hash Join (cost=8076.00..92024.63 rows=1439236 width=169) (actual time=86.674..1025.239 rows=1438929 loocps=1)
Hash Cond: (web sales.ws bill customer sk = custamer 1.c customer sk)
-> Seq Scan on web sales (cost=0.00..65778.36 rows=1439236 width=29) (actual time=0.015..287.207 rows=143924
7 loops=l)
-> Hash (cost=6276.00..6276.00 rows=144000 width=156) (actual time=85.756..85.756 rows=144000 loops=1)
Buckets: 262144 Batches: 1 Memory Usage: 26182kB
-> Seq Scan on customer custamer 1 (cost=0.00..6276.00 rows=144000 width=156) (actual time=0.008..43.6
11 rows=144000 loops=1)
—> Hash (cost=2705.49..2705.49 rows=73049 width=16) (actual time=26.996..26.996 rows=73049 loops=1)
Buckets: 131072 Batches: 1 Memory Usage: 4449kB
-> Seq Scan on date dim date dim 1 (cost=0.00..2705.49 rows=73049 width=16) (actual time=0.023..15.640 rows=
73049 loops=1)
=> Sort (cost=756250.03..756250.05 rows=5 width=132) (actual time=9167300.007..9167300.013 rows=100 loops=1)
Sort Key: t s secyear.customer id, t s secyear.customer first name, t s secyear.customer last name, t s secyear.customer email add
ress
Sort Method: top-N heapsort Memory: 51kB
-> Nested Loop (cost=0.00..756249.97 rows=5 width=132) (actual time=34279.533..9167297.564 rows=382 loops=1)
Join Filter: ((t s secyear.custamer id = t w secyear.custamer id) AND (CASE WHEN (t w firstyear.year total > '0'::numeric) T
HEN (t w secyear.year total / t w firstyear.year total) ELSE 0.0 END > CASE WHEN (t s firstyear.year total > '0'::numeric) THEN (t s secyea
r.year total / t s firstyear.year total) ELSE 0.0 END))
Rows Removed by Join Filter: 116789448
—> Nested Loop (cost=0.00..576151.10 rows=16 width=268) (actual time=21125.197..8715422.593 rows=5287 loops=1)
Join Filter: (t s firstyear.customer id = t s secyear.customer id)
Rows Removed by Join Filter: 757357814
—> Nested Loop (cost=0.00..396080.13 rows=18 width=104) (actual time=12131.633..7708400.851 rows=10841 loops=1)
Join Filter: (t s firstyear.customer id = t w firstyear.customer id)
Rows Removed by Join Filter: 1554943027
—> CIE Scan on year total t s firstyear (cost=0.00..197999.86 rows=60 width=52) (actual time=5368.741..5627.44
3 rows=69732 loops=1)
Filter: ((year total > '0O'::numeric) AND (sale type = 's'::text) AND (dyear = 2001))
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Rows Removed by Filter: 391630
CTE Scan on year total t w firstyear (cost=0.00..197999.86 rows=60 width=52) (actual time=83.745..108.815 r

=22299 loops=69732)
Filter: ((year total > 'O'::numeric) AND (sale type = 'w'::text) AND (dyear = 2001))
Rows Removed by Filter: 439063
—> CTE Scan on year total t s secyear (cost=0.00..179999.88 rows=180 width=164) (actual time=0.002..87.811 rows=6986
1 loops=10841)
Filter: ((sale type = 's'::text) AND (dyear = 2002))
Rows Removed by Filter: 391501
-> CIE Scan on year total t w secyear (cost=0.00..179999.88 rows=180 width=52) (actual time=65.129..83.847 rows=22090 locp
s=5287)
Filter: ((sale type = 'w'::text) AND (dyear = 2002))
Rows Removed by Filter: 439272
Planning time: 2.155 ms
Execution time: 9167346.764 ms
(63 rows)
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YI+917 | N=Jay A& wE
CentOS 7.4(64bit) | OS

PostgreSQL | 10.1 T—HR—-2

pg_bigm 1.2 AVTIIA

PGroonga |2.0.3 AITVIA

Groonga 7.1.0 AITIIA PGroongaDENEICILE

7.22. EXHEERAEIa-L
RRIFTCHALELXBRBATY1-ILE £ 7.3 [RUET,

% 7.3 BRIAMEODEXREAEI1-)

2 St F1EIA &4 h &k
pg_bigm BARZEICRIG U e X RERERIRHTIEI1-IL PostgreSQL License 2-gram
PGroonga BAREBICHIEUVEEXRRMEELLTERENEZED PostgreSQL License N-gram

GroongaZPostgreSQLAOFIARIBEICT2EI 1)L

7.2.3. postgresql.conf® 5% i€ {i&

postgresql.confDEXEEE K. 7.4 DIHICEBLTNET, SERIBREDT—AC—EILAUTYIARERLTBH. maintenance_work_memZEZHICFERL
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TWET,

3 7.4 postgresql.confDEXEIE

$5A—4 X EE EZZih

max_connections 100

shared_bufferes 8GB EBEATID1/4%EINHT

max_wal_size 1GB

maintenance_work_mem 4GB ATV AEBRDMEICHBEETI DB DT 8. ZHICHER
7.3. BREE A A
7.3.1. BREEHE AL
AR E R, 7.5 [ORLET,

% 7.5 BRELERERIEIR R
RS AlEER

LT —2avkgsiil

TAEHERE

* AVTYIABLOBOT I EHEEE

* pg_bigmDIITYI ABNDEFDT—IEHTERE
* PGroonga®f UTvI ABNDEEDT - EHiEaE

SXEREMRE

* AUTYI AR LOROE IR R HERE

* pg_bigm®MDAUTYI AHNDEFDE X1 FE MEHE
* PGroonga®q VT YT AHNDEEDE IR R EEE

BYNLTIT—2av gk

T-REHERE

*AVUTYD ABLORDT -3 BHTERE

* pg_bigmDIITYI ABNDEDT—IEHERE
* PGroonga®M VT VI ABNDEFDT - B F 1 AE

EXRRMRE

* AVTYIABLOBDE X R EEE

* pg_bigmMDA YTV ABNDEFNE X R MRS
* PGroongaMM U TvI AHNDEED L X R RE

LIV —oavigmisLe, OUDILL T —Da v 0T — A Bt RE. £RRMEREELERLET.
BYRLTIT—2a iR E . Master(T—ABHA)DDBICEEXREADI VTV AERE LBLVEH. A VTV AERETELTIT—2a VBRI LORD
ToAEHEREELEARBIE T, EDRE R HEREN M L LEhERY CENTERT,

732 EXBERNRODT—4

ARIEORBERRIE. B IEFREARAOIIVO— FI—EATEOMA S ROVTHD IR ER (R ZIZIBEOAVMET -2 INOBEDXAIT—3%
PostgreSQLAjsonb BIELTHEIMULEEDTY, E. 7.6 (CT—TIEEET—2DHIERLET,

% 7.6 T—J)I & nikoniko |

tag (Text®)

record (jsonb®!)

]

1 ("tags": ["FHEE", "AAL—"], "title": "TAF", "length": 578, "category": "§t
", "size_low": 29606343, "video_id": "smXXXXXXX", "file_type": "flv", "
size_high": 31095758, "watch_num": XXXX, "mylist_num": 22,
"comment_num" 290, "description™: "TAN", "upload_time":
XXXXXXXXXX}

RO X L, EBOBIENADET

7.33. 1T YD ADER A ik

ERLEET—TIL Dl record INT LICK L. CREATE INDEXARYY RTAUTYIAEERR LET . 1 0TYI AL BGRFESNDITHAD . BIEIDAA Mltitle) L ENEID
St description)ICRLTAVTYIAERTELET . EXRRDIUTYDAILUT D59 —VDFREETVET,

o AUTYIAIL
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e pg_bigmDAUTYHA2FELE

CREATE EXTENSION pg bigm;
CREATE INDEX pgbigm title index ON nikoniko USING gin((record->>'title') gin bigm ops);

CREATE EXTENSION pg bigm;
CREATE INDEX pgbigm description index ON nikoniko USING gin((record->>'description') gin bigm ops);

e PGroonga®q VTV A2fE%E

CREATE EXTENSION pgroonga;
CREATE INDEX pgroonga title index ON nikoniko USING pgroonga ( (record->>'title'));

CREATE EXTENSION pgroonga;
CREATE INDEX pgroonga description index ON nikoniko USING pgroonga ( (record->>'description'));

7.34. E2Af
EEERIE, BAICINSERTEITOCETERERULET, ERERMOAL—TYMIUTDENTT,
o EEBMHI1200[record/s])

INSERTE BT —RIZUTDLIGISONT—RTT,

"tags": ["xxx", "xxxx", "xxxx"],
"title": "xxxx",

"length": 208,

"category": "H—L",

"size low": 9274707,

"video 1id": "smXXXXX",
"file type": "flv",

"size high": 10298881,
"watch num": 201902,
"mylist num": 3112,
"comment num": 3788,
"description": "xxxxxxxxx",
"upload time": XXXXXXXXXX

735 . BExAE
BHERRCRERINDT., BEOA M, BEOFMESRCRRLET, BRF—7— R, by oo — Bk AELET,
BRRICHEIHT-EUTOEITT,

e PGroonga®q U7y AfEFAKF
o FEAIM ML TOIER

SELECT COUNT (*) FROM fluentd WHERE (record ->> 'title') &Q@ 'HAlL—';

o FEFFMTOERR

SELECT COUNT (*) FROM fluentd WHERE (record ->> 'description') &@ '#AlL—"';

e pg_bigmMDIITYIAFEREF. 10TYD A LOEF
o ENEAA ML TORRFER

SELECT COUNT (*) FROM fluentd WHERE (record->>'title') LIKE '$HL—%';

o HEFMTORRE
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SELECT COUNT (*)

FROM fluentd WHERE

(record->>'description')

LIKE '$hL—%';

74 WELEER

7.4.1. LU —YavEmREL

7.41.1. T3 B HEHE

R 77 ICTF-IEHFMEREELEHLES . TAEHEREL. 1FEHEZDICINSERTLZLI— FHZERIELTHED, K. 7.7 [CRESNTVRHIENKENEE E&EIC
TREEHLTNBEERLTWVET,

LITF D@D, 1 VT ABLOEENZET S EHIEL, PGroongatpg_bigmldA UFYDAZRETS F—(CLoT. BHMERENELDEY,

descriptionF¥—DdIC. RWTFAMZUVWASLIEAVTYIAZERE LSS :
FEIEEE(R) 1>7v0%L > PGronnga > pg_bigm BE#rIE5E (E)

titleF =D BOTFAME WAS LA VTYIAERE LB A :
FEMEE(R) 1>7v0%GL > pg_bigm > PGronnga BEEFI4EE(E)

x® 7.7 T -SEHERE

1799 AL

pg_bigm®D{ Y
TIDAHD

PGroonga®q{ Y
TYDAHD

F—REH M EElinsert/s](description ¥ =24 VT YD AERTE)

1305[insert/s]

944[insert/s]

998[insert/s]

F—REIMEREInsert/s](title ¥—ICA U TYI ARERTE)

1305[insert/s]

1202[insert/s]

1152[insert/s]

7.4.1.2. R R ERE
£ 78. K 79[ EXBRBMREELHLET, EXREMRET. FHLITVVERAELTEN. K. 7.8. K. 7.9 (CEBHSINTOIHIEN/NSNEY . BREICKRE

HEZIEERLET, BFECIHELEYUELMREEICSRESIC, FBH1IC203317L0— REZEFH DIRETEHRILES, B2 EHHHDISA(E. INSERTE
SELECTZRI R DAV ARV AMHEITL. & X EMHRERAELET,

* 7.8 EXRFEMEE BE A NI TORE

.
) :‘iﬁ AVTYIABL pg_bigmMUTvI AHN PGroongaf{ VT Y) A%
1L 62.48[ms] 0.46[ms] 0.88[ms]
®" 121.44[ms] 1.63[ms] 0.95[ms]
= 7.9 EXRRMEEE BEOFHMCTORER
GE3-Koi 1799 ABL pg_bigmAYTYDAHBD | PGroongaf VTV AHN
BL 138.66[ms] 1.62[ms] 1.12[ms]
®" 330.07[ms] 2.09[ms] 1.30[ms]

7.4.2. OI9H LTV —a v
7.421. T3 EHHEEE

. 7.10 (CTF—HEHEREERIMLET . TAEFHMERER. 1P ESEDICINSERTUZLI- FBZAIELTHN., & 7.10 [LEBSNTUVIHENRENEE &
RCT—IEEH LT EERLTNET,

OUALIVT—Ya RS AR, F-SEHERCT—AR—RERETNT, EXRRAOVFWAERELEh, TOLY. FERE VT ABLOR
OF-SEHIROHEBNFT .

= 7.10 T-AEHIERE
1799 AL

T—REFMHREInsert/s] | 1292[insert/s]

7.4.2.2. £ R ERE

£ 711K 712 [ EXRRHEREERHLET. EXRERMEREE. FHLATVVEAELTHEN. K. 7.11. & 7.12 [CBHEHINTUVBHENNSWMEE ., EiFE
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[CRFHESEERLEIT,

BRRICIHFEEYFUBLREEICLBNESIC

= 4=

AL ETT

L. &EXREMREEAELET,

= 7.11 EXRFRMERE BB MNITORE

Cha-Roi AVTYDABL pg_bigmA UYTYIAHYD | PGroongaf YT YD AHD
B 60.26[ms] 1.93[ms] 0.88[ms]
oY) 118.94[ms] 2.15[ms] 0.92[ms]
R 7.12 EXBRFEMRE BEOFHCORE
Chu-Roi AVTYIABL pg_bigmA Y TYIAHBD | PGroongal VT YIAHN
L 138.44[ms] 1.92[ms] 1.11[ms]
oY) 262.53[ms] 2.11[ms] 1.16[ms]
743 BRER

7.43.1. T3 EHHEEE

CER1C203317 L0 FEEFREH ORETEHAILEY . EEATHNHIHE(E. INSERTESELECTZAI R DI VAR

. 7.1 2. LIV —2aV@RiLEQINILLTIT -3y BT A EH MO EERZRLET, UTOYZ7BEN L. LTI -3V LTI VT
AlEL. pg_bigmDIITYIAHN. PGroonga®A VT YD AHN . AN TV —Ya DM asterDT— A BFHHEREERLTVET,
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500 1000 1200
1

B00
1

S EFTEEE[record/s]

57—

400
|

200
|

no replication, no indsx no replication, pg_bigm no replication, PGroonga logical replication

7.1 TR H I RELLEL

EEISONG LT —2avBRiB LTS Ty ABLOKRO TR Bt REE OVAILLTIT—2a iR OT -2 BHEEER. FERUHRETHBehhDE
Fo TN AIDILTIT—Va g DMasterT —AR-AIT - AR HERCER SN, EXRKRADIVTYIAERELTLEBLVZHTY,

LIV —Sa OB, E— 07— AR-ATLXRROA VT RERETSHAM. LRITIOENS2, 3% BOENRIER, A V7 ABLLNT—HE
FHEREDESETH, DUNLTVT— Y2 BB AL, Slave CRXRRDA VT W AERET SN, F—IEHFILREHLET, 2 URROBELNTHE
o7,

7.4.3.2. 2R R ERE

B.7.2 [T, LT —2a R B LOROEXREREREE OV —Da VB0 2 XRREREN LR RERLET. ERAFIHIRETOEXXR
REREELLBELTEY,
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B LT3
O gyhauLFua—3y

250 300
| |

200
|

S EEEEE s
150
|

5—

100
|

50

Indexid L pg_bigm PGroonga

7.2 EXHRER MR

ANERESN TR A, LW —2a B aliaLOR Q2 R R ERREHFNELIZHIFE .
L2 ODEEFERN G AVANLTUT —DaViBRICTHCET. T-ADEHIEREERLSTIC. EXRRMEREEA LS EEIENTEET,

75. A%

EXREADIVTYIAERET S EXRRMERENKIBICALLETH, E—0T-IRX-AT EFLEXNBRRLRERTIEE . EXRERADMUTYD AN
RESNTVSET —IEHIERE AEETLEVET

SEOKRIE TR AVALLTIT—2aVveRWT. T-AEHEITITAR-ABEXRRAD 1 VTV AERTEET  RRADTHIX-22AREL. READ
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T=AR=ACDHA VTV A BET BB TD)INIA—IVARRIELELZ, Fe  OVNLLTIT—2a ek TEETEEICLOT, FTHAEHFHADT—4
R=2N0 HEREFZEEIATVET, AVALLTIT—2aV R TRESNBLICLD ZHOEFH NS lave NRERENFEAD, SEIDETINOLIBRE DA
TLTE., REFRETHRI DA TRELVEY, BEOERELTIE., FEBLCHBTLEL.

TAEHERDTAR-2EABITI_EC. THEHFROT - IR-AREXREKRADIUTYIA &R E LI TERNET  RFAEDFERN 6. COLIBH
FHOMEITICET, EXRRADIVTYIANERESN TNIELLIZT - EF DL L ERCCENTEGE N DMELL,

Fe, OVNLTVT— VaV B2 XIRREREDHERDN L. CORBRZRANDT - IRN-ACLXRFRAD 1 VTV AERE ULIZEDERREREEL TV -3
VERBBLTOEXRRMEENMIFEDLBVIEND §EIDRINIIBRFANETILBR TL, BEOEHERHROERRIERENFIETEE_EN DN
Fr,

EEEDS. Master&SlavelCBI R DA VT YD AERFE CEBAIDILTIT—2aVER AL AR BREI(BIET. @XREADIVTYIAILLS T -5 E#H
HREDLILERISTC. EXRKRAD (VT VI AR AL ERG 2 XRRNATREICBNET
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8. L7V —aviRiE
8.1. fREIMIE

PostgreSQLTIE, 9.0n 6 LTI —Ya Re ERELTHD, MEAICHRERIEDITONTULEY, 9.6hb(k. 2B U EDEREICHLTT 3R LEHNLE
FMTAS BEEBLTIT—avh I AR REE BNELE, CNICED ., BRSO MEBRTOT-A0EEER EBENEFINET,

UL LBh'S, REEZTRIEE TH IR TOREME LTV — vav(C A REIREBICODNET— NAYRICIH T —TYMUE T I3 et F BNy, Ik,
RO E HMEEMS I ECLBMEREMBA— Ay Y, B - ERAZRASELRETOBECOVTIIESLHFELET,

ARETIE, PostgreSQLICHIFRLTUT —avBE(COWVT, REALTIT—2ay-ERELTIT— 3y, FeenoNBETHBAUICE VT, EOLIITERENE L
FTRONEREELELL,

8.11. LTYr—vavklk

TAR=ACHWT, LTV —0a 3B HOT IR — DRI T, T-30—EMUERELHL. ZNRNBEERIIFEEELET. EREMEMIHLT.
BERERD)\WIT7YTR, ARSI HEOTRICEBHEIRSEN T REERHEN D, T—AX-2DF A PIERER L ZBHELTRHIASNBHEETT .

PostgreSQLICBTIE, MasterBlDTF—AR— A T BIRENEEERENTEWAL(W rite Ahead Logging) 771 L% SlavelIC#5% L. RIRTZETLIUT—Ya
UNRIBINET, SRk OB AR TR T T ECLN. RAXERIRT I REE > TLET,

Fz BRESNTEWALTFA VDS lave BIDILIEDE LD, PostgreSQLICHFRLIUT—2aVICld TRHAL T —2av e ERBIL T —av | D280 RE
NEELET.

8.1.1.1. FA#ARK

PostgreSQLTIE, EEIFDOWALTPM DB EZTETRECLD . REIDLANERTETIENHEFT, RFOLAIVESTBL. Slave QINDREHANRIES
NBTFT-AMEZETH. DS DRIBICLZA— )Ny RDSIINBT8h . /T4 =TV AME T TBEICBNET,

EIEAA K E. postgresql.conf®/S5A—R'synchronous_commit' [CEDERE ATRETHD. LT D5 DONDEIRTIENAIEETT . RIRFECTIE. T4 FDERET
Hdon'[CEEFEL. BIEZITOTVET,

% 8.1 EHAAXDLLE

HE HE
remote_apply SE2EH. WALERFETIREL, SlavehMbMasterAD & OB RIS BES B AR DO IFEN E #o
on FHi, WALERE (FAADEEAH) FCREL T-ARENE M,
remote_write R, WALERE (AEVEEAH) FCREL T—IRELNT4—TVADNZ VAN B 1,
local R A-NILOWALEERAH FTREL, /74— V 2B R B/,
off EL2EFH. O-HILOWALEZAH LRI LEW. LG/ 04—V AN, FEHEM,

8.1.1.2. A#AL TV —Yay

REALTIT—avkld, Masterh bSlave AW ALT7A )L EERZE LZFR(C . Masterh’Slave ADRBRSE T #F 2L T —2avAKTYT, MasterldwW ALT7 )L &Ex
E&. Slave DB EF>THHORDUMLEB(ICFENET,

MEBOFNGELLTOLICED, ODLIEICRENEITINET, ClienthF®OOKEZ(FTERBEHICIE, Slave TODWALEEAH DLENTE T L. OISEEZ(TED
BENBHIFET,
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Client

b

@OCOMMIT| [®OK DTFARI~DEZHL

) BWAL#:% _ D
Master |, 1 Slave
BiE

@WALEZAH @WALEZAH

vy A 4

COzh. Master CAIYMIKIILEIHA. SlavelCET AN RSN TV ENMREESNE T, L. AZYIDTE T CIESlave Mo DS EEFDONLENHDH.
BB BN OB RE I ECBDET,

8.1.1.3. ERHAL T — Y3y

FERELTIT—avid, BEILTIT—0aVEELBD  MasterMiSlave DRBLSE T &2FZBWLTIT—20aVv AR TT, MasterldWALT7M )L &ESlaveNBRE LTzi%
FECRDUMIBICFEDET,

WEBOFRNFLLTFOLCED, ONDIBICRENEITENET, READZEERLD, Slave TOGOWALEEFAH DI DH(C. Client(ZF@OKMIRENTNET,

Client

@COMMIT| |BOK

| BT ARI~DEZHL
@WALER% _ D
Master 1 Slave
@WALEZAH GWALEEAH

Yy L 4

COizH. MasterESlaveDT—AFIRTLE—HITIEREAFEN, —AHT.IIYMDOFTET(C[ESlave MO DISEERF OV ENBUVESH BAIFF DL BEFE]
BNFEY,

K. 82 [C.ENETNDAXDBFEREZLNFET
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% 8.2 LIVT—2avAKDLE

R#ALTIT -3y

FERBLIVT—aYy

MasterMI3Y M

Slave D RBLSE T &5

Slave DRBRSE T EAFILHL

JIVFSINTVBT-HDRE

Master&Slave C—E93

Master&Slave T—E T BEFR SN

ALFRTE R

LB IR LY

2q:34: =R

8.2. HREEFERL

8.2.1. \®iFY—N

AR ZERE T BICHRN., BEET - NCRHREYI Vv ZERWELE, BRENMNTAOCIientYI V1A, LT —Y3vmtidMastery Y VIR, LT —Ya
VFeERRBSlaveI Y U3E . ETSBDERTY,

% .83 [TRAMYYY, K. 8.4 [CHAMIY VDB ETRLET,

% 8.3 RAMIVVHERL

RARII U2
HE PRIMERGY CX 2550 M2
CPU A7) Xeon FAEYY E5-2650 v4 4807 2.2GHz
AR 256GB
A=Y M 2.5 1 U FSSD-400GB x 24
0s Cent0S 7.3
% 8.4 ANV VB
Client Master Slave*38&
(O CentOS 7.3 CentOS 7.3 CentOS 7.3
vCPU 4 4 4
AEY 48GB 48GB 48GB
TAAD 200GB 200GB 200GB
DBMS PostgreSQL 10.1 | PostgreSQL 10.1 | PostgreSQL 10.1

Fe  ENENDREIDVBLLTORRICRYMI—DEFRE LELE.
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Slave1
RAE<
Cent0S 7.3

Client Master Slave2

R~ Network Switch <Y RE<
CentOS 7.3

CentOS 7.3 CentOS 7.3

Slave3
A<
Cent0S 7.3

8.2.2. T—HNK—-AKE
LT —9a iR E1TO72H0. PostgreSQLDRIER EELUTICRUET,
8.2.2.1. postgresql.confD 5% 5€

Master@postgresql.confDEXEZ F. 8.5 [T, SlaveDpostgresql.confDERTEE K. 8.6 [CTRUET , CNBET I MO EE LEEDHELGNET,

3 8.5 MasterDpostgresql.confiXE

NIA-4 FEME
shared_buffres 16GB
wal_level replica
synchronous_commit on
max_wal_size 8GB
max_wal_senders 4
wal_keep_segment 16
#synchronous_standby_names | "X(< R#i&T3Slavetf—)\Dapplication_name>)"
#X=RHETEY -/
autovacuum off

3 8.6 SlaveMpostgresql.confDEXTE

A S % 5E &
shared_buffres 16GB
wal_level replica

synchronous_commit | on

max_wal_size 8GB
max_wal_senders 4
wal_keep_segment 16
autovacuum off
hot_standby on
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8.2.2.2. pg_hba.conf® 5% 5E

MasterflI CORIEDEHIC. pg_hba.confDEREELU T DFRICLET,

all all (BTRENTIIVVOIP) /24
replication repl user (Slave¥oV1MIP) /24
)
)

replication repl user (Slave¥yv2MIP) /24

replication repl user (Slave¥y3MIP) /24

8.3. iRaE A&

8.3.1. &REE/TI—Y

AR T AT 02/ 88— TR LB LET .

8.3.2. IRFIA(SlaveD B HEEMIBRIBES)

RIEATIE. Slave BREL A ~3BCEEL. Slave B RDEMIC LD HAESBERML IV —vav ERHILIUT — Y3y ENENTHEAMNILET,
8.3.3. RAIB(RH - FRHREENDIZT)

RREEB Tl RIHA- ERHANBE TEEBR COMELEITVET . SlaveDEFH AN EELBLIC, LT D43 — U THAERLLELET,

% 8.7 #REEBD/)\VA—Y

AL B L] FEEH
EREADH (= 38
FH- ERERED | 1& 28
EH#-ERERED | 2& 18
EEIDH 38 (=
8.3.4. B

8.3.4.1. T—AR—-AD Y HHE

initdb XY RICTTF—AR=2ADS 28 B ER LET

initdb --no-locale -E UTF8

Fak L7z @0IC. pg_hba.confEfRELET,

vi pg hba.conf

postgresql.confEFEICHMALEEICHREL. T AR-2ZEEILFT,

vi postgresqgl.conf

pg ctl -w start

8.3.4.2. Masterfll D% &

BREEADT—AR—AEERLET, pgbench®FNEIEATVaVvER VT, AT =L 77958 =10000EHLF15GBDT—AXR—AEER LET,

createdb pgbench
pgbench -i -s 1000 pgbench

LI —2avAO1-—YEERLET,

psgl -c "CREATE ROLE repl user LOGIN REPLICATION PASSWORD 'password'"

CREATE ROLE
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8.3.43. FH#i- ERHDEE
o EHI-ERMBITEENETE

SlavelZT. MasterdF—AXR—=2AD N\ 7y #EE)ERMNFT,

pg basebackup -h <Master#—/\@IPPFLA> -D $PGDATA -R --progress -U repl user

postgresql.conf&EREL, T—ARN—AY—NZEEILET,

vi postgresqgl.conf
pg ctl -w start

SlaveMrecovery.confAapplication_name DM ZBMULET, FEETldSlave2 ZHlELTNET,

vi recovery.conf

# primary conninfo®XEllapplication name=slave2%iBiM

o FEHNEZEDRE

REAETBI5EICE. MasterDpostgres.confl, synchronous_standby_namesZ® FaeDLIIC, BUEICERETILENHNES, T TlE—HIELT. F
BB #28 slavelEslave2)e LTVET,

vi postgresqgl.conf

synchronous_standby names='2 (slavel,slave2)'

8.3.44. KT —AIR—AY-—NEEH

FHA- ERBADERE R MasterESlaveTNENDPostgreSQLEBREBLET,

pg _ctl -w restart

8.3.5. I

TEBERIZEICIE. PostgreSQLICIRETRIMESN TL\dpgbench ZEALELE, pgbench Tk AVFI—DRADADIT 21 —HCTHAARA AT HENTRET
T, RRIITlE. U TFICRTEEBEHFUNEZITOINAN LAV T NCAIEETVELE,

\set naccounts 100000 * :scale
\set aid random(l, :naccounts)

UPDATE pgbench accounts
SET filler = repeat (md5(clock timestamp () ::text),2)
WHERE aid = :aid;

Fz, FrvVall LRI EENZEEHIRT B, UTOREDIE TR EEITHNELE,

VACUUM AL DR fE
CHECKPOINTALIE DR
BIVVDFyYah )7
pg_prewarm(CLdTF—200—F
pgbench(CLBTPSIEDEIE

[ N S R R

NHELB-UCOEEIREL, &)W -VOFEEERLEV. UTICEORBETLADITERLETS,
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#!/bin/bash
mkdir /data/$1
for 1 in “seq 1 3°; do

#VACUUMALIE DT
vacuumdb -h <Master®IP> -a -z

#CHECKPOINTALEEDE
psgl -h <Master®IP> pgbench -c "CHECKPOINT;"

#BIVVDF vy )7
echo "password"
echo "password"
echo "password"

sudo <Master®IP> "sync"
sudo <Master®IP> "echo 3 /proc/sys/vm/drop_caches"
sudo <Slavel®IP> "sync"

sudo <Slave2®IP> "sync"
sudo <Slave2®IP> "echo 3 /proc/sys/vm/drop caches"
sudo <Slave3MIP> "sync"
sudo <Slave3MIP> "echo 3 /proc/sys/vm/drop caches"

echo "password"
echo "password"
echo "password"
echo "password"

\
\
\
echo "password" | sudo <Slavel®IP> "echo 3 /proc/sys/vm/drop caches"
\
\
\
\

#pg_prewarmlc&BT—4DA—F
psgl -h <Master®IP> pgbench -c "SELECT * FROM pg prewarm('pgbench accounts')"

#pgbenchlZ&BTPSIEDAIE
pgbench -n -c 64 -T 300 -f script.sh -s 1000 -h <Master®IP> pgbench >
/data/$1/bench data ${i}.txt

done

8.4. LR

8.4.1. LA (SlaveD) & M ZzEMEEIZIEE)

REATOFERII T RRELNES,

* 8.8 REILIVT—Yav0fER

LY —2avBLOTPSIEE100%E LIZEED
R & 8% TPS{l &
(B&)LI)r—2avil 9254.0 (100.0%)
18 4668.6 50.4%
28 4014.4 43.4%
3& 3686.3 39.8%
% 8.9 ERHALTIT—2avnkER
LU —avBLOTPSIEE100%ELIZEED
RS TPS{lE &
(BF)LT)r—2avil 9254.0 (100.0%)
18 8495.9 91.8%
28 7786.9 84.1%
3& 7205.3 77.9%
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- BRIEASER

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

REL [E14A IF[=]HA [514A JF[=14A 1% JF[E1HA

#EEE 15 25 3T

8.4.2. REIB(RH - FRHEEDISH)

IREEB COFERIZATEGNETS,

# 8.10 HRIIBHER

L7Y5—aviLoTPSiE
AL B R Ik R TPSiE £100%ELIZEZDEIE
(8%)LT)r—23aviBL = = 9254.0 (100.0%)
FEEDH (= 38 7205.3 77.9%
FIHA- SEEENRED 18 28 4043.6 43.7% [11
FE - EREEED 28 18 3822.9 41.3% [21
READFH 3& oA 3686.3 39.8%

1] FE#1EDHE50.4%. EEEI2E DFH(E84.1%DIth, BEFICHNFTENDEDRE42.4% 152N, LE-TWVS,
21 EER2EDHE43.4% . EEEALEDH(E91.8% DIth, BEHICHNTENEDE39.8% LN, LEI-TWVS,
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- oI oL

10000

e gem, oL SEMse FMeEM s Ftla HEME Fifiet HEM0

8.5 A&

S EIO#EK TIE. MasterESlavelFB U AR YV L TREILTHD., Ry RIT—DEA L —JEMEBMICERI—DEDEFERALTNET, 2078, Slave®/— FEH
ZBBIEE . MEBMB)Y - A0 ECENEREICHENH TELDTIEIBLWNEE ZDNET, SEOKRI CIEFMBREEOEFEICEENDFEATLEN, 2012FE
[CPGECONSTEMULVEIEHR - BB LTVT—YaviREEl 3] T RBOERNIRELN TSN, FERFLTIT—2avTHo>TEL T LEMaster DB FMEREAD
EENDVRODEITRE, AT—IL7IMIEBR MR RETECLEIT —ANHBIEE A FT,

9000

8000

7000

6000

5000

4000

3000

2000

1000

Bl PGECons 2012 EWGLERRE p.417 @) RYRI—=DPAM—IRERIZDOINTY

8.5.1. |RELAICDOINT

BHEADH DIEE DG E L. SERHIDH DIERDIGECLEAFI1 20 REEEGNFELE, RHADBZE . —2OMEBODOT T (C[EMasterESlave WA DILIEDE T &
HEORENRHNET, —ATERBADEEF. MasterBIFTOMEBHRTE T THIERDMENEIASNES ., COZEND, REDSAIERBICHA, NIEOZT%E
BHORRI2UE(CHZEN. TPSIENFIL 2L EDEEZONET,

Fz. - ERBAELIC, Y- NEHEE LT ETPSEN T TIKERN R oNELE, T, Slave QOB ERHFLBVIERPOEHETE, T—NEHEEPIC
ETTPSEDE THRONDFERELGNELE, TPSIENETOESVERTHBE. T NEHEE LT IEICTPSENTL10% I DD LTVBIEN M, ER LN
4B L EEBSTERILLSCHEER—EDEIE TRIBLTIKIENEZONFET,

8.5.2. REEBICDOI\T

x. 8.10 TRELIC, AILEROEHTHOTH, RHANDEHEE LT EEMREMETLUCKERER SNt RELL, T, ERMIERBICIEEETR
EICH5% TOTPSIBANEA LTHY., REIALE . AR ELLSEIEICHAER—ENB G TERLTIKIENEZLNET,

FERIFADH DIERELLE TR, RHZLE THEMT I RRMENRHETHENI LR TEEL, TNIIREIACREHR(C. BHATES Iave DA EERF DR
MEZBHEBZLAET . Fo. EHATESIave HIDLEDTE T B CMasterflINDISENR TR, #y I -DDERENMEMLET . TOLH. RIEADS
BERBRIC, ®YPD=DDVY - AR EICIDERENME T TEENERLAETS,

8.5.3. ¥&¥

AETI. PostgreSQL 9.6 SNFI AR REE BT MR AL TIT — aV R A LB COMRERIEZTV. FFRHADH DER. R - EREANEETSEMK
EDLEBARREEATLVEL,

BREERERN D, SEOBREBRIE T CRUTOLOIBIERER 2N TEELE,
1. FH0HOERIE. FREOH DHERLICLEAFI1 205 REES .

2. RE-FRBBEEMER TR, BREHNE U TERADE BEE LT ETHREMETHR OGNS,
3. A ERIHIDEHELILSEBICET, HIEE—EDE S THAREMBLEEILLTIS,
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F(23. [CRIL TR, SRR EIT o1 IR LDS lave D Z VMER TE F1 YU TOERBEL TR AT REGENRNEOTRBLNEEZONET,

Fz. SEIOREITIIRE DR EZTICRIENFEATLULN, HREICHEEEZAPEREL T, RYPI-DPAMN—-IDNY-AEHFLTNHEICLST—/\—AYF
DEZONET . LI —2aviEpie®E 2 BIR(3. PostgreSQLOXELITTIILL H—NDEE LYV VOERHE ZERITIVENHIEEAEITY,
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9. FDW#REE
9.1 RIS

PostgreSQLN DA ERDT—HAANTHE AT DL #EH THBFDW (Foreign Data Wrappen IiiFEPostgreSQLA TREAEANTHHRILLTLVSHERED—DT
T, COBEBEZRAVDCET. mTET IR BN ERT —A%PostgreSQLNMO—ELTEETRENTERY . BEDT—AERICERBICHERINTVET, LML
o HRERIGA—NAYRICH TREELFEELET, FCTARBKRIETIE, PostgreSQL 10RDFDW #EEIEB LT, SRR BHRICHITBMEREA— )\ AV E
BALMMILET,

REEAT—AX—2AICPostgreSQLICEZETHEIRIN TL\dpgbench MHAER LEEDICHNZ . CREATE TABLEICEDHAR LIZHERR LET—T IV EHH & hEERL
TVEYT, FHEERABLES, F. FDWEI1—-IVIC[EPostgreSQLI.3LNELESN T Vdpostgres_fdw EERALELEL, COEI1—-IZRABIET. SMHERICHEE
FBPostgreSQLOT—IINERNEICEETIT—IIERMBRICIRSIENTEES, BH.FODWEI1—)LELTIEPostgreSQLEIFTTHL. MySQL, OracleDB. CSV
T4 MongoDB %, ¥k A BT —HY—2ATPD L ARREGEDMRBMSNTVET . FHMIEAKwikilCEBHEINTVET
(https://wiki.postgresgl.org/wiki/Foreign_data_wrappers)

9.2. FREEFERL

AR Tl BRDIMT7V MR Client )BT —AR=25—=/NLLUE. Tnternal )DL DDDT—=FIUCTFHEALET, Mnternal IOT—FILCHEIHEINET—
RADEIKE. Tinternal IOPCFEETEIHEEHBL. FOW HREIC SO THER SN2 DDNERT —A X =AY —)\(LL&E. TExternal-11TExternal-2 NICEE T35
EEHNFET,

Client Internal External-1
sar-4 | K >
1% PostgreSQL
o
Client FIEA
App <] PostgreSQL
External-2
4t
a7 —4
B PostgreSQL

9.2.1. \— K97k

N—FOI7HRE R 9.1 [RLET, BH. FE. TR - NITATRBIRFEELTVET , RREES. FOWHEEEFI AT 5 S EFIALBIME S TOZF —
NAYRERIETBENEHTHRH, RERETHIRBAMREEA CERTELERELL,

9.1 N—FIIT7HER

&=l CPU *AEY T4AD
Internal =18 2.40GHz 2cores 4GB 20 GB
External-1 =8 2.40GHz 2cores 4GB 20 GB
External-2 =48 2.40GHz 2cores 4 GB 20 GB
Client LY B Intel(R) Xeon(R) E5620 | 24 GB
2.40GHz 16c¢cores

9.22. YIMIIT7HRK
YINITPHERE £ 9.2 ICRULET,
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9.2 YIMII TR

os YIko17
Internal CentOS 7.4(1708) PostgreSQL 10.3
External-1 CentOS 7.4(1708) PostgreSQL 10.3
External-2 CentOS 7.4(1708) PostgreSQL 10.3
Client CentOS 7.4(1708) JDBC Runner1.2

OpenJDK 1.8.0_161
postgresql-jdbc 42.2.2-1

9.2.3. F—AK—-A Rk
9.2.3.1. T—JILEER

AR ClIE, BELBRTOOEMLEFEELTVET, CORITOT—IRN-AL, BEEIHEHR(addrbook), AFEIEHR (pgbench_accounts), BX5|EFE
(pgbench_history)32DT—J IV EH>TVET, 4. SEIGLIADBEENL DO OEEHF D (BEZEDPRIMARY KEYCTHBIDEOEDPRIMARY KEYTHBIDH 1%t
LT CEERBFEELTVET, iH. OEEFER(pgbench_accounts). BX5IERE(pgbench_history)lCDUWTIE. PostgreSQLOIZERYFI—DY—ILTHD
pgbenchZF|FAULTHERL.

FERIEHR@ddrbook)T—FINUCDNTIE FEEDCREATE TABLEICENERIBTF—FILEER LELE,
o FEEEIE#R(addrbook)

KA. A—=IT7REVAER . EHEEDEREF ODBET—JIVEU T ORRICHERLELE, BH. BEERT—INICE. THBAS>TEANEHR
(http://kazina.com/dummy/index.html) IZFIFALTIER LIZ10 B DT —AEEMLTNET,

CREATE SEQUENCE addrbook id seq;
CREATE TABLE addrbook (

id

name

kana

email
gender

age
birthday
marriage
blood type
division

bigint PRIMARY KEY DEFAULT nextval ('addrbook id seq'::regclass),
character varying(32),

character varying(32),
character varying(64),
character (1),

integer,

date,

character(2),
character (3),

character

varying

character varying
character varying
character varying
text

phone no
mobile no
carrier
note

4),
12),
13),
10)

’

(
(
(
(

o EEE#(pgbench_accounts), BR5IEEE(pgbench_history)

EEE(pgbench_accounts), BRBIBE(pgbench_history)T—JIUIE. pgbench(CTScaling Factor = 1TARULELE, FRICT-IINERBEOITY FE
~UFET,

$ /usr/pgsql-10/bin/pgbench -i -s 1 fdwdb

9.2.3.2. PostgreSQLMD 5% 5
SEOKRIHRECENTT I FENDEBULEEFEICOWVTLU TS RULES,

e postgresql.confDERTE

listen addresses = '*'
shared buffers = 1024MB

work mem = 8MB
effective cache size = 1GB

max_connections = 110

® pg_hba.confDERTE
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host all all (Client’s IP Address) /24 trust

9.3. IRAL A&

RIS - BH - HAOENENOLEENET-SOFED) -V TAEL. AEBT—II0OHDISEEREEELLHECHNT, SMT-TILOZE /&M
[CHVEDIEEDMEREA—N—AYFHFEETINERIELTLEET

9.3.1. Bl A ik
LT ORETREETVELE, 56, BIEICETIDBC RunnerlZANTNET,
o HIBHTE
- ETHFBERI0MEEHRZTOY . L0MHEBRZICcoOMMDL—Ty b EEHRILET .
- &I —3EBIELT. PRIEFRALET,
e BIB(SELECTORTE
- FIBFHESTAIE1. 10, 20, 30, 40, 50, 60, 70, 80, 90, 100011/¥3—>,
o FEH(UPDATE). HA(INSERT) CORE
- RRFERHE10OHCE)

CEFDWEERULESE. NET—AX—=2BIDPostgreSQLTIE. MUY D Va V@M L ANILD, SERIALIZABLENREPEATABLE READ UIMEFATEY L EEN
I EUPDATER(ICcould not serialize access due to concurrent update | IZ7—hBEFK T8, BH. HATIE. RFEGEH1 0 EHELTVET,

9.3.2. &8 (SELECT)
9.3.2.1. BREE/B—

o ){3—1

BEEIE(@ddrbook). AEEH(pgbench_accounts){ICREBT—TNTHBIEE

Internal External-1

BEZ 51k
addrbook

1:1

1:1 External-2

(1A [BER

pgbench_
accounts

o ){5—2

FEEIEHR@ddrbook)NRERT—TIL. OEE#HR(pgbench_accounts) A ERT—T I THBIHE
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Internal External-1
BAZ G
addrbook
1:1
1:1 External-2
~LCCLICEE FECPTETES
P OBER (ISR
: pgbench_ @ pgbench_
. accounts E accounts
o /¥3—23

BEZEER(@ddrboo k)M T—TIL. OEEER(pgbench_accounts)REBT—TILTHBESE.

Internal External-1
F===TTTT
I
I
I
I
_

A
addrbook

| RIS
I addrbook
|

1:1

1:1 External-2

W IN

pgbench_
accounts

o ){3—V4

FEEE#(addrbook), OFEEFE#H(pgbench_accounts)FHICHERT—TINTHBIHE,
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Internal External-1
I FERIEWR BIER
- addrbook @ addrbook

1:1

1:1 External-2

"

: CBER CAEER
: pgbench_ 1 pgbench_
:  accounts & accounts

9.3.2.2. T—AR—=-ZAADT7Ht A

HIBEEICH LT, EEIER@ddrbook)hdEKf(name). Fffi(age). OFEER(pgbench_account)hdFE S (abalance) &M LET,

SELECT ad.name, ad.age, ac.abalance

FROM addrbook ad, pgbench accounts ac
WHERE ad.id = $int AND ad.id = ac.aid

9.3.3. E#T(UPDATE)

9.3.3.1. BEE/IB -V

BHHROT-IIS EISOEERTHS. pgbench_accnounts)FREBT—RDZ AN BT —ADIB B TRELET,
9.3.3.2. T—AR—-ANDFIt A

HBOFE(pgbench_accounts)DFEE (abalance)FEMIEET,

UPDATE pgbench accounts

SET abalance = abalance + $int a WHERE aid = $int b

$int_a = -999999 ~ 999999 NEF(ELEN)
$int_b = 1 ~ 100000 DEH(ELEN)

9.3.4. #f A (INSERT)

9.3.4.1. BEE/)I3 -V

TADBAR RTINS EIZEEIBETHBIpgbench_history)NNER T —ADIGZEESNERT—ADIGETRIELET,
9.3.4.2. T—AR—-ANDTPIE A

HBE|IERE(pgbench_history)|OESBEEEEALET,

INSERT INTO pgbench history (tid, bid, aid, delta)

VALUES ($int a, 1, $int b, $int c)

$int.a =1~ 10 DEBHELE
$int_b = 1 ~ 100000 DEH(EL2N)
$int_c = -999999 ~ 999999 MEH(ELE
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9.4. REEFER

9.4.1. & & (SELECT)
NEBT-IINBRBOBN/EUTREERENELRDFELE, TERE . 9.3 [CZOHRRERLET,
FINB—=22,3. 412 — 1 R EEE LD MRE(Throughput) BIEEETH L TVET,

16,000
__-h-_-‘-'h_
14,000 /‘{ ——
. 12,000
2 /
10

P

8,000
6,000 /
4,000

2,000 #~

l--"""-...

Throughput (tp

1 10 20 30 40 50 60 70 80 90 100
Bili=gE:2 2

—H ] —TE— ] e—T 03— G

RO3EE—E
1 10 20 30 40 50 60 70 80 90 100

AL 3869.2 15675.2 15593.4 15561.3 15517.1 15350.5 15164.8 14872.3 14492.1 14016.6 13605.8

IAC L) 296.4 2852.0 3347.2 3379.8 3353.4 3340.5 3350.8 3350.1 32225 3269.2 3222.8
A92.3% A81.8% A78.5% A78.23% | A78.4% A78.2% A77.9% A77.5% A77.8% A76.7% A76.3%

INCEVE 276.6 2916.8 3181.6 3240.4 3253.6 3229.8 3199.2 32221 3145.7 3119.1 3108.5
A92.9% A81.4% A79.6% A79.2% A79.0% A79.0% A78.9% A78.3% A78.3% A77.7% A77.2%

AL 161.7 1905.5 2204.5 2214.0 22311 2184.2 2208.6 2166.6 2125.3 2118.9 2112.7
A95.8% A87.8% AB85.9% AB85.8% AB85.6% AB85.8% AB85.4% AB85.4% A85.3% A84.9% A84.5%

18 —1 : FEEE#H(addrbook), OEEE#HR(pgbench_accounts)(CHERT—TIL
1$8—22  FEEE#H(@@ddrbook)NNRERT—TIL, OEFE#R(pgbench_accounts)Bia E7—TIb
1S3 —23  FEEE#H(addrbook)h4 R T—T)L. OEFE#R(pgbench_accounts)BNRERT—TIL
18 —4  FEEE#H(addrbook), OEEE#H(pgbench_accounts)F (o ET—TIL

FIEHEGHIDOZ AT, FADBNERT—IINERBIN—2/188 =305V TA92~93%  MADNERT—TILERBINI— V4B VT A96% DERE
(Throughput)BAEERNFELE, BERFERE10~100[CBVWTREMERIEENDDERAN, 1T8—22/)83—31CBVTAT6~81%. /I A—4ICH N TA84~87%
ZLTLELE,

9.4.2. B # (UPDATE)

SEDRETHSRT—IINEEFHUEIGEFDOW HEEDHD). REBT—TILOEFH(FOW HEELL)ICLEAT, $931% MHEE(Throughput) 'S IELTLET,
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180.0
160.4

160.0

140.0

120.0 110.9
100.0 I

gl Tl SEiT—Jl

Throughput (tps)
B & & 8

o]
L]

9.4.3. i A (INSERT)

SREOBETHBT—IIICT-AEEA LIS A FDWHEEEDD) . RET—TILADEA (FOW #EER L) ICHAT, #934% M 8EThroughput) B’ EELELE,

180.0
158.0

160.0

140.0

120.0 104.6

100.0 I
0

Mg T aERT-JI

Throughput (tps)
B & & 8

o]

9.5. 2%

SRICBNTR AIERMGCIOTERBIEINATE% ~A91% ., BH - HALLHVTIEAIS%ATROEREETHRLONELE,

BRO7IEADVARY AR Z LK T3 . RIFHEHIHL10005E . WA T—TIL0H TEE14ms, IATHERT—TINDIZBETEFH70msEBITVNET . &
E. FECHEMETIERB—UTHoilth, RET—TI DS DL ARV AR IEE(CEEL STV TDEANE— NAY FDFEDN K ECH BREREBIE
BESNEY,

BH-FBALBVTHLARV AR 28—V T1oms IR THD, ATV PV EACLDA— Ay FO KR ESERHRDIER THZEEZOoNET

REELBEOREICHVTR, BBOT-IINOFEERE . RET—IILOH THoELTELEBONNSNEERH RELTAETIET. ST T REDT—/\
AYRESDEELMCTERDTRBLNEEZET,
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10. 5HDIC

SEE2017 EE)L, PostgreSQL IVA—TF54 XAV — I T LPGECons) DFEBNHEAT 6 £EBERD, DI LELRMTEHET-F VI —-T 1T, K
WG, SET 6 IBELGNFELE, KA WG TIIREEEICPGEConsDI—F VDI —TDAEE S HERBELTHN G, MEEICINZ THERM ORI LIT O ST iRELE
D=0 —T71ELTEELELE REREZETIE, LLTD 6 DOFT—VYORIEFERERELELE,

PostgreSQL 10BLURIN/\— a9, 6 LB LTz A0 — LI DIREE
WindowshRPostgreSQLELinuxhRPostgreSQ LA RE LL B AR EE
PostgreSQL 10 Ta&ibaN 2/ 5 LILD TURREE

PostgreSQL 10 CERESNEZOVAINLIVT —0aVEFI A U & SR FRREE
PostgreSQL 9.6 CRESNZEHRHAL T —aVi&kit

Foreign Data Wrapperf&iE

o U~ W N

LTTE. S EEORIDERERNIE->T, ERMLENAECRBNTEIET MEZOHENEELZNEBVET, Y. T-YDREICHEZOTIE, SIAVI DD
T—YEHBLELIC. PGECons DRRMER Y, A—T VY- DV IPLYARBE LS MENEBERRICEA VIO — M B (TEDELLE,

BIEBIDE KRBLREITOICEFEBAAVD NG, EHICESEERE RBBERROBRIIETIVERNWTSETCWG1I TN TIahozWindow shik
PostgreSQLADMREMREIEITO CEERNFELE, LIATND . Window s THEPostgreSQLY—/\EIL T3 —ANEZ B(CHEL . WindowshRPostgreSQ LOEED
BE. FICLinuxhRPostgreSQLELLEI LR DTEREE RN WLV BEN ZBH>TEELE, SEIDWindow shRPostgreSQ LAREE TldLin uxAREDTE AE LLEL (C AN
ATWindowshREIADF1— VI BERERIEFMRELG>THN. WindowshRPostgreSQLFIAEICE->THABBEREFIR B TERIENPFINET, FhKET
FT—IEEE TS LETPostgreSQLERHT/\—JavDFEaeEN B, N—Yavht1oti- S EIEERIESNEZ/SS LIV T, OIDILLTIT—oavh R & E
BNFELE, SHIC. EHREALTIT—2a i PForeign Data WrapperDIREEE VT T—VUTB EICHRIELEN G T—IERO TS EREELTVET,

BT YCEOREEERIIB L IR EEN TR TEDTY , FIELEEMER VR B, EHIOSETHERLEL, RESNZREI T EICHLTIE
DEIBERT-AIEEHRTIET, RO B HINHLINEON IRETLES, ZOR TR ELTVIBE RO RGEIE) B —UNBALNIBEIEEHIET 5L T
BRELETENEFSE. #2801 AR, B L TAEMFRELEY, FonicT - AREESN TR EICIRESNEY, RO B MICE I T-3055N T
LB IFERL. [ZDT—3DEBKRTBECARANMIBRLT. LLTLEDEVHERIMEONILICEREERET,

OOUEEERAENRZET, BICAVFY-DTOYS LOREEICEEZLOB. FAGHKRNFONET, CNolE. BEDEHT PostgresQL [CHRERNN, €
DEENPY—2AT— FERAMUEAVNNE I THIN GERTELHR TY . PGECons DREF. BBIRECETIAVIIWNEI- T, EMMBERERIDTEE
BIBEBYTEN AVROEMADE LICEFELTVSLDERNET . SHICEEENGERDEDICT v b Y- IVEBALLECS, LETINEEEHICER D™
ENDRIFNEZFL, CNIAVN—EOEFRER L, VWV ERECHTIEROER LICEHF S LELUE,

SEIDHMEENEHRD PostgreSQL DFRANDISEICINEENTT, REEANDZERNITENELEHL. PGECons FTHHF LS, £z, PGECons DEES
[CCRADESHFLOAIR. B SMETHREKIESIN SELICECE00OW eb B4 b FIFIAIZSLY,

(#¥&0n)
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e
11. E3&
(T2 HiA%IE)

I EREE-BH&4 BE4 K4
£1.05R SRA 0SS, Inc. AR %t OSSEHBEAKER W X
ROITEBRWGY | e v vaq Jn—Stkt 2t Hifi— M—E B SERE Akt

NTTFD /DA% KX &4t IoTA/R—YaVEEE RAE &E
NTTTD /D02 X &4t loT4 JR—YavEEE IR B
H#HAEHY7I-F Bk T
HAEHHUPI-F A A
BABEEEKASH A=TIV=2AYT 91788 A FX
ELEMAEH HBYT M TRARBHTALR 1L ZKER
VI MO PRAF MRS
ossHffizyA—
ELEMXeH HEYT I PRARE AT AR BaE B\X
V7 MO 7RAF BT EED
ossEfiitya—
ELEHAEH HBYT M TRARBHTALR =g RT
VI MO PRAF MRS
ossHffizya—
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12. Appendix R F IR

o IRHE: AREa-Lyb-)th— K Stt
o ERBUR(AT—IL7yF)/Windows $&FE//35 LIVD TUEEE COfE PR/ %1k

Internet
VPN

Network Switch(1GbE)
NIC1 iLo NIC1 iLO

Network Switch(10GbE) HPE 5700-32XGT-8XG-2QSFP
N NIC2

BB —/\#2
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