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v'Coordinator Node TE{TEn50I1E
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Azure Database for PostgreSQL — Hyperscale (Citus)

VIBRLAIREIRA T3y

Node / Option Resource Min — Max Note
Coordinator Node # of vCores 2—64
Storage Size (TiB) 0.125-2.0
Memory (GiB) 16 — 256
Worker Node # of Nodes 0-20
# of vCores 4 — 64 Per node
Storage Size (TiIB) 0.5-2.0 Per node
Memory Size (GiB) 32-512 Per node
Option High Availability Off or On
PostgreSQL Version 11 - 14 —Ep)—ar D H
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Citus &[E?
Azure Database for PostgreSQL — Hyperscale (Citus)

VIBRLAIREIRA T3y

A r

<« C @ portalazurecom,

#create/Microsoft.PostgreSQl Server o

X
¥ou can scale out your Hyperscale (Citus) cluster by adding worker nodes to it without cluster downtime. You can start
with Basic tier and convert it to the Standard tier at any time. 81§ &
’ JAtoEE [
(O easic (2 to & vCores, up to 32 GIE memory), coordinator and worker node
unified - Best for starting out, or dev/test
‘Werker nodes
) Standard (8 to 1000+ vCores, up to 8+ Tig memary), worker nodes and IRk veore s B 0PY) 12,623.01
dedicated coordinator - Best for performance and scale &7 = X 64
Node count x20
@ standard tier for Hyperscale (Citus) gives you a distributed Postgres cluster .
(called a server group) with dinator and 2 or more 5. You Worker node storage - /L
can easily add more worker nodes with zero downtime, At any time, you can JRF/GiB /B OPY) 12.88
le up the compute, memory, and storage on the coordinator andfer the AL ) x 2048
worker nodes. Node count %20
Coordinator node
13k vCore/ A (7V) 10,129.33
Worker nodes ®EIT 8 x64
Expand your server group and s: base by adding werker nodes. Tune your node performance for your Node storage - IR E#)
& needs by selecting compute uCores and storage ¢ JAt/GiB/ R 09 1288
P %2048
/= FI-T D4 17,359,670.49
Worker node count 20 nodes — e
O wamE -
It you need more than 20 nodes, contact us o
EEIAN 17,359,670.49
A Jpy
Configuration (per worker nade)
Q| 64 727
s & © 64
ARb-T 2T

vour configuration can use up to 3 10PS / GiB.

Coordinator node

The coardinater node coordinates your quer
ecting compute vCore and storage capacity.

d manages your schema, Configure your coordinator node performance

Configuration (coardinatar nod

1

vour configuration can use up to 3 10PS / GiB.




1

9



23

citus EXTENSION

VAR
v’ Coordinator Node & Worker Node [2T4/ 2 A k—JL
VIT—JIWVEERT BHET—FN—XT CREATE EXTENSION X%E{T
VAR = LA F)[FE/—FTR—
V7 I)r—a BRI VAT 3y (pgerypto &) b e/ —RIZA VR —)L
VREEE
v’ Coordinator Node & Worker Node 3@

postgres=#f SHOW shared_preload_libraries ;
shared_preload_libraries

citus

(1 row)

postgres=f CREATE EXTENSION citus ;
CREATE EXTENSION

—
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Worker Node )&%

v'"Worker Node M & £%
VISAT—FELOEFREF A ABE
v'SSL IZ&5@1E% 17> (citus.node_conninfo)
v'citus_add_node B THRALNE (Ff=IEL TCP/IIP 7RL R) EIR—FBEZEIEE

postgres=# SELECT citus_add_node (" cituswkl’, 5432) ;
citus_add node

2

(1 row)
postgres=ff SELECT citus_add node (' cituswk2', 5433) ;

citus_add node

3
(1 row)

—
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Distributed Table (97— L)

VT3 0BLTRET ST
VITOT—TILEE
VARF—ELTAZREE (TIHIATIENY D AEDEHRE K> THRET —TILERTE)
vV Bz 15 TE I AR
citus.shard_count (774 JLME 32)

v 877% Worker Node [CL ) h&E{ERL FTRE
citus.shard_replication_factor (774 JLME 1 = LFTUAZESLLY)

( Coordinator )
citus




T—JILERK

Distributed Table (97— L)

VORT—IJILEELT)hEMEIETE

postgres=> SET citus. shard_count = 6 ;

SET

postgres=> SET citus. shard_replication_factor = 2 ;
SET

vVIT—TILDERAH

postgres=> GREATE TABLE dist1(keyl NUMERIC PRIMARY KEY, vall VARCHAR(10)) ;
CREATE TABLE

postgres=> SELECT create distributed_table(  distl’, "keyl') ;
create_distributed table

(1 row)

—
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Distributed Table (97— L)

v'Worker Node [Z{EEndT—7 L
VIT—TJIWAIETDT—TILAIZ ShardID AYEMESNS
VI TVhERETHER—BFRDOT—TILHELS Worker Node [Z/ERL
v ZRIDREICT—F IVIZIE B —T —2 D3
v'Worker Node TERSNDT—TILE DOFEERIZIE citus_shards h2OT #& %R

Worker#2 Worker#3

Coordinator

distl

Worker#1l

distl 102047  distl 102047

distl 102048

distl 102048

distl 102049

distl 102049

distl 102051

distl 102051

15
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Distributed Table (98T —2J)L)

v'Worker Node [Zxf9"% DML
v WHERE G2 8AINEFENDIZE (. 3259 5 Worker Node IZDH TV ERXTS
v/ Coordinator Node M5Z N Z 10D Worker Node [Z POsendQuery, PQOsendQueryParams Z#{E->TCIEREAEITSNS
v'"Worker Node f& [ BIEZ1TH7ELY
v'Worker Node Z#FE 7= \-E#AULIE (X Coordinator Node h 54510 Worker [Z DML #%E17L. 2PC THR#Z L5

v SUH 53 BRRFIZ Coordinator Node THREBE SN bS5 Y9 321D%F Worker Node (2
assign_distributed_transaction_id B#{ Tix:E

— 16
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Distributed Table (97— L)

VEIFET ARSI T—T I
vV BRI T—A2M B MEIh TS T—TJ LY Distributed Table ICE#TES
v BB ET—7IILOT—42HIB&IE truncate_local _data_after distriburing_table BI#i%£E1T

postgres=> SELECT create_distributed_table (' data2’, 'c¢1’) ;

NOTICE: Copying data from local table...

NOTICE: copying the data has completed

DETAIL: The local data in the table is no longer visible, but is still on disk.
HINT: To remove the local data, run: SELECT

truncate local _data_after _distributing table ($$public. data2$$)
create_distributed table

(1 row)
postgres=> SELECT truncate_local_data_after_distributing_table(’ data2’) ;
truncate _local _data _after _distributing table

[:j:z:::lw)
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Distributed Table (97— L)

v'Distributed Table % Local Table IZR93 Z¢&ETES

postgres=> SELECT undistribute_table (' data2') ;

NOTICE: creating a new table for public. data?

NOTICE: moving the data of public. data2

NOTICE: dropping the old public. data2

NOTICE: renaming the new table to public. data?
undistribute_table

(1 row)
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Distributed Table (97— L)

v

o= =

E1TETH
v'citus.explain_all_tasks [& Worker Node ~N& AT AETEHEZHE T H5HhEF RO

postgres=> SET citus.explain_all_tasks = on ;
SET
postgres=> EXPLAIN SELECT SUM(c1) FROM distl WHERE c1=1000 AND c2='datal’ ORDER BY 1 ;

QUERY PLAN

Custom Scan (Citus Adaptive) (cost=0.00..0.00 rows=0 width=0)
Task Count: 1
Tasks Shown: All
-> Task
Node: host=cituswkl port=5432 dbname=postgres

Index Cond: (¢1 = "1000" : :numeric)
Filter: ((c2)::text = '"datal’ ::text)

(8 rows)

—> Index Scan using dist1 pkey 102040 on dist1_102040 dist1l (cost=0.43..8.45 ro ---

| 19
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Distributed Table (97— L)

VEFTEE
v citus.log_remote_commands [& Worker Node ~#% A9 5 SQL XD OY HAFITOEHRTE

postgres=> SET citus. log_remote_commands = on ;
SET
postgres=>|SELECT SUM(c1) FROM dist1 WHERE c1=10001AND c2="datal’ ORDER BY 1 ;

NOTICE: issuing SELEC{\;ER(C1) AS sum FROM publif/;ist1
((c1 OPERATOR (pg_catalog.=) (1000) : :numeric) AND OLLATE “default”)
OPERATOR (pg_catalog.=) "datal’ ::text)) ORDER BY (sum(c1))
DETAIL: on server demo@cituswkl:5432 connectionld: 1

sum

— 20
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Distributed Table (98T —2J)L)

VTI—IL ATFOREA®D SQL X(E,. T—FILBEEELTZEDEFE Worker Node TET
v'VACUUM / VACUUM FULL X
v ANALYZE X
v ALTER TABLE X
v CREATE INDEX 3X.DROP INDEX X

21
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Reference Table (ZBET—7J)L)

v&/—KRIZE—T—3%&R&EI5T—7 L
VTAA o3 T—TJI)LREE

( Coordinator ‘

C
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Reference Table (ZBET—7J)L)

vT— LD VR

postgres=> CREATE TABLE ref1(keyl NUMERIC PRIMARY KEY, val1l VARCHAR(10)) ;
CREATE TABLE

postgres=> SELECT create_reference_table(' refl’) ;
create_reference_table

(1 row)

v'Worker Node ®OT—7 JLEEEE B

postgres=> ¥d
List of relations
Schema | Name | Type | Owner

public | ref1_102084 | table | demo
(1 row)

—
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Local Table

v'Coordinator Node EIZT—4% &35 T7—TI)L
v'Worker Node &lFBIEZEITHALY

( Worker#l )

citus

Coordinator ) ( Worker#2 )
citus

(  Worker#3 )
citus

— .
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VAT —7IILIZH L TETTELLSOL

v B —3IDEH (UPDATE / INSERT ON CONFLICT X)

v SELECT FOR UPDATE / SHARE X (L7 hZERLTLSIEE)

v TABLESAMPLE 4]

v INSERT VALUES XIZxt9 % generate_series B# %

v SERIALIZABLE b2 H I3 0 BBEL AL (=27 ILIZEEEEL)
vV HlFINH HEX

v Y7o —

v GROUPING SETS 4]

v PARTITION BY 4]

v Local Table & Distributed Table D#E&

v Coordinator Node L DT—TJ JLIZ{EREnTf=FJH—

https://docs.citusdata.com/en/v10.2/develop/reference workarounds.html
https://docs.microsoft.com/ja-jp/azure/postgresql/concepts-hyperscale-limits
(A TIDRDYR—LE, Citus 10.2 TRIRATEREEN T YT T—FENTULVELY)

—


https://docs.microsoft.com/ja-jp/azure/postgresql/concepts-hyperscale-limits
https://docs.microsoft.com/ja-jp/azure/postgresql/concepts-hyperscale-limits
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M=

vVEREEY =27/l LI Columnar Table

v'Citus 10 D FH&aE

VIIBAIZEREISNTRESNEZT—T L
VIEREICEAEHERDOERIE

v'Table Access Method (Pluggable Table Storage Interface) &L T3EE

postgres=> SELECT * FROM pg_am WHERE amtype="t’ ;

oid amname amhandler amtype
2 | heap heap_tableam_handler t
16849 | columnar | columnar. columnar_handler | t

(2 rows)




FlgRT— )L
FT—JILDYERK

v'CREATE TABLE 3XIZ USING columnar A]1Z#(EE L THERL

postgres=> CREATE TABLE columnl(c1 NUMERIC, c¢2 VARCHAR(10)) USING columnar ;
postgres=> ¥d+

List of relations
Schema Name Type Owner Persistence | Access method Size
public | citus_tables | view postgres | permanent 0 bytes
public | columni table | demo permanent columnar 16 kB
(2 rows)

28




FligmT—2 )L
F—JILDERK

VEEE®D Heap 7—7 Lo M ZEEEA[RE (alter_table _set_access _method Ei%k)

postgres=> SELECT alter_table_set_access_method (' data2’, 'columnar’) ;
NOTICE: creating a new table for public. data?

NOTICE: moving the data of public. data2

NOTICE: dropping the old public. data2

NOTICE: renaming the new table to public. data?
alter_table_set_access_method

(1 row)

v'PostgreSQL 15 Tl& ALTER TABLE SET ACCESS METHOD XA\FIFHTRIREICHE BT 5E
https://qgit.postgresgl.org/gitweb/?p=postgresql.git;a=commit;h=b0483263dda0824cc49e3f8a022dab07elcdf9a’

Add support for SET ACCESS METHOD in ALTER TABLE

—

29


https://git.postgresql.org/gitweb/?p=postgresql.git;a=commit;h=b0483263dda0824cc49e3f8a022dab07e1cdf9a7

FlFEmT—7IL
FAzE
vHeap T—7IILERLDEEZHFD
T—TIL(RL—2 ID)
AR)—L #1

FrD #1
5l #1 (RKE/HR/ME/ZTEIH)

Fr2D #2
5 #2 (RmKE/w/IME/ATtVYR)

AR)—L#2

vT—JI

v AL— ID D
vVAR)—L

v EHEEL

v S H 9230 F =1 columnar.stripe_row_limit 0 B L
FYDTI—T

VFYUODESE

VRS EFREHTERE

v’ columnar.chunk_group_row_limit @ B {1 TIERL
Il

v AlfE., xKE/"&/IME/FTEVE

30
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k- intsl

VEIIERIT—JILICBA®R T HAH420% (columnar RF¥F—7)

columnar.stripe ANSAT—& T7A4ILVRAA Ty, La—F#. T—42F
columnar.chunk_group F¥>9:-JIIL—7—%& LIa—F#

columnar.chunk FroH—8 FEER. &=/IME. RKIE. [EMHEIRH
columnar.options ATav—%8 T—ILEBDATLIVREE

31




FlgRT— )L
AL—2 1D

vF—JI)LE LN 1
vV HERT—T ILYEREF S TRUNCATE XD EITEIZEREE
v'VACUUM VERBOSE XN E{TTHER

postgres=> VACGUUM VERBOSE columni ;

INFO: statistics for “columni”:

storage id: 10000000003

total file size: 13123584, total data size: 12734988

compression rate: 19. 04x

total row count: 10000000, stripe count: 67, average rows per stripe: 149253
chunk count: 2000, containing data for dropped columns: 0, zstd compressed: 2000

VACUUM
postgres=> SELECT * FROM columnar. stripe WHERE storage_id = 10000000003 ;

storage_id | stripe_num | file offset | data_length | column_count | chunk_row count | ---

10000000003 | 1| 16336 | 191013 | 2 |

4 e

10000 | ---

—

| 32




FligmT—2 )L

v =
VAT A DIEE
TI+IVME (EDEEE
columnar.compression EfEAE zstd 1z4, none, pglz L{EFHTA]
columnar.compression_|level [EHEL~NIL 3 1~ 19
columnar.stripe_row_limit ARSATITHDORX 150000 1000 ~ 10000000
columnar.chunk_group_row_limit F¥>95 IL—T1T8DEHEAX 10000 1000 ~ 100000

postgres=> SELECT * FROM columnar. options ;

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

L

columnl | 10000 | 150000 | 3 | zstd
(1 row)

— 33



FligmT—2 )L
v WAV

VAT AU DER
v alter_columnar_table set B#k CZ HE o[ Ak
v BEFEOSATILICITERLGL

postgres=> SELECT alter_columnar_table_set
(table_name => 'columnl’, compression => ' |z4', compression_level => 19) ;
alter_columnar_table_set

(1 row)
postgres=> SELEGT * FROM columnar. options ;

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

columnl | 10000 | 150000 | 19 | 1z4
(1 row)

—
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FgmT—IL
EfE R

vVEESIER (2 51.71,000 BATIL)
v columnl : 3l3gmT—7 )L —3FaIvhk
v column2 : Bl$gmET—IL.~10 47 JLEGI O3Sy
v datal : Heap 7—7 /L

postgres=> ¥d+

List of relations
Schema Name Type Owner Persistence | Access method Size
public | citus_tables | view postgres | permanent 0 bytes
public | columni table | demo permanent columnar 13 MB
public | column? table | demo permanent columnar 1813 MB
public | datal table | demo permanent heap 422 MB
(4 rows)

.




FgmT—IL
FTEHE

v RATETE D HEER

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

Aggregate (cost=11.61..11.62 rows=1 width=32) (actual time=3.864..3.865 rows=1 loops=1)
—> Custom Scan (ColumnarScan) on columnl (cost=0.00..11.60 rows=1 width=6) (actual tim---

Filter: (c1 = "10000" ::numeric)
Rows Removed by Filter: 9999
Columnar Projected Columns: cl
Columnar Chunk Group Filters: (c1 = "10000" ::numeric)
Columnar Chunk Groups Removed by Filter: 999

Planning Time: 0.284 ms

Execution Time: 3.893 ms

(9 rows)

—
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1TIIAR

v Citus 10.2 M55 7R—k(Citus 10.1 THLENET S)
v BTREE, HASH ) &H1H—k

postgres=> GREATE INDEX idx1_columnl ON columnil(c2) ;
CREATE INDEX
postgres=> EXPLAIN ANALYZE SELECT * FROM column1 WHERE c2=' value0’

QUERY PLAN

Index Scan using idx1 _columnl on columnl (cost=0.43..27.31 rows=1 width=12) (actual time:---
Index Cond: ((c2)::text = "valueO ::text)

Planning Time: 0.148 ms

Execution Time: 0.048 ms

(4 rows)

37
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VEITTELL SOL DOFIH9HH 1R
v UPDATE / DELETE X
v TABLESAMPLE 4]
v SELECT FOR UPDATE X
v UNLOGGED / TEMPORARY +—7J /L
v SERIALIZABLE b5 H o3 R BLANIL (=27 )L EDEER)

postgres=> UPDATE columnl SET c¢2="update’ WHERE c¢1=1000 ;
ERROR: UPDATE and CTID scans not supported for ColumnarScan

postgres=> SELECT * FROM columnl FOR UPDATE ;
ERROR: UPDATE and CTID scans not supported for ColumnarScan

postgres=> SELECT * FROM column1 TABLESAMPLE SYSTEM (1) ;
ERROR: sample scans not supported on columnar tables

https://docs.citusdata.com/en/v10.2/admin quide/table management.html#limitations

—
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SIERIT—TILERET—TIL
M=

VTI—JIIDEFEHHAEDHEDIIENTES
v 5igMET—T IILE S ELT—J )L (Distributed Table) 25 85— )L (Reference Table) [
VAR T—IIILEFED/NA—T123aIC
VIRERIT—IIWNEEL/NN\—Ta2a - T—TINEn#T—TILIC

40



SigmMT—TILERERT—TIL
5lisET—J L ESEIL

v 3I|35MT—7J )L % Distributed Table 1t~ Reference Table 1t

CREATE TABLE
postgres=> SELECT create distributed table( coldistl’, 'c¢1’) ;
create _distributed table

(1 row)

CREATE TABLE
postgres=> SELECT create reference table( coldist2’) ;
create_reference_table

(1 row)

postgres=> CREATE TABLE coldist1(c1 NUMERIC PRIMARY KEY, ¢2 VARCHAR(10)) USING columnar ;

postgres=> CREATE TABLE coldist2(c1 NUMERIC PRIMARY KEY, ¢2 VARCHAR(10)) USING columnar ;

—

41




SigmMT—TILERERT—TIL
FIIsAT—T L E/A—T S ait

VIIERT—TILD/IN—T1231k

postgres=> CREATE TABLE part1(c1 NUMERIC PRIMARY KEY, c¢2 VARCHAR(10)) PARTITION BY RANGE (c1) ;

CREATE TABLE

postgres=> CREATE TABLE partivil PARTITION OF partl FOR VALUES FROM (1000000) TO (2000000)
USING heap ;

CREATE TABLE

postgres=> CREATE TABLE partiv2 PARTITION OF partl FOR VALUES FROM (2000000) TO (3000000)
USING columnar ;

CREATE TABLE

VIN—T 423 TI—=U T IZKYFHEIZE>THIFINZEDLADTEENNE

postgres=> UPDATE partl SET c2="update’ WHERE c1=100000 ;
UPDATE 1

postgres=> UPDATE partl SET c2="update’ WHERE c1=200000 ;
ERROR: UPDATE and CTID scans not supported for ColumnarScan

— 2



SIERIT—TILERET—TIL
FIIEATF—TIESEL/N—F1oa - F—T LD 8L

VHIBRT—IILEEL/N—T 13- T—TILDHEE

postgres=> CREATE TABLE part1(c1 NUMERIC PRIMARY KEY, c¢2 VARCHAR(10)) PARTITION BY RANGE (c1) ;

CREATE TABLE

postgres=> CREATE TABLE partivil PARTITION OF partl FOR VALUES FROM (1000000) TO (2000000)
USING heap ;

CREATE TABLE

postgres=> CREATE TABLE partiv2 PARTITION OF partl FOR VALUES FROM (2000000) TO (3000000)
USING columnar ;

CREATE TABLE

postgres=> SELECT create distributed table( partl’, 'cl1’);

create_distributed_table

(1 row)

— 43
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JINSH—

v'Worker Node DIERRFIZASA -1 JINTGU REFEITH[RE
vET—TJIL EBEDT—TILEEIRAEE

NOTICE:
NOTICE:
NOTICE:
NOTICE:
NOTICE:
NOTICE:

rebalance_table_shards

Moving
Moving
Moving
Moving
Moving
Moving

shard 102525 from
shard 102524 from
shard 102523 from
shard 102536 from
shard 102535 from
shard 102537 from

(1 row)

postgres=# SELECT rebalance_table_shards() ;

cituswk3:5434 to
cituswk2:5433 to
cituswk1:5432 to
cituswk3:5434 to
cituswk2:5433 to
cituswk1:5432 to

cituswk4:5435 ---
cituswk4:5435 . ..
cituswk4:5435 . ..
cituswk4:5435 . ..
cituswk4:5435 . ..
cituswk4:5435 . ..

—
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Z Dtk
BE

v'HyperLogLog Z{#->T COUNT (DISTINCT) XZ&E:&EIZFHE
v'citus.count_distinct_error_rage [Z 0 &Y KELMEZEERE (0.0~1.0)

postgres=# CREATE EXTENSION hl| ;
CREATE EXTENSION

postgres=> SET citus. count_distinct_error_rate = 0.05 ;
SET
postgres=> SELECT COUNT (DISTINCT c1) FROM dist1 ;

NOTICE: issuing SELECT public.h!l!| add agg(public.hl!l hash any(cl), 9) AS count FROM
public.dist1 102040 dist1 WHERE true

DETAIL: on server demo@cituswkl:5432 connectionld: 1

NOTICE: issuing SELECT public.h!l!| add agg(public.hl!l hash any(cl), 9) AS count FROM
public.distl 102041 dist1l WHERE true

DETAIL: on server demo@cituswk2:5433 connectionld: 2

—

46




Qll

/11

&

47



=&
R ERITEE I NIERERIZRT—IL T O RhVA[RE

VBRI BT —J LB TR — L7 NRIEZEE
V/—REFEWENRSUIIL- ST —+/IR—T 3= T 2 LB MRE R E D ARt
VIRERIT—JIILIIEHRZEDERIELZRADS

VEEXEC/N\YITYT (XM BICEENNE

vVSQL XDETHIKINHADTERIDT IV r—a &5t e H4E

48



THANK YOU

Mail:  noriyoshi.shinoda@hpe.com
Twitter: @nori_shinoda
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