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Overview of Oracl&harding

A Scalability, availability and performance
feature of Oracle Database for OLTP

applications
Single Loglcal Database Multiple Physical Shards
Partitions Partitions Partitions
AHorizontal partitioning of data across — —
. 2 3 4 5 3 4 7 8
independent Oracle Databases (shards) ==
A OracleShardingbased on Partitioning feature = £ 7 T Parttions Parttions Parttions
16 || 17 || 18 197 20 9 10 13 | 14 17 | 18
i1 §§ 12 15 | 16 19 20

A Sharednothinghardware architecture

A Each shard runs on a separate server
ANo shared storage
ANocluster ware
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Componentof OracleShardingArchitecture

Sharding Key Global Services ServerA
Customer ID = 2018 Shard
Director

AShardedDatabase (SDB) l
AShardS onnection |\_/|
] : Poolz J
AGlobalServices . _.‘ — 6 l Q § =====
A ShardCatalog =5 Gy 3 servers
. Application o
AShard Directors 5

(L

A Connection Pools

Shard

Catalo
GDSCT(commandline utility) ]

Oracle Enterprise ManagésU|) Sharded
Region A Database (SDB

ORACLE #DOAG2018 : 20-23 NOVEMBER 201Bluremberg Germany Pt matir-quluzade. con

-




Components of OraclshardingArchitecture
Management Tools

AOEM- Enterprise Manager Cloud Control ORACLE' Enterprise Manager
AG DSCTL All Targets

ACREATSEHARDCATALOG Refine Search

AADD GSM and START G&Mate and start shard directors) 4 Target Type

ACREATE SHARD (for each shard) i

AADD SHARD 4 Databases

ADEPLOY S
ADGMGRK, Data Guard Broker Manager P

ACREATE CONFIGURATION Database System (15

AADD STANDBY DATABASE
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Componentof OracleShardingArchitecture

Shard
AHost subset of SDB
ServerA
APhysical Independent Oracle Database B— — —
A Sharednothing with another shards —
A Created OrPremise, Cloud or Hybrid
Sharded Tables

18c New Feature

AMultitenant Container Databases
I Pluggable Database as Shard e —

Duplicated Tables
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Componentof OracleShardingArchitecture

Global Services ServerA

ShardedDatabase (SDB)

ALogical Database =
ADistribution Data Based dBharding<ey
ABased on TablPartitioning § Sharded Tables
I Subpartitioning supporting S ServerB
ACollection of Shards S N
AShard is a Physical Database Duplicated Tables
AElastidDatabase

AAdd and Remove Shards
AMaximum 1000 shards

Sharded
Database (SDB)
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Componentof OracleShardingArchitecture

Shal‘d Cata|0g Shard Global Services

Director

ASpeciaburpose Oracle database

.

Connection
Pools

I SDB Configuration Data

I Centralized Management m_
I Master Copy of Duplicated Tables

I Query coordinator multshard queries

Q

o

0
)
Q
S
-
)
D
©
Q
o
Q)

_ >
H.,
N’

Shard
Catalog
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Componentof OracleShardingArchitecture

Shal‘dDireCtOI’ Shard Global Services

Director

ANetwork Listeners

.

I Routing based o&hardingkey Comection
ATo the appropriate shards Pools @
AHigh Performance Connection m_ﬁ l Q %
—
o

AGlobal Service Manager

ARoute Connections based on database role
ARoute Connections based data location Shard
APerform Connection Load Balancing Catalog
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Componentof OracleShardingArchitecture

Global Services

Shard Global Services

Director

.

ARunning across multiple shard Connestion
ools
AAccess to any shard with rebased b—ﬂ l Q

ARead/write for primary shard o
ARead only for standby shard

ARegion affinity
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Componentof OracleShardingArchitecture

Connection Pools

AAct as shard directors by routing database
across pooled connections Connection

Pools
, " 2t 2y 3

A5 Ol oFasS { dzLdLd2 NI aQ

AUCA-OCI, JDBC and ODP.NET Client B
A Recognizinghardingkey Convr\1/?t(;;[ion
Sharding
Key
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Component®f OracleShardingArchitecture

DataDependent Routing

ADirect Routing
I Shardingkey using within connection pool

I Dynamically build the shard topology cache

ACached range to be routed directly to shard
Alf not is cache, forwarding request to shard director for create a new connection

AProxy Routing
I Using withoutShardingkey
I Request connection for multiple shards
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Component®f OracleShardingArchitecture

ShardingMethods
ASysteraManaged Sharding

I Data automatically distributed across shards
using partitioning by consistent hash

AUserDefined Sharding18c New Feature

I Explicitly specify the mapping of data to individual shards

ACompositeSharding

I Allows to create multiplshardspacdor different subset of shards
data in a table partitioned by consistent hash

I Shardspacstore data that corresponding RANGE or LIST
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Components of Oracl8harding

Sharded Tables

APartitions are distributed across shards cuonars | [oraens L s rocucs
. . ——— -
| Atthe tablespacdevel basedn ashardingkey 4 dam 4 42 wm w3 o2 (D GO
. . .. . 456 4004 456 4004 40014 1
I That is partitioned into smaller and more I

manageable pieces among multiple databases
Sharded by Customar
CREATE SHARDEDTABLE Customers
CustomeriID NUMBER NOT NULL ,
Name VARCHAR2(50) , d .
Address VARCHAR2(250) ,
CONSTRAINT Customers_PK PRIMARY KEY(CustomerID )
)

PARTITION BY CONSISTENT HASH ( CustomerID )

PARTITIONS AUTO

TABLESPACE SET ts1 ; 1 ! 1

Duplicated
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Components of Oracl8harding

Sharded Table Family

A Setof tables that areshardedin same
way

A Parentchild relationship between
database tables with a referential
constraint

I Child table (foreign key) referring to the
primary key of the parent table

I Treelike structure where every child has a
single parent

CREATE SHARDEDTABLE Customers

(
CustomerlD  NUMBER NOT NULL
, Name VARCHAR2(50)
, Address VARCHAR2(250)

, CONSTRAINT Customers_PK PRIMARY KEY(CustomerID )

)
PARTITION BY CONSISTENT HASH ( CustomerID )

PARTITIONS AUTO
TABLESPACE SET ts1,

CREATE SHARDEDTABLE Orders

( OrderID NUMBER NOT NULL

, CustomerID NUMBER NOT NULL
, OrderDate DATE

, CONSTRAINT Order_PK PRIMARY KEY ( CustomerID

, CONSTRAINT Orders_Customers_FK
FOREIGN KEY ( CustomerID )
REFERENCES Customers( CustomerID )

)
PARTITION BY REFERENCE ( Orders_Customers_FK )
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Components of Oracl8harding

Tablespaces and Chunks

AEach partition oghardedtable
stored in a separate tablespace

ATable family stored in same shard

AA chunk that contains
corresponding partitions from the
table family
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Chunk #1
Sharded — Customers_P1 (1-1M) Orders_P1

Tables

Chunk #6
Sharded ~—— Customers_P6 (5000001-6M) Orders_PB

Tables

Chunk #11
Sharded —— > Customers_P11{10000001-11M) Orders_P11

Tables

Stockitems (Duplicated Table)

Shard

http://www.mabhir-quluzade.com

Lineitems_P1

Lineitems_P&

Lineltems_P11
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Components of Oracl8harding

Duplicated Tables

AWith the same contents in eacthard

I Synchronizethe contents of duplicated tables
usingMaterialized View Replication

18c New Feature

I Anupdate toa duplicatedable can be
executed on a shard or the shardtalog

CREATEDUPLICATED TABLE Products

StockID NUMBER PRIMARY KEY
, Description VARCHARZ2(20)
, Price NUMBER(6,2))

);
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Customers Orders Line Items

Customer
123
456

T

MName Customer Order Customer Order  Ling

Mary 123 4001 123 4001 40011
John 456 4002 299 4003 40012
Peter 999 4003 123 4001 40013

456 4004 456 4004 40014

Sharded by Customear

! 1 |

Products

SKU  Product
100  Coll

101 Piston
102 Belt

Duplicated

http://www.mabhir-quluzade.com
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Components of Oracl8harding
Execute DDL

ADDLcommandson the shardcatalog database
I GDSCTL

AGDSCTL>sgl ficreate tabl estpsetc@® s et

shardpassword

I SQLPLUS
ASQL> connect username@GDS$CATALOG.sdbname
ASQL> alter session enable shard ddl ;
ASQL> create user sharduser identified by
ASQL> connect sharduser / shardpassword
ASQL> create tablespace set tbset ;

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany
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MAA Best Practices
for OracleSharding

Connection
Pools

2

Client
Connection
with
Sharding
Key

GDSCT(commandline utility)
Oracle Enterprise Manag€GU)
DGMGRIcommandline utility)

-

ServerA

Observers for FSFO ServeB
4 N
Multiple Shard Catalog Shard
. Read only
Shard Directors -
D | :
5 1521 =
-— S
= = =====
o Q £ : i 4
. E % E
Region A z O % A
B > 2
S @ S
o C_Ué o \Z
v g g ServeD
a»l E 5
Multiple . 3 = | o [
Shard Directors v o PITIELR S SALie
> U Shard Read Only
Standby 9 1 _-
Shard Catalog 1521
9 Q Observers for FSFO —————
e A
Sharded Database (SDB)
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MAA Best Practices for Ora@éarding

AMultiple Shard Directors
I Install three shard director per region

AShard Catalog Standby Database

I Protect the shard catalog database with Data Guard with Maximum Availability

AUse Connection Pool (UCP, OCI, ODP.NET)

I Each client must communicate using Oracle integrated connepbors is directed to the appropriate
shard for

AMAA Reference Architecture f@hardedDatabases
I Provide High Availability and Data Protection for SDB using one of MAA Reference Architecture

ORACI_E #DOAG2018 : 20-23 NOVEMBER 201Bluremberg Germany http://www.mahir-quluzade.com 22



MAA Best Practices for Ora@éarding
Shard-level High Availability

AOracleShardingntegrated

I Oracle Data Guard
AHighAvailability, Disaster Recovery and Scalability for reads

AReplication maintainene or more synchronizetcbpies

I Oracle Golden Gate
AFinegrained multimaster replication

ABidirectional, activeactivereplication
AOnly supported in systeimanagedShardedDatabases

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany
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MAA Best Practices for Ora@éarding

ASysteraManaged SDB

I Shardgroup
ALogical unit of replication is a group of shard:
AContains all of the data stored in SDB
Aln same data center usually
AFully replicate to one or morghardgroups

Datacenter 1

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany
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MAA Best Practices for Ora@éarding

ASysteraManaged SDB

CREATE SHARDCATALOGdatabase host00:1521:shardcat i region dcl, dc2

ADD GSM-gsm gsml - listener 1571 I catalog host00:1521:shardcat
ADD GSM- gsm gsm2 - listener 1571 I catalog host00:1521:shardcat

i region dcl
i region dc2

ADD SHARDGROUPshardgroup  shardgroupl - region dcl - deploy_as primary
ADD SHARDGROUPshardgroup  shardgroup2 - region dcl - deploy_as active_standby
ADD SHARDGROUPshardgroup  shardgroup3 - region dc2 - deploy _as active_standby

CREATE SHARD- shardgroup  shardgroupl - destination hostO1
CREATE SHARD- shardgroup  shardgroupl - destination host02
CREATE SHARD- shardgroup  shardgroupl - destination host03

CREATE SHARD- shardgroup  shardgroup3 - destination host09

DEPLOY

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany

- credential ora_cred
- credential ora_cred
- credential ora_cred
- credential ora_cred
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MAA Best Practices for Ora@éarding

AUserDefined SDB

I Shardspace
ALogical unit of replication is a shard
I Shards is not combined inghardgroups
Alndividually configuration of replication

ADifferent numbers of standbys can be
located on different data centers

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany

Datacenter 1

Datacenter 2

Datacenter 3
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MAA Best Practices for Ora@éarding
AUserDefined SDB

CREATE SHARDCATALOGsharding  user 1 database host00:1521:cat i region dcl, dc2, dc3
ADD GSM-gsm gsml - listener 1571 I catalog host00:1521:cat T region dcl
ADD GSM-gsm gsm2 - listener 1571 I catalog host00:1521:cat T region dc2
ADD GSM-gsm gsm3 - listener 1571 I catalog host00:1521:cat T region dc3

ADD SHARDSPACE shardspace shardspace_a
ADD SHARDSPACE shardspace shardspace b
ADD SHARDSPACE shardspace shardspace_c

CREATE SHARDshardspace shardspace_a 1 region dcl - deploy_as primary T destination host01 - credential oracle_cred - netparamfile
/home/oracle/  netca_dbhome.rsp
CREATE SHARDshardspace shardspace_a 1 region dcl - deploy_as standby i destination host04 - credential oracle_cred - netparamfile
/home/oracle/  netca_dbhome.rsp
CREATE SHARDshardspace shardspace_a 1 region dc2 - deploy_as standby i destination host06 - credential oracle_cred - netparamfile
/home/oracle/  netca_dbhome.rsp
CREATE SHARDshardspace shardspace_a 1 region dc3 - deploy_as standby i destination host08 - credential oracle_cred - netparamfile
/home/oracle/  netca_dbhome.rsp
CREATE SHARDshardspace shardspace_b i region dcl - deploy_as primary - destination host08 - credential oracle_cred - netparamfile

/home/oracle/netca_dbhome.rs

CREATE SHARDshardspace shardspace_c 1 region dc3 - deploy_as standby i destination host10 - credential oracle_cred - netparamfile
/home/oracle/  netca_dbhome.rsp

DEPLOY
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MAA Best Practices for Ora@éarding
AComposite SDB T ey S Srariapaces T 3

I Shardspace + Shardgroup L _L__1} —_—
AMultiple shardspaces Lo | 1
AEachshardspaceinstead of replicated TR s ===

shards, contains replicategshardgroups 5 A

! [
Datacenter ! i || Shardgroup ===
2 ! B3

I
Datacenter 1| | Shardgroup
i | A3

_________________________________________________
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MAA Best Practices for Ora@éarding
Composite SDB

CREATE SHARDCATALOGsharding composite T database host00:1521:cat T region dcl, dc2, dc3
ADD GSM-gsm gsml - listener 1571 T catalog host00:1521:cat i region dcl
ADD GSM-gsm gsm2 - listener 1571 T catalog host00:1521:cat i region dc2
ADD GSM-gsm gsm3 - listener 1571 T catalog host00:1521:cat i region dc3

ADD SHARDSPACE shardspace shardspace_a
ADD SHARDSPACE shardspace shardspace b

ADD SHARDGROUPshardgroup  shardgroup_al ishardspace shardspace_a -region dcl - deploy_as primary
ADD SHARDGROUPshardgroup  shardgroup_a2 ishardspace shardspace_a -region dcl - deploy_as active_standby
ADD SHARDGROUPshardgroup  shardgroup_a3 1 shardspace shardspace_a - region dc3 - deploy_as active_standby
ADD SHARDGROUPshardgroup  shardgroup_bl i shardspace shardspace b -region dcl - deploy_as primary
ADD SHARDGROUPshardgroup  shardgroup_b2 i shardspace shardspace b -region dcl - deploy_as active_standby
ADD SHARDGROUPshardgroup  shardgroup_b3 71 shardspace shardspace b - region dc2 - deploy_as active_standby

CREATE SHARD- shardgroup  shardgroup_al - destination hostO1 i credential orcl_cred
CREATE SHARD- shardgroup  shardgroup_b3 - destination host09 - credential orcl_cred
DEPLOY
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MAA Best Practices

MAA Reference Architecture for Shard

ABronze
| Database Restart and Backups

ASilver
I Bronze, plufRAC Database

BRONZE

Primary Data Center

Single
instance
database T —

Local backup
Database files

Failover Data Center ‘

(2

Replicated backup

Primary Data Center

Muiti
instance |
database |

Database files
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SILVER (RAC)

Failover Data Center

Local backup

Replicated backup
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MAA Best Practices

MAA Reference Architecture for Shard

instance |
database

AGold
I Silver, plus RAC and Active Data Guaiu

. Database files

)

Primary Data Center

..........

Multi

Local backup

DBFS

GOLD

Failover Data Center 1

Local backup

PLATINUMI

APlatinum

I Gold, plus Advanced features of Oracl
Database
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Avaiiability Domain

©

8

o

Local backup |

Availability Domain

Local backup
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MAA Best Practices

Data Guard
ABroker Managed Data Guard

I MaxumumAvailability Protection
Mode

ORACLE’ #DOAG2018 : 20-23 NOVEMBER 204Bluremberg Germany

DGMGRL> connect sys/oracle
Connected to "sh3"
Connected as SYSDG.

DGMGREshow configuration
Configuration - sh3

Protection Mode: MaxPerformance

Members:
shardl - Primary database
shard4 - (*) Physical standby database
Fast - Start  Failover. ENABLED

Configuration Status:
SUCCESS(status updated 15 seconds ago)

http://www.mabhir-quluzade.com
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MAA Best Practices

Data Guard

ABroker Managed Data Guard

I FastStart Failover Enabled

Automatically

DGMGRL> show fast_start failover
Fast - Start Failover: ENABLED

Threshold 30 seconds
Target: shard4
Observer: 10.xxx.yy.zz6
Lag Limit: 30 seconds
Shutdown Primary: TRUE

Auto - reinstate: TRUE
Observer Reconnect: (none )
Observer Override: FALSE

Configurable Failover Conditions
Health Conditions:

Corrupted  Controlfile YES

Corrupted  Dictionary YES

Inaccessible Logfile NO

Stuck Archiver NO

Datafile Write Errors YES
Oracle Error Conditions :( none)
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MAA Best Practices

Backup and Recovery

AUseRecovery ManagerRMAN

AUseOracle Secure Backup

" EnableBlockChangelracking
SQL> ALTER DATABASE ENABLE BLOCK CHANGHRACKING
Enable Auto Backup Control file and SPFILE 2 USING FILE'/ u0l/ oradata /shardl/ rman_chtr.fle

Backup physical standby database for 3 REUSE;
performance of primary database

Optimize number of backup channels
Validate Backups

RMAN> CONFIGURE CONTROLFILE AUTOBACKUP ON;

RMAN> RESTORE VALIDATE DATABASE;

AUse Zero Data Loss Recovappiance

ORACI—E' #DOAG2018 : 20-23 NOVEMBER 2018Iuremberg Germany http://www.mahir-quluzade.com 34



MAA Best Practices

Backup and Recovery

RUN
{
RECOVER COPY OF DATABASE WITH TAG 'shard_incr_backup  'UNTIL TIME 'SYSDATE -7/

BACKUP AS COMPRESSED BACKUPSET INCREMENTAL LEVEL 1
FOR RECOVER OF COPY WITH TAG ' shard_incr_backup ' DATABASE;

BACKUPAS COMPRESSED BACKUPSET DEVICE TYPE DISK TAG 'shard_incr_backup
ARCHIVELOG ALL NOT BACKED UP DELETE ALL INPUT,

DELETE NOPROMPT OBSOLETE DEVICE TYPE DISK;

ORACLE #DOAG2018 : 20-23 NOVEMBER 201Bluremberg Germany



MAA Best Practices

Backup Shard Database Restore Shard Database
1. Disableglobal ' hard
AAIvv_ays perform backups before or after 5 Pz?m;? ;’a;bifg 'f;‘i;j :
periods of large chunkovements 3. Validateshard
GDSCTE alter move T suspend 7chunk 3,4 GDSCTL> validate
GDSCTL alter move i resume - chunk 3,4

4. Synowith catalog
GDSCTL> Recover shard 1 full

5. Enable globaterviceson shard

ORACLE #DOAG2018 : 20-23 NOVEMBER 201Bluremberg Germany bttpwww. mahir-quluzade.com
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OracleShardingl8c

AData is horizontally partitioned across databases
that shard no hardware and software

I Linear scalability
I Fault isolation
I Geographic data distribution

AUserDefinedSharding
ARACSharding

AOracle Multitenant Support
AMidtier Sharding
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Questions & Answers
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