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Overview of Oracle Sharding

ÅScalability, availability and performance 
feature of Oracle Database for OLTP 
applications 

ÅHorizontal partitioning of data across 
independent Oracle Databases (shards)
ÅOracle Shardingbased on Partitioning feature

ÅShared-nothing hardware architecture
ÅEach shard runs on a separate server

ÅNo shared storage

ÅNo cluster ware
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Componentsof Oracle ShardingArchitecture

ÅShardedDatabase (SDB)

ÅShards

ÅGlobal Services

ÅShard Catalog

ÅShard Directors

ÅConnection Pools
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Components of Oracle ShardingArchitecture
Management Tools

ÅOEM - Enterprise Manager Cloud Control

ÅGDSCTL
ÅCREATE SHARDCATALOG

ÅADD GSM and START GSM (create and start shard directors)

ÅCREATE SHARD (for each shard)

ÅADD SHARD 

ÅDEPLOY

ÅDGMGRL ςData Guard Broker Manager
ÅCREATE CONFIGURATION

ÅADD STANDBY DATABASE

http://www.mahir-quluzade.com 6
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Componentsof Oracle ShardingArchitecture

Shard

ÅHost subset of SDB

ÅPhysical Independent Oracle Database

ÅShared-nothing with another shards

ÅCreated On-Premise, Cloud or Hybrid

18c New Feature

ÅMultitenant Container Databases

ïPluggable Database as Shard

Sharded Tables

Duplicated Tables

Shard

Server A
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Componentsof Oracle ShardingArchitecture

ShardedDatabase (SDB)

ÅLogical Database 
ÅDistribution Data Based on ShardingKey

ÅBased on Table Partitioning 

ïSubpartitioning  supporting

ÅCollection of Shards
ÅShard is a Physical Database

ÅElastic Database
ÅAdd and Remove Shards

ÅMaximum 1000 shards 

Sharded Tables

Duplicated Tables

Shard

Server B

Shard

Server A

1521
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Componentsof Oracle ShardingArchitecture

Shard Catalog

ÅSpecial-purpose Oracle database

ïSDB Configuration Data

ïCentralized Management

ïMaster Copy of Duplicated Tables

ïQuery coordinator multi-shard queries
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Componentsof Oracle ShardingArchitecture

Shard Director

ÅNetwork Listeners 

ïRouting based on Shardingkey
ÅTo the appropriate shards

ÅHigh Performance Connection

ÅGlobal Service Manager
ÅRoute Connections based on database role

ÅRoute Connections based on data location

ÅPerform Connection Load Balancing

Shard 
Director

Shard 
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Connection
Pools
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Componentsof Oracle ShardingArchitecture

Global Services

ÅRunning across multiple shard

ÅAccess to any shard with role-based  
ÅRead/write for primary shard

ÅRead only for standby shard

ÅRegion affinity
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Componentsof Oracle ShardingArchitecture

Connection Pools

ÅAct as shard directors by routing database 
across pooled connections

Å5ŀǘŀōŀǎŜ {ǳǇǇƻǊǘǎΩ /ƻƴƴŜŎǘƛƻƴ tƻƻƭƛƴƎ
ÅUCA - OCI, JDBC and ODP.NET

ÅRecognizing ShardingKey

Connection
Pools

Client 
Connection 

with 
Sharding

Key
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Componentsof Oracle ShardingArchitecture

ÅDirect Routing

ïShardingkey using within connection pool

ïDynamically build the shard topology cache
ÅCached range to be routed directly to shard

ÅIf not is cache, forwarding request to shard director for create a new connection

ÅProxy Routing
ïUsing without Shardingkey 

ïRequest connection for multiple shards 

Data-Dependent Routing
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Componentsof Oracle ShardingArchitecture

ÅSystem-Managed Sharding
ïData automatically distributed across shards

using partitioning by consistent hash 

ÅUser-Defined Sharding- 18c New Feature
ïExplicitly specify the mapping of data to individual shards

ÅComposite Sharding
ïAllows to create multiple shardspacefor different subset of shards 

data in a table partitioned by consistent hash

ïShardspacestore data that corresponding RANGE or LIST 

ShardingMethods
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Components of Oracle Sharding

Sharded Tables

ÅPartitions are distributed across shards 

ïAt the tablespacelevel based on a shardingkey

ïThat is partitioned into smaller and more 
manageable pieces among multiple databases

CREATE SHARDEDTABLE Customers 

(

CustomerID 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 ;

15http://www.mahir-quluzade.com
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Components of Oracle Sharding

Sharded Table Family

ÅSet of tables that are shardedin same 
way

ÅParent-child relationship between 
database tables with a referential 
constraint 

ïChild table (foreign key) referring to the 
primary key of the parent table

ïTree-like structure where every child has a 
single parent

16http://www.mahir-quluzade.com

CREATE SHARDEDTABLE Customers 

(

CustomerID 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 , OrderID )

, CONSTRAINT Orders_Customers_FK

FOREIGN KEY ( CustomerID ) 

REFERENCES   Customers( CustomerID )

)

PARTITION BY REFERENCE ( Orders_Customers_FK ) ;
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Components of Oracle Sharding

Tablespaces and Chunks
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ÅEach partition of shardedtable 
stored in  a separate tablespace

ÅTable family stored in same shard

ÅA chunk that contains 
corresponding partitions from the 
table family
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Components of Oracle Sharding

Duplicated Tables

ÅWith the same contents in each shard

ïSynchronizes the contents of duplicated tables 
using Materialized View Replication

18c New Feature

ïAn update to a duplicated table can be 
executed on a shard or the shard catalog

http://www.mahir-quluzade.com 18

CREATE DUPLICATED TABLE Products

( 

StockID NUMBER PRIMARY KEY

, Description VARCHAR2(20)

, Price NUMBER(6,2))

);
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Components of Oracle Sharding
Execute DDL

ÅDDL commands on the shard catalog database
ïGDSCTL

ÅGDSCTL> sql ñcreate tablespace set tbset ò 

ïSQLPLUS

ÅSQL> connect username@GDS$CATALOG.sdbname

ÅSQL> alter session enable shard ddl ; 

ÅSQL> create user sharduser identified by shardpassword ;

ÅSQL> connect sharduser / shardpassword ;

ÅSQL> create tablespace set tbset ;

http://www.mahir-quluzade.com 19
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MAA Best Practices for Oracle Sharding

ÅMultiple Shard Directors

ïInstall three shard director per region

ÅShard Catalog Standby Database 

ïProtect the shard catalog database with Data Guard with Maximum Availability 

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

ïEach client must communicate using Oracle integrated connection pools is directed to the appropriate 
shard for 

ÅMAA Reference Architecture for ShardedDatabases 

ïProvide High Availability and Data Protection for SDB using one of MAA Reference Architecture

22http://www.mahir-quluzade.com
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MAA Best Practices for Oracle Sharding
Shard-level High Availability

ÅOracle ShardingIntegrated

ïOracle Data Guard
ÅHigh Availability, Disaster Recovery and Scalability  for reads

ÅReplication maintains one or more synchronized copies

ïOracle Golden Gate
ÅFine-grained multi-master replication

ÅBi-directional, active-active replication

ÅOnly supported in system-managed ShardedDatabases

http://www.mahir-quluzade.com 23
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MAA Best Practices for Oracle Sharding

ÅSystem-Managed SDB

ïShardgroup
ÅLogical unit of replication is a group of shards

ÅContains all of the data stored in SDB

ÅIn same data center usually

ÅFully replicate to one or more shardgroups

http://www.mahir-quluzade.com 24
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MAA Best Practices for Oracle Sharding

ÅSystem-Managed SDB

http://www.mahir-quluzade.com 25

CREATE SHARDCATALOG ïdatabase host00:1521:shardcat ïregion dc1, dc2

ADD GSM - gsm gsm1 - listener 1571 ïcatalog host00:1521:shardcat ïregion dc1

ADD GSM - gsm gsm2 - listener 1571 ïcatalog host00:1521:shardcat ïregion dc2

ADD SHARDGROUP - shardgroup shardgroup1 - region dc1 - deploy_as primary

ADD SHARDGROUP - shardgroup shardgroup2 - region dc1 - deploy_as active_standby

ADD SHARDGROUP - shardgroup shardgroup3 - region dc2 - deploy_as active_standby

CREATE SHARD - shardgroup shardgroup1 - destination host01 - credential ora_cred

CREATE SHARD - shardgroup shardgroup1 - destination host02 - credential ora_cred

CREATE SHARD - shardgroup shardgroup1 - destination host03 - credential ora_cred

...

CREATE SHARD - shardgroup shardgroup3 - destination host09 - credential ora_cred

DEPLOY
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MAA Best Practices for Oracle Sharding

ÅUser-Defined SDB

ïShardspace
ÅLogical unit of replication is a shard

ïShards is not combined into shardgroups

ÅIndividually configuration of replication

ÅDifferent numbers of standbys can be 
located on different data centers

http://www.mahir-quluzade.com 26
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MAA Best Practices for Oracle Sharding

ÅUser-Defined SDB

http://www.mahir-quluzade.com 27

CREATE SHARDCATALOG - sharding user ïdatabase host00:1521:cat ïregion dc1, dc2, dc3

ADD GSM - gsm gsm1 - listener 1571 ïcatalog host00:1521:cat ïregion dc1

ADD GSM - gsm gsm2 - listener 1571 ïcatalog host00:1521:cat ïregion dc2

ADD GSM - gsm gsm3 - listener 1571 ïcatalog host00:1521:cat ïregion dc3

ADD SHARDSPACE - shardspace shardspace_a

ADD SHARDSPACE - shardspace shardspace_b

ADD SHARDSPACE - shardspace shardspace_c

CREATE SHARD shardspace shardspace_a ïregion dc1 - deploy_as primary ïdestination host01 - credential oracle_cred - netparamfile

/home/oracle/ netca_dbhome.rsp

CREATE SHARD shardspace shardspace_a ïregion dc1 - deploy_as standby ïdestination host04 - credential oracle_cred - netparamfile

/home/oracle/ netca_dbhome.rsp

CREATE SHARD shardspace shardspace_a ïregion dc2 - deploy_as standby ïdestination host06 - credential oracle_cred - netparamfile

/home/oracle/ netca_dbhome.rsp

CREATE SHARD shardspace shardspace_a ïregion dc3 - deploy_as standby ïdestination host08 - credential oracle_cred - netparamfile

/home/oracle/ netca_dbhome.rsp

CREATE SHARD shardspace shardspace_b ïregion dc1 - deploy_as primary - destination host08 - credential oracle_cred - netparamfile

/home/oracle/netca_dbhome.rs

...

CREATE SHARD shardspace shardspace_c ïregion dc3 - deploy_as standby ïdestination host10 - credential oracle_cred - netparamfile

/home/oracle/ netca_dbhome.rsp

DEPLOY
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MAA Best Practices for Oracle Sharding

ÅComposite SDB

ïShardspace + Shardgroup
ÅMultiple shardspaces

ÅEach shardspace, instead of replicated 
shards, contains replicated shardgroups

http://www.mahir-quluzade.com 28
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MAA Best Practices for Oracle Sharding

Composite SDB

http://www.mahir-quluzade.com 29

CREATE SHARDCATALOG - sharding composite ïdatabase host00:1521:cat ïregion dc1, dc2, dc3

ADD GSM - gsm gsm1 - listener 1571 ïcatalog host00:1521:cat ïregion dc1

ADD GSM - gsm gsm2 - listener 1571 ïcatalog host00:1521:cat ïregion dc2

ADD GSM - gsm gsm3 - listener 1571 ïcatalog host00:1521:cat ïregion dc3

ADD SHARDSPACE - shardspace shardspace_a

ADD SHARDSPACE - shardspace shardspace_b

ADD SHARDGROUP - shardgroup shardgroup_a1 ïshardspace shardspace_a - region dc1 - deploy_as primary

ADD SHARDGROUP - shardgroup shardgroup_a2 ïshardspace shardspace_a - region dc1 - deploy_as active_standby

ADD SHARDGROUP - shardgroup shardgroup_a3 ïshardspace shardspace_a - region dc3 - deploy_as active_standby

ADD SHARDGROUP - shardgroup shardgroup_b1 ïshardspace shardspace_b - region dc1 - deploy_as primary

ADD SHARDGROUP - shardgroup shardgroup_b2 ïshardspace shardspace_b - region dc1 - deploy_as active_standby

ADD SHARDGROUP - shardgroup shardgroup_b3 ïshardspace shardspace_b - region dc2 - deploy_as active_standby

CREATE SHARD - shardgroup shardgroup_a1 - destination host01 ïcredential 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 

ÅBronze

ïDatabase Restart and Backups 

ÅSilver

ïBronze, plus RAC Database

30http://www.mahir-quluzade.com
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MAA Best Practices

MAA Reference Architecture for Shard

ÅGold

ïSilver, plus RAC and Active Data Guard

ÅPlatinum

ïGold, plus Advanced features of Oracle 
Database

31http://www.mahir-quluzade.com
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MAA Best Practices

Data Guard

ÅBroker Managed Data Guard

ïMaxumumAvailability Protection 
Mode

http://www.mahir-quluzade.com 32

DGMGRL> connect sys/oracle

Connected to "sh3"

Connected as SYSDG.

DGMGRL> show configuration

Configuration - sh3

Protection Mode: MaxPerformance

Members:

shard1 - Primary database

shard4 - (*) Physical standby database

Fast - Start Failover: ENABLED

Configuration Status:

SUCCESS (status updated 15 seconds ago)
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MAA Best Practices

Data Guard

ÅBroker Managed Data Guard

ïFast-Start Failover Enabled 
Automatically

http://www.mahir-quluzade.com 33

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

ÅUse Recovery Manager - RMAN 

ïEnable Block ChangeTracking

ïEnable Auto Backup Control file and SPFILE

ïBackup physical standby database for 
performance of primary database

ïOptimize number of backup channels

ïValidate Backups

ÅUse Oracle Secure Backup 

ÅUse Zero Data Loss Recovery Appliance

34http://www.mahir-quluzade.com

SQL> ALTER DATABASE ENABLE BLOCK CHANGE TRACKING 

2  USING FILE '/ u01/ oradata /shard1/ rman_chtr.fle '

3  REUSE ;

RMAN> CONFIGURE CONTROLFILE AUTOBACKUP ON;

RMAN> RESTORE VALIDATE DATABASE;
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MAA Best Practices

Backup and Recovery
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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; 

BACKUP AS COMPRESSED BACKUPSET DEVICE TYPE DISK TAG ' shard_incr_backup ' 

ARCHIVELOG ALL NOT BACKED UP DELETE ALL INPUT; 

DELETE NOPROMPT OBSOLETE DEVICE TYPE DISK; 

}
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MAA Best Practices

ÅAlways perform backups before or after 
periods of large chunk movements

GDSCTL> alter move ïsuspend ïchunk 3,4

GDSCTL> alter move ïresume - chunk 3,4

Restore Shard Database

1. Disable global services on shard

2. Perform database restore

3. Validate shard

GDSCTL> validate

4. Sync with catalog 

GDSCTL> Recover shard ïfull

5. Enable global serviceson shard

Backup Shard Database

36http://www.mahir-quluzade.com



#DOAG2018 : 20-23 NOVEMBER 2018 - Nuremberg, Germany

Agenda

1

2

3

Componentsof Oracle ShardingArchitecture

MAA Best Practices for Oracle Sharding

Summary

37http://www.mahir-quluzade.com



#DOAG2018 : 20-23 NOVEMBER 2018 - Nuremberg, Germany

Oracle Sharding18c

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

ïLinear scalability

ïFault isolation

ïGeographic data distribution

ÅUser-Defined Sharding

ÅRAC Sharding

ÅOracle Multitenant Support

ÅMidtier Sharding
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