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R BERRONACHEEREISENTT, PostgreSQL 10THUEETNIZ/AS LILDO T OMEEREE. FgECH3O0INILLTIT—2 3y
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% - BRRONA THREEREITZENTY, WindowshRPostgreSQLICDWTEERERERUETIVICLBREERBLE L,
PostgreSQL 10 Cai{b e Niz/3S LILO TY OIMEERREE. PostgreSQL 11MS Y R— LI NITI /1 LRI T ZE EiEL E LTz,

3.5. it
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4. EREBIA(R T — LT v TIREE)
4.1, IR E

WG1Tl&. PostgreSQLOFI/N\—T 3> - FiU U —X(CHBDOET. FIB/NN—I 3 VOMEELRNO I T —ILT7 v FRMEDREIE BRI E U E =0
Z2012FEENSRMBL TEF LT, 2014FEENS(F. ZNFTTOSRUE(CMI TEHWBC DOV TCERIEZEEML . MIHEROLARETS L
SEEDF U, 2019FEET7VYY D17 H—EX (AWS) EDREVZY (vCPU: 32, XE'J:128GB) T. m¥(DPostgreSQL/\—/ 3
V12 ERIN—T 3 VD 11 ENERUREDLRS K UEFMREDERETVE LT,

4.2. pgbench & (&

ARIEC(E. pabench & WSAYFY—0W—LEFALE LR,

pgbench(ZPostgreSQLICIB T BERLEAR Y F I —DV—ILTI ()N\—T 3 V9.5& DHEIFcontrib(C(TE), BERYFY—SITPC-B (SRITOIRE,
SRITZE. MOBOBUESLEDEBEETIVL) E28Z(CLRYTUFICHIARYFI—INETDEFN, BBEIIUDHERTITZIIT U
FTERBEHINTUVIEY, Ffe. AR LRADUTREABIDICET HMBADIYFTUATRYFV—DEERTIDCEEARETT,

pgbenchCARYFV—D&EERTIDE. UTOLICIBHZDTEITINCE ST I 3 >0 (TPS: Transactions Per Second) MBI ZF
9, . Tincluding connections establishing | (FPostgreSQLANDEGRICE U IZRBEESARLTPS%Z, [excluding connections establishing | (&
INEEFLEWTPSERLEY,

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

query mode: simple

number of clients: 1

number 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)

pgbench(C(E TRT—ILT 705 | EVWSEERED., T—IR—XDHHA{EE— R TpgbenchZBEIT D &l LD, EFBDT 1 XADFT X ~H
DT—TIWEERTEET T, TIFIEDIXT—=ILT7O9(F1T. CHDEF MRITORE | (ENBET S pgbench_accounts | EWSF—TILT10
BHDOT—5, #W15MBOT—IR—IBMEBRETNE T,

MTFE EXRT=IWIT 705 (CR/ETET—IR—IT 7 X&ERLET,

KAV RT=WIT7OBICRNT BT —IR—
21X

2T—=WI 705 |F—IR—IYA1X
1 15MB
10 150MB
100 1.5GB
1000 15GB
5000 75GB

#IHB{EE— R T(3Epgbench_accountsDAt(CEFT—TILAMEREINE T FFRENDT—TILDOY X LZETICRLE T,

& 4.2 pgbench_accounts([J&E)

LlE 5l XV~
aid integer TPHAOYRES(EF)
bid integer XIEES
abalance integer YOk
filler character(84) @%E
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£ 4.3 pgbench_branches(3ZJE)

=24 F—5H XV
bid integer XIEHES
bbalance integer OFEDEEE

filler

character(84) | &=

&K 4.4 pgbench_tellers(ROE:4E)

53 F—SR XV
tid integer BEYEES
bid integer XIEES
tbalance integer OEEDEEE

filler

character(84) | &%

2T —=ILT 79BN, pgbench_accounts(3 1054, pgbench_branches(3 14, pgbench_tellers(3104NT =S MMER I NE T, T —IL
TP O9EBOTECNICHAILTET—TILOT—IMBREY,

pgbench(Z (3, #ALEA T3 VMRHDE T, FHiflld PostareSOLXE £ CBLEE V., T A&

HEALF T,
KRASRYFY—07—TILAERML

FFav L]
i RYFI—DF—TILODBL
S RT—=LIT 7O
-F ERS 57 —TILD T ILIT7DH

KABRYFV—DDET

FF3av L]
e ERERI STT7 YR
- pgbenchlIM D —H X L w RE
T RUFV—DERTIZDHE
-n ETEIC/AF 21— LETDHE
-P BELEMHCEDLR—~ERT
-r RITOTVOFAL TV I ERT
4.3. 1REEERK
4.3.1. VI VR

HTHEALTCVBSELA T3 VDHE

Page 11 of 112


https://www.postgresql.org/docs/12/pgbench.html

PostgreSQL Enterprise Consortium

Gy AWS Cloud

( bastion server

T B—p
oo (T @ ]

~

\ pghench server DB server

J/

4.1 REEVY 2 VR

AR TE EREROBED . AWS EDRIER W RD—IRICEDREVI VEERLF U, BIRIEVY VOR®EE. bastion serverMAWSER
BADT O XICAVWSEHET —/ . pgbench serverfipgbenchZE X179 37z26pND T > 7>~ LFY—/3, DB serveriiPostgreSQL%Z BfEc &
Y —/iTUI, Fz. pgbench server& DB server(Z(FIREHMEE TIER S NE T — I EBMNI BledHic. ALL—TIEBMULE L, BMX ~
L —I(FEERNLERETHEREINSNA SSDY 1T T LI, DBserver (CBMULZX L —I(F IOPS &F T4 LM 100 TIE7%E< 600 ZE&E
LELRE, BREVIVDIRYIFIUTOEITY,

RATREBYIVDIARYD

W—EFNRA XX | BMX~L—TY
HHl AIRIIRIAT vCPU XEY (GiB) (GiB) /IOPS X (GiB) /IOPS
bastion server t2.micro 1 1 10/100 N/A
pgbench server mba.8xlarge 32 128 20/100 20/100
DB server mba.8xlarge 32 128 20/100 200/600

432. VIO I 7ER
BRIBEOIELY IR T PERERLET,

£ 4.8 bastion server
(ON] Red Hat Enterprise Linux 7.7

£ 4.9 pgbench server
(OR] Red Hat Enterprise Linux 7.7

pgbench 12.1

% 4.10 DB server
(ON] Red Hat Enterprise Linux 7.7

PostgreSQL 11.6, 12.1

LEEB(Cx. pgbench server&DB server(CU TR/ AW —I%&E 1V X —ILLE LI,

RAN T VI~=LIRIRVT—T

RyTr—I% Jizh=3
Development tools (FJL—F/3wo—3)) |, readline-devel, zlib-devel | PostgreSQLO EJL K
chrony FE2lIEIHA
perf IREEEZEHR DMERED T
screen EEL Y 3 VDORES
sysstat REEHFZEA DsarBS

-~ o~ - 1 =Mt
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4.3.3. JJ— R JUSSAE
e OSFTJ#I
4.3.4. PostgreSQL =%i&

PostgreSQLE%TE 7 7 -1 JL(postgresqgl.conf) DEEFU T DED TT, N5 I(FSBRIREE BEFRIRE CHLETT,

listen_addresses =""'# 7S5 7V ~RAY—/\HSDEHKH

max_connections = 500 # %) (CEXTE

shared_buffers = 40GB # pgbench DX T =)L 7 O BICEDETT—IMIRTXAEY [CEHD LDITHE
work_mem = 1GB

maintenance_work_mem = 20GB

checkpoint_timeout = 60min # SHEEFR(CF T W OR1 Y LEFKEIELV

max_wal_size = 160GB #EBRCTF I VORT Y AEREESTELL
logging_collector = on

log_checkpoints = on

log_lock_waits = on

autovacuum = off # SRERH(C I/0 MIBE FEE T LVRL)

4.3.5. s

LUTOFIET, T—IR—XDSIIEERLF LI

intdb CF—5 7 v LI LUZEMER L. LERICRUEEREZE postgresql.conflCEEk LE T,

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

PostgreSQLEREIL TRYFY—IHEDT —IR—XEERLFE T,

$ pg_ctl start

$ createdb [dbname]

U EDBRT, D507 ~ERHEZES & TRITUzpgbench®TPSH, PostgreSQLETIH/N\—3 3 VRTENH IHENERIEL F LTz,
IREE SRR BIREREIC DV TITVE LT,

4.4 REAEAR(BRR)

SRENVFV-IDFIREUTICRLE T,
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|B. $Fe*hEET

=¥ a8,

[SPGDATA% initdo L THRE 7 T”I’JLEEEEJ

templatel |2 pg_prewarm Eﬁﬁj

\ i A

[,\. YF— TG xrzfﬁﬁzj

Y

(pgbench TAYFT—2 %”—‘?N—R’Eﬁ]ﬁﬁ‘rtj

PostgreSQL #81E

;:z?"' FROELES fiegren 16 32, 64,96, 128, 160, 192] & :

] /[ @
HaEhHEERESTEE

RIEEHERALD

A
(pg_prewarmt'pgbench_accounts'] % iﬁj

)’

731'521 A4 1) +T pgbench 47

PostgreSQL % fast fLk

42 ZREANVYFV—DODFIRE

[FUSHIC, PostgreSQLY —/NCTF—IR—X TSI IE(EHK L. REEEER(CRE D Tpostgresql.confZ FHE L & Lz, postgresgl.confDFHEEMTE T
Lz, T—OR—X DS I&EEZHL Ttemplate1 T —IR— X (Cpg_prewarmZEZIRL E Uz, pa prewarm (F/NNY I 7F v v alcT—TIb
F=HEGFHFALEHDEI 1—ILT, NV I7FrvvIaMI)F7EaNTUVBRIT—IRN—XEEBEEZDEREE TIREEME T BIZOHICHANSC
EMTEZE Y, pg_prewarmDBIRMNTT Ule D, RUYFV—DT—IR—=XEERK L. pgbenchIV Y REFODTARIYFV—UAT—IR—-X
EHRLLE LIz, RYFV—URT—IR=RERT—ILT 7552000 CHEELFE LTz,

$ pgbench -i -s 2000 [dbname]

M EDEFEE. PostgreSQLFTIIH/NN—23 VTRV E LT,

ZDH. DSA 7V RAT—INSRYFV—DEEMBLI LUz, EBERYFV—ITE IS 7V EGHE1, 16, 32, 64, 96, 128,

160, 1928 L. PostgreSQLEIA/NN—Ja Y DZENENTIPSERISLE Uiz, SNVYFV—IUHITTRESINS IS 7Y ~EREE

PostgreSQLFTIIA/NN—Ta V(ESVUAVIALE LIz, CNEBERICH (T IIEFMREITSEICEEBRHLCLWFE Uz, RYFV—DUHTE

{LF(C%'C(J?-&“%}E SR SidHAH AT, PostgreSQLEEIL 125, BIEX DY 7 ~ETHIICpg_prewarmZER{TLE Uz, CNICKDFT—TIL
—HEITRTNYIT7Fvr v alBRAITNET,

=# SELECT pg_prewarm('pgbench_accounts');

pg_prewarmzE X7 LI 5. UTOEBRAN I LRT ) T ~EpgbenchTERITL., BELERMANNDLDICLFE LR, TN, pgbenchDiZE#E
=+ 1A (pgbench -S) TIACPUICEAHLERANNSHEWNEHTT, BENICE. S5V45 LIC10000/FERELTVET,
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\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;

DS54 T7 Y RRY—/NTEITUlzpgbench IV Y R(IUTDED T,

$ pgbench -n -h [host] -p [port] -c [clients] -j [threads] -f [BIRR I XS L X DY T ] -T 300 -s 2000 -P 1 -r [doname]

SELECTDOH TH BT HVACUUMZERITEF(-n). pgbench IS5 7Y L#(-c)& XL v RE(-)EZEBTELEMRS, 300 FD(-T)ETLTULE
o ALYRBEOSATYRBROEDRELTUVE T, XT—ILT 7D H(-5)ICET—IR—IPHRIEE B 20008 BELE T, Fle. 1BED
EBLR—FBRP)EZEITVDFEEL A T Y (NEBRITSEECLFT LR, L. -P, r DEECL > THSNEHBRESENERICE
BRVSCEEHEDIEATUR,

DAV VRAY—NDSDRYFV—DOECCETEIELY REL. 3y REEL THONLTPSOHIEZFZRE LF LT,
4.5. IEEHER (ZRR)

BEARNYFV—IDTPSOI S TELUTICRUE T, TPSIIEEGREILICHVN D 2R % #&18 U ZfB(excluding connections establishing)& FHL\ T
WET, (UERER)

11,12 (FEBICTST TV EHEHOBMICONTTIPSMEML., I7HEBRIADDO S 7Y RTTPSIFEBHEEE>TVET, Fe.
FIBNA—2 3 VB TCTPSICERG D F Uc, 11DFITPSIE7204.12. 120FEHITPSIE6688.70& . 12DFHITPSIF11LDE7.15% FE>TLE L
7:—_.0

9000 -~
8000 -+
7000 +
6000 +

5000 -+

TPS

4000 -+

3000 -+

2000 -+

1000 -
11.6 --0--

12.1 —m—
0 T T T T T T T T

1 16 32 64 96 128 160 192
Clients

A3RDSA 7YV RHBICHTBTPS (BRR)
ZRERNVFV—DODLAFTVIDTSTEUTICRLET,

11,12 (FEEICTST 7Y EREOIEMICONTL 7 7Y YRFEFERNITIBINL TVWE T, I, HRN—-I3a VEATLTFTUYIICERDD
FUle, 1TOFAL T2 2(310.38, 120FFIL 1TV VIFI116E. 120FEFL 1TV VIEFITEDETS5% LB > TVE U,
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25
20 A
@
E 15 1
[«}]
[=Ts]
[
b
=
[+
o)
g 10 -
5
5 -
11.6 ---0--
12.1 —m—
0 T T T T T T T T
1 18 32 64 9% 128 160 192
Clients

AARDSAT Y RHBICRIBL 7TV (BRR)
LT, N—Ya VEOUREEREERS LEREREBXRT SIZOBIMRIEETVE LT,

4.6. BIREL(ZRR)

N=T3a VN E120ERRRIHERN S, 12(CHRESIEAEESNE LR, 2C T WN—I3 VOTPSERREAREND O,

64NEM TperfEBE L. FlameGraphZ4ER L F L2
4.7 ENMREHER(ZEXR)

FlameGraphDER(FUTOED TY,
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Reset Zoom v11.6 / pgbench -r -P 1 -n -c 64 -j 32 -f read.sqgl -T 300 -s 2000 / TPS = 3689.889476

heap_hot_search_buffer

ExecProchogce
fetch_imput tuple
agg_retrieve_direct

BxecAgg
(BxecProcNodeRirst
CExecProcNede
GExecutePlan
standard_ExecutorRun
ExeaforRun
PortalRunSelect
PortalRun
execsimple_guery

PostgresMain

4.5 )3—33 >V 11.60DFlameGraph

Reset Zoom v12.1/ pgbench -r -P 1 -n -c 64 -j 32 -f read.sql -T 300 -s 2000 / TPS = 3306.752085
|

4.6 /A—3) 3 v12.1MDFlameGraph

AMEDNDI—ILTSTICEB TS L. IndexNextBBLIRICERH D E T, FlC. /N\— 3 12TIJindex_fetch_heapRaUE(C
table_index_fetch_tupleB8#t & heapam_index_fetch_tupleBEE/MBIIETNTULE T, PostgreSQL 1200 U =X J—k [ELkB &, PIOEIAVY
ROZERY—II—RICMX5NTUVET,

Add CREATE ACCESS METHOD command to create new table types (Andres Freund, Haribabu Kommi, Alvaro Herrera,
Alexander Korotkov, Dmitry Dolgov)

This enables the development of new table access methods, which can optimize storage for different use cases. The existing heap
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access method remains the default.
COEEARHIBN—Ia VDTPSE LU LA TV IICHEESIZEDEHREINT T,
BWT, BFRECDVWTIRIELE Y,

4.8. 1R E(BHR)

EHRANYFV—ODFIREUTICRLET,

[-T—J?’l/— I SPGDATA % initdb L,'CEE?erszﬂEJ

PostgreSQL % i2#h

(templatel IZ pg_prewarm Eﬁﬁ] A

¥

(f\“/¥7—5'%”—f?f\“—1’af'ﬁﬂ€j

PostgreSQL %81k

)’

;:z?" FROELRS Jemer 16,32, 64,96, 128, 160, 192, 224, 256, 288, 320] & ;

iy 1
BrantanTkucaE

RREHE AT

(7_— »FlL—| $PGDATA % D I:’—)

PostgreSQL % #C&h

(pgbench 'C/\“‘/??-’}'?—‘STN—X’E%?]EETLJ

¢ A
(pg_prewarm('pgbench_accounts'J % Eﬁ]

¥

H ARAF LAY ST pghench EiT

)’

(PostgreSQL % immediate ‘F?HJ:)

SPGDATA % HIIi%

A7 BFIRANYFV—DDFIE

[FUSIZ, PostgreSQLY — /N CT—IR—X TSI I EIEHR L. BRI (CHE D Tpostgresql.confZ FHE L F LTz, postgresqgl.confDIHEEMTE T
Lz, T—OIR—IXDSIIEEEL Ctemplate1 7 —SIR— X (Cpg_prewarmZZiF L. RYFV—IF—IR—-XEEBRLF LI,

B EDEE%E. PostgreSQLFTIIH/NN—T3 Y TRLWE LT,

ZO#%, DSATYRAY—NRHBRYFV—OEEMLE Ut, BRRARYFV—ITRIS1 7Y MEGRHMET, 16, 32, 64, 96, 128,
160, 192, 224, 256, 288, 320 M1254k & L. PostgreSQLEIR/A—I 3 VD EZNZNTTPSERBLE Lz, SRYFY—IRTTRESNS D
S 7Y MEREE PostgreSQLFIIH/NN—Ta V(ES VA VI ALFE L, CNEREBRICHITIIEFNREZFIGHEHICEEERLTVWE LT,
RYUFV—DRITREICUTRIIIREEHEFHAHAT. FOHERLTHWET Y TLU—FT—IR—-—XOSXF%ZIE—L, PostgreSQL
EARZEIL. pgbenchI VY REFWTAYFV—IAT—IR—REZT—)LT 7 92000CEELE LR, COEE, TrILT7D5(380&
LFELR.

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

ZNtE. pg_prewarmZEE{TL. UTOEHFRND I LR D) T ~%EpgbenchTERITL., BEHLERAHNNDLSCLFE LR,
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\set naccounts 100000 * :scale
\set aid_val random(1, :naccounts)

UPDATE pgbench_accounts SET filler=repeat(md5(current_timestamp::text),2) WHERE aid = :aid_val;

e, D7V RRAY—/IN5S

$ pgbench -n -h [host] -p [port] -c [clients] -j [threads] -f [FEFIR I XS L X DY T ] -T 300 -s 2000 -P 1 -r [dbname]

ELTERTLE LR, VACUUMZEZRITET(-n). pgbench 517 Y L#(-c) & XL w RE(-)EEENTELMS, 300 FD(-T)ETLTVET,
ALY REEOSAT Y RHEOERELTOET ., T —ILT 7 D5 (-s)CFTF—IR—{EERE R U2000&BEL I, Fie. 1EOEN
LR—EES(-P)EZOTVDFAL 1TV I(NERRIBBEICLEI LR, (2L, -P, r DEEICL > THSNBEREISEINDERICEE
AuscelddhFrATLR)

DSATVRRAY—NDSORYFV—DFCCFTEICY REL, 3V L TROSNZTPSOFIYEEFRE LT LT, IH. FHRR
ADBEEFETEROT—TIVEFBVE S F,. BEYEELLTVE T,

4.9. BEHGER (BHTR)

BHRARYFV—DODTPSDIS IEUTICRLUE T,
11,12 FEEBICT STV FEGEOEBMC DN TTPSHNEM L. 192825 & TTPSOIBENMER (31T —T LT, 2248 LAREE TPSOIENN (005

HoNF LK, 1928 X TOBIMEB LD EE/PHTLRZ, FHIB/—IJ3 VETTPSICEEHDFEATLR,
70000
60000 -

50000

40000 -+

TPS

30000 -~

20000 -~

10000 -~

11.6 --0--

12.1 —=—
0 - T T T T T T T T T T T

1 16 32 64 96 128 160 192 224 256 288 320
Clients

488D STV RICHT BTPS (BHR)
BEHRAYFV—ODLATYIDTISTEUFICRLUET,

11,12 FEEICTSTT7 Y ERE16 DRRNS LT T Y IYREFEEEIVICEDZT LR, Fle. HBNR—JaVEATLI T YIICEREFEAL
HOFE-ATU,
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Latency average (ms)
w
1

2 _
l _
11.6 --0--
121 —m—
0 T T T T T T T T T T T T

1 16 32 64 96 128 160 192 224 256 288 320

Clients

49EDSAT Y RICNT BL 1YY (EHR)
410. F&&

AREEC(IHIERD . PostgreSQLEFI/N—I 3 VEIRN—IavEDIT—ILT v FHERBELBEIATUE LT,

ZRRAICDOVTIE. HREHIERRESNF U, FlameGraphMERH LV, 120U —X ) —rh5, POEIAY Y RICETSZY—XI—RLE
DEBERESLTVBEDEERINT T,

BEHRICOVTIE, HREEIRBOHSNFIEATLR,
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5. Pluggable Storage {RSHER
5.1. \REBEE

51.1. FEER

Pluggable StorageME A (L LD, PostgreSQLTIET—TILADT O IRHFIESINE Uz, PostgreSQL 12TIE. CNEFTHEHAINTLE
heapfEXMAccess Method (LU, AM) UMMEBHENTULEEBAMN, BE. 1= 12757 + KOFFAMOBEERESN SN TUVE T,

S, PostgreSQLZERT BB, BHOAMEEHT SHEMBER S ENMEBESNT T, ZDER. DBAICIF Y X T LICE U ZAMDEIRE S 6
JZDBERETDEENMKRHESNF T,

AREE T3, RERFEHPDAM(zheap. zedstore D2TELE) DENMEIREEETU\E T, SAMDIFUHERRL. BREEOBR CAITZIBERERELF
ER

5.2. Pluggable Storage & (&

5.2.1. iZ

PostgreSQLIZC NZE TheapfEXNDT—F T4 —V v ~DOHERME L TLE Uz, PostgreSQL 12T(d. Pluggable Storage#$iE& L T
BufferManager@ & ¥ DBV E{TDF L L\L 77 & U THIR{EET Nz Table Access Method BRBIIENE L 1,

F—=HIR=REIVFINCT—IERNT BLE(FTIEEL. RET—IDDNITER T DFERLLARTRASINTVET, L. A&
& D TldPostgreSQLT(IRAETHMBEH D E LT, Pluggable StorageMIEREIC K> T, T—TIADT O IMNHRIEETNE T, S&.
OMEEEFIAL. FARICELUZAMEREIRY 5 & T, PostgreSQLOBEREEIMNEA TS EMNEFTEE I,

PostgreSQL 12T (&, /R DheapfEXNDFT—F T 7 —V v ~IHWIT SAMUNMRHEETNTULE B A, S, FIRFAMMRHSNZBE, FIAER
AMOBBIEZEEBREL THCET BEDT7FIUT—2 3V Z—X(HILURAME T =TIV E(SBEIRAREE LD T—IR—IDRBLNATRE
[CEDE T,

Client Cliem

Posigres Posigres

e w88 EDB || .. ~ memsses———§ EDB
POSTGRES POSTGRES

5.1 Route to access table data on Disk (Left: PostgreSQL 11 Right: PostgreSQL 12)

https://anarazel.de/talks/2018-10-25-pgconfeu-pluggable-storage/pluggable.pdf

5.2.2. FDWEDEHBFICDNT

KMOELEDT—SE/ROFERE LT, PostgreSQLIC(FZESQLTER TN TLIBSAQL/MEDDEE R TH S, Foreign Data Wrapper (LA,
FDW) EWSHEHEFIAY 5 ERAIBET T,

Plugabble Storage EFDW(IAFMENRLE ST —HEMOICEMTESIRTEEBL TLIIN, WESEEDBNRRLE>THD, 2CHS5FA
IBY—VENIMNTETT,

FDW(&. 2B PostgreSQLIZ (T T REDBEDAT T —F EDEBEIT D ERBEMNEEL > TULE T, ™ML T, Pluggable Storage(dO—71JL
NT—HERBELT D RIFTETRSZHICRBEEINE T, Pluggable Storage & FDW T (FIRIRS NI EEEIRL > TH D, FRTETBINAICE
BOMRHDZE T, PostgreSQLTC NS DEEERAT DIBEEFAEERAILEVLSISERITDIMERH D E T,

5.3. Pluggable Storage MBAFEIRT
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Access Method

ES=[:)

BAFIR

heap FEROT—TILFER PostgreSQL 1200 I 7H#%EEE L THHAIA TN
TWE9,

zheap UNDOO S & {#HMA L 1TzVACUUMAELF— | Enterprise DBAREFH, UNDOOI S MIERLIC

JUET DVTHEIREIF Dz, BAF(F2019F98 LR

FETLCLE T, (UNDOOST DEROAEHMN
REDRE, AREBAIZRAHTI, )

zedstore RO T —TILER 13-develE R— X (ZGreenplum A BEFE T T
WEd,

TDEforPG v2% EENES{ET—TILER NECHRBEFEH,

S[Ol. PGEConsTldzheapd & UzedstoreMAccess Method &SRB L F LTz,
54 REECTHEALZT—5ETIVHIE

RRIECIEUTFORYFV— 0 &R LR E L % LT,

5.4.1. pgbench

pgbench& (3. PostgreSQLICIB T STPC-BETILDMAERE Y —ILTY,

Y—JLOFRIC DV TIE BIRD TERER (RT—IL77 v THREE) | OFRAZECESELLTES 0,

5.4.2. star schema benchmark

Star Schema Benchmark& (&,  Star Schema Benchmark DX (CK D> TARINTUVBIHENET—S T T 7/\NIXETILTH DX —XF—

NTF—90IT7N\DRELTHEEFTNTOLET,

EXELT 75 7 —TJL(LINEORDER) & Il I E[CIBRD DLV T« X V23

e JPOKRF=TI

o BRDBABEE L THERLT—

e FTAXVTaAVF—TI

IPERINTUNE T,

VTF—JIHERESNEBRORN Y FY—DETILTT,

o J7IORFT—TIERHTBRHEART—HELBIVIIT—FE L TERER. BMRBERMESHTNTOET,

5.5. \RIHRIE

55.1. VI VBK

ZAIREE(F. Windows10 L TEWEY 3 VirtualBoxDVMERIE CTITLE LTz,

DSAT7 Y RAT—NEDBY —NERFFIC1EOHFDBR TITVE LT,

RARVIVEVMDIRY D EUTDESDTY,

E2A:) CPU XEY oS s
"RV 8 16GB Windows 10 Pro VirualBox 6.0.6%
TRV 3 2GB Cent0OS 7.4

5.6. DBE&E

pluggable storageMIREE T, postgresql.conf(CIATDEREEITV. REICEEESILELSICF T VIRTY ~OEEE T T TRIEEEML F

Lz,

shared_buffers = 512MB
checkpoint_timeout = 30min
max_wal_size = 15GB

log_checkpoints = on
max_parallel_workers_per_gather =0

Fle. DIV TFIEEHFEL B L DIC/IRSLILOTVIMELELTVET,

LETHRBHLUL/IASA—FLNDEDGERNCT T4 NMBEEFRALZ Uz, P, zheap&zedstore(FN—XELBD AT v—/A—TI 3 VIRE

EoTLVBRICTERLSES L,
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R—REEB AT v—/\—T 3 (2020562H

Access Method [57=0) w5
zheap PostgreSQL 12 2019F9AN SR MEIEL TV B TIZ®, 12
MR—=XEFED>TVS
zedstore PostgreSQL 13
5.7. zheap

5.7.1. zheap DR E

PostgreSQLIFBRRE T —FF O Fr EFRAL TLBRH, HIRET—TILOBAEIEIHETSCEEBITSNETEA,

F—TILDBXEDRET D ERFT v VEDEMICHES /S T4 -V Y INDIEE, b—ERCFEESIFUREAGNTT, T, —EEX
BLleT7—JIE EBEREICRET (CE. T—TILOBBRENNE(ICEDET, T—JILOBBREBOLOVIREELTLE SRS, B
FAORBETIEB(CKET S EANREETI, PostgreSQLOFABSBRIEELDIRINZ B EHIC+HHDTEVACUUMMD EREN®, FILLFACTORI(C
K BHOTEEATCE S EMAFREIZETORENRLHDE LT,

zheapTld. CNSDREBEMAT B/20h. Filc/dStorage FormatZiZHt L TULE T, zheap(FUNDOOL ZHAIT B L CEBERT7—FF7D
FrEPHTUVNET, &P, PostgreSQL 11 E THEASTNTUVWZRRDT—TILT7 LI AV W R(heap) Tld, BEERT7—FFOF v EHFALT
WBRICEVWEHD T EA

MVCCIZUNDOOF(CTRIREL TH D, HIBRL EEROMRBEIAZEEICIT B TT—TILOBX{EEMZ TLE T, /e, UNDOOT DE
BICLDBRET7T—FFIF v TIIELIE o 21200, zheapZEEA LTz T — T ILADVACUUMIMME (G RB E L > TH D, EENDEV\FREEZEAIE
ERMEBEFLEEA. CNDSDEBICEVzZheapTIE. I FINVIEDRBUARBLAYVSIETSET. T—TILADESTIAHEDEHE.
F—TIY 1 XOEMERRLETD,

5.7.2. 7 —TJILIBE
zheapD I FIbAw 5 DEAKLEESheapDED EEDSEWTI M, heap & LR T B & LK DHHIBRS NIZREAH D E T,

BERNICE. I FIVRINSERTES Ne =S U502 3 VIDERRY 5ED. DELETEEZ{Tolc b5 VY02 3 VIDERHRI SMEEGFUNDOO S
DMAICEDARBEL D Iefedh. HIBRESNTUVE T CNSDHIBIC KD I FILAY I DY X323/ 1 ~E 2 TeDEDMzheap TIF5/ 3 (S
EfEThTOE T,

heapZ AL ZRERDI FIA VI DBEFIUTDOES DT,

struct HeapTupleHeaderData
{
union
{

HeapTupleFields t_heap;

DatumTupleFields t_datum;
} t_choice;
ltemPointerData t_ctid; /* current TID of this or newer tuple (or a

* speculative insertion token) */

uint16 t_infomask2; /* number of attributes + various flags */
uint16 t_infomask; /* various flag bits, see below */
uint8 t_hoff; /* sizeof header incl. bitmap, padding */
/* M- 23 bytes - ¥/
bits8 t_bits[FLEXIBLE_ARRAY_MEMBER]; /* bitmap of NULLs */
/* MORE DATA FOLLOWS AT END OF STRUCT */
b

zheapZFA LI FILAY I DBEFIUTOESD T,

Page 23 of 112



PostgreSQL Enterprise Consortium

typedef struct ZHeapTupleHeaderData

i
uint16 t_infomask2; /* number of attributes + translot info + various flags */
uint16 t_infomask; /* various flag bits, see below */
uint8 t_hoff; /* sizeof header incl. bitmap, padding */

/* M- 5bytes - ¥/
bits8 t_bits[FLEXIBLE_ ARRAY_MEMBER]; /* bitmap of NULLs */
/* MORE DATA FOLLOWS AT END OF STRUCT */

} ZHeapTupleHeaderData;

5.7.3. UNDOO S O#&EiE

¥UNDOOJ(C DU TIF2020F3ATRE. 7—FF I F v DEBEICDVWTERMTONTUL S0, AETHAT IEHRE ERNRE DBENRIT
SHBEMAH B RICTERIET L,

UNDOOF(FIMBOEI XY =T 71ILbE LT, $PGDATA/base/undo E/zld. $PGDATA/pg_tblspc/VERSION/undo B2 FICAERENZE T,
UNDOOS (/N O IV RTFOCRBFICT7TILAEIDLETOSN, CIAXAYRT7AILOT RUXAR—IBARRI B ETIEAL I 71 ILAME
BEnNE 9, (S, unlogged relation~NDZE & (Funlogged undo loglC BRI NFE T, )

UNDOOS (IWALERRICU T 1 OIS NBBEENTNDEIX VR T77ILELTT « RDIREINE T, 22 L. WALEREKEDFT—TIL
ANDTOECZDESICHBNYI7ENLTI7IIICTOLEILET, NwI7EDT—HEFIVIRTIREREECIX I T 71ILOY]
BRI 7TIVICETHEINET,

UNDOOS(EF— T ILTF— 8 EERICR— VB ICEEEINTH D, BEDPosgreSQALR—IAW S (F T wHH LPLSNEGD)E@EALTULE
¥, 1DMUNDO Pagell(d, EHOUNDOL I— RAMMESNTH D, BRS NN RRITEL TRR—IAZL TSN TVF T,

#H5/\y I ¥ UNDO logfile
UNDO page (1MB)
UNDO Page Header UNDO Page
— . UNDO Record UNDO Page
TR addundo| T L NL | VS
Q & Record checkpoint, age
...................... -~ UNDO Record Segment ﬂ|e o
DOUHEX UNDO Page
L I Bl E [ R B

EH. UNDOOTDAIFT—SDEBFWALICEBHRINTULEI M BAWALS T v v OEMR B2, LI—ROBART Y ~OBEHRICD
WCTIREBZFELETDEVEOTIRRTINTVET,

DBiZ/EBST. UNDOOZ (CEBIMET B Undo Record DAY A (ZUATDLDICERBINTUVET,

typedef struct UndoRecordHeader
{
Rmgrld urec_rmid; /* RMGR [XXX:TODO: this creates an alignment
*hole?] */
uint8 urec_type; /* record type code */
uint8 urec_info; /* flag bits */

uint16 urec_prevlen; /* length of previous record in bytes */
Oid urec_reloid; /* relation OID */
Transactionld urec_prevxid;
Transactionld urec_xid; /* Transaction id */
Commandld urec_cid; /* command id */
} UndoRecordHeader;
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5.7.4. BEFIBE
zheap(FIR7E. BIRHPDAMTH B, N1FUELTERBEFEESNTOE R A,
ZORS. ABIETIZGithubN S D YO—RULEY—INSEJLREFTV., BIEET>TVET,

$ sudo su - postgres
$ git clone https://github.com/EnterpriseDB/zheap
$ cd ~/zheap
$ export PGHOME=~/local/zheap/pgsql
$ ./configure --prefix=${PGHOME} \
--bindir=${PGHOME}/bin \
~-libdir=${PGHOME}lib \
--sysconfdir=${PGHOME}/etc \
--includedir=${PGHOMEY}/include \
--datadir=${PGHOME}/share \
--with-pgport=5432 \
--with-python \
--with-openssl \
--with-pam \
--with-ldap \
--with-libxml \
--with-libxslt
$ make
$ make install

DBO S X HER CEEIDFIEIIUTDES DT,

$ export PATH=/var/lib/pgsql/local/zheap/pgsql/bin:$PATH
$ export PGDATA=~/local/zheap/data

$ initdb -D ${PGDATA} --no-locale --encoding=utf8

$ pg_ctl -D ${PGDATA} start

DIEDIREE TS EMEERE L I HHETTHIETO>TVE Y, e, BHEERTIBZR. Frviiby RBISHEVLSICUATOREESE
TLTVEY,

$ pg_ctl -w -D $PGDATA restart
$ sudo sysctl -w vm.drop_caches=1

5.7.5. BT —JILDES

SRMENT, BEFERICEISIRIANT—TJILELT, UMTOEEDT—TIVEMALF L, FHAccess MethodDF—TILIC(I#IERT—5
EUT, 1005 - FEHEALI LI,

CREATE TABLE zfoo(id int, vall text, val2 text, val3 text) USING zheap; -- heapTld. USING heapZz 93
INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));

CREATE INDEX ON foo USING btree (id);

5.7.6. /N )LD R AMERE

& Access MethodZ {88 L /= Star Schema benchmark 0 lineorder — ' JLICW U TSF=10BY4 DT —5 (120051T) DCOPYET>ZBRDL
FUIEHRLE U,

HEDOIER, heaptzheaplcH(FB LS VT O3 VERDOL ATV IDEF1%KRBTH D, heapE DI T, zheap |l (FHREENLWNC & %&
BRETETFE L
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COPY latency for 12 million records [ms]
500,000 467137.844  465880.175
450,000
400,000
350,000
300,000
250,000
200,000
150,000
100,000

50,000

0.050 0.043 59.996 8.361

BEGIN COPY lineorder FROM '/benchdata/lineorder.thl’ END
DELIMITER '|;

W heap Mzheap

5.2 COPY latency for 12 million records

REAFIREUTOES D TT, RIBEMTESTDIRFREICEDE CRAERHE XTIV,

$ pgbench postgres -j 1 -c 1 -r -t 1 -f ${TESTDIR}/sqlSet/bulkinsert.sql

5.7.7. ZRitHE

o B—{TDAYTYVIRRFvY
FAccess Method & A U IZAREEAN T —JILIC LT 11785 V5 LTS Y 2R % RIS CO0MWE O TUEETLE LR,
MEIDIER, B—1TOSB(CWT Blatency(C DL TIE. heap& DL T, zheapll|FMREENIWC E &R TEFH LT,

SELECT latency for one record [ms]

0.12 0.107 0.107
0.10
0.08
0.06
0.04

0.02

0.00

SELECT * FROM foo WHERE id = :aid;

B heap M zheap

5.3 Latency of SELECT query (1 record)
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ZRBAXTUTEUTOESDTY,

\set aid random(1,1000000)

SELECT * FROM foo WHERE id = :aid;

BEEFIREUTDES D,

$ pgbench postgres -c 1 -j 1 -T 60 -r -f ${TESTDIR}/sqlSet/select_single.sql

o Efw U IEBOEERR (7T v IXIF v )
& Access MethodZ= A LTI N T —ILICH L T, 1000175 S5 V5 L THISY 2R % RIS C0MBE O TUEERTLE LI,
REEDIER. SHEAREKE(ICT BlatencylC DUV TIE. heap& DR T, zheapld10%EEELL D E MER TSI LT,

SELECT latency for 1000 records [ms]

2.5

1.906

20 1.676
15
1.0

05

0.0
SELECT * FROM foo WHERE id >=:aid AND id < :aid + 1001;

® heap ™ zheap

5.4 Latency of SELECT query (1000 records)

BTF—TIADOERAX DU TEIUATOESD,

\set aid random(1,999000)
SELECT * FROM foo WHERE id >= :aid AND id < :aid + 1001;

BEEFIREUTDES D,

$ pgbench -¢ 1 -j 1 -T 60 -r -f select_range.sql

5.7.8. BETHAE
o BT BEH

B Access Method = U RSN T —JILIER LT, 178 S VS LTEH I SNEE RFEGRH1 C60MWREI T UERTLE LR,
REEDFER. E—1TOEHICH T Blatency([C DUV TIE. heap& DT, zheapldiitaheap & AEU EDHREMRETUVD C EEBRBTEZL

Page 27 of 112



PostgreSQL Enterprise Consortium

zo
UPDATE latency for one record [ms]
1.0 33> 6902
0.8
0.6
0.4
0.195 0p.183
0.2
o oo M
BEGIN UPDATE foo SET vall = END

now()::text WHERE id = :aid;

B heap ™ zheap

5.5 Latency of UPDATE query (1 record)

BT —TILAOEHFRAITVTHEUTOESD,

\set aid random(1,1000000)
BEGIN;

UPDATE foo SET val1 = now()::text WHERE id = :aid;
END;

BEEFIREUTDES D,

$ pgbench -c 1 -j1-T 60 -r -f

update_single.sql

o Eifi UEZICH I S EEEEH
&Access MethodZ 8 U TZREEAD T —TILICKR LT, 1000172 S5 V5 LCEHI SR E RFER L1 TO0MEI T U ERTLH LR,

REEDFER. SHEHEH(CN T Blatency(C DU TIE. heap& DLLER T, zheaplZUPDATEMUE T25%. COMMITALIE T(F50%I2E, MREMBE L\ &
VWSIBREEIBTETI LR,
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UPDATE latency for 1000 records [ms]

14

12
10

8

6

4

2 0.053 0.039
0

BEGIN

\set aid random(1,999000)
BEGIN;

UPDATE foo SET vall =

12.889

9.726

3.400

END

now()::text WHERE id == :aid
AND id < :aid+1001;

B heap M zheap

5.6 Latency of UPDATE query (1000 records)

UPDATE foo SET vall = now()::text WHERE id >= :aid AND id < :aid+1001;

END;

BEEFIREUTDES D,

$ pgbench -¢ 1 -j 1 -T 60 -r -f update_range.sql

5.7.9. RYFV—IETILHB(pgbench)

pgbenchCEAT 37— 7 L& ZAccess Method TIER L. ZNS5DT—TILENRICRRHEGRHI TTPC-BEXRTLF LT,
REEDFER. TPC-BOEI T Y DlatencylCDULTIE, CNFETOR

i) ZWBIBCEEMTEFLR,

0.860
08 0.749

0.6
0.4

0.2
0.035 0.033
0.0 — —

BEGIN; UPDATE pgbench_accounts SET
abalance = abalance + :delta

WHERE aid = :aid;

BEEFIREUTDES D,

statement latencies [ms]
pgbench postgres -j 1 -¢ 1 -r -T 60

0.116 0.111

SELECT abalance FROM
pgbench_accounts WHERE aid =
:aid;

0174 139 0197 o157

UPDATE pgbench_tellers SET
thalance = thalance + :delta
WHERE tid = :tid;

0.099  0.102

bbalance = bbalance + delta
WHERE bid = :bid;

bid, aid, delta, mtime) VALUES
(:tid, :bid, :aid, :delta,
CURRENT_TIMESTAMP);

W heap Mzheap

5.7 Latency of query like TPC-B

UPDATE pgbench_branchesSET  INSERT INTO pgbench_history (tid,

1.822

SHER(ITASIZIBR (ERMEEEEEM L. EH. COMMITOMAEEFzheapE

1.167
1.106

END;
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$ pgbench -i -s 200 postgres

$ pgbench-c1-j1-T60-r

5.7.10. AMEHEDRESS
5.7.10.1. 7 — T LY 1 XL

& Access Method Tpgbench_accounts (pgbench) . lineorder (StarSchemaBenchmark) MF—JILE/ER L. #IHAT —9BFEEOT—TILY
TADURETVE U

MEEDIER., 7 —TILH 1 X(CDUWTIE. heapE MHER T, zheapTldpgbench_accounts. lineorder& £(Z15%EE Y 1 XHREMEI NS C & H\FE
FTEFFLR,

Initial table size [MB]

9000 8523
8000
7000
6000
5000
4000
3000
2000
1000

7212

2562
2057

lineorder [SF=10] pgbench_accounts [SF=200]

W heap Mzheap

5.8 Table size comparison

5.7.10.2. 7—TILY 1 XDZE(L

& Access Method Tpgbench_accounts (pgbench) MF—TJILE{ER L. TPC-BETE(IN62E S V0 3 VEFE)CT—TILAEX{EL T
WBNESHERZETUVEUZ, BH. NRETIFBARILT D & &R I B2, FILLFACTOR=100CT—TJILEEERL. HOTEFH N EEEE
HOBXEAFEE LPTOVBRBE T CERLTVE T,

BEEDBER. T—TIWH 1 ZDEAEICDNTIE. heaph.5%RE Y 7 XHMEML TLBZ EIC/ UL T, zheap TIET—TILH 1 AHMBEMULEW
eEmRTETE LR

Page 30 of 112



PostgreSQL Enterprise Consortium

Table bloat after pghench [MB]

3000

2562 2604

2500

2057 2057

2000

1500

1000

500

Initial size -c18-T 1800

W heap mzheap

5.9 Table bloat size comparison

5.7.11. %=t. EHICEAI MR

DBs%:t. EBRICEIBRREE LT, DBOX YT F YV B I 7H#AEE U TRESINTU S ED L zheapMHATRENERZTULE LI, @E
£, fooT7—TIL(dheap TIERR L. zfooT— T )UIdzheap TIER LIz EN E L TRITBREZH L CLE T,

BROYVIEUATOESDTY,

1BH zheap COFIABIEH s

XVFFUR o (FIFTIRE CLUSTEROV Y RMETOT(CH L) Tzheap

(VACUUM/ANALYZE/CLUSTER/REINDEX) DIEHIBRTRL I— R DY LETNEH D
Zo

Rw D 7w IR o heap& DELEICHLIT, BICEUIFRE SN
otz

LY==V H UL TFUT—23Y o [ Lt,

OvAlLbFulr—3y ¢} il

BEENNR—FTr¥3av o @t

IRSLILOTY o [t

FILLFACTOR o il

BINEY 1 —JU(pgstattuple) X (FIFARA) heap AR [FIFIE L TULVEL LYo

5.7.11.1. X5 F > X (VACUUM/ANALYZE/CLUSTER/REINDEX)

e VACUUM
BHROEBEHFEBEDIREE THEF Uz zheapD T — T ILIC L T, VACUUMEEITL, ZDRBREERLF L,

REEDIER. zheapDT— T ILICKEICUPDATEZ{T > TEdead_tuplelFHEELFEATLRR, Ffe. VACUUMDERMNSE YT v I XITD
WCTEARBBEENEEL COEh e cEBBLE LT,

#Access MethodD 7 — T ILICEFH&ETT D LB OBENREHEHR & VACUUMETIRFDBERIEFUTDESFDTT,

postgres=# select * from pg_stat_user_tables where relname = 'foo';
-[ RECORD 1 J------- e

| 16424
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relname | foo

seq_scan |2

seq_tup_read | 1000000

idx_scan | 43071

idx_tup_fetch | 43071

n_tup_ins | 1000000

n_tup_upd | 43071

n_tup_del | 0

n_tup_hot_upd | 27689

n_live_tup | 1000000

n_dead_tup | 27412 % **zheapDiZ & (Fdead_tupldFead Ligu\
n_mod_since_analyze | 43071

last_vacuum |

last_autovacuum |

last_analyze |

last_autoanalyze | 2020-03-26 15:43:34.122166+09
vacuum_count |0

autovacuum_count |0

analyze_count | 0

autoanalyze_count |1

Timing is on.

postgres=# vacuum verbose foo ;

psql: INFO: vacuuming "public.foo"

psqgl: INFO: scanned index "foo_id_idx" to remove 15382 row versions

DETAIL: CPU: user: 0.44 s, system: 0.00 s, elapsed: 0.44 s

psql: INFO: "foo": removed 15382 row versions in 15382 pages

DETAIL: CPU: user: 0.11 s, system: 0.00 s, elapsed: 0.11 s

psql: INFO: index "foo_id_idx" now contains 1000000 row versions in 2745 pages
DETAIL: 15382 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

psql: INFO: "foo": found 15200 removable, 1000000 nonremovable row versions in 16646 out of 16646
pages

DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 85917

There were 303 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.77 s, system: 0.02 s, elapsed: 0.80 s.

psql: INFO: vacuuming "pg_toast.pg_toast 16424"

psql: INFO: index "pg_toast_16424_index" now contains 0 row versions in 1 pages
DETAIL: 0 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

psql: INFO: "pg_toast _16424": found 0 removable, 0 nonremovable row versions in 0 out of O pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 85917

There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

VACUUM

Time: 821.434 ms

postgres=# select * from pg_stat_user_tables where relname = 'zfoo';
-[RECORD 1] +

relid | 16431
schemaname | public
relname | zfoo
seq_scan |2
seq_tup_read | 1000000
idx_scan | 42323
idx_tup_fetch | 42323
n_tup_ins | 1000000
n_tup_upd | 42323
n_tup_del |0
n_tup_hot_upd |0
n_live_tup | 1000000
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n_dead_tup | 0 % **heapDIF S (ddead tupMEET 5+
n_mod_since_analyze | 42323

last_vacuum |

last_autovacuum |

last_analyze |

last_autoanalyze | 2020-03-26 15:43:36.012058+09
vacuum_count |0

autovacuum_count |0

analyze_count |0

autoanalyze_count |1

postgres=# vacuum verbose zfoo ;

psql: INFO: vacuuming "public.zfoo"

psql: INFO: index "zfoo_id_idx" now contains 1000000 row versions in 2745 pages
DETAIL: 0 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

psql: INFO: "zfoo": found 0 removable, 1000000 nonremovable row versions in 13889 out of 13890 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 42845

There were 0 unused item pointers.

0 pages are entirely empty.

CPU: user: 0.23 s, system: 0.02 s, elapsed: 0.25 s.

psql: INFO: vacuuming "pg_toast.pg_toast 16431"

psql: INFO: index "pg_toast 16431_index" now contains 0 row versions in 1 pages
DETAIL: 0 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

psql: INFO: "pg_toast_16431": found 0 removable, 0 nonremovable row versions in 0 out of 1 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 42845

There were 0 unused item pointers.

0 pages are entirely empty.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

VACUUM

Time: 272.954 ms

e ANALYZE

ARROZHRIEE. EFMREDIREE CHER L l2zheapD T —TILICH L T, ANALYZEZRITL. ZORBREMIB L F LT,

REEDIER. heapE LU T, FBLEBEWC &R TE I LI,
BERORITR/REUTOESDTY,
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postgres=# ANALYZE VERBOSE foo;

psql: INFO: analyzing "public.foo"

psql: INFO: "foo": scanned 16646 of 16646 pages, containing 1000000 live rows and 0 dead rows; 30000 rows in sample, 1000000 estimated totd
ANALYZE

Time: 339.199 ms

postgres=# SELECT * FROM pg_stats WHERE tablename = 'foo' AND attname = 'id’;
-[RECORD 1] +

schemaname | public

tablename | foo

attname (el

inherited | f

null_frac |0

avg_width | 4

n_distinct | -1

most_common_vals |

most_common_freqs |

histogram_bounds |
{64,9490,18922,28171,37975,47840,58337,67905,77951,87567,97060,108158,117758,127807,139084,148310,158854,168819,179599,18922
correlation | 0.9691951

most_common_elems |

most_common_elem_fregs |

elem_count_histogram |

Time: 18.989 ms

postgres=# ANALYZE VERBOSE zfoo;

psql: INFO: analyzing "public.zfoo"

psql: INFO: "zfoo": scanned 13890 of 13890 pages, containing 1000000 live rows and 0 dead rows; 30000 rows in sample, 1000000 estimated to
ANALYZE

Time: 573.389 ms

postgres=# SELECT * FROM pg_stats WHERE tablename = 'zfoo' AND attname = 'id";
-[RECORD 1] +

schemaname | public

tablename | zfoo

attname | id

inherited | f

null_frac |0

avg_width | 4

n_distinct | -1

most_common_vals |

most_common_freqs |

histogram_bounds |
{10,10151,20422,32249,41569,50540,60285,70652,80788,91039,101666,111648,122191,131666,140720,152042,162194,171540,181507,1924
correlation | 1

most_common_elems |

most_common_elem_fregs |

elem_count_histogram |

Time: 4.352 ms

e CLUSTER

AR DEERMEE. BEFEREDIREE CER U fzzheapMFT—TILICK L T, CLUSTERZRITL. ZOBREEIBL T LI,

REEDFER. heapELEERU T, zheapDIBFE FHIBRTRTIEEL00H L I— RAKRIRINFEATLR,

B ORITERIUTOES DT,
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postgres=# CLUSTER VERBOSE foo USING foo_id_idx ;

psql: INFO: clustering "public.foo" using index scan on "foo_id_idx"

psql: INFO: "foo": found 0 removable, 1000000 nonremovable row versions in 16394 pages
DETAIL: 0 dead row versions cannot be removed yet.

CPU: user: 1.13 s, system: 0.18 s, elapsed: 1.53 s.

CLUSTER

Time: 2242.479 ms (00:02.242)

postgres=# CLUSTER VERBOSE zfoo USING zfoo_id_idx ;

psql: INFO: clustering "public.zfoo" using index scan on "zfoo_id_idx"

psql: INFO: "zfoo": found 0 removable, 0 nonremovable row versions in 13890 pages
DETAIL: 0 dead row versions cannot be removed yet.

CPU: user: 0.98 s, system: 0.19 s, elapsed: 1.93 s.

CLUSTER

Time: 2433.532 ms (00:02.434)

e REINDEX
ZAccess Method & LU leRT— T IV TER I NI2B-tree1 V7w U XENMRICREINDEXEETL. R ETVE LI
IREEDFER. heap HEBRL T, FIGBVBLVWC EHERTESI LT,
BEROEITRRIFUTOESD T,

postgres=# REINDEX ( VERBOSE ) INDEX foo_id_idx;
psql: INFO: index "foo_id_idx" was reindexed

DETAIL: CPU: user: 0.59 s, system: 0.04 s, elapsed: 0.98 s
REINDEX

Time: 718.343 ms

postgres=# REINDEX ( VERBOSE ) INDEX zfoo_id_idx;
psql: INFO: index "zfoo_id_idx" was reindexed

DETAIL: CPU: user: 0.65 s, system: 0.04 s, elapsed: 1.15s
REINDEX

Time: 828.794 ms

57.11.2. Rw o7 v IV ANRY

zheapZEFEALET—TILICH LT, Ny IO 7 v TOEEBRU. PITRMEMATAEENESE L F LT,

BERDER. zheapZ@ALET—TITH > TEMBELL, NV ITPYITROVANVERITTEECLEBRRBTEI LR,
BERORITRREUTOESDTY,
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# MHRT— 5 &R
psql postgres -c "CREATE TABLE bar (id int);INSERT INTO bar VALUES (1);"

# basebackupEXiS
pg_basebackup -h localhost -D /tmp/rep

# T — S ER
psql postgres -¢ "CREATE TABLE bar2 (id int) USING zheap;\
INSERT INTO bar2 VALUES (1);\
SELECT pg_switch_wal();\
INSERT INTO bar2 VALUES (2);\
SELECT statement_timestamp();"
psql postgres -c "SELECT pg_sleep(30);\
INSERT INTO bar2 VALUES (3),(4);\
SELECT pg_switch_wal();"

# UANURADEREEER

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "recovery_target_time = '2020-02-27 15:27:05™ >> /tmp/rep/postgresql.conf

echo "recovery_target_action = 'promote™ >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

echo "restore_command = 'cp /var/lib/pgsql/local/zheap/arch/%f %p™ >> /tmp/rep/postgresql.conf

# PITRETR U

pg_ctl -D /tmp/rep start

psql postgres -p 5433 -c "SELECT * FROM bar2;"
id

57.11.3. AKY—=V5LFIUT—2r3y

zheapZEA LT —TJILICH LT, ARU—ZYILTFUT—23y (LR SRET D) MEMHENERLI Lz, AMREL. 18DERET
LUV, EHYSFUpotESEEBLEEL T L,

HESBDIER. zheapE AL T —TILTH > TEMREL . SRIBREBRAETHS I EMEBLI LI,
RS ORITEREIUTOES DT,
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# 151 DYER(standby.signal & B BI{ERK)
pg_basebackup -h localhost -D /tmp/rep -R

# SRAMRE & B

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

echo "primary_conninfo = 'user=postgres host=localhost port=5432" >> /tmp/rep/postgresql.conf

#hVSFVEE
pg_ctl -D /tmp/rep start

# LTUT—2 3 KBRS
psql postgres -¢ "SELECT client_addr,state,sync_state FROM pg_stat_replication"

# zheapAMZEER L e 7 — T ILEIER
psql postgres -¢ "CREATE TABLE bar (id int) USING zheap;\
INSERT INTO bar VALUES (1);"

#ENVFIDT—TIEERIT S
psql postgres -p 5433 -c "SELECT * FROM bar"
id

57.11.4.0JAILLTIVT—23Y

zheapZEA LT —TJILICH LT, OINDILLTFUT -2 a YRRIEARENERL X LIz, AMRELHL. 160RETRMBLTLSeH. EhY
S (dportBSEXELEHLI LT,

BROER. zheapZEALeT—TILTH > CTEMBELL, OIJAIWLTIT—2a VR AaEETH B B LI LI
BEERORTRREUTOESDTY,

#R—XNVOTVvTEERT D

pg_basebackup -h localhost -D /tmp/rep

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

#EHhVF U EEEHT S
pg_ctl -D /tmp/rep start

# ISAVITNRITIVT -3 VEERT D
psql postgres -¢ "CREATE TABLE japan (id int, pref text, city text, data text) USING zheap;\
CREATE PUBLICATION pub_srv1_testdb_japan FOR TABLE japan;"

#EHAVFITYITROSANEERT B

psql postgres -p 5433 -c "CREATE TABLE japan (id int, pref text, city text, data text) USING zheap;"

psql postgres -p 5433 -c "CREATE SUBSCRIPTION sub_srv2_testdb_japan CONNECTION 'dbname=postgres port=5432 user=postgres'
PUBLICATION pub_srvi_testdb_japan;"

# IS1VIICHEBADT—S%INSERTY
psql postgres -¢ "INSERT INTO japan VALUES (1, &R, &', '5—8A )\
INSERT INTO japan VALUES (2, #Z)], #8E, '‘SRLove=");"

#EAVIVICT—IMINSERTENTVB L ERRT S
psql postgres -p 5433 -¢ "SELECT * FROM japan"
id | pref |city| data

1|ERR |#B | 5—0AR
2| #R)1| | #8K | RLove=
(2 rows)
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1

57.11.5. BN/ —F Y3 Y

BEENNS—T 1Y 3aVEBRI B WRT— TV TzheapEFIATIBENER L X Uiz, BROBER. zheapZEFEALLET—TILTH > TEMRE
B, BENNS—FTrYaVOBREERTETRICEERIABLEI U, BT —TILADAMIBRE(EPostgreSQLE U THR— SN TULELDTE
MBCTEFEEAN. FT—TILADIEBEABETLZ, e, TI—ZVFICDVWTEBMNTHBICEEER LT L

BERORITREREUTOESDTY,

postgres=# CREATE TABLE japan ( pref text, city text, data text ) PARTITION BY LIST (pref) USING zheap;
psql: ERROR: specifying a table access method is not supported on a partitioned table

postgres=# CREATE TABLE japan ( pref text, city text, data text ) PARTITION BY LIST (pref);
CREATE TABLE
postgres=# CREATE TABLE kanagawa PARTITION OF japan FOR VALUES IN ('#Z)I1') USING zheap;
CREATE TABLE
postgres=# \d+ japan
Partitioned table "public.japan"
Column | Type | Collation | Nullable | Default | Storage | Stats target | Description
———————— R e i e
pref |text | | | | extended | |
city |text| | | | extended | |
data | text | | | | extended | |
Partition key: LIST (pref)
Partitions: kanagawa FOR VALUES IN (‘f85&)1[")

postgres=# \d+ kanagawa
Table "public.kanagawa"
Column | Type | Collation | Nullable | Default | Storage | Stats target | Description
———————— R e i s e e
pref |text| | | | extended | |
city |text| | | | extended | |
data | text | | | | extended | |
Partition of: japan FOR VALUES IN (‘#8Z)I1)
Partition constraint: ((pref IS NOT NULL) AND (pref = '#8%R)||"::text))
Access method: zheap

postgres=# INSERT INTO japan VALUES (‘BE5T,'BIF',' X'), (48251, BEE, 299 1), (FZ) 1B, 5 29 U X VY,
INSERT 0 3
postgres=# EXPLAIN SELECT * FROM japan;

QUERY PLAN

Append (cost=0.00..63.75 rows=2250 width=96)
-> Seq Scan on tokyo (cost=0.00..17.50 rows=750 width=96)
-> Seq Scan on kanagawa (cost=0.00..17.50 rows=750 width=96)
-> Seq Scan on shizuoka (cost=0.00..17.50 rows=750 width=96)
(4 rows)

postgres=# EXPLAIN SELECT * FROM japan WHERE pref = "f8153)1|";
QUERY PLAN

Seq Scan on kanagawa (cost=0.00..19.38 rows=4 width=96)
Filter: (pref = "#1Z)I|"::text)
(2 rows)

5.7.11.6. /ASLILDOTY

zheapZEEA LT —TILICRH LTRSS LILO TUSFAERENERZE LE Lz, BEOER. zheap& A LT —TILTH>TE/ISLILD
TUSHEELSEMFI B EMBTETELI,

B ORITERIUTOES DT,
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-bash-4.2$ psql postgres -¢c "COPY zlineorder FROM '/benchdata/lineorder.tbl' DELIMITER '™
-bash-4.2$ psql postgres

psql (12betat)

Type "help" for help.

postgres=# set max_parallel_workers_per_gather TO 2;

SET

postgres=# explain analyze select count(*) from zlineorder ;
QUERY PLAN

Finalize Aggregate (cost=1236243.51..1236243.52 rows=1 width=8) (actual time=37240.607..37240.607 rows=1 loops=1)

-> Gather (cost=1236243.29..1236243.50 rows=2 width=8) (actual time=37239.741..37240.709 rows=3 loops=1)
Workers Planned: 2

Workers Launched: 2
-> Partial Aggregate (cost=1235243.29..1235243.30 rows=1 width=8) (actual time=37214.960..37214.961 rows=1 loops=3)

-> Parallel Seq Scan on zlineorder (cost=0.00..1172758.03 rows=24994103 width=0) (actual time=0.941..25695.379
rows=19995351 loops=3)

Planning Time: 0.215 ms

Execution Time: 37240.879 ms

(8 rows)

-bash-4.2$ sudo sysctl -w vm.drop_caches=1
vm.drop_caches = 1

-bash-4.2$

-bash-4.2$ psql postgres
psql (12betat)

Type "help" for help.

postgres=# explain analyze select count(*) from zlineorder ;
QUERY PLAN

Aggregate (cost=1672640.10..1672640.11 rows=1 width=8) (actual time=37817.039..37817.040 rows=1 loops=1)

-> Seq Scan on zlineorder (cost=0.00..1522675.48 rows=59985848 width=0) (actual time=2.136..25350.578 rows=59986052 loops=1)
Planning Time: 0.575 ms

Execution Time: 37822.773 ms
(4 rows)

5.7.11.7. FILLFACTOR
zheapZ A LTz 7—FILICK U Cillfactor BRI RIBENVEESRZ L E LTz,

HESRDIER. zheap&E AL 7 —T IV T > Cfillfactor(FERCTT D ENERTET X LTS, fillfactorlc K> T, BEEMR TRl &Lk
D, T=TIWT 7 IR EERBTETE LR,

ULA\U. zheaplZBRBED 7 —F 70 F v T2, fillfactor&E 3RE T SEIKIIE LT, HOTEDREE/SNLVRICSEIRBUETT,
BRERORITRBREUTOESDTY,
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postgres=# CREATE TABLE zfoo(id int, val1 text, val2 text, val3 text) USING zheap WITH (fillfactor="100'");
CREATE TABLE
postgres=# INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));
INSERT 0 1000000
postgres=# CREATE INDEX ON zfoo USING btree (id)
postgres-# \d+
List of relations
Schema | Name | Type | Owner | Size | Description
-------- e e
public | zfoo | table | postgres | 109 MB |
(1 row)

postgres=# drop table zfoo;
DROP TABLE
postgres=# CREATE TABLE zfoo(id int, val1 text, val2 text, val3 text) USING zheap WITH (fillfactor='80');
CREATE TABLE
postgres=# INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));
INSERT 0 1000000
postgres=# CREATE INDEX ON zfoo USING btree (id)
postgres-# \d+
List of relations
Schema | Name | Type | Owner | Size | Description
-mmmmee- +-mmen ommmme- ommmmnee- +---
public | zfoo | table | postgres | 137 MB |

5.7.12. 8MEJ 31—
e pgstattuple
zheapZ A LTz 7 — T JLICK U Tpgstattuple MFIFERIRENVEESRZE LE LTz,
HESBDIBER. pgstattupleldheapIH DT —TIVIC[EREL TOWEWC ERBERTETF LR,
REFFDERITR/RIEUTOESDTT,

psql postgres -¢ "CREATE EXTENSION pgstattuple”
psql postgres -¢ "CREATE TABLE bar (id int) USING zheap;"

psql postgres -¢ "SELECT * FROM pgstattuple('bar’);"
ERROR: only heap AM is supported

5.8. zheapDIREHER (CTT T DEER

AIRIFC(E. PostgreSQL 12 TEE I N/zPlugabble StorageMIREEE U T, IRAERIFEPDAccess Method Tdr SzheapDIREEE TV E LTz,

zheapMEEMTH BBARAEDIHFNCDNTTI A HOTEEML L TZIBRIEMFEE LT L\ T — T L Tpgbench(C K BIREEE 1T D T2 HE5R.
zheap T[T —TILT A AREILLEVC E&EHEBTE I LI

ZRR(ICDOVTIE. 1L O—R(CHT Blatency(Zheap L AFDMBET LTe M, EEMRZR(CH UV TIIzheap THFHCHREMEVC E ZMHEBLF L
lzo BHFIRICDUVTII. UPDATE, COMMITICHE W TzheapMBEME VW SIERICED, BT S L I—RFHZIECL L LBEERABROBRELEDE
Llzo

T=TIT 1 XCDVTIE, RBEI FILAY T DHEIRIC KD, heap& tEE L THIQ2BIRE DT — S BHIBRIRNAH 5 C E SR TE T LT,

F/z. DBERETOERICREET 3ERE LT, DBAYFFYIXRMIV Y RAPostgreSQLR Y IR— + T SHBEC DV TDEMFRESRZE T, (T
zheapTHBRIC EERBH I BDC ELULKFEATE S L EBB TSI LR,

5.9. zedstore

5.9.1. zedstoreDIPE
GreenplumRRDICRARET O TVWDI NS LT T4 —V v b EHR—~TF BAccess MethodTT

ASLTOFHMELT, JEANT -5 T4 —V Y L THBEH. heapFEDTHEANT —F T4 —V v EHBRUTRFv VI 37— I EZHIM
TBRCENRTEXY, F/z. zedstoreTI>NSLFTFT—ITF—V v LICMR, 1Z4CLBT—FEMETOTHD. TS5LBI0ENHIREE KR
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LTVWE9d,
Row-oriented Column-oriented
(heapAM, zheapAM) (zedstoreAM)
colA-1 | colB-1 [colC-1 |colD-1 colA-1  colB-1 | colC-1  colD-1
colA-2 |col B-2 | colC-2 |col D-Z colA-2  colB-2  colC-2  colD-2
col A-N | col B-N | col C-N | col D-N colA-N  colB-N  colC-N  colD-N

5.10 Image of data format
5.9.2. 7 —TJILiEE

zedstore CEHB SN T — T IVIFEFDBtree & ZOMAIR—IEFETEERINT T,

zedstore CEZE S NIz 7 — T IUIETID(tuple ID) tree EIEEN D RS FILDARMERE S A CBtree. T 5(C1—HF—I AR S S Attribute
treeMNS LA NEFELE T, 5HEHCC CTE SBireeldBireer V7w U R EFBMREV 2. SBERAUVEWKDISEFEITIMERSDE T,

zedstore TOMVCCIE. zheap& AR TUNDOOS TERL TLE T, UNDOOST & DT (FICEEL TTI M, zheapTIIBER—I IS VT D
3 Y20V REFDCETERLTUZDICN LT, zedstore TIE 7 7 7 ABAICEEUNDOOS & DMMI (FBIBEFT DL S/EEIEE L D> TL
FY, (bukinsert&EfToe{BH(F. 71T LASETIREL, P17 LDEFICH LU TR SBEBRMRRINZE T, )

zedstoreDT—5(d. UTOESCEBDELDZ ITA—Y VYV RDT—IHEMIN, TNENR—IBNTEEINTVET,
TID tree Attribute tree Attribute tree
for column 1 for column 2

. . Fras

L] || i

|| ] -

HERENN
NN
NN

i

X 5.11 Image of table structure

https://www.postgresql.eu/events/pgconfeu2019/sessions/session/2738/slides/233/ZedStore-PGConfeu2019-Milan.pdf

5.9.3. BEFIE

zedstore(JIRE. BEPDAMTHBE®H. N1FVELTERBEINTUVEEA. TDEMH. AR TEGithubhNSSF D yO—RULEY—XH
S5EIRETL. REAETO>TLET,
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$ sudo su - postgres

$ git clone https:/github.com/greenplum-db/postgres.git
$ cd postgres

$ git checkout zedstore

$ ./configure --prefix=/var/lib/pgsql/local/zedstore/pgsql --with-pgport=5432 --with-Iz4
$ make
$ make install

DBO S X HEM EBENDFIRIUTDEHFD T,

$ export PATH=/var/lib/pgsql/local/zedstore/pgsql/bin:$PATH
$ export PGDATA=~/local/zedstore/data

$ initdb -D ${PGDATA} --no-locale --encoding=utf8

$ pg_ctl -D ${PGDATA} start

DIEOBEE T3 EMEERE L 2 HHETTHIETO>TVE Y, e, EHERTIBR. Frvriby MBI SHEVLSICUTOBRFESE
TLCTVET,

$ pg_ctl -w -D $PGDATA restart

$ sudo sysctl -w vm.drop_caches=1

5.9.4. R T—TIILDESE
SEMRE. BHHREDRIICERIT ST —JILEREBAT—IEUTICRLET,
LB, zedstore (ASLFTXET) OFBZEERITDEH. UTORIOSEERAETOTLET,

o BREAT—TJI
o heap&zedstore CRdHAH IOV IMMNEE RS T IRETEHFALET,
s =T YVIBIRAF v VETDEDIEH. TVTVIREERLEL,
s ASLEEEOL, LI-RHEDDT—HEEKRETLITS,
» FEEROBRLEBZINSLEEERT D,
=T YUIVIRAF v I TOHRPAHEEE LI 20, WIHET— 5 EFIRORIEDSEFICT B,
o BHAT—TJI
o AMICLBHEMEVELLE T B26). BiRDzheap RN T —TIVES. T —IBEFEALET,
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-- 28

CREATE TABLE zfoo(
id int,
vall text,
val2 text,
val3 text,
val4 text,
val5 text,
val6 text,
val7 text,
val8 text,
val9 text,
val10 text,
vall1 text,
val12 text,
val13 text,
val14 text,
vall5 text,
val16 text,
vall7 text,
val18 text,
val19 text,
val20 text

JUSING zedstore; -- heapFEMDF— 7L TIE. USING heap& 93

INSERT INTO zfoo (
SELECT generate_series(1,5000000),
md5(random()"text)
md5(random

d5(random

md5(random
md5(random

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

EHMAEICRET SREIABND T —TILICE. UTDEEDT—TIVEERLF LI,

-- EB¥H
CREATE TABLE zfoo(id int, vall text, val2 text, val3 text) USING zedstore WITH (fillfactor='80"); -- heapFEMD > —TJJL (&, USING heap& 9
B)

INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));
CREATE INDEX ON zfoo USING btree (id);

5.9.5. VLD AMERE

& Access Method%Z {# 8 L /= Star Schema benchmark 0 lineorder 7 — 2 JLIZT LU TSF=10E DT —5 (120051T) DCOPYETOZBRDL
FUIEHRBRLZE U,
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EEEDIER. heap& LB L T, zedstore Tl RS U HF DI a VB TLA TV IHAS%FERBVWC EERRBTETF LI,

COPY latency for 12 million records [ms]

500000
386688
400000
300000 267828
200000
100000
0.118 0.038 15.323 27.408
0
BEGIN UPDATE foo SET vall = END
now()::text WHERE id >=
-aid AND id < :aid+1001;
m heap mzedstore
5.12 Latency of bulkinsert
BREFIEEUTOES DT,

$ pgbench postgres -j 1 -c 1 -r -t 1 -f ${TESTDIR}/sqlSet/bulkinsert.sql

5.9.6. SHBAE
o B—ASLICNTBRDY—TVIvILIFr Y

£ Access MethodZ= A U ZREEAND T —TILICK LT, id. vall0, val20MAS LEEE T IMIEERTL. SidhAACblock#l. actual time®
H®EITOWE U,

REEDFER. heap& DLLER T, zedstorelIEMHEERNE < FidHiA HblockER VLN S L (val20 : BEEXFF)) CNT SR TIEIERTCUEETS
CENTETBCEERABLFI LU, RNECEBDINFERHFAHbIockEINZ L\ S L(vall0 @ 32D S VA LXF) (T S8R Tld. zedstore
NEREEK LI LERRATET I R, HIREEMEEROBVERT IHENS LICNT 8RB TldheapL AFDBERELEDF LI,
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Processing time of SELECT a column [ms]

9000
7743
8000
7000
6000
4443 4898
5000
3967 3804
4000
3000
1924
2000
0
SELECT id FROM foo; SELECT val10 FROM foo; SELECT val20 FROM foo;

B heap M zedstore

5.13 actual time of SELECT query

BAMICH(TBASLAIDGHEHFAGTOY IOBMEUTICRLE T, EH. FdHAHFTOY TH(L EXPLAIN ANALYZEDBUFFERSZ 2 3 V(C &
SHNBEREFERALTVET,

heapFfTHEATH B2, HHAFTOVIHKIEI—EICHE>TUBIDICHT U T, zedstore TIIIFED IS LDHFDread UMFEE L TULELZ
. AIBICHRFAHFTOVIBELHRTET CLDEERRBTTI LR,

Number of blocks read

450000 416667 416667 416667
400000
350000
300000
250000
200000
150000
100000

50000 3189 21072
[ ]

SELECT id FROM foo; SELECT val10 FROM foo; SELECT val20 FROM foo;

681

B heap M zedstore

5.14 Number of read blocks
zedstoreMERdHAH T T w D E & actual timeDEHRE IS JIELIEEDEUTICRLUE T,
BROFBER., SEIORIECH U TIF6000T7 0w I ESHFAHDBREE T BHBE (FheapD (TS HMEENICBAIICTED EHETETET,
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The boundary between zedstoreAM and heapAM

in this case
9000
8000
7000
6000
5000
4000
3000
2000
1000

0
0 5000 10000 15000 20000 25000

Number of read blocks

Processing Time [ms]

5.15 Performance boundary value (read block)

ZBAIO U TREUTOESDTY,

EXPLAIN (ANALYZE,VERBOSE,BUFFERS) SELECT id FROM foo; -- [@#&(Cval10, val20lC DWW TEERT B

BEEFIREUTDES D,

$ for tin id val10 val20
do

psal postgres -f ${TESTDIR}/sqlSet/select_${t}.sql
done

5.9.7. EHMEAE

o B{TICNYBEH
FAccess Method & LIZREEAN T — T ILICR U T, 1TES VS LTEH I 3B E ARERHI TI00B O TV EERITLE LR,
REEDER. E—1TOEH(CN T BSlatencylC DV TIE, heap& DI T, zedstore(F2BRERV\C ENERTETFH LT,
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UPDATE latency for one record [ms]

1.2

0.980
1.0 0.902

0.8

0.210
0.2 0.119
0.026 0.026

0.0
BEGIN UPDATE foo SET vall = END
now()::text WHERE id = :aid;

heap M zedstore

5.16 Latency of UPDATE query

BT —TILAOEHFAIT VT HEUTOESD,

\set aid random(1,1000000)
BEGIN;

UPDATE foo SET vali = now():text WHERE id = :aid;
END;

BEEFIREUTDESD,

$ pgbench ¢ 1 -j1-T 60 -r -f

update_single.sql

o EiUIZEEICN T SEEER
FAccess MethodZ= R U TZAREERN T —JILICT L T, 10001758 S V5 A TEH I DUEE ARSI TI09BEI T U EETLE L
REEDIER. HHEHEF(C T BlatencylC DL TIF. heap& DELER T, zedstoreldEEIMIGEWC ERERTEZ LT,
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350
300
250
200
150
100

50

UPDATE latency for 1000 records [ms]

330

0.049 0.052 6.925
BEGIN UPDATE foo SET vall =
now():-text WHERE id >=:aid
AND id < :aid+1001;

heap zedstore

5.17 Latency of UPDATE query

\set aid random(1,999000)
BEGIN;

UPDATE foo SET vall = now()::text WHERE id >= :aid AND id < :aid+1001;

END;

BEEFIREUTDES D,

$ pgbench -c 1 -j 1 -T 60 -r -f update_range.sql

5.9.8. RYFY—DEFIVLEK

5.9.8.1. pgbench(TPC-B)

2.749 5.289

END

pgbench CEATY 57— J L& HAccess Method C/ERX L. ZN5 DT —TILENRICEFEREI CTPC-BEETLE LI,

REEDIER. TPC-BOED I Dlatency(CDVTIE. CNETORIHERICAOZER (FH. COMMITOMERE (FheapfB(il) ZHRI D EM
TEFE U, T—JTILOBRENNS L\ zoh, SRR zedstore RAFILRMH TI M, pgbenchDIBE. 7V FT v I X AF v UK 26, AF
DBERICHE>EEZBNE T,
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statement latencies [ms]
pgbench postgres -j1-c1-r-T 60

14 13.332
12
10
8
6
4
2 1.159 1.394
>89 0.194 0.180 0428 0.204 0429
0.034 0.031 0.121 . . . . . 0.100 0.104
, - - o m N
BEGIN; UPDATE pgbench_accounts SELECT abalance FROM  UPDATE pgbench_tellers SET UPDATE pghench_branches INSERT INTO END;
SET abalance =abalance + pgbench_accounts WHERE  thalance =tbalance + :delta  SET bbalance = bbalance +  pgbench_history (tid, bid,
:delta WHERE aid = :aid; aid = :aid; WHERE tid = :tid; :delta WHERE bid = :bid; aid, delta, mtime) VALUES
(:tid, :bid, :aid, :delta,
CURRENT_TIMESTAMP);
M heap Mzedstore
5.18 Latency of query like TPC-B
REFIREUTDES D,

$ pgbench -i -s 200 postgres

$ pgbench-c1-j1-T60-r

5.9.8.2. Star Schema Benchmark(OLAP)

T7 D bF—TILEZAccess Method TYERR L. T+ XV a>YF—TIUIEE Theap TER LIERIBTISBEND I IV EETETLFE U,
BEEDIER. 2ETHIITUI/IS—VICHUT, heapE DELER T, zedstore COIMBIFENKIB(CEMEINS e ERBTETH LI,

execution time [ms]

160000 o6 139553 139571 141426 140928 141005 140200 140148 139859 139880 141019 141079 140624

140000

120000

100000

80000

60000

40000
Q11 Q1-2 Ql-3 Q3-1 Q3-2 Q3-3

B heap Mzedstore

o

5.19 Execution time on Star Schema Benchmark

5.9.9. AMKEDRESE
5.9.9.1. T =TI 1 XHER

& Access Method Tpgbench_accounts (pgbench) . lineorder (StarSchemaBenchmark) MF—JILE/ER L. #EAT—9BHFEIFOT—TILY
T XDLBRETVE LI,

REEDFER. T—TILT 7 XDV TIFE. heap& DLLER T, lineorder(d. heap& LEER L Tzedstore T40%IZE DT 1 X, pgbench_accounts(&
heap& LbE U Tzedstore T4%RRENH 1 X &1L DTz, pgbench_accountsDIBE. B UIcRAEZHT — I NS CHEBENER(CEN DL
HEHALTULET,
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8523

9000
8000
7000
6000
5000
4000
3000
2000
1000

lineorder [SF=10]

5.9.10. %=t EMHICEAI /R

Initial table size [MB]

2966

® heap M zedstore

5.20 Table size comparison

2562

100

pgbench_accounts [SF=200]

DBs%st. EAICRAT R L LT, DBOX Y FF Y RABX I 7HEEE U TIREINTUL D ED & zedstore MHRERIBENBER EITVE LIc, &
BHLE. foor—TIL(dheap TIERR L. zfooT—TJJUIdzedstore TIER LI ED E L TRITIERESZH L CLE T,

BROYVIEUATOESDTY,

15H

zedstore CORIADIE

"%E

XYFFUR
(VACUUM/ANALYZE/CLUSTER/REINDEX)

o (FIFRIRE

zedstorelCH ULV T(F. ANALYZE/CLUSTERO
VY ROMBREMENT S C c L
7::0

Ry D7y IR o heap& DHEICH VT, KISBWEIRSNE
morz,

RAEU—ZVHLTFUT—TaY o G

OInLFur—oay o =N

BEEMNNR—FTrT3aY o =ila

RSLILOTY o Ao

FILLFACTOR o Ao

BIIEY 1 —)U(pgstattuple)

x (FIRAA)

heapASHE (FTIIG L TLVE U,

5.9.10.1. X5 7> X (VACUUM/ANALYZE/CLUSTER/REINDEX)

e VACUUM

SREBENDRIICHEARA LT YT v XD\ zedstoreD T — T ILICH LT, VACUUMEEITL.

REEDER. BB AEZFEHDEIRMTIR S & E2MABLE LR,

EHFEOBREGEHERE VACUUMERTIRDBER(IUT D EH D T,

postgres=# select * from pg_stat_user_tables where relname = 'foo’;
-l RECORD 1 J------- oo

relid
schemaname
relname

| 16837
| public
foo

ZOR™RERBLI LIS
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seqg_scan |2
seq_tup_read | 1000000
idx_scan | 6000
idx_tup_fetch | 6000
n_tup_ins | 1000000
n_tup_upd | 6000
n_tup_del | 0
n_tup_hot_upd | 953
n_live_tup | 1000000
n_dead_tup | 5895
n_mod_since_analyze | 6000
last_vacuum |
last_autovacuum |
last_analyze |
last_autoanalyze |2020-03-27 10:10:41.755361+09
vacuum_count | 0
autovacuum_count |0
analyze_count |0
autoanalyze_count |1
Time: 14.534 ms

postgres=# vacuum verbose foo ;

INFO: vacuuming "public.foo"

INFO: scanned index "foo_id_idx" to remove 5047 row versions

DETAIL: CPU: user: 0.25 s, system: 0.00 s, elapsed: 0.26 s

INFO: "foo": removed 5047 row versions in 5047 pages

DETAIL: CPU: user: 0.03 s, system: 0.00 s, elapsed: 0.03 s

INFO: index "foo_id_idx" now contains 1000000 row versions in 2745 pages
DETAIL: 5047 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

INFO: "foo": found 5032 removable, 1000000 nonremovable row versions in 16477 out of 16477 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 102451
There were 1 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.46 s, system: 0.03 s, elapsed: 0.49 s.

INFO: vacuuming "pg_toast.pg_toast _16837"

INFO: index "pg_toast _16837_index" now contains 0 row versions in 1 pages
DETAIL: 0 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

INFO: "pg_toast_16837": found 0 removable, 0 nonremovable row versions in 0 out of 0 pages
DETAIL: 0 dead row versions cannot be removed yet, oldest xmin: 102451
There were 0 unused item identifiers.

Skipped 0 pages due to buffer pins, 0 frozen pages.

0 pages are entirely empty.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

VACUUM

Time: 535.067 ms

postgres=# select * from pg_stat_user_tables where relname = 'zfoo';
-[RECORD 1] +

relid | 16850

schemaname | public

relname | zfoo

seq_scan |3

seq_tup_read | 1000000
idx_scan | 6000
idx_tup_fetch | 1006000
n_tup_ins | 1000000
n_tup_upd | 6000
n_tup_del | 0
n_tup_hot_upd | 0
n_live_tup | 1000000
n_dead_tup |0
n_mod_since_analyze | 0
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last_vacuum |

last_autovacuum |

last_analyze |

last_autoanalyze |2020-03-27 10:12:41.002016+09
vacuum_count | 0

autovacuum_count |0

analyze_count |0

autoanalyze_count |1

Time: 29.988 ms

postgres=# vacuum verbose zfoo ;

INFO: vacuuming "public.zfoo"

INFO: scanned index "zfoo_id_idx" to remove 6000 row versions
DETAIL: CPU: user: 0.18 s, system: 0.00 s, elapsed: 0.18 s

INFO: "zfoo": removed 6000 row versions

INFO: index "zfoo_id_idx" now contains 0 row versions in 2745 pages
DETAIL: 6000 index row versions were removed.

0 index pages have been deleted, 0 are currently reusable.

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.

VACUUM

Time: 1426.891 ms (00:01.427)

o ANALYZE
HRDEIRMEEE. EHEBEDIREE TER U fzzedstoreD T — T ILICHT L T, ANALYZEZEEITL. ZDBREBBLF LI,
REEDHER. heap LHEL T, MEBRRAMANMK ICBVDIEWC EERBTET I LR,
BREES ORITEREIUTOES DT,
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postgres=# ANALYZE VERBOSE foo;

INFO: analyzing "public.foo"

INFO: "foo": scanned 30000 of 41667 pages, containing 359996 live rows and 0 dead rows; 30000 rows in sample, 499998 estimated total rows
ANALYZE

Time: 977.611 ms

postgres=# SELECT * FROM pg_stats WHERE tablename = 'foo' AND attname = 'id’;
-[RECORD 1] +

schemaname | public

tablename | foo

attname (el

inherited | f

null_frac |0

avg_width | 4

n_distinct | -1

most_common_vals |

most_common_freqs |

histogram_bounds |
{8,8811,19199,28856,39832,49215,58953,70045,79862,89647,99675,109350,118005,128200,137659,147915,157283,167913,177659,188310,
correlation | 1

most_common_elems |

most_common_elem_fregs |

elem_count_histogram |

Time: 14.046 ms

postgres=# ANALYZE VERBOSE zfoo;

INFO: analyzing "public.zfoo"

INFO: "zfoo": scanned 3907 of 3907 pages, containing 500000 live rows and 0 dead rows; 30000 rows in sample, 500000 estimated total rows
ANALYZE

Time: 2259.623 ms (00:02.260)

postgres=# SELECT * FROM pg_stats WHERE tablename = 'zfoo' AND attname = 'id';
-[RECORD 1] +

schemaname | public

tablename | zfoo

attname |id

inherited | f

null_frac |0

avg_width | 4

n_distinct | -1

most_common_vals |

most_common_freqs |

histogram_bounds |
{10,10151,20422,32249,41569,50540,60285,70652,80788,91039,101666,111648,122191,131666,140720,152042,162194,171540,181507,1924
correlation | 1

most_common_elems |

most_common_elem_fregs |

elem_count_histogram |

Time: 4.266 ms

e CLUSTER

AR DEERMEEE. BEFEREDIREE CER U fzzheapMFT—TILICK L T, CLUSTERZRITL. ZORBREMBL I LT,

BREEDHER. heap HEEIL T BRI ICBVDINEWC EERBTET I LR,

B ORITRRIUTOES DT,
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postgres=# CLUSTER VERBOSE foo USING foo_id_idx ;

INFO: clustering "public.foo" using index scan on "foo_id_idx"

INFO: "foo": found 0 removable, 500000 nonremovable row versions in 41667 pages
DETAIL: 0 dead row versions cannot be removed yet.

CPU: user: 1.49 s, system: 0.94 s, elapsed: 3.02 s.

CLUSTER

Time: 3651.239 ms (00:03.651)

postgres=# CLUSTER VERBOSE zfoo USING zfoo_id_idx ;

INFO: clustering "public.zfoo" using index scan on "zfoo_id_idx"

INFO: "zfoo": found 0 removable, 0 nonremovable row versions in 39263 pages
DETAIL: 0 dead row versions cannot be removed yet.

CPU: user: 6.95 s, system: 0.97 s, elapsed: 9.27 s.

CLUSTER

Time: 10542.133 ms (00:10.542)

e REINDEX
B Access Method & L e R T — T IV TER I NIZB-tree 7 V7 v U AENMRICREINDEXZERITL. BERETVLE LI,
REEDIER. heapE LB L T, BRI IIFBULAEWC E IR TEX LT,
BEROEITRRIFUTOESD T,

postgres=# REINDEX ( VERBOSE ) INDEX foo_id_idx;
INFO: index "foo_id_idx" was reindexed

DETAIL: CPU: user: 0.35 s, system: 0.08 s, elapsed: 0.44 s
REINDEX

Time: 456.337 ms

postgres=# REINDEX ( VERBOSE ) INDEX zfoo_id_idx;
INFO: index "zfoo_id_idx" was reindexed

DETAIL: CPU: user: 1.03 s, system: 0.02 s, elapsed: 1.06 s
REINDEX

Time: 1089.927 ms (00:01.090)

5.9.10.2. Av O 7w FIURIRY

zedstoreEEALZT—TILIERUL T, Ny O 7 v ITOBERU. PITROEMEAIRENERL F LTz,

BERDER. zedstoreEFEALET—TIWTH> TEBBLL. NV ITYvIRCYANRNIVERTTCET I EERBTETF LR,
BEROEITRRFUTOES DT,
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# MHRT— 5 &R
psql postgres -c "CREATE TABLE bar (id int);INSERT INTO bar VALUES (1);"

# basebackupEXiS
pg_basebackup -h localhost -D /tmp/rep

# T — S ER
psql postgres -¢ "CREATE TABLE bar2 (id int) USING zedstore;\
INSERT INTO bar2 VALUES (1);\
SELECT pg_switch_wal();\
INSERT INTO bar2 VALUES (2);\
SELECT statement_timestamp();"
psql postgres -c "SELECT pg_sleep(30);\
INSERT INTO bar2 VALUES (3),(4);\
SELECT pg_switch_wal();"

# UANURADEREEER

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "recovery_target_time = '2020-03-10 09:02:09™ >> /tmp/rep/postgresql.conf

echo "recovery_target_action = 'promote™ >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

echo "restore_command = 'cp /var/lib/pgsql/local/zedstore/arch/%f %p™ >> /tmp/rep/postgresql.conf

# PITRETR U

pg_ctl -D /tmp/rep start

psql postgres -p 5433 -c "SELECT * FROM bar2;"
id

5.9.103. ARY—=V5LFIUT—r3y

zedstoreZEFRALET—TIICH LT, RRU—=V5 L0 FUT—T3y (L&, SRET D) NEMERENERL I U, AR, 180EE
TEELTWBRZOH., TAVSU(FportEEE=ZBUEFHLF LT

HESEDIER. zedstoreZEA LT —TILTH > TEMEL. SREBREBRABETHICEERBLI LI
RS ORITEREIUTOES DT,
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# 151 DYER(standby.signal & B BI{ERK)
pg_basebackup -h localhost -D /tmp/rep -R

# SRAMRE & B

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

echo "primary_conninfo = 'user=postgres host=localhost port=5432" >> /tmp/rep/postgresql.conf

#hVSFVEE
pg_ctl -D /tmp/rep start

# LTUT—2 3 KBRS
psql postgres -¢ "SELECT client_addr,state,sync_state FROM pg_stat_replication"

# zedstoreAMZEFERA U 1z 7 —JILEERL
psql postgres -¢ "CREATE TABLE bar (id int) USING zedstore;\
INSERT INTO bar VALUES (1);"

#ENVFIDT—TIEERIT S
psql postgres -p 5433 -c "SELECT * FROM bar"
id

5.9.104. OJ AL TUT—23Y

zedstoreE AL T—TILICRL T, OINILLTUT—2 3 YRRBAIENMERL I Lz, AR, 1BORETEREL TLSH. €
V) (portBESEEZELEELE LI,

FESRDIER. zedstoreEFEALIET—TILTH > CEREEL, OVAIWLTUT—Ia URAEETH D EEBRLE LTz,
BB ORITEREIUTOES DT,

#R—XNVOTVvTEERT D

pg_basebackup -h localhost -D /tmp/rep

echo "port = 5433" >> /tmp/rep/postgresql.conf

echo "archive_mode = off" >> /tmp/rep/postgresql.conf

#EHhVF U EEEHT S
pg_ctl -D /tmp/rep start

# TSAVITIRTUT =3 VEERT B
psql postgres -c "CREATE TABLE japan (id int, pref text, city text, data text) USING zedstore;\
CREATE PUBLICATION pub_srv1_testdb_japan FOR TABLE japan;"

#EHAVFITYITROSANEERT B

psql postgres -p 5433 -c "CREATE TABLE japan (id int, pref text, city text, data text) USING zedstore;"

psql postgres -p 5433 -c "CREATE SUBSCRIPTION sub_srv2_testdb_japan CONNECTION 'dbname=postgres port=5432 user=postgres'
PUBLICATION pub_srvi_testdb_japan;"

# IS1VIICHEBADT—S%INSERTY
psql postgres -¢ "INSERT INTO japan VALUES (1, &R, &', '5—8A )\
INSERT INTO japan VALUES (2, #Z)], #8E, '‘SRLove=");"

#EAVIVICT—IMINSERTENTVB L ERRT S
psql postgres -p 5433 -¢ "SELECT * FROM japan"
id | pref |city| data

1|ERR |#B | 5—0AR
2| #R)1| | #8K | RLove=
(2 rows)
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5.9.10.5. S/ \—F

\I

Iv

BENNR—T I3 VEBRIT IR NKRFT—TILTzedstoreZ=RIFARTRENER L X Lic, HERDER. zedstoreEFALIET—TILTH>TE
Mg, BEEN/I—FT Y3 VOBREFRCETDCEEBRLILUIE, BT —TILADAMIERE (dPostgreSQLE U THR— TN TULIELLD
TEETETIEAN, FT—TILADEEIFHEEET LR, &z, FIL—ZVTCDVWTEBWTHIEEZHRLE L,

BERORITREREUTOESDTY,

postgres=# CREATE TABLE japan ( pref text, city text, data text ) PARTITION BY LIST (pref) USING zedstore;
psql: ERROR: specifying a table access method is not supported on a partitioned table

postgres=# CREATE TABLE japan ( pref text, city text, data text ) PARTITION BY LIST (pref);
CREATE TABLE
postgres=# CREATE TABLE tokyo PARTITION OF japan FOR VALUES IN ('88R') USING zedstore;
CREATE TABLE
postgres=# CREATE TABLE kanagawa PARTITION OF japan FOR VALUES IN (‘##Z)1]") USING zedstore;
CREATE TABLE
postgres=# CREATE TABLE shizuoka PARTITION OF japan FOR VALUES IN (‘#F') USING zedstore;
CREATE TABLE
postgres=# \d+ japan
Partitioned table "public.japan”
Column | Type | Collation | Nullable | Default | Storage | Stats target | Description
+------ e B e B e -
pref |text| | extended |
city |text| | extended |
data |text| | | | extended |
Partition key: LIST (pref)
Partitions: kanagawa FOR VALUES IN (‘#8z%)11)

postgres=# \d+ kanagawa
Table "public.kanagawa"
Column | Type | Collation | Nullable | Default | Storage | Stats target | Description
-------- B e i s e e A
pref |text| | | | extended | |
city |text| | | | extended | |
data |text | | | | extended | |
Partition of: japan FOR VALUES IN (‘##Z)11)
Partition constraint: ((pref IS NOT NULL) AND (pref = '#8%%)I['"::text))
Access method: zedstore

postgres=# INSERT INTO japan VALUES ('SR%R','BTH',") X'),(‘#H&R/I BT, 2 DV 1), (RG5> 5 > XY,
INSERT 0 3
postgres=# EXPLAIN SELECT * FROM japan;

QUERY PLAN

Append (cost=0.00..59.25 rows=1950 width=96)
-> Seq Scan on tokyo japan (cost=0.00..16.50 rows=650 width=96)
-> Seq Scan on kanagawa japan_1 (cost=0.00..16.50 rows=650 width=96)
-> Seq Scan on shizuoka japan_2 (cost=0.00..16.50 rows=650 width=96)
(4 rows)

postgres=# EXPLAIN SELECT * FROM japan WHERE pref = 'f858)11';
QUERY PLAN

Seq Scan on kanagawa japan (cost=0.00..18.12 rows=3 width=96)
Filter: (pref = '#&)11"::text)
(2 rows)

5.9.10.6. /A5 LIJILOTY

zedstoreZ AL Te 7 —TIVICH L T/AS LILO TUBKIARRENESRE LUF Uiz, HBROBR. zedstoreZFALET—TILTH>TE/NRSL
IWOTVIEELSEMFI B EMIBTEI LI

BERORITRREUTOESDTY,
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-bash-4.2$ psql postgres -¢c "COPY zlineorder FROM '/benchdata/lineorder.tbl' DELIMITER '™
-bash-4.2$ psql postgres
psql (13devel)
postgres=# set max_parallel_workers_per_gather TO 2;
SET
postgres=# explain analyze select count(lo_discount) from zlineorder ;
QUERY PLAN

Finalize Aggregate (cost=408740.62..408740.63 rows=1 width=8) (actual time=19629.966..19629.966 rows=1 loops=1)
-> Gather (cost=408740.41..408740.62 rows=2 width=8) (actual time=19526.914..19634.155 rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (cost=407740.41..407740.42 rows=1 width=8) (actual time=19501.879..19501.880 rows=1 loops=3)
-> Parallel Seq Scan on zlineorder (cost=0.00..401831.12 rows=2363712 width=32) (actual time=23.529..14755.448
rows=19995351 loops=3)
Planning Time: 0.466 ms
Execution Time: 19634.322 ms
(8 rows)

-bash-4.2$ sudo sysctl -w vm.drop_caches=1

vm.drop_caches = 1

-bash-4.2$ pg_ctl -D ~/local/zedstore/data restart

-bash-4.2$ psql postgres

psql (13devel) Type "help" for help.

postgres=# explain analyze select count(lo_discount) from zlineorder ;
QUERY PLAN

Aggregate (cost=763399.20..763399.21 rows=1 width=8) (actual time=39624.770..39624.770 rows=1 loops=1)
-> Seq Scan on zlineorder (cost=0.00..613433.76 rows=59986176 width=4) (actual time=7.432..27274.861 rows=59986052
loops=1)
Planning Time: 3.555 ms
Execution Time: 39624.944 ms
(4 rows)

5.9.10.7. FILLFACTOR
zedstoreZ={HA Uz 7—JILICX U THillfactor AR FERIEENVEESRZE L LTz,
FESRDIER. zedstore&E AL e 7 —TJILTd o CEfillfactorlFEHZ TS EDERTEF LT,

LAL. UTOERTERERDELICEDT—TIT 1 XDILRIFRSNLEVC ENS, filfactorE EBTET S ENDABRFERINTUS L
EZZ25NMFT,

B ORITRRIUTOES DT,
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postgres=# CREATE TABLE zfoo(id int, vall text, val2 text, val3 text) USING zedstore WITH (fillfactor="100");

CREATE TABLE

postgres=# INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));
INSERT 0 1000000

postgres=# CREATE INDEX ON zfoo USING btree (id)

postgres-# \d+

List of relations
Schema | Name | Type | Owner | Persistence | Size | Description
-------- e e L e Zet i
public | zfoo | table | postgres | permanent | 102 MB |
(1 row)

postgres=# drop table zfoo;
DROP TABLE

postgres=# CREATE TABLE zfoo(id int, val1 text, val2 text, val3 text) USING zedstore WITH (fillfactor='80');
CREATE TABLE
postgres=# INSERT INTO zfoo (SELECT generate_series(1,1000000),md5(random()::text),md5(random()::text),md5(random()::text));

INSERT 0 1000000
postgres=# CREATE INDEX ON zfoo USING btree (id)
postgres-# \d+
List of relations
Schema | Name | Type | Owner | Persistence | Size | Description
-------- e e L e Zet i
public | zfoo | table | postgres | permanent | 102 MB |
(1 row)

5.9.11.; BME€J1—JL

e pgstattuple
zedstoreZ A LTz 7— T ILICH U Tpgstattuple MFIFETIEENVEESRZ L E LTz,
FESRDIER. pgstattuple(dheap A DT —TIVICIEWIE L TUOEWC E R TEFH LTz,
REEFDERITIRRIEIUTDESFDTT,

psql postgres -c "CREATE EXTENSION pgstattuple”
psql postgres -¢ "CREATE TABLE bar (id int) USING zedstore;"

psql postgres -¢c "SELECT * FROM pgstattuple('bar');"
ERROR: only heap AM is supported

5.10. zedstore DIRIFER (C T BDER

ARIREE TlE. PostgreSQL 12 TEE S 1 /zPlugabble StorageDIREEE L T, IRAERAFH D Access Method Tdp Dzedstore DIREEEITLE U Tz,

zheapNDEEMTHBI NS LT TA—V Y EDTR—LCDVTTIMR SSBICKLBDIRIEDIER. BET SEALEH THDOLAPRI(CH V) TUIE
FREE XU TICERETEIEERRTETELR,

ZRRICDUVTIE, zedstore TIFFHIHFAS T O IEBMREICAZ DB CEERBTET I L, EEAVTULTEHFAHTOY DERDIL
WASLICKHT BNETE, DEREEFRDIUTICRECTESCLERRBTETI LR, LA L. EBEOCBOVASLICKT SUET(IFHAH
JOv OBRDE TEMBETHEDRBEICE > TLESCEEMBLEI LR, BHRICDULTIE, UPDATE. COMMITICEH L\ TheapMEF] & L)
SIERICIED, ASLFTITA—V v ~DEERETVSCEERBLI LI

F—=TIWH 1 XZDVTIE, 124(C KB EMBIMER(C K DSSBDIineorder7— 7' )L Theap & LEER U Tzedstore TE70% DY 1 XHIE & E>TH D, K
ST—IRETCREASEMRASD D ERRBTETE L

DBEX:Et O EM(CEEET 3BRE LT, DBAYFTFTYRRMIVY Y RA0PostgreSQLA Y R— I SHEBREIC DUV TOENMERESRE1TL). #5(Czedstore
THR CEEBRIDCEULKHEHATERICEEHABTETE LR, Z1ZL. ANALYZE, CLUSTERZDIONFEET DMBTIEINS LT T4 —
YV DOFEEZ(T, heapDBREEDEBREMNENS C EHABRTET LR,
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6. /35 LJILOTY - JITO /7 L HEEERRST
6.1. IR E

FE, EvITF—SFHOIENNS, T—IR—XCKREDT—IERAL TREVPEHETV. FIZEHNRESLSEITIAIPMBEZITUVE
T, FIXIE. ERICHTBTLET—IEE., BE(CEDDI TS EEHIEDTE TZEMICERITT BI(Business Intelligence) MEARMMNTY, D
KOSHFERABEICHNTIE. BANDEERELDZIIIVEET S LD, ZROBINEI IV ERE(CNET L SHFERAETH S
OLTPICX L T. OLAPEIFENTUVWE T, —MEMIC. OLAPTIZ/SSLILO T U/ A—FT vV a ZVHNREEZ(TPIVNEINTULET,

PostgreSQLZOLAPRE TERA LTZVWE VWSEE(F, BEINSIRE< HDF Uz, PostgreSQL 9.5 TlF/3S LILO TYUEDOLAPHEITDEERE
MEESINTUEN DIZ/z8. OLAPHR TCERAMICERTETEVMAETL T,

Z CC. PostgreSQL 9.6 TEEE I N, PostgreSQL 10 TS L TH{EEINTULSD /IS LILO T U I(C K DT, PostgreSQLMOLAP AR TEFEM
[CHERATEDRLDCHESEONERRIELE T, Fe. ALK, JTVOETREEA LI EZEMNT, PostgreSQL 11 TEE I NIz EFTHF(Just-
In-Time; JIMAVNRTILEHATBHCET, SSICHBENALETEINERIEL T T, ARIAETE. OLAPICHFVTHERATNSERADI T UEREL
ERYFV—DFT X ~TdhDStar Schema Benchmark CERZBSINTLBS O T U EZEME UTHERALE I,

6.1.1. Star Schema Benchmark& (&

Star Schema Benchmark& (&,  Star Schema Benchmark DR (KD TRESNTLSD, TPC-HEEEICBITHULWSNBEDEELIZD 70 ~
F=TI. TaAXVTavF—TJIb, DIUREKESINTLBIRYFVY—DOY—ILTT,

KRBT —SERDRSOT, IOBADRFELEIANDZE, ZHOT a1 VIBFPENEENMTOND CEN S, BEDOOLTPL D ECPUMMNEE
HaEE., CPUR L DIEESFEXTUVBINIRYFYV—IEREAS<EALET,

Star Schema Benchmark Tld, 48E/13ANDI TURERINTHD, ZOIRTICDVWTRIEZEITTVFE LTz,

6.2. /ASLILOTY &

6.2.1./35LJLOTIY

RSLILDOTIVER —DOOTIVEEHOTOCITHEL CHFINIEIT S ET. B—TOCVITORRELDEZRICH T ) ERTI SNE
BT,

Bl X (FSELECTX T1000A L I— REEHIRRT 3IFA. BRRCHEHAT I 7OCIMER(FIEE17O0EIM0006 L0 I—REIRTEEKRT S
MEBARSHDEYT, TNICHLT, AIxIE. BBETHEATZ 7O0IMOTOCLIH>T. FENSTHEIBZCENATETNE, 170O0VIYEODD
BREBENRIF100B5L I—RE10DDITHEDFE T, BHOTOCITHIEITZICETERLERDBZH. XZ—IAT7BETOFERAT. WRERE
LEI,

BHOTOCITREVEE DB L TETIBCET. 1T7OCIXBDODREREFICHNSETHEETSEDIIN, HINBEERICHE
I BRADHEEOCZ(FEL. 2L TEHRTUBELTBEREEH T—DICFEHINBLEDHRTRHEAPRLLEDI T, EHOTOLITEMET
FRIRABHEDDLNE, RSV TVUICEET S ETTUBREHCRITHEAM/NN O TLISCEEH DT T,

ZDH. FSUFEFZBLDRITTISVOFRNS, RSUILITTUDEFSHMENCUIBTE S CHMLEBEDH/IISLILOTUDRIT IS Y
EERIRLEY,

6.2.2. PostgreSQLCO/\SLJLO TV

20194 IR7E. PostgreSQL 11, H KU, PostgreSQL 12TEEINTVB/ISLUILOTVICET MG, RSUILAFvY, /IISLILT 3
V. IRSUIVER, B-Treer VT v Z{EBDOEEETY,

HIEZBACDOVTE. TSV FHMUEENBLRRESHMRMNZEHMLRIBESE, RSLILOTVDTSVERALIEY,

explain (analyze , verbose) CHEZR L T/3SLILO T TS0

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 loops=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 0: actual time=0.016..214.828 rows=20088 loops=1

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

Worker 2: actual time=0.020..218.061 rows=20817 loops=1

Worker 3: actual time=0.015..213.654 rows=20054 loops=1
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RSUILOTUTE. |BIOCVICMRT—A—MRNY OISOV RTI—-A—-TOCIRELTREITN TUIREERTI Scoh. RRTOL I
IOV ED—N—DEHEEDTT, LT ETOCITUEL Z#EREGather/ —RTENL T T,

Fre. RSUIWOTUTREEESNET—H—HF. T—ITIWI 17 XCLDTITFIL-TRIT BIHMRZTO>TLET,
F£61F7—TIWH1XCLBT—N—H

JOvOM] | YrX (MB) |EED—H—¥  &RT7OEIH
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 1

1l Z0vo8ETOvIY1IRTT#ILBKB)DIZETY .

6.23. ASLUILDTVICEEAET B/ A—5

INSUILD TVUKRICEET DEL/NRSA—=FCEUTD/IISTA—IREDFT T, KFH. max_parallel_workers_per_gather/ 35 X—9 DT T # )L
BEM/IN—T3 V9.6TIFOD . T ITAIVEERETR/NASLUILITVEETINEEA. N—I3 VI0LUETIER/IISX—5DFT T =)L ~ElF2
THBeH. TIAFIVLEBETE/SLUILDTURETFEINET,
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xR62/1SLIOTIVICEAETSIL/IISA—S

INSAX—=5

77 #JUIME(9.6)

I #JUIME(10)

72 # U ME(11505¥)

A

max_worker_processes [2]

8

IRTFLMYR—KTB
NRvDOISo9YRD—
N—O0CXDERHE
BELTI,

max_parallel_workers_per_gather

2]

—DMGather.) — KX
LCEETEDIT—H—
BORKEERBELF
ER

max_parallel_workers [2] [3]

—ElCBMELB/ISL
WI—N—TO0EX0&x
ABEEELT T,

max_parallel_maintenance_workers

4

XYFFU—E(CDOE
BMELBI S LILT—
N—O0CXOmREE
BELETD,

min_parallel_relation_size

8MB

RSB ETST—
TIWDOERINT 1 EIEE
LET,

min_parallel_table_scan_size

8MB

8MB

RSUVIBZETDT—
TILDEgRINT X EEE
LEd,

min_parallel_index_scan_size

512KB

512KB

RSUIABETSTY
TYORDRNT 1 X%
EELEY,

parallel_setup_cost

1000

1000

1000

D—N—EE;HI S
NIRRT B TSV
TOWAEEREEL T
6—0

parallel_tuple_cost

0.1

0.1

0.1

HBdT7—H—h5, 117
O TOEX(CEET
BEHOIAXSCHT B
TS T OHAEEEE
LEY,

[2] (1, 2 3) max_parallel_workers_per_gather CIERE U fzfE max_worker_processes CIEE L IZBE B X 3HH. BEINZT—H—#(F
max_worker_processesDB(CHIRENE T, Ffz. EHO/ISLILO TUARRKICITTONSIBE. BEIINST—H—HOGHN
max_worker_processes CIERE UTZMBICHIBRENE T, CDIzth. TS HEBRRD T —H—H KD EERICEEIND T—H—EHRDEN

BaERHDT I,

[3] PostgreSQL 10U Tld. max_parallel_workerstd& D, /RS LILOTYDETICHERAINDD—H—#E. BEARNICEIESICBELE
fBEICHIRENE T, 212U, CDIENmax_worker_processes THEE LIZBEB X 31558(3. BEIINZID—H—8(I
max_worker_processesDB(CHIRENZE T,

[4] PostgreSQL 11 TBIMMENE LTz, max_parallel_maintenance_workers C&iE U Iz fE/ max_worker_processes TIEE LITBZ B X 515
A, BEINBT—H—E(Imax_worker_processesDIBEICHIREINE T, Ffe. /NS LIV TUERERFICERITINTUVDIES., Eaid
N30 —H—HDEEHRmax_worker_processes CIEE UTZMBICHIFRESNE T, CDiedh. TS VEBEREND D —N— LD EEBR(CEENST
NB3D—H—ERDEVGERED T,

6.3. JITOV/ir)bEeld

6.3.1.JITOV/ 1)L

JTOVNRTILEER, VIRD T 7OETHICI-—ROIVICIVETUETRENOALERKSFETT,
MASOAVIRTILLTNAFUERTIBIERICERIZE TERILEERLTVWE T,

6.3.2. PostgreSQLTROJITA /1)L

PostgreSQLTITI Y /AT JVEFIATIREIC T BeH(C(E. UTONRYT—IBMREICED T T,

RESNBINEE, TV ITIIER
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#6388/ \vT—Y

NRyT—I% RERANELN—T3Y
vm>1735Y 3.9
clang (clangB¥#2DI>V/31>) | 3.9
C++dVI1S AV

EERR YT —IHRA YR =L NI REE TPostgreSQLM B JL REF IS -with-Ivm" EHEE T B E(C kD, LLVMEFE S 72JITT /37 JLAEFHA
FINFI, BAERLSEEE. SRA OSSHMAREL TUL\SD PostareSQLI1IREFIREE & S8BT 0\,

BERIEO[RE LT, WHEREA®S —7w U X b EMNBEHGE E VW eROFHIEIYT « RO LD TILEr Y XEVERICERI SIS TIL
Bz, 2LTEBREOTYSAERBEDET, 7 YS1 VLRI TUROBHIFUR L OREFE/N\ 1T UCERL, BEFUCRLOA—/—
Ay RZEEIBRLE T, JTIV/ A1 ILHVERICE<IKRE. CPUERRMEVWRENRIEME T L ST T VERTL CLSRELE TN TU
FI, 2FH. ARBANMEMTHD. SRIJTHEAZVEBAROO I TENCTHIEVWRETT, #IC, BHETTETISITIYUTIITO
F—=N—AYRDABRKELLE>TLIVET, (TERDETHEBIZESE)

JTOVRTILEBMICT BICIE. postgresgl.confT 7 7 ILDjit/ S5 X —5 (i) ZonllBRETIMERSDET T, T5IC, JTOV/IRTILIRE
FENBIHEMNE. JTUNIRSIKELE T, TR I(Jjit_above cost/ IS X—4 (R) TEXSNBIBELLLESIN. IXOBARKE
(FRURITI VST IVAETEINE T, JTIV/TILRETEINBIBS. jit_inline_above_cost/ S X—5 (1&R) DORES KLU
jit_optimize_above_cost/3S X—4 (i) DEMEEHEIN, IR ROARKETFNEIEEO 1Y S 1 /b EREREENRENZENEBINTET
anFEd,

JTIVRTILORTIRGE, EITEHENSHETEET,

QUERY PLAN

Aggregate (cost=16.27..16.29 rows=1 width=8) (actual time=6.049..6.049 rows=1 loops=1)
-> Seq Scan on pg_class (cost=0.00..15.42 rows=342 width=4) (actual time=0.019..0.052 rows=356 loops=1)
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

T UTFICERTFLRITIV/I AT IILOSEHENRARREINE T,

& 6.4 ETHEICKTINBITI VT IILORITIRRE

1EH e
Functions JTOV/IRTIVIE KR > THUBS NIZEEE D
]
Option RITINITLIE (boolBTERTR)

Inlining : ¥ >S54t
Optimization : &3&E{t
Expressions : TN
Deforming : 5 FILDHEHE

Time —EDIIETE L R

Generation : JITO /1 JLOPRERERT
Inlining : 1> 51 VLR EEEE
Optimization : FRiE{LFTEFRE
Emission : JITO— K DTSR
Total : EEDE TR

6.3.3. JITJOV/ATJLICEAT DI\ A—5
JTOVIRTIVBEICEEET BEEL/IISA—FCIUTARABDE T,

FR65JTIV/ATIVICEEET DEF/IISXA—S

INSAX—5 Sk | B
jit off JTAVNRT IV EFBATEINESH
jit_above_cost 100000 JTOVIRTIVEFERIT S I X ~ORIE
jit_inline_above_cost 500000 BT Y S MEEFERT I ~DREIE
jit_optimize_above_cost | 500000 BRNLRECEMERAT S IR ~DRE
6.4. IREEREAY,
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6.4.1. #3E/\— R T P

REEBED/\— R T PERROBIEE =L T,

A5 LILD TURSECIRARAFH —/AHSDBY — /T L TSQLERITL, ETIBHRELFLR,
% 6.6 MRIEFADBY —/ B

2] 1BH kR
TREEY —/\ (NEC Express | CPU -1 > 7 )L Xeon E5-2630 v4 @ 2.20GHz
5800) 1007x2 A5t 2007
BEXE 256GB
HEX ~L—JEE SSD 400GB SATA x 8 (RAID 5)
& 6.7 BREHNTY —/ B
BEs 1BH ik
HREEY —/\ (NEC Express | CPU -1~ 7 )L Xeon E5-2630 v4 @ 2.20GHz
5800) 1007x2 A5t 2037
BEXE 256GB
WER ~L— V%S HDD 600GB SAS 10K x 24 (RAID 5)

6.4.2. 3V I O T PR

BREBRIBOY I LD T 7@ ERLE T,

£68YIRIITTER
VIO 7RELT/N—T3
[ ] >
oS Red Hat Enterprise Linux 8.1

Database | PostgreSQL 11.7
PostgreSQL 12.2

6.5. IREL/5A

6.5.1. IRIIEH

IRSLILOTY - TV IJVREETIEU T D3R ERIEL F I,

6.5.1.1. #R5EA

REEAT(E. RSLILOTYDUIIEICLD. EHOS 17U EH50 T ) ERITURBOMEBMEDIKRERRL I,

B{RRI(C(E. max_worker_processes. max_parallel_workers_per_gather, max_parallel_workersD3BR %, B—NOS1 7Y HSORTERE
ELT. T—TJIICBRINTVDT— I T INSBHINDWINERICEDERIBEE. RSUILT—A—HEUTRRIEVI VICEBEINT
VBRI T7HEIDEXS MBERELUIBE T, WERBELRLE T,

ARREECK DT, WIEDF1—ZUT(ICL DT OLAPHRICH TSI T UNERD S 7Y RHSHKTINZBROMER. ENLSICRES
DHEBRSMCLET,

6.5.1.2. IREB
MEIBTld. MIIAICKITBENEFNDREBICH VT, JTIV/ 1 ILEBNC LIZIEEDUEBEEDIKRERRL LI,

RIREECK DT, RSLIWO TV EITIVRCTILOHARENTHSDOH. B8O > 7 Y Eh50LAPAEEDD I BRTSNEBROMRECS
RBOTEEHSMILIET,

6.5.1.3. XIEBEF

WEEEEE LT, N—T 311, A= 3 V12(CH LT, max_parallel_workers_per_gather=0, & &, max_parallel_workers=0(C BB RHI(CERE
E{TOIZRET IR E LR L S 9

CNICED, |EEA. BREBICHVT. RS LI TUEBDIC L SEVHMEERENRE DERESH > DN ERSHMILE T,

6.5.2. 7—5ETI
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AREECHEAYT 57— EFIUIE. Star Schema BenchmarklC S W TERSINTUVD T —IETIVICERLE T, 7—IDERTOT S LI,
CBES5DGiItHUbY RI Y MWSAFLEENEMFALI LU, T, T—TIERE IES S AFLEEOEFERLE LR,

#zip D 7T IVERERT D

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

#T—S9ERY—-ILEEILRTS
$ make

#T—9ER (SERT—IT 705 (#R) EEEISZLT T3y, -TRF—TILOBREEEI ST T3 y)

$ ./dbgen -s 1 -T ¢ #customer7— )L
$ ./dbgen -s 1 -T d #dateT—'JL

$ ./dbgen -s 1 -T | #lineorder>— ' JU
$ ./dbgen -s 1 -T p #part7—JL

$ ./dbgen -s 1 -T s #supplier>—'JU

# T JIEERT B(IVY RGE)

#T—IWECT—9EBATSE (UTFTOIVYREEZET—TILCEILETIS)

$ sed -e 's/|$//' customer.tbl | psql -d ssb -c "copy customer from STDIN ( delimiter '[');"

Star Schema BenchmarklFZDRBINED . X —XF—VEDT—IEFTIERALTVWET, RI—XAF—VEDT—FETILIE 1DD

D70 RT—TIWEBBDT + AV 3 TF—TITEBRINTVET, T7IF—TILEFDTRREEDEBEBENEHS NS BEMET—5

THO, T—IHHIIEEM (R TIEN6EM) (CHEDFET, T XYYIVFT—TIEREIRIEOBFOBMICEDVII—FT—ITH
D, T=HHBIVIEODOHIEHTY, Star Schema Benchmark Tldlineorders— LA T 7 O 7 —TILTH D, BROBABENRRS(C

EEINZE I, ZL TStar Schema Benchmark® 7 + X > < 3 ¥ F—J)blC(dcustomer=— )b, suppliers—2')b, part>—7 )b, date7—7
RS D, BEYY IS4 VEEDREBF—PR2IVEEMERINE T,
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customer

lineorder

part

c_custkey

¢_name \
c_address
c_city
¢_nation
C_region
c¢_phone
¢_mktsegment

supplier

<
s_suppkey

s_hame
s_address
s_city
s_hation
s_region
s_phone

lo_orderkey
lo_linenumber
lo_custkey
lo_partkey
lo_suppkey
lo_orderdate
lo_orderpriority
lo_shippriority
lo_quantity
lo_extendedprice
lo_ordtotalprice
lo_discount
lo_revenue
lo_supplycost
lo_tax
lo_commit_date
lo_shipmode

, p_partkey
p_name

p_mfgr
p_category
p_brandl
p_color
p_type
p_size
p_container

date

6.1 Star Schema Benchmark® 5 — 7' L&A

* d_datekey
d_date
d_dayofweek
d_month
d_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

Scale Factorld100GBEHAL Z Uiz, BT —TILDOT 1 X(F. UMTFTOEHDTY, Scale Factor(SF)&ld. RYFV—ORENDT—TIREE
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RLUTWET, Star Schema Benchmark CIEREN3 T —TILDITHIISFIC K > TUTOLSICHETEE I, dateT—TILIE7ESDORNE
WEFDEH, BIC—EOKRETICHEO>TVET,

& 6.9 REECEAT ST —TILDORE

T—JILE TR (ERE) (R AME) T—5Y 1 X(RAHE) [Bytes]
customer SF x 30000 2999825 374030336
date 2556 2556 311296
lineorder SF x 6000000 600044480 63557664768
part 200000 x (1+log2(SF)) (\#&=2t] | 1400000 164265984
DEET)
supplier SF x 10000 1000000 114376704

6.5.3. A ITVUICDVT
ZAMREET(3. Star Schema Benchmark CEBINB3 I T UEFERLE I,

MU Star Schema Benchmark®DER3Z M"3.1 Query Definition" ([CIBE TN TS ENTT, LUITFIC. Star Schema Benchmark CERINS I T
e, DTVDREKRERLET,

No1DOTV(E, HBFEOERERICHSVWTESIZRILE URSBEICRET DIRBEDIBMEEZRDHT T,

* No.1-1

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;

e No.1-2

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_quantity between 26 and 35;

e No.1-3

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_quantity between 26 and 35;

No.2MO TU(F, HWATOMIE, BmAT I DBRRNSHKIFEFRAETIIL—TELIRIGEERDHE T,

e No.2-1

select sum(lo_revenue), d_year, p_brand1

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_brand1
order by d_year, p_brand1;

Page 67 of 112


https://www.cs.umb.edu/~poneil/StarSchemaB.PDF

PostgreSQL Enterprise Consortium

select sum(lo_revenue), d_year, p_brand1
from lineorder, date, part, supplier
where lo_orderdate = d_datekey and
lo_partkey = p_partkey and
lo_suppkey = s_suppkey and
p_brand1 between '"MFGR#2221' and 'MFGR#2228' and
s_region = 'ASIA’
group by d_year, p_brand1
order by d_year, p_brand1;

select sum(lo_revenue), d_year, p_brand1

from lineorder, date, part, supplier

where lo_orderdate = d_datekey and
lo_partkey = p_partkey and
lo_suppkey = s_suppkey and
p_brand1 = 'MFGR#2221" and
s_region = 'EUROPE'

group by d_year, p_brand1

order by d_year, p_brand1;

No.3DO TV(F, HBI/ENHEBEEMHICH(TIEETNE. MATOE. FEFETTIL—FELIRIRGEERHE T,

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 ¢_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;
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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_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 = ¢_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 = 'Dec1997'
group by c_city, s_city, d_year
order by d_year asc, revenue desc;

NoADDTI(F, 5DDFT—TILIRTEFMAL. MEONBEERDFT,

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 ='MFGR#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_brand1, 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_brand1
order by d_year, s_city, p_brand1;

6.5.4. DBE2F
HRERIEICHIED. TTFIRHNSERLEISX—FFUTOESDTT,

xR610T7TITFILENSEELRR/IISA—S

INSA—5 REEY—/\1
listen_addresses *
shared_buffers 100GB
work_mem 1GB
max_worker_processes [5] 13

max_parallel_workers_per_gather[5] |9

max_parallel_workers [5] 9

max_parallel_maintenance_workers [6] | O
5] (L23)RECLDEEEELTEMBLET,
6] FEIDIRTEENEUVLEH, 0ELTVET,

6.5.5. BIEFIR

BIEICBRL TIE. SQLOETHIICpg_prewarmZFRIFAL T, 7= - 1 VT VIO IRDT =& T + A H5—EHHAH. PostgreSQLD/ Vv
TJ7E. EULKEROSHDT + XRONw I 7 EICEBESEHZIRECLETD,

SELECT relname, pg_prewarm(oid)
FROM pg_class
WHERE relnamespace in (
SELECT oid
FROM pg_namespace

WHERE nspname="public'
) AND (

relkind="r' OR relkind="'
);

6.5.5.1. IRIEABRIE TR

Star Schema Benchmark CE&ZSND I T U ZE, RIERADPythonX O U FZERBVWTETLE T, BEEF. FHENRST—VICHLT, 5EFD
EfELTLET,

BIE(CERL TIE. postgresql.conflCA FDEREETL)., BREETSCETCREORMET>TVET, . MEETSHICEpg_prewarm%
FWT. PostgreSQLD/iw I 7 £, ELLIFOSDFT + XONw I 7 EICT—IEBEIEZREICLTVLWET,

& 6.11 IREERTERRE (IREEA)

INSAX—5 workers = 9 workers = 100
max_parallel_workers_per_gether | 9 100
max_worker_processes 13 104
max_parallel_workers 9 100
jit [7] off off
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71 BIEATIE. JTIVR1IEEEE R LR Ao

6.5.5.2. IRFEBRAIETTE

Star Schema Benchmark CEZINBEH T VU %, BIEADPythonX O U FREARAVWTEITLE T, BEE. FAE/I—VICHNT, 5EFD
EELTVWE T,

BIEICERL TlE. postgresgl.conf(CIA T NREETL., BEEBZETOCETHRENRMETOTUVE T, Flz. BEZETSHIIC(Epg_prewarmZ
FAWT. PostgreSQLD/Nv T 7 E. ELLIFOSHDT + RONw I 7 EICT—SEEHRIELRECLTVET,

& 6.12 1REEHFERE (WREEB)

INSX—5 workers =9 workers = 100
max_parallel_workers_per_gether | 9 100
max_worker_processes 13 104
max_parallel_workers 9 100
jit[8] on on
[8] REEBTIlE. IRTHRECHTVWTITIVATILEREEFRLZ T,
6.6. FRELMER
6.6.1. BREEA( S LILO TV EEBD S+ 7 Y Lo FTURIBE DILERRE)
# 6.13 A
A= SQLX REr—9=
A X ~ L —J%E (SSD) Star Schema Benchmark CE&ZINSEI T | Scale Factor = 100GB
)

FRORGTIRIETOZER. EOITUTHASUILOTIUREELE LT,

10547 Y RTORITIESFTB. vITEVI2OWEBIBN IS TEMUTICRLET, COITSTCH(TRHEL, SERYFV—DERTLTHE
BURAIEEDRREERAL TNE T,
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Star Scheme Benchmark Elapsed Time with parallel

5@ T T T T T
v11 JIT OFF
v12 JIT OFF
40 —
3 30 —
o
Lef]
E
'_
=
@
&
T 20 -
| | | ‘ ‘ | ‘ ‘ |
0
ql.l ql.2 ql.3 q2.1 q2.2 q2.3 q3.1 q3.2 q3.3 q3.4 q4.1l q4.2 q4.3
Query No.

6.2 AMIBRFRAD LLE (1 Clients)

BREAEDBR. TV OMIBIFEIC DUV T, N—I3aVI1EDHER T, q4.1&£94.2TEZNZENI1.06/E. 1.08BOERIEMEBHSE—AT. TN
HT(F0.9115(02.1)~0.98fF(q3. 1) DIER I D HEEMLILLTLBEDRRSNE LI,

(., max_parallel_workers=9MIHED., IS 7V REEROSA TV RUL), LU, N—J3a VEOMBRREOIS JEZUTICRULEY,
COISTCHT2HEIG. SEIRNYFV—DZERTUTERULEEISA 7Y ~OEAEEZ 7OV L TVET,
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Elapsed Time (Sec.)
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K6 IOTVEBDIRSLILI—AN—B(DS1T7 Y~ 20158)

N—Iav max_parallel_workers 9 | max_parallel_workers 100
vii 2185.3871 1856.2326
vi2 2034.8982 1862.8965
£6.16 0TUEBDIRSLUILID—HT—8(DS17 Y 3DBEE)
N—Iav max_parallel_workers 9 | max_parallel_workers 100
vii 2644.2678 2211.1354
vi2 2752.8643 2267.3627
xR617DITVEDISLILD—N—8(DS1 7Y R 4DBEE)
N—av max_parallel_workers 9 | max_parallel_workers 100
vii 3162.5346 2600.9449
vi2 3326.2849 2725.7836
R6I8OTUEBDNASLILD—N—B(DST17 YR 5DER)
N—I3v max_parallel_workers 9 | max_parallel_workers 100
vii 3627.5680 3165.4339
vi2 3825.6987 3260.7030
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ZDR®. EEDISLILT—A—0

ENEEDISATYREEICISL

FEDANRERANEND e ERDMD &

T LEMST. BEOSA 7Y ENS/IASLILITURERICEITINSIFEEG. IRNTDISIYNINASLILT—A—BEIDERESLSI(C
IRSAX—FERELEEFSARL, £EXTET,

6.7.1.2. EBRICFEAIT B/1S LD —H—BORESE

REEATIE. BEDOSA 7Y RMSNASUILO T ERTURBOEFERIELF LT,

INSUILDTYDETICIE, RS LILT—A—EFENBZIERTOCIE, RSUIWOIVERTUEISA TP RER(IFEDONVITSTUR
TOCIRBRLEYT, COBR BRNRELEDT—TILHWSEHINDID—H—HEBRI B E(CEDTIN, Z0HEIE
max_parallel_workers TEREUZMEMR LR TY, EHDO ST 7V RHSEABI/NASTUILD TURETINGZRE, ZICEBREHBELENAVDSS
DY RTIOCLREEREBEOGEVWISUILT—H—EBRIDIENDEFEBLTULE L,

SOIAIE (CHUZScale FactorTld, /SSLILD—A—DEREMNg4.3TE, ZNLUNTIEES 26D, max_parallel_workers=9 & LTZIBEDAIE
TlF. g4.3MEMEL CLBHREEBRVLTC, 10577 Y ROH RIS UILD—H—EBRU TRRODUEEEFRET S —HT. TNENOI ST T
VRIS UILD T EESEHEVWEDEFELUE Uz,

ETBM EBRICEBRSNZ/IASUILTD—HT—Z g4 3BEEL TOEVHBTEIREND T —N—HUNERTELVEDHRERET NI L
lzo &, g43M OSSPV S TEHEL TLBSHIETE. 045UANDT—A—HARZ(TShE L,
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/*
* Start workers.
* The caller must be able to tolerate ending up with fewer workers than
* expected, so there is no need to throw an error here if registration
* fails. It wouldn't help much anyway, because registering the worker in
* no way guarantees that it will start up and initialize successfully.
*/
for (i = 0; i < pcxt->nworkers; ++i)
{
memcpy (worker.bgw_extra, &i, sizeof(int));
if (lany_registrations_failed &&
RegisterDynamicBackgroundWorker(&worker,
&pcxt->worker[il.ogwhandle))

{

shm_mq_set_handle(pcxt->worker[i].error_mgh,
pcxt->worker[i].bgwhandle);

pcxt->nworkers_launched++;

}

else

{
I
* If we weren't able to register the worker, then we've bumped up
* against the max_worker_processes limit, and future
* registrations will probably fail too, so arrange to skip them.
* But we still have to execute this code for the remaining slots
* to make sure that we forget about the error queues we budgeted
* for those workers. Otherwise, we'll wait for them to start,
* but they never will.
*/
any_registrations_failed = true;
pcxt->worker[i].bgwhandle = NULL;
shm_maq_detach(pcxt->worker[i].error_mqgh);
pcxt->worker[i].error_mgh = NULL;

EEDI—RD>5. RegisterDynamicBackgroundWorkerB8EIRN/ A5 LILD —N—E R T DHOBEETSHE D, COBBOFTENNVvD TS
DYRID—=A—DOT—ILIC DV THHIO Y O EFER L. FEERUENT T RE, BT HEEPCE>TVET, MEOI—RAMS BUTFOCE
R"OMDFET,

e RSLIWT—N—DERBITEIT ST, 19—ND—FDERLTULL
o EXRBICOVIF/ELEMED, BIRFIN VOISOV RTOVICCPURBRMEID Y TOSNEIIZVT
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o —ETEBRICKHISE. RED—N—MHREFHF L0

ZNTENS, BEOISA 7Y ROSABIC/IAS LIV TUNRTINREBE(E. NvISSHYRFIOCIBETI—A—BRICDOVTHRAGR
RRAKEL. RSUILT—H—DBERBICDVWTEENADKEBEEL>IzEEXTET,

BH. OOV Y ITIICPUREMEID B TSNEIRIC/ISLILD —A—DERETh U< ZsH. OSH—XILTOVILF FOERBEORETS
. TOCXOEKLE, CPURRERIL LIV XL, RTROOSEANTOCIMICL>T, BRIBRLDI L LD, BRINSD/ISLIL
D—N—¥eFATECEBRBETHBIEERET, SLUILITVEBBNICHERTSYXTLDFEL. COERE+DICERL CTHREE
ToORBERHBEEZRTT,

6.7.2. £R5IB

6.7.2.1. JITO Y/ 1 ILERROMEEIC DT

MREBTIE. NRSLILOTVEITIAVRTIVERBEDE R EZDUREDZELICDWVWTIREEL X LTz,
BAIFIZ, SSBq2.1(c&FBmax_parallel_workers = 9 DE/MEE BAEOMAER FLERUE T,

% 6.20SSB q21(CH(FB U517V M 4EEm EEG(v11, max_parallel_workers=9)
DS 7Y | BIMEJIT OFF) | B/IMEWJIT ON) | #aEm EEG(fS) | RXMEIT OFF) | |RAMEWIT ON) | H#EAEM EH(FS)

2 21.8798 24.6441 0.8878 40.2771 178.4997 0.2256
3 20.4043 24.2157 0.8426 211.8032 188.9400 1.1210
4 21.8994 24.1819 0.9056 204.8099 195.0259 1.0502
5 20.2655 24.2261 0.8365 211.6770 198.4486 1.0667

% 6.21SSB q21(CHFB U517V ML BEm L Eh(v12, max_parallel_workers=9)
DS54 7 Y | RIMBEJIT OFF) | &/IME(JIT ON) HEaEm EH(FS) | RAMEVIT OFF) | RAEJIT ON) HEREM_E H ()

2 21.8798 25.4238 0.8606 218.8473 50.0089 4.3762
3 22.2803 24.5522 0.9075 231.9113 186.3409 1.2446
4 23.2664 23.9570 0.9712 238.7724 190.2858 1.2548
5 24.7194 25.0932 0.9851 247.4249 196.2438 1.2608

max_parallel_workers = 9 MIFE. BRFICOTYDEITHRBASNEZEEG. 1 DDA 7Y RRRSLILD—A—&EHRETDIET. ZOMDI
SATIRRRSUILDIVICEDDSLKIEDETY, CORBIEISA 7Y RERZEBEFERELPIKEDETT, COREICHEOZBES
[F. RS LIWT—A—EEKRBEOBRTESRIST 7Y FTRIMEIGEVIGERBEERL., OE<BRTELENOZIS1 7V ~TIIRAEIC
HEOWBEREERLET, CDBE. T—A—EBRTCELEN IS T Y NBKE)IIRLU T, JTIVTILERME LRIFSNIEER
RRNEK B ERDMDET, —AT. T—A—EBRTEIRISA TV MNRIME) TIIITI VS ILOZT—/IINY RDIFSHNKE LD,
IBERERRCE DTV ERDMDET,

BIFIC. SSBg2.1(d(F B max_parallel_workers = 100 MER/IVMBEE RAEDEAER FEEERLUE T,

% 6.22SSB q21(CHFB U517V MR EHBEM EEG(v11, max_parallel_workers=100)
DSa4 7V | RIMBEJIT OFF) | &/IME(JIT ON) HEaEm EH(FS) | RAMEVIT OFF) | |RAEJIT ON) Hgem_E L)

2 25.3473 25.6464 0.9883 28.9848 30.2443 0.9584
3 34.3063 32.1211 1.0680 36.1814 35.5195 1.0186
4 37.6560 38.5972 0.9756 43.2196 46.6782 0.9259
5 47.7980 47.6245 1.0036 53.7806 50.2430 1.0704

% 6.23SSB q21(CH(FB U517 > e HREM L Eb(v12, max_parallel_workers=100)
DS 7 VR | &RIMEJIT OFF) | H/IMEJIT ON) taem EH(fE) | RAMEJIT OFF) | RAEJIT ON) HERER _E ()

2 27.4405 26.2998 1.0434 39.9517 36.9627 1.0809
3 35.5762 32.3006 1.1014 39.3136 36.7310 1.0703
4 41.4239 40.0029 1.0355 46.6402 45.2563 1.0306
5 49.4745 45.3404 1.0912 58.4706 556.2112 1.0590

max_parallel_workers = 100 MIFE. BRFCOTYDEFTHBIRTINZBETE. IRTODISA 7Y RS LILD—N—ZBRTETEI, L
EM2>2T, IRTODISAT7YRTHRSUILDOTUREBMELEI TN, BHEL TLD/ASLILD—HA—HM, YIECPUI7#HEBE LIZIBES. 0S

NI RTENYICHODTIMET B ECHED, DMBIADIBETIE. IS0 7V RERZLBICRD T, HEEFBILT B EICEDET, CDiE

B, BlCN=Jav1TITIVRTILEBME LZIESH, HEERELELTOWET, CNE JTIV/TILICL DT, MBEITOREMmBH
ML UIEHSTIREVD, EEZ2XFT,
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