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2017 E L, 2017810 B(CUV—A&NTzPostgresSQL 10&E/RELE . AT—ILPYTDE mEBEERLELE, CNEFIEED. SER-FHRADOW A THEEE
ZRAETZEDTY, PostgreSQL 10 THALINE/ S LIV TUDMHERERREE . FHEEETHIOINILLTVT—2aVERALEBR 2RO RREE. R#A- EFHL
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COBTNECYIa—Yavd /- R4, [T 1 ELTWG1 OINEEHBEE LT3 BNELE,
3.6. EAT Y1)

20184 ElE, FEEAT Ya—- I TEBLELE,

% 3.4 EfEAT Ya—)l

EEME ArJa-i
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REEE N 201941 A ~2019%2A4
2018 EWG UEBIMEEIER 2019 2A ~201943A
MEtBRRRES 20194 25 H(RR). 2019F5 A10 A(KR/FRESDHE
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3.7. HiEE
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Page 10 of 67



PostgreSQL Enterprise Consortium

4. B RBBRT—I7yTEEL)
41 RATEE

W G1Tl&, PostgreSQLOFTN—Jav-#FHU—ACHNE T, FHIBN—Jav DM EELLE P AT — L7y M ORI EE B EMICLEE R 8AIZ201 2 FEENLEE
LTEELE 2014EEHDBIE, ZNETOSBRIB(CMA TEHFLIBCOVWTERIIEER L., RIHEROAREITILIICHENFELE, 2018 FE[F32070

CPU (Xeon Gold 6142) . *EU384GBELVTZARYD DY —)NT, JFTDPostgreSQL/N—Jay 11 ERTN=Tavd 10 EOSBIERED LR B LUEHTERED LI
ETUWELE,

4.2. pgbench &l&

AWREETIE. pgbench ELWDARVFI=DY—=)L&EERLELE,

pgbenchldPostgreSQLICHE TR B BAVFI—DY—ILTTUN—I3v9.5LNMdcontrib (L E). $ZHEANYFI—DTPC-B (SRITOEE. RITXIE. $RITE D
EEELGEDEHEETIVL) 2B LUV FIACE LRV FI-DOETOFN. BEVTIOH ERITT IV FIALBEHSNTWET, F. DABLADYT 2R
BT T HMBOYFUATRYFI—DEEITTIEEEETT,

pgbench TAYFI—HERITTEE. UTOII1 B HENTERITINE MSTFD DavDE(TPS: Transactions Per Second)WMH AIENFET, 5. Mincluding
connections establishing 1[dPostgreSQLADIEKEICE LI BRI EE AIETPSE. Nexcluding connections establishing Il@CNEEFRNTPSERULET,

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

numpber of threads: 1

number of transactions per client: 10

number of transactions actually processed: 10/10
latency average = 4.433 ms

tps = 225.580586 (including connections establishing)
tps = 241.413390 (excluding connections establishing)

pgbenchlZIZT AT —=IL77D R 1ELOEENHD ., T—AR—2ADWHAILE— K Tpgbench FEEITEZEICLD FEDTA ZADTAMNROT—I N EER TEET . T
TAIWRDAT =V TPDR(E1 T, COEETERITOEE JICHIET B pgbench_accounts JEWVIT—TILT10FHEDT =R, $915MBDT—AR—ABMERSNFET,

LTI, &EAT =L I7D R T 3T —AR—AH 1 &R LET,
R 4.1 A= IPDRICRTET—ANR—AY

1X
Ar=II798 | TER-2YMX
1 15MB
10 150MB
100 1.5GB
1000 15GB
5000 75GB

WHEE—FTlE pgbench_accounts DMICET—TIVBMERSNET , ERENZT—TIDUARELLTISRUET,

3% 4.2 pgbench_accounts(dFE)

5l £ 7 —s1a aAVE
aid integer THOUNES(EF)
bid integer XEEE
abalance integer OFENDE%E
filler character(84) o
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3 4.3 pgbench_branches(&JE)

LES ki dAVE
bid integer XEEE
bbalance integer AFENEEE
filler character(84) | f§%&

5 4.4 pgbench_tellers(BOELFE)

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

AT =ILIPDRN 1 DFF. pgbench_accounts [& 10 754, pgbench_branches (& 1 ¥, pgbench_tellers (& 10 DT —ANEREINET, AT —ILT7D A%
EPTECNICHBILTET—TNDOT-IMEZET,

pgbench [CI&, ¥R BATVaVNBNET, FHlE PostgreSQLXE #BLEEN, T T AR CHERLTWS EBATVav0H ERBALET,
& 4.5 AUFI-DT7—JILH1E

. EV L

-i RYFI=DT7=T ORI
-s AT =IT7D%
-F YRS BT—TINDI1LT70 A

= 4.6 KUFY-DDELT

. EV L

-C RO 1 7 M
- pgbench RAOJ—HALYREL
T RIUFI-DERTIHHH
-n ETAIENF1— LETOEN
-P BEUEHHIEDOLUR— MR
- ETVIVDFEH LA TUIERT

4.3. TRELAE AL

4.3.1. N\—FIx 7Rk
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Network Switch(1GbE)

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

DB —/\#1 BH—/\#2 SRt
DL380 Gen10 L380 Gen10 DL360 Gen10
(2P/32c, 384GBAE!)) /32c, 384GBAE!)) (2p20c,128GBAE'))

Windows Server 2016 RHEL 7.5 RHEL 7.5

FC Switch SN3600B

NIC1
3PAR Store Serv 8200 ] 3PAR
(1.8TB x 244& RAID10, Management
EXBE17.8TiB) J Console

4.1 RREEN—FOT7HERK
AR ClE ERERDIBMDB Y — )2 (el BR#HTRIZRAVELE,
4.3.2. VI MITP R
BEIREOVI NI PHERERLET,

& 4.7 DBY—)\#2

oS Red Hat Enterprise Linux 7.5
PostgreSQL 10.6, 11.1

* 4.8 AFHTA
(O Red Hat Enterprise Linux 7.5
pgbench 11.1

4.3.3. h—RIVEE

e 0OS F74)E
o NMN=ALyF1VTEFALEL

4.3.4. PostgreSQL % 5

PostgreSQLEXE 771l postgresql.conf TOFREIFUTDENTY, cNbLIESBRABRIIEEFRRII CHETT,
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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—DRADT—AR—ARERLET,

$ pg _ctl start

S createdb [dbname]

CIhblE. SHERMREEEHRMERECODVTENENHRIILTLEET,
44 BRIEAE(BER)

pgbench YV RZRAWNT. AVFI—DAT—AIR-2AEAT =L 779452000 CHIEAELET,

$ pgbench -i -s 2000 [dbname]

AWREE Tl pg prewarm EVa—ILEANET,

pg_prewarm [Z/\WIPF vyl T—TNT—REZRHALTEHDEI1—IL T, NVTrFvvvahD 7SN TN T —AX - AR B E % OTERE TIREEEARE T2
BICANBIENTEET,

F9.BIEADYT FEITHIC pg_prewarm EEITULET, ChICEDIT—TNT—=RETRTINYI7F 092N ET,

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

UTOAD)T S BRIABLADUT L TER LT BELBARDIINILIICLELE, TNIE. pgbench DIZ# YFUZA (pgbench -S) TIFCPUICTERBE
FIBDDBIELNVENTT , BERRICIE. SUHLIC100004TEERIBLTET,

\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;

NE D17V FRREEED 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 ELE IS BN S, 300 T D(-NEITLTVET, A
Ly REUIDSA 7Y MRDFE SR ELTWNET o AT =L T7D8(-5)[IET— AR =AM EALBFER L2000 28 E LET . Fo. 1 EOER LR— MNIB(-P)ERVTIDE
BLATUIENBEIBTRIEEICLELE, (L. -P, -r DIBEICI TELNEHREISEOEEICEERNZZEEIHNFEATLE)

FHAIEDSA 7Y MICEICENFNIETOEITL. ZOD RIEFMERELET, Fr. TENSEEIDS1 7V M1 4 16 32 48 64 80 96) TT,
45 B R (SRR)

RELFEROTPSDIZ 7R U TITRUET , TPSIFIEHEHEILICH D T B 2 8E R LTz fB(excluding connections establishing)ZFALTWET , (UM EIFKR)

10, 11 [FEBICDFA TV MEEMICONTTPSHEMIL ., APHERBZZBIDD 54 7 M TTPSIFEEITBER>TNET, 11 DTPSIEF ) 5% (FE 10 £ E[EZHER
ERNFELE,

18000
16000
14000
12000

10000

TPS

8000
6000
4000

2000

0 10 20 30 40 50 60 70 80 90 100

Clients

10 11

4.2 BHSATPUMRICHHTS TPS (BHBR)
HBOT N=Ya VO MREER L U RRTER T IEHBIMRIEETVELE,

4.6. BMRFE(SER)

EEROHERNMS 11 (10 INVSBRMEEDSA LEULZLICRAFIN, EF 11 O W=A/=F [CEUTOEZRHIHIES,
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Improve the speed of aggregate computations (Andres Freund)
&R EOEENIRESNELE, |

COiHh. BIFEFALTVBLUTOOTUCREMBEHRD count) AEFNTVSH. EELOMRER ERIEMNEFTEDMERER LDOHCLELDTH AT REMA BN
7

ECT RREEICAVSIIVE, LTOSEKNSEEZEALLBUWWIVCERELT 10, 11 ONT4—IVALLBEREITVELE,

SELECT abalance FROM pgbench accounts WHERE aid BETWEEN :aid and :aid + :row count offset

:row count limit 1;

HERBLLTOENTY,

20000
18000
16000
14000
12000
Egluuuu

8000
6000
4000
2000
0
0 20 40 60 80 100
Clients
10 11

43 BHIATIMRICxTS TPS (SRR, EHNFHEELDTY)
SRIC ENHEEFERALTVBTOY IVEEM S EEFRALBVHFLLI IV OVWTA—Uay 10 5 11 [T LTORER L EELEUEEON L T ORI TY,
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Performance improvement Rate

1 4 16 32 48 64 80 96
Clients
dgg noagg

4.4 THEEM L ERELER (agg: EHIFTEED, noagg: EHETEEL)
EHHEEENEDTIVIEDSATY METEY 5% REMEEER ELTVRDICR LT, EHEELDIVEEEER ELTOERATLUER, CNODEENS,
ROV TUDMHEER LEELFTEOERPREEELTUNVECENREEINET, Lo T N=Y3av 10, 11 BTE— ARG S EHEEDOR LEHNEEATL
oo 2. BIRHITIIHNFTH AR CIEERFE(C I TlEcount)CHIFR M RER L AT ENTEELE,

FONT, BEIEEEICOVWVTREELET,
47. BEEAEEHR)

pgbenchdYYREANT. AVFI—DAT—AR-2EAT—)LI7DR2000 CHIEMELET . CDEE, 1L T77D43(3 80 ELET,

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

BHRRELTL, pg_prewarm EJa-)LEAVET, BIRADYT METHIC pg_prewarm EETUET, CNICIDT—TNT—2EFIRTNNYTrF vy 21
&Y,

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

LITFOADUT NeBEHRNDARLADITRELTHER LT BEB A RIS LIICLELE.

\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;

he, D547V FRIREEED D
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$ pgbench -n -h [host] -p [port] -c [clients] -j [threads] -f [E#FRDAZLADYTF] -T 300 -s 2000 -P 1

-r [dbname]

ELTETLELE, VACUUMERITE Y (-n). pgbench D347V MR- ALY FEI () EE IS BIIHND. 300 T D(-NEITLTWET, ALY REIIHSM TV Mk
DERELTVET AT —ILTPDR(s)ICET AR 2D EEBEERI L2000 4B E LET . T 1 MEDOES LiR— MR -PEEDTYDEH LA TV I(-nEEBT
BIEEICLELE, (FERL. -P, -r DIFEICI-THINEHFERISENOERICEERAVSCERHNFEATLE)

FHRIEDSA 7Y MICEICENFNIETOEITL. ZOD RIEFMERELET, Fh. TESEIDS1 7V ML 4 16 32 48 64 80 96) TY, CDEE, BH RIREE
DG EFRTEOT—TIEENRET, FEEMHIELTVET,

4.8 IREER(EHR)

REIHERDTPSDIS 7L TIRUET, 10, 11 EECDS4 7Y MUIEMIZONTIPSHEMULELED, IDDFM 7Y MEN L LNEE 11 DTPSH 10 DTPSEL[ED
FEREBNFELE, 96 DIAT7VMIESTIF 10% OEENRESNELE,

180000
160000
140000 e
120000

100000

0 10 20 30 40 50 60 70 80 90 100

Clients

10 11

4.5 £EHSATIMRICH TS TPS (BHFHR)
11 OFEFHERER LORREMEBETIEHICHLE. BIMORIEETVELE,

4.9. BIRFECEHR)

STC.CCT11 OYV=R/)—b &5 BTBE.

Improve performance of committing multiple concurrent transactions (Amit Kapila)
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IREFEIT M UFDIaV0IIV OB EENRESNFELE, |
EWVIRBRBAHNFT , LERDFRICHR2SHY—AT— FIIYMIE [baaf272ac] THD. COIIVITIE clog BHIMBE I —TLTEEENMTOHNTNET,

clog BENEDT I —FILEFDOFEN EHO MY D avC D MUY Y3V AT A0 EFHLENFEE LTV BIRICE —D)—H4—TO Ah e D EFHNE
EFEHTITL., FSUYD YAV AT—HAEHBFICFHEAETS ClogControllock DRI EFHTZHDIIBETT , COMEBED wait_event (&
ClogGroupUpdate ELTERINZET,

BANREETIE [baaf272ac] DEENERICHERECEZELTVVENEINERERLET , T0EHISEMREE TS [baaf272ac] DEEEFREREMORECRLE
EILRERWVET,

[15=a10BIL K. T/i= Y21 1BV KL, T )= Y311 b lbaaf272ac DEEES LELL K THALE USRI TOBITT, COE, 10 £ 11 THEAE
EN—FRENEZ 96 DA PV FTHELTNET,

- I

11reverted

Version

» I

0 20000 40000 60000 80000 100000 120000 140000 160000
TPS

4.6 clog EH DI —TEREES UEE I RELLE (D517 MK 96)
D1 1reverted JH T N\—Tav11hblbaaf272ac]DEEESLEEILRITY,

LEDOFERND. 10% OMERERILDISE 5% LLEIE [baaf272ac] DIEENEFHIERER LICHEELTWSIENER TEXLUE, £REZRZLNL. DD 5% KiFEHD
HEEER LIS O WTIRAR IR OB RN O REERELEHBCEEDFEATLUE,

4.10. 2017 EEHREE D TR R RE

REEEN—Uay 9.6 LHLEULE 10 DFEFREENKEETUTWBIEAREL, ZORREAET 74 MY T4DZEE (System V - POSIX)ICLDEDTHIEHE
BITBECAFTITVEL SEICNEIL T 3 hICHRETEITLVELE,

WREECAWEE L FON—JaVIREEERIIERIU 9.6.6, 10.1 BLUIBT 74 FEIT4D System vV EHRELTEILRUE 10.1 ERVELE,

N=332 10 LIBE[EY—AT— R® src/template/linux OLLTOEFTZEHIBRTSCET. FMIATIEIT4% System V [CERTIENTEET,

# Prefer unnamed POSIX semaphores if available, unless user overrides choice
if test X"$PREFERRED75EMAPHORES" = x"" ; then

PREFERRED SEMAPHORES=UNNAMED POSIX
fi
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PITADERENEDEIME configure EITHERD config.log NMoFERTEET, L TIE10.6DHITY)

[POSIX EYTANEERESINTIVDIES]

$ cat postgresqgl-10.6/config.log | grep -A 1 semaphore

configure:15720: checking which semaphore API to use
configure:15743: result: unnamed POSIX

[System V EYIANERESNTIVDIEE]

$ cat postgresqgl-10.6x/config.log | grep -A 1 semaphore

configure:15720: checking which semaphore API to use
configure:15743: result: System V

System V EYTAERLVE 9.6.6, POSIX EITAEFALVE 10.1, SYSV EYI74ERVE 10.1 DF /74— IV ALK U R L TO@EITT,

160000

140000

120000

100000

80000

TPS

60000

40000

20000

0 10 20 30 40 50 60 70 80 90 100

Clients

9.6.6(sysv) 10.1 —8—10.1(sysv)

4.7 ERIAEN=J3VDHH ENEIEDINTA—I U ALLES
RN, RU/N—Yay 10 THERTIEIT4%E POSIX 15 9.6 EFL System V (CREIE)IT4—YVALRRBREICRZENERTEELE,
ECAT.10.5 D V=)= b [CIFUUTOLS BRI HIET,

Pad arrays of unnamed POSIX semaphores to reduce cache line sharing (Thomas Munro) This reduces contention on many-

Page 20 of 67


file:///E:/work/git/pgecons/tech-report/work/2019/html/html_wg1_2018/_images/wg1_update_semaphore.png
https://www.postgresql.org/docs/10/release-10-5.html

PostgreSQL Enterprise Consortium

CPU systems, fixing a performance regression (compared to previous releases) on Linux and FreeBSD.

MFvyo131MVERERLTHIC, |APOSIXEITFDEINEEH O LISICHNELE, ChIFZCPUIYATLTOFAERO L. Linux &
FreeBSD TOIAV)—ALLEE L TOMERERITEBIELET, J

ElF, COBIEICINN—TaY 10.5 LUEF POSIX EYT4EFIFALTNTE 9.6 D)T4—IVARERTERLSICHTVET, COBECONWTERBICHERELTHE
LD TOFERTY, (RREECTHEMALEZNIF10.6TT)
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4.8 BIIAEN=VaVDHHENEIED)STH—IVALLE

CEOED., POSIX BYTAEMALVE 10.1 OH EEENEC. ZN LS OE )L FIRIZEEDMHREERIELTVET, CNICED. 10.0 B HDT I MEITADEFICLD
HREIE TIREBOIIF—NN— V3V TEBIESNTWS N R TEELE,

4.11. FEH

AIREETIR>BIERD. PostgreSQLERFT/N\—JaVEBN—J3VEDAT -V 7y T RELLBAREE EAT V&L,

SRRCOVTE, BIEFALTVSVIVTH IR EAR NN, RREEREEH THIE. ENRENFHFEESCIENREREATLL, EHHEENLEZITY
[CBWTEFIRTORREEERROoNFEATLE,

BHRICOVTE. 11 OMEEEN 10 DoRELTWSHRFOIFER TEELL, I, HRER LORELERD clog OEHDIIN—TEICLBLERATEELL,

2017 EEREEDFRREICOVTIE, 10 DEHMHARETOREN, RO FERAITIZI MYTIOEEICLIENTHILEAT N TEEL L T T
THIVMEITABEESENEZN—T3V 10 ([CEVTE 10.5 LIBEORMF—N—JaV THEEBENGESN TR EN R TEELLE,

Page 21 of 67


file:///E:/work/git/pgecons/tech-report/work/2019/html/html_wg1_2018/_images/wg1_update_semaphore2.png

PostgreSQL Enterprise Consortium

5. Windowshift PostgreSQLTH gE 4% G
5.1. I E

AETIE. . WindowshRPostgreSQLOTEEEFBITE L. LinuxhRPostgreSQLENEREDIERE LI L #ER R UET,
MEEOREHREELT. WindowshRPostgreSQLERAWVEEBERREIIFER ULEECAZLDREENVER VRS, SEEDPGECons TH#MKL T, Linux £T

FELTUVEE A EBIERFHDAIEEWindowshPostgreSQLTEREMU. LinuxhRPostgreSQL 11&EWindowshRPostgreSQL 11D EEDIE M EEEE LEL
7_:0

5.2. #REEIE K

AFTClE. WindowshRPostgreSQLIRIINIRIZEERBALET,

5.2.1. \— FI17# R

Network Switch(1GbE)

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

DBH—/\#1 BH—/\#2 BRENTA
DL380 Gen10 L380 Gen10 DL360 Gen10
(2P/32c, 384GBA¥E!)) /32c, 384GBAE!)) (2p20c,128GBAE'))

Windows Server 2016 RHEL 7.5 RHEL 7.5

FC Switch SN3600B

NIC1
3PAR Store Serv 8200 ] 3PAR
(1.8TB x 24 & RAID10, Management
EMNAE17.8TiB) J Console

5.1 #REEN— FOT 7R
AR CIE ERERODS>BIDB Y — )1 1l BRENTAIZRAVELE,

5.22. Y7 MU 7R
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BEHREDYI NI PR ERLET,

% 5.1 DBHY—/W#1

(O Windows Server 2012 R2 Standard Edition

PostgreSQL 11.1 (EDB installerk/BigSQL installerhf)
* 5.2 BFENTH

oS Red Hat Red Hat Enterprise Linux 7.5

PostgreSQL 11.1 (J—=AEIL FhR)

53. BREEETIV

AETlE. WindowshRPostgreSQUIRSEDETILESBALET , BIETTIORBICONTIE. [ EAEBRAT—IL Py HRIE) 1 ESEICLTHES ),
5.3.1. TR -5 A8 R

WindowshRPostgreSQLEA VAR =3 TA VA=V TBE. A VANV BIETTAI DT —RAR=2ADZ A EER LET . S ERIDMERERREE ClE, T—AX—2D5 A4
ENERANL—VICEEE T, £ T —IX—2E N tEEEW AL IR ARSI O 2 BE XA TR UVMERK TEELTULET,

53.2. BRI ARNVFI—D

BREEADAYFI—DELT, PostgreSQUIREDAYFI—DY—)lpgbenchZEALELE, (pgbench DFMICONTIE, IERBBIAT—IVTPYIRED 125%
[CLTLES Y,

5321. 9T &&

T -IDEEE. pgbenchD-iATVaVTAT—ILIPDA=2000DH 1 AEEE LELE, fillfactorDERTEET 74 MFT—TFILDfilifactor=100). unlogged
tableD¥EEFTLELELE,

5.3.3. {BIE

RAEDRIC, AVAM—ILUizPostgreSQLNEEE(CEIE TR ERERT o, BIEZITVELE, CIT. SBROMREZBRICEENRoONLZHARIRIT
[ZEDB installerfR Cld#<. BigsQL installerfREA LB EELFELE,

53.3.1. 3BRFEAE
FEITHREIZ0MEIEE LE LR, BIRFETHELTY, 2, 4, 8, 16, 32, 48, 64, 96552 TRITLELE, SERATEDEHIC. LLTDAAR LD IEpgbenchll
BRTETLEUE,

\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;

RAEROS BB RELFER tps) ELLFICRLET
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LEEMDi@ED . EDB installerfRPostgreSQL11.1 ClEESTLSBA RTINS TELT . N—JaVEDHEEE A ZTICEEE BT LELE, REELTRIgSQL
installerhRMPostgreSQL11.1TIFEDB installerfRPostgreSQL11.1ERI%FE (L UL[EEN LI L) DMEEENH B ENTERR TERZH . LIBDRREIDPostgreSQL
N—3avELTIE, BigSQL installerhRPostgresQL 11&F| T3 EELELE,

5.3.3.2. BHRKEAIE

EITHME G0 ERELELE, FRFEITHELTI, 2, 4, 8, 16, 32, 48, 64, 96EH5 A TEITLELE, EFRATEDENHIC. LTOHARLDIYEpgbenchl(C
5ZTETLEVE,

\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;

R AIE R DR H RIREEFER (tps) ELL FITRULET
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60000 —8—BigPG11.1
EDB PG 10.1
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20000
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LEORBIEDIERZMEFEL. BigSQL installerhfREAWNT. SRR - BHFHRELICLinuxhRPostgreSQLEDLLEE ZITI A EHELELE,
5.3.3.3. NJLKR—F+

EDBIRA VAR =T TAVA—ILLIE) M FUERAVESBRAIEEEREULEEC, 2A—TYMYMECER B RICDOVTIE, PostgreSQLEIF I 1= 74IC, /W LR—
ELTHRELFELE, https://www.postaresql.org/message-id/15610-f5b6c1e204660ace%40postaresql.org CD/NVJILik— MBI 2&HEHD. DA D
YAF—=N=I30PyFHEVFTLLOERDED B ERA VA =58 - AN FE UM, ZORRICH G LA VAR —=2D O RTEIC 3 i L TLVEDMMEPGECon sAITIE R 7E
®BTY,

BER: AEHFFKEZ.EDB installerfRPostgreSQL11.3 CldMEBEICRIRERZ W\ CEMEnterpriseDB 2L ICLNHERRE H o
5.3.4. A€

ARAFE TR EREE300EL T RAIEERBRDAEEERITLELL,
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5.3.5. PostgreSQL % 5

PostgreSQLERE 771 )l postgresql.conf CHFREIFLLTDREBNTYT, CNoFSBRRIMEEH RIRIALTHETT,

listen addresses = '*' ... S#RBITAIIUNLOERA
max_connections = 500 ... ZWICHE
shared buffers = 16384 ... WindowshiTldshared bufferslC KEREEFELTLEHEKALVEH

work mem = 1GB

maitenance work mem = ... WindowsikPostgreSQLT(d ERENLinuxhiRdDE/INELVESH, 20GBTIIB 6GBEERE L,
checkpoint timeout = 60min

max wal size = 160GB

5.3.6. OSUY — AtEHDINE

Linux CfEDON TLVBvmstat/sarEL\ 2720 SDUY—AFEIRDENF IV RlEWindow sICIEHNFB, KDD(CtypeperfdIIY RTOSOUY—RIEHREREFLET, U
VY=2BREDISICFIASNTNSINERRERT S Htypeperf INV FES B R - BHRENEFNTUTO@ENEITUELE, SEIOIRIETIE. typeperfIVV FEUT
DEIICEITITBIET. CPUERE AEMFERE. TIAVNDRHLNOEEFAH EZMFTILIICLELE,

typeperf -sc 900 -si 10 "\processor information( Total)\% Processor Time" "\Memory\Committed
Bytes" "\LogicalDisk(C:)\Avg. Disk sec/Read" "\LogicalDisk(C:)\Avg. Disk sec/Write" >
select-res.txt

typeperf -sc 2300 -si 10 "\processor information( Total)\% Processor Time" "\Memory\Committed
Bytes" "\LogicalDisk(C:)\Avg. Disk sec/Read" "\LogicalDisk(C:)\Avg. Disk sec/Write" >
update-res.txt
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BEETHNAEBAZERHCtpsMET L, FRCPUFARERECGHEDLTVET, COEE, LinuxhRPostgreSQL 11d&DbtpslFEAL L., FCcPUFERAZE(CD
WThLinuxhPostgreSQLELLERTREREUER T TRELVOFERICIHEOTVET,

BEFIKETE. CPURYDIERRIDRENXVDICHITNBEEZONET TAOC AR OB EFEDFE N LinuxhRELL IR T BERECBITNBEHERIL TOET A,
SHEEDAETE., ThEeTTRROIFETEFEATLLE, REEDRIE T, RFEGEHNMNBKICHTEEDpsBLUCPUERAEDVE TREDERI W
BEEZET,
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5.5. &8
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BHROBE. B—2ARVIDY =N ETLinux/WindowsDOSNER(ICLDATEEEMRLLIER. RIFFEGHEHN25BZ B ST, LinuxhRELLELT
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EIGEDREL. REEUBRREILEVEEZFT,
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6. JITAVIM)L tEeE#RE
6.1. BRI E

PostgreSQL 11(CEITH(ust-In-Time; JINAV/IMILBRESNELE NTAVIMILO B BIIEH TVORITEEER LSERIETT, HIUTZVD—ERHTx LT
NTAVIMIWVERITIBCETRBEEINET, RRIETE NTIVI ML ECELKD TVRERRAETIEELIC. FNICLH>TEITHEBNENZFHIE SN N REELE
3-0

EI_I|

HREEAT—AX—2AIC Star Schema Benchmark(SSB) #RAL. U TORIFEEREERLELE,

o SEE BHIEONTAVIMILOEINEDREE
o F—ARZLZNTAVIMILDENEDEEDIREE
o SSBHIVERWVZITIVIMILOB DR

6.2. JTAVIIbEld

6.2.1. JITAV ML

JTAVIILER, YIRIIPOETEICI— FOIVIMIIVETVEITREOR L ZMEFIETT, RESNZNEE, 41V TARKNLIVIMILLTIMFIEE
TIBRRICERTIETERRILERERLTVEY,

6.2.2. PostgreSQLTCOJITAV I 1)L
PostgreSQLTITIAVI\MILERIARTREIC T BT LT D)W — IR EICEDET,

% 6.1 8m)Wr—J

Nor—34 HIERBERZN-T3Y
livmZ473Y) 3.9
clang (clang BE#:0AVIM3) | 3.9
C++1VIMM7 L

LRI —IB VA= ILENTZAKEE TPostgreSQLOE L REFIC --with -llvm" ZEE TBIEC LD LLVMEFESTNTIV)I M LA A A ENE T, ERMGHZE
(. SRA OSSHHABALTLVS PostgreSQLTTIREFIREE EISMESLY,

BEERIEDHREL T, WHEREAWRI—H YA SRR BEEL e K OFFHEDRTAAD LDA TN e UABURKICEBRT IS TIVER . ELTHBDI V1Y
EBBNET, (VM ALRD TP OREMFFUH L PEEFE M FUCEIRL ., BRIFUH LOA— =AY REEIBLET . NIV MILBEZICEICKRE. cPU
FRENE I VREN RIS TSIOIBIIVERITUTCVSIREBESNTIET, 2FN, ARBHEHTHD. SEITHRNE VMETRODIVTERTHSE
WAET, HC. ERETRE T 337 IUTITOA-N—AYRFOADBKRETGOTLENET, (TEEORTEEHIZSER)

NTAVIMIVEBICTBICIE. postgresql.conf 774 LDjit) S5 A=A (ki) Fon [CERETIDENHNET, SHIC NTAVIMIBETENSIHEME. VTUD]
AMIIRFLET, JAMIjit_above_cost/ITA—4R (&) THEZONZBHELLLESN . JIAMDANKEFNIENTIAVI M IVBRTENET, NTAVIMIVHIEITSE
N3i54E . jit_inline_above_cost/\5A—4 (k) ORAEH LUjit_optimize_above_cost/i5A—4 (k) DRMELLLE SN . JAMDADKEFFNIEREE DTV
FAVEFERBIENENENBINTEITSNET,

ITAVIMVOERITRIRR ., EITFHENHERTEST,

QUERY PLAN

Aggregate (cost=16.27..16.29 rows=1 width=8) (actual time=6.049..6.049 r
—> Seq Scan on pg class (cost=0.00..15.42 rows=342 width=4) (actual time=0.019..0.052 rows=356 loops=l)
Planning Time: 0.133 ms

JIT:

Functions: 3

Options: Inlining false, Optimization false, Expressions true, Deforming true

Timing: Generation 1.259 ms, Inlining 0.000 ms, Optimization 0.797 ms, Emission 5.048 ms, Total 7.104 ms
Execution Time: 7.416 ms

DT IUTECEFTLVRITIVIM I OERNR RENET,
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# 6.2 ETEBEICRTRENZNITIAV) M ILOEITIRE

HHE L]

Functions | JITIV/ UL THREBESN D

ETEINNTRE (boo BITHRR)
Inlining: 1241t
Optimization : &1t
Expressions: RO
Deforming : 37)LDZE

Option

Time —EDNIETE LI ERE

Inlining : 474 VL BT & F5fE
Optimization : & 1L AT EH5
Emission : JITd— FH I ATE R
Total: LERD&EHEFAE

Generation JITAV/ M )L DR E RS

6.2.3. JITAVNRAIVICBETBINTA—43

ITAVIIVESICBEE T R ERBIISA—ACBZUTAHNFET

£ 6.3 NTAVIMIUCBEETRE)5A—4

IASP Et] T 74 ME St
jit off WTAVIIVEERATRHES N
jit_above_cost 100000 JTAVIMMIVEERT2IAORIE
jit_inline_above_cost 500000 BN 74 /L EEATIIAMDEIE
jit_optimize_above_cost | 500000 BEENLRELEFEATZIANORME
6.3. FREFE R
6.3.1. RIAN—FHI7IRIE
REIFREDN\— FUI 7RO ERLET,
% 6.4 HRELFADB Y —) &R
R EH i
REEY—/S(PRIMERGY cPU 4TI Xeon Gold 6140@2.30GHz
RX2540M4) 1807 x2 &5t 3617
M B=ALyT 405 0ff
BEATY 256GB
REAN—Y HDD 700GB

6.3.2. BRIV IMII7ERE
BRIFBEOVI NI PBEERLET,

% 6.5 YIMIT7HER

ER YINII 7B BELUFN—-I3Y

(O Red Hat Enterprise Linux
7.5
Database PostgreSQL 11.1

6.4. IR/ IE

6.4.1. IRFEIEH
NTAVIAIVREE TR T D3 mEREELET,

6.4.1.1. ¥R ZE1

REE1 TR, B—0EE. BREECHIVERVEERONTIV) MILOBE M ERERALET, ERATIEE. BB TELEY,
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% 6.6 RN CHERTEECEK

BEHOESE ERTSEAE
mAEE RE()BEC)
= 9lE5Ed sum, avg, count, max
RETLERADOERIBIH | stddey, var_samp

HAEE, ISLIDTVEREECEALLNESSBDYTICEFN LD ERELEL . SHBRICOVTR ITIVIMIVBERICHHRIHIEDTE [11 NN ik
FECERALTVEY, F. SHEBDSTHFPostgreSQALXFICEINVEZEDTYT, THICKD, BEEEESTIIVTONTAVIMIVCE TENIFEEITEH
FhEIR SN 2D EBR LM LEYS

[11 PostgreSQL 11 X2 $32F FTEIVIMILUIM 32.1.1 JTICLNEE L SN B 08

6.4.1.2. #R5I2

AR TR, TR TNTAVIMIL DR BN EILTIMEEELET . HRATET—3E . integer® numeric real®, double precision®TT, Ch
[CED. F=AEDEWNTITIVI M IVC LB E/TEEDEIBENENFEENZDONZBHLMNILET

6.4.1.3. 1R&I3

REE3 T, SSBOYIVERWCT ITAV ML ER VNV HEEERAVEIMEETENBEDENHBIMRFELET . TNICED, OLAPROERMLH IVEEITUEKRIC
ITAVIM VS LD TEITHREDENFEEIR SN 2D EHLMLET

6.4.2. T—3ETIN

AR CEATET—AETIVE, Star Schema Benchmark(SSB)CEHLLET, T—ADERTOTI L. TBELDGitHUbYRI M Mo AFUEEDEFEALEL
feo Fe. T—TIVERIZ B Mo AFULELOEFEALELE,

Zip77 1 VERRET B

bzip2 -d ssb.tar.bz2
tar xf ssb.tar

make
# TRER (—sEAT—ILIPDE (%) B8RS 34T 3y - T—JIVOREFEEIEET 54T VaY)

./dogen -s 1 -T ¢ #custorer7—7)b
./dogen -s 1 -T d #dateT—7Il
./dbgen -s 1 -T 1 #lineorder7—7Il
./dbgen -s 1 -T p #partT=7Ib
./dogen -s 1

-T s #supplierT—7Ib

# T-IWVEEHRTD AV RIFER)
# T-IIUT-REEATZ(UTOIYY FERT-IICEICETTS)

$ sed —e 's/|$//" customer.tbl | psgl -d jit-test -c "copy customer from STDIN ( delimiter '|');"

SSBIFZDERIDED, A8 — AF—IEDT—AETINERALTNET, A3—AF—IEDT—FETIUE 1 2DTPD bF—T B DT AV I3 T—TILTHERK
SNTVET, 770 bT—JILER D TR REBIEBEENEMSNIHMT - TH . TG ERIIMBELL (RRFETRII6EH) [CHNFET, TV IavT—TI
LREIRALDRHDBACIEBIIAA—T—RTHN ., TR IV BODOHFEHETT, SSBTRlineorderT—7ILHT7D bT—JILTHN. B RDEABENE R
B|CEBEINFET, ELTSSBDTAAYYayT—TIUCFcustomerT—T )b, supplierT=TIb, partT—TIb, date T—TILOHN  BEEDPH TS5/ VigE Dl F—¥o
LFMGENEIMEINET,
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customer oart
lineorder
c_custkey | o_partkey
C_name \ |0 orderkey p_name
c_aFldress \ Io:|inenumber p_mfgr
c_aty- ~ lo_custkey p_category
c-naten lo_partkey p_brandl
c_rt:]gmn Io_suppkey p_color
c_phone —
c_pmktse ment lo_orderdate _type
— : lo_orderpriority P_size
supplier lo_shippriority p_container
lo_quantity
lo_extendedprice date
/ lo_ordtotalprice
s_suppkey lo_discount
s_hame
" add lo_revenue « §_datekey
>_address lo_supplycost 4 d
it _date
< nati j0_tax d_dayofweek
S_nat!on lo_commit_date 4 month
>_reglon lo_shipmode d_
s_phone _year
d_yearmonthnum
d_yearmonth

d_daynuminweek
d_daynuminmonth
d_daynuminyear
d_monthnuminyear
d_weeknuminyear
d_sellingseason
d_lastdayinweekfl
d_astdayinmonthfl
d_holidayfl
d_weekdayfl

6.1 Star Schema BenchmarkDT—7)LiERL

1385, Scale Factor=100GBELTWVET, Scale Factor(SF)ElE. AVFI—DL2EDT—TIVRIEERLTNET, SSBTHEAINIT—TIDITHIESFICEH>TUT
DESICETHETEET, dateT—II7TEL DB IHEREF DD, BIC—FEOKRESICHOTVET,

* 6.7 IRFEICEATEIT-IILORE

relname rows
customer SF x 30000
date 2556
lineorder SF x 6000000
part 200000 x (1+log2(SF)) (MIREINIET)
supplier SF x 10000

REEECHITFBET-IINOYA XE LT DENTT,
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customer 3000000 374030336
date 2315 311296

lineorder 599985000 63557517312
part 1399570 164265984
supplier 999604 114376704

6.4.3. DB SE

TEREBIFEICHIED. TIAIMBEB UL SA—REUTOESNTT , ARFECIEITIAV)I ML OHEREERERTRH. IS LILDTVELTETEINGNLSIC
max_parallel_workers_per_gather/SSA—AD{EZ0ELTNET,

& 6.8 T IO ERELEL/GA-S

NRIA=4 2 E
shared_buffers 64GB
work_mem 2GB
maintenance_work_mem 32GB

max_parallel_workers_per_gather | 0

wal_level replica
max_wal_size 10GB
min_wal_size 800MB
6.4.4. B F &

BIEICERULTIE, SQLOETHIICpg _prewarmZF|IA LT, T—=IINDT—RETF1 AN —EiRAdH . PostgreSQLDI\WI7E  £LLIZOSDF1AD Ny I7 LICH
ErS KRB LET,

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

SELECT oid

FROM pg namespace
WHERE nspname='public'
AND (

relkind="zr'

6.4.4.1. REE1VAIE A &
UTDSQLE. psqlZAWVTEITLET,

o EH

select lo_extendedprice * lo_discount
from lineorder;

o HE

select lo revenue - lo supplycost
from lineorder;

® sum

select sum(lo extendedprice)

from lineorder;

® avg
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select avg(lo extendedprice)

from lineorder;

® count

select count (lo extendedprice)
from lineorder;

® count(*)

select count (*)
from lineorder;

® max

select max (lo extendedprice)
from lineorder;

e stddev

select stddev(lo_extendedprice)
from lineorder;

® var_samp

select var samp (lo_extendedprice)

from lineorder;

6.4.4.2. ¥R 5l 28158 /5 ik

LLTFOSQLE., psql B#FEALTEITLET, RRFECALST—TVlineorder_n, lineorder_r, lineorder_dl&. lineorder7—7ILMlo_extendedprice 5 LMD
T—HE%ZintegerBhBnumericE . real® . double precision®ICEFNFNEELEEDTT,

e numeric

select sum(lo extendedprice)

from lineorder n;

e real®

select sum(lo extendedprice)
from lineorder r;

e double precision®!

select sum(lo extendedprice)

from lineorder d;

6.4.4.3. ¥R &I 381 5€ ik
LUTDSSBDYIVE, psql&EALTETLET,
6.4.43.1.No.1

No. 1OD IV, HEFEDEBEFICHNVCEISIZEIE LIS E(CRETIRBDIEMEERHET

e No.T1-1
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select sum(lo extendedprice * lo discount) as revenue
from lineorder, date
where lo orderdate = d date key and

d year = 1993 and

lo_discount between 1 and 3 and

lo quantity < 25;

select sum(lo extendedprice * lo discount) as revenue
from lineorder, date
where lo orderdate = d date key and

d yearmonthnum = 199401 and

lo discount between 4 and 6 and

lo guantity between 26 and 35;

select sum(lo extendedprice * lo discount) as revenue
from lineorder, date
where lo orderdate = d date key and

d weeknuminyear = 6 and

d year = 1994 and

lo discount between 5 and 7 and

lo gquantity between 26 and 35;

6.4.4.3.2.No.2

No. 20D IV, AT O, ERNTIUOBE R o R T EEE R E TN - T LB ERHET .

e No.2-1

select sum(lo revenue), d year, p brandl
from lineorder, date, part, supplier
where lo orderdate = d datekey and
lo partkey = p partkey and
lo suppkey = s suppkey and
p_category = 'MFGR#12' and
s _region = 'AMERICA'
group by d year, p brandl
order by d year, p brandl;

select sum(lo revenue), d year, p brandl
from lineorder, date, part, supplier
where lo orderdate = d datekey and
lo partkey = p partkey and
lo suppkey = s suppkey and
p_brandl between 'MFGR#2221' and 'MFGR#2228' and
s_region = 'ASIA'
group by d year, p brandl
order by d year, p brandl;
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select sum(lo revenue), d year, p brandl
from lineorder, date, part, supplier
where lo orderdate = d datekey and
lo partkey = p partkey and
lo suppkey = s suppkey and
p_brandl = 'MFGR#2221' and
s _region = 'EUROPE'
group by d year, p brandl
order by d year, p brandl;

6.4.43.3.No.3
No.3DD IV, HAFENHREMIRICHTIBEEOE. MATOE. FEETIHIN-TELERBERHET

e No.3-1

select c nation, s nation, d year, sum(lo revenue) as revenue
from customer, lineorder, supplier, date
where lo custkey = c custkey and
lo suppkey = s suppkey and
lo orderdate = d datekey and
c_region = 'ASIA' and
s _region = 'ASIA' and
d year between 1992 and 1997
group by c nation, s nation, d year
order by d year asc, revenue desc;

select c_city, s city, d year, sum(lo_revenue) as revenue
from customer, lineorder, supplier, date
where lo custkey = c custkey and
lo suppkey = s suppkey and
lo orderdate = d datekey and
c nation = 'UNITED STATES' and
s nation = 'UNITED STATES' and
d year between 1992 and 1997
group by c city, s city, d year
order by d year asc, revenue desc;

select c_city, s city, d year, sum(lo_revenue) as revenue
from customer, lineorder, supplier, date
where lo custkey = c custkey and
lo suppkey = s suppkey and
lo orderdate = d datekey and
( c city = 'UNITED KI1' or
c city = 'UNITED KI5') and
( s _city = 'UNITED KI1' or
s _city = 'UNITED KI5') and
d year between 1992 and 1997
group by ¢ city, s city, d year
order by d year asc, revenue desc;
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select c_city, s city, d year, sum(lo_revenue) as revenue
from customer, lineorder, supplier, date
where lo custkey = c custkey and
lo suppkey = s suppkey and
lo orderdate = d datekey and
( c city 'UNITED KI1' or
c city = 'UNITED KI5') and
( s city = 'UNITED KI1' or
s _city = 'UNITED KI5') and
d _yearmonth = 'Decl997'
group by ¢ city, s city, d year
order by d year asc, revenue desc;

6.4.4.34.No 4

No.4DDUIUE, 52DT—FIVITRTEFIAL. BE DR EERHET

e No.4-1

select d year, c nation, sum(lo revenue - lo_ supplycost) as profit
from date, customer, supplier, part, lineorder
where lo custkey = c_custkey and

lo suppkey s_suppkey and

lo partkey = p partkey and

lo orderdate = d datekey and

c _region = 'AMERICA' and

s_region = 'AMERICA' and

(p_mfgr 'MFGR#1' or

p mfgr = 'MFGR#2')
group by d year, c nation
order by d year, c nation;

select d year, s nation, p category, sum(lo revenue - lo_ supplycost) as profit
from date, customer, supplier, part, lineorder
where lo custkey = c_custkey and

lo suppkey = s suppkey and

lo partkey = p partkey and

lo orderdate = d datekey and

c_region = 'AMERICA' and

s_region = 'AMERICA' and

( d_year 1997 or

d year 1998) and

(p_mfgr 'MFGR#1' or

p mfgr = 'MEGR#2'")
group by d year, s nation, p category
order by d year, s nation, p category;
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select d year, s city, p brandl, sum(lo revenue - lo supplycost) as profit
from date, customer, supplier, part, lineorder
where lo custkey = c custkey and

lo suppkey = s suppkey and

lo partkey = p partkey and

lo orderdate = d datekey and

c region = 'AMERICA' and

s nation = 'UNITED STATES' and

( d year = 1997 or

d year = 1998) and
p_category = 'MFGR#14'

group by d year, s city, p brandl
order by d year, s city, p_brandl;

6.5. BRELHER

6.5.1. #R3E1

REE1 CORERELUTICRULET,

Execution time for each operation

140000
120000
100000

80000

60000

40000
- I I I I II I I

sU sum avg 1ax count  count(* stddev wvar_samp

Execution time [ms]

=]

Operation for each query

mJITOFF mJIT ON

6.2 JITAVIS1ILON/O FF CORITHRE DL E
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% 6.9 JTAV)SMILON/O FF TOEITHR (7))

BEHOES | JITOFF JIT:ON Bill B2 (%)
FH 127.560 104.274 18.254
B 125.733 101.229 19.489
sum 50.017 37.535 24.955
avg 54.466 37.946 30.331
max 52.533 35.495 32.433
count 51.519 35.673 30.758
count(*) 25.142 20.983 16.541
stddev 50.681 36.609 27.764
var_samp 51.837 37.588 27.489

BB EEIL. 100 % (t_off-t_on)/(t_off)TROBNET . t_offlZNTAVIMILHOFFDIHAEDEITER. t_on [FNITIV)IMILFONDIHE DEITERTT, LWIND
EEESOIINCBLTHRI20% ~30% ETHMENEIR SN TV MV EETUEEEOANETEHFRINEGRIEOINET, FEEREEZSTVIVNOE
TEBNZDOEIDEEEETHIVNERTERLINER VDI, lineorderT—FILDEHI6EITOLI- RCECEEEETULE R HcETOEERENMRA
ShBEheEZLNET,

6.5.2. IREE2

BRI COFREREUTICRLEYS,

Execution time for each data type

80000
70000
'
£ 60000
w
= 50000
=
= 40000
2 30000
3
w
= 20000
L
10000
0
integer numeric real double precision
Data type
BT OFF ®JIT ON
6.3 JITAV)$JLON/O FF TOEITHRD L8
% 6.10 JITIV/MJLON/O FF COEITE M (F))
W LDT—3F JIT:OFF JIT:ON Al B E (%)
integer®! 50.017 37.535 24.955
numeric 72.863 58.913 19.134
real® 61.197 39.329 35.733
double precision® | 58.886 40.946 30.466

FARCLHTITAVI MO RICENHBIENDMNET . FHI, numericBUIMDT -2 B CHATETRENREOTVET, Chnumeric A AIER
FAXTHRIHEEZEZONET
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6.5.3. #REE3

REAB3 COFBREZUTISRLET,

160000
140000

Execution time [ms]

120000
100000

80000
60000
40000
20000

=]

Execution time for each query of SSB

1-3

% 6.11 JTAVISMILON/O FF TOEITHERE (7))

HIYNo. JIT:OFF JIT:ON | Hl&E (%)
1-1 60.434 41.016 32.131
1-2 58.386 40.568 30.517
1-3 57.747 40.737 29.456
2-1 82.116 75.149 8.485
2-2 62.754 60.174 4.112
2-3 50.340 47.039 6.557
3-1 135.593 117.087 13.648
3-2 64.237 59.919 6.721
3-3 64.236 59.318 7.657
3-4 53.743 50.173 6.643
4-1 119.962 109.932 8.361
4-2 111.415 97.129 12.823
4-3 73.247 65.111 11.108

2-1 2-2 23 31 32 33 34 41 4-2 43

Query No.

W IITOFF WJIT ON

6.4 JITIV)SMJLON/OFF COEITHR

OLAPRMDERMBH IVERITTRIMRICELITIAVI IV ERITT R CRITHRNELII MR TEELL, Fe. VTUCI THRICENRoNE L,

6.6. BE

HREET | AREE2  BREE3 CRVVED TN EATRHEZEE L. ITAVIIUCEZT— Ay RER e R IE L2 BB ERERR LET . Sh(C. HREE3 TR, HIIBEDELNY
TIUNHREHICOVTEMAELELE,

6.6.1. #RELE1
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BELICHBVTR. REZECVIVEsumBEROEL I T 2 EOETEIEEREELET,
6.6.1.1. EHEEELHTIY

o JTAVIMMIBONDZE

QUERY PLAN

Seq Scan on lineorder (cost=0.00.. 254.00 rows=600061440 width=4) (actual time=13.632..49875.825 rows=600037902 loops=
Buffers: shared hit=7758486
Planning Time: 0.040 ms

JIT:

Functions: 2

Options: Inlining true, Optimization true, Expressions true, Deforming true

Timing: Generation 0. ms, Inlining 0.957 ms, Optimization 8.485 ms, Emission 4.106 ms, Total 13.857 ms
Execution Time: 66032.955 ms

o JTAVIMILHOFFDIHFE

QUERY PLAN

Seq Scan on lineorder (cost= 15259254.00 rows=600061440 width=4) (actual .006..71122 rows=600037902 loops=1)
Buffers: shared hit=7758486

Planning Time: 0.043 ms

Execution Time: 87332.431 ms

JTAVIMIVBONDIZE TR, V=TV IvlAF v/ — RICHBFBactual timeDZERIDEIE (117 B OFEREZ(TERZOICE L ERE) MITIV /M ILALE DR E
FEICEE—BULTVBIENDMIET, COTEDD A—N—AYFENEHERTEEL, F.actual timeMbI—T U Iv)LAF vV OEITICONBEFRENERES
NZZETHIUDETRMMBIRSNZIELDINET,

6.6.1.2. sumBIE S EH 1Y

o JTAVIMMIBONDIBE

Aggregate (cost=15259254.00.. 59254.01 rows=1 width=8) (actual time=70981.559..70981.559 rows=1 loops=l)
Buffers: shared hit=7758486
—> Seq Scan on lineorder (cost=0.00..13759100.40 rows=600061440 width=4) (actual time=0.004..27183.683 rows=600037902 loops=l)
Buffers: shared hit=7758486
Planning Time: 0.038 ms
JIT:
Functions: 3
Options: Inlining true, Optimization true, Expressions true, Deforming true
Timing: Generation 0.565 ms, Inlining 1.459 ms, Optimization 20.451 ms, Emission 12.119 ms, Total 34.594 ms
Execution Time: 70982.215 ms

o JTAVIMILHOFFDIBA

Aggregate (cost=15259254.00..15259254.01 rows=1 width=8) (actual time=90474.587..90474.587 rows=1 loops=l)
Buffers: shared hit=7758486

-> Seq Scan on lineorder (cost=0.00..13759100.40 rows=600061440 width=4) (actual time=0.004..28574.686 rows=600037902 loops=1)
Buffers: shared hit=7758486
Planning Time: 0.047 ms
Execution Time: 90474.615 ms

REEEODIVERELGD 7= N—AYRICHB TV E R EEE TR_EETEFEATLE, LHUL. I—T U Ivl AF v UL 3 EEREIEITIV M ILDON/OFFICE
LT FEFFUET2LDD., Aggregate LIBIC LB H AN EHIR/5E T TARRMIEITIV MM ILDNONDIBEDANRERLG TWELE, COTEND, Aggregate NEE(CH
F2NTAVIMIOERILEA VD ITIVIM VB BOA— =AY RELESEEEZONET,

6.6.2. FR3E2

REAL2ICHNTIE. BHETHDintegerBEnumeric B EERTE LEIEROETEHEZERBLELE, integerBOETHEIIRIL1OZR (sumBSEETHIU) T

RULTWBESH, CCTEnumeric 2 OETHEIOH ERULET,

o JTIVIMILKONDISE

Page 40 of 67



PostgreSQL Enterprise Consortium

QUERY PLAN

Aggregate (cost=15530386.20..15530386.21 rows= 1th=32) (actual time=86556.379..86556. rows=1 loops=1)
Buffers: shared hit=8029987
—> Seq Scan on lineorder n (cost=0.00..14030306.36 rows=600031936 width=7) (actual time=0.005..28851.551 rows=600037902 locps=1)
Buffers: shared hit=8029987
Planning Time: 0.051 ms
JIT:
Functions: 3
Options: Inlining true, Optimization true, Expressions true, Deforming true
Timing: Generation 0.557 ms, Inlining 2.549 ms, Optimization 20.533 ms, Emission 12.185 ms, Total 35.824 ms
Execution Time: 86556.987 ms

o JTAVIMMILWOFFDIHE

QUERY PLAN

Aggregate (cost=15530386.20..15530386.21 rows=1 width=32) (actual time=107847.607..107847.607 rows=1 loocps=l)
Buffers: shared hit=8029987
—> Seq Scan on lineorder n (cost=0.00..14030306.36 rows=600031936 width=7) (actual time=0.004..28785.690 rows=600037902 locps=1)
Buffers: shared hit=8029987
Planning Time: 0.048 ms
Execution Time: 107847.637 ms

integerBDEFDRATETBIERFRIC. Z— NN —AYRICHS>TWBIEH A EEETI_LFTEEBATUED . V=TV Vvl AFvUICh D BERIZITaV /LD
ON/OFFICEDFFERUTHN. Aggregate IR LD NHBHLA/E T TRRERIENITIVIMILONDIBEDANRECE>TVELE, integerBEnumericE D
BITDZEIE. Aggregate REICHITIERILEE VDECHDI_ENNDHIDET,

6.6.3. #R3I3
BRI ICHBLTIE, BB ENRLEN RN . 1-107IVE, BEENEN. 220D IS EITHEEREBLELE,
6.6.3.1. No.1-1

o JTAVIMMILBONDIHZE

Aggregate (cos 3719494 .34..18719494.35 rows= ( o4. ..44864.530 rows=1 loops:
Buffers: shared hit=7758524
—> Hash Join (cost=74.19..18663739.86 rows=11150896 width=8) (actual time=112.756..44343.859 rows=11913972 loops=1)
Hash Cond: (lineorder.lo orderdate = date.d datekey)
Buffers: shared hit=7758524
—> Seq Scan on lineorder (cost=0.00..18259561.20 rows 25470 width=12) (actual time=112.507..39017.385 rows=78550619 loops=1)
Filter: ((lo discount >= 1) AND (lo discount <= 3) AND (lo quantity < 25))
Rows Removed by Filter: 521487283
Buffers: shared hit=7758486
—> Hash (cost=69.66..69.66 rows=362 width=4) (actual time=0.225..0.226 rows=365 loops=l)

Buckets: 1024 Batches: 1 Memory Usage: 21kB
Buffers: shared hit=38

-> Seq Scan on date (cost=0.00..69.66 rows=362 width=4) (actual time=0.043..0.188 rows=365 loops=1)
Filter: (d year = 1993)
Rows Removed by Filter: 2191
Buffers: shared hit=38
Planning Time: 0.101 ms
JIT:
Functions: 18
Options: Inlining true, Optimization true, Expressions true, Deforming true
Timing: Generation 1.511 ms, Inlining 1.941 ms, Optimization 72.381 ms, Emission 38.003 ms, Total 113.835 ms
Execution Time: 44866.132 ms

o JTAVIMILHOFFDIHFE
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QUERY PLAN

Aggregate (cost=18719494.34..18719494.35 rows=1 width=8) (actual time=64377.092..64377.093 rows=1 loops=l)
Buffers: shared hit=7758524
—> Hash Join (cost=74.19..18663739.86 rows=11150896 width=8) (actual time=0.242..63766.864 rows=11913972 loops=1)
Hash Cond: (lineorder.lo orderdate = date.d datekey)
Buffers: shared hit=7758524
-> Seq Scan on lineorder (cost=0.00..18259561.20 rows=78025470 width=12) (actual time=0.006..58183.140 rows=78550619 loops=1)
Filter: ((lo discount >= 1) AND (lo discount <= 3) AND (lo quantity < 25))
Rows Removed by Filter: 521487283
Buffers: shared hit=7758486
-> Hash (cost=69.66..69.66 rows=362 width=4) (actual time=0.232..0.232 rows=365 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 21kB
Buffers: shared hit=38
-> Seq Scan on date (cost=0.00..69.66 rows=362 width=4) (actual time=0.033..0.202 rows=365 loops=1)
Filter: (d year = 1993)
Rows Removed by Filter: 2191
Buffers: shared hit=38
Planning Time: 0.102 ms
Execution Time: 64377.128 ms

No.1-1DHIUTIE. lineorderT—FIUCHIFB V=T IV AF vV AIBER S TNTAVIM IV LB A= =AY EDRFEAELTOETH, EEEESnTWSIebhhE
T, T NTAVIMIUCLZF— =AY RIEHB1 DDAIE (No. 1-1DDIUTRHlineorderT—FIVCHITR V=T U Iv)L AF vV I0E) (COH FAELTNRZEEDNDE
ER

6.6.3.2. No.2-2

o JTAVIMMILHONDIZE

QUERY PLAN

GroupAggregate (cost=16129050.94..16131822.99 rows=6713 width=21) (actual time=88508.083..88720.456 rows=56 loops=1)
Group Key: date.d year, part.p brandl
Buffers: shared hit=7792538
-> Sort (cost=16129050.94..16129727.17 rows=270492 width=17) (actual time=88505.310..88627.316 rows=961749 loops=1)
Sort Key: date.d year, part.p brandl
Sort Method: quicksort Memory: 99713kB
Buffers: shared hit=7792538
-> Hash Join (cost=70125.25..16104645.50 rows=270492 width=17) (actual time=1050.155..87659.761 rows=961749 loops=l)
Hash Cond: (lineorder.lo orderdate = date.d datekey)
Buffers: shared hit=7792538
-> Hash Join (cost=70030.26..16100831.24 rows=270492 width=17) (actual time=750.644..87139.416 rows=961749 loops=1)
Hash Cond: (lineorder.lo suppkey = supplier.s suppkey)
Buffers: shared hit=7792500
—> Hash Join (cost=41091.26..16064069.52 rows=1364746 width=21) (actual time=622.302..84999.357 rows=4813031 loops=l)
Hash Cond: (lineorder.lo partkey = part.p partkey)
Buffers: shared hit=7778538
—> Seq Scan on lineorder (cost=0.00..13759100.40 rows=600061440 width=16) (actual time=0.014..30166.398 rows=60
0037902 loops=1)
Buffers: shared hit=7758486
—> Hash (cost=41051.46..41051.46 rows=3184 width=13) (actual time=622.161..622.161 rows=11270 loops=1)
Buckets: 16384 (originally 4096) Batches: 1 (originally 1) Memory Usage: 657kB
Buffers: shared hit=20052
-> Seq Scan on part (cost=0.00..41051.46 rows=3184 width=13) (actual time=0.051..620.122 rows=11270 loops

Filter: (((p brandl)::text >= 'MFGR#2221'::text) AND ((p brandl)::text <= 'MFGR#2228'::text))
Rows Removed by Filter: 1388730
Buffers: shared hit=20052

—> Hash (cost=26461.59..26461.59 rows=198193 width=4) (actual time=127.785..127.785 rows=199889 loocps=1)
Buckets: 262144 Batches: 1 Memory Usage: 9076kB
Buffers: shared hit=13962
—> Seq Scan on supplier (cost=0.00..26461.59 rows=198193 width=4) (actual time=0.016..102.187 rows=199889 loocps

Filter: ((s_region)::text = 'ASTA'::text)
Rows Removed by Filter: 800111
Buffers: shared hit=13962
—> Hash (cost=63.33..63.33 rows=2533 width=8) (actual time=299.477..299.477 rows=2556 loops=1)
Buckets: 4096 Batches: 1 Memory Usage: 132kB
Buffers: shared hit=38
-> Seq Scan on date (cost=0.00..63.33 rows=2533 width=8) (actual time=298.936..299.241 rows=2556 loops=L1)
Buffers: shared hit=38
Planning Time: 0.190 ms
JIT:
Functions: 46
Options: Inlining true, Optimization true, Expressions true, Deforming true
Timing: Generation 2.996 ms, Inlining 3.770 ms, Optimization 194.606 ms, Emission 100.255 ms, Total 301.627 ms
Execution Time: 88729.503 ms
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o JTAVIMMILWOFFDIHE

GroupAggregate  (cost=16129050.94..16131822.99 rows=6713 width=21) (actual time=94027.557..94265.541 rows=56 loops=1)
Group Key: date.d year, part.p brandl
Buffers: shared hit=7792538
> Sort (cost=16129050.94..16129727.17 rows=270492 width=17) (actual time=94024.314..94150.612 rows=961749 loocps=1)
Sort Key: date.d year, part.p brandl
Sort Method: quicksort Memory: 99713kB
Buffers: shared hit=7792538
—> Hash Join (cost=70125.25..16104645.50 rows=270492 width=17) (actual time=779.793..93198.298 rows=961749 loops=1)
Hash Cond: (lineorder.lo orderdate = date.d datekey)
Buffers: shared hit=7792538
-> Hash Join (cost=70030.26..16100831.24 rows=270492 width=17) (actual time=779.182..92970.569 rows=961749 loops=1)
Hash Cond: (lineorder.lo suppkey = supplier.s suppkey)
Buffers: shared hit=7792500
—> Hash Join (cost=41091.26..16064069.52 rows=1364746 width=21) (actual time=636.921..90822.476 rows=4813031 loops=1)
Hash Cond: (lineorder.lo partkey = part.p partkey)
Buffers: shared hit=7778538
—> Seq Scan on lineorder (cost=0.00..13759100.40 rows=600061440 width=16) (actual time=0.006..31115.221 rows=60
0037902 loops=1)
Buffers: shared hit=7758486
—> Hash (cost=41051.46..41051.46 rows=3184 width=13) (actual time=636.823..636.824 rows=11270 loops=1)
Buckets: 16384 (originally 4096) Batches: 1 (originally 1) Memory Usage: 657kB
Buffers: shared hit=20052
-> Seq Scan on part (cost=0.00..41051.46 rows=3184 width=13) (actual time=0.020..634.619 rows=11270 loops

Filter: (((p brandl)::text >= 'MFGR#2221'::text) AND ((p brandl)::text <= 'MFGR#2228'::text))
Rows Removed by Filter: 1388730
Buffers: shared hit=20052

-> Hash (cost=26461.59..26461.59 rows=198193 width=4) (actual time=141.636..141.636 rows=199889 loops=1)
Buckets: 262144 Batches: 1 Memory Usage: 9076kB
Buffers: shared hit=13962
—> Seq Scan on supplier (cost=0.00..26461.59 rows=198193 width=4) (actual time=0.010..116.053 rows=199889 loops

Filter: ((s region)::text = 'ASIA'::text)
Rows Removed by Filter: 800111
Buffers: shared hit=13962
—> Hash (cost=63.33..63.33 rows=2533 width=8) (actual time=0.592..0.592 rows=2556 loocps=1)
Buckets: 4096 Batches: 1 Memory Usage: 132kB
Buffers: shared hit=38
-> Seq Scan on date (cost=0.00..63.33 rows=2533 width=8) (actual time=0.008..0.335 rows=2556 loops=1)
Buffers: shared hit=38
Planning Time: 0.197 ms
Execution Time: 94271.519 ms

No.2-2TClE. No. 1-1EFEIN. lineorderT—=ICHITR V=T U Vvl ATV VALIBER S TNTAV I IVC LB F— NNV RIEREELTHENFEAN, RKDD(CdateT—
TWEBIFZI—=T Vv AF v IBE D CRELTVET, 2FD. No. 220D TUCBNTEA—N—AYREI1HETD/— RTOHFEELTWBIENDNINET, ZL
TET=INDI=T V0 2AF vV TIFENEEERIELTWEEAD, Hash Join /— RICBITRNEBHNEERILSN TR ENDOHDET,

6.633. HIHENMEVERDEE

BIREANMEN IV OV TESEEBTLTHERIILELE . BIRMICE, shared_buffers/S5A—5%64GBHH100GBICEE, BEL. work_mem/i5A—4%
1,2,4GB. maintenance_work_mem/{7A—42%8,16,32GBEE L S B RICHIFENEDINEREELELE,
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Execution time for each query
varying parameters

[=2]

160000.000
140000.000
120000.000
100000.000
80000.000
60000.000
40000.000
20000.000
0.000

Execution time[ms]

original
W1-mM8
Wil-Ml6
Wi1l-mM32

W2-M8
W2-M16
W2-M32

W4-M
W4-M32

W4-M16

Query
(W:work_mem[GB], M:maintenance_work_mem|[GB])

mlIT OFF mJIT ON

6.5 JITIV/MJLON/OFF COEITHE RS

% 6.12 ITAV) 1 JLON/O FF COEATRER (7))

HIYNo. JIT:OFF JIT:ON | Bl (%)
original 119.962 109.932 8.361
W1-M8 139.948 126.646 9.505
W1-M16 | 141.113 127.229 9.839
W1-M32 | 142.326 127.772 10.225
W2-M8 140.028 126.374 9.751
W2-M16 | 142.223 127.922 10.055
W2-M32 | 148.642 129.573 12.829
W4-M8 123.327 115.550 6.306
W4-M16 | 126.472 117.974 6.719
W4-M32 [ 130.843 123.784 5.395

FRELTE, HIREDE T35 8352600, ETRRNRBEISNE RGO TLENELE, CTho, ISA-RETREL VTUDBEERBECCETE
ENONZ0OTEBNDNEEZONFET,

6.7. F&EMH

SEOKREE TR ITIVI D EICEKD IVEZABTIEELIC ENICLH TETEHMNENZ FEIRESNZMEEELELE, #EREL T, MALEHE PEHE
BAONTIVIM IV OBERRBE THICEERTCENTEELE, Fe, T-IIOF—AB(CLHOTTIVI MINCLBE TR OAHIRENEL TR DMEL
2o ELT.SSBOTIVERVARIE TR, OLAPRDKRIRELB SO TIAMITIV/ MV EBERA TR ECEITRBEAIR TN TERCEERT ENTEELL,
UL, DTUOFEHIC I TIREIREN B TICEFIEOLHNELE,

SEBIZIPIVCEEN DD ITIVIMIILOBRPRAFNZEE . BEHOI5. BEOBKICOVWTRIERITICENTELEATLE, EBROVATLICENT,
WMBECERVCEREBZERSNTOSY, SRIFINBDELZERONEY . SEOSSBIIVERVVRIETIE ITIVI M ILOMRER DD/ VTIIAE
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HELTVEEN, EBROVATLTIIM VT AERELTVRIGANE DT, REIDREE ClAM VT YW ARRE LEBEICEVTITIVI M IO R EREI TS
WELRHIEBRDONET, Fh, ERCRELHZIENTEGH L, HIFEENMBEVNV TIOEEERES, BIREMEVRREEBETIEESRITOREEEZITH
DFEF, NTIVIMIUFPostgreSQL 11ICEESNEFHLWVEDTHE o, SEREEEDRIEBENLEENFT,
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7. 35UV DTY) tERE#REE

7.1, IREEEE

WE EVIT-REROFNDSL, T-AR—AKEDTAEFRALTRRBEPEMN TV, FLBMREEERIOETIRANEZTVET, FHIZE. EHICHTE5E
EF-aRE RECEDZTAEEAENETCEEMICAENTTSEBIBuUsIness Intelligence) NRETY, COLOIBFEAAEICENTE. RRMESERER
BUIVEMEB TR LRGN, 2HOR/NEDIVEREICAIBTILOBERFETHBIOLTPICH LT, OLAPEFEFNTWET, —fZMIIC. OLAPTIEIS LILD TR
N=T13aZ VDR EEZ(TPTVNEENTINET,

PostgreSQLZEO LAP & CERLELELVDEE(E, LIFTH bIR5ECHNELEN, PostgreSQL 9.5FTIEIIZ LILD TUNEESN TN o778, OLAP AR TE
FAmICERTERIVREET LR,

#ZT.PostgreSQL 9.6 TREESN,, PostgreSQL 10 AR THGE L TERIESNTWB/IZLILD IVICEST . PostgreSQLIO LAP AR TERAMICHEATESDLI(C
BolDHERREELET, RIREETIE. OLAPICBWTHEASN XDV IVEE LRV FI—DFARTHBStar Schema Benchmark CEZEIN TSI IVEREH
ELTERALET,

7.1.1. Star Schema Benchmark&(3

Star Schema Benchmark&ld, Star Schema Benchmark D3 [C&H>TRAREN TS, TPC-HELEICBITAHAVWONREDEELIETPD =TI, T4AV I3V
T DIINEREFENTWBIRVFI—DY=ILTT,

KPFERT—AERMNFOIDT, 1/0 FANEEEIVDE, LD Va( VREPEMBEENMTONG LN G, BEDOLTPENECPU DI EEE . CPUEEDIRESE
EATVSIDMIRUFI-DREREREEALET,

Star Schema Benchmark Cl&. 4F&£8/13 KDV IUNEZSINTHN ZDITATICOVWTHREEZI TV ELE,

7.2. N5LILDT)E

7.2.1. 85LLHT1Y
BSLILITER, —2 0D TUEEHBOTOEATHEL T L FIMETZET, BE— Ot ATOMIELNEEE(CH IVERTTRNEA X TT,

BIZIESELECTX T1000 5 Ld— R U RFRTIIEE . RETHEATIIOLAMERTRE1 7OEAN1000 5 LI—- FETATRERETIVLELRHNET, Enlxt
LT BRI RETEATZ IO 07O AH T, ZNHTHIETEIENTENIE. 1 7O AL ENORFEFRIE100FLI—RE105 D ITEDET . EHD
TOLATHBTZETERILERZEN . AZ-I7REBETOFERT. DHREHRELET,

BHOTOLATHRRLEENMELTEITTRCET A TOLAHLNDRE BIKICHNBRITERMIZEBNETH, HINBEERKICH BT HE D OFIEPZ(TE
L. ELTERTRELLEREEH (DI TN NEREDRTRENPR(GNET . EHOTOLATEB TERMNBHIN DBV ISUILITUCEETS
CETOLARFHCEITREDS DD TLEICELHNET

EDRH. TIVTRELDETTI00HNG. INZUILDTIDEI AR ETESLHIT LG EOH NI LIV T)OET IV ERRLET,

7.2.2. PostgreSQLTOD /Y5 LILHTIY

20184 IRFE. PostgreSQLTERESNTVB/Z VLI TUCEETRREE., /IS LILAF v NIUIL a4 NS LILER. B-Treed VT VI AERDMMIEFETT
RIE=FBEICOWTE, T3V B RSB UL EI NS RMZEHILZEE . IS UL IVO TS Ve ALET,

explain (analyze , verbose) CREFRLIZ/ S LILDTY TS5 U4

Gather (cost=1000.00..112816.10 rows=38400 width=52) (actual time=0.198..224.017 rows=99740 loo
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 : '77"::bigint) = 0)

Rows Removed by Filter: 1516052

Worker O: actual time=0.016..214.828 rows=20088 loops=

Worker 1: actual time=0.016..214.518 rows=19967 loops=1

Worker 2: actual time=0.020..218.061 rows=20817 loops=

Worker 3: actual time=0.015..213.654 rows=20054 loops=1

ISUILDTUTE, BIOEACIAD—A—0 o D500 RO—A—-TOE 2L LTREISN TRBEEITT 1, RERIOL2ARER IO ALD-D—DEEEBNE
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T, LT BTOLATRE L #EREGather/— FTERILET,

F IS UILDTUTREIESNET—D— 5, T—TI A XCENT T4 P TREN T HHARETVET

£ 7.1 T=INHAXEBT—H—%

Joyh#m ) | Y4X(mB) | EED-HI—H | #EIOLAR
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

11 7avh#E7nyD 4 In 574 MEKB)DIHZE TT .

7.23. 8SLIVDIVICEEETBII54—4

PSUID TR CEE TR ER/ISA—RITIIUATDINSA =D HIET, 585, max_parallel_workers_per_gather/\IA—=8DT 74)L MBEH/N—329.6 TIZ0D

z8. T4 R E TS LILD TUIREST

3-0

7.2 NSUILDTUCEEET 35/ 5A—4

ENFth, N—JaV10 LB TREISA—IDT T4 MEF2THBTH. T4 MEETH/ S LILVD IUNERTENE

NIA=4

T 74 ME (9.6)

F74I)V MiE (10)

T4 ME(11)

e

max_worker_processes [2]

P SINIL el N R VAV
9390 k)—-n—-T0EAD
BRAMEEELET,

max_parallel_workers_per_gather

21

—DMNGather/—RFIC®UL
TR TSI —H—H0&x
AEZFEELET,

max_parallel_workers [2] [3]

—ElCBERBZI50IL
D—H—-JOtANHZK#%E
BELET,

max_parallel_maintenance_workers

141

AVTFUA—EICOERR
EBBIGLILVD-h-70t
ADERHEEELES .

min_parallel_relation_size

8MB

ISLIVAREEITIT-TIL
DENFAXEEELES,

min_parallel_table_scan_size

8MB

8MB

ISUIVREEITIT-TIb
DERNAXERELET .

min_parallel_index_scan_size

512KB

512KB

IS UIREBEITIM VT YD
ADFw/MNTA XEHEE LE
3-0

parallel_setup_cost

1000

1000

1000

D—N—EEETBHND]
AT BT VT DR
BEEELEY,

parallel_tuple_cost

0.1

0.1

0.1

HBV—N—Db, 1{TEMD
TOLAICERE T 3H0]

AMTH BT+ DHER

EEEELET.

[2] (1,2 3) max_parallel_workers_per_gatherC4g € LIzfEN max_worker_processes CIEE LI EZEADIEE . EISN D T—H—#(S
max_worker_processesDEICHIBRENFT, Fo . EHONI VLD IR RBFCITHNDIEE . REIENZT—D—HDEF ' max_worker_processesT
BEULEEICHEBEINET ., COTsh. TIVERBOT—I—HENLERISEB SN I T—h—#N D BN ENRHNET,
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31 PostgreSQL 10LABETIE. max_parallel_workers&&®D. NS LI TUDETICHERENZT—N—#IF. EAMICIEIELICIEE VEEICHIBINET . &
1ZL. COfEN max_worker_processes CIEE LIz {BZBA 215 EE. EISNET—H—#(Imax_worker_processes DfBEICHIRESNET,

[4] PostgreSQL 11 TiBAMENELE, max_parallel_maintenance_workers CHETE LIz {EN'max_worker_processes CHEE L EXBZ 35S . B2EITN
37—h—#ldmax_worker_processesDIEICHIRSNET, Fz. NS VI ITVENBBICETINTNSSEE . BHINZZT—H—HO &N
max_worker_processes CYEE LIZ{BEICHIRENFT . COsH . FIUIERBEDT—N—HINLERISEBSN I T—H—#N D LENEERBNET,

7.3. BREERE AL

7.3.1. BIEN—FIT 7R

BREBRBEON- RO P OB ERLES,

RISV IHREECTIIDB =N ETSQLEEERTIHRELELE, R CETEEEROIDB Y —/ 2 IBERALELE,

Network Switch(1GbE)
iLO NIC1 iLO NIC1

Network Switch(10GbE) HF

'E 3

iLO

'00-32XGT-8XG-2QSFP

NIC1

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

Windows Server 2016 RHEL 7.5

=bot:lvds:
DL360 Gen10
(2p20c,128GBAE))
RHEL 7.5

FC Switch SN3600B

3PAR Store Serv 8200 ]

(1.8TB x 24& RAID10,
EMNBE17.8TiB) J

7.1 BREEN—ROI 7R

NIC1
3PAR

Management
Console
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% 7.3 HREEADBY—/)\ERK
e EH it

REFY—)Y (DL380 Gen10) | CPU 127)b Xeon Gold 6142@2.60GHz
1617x2 A&t 3237
MNR=ALyT 405 0ff

EHAT) 384GB
ST ARL—U%EE BPAR | HDD 1.8TB SAS 10K x 24
8200)

7.3.2. REVIMITI PR

BREAEREDYIMII PR ERLET,

7.4 YIMIITHERK
#E YINIIPEBELTN—-Tay

oS Red Hat Enterprise Linux 7.5

Database | PostgreSQL 9.5.15
PostgreSQL 9.6.11
PostgreSQL 10.6
PostgreSQL 11.1

7.4, AL A

7.4.1. IR3FEIEH
S UILDIVREE TR T O3 SERIELET,
7.4.1.1. BREEA

REFATIE, postgresql.conf T, T4 M TIIAAV P IRENTWB/NS VLD TURSED/SSA—BDAAY M7 MEREIZH LI\ ML L) R ITOIREET. )35 LIV
DIVTOMNEHEEORER REHERLES,

AIRFEICLO T BICF LD TVERME LI REE T, O LAPRZICHITRD T T MHEED, EDRRERBTI0ON. L LFEBILTZONEHLMLET . Th
(CED AV PO RENTRIFEVO B EBEEDH T, VIVCH T BMERRENEDLIICEB T ZOMBALMNIBNET, #FIC. N—TJavi0, N=Jav11iTB)
T TIAN M DREEDEDDHREEARFET B EICHNFET )

Fe, LB RELT. SV TUNRESNBETIO/N\— 309 5 TOMRELRIETECET. 9.5~ 11DFN=JavDF T4 MREDFEET. OLAPARICHITED T
JIZxt g BHEEEN, EDLSICELTEDONEBRLNILET

7.4.1.2. #R3IB
REEB Tl IS LD IO A FIEICLZNIBEREDRER R ERERLET,

RELAICBITB/S5XA—R(HNZ T, max_worker_processes. max_parallel_workers_per_gather, max_parallel_workers(/\—J3v10 LA DK IITA—20D
EZZEEL, MWHEDENCLINEEFRELELET,

RREEC 0T, /SO TR S5 X~ T HIEDF 1— (25T OLAPFIRICH B TUC K T BN, RIIAL DL TEBICRETERIBHE
BONEINERBMLET

7.4.1.3. &3k C
HREEC TR, N=Jav11(CBVWTHEISEMENE. B-Treed YTYI ADNNZ VIMERICDWVT . i 5 EICLZMEBHEED R BZ KR ERERELET,
max_worker_processes, max_parallel_maintenance_workersD&/)\TA—ADEEZEEL. HHEDE NI LZNERFRMELERKLET,

RIREECET NS UILD TR &) W5 A -  AFCHFIEDF 1— U020 T, B-Tree A VT VI ADIE BRI EDEEHRETERMNHIONEHLMLE
ERR

7.41.4. B
SHEBEELT, N—=Yav9.6. N —Uav10, N=Jav11(CH VT, max_parallel_workers_per_gather=0ICBIRMIICEREEIToIRET WIBRBMELE ULET,
CNICED BREEA. BREEBICHWT. NS UILD TUE R CLLBUMERER ENE DIEE Holz DD EBHLMNILET,

7.42. T-3ETI
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ARREETHERTET—AETILL, Star Schema BenchmarklCBWTEZRSN TS T —AETIWERLET,

Scale FactorlZ100GBE#HEALELE . BT—TIOHA XE. LLFDEBNTT,

1400000 | 164265984
supplier 1000000 | 114376704

2999990 | 374030336
date 2556 | 311296
lineorder | 600113000 | 63557664768

7.43. ERAYIVICONT

AIREET(E, Star Schema Benchmark CEZESNZEDIVEERLET,
Chld Star Schema Benchmark D3 M"3.1 Query Definition"[CBEHINTLZEDTHD . N1AV)M)L HEERRET THEALELOER—TT,

7.4.4. DB E
MERERITEICHRD ., F I MDD EBLRISA—RFUTOESNTT,

K75 TV MDERELE/GA—S

IASP L] BWEEY — 11
listen_addresses *
shared_buffers 150GB
work_mem 1GB
maintenance_work_mem 20GB
autovacuum off
max_worker_processes [5] 8
max_parallel_workers_per_gather [5] 2
max_parallel_workers [5] [6] 8
max_parallel_maintenance_workers [5][7] | 2
log_line_prefix "%t [%p-%lI]: "

5] (1,23 4) BECINEEEBLTERLET,
[61 PostgreSQL 10LLf&
[71 PostgreSQL 11D

7.4.5. 813 F |

BIEICEEULTIE. SQLOESTHICpg_prewarmZRALT. 7= -1V TVIADT—RETAAD Mo —E iR Ads . PostgreSQLD)WIP L £ LLIFOSDT12D
NI7 EICEEFSBIKREICLET,

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'

7.45.1. BREEABIE S &
Star Schema Benchmark CEZRSNILVIVE, psqlZAWVTEITLET,
7.4.5.2. BRI BAIE A &

Star Schema Benchmark CEZRSNIEVIVE, psqlZAWVTEITLET,
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BIEICERULTIE, postgresql.confICA T DEREEITL, BEBEITICETHREDREITOTCVET, Fr. AIEZITIRICEpg_prewarmZRAWT, AEVLEIC
FREEESEEKEBIELTVET,

R 7.6 RALRFERE

gather | gather | gather | gather | gather | gather gather gather gather gather
=2, = 72 = 4, =4, =6, =6, =8, =8, =10, =10,
workers | workers | workers | workers | workers | workers | workers | workers | workers | workers
NoA—43 =2]8] | =8]9] | =48] |=16[9] | =6]8] | =24[9] | =88] | =32[9] | =10[8] | =40][9]
max_parallel_workers_per_gether | 2 2 4 4 6 6 8 8 10 10
max_worker_processes 2 8 4 16 6 24 8 32 10 40
max_parallel_workers 2 8 4 16 6 24 8 32 10 40

4, 5) workersDfEhgatherDEEEETHZ/)H—V T, L Fworker=gatherERELET,
4,5) workersDfEh'gatherDEN4{E THS/VI—V T, KL Fworker=gather*4& &KL LET,

7.4.5.3. BREECBIE &

Star Schema Benchmark CEE &SN BlineorderT—JIUZX U, L FDF|EFRELTB-Tree A YTV ARER LET

£R7.7TEE1VTYIADIERK
& 5

#EH &5

1 lo_orderkey

2 lo_orderkey
lo_custkey

3 lo_orderkey
lo_custkey
lo_partkey

4 lo_orderkey
lo_custkey
lo_partkey
lo_suppkey

BIFEICEELTIE, postgresql.confICLATDREEITV, BEFZITICETHEDRBRZITOCVWEY, Fz. BIEETIRINCIEpg_prewarmZAWNT, AEJEIC
F—REREISBIREEICL., BIEREDROP INDEXIZLS T, 1 VT YD ABEIBRLTVET,

= 7.8 AR TE

AP St workers = 0 workers = 2 workers = 4 workers = 6 workers = 8 workers = 10

max_parallel_maintenance_workers | 0 2 4 6 8 10

7.5. BREEFER

7.5.1. BRIEAUSLILDIVERRICLECEICLZHR)

= 7.9 BEESEH
ARL—Y sQLX RET-4=
SMIARL—JEE Star Schema Benchmark CEE&SINSEDTIY | Scale Factor = 100GB

EROFHTHEIEITOEHER. N—J3aV9.6 LIETER. £ TUT/ S UL TUREIELELE,
N=JavB0NEBEBOTSIIEREUTICRLEY,
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Star Scheme Benchmark Elapsed Time vs Version

250 | T | | | | | | | | |
9.5 mumm
9.6 mamm
10
11 -
200
-
@
»no 150
i
a
£
|_
©
2
o 108
i
i}
ql.l ql.2 ql.3 g2.1 g2.2 q2.3 q3.1 g3.2 g3.3 3.4 g4.1 gd4.2 g4.3
Query No.
B 7.2 N—JavE AL EREFRE D EL 8%
F 7.10 N—Ja v NIBRERE
11 tEEEE
9.5 L 3 B ] 9.6 MMIBEFRN | 96 tEREMELE | 10 ALEEEFRY 10 PEdE M E H 11 40 28 B R EH ()
H1Y ) @) (f&) 101 @) (f&) 110] ) [10]
q1.1 109.6738 43.0780 2.5459 38.5922 2.8419 36.0279 3.0441
ql.2 100.5875 40.4387 2.4874 36.4137 2.7624 34.0107 2.9575
q1.3 99.0719 40.2400 2.4620 36.4419 2.7186 34.0967 2.9056
g2.1 153.6779 61.2717 2.5081 57.8688 2.6556 58.2329 2.6390
q2.2 127.4209 51.7503 2.4622 50.4701 2.5247 47.1534 2.7023
q2.3 106.7450 46.5650 2.2924 46.3889 2.3011 41.9794 2.5428
q3.1 229.1734 79.8066 2.8716 75.1554 3.0493 88.3712 2.5933
q3.2 143.0648 58.9300 2.4277 53.4046 2.6789 49.8938 2.8674
q3.3 127.0212 50.5020 2.5152 50.1682 2.5319 48.0444 2.6438
q3.4 128.4246 51.4737 2.4950 51.7527 2.4815 48.2142 2.6636
q4.1 232.5540 99.3121 2.3416 95.9063 2.4248 72.7343 3.1973
q4.2 232.1840 97.3383 2.3853 94.5822 2.4548 72.4182 3.2062
q4.3 144.7047 58.0662 2.4921 55.0490 2.6287 56.3806 2.5666

[10]

(1,2 3) tERER EELIE, N—Tav9 sOFERE. LB RDEN- V3V TORERTHRULZEDTY  UTOMEER ELLE, IRATIOHETHELTVE

3-0

RILOFER . HTUDMIBERICONT, N—=TUav9.5eDHLE T, N—3a29.6 T2.3448(q4.1)~2.871%(q3.1). N\—I3av10T2.421%(q4.1)~3.041E(q3.1). /\—
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JaV11T2.5415(q2.3)~3.201&(q4.2) DR ENEBHOLNFELE,

7.5.2. RABEAEF MEBHGEZETET—I—DE)DEWNICLIRAFER)

Star Scheme Benchmark Elapsed Time vs Workers (v10. workers = gather)

ql.l ——
+ ql.2 ——
ql.3 ——
q2.1 —=—
200 | q2.2 —
q2.3 —=—
q3.1 ——
h q3.2 ——
I..?'Jl 150 4 - q3.3 ——
@ ‘ q3.4 ——
E qd.l ——
. Q4.2 ——
% 100 a4.3
i
i
0 | | |
0 z 4 8 10
# of Worker
7.3 max_parallel_workers DEE LB DELE (JS—3010 / workers = gather)
* 7.11 i FNIBEE NIRRT (J\—3010 /workers = gather)
H1Y 0 2 4 6 8 10
q1.1 85.4489 |[56.9939 |[30.2153 |[20.6437 |16.2143 | 13.1179
q1.2 82.9543 [53.5944 |[28.5039 |[19.8002 |15.2736 | 12.4638
q1.3 82.8403 |[53.5943 [28.5369 |19.8255 |15.2616 | 12.3869
q2.1 150.0331 | 83.3708 | 44.1458 | 31.4149 | 25.0433 | 21.8037
q2.2 135.3275 | 76.3389 | 39.4012 | 26.8608 | 20.8826 | 17.0109
q2.3 105.8896 | 68.9048 | 36.328 | 25.0901 |19.726 | 16.0949
q3.1 197.5059 | 106.1948 | 56.3073 | 39.1798 |30.6809 | 28.5272
q3.2 142.1985 | 76.8667 | 41.6347 | 29.2016 | 22.7531 |19.2159
q3.3 125.7963 | 73.8228 | 38.8993 | 26.8994 | 20.8419 | 17.1459
q3.4 129.0627 | 76.5403 | 40.2315 | 27.5024 | 21.0395 | 16.859
q4.1 226.6286 | 124.6846 | 67.0518 |48.4096 |38.2259 |38.2996
q4.2 222.4871 | 124.4402 | 67.2911 | 48.1134 |37.9252 |37.0782
q4.3 138.6454 | 77.0612 | 42.2118 | 29.6051 | 23.37 19.7866
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Star Scheme Benchmark Elapsed Time vs Workers (v1o, workers = gather*4}

250 T T T T
ql.l ——
1 gl.2 ——
ql.3 ——
q2.1 —=—
200 q2.2 -
q2.3 ——
q3.1 ——
i q3.2 ——
A 150 q3.3 ——
P N q3.4 ——
E q4.1 ——
- q4.2 ——
2 100 a4.3
i
w
50
—_— :
=
il
T
0 | | | |
0 Z 4 b 8 10
# of Worker
X 7.4 max_parallel_workers D{EEALEBBFREIDLLEL (J\—/3010 / workers = gather*4)
= 7.12 A H|NIBLHEMIBRERE (J\—aU10 /workers = gather*4)
h1Y 0 2 4 6 8 10
q1.1 85.4489 |[38.5922 |24.4377 |18.1406 |[12.6109 |[13.1812
q1.2 82.9543 |[36.4137 |23.034 | 17.1541 [11.8751 |[12.5499
q1.3 82.8403 |36.4419 |23.0721 |[17.1504 |11.8915 |12.5125
q2.1 150.0331 | 57.8688 |[38.0912 |30.4211 |[21.7118 |21.9554
q2.2 135.3275 | 50.4701 |[32.349 | 24.4605 |18.0272 |17.1562
q2.3 105.8896 | 46.3889 |29.0172 |22.3617 |[15.7164 | 15.9769
q3.1 197.5059 | 75.1554 | 48.3587 |36.2399 |[28.8156 |28.4356
q3.2 142.1985 | 53.4046 |34.6972 |26.9351 |[20.1988 | 19.3084
q3.3 125.7963 | 50.1682 |31.2504 |23.6949 |[17.654 | 17.156
q3.4 129.0627 | 51.7527 [31.9982 |24.0661 |17.6214 | 16.8232
q4.1 226.6286 | 95.9063 | 58.3261 |44.51 39.2568 | 38.3434
q4.2 222.4871 | 94.5822 | 57.6029 |[44.0192 |37.9737 |37.281
q4.3 138.6454 | 55.049  |36.3353 |27.9577 [19.7588 |20.0958
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Star Scheme Benchmark Elapsed Time vs Workers (vi1, workers = gather)

250 f T T T |
ql.l ——
ql.2 ——
ql.3 ——
q2.1 —=—
200 q2.2 —

q2.3 ——
q3.1 ——

M q3.2 ——

& q3.3 ——

© 3.4 ——

E q4.1 ——

- q4.2 ——

i q4.3

E.

i

0
0 Z 4 b 8 10
# of Worker
[ 7.5 max_parallel_workers D{EEALERBEREDLLEL (J\—av11 / workers = gather)
& 7.13 A F|NIBLHEMIBRERE (J\—av11 / workers = gather)
h1Y 0 2 4 6 8 10

q1.1 84.7647 |53.6562 |[29.0181 |19.9105 |15.3618 | 12.5352

q1.2 81.6414 |50.5466 |[27.3301 |[18.8776 |14.4657 | 11.8407

q1.3 80.5189 |[50.3723 |[27.4255 |18.8421 | 14.5301 | 11.8443

q2.1 141.5359 | 85.4431 | 45.136 | 31.1805 | 23.6265 | 19.3543

q2.2 126.016 | 69.4636 |37.0795 |26.1183 |19.2126 | 15.5833

q2.3 102.9223 | 61.1581 | 33.8343 |22.9064 |17.5493 |14.3799

q3.1 209.2735 | 130.4551 | 54.3009 |[37.4342 |28.6454 |23.2988

q3.2 128.2047 | 72.8591 |39.271 | 26.7486 | 20.5554 | 16.4219

q3.3 120.6891 | 70.5463 | 35.8179 | 24.2731 | 18.641 14.9511

q3.4 120.2251 | 69.9018 | 36.2683 | 24.3294 |18.4329 |15.19

q4.1 247.059 |106.2362 | 55.7347 |[38.3949 |29.6088 |23.8907

q4.2 187.3207 | 106.0171 | 55.2027 | 38.0867 |29.1774 | 23.5996

q4.3 135.0164 | 82.7183 | 43.2652 | 35.4254 |35.5206 | 36.0839
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Star Scheme Benchmark Elapsed Time vs Workers (v11, workers = gather*4}

250 ¢ | | | |
ql.l ——
ql.2 ——
. ql.3 ——
q2.1 —=—
200 q2.2 -
q2.3 ——
q3.1 ——
i q3.2 ——
L?I C|3.3 —h—
P q3.4 ——
£ q4.1 ——
- Q42 ——
i q4.3
E-
i
0 | | | | ?
0 Z 4 b 8 10
# of Worker
X 7.6 max_parallel_workers D{EEALEBBFREIDLLEL (J\—av11 / workers = gather*4)
& 7.14 A H|NIBLHEMIBRERE (JN—2aV11 /workers = gather*4)
h1Y 0 2 4 6 8 10
q1.1 84.7647 |36.0279 |23.3482 |17.3823 |12.0182 |[12.4706
q1.2 81.6414 |[34.0107 |22.093 |16.3843 |[11.3385 |[12.0085
q1.3 80.5189 |34.0967 |22.0687 |16.5403 |[11.3078 |[11.7771
q2.1 141.5359 | 58.2329 |[37.088 |27.7059 |19.7786 |19.0712
q2.2 126.016 | 47.1534 [30.1746 |[21.9779 | 16.0026 | 15.4808
q2.3 102.9223 | 41.9794 |27.2528 [20.0144 |14.335 | 14.2886
q3.1 209.2735 | 88.3712 | 45.2504 | 33.0227 |23.5292 |23.3375
q3.2 128.2047 | 49.8938 [31.8979 |[23.5351 | 16.5862 | 16.5175
q3.3 120.6891 | 48.0444 | 28.6483 |[21.2713 |15.1452 | 15.001
q3.4 120.2251 | 48.2142 | 28.8943 |21.1918 |14.9976 | 15.0031
q4.1 247.059 |72.7343 | 459153 |33.6155 |24.295 |23.8475
q4.2 187.3207 | 72.4182 | 45.5837 |33.3028 |24.0262 | 23.658
q4.3 135.0164 | 56.3806 |35.6238 |[36.233 | 32.9085 |35.7456

REEDFER . £V TUN, WHNIBHDOEEM(CEL LT, AMIBRFRNHAD T BMERICHIEUE, TIT7DOR KN DI, AIRFERE 3 5I L IBE ORI, K ELBICiR
VWERDHHEHERITEET,

Fz.workers = gather&workers = gather*aZLLE 3L, N\—Jav10E\—Jav11TlE, dHNLEBEH 2 D8 DRE TR, gather 4D AN E R THIEMRN
R TEELE,
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2. N=J3av110q4.3(3, 5 NIEE4 LLEQMERENTEFTBERHTED . N—YaVv 11 A ORENEE LTSI REENHNET .

7.5.3. FREEC
CREATE INDEX Elapsed Time vs Workers
450 T T T T
i 1_|_
N I
400 3 -
\ 4 —=—
350 \
- 3ﬁﬂ§
L&)
|
o 250
E
|_
o 200
i
o
o
150
a8
5@
0 i i i i
0 2 4 b 8 19
# of Worker
7.7 max_paraIIeI_maintenance_workersﬂ)flﬁtﬂfiﬁfﬂﬁ@ttﬁi‘
F 7.15 A H LR EE AN IR AR
D—h—% | 153 @) | 25 @) | 35 @) | 45 @)
0 318.9848 |335.4180 |422.8608 |433.4036
2 196.6795 |201.9619 |254.7677 | 254.7121
4 154.8794 | 156.7898 |[201.9349 | 202.0619
6 136.3506 | 137.5311 | 181.1933 | 183.1736
8 123.7943 | 127.3894 | 159.4948 | 166.3534
10 123.2796 | 123.4265 | 154.0125 | 156.4379

REEDFER ., W HIMIBHOEMICE LT MR REANRD TRERICHIELZ, T570TRN 53, LIEBRREE A5 B ORICE, REEBISEVERNS
HEHBTERT,

7.5.4. SABE (VI LILD IV off)
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Star Scheme Benchmark Elapsed Time vs Version w/o parallel

250 T T T T T T T T T T T
9.5 mumm
9.6 mamm
10
11 -
200
-_
@
»no 150
i
a
£
|_
©
2
o 108
i
T}
Sa | | |
0
ql.l ql.2 ql.3 g2.1 g2.2 q2.3 q3.1 g3.2 g3.3 3.4 g4.1 gd4.2 g4.3
Query No.
B 7.8 N—JavE AL EREFRE D EL 8K
% 7.16 )\—Ja L ALIRRERY
9.5 S0 B BF 9.6 MIEFR] | 9.6 EREM L | 10 MEERRY 10 EREM £t 1 0EERE | 11 MEsEA
H1Yy ®) @) (f&) @) (&) ) i AC:))
q1.1 109.6738 107.8582 1.0168 85.4489 1.2835 84.7647 1.2939
ql.2 100.5875 105.0022 0.9580 82.9543 1.2126 81.6414 1.2321
q1l.3 99.0719 101.5858 0.9753 82.8403 1.1959 80.5189 1.2304
q2.1 153.6779 168.0892 0.9143 150.0331 1.0243 141.5359 1.0858
q2.2 127.4209 147.6302 0.8631 135.3275 0.9416 126.0160 1.0111
q2.3 106.7450 122.7834 0.8694 105.8896 1.0081 102.9223 1.0371
q3.1 229.1734 215.4955 1.0635 197.5059 1.1603 209.2735 1.0951
q3.2 143.0648 159.3785 0.8976 142.1985 1.0061 128.2047 1.1159
q3.3 127.0212 138.7790 0.9153 125.7963 1.0097 120.6891 1.0525
q3.4 128.4246 134.3616 0.9558 129.0627 0.9951 120.2251 1.0682
q4.1 232.5540 248.7920 0.9347 226.6286 1.0261 247.0590 0.9413
q4.2 232.1840 238.1739 0.9749 222.4871 1.0436 187.3207 1.2395
q4.3 144.7047 162.9800 0.8879 138.6454 1.0437 135.0164 1.0718

BREIDFER . DITUOMIBRRFC OV T, S5 LILD T ffDIREET. )N—Ya29.5 D ELETIN—Y329.6 Tld0.914E(q2.1)~ 1.0 14 (q 1.1). /\—I3a10Tld0.94Z
(2.2)~1.211&(q1.2). /\=Yav11Tld0.941E(q4.1)~1.29f&(q 1. N DERILHEBHONFELE,

CTHo NS LILVD TV OB S TIN—Yav9.68/8—Ja 010, N=Jav10eN—Jav 11 ORICEWTHERTON . RE AN ERIELEIEMRAZET,
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7.6. B

7.6.1. IRiEA

REEATIE. S LD TIOBNN—=U309.5 &0 18— Uav9. 6 DADEE THN. /\—Yav9.6LDEN—Yavi0. N=Jav11 DAL BREETHIERAR LN EL
feo EEL.N=YaV10EN—JaV 11 OBDER. BRN—JaV11OADNERTHBZIEDN. q3.1TIEN—Ya 1 0h &HEL. q4.1&£q4.2TEN= a1 1B RIEIC
BETULE,

q3.1Cld N=Yav10EN\=Jav 11 TREIENEELTED . ChARRCB TN—Jav 1 1 TERENME T UL RTRESENHDET

q4.1Eq4 2 CIIHERIBIIZILLTHE LT, F4AYIayT—TI ThHBpart, supplier, dateDET—TILDSeqScan (CET BN, N—Uav10EkBLT1/3EH>
TWBENRERRTEELE,

NIV IUTDIoin /= FIZBEFBHEAI(InnenDT—TILOIR RN, N—Ja 10FTRENSLILI-A—HENENDOT—TIN ELRFRTIER T, RERREH
ZISLID—D—TOMERMALHFEMLTOELE, N—J3V 11 TOERILE, FEEETHS/ \vo1T—TIOHFICED, TN AF v EICHTHE
RTHIEEZAFET . SSBTOTAAYIaVT—FIUE, T—T I A XHHEMBERZEDEHBH. \w1T—TIOXB L LZAFrVEIBIERNRELSRES
ZbLiztMEEZET,

LLEDD, N=J3V 11 o OFHEEETHS)\v 1T TIORFLEF, EROT- IO ERIERIC. T-TIORESHREVFERIHPTIEEZET,

55,2016 FEQ)S LD TURRETE TEAUEREERD TVEFE AL TORIELITVELEN, C5008R Mold)\—Jav10e/\—Jav11 O OERFEAETL,
CO2NN=TavDIS VIV TIDEREREREALETELRABNEERET,

7.6.2. IR3EB

7.6.2.1. max_worker_processes, max_parallel_workers. max_parallel_workers_per_gather B o &

N=Jav10eN—Uav11 T, FEREDDTUT max_worker_processes, max_parallel_workers % max_parallel_workers_per_gather D4{ZDfEE L/
R—2DAM, max_worker_processes, max_parallel_workers & max_parallel_workers_per_gatherZEMEE LI5S SDEEEICENELELE, LITIC,
SSB g3.11CBFBworkers = 0 (ST LILDTIVEL) & HHCBEZBEERHE workers = 2 GEENF ET—D—502) OtEgem ELEERLET,

3 7.17 SSB q3.1(CHIF3/ 58— tEgem L L

Ne— workers=0 workers=2 e M E W ()
JN—3av10 workers = gather 197.5059 106.1948 1.8598
N—=33Y11 workers = gather | 209.2735 130.4551 1.6042
N—33210 workers = gather*4 | 197.5059 75.1554 2.6280
N=33V11 workers = gather*4 | 209.2735 88.3712 2.3681

BRELEEABVREFESOENDNTNBEHEEN T—H—FNE LBLD TRV, EDREREILT. SSB q3.1Mworkers = 2EXTRIC, EXPLAIN ANALYZEFI(D
EED—N—HEERELEUL, ZORREREZUTITRLET,

& 7.18 N=JavEiEFHT-H—%
IAE M workers = gather | workers = gather*4

10 1 2

11 1 2

EBROILH E(IEEIT—D—5+ 1 THBTWH. workers = gather®)BA—U TR FIE2, workers = gather*4D)3—VTIEHM FIEIERDFT, IWB—VEERE
AL OBEEN, MFIEEFF—BL TN ENDNMIFET,

CNE N=Tav10 U TE. 135 LILD IO OT—A—EFRIC. 18D T500 RO—h—h1 2B LTS IEERELET, O,
max_worker_processes® ERRICELTLEWN., NSUILDIVRICESFENT—N—E—EI5E(FonGh - EDEHBILET,

N=Tav10UBD NI TS50 RO=A—3, S5 UILD TULSHIERIAILLTIT — 23y OO EFONES . INSLILDTUBED/ IS A—AEREZTIICHI-
T AN TFOY R)—D—&ER TRV S LIV TUDBEE R B T OMEREL DB B E+ N CERTILENHIEEAET,

7.6.2.2. 8\—Iav11lCH 113 SSB q4.3 DERE
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N=3aV11CHBWVT, SSBDq4.3DIEREN I I AL IE R4 TEEFTBERBNELLZ,

N=39.6E\—JaV10TCREDBRBEETH LY. N—Jav 11 BFORETHIENDMET, SEROKREECTHEALET—IILOTA X o[, 3 5 NIE L
DERIERITHRH., M I LEBHTAEFTIHRIRETI_LEFELTNVELL,

O BT ELOSFNBHEERLEL: . TORREUTICORLEY , ETHE LOIFINERZ, N5LILDIVERRIIRNS Gather /—FA

M"Workers Planned"MfEELT. EXPLAI

NOETHERRICTREINET,

F 7.19 SSB q4.3(CH(T3ili 5 NI DR EEEITAEICOE

max_parallel_workers_per_gather Workers Planned
0 J—

2 2

4 4

6 4

8 4

10 4

LLEDG, RITFEELCAEFIRBENIIOREMECTLBNIENDINELE, RIC.EEDNRELTWEBWN-JaV1 0B RIEETHN- Va1 DORITE

BEZLEERLEY

HASH JOIN

AGGREGATE <ims | -2
date.d year,supplier.s_city,part.p_brand
1

GATHER MERGE 3684 2

AGGREGATE 843 o
date.d_year,supplier.s_city,part.p_brand
1

SORT 65.01 0
date.d year,supplier.s_city,part.p_brand
1

HASH JOIN 90.04 o

Inner
(linecrder lo_orderdate = date.d_dateke
¥

219|111

Inner o
(lineorder.lo_custkey = customer.c_cust

key)

HASH JOIN 86 | 42 HASH
Inner
(lineorder.lo_partkey = part.p_partke
( _partkey = part.p_partkey) sEQSCAN
public.customer (customer)
HASH JOIN 2,061 608 HASH 141.78ms | 1
Inner
on (lineerder.lo_suppkey = supplier.s_su
ey) -SUPRKE) = suppler.ssuph SEQ SCAN 248512
[Siowest] on public.part (part)
SEQ SCAN 52.94s | 261 HASH 88.98ms= | 0
public lineorder (lineorder)
SEQ SCAN 164s | 8

publicsupplier (supplier)

7.9 Sta

==

r Schema Benchmark q4.3034TEHE(/\—Jav10)

14957

599: |30

HASH <1 o

SEQ SCAN 467ms | 0
public.date (date)
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AGGREGATE <1 -1

date d_year supplier.s_city,partp_brand

1

GATHER MERGE 5287 1

AGGREGATE 6.82 o

date.d_year,supplier.s_city,partp_brand

1

SORT 337 o

date d_year supplier.s_city,partp_brand

1

HASH JOIN 203.99: 1
Inner
(customer.c_custkey = lineorder.lo_cust
key)
SEQ SCAN 606.85 2 HASH 136.12: o
public.customer (customer
HASH JOIN 24585 1

Inner

(lineorder.lo_orderdate = date.d_dateke

HASH JOIN
Inner

(lineorder.lo_suppkey = supplier.s_supp
key)

439512

HASH <1 [

SEQ SCAN 242 0
public.date (date)

HASH JOIN 2.03 3n HASH 127 0
nner
(lineorder.lo_partkey = part.p_partkey)
m -+ Y parkRp ° SEQ SCAN 20234 1
public.supplier (supplier)
SEQ SCAN 47.89s | 134 HASH 19.26! (1]
public.lineorder (lineorder)
mm SEQ SCAN 279.87 1

7.10 Star Schema Benchmark q4.3®M

publicpart (part)

ETEE -V

N=J3v10E = I3V 11O T, ETHBEORDEIL LTV ENDDNET, CCT. ZFT-JI0OYME YA ILREF EI-D—HERARELE,

3R 7.20 SSBT—TJIUSF=100GB)ICHITBT—T I T XEREENFT ET—H—

24
T4 T-INOYEBEYAX | BBIFEIV-D—K
lineorder 59 GB 9
customer 357 MB 4
date 336 kB 0
supplier 109 MB 3
part 157 MB 3

LEOHT, BEIFEI—HN—HHERHEDE lineorder T=TIDH THN. —ATEENFTEI—N—H 4201 customer T—TNDH TS, T, LEED
N=IaV 1 OERITEEEERTEE. N—Jav110OERTHEIL. ZRLEFICHEDHash JoinDEBI(Outer)CcustomerT—FILDSeqScan NFEELET , [111 —

AT, BFENFEELTNVEWN—JaV10DEITETETIE, lineorderT—JILMDSeqScan MR EFIDHash JoinDERIOutenh b, ZEISWH>T UV KRIFICETEL
F7,

EITEEEE ATEY-IOFRT/AS L) TUEEMERIHE AT TOEEAD, EEN-Ya 11 0RITEHEHRDSeqScan Hash Join[FENEN
Parallel Seq Scan. Parallel Hash JoinT9,

on

COfH, CODTIEADEERF ET-D—HERETHLOE. HZEMDIoin/— RICHIFBEM O utenBIDEEF ET—N—HTREBLD, EVIREREIIT,
N=9av110Y—20— FeiERLELE, COFER. RTHBEORBEILHEEO ptimizer) NOFEE HIEZRETTHE A OI—FIC, LLTOI—- FHR=iERAL
Flk.

/* This is a foolish way to estimate parallel workers, but for now... */

pathnode->jpath.path.parallel workers = outer path->parallel workers;

LLEOT—RAfeEERD DIVEEDEE T ET—N— 8 customer T-IIVHEDEE T EV-N—HTHRHESNZLOEEZAET ., BH. COI—FFN=Yay
9.6 FEFELTHN ., RUERBOEREN, N—T3v9. 6 IBEDIRTON-J3aVTHRINIBEEAET .

AREICONTIE, PostgreSQLOBFEIIIZT/ICEHRED £ AVYIHH RSN ILIBENITNEET,

7.6.3. BREEC

B-Treed YTV AEINI VI TR TRUNEICENT EEI VTV ADRRFINI U EEGSLIH A 2UTOHEELE LT, BLE1.2515~1.35F DB

Page 61 of 67



PostgreSQL Enterprise Consortium

n&IICNEL,

ATV ZDVERE  AERR RDT—TIVNCTI AT IR EN SIS RN DM TRIBEMER D THIERELELZ, COHE . HRIICIER
FEEIDZEICRIL T, LLHIOBIREBBIEICBNET . 2T MRINEERBROEELBE LEL HREUTICTRLETS,

% 7.21 CREATE INDEXICHITRERFIHERRINE1 LDE

I—h—% LN BIDES | FIBBEFH1DES | 4N 10ES
0 16.4333 103.876 114.4189
2 5.2824 58.0882 58.0326
4 1.9104 47.0555 47.1825
6 1.1805 44.8427 46.823
8 3.5951 35.7005 42.5591
10 0.1469 30.7329 33.1583

LLEDS /R INERMRTN2, HRFIBEFARFIAT, EREEREIICEEAEEDRON T, LLAIBRICEBOIEDDID, LizhoT R MOEMICHI LD TR
BOZEDDDDEY,

Ve ERICE R 52 2ERELTIE. TOASTAD PO AN KL TRIIBATT, TOASTCIT—AEMmBIN TS M, T—TINT—2D—EDHHTOASTICEEE SN
BIEEEHN. COBETOASTPOLAIEIA— AV A LET, UL, TOASTICTF—ANEBESNZDE. T—TILD11T0H4 ZAh 1 BR—-J(F T4 b
8kB)%E HBZBBENHTHN., SEID lineorder T—FIVIE, 1#TH94BICEEFHT VDS, BTIEFEDF A,

HOBERELTE. A VTV ADYA AN KEBRIHZETT . B-Tree/ VTV ADKESIE, BE MBIV TYIADHE . FITHEMSN TS ED— B
ANEORICIKELEY ., 2T SEBRELEINDHEAEDEICHVT. A EDEREREH LELE,

R 7.22 BREAVTYIADHRINEAH EDEHR

#HER >t &3 HHraEhEH
1 lo_orderkey 150000000
2 lo_orderkey 150000000
lo_custkey
3 lo_orderkey 600036916
lo_custkey
lo_partkey
4 lo_orderkey 600038145
lo_custkey
lo_partkey
lo_suppkey

LLEDD BEAVTYIADFR I DHEEE2DEE OB THA EDERAEN THEL T, 20158 E3DEE ORI TRIBICIEMN, 3058405 E ORI THE
[CEEFT LB EDDINET

CNIZ, 5 U EDBBEEM VTV AMERRERIETN B 04 VT Y0 AE R EROZEVERE—EULET . CCho. RRIIFNB LU LR TZHE (LA UT VD AE
REFRIMEM Lz D, R INCHFTE—BREH EDEORMEMLIZIEICLBLNEEZFET,

7.7. $a1E

PostgreSQL 9.6ICHENT/IIT LI IUNRE SN ZECLHT . KEFEIVA—T74 XRERITOMEEND— DM PostgreSQLICHFTZICAND. PostgreSQLIHF
BRICEALEERUTWELE, ERCRIIETORER. FEELEB LT EERFIMRALLTEZNEON/ S LIV TUEERAICT Z 55600 ke B VE
ED

B T-IIN0BBRRT-IIOREE . V- b EHEEEVLERRIED/ S UILRIEREE20DIE REWT—TIL OB ERIECHRERIETS \va1T—T
WORAFLEVHHEET. KEDT—AANG BHIOFRERR - EHTIEV I ERENEMICITADLIICOILDEREE LET .

LLEDS ., BRI+ D BEHERLETTH, BRKO/IS LIV IUDELETO LAPRZR TOERIBRIEETHSD. ELVOFEREBDELE,

=i NJERBNBEELRONBIEN D, INFRHUG VD IVEERTRIEHICE, BICRH)\—Jay TCOMAEHETIELLC. S LD TUBEEDS 533
#ibE, CNERB TSV - ITEF1-SDELRRFILEBMENTTUNEET,

7.8. Appendix 2016 EREEET I COFER

HREEA THATZESN, 2016 FE QIS LIVI THREE TR U REEAY TVEHE R L TOREELITUELR,
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2016 FEERREET—HETIN TR, LLFICRY EHTHREEEITOHER . \—Jav9.6 LIETE, £ TUTIS UL IURBELE L, 2016 FEEDRECH T

N=T42aVBRHHNEBLOE A TR TVELED RRECHV TR —T1 Va VR ERAL T EEA,

= 7.23 BREFEH
ARL—Y sQLX RET5E
SMFHFA—JEE 384/ 1T(1 B ) [12]1 #5519 35QL | 155 (38475x366)

[12] Star Schema BenchmarkIZH(3dScale Factor&T—AH A A2—HEBZEMT. 1B HENDHE%E 2016 FED/ S UIVD TEEE TOREEDFE 5
(B84AMICERELTVET , COEFEICLD, T—AHA X F110GBFREERNET,

N=JavB0NERHOTIIEREUTIORLET,

TEST 2016 Elapsed Time vs Version

200 T T T T T | T T T
9.5 mmm
9.6 mamm
10
11 -

150

100

Elapsed Time (Sec.)

50

7.11 N=JaVEAIBRF R D L8
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£ 7.24 N—IavEIRRER

9.5 MERFR] | 9.6 MIEFRE | 9.6tkREm E | 10 MEER | 10f%EER L 11 MEEE | 11 %EERA

HI1Y @) @) 2 A()) @) H %) @) EH(f5)
366_01_10rec_T 166.1090 66.6200 2.4934 58.5179 2.8386 58.4063 2.8440
366_01_10rec_2 154.2194 63.7848 2.4178 58.7123 2.6267 58.0952 2.6546
366_02_1day_1 165.4775 67.7755 2.4416 59.2671 2.7921 59.1916 2.7956
366_02_1day_2 154.8390 63.5417 2.4368 58.1420 2.6631 57.7205 2.6826
366_03_15day_1 192.0502 73.4120 2.6161 64.3524 2.9844 63.9317 3.0040
366_03_15day_2 159.1187 65.9643 2.4122 59.3359 2.6817 59.4298 2.6774
366_04_10rec_join_1 165.4620 67.5307 2.4502 58.1532 2.8453 59.0345 2.8028
366_04_10rec_join_1_hash | 163.4051 67.4919 2.4211 58.0703 2.8139 58.8882 2.7748
366_04_10rec_join_1_nl 162.3903 67.3878 2.4098 58.5880 2.7717 58.3832 2.7815
366_04_10rec_join_2 153.5317 63.6836 2.4109 58.6402 2.6182 58.0241 2.6460
366_04_10rec_join_2_hash | 151.2344 63.3228 2.3883 58.9818 2.5641 58.1867 2.5991
366_04_10rec_join_2_nl 153.5228 63.8352 2.4050 59.2450 2.5913 57.9361 2.6499

BREFOFER . DIUDMIBRERICDONT, N—J3V9.5EDELET, )N —U329.6 T2.381%(366_04_10rec_join_2_hash)~2.61%(366_03_15day_1). /\—Jav10
T2.561%(366_04_10rec_join_2_hash)~2.981%(366_03_15day_1). /\—J3V11T2.641%(366_04_10rec_join_2)~3.00f%(366_03_15day_1)DERILH'ER
HohELz, CHELDFERNRTESD., N—Jav10eN\=Jav 11 OBDEEHINTHD . CO2N—JaVDNF VLD TIOEREREREREE>TELIABLE

ERET,
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8. BHhIC

SEE(2018 £, PostgreSQL IVA—F54 X AVY— YT L(PGECons)DFEENHEAT 7 EBERD, DI LELRTTEHET—F I -T 1T, K
WG, SEIT 7 IBELGNFELE, A WG Tl 2016 F£EICPGEConsDI—F VT —TDAIE SHERBELTH G, HREICIIZ THERMOBRIELITII kil
BREED—F 05 —T1ELTGEBLELE , AREZETE. LT D 4 DOT—YDREHERFRELELE,

PostgresQL 11HLUFT/\—Jav10E b8 LIz A0 —)LIE DI EE
WindowshRPostgreSQLELinuxkRPostgreSQLOD T BELL B AR EE
PostgreSQL 11 Tagib SN/ 5 LILD TURREE

PostgreSQL 11 CRESNTNTIV) IV REDIEEE

AW N =

LT TR, S EEOBREERERMIE>T, EAMGEDAETRNTEET MEZDHENEELLZVERVET,

3T, T-YDEELHEOTIE, SMAVI BT —VEHBELSIT, PGECons DRBHRER b, T-TVYU— RNV TPLYABE IS MENLBBHITR AN
V- MESEIEDELL,

BIEBIDE REVAIETICLR>EBIAVOERND EEENLSIEHRE. ERBBACRHORIIETIVERATWindowshiiPostgreSQLOERERREEETHTL
FY. T REET-VEE R T DL TPostgreSQLER /N VavDFIHEEIS BE . N—Varvi 1 1ER S EIFRIESNE/IS LD TS 1TV )L
DPREEMRICEESNELL,

BT YCEOREEERIIB L TR EN TR TENDTY , FIR S EEMER LR B}, EHIOSETHERLEL, RHSN R EICHLTIE
DEIBEAT-AIEEHRTIET, RO B HINRLINEON IRETLES ZOR TR ELTVIE RO RGEIE/ B —UNBALNIBRIEEHIET 5L T
RELETENEFSE. #2801 7 A TRE . R L TAEMFRELEY, BonicT - AFEESN TR EICIRESNEY, RO B MIC#E T30 5N T
WA IFERRL. TZDT—3DBRTBECARANMIBRLT. LLTLEISVERIMEONILICEREERET,

OOUERERAENRZET, BICAVTFY-DTOVS LORIEEICEEZOLBL. FAGHKRNMEONET, CNolE, BEDEHT PostgresQL [THRERNN, E
DEEFPY—2]— FERMUEAVNDER I THN GERTELHRTY . PGECons DREF. RLIRECEIIAVIINEIO T, EMMBERERIDIEE
BIBEEITHED AVNDEMADA LICEFELTNRLOERNET, EHIC 2017 EENLEMOTHICF vy b Y—ILEBEALLECS, LIETLNLEEMICERD
POENDRIFMEZEL, TNEAVN-FRDEFER L, CWVTRBFRIECHITEEROER LICEFSLELE,

SEDMEENEFRD PostgreSQL DEFRADISE(CHNEENTT HEEANDE RN NELED, PGECons FTREEES Y, F/z. PGECons DEE
[CCRALESEHBOAIR. BIE. SMECRIIKES IV SEKICTIICELOWeb YA b #ZFIACESLY,

#0n)
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10. Appendix &5 15

o Rfft: AREa1—Lyb-)tuh— Rt

o FEREBA(AT—ILPvF)/Windows $&EE// V5 LIVD TURREE TOfE FAMEER/ 20k

o Rt ELEMARH
o JITAVIMIVEREE COE AR SR/ 2R 1R
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