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EDB ¢ Kubernetes

Kubernetes Certified Service Provider (KCSP)
o CORT-ARCENET BEHIDPostgreSQLE=Ft

<=

L) Silver Member of CNCF & Linux Foundation

CLOUD NATIV

COMPUTING FOUNDATION

Red Hat Certified Kubernetes Operators

. « Cloud Native PostgreSQL (PostgreSQL Operator)
« Cloud Native BDR (BDR Operator)
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Cloud Native PostgreSQL & BDR

Kubernetes#154J® EDB &

* QOperators for Kubernetes

* Kubernetesd&IICGOSETENIC

*  KubernetesmllF 5535

*  Kubernetes API servertEE(hE

*  EROINEBY—IUIAE

® Repmgr, Patroni, Stolon, Failover Manager

o LFFAA-T

* PostgreSQL 10, 11, 12, 13, 14

* EDB Postgres Advanced 10, 11, 12, 13, 14

* BDR (3.6 on 2ndQPostgres in Q4/2021)
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Kubernetes AN —4%—

Kubernetes 1> MN—3%HE5RU. EHR 7 TV -3 O8MEE EHRELET,

« KubernetesARL—4—(&. JOV I LR ITETARL —9—-DIVEEE=BEMELUET

-  PostgreSQL I35 A5 —(31E4 R 7IVr—->3>TY,
FIO4Ea>745
fEEDtREETT—)VA—)(—
PYIT—NZAAYFA—)\—
INTISDIIIA

«  Kubernetes®RAT4J I N—2R> NBEBE(LARTF :
o>, Eal A, AT—-3EUF1, UY-XHH, 7OeXEHIE, -
E=ENHDOTE(CEENL
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 Operator I>7F4 A=
* EDB Limited Use License
e Application J>7 1/ X—=>(PostgreSQL)
* PostgreSQL:
® The Postgres License (OSS)
®* GNU GPL 3 (Barman Cloud)

* EDB Postgres Advanced Server:
® EDB Limited Use License
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A=y NRIS
KubernetesiRiZR5ECTHEITOIEE !

* Private Cloud :
* Kubernetes 1.17+
* OpenShift 4.6+
* Public Cloud
*  Microsoft Azure (AKS) - JJ-X& |
*  Amazon Web Services (EKS) - 2021/Q4 (10-1285R)
* Google Cloud (GKS) - 2021/Q4 (10-128H5R)
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Operator with PostgreSQL

o HAZMERAF-EARE

308 BBEOFRHEOIE AL
* & Postgres V5 X5—DIERHS

NSATPISA 2 XF—DEUS

https://cloud-native.enterprisedb.com
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https://cloud-native.enterprisedb.com/
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PostgreSQLIS RS 7—FFIFv

180 PostgreSQL J51<Y
s [FEEOEOMKYS RFINA
*  PostgreSQLRAT4J AN-=Z2T LIVr—23>
®* Async (default) and Sync (quorum-based)
s  HARBRKICF1IEM EnE
*  pg_rewindDiEAEMZHR— K
e 3 D0 Kubernetes H—E X% 7)(Ci244t:
* -rw suffix (FiHEWD/BSAHT-I0-NR)
* -rsuffix (FiHEDT—I0-K)
e -ro suffix (F51XVERGEHEMT—I0—-R- in 1.1.0)
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Read-writeD—270—R(“-rw” service)

A .
® - .
PostgreSQL £l I PostgreSQL pll PostgreSQL
T34 : 25214 25>
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® T
PostgreSQL pll PostgreSQL
AIINA AL
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Read9—270—R(“-ro"” service)

“-ro” Kubernetes H—tE2X
@

57> ROE>

A

PostgreSQL
73143V

® T
PostgreSQL pll PostgreSQL
AIINA AL
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e wIIE-UY
s IEEELFAHEVDDESR
o JAVDIT—)IA—)\—
o LJUHOBEEWERK
o TJARUOYIDEZ (RAvFA—){-)
o BIRURYVI\LOTOE-b
o O-UIPvIF—h
o XTI/

16 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



O EDB

A —-SEHE

PVCOE #h4Rk
PVC 7> JL—bOYR—-k
BCI5 A5 —RDMRy ROA R —ZOEFIA
o ZNL—=2HI3A0EMTOCTIZ>)
* Azure (default, managed-premium), AWS(gp2, iol, st1, scl), Google(standard)
 EROEH
* Local storage (ZIAILN)
* Network storage

o KERUI—L OHR—K (PVC)
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o AL LDRVO-YTT7vIF—K
s DUTOIEFTEEEH
1. B9 25920\ 1BP1EaTITvSF - N3
2. ZO®%. I5AINAAYFA—N—aN2
3. BRCEVNTSHIUNTYSF -~ an3
* supervised / unsupervised
. |\U73 SN BF:
ARL—-ADTYIFT—k
. PostgreSQL DIAF—=7vT7—h
ENZEE CHILENINERIZSICHNE—
. 1/7 'J7Jt'v pFEEIEAT—IIEY MEERUB O EEBERD—D
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* A4CtFIUFT4ETI
* (Cloud, Cluster, Container, Code
o RyREFIVFRUS—tFIUFTITERN
e > F5FEMa1—-LT7ITACroothERRIEAE
e TLS EES{EIRII3>
* PostgreSQL> -2l DYERL
o FRRYI— RO
* Linters & H/\LYSAtv>
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TLS (SSL) Yik—b

s RMTAITHEEICBEHL

o  ARL—ADZEEAKLES

* & Postgres U545 —DsIEEAHLRES
 TLS IRIZaHFTIAINBNTERD

*  TLS sEBRE(CE DI 7> NEAE

20 © Copyright EnterpriseDB Corporation, 2021. All rights reserved.



O EDB
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o XTTa1-)LEAITIUR

o« ATZ1Hbk ARNTDHR-MAWS S3. Azure Blob Storage)
*  Public clouds (AWS, Azureth—HK)
* Private clouds (e.g. MinIO)

* Barman Cloud [C#&7F

*  barman-cloud-wal-archive

®* archive_commandziZFHUIEWALBZE
*  barman-cloud-backup

* 2T a-I/ASTIVRONYIPYTIAIIR
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o J\WOPYITHEFTULWWISRY —%/ERK S
* base backup LAKY

* Full or PITR
o J\WOPYIWALI7PA N Z2TIHLVBE
e Barman Cloud (Ci&k{F

* barman-cloud-restore
®*  base backup "DUAKF
* barman-cloud-wal-restore
* AJFIVROWALOTIL
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VY —-AEHE

Pod!JY — Xl

*  CPU EXEUDEKREFIR (AT 1—)VEFDAHER)
Pod)’J4Z74—with nodeSelector

*  PodZzERI DG
Pod”>F7J1—71—policies

*  PodZzERURGFR
Pod Disruption Budget

*  PostgreSQL J)—JTREFR¥ZHIFETS

* Kubernetes J—ROFEIHEHIXATF>XD4>2 R
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I3A9D770O4A> b

. SEROMR

“kubect!” - KubernetesO XTI 54 7> NN RIA>Y—=)L
YAML YZJIANI7A)

Infrastructure as Code (IaC)
o JSAIDIERR / EFTEHIBR
kubectl apply -f cluster-example.yaml

kubectl delete -f cluster-example.yaml
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NZIIARI7AIEwds (yamiT71)l)

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Cluster
metadata:

name: cluster-example
spec:

instances: 3

imageName: quay.io/enterprisedb/postgresql:13.2
storage:

size: 1Gi

BREYZIIANTFAILOBT)

https://www.enterprisedb.com/docs/kubernetes/cloud native postgresql/samples/
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O EDB

BHALID U —33>

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Cluster
metadata:
name: cluster-example
spec:
instances: 3
minSyncReplicas: 1
maxSyncReplicas: 2

% 0 <= minSyncReplicas <= maxSyncReplicas < instances
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PostgreSQLMDESTE

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Cluster
metadata:
name: cluster-example
spec:
instances: 3
postgresql:
parameters:
max_worker_processes: "60"
pg_hba:
- host all all all md5
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EDB Postgres Advanced Server

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Cluster
metadata:
name: cluster-example
spec:
instances: 3
imageName: quay.io/enterprisedb/edb-postgres-advanced:13.2
licenseKey: <CZICIA 72 A+ =BT (F>

NSATPISA 2 XF—DEUS

https://cloud-native.enterprisedb.com
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Quickstart

https://www.enterprisedb.com/docs/kubernetes/cloud native postgresqgl/quickstart/
e QuickstartOFIEICA>T. TEEITVET,

e =K1 Kubernetes/Openshift E=iEOtY ~7vS

NI RFIXD MEL Minikubez{ERHULT
O—hJLICKubernetes5 A%z ER I 2 /55 T,
SEINTETIE. AWSEAzZUreDI SR EIC/ERR I 27555 %257BALE T,

e J){—hK2 Operator®1>Z~=JL
e J{—K3 PostgreSQLOTJOA
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N

@ AWSCLIDA YR k=)L
elcome.html

B8 AWS ARV RS A9 ~7: X +

C & docs.aws.amazon.com,

AWS AVY KZ14v4 X 55 _ ) ZOR—-JORE X
UH—T 1A R @ Python 2.7, 34, 35X AWS CLI /\—Y 3 1 TREMETT, BEICOVWTIL,
Pt AWSCL /(=Y a> 1€2¥a>v® TAWSCL /(=T avii2WnWT; ZE8RLTES
W, AWS CLI /(=

v AWS CLI &}

AWS CLI /S

e AWS AR Y RSA VAV —T 1A

PDF | RSS

AWS ARV RFA VA VI =T x4 X (AWS CL)IEA =TV —ADY—=ILTHD.
ARVYERZFAVYINOIAR Y REF ST AWS Y—ERENET ST ENTEET,
AWS CLI 28T 5 &, RINROBRET, EROY—IFNTOTFLDIARVET
QY7 hhS, T35 I7HYR—ZD AWS Management Console TIREZ N ZRAEE[F)
EOMPEERETIIAVY RERTTEEY,

« Linux ¥ x )b — Linux £7zi3 macOS tcsh 2 TIAVY Y RER{TT HICIE bash
zsh 2 B, . , BREO—BNBR VIO LEFERLET,

« Windows AV~ KJ4 >~ — Windows TiE. Windows AV¥> K70V T h&Ef
I3 PowerShell TOVY Y RERTLET,

o YE—=KF-PUTTY ¥ SSHBREDUE—RF—IFILTOT AL, Elcid AWS
Systems Manager % {8 L T Amazon Elastic Compute Cloud (Amazon EC2) - >/
ARG VATCARVYFERTUET,

AWS Management Console T TE 29X T® laas (infrastructure as a Service)
AWS OFE, MAE. 77 EAOLMAER. AWS APl & AWS CLI THERTEXT,
AWS laaS DFFRES L UMY —E AR, O—-rFEAFFELRO-VFHS5 1808
BIARIC. API & U CLI L AWS Management Console D IR TOMELFREL X
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& EDB Docs - Quickstart

(& & enterprisedb.com

@ Cloud Native PostgreSQL

Quickstart

Make sure that you have kubectl installed on your machine in order to connect to the Kubernetes
cluster, or oc if using CRC for OpenShift. Please follow the Kubernetes documentation on
install kubectl or the Openshift one on how to insta

ned in this documenta

Part 1 - Setup the local Kubernetes/Openshift playground «

The first part is about installing Minikube, Kind, or CRC. Please spend some time reading about the systems
and decide which one to proceed with. After setting up one of them, please proceed with part 2

Minikube =

Minikube is a tool that makes it easy to run Kubernetes locall

Minikube runs a single-node Kubernetes
cluster inside a Virtual Machine (VM) on your laptop for users looking to try out Kubernetes or develop with it
day-to-day. Normally, it is used in conjunction with VirtualBox.

You can find more information in the official K ete mentat Wt Minik in your

local personal environment. When you installed it, run the following command to create a minikube cluster:

minikube start

This will create the Kubernetes cluster, and you will be ready to use it. Verify that it works with the following

command.

kubectl get nodes

You will see one node called minikube

Kind @

If you do not want to use a virtual machine hypervisor, then Kind is a tool for running local Kubernetes
clusters using Docker container "nodes” (Kind stands for "Kubernetes IN Docker” indeed).

Install kind on your environment following the instructions in the Q tart, then create a Kubernetes



IX\—hk2 Operator®1 > k=)L

M EDB Docs - Quickstart

(5 & enterprisedb.com

Lre sart

Q EDB i . The crc start output will explain how to proceed. You'll then need to execute the output of the crc o
v command. After that, you can log in as kubeadmin with the printed oc in command. You can also
& Back open the web console running cre nsole . User and password are the same as for the gin
command.
e % "
U Cloud Native PostgreSQL CRC doesn't come with a StorageClass, so one has to be configured. You can follow the
) e and install rancher/local-path sioner

S ‘ . Part 2 - Install Cloud Native PostgreSQL «

Now that you have a Kubernetes or OpenShift installation up and running on your laptop, you can proceed
with Cloud Native PostgreSQL installation

Quickstart Please refer to gtion and then proceed with the deployment of a PostgreSQL cluster.

Part 3 - Deploy a PostgreSQL cluster «

As with any other deployment in Kubernetes, to deploy a PostgreSQL cluster you need to apply a
configuration file that defines your desired Cluster

The t example.y sample file defines a simple Cluster using the default storage class to
allocate disk space:

apiVersion: postgresql.k8s.enterprisedb.io/vl
kind: Cluster
metadata:
name: cluster-example
spec:
instance

primaryUpdateStrategy: unsupervised




/\—k 3 PostgreSQLOF 7041

® ® & EDBDocs - Quickstart

< C @ enterprisedb.com

©EebB

« Back

2
@/‘ Cloud Native PostgreSQL

Quickstart

andinstall rancher

Part 2 - Install Cloud Native PostgreSQL «

Now that you have a Kubernetes or OpenShift installation up and running on your laptop, you can proceed

with Cloud Native PostgreSQL installation

Please refer to the tallat section and then proceed with the deployment of a PostgreSQL cluster.

Part 3 - Deploy a PostgreSQL cluster «

As with any other deployment in Kubernetes, to deploy a PostgreSQL cluster you need to apply a

configuration file that defines your desired Cluster
The ter-example sample file defines a simple Cluster using the default storage class to
allocate disk space: k

apiVersio postgresql.k8s.enterprisedb.io/vl
kind: Cluster
metadata:
name: cluster-example
spée
instances:

primaryUpdateStrategy: unsupervised

storage:
size: 1Gi

® There's more

For detailed information about the available
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Cloud Native PostgreSQL Plugin

https://www.enterprisedb.com/docs/kubernetes/cloud native postgresql/cnp-plugin/

e PostgreSQLUSAAZEIE T DY —)L TPluginEL Tt
*  AJAMIUIDNT
curl -sSfL ¥
https://github.com/EnterpriseDB/kubectl-cnp/raw/main/install.sh | ¥
sudo sh -s -- -b /usr/local/bin
*  AT—HADHESR

kubectl cnp status cluster-example

kubectl cnp status cluster-example --verbose (XF7—~AD5¥HH)
*  ZvFA-)N— (F&h)

kubectl cnp promote cluster-example cluster-example-2
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~/D/c/w/yaml »>)> |:|




O EDB

Operatoric&3BEEN IS ATEIR

o wIe-U2y
o TIANVZHIBRLTHES |
kubectl delete pods cluster-example-1 --grace-period=0
 O-U2T7yI7-h
* XAF-7vIT-h
yamlJ7/ILT. N=S3AEEZZELT
kubectl apply -f cluster-example.yaml
o RT=ITPYT /I ARE
* YRS\ A DISIRL
yamlJ7(JLT. instancesD#zZELT
kubectl apply -f cluster-example.yaml
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~/D/c/w/yaml »») kubectl cnp status cluster—exampleﬂ




ol N | -zsh U381

~/D/c/w/yaml »)) kubectl cnp status cluster-example
Cluster in healthy state

Name : cluster-example

Namespace: default

PostgreSQL Image: quay.io/enterprisedb/postgresql:13.2
Primary instance: cluster-example-1

Instances: 3

Ready instances: 3

Instances status
Pod name Current LSN Received LSN Replay LSN System ID Primary Replicating Replay paused Pend
ing restart Status

cluster-example-1 0/17000060 6965230531272454161 v X X X
0K

cluster-example-2 0/17000060 0/17000060 ©965230531272454161 «x v X X
0K

cluster-example-3 0/17000060 0/17000060 6965230531272454161 «x v X X
0K

~/D/c/w/yaml »») 11

Permissions Size User Date Modified Name

.rw-r--r-- 551 kotaroyoshino 24 5 05:37 cluster-example.yaml

~/D/c/w/yaml »>) vi cluster-example.yaml I




~/D/c/w/yaml »)) kubectl cnp status cluster-example
Cluster in healthy state

Name : cluster-example

Namespace: default

PostgreSQL Image: quay.io/enterprisedb/postgresql:13.2
Primary instance: cluster-example-1

Instances: 3

Ready instances: 3

Instances status
Pod name Current LSN Received LSN Replay LSN System ID Primary Replicating Replay paused Pend
ing restart Status

cluster-example-1 ©/16000000 ©6965230531272454161 v X X X
0K

cluster-example-2 /16000000 0/16000000 ©965230531272454161 «x v X X
0K

cluster-example-3 0/16000000 0/16000000 6965230531272454161 «x v X X
0K

~/D/c/w/yaml »») 11

Permissions Size User Date Modified Name

.rw-r--r-- 551 kotaroyoshino 23 5 06:26 cluster-example.yaml

~/D/c/w/yaml »>) vi cluster-example.yaml D
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Psqllc &k 3iE#e

* Port-forwardZ{#HUT. Kubernetes75XAAANEFIPAIEST (FARA)
kubectl port-forward service/cluster-example-rw 5454:5432

o Psqllc&diEs
psql -p 5454 -h 127.0.0.1 -U postgres

% ){ZAD—RFKubernetes"BEEIERRL TLVSIcs. T1—-R93D
kubectl get secret cluster-example-superuser -oyaml -o=jsonpath={.data.password}|base64 -d
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~zsh
~/D/c/w/yaml »»)» D

-zsh

~/D/c/w/yaml »»)» D
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PodDHdDpgdata

* execz{EAEUT. PodDDpgdatalic F2Z&HR3 3

kubectl exec --stdin --tty cluster-example-1 -- /bin/bash
cd /var/lib/postgresql/data/pgdata
o RIESTEITAN
cat postgresql.conf
cat pg_hba.conf

s OJJ74)
ls log/*
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~/D/c/W/yaml »») kubectl get pods -o wide

NAME READY  STATUS RESTARTS  AGE IP NODE NOMINATED NO

DE  READINESS GATES

cluster-example-1 1/1 Running 1 ohld4m 10.240.0.86 aks-agentpool-28437543-vmss@0000@  <none>
<none>

cluster-example-2 1/1 Running 2 ohlom 10.240.0.118 aks-agentpool-28437543-vmss@00001  <none>
<none>

cluster-example-3 1/1 Running @ 6hl7m 10.240.0.236 aks-agentpool-28437543-vmss@00002  <none>

<none>
~/D/c/W/yaml »»)> D
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New!

Backup & Recovery

* secretlCAWSOREEEHRZETXKIT D
kubectl create secret generic aws-creds ¥

--from-literal=ACCESS_KEY_ID=<access key here> ¥
--from-literal=ACCESS_SECRET_KEY=<secret key here>
# --from-literal=ACCESS_SESSION_TOKEN=<session token here> # if required

X S3IND VI ANEREF DI - —-THdL

e SecretDtE:R
kubectl describe secret/aws-creds
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PS5 A5 (yaml) [CBackup%

aul
da

il

spec:

backup:
barmanObjectStore:
destinationPath: "s3://<BUCKET_NAME>/backup/"
s3Credentials:
accessKeyld:
name: aws-creds
key: ACCESS_KEY_ID
secretAccessKey:
name: aws-creds
key: ACCESS_SECRET_KEY

© Copyright EnterpriseDB Corporation, 2021. All rights reserved.
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BackupZ£{T (A>7Y>YR)

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Backup
metadata:
name: backup-example
spec:
cluster:
name: cluster-example

* Backup®DZE{TLHESR
kubectl apply -f backup-example.yaml
kubectl describe backup backup-example
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Recovery T35 A Z T R1ERY

apiVersion: postgresql.k8s.enterprisedb.io/v1
kind: Cluster
metadata:
name: cluster-recovery
spec:

bootstrap:

recovery:

backup:
name: backup-example

* RecoveryD3E{T
kubectl apply -f cluster-recovery.yaml
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-Zsh 381

~/D/c/e/back_recovery »») kubectl describe secret/aws—cr‘edsﬂ




00 -zsh 0382
-zsh 381 -zsh ¥*2

~/D/c/e/back_recovery »)») kubectl describe secret/aws-creds

Name : aws-creds

Namespace: default

Labels: <none>

Annotations: <none>
Type: Opaque

Data

ACCESS_KEY_ID: 20 bytes
ACCESS_SECRET_KEY: 40 bytes
~/D/c/e/back_recovery »»)» kubectl get pods

NAME READY  STATUS RESTARTS  AGE

cluster-example-1 1/1 Running 0 160m
cluster-example-2 1/1 Running 0 159m
cluster-example-3 1/1 Running 0 158m

~/D/c/e/back_recovery »»» vi cluster-example.yaml
~/D/c/e/back_recovery »>) kubectl apply -f cluster-example.yaml
cluster.postgresql.k8s.enterprisedb.io/cluster-example configured
~/D/c/e/back_recovery »»)» I



(1 row)

postgres=# select * from countries;

country_code | country_name
______________ mm m e
jpn | Japan

usa | United States of America
(2 rows)

postgres=# exit
~/D/c/e/back_recovery »») cat backup-example.yaml

File: backup-example.yaml

( n: postgresql.k8s.enterprisedb.io/v1
: Backup

: backup-example

: cluster-example

~/D/c/e/back_recovery »») kubectl apply -f backup-example.yaml
backup.postgresql.k8s.enterprisedb.io/backup-example created
~/D/c/e/back_recovery »»» []




N N -zsh 382
-zsh 31 -zsh ¥#2
~/D/c/e/back_recovery »») kubectl get podsl
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Pg_basebackuplc &d1E—1ERK

* bootstrapTpg_basebackupZz{#EfLT. DBY5X4%1E —1ERK
e  EUASY—/\—=Z3>MPostgresqlhs. JE—1] (Kubernetesl/ ME5TH)
o AN -3 48 (E. REPLICATION LOGIN privileges)
e JE—-7DBICOJA>E]ETHBE (Md5. 517> MRtz HR—R)
* bootstrapZzs%ELT. kubectl apply
kubectl apply -f cluster-copy.yaml
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# Require 1Gi of space #E NS

storage:
size: 10G externalClusters:

- name: cluster-example-db

bootstrap: connectionParameters:
pg_basebackup: host: cluster-example-rw.default.svc

source: cluster-example-db user: streaming_replica

sslmode: verify-full

#ENGS sslKey:
name: cluster-example-replication
key: tls.key

sslCert:
name: cluster-example-replication
key: tls.crt

sslRootCert:
name: cluster-example-ca
key: ca.crt
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~/D/c/e/pg_basebackup »»> 11

Permissions Size User Date Modified Name

.rw-r--r--@ 696 kotaroyoshino 18 7 03:28 cluster-copy.yaml
~/D/c/e/pg_basebackup »») |:|




o000 -zsh 382
-zsh 31 -zsh ¥#2
~/D/c/e/pg_basebackup »») kubectl get podsl
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Cnp-bench

e  CNPElF. AFX=DDOHARIA>
o ML=/ F :fio
*  F—HAR-ZRIF : pgbench

e Helm Charts{EH

Helm®D1 > A=)l
brew install helm (MacHd)
helm version

* Open Source : Apache 2.0 license
https://github.com/EnterpriseDB/cnp-bench
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New!

JVI—-33>7€ (BFF)

PostgreSQL on Kubernetes x —/{—L X (Lambda) T.XAY0Y—ERAEFEARIE

* APIT—hDIAELT. AWS AP —hD1A

o  EITIRIBELUTAWS Lambda
o  H—-)\-LATZEARD7ICAZIECH. BEIRICAT-)

s F—HANFELT. PostgreSQL on Kubernetes
*  Kubernetes®PodUV—XEIET, ILFSTIUCCPU. XEUZEIDZH TRIEE
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