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Please Note:

* IBM’s statements regarding its plans, directions, and intent are subject to change
or withdrawal without notice and at IBM’s sole discretion.

* Information regarding potential future products is intended to outline our general
product direction and it should not be relied on in making a purchasing decision.

* The information mentioned regarding potential future products is not a commitment,
promise, or legal obligation to deliver any material, code or functionality. Information
about potential future products may not be incorporated into any contract.

* The development, release, and timing of any future features or functionality described
for our products remains at our sole discretion.

e Performance is based on measurements and projections using standard IBM benchmarks
in a controlled environment. The actual throughput or performance that any user will
experience will vary depending upon many factors, including considerations such as the
amount of muItiproEramming in the user’s job stream, the I/O configuration, the storage
configuration, and the workload processed. Therefore, no assurance can be given that an
individual user will achieve results similar to those stated here.



NOTICE AND DISCLAIMERS

*© 2022 International Business Machines Corporation. No part of
this document may be reproduced or transmitted in any form
without written permission from IBM.

*U.S. Government Users Restricted Rights — use, duplication or
disclosure restricted by GSA ADP Schedule Contract with IBM.
*Information in these presentations (including information relating
to products that have not yet been announced by IBM) has been
reviewed for accuracy as of the date of initial publication and could
include unintentional technical or typographical errors. IBM shall
have no responsibility to update this information. This document is
distributed “as is” without any warranty, either express or implied.
In no event, shall IBM be liable for any damage arising from the use
of this information, including but not limited to, loss of data,
business interruption, loss of profit or loss of opportunity.

IBM products and services are warranted per the terms and
conditions of the agreements under which they are provided.

*|IBM products are manufactured from new parts or new and used
parts.

In some cases, a product may not be new and may have been
previously installed. Regardless, our warranty terms apply.”

*Any statements regarding IBM's future direction, intent or product
plans are subject to change or withdrawal without notice.

*Performance data contained herein was generally obtained in a
controlled, isolated environments. Customer examples are
presented as illustrations of how those customers have used

IBM products and the results they may have achieved. Actual
performance, cost, savings or other results in other

operating environments may vary.

*References in this document to IBM products, programs, or services
does not imply that IBM intends to make such products, programs
or services available in all countries in which IBM operates or does
business.

*Workshops, sessions and associated materials may have been
prepared by independent session speakers, and do not necessarily
reflect the views of IBM. All materials and discussions are provided
for informational purposes only, and are neither intended to, nor
shall constitute legal or other guidance or advice to any individual
participant or their specific situation.

*lt is the customer’s responsibility to ensure its own compliance
with legal requirements and to obtain advice of competent legal
counsel as to the identification and interpretation of any

relevant laws and regulatory requirements that may affect the
customer’s business and any actions the customer may need to take
to comply with such laws. IBM does not provide legal advice

or represent or warrant that its services or products will ensure that
the customer follows any law.



Db2U Overview

v Db2 Universal Container on Kubernetes
v Standalone & Cloud Pak for Data offerings
v OLTP and OLAP workloads

v" On RHOS or k8s deployed top of VMs or

Bare Metal hardware
v Cloud-Native User Experience

v Self-managed offerings on AWS - EKS and
ROSA (RHOS)

Self-managed offerings on Azure — AKS and
ARO (RHOS)

Self-managed offerings on Google Cloud -

GKE and Anthos MCM

Elastic — Vertical (up/down) or Horizontal

(infout) scaling

Cloud-native user-experience for backup,

restore, snapshot and other Day-2 operations

Db2 Warehouse on Cloud (SaaS) offering on
AWS EKS



Db2 Universal Container (db2u)

Recently delivered

Reference architecture: >>
Elastic Kubernetes Service (EKS)
Red Hat OpenShift Service (ROSA)
« Db2 Warehouse MPP
» Db2 database single-node

Support unique persistent storage
volume per MLN

Achieve higher performance by
leveraging built-in parallelism of Db2
MPP shared-nothing architecture. With
the ability to attach a unique storage
volume per each database partition, we
can support larger scale data
warehouses on cloud environments. >>

Cloud Storage Support - AWS EFS /
EBS

Support for storage available through
Amazon ROSA. Support includes CPD
as well as Standalone. >>

Enabling Object Storage Support for
Db2 Warehouse >>

Enhancements to achieve runtime
stability, and improve enablement
experience

Q3 2022

Reference architecture:

Azure Kubernetes Service (AKS)

Azure Red Hat OpenShift Service (ARO) >>
«  Db2 Warehouse MPP

« Db2 database single-node

Elastic Kubernetes Service (EKS)
Red Hat OpenShift Service (ROSA) >>
« Db2 database HA/DR deployments

Support Velero in standalone for
both OLTP and Warehouse
Integration with Velero to facilitate
backup/restore to cloud object storage
services. >>

Cloud-native approach to Db2
backup-and-restore

Operator driven solution to executing
Db2 backup-and-restore operations,
including Snapshots, thus providing for
a better cloud native experience. This
support will also integrate scheduling
for backup and snapshot operations as
well. >>

Support leveraging Db2U on Db2
Warehouse on Cloud

Support for deploying Db2U via IBM Cloud
Control plane (ICD) and Life Cycle
Management (upgrade, recovery, etc.) via
ICD recipe templates. Day 2 operations
via ICD Control Plane Recipes (backup and
restore, snapshots, scaling etc.) >>

Q4 2022

Reference architecture: >>

Azure Kubernetes Service (AKS)

Azure Red Hat OpenShift Service (ARO)
» Db2 database HA/DR deployments

Release on operatorhub.io
Standard for Operator Lifecycle

Manager (OLM) releases on non-
OpenShift environments (native
Kubernetes, Rancher, etc.) for
deployment and life-cycle
management. >>

Improved data warehouse scaling
experience for container-based
self-service deployments

Support horizontal scaling by
adding/removing new resources
(pods), by simply changing the
number of replicas in the Db2u
Custom Resource (CR) instance
associated with a deployment.
Support vertical scaling by
incrementing/decrementing the
resources given to each Db2u pod,
by simply changing the resource
limits in the Db2u Custom Resource
(CR) instance associated with a
deployment. >>

Q1 2023

Reference architecture: >>

Google Kubernetes Service (GKE)
Google Red Hat OpenShift Service

- Db2 Warehouse MPP

« Db2 database single-node

» Db2 database HA/DR deployments

Add support for multi-volume per
MLN. Stripe Db2 data across

multiple volumes >>

Helps improve Db2 performance on
WH as well as OLTP. Lifting the 1
volume cap (2 TB 4K Block size on AWS
EBS), helps with increased storage for
Db2 databases

A HADR role-aware Kubernetes
service for Db2U >>

A Kubernetes Nodeport Service for
Db2U HADR that is aware of HADR
role and routes Db2 client
connections to the current Primary
POD always. This service can then
be exposed via a LoadBalancer or an
Ingress service to expose externally.
Therefore, from a client standpoint,
a single IP is used for catalog/client
connection properties

Roadmap: ibm.biz/db2-roadmap

Q2 2023

Reference architecture: >>
Rancher Kubernetes Engine (RKE)

* Support for Rook-CephFS
Provides customers with
highly available, multi-use and
performant file store. >>



https://bigblue.aha.io/features/DB24LUW-968
https://bigblue.aha.io/features/DB24LUW-902
https://bigblue.aha.io/features/DB24LUW-1088
https://bigblue.aha.io/features/DB24LUW-1014
http://operatorhub.io/
https://bigblue.aha.io/features/DB24LUW-854
https://bigblue.aha.io/features/DB24LUW-862
https://bigblue.aha.io/features/DB24LUW-1014
https://bigblue.aha.io/features/DB24LUW-1016
https://bigblue.aha.io/features/DB24LUW-856
https://bigblue.aha.io/features/DB24LUW-940
https://bigblue.aha.io/features/DB24LUW-966
https://bigblue.aha.io/features/DB24LUW-903
https://bigblue.aha.io/features/DB24LUW-962
https://bigblue.aha.io/features/DB24LUW-964
https://bigblue.aha.io/features/DB24LUW-853
https://bigblue.aha.io/features/DB24LUW-891
https://bigblue.aha.io/features/DB24LUW-1015

Db2 Universal Container (db2u) for Cloud Pak for Data

Recently delivered

Content underway

02 2022

Custom Storage Class
Assignments Support for RWX
and RWO

Expands the scope of storage
compatibility for all services and
enables customers to choose
specific class names while installing
these services. This objective is
linked to support for AWS EFS/EBS.
>>

Korean language support >>

Support Disruption Free backups
Temporary suspend would enable
backups without bringing down the
pods or the services.>>

OCP 4.10 Support

Ongoing Cloud Pak commitment to
certify even numbered OpenShift
EUS versions.>>

CPD and Db2 to support VAULT
Helps customers to store their
credentials to
datasources/applications in external
vault systems. CPD will retrieve the
credentials from these vaults when
creating a connection.>>

SOD and SCC Compliance
Security Context Constraints allows
cluster administrators to decide the
level of privilege to be associated
with any specific workload >>

Q3 2022

Individual Service and Service
Instance Shutdown and Restart
Helps customers reduce the overall
costs by 'turning off' the services
when not needed, which will reduce
the usage of CPU/memory resources
and in turn lower the Total Cost of
Ownership (TCO). >>

Roadmap: ibm.biz/db2-roadmap

Q4 2022 Q12023

Simplified user experience in In Planning
enabling add-on products (REST,

Graph, Data replication) via CPD

UI

CPD UI to allow customer

specify add-on products, such as
REST, Graph, Data replication either
during service enablement or as part
of the post configuration step. >>



https://bigblue.aha.io/features/DB24LUW-939
https://bigblue.aha.io/features/DB24LUW-885
https://bigblue.aha.io/features/DB24LUW-892
https://bigblue.aha.io/features/DB24LUW-961
https://bigblue.aha.io/features/DB24LUW-963

Evolution of Db2 containerization
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The Db2 Universal (Db2U) Container

1 Db2 “Universal” (Db2U) Container — driving Db2 modernization on
IBM Cloud Pak for Data, Red Hat OpenShift, Kubernetes and public
cloud

 Microservice architecture

[ Flexible, tailorable form factor — OLTP (Db2), OLAP (Db2 Warehouse)

J Transaction & data volumes Db2U Container &

O Query patterns & performance requirements Ecosystem

O Enable pre-built configurations defining the fabric for “infrastructure as
code”

 Portable, secure & certified

O Ready in minutes

O Unified environments (consistency through Dev - Test - QA - Prod, etc.)

(1 Core to a growing ecosystem of decoupled services



The Db2U Container Hierarchy

An ecosystem of containers built O Db2U, BigSQL, Data Virtualization (DV)

using UBI 8 as the foundation 1 Add-ons: REST, Graph, Rep.li.cation (Q-rep) 3
O Internal: FVT, Storage Certifier, Release Certifier

Db2U Container Hierarchy - Accurate as of May 3, 2022




The Db2 “Go” Operator

J Operational Management
d Package, Configure, Deploy & Manage
d Deployment

d Management

(J Measured for completeness by a maturity
model

 Provides a glimpse at the Db2 Operator
roadmap

O Currently expanding Phase Il capabilities
 Delivery

 IBM Operator Catalog
L Supports Air Gap

(J Red Hat Marketplace

The Operator Maturity Model

Auto Pilot
EL Horizontal/vertical scaling, auto config tuning,
abnormal detection, schedule tuning
Phase|v| Deep Insights
Metrics, alerts, log processing
and workload analysis
Full Lifecycle
Fuazell App lifecycle, storage lifecycle
(backup, failure, recovery)

Phase || | Seamless Upgrades
Patch and minor version
upgrades supported
Basic Install
Rue Automated application provisioning and
configuration management



Db2U Architecture — Overview

Red Hat OpenShift / Kubernetes Cloud Pak for Data

* Underlying Kubernetes resource
model:

* Db2 Engine Pod lifecycle managed using
a StatefulSet resource, since Db2 o

Db2uCluster

is a stateful application.

* Onetime tasks managed via a Job

resource

* In-pod HA to recover Db2 failures, —
avoiding a pod lifecycle event. This e
built-in HA leverages ETCD for state P

information

e Lifecycle of (stateless) Add-Ons (REST,
Graph, Q-rep, etc.) managed via
Deployment resources




Db2U Architecture - Kubernetes Resource Model

CatalogSource
ibm-db2uoperator-catalog

J All Db2 configuration settings

(Registry/DBM/DB cfg) injected via CR
are transposed into ConfigMaps and
mounted into Db2U PODs.

] Persistent Volume attachment:

db2oltpservice db2whservice db2aaserviceservice

\' Svc: db2u-engn-sve (NodePort) |

e Shared Storage volume (Db2 instance
home/other shared metadata) via
PersistentVolumeCliaim (PVC) o B
with ReadWriteMany (RWX) access B e

sshkeys-<user> | | instancepassword

\' Svc: db2u-internal (Headless) |

(secrets/cofigmaps)

m O d e a Storage Separate
* Data Storage (Db2 database paths) via l‘* fal"’i"’ e
VolumeClaimTemplates with 0 N o 2 o [ .

ReadWriteOnce (RWO) access mode in
Db2U StatefulSet




Db2U Architecture — Storage (1| 3)

Cloud Native

0 OpenShift Container Storage (OCS/ODF) 4.7+, 4.9
O Portworx 2.7+

O IBM Spectrum Scale CSI 2.0+

O Public Cloud Provider Native Storage (EKS/AKS)
O NAS (Dell EMC Isilon, NetApp Trident CSl)

Traditional

S
L Host Path (IBM Cloud, Dell EMC Isilon, Local...)

Options for Loading
O NFS
L Remote Load or RSYNC to Scratch
L Db2 CP4D Interface provides a Remote Load capability(S3 etc)
O S3 External Tables

IBM
Spectrum

¢

POrtworx
RED HAT

OPENSHIFT

Container Storage

OPENSHIFT

webservices’

AWS EBS

13



Db2U Architecture — Storage (2| 3)

[4K Device Support capable]

CSI
OCS 4.7+/ODF 4.9 RWX (CephFS) RWO (CephRBD)

Shared Zone Shared-nothing Zone

[Limited usecases only]

RWX Zone HostPath / Local Disk

Traditional

[4K Device Support mandatory]

RWO

Csl
RWX
[io_profile=db_remote]

Portworx 2.7+ [sharedv4, io_profile=cms]

ICSI
Shared Zone Shared-nothing Zone

IBM Cloud File Storage
(ibmc-file-gold-gid)

ICSI
EFS/EBS RWX (EFS) RWO (EBS)

2H 2022
[4K Device support capable with Ultra Disk]

CSI
AzureFS/Disk RWX (AzureFS) RWO (AzureDisk)




Db2U Architecture — Storage (3| 3)

Db2U Stanalone (OCP/k8s) only

AddOns

Db2 Warehouse MPP

Db2 (OLTP)

Db2 Warehouse SMP

Db2U Jobs

Db2U Stanalone (OCP/k8s) only | | LDAP Service

AddOns

REST

Replication (Qrep)

Graph

Db2 Engine

RWO - [4K Block if supported]

¥ v

g &

BACKUP DATA  ACTIVE TEMP
LOGS TBSP

Optional —
Optional

Db2 Engine

Db2U Jobs

LDAP Service

REST

Replication (Qrep)

Graph

BACKUP DATA

Optional
SHARED
META

ACTIVE TEMP
LOGS TBSP

Optional

Db2 Engine

Db2 Engine

DATA ACTIVE TEMP
LOGS  TBSP

Optional

A

(=)
—

DATA ACTIVE TEMP
LOGS  T1BSP

Optional




Db2 Universal Container ( Db2U) Operators - Performance Evaluation

Metrics Db2U on OpenShift

Install Time [Automated]
= 5 —10" (Db2 OLTP / WH SMP)
= 10’ —20‘ (WH MPP)

Al.l. Performance Upgrade Time [Automated]
15’ — 30’ (Dependent on number of catalog objects)
Results for Peneer e

[Db2 OLTP] HADR Takeover Time [Automated]
2’ — 4'

[Db2 WH MPP] Recovery on Db2 Failure [Automated]
= Non-catalog POD failure: 3" + Db2 Crash Recovery time
= Catalog POD: 5’ + Db2 Crash Recovery time

Recovery on Hardware Failure [Semi-automated]
OCP/k8s Node failure detection time + Recovery on Db2 Failure
time

Vertical Scaling Compute [Semi-automated — will be fully automated soon]
2 -3’ + Db2 autoconfigure time

Reference architecture -

16


https://www.redhat.com/en/resources/IBM-Db2-Warehouse-MPP-on-OpenShift-Container-Storage-detail

Db2 Operator - Value in all 4 quadrants

Modern
* HADR 4-Tier Resiliency
* Self healing [Process & Pod]

» Standby Node
» Standby Db2 [HADR]
* Support for Container-Native storage i.e. OCS,
Portworx, Spectrum Scale/Fusion CSl
* Resiliency w Replication
* Add-ons plugability

Managed Lifecycle

* Db2 Special Build

* Upgradeability - AutoUpgrade [*20’]
 Kubernetes alignment

Infrastructure

* Better HW/VM utilization

* Deployment on AWS (EKS/ROSA) or Azure
(AKS/ARQ), aligned w DevOps

* APl-driven management

* Automation through Operator

* Ready in ~5 minutes

Security
Storage
Networking
Load balancing

Logging
) ) OPENSHIFT
Monitoring Kas

OLM
Catalog @

Secure

o Mg

AT L.
VALUE ADDED

' o
"ln R

Lightweight

CONTAINERS

CPU/MEM profile

Portable

Predictable

Day 2 @

APIl-driven

OPERATOR
Automation
Application Delivery
As a Service

Lifecycle Management

O
O

Micro-services
Highly performant

Highly reliable

Container-defined storage

Powered by Al

Ecosystems




Db2U Next Generation: Core Capabilities (1]2)

e What’'s new

* Db2 engine pods lifecycle is managed _
via a NEW Kubernetes Custom

Resource - Db2ukEngine Object

* Spec of each Pod defined independently

* One-to-One mapping between each
database MLN storage path and Pod 0 Pod 1

Kubernetes volumes
nothing architecture

* Leads to better support for horizontal
scaling

IBM Data and Al
©2022 IBM Corporation



Db2U Next Generation: Core Capabilities (2] 2)

e What’s new

IBM Data and Al
©2022 IBM Corporation

Ability to specify more than one
volume for database storage for
Db2 (OLTP) or Warehouse SMP
deployments (1H 2023)

Grow database storage by adding
a new volumes on-demand vs
using CSI volume expansion (1H
2023)

e Mitigate volume size limitations in
cloud deployments (typically 16TB to
64TB cap depending on the vendor)

e Better 10 parallelism

* Lower storage cost*




Next Generation: A Cloud-native Backup and Restore Experience (1] 2)

OpenShift / k8s cluster Create / Update / Delete / Get / List

Db2uBackup or Db2uRestore
[2 H 2 02 2] A Custom Resource instances 1
Db2uBackup
- apiVersion: db2u.databases.ibm.com/vialphal

Ku b e r n ete S kind: Db2uBackup

metadata:
name: myBackup1

co ntr0| |e r d rive n spec: Namespace 1

db2ucluster: db2wh-12345

databaseBackupConfig:

d p p gor:[e h tO dbName: "mydbi" Db2UCluster Formation1 Db2 Warehouse MPP

type: "offline"

backupTarget: "disk" Db2 Engine Pod

m a n a gi n g D b 2 schedule: "NOW" : (Catalog _node)' sz Engine Pod Db2 Engine Pod
Backup/Restore, | chobockpboionsl mwx | B T

| RWO - [4K Block if supported] :

v |- > - - o & -

and Snapshot - I e glg WERE WERE

capabilities via AP

server
iDb2u Operator} BACKUP ' DATA ACTIVE TEMP DATA ACTIVE TEMP DATA ACTIVE TEMP

C u Sto m LOGS TBSP LOGS  TBSP LOGS TBSP

SHARED Optional Optional Optional

Resource Kind b sestore Lot
Db2uBackup

an d Backup Vendors
Db2uRestore P diskc

db2u.databases.ibm.com/vialphatl
kind: Db2uRestore
metadata:
annotations:
spec:
db2uBackup: myBackup1




Next Generation: A Cloud-native Backup and Restore Experience (2] 2)

Db2u Backup and Restore Custom Resource Definitions

- apiVersion: db2u.databases.ibm.com/vialphat
kind: Db2uBackup
metadata:

name: myBackup1

spec:

db2ucluster: db2wh-12345

databaseBackupConfig:
dbName: "mydb1"
type: "offline"
backupTlarget: "disk"

schedule: "NOW"

- apiVersion:
db2u.databases.ibm.com/vialpha1
kind: Db2uRestore
metadata:

annotations:
spec:
db2uBackup: myBackup1

- apiVersion:
db2u.databases.ibm.com/vialpha1
kind: Db2uBackup
metadata:

annotations:
spec:
db2ucluster: db2wh-12345
shapshotBackupConfig:
dbname: "mydb1"
excludelLogs: true
volumeSnapshotClassName: "ocs-rbdplugin-snapclass"
schedule: "NOW"

- apiVersion:
db2u.databases.ibm.com/vialpha1
kind: Db2uBackupAndSnapshotSchedule
metadata:

name: myDb2BackupSchedulel
spec:
db2ucluster: db2wh-12345
databaseBackupConfig:
dbName: "mydb2"
type: "online"
backupTaget: "tsm"
schedule: "0 12 * * *"




Next Generation: A Cloud-native Audit Facility

[ ]
—_—
T Activate db2audit,
create and use audit policies

Database events generated
manually or automatically

[2H 2022]
Manage Db2
Audit facility via
Db2U Custom

Resource Db2uCluster / Db2ulnstance (next gen)
addOns i

Audit status
$ db2audit describe
Check db2audit
status and

predefined policies
Audit Policy Tables

SYSCATAUDITPOLICIES
SYSCATAUDITUSE

Audit logs been - -
fistiy created, and | Audit data/archive path
will keep growing
db2audit.db.BLUDB.log.0
AUDIT.UPDATE()
+ AUDIT.LOAD(

« SYSPROC.AUDIT_ARCHIVE()
@® . SYSPROCAUDIT_DELIM_EXTRACT(}

mechanics: 2ddOns:
audit:

2 Apply the i interval: 15m
dEf_aU|t audit applyDefaultPolicy: true
policy archiveToDb: true

T.<category>
AUDIT.LOAD()
Load the audit records for
the given category

e Periodically

Audit data/archive path

db2audit.db.BLUDB.log.0

. . SYSPROC.AUDIT_ARCHIVE(
a rc h I Ve a u d I t Archives the current audit log db2audit.db.BLUDB.log.0.<timestamp>

reco rdS |nt0 Audit data/archive path
audit tables in AR oo oo mesare

the database




Next Generation: A Cloud-native Log Collection and Streaming

OpenShift / k8s Cluster

Db2U (Catalog) Pod type LogConfiguration struct

[1H 2023] Support Streaming ! endpointstring

« transfer input files into appropriate format CPD Streaming service

Setup/config . - Type string
0 « fluentD Side Pod collocted with Db2u 4
lo g streaming Aut @ Catalog Pod Format sting
A d cleanUpOnSend bool
(audit, diaglogs,

auditutil.py }

HA logs, etc.) to type ogConfiguratons LogConfiguration
Cloud Pak for- Data o External Streaming service .

or to an external PO HA log a2 scrper
logging service
using a Side Pod, i

logConfigurations:

a n d e n a b I Ed Vl a - endpoint: cpdaudit.zen.ibm.com:9055

type: audit
Db2U CUStom fz':mat: cadf
Resource addOl’l 5 cleanUpOnSend: false

Delimited audit logs FluentD CM interval: 15m
. - endpoint: cpdlogs.zen.ibm.com:9045
mechanics = type: diags
format: json-file
interval: 30m
cleanUpOnSend: true
- endpoint: extlogs.logsvc.com:8045
type: ha
format: json-file
interval: 5m
cleanUpOnSend: true

Db2uCluster / Db2uClusterV2

Diag logs

Future (TBD)

HA logs Logs staging volume




Db2U Next Generation — Perfectly Aligned for Public Cloud

* Azure * Google Cloud — Google Kubernetes Engine (GKE)
 Azure Kubernetes Service (AKS)
 Azure Red Hat OpenShift (ARO)



https://www.ibm.com/docs/en/db2/11.5?topic=aws-planning-your-configuration
https://www.ibm.com/support/pages/node/6600071
https://www.ibm.com/support/pages/node/6600093
https://dairoadmaps.us-south.cf.appdomain.cloud/
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