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* /IH)XeHep no oTKa3oycTtonumsocTn PostgreSQL

e OnbIT agMmnHucTpuposaHma okono 300 PostgreSQL Knactepos
B NPOAYKTUBHOM OKPYKEHUMN

e [ocneaHue nAatb net pabotato ¢ PostgreSQL

* [locneaHue aBa roga pabotato B Postgres Professional

LinkedIn:
https://www.linkedin.com/in/pavel-konotopov
Email:
pavel.konotopov@postgrespro.ru
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Pogzgres Pro

[I[po3pavyHoe ropunsoHTanbHOe MacluTabupoBaHue
PaccuntaH Ha OLTP Harpysky

[locTyn B KnacTtep 4yepes nwboun y3en
BcTpoeHHasa nogaepxkKa OTKA30yCTOWYMBOCTMU
N36bITOYHOCTb AAHHbLIX

llenoCTHOCTb JAaHHbIX




Pogzgres Pro

PostgreSQL 14
Stolon
pacunpeHne Shardman

Shardmanctl
yrnpaBJsieHNe KnacTepoM

shardmand
cepBuc, oTBevyawuwunm 3a KnactepHoe [10

Etcd
pacrnpepefieHHoe XpaHunuile Kiw4y-3HavyeHue




Pogzgres Pro

CTaHpapTHoe ceKuuoHupoBaHme - partitioning
Foreign data wrapper - pacuupeHune postgres_fdw
CMHXPOHHAA pu3nyeckass pennmkauund

CSN - commit sequence number (Clock-SI)




Node 1 (shard 1)

stolon

rgid 2
sync replica

Etcd cluster

etcdol

etcd02

etcd03

Node 2 (shard 2)

stolon

rgid 1
sync replica

rgid 1
master

rgid 2
master

Node 3 (shard 3)

stolon

rgid 4
sync replica

rgid 3
master

Node 4 (shard 4)

stolon

rgid 3
sync replica

rgid 4
master

o0 || 0 || e[

connections

Client

Pogzgres Pro
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postgrespro-sdm-14-server
postgrespro-sdm-14-contrib
postgrespro-sdm-14-client
postgrespro-sdm-14-1ibs
shardman-services
shardman-tools

stolon-sdm

NHNUMann3auna KoHourypauum knacrtepa B DCS
nobaBJsieHne y3/0B
CTPOKa NOoAKIN4YeHus
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{

"LadleSpec": // MapameTpbl 018 Bcex Y3sioB KaacTtepa

{
"DataDir":"/var/1ib/pgpro/sdm-14/data",
"StolonBinPath":"/opt/pgpro/sdm-14/bin",
"PgBinPath":"/opt/pgpro/sdm-14/bin",
"PGsInitialPort": 5432,
"ProxiesInitialPort": 5442,
"Repfactor": 1,
"MonitorsNum": 1

},

"ClusterSpec": // lWla6noH koHduaypayuu Stolon
{
"PgSuAuthMethod":"trust",
"PgSuUsername" :"postgres",
"PgReplUsername":"repluser",
"PgReplAuthMethod":"trust",
"UseProxy":false,
"StolonSpec":{
"synchronousReplication": false,
"minSynchronousStandbys": 1,
"maxSynchronousStandbys": 0,
"ngBA":[
"local all all trust",
"host all all 0.0.0.8/0 trust",
"host replication postgres 0.0.0.0/0 trust",
"host replication postgres ::0/0 trust",
"host all repluser 0.0.0.0/0 trust"

1,

"pgParameters" :

{

].

"shared_buffers": "512MB",
"work_mem": "32MB",

"autovacuum_analyze_scale_factor": "0.05",

"autovacuum_analyze_threshold": "100",
"autovacuum_max_workers": "1",

"autovacuum_vacuum_scale_factor": "0.02",

"autovacuum_vacuum_threshold": "1000",
"log_autovacuum_min_duration": "0@",
"log_checkpoints": "true",
"log_statement":"none",
"log_line_prefix":"%m [%r][%pl",
"log_min_messages":"INFO",
"wal_level":"logical",
"wal_compression": "on",

"shared_preload_libraries":"postgres_fdw,shardman",

"max_prepared_transactions":"200",

"default_transaction_isolation":"repeatable read",

"track_global_snapshots":"on",
"global_snapshot_defer_time":"20",

"postgres_fdw.use_global_snapshots":"on",

"postgres_fdw.use_repeatable_read":"on",
"enable_partitionwise_aggregate":"on",
"enable_partitionwise_join":"on",
"max_worker_processes":"16",
"max_logical_replication_workers": "9"

12



Pogzgres Pro

shardmanctl init -f confilg.json

shardmanctl nodes add/rm -n nodel,..,nodeN

shardmanctl backup, probackup, cleanup

shardmanctl rebalance, update, getconnstr

shardman-1loader [OPTIONS] ... <connstr> <table_name>

13



Node 1

rgid 2
sync replica

Node 2

rgid 1
sync replica

&

rgid 1
master

rgid 2
master

Pogzgres Pro

MacTep W pennuka
MacTep W HEeCKOJIbKO penuk.

HECKOJIbKO Y3JIOB Ha KOTOPbLIX pa3MellanTC4d
pennnKaunoHHbIe pynnbl.

PennukaunoHHas
rpynna

Node 3

rgid 4
sync replica

rgid 3
master

3BeHO

Node 4

rgid 3
sync replica

rgid 4
master

Pa3meleHne pennmKauMoOHHbIX FPynn w
KONMMYECTBO Y3/10B B 3BEHbSAX perynupyetcs
napameTpom repfactor.

Hanpumep, ecnu repfactor=1 (Kak Ha
cnange), TO npeactaBndeT cobou

, Ha KOTOpbIX 6yneT ABe peniMKaulnoHHbIe
rpynnsl.

Obwee npaBuno: MUHMMaSIbHOE KOJINYECTBO
Y3/10B B KJjlacTepe [OOJDKHO 6biTb KPaTHbIM
napameTpy repfactor+l.

repfactor=1 - MMuHMMYM 2 y3na
repfactor=2 - MWUHMMYM 3 y3na u T.A4.

14
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ComepXuUT 4YacTb paHHbix Taébnuu (cnedywwud cnaldd)
0TKasoycToONYMBLIN KNacTep C CUHXPOHHOW OU3NYECKOW penunkKauunen

CocTouT M3 Habopa cekKuUN - MUKPOWAPOOB,
HaxooaTca PU3NYECKW Ha OAHOM Yy3Jie KhacTepa

YUncno cekuunm ¢uKcupyeTcsa npum co3pgaHum Tabnuubl

PennukauuoHHbie Fpynnbl pa3MewanTcd Ha HeCcKONMbKUX Yy3nax
(kpocc-pennukaumg)
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CekunoHnpoBaHue

Node 1

rgid 1

global table

»

masEEE’////

=

»

distributed table

postgres_fdw

colocated table

Node 1

distributed table

Node 2

Node 2

BN

global table

. —

rgid 2
master

l

distributed table

=

colocated table

table

A2

sub partition02-1

sub partitionB2-N

y

y

sub partition08-1

A2

sub partitionG8-N
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(distributed table)
OOCTYMNHa Ha 3anucb Ha BCeX Yy3/ax KnacTtepa
CeKUMNOoHNpoBaHHaaA Tabnuua, coctodwas u3s N cexkuun
KONMYEeCcTBO CEKUWUA — MOCTOSAHHAA BeNnYuHa
cekuum Tabnuubl HaxogATCs Ha BCEX Yy3/ax KnacTtepa
CeKunn cBA3aHbl Mexay cobon 4vepe3 postgres_fdw
B CJZlydae BbiXx0fga OOHOr0 WAN HECKONIbKUX Y3N10B KNlacTepa W3 CTpod
OaHHble He b6yayT MOTepPsiHbI.

(colocated table)
ceKuMoHMpoBaHHaa Tabnuua, cocToswas n3s N cekuwii
CeKUMM pas3MeleHbl C CeKUWAMW pacnpefeneHHon Tabnuupl

(global table)
Tabnuua, pasMelleHHad Ha BCeX Yy3nax KnacTtepa
COOEpPKUT UOEHTUYHble AAaHHble Ha Bcex wappax
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PacnpepeseHHble Tabnuupbl -

CREATE TABLE town (
id int primary key,
name text

)
WITH (global);

CREATE TABLE orgs (
id int primary Kkey,
town_id int not null, -- reference town(id)
name text

)
WITH (distributed_by = 'id', num_parts = 4);

CREATE TABLE employees (
id int not null,
orgs_id int not null, -- reference orgs(id)
name text,
primary key (orgs_id, id)
)

WITH (distributed_by = ‘orgs_id', colocate_with = 'orgs', num_parts = 4);

18



TpaHcnopT

Node 1

g Node 1 Node 2

.g backend |« backend |«
§ backend |« backend |«
: P backend backend

.§ backend » backend

~

(X}

KonuyecTBO MNOAK/KWYEHUA U npoueccoB B Knactepe - m x N
M - KONMMYecTBO MNOQKMKHYEHUn,
N - konuyecTBO Yy3/10B
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TpaHcnopT

Node 1
rgid 1 S
master Node 1 Node 2
[ mux_| g ———»{ backend pool pool
=]
H ———»| backend worker worker
[}
£ —— P backend ki backend [¢—————
shardman transport S worker e ey
© —— > backend T backend |¢————
+
Node 2 & — ¥ backend backend [¢—————
a
(&)

§g__—————-——————“"'————_-__——————— ij;\\ T ,//zii
rgid 2 %;________________________________ e < mux
master

TCP socket

KonuyecTBo nofknw4yeHunii n npoueccoB B knactepe - m+(N x w)
M - KONWYEeCTBO MOAKJIWYEHU,
N - KonnyecTBO Y3/0B,
W - KONWYEeCTBO BOPKEPOB

20



CSN - commit sequence number

Commit in progress

CSN1 _ CSN_MAX Node 1

<@

- CSN2_ CSN_MAX Nods 2

CSN3.

:CSN_I"IAX Node 3

<@

CSN_MAX = MAX(CSN1,CSN2,CSN3)

CSN - Bpewms
CSN(LSN_NODE1,LSN_NODE2, LSN_NODE3)

# CALL shardman.create_syncpoint(NULL, NULL);

1663009559625566000 | {"(3,0/FDOB5D6O)","(1,1/1BBO49C8)","(2,1/40057BO)","(4,1/1003B68)"}

21



Pe3epBHOe KonupoBaHVWe U BOCCTaHOBJIEHUE

Node 1

Create

SRl 1663009559625566000 | {"(3,0/FDOO5D60)","(1,1/1B0049C8)","(2,1/40057B0)", " (4,1/1003B68)"}

Node 2

rgid 2
master

Node 3

rgid 3
master

Node 4

Backup host

storage

TN
N

> sharmnanctl

| Create backup |

-
N~

‘e
‘e
‘e
‘e
.
.

[*e

.

/backup_repository
/backups
/backup_id
/nodel
/node?2
/node3
/node4
Awal
/backup_id
/nodel
/node?2
/node3
/node4
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Pogzgres Pro

create table doc (

id vuid primary Kkey,

added_at timestamp not null,
author_id vuid references author(id),
content text not null,

img bytea,
status_id vuid references rstatus(id)

);

create table author (
id vuid primary key,
name text

),

create table resolution (
id vuid primary Kkey,
doc_id uuid references doc(id),
author_id uuid references avthor(id),
content text not null,
type_id vuid not null references rtype(id),
added_at timestamp not null

create table rstatus (
id vuid primary key,
name text,
description text

);

create table rtype (
id vuid primary key,
name text not null,

description text

);

23



NcxogHaa cxeMa

~ resolution

~ rtype

»+ name text

"% description text

rauthor_id :id
~ author
'T name text
P [Tid uuid <
author_id:id

P L 0id uuid
type_id:id

- rstatus

"H name text
"% description text

"9 doc_id uuid
"% author_id uuid
. H content text
. P type_id uuid
.+ added_at timestamp
ovid uuid
doc_id:id
~ doc
.+ added_at timestamp
"¢ author_id uuid
. H content text
Fimg bytea
¢ status_id uuid
ocvid uuid

P L id uuid

status_id:id
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Pa3bunTb OaHHble M 3anpochl paBHOMEPHO MO
wapaam

CBA3aHHble pJaHHble NoKann3oBaTb B OAOHOM Wapae
Konuw cnpaBOYHWKOB Pa3MeCTUTb Ha KaxaoMm wappe

[lepBUYHbIE KNHYWM pacnpepeneHHblXx Tabnuy w
BHEIWHWEe KIHW4YM Mexny OBYMA pacnpepnefieHHbIMU
Tabnmuamy OOMMKHbI BKNKWYaTb KOJIOHKY 06beKTa
pacnpepeneHuns

CﬂpaBOHHMKM choenaTtb rnobanbHbiMKM Tabnuuamu

B 3anpocax pobaBuTb QOUNIbTP MO 06BEKTY
pacnpepeneHuns

Pogzgres Pro
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create table (
vuid primary key,
added_at timestamp not null,
author_id vuid,
content text not null,
img bytea,
rstatus_id vuid
) with (
distributed_by = 'id', num_parts = 4

);

create table avthor (
id vuid primary key,
name text

)
with (global);

create table resolution (
id vuid,

vuid,
author_id vuid,
content text not null,
rtype_id vuid not null,
added_at timestamp not null,
primary key (doc_id, id)
) with (
distributed_by = '
);

', num_parts = 4, colocate_with =

create table rstatus (
id vuid primary key,
name text,
description text

)
with (global);

create table rtype (

id vuid primary key,
name text not null,
description text

)
with (global);

26
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&1 resolution S
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Shard 01 rstatus_id > .
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- A
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‘& resolution_2_fdw & doc_3_fdw
JHid uuid doc idid — 1) p|iHid uuid
JH doc_id uuid = LH added_at timestamp
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% content text  author — J# content text
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f& resolution_3_fdw fe doc_2_fdw
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[= author_id uuid W | 7 author_id uuid
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SELECT d.*, r.id

FROM doc d

JOIN resolution r

ON d.id = r.doc_id

WHERE d.author_id 'c7b502a5-adaf-4565-bb1d-988623646¢cdb’
AND d.id = '000900c2-22fa-4d6b-9f3f-476eb1lb8b75f"';

Pogzgres Pro

Foreign Scan (cost=100.00..245.52 rows=1 width=106) (actual time=0.759..0.760 rows=2 loops=1)
Qutput: d.id, d.added_at, d.author_id, d.content, d.img, d.rstatus_id, r.id
Relations: (public.doc_3_fdw d) INNER JOIN (public.resolution_3_fdw r)
Remote SQL: SELECT r4.id, r4.added_at, r4.author_id, r4.content, r4.img, r4.rstatus_id, r5.1id
FROM (public.doc_3 r4 INNER JOIN public.resolution_3 r5
ON (((r5.doc_id = '000900c2-22fa-4d6b-9f3f-476eb1b8b75F"))
AND ((r4.id = '000900c2-22fa-4déb-9F3f-476eblb8b75F "))
AND ((r4.author_id = 'c7b502a5-adaf-4565-bbld-988623646¢cdb'))))

Network: FDW bytes sent= receiveds=

28



SELECT d.*, a.name
FROM doc d

JOIN author a

ON a.id = d.author_id;

Pogzgres Pro

Append (cost=1.99..161.08 rows=10000 width=48) (actual time=5.891..20.909 rows=10000 loops=1)

Network: FDW bytes sent=606 received=332581

-> Async Foreign Scan (cost=1.99..2.00 rows=2520 width=48) (actual time=6.155..6.611 rows=2520 loops=1)
Qutput: d_1.id, a.name
Relations: (public.author a) INNER JOIN (public. d_1)
Remote SQL: SELECT r4.id, r2.name FROM (public.author r2 INNER JOIN public.doc_0 r4 ON (((r4.author_id
Network: FDW bytes sent=202 received=112319

-> Async Foreign Scan (cost=1.99..2.00 rows=2506 width=48) (actual time=4.276..4.677 rows=2506 loops=1)
Qutput: d_2.id, a.name
Relations: (public.author a) INNER JOIN (public. d_2)
Remote SQL: SELECT r5.id, r2.name FROM (public.author r2 INNER JOIN public.doc_1 r5 ON (((r5.author_id
Network: FDW bytes sent=202 received=111632

-> Hash Join (cost=34.08..105.09 rows=2534 width=48) (actual time=0.081..1.937 rows=2534 loops=1)
Qutput: d_3.id, a.name
Inner Unique: true
Hash Cond: (d_3.author_id = a.id)

-> Seq Scan on public. d_3 (cost=0.00..64.34 rows=2534 width=32) (actual time=0.024..0.785 rows=

Qutput: d_3.id, d_3.author_id

-> Hash (cost=20.70..20.70 rows=1070 width=48) (actual time=0.039..0.040 rows=40 loops=1)
Qutput: a.name, a.id
Buckets: 2048 Batches: 1 Memory Usage: 19kB

= r2.id))))

= r2.id))))

2534 loops=1)

-> Seq Scan on public.author a (cost=0.00..20.70 rows=1070 width=48) (actual time=0.010..0.019 rows=40 loops=1)

Qutput: a.name, a.id
-> Async Foreign Scan (cost=1.99..2.00 rows=2440 width=48) (actual time=4.177..4.631 rows=2440 loops=1)
OQutput: d_4.id, a.name
Relations: (public.author a) INNER JOIN (public. d_4)
Remote SQL: SELECT r7.id, r2.name FROM (public.author r2 INNER JOIN public.doc_3 r7 ON (((r7.author_id
Network: FDW bytes sent=202 received=108630

= r2.id))))

29
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public.author a

Async Foreign Scan

Async Foreign Scan

S

[ El

public.doc_2 d_3 Hash Join

Async Foreign Scan
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Pogzgres Pro

SELECT d.x*,

r.id FROM doc d JOIN resolution r ON d.author_id

r.auvuthor_1id;

->

Merge Append
-> Scan Table doc_0
-> Process
-> Scan Table Foreign doc_1_fdw
-> Process
-> Scan Table Foreign doc_2_fdw
-> Process
-> Scan Table Foreign doc_3_fdw
Materialize
-> Merge Append
-> Scan Table resolution_0
-> Process
-> Scan Table Foreign resolution_1_fdw
-> Process
-> Scan Table Foreign resolution_2_fdw
-> Process
-> Scan Table Foreign resolution_3_fdw

31



3anpochl

doc_0_author_id_idx
doc_0 d_1

doc_1_fdw d_2
= &
— Co =D —um ]
o] Lo E Om
doc_2_fdw d_3 Sort / Merge Append

doc_3_fdw d_4

resolution_60_author_id_idx
resolution_0 r_1

o
—— Lo |=D[wr]
T
RN

resolution_1_fdw r_2 Sort

Merge Join

e
——n [ =Dl
O
TR

— al m|
||
e [
_fdw r_3 Sort / Merge Append Materialize

l

resolution_:

[
ﬂ —am Lo =Dl
N N
n L)
resolution_3_fdw r_4 Sort
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Pogzgres Pro

SELECT d.*, r.id FROM doc d JOIN resolution r ON d.id = r.doc_1id

JOIN author a ON a.id d.author_id;

Qutput: d.id, d.added_at, d.author_id, d.content, d.img, d.rstatus_id, r.id
Inner Unique: true

Hash Cond:
->
->
->

(d.author_id = a.id)

Hash Cond: (r_1.doc_id = d_1.id)
-> Seq Scan on public.resolution_0 r_1
-> Hash
Buckets: 2048 Batches: 1 Memory Usage: 166kB
-> Seq Scan on public.doc_0 d_1
Foreign Scan
Qutput: d_2.id, d_2.added_at, d_2.author_id, d_2.content, d_2.img, d_2.rstatus_id, r_2.id
Relations: (public.resolution_1_fdw r_2) INNER JOIN (public.doc_1_fdw d_2)
Remote SQL: SELECT r7.id, r7.added_at, r7.author_id, r7.content, r7.img, r7.rstatus_id, ril1l.id
FROM (public.resolution_1 rl1l INNER JOIN public.doc_1 r7 ON (((r7.id = rll.doc_id))))
Foreign Scan
Relations: (public.resolution_2_fdw r_3) INNER JOIN (public.doc_2_fdw d_3)
Foreign Scan
Relations: (public.resolution_3_fdw r_4) INNER JOIN (public.doc_3_fdw d_4)
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3anpochl

l

public.resolution_0 r-1

l

public.doc_0 d_1 Hash

i

Hash Join

—a

l

Foreign Scan

Jiz2

Foreign Scan

? ¢
o
Append

Foreign Scan

l

public.author a Hash

Hash Join

34



Pogzgres Pro

WITH rownums AS

(

)

SELECT row_number() OVER (partition by d.id order by a.name) AS row,
r.id AS res,

d.id AS doc,
a.name as name
FROM doc d
resolution r ON d.id = r.doc_id
author a ON a.id = d.author_id

GROUP BY r.id, d.id, a.name
SELECT row, doc, name FROM rownums WHERE row > 3;

Scan Subquery
-> WindowAgg
-> Result
-> Merge Append
-> Process
-> Join
-> Scan Table public.author
-> Scan Table public.doc_0
-> Scan Table public.resolution_0
-> Table Foreign
-> Table Foreign
-> Table Foreign
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l

public.resolution_0 r-1

l

public.doc_0 d_1

l

public.author a

e

Hash Join

. H“E

Hash Join

Sort

=

Foreign Scan

& ) 2 M fO W

Foreign Scan Merge Append Result Group

l

Foreign Scan

rownums

2

WindowAgg

FlelofP

rownums
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SELECT count(d.id) as cnt FROM doc d JOIN resolution r ON d.id

r.doc_1id;

Output: count(d.id)
->
-> Partial Aggregate
Output: PARTIAL count(d.id)
-> Hash Join
Output: d.id
Hash Cond: (r.doc_id = d.id)
-> Seq Scan on public.resolution_Or
Output: r.doc_id
-> Hash
Output: d.id
Buckets: ...
-> Seq Scan on public.doc_0 d
Output: d.id
-> Partial Aggregate
Output: PARTIAL count(d_1.id)
-> Partial Aggregate
Output: PARTIAL count(d_2.id)
-> Partial Aggregate
Output: PARTIAL count(d_3.id)
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l

public.resolution_0 T\\\\\\

l

public.doc_0 d

Hash Join

B

Foreign Scan

l

Foreign Scan

[

Foreign Scan

Partial Aggregate

MM

Partial Aggregate Finalize Aggregate

Partial Aggregate \

Partial Aggregate
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MapamMeTpbl TecTa/KonnyecTBo 1 2 10 25 50
Y3J/10B

bes OYK" 1650 | 1399 3500 7000 |10600
oYK™ 970 730 1720 3430 | 5600
ApanTupoBaHHbii 6e3 0YK 5700 11800 | 17500

* be3 npokcu, 6e3 pennuk, 50 cekuun
** C MPOKCW W oAHOW pennnkon, 50 cekuun

[laHHble : pgbhench -i -I gv -s 1000 (~14GB )
TecT: pgbench -n -P 5 -c 10 -j 2 -T 60
Y3nbl KnacTtepa: 2cores/2GB ram, puck 10k IOPS wu 125MB/s

CepBepbl and
co3faHua Harpysku: 8cores/16Gb ram

- [aHHble, OTHOCAWMEecHa K oAHOMY branch nexaT Ha ofHOl wapae
« 3TO NO3BONAET co3faBaTb He 60Mblie OOHOW YOaneHHoON TpaH3aKLuuu
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Tect TPROC-C ocHoBaHa Ha cneuuduxkauyumnm TPC-C:

cucTtema gns BbIMOMHEHUS 3aKa30B KJ/IMEHTOB Ha

NoOCTaBKY MNPOAYKLUUM KOMMAHUMW.

 KomnaHuga npopaet 100 000 HanmeHOBaHWI TOBapoOB WU
XPaHUT CBOW 3anachl Ha cKnapgax

« Kaxpbin cknag mmeeT 10 ToOproBbiX panioHOB

« Kaxpbin panioH obcnyxknBaeT 3000 KNMEHTOB

* KnuneHTbl 3BOHAT B KOMMAHWKW, onepaTopbl MPUHUMAKT
3aKas

« Kaxpbll 3aka3 coaoepkuT onpenesieHHoe KOJIMYecTBO
ToBapoB

» 3aKa3bl BbHIMOJHAKWTCH C MECTHOro ckKfnapga

* Hebonbwoe KoNMYecTBO TOBApPOB MNOCTaBnAseTCHd C
Opyroro cknapa

« PasmMep KomnaHuuM He ¢UKCUpoBaH, U MO Mepe pocTa
KOMMaHUNW MOryT [06aBnATbCA CKAagbl U panoHbl
nponax

« TecToBasg cxeMa MOXeT 6biTb, KaK MajieHbKOW, TaK MU
00BOJIbHO 60MbLO

-« bonee KpynHaa cxema TpebyeT 60nee MOIHON
KOMNbHTEPHOW CUCTEMbl O/ 06paboTKM BO3POCLIEro
YPOBHS TpaH3aKuuin

Cxema TPROC-C: konmyecTBO CTPOK BO BCex Tabnuuax,

Kpome Tabnuubl ITEM, KoTopada aBnseTcd

dMKCMPOBAHHOW, 3aBUCUT OT KOJSIMYECTBa CKIaAoB.

Pogzgres Pro

noslydeHne HOBOro 3aKasa: 45%
obHoBNeHMe b6anaHca KNueHTa npu nnartexe: 43%
aCMHXPOHHAA pocTaBKa 3akKas3oB: 4%

noslydeHne cTtaTyca 3aKasa KueHTa: 4%
COCTOSlHMEe 3anacoB cKnapga: 4%
" Warehouse Stock | . Item |
W W*100K 100K (fixed
W_ID , 100K | s_w.JD,SJIID | w , I_I(D ) |
10 | 3+
] ~ Order-Line
District VX'3200K+
* L ID,
W*10 OL_D_ID, OL_O_ID
D_W_ID,D_ID OL_NUMBER ,
l 3k | 1015
" Customer Order | " New-Order |
W730K 1+ OO NO w\//\{l;gr}gro D
V N
-‘.__C—W-'D c_[I)_|D. C_ID', ,Q_W_ID 0_D_ID, O_IQ’, 0-1 - N0.0.10 "
1+
- ' v"’ —'_
[ History Table Name |
Lone Xoy;‘?egﬁ:mqueh Pi?r:gma:gg ‘ one-?o-mapy
identify a row ' ry Rey ) relationship
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NOPM

55000

50000 ¢
45000 +
40000 +
35000 *+
30000 +
25000 ¢

20000 |

15000

Shardman TPROC-C, 33 GB SSD ——+

10

12

14 16 18 20 22 24

Number of nodes

26

TecTtoBble cepBepa - Intel Cascade Lake, 2
vCPU, 8 I'b RAM, paHHble pacnonarawTtca Ha SSD
KonndyectBo warehouses: 1000

KonndyecTtBo paspgenoB Ta6nuy: 100

06bem paHHbIX 33076

KoHburypauus [MponsBoanTEeNbHOCTb

6 y3nos, 18143 NOPM
6 KJINeHTOoB
4 nogKNWYeHNa Ha KJIMeHTa

10 y3nos 28718 NOPM
10 KnueHTOB
4 nopKJIyeHus

25 y3nos 53509 NOPM
25 KNneHToB
4 nopKJIyeHus
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TPC-C

Hammerdb results, KNOPM, 16cores, ramdisk
400000
300000
200000
100000

0

Postgres (partitions) Citus 11.0-beta 4 nodes + Shardman 4 nodes*
coordinator

* lcxopoHaa npousBoauTenbHocTb Postgres FDW oTmeyeHa 4epHbIM.
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PacnpepeneHne paHHbIX Mexny wappaMmy nogaepxmBaeTcs TONMbKO MO X3Wwy

Bce ¢opmbl ALTER TABLE HeBO3MOXHbl, KpoMe:

« lI3aMeHeHua Bnagenbua Tabnuubl,

« SET/DROP NOT NULL,

- ADD/DROP COLUMN, kpome type serial (aBTOMHKpPEMEHT)

Henb34 co3paBaTb pacnpepesieHHble BpeMeHHble Tabnuubl
Henb3a M3MeHUTb KONMNYECTBO CEKUWW pacnpefeneHHbX Tabnuu
BHewHne KnNw4uM He NoAadepxuBawTCH

HeBO3MOXHO MNepeuMeHOBbIBATb rfobanbHbie ponn

TonbKO oAWMH TWUN XpaHeHUs paHHbiXx - Tabnuubl PostgreSQL

He no3BondeT ucnosib3oBaTb PerIMKN AN YTEeHUa OaHHbIX
TpaHcnopT paboTaeT Tonbko ana SELECT

TpaHcnopT Ha pernJinke He nogaepxuBaeTcd

Pogzgres Pro
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«PacnpepeneHHble TpaH3aKuuMM U NyTewecTBUSA BO BPEMEHU»
https://youtu.be/DFLEKWi-vRc

«A New Approach to Sharding for Distributed PostgreSQL»
https://postgrespro.com/bloq/pgsql/5969681

The Internals of PostgreSQL. Chapter 4.

Foreign Data Wrappers and Parallel Query
https://www.interdb.jp/pg/pqgsglB4.html

Busyanusauna nnaHa BbiMOSMHEHUS 3anpoca
https://explain.tensor.ru

Postgres FDW
https://postqrespro.ru/docs/postqresqgl/l4/postgres-fdw
Shardman
http://repo.postgrespro.ru/doc/pgprosm/14.4.8/en/html

http://repo.postgrespro.ru/pgprosm-14

https://qithub.com/pkonotopov/shardman-docker

Pos{gresPro
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https://youtu.be/DFLEkWi-vRc
https://postgrespro.com/blog/pgsql/5969681
https://www.interdb.jp/pg/pgsql04.html
https://explain.tensor.ru/
https://postgrespro.ru/docs/postgresql/14/postgres-fdw
http://repo.postgrespro.ru/doc/pgprosm/14.4.8/en/html
http://repo.postgrespro.ru/pgprosm-14
https://github.com/pkonotopov/shardman-docker

postgrespro.ru



