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The following is intended to outline our general product 
direction. It is intended for information purposes only, and 

may not be incorporated into any contract. It is not a 
commitment to deliver any material, code, or functionality, 

and should not be relied upon in making purchasing 
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and should not be relied upon in making purchasing 
decisions. The development, release, and timing of any 
features or functionality described for Oracle’s products 

remains at the sole discretion of Oracle.



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a Multitenant Environment 
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� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager - Example in a Multitenant Environment

� Monitoring



System z Configuration Examples

z/VM z/VM

� Virtual machines
� VM-Guests
� Linux for z

� z/VM Operating System

z/Linux
Guest 1..n

z/Linux 
Guest 1..n

z/Linux
Guest 1..n

z/Linux 
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System z

LPAR LPAR � Logical partitions
� 1 - 60 LPAR’s

z/VM

LPAR

System z



Resource Management

� Assigning of processing power 

– to LPAR‘s

� Weight via Hardware Management Console (HMC)

z/VM Guests
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– z/VM Guests

� z/VM scheduler

� Setting shares higher

– In a z/Linux guest
� Command renice

� Oracle Database: Oracle Resource Manager



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a Multitenant Environment
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� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager – Example in a Multitenant Environment

� Monitoring



Oracle Database Resource Manager

� Available since Oracle 8i
� Main task: 

– Distribution of compute power to users and applications
=> Management of database resources

� No additional installation steps necessaray
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� No additional installation steps necessaray
� Has to be activated
� Available with Enterprise Edition
� Supports “Instance Caging”  and “Automated Maintenance Tasks“ 
� Can be configured via PL/SQL API or Enterprise Manager



Oracle Database Resource Manager

� Guarantee a minimum amount of CPU to certain sessions
� Distribute available CPU by allocating percentages of CPU time

to different users and applications
� Limit the degree of parallelism of any operation performed by 

Some features.... 
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� Limit the degree of parallelism of any operation performed by 
members of a group of users

� Manage the order of parallel statements in the parallel statement queue. 
Parallel statements from a critical application can be enqueued ahead of 
parallel statements from a low priority group of users



Oracle Database Resource Manager

� Limit the number of parallel execution servers that a group of users can use
� Create an active session pool specifying a maximum number of 

user sessions allowed to be concurrently active within a group of users
� Prevent execution of resource intensive operations

Some features.... 
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� Prevent execution of resource intensive operations
� Prevent the execution of operations that the optimizer estimates to run for a 

longer time than a specified limit
� Limit the amount of time that a session can be idle before termination



Oracle Database Resource Manager

Resource Manager terms and definitions

� Resource consumer group
A group of sessions that are grouped together based on resource 
requirements. The Resource Manager allocates resources to resource 
consumer groups, not to individual sessions
Resource plan directive 
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� Resource plan directive 
Associates a resource consumer group with a particular plan and specifies 
how resources are to be allocated to that resource consumer group

� Resource plan 
A container for directives that specify how resources are allocated
to resource consumer groups. You specify how the database allocates 
resources by activating a specific resource plan



Oracle Database Resource Manager

Example: Consumer Group Mapping
1. Example for the definition of consumer groups for each type of workload

� High Priority consumer group

� Normal Priority consumer group

� Low Priority consumer group

� Maintenance consumer group

2. Create rules to dynamically map sessions to consumer groups, based on session attributes
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3. Define Resource Plan: Policy for managing workloads

High Priority

Normal Priority

Maintenance

service = ‘PRIORITY’

Oracle username = ‘CEO’

Oracle username = ‘TOM’

client program name = ‘ETL’

function = ‘BACKUP’

query has been running > 1 hour

Mapping Rules Consumer Groups 

Low Priority



Oracle Database Resource Manager

Assignment of Resource Plans to Consumer Groups
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Source:Oracle Database Administrator's Guide ..........



Oracle Database Resource Manager

Managed Resources

� CPU
� Exadata I/O
� Parallel Execution Servers
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� Parallel Execution Servers
� Runaway Queries
� Active Session Pool with Queuing
� Undo Pool
� Execution Time (12c)
� Idle Time Limit



Plan Directives - Examples

� CPU-usage: Single- or multi-level
� Active session pool: Maximum number of sessions
� Parallelism: Maximum degree of parallelism
� Automatic consumer group switching

– SWITCH_TIME, SWITCH_ESTIMATE, SWITCH_IO_MEGABYTES, 
SWITCH_IO_REQS, SWITCH_FOR_CALL
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SWITCH_IO_REQS, SWITCH_FOR_CALL

� Kill of „runaway queries“ 

– KILL_SESSION or CANCEL_SQL 

� Execution time limit
� Undo pool limit
� Idle time limit



Resource Plans

day_plan
Resource Plan

Resource Consumer 
Group Resource Plan Directive

� Example
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MktgSales Dev

60% CPU 20% CPU 20% CPU



Definition: Resource Consumer Plan

BEGIN
DBMS_RESOURCE_MANAGER.CREATE_PENDING_AREA();
DBMS_RESOURCE_MANAGER.CREATE_PLAN(PLAN    => 'PLAN1',

COMMENT => 'Comment');
DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE(
PLAN                     => 'PLAN1', 
GROUP_OR_SUBPLAN         => 'BATCH_GROUP',
COMMENT                  => 'Comment'
MGMT_P1                  => 50,
PARALLEL_DEGREE_LIMIT_P1 => 8,
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PARALLEL_DEGREE_LIMIT_P1 => 8,
ACTIVE_SESS_POOL_P1      => 4);
DBMS_RESOURCE_MANAGER.CREATE_PLAN_DIRECTIVE(
PLAN                     => 'PLAN1', 
GROUP_OR_SUBPLAN         => 'OTHER_GROUPS',
COMMENT                  => 'Comment'
MGMT_P1                  => 10);
DBMS_RESOURCE_MANAGER.SUBMIT_PENDING_AREA();

END;
/



Resource Allocation Method: CPU

� CPU Policies
� ROUND-ROBIN (Default)
� RUN-TO-COMPLETION

� Ressource-specification in 
� RATIO: For single level Plan, shows relation between groups e.g. 10:5 
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� EMPHASIS (default): in pct

� 8 levels (mgmt_p[1..8]) available
� The sum cannot be more than 100%
� Unused CPU resources are used by the next level(Multi Level Plan) 

� Exception: MAX_UTILIZATION_LIMIT



Oracle Resource Manager
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Source: Oracle Database Administrator's Guide



Oracle Resource Manager

Oracle-Supplied Mixed Workload Plan
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Source: Oracle Database Administrator's Guide



Automatic Degree of Parallelism 

Example

PARALLEL_SERVERS_TARGET=64

PARALLEL_DEGREE_POLICY=AUTO

PARALLEL_STMT_CRITICAL=FALSE

PARALLEL_MIN_TIME_THRESHOLD=10
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Source: Oracle Database Administrator's Guide



Instance Caging

� Limits the number of CPUs that 
an instance can use

� The Oracle DB Resource 
manager manages resources 
within a database instance

Instance C
Instance D

CPUs

12

16 16 Cores 
in LPAR
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� Instance caging and the 
Resource Manager together 
provide an effective way to 
manage multiple instances on a 
single server

� Enabled by the parameter 
cpu_count

Instance A

Instance B

Instance C

8

12

4



Oracle Scheduler

� The scheduler and the Resource Manager are tightly integrated
� Scheduler automatically activates resource plans 
� Assures that  "High Priority Jobs“  are executed (Job class)

� Resources are allocated by first assigning each job to a job class, and then 
associating a job class with a consumer group
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associating a job class with a consumer group

� Resources are managed based on Windows
� When a window opens, the current plan is switched to the  window's resource 

plan.

� Internally used  in maintenance jobs (ORA$AT_<..>)



Oracle Scheduler 

Resource 
Consumer 
Group

Resource 
Plan

Window group
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WindowJob class

JobProgram Schedule



Oracle Scheduler

Application 30%

Admin 60%

Other 10%

Application 60%

Admin 30%

Other 10%

Changing Job Priority based on a schedule
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1 2 3 4 5 6 7 8 9 10 11 12

Resource plan1 Resource plan 2

Source: Oracle Database Administrator's Guide



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a Multitenant Environment
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� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager - Example in a Multitenant Environment

� Monitoring



Multitenant Architecture
� Components of a Container Database (CDB)

PDBs
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Pluggable Databases (PDBs)

Root

CDB



Oracle Database Resource Manager
in a Multitenant Environment

In a CDB, Resource Manager can manage resources on two basic levels:

� CDB level 
� Resource Manager can manage the workloads for multiple PDBs that are 

contending for system and CDB resources. You can specify how resources are 
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contending for system and CDB resources. You can specify how resources are 
allocated to PDBs, and you can limit the resource utilization of specific PDBs

� PDB level 
� Resource Manager can manage the workloads within each PDB
� A PDB resource plan is similar to a resource plan for a non-CDB



Oracle Database Resource Manager
in a Multitenant Environment

� In a multitenant environment, some PDBs typically are more important than 
others

� With the Resource Manager, you can:
� Specify that different PDBs should receive different shares of

the system resources so that more resources are 
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the system resources so that more resources are 
allocated to the more important PDBs

� Limit the CPU usage of a particular PDB
� Limit the number of parallel execution servers that a particular PDB can use
� Limit the resource usage of different sessions connected to a single PDB
� Monitor the resource usage of PDBs



Oracle Database Resource Manager
in a Multitenant Environment

CDB Resource Plan 

PDB Shares Utilization_Limit Assured

CPU

Max CPU

PDB1 4 100% 4/8=50% 100%
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PDB1 4 100% 4/8=50% 100%
PDB2 2 50% 2/8=25% 50%
PDB3 1 50% 1/8=12,5% 50%
PDB4 1 70% 1/8=12,5% 70%



Oracle Database Resource Manager
in a Multitenant Environment

� A CDB resource plan allocates resources to its PDBs

� The directives control allocation of the following resources to the PDBs:
� CPU
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Resource Manager throttles the PDB sessions so that the CPU utilization for the PDB

does not exceed the utilization limit

� Parallel execution servers
Resource Manager queues parallel queries if the number of parallel execution servers

used by the PDB would exceed the limit specified by  the 

PARALLEL_SERVERS_TARGET  /  PARALLEL_SERVER_LIMIT 
(Procedure CREATE_CDB_PLAN_DIRECTIVE )



Oracle Database Resource Manager
in a Multitenant Environment
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Oracle Database Resource Manager
in a Multitenant Environment

Default directives
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� Can be changed by the UPDATE_CDB_DEFAULT_DIRECTIVE procedure in 
the DBMS_RESOURCE_MANAGER package.



Oracle Database Resource Manager
in a Multitenant Environment

CDB requirements for a PDB resource plan 

� CPU (One of the following requirements must be met)
– A share value must be specified for the PDB
– A utilization limit for CPU below 100 must be specified for the PDB
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– A utilization limit for CPU below 100 must be specified for the PDB

� Parallel execution servers (One of the following requirements must be met)
– A share value must be specified for the PDB
– A utilization limit for CPU below 100 must be specified for the PDB
– A parallel server limit below 100 must be specified for the PDB



Oracle Database Resource Manager
in a Multitenant Environment

PDB resource plans - Restrictions

� A PDB resource plan cannot have subplans.
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� A PDB resource plan can have a maximum of eight consumer groups.

� A PDB resource plan cannot have a multiple-level scheduling policy.



Oracle Database Resource Manager
in a Multitenant Environment
Migrating Databases using Instance Caging to a CDB

� Source Environment: 24 Cores, 3 Instances with Instance Caging

11.2 Instances CPU_COUNT

#1 12
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See Note 1567141.1

#1 12

#2 6

#3 6



Oracle Database Resource Manager
in a Multitenant Environment
Migrating Databases using Instance Caging to a CDB

� Oracle 12c target environment: CDB resource plan

PDB Share Utilization_limit

cpu_count / 

num_cpus
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See Note 1567141.1

num_cpus

#1 12 50%

#2 6 25%

#3 6 25%



Oracle Database Resource Manager
in a Multitenant Environment
Migrating Databases using Instance Caging to a CDB

� SHAREs specify the relative amount of CPU each PDB can use.
� UTILIZATION_LIMIT is a hard limit for the PDB.

– Can be removed, if  PDBs are allowed to use all resources, when other PDBs
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– Can be removed, if  PDBs are allowed to use all resources, when other PDBs
are inactive

See Note 1567141.1



Oracle Database Resource Manager
in a Multitenant Environment

Scheduler Windows

� Windows are open in the PDB and root database levels
� In a non-CDB, only one window can be open at any given time
� In a CDB, there are two levels of windows.
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� In a CDB, there are two levels of windows.
– At the PDB level, windows can be used to set resource plans that allocate 

resources among consumer groups belonging to that PDB
– At the root database level, windows can be used to allocate resources to various 

different PDBs

– At any time, there can be a window open in the root database and one in 
each PDB



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a Multitenant Environment
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� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager - Example in a Multitenant Environment

� Monitoring



Oracle Database Resource Manager Example

Z_PLAN

SYS_GROUP

PLAN_POC

GROUP_AMGMT_P1=60

MGMT_P1=20

MGMT_P1=100

MGMT_P2=90
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ORA$AUTOTAS
K_SUB_PLAN

PLAN_POC

ORA$DIAGNO
STICS

GROUP_B

GROUP_C

OTHERS

MGMT_P1=20
MGMT_P2=60

MGMT_P1=15
MGMT_P2=40

MGMT_P1=5

MGMT_P2=90

MGMT_P2=5

MGMT_P2=5



Oracle Database Resource Manager Example
-- Define priorities for the mapping of session attributes to consumer groups

Begin

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();

dbms_resource_manager.set_consumer_group_mapping_pri(

explicit               => 1,

module_name_action     => 2,

module_name            => 3, 
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module_name            => 3, 

..

service_name           => 6,

oracle_user            => 7,

client_program         => 8,

client_os_user         => 9,

.....
dbms_resource_manager.submit_pending_area();

end;



Oracle Database Resource Manager Example

-- Define consumer groups

BEGIN

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();
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dbms_resource_manager.create_consumer_group(consumer_group => 'GROUP_A',comment 
=> 'Consumer group Class a');

dbms_resource_manager.create_consumer_group(consumer_group => 'GROUP_B',comment 
=> 'Consumer group Class b');

dbms_resource_manager.create_consumer_group(consumer_group => 'GROUP_C',comment 
=> 'Consumer group Class c');

dbms_resource_manager.submit_pending_area();

END;



Oracle Database Resource Manager Example

-- Define subplans

BEGIN

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();
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dbms_resource_manager.create_plan(plan    => 'PLAN_POC',

comment => 'Resourcesubplan for PoC');

dbms_resource_manager.create_plan_directive(plan             => 'PLAN_POC',

group_or_subplan => 'GROUP_A',

comment          => 'HighPrio Group A',

MGMT_P1          => 60,

parallel_degree_limit_p1 => 8,    

parallel_TARGET_PERCENTAGE => 60);



Oracle Database Resource Manager Example

dbms_resource_manager.create_plan_directive(plan             => 'PLAN_POC',

group_or_subplan => 'GROUP_B',

comment          => 'Medium Pri Group B',

MGMT_P1          => 20,

MGMT_P2          => 60,

parallel_degree_limit_p1 => 8,    

parallel_tARGET_PERCENTAGE => 20);
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parallel_tARGET_PERCENTAGE => 20);

dbms_resource_manager.create_plan_directive(plan             => 'PLAN_POC',

group_or_subplan => 'GROUP_C',

comment          => 'Low Prio C  ',

MGMT_P1          => 15,

MGMT_P2          => 40,

parallel_degree_limit_p1 => 8, 

parallel_TARGET_PERCENTAGE => 20);



Oracle Database Resource Manager Example

dbms_resource_manager.create_plan_directive(plan             => 'PLAN_POC',

group_or_subplan => 'OTHER_GROUPS',

comment          => 'Other Groups',

MGMT_P1          => 5 ,

parallel_TARGET_PERCENTAGE => 5 ,

max_utilization_limit => 10);

dbms_resource_manager.validate_pending_area();                                
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dbms_resource_manager.validate_pending_area();                                

dbms_resource_manager.submit_pending_area();

END;



Oracle Database Resource Manager Example

-- Create masterplan

BEGIN

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();

dbms_resource_manager.create_plan(plan    => 'z_PLAN',

comment => 'Default PoC  Resourceplan'); 
dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',
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dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',

group_or_subplan => 'SYS_GROUP',

comment          => 'System/SYS user activity 

MGMT_P1          => 100);

dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',

group_or_subplan => 'plan_poc',

comment          => 'HighPrio Subplan',

MGMT_P2          => 90);



Oracle Database Resource Manager Example

-- Create masterplan

dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',

group_or_subplan => 'ORA$AUTOTASK_SUB_PLAN',

comment          => 'Subplan for Autotasks',

MGMT_P2          => 5);

dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',
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dbms_resource_manager.create_plan_directive(plan             => 'z_PLAN',

group_or_subplan => 'ORA$DIAGNOSTICS',

comment          => 'Subplan for Autotasks',

MGMT_P2          => 5);

dbms_resource_manager.validate_pending_area();                                

dbms_resource_manager.submit_pending_area();

END;

/



Oracle Database Resource Manager Example

-- Define consumer group mapping

BEGIN

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();

dbms_resource_manager.set_consumer_group_mapping(dbms_resource_manager.module_name,

'groupa',

'GROUP_A');
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'GROUP_A');

dbms_resource_manager.set_consumer_group_mapping(dbms_resource_manager.module_name,

'groupb',

'GROUP_B');

dbms_resource_manager.set_consumer_group_mapping(dbms_resource_manager.module_name,

'groupc',

'GROUP_C');

dbms_resource_manager.submit_pending_area();

END;



Oracle Database Resource Manager Example

-- Grant authorizations

begin

dbms_resource_manager.CLEAR_pending_area();

dbms_resource_manager.create_pending_area();

dbms_resource_manager_privs.grant_switch_consumer_group(grantee_name => 
'PUBLIC',consumer_group => 'GROUP_A',grant_option =>FALSE);

dbms_resource_manager_privs.grant_switch_consumer_group(grantee_name => 
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dbms_resource_manager_privs.grant_switch_consumer_group(grantee_name => 
'PUBLIC',consumer_group => 'GROUP_B',grant_option =>FALSE);

dbms_resource_manager_privs.grant_switch_consumer_group(grantee_name => 
'PUBLIC',consumer_group => 'GROUP_C',grant_option =>FALSE);

dbms_resource_manager.validate_pending_area();

dbms_resource_manager.submit_pending_area();

END;

/



Oracle Database Resource Manager Example

-- Activate plan

Begin

dbms_resource_manager.switch_plan(plan_name => 'z_PLAN', sid => '*');

end;

/

-- assign consumer group in the application
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-- assign consumer group in the application

exec dbms_application_info.set_module('groupa',NULL);



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a Multitenant Environment
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� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager - Example in a Multitenant Environment

� Monitoring



Oracle Database Resource Manager Example

PLAN_CDB

ORCLSHARES=3

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.54

ORCL_CLONESHARES=1



Resource Manager Example

-- Build CDB Plan

-- connect to CDB$ROOT 

connect sys/oracle@cntr as sysdba

BEGIN

dbms_resource_manager.clear_pending_area();

dbms_resource_manager.create_pending_area();

BEGIN
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BEGIN

DBMS_RESOURCE_MANAGER.CREATE_CDB_PLAN(

plan => 'PLAN_CDB',

comment => 'CDB resource plan for CDB CNTR');

END;



Resource Manager Example

-- Define CDB Plan directives

DBMS_RESOURCE_MANAGER.CREATE_CDB_PLAN_DIRECTIVE(

plan => 'PLAN_CDB',

pluggable_database => 'ORCL',

shares => 3,

utilization_limit => 100,

parallel_server_limit => 90);
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DBMS_RESOURCE_MANAGER.CREATE_CDB_PLAN_DIRECTIVE(

plan => 'PLAN_CDB',

pluggable_database => 'ORCL_CLONE',

shares => 1,

utilization_limit => 50,

parallel_server_limit => 10);

dbms_resource_manager.validate_pending_area();                                 

dbms_resource_manager.submit_pending_area();



Agenda

� Resource Management - z/VM

� Oracle Database Resource Manager

� Oracle Database Resource Manager 12c in a multitenant environment

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.57

� Oracle Database Resource Manager - Example

� Oracle Database Resource Manager - Example example in a multitenant 
environment

� Monitoring



Monitoring-Views 
� V$-Views:

– V$RSRC_PLAN Active plan

– V$RSRC_PLAN_HISTORY Plan history

– V$RSRC_CONSUMER_GROUP Active resource consumer group statistics

– V$RSRC_CONS_GROUP_HISTORY History of resource consumer group statistics

– V$RSRC_SESSION_INFO Statistics per session

– V$SESSION Statistics per session/consumer group

– V$SQL_MONITOR                                   Information about monitored SQL statements  (12c: RM information)
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– V$SQL_MONITOR                                   Information about monitored SQL statements  (12c: RM information)

� DBA_Views

– DBA_RSRC_CONSUMER_GROUP_PRIVS

– DBA_RSRC_GROUP_MAPPINGS

– DBA_CDB_RSRC_PLANS

– DBA_CDB_RSRC_PLAN_DIRECTIVES

� AWR / ASH reports

� Cloud Control



Monitoring with views

SELECT inst_id,a.con_id, b.name, a.name, active_sessions, queue_length,
consumed_cpu_time/1000 consumed_cpu_time, cpu_waits, cpu_wait_time/1000 cpu_wait_time,   
CURRENT_PQS_ACTIVE PQS_ACT, CURRENT_PQ_SERVERS_ACTIVE PQ_SERV_ACT, PQS_QUeued  PQ_Q,CURRENT_PQS_QUEUED
PQ_CQ, PQ_QUEUED_TIME
FROM gv$rsrc_consumer_group a, v$containers b
where a.con_id=b.con_id
order by 1,2,3,4
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Monitoring with views: Session state
SQL> SELECT b.name pdb, s.username username,s.osuser osuser, co.name     

gruppe, se.state, se.consumed_cpu_time cpu_time, 
se.cpu_wait_time
FROM v$rsrc_session_info se, v$rsrc_consumer_group co,

v$session s, v$containers b
WHERE se.current_consumer_group_id = co.id and 

s.sid=se.sid and s.con_id = b.con_id
...
...
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...



AWR Report
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Monitoring with SQL Developer
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Interfering with OS Resource Managers

Guidelines

� Consider if the use of Oracle Resource Manager makes sense, especially 
if Linux guests are running under z/VM. You then have multiple layers of 
CPU scheduling and slicing potentially interfering

� If the operating-system resource manager is rapidly changing the CPU 
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resources allocated to an Oracle instance, then the Oracle Database 
Resource Manager might not manage CPU resources properly

� If you have multiple instances on a node, use instance caging to manage 
how the CPU resources should be distributed among them

Source: Oracle Database Administrator's Guide
Redbook: Experiences with Oracle 11gR2 on Linux on System z
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