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01 5CIQUS::H\)ﬁ Objectives
o wWtvanaunssunelu (Process, Memory, WAL, MVCC) ua:l531as1:KUeyH1Us:ansaiwiazndugadov
vovdoyald
o Aaduuazusuucv PostgreSQL 17 uu Ubuntu 24.04 TRIKU1:AUNSWEIASIASOVLAEAUEUVIU
» 3lAs1:H Execution Plan HonUs:ian Index wa:Usu Query dg1ldogvidus:uu
o Hou PostgreSQL wWhAu Prometheus ua: Grafana wiauskuadadiakanuasinsuriudvidou
» 90ALUU Backup AAAULUU Point-in-Time [da1u RPO/RTO unun1swv VM Snapshot ag1videa
o dsvuazquanadlads HA dog Patroni, etcd, HAProxy wa: PgBouncer wSaunadau Failover
o fNKUQANS01UKAN Least Privilege whskansidouda uazifiu Audit Log tRaaandovAu PDPA

 Upgrade 910 PostgreSQL 17 (0u 18 laskgas:uulRiounga uazsudoikqiadovaiu Runbook

02 ﬂEiUlU‘lHU‘lU Target Audience
» Backend ua: Full-stack Developer A3 PostgreSQL agudsua:dovsouquagiudoyas:=au Production
» DBA, System Administrator ua: DevOps R$uiiasau Server, Backup ua: High Availability yavgudoya
o Tech Lead ua: Software Architect Ndovoanuuus:uulRsavsudoyausursuuinua:wsoutduiunasaioal

o fiundovArsiasuoin VM Snapshot [Ug Backup s:augnudoyandAuuuu Point-in-Time [a

Aukangas PostgreSQL Administration udauazdovaisavdnidov HA, DR ua: Monitoring

[ J
ey

03 YALAUYDVKANFAS Highlights
» dawyaagviu Production dnndkangas PostgreSQL Administration

» Wswadwaanaaa 5 3u NovaMart 91n 1 Node Wundataas HA

« Backup fAdAuldasv pgBackRest, PITR waz3a RTO 25u

ws=IvdsuinsovijanAuls Prometheus, Grafana ta: Alertmanager

o Bousuijalkqasv Game Day 0w Runbook 8 tkansal

contact@itgenius.co.th KU1 02 / 09 www.itgenius.co.th


mailto:contact@itgenius.co.th
https://www.itgenius.co.th/

COURSE OUTLINE

> aadulondiliva
PostgreSQL - Production HA

IT GENIUS INSTITUTE

04 ﬂ:)‘lU%\ﬁUg):‘lU Prerequisites
o Wou SQL [andov (SELECT, JOIN, GROUP BY, INSERT, UPDATE, DELETE) ua:zw1tatusda Transaction

(3 PostgreSQL uvuwasukdaquas:uuuifau Knukangas PostgreSQL Administration d:tiogoq
(ad

o A&V Linux Wuguld wu windavinu SSH drelatsnnas wazualulwados nano Ko vim

o W9ndudovinulsd Patroni, pgBackRest k3o Prometheus wifiou

05 FvndaviasSsuuazlAsoviio Setup & Tools

s19A1s s19asldea

Ubuntu Server 24.04 LTS $1uau 3 1n3av (pg1, pg2, infra) tndava: 2 vCPU, 4 GB
RAM, SSD 80 GB

aniwudadau Lab

giudaya PostgreSQL 17 91n PGDG Repository lla: PostgreSQL 18 d1Ksu Lab Upgrade
wSou pg_stat_statements, pgAudit, pg_repack ua: pg_partman

Backup ua:z HA pgBackRest, MinlO (S3-compatible), Patroni, etcd, HAProxy ua: PgBouncer

Monitoring Prometheus, postgres_exporter, node_exporter, Grafana, Alertmanager uas
pgBadger

auasaifissu Notebook fiJ SSH Client 15u Windows Terminal kS0 VS Code Remote-SSH uaz

Web Browser

KU1YLKQ: Ha“ﬂqmsﬁtﬂus:du Advanced Rdowaavin PostgreSQL Administration ua: PostgreSQL Administration &
SQL Query for Reporting lastiuviu Production Ao HA, Backup ua: DR, Monitoring, Upgrade uazA1ssuijolkadadov
indovijonvkuadulowusasa stwaziduaaniwioadau Lab v:dudunugideurauduausy (ar1d1v8v PostgreSQL 17 ua:
18 dou PostgreSQL 19 Rogs:k3v Beta v:asUlRiRuntwsou

06 ATNWSIVAISISYU 5 U Big Picture

Ju KadoKkan

Day 1 anagnssunielu, MVCC ua: Locking, Linux dRsuviugiudona, aadvua:zusuucdv PostgreSQL 17 uu
Section 1-5 Ubuntu 24.04, Role, TLS ua: PgBouncer

Day 2 EXPLAIN ua: Index, K1 Slow Query, il1s:3va29 Prometheus ua: Grafana, VACUUM ua: Bloat,
Section 6-10 Partitioning a1s1vikejdoe pg_partman

Day 3 VM Snapshot fiu Database Backup, RPO/RTO, Incremental Backup, PITR, pgBackRest uu S3-

Section 11-15

Day 4
Section 16-20

Day 5
Section 21-25

contact@itgenius.co.th

compatible Storage, DR Drill, RLS, pgAudit ua: PDPA

Streaming ua: Logical Replication, naataas HA doe Patroni ua: etcd, HAProxy, UovaAu Split-Brain, Alert
Rule uasdins1:K Log aog pgBadger

Upgrade 17 10u 18 wukgas:uuliauiga, Troubleshooting a: Runbook, a15a CloudNativePG uu
Kubernetes wa: Game Day suijalkqdadov
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Internal Architecture, Linux Essentials uazaisaaav . Sou
\oKA1soUsL - Section 1-5 6 Boluv

o Process, Memory ua: Write-Ahead Log

lasvasiv postmaster, backend process ua: background workers (checkpointer, background writer,
WAL writer, autovacuum launcher)

Shared Buffers, work_mem ua: maintenance_work_mem WBnswennsin3ovodvls
rann1s WAL, Checkpoint wa: Full Page Writes uasANubaulvvau Backup ua: Replication
ulounaoasduvav PostgreSQL: sau Major UazAsvuazangnisaduayu 5 U

MVCC, Transaction Isolation wa: Locking

Tuple Visibility (xmin/xmax) ua:mqwaﬁ PostgreSQL dovid VACUUM

Read Committed, Repeatable Read ua: Serializable wSouwans:nudauaUwalasu
Row Lock ua: Table Lock Mode Rdanu uazn1sqdoe pg_locks

Lab: a15a Lock Asaduua: Anomaly tutida:s=au Isolation

Lab: Linux Essentials d1Ksuviugiudoya

90A1s Service G2y systemd wa=d91u Log G2¢ journalctl
assoWuRaariua: I/0 dde df, du ua: iostat uazqrussAMUTIAU Process
J13 andlwd ua:nsindovdss SSH Key ag1ulaaant

Lab: asovgun windav Ubuntu 24.04 Aoud@adugiudoya

n Lab: Gadvuazusuudv PostgreSQL 17

@advon PGDG Repository uu Ubuntu 24.04 uaztn3ovijovav postgresql-common (pg_lsclusters,
pg_cticluster)

1Ua Data Checksums duiidagiv Cluster uazisaquainasida

postgresgl.conf, pg_hba.conf ua: ALTER SYSTEM wSouUSUAIKUI8AIUI Checkpoint uas
Autovacuum 0UYuNaLA3aY

9an1s Extension uasdondss:iviijo Upgrade
Lab: Usuucv Primary Node a1 Checklist &1KSu Production

Workshop Day 1: Connection, an8 ua: PgBouncer

Kaquan max_connections guiAulUduduasie ua: PgBouncer wuu Session, Transaction ua: Statement
Pooling

Role Hierarchy a1ukan Least Privilege ua: pg_maintain Role AtAuwu1tu PostgreSQL 17
gugudoauady SCRAM-SHA-256 ua:zwa SSL/TLS

Workshop: @$1v Role d1KSu Application, Read-only ua: Admin yov NovaMart tda TLS ua:=a1v
PgBouncer

jawadou pgbench Aauuaskavld Connection Pooling

contact@itgenius.co.th KU1 04 / 09 www.itgenius.co.th


mailto:contact@itgenius.co.th
https://www.itgenius.co.th/

) aawgulondiliva COURSE OUTLINE
IT GENIUS INSTITUTE PostgreSQL - Production HA

Performance Tuning, Observability uia: Maintenance . Sou
\oK1A1sousw - Section 6-10 6 Boluv

e EXPLAIN ANALYZE ua: Planner Statistics

31U EXPLAIN (ANALYZE, BUFFERS) soufivdaidon SERIALIZE ua: MEMORY AuWuidnuniu PostgreSQL 17
Seq Scan, Index Scan, Bitmap Scan, Nested Loop, Hash Join ua: Merge Join

K190R Row Estimate Aawa1a, ANALYZE ua: Extended Statistics

Lab: g1uuKuyov Query s18vIuAdvBauazkIAuIans)

Lab: Us:tan Index uazn1sdtnsizk Slow Query

B-tree, GIN, GiST, BRIN, Partial Index wa: Covering Index (INCLUDE)
pg_stat_statements, auto_explain la: log_min_duration_statement
Junauduudwuteyki Usuud sudvdudunadoudolay

Lab: USU Query 31 5 s19n1suav NovaMart sutdaduautdnkune

a Lab: Observability Gou Prometheus ua: Grafana

pg_stat Views ﬁda\ls:: pg_stat_activity, pg_stat_database, pg_stat_io, pg_stat_checkpointer uaz=
pg_locks

Giadv postgres_exporter ua: node_exporter udadoudnAu Prometheus
uwnuassuudv Grafana Dashboard dxsugiudoya

wusn1viFounu Prometheus ua: Grafana Auldviuaguas

Lab: quafautlazkavdsu Query uu Dashboard

a VACUUM, Bloat ua: Transaction ID Wraparound

Autovacuum Tuning $190151V la:S:UUKU28AUSTKUYaY VACUUM tu PostgreSQL 17 Atdkuiounaush
Uauav

as2930 Bloat ua:zA1d9adas pg_repack laslidonarsivuiu
daaw age(datfrozenxid), REINDEX CONCURRENTLY ua:d0a1519v1udnsusau
Lab: a$1v Bloat uuans1v orders uddjananaullazkavla

m Workshop Day 2: Partitioning ua: Data Archiving

Range, List wa: Hash Partitioning ta: Partition Pruning

13 pg_partman as1v Partition @2vKUnaaluld

DETACH PARTITION CONCURRENTLY ua:aisgnedoyatar(Usatfiuuen

Workshop: udavansiv orders yov NovaMart (0u Partitioned Table shoidou uazdoatuwauu Grafana
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Backup, Recovery ua: Security soU

(WoK1n1sausy - Section 11-15 6 8oluv

n VM Snapshot Aiu Database Backup

JoghAauov VM Snapshot: Ax1waaandovuovdaya mMsAAudoulUguoaindovnislila ua: RPO AynAusau
Snapshot

13 VM Snapshot $oufu Database Backup Kiasusu
A1udeu RPO/RTO 91AAIUGDVANISNIVNESAD
WSuuligu pgBackRest Aiu Barman (3uludAa

a Lab: Logical, Physical Backup ua: PITR

pg_dump / pg_restore uasASEURTVIKUN:AU

pg_basebackup v Incremental AWRuLATu PostgreSQL 17 wSau pg_combinebackup
AvA1 WAL Archiving uazAAuLuu Point-in-Time d2u recovery_target_time ua: Timeline
Lab: ri1 Incremental Backup udasouuazAAuuutasovnagou

(kB Lab: pgBackRest ua: DR Drill

Full, Differential ua: Incremental Backup, Parallel Backup, Compression ua: Encryption
Retention Policy ua: Repository uu S3-compatible Storage (MinlO)

as29ANUYNAVAEIY pgbackrest verify, pg_amcheck tia: Data Checksums
JuaaudoufAus:zuu 30 RTO 95 uazA1KUasauna@ou Backup

Lab: GuA1 pgBackRest Au MinlO ua:ri1 Full Backup vov NovaMart

m Security ua: PDPA

Row-Level Security (RLS) augigr3o Tenant uazwansznucaus:ansnw
pgAudit uazA1sATKUQuauLua Audit AWoLKUNE

W1sKas:aundaulday pgcrypto wa: Data Masking

Checklist u1asaisniuinalndissudayadouynnaany PDPA

a Workshop Day 3: AAukavaudayaiia

Ine1nssraovikqaudoyadiduiodawalauu NovaMart

K1aAIAAIKO9A Log uasAAuLUU PITR A28 pgBackRest daulUfautAalka
aso9AUgNAavYaVIalaua:3a RTO AM{A93Y

Workshop: wa RLS ua: pgAudit Auaisivdoyagnmn
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Replication, High Availability ua: Alerting . sau
iiok1Asausw - Section 16-20 6 Boluv

a Streaming ua: Logical Replication

Streaming Replication wuu Asynchronous lia: Synchronous ua:zwada Latency tia: RPO
Replication Slot AULEYVaaALAUA Slot ATY Las max_slot_wal_keep_size

Logical Replication ua: Failover uov Logical Slot Atiutuiiu PostgreSQL 17

Lab: @810 Replica uu pg2 ua:da Replication Lag

Lab: Automatic Failover Gag Patroni ua: etcd

an1lavnssu DCS, Leader Lock Lazn1sdvA patroni.yml

av etcd 3 Ikuauu pgl, pg2 uas infra

13 patronictl &115u Automatic Failover ua: Planned Switchover

UsuAn PostgreSQL winu patronictl edit-config uazasv Replica tKiidos Bootstrap oy Patroni
Lab: udav Primary 1autrognieid Patroni logliidudoya

a Load Balancing uazaisUavau Split-Brain

HAProxy Health Check tinu REST API yov Patroni uazugn Port §18Su Read-Write tia: Read-only
270 PgBouncer souAu HAProxy llaswadanisidsuuadwalnsu

Quorum ydv etcd uasdounsailndouigynaday ufw uu Ubuntu

Lab: datrdounslkuardvudsnsoodnluiia Split-Brain

a Lab: Alerting ua=n1s3tAs1tK Log

Gaddakan: Replication Lag, Connection Saturation, Transaction ID Age, Disk Usage la: Long-running
Transaction

Wou Alert Rule Tu Prometheus uazavusvidousitu Alertmanager
AvA1 Logging uasiins:H Log a2 pgBadger
Lab: a1y Alert Rule 3a HA ua:nadaulhudvidoudsy

a Workshop Day 4: andawaas HA yav NovaMart

venes:uuLlu Patroni (Primary uu pg1 ua: Replica uu pg2) Au etcd 3 Tkua

219 HAProxy wa: PgBouncer AukUNAdEL00S

WU Grafana Dashboard d1HSuaniu=Adataos

Workshop: Ua Primary s:k31v$u pgbench Jawan Failover wa:asoodn Alert iviugndov
asJwoan Failover, Replication Lag uawans:nudaoUwalndundaldav Workbook
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Upgrade, Troubleshooting, Kubernetes ua: Game Day Sou

(oK1nNsausy - Section 21-25 6 8oluv

a Lab: Upgrade ua: Migration 910 17 10u 18

Minor Upgrade 1a:0v9s109$38u: PostgreSQL 17 [dSunisaduayudvwgadnigu 2029 ua: 18 duwaAdniuu
2030

Major Upgrade (28 pg_upgrade tundataas Patroni ua:dondssuov PostgreSQL 18 15u Data Checksums
WWuABuAULazaaaRdeuIaaY

Upgrade LLUUqus:UUGoaﬁqodoﬂ Logical Replication wa: pg_createsubscriber

BuAdaya nsovndWndov Cutover uaslwu Rollback

Lab: Upgrade nddlaas NovaMart 10u PostgreSQL 18

Lab: Lock, Query uazn1stdnswens

Lock Contention ta: Deadlock: pg_locks, pg_blocking_pids, lock_timeout La: statement_timeout
Long-running Transaction uaz: idle in transaction Au21v VACUUM

Query ABnswennsiialnd uazA1sgddos pg_cancel_backend ua: pg_terminate_backend ag1vlaaasie
Lab: [@k1dutka Query danansivna Grafana ua: pg_stat_activity

vkM Troubleshooting wa: Runbook

aarlduon WAL, Log KSo Replication Slot A1v: KadulkauasguaauuAly
Replication Lag gu: usnteyrin3ouis dad ua: Query RAMVUU Replica
Jayaldurie (Corruption): 01529028 pg_amcheck wazn1vidanaau (a15a)
TAsvas1v Runbook Ad: 91A1s 380599 Juaauud uastnsuri Escalate

sari1 Runbook &1K$U 8 IKansaiAwuUY

a PostgreSQL uu Kubernetes (a15a)

wudAa Kubernetes Operator uazaisa CloudNativePG: a3 Cluster, Failover ua: Backup (U Object
Storage

W3suiigunisqua PostgreSQL uu VM Auuu Kubernetes uaztneuridadulo
Jon2sWosauL3ov Storage, Backup la: Major Upgrade IWasuuu Kubernetes
wuaNdIegIuTayan VM Ju Kubernetes

a Master Workshop: Game Day

JiSuusouiiva: 3 Au Sulalkanisaidalliovuundaiaosiagivasauduudiun 1-4

tkanseddnaov: Primary du, Replication Lag gv, Query dona1s1v, dantndléu uasaudoyaia
asdawudA Grafana ua: Alert udouAluaiu Runbook

AAUG2w pgBackRest ua:s18v1UAT RPO/RTO Arldosy

asyuniSguua: Checklist &1KsulinlUlGAus:UUD3Y
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07 18yuduudaldacls outcomes
« wW1tonalanirelu WAL, MVCC ua: Locking
o Usuuszansawldwav EXPLAIN, Index, VACUUM ua: Partition
» Backup h:fjﬁuifﬁo?;\) pgBackRest ua: PITR anu RPO/RTO
« Adawaas HA Rrunisnaaau Patroni, etcd, HAProxy Las PgBouncer
o Monitoring ua: Alert Prometheus, Grafana ua: Alertmanager

» wsausuijawadadav Upgrade, Troubleshooting tia: Runbook

08 r?iuﬁ@@uuo:fﬁs?u Deliverables
o @Aa1SUSENDUANSOUSUASUNY 5 3U Las Lab Guide shaduwsau Checkpoint Script dssuautiioutiiiu

e ya Script ua:lwadvAdksu Install, Config, Backup, HA, Monitoring ua: Maintenance Anaaaulu
Lab uas

» Runbook $uijo 8 tkansaiiwuuos Grafana Dashboard ua: Alert Rule drsudinlUusuls

o UstniAlguasoukangas (Certificate of Completion) wazgavnivaauaiudnginsKavoukangas

09 ﬁaqauzaau Instructor

a.a1ilas Tngu Jaouua:govs:uuiqua PostgreSQL Cluster Tuviudsy nuszuuRdovwsoulduiunasaldaiuass:uuni
Jayausuneuuan YatduAanisaauntulsionddatioviidauasiviovdvud Node idodoutlundainas HA asunanaln
WovkavlRwntove udslRgiSeungaddounisitRs:uuduuazAfAuev tiatknauluquagiudayavovautovldagviuto

s1A1A19USL 12,500 uan/niiu - auls IN-HOUSE walutauasinn

12,500 UTN /i (svlusou VAT 7%)

{, 02-570-8449 ] 088-807-9770

TIUER
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