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v PostgreSQL A% (PostgreSQL 10~17, 18 dev)

v'Oracle ACE Pro (2009~)

v PostgreSQL% &L & Oracle Database, Microsoft SQL Server, Vertica 5
RDBMS %[R89 5 AT LMDERET. BT, Fa—=27 . avYILT429

vEEJT S URL

v'Redgate 100 in 2022 (Most influential in the database community 2022)
v https://www.red-gate.com/hub/redgate-100/

v [PostgreSQL EMD & |1)—X
v'hitps://github.com/nori-shinoda/documents/blob/main/README.md

v'Oracle ACE Profile
v'hitps://ace.oracle.com/apex/ace/profile/nshino483
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vV HlgmT —4%1%S PostgreSQL THRF i3y
v Citus
v'Hydra
v pg_mooncake
VIR T —3%H/ROT —EI~N—R
v'AlloyDB for PostgreSQL
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T—TITORRAAIYF
SQL XIZxF 5T —3DENMEERDHD

v TableAmRoutine #¥1& & (src/include/access/tableam.h)

{

typedef struct TableAmRoutine

NodeTag
const TupleTableSlotOps *(xslot cal Ibacks) (Relation rel);
TableScanDesc

type;

(*kscan_begin) (Relation rel, ...

void (xscan_end) (TableScanDesc scan) ;
void (kscan_rescan) (TableScanDesc scan, struct ScanKeyData *key, ---
bool (*scan_getnextslot) (TableScanDesc scan, ---
void (*scan_set tidrange) (TableScanDesc scan, ---
bool (kscan_getnextslot_tidrange)---
}
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T—ILTIORRAAIYF
SQL XIZxF 5T —3DENMEERDHD
VT—TILTIERAA) YK DEER
v TableAmRoutine #8115 {A% 189 FUNCTION Z4ERk
v CREATE ACCESS METHOD X T/\URS—% &%
v'pg_am AR T (ZH&HK
v'pg_mooncake THOR T avOHEIER 1) TR

CREATE FUNCTION columnstore_handler (internal) RETURNS table am handler
AS "MODULE_PATHNAME LANGUAGE C STRICT;
CREATE ACCESS METHOD columnstore TYPE TABLE HANDLER columnstore_handle ;
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CITUS
=

v'Citus Data (https://www.citusdata.com/) H EAF
v'Azure Cosmos DB for PostgreSQL M F##aE
v’ https://github.com/citusdata/citus

VIDATL324: citus_columnar
VAT —ARN—REBRTHIIRT LY citus Do B
v'Table Access Method (Pluggable Table Storage Interface) &L T3EZE

postgres=> SELECT * FROM pg_am WHERE amtype="t’;
oid amname amhandler amtype
2 | heap heap_tableam_handler t
16417 | columnar | columnar_internal. columnar_handler | t
(2 rows)
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CITUS
F—JILDYERK

V7Ot AAJvE columnar %I A
v'CREATE TABLE 3XIZ USING columnar f1Z#5§E L TR
VIEHEAECEMREEITIMBE GUC THEET 5 (&)

v {E A5l

postgres=> CREATE TABLE citus1(c1 NUMERIC, c2 VARCHAR(10)) USING columnar;
CREATE TABLE
postgres=> ¥d+

List of relations

Schema | Name | Type | Owner | Persistence | Access method | Size | -
- : : : + : : -

public | citusT | table | demo | permanent | columnar | 16 kB |

(1 row)
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CITUS
5
VT —HRE¥
v'UPDATE X _./DELETE X.MERGE XIIZE{TAT
postgres=> DELETE FROM citus1 WHERE c1=0;
ERROR: UPDATE and CTID scans not supported for ColumnarScan
postgres=> UPDATE citusl SET c¢2="update’ WHERE c1=0;
ERROR: UPDATE and CTID scans not supported for ColumnarScan
postgres=> MERGE INTO citusl AS ¢ USING datal AS d ON c.cl1 = d. cl

WHEN MATCHED THEN DO NOTHING;
ERROR: UPDATE and CTID scans not supported for ColumnarScan

vVZEDIt
VAT ZXF AR EE
vEFX—,  —EFF—_ NOT NULL &4I#9+F| FAa g
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CITUS
EfERENKE

VIEHEA T avDiEE

T4k
columnar.compression [E#EA & zstd zstd, 1z4, pglz, none
columnar.compression_level [EHEL NI 3 1~19
columnar.stripe_row_limit ARSATITE 150,000 1,000~10,000,000
columnar.chunk_group_row_limit F¥>9%5 JL—TTH 10,000 1,000~100,000

VTI—JILDEHEA T a ESR
postgres=> SELECT * FROM columnar. options;

Ll

citusT | 10000 | 150000 | 3 | zstd
(1 row)
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CITUS

THEDER

vVIEHESIER (2 511,000 AT L)
vcitusl : Fl¥EmT— L —FfRa3Ivhk
veitus2 : FIFEmT—TIL.~10 2T JLEAIOIvk
vdatal : Heap T—7 /L

v —3E INSERT [ZXAEMEHIRMAF LY

postgres=> ¥d+

List of relations
Schema Name Type Owner Persistence | Access method Size
public | citusl table | demo permanent columnar 28 MB
public | citus?2 table | demo permanent columnar 7813 MB
public | datal table | demo permanent heap 422 MB
(3 rows)

: © 2024 Hewlett Packard Enterprise Development LP | 13



CITUS
EREDHE

VIEHEIIERDWER
VINGA—BZ—[ETIAHILE

v'5 511,000 547 L THEE (Heap T—7 JLI1F 575 MB)

VE—FSUHYH 3y

VIEFELARILDIEFE X zstd LN TIIZE{ENR oniimhof-

EmAYYE  EHELAIIL 1 (MB) [FEHLAIIL 19 (MB)  {EE

zstd 31 16

1z4 46 46

pglz 50 50

none 504 504
—1
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CITUS
ARL—T kS

vHeap T—7ILERLDEEERD

F—J JL(RFL— ID) TN
= v AL—Y ID D
ZI~747 #1 \/XI\347°
v EHEE L
Foh #1 v b2 H 532 F =1E columnar.stripe_row_limit @ Bifi

VF T I—T
5 #1 (xKE/&=/IME/A Tt YF) Vv FohDES

VIEHINEFELHTEE
v’ columnar.chunk_group_row_limit M B {1 TIERL
5 #2 (BAME BME A7ty [

ALSATH#2

Fr2D #2
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CITUS
K ints)

VARL—UBEEZTRITHIATHAAESINTINS
VIBN—23  TlETRN—UID 1 ET—TIIVEBEED (154285 hEM->1= (VACUUM VERBOSE TGRSR
v'Citus 12 Tl columnar.storage E 2 —A%2 4t (Hydra [ZIX£ELY)

HhE05 4 NE e

columnar.chunk Froy—8 FZmKE. xR/NMEGE £1—HSEA
columnar.chunk_group Fv>95IL—T—&. HIRR{ITHGE 21— SHEE
columnar.options T—JIEEA T av—& 21— SR
columnar.storage AL—2IDET—TIIL DR 21— SR
columnar.stripe ANSAT—& 21— SR
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CITUS
Vo kIS ININOES

VERTED Heap T—T LD ZEELA[HE

postgres=> ALTER TABLE datal SET ACCESS METHOD columnar;
ALTER TABLE
postgres=> ¥d+ datal

Table “public.datal”

Column Type Collation | Nullable | Default | Storage
cl integer not null plain

c2 character varying(10) extended
Indexes:

“datal_pkey” PRIMARY KEY, btree (c1)
Access method: columnar

v'1=1=L columnar.options HA2O5 IZ1EHRA RSN (N ?)
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CITUS
RITEHE

v'Custom Scan IZ&AT7Ht X

postgres=> EXPLAIN ANALYZE SELECT SUM(c1) FROM columni WHERE c¢1 = 10000 ;
QUERY PLAN

Aggregate (cost=25.88..25.89 rows=1 width=8) (actual time=8.042..8.043 rows=1 loops=1)
—> Custom Scan (ColumnarScan) on citusl (cost=0.00..25.88 rows=1 width=4) (actual---
Filter: (c1 = 10000)
Rows Removed by Filter: 9999
Columnar Projected Columns: c1
Columnar Chunk Group Filters: (c1 = 10000)
Columnar Chunk Groups Removed by Filter: 999
Planning Time: 2.667 ms
Execution Time: 8.081 ms
(9 rows)

: © 2024 Hewlett Packard Enterprise Development LP | 18



CITUS

EATATE

VINZLIILO T =T R—,ENAE0N
VERHIEIZ/NSLUILEITL RO ET HEEITETEA Single Copy &755

postgres=> SET debug_paral lel_query = on;
SET

postgres=> EXPLAIN SELECT * FROM citusi;
QUERY PLAN

Gather (cost=1000. 00..1004467.71 rows=10000000 width=10)
Workers Planned: 1

Single Copy: true
—> Custom Scan (ColumnarScan) on citusl (cost=0.00..3467.71 rows=10000000 width=10)

Columnar Projected Columns: cl1, c2
(5 rows)

—
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CITUS
RATEE

Vi FIEBLI= (T citus THORT L3O E0T—7 )L (Distributed Table) % F| FB

(  Worker#l ‘
citus
Coordinator Worker#2
/A o/
\— citus

(  Worker#3 ‘
citus

Shard Replica
5
"GHI"

citus
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CITUS

EREA YT

VIR EEDFERR
v'5 5l | 3{EAR T JLTHREE (Heap: 17 GB/ Columnar: 937 MB)
VINGA—Z—[ETI4ILE
vLinux DFya91) 7., PostgreSQL 1V R A A B #ZIZELT
vHeap T—7 ILDER(F/\SL LY T — (Parallel Seq Scan.” i 5l & 2)

VIRAERER
SQL Heap (s) Columnar (s) {§#&
SELECT c2 44,249.4 22,519.7 EXPLAIN ANALYZE #£&8
SELECT COUNT(c1) 46,143.3 14,779.4 —&E3|
SELECT COUNT(c2) 49,391.6 13,592.6 H—{E%I
SELECT SUM(c1) 42,268.1 13,110.4
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CITUS

REZEERE

ViEETEREDIER
vheap 7—7 JLEIZ® Inner Join + COUNT
v'columnar F—7JLE L ® Inner Join + COUNT

VIREEFER
masht Time (ms) e
Heap Only 472,994.7 Parallel Hash Join (2 Worker)
Columnar Only 285,759.9 Hash Join
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CITUS
B4R
VIREERER
VE— U3y
SQL Heap (ms) Columnar (ms) {&#&
INSERT 624,153.8 663,986.4 generate_series B#I T 3 B4 —+FE

TRUNCATE 1,022.8 89.0

v S EE
VIBRDEEEEEETES:
v'5 5 | 31827 )L (Heap: 17 GB) [ Citus b RA5E TR
v'5 5 /| 1{E27 )L (Heap: 5 GB) Tl& Heap T—7 LD AL ER
VAT IVEL BIBMNZLG5EMREENED
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HYDRA
=

v'Hydra (https://docs.hydra.so/overview) H A%

v —EB citus DEREZE R

v https://qithub.com/hydradatabase/hydra

VIDRATav4%: columnar
v'Table Access Method (Pluggable Table Storage Interface) &L T3

postgres=> SELECT * FROM pg_am WHERE amtype="t’;
oid amname amhand | er amtype
2 | heap heap_tableam_handler t
16425 | columnar | columnar.columnar_handler | t
(2 rows)
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HYDRA
F—JILDYERK

vT7OtEAA)YE columnar ZF|FH
v'CREATE TABLE 3XIZ USING columnar f1Z#5§E L TR
VIEfEAECEREILEZIRT S GUC TEET S

v E Rl

postgres=> CREATE TABLE hydral (c1 NUMERIC, c2 VARCHAR(10)) USING columnar;
CREATE TABLE
Postgres=> ¥d+

List of relations

Schema | Name | Type | Owner | Persistence | Access method | Size | ---
——— - + : + - R - + ———

public | hydraf | table | demo | permanent | columnar | 16 kB |

(1 row)
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HYDRA
F—JILDYERK

VACNL—UFToa> DIEE

Citus&(ZIXRIL

TI4ILE
columnar.compression EfEAE zstd zstd, 1z4, pglz, none
columnar.compression_level [EAEL I 3 1~19
columnar.stripe_row_limit ANSATITE 150,000 1,000~10,000,000

columnar.chunk_group_row_limit F¥>49%5 JL—71T# 10,000 1,000~100,000,000

VTI—JILDEHEA T a ESR
postgres=> SELEGT * FROM columnar. options;

regclass | chunk_group_row |imit | stripe_row _|limit | compression_level | compression
—————————— —

hydrafl | 10000 | 150000 | 3 | zstd
(1 row)
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HYDRA

T—7ILDERK
VEDMA T DIETE
TI#HILE

columnar.column_cache_size F| ¥y aDH AKX (MB) 200MB 20MB ~ 20000MB
columnar.enable_column_cache F| ¥y aDEFIE off off ~ on
columnar.min_parallel_processes =/NAZLIILTOERE 8 1~ 32
columnar.enable_parallel_execution INSLIILOTY—F L on off ~ on
columnar.enable_vectorization RIMIVIEDEFE on off ~ on
columnar.enable _dml DELETE/UPDATE #%)  on off ~ on
columnar.enable_columnar_index_scan HRRALZEEIRXFy> off off ~ on
columnar.planner_debug_level TINYI LARIVIETE debug3 debug5 ~ log
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HYDRA
T

vEH DML ZHI[RTES
v'enable_dml # false [ZERE 3 5&. UPDATE X DELETE XIZEfTSNAEWN(TS—(FRELELY)

postgres=> SET columnar.enable_dml| = false;

SET

postgres=> DELETE FROM hydral WHERE c1=0;

DELETE 0

postgres=> UPDATE hydral SET c2="update’ WHERE c1=0;
UPDATE 0

postgres=> SELECT * FROM hydral WHERE c¢1=0;

cl | ¢2

0 | zero
(1 row)
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HYDRA Citus&IEIZREIL
HYDR/ | CiuskiEERL

VIR I7AIL
v'PostgreSQL MIZEE(ZHES
v'pg_class 12045 M relfilenode F|IZHEESNT=T 71 ILEVERK
v'1GB BTHE
v Citus [EIL
vz Dith
VAT XF FHAEE
v &9 F AR 58
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HYDRA Citus&IFIFRIL

#2075

:xi=
vVERMIZIE Citus £3£8@
viow_mask T—II)LIET—T I EZAAIRREHETE T 578 Hydra 1 5
v—EmnHA0% L SUPERUSER #ERENBEIZESELSER
v Citus L% Y AL—2 ID ET—T VA ZEEIT5H285 h L (VACUUM VERBOSE THR)

AFay NE I E
columnar.chunk FroO—E. JmXE. &=/IMEZ SUPERUSER® &
columnar.chunk_group 9’-’vz77)l/—7— ﬁ'lﬁﬁ%"ﬂl & 21— SR
columnar.options T—JIEEA T av—& 21— SR
columnar.row_mask EEAPAFVERH SUPERUSER® &
columnar.stripe Stripe—& &1 —HSHEA
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HYDRA
RATETIE

v'Custom Scan IZ&B7 It X (E#)

postgres=> EXPLAIN ANALYZE SELECT SUM(c1) FROM hydrai;
QUERY PLAN

Finalize Aggregate (cost=4819.85..4819.86 rows=1 width=8) (actual time=81.054..81.929
—> Gather (cost=4819.12..4819.83 rows=7 width=8) (actual time=76.702..81.922 rows=8
Workers Planned: 7
Workers Launched: 7
—> Parallel Custom Scan (VectorAggNode) (cost=3819.12..3819.13 rows=1 width=8 ---
—> Parallel Custom Scan (ColumnarScan) on hydral (cost=0.00..247.69 row -
Columnar Projected Columns: c1
Planning Time: 0.305 ms
Execution Time: 81.995 ms
(9 rows)
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HYDRA
RATETIE

v'Custom Scan IZ&BAT7 It R (L)

postgres=> EXPLAIN ANALYZE SELECT * FROM hydral WHERE c1 BETWEEN 100000 AND 20000000;
QUERY PLAN

Gather (cost=1000.00..992036. 70 rows=9905460 width=10) (actual time=0.791..434.999 row ---
Workers Planned: 7
Workers Launched: 7
—-> Parallel Custom Scan (ColumnarScan) on hydral (cost=0.00..490.70 rows=1428571 wi ---
Columnar Projected Columns: c1, c2
Columnar Chunk Group Filters: ((c1 >= 100000) AND (c1 <= 20000000))
Columnar Chunk Groups Removed by Filter: 9
Columnar Vectorized Filter: ((c1 >= 100000) AND (c1 <= 20000000))
Planning Time: 1.451 ms
Execution Time: 607.679 ms
(10 rows)
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HYDRA
RATETIE

VIlFryl a7 BRELIZ5EE DRITEE

postgres=> EXPLAIN ANALYZE SELECT COUNT (x) FROM hydrai;
QUERY PLAN

Finalize Aggregate (cost=4819.85..4819.86 rows=1 width=8) (actual time=81.054..81.929
—> Parallel Custom Scan (ColumnarScan) on hydral (cost=0.00..247.69 rows=1428
Columnar Projected Columns: ¢l
Cache Hits: 0
Cache Misses: 286
Cache Evictions: 0
Cache Writes: 286
Cache Maximum Size: 11440000
Cache Ending Size: 11440000
Total Cache Entries: 286
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HYDRA
RATETIE

VIMBDATIIR-REv2 (TIAILNERD)

postgres=> EXPLAIN SELECT * FROM hydral WHERE c1=10000;
QUERY PLAN

Index Cond: (c1 = 10000)
(2 rows)

postgres=> SET columnar. enable_columnar_index_scan = on;

SET

postgres=> EXPLAIN SELECT * FROM hydral WHERE c1=10000;
QUERY PLAN

Index Scan using hydral_pkey on hydral (cost=0.43..59.96 rows=1 width=9)

ColumnarIndexScan using : hydral_pkey
Index Cond: (c1 = 10000)
(3 rows)

Custom Scan (ColumnarIndexScan) (cost=0.43..8.45 rows=1 width=9)

—1
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HYDRA
RATETIE

v EITETE D
VA AMAI THAASLIILY T —
v'columnar.min_parallel_processes (default 8) THiFIEFIETE
v J—h—#DEE columnar.min_parallel_processes - parallel_leader_participation

v'max_parallel_workers (default 8) [Ixh<
v'max_parallel_workers_per_gather [&3hh ALY
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HYDRA
EE RIS
VIR EEDFERR
v'5 3l | 1 {E%7 )L CHEEE
VINGA—=E—IETIHILE
vLinux DXy a9 7T, PostgreSQL 1 A3 ABHEEIR (KT
vHeap T—7 ILDER(F/\SL LY T — (Parallel Seq Scan.” i 5l & 2)

VIREERER
SQL Heap (ms) Columnar (ms) {&#&
SELECT c2 13,797.2 7,123.8 EXPLAIN ANALYZE #£ 8
SELECT COUNT(c1) 4,171.8 881.3 —&J%I
SELECT COUNT(c2) 4,199.0 827.9 H—{E5|
SELECT SUM(c1) 4,149.0 886.7 &&t
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HYDRA

REZEERE

ViEETEREDIER
vheap 7—7 JLEIZ® Inner Join + COUNT
v'columnstore T—7J JLET® Inner Join + COUNT

v IREEFE R
maEh Time (ms) (K&
Heap Only 104,745.0 Parallel Hash Join (2 Worker)
Columnar Only 34,103.8 Parallel Hash Join (7 Worker)
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HYDRA
B HTIEEE
vVEFTEEEDHEER
VEB—KNSUHFHL3Y
v DELETE X.UPDATE XIEHA73YiELE S

VIRAEFE R
Heap (ms) Columnar (ms) {&§&
INSERT 236,782.0 112,421.6 generate series BA%T 1 B4 —1F
UPDATE 3,165.6 713,977.1 1,000,000 45 %7 (F£+F— Index Scan)
DELETE 496.9 2,777.6 1,000,000 #4HlIEx (F4— Index Scan)
TRUNCATE 1,022.8 84.8
v ST

VIREDERETHERE TS
VEHILEGAN . BR AR EREIER LTS
VINSUILY T )= SIEN ENSIENFTESLTOSER NS
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PG MOONCAKE

S

v'mooncake (https://mooncake.dev/) HEEEFE
v hitps://qgithub.com/Mooncake-Labs/pg mooncake

v'DuckDB D #:eE% FI|FH
v hitps://qgithub.com/duckdb/duckdb

VIJRT a4 pg_mooncake
v'Table Access Method (Pluggable Table Storage Interface) &L T3

postgres=> SELEGCT * FROM pg_am WHERE amtype="1t';
oid amname amhand | er amtype
2 | heap heap_tableam_handler | t
16390 | columnstore | columnstore_handler t
(2 rows)
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PG_MOONCAKE
F—JILDYERK

vT7HOtZXA YK columnstore Z#)
v'CREATE TABLE 3XIZ USING columnstore A1 35§FE L TERK
VIEfEAEPEHBEIIIEETELZL

v E Rl

postgres=> CREATE TABLE moon1(c1 NUMERIG, c2 VARCHAR(10)) USING columnstore;
CREATE TABLE
Postgres=> ¥d+

List of relations

Schema | Name | Type | Owner | Persistence | Access method | Size | -
- : : : + : | :

public | moont | table | demo | permanent | columnstore | 0 bytes |

(1 row)
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PG MOONCAKE
B

VT—JILORERR
VT —ADJREIL Parquet 2R
v'DuckDB A%#%D Delta Lake / Iceberg 7 7t A#aE% 5|
VA=A TFAIV AT LE)E—F S3 /N YNMIT 2RI RE

v'SQL XD EAT
VT T—ZE#HAIEE (F=F2L MERGE X. SELECT FOR UPDATE XE4TH )
v ANALYZE X /VACUUM XZE{TARA]

vZhih
VAT AR BARE
VEX— —EF—FIRNRARTE
vNOT NULL #HI#IFT—T L EETRES A HERELATLY
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PG MOONCAKE
[EHEDZNE
VEBHEG I 1EFTIL)
vdatal : Heap T—7 /L
vmoonl : JIigmET—T L/ —3Ea3Ivk = 0 bytes [ZHE-TLVAAY, EEIL 382 MB
vmoon2 : 5l gmFT—IIL~10 La—KEfHaO3yk = 30GB LLE
v —3#& INSERT [C&AEMEHEIE L

postgres=> ¥d+

List of relations
Schema Name Type Owner Persistence | Access method Size
public | datal table | demo permanent heap 5746 MB
public | mooni table | demo permanent columnstore 0 bytes
public | moon2 table | demo permanent columnstore 0 bytes
(3 rows)

: © 2024 Hewlett Packard Enterprise DevelopmentLP | 44



PG_MOONCAKE
COPY XIZ&BER%

v'COPY FROM / TO XIZ&% Parquet 771ILD A H 71
vO—Ah)L- ARL—UF =& S3 /Ny ED Parquet 774 )LZFI AT EE
v EITHI
postgres=f CREATE TABLE copyl(c1 TEXT, c¢2 TEXT) USING columnstore;
CREATE TABLE
postgres=# COPY copyl FROM ’'s3://bucketl/copyl. parquet’ ;
COPY 1000

postgres=# COPY copyl TO ' //tmp/copyl. parquet’ ;
COPY 1000
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PG_MOONCAKE
akintyl

VIlERT—J IS RTESHHFAY
VINDUu 0598 LD S3INT b BRI DH—ILIMNREFT HHE0T

Fav RES £
mooncake.cloud_secrets secret T—JIILESHBTHE1—

mooncake.columnstore tables secrets T—J LSBT HE1—

mooncake.data files Parquet 771/ J)L—& SUPERUSER O #ZHET]

mooncake.secrets Secret [EHRDRF SUPERUSER®M &£ BB
(mooncake.create secret %)

mooncake.tables T—JIERTFETALIRN)—F& SUPERUSERMD &£ B[
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PG MOONCAKE
+FTTa nisE

vZ 73> (mooncake B85&E)

TIFILE
mooncake.allow local_tables  on O—AIL-T—TILDOEME
mooncake.enable local_cache on O—A)L-FvuaDEMIL
mooncake.default_bucket ¥ T4k S3 Nk 4
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PG MOONCAKE

ATavDIEE

vA 73y (DuckDB BE:&E)
INSA—H—H
duckdb.force_execution
duckdb.enable external access
duckdb.allow_unsigned_extensions
duckdb.max_memory
duckdb.memory_limit
duckdb.disabled_filesystems
duckdb.motherduck postgres_database
duckdb.threads
duckdb.max_threads_per_postgres scan
duckdb.motherduck enabled
duckdb.postgres_role

E duckdb.motherduck _token

T AL
false

true

true

4GB

4GB
LocalFileSystem
postgres
-1

1

auto

%:l

BH

EITR—7 vz @l ER
SNERT Ut REEFA]
NETHORT 3> DEITEA
RAAE)—ERA=E
BRAAE)—EA=E
BEDIFAIWATLDT IR ELE
MotherDuck IZREFT 5T —32X—X
ALYEE

? 7

MotherDuck B %h1t

? 7?7

MotherDuck 7O tAX—5 >
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PG_MOONCAKE
T—RRTFE(T—FT714IL)

VT—3771ILDRE
v [${PGDATA}mooncake local tables/mooncake {DBNAME} {TABLENAME} {OID} 1T74c4L%2kY)
VITAILRAIXTSA L UUID I SHERL il ffdef017-66e1-4148-a33d-af0a84al1416d.parquet |

VIT—R32074ILE—EH

$ cd ${PGDATA}/mooncake local tables/mooncake postgres_moonl 24737
$ls -1t

_delta_log

e8ffeda5-8d37-438f-8335-2c117cla63bf.parquet
4de4f8df-17dc-456e-ab92-2c50ca8714ef.parquet
3aaeeal4-c9df-4e6d-9ec0-5033eebb5695.parquet
92950bef-cfle-4468-ba92-aaddbaSbee2b.parquet
09cc9b58-3d31-4f58-839f-9e7a54a096f0.parquet
95b6e046-3c3a-4710-a8d3-1c8d74e6efdd.parquet
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PG MOONCAKE
T—ARF (ST I3V ER)
VESUH LIV BRHRDRE
VIS{T—T VR EFETsLIRY _delta_logl T4k
VSBT3V DOASYNERITI7AILDERZ S
VI7AIL—EH
$1s -1 delta_log/
00000000000000000000.json

00000000000000000001.json
00000000000000000002.json

v'1 L3—F INSERT L7=B® JSON 774 L4l

{"add":{"path":"1al41fc6-89a2-4dla-a789-8c3262b66c7b.parquet”,"partitionValues":{},
"size":288,"modificationTime":0,"dataChange":true,"stats":null,"tags":null,"deletionVector":null,
"baseRowld":null,"defaultRowCommitVersion":null,"clusteringProvider":null}}

{"commitinfo":{"timestamp":1732018398277,"operation":"WRITE",
"operationParameters":{"mode":"Append"},"clientVersion":"delta-rs.0.21.0"}}
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PG _MOONCAKE
F R DHA

VEH DML QB TT—3T7AILDBEREINS (# FS5oH o 3)

Tx#t $BR4E EHHHE T5O7M)L YL X

1 CREATE TABLE - - -

2 INSERT INTO 1{& ffdef017-66e1-4148-a33d-af0a84al1416d.parquet 400,533,812

3 INSERT INTO 1 ffdef017-66e1-4148-a33d-af0a84al416d.parquet 400,533,812
lal41fc6-89a2-4dla-a789-8c3262b66¢c7h.parquet 608

4 DELETE 100 5 ffdef017-66el1-4148-a33d-af0a84al416d.parquet 400,533,812
lal41fc6-89a2-4d1la-a789-8c3262b66¢c7b.parquet 608
14b488ae-8156-4852-bad1-0ad0326¢c90cl.parquet 396,528,530

5 UPDATE 100 & ffdef017-66e1-4148-a33d-af0a84al416d.parquet 400,533,812
lal41fc6-89a2-4dla-a789-8c3262b66¢c7h.parquet 608
14b488ae-8156-4852-bad1-0ad0326¢c90cl.parquet 396,528,530
1e50732f-70bc-4f43-a0b5-f3fleeef655a.parquet 396,528,463
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PG _MOONCAKE
71 ILERK

VIEHEAEDIEE
v'SNAPPY [E#ghi/\—Fa—Fk

v'columnstore_table.cpp MO —&f

class DataFileWriter {
public:
DataFileWriter(ClientContext &context, FileSystem &fs, string file_name, vector<LogicalType> types,
vector<string> names, ChildFieldIDs field _ids)
. collection(context, types, ColumnDataAllocatorType::HYBRID),
writer(context, fs, std::move(file_name), std::move(types), std::move(names),
duckdb_parquet::format::CompressionCodec::SNAPPY /*codec*/, std::move(field_ids), {} /*kv_metadata*/,
{} *encryption_config*/, 1.0 /*dictionary_compression_ratio_threshold*/, {} /*compression_level*/,
true /*debug_use_openssl*/) {
collection.InitializeAppend(append_state);

}
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PG MOONCAKE
E{TEHE

VETETE ORI HHYZ

postgres=> EXPLAIN ANALYZE SELECT COUNT (x) FROM moon1;
QUERY PLAN

Custom Scan (DuckDBScan) (cost=0.00..0.00 rows=0 width=0) (actual time=11.908..11.926 rows=1 ---
DuckDB Execution Plan:

Query Profiling Information

EXPLAIN ANALYZE SELECT count (%) AS count FROM pgmooncake. public. moonl

Total Time: 0.0067s
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PG MOONCAKE
EE RIS
VIR EEDFERR
v'5 3l | 1 {E%7 )L CHEEE
VINGA—=E—IETIHILE
vLinux DXy a9 7T, PostgreSQL 1 A3 ABHEEIR (KT
vHeap T—7 ILDER(F/\SL LY T — (Parallel Seq Scan.” i 5l & 2)

VIREERER
SQL Heap (ms) Columnar (ms) {&#&
SELECT c2 13,797.2 190.3 EXPLAIN ANALYZE #58
SELECT COUNT(c1) 4,171.8 866.5 —&J%I
SELECT COUNT(c2) 4,199.0 236.2 BH—{E5|
SELECT SUM(c1) 4,149.0 388.7 HEf
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PG MOONCAKE

RZEEEE

VB EEEDFERE
vheap 7—7 JLEIZ® Inner Join + COUNT
v'columnstore 7—7 JLEIE® Inner Join + COUNT
v'"Mooncake DRFZEILIEEIZEIE

VIRELFER
ekt Time (ms) )
Heap Only 104,745.0 Parallel Hash Join (2 Worker)
Columnar Only 7,926.4 Hash Join
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PG MOONCAKE
B sE
VEHTEEEDRESE
VE—LSUH O3y
vINSERT X . DELETE X.UPDATE XI3:E<%%

VIRAEFE R
SQL Heap (ms) Columnar (ms) {&#&
INSERT 236,782.0 547,976.6 INSERT SELECT XIZ&5 (1 E#)
UPDATE 3,165.6 21,862.8 1,000,000 {45 $7. Mooncake [X& 4%
DELETE 496.9 21,025.4 1,000,000 #4FE #H. Mooncake (& HIRZHR
TRUNCATE 1,022.8 7.2

v S ET

VEIIMNECGS, GRS ENFORIREIZ O, RREEFIIFFEIZEL
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ACCESS METHOD Hp#8%
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ACCESS METHOD b8

THORTA DRERELLER

v E{TR[EEZL DML

SQL X Citus Hydra pg_mooncake {§#&E
VACUUM O @) X

ANALYZE @ O X

SELECT O O O

SELECT FOR UPDATE X O X

INSERT O @) O

UPDATE X O @)

DELETE X @) O

COPY O O O Parquet 774 JL %t it \]
TRUNCATE O O O

MERGE X O X
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ACCESS METHOD LE&;
ITHRToa DREE L ER

v HERE LLER
pg_mooncake {§#&

EfEzhE = = as
ATIIR O O X

il 9 O O X
cSoH oIy O O O
MEI+—< vk = = Parquet
S3 /N yMRTF X X O
T—7 YA X O O X
Efg AV INIERE O O X
INSLIILYTY)— X O X
Tr—IRIREE Azure Hydra Cloud Neon
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ACCESS METHOD LE&;
ITHORTarDERELER

vVIEREHLER
Hydra pg_mooncake {§#&
EHBE®E K =S =
MoEE (R5l) s th _
ST i3 th

© 2024 Hewlett Packard Enterprise DevelopmentLP | 60



ACCESS METHOD b8

Z DD LB KR
vV Z DI
£ Bl FORRA URL

pg_analytics Foreign Data Wrapper htips://github.com/paradedb/pg_analytics
pg_duckdb  Table Access Method  https://github.com/duckdb/pg_duckdb
pg_parquet COPY hook https://github.com/CrunchyData/pg_parquet/
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ALLOYDB
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ALLOYDB
=

v'Google Cloud A\12#t9 % PostgreSQL Bt 7 —2X—X
VAU TUERKRIE AlloyDB Omni
VIIRBRIVOUERED
v'Alloy DB D3ligRIT Y
VT IAILETIEEMN
VT IFILETIESFER T —2(EAE)—LIZEREENS
VIR T —2 B EERSN . EHMICEESINSD
VAT TARAYVIIEBMICERRT T 25 ERTS
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ALLOYDB
ATavDIEE

v EF7%A T3> (google columnar_engine X¥—7<)

T+
enabled off g T DAEIE
relations ¥ FHEMAE) —~EARET—T I
enable_auto_columnarization on SE
auto_columnarization_schedule " FFE A AE)—~E AR TI74ILk 1 B
enable _columnar_scan on FFERT—RIZTOERT Hh
memory_size in_mb 30% FlEmT—42 A AT —45E1E (MB)
refresh_threshold_percentage 50 FIRM T DT —REHLELME
refresh_threshold_scan _count 5 FIANT7 DT —42SREIHMEE
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ALLOYDB
HItg R AT —

vV AE—EXTE GUC #
VEIRRT—RIEEF AR —EEICEMEN S LB b NS,
vmemory_size in_mb Z#E&EL%EWMEEX30% of instance memory |
v'8 GB AE!)—MRARMD Docker TRESILI-I5E DEREE

INGA—Z—2 BHEREE

shared_buffers 6370MB OS A*E!Y—D 75 % B KT
shared_memory_size 1737MB ERICHERIN TS EBFAE—
shared_buffers_init_alloc_size 1GB RSN OIEFAE)—
shared_memory_expand_ratio 0.25 HBAE)—ZH5RT HEIE
shared_memory_overflow_buffer 100kB ZF—\—2a—N\vI7DH A X
shared_buffers_active 68352 TOTATIEHBFAE)— 8kB i {i
shared_memory_size in_huge pages 869 O T2 RAMTH HugePagesik

EIEL TV ?
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ALLOYDB

SIFERIAE!)—
VHIIERIATE)—DANER
postgres=> SELECT * FROM g_columnar_memory_usage;
memory_name | memory_total | memory_available | memory_available percentage | reserved_memory
main_pool | 1073741640 | 1073741392 | 99 | 0
recommendation_pool | 14568224 | 14567232 | 99 | 3059327
work_pool | 57671496 | 57592888 | 99 | 5190434
column_set | 1048576 | 1048472 | 99 | 0
(4 rows)
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ALLOYDB
SR AT —~DIEA

VIRERAE)—~DRAXBEIMIZITICELTES
VBEIERESN =TT IILZEFITERAE)—~EM

postgres=> SELECT * FROM g_columnar_recommended_columns;
database _name | schema _name | relation_name | column_name | estimated size_in_bytes

postgres | public | datal | c1 | 960169115
(1 row)

postgres=> SELECT * FROM google_columnar_engine_recommend () ;
total _size in_mb | columns

1024 | postgres.public. datal (c1)
(1 row)

postgres=> SELECT relation_name, column_name, status, size_in_bytes FROM g_columnar_columns;
relation_name | column_name | status | size_in_bytes

T T T
ﬁ 2024 Llowaldaott Doasleard it rnric s NAavalaniaant
VT TToevioe Ll AUINUATU I_IIL\./IrJII\J\.» I_I\.»\I\_;I\Jr.llll\.,llL ]




ALLOYDB
SR AT —~DIEA

VAR)—IZTELLGEWNGE

postgres=> SELECT google_columnar_engine_add (' datal’, 'c1');

WARNING: Skipping the already populated column cf

WARNING: All specified columns are present in the columnar cache.
google_columnar_engine_add

0

(1 row)
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ALLOYDB
RATETIE

v'Custom Scan &, stDT—7ILESBEL T Append #1175

postgres=> EXPLAIN SELECT COUNT (c2) FROM datai;
QUERY PLAN

Finalize Aggregate (cost=13517.53..13517.54 rows=1 width=8)
—> Gather (cost=13517.31..13517.52 rows=2 width=8)
Workers Planned: 2
—> Partial Aggregate (cost=12517.31..12517.32 rows=1 width=8)
—-> Parallel Append (cost=20.00..87505.16 rows=4998924 width=6)
—> Parallel Custom Scan (columnar scan) on datal (cost=20.00..87501.16 rows=:--
Columnar cache search mode: native
—> Parallel Seq Scan on datal (cost=0.00..4.00 rows=1 width=6)
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ALLOYDB

RZEEEE

VR DE A
v'5 5 | 1L {827 )L CHREL
VINGA—Z—[XIXIFTI4ILE
VIR AR —ZEALIGEEFERALGEWNMGEE HE

SQL Heap (ms) Columnar (ms) {##&
SELECT COUNT(c1) 5,726.1 21.2 —&5
SELECT COUNT(c2) 5,855.3 8.2 BE—{EZ|
SELECT DISTINCT c2 5,430.7 5.6
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Pl

VIRERT—DILIZL 2 HDBIREMN RS TS
VIRREICIIRELGELHD
VIRERIT—DILIEEH TESHE A THREPAN — VR EITH R GRENDE

all

VHAIEERDT, HATELLY
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THANK YOU

Mail : noriyoshi.shinoda@hpe.com
X(Twitter) : @nori_shinoda
Qilta . @plusultra

GitHub : @nori-shinoda
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