
 

   

Abstract 
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Business challenge 

Oracle databases often support a company’s most complex and critical applications, 

frequently enabling Enterprise Resource Planning (ERP) and Customer Relationship 

Management (CRM) systems that are responsible for all back-office processes. The 

pressure to modernize the database infrastructure means businesses are looking for 

solutions that offer greater agility, operational efficiencies, and resiliency in a single 

solution.  

Dell EMC Ready Bundle for Oracle is a solution designed to boost performance and 

operational agility for your database ecosystem. Ready Bundle for Oracle integrates Dell 

EMC PowerEdge R740 and R940 servers, networking, and the Dell EMC enterprise 

VMAX 250F, an all-flash storage array. It provides a Dell EMC Ready Solution, 

incorporating proven design, testing, and release phases that might otherwise take 

months or weeks to complete. The engineered Ready Bundle for Oracle solution provides 

your business with a faster time-to-value in reaching operational readiness.  

Benefits of Ready Bundle for Oracle 

Traditionally, application owners worked collaboratively with the IT organization to design 

a new database platform. The multi-vendor process took months and required extensive 

research and analysis to ensure that all the components would work together. Without any 

assurance that the new system would perform as expected, the endeavor also entailed 

significant risk. 

Dell EMC Ready Solutions, such as Ready Bundle for Oracle, transform the design, buy, 

and build process by providing a fully integrated and tested platform. In designing Ready 

Bundle for Oracle, we focused on key priorities such as performance, resiliency, and 

automation. Ready Bundle for Oracle fully integrates these components: 

 Dell EMC PowerEdge R740 and R940 servers 

 Dell EMC VMAX 250F storage array 

 Dell EMC Networking and Dell EMC Connectrix switches 

 Complete testing with customer-purchased Oracle 12c Release 2 databases 

By eliminating the time-consuming and complex process of designing a system, this 

pretested, prevalidated solution streamlines the purchase and update cycles for the IT 

organization, and accelerates delivery times of complex mission-critical databases and 

applications. Features of Ready Bundle for Oracle include: 

 Sub-millisecond latencies for OLTP databases and applications such as ERP and 

CRM systems 

 High density of IOPS for greater database consolidation 

 High throughput for OLAP workloads that support business intelligence and 

financial reporting 

 Inline deduplication and compression 
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 Integration with VMware vSphere for centralized virtualization management 

 Automated database copies, repurposing, and protection with Dell EMC AppSync 

software 

Designed to modernize how databases are managed, Ready Bundle for Oracle is: 

 Engineered—Compute, networking and storage integrated with prerequisites and 

dependencies have been tested to deliver a seamless solution experience. 

 Agile—A modern Oracle management experience with automated provisioning 

capabilities for databases provides faster time to value. 

 Optimized—Proven and documented performance, automation, and resiliency best 

practices ensure a highly effective Oracle database environment. 

Key results 

Ready Bundle for Oracle accelerates adoption of a modern database platform. We tested 

and validated every component, including servers, storage, and software, with Oracle 

databases. We conducted extensive testing to ensure integration, performance, resiliency, 

and the development of best practices. Sizing the solution for your Oracle ecosystem is a 

streamlined process because extensive testing provides an accurate foundation for 

meeting database requirements. As part of the validation process, this guide documents 

the best practices that we used to configure and accelerate Oracle databases on small, 

medium, and large configurations along with the backup and recovery of the small 

configuration. 

 

We tested the small configuration by running the following Oracle Real Application 

Clusters (RAC) databases in parallel: 

 Two production OLTP databases 

 Six development OLTP databases 

 Two production OLAP databases 

In our tests, this database platform easily supported over 45,000-IOPS at sub 0.75 

millisecond latencies for all OLTP databases and 500 MB/s for OLAP databases. Under 

this database workload, the two PowerEdge R740 servers were 47 percent utilized and 

the VMAX 250F array accelerated 99.93 percent of all writes from the system cache. 

When we repurposed the production OLTP databases to development databases, the 

VMAX inline deduplication engine produced a 5X storage savings per database—1.65 TB 

of space savings across six development databases. With the unused server and VMAX 

resources, you can do even more with the small configuration than was tested. 

 

We tested the medium configuration of Ready Bundle for Oracle by running the following 

Oracle RAC databases in parallel: 

 Five production OLTP databases 

 Fifteen development OLTP databases 

 Five production OLAP databases 

Small 

configuration 

test results 

Medium 

configuration 

test results 
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Test results show that this database platform more than doubled the supported IOPS 

compared to the small configuration. The medium configuration supported just over 

99,000 IOPS at sub .75 millisecond latencies for all OLTP databases. It supported 

350 MB/s for OLAP databases using two PowerEdge R940 servers and a VMAX 250F 

with more flash drives. Under this database workload, server utilization was 49.5 percent, 

and the VMAX array accelerated 99.4 percent of all writes. Storage efficiency continued 

with 5X space savings across the 15 development OLTP databases for a total of 4.14 TB 

of flash storage space saved. In addition, the medium configuration still had plenty of 

unused resources that you could use to support even greater workloads.  

 

We validated and tested the large configuration of Ready Bundle for Oracle by running the 

following Oracle RAC databases in parallel: 

 Ten production OLTP databases 

 Thirty development OLTP databases 

 Ten production OLAP databases 

The test results show that this database platform offers twice the number of supported 

IOPS compared to the small and medium configurations. The salient feature of this large 

configuration is that it supported just over 189,968 IOPS at sub 0.75 millisecond latencies 

for all OLTP databases. It supported the total bandwidth of 3.88 GB/sec using two 

PowerEdge R940 servers and a VMAX 250F with more flash drives. Under this database 

workload, a mere 20 percent of the CPU capacity was utilized, while the VMAX array 

accelerated 100 percent on most of the writes. Like the small and medium configurations, 

storage efficiency continued with 5X space savings across the 30 development OLTP 

databases. In addition, the large configuration still had plenty of unused resources to 

support even greater workloads.  

 

We validated and tested the backup and recovery for small configuration(commercial 

sized) of Ready Bundle for Oracle by using a Dell EMC Data Domain system, DD6300, 

with Data Domain Boost (DD Boost) software. We used the following test cases: 

 Full backup of one production OLTP database 

 Second full backup of one production OLTP database with approximately 5 percent 

changed data while running a workload  

 Database recovery from the existing full and incremental backup 

 Three database backups and recoveries  

Dell EMC engineering test results show the following performance outcome: 

 Data Domain recovered a 1 TB database in 46 minutes while backing up three 

other databases in parallel. 

 A full backup of a 1 TB Oracle database took 819 GB (total compression size) on 

Data Domain. 

 Data Domain backed up three databases consisting of a total of 5 TB and 

recovered a 1 TB database in parallel in under 114 minutes. 

 A full recovery of a 1 TB Oracle database took 44 minutes using Data Domain. 

Large 

configuration 

test results 

Data protection 

test results:  

Commercial-

sized systems 
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 We achieved a local compression factor of 2.0X, a global compression factor of 

15.7X, and a total compression factor of 31.7X. 

 

We validated and tested the backup and recovery for a medium and large (enterprise-

sized) configuration of Ready Bundle for Oracle by using a Dell EMC Data Domain 

system, DD9300, with Data Domain Boost (DD Boost) software. We used the following 

test cases: 

 Full backup of one production OLTP database 

 Second full backup of one production OLTP database with approximately 5 percent 

changed data while running a workload  

 Database recovery from the existing full and incremental backup 

 Parallel backup from ten RAC OLTP databases and ten RAC OLAP databases 

backups along with one RAC OLTP database recovery.  

Dell EMC engineering test results demonstrate the following performance measurements: 

 A full recovery of a 1 TB Oracle database took 10 minutes using the Data Domain 

system with the storage throughput of 1,600 MB/sec. 

 The Data Domain system recovered a 1 TB database in 28 minutes while backing 

up 20 other databases in parallel. 

 A full backup of a 1 TB Oracle database occupied 791.8 GB (total compression 

size) on the Data Domain system with compression of 31.71 percent. 

 The second full backup of a 1 TB Oracle database occupied just 51 GB (total 

compression size) on the Data Domain system with a compression level of 95.54 

percent, and it was completed in 19.6 minutes.  

 In the second full backup, we achieved a local compression factor of 1.7X, a global 

compression factor of 13.0X, and a total compression factor of 22.4X. We saved 

18.6 minutes and 63.82 percent of the storage space as compared to the first full 

backup. 

 Data Domain backed up 20 databases consisting of a total of 30 TB and recovered 

a 1 TB database in parallel in under 115 minutes. 

 CPU utilization was reduced by 4.84 percent between the first and second full 

backups. In all other use cases, the CPU utilization ranged between 17.5 to 36 

percent, leaving as much as 83 percent of CPU capacity available for other 

purposes.  

 

 

 

 

 

 

 

Data protection 

test results:  

Enterprise-sized 

systems 

https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
https://community.emc.com/thread/203751?start=0&tstart=0
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Scope 

This validation guide describes the Ready Bundle for Oracle that is based on VMAX All 

Flash storage, which is designed to consolidate multiple Oracle database mixed 

workloads into a single array. We tested and validated Ready Bundle for Oracle with 

various types and sizes of database workloads to ensure maximum flexibility. This guide 

discusses the methodology of the testing that we conducted on the solution and the 

results of the testing. A companion guide, the Ready Bundle for Oracle Deployment 

Guide, describes the process of configuring and deploying this solution.  

Audience 

This guide is intended for IT administrators, storage administrators, virtualization 

administrators, system administrators, IT managers, and personnel who evaluate, acquire, 

manage, maintain, or operate Oracle database environments.  

We value your feedback 

Dell EMC and the authors of this document welcome your feedback on the solution and 

the solution documentation. Contact The Dell EMC Solutions team with your comments.  

Authors: Oracle Ready Solutions Engineering team, Indranil Chakrabarti, Sam Lucido, 

Reed Tucker 

 

mailto:EMC.Solution.Feedback@emc.com?subject=Dell%20EMC%20Ready%20Bundle%20for%20Oracle%20with%20Data%20Protection%20Validation%20Guide%20(H16631.2)
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Solution overview 

The ability to run OLAP, OLTP, and test/dev in a single virtualized environment while 

safeguarding availability, lowering costs, and increasing productivity yields significant 

advantages. Ready Bundle for Oracle was designed to support production OLTP and 

OLAP applications and test/dev environments simultaneously without sacrificing 

performance or storage space. With these Oracle databases and other applications 

existing together and functioning optimally, you gain a host of benefits, including the 

following: 

 Enhanced six-nines availability, with sub-millisecond response times 

 Efficient operation of multiple applications in the same rack while saving on 

licensing costs 

 Breakthrough simplicity for deployment, management, and support 
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Solution architecture 

Figure 1 shows the solution architecture diagram for Ready Bundle for Oracle with Data 

Protection using the Data Domain backup appliance. 

 

Figure 1. Ready Bundle for Oracle solution with Data Protection: Architecture diagram 
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Key components  

 

Dell EMC PowerEdge 14G servers are built to accommodate databases, storage arrays, 

data protection, hyper-converged appliances and racks, ready nodes, bundles, and other 

Dell EMC solutions. These servers are part of a secure, scalable compute platform that is 

the ideal foundation for cloud, analytics, and software-defined data center initiatives.  

The PowerEdge R740 server enhances application performance with the optimal balance 

of accelerator cards, storage, and compute resources in a 2U, 2-socket platform. It is a 

general-purpose workhorse that is optimized for accommodating databases. 

The PowerEdge R940 server powers mission-critical applications and realtime decisions. 

With four sockets and up to 12 NVMe drives, it provides scalable performance in just 3U. 

 

The Dell EMC VMAX 250F is the entry model in the VMAX All Flash family. The VMAX 

250F array provides flash performance, low latency, and enterprise-level high availability 

in a compact footprint for the modern datacenter. The VMAX 250F delivers scalable 

performance. The system can start small with a single Dell EMC V-Brick™ building block, 

consisting of single VMAX engine and 11 TB of base flash storage, and scale up 

incrementally with 11 TB Flash Capacity Packs. The VMAX 250F array can then scale out 

with the addition of a second V-Brick block. 

Designed for massive consolidation, the VMAX 250F can provide a platform for mixed file 

and block workloads. The included software and optional FX software package provide 

data services such as Dell EMC TimeFinder SnapVX and Dell EMC SRDF replication.  

The VMAX 250F array: 

 Supports over 1 million IOPS 

 Includes advanced flash drive endurance-enhancing algorithms that minimize write 

amplification 

 Starts at 11 TB and scales to 1 PB effective capacity with data reduction  

 Provides 4:1 storage efficiency through inline compression and other data reduction 

tools 

 Is orderable with advanced replication, data encryption, storage management, data 

protection, and access to cloud storage tiering 

 Protects investment with the Future-Proof Storage Loyalty Program (support 

agreement required) 

 

Data Domain systems are disk-based inline deduplication appliances and gateways that 

provide data protection and disaster recovery (DR) in the enterprise environment. All 

systems run the Dell EMC Data Domain Operating System (DD OS), which provides a 

command-line interface (CLI) for performing all system operations. They also run the Dell 

EMC Data Domain System Manager (DD System Manager GUI) for configuring, 

managing, and monitoring. The Data Domain storage system offers a cost-effective 

alternative to tape. Data Domain systems reduce the amount of disk storage to retain and 

protect data by 10 to 30 times. Because data on disk is available online and onsite for 

longer retention periods, restoration is fast and reliable.   

Dell EMC 14G 

servers 

Dell EMC VMAX 

250F storage 

Dell EMC Data 

Domain systems 
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DD Boost technology for RMAN optimizes communication between the database servers 

and the Data Domain system. It improves backup performance by reducing the amount of 

data that is transferred over the network between database servers and the Data Domain 

system, as well as the amount of data stored by Data Domain. By working with RMAN, 

DD Boost consists of two parts: 

 DD Boost server software that runs on the Data Domain system. 

 DD Boost database application agents, which are installed on database servers. 

The agent works as a plug-in for Oracle RMAN to provide database backup. It has 

a DD Boost library for communicating with the DD Boost server running on a Data 

Domain system.  

DD Boost software extends the Data Domain Data Invulnerability Architecture by 

generating checksums on the Oracle database server before RMAN sends the data to the 

Data Domain system. The Data Domain system receives the data, computes the new 

checksum based on the incoming data, and compares the new checksum with the old 

checksum sent from the Oracle database server. This process ensures inline verification 

of data.  

DD Boost distributed segment processing 

DD Boost technology includes distributed segment processing (DSP). When this feature is 

enabled, the deduplication process is distributed between the DD Boost database 

application agent on the database server and the DD Boost server on the Data Domain 

system. Because parts of the deduplication process run on the database servers, the DD 

Boost library sends only the unique data to the Data Domain system over the network. 

With this DD Boost feature enabled, the backup with deduplication process follows these 

steps:  

1. The backup data stream is broken into variable-length segments and each 

segment is identified. 

2. The system determines if each segment is unique or if it is already stored in the 

Data Domain system. 

3. If the segment is unique (not stored in the Data Domain system), it is compressed 

and sent over the network to the Data Domain system and written to the disks. 

Distributed segment processing provides great benefits for the Oracle database backup: 

 Improves backup throughput because the DD Boost library sends only the unique 

data to the Data Domain system. The more deduplicated data that there is in the 

backup dataset, the higher the backup throughput, which in turn reduces the 

backup time. 

 Reduces the network bandwidth requirement. Because only unique data is sent to 

Data Domain through the network, less network bandwidth is used. 

 Reduces the storage capacity required to store database backup images, and 

increases the retention period for the database backups. 

 

VMware vSphere is a complete and robust virtualization platform that uses dynamic 

resource pools to virtualize business-critical applications with great flexibility and reliability. 

It transforms a computer's physical resources by virtualizing the CPU, RAM, hard disk, 

Dell EMC DD 

Boost technology 

for Recovery 

Manager (RMAN) 

VMware 

vSphere 6.5 
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and network controller. This transformation creates fully functional virtual machines (VMs) 

that run isolated and encapsulated operating systems and applications. 

The vSphere virtualization layer decouples the application from the underlying physical 

resources. This decoupling enables greater flexibility in the application layer by eliminating 

hardware downtime for maintenance and changes to the physical system without affecting 

the hosted applications. In a server-virtualization use case, this layer enables multiple 

independent VMs to share the same physical hardware. 

 

Red Hat Enterprise Linux (RHEL) 7.3 offers improved development and deployment tools, 

enhanced interoperability and manageability, and additional security and performance 

features.  

Manageability and interoperability—RHEL 7.3 delivers significant functionality 

improvements for heterogeneous operating system (OS) environments, particularly for 

infrastructure that uses Active Directory. By integrating CIFS with System Security 

Services Daemon (SSSD), users can now gain native access to Microsoft Windows file 

and print services without having to rely on winbind. Logical Volume Management (LVM) 

now includes additional OpenLMI-based hooks to manage volume groups and thinly 

provisioned volumes. RHEL 7.3 also includes integrated client-side functionality to 

communicate with Ceph block storage. 

Security and access management—Improvements to Identity Management (IdM) 

provide the ability to implement strong one-time password (OTP) authentication through 

LDAP and Kerberos using software tokens, such as FreeOTP, and hardware tokens from 

leading third-party vendors. Additionally, the IdM access control framework has been 

enhanced for better control over read/write permissions, and a new Certificate Authority 

(CA) management tool streamlines changes to CA certificates and trust chains. 

Development, deployment, and performance—RHEL 7.3 delivers new developer tools, 

including several that are related to Linux containers. The latest docker package is 

included along with orchestration tooling through Kubernetes. Also available are RHEL 6 

and RHEL 7 base images, which provide certified, stable foundations on which to build 

enterprise-grade containerized applications. Beyond containers, RHEL 7.3 also includes 

OpenJDK 8, the latest version of the open-source Java SE 8 platform. 

From a performance perspective, RHEL 7.3 supports higher processor and memory limits, 

as well as additional features to improve the performance of applications and VMs, 

especially those running memory-intensive workloads. RHEL 7.3 further enhances 

performance through the inclusion of an MCS locking mechanism to improve processor 

efficiency for large systems with sizable non-uniform memory access (NUMA) nodes. 

 

Oracle Database 12c delivers industry-leading performance, scalability, security, and 

reliability on a choice of clustered or single servers running Microsoft Windows, Linux, or 

UNIX. It introduces a new architecture, Oracle Multitenant, where one or more pluggable 

databases (PDBs) are created inside a container database (CDB).  

The multitenant architecture supports the following configurations: 

 A single-tenant configuration, with one PDB plugged into a CDB, which is available 

for no extra cost in all editions 

Red Hat 

Enterprise 

Linux 7.3 

Oracle Database 

12c 
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 A multitenant option for up to 252 PDBs per CDB, which is an extra-cost option of 

Oracle 12c Enterprise Edition 

 

Oracle RMAN is a database backup and recovery tool that is built into the Oracle 

database server. With Oracle RMAN, the Oracle Database Administrator (DBA) schedules 

database backup jobs to routinely back up the database files and the archive logs to a 

backup system. DBAs also use RMAN to restore and recover the database files and 

archive logs from the backup system. With Data Domain as a backup system, the DD 

Boost database agent works with RMAN to send the database backup images to the Data 

Domain backup system.  

 

AppSync data protection software simplifies and automates the process of generating and 

consuming copies of production data. By abstracting the underlying Dell EMC storage and 

replication technologies, and through deep application integration, AppSync empowers 

application owners to satisfy copy demand for data repurposing, operational recovery, and 

disaster recovery using a single user interface. Storage administrators need only be 

concerned with initial setup and policy management, which result in an agile, frictionless 

process. 

For more information about AppSync software, see Dell EMC AppSync Data Protection 

Software. 

 

Dell EMC Connectrix switches and directors bring high bandwidth and zero downtime to 

your storage network. Connectrix offers a range of enterprise-class directors, medium 

density departmental switches, and edge switches for small to large enterprise 

environments or applications. Key features include:  

 Fibre Channel (FC) connectivity of up to 32 Gb/s and speeds up to 40 GbE 

 NVMe-ready  

 Departmental switch scaling from 8 to 96 ports per switch  

 Redundant components and multipath deployments to ensure high availability and 

automated failover 

 Advanced management tools to automatically simplify the deployment and 

management of your storage networking environment 

This solution was built with the cost-effective Connectrix B-Series DS-6510B and DS-

6610B switches. Most of the switches in the Connectrix portfolio can be used to build a 

storage network for Oracle solutions, as long as the SAN speeds match or exceed the 

speed of the devices in the SAN. 

The DS-6510B is a 16 Gb switch that scales from 24–48 ports. The DS-6610B is a 32 Gb 

switch that scales from 8–24 ports. By default, the DS-6610B has 16 Gb SFPs but can be 

upgraded with 32 Gb SFPs.  

Oracle RMAN for 

database backup 

and recovery  

Dell EMC 

AppSync 

software 

Dell EMC 

Connectrix 

switches 

http://www.emc.com/storage/data-replication/appsync.htm
http://www.emc.com/storage/data-replication/appsync.htm
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Logical architecture overview 

 

The VMAX based Ready Bundle for Oracle is designed to consolidate multiple types of 

mixed-workload Oracle databases in a single system. The following types of Oracle 

databases have been tested and validated for Ready Bundle for Oracle:  

 OLTP production databases (also referred to as OLTP PROD, OLTP production, or TP) 

 OLTP test and development databases (also referred to as OLTP DEV, OLTP test/dev, 

or TD) 

 OLAP production databases (also referred to as OLAP PROD, OLAP production, or AP) 

The following figure shows the logical architecture of consolidated mixed-workload 

databases. It includes the multiple layers of infrastructure components of the Ready 

Bundle for Oracle solution along with Data Protection using Data Domain as the backup 

appliance.  
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Figure 2. Ready Bundle for Oracle with Data Protection: Logical architecture 
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In the Ready Bundle for Oracle solution, multiple databases are consolidated through 

VMs. The following figure shows the VMs for mixed-workload Oracle databases. 

 

Figure 3. VM-based Ready Bundle for Oracle database consolidation 

The figure illustrates the following: 

 From the horizontal perspective, each database runs on a two-node Oracle RAC on 

two VMs that run on separate ESXi hosts. For example, OLTP PROD database DB1TP 

resides on OLTP PROD VM1 and OLTP PROD VM2, which reside on ESXi Host1 and 

ESXi Host2, respectively. The ESXi hosts are installed and configured on a PowerEdge 

R740 or PowerEdge R940 server, depending on the Ready Bundle for Oracle small or 

large configuration. 

 Vertically, each ESXi host hosts three types of VMs: OLTP PROD VM hosts one 

OLTP PROD database instance; OLAP PROD VM hosts one OLAP PROD 

database instance; and OLTP DEV VM hosts three OLTP DEV database instances.  

 Combining the horizontal and vertical perspectives, five two-node RAC databases 

form a database set. The database set includes the following, with x being a 

sequential number: 

 One OLTP PROD database, DBxTP 

 Three OLTP DEV databases, DBxTDs 

 One OLAP PROD database DBxAP 

VM-based 

database 

consolidation on 

the compute 

layer 
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As the following figure illustrates, in each database set, the three OLTP DEV 

databases are based on the snapshots of the OLTP PROD database, which are 

created by AppSync software via integration with the VMAX system.  

 

Figure 4. Three OLTP DEV databases based on OLTP PROD AppSync snapshots 

 Using the third dimension, Ready Bundle for Oracle can host a number of database 

sets, as indicated by Cluster xN in Figure 3. 

Table 1 specifies the number of VMs and the number and types of databases that 

the Ready Bundle for Oracle system can host. 

Table 1. Number of mixed workload databases and VMs 

Number of 
database sets 

Number of OLTP 
PROD databases 

Number of OLTP 
DEV databases 

Number of OLAP 
databases 

Number of total VMs 
across two nodes 

1  1 3 1 6 

N  N 3 x N N 6 x N 

 

 

As with the VM-based database consolidation method on the server side, the VMAX 

based shared storage layer provides the storage consolidation for VM images (VMDK) as 

well as for Oracle RAC databases. 

Table 2 defines the provisioned storage sizes for each workload type in a single database 

set. 

  

Database 

consolidation on 

storage layer 
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Table 2. VMAX storage sizes for each workload type in one database set 

Workload type 

Storage sizes 

Database1 
OS+Clusterware2 
(GB) 

Total 

Provisioned 
(GB) 

Actual3 
(GB) 

 Provisioned 
(GB) 

Actual 
(GB) 

OLTP production (TP) 1,380 1,380 660 2,040  2,040 

OLTP test/dev (TD) 4,140 828 660 4,800 1,488 

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

1,380 

1,380 

1,380 

276 

276 

276 

 

4,140 828 

OLAP production (AP) 2,880 2,880 1,210 4,090 4,090 

Total 8,400 5,089 2,530 10,930 7,618 

 

1 Database storage sizes include space for DATA, Flash Recovery Area (FRA), and TEMP. 

2 OS and Clusterware storage size includes space for Oracle Cluster Registry (OCR), voting disk, 

and Grid Infrastructure Management Repository (GIMR). 
3 The test/dev snapshot database calculations assume that the change rate of the production 
database is 20 percent. 

 

As shown in Table 2, the sizes of each workload type in one database set, including the 

size for the OS that was defined in Ready Bundle for Oracle, are as follows: 

 One OLTP production database is approximately 2.0 TB. 

 Three OLTP test/dev databases are approximately 1.5 TB total. 

 One OLAP production database is approximately 4.0 TB. 

Therefore, the approximate size of one database set is 7.5 TB. 

Database consolidation: Three configurations 

We tested Ready Bundle for Oracle on three configurations: a small configuration with two 

database sets, a medium configuration with five database sets, and a large configuration 

with 10 database sets. The following table defines the provisioned storage sizes for each 

workload type in a single database set. 

Table 3. Ready Bundle for Oracle configurations: Number of databases and sizes 

Configuration 
Number 
of DB 
sets 

OLTP 
PROD 
DBs 

OLTP 
DEV DBs 

OLAP 
PROD 
DBs 

DBs in 
one set 

Total DBs 
Size of 
one set 

Total size 

Small 2 1 x 2 = 2 3 x 2 = 6 1 x 2 = 2 5 2 x 5 = 10 ~7.5 TB 7.5 x 2 = 15 TB 

Medium 5 1 x 5 = 5 3 x 5 = 15 1 x 5 = 5 5 5 x 5 = 25 ~7.5 TB 7.5 x 5 = 37.5 TB 

Large 10 1 x 10 = 
10 

3 x 10 = 
30 

1 x 10 = 
10 

5 10 x 5 = 
50 

~7.5 TB 7.5 x 10 = 75 TB 
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Table 4 shows the number of VMs and database clusters for each workload type in a 

single database set. 

Table 4. Ready Bundle for Oracle use cases: Number of VMs and database clusters 

Configuration 
Number 
of DB 
sets 

Number of 
VMs in 
one set 

Total number 
of VMs 
across 2 
nodes 

Number of 
clusters in 
one set 

Total number of 
clusters 

Small 2 6 2 x 6 = 12 3 2 x 3 = 6 

Medium 5 6 5 x 6 = 30 3 5 x 3 = 15 

Large 10 6 10 x 6 = 60 3 10 x 3 = 30 

 

 

The small configuration of Ready Bundle for Oracle hosts ten mixed-workload databases 

on a vSphere cluster with two ESXi 6 hosts on PowerEdge R740 servers. A VMAX 250F 

array with one V-Brick block, 2 x 256 GB mirrored cache, and 26 TBe solid-state drives 

(SSDs) is used as the storage array for the VM OS and Oracle RAC databases.  

Figure 5 depicts the small-configuration architecture. 

Figure 5. Ready Bundle for Oracle: Small-configuration architecture  

Table 5 shows the virtual CPU (vCPU) and virtual memory (vMem) allocated to the VMs in 

which the three types of database instances run. It also shows the physical CPU cores 

and physical memory sizing of both ESXi hosts that host these VMs. 

  

Small 

configuration 
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Table 5. Small configuration: vCPU and vMem allocations 

DB type 
Number 
of DBs 

vCPUs 
per VM 

vMem 
per VM 
(GB) 

ESXi host 1 ESXi host 2 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

OLTP PROD 2 2 48 2 4 96 2 2 96 

OLTP DEV 6 4 72 2 8 144 2 8 144 

OLAP PROD 2 4 72 2 8 144 2 8 144 

Total  10   6 20 384 6 20 384 

ESXi hosts 

Dell PowerEdge R740:  

CPU: 2 x 12 = 24 cores 

RAM: 384 GB 

Dell PowerEdge R740: 

CPU: 2 x 12 = 24 cores 

RAM: 384 GB 

 

Hardware components and sizing 

Table 6 lists the major hardware components in the small configuration. 

Table 6. Small configuration: Component overview 

Component Description 

Database servers 2 x 2S PowerEdge R740 

LAN switches 2 x S4810-ON 10 GbE 

SAN switches 2 x DS6610-B 16 Gb/s FC 

Management switch 1 x S3810-ON 1 GbE 

Storage array VMAX 250F 

 

Compute 

Table 7 lists the hardware details of the compute or database servers used in the small 

configuration. 

Table 7. Small configuration: Compute server components 

Component Description 

Servers 2 x PowerEdge R740 

Chassis 
8 x 2.5 in. SAS/SATA hard disk drives (HDDs) for 2 
CPU configuration 

Processor 2 x Intel Xeon Gold 6136 12c 3.0 GHz  

Memory 384 GB (12 x 32 GB DR DDR4 2667MT/s RDIMMs) 

Local disks 
3 x 1.2 TB 10 K SAS 12 Gb/s 2.5 in. HDDs (including 1 
hot spare) 

RAID controller PERC H740P/H730P 

iDRAC iDRAC9 Enterprise 
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Component Description 

rNDC 
Broadcom 57412 DP 10 Gb SFP+ + 5720 DP 1 Gb 
Base-T rNDC 

Add-on NICs 
Broadcom 57412 DP 10 Gb SFP+ PCIe adapter, Full 
Height 

HBAs 2 x QLogic QLE2692 DP 16 Gb/s FC HBAs 

Power supply 2 x 1,100 W 

 

Storage 

Table 8 lists the hardware details of the storage array used in the small configuration. 

Table 8. Small configuration: Storage components 

Storage array VMAX 250F 

Number of V-Brick blocks 1 

SSD drive capacity 26 TBe 

Mirror cache 512 GB 

Number of Fibre Adapter (FA) ports 8 x 16 Gb/s (4 per director) 

 

Network 

Table 9 lists the network switches in the small configuration. 

Table 9. Small configuration: Network switches 

Switch function Switch type 

LAN 2 x Dell EMC Networking S4048-ON 10 GbE 

SAN 2 x Dell EMC Connectrix DS-6610B 24-port 16 Gb/s 

Management 1 x Dell EMC Networking S3048-ON 1 GbE 

 

Physical layout 

Figure 6 shows the physical architectural layout of the small configuration. 
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Figure 6. Small configuration: Physical architecture and connectivity layout 

Logical layout 

Figure 7 illustrates how the ten mixed-workload Oracle RAC databases are consolidated 

in the Ready Bundle for Oracle small configuration.  
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Figure 7. Small configuration: Logical architecture 

 

The medium configuration of Ready Bundle for Oracle hosts 25 mixed-workload 

databases on a vSphere cluster with two ESXi 6 hosts on PowerEdge R940 servers. A 

VMAX 250F array with one V-Brick block, 2 x 512 GB mirrored cache and 79 TBe SSDs is 

used as the storage array for the VM OS and Oracle RAC databases. 

Figure 8 depicts the medium-configuration architecture. 

Medium 

configuration 
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Figure 8. Ready Bundle for Oracle: Medium-configuration architecture  

Table 10 shows the vCPUs and vMem allocated to the VMs in which the three types of 

database instances run. It also shows the physical CPU cores and physical memory sizing 

of both ESXi hosts that host these VMs. 

Table 10. Medium configuration: vCPU and vMem allocations 

DB type 
Number 
of DBs 

vCPUs 
per VM 

vMem 
per VM 
(GB) 

ESXi host 1 ESXi host 2 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

OLTP PROD 5 2 48 5 10 240 5 10 240 

OLTP DEV 15 4 72 5 20 360 5 20 360 

OLAP PROD 5 4 72 5 20 360 5 20 360 

Total  25   15 50 960 15 50 960 

ESXi hosts 

PowerEdge R940:  

CPU: 4 x 18 = 72 cores 

RAM: 1,152 GB 

PowerEdge R940:  

CPU: 4 x 18 = 72 cores 

RAM: 1,152 GB 

 

  



 Chapter 3: Architecture Overview 

 

31 Dell EMC Ready Bundle for Oracle with Data Protection 
Enterprise-Class Protection and Provisioning with Dell EMC VMAX All Flash and Data Domain Storage and Data 

Domain 
Validation Guide 

  

Hardware components and sizing 

Table 11 lists the major hardware components in the medium configuration. 

Table 11. Medium configuration: Component overview 

Component Description 

Database servers 2 x 4S PowerEdge R940 

LAN switches 2 x S4810-ON 10 GbE 

SAN switches 2 x DS6510-B 16 Gb/s FC 

Management switch 1 x S3810-ON 1 GbE 

Storage array VMAX 250F 

 

Compute 

Table 12 lists the hardware details of the compute or database servers in the medium 

configuration. 

Table 12. Medium configuration: Compute server components 

Component Description 

Servers 2 x PowerEdge R940 

Chassis 2.5 in. with up to 8 hard drives 

Processor 4 x Intel Xeon Gold 6150 18c 2.7 GHz  

Memory 1,152 GB (24 x 32 GB + 24 x 16 GB DR DDR4 
2667MT/s RDIMMs) 

Local disks 3 x 1.2 TB 10 K SAS 12 Gb/s 2.5 in. HDDs (including 1 
hot spare) 

RAID controller PERC H740P 

iDRAC iDRAC9 Enterprise 

rNDC Broadcom 5720 QP 1 Gb Base-T rNDC 

Add-on NICs 2 x Intel X710 DP 10 Gb SFP+, Full Height 

HBAs 2 x Emulex LPe31002-M6-D DP 16 Gb/s FC HBAs 

Power supply 2 x 1,600 W 
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Storage 

Table 13 lists the hardware details of the storage array in the medium configuration. 

Table 13. Medium configuration: Storage components 

Storage array VMAX 250F 

Number of V-Brick blocks 1 

SSD drive capacity 79 TBe 

Mirror cache 1 TB 

Number of FA ports used 12 x 16 Gb/s (6 per director) 

 

Network 

Table 14 lists the network switches in the medium configuration. 

Table 14. Medium configuration: Network switches 

Switch function Switch type 

LAN 2 x Dell EMC Networking S4048-ON 10 GbE 

SAN 2 x Dell EMC Connectrix DS-6510B 48-port 16 Gb/s 

Management 1 x Dell EMC Networking S3048-ON 1 GbE 
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Physical layout 

Figure 9 shows the physical architectural layout of the medium configuration. 

 

Figure 9. Medium configuration: Physical architecture and connectivity layout   
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Logical layout 

Figure 10 illustrates how the 25 mixed-workload Oracle RAC databases are consolidated 

in the Ready Bundle for Oracle medium configuration.  

 

 

Figure 10. Medium configuration: Logical architecture 

 

The large configuration of Ready Bundle for Oracle hosts 50 mixed-workload databases 

on a vSphere cluster with two ESXi 6 hosts on PowerEdge R940 servers. A VMAX 250F 

array with two V-Brick blocks, 2 x 1 TB mirrored cache and 105 TBe SSDs is used as the 

storage array for the VM OS and Oracle RAC databases. 

The following figure depicts the large-configuration architecture. 

Large 

configuration 
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Figure 11. Ready Bundle for Oracle: Large-configuration architecture  

The following table shows the vCPUs and vMem allocated to the VMs in which the three 

types of database instances run. It also shows the physical CPU cores and physical 

memory sizing of both ESXi hosts that host these VMs. 

Table 15. Large configuration: vCPU and vMem allocations 

DB type 
Number 
of DBs 

vCPUs 
per VM 

vMem 
per VM 
(GB) 

ESXi host 1 ESXi host 2 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

Number 
of VMs 

Total 
vCPUs 

Total 
vMem 
(GB) 

OLTP PROD 10 2 48 10 20 480 10 20 480 

OLTP DEV 30 4 72 10 40 720 10 40 720 

OLAP PROD 10 4 144 10 40 1,440 10 40 1,440 

Total  50   30 100 2,640 30 100 2,640 

ESXi hosts 

PowerEdge R940:  

CPU: 4 x 28 = 112 cores 

RAM: 3,072 GB 

PowerEdge R940:  

CPU: 4 x 28 = 112 cores 

RAM: 3,072 GB 

 

  
 
 

  

 

 

VMAX 250F

2 V-Bricks 

Mirror Cache: 2 TB  

SSD Disks: 105 TBe

ESXi 6  

Dell PowerEdge R940

CPU: 4 x 28c

RAM: 3,072 GB

30 VMs

30 Oracle Clusters

 50 RAC Databases  

ESXi 6  

Dell PowerEdge R940

CPU: 4 x 28c

RAM: 3,072 GB

30 VMs

30 Oracle Clusters

 50 RAC Databases  
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Hardware components and sizing 

The following table lists the major hardware components in the large configuration. 

Table 16. Large configuration: Component overview 

Component Description 

Database servers 2 x 4S PowerEdge R940 

LAN switches 2 x S4810-ON 10 GbE 

SAN switches 2 x DS6510-B 16 Gb/s FC 

Management switch 1 x S3810-ON 1 GbE 

Storage array VMAX 250F 

 

Compute 

The following table lists the hardware details of the compute or database servers in the 

large configuration. 

Table 17. Large configuration: Compute server components 

Component Description 

Servers 2 x PowerEdge R940 

Chassis1 2.5 in. with up to 24 hard drives and 12 NVME for 4S configuration 

Processor 4 x Intel Xeon Platinum 8180 28c 2.5 GHz 205W 

Memory 3,072 GB (48 x 64 GB QR DDR4 2667MT/s LRDIMMs) 

Local disks 3 x 1.2 TB 10 K SAS 12 Gb/s 2.5 in. HDDs (including 1 hot spare) 

RAID controller PERC H740P 

iDRAC iDRAC9 Enterprise 

rNDC Intel X710 DP 10 GbE DA/SFP+ + i350 DP 1 GbE rNDC 

Add-on NICs 2 x Intel X710 DP 10 Gb SFP+, Full Height 

HBAs 2 x QLogic 2692 DP 16 Gb/s FC HBAs 

Power supply 2 x 2,000 W 

 

  

                     
1 Though the chassis that was used for large-configuration testing supports NVMe drives, the drives 

were not used in the testing. Customers who do not plan to use NVMe drives can use a non-NVMe-

based chassis. 
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Storage 

The following table lists the hardware details of the storage array in the large 

configuration. 

Table 18. Large configuration: Storage components 

Storage array VMAX 250F 

Number of V-Brick blocks 2 

SSD drive capacity 105 TBe 

Mirror cache 2 TB 

Number of FA ports used 8 x 16 Gb/s (2 per director; 4 per engine) 

 

Network 

The following table lists the network switches in the large configuration. 

Table 19. Large configuration: Network switches 

Switch function Switch type 

LAN 2 x Dell EMC Networking S4048-ON 10 GbE 

SAN 2 x Dell EMC Connectrix DS-6510B 48-port 16 Gb/s 

Management 1 x Dell EMC Networking S3048-ON 1 GbE 
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Physical layout 

The following figure shows the physical architectural layout of the large configuration. 

  

Figure 12. Large configuration: Physical architecture and connectivity layout   
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Logical layout 

The following figure illustrates how the 50 mixed-workload Oracle RAC databases are 

consolidated in the Ready Bundle for Oracle large configuration.  

 

Figure 13. Large configuration: Logical architecture  

Data Domain DD6300 systems for commercial backup  

We tested the Data Domain DD6300 system as a commercial backup configuration to 

back up and restore the databases in the Oracle Ready Bundle small configuration. The 

following table lists the hardware and software stack of the Data Domain DD6300 system. 

Chapter 8 provides the details of our test methodology, tools, and results.   

Table 20. Data Domain DD6300 system for commercial backup   

Category Components 

Processor 2 x Intel Xeon CPU E5-2680 v3, 2,501 MHz  

Memory 96 GB (12 x 8 GB 1,866 MHz) 

ESXi Host2 on R940ESXi  Host1 on R940

 

DBxTP

DBxTD

DBxTD

DBxTD

DBxAP

DBxTP

DBxTD

DBxTD

DBxTD

DBxAP

Interconnect  

 

 

  

FC SAN Network    

 

 

OLTP 

PROD 

VM1 x 10

OLTP 

DEV 

VM1 x 10

OLAP 

PROD 

VM1 x 10

OLAP PROD

Cluster x 10

OLTP 

PROD 

VM2 x 10

OLAP 

PROD 

VM2 x 10

OLTP PROD

Cluster x 10

 

OLTP DEV 

Cluster x 10

VMAX 250F: 2 V-Bricks     

Mirror Cache: 2048 GB  

SSD Disks: 105 TBe

OLTP 

DEV 

VM2 x 10
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Category Components 

Number of network ports (in 
use) 

2 x 10 GbE 

Number of enclosures (DS60) 11 

Active tier disks (in use) 11 x 3.64 TiB (40.03 TiB) SAS HDDs 

Active tier disks (spare) 1 x 3.64 TiB SAS HDD 

Cache tier disks 2 x 0.728 TiB (1.45 TiB) SAS SSDs  

Expandable storage disks1  60 x 2.73 TiB (163.8 TiB) SAS HDDs—56 active (152.9 TiB) + 
4 spare (10.9 TiB) 

System disks Not applicable 

1 The expandable storage disks in DS60 were available but were not used in the testing. 

This DD6300-based commercial backup system was configured and tested as the 

database backup and recovery solution for the Oracle Ready Bundle small configuration.  

The following figure depicts the high level commercial backup solution architecture.   

 

 

Figure 14. Commercial backup solution architecture 

 

Data Domain DD9300 systems for enterprise backup  

We tested the Data Domain DD9300 system as an enterprise backup configuration to 

back up and restore the databases in the Oracle Ready Bundle large configuration. The 

following table lists the hardware and software stack of the Data Domain DD9300 system. 

Chapter 9 provides the details of our test methodology, tools, and results.   
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Table 21. Data Domain DD9300 system for enterprise backup   

Category Components 

Processor 2 x Intel Xeon CPU E5-2680 v3, 2501 MHz  

Memory 384 GB (8 x 32 GB + 8 x 16 GB DDR4-2133 MHz) 

Number of network ports (in use) 4 x 10 GbE 

Number of enclosures (DS60) 4 

Active tier disks (in use) 196 x 2.73 TiB (534.94 TiB) SAS HDDs 

Active tier disks (spare) 14 x 2.73 TiB SAS HDD 

Cache tier disks 8 x 0.728 TiB (5.82 TiB) SAS SSDs  

Expandable storage disks None 

System disks 3 x 3.64 TiB SAS HDDs + 1 x 3.64 TiB SAS HDD (spare) 

OS  6.0.1.30-570211 

DD Boost database application 
agent  

4.5.1.0-1 

 

The following figure depicts the high-level enterprise backup solution architecture.   

 

Figure 15. Enterprise backup solution architecture 
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Compute design 

 

The physical servers that are used as the database or ESXi hosts were designed with the 

following best practices: 

 The PCIe network adapters and HBAs that are used for Oracle database public, 

private interconnect, and SAN traffic were populated based on the recommended 

slot priority for optimal power, bandwidth, and thermal performance of the 

adapters and the system. 

 Memory DIMMs were populated one DIMM per channel to maximize the memory 

throughput with the CPU sockets.  

 BIOS System Profile was set to Performance. 

 

The Ready Bundle for Oracle database compute design is logically divided into database 

workload sets. Figure 16 shows a single Ready Bundle for Oracle database set for a two-

node virtualized Oracle RAC database. 

 

Figure 16. One-database-set compute design for a two-node Oracle RAC   

Physical servers 

ESXi hosts 
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One database set consists of three database clusters or five databases: 

 One OLTP production database:  

 Dedicated cluster (C1)  

 First instance created in VM1 running on ESXi host 1  

 Second instance created in VM2 running on ESXi host 2 

 Three OLTP test/dev databases:  

 Shared cluster (C2) for all three snapshot databases  

 Each first instance created in VM1 running on ESXi host 1  

 Second instance created in VM2 running on ESXi host 2 

 One OLAP production database:  

 Dedicated cluster (C3)  

 First instance created in VM1 running on ESXi host 1  

 Second instance created in VM2 running on ESXi host 2 

Table 22 introduces the naming conventions that are used for the different clusters, VMs, 

databases, and instances for easy recognition. The cluster number and the database 

number increment as the number of datasets increases. This convention is used in the 

remainder of this guide. 

Table 22. Quantities and naming conventions for clusters, VMs, databases, and instances 

Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

OLTP production (TP) C1 C1-TP-VM1 db1tp1 C1-TP-VM2 db1tp2 

OLTP test/dev (TD) C2 C2-TD-VM1  C2-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db2td1 

db3td1 

db4td1 

 db2td2 

db3td2 

db4td2 

OLAP production (AP) C3 C3-AP-VM1 db5ap1 C3-AP-VM2 db5ap2 

Total 3 3 5 3 5 

 

 

We used the following design principles and best practices to create the VMs in Ready 

Bundle for Oracle: 

 SCSI controllers—We created multiple SCSI controllers to optimize and balance 

the I/O for the different database components, as shown in Table 23 and Table 24.  

Virtual machines 
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Table 23. SCSI controller properties: VMs containing single OLTP and OLAP production 
databases 

Controller Purpose 
SCSI bus 
sharing 

Change type 

SCSI 0 Guest OS disk None VMware Paravirtual 

SCSI 1 Oracle DATA disks Physical VMware Paravirtual 

SCSI 2 Oracle REDO disks Physical VMware Paravirtual 

SCSI 3 Oracle OCR, GIMR, FRA, TEMP Physical VMware Paravirtual 

 
Table 24. SCSI controller properties: VMs containing three OLTP test/dev databases 

Controller Purpose 
SCSI bus 
sharing 

Change type 

SCSI 0 Guest OS disk None VMware Paravirtual 

SCSI 1 db1td: DATA, REDO, FRA, OCR1 disks Physical VMware Paravirtual 

SCSI 2 db2td: DATA, REDO, FRA, OCR2 disks Physical VMware Paravirtual 

SCSI 3 db3td: DATA, REDO, FRA, OCR3, 
GIMR disks 

Physical VMware Paravirtual 

 

 Hard disk drives—All database-related disks—for example, DATA, REDO, FRA, 

OCR/VD, and TEMP—were assigned the following properties: 

 Thick provisioned eager zeroed, which is required to use the multi-writer 

property for the Oracle shared disks. 

 Multi-writer, which is the recommended setting for shared disks used in Oracle 

RAC. For details, see VMware Knowledge Base (KB) topic 1034165. 

Note: All datastores in Ready Bundle for Oracle are created using the VMFS 6 file system, which, 

by default, as a security measure, disables multiple VMs from writing to shared SAN disks.  

 VM vCPU and memory—Table 25 lists the distribution for each workload type in 

the small and medium configurations. For the large configuration, see Table 28. 

Table 25.  Small and medium configuration: VM vCPU and memory details per 
database workload type 

VM workload type 
Number of 
vCPUs 

Memory 

Reservation (GB) Total (GB) 

OLTP production (TP) 2 36 48 

OLTP test/dev (TD) 4 52 72 

OLAP production (AP) 4 52 72 

 

 

For this solution, we deployed RHEL 7.3 as the guest OS in each of the database VMs. 

For details on the Oracle Grid and Database installation prerequisites, setup, and 

RHEL OS for 

Oracle 

databases 

https://kb.vmware.com/s/article/1034165
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configuration within the guest OS, see How to deploy Oracle 12c Release 1 on RHEL 

7/Oracle Linux 7. 

Within the guest OS, the following best practices are specific to the Ready Bundle for 

Oracle solution: 

 No multipath configuration is required because it is handled at the ESXi host level. 

 All OLTP and OLAP production database storage disks are set up using Oracle 

ASM Filter Driver (ASMFD). 

 All OLTP test/dev database storage disks are set up using UDEV rules. 

 

Small configuration compute design 

The small configuration is a solution that supports two database sets. Table 26 provides 

the total quantities and the naming conventions that we used for the database clusters, 

VMs, and instances that are specific to the small configuration. 

Table 26. Small configuration: VM and database quantities and naming conventions 

Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

OLTP production (TP) C1 C1-TP-VM1 db1tp1 C1-TP-VM2 db1tp2 

OLTP test/dev (TD) C2 C2-TD-VM1  C2-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db2td1 

db3td1 

db4td1 

 db2td2 

db3td2 

db4td2 

OLAP production (AP) C3 C3-AP-VM1 db5ap1 C3-AP-VM2 db5ap2 

OLTP production (TP) C4 C4-TP-VM1 db6tp1 C4-TP-VM2 db6tp2 

OLTP test/dev (TD) C5 C5-TD-VM1  C5-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db7td1 

db8td1 

db9td1 

 db7td2 

db8td2 

db9td2 

OLAP production (AP) C6 C6-AP-VM1 db10ap1 C6-AP-VM2 db10ap2 

Total 6 6 10 6 10 

 

Medium configuration compute design 

The medium configuration supports five database sets. Table 27 provides the total 

quantities and the naming conventions used for the database clusters, VMs, and 

instances specific to the medium configuration.  

Compute design 

differences 

for three 

configurations 

http://en.community.dell.com/techcenter/enterprise-solutions/w/oracle_solutions/12290.how-to-deploy-oracle-12c-release-1-on-rhel-7oracle-linux-7
http://en.community.dell.com/techcenter/enterprise-solutions/w/oracle_solutions/12290.how-to-deploy-oracle-12c-release-1-on-rhel-7oracle-linux-7
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Table 27. Medium configuration: VM and database quantities and naming convention 

Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

OLTP production (TP) C1 C1-TP-VM1 db1tp1 C1-TP-VM2 db1tp2 

OLTP test/dev (TD) C2 C2-TD-VM1  C2-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db2td1 

db3td1 

db4td1 

 db2td2 

db3td2 

db4td2 

OLAP production (AP) C3 C3-AP-VM1 db5ap1 C3-AP-VM2 db5ap2 

OLTP production (TP) C4 C4-TP-VM1 db6tp1 C4-TP-VM2 db6tp2 

OLTP test/dev (TD) C5 C5-TD-VM1  C5-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db7td1 

db8td1 

db9td1 

 db7td2 

db8td2 

db9td2 

OLAP production (AP) C6 C6-AP-VM1 db10ap1 C6-AP-VM2 db10ap2 

OLTP production (TP) C7 C7-TP-VM1 db11tp1 C7-TP-VM2 db11tp2 

OLTP test/dev (TD) C8 C8-TD-VM1  C8-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db12td1 

db13td1 

db14td1 

 db12td2 

db13td2 

db14td2 

OLAP production (AP) C9 C9-AP-VM1 db15ap1 C9-AP-VM2 db15ap2 

OLTP production (TP) C10 C10-TP-VM1 db16tp1 C10-TP-VM2 db16tp2 

OLTP test/dev (TD) C11 C11-TD-VM1  C11-TD-
VM2 

 

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db17td1 

db18td1 

db19td1 

 db17td2 

db18td2 

db19td2 

OLAP production (AP) C12 C12-AP-VM1 db20ap1 C12-AP-
VM2 

db20ap2 

OLTP production (TP) C13 C13-TP-VM1 db21tp1 C13-TP-VM2 db21tp2 

OLTP test/dev (TD) C14 C14-TD-VM1  C14-TD-
VM2 

 

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db22td1 

db23td1 

db24td1 

 db22td2 

db23td2 

db24td2 

OLAP production (AP) C15 C15-AP-VM1 db25ap1 C15-AP-
VM2 

db25ap2 
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Large configuration compute design 

The large configuration supports ten database sets. Table 28 lists the distribution of vCPU 

and vMem for each workload type in the large configuration. 

Table 28. Large configuration: VM vCPU and memory details per database workload type 

VM workload type 
Number of 
vCPUs 

vMem 

Reservation (GB) Total (GB) 

OLTP production (TP) 2 36 48 

OLTP test/dev (TD) 4 52 72 

OLAP production (AP) 4 106 144 

 

Table 29 provides the total quantities and the naming conventions used for the database 

clusters, VMs, and instances specific to the large configuration.  

Table 29. Large configuration: VM and database quantities and naming convention 

Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

OLTP production (TP) C1 C1-TP-VM1 db1tp1 C1-TP-VM2 db1tp2 

OLTP test/dev (TD) C2 C2-TD-VM1  C2-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db2td1 

db3td1 

db4td1 

 db2td2 

db3td2 

db4td2 

OLAP production (AP) C3 C3-AP-VM1 db5ap1 C3-AP-VM2 db5ap2 

OLTP production (TP) C4 C4-TP-VM1 db6tp1 C4-TP-VM2 db6tp2 

OLTP test/dev (TD) C5 C5-TD-VM1  C5-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db7td1 

db8td1 

db9td1 

 db7td2 

db8td2 

db9td2 

OLAP production (AP) C6 C6-AP-VM1 db10ap1 C6-AP-VM2 db10ap2 

OLTP production (TP) C7 C7-TP-VM1 db11tp1 C7-TP-VM2 db11tp2 

OLTP test/dev (TD) C8 C8-TD-VM1  C8-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db12td1 

db13td1 

db14td1 

 db12td2 

db13td2 

db14td2 

OLAP production (AP) C9 C9-AP-VM1 db15ap1 C9-AP-VM2 db15ap2 
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Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

OLTP production (TP) C10 C10-TP-VM1 db16tp1 C10-TP-VM2 db16tp2 

OLTP test/dev (TD) C11 C11-TD-VM1  C11-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db17td1 

db18td1 

db19td1 

 db17td2 

db18td2 

db19td2 

OLAP production (AP) C12 C12-AP-VM1 db20ap1 C12-AP-VM2 db20ap2 

OLTP production (TP) C13 C13-TP-VM1 db21tp1 C13-TP-VM2 db21tp2 

OLTP test/dev (TD) C14 C14-TD-VM1  C14-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db22td1 

db23td1 

db24td1 

 db22td2 

db23td2 

db24td2 

OLAP production (AP) C15 C15-AP-VM1 db25ap1 C15-AP-VM2 db25ap2 

OLTP production (TP) C16 C16-TP-VM1 db26tp1 C16-TP-VM2 db26tp2 

OLTP test/dev (TD) C17 C17-TD-VM1  C17-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db27td1 

db28td1 

db29td1 

 db27td2 

db28td2 

db29td2 

OLAP production (AP) C18 C18-AP-VM1 db30ap1 C18-AP-VM2 db30ap2 

OLTP production (TP) C19 C19-TP-VM1 db31tp1 C19-TP-VM2 db31tp2 

OLTP test/dev (TD) C20 C20-TD-VM1  C20-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db32td1 

db33td1 

db34td1 

 db32td2 

db33td2 

db34td2 

OLAP production (AP) C21 C21-AP-VM1 db35ap1 C21-AP-VM2 db35ap2 

OLTP production (TP) C22 C22-TP-VM1 db36tp1 C22-TP-VM2 db36tp2 

OLTP test/dev (TD) C23 C23-TD-VM1  C23-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db37td1 

db38td1 

db39td1 

 db37td2 

db38td2 

db39td2 

OLAP production (AP) C24 C24-AP-VM1 db40ap1 C24-AP-VM2 db40ap2 

OLTP production (TP) C25 C25-TP-VM1 db41tp1 C25-TP-VM2 db41tp2 

OLTP test/dev (TD) C26 C26-TD-VM1  C26-TD-VM2  
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Workload type 

Oracle RAC 

 ESXi host 1 ESXi host 2 

Database 
cluster 
number 

VM1 
Database 
instance 1 

VM2 
Database 
instance 2 

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db42td1 

db43td1 

db44td1 

 db42td2 

db43td2 

db44td2 

OLAP production (AP) C27 C27-AP-VM1 db45tp1 C27-AP-VM2 db45tp2 

OLTP production (TP) C28 C28-TP-VM1 db46td1 C28-TP-VM2 db46td2 

OLTP test/dev (TD) C29 C29-TD-VM1  C29-TD-VM2  

TD snapshot 1 

TD snapshot 2 

TD snapshot 3 

  db47td1 

db48td1 

db49td1 

 db47td2 

db48td2 

db49td2 

OLAP production (AP) C30 C30-AP-VM1 db50ap1 C30-AP-VM2 db50ap2 

 

Data Domain backup system design 

 

During the database backup operation with Oracle RMAN, Oracle database sends 

backups to the Data Domain system through the network, which can be Fibre Channel or 

Ethernet. We selected DD Boost over Ethernet protocol to take advantage of the proven 

performance and deduplication features of DD Boost technology. In this configuration, 

both DD Boost and the distributed segment processing (DSP) are enabled.  DD Boost 

runs on both the Oracle database server and the Data Domain system. As shown in the 

following figure, for each segment that is backed up, DD Boost checks to determine if the 

segment is unique (has not been previously stored in the Data Domain system). When DD 

Boost confirms that the segment is unique, the segment is compressed and transferred 

over the network and stored on the Data Domain system. The deduplication and 

compression processes ensure that only unique data is compressed and sent over the 

network and stored in the Data Domain system. 

DD Boost 

technology  
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Figure 17. Oracle RMAN backup to Data Domain with DD Boost software 

During the first full database backup, because no data from this database has been stored 

in the Data Domain system, all the data segments from the backup are unique. As a 

result, each data segment from the first full backup is compressed, sent over the network, 

and stored in the Data Domain system. Starting with the second full backup, DD Boost 

software backs up only those unique data segments that have not been previously stored 

in the Data Domain system.  

The following example shows the statistics from the subsequent backup: 
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On the Last 5 hrs line, when we performed a subsequent backup, the Pre-comp value 

(1094.3 GiB) is the size of the database files for back up and the Post-comp value (34.5 

GiB) is the actual size of the data that went through the deduplication and compression 

processes. Unique segments were transferred over the network, and then stored in the 

Data Domain system. Two related factors are used to measure the effectiveness of the 

DD Boost deduplication and compression features: 

 Total-Comp Factor = 1094.3/34.5 = 31.7x  

 Reduction % = ((Pre-Comp-Post-Comp)/Pre-Comp)* 100 = (1094.3-34.5)/ 1094.3 

= 96.8%,  

The first number, 31.7x, is the total compression factor achieved by DD Boost 

deduplication and compression. The second number, 96.8%, shows that DD Boost 

technology reduced the storage usage and network bandwidth by 96.8 percent during the 

subsequent backup. 

 

The Data Domain system includes a set of disks for storing database backups. During the 

initial Data Domain configuration, these disks are assigned to disk groups so that they can 

be used to create file systems for storing database backups. For example, the DD6300 

system has one head unit with 14 disks plus one additional disk enclosure (DS60) with 60 

disks. As a default configuration, the disk group dg0 as a base unit is created with 12 

disks from the head unit: 11 disks (1.1–1.10, 1.12) plus one disk (1.11) as a spare disk, for 

a total of 40 TiB usable storage capacity that can be used to store the database backup 

images.  

For more storage, 60 additional storage disks in the disk enclosure DS60 can be added 

into DD6300. 

The Data Domain 9300 has one head unit with 12 disks and four disk enclosures (DS60) 

with 60 disks each. In the head unit, four disks are used as the system disks and eight 

disks are used as cache tier. From the four disk enclosures, 14 disk groups were created, 

each with14 disks plus one spare disk. Each disk group has a 38.21 TiB usable storage 

capacity. All 14 disk groups provide a total of 448.5 TiB usable storage capacity that can 

be used to store the database backup images.  

During the Data Domain system initialization process, the file system is enabled by 

running a file-system-enabling command on the Data Domain system command line. The 

following command shows the current space usage of the file system in a DD6300. 

 

Figure 18. Data Domain File system space status for DD6300 

Storage and  

file system   
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The same command can be used to show the current space usage of the file system in a 

DD9300. 

 
Figure 19. Data Domain File system space status for DD9300 

 

Create one or more storage units on the Data Domain system to use with the database 

application agent on the database server to back up the database files, as shown in the 

following example:  

 

Figure 20. Storage units 

These storage units are shown as a logical partition of the Mtree file system: 

 

Figure 21. Mtrees for the storage units 

To implement the Oracle optimized deduplication feature in a Data Domain system, set 

the value of the app_optimized-compression option to oracle1 on the Mtree with 

this command:  

mtree option set app-optimized-compression oracle1 mtree 

<storage_unit_name> 

 

For example, run these commands in the command line on the Data Domain system for 

storage unit slob_unit_7 and slob_unit_10: 

$mtree option set app-optimized-compression oracle1 mtree 

/data/col1/slob_unit_7 

$mtree option set app-optimized-compression oracle1 mtree 

/data/col1/slob_unit_10 

 

A Data Domain system connects to the Oracle Ready Bundle configuration through an 

Ethernet network as a backup appliance. The physical connectivity between the Data 

Domain system and the Oracle Ready Bundle configuration is based on two ports of 10 

Mtree and 

storage unit  

IP network 

design 
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GbE network interface controllers (NICs) installed on the DD6300 system and four ports of 

two 10 GbE NICs installed on the DD9300 system.  For a detailed description of the 

connectivity design, see Network design. 

We created a network interface group on the Data Domain system by adding these 

interfaces to this group. 

Figure 22 shows that two network interfaces, 172.16.20.2 and 172.16.20.3, were added to 

the default interface group in the DD6300 system. 

 

Figure 22. Interface group in DD6300 

Figure 23 shows that four network interfaces, 172.16.191.250, 172.16.191.251, 

172.16.191.252, and 172.16.191.253, were added to the default interface group in the 

DD9300 system. 

Figure 23. Interface group in DD9300 

To register and connect the database server as a client with the Data Domain system, 

select the static IP address assigned to one of the interfaces on the Data Domain. By 

internally enabling load balance and failover capability among the network interfaces 

configured within a group, the interface group configuration provides a high network 

bandwidth and a highly available backup network between the database servers and the 

Data Domain system. 

 

To increase the RMAN backup/restore throughput, establish a number of parallel backup 

channels with the RMAN backup or restore. On an Oracle RAC database system, we can 

take advantage of the multiple-instances architecture of RAC database to scale the RMAN 

backup workload by distributing multiple parallel backup channels over multiple RAC 

database instances. For this purpose, multiple backup channels direct the connections to 

each instance of an Oracle RAC database. The PARALLELISM setting in the RMAN 

Multiple channel 

backup and 

restore with 

Oracle RAC   
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backup and restore script defines the total number of parallel RMAN backup or restore 

channels. The setting varies depending on the database size, CPU utilization, and backup 

throughput and backup time. In general, more parallel channels can lead to a higher 

backup throughput with a shorter backup time, but also require a higher CPU utilization 

and more network bandwidth. For example, we used a total of six channels in the first full 

backup performance test with three channels connecting to each RAC database instance 

as shown in the following figure. 

 

Figure 24. Multiple channels for Oracle RAC Database backup and restore 

 

To provide adequate CPU power to support the multiple parallel channels during the 

database backup and restore operation, we increased the number of CPUs in both 

database RAC nodes to eight for both OLTP PROD databases and OLAP PROD 

database nodes. We reset the eight vCPUs to the virtual machines that run the Oracle 

database instances. 

vCPU setting for 

database backup 

and restore 
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Figure 25. 8 vCPUs on Database Server VMs for multiple channels RMAN backup 

 

Configure Oracle RMAN backup and restore by providing specific parameter settings. For 

commercial backup with the DD6300 system, we used the following settings in our backup 

and restore tests for all the databases. 

Operation Parameter Setting 

Single database backup PARALLELISM 6 

Multiple database backups PARALLELISM 16 

Single database backup Section size 5 G 

Multiple database backups Section size 128 M 

All backups BLKSIZE 1,048,576 

Restore PARALLELISM 32 

Restore BLKSIZE 1,048,576 

 

  

RMAN backup 

and restore 

parameters 
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Network design 

 

Physical layout 

Figure 26 shows the solution’s redundant and highly available physical network design. 

 

Figure 26. IP network: Physical LAN connections   

As Figure 26 shows, the Ready Bundle for Oracle IP network design includes the 

following ports: 

 Two 10 GbE highly available network ports per ESXi host that are shared for 

Oracle public and VMware vMotion traffic 

 Two 10 GbE highly available network ports per ESXi host for Oracle private 

interconnect traffic 

 Three 1 GbE network ports per ESXi host for its management—one port using 

iDRAC and two redundant ports using vSphere Web Client 

 Three 1 GbE network ports on the management server—one port for iDRAC for 

its own remote management and two redundant ports to allow management 

software to manage the entire solution infrastructure 

Oracle public, private interconnect, and vMotion networks are configured on the same 

redundant top-of-rack (ToR) 10 GbE S4048-ON switches. However, the network traffic is 

segregated using VLANs as shown in Table 30. 

IP network 
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Table 30. VLAN configuration on S4048-ON 10 GbE ToR switches 

Traffic type VLAN ID 

Oracle public 16 

Private management 30 

VMware vMotion 99 

Oracle private interconnect 100 

 

Note: On the S4048-ON switches, the two ports that are connected to the interfaces on the ESXi 

hosts that share the Oracle public and the vMotion network traffic are tagged with both VLAN IDs 

16 and 99 to ensure that both those switch ports route network traffic. 

Logical network 

Figure 27 shows the logical or VM network topology implemented in Ready Bundle for 

Oracle. 

 

Figure 27. Ready Bundle for Oracle logical or VM network topology 
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As shown in Figure 27, the Ready Bundle for Oracle logical network design consists of the 

following virtual switches and port groups: 

 Private distributed switch—This switch is implemented as a distributed virtual 

switch for Oracle private interconnect. Within this distributed switch, we created two 

separate distributed port groups and four uplink ports, as follows: 

 Private 1 distributed port group—This group provides the interfaces for 

Oracle private 1 for each of the Oracle RAC VMs across both the ESXi hosts. 

 Private 2 distributed port group—This group provides the interfaces for 

Oracle private 2 for each of the Oracle RAC VMs across both the ESXi hosts. 

 Four uplink ports—Two 10 GbE physical ports for each ESXi host dedicated 

for private interconnect serve as uplink ports in the private distributed switch to 

provide sufficient bandwidth and redundancy. 

 Public/vMotion distributed switch—This switch is implemented as a distributed 

virtual switch for Oracle public and VMware vMotion traffic. Within this distributed 

switch, we created two separate distributed port groups and four uplink ports, as 

follows: 

 Public distributed port group—This group provides the interfaces for Oracle 

public for each of the Oracle RAC VMs across both the ESXi hosts. This port 

group is tagged with VLAN ID 16, which is the same as the VLAN ID that is 

configured on the S4048-ON ToR switch for public traffic.  

NOTE: The public distributed port group also serves as the database backup network 

through which each database server VM backs up the database to the Data Domain 

backup appliance 

 vMotion distributed port group—This group provides dedicated interfaces for 

VMware vMotion activity for VM migrations across the two ESXi hosts. This port 

group is tagged with VLAN ID 99, which is the same as the VLAN ID that is 

configured on the S4048-ON ToR switch for vMotion traffic. 

 Four uplink ports—Two 10 GbE physical ports for each ESXi host dedicated 

for public and vMotion serve as uplink ports to the public/vMotion distributed 

switch to provide sufficient bandwidth and redundancy. 

 Management standard switch—This switch is implemented as a standard switch 

for management traffic—vmk0 and VM network for VMs. Two 1 GbE LAN On 

Motherboard (LOM) ports for each ESXi host connected to the S3048-ON 

management switch are used for the same purpose. 

 

The following SAN network best practices are implemented in Ready Bundle for Oracle: 

 Use at least two initiators per ESXi or database host for load balance and 

bandwidth. For high availability, place the two initiators on separate HBAs. 

 Implement redundant FC switches for high availability. 

 Ensure that one FC zone set includes one HBA port or initiator and at least one 

VMAX FA or target ports. 

 Set the two VMAX FA ports within a single zone set on separate directors or 

engines. 

SAN network 
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Small-configuration SAN design 

Figure 28 shows the recommended physical SAN network connections between the ESXi 

hosts, the FC switches, and the VMAX 250F storage arrays for the small configuration.  

 

Figure 28. Small configuration: SAN network connections 

The SAN connectivity and redundancy of the components in the small configuration 

ensure that no single point of failure exists, and provides the necessary bandwidth. As 

shown in Figure 28, the small configuration consists of the following: 

 Two dual-port 16 Gb/s HBAs per ESXi host with a total bandwidth of 8 GB/s per 

host and 16 GB/s across the two nodes. For optimal performance, the two HBAs 

are populated in PCIe slots 1 and 7 of the PowerEdge R740 servers. 

 One quad-port 16 Gb/s SLIC per VMAX director, providing a bandwidth of 8 GB/s 

per director or a total of 16 GB/s across the single VMAX engine. 

Figure 29 shows the logical view after the recommended zoning configurations are 

created on the redundant FC switches. Zoning is configured so that each host initiator is 

zoned to two target FA ports that are located on separate VMAX directors. This 

configuration ensures the availability of a path for the Oracle RAC nodes to reach the 

storage if one or more ports or HBAs, a switch, or a director fails. 
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Figure 29. Small-configuration zoning 

 

Medium-configuration SAN design 

Figure 30 shows the recommended physical SAN network connections between the ESXi 

hosts, the FC switches, and the VMAX 250F storage arrays in the medium configuration. 

 

Figure 30. Medium configuration: SAN network connections  

The SAN connectivity and redundancy of the components in the medium configuration 

ensure that no single point of failure exists, and provides the necessary bandwidth. As 

shown in Figure 30, the medium configuration includes the following:  

 Two dual-port 16 Gb/s HBAs per ESXi host for a total bandwidth of 8 GB/s per host 

and 16 GB/s across the two nodes. For optimal performance, the two HBAs are 

populated in PCIe slots 5 and 11 of the PowerEdge R940 servers. 

 Three quad-port 16 Gb/s SLICs per VMAX director. Two ports per SLIC are used 

for a bandwidth of 12 GB/s per director or a total of 24 GB/s across the single 

VMAX engine. 
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Figure 31 shows the logical view after the recommended zoning configurations are 

created on the redundant FC switches. Zoning is configured in such a way that each host 

initiator is zoned to two target FA ports that are located on separate VMAX directors. This 

configuration ensures the availability of a path for the Oracle RAC nodes to reach the 

storage in case one or more ports or HBAs, a switch, or a director fails. 

 

Figure 31. Medium-configuration zoning 

Large-configuration SAN design 

The following figure shows the recommended physical SAN network connections between 

the ESXi hosts, the FC switches, and the VMAX 250F storage arrays in the large 

configuration. 

 

 

Figure 32. Large configuration: SAN network connections  
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The SAN connectivity and redundancy of the components in the large configuration 

ensure that no single point of failure exists, and provides the necessary bandwidth. As 

shown in the following figure, the large configuration includes the following:  

 Two dual-port 16 Gb/s HBAs per ESXi host for a total bandwidth of 8 GB/s per host 

and 16 GB/s across the two nodes. For optimal performance, the two HBAs are 

populated in PCIe slots 2 and 5 of the PowerEdge R940 servers. 

 Two quad-port 16 Gb/s SLICs per VMAX director. One port per SLIC is used for a 

bandwidth of 4 GB/s per director or a total of 16 GB/s across the two VMAX 

engines. 

The following figure shows the logical view after the recommended zoning configurations 

are created on the redundant FC switches. Zoning is configured so that each host initiator 

is zoned to one target FA port that is located on a separate VMAX director. This 

configuration ensures the availability of a path for the Oracle RAC nodes to reach the 

storage in case one or more ports or HBAs, a switch, a director, or an engine fails. 

 

 

Figure 33. Large-configuration zoning 

NOTE: Because the R940 chassis that is used for the large configuration is equipped to 

support up to 12 NVMe drives, PCIe slots 8, 11, and 12 are unavailable. The slots are 

populated with the PCIe extender cards needed for NVMe drives. 

 

Small-configuration network design 

The LAN connectivity design in the small configuration provides redundancy, sufficient 

bandwidth, and high availability. The solution uses two 10 GbE connections for private 

interconnect and two connections for public/vMotion on separate adapters. One 

connection is on the add-on adapter in slot 3, and the other connection is on the network 

datacard (NDC), as shown in Figure 34. 

 

Differences in 

network design 

for three 

configurations 
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Figure 34. Small configuration: IP network connections   

Note: You do not have to use one add-on adapter and one NDC for this solution. Instead, you can 

use two add-on adapters. In general, the best practice is to have the redundant ports for private 

and public/vMotion on two separate NICs for high availability and on two separate PCIe bus lanes 

for performance. 

Medium-configuration network design 

The LAN connectivity design in the medium configuration provides redundancy, sufficient 

bandwidth, and high availability. The solution uses two 10 GbE connections for private 

interconnect and two connections for public/vMotion on separate adapters. One 

connection is on the add-on adapter in slot 2, and the other connection is on the add-on 

adapter in slot 6, as shown in Figure 35. 
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Figure 35. Medium configuration: IP network connections   

The 10 GbE network adapters are populated in slots 2 and 6 because they are the 

recommended slots for these adapters in R940 servers for optimal performance. 

Large-configuration network design 

The LAN connectivity design in the large configuration provides redundancy, sufficient 

bandwidth, and high availability. The solution uses two 10 GbE connections for private 

interconnect and two connections for public/vMotion on separate adapters. One 

connection is on the add-on adapter in slot 6, and the other connection is on the add-on 

adapter in slot 9, as shown in the following figure. 
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Figure 36. Large configuration: IP network connections   

The 10 GbE network adapters are populated in slots 6 and 9. The slots are the 

recommended slots for these adapters in R940 servers for optimal performance. 

NOTE: Because the R940 chassis used for the large configuration is equipped to support up to 12 

NVMe drives, PCIe slots 8, 11, and 12 are unavailable. The slots are populated with the PCIe 

extender cards needed for NVMe drives.  

 

To test the commercial backup and recovery solution, we connected the DD6300 system 

as the backup appliance to the Ready Bundle for Oracle solution in a small configuration. 

As shown in Figure 37, we connected two 10 GbE ports from two separate NICs on the 

DD6300 system to two separate S4048-ON 10 GbE switches. S4048-ON switches serve 

as the ToR Ethernet switches for Oracle database public, private interconnect, and 

VMware vMotion network traffic in the Ready Bundle for Oracle solution. 
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Figure 37. DD6300 backup and recovery solution: IP network connections   

For the databases in the Ready Bundle for Oracle solution to communicate with the 

DD6300 backup appliance, the two DD6300 network ports on the S4048-ON switches 

were added as untagged 10 GbE ports to VLAN (configuration) ID 16. This VLAN serves 

as the public VLAN in the Ready Bundle for Oracle solution. We connected the 
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management port on the DD6300 system to the S3048-ON 1 GbE switch that serves as 

the management switch in the Ready Bundle for Oracle solution. 

Within the DD6300 system, we configured the two network ports with static IP addresses 

that belong to the same subnet as the Oracle database public network in the Ready 

Bundle solution. These two network interfaces were added to the default interface group 

under the DD Boost protocols configuration. 

 

To test the enterprise backup and recovery solution, we connected the DD9300 system as 

the backup appliance in the large configuration of the Ready Bundle for Oracle solution. 

As shown in Figure 38, we connected four 10 GbE ports from two separate NICs on the 

DD9300 system to two separate S4048-ON 10 GbE switches. S4048-ON switches serve 

as the ToR Ethernet switches for Oracle database public, private interconnect, and 

VMware vMotion network traffic in the Ready Bundle for Oracle solution. 

DD9300 network 

design 
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Figure 38. DD9300 backup and recovery solution: IP network connections   

For the databases in the Ready Bundle for Oracle solution to communicate with the 

DD9300 backup appliance, the four DD9300 network ports on the S4048-ON switches 

were added as untagged 10 GbE ports to VLAN (configuration) ID 16. This VLAN serves 
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as the public VLAN in the Ready Bundle for Oracle solution. The management port on the 

DD9300 system was connected to the S3048-ON 1 GbE switch that serves as the 

management switch in the solution. 

Within the DD9300 system, we configured the four network ports with static IP addresses 

that belong to the same subnet as the Oracle database public network in the Ready 

Bundle solution. We added these four network interfaces to the default interface group 

under the DD Boost protocols configuration. 

 

Storage design 

 

In this solution, we used the following design principles to implement the storage volumes 

for the Oracle databases: 

 Create volumes belonging to the same databases under their own separate parent 

storage group (SG) for ease of managing and monitoring them individually.  

 Within the parent SG, create separate child groups for each type of volume. For 

example, create separate child groups for guest OS, OCR/VD, DATA, REDO, 

FRA, and TEMP.  

 Enable compression on the parent SGs to have more effective storage space 

than the actual physical space available. 

 Create three thin volumes for OCR/VD. For an overview of Dell EMC Virtual 

Provisioning technology in VMAX, see Using EMC VMAX Storage in VMware 

vSphere Environments. 

 Create at least four thin volumes for DATA and REDO. 

Although this design makes it easier to maintain volumes at the individual database level 

on the VMAX storage array, note that the overall solution presents many volumes to the 

ESXi hosts as SCSI devices or disks, especially as the number of supported databases 

increases. ESXi limits the maximum number of SCSI devices or paths that it supports per 

host. Monitor the total number of SCSI devices or disks that the ESXi hosts see. 

Exceeding the limit causes some volumes to be invisible to the ESXi hosts, which can 

cause failure at different levels. 

ESXi 6.5, which is the version of the hypervisor OS on the database servers, supports a 

maximum of 2,048 SCSI devices or paths for each host server. This limitation warrants 

some differences in the way you create the SGs on VMAX for the medium and large 

configuration of Ready Bundle for Oracle.  

Small-configuration storage group design 

We used the following high-level design principles for the SGs and volumes in the small 

configuration: 

 Create a separate parent SG for each of the ten databases. 

 Create dedicated child SGs and thin volumes for the guest OS, OCR/VD, GIMR, 

DATA, REDO, FRA, and TEMP. 

VMAX storage 

design 

https://www.emc.com/collateral/hardware/solution-overview/h2529-vmware-esx-svr-w-symmetrix-wp-ldv.pdf
https://www.emc.com/collateral/hardware/solution-overview/h2529-vmware-esx-svr-w-symmetrix-wp-ldv.pdf
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Table 31, Table 32, and Table 33 show the SG and volume design for one database set in 

the small configuration. We created the second set in the small configuration using similar 

design principles. As shown in Table 31, we created dedicated OS, OCR, GIMR, DATA, 

REDO, FRA (OLTP production and test/dev), and TEMP (OLAP production) child SGs for 

each database.  

Note: Because the three OLTP test/dev databases (for example, D2, D3, and D4) belong to the 

same database cluster, create OS, OCR, and GIMR SGs only once to be used clusterwide. 

Table 31. Small configuration: SG and volume design of OLTP production databases 

Parent SG name 
Child SG 
name 

Number of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

C1-TP-SG     

 C1-OS 1 550 550 

 C1-OCR 3 20 60 

 C1-GIMR 1 50 50 

 C1-DATA-D1 4 300 1,200 

 C1-REDO-D1 4 20 80 

 C1-FRA-D1 1 100 100 

Total  14  2,040 

 
Table 32. Small configuration: SG and volume design of OLTP test/dev databases 

Parent SG name 
Child SG 
name 

Number 
of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

C2-TD-D2-SG     

 C2-OS 1 550 550 

 C2-OCR 3 20 60 

 C2-GMR 1 50 50 

 C2-DATA-D2 4 300 1,200 

 C2-REDO-D2 4 20 80 

 C2-FRA-D2 1 100 100 

Total  14  2,040 

C2-TD-D3-SG     

 C2-DATA-D3 4 300 1,200 

 C2-REDO-D3 4 20 80 

 C2-FRA-D3 1 100 100 

Total  9  1,380 

C2-TD-D4-SG     
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Parent SG name 
Child SG 
name 

Number 
of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

 C2-DATA-D4 4 300 1,200 

 C2-REDO-D4 4 20 80 

 C2-FRA-D4 1 100 100 

Total  9  1,380 

 

Note: The DATA, REDO, and FRA volumes for the test/dev databases that are listed in Table 32 are 

generated using AppSync software. For details, see Creating test/dev databases from production database. 

Table 33. Small configuration: SG and volume design of OLAP production databases 

Parent SG name 
Child SG 
name 

Number 
of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

C3-AP-SG     

 C3-OS 1 1,100 1,100 

 C3-OCR 3 20 60 

 C3-GMR 1 50 50 

 C3-DATA-D5 4 600 2,400 

 C3-REDO-D5 4 20 80 

 C3-TEMP-D5 1 400 400 

Total  14  4,090 

 

As shown in Table 34, each ESXi host sees 960 SCSI devices or paths in the small 

configuration. This number is well under the ESXi 6.5 limit of 2,048 devices, leaving 

sufficient capacity to create additional volumes, if needed. 

Table 34. Small configuration: Total SCSI devices or paths 

 

 

Medium- and large-configuration storage group design 

To keep the total number of SCSI paths or devices under the limit of 2,048, we used the 

following high-level design principles for the SG and volumes in the medium and large 

configurations: 

 Create separate parent SGs for each of the 25 databases in medium 

configurations or each of the 50 databases in large configurations. 

 Create dedicated child SGs and thin volumes for DATA, REDO, FRA, and TEMP. 

Initiators 
per ESXi 
node 

VMAX FA 
targets per 
initiator 

SCSI paths 
per volume 

DB volumes 
per set 

Sets 
Total DB 
volumes 

Total SCSI 
paths per 
ESXi node 

4 2 4 x 2 = 8 60 2 60 x 2 = 120 120 x 8 = 960 
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 Create dedicated child SGs and thin volumes for the guest OS for OLTP 

production and OLAP production databases. 

 Create shared SGs and volumes for OCR, GIMR, and the guest OS (for test/dev 

databases only). 

For the medium configuration, the following table shows the SGs and volumes that are 

shared across all the databases, except the guest OS volume, which is shared only for 

test/dev databases. 

Table 35. Medium configuration: Shared SGs and volumes 

Parent SG name 
Child SG 
name 

Volume 
size per 
cluster/DB 
(GB) 

Number of 
cluster/DB 
sharing 
volumes 

Number 
of 
volumes 

Total shared volume size 

C0-COMMON-SG      

 C0-OS-TD 550 5 1 550 GB x 5 x 1 = 2,750 GB 

 C0-OCR 20 15 3 20 GB x 15 x 3 = 900 GB 

 C0-GIMR 50 15 1 50 GB x 15 x 1 = 750 GB 

Total    5 4,400 GB 

 

For the large configuration,the following table shows the SGs and volumes that are shared 

across all the databases, with the exception of the guest OS volume, which is shared only 

for test/dev databases. 

Table 36. Large configuration: Shared SGs and volumes 

Parent SG name 
Child SG 
name 

Volume 
size per 
cluster/DB 
(GB) 

Number of 
RAC DBs 
sharing 
volumes 

Number 
of 
volumes 

Total shared volume size 

C0-COMMON-SG      

 C0-OS-TD 550 10 1 550 GB x 10 x 1 = 5,500 GB 

 C0-OCR 20 30 3 20 GB x 30 x 3 = 1,800 GB 

 C0-GIMR 50 30 1 50 GB x 30 x 1 = 1,500 GB 

Total    5 8,800 GB 

 

Table 37, Table 38, and Table 39 show the dedicated SGs and volumes for one database 

set in the medium and the large configuration. We created the remaining four sets in the 

medium configuration and the remaining nine sets in the large configuration by using 

similar design principles. As shown in these tables, for each database we created a 

dedicated OS (for OLTP/OLAP production only), DATA, REDO, FRA (OLTP production 

and test/dev), and TEMP (OLAP production) child SGs. 
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Table 37. Medium and large configurations: SG and volume design of OLTP production 
databases 

Parent SG name 
Child SG 
name 

Number of 
volumes 

Size per 
volume 
(GB) 

Total 
size 
(GB) 

C1-TP-SG     

 C1-OS 1 550 550 

 C1-DATA-D1 4 300 1,200 

 C1-REDO-D1 4 20 80 

 C1-FRA-D1 1 100 100 

Total  10  1,930 

 
Table 38. Medium and large configurations: SG and volume design of OLTP test/dev 
databases 

Parent SG name 
Child SG 
name 

Number of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

C2-TD-D2-SG     

 C2-DATA-D2 4 300 1,200 

 C2-REDO-D2 4 20 80 

 C2-FRA-D2 1 100 100 

Total  9  1,380 

C2-TD-D3-SG     

 C2-DATA-D3 4 300 1,200 

 C2-REDO-D3 4 20 80 

 C2-FRA-D3 1 100 100 

Total  9  1,380 

C2-TD-D4-SG     

 C2-DATA-D4 4 300 1,200 

 C2-REDO-D4 4 20 80 

 C2-FRA-D4 1 100 100 

Total  9  1,380 
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Table 39. Medium and large configurations: SG and volume design of OLAP production 
databases 

Parent SG name 
Child SG 
name 

Number of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

C3-AP-SG     

 C3-OS 1 1,100 1,100 

 C3-DATA-D5 4 600 2,400 

 C3-REDO-D5 4 20 80 

 C3-TEMP-D5 1 400 400 

Total  10  3,980 

 
Table 40. Medium configuration: Total SCSI devices or paths 

Parameter Value 

Number of initiators per ESXi node 4 

Number of VMAX FA targets per initiator 2 

Number of  SCSI paths per volume 4 x 2 = 8 

Number of dedicated database volumes per set 47 

Number of sets 5 

Number of dedicated database volumes 47 x 5 = 235 

Number of shared volumes 5 

Total SCSI paths per ESXi node (235 + 5) x 8 = 1,920 

 

As shown in Table 41, each ESXi host sees 1,920 SCSI devices or paths in the medium 

configuration. This number is well below the ESXi 6.5 limit of 2,048 devices. 

Table 41. Large configuration: Total SCSI devices or paths 

Parameter Value 

Number of initiators per ESXi node 4 

Number of VMAX FA targets per initiator 1 

Number of  SCSI paths per volume 4 x 1 = 4 

Number of dedicated database volumes per set 47 

Number of sets 10 

Number of dedicated database volumes 47 x 10 = 470 

Number of shared volumes 5 

Total SCSI paths per ESXi node (470 + 5) x 4 = 1,900 

 

As shown in Table 40, each ESXi host sees a total of 475 volumes in the large 

configuration. This number is below the ESXi 6.5 limit of 512 volumes. Also, each ESXi 
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host sees 1,900 SCSI devices due to the four paths per volume used in the large 

configuration. This number is well below the ESXi 6.5 limit of 2,048 devices. 

NOTE: In the large configuration, we reduced the number of VMAX FA targets per initiator to one 

because the number of volumes doubled when compared to the medium configuration. If 

continued with two targets per initiator, then we would have exceeded the 2,048 limit. 

 

The VM datastore design on vSphere follows the VMAX storage volume design. 

Therefore, for each volume created on the VMAX storage, we create an equivalent 

vSphere datastore formatted with the VMFS 6 file system with a single GPT partition that 

spans the entire disk. 

Small-configuration VM datastore design 

Similar to the VMAX storage volume design, the VM datastore design for the small 

configuration involves dedicated datastores for each of the databases, as shown in Table 42. 

Table 42 shows the datastore design for one database set, which is then replicated in the 

second database set. During the VM configuration of each database, these dedicated and 

individual datastores are selected as the location of each of the HDDs that are created for 

each of the database volume types. 

Table 42. Small configuration: vSphere VM datastore design for OLTP production 
databases  

Datastore name 
Datastore 
size (GB) 

Purpose 

C1-OS 550 1 x dedicated datastore for the two C1 VM guest 
operating systems. Each guest OS Virtual 
Machine Disk (VMDK) is 250 GB.  

C1-OCR-1 20 3 x dedicated datastores for normal redundancy 
OCR/voting disk of cluster 1 or dbtp1 database. 

C1-OCR-2 20 

C1-OCR-3 20 

C1-GIMR 50  1 x dedicated datastore for GIMR of cluster 1 or 
dbtp1 database. 

C1-DATA-D1-1 300 4 x dedicated datastores for Oracle DATA disks 
in cluster 1 or dbtp1 database. 

C1-DATA-D1-2 300 

C1-DATA-D1-3 300 

C1-DATA-D1-4 300 

C1-REDO-D1-1 20 4 x dedicated datastores for Oracle REDO disks 
in cluster 1 or dbtp1 database. 

C1- REDO-D1-2 20 

C1- REDO-D1-3 20 

C1- REDO-D1-4 20 

C1-FRA-D1 100 1 x dedicated datastore for FRA in cluster 1 or 
dbtp1 database. 

Total datastores: 14 2,040  

VM datastore 

design 
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Table 43. Small configuration: vSphere VM datastore design for OLTP test/dev databases  

Datastore name 
Datastore 
size (GB) 

Purpose 

C2-OS 550 1 x dedicated datastore for the two C1 VM 
guest operating systems. Each guest OS 
VMDK is 250 GB. 

C2-OCR-1 20 3 x dedicated datastores for normal 
redundancy OCR/voting disk of cluster 2 or 
dbtd2/dbtd3/dbtd4 databases. C2-OCR-2 20 

C2-OCR-3 20 

C2-GIMR 50 1 x dedicated datastore for GIMR of cluster 2 
or dbtd2/dbtd3/dbtd4 databases. 

Total datastores: 5 680  

 

Note: Table 43 does not show the DATA, REDO, and FRA datastores for the three test/dev 

databases. These datastores are not created explicitly. AppSync software auto-generates the 

datastores and maps them to their respective VMs or databases.  

Table 44. Small configuration: vSphere VM datastore design for OLAP production 
databases  

Datastore name 
Datastore 
size (GB) 

Purpose 

C3-OS 1,100 1 x dedicated datastore for the three C1 VM 
guest operating systems. Each guest OS 
VMDK is 500 GB. 

C3-OCR-1 20 3 x dedicated datastores for normal 
redundancy OCR/voting disk of cluster 3 or 
dbap5 database. C3-OCR-2 20 

C3-OCR-3 20 

C3-GIMR 50 1 x dedicated datastore for GIMR of cluster 3 
or dbap5 database. 

C3-DATA-D1-1 600 4 x dedicated datastores for Oracle DATA 
disks in cluster 3 or dbap5 database. 

C3-DATA-D1-2 600 

C3-DATA-D1-3 600 

C3-DATA-D1-4 600 

C3-REDO-D1-1 20 4 x dedicated datastores for Oracle REDO 
disks in cluster 3 or dbap5 database. 

C3- REDO-D1-2 20 

C3- REDO-D1-3 20 

C3- REDO-D1-4 20 

C3-TEMP-D1 400 1 x dedicated datastore for FRA in cluster 3 or 
dbap5 database. 

Total datastores: 14 4,090  
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Medium and large-configuration VM datastore design 

Similarly to the VMAX storage volume design, the VM datastore design for the medium 

and large configurations includes the following:  

 Dedicated datastores for DATA, REDO, FRA, and TEMP volumes for each of the 

databases 

 Dedicated datastore for the guest OS for OLTP/OLAP production database clusters 

 Shared datastores for OCR/VD and GIMR for all database clusters  

 Shared datastore for the guest OS for OLTP test/dev database clusters 

The following table shows the datastores that are shared across all the databases in the 

medium configuration, except the guest OS datastore, which is shared only by the 

test/dev databases. 

Table 45. Medium configuration: Shared datastore design in vSphere 

Datastore name 

Volume size 
used per 
cluster/DB 
(GB) 

Number of 
cluster DBs 
sharing 
datastore 

Total datastore size 

C0-COMMON-OCR-1 20 15 20 GB x 15 = 300 GB 

C0-COMMON-OCR-2 20 15 20 GB x 15 = 300 GB 

C0-COMMON-OCR-3 20 15 20 GB x 15 = 300 GB 

C0-COMMON-GIMR 50 15 50 GB x 15 = 750 GB 

C0-COMMON-TD-OS 550 5 550 GB x 5 = 2,750 GB 

Total   4,400 GB 

 

The following table shows the datastores that are shared across all the databases in the 

large configuration, except the guest OS datastore, which is shared only by the test/dev 

databases. 

Table 46. Large configuration: Shared datastore design in vSphere 

Datastore name 

Volume size 
used per 
cluster/DB 
(GB) 

Number of 
cluster DBs 
sharing 
datastore 

Total datastore size 

C0-COMMON-OCR-1 20 30 20 GB x 30 = 600 GB 

C0-COMMON-OCR-2 20 30 20 GB x 30 = 600 GB 

C0-COMMON-OCR-3 20 30 20 GB x 30 = 600 GB 

C0-COMMON-GIMR 50 30 50 GB x 30 = 1,500 GB 

C0-COMMON-TD-OS 550 10 550 GB x 10 = 5,500 GB 

Total   8,800 GB 

 

Note: Table 45 and Table 46 describe the datastores that must be created manually for the 

test/dev databases in the medium and the large configurations. We do not manually create DATA, 
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REDO, and FRA datastores for test/dev databases. AppSync software automatically creates these 

datastores, and the datastores are mapped to their respective VMs or databases during the 

snapshot creation. For details, see Creating test/dev databases from production database.  

Table 47 and Table 48 show the design of the dedicated OLTP and OLAP production 

databases datastores for one database set, which is replicated for the remaining four 

database sets in the medium configuration and the nine remaing database sets in the 

large configuration. During the VM configuration of each database, these dedicated and 

individual datastores are selected as the location of each of the HDDs that are created for 

each of the database volume types. 

Table 47. Medium and large configuration: vSphere VM dedicated datastore design for 
OLTP production databases 

Datastore name 
Datastore 
size (GB) 

Purpose 

C1-OS 550 1 x dedicated datastore for the two C1 VM 
guest operating systems. Each guest OS 
VMDK is 250 GB. 

C1-DATA-D1-1 300 4 x dedicated datastores for Oracle DATA 
disks in cluster 1 or dbtp1 database. 

C1-DATA-D1-2 300 

C1-DATA-D1-3 300 

C1-DATA-D1-4 300 

C1-REDO-D1-1 20 4 x dedicated datastores for Oracle REDO 
disks in cluster 1 or dbtp1 database. 

C1- REDO-D1-2 20 

C1- REDO-D1-3 20 

C1- REDO-D1-4 20 

C1-FRA-D1 100 1 x dedicated datastore for FRA in cluster 1 or 
dbtp1 database. 

Total datastores: 10 1,930  

 
Table 48. Medium and large configuration: vSphere VM dedicated datastore design for 

OLAP production databases 

Datastore name 
Datastore 
size (GB) 

Purpose 

C3-OS 1,100 1 x dedicated datastore for the three C1 VM 
guest operating systems. Each guest OS 
VMDK is 500 GB. 

C3-DATA-D1-1 600 4 x dedicated datastores for Oracle DATA 
disks in cluster 3 or dbap5 database. 

C3-DATA-D1-2 600 

C3-DATA-D1-3 600 

C3-DATA-D1-4 600 

C3-REDO-D1-1 20 4 x dedicated datastores for Oracle REDO 
disks in cluster 3 or dbap5 database. 

C3- REDO-D1-2 20 
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Datastore name 
Datastore 
size (GB) 

Purpose 

C3- REDO-D1-3 20 

C3- REDO-D1-4 20 

C3-TEMP-D1 400 1 x dedicated datastore for FRA in cluster 3 or 
dbap5 database. 

10 3,980  

 

 

The details of the storage design for Oracle RAC databases are based on the design 

introduced in VMAX storage design and VM datastore design.  

Table 49 provides the details of the storage volumes that are provisioned for each of the 

OLTP PROD databases in Ready Bundle for Oracle.  

Table 49. Storage volumes for OLTP PROD database 

VMware 
virtual 
disk 

Size 
(GB) 

Oracle 
ASM 
disk 

Oracle ASM 
disk group 

ASM striping Oracle datafile 

Disk2 20 OCR1 +OCR (normal 
redundancy) 

Coarse striping OCR files and 
voting disk files 

Disk3 20 OCR2 

Disk4 20 OCR3 

Disk5 50 GIMR +GIMR 
(external 
redundancy) 

Coarse striping GIMR files 

Disk6 300 DATA1 +DATA 
(external 
redundancy) 

Coarse striping Data files, temp 
files, control files, 
undo tablespace Disk7 300 DATA2 

Disk8 300 DATA3 

Disk9 300 DATA4 

Disk10 20 REDO1 +REDO 
(external 
redundancy) 

Fine-grain 
striping 

Online redo log 
files. 

Disk11 20 REDO2 

Disk12 20 REDO3 

Disk13 20 REDO4 

Disk14 100 FRA +FRA (external 
redundancy) 

Coarse striping Archived redo logs 

 

Table 50 provides the details of the storage volumes that are provisioned for each of the 

OLAP PROD databases in Ready Bundle for Oracle. 

Database 

storage design 

for Oracle RAC 

databases 
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Table 50. Storage volumes for OLAP PROD database 

VMware 
virtual 
disk 

Size 
(GB) 

Oracle 
ASM 
disk 

Oracle ASM 
disk group 

ASM striping Oracle datafile 

Disk2 20 OCR1 +OCR (normal 
redundancy) 

Coarse striping OCR files and 
voting disk files 

Disk3 20 OCR2 

Disk4 20 OCR3 

Disk5 50 GIMR +GIMR 
(external 
redundancy) 

Coarse striping GIMR files 

Disk6 600 DATA1 +DATA 
(external 
redundancy) 

Coarse striping Data files, control 
files, undo 
tablespace Disk7 600 DATA2 

Disk8 600 DATA3 

Disk9 600 DATA4 

Disk10 20 REDO1 +REDO 
(external 
redundancy) 

Fine-grain 
striping 

Online redo log 
files 

Disk11 20 REDO2 

Disk12 20 REDO3 

Disk13 20 REDO4 

Disk14 400 TEMP +TEMP 
(external 
redundancy) 

Fine-grain 
striping 

Temp files 
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Table 51 provides the details of the storage volumes that are provisioned for each of the 

OLTP DEV databases in Ready Bundle for Oracle. 

Table 51. Storage volumes for OLTP DEV cluster  

VMware 
virtual 
disk* 

Size 
(GB) 

Oracle 
ASM 
disk 

Oracle ASM 
disk group 

ASM striping Oracle datafile 

Disk2 20 OCR1 +OCR (normal 
redundancy) 

Coarse striping OCR files and voting 
disk files 

Disk3 20 OCR2 

Disk4 20 OCR3 

Disk5 50 GIMR +GIMR 
(external 
redundancy) 

Coarse striping GIMR file 

Disk6 300 DATA1 +DATA 
(external 
redundancy) 

Coarse striping Datafiles, temp files, 
control files, undo 
tablespace Disk7 300 DATA2 

Disk8 300 DATA3 

Disk9 300 DATA4 

Disk10 20 REDO1 +REDO 
(external 
redundancy) 

Fine-grain striping Online redo log files 

Disk11 20 REDO2 

Disk12 20 REDO3 

Disk13 20 REDO4 

Disk14 100 FRA +FRA 
(external 
redundancy) 

Coarse striping Archived redo logs 

 

* Nine virtual disks for Oracle database files Disk 6 – Disk 14 are based on the snapshots of the 

corresponding virtual disks of OLAP PROD. Dell EMC AppSync software creates and maintains 

these snapshots, as described in AppSync design considerations for snapshots. Because each 

OLTP DEV database RAC cluster has three OLTP DEV databases, each VM of this OLTP DEV 

database RAC cluster has three sets of these database-file-related virtual disks: Disk 6 to Disk 14. 

Therefore, each test/dev VM has a total of 32 virtual disks – 27 (9 x 3) + 4 (OCR/GIMR) + 1 (OS). 

AppSync design considerations for snapshots 

 

Dell EMC AppSync software is a simple, SLA-driven, copy-management application that 

sits between Oracle databases and storage. It uses the storage system’s advanced 

technologies to create and restore copies of Oracle databases. 

 

AppSync software uses a three-tiered architecture that consists of the following 

components. 

AppSync 

overview 

AppSync 

architecture 
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Server 

The AppSync server software resides on a physical or virtual Microsoft Windows machine. 

It orchestrates the creation of copies and maintains data about each copy it creates. 

Plug-in 

The AppSync application installs lightweight plug-in software on hosts. AppSync pushes 

the plug-in software from the AppSync server to the host when a user adds the host as a 

resource. Production, test, and mount hosts are examples of hosts on which this plug-in 

can be installed. After the plug-installation, Oracle databases are automatically discovered 

and displayed as databases that are available for copy management. 

User interface 

The AppSync web-based console is similar to the Dell EMC Unisphere interface. 

AppSync software enables integrated Copy Data Management (iCDM) with Dell EMC's 

primary storage systems. AppSync software simplifies and automates the process of 

generating and consuming copies of production data. It automatically discovers 

application databases, learns the database structure, and maps it through the 

virtualization layer to the underlying storage LUN. It then orchestrates all the activities 

required from copy creation and validation through mounting at the target host and 

launching or recovering the application. Supported workflows also include refresh, expire, 

and restore production. 

Figure 39 illustrates the AppSync logical architecture. 

 

Figure 39. Logical architecture of AppSync implementation 
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Use AppSync software to create and manage application-consistent (using hot backup 

mode) and crash-consistent (without hot backup mode) copies of Oracle databases. The 

copies can be used for mounting (with and without recovery) and restoration. You can 

make copies of production databases using these options:  

 Service plan 

 Repurpose wizard  

Service plan 

AppSync software protects an application by creating copies of application data. Indicate 

to AppSync what you want to protect by subscribing an application object to a service 

plan. When the service plan runs, a copy is created. The service plan can also mount and 

unmount the copy, validate it, and run user-created scripts. These actions are called 

phases of the service plan and might differ between applications. AppSync includes 

several application-specific plans that work without change. With the Subscribe to Plan 

and Run command, you apply the settings of a service plan to the data and protect it 

immediately. 

AppSync software creates and manages copies of application data. A service plan defines 

the attributes of these copies. You can subscribe application data objects to a service 

plan, then AppSync runs the service plan and creates copies of the data from attributes 

that you specified in the plan. The service plan Copies tab lists the copies that a service 

plan generates. There is no limit to the number of objects you can subscribe to a service 

plan. However, we do not recommend that you subscribe more than 12 objects to any one 

service plan.  

Service plans contain a range of attributes including replica scheduling, frequency, 

mounting and unmounting policies and expiration policy. 

AppSync software provides the following application-specific tiered plans, as depicted in 

Figure 40:  

 Bronze—Use the Bronze service plan to create local copies of your applications. 

 Silver—Use the Silver service plan to create remote copies of your applications. 

 Gold—Use the Gold service plan to create both local and remote copies of your 

applications. 

Note: Make sure that you understand the storage capabilities when selecting a service plan type. 

Not all storage technologies support Remote Replication, so Silver or Gold service plans might not 

be successful for the application data. Bronze, Silver, and Gold service plans are provided by 

default. However, you can customize and create your own plans. You can use service plans to 

create copies either as scheduled or on demand. 

AppSync with 

Oracle 

databases 
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Figure 40. AppSync predefined service plans  

 

Repurpose wizard  

AppSync software supports the as-needed creation of Oracle database copies, as well as 

Dell EMC RecoverPoint Bookmark copies, followed by the creation of copies of those 

copies. This practice is referred to as repurposing. Repurposing serves many useful 

functions including test-dev, break-fix, datamining, and reporting. AppSync identifies 

copies that are created from a repurpose action as first-generation and second-generation 

copies. The first-generation copy of a database creates an application-consistent copy. It 

includes application discovery, mapping, and database freeze/thaw. 

There are two types of repurposing: 

 Native array repurposing—The first-generation copy is a copy of the source 

database. For example, for a VMAX array, the first SnapVX snapshot of the source 

is the first generation copy. 

 RecoverPoint bookmark repurposing—The first-generation copy is a copy of the 

LUNs at the local or remote replication sites in the RecoverPoint consistency 

groups. 
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AppSync software supports creating and managing copies of applications on VMAX All 

Flash arrays using TimeFinder SnapVX replication technologies. AppSync supports 

SnapVX using pool-based LUNs provisioned in the default Storage Resource Pool (SRP). 

The DBA can access AppSync software by typing the URL and logging in to the 

management console. DBAs can easily manage and control local or remote replication 

strategies, as well as monitor SLAs through the unified administrative AppSync console. 

The AppSync console is organized into sections for management, reporting, and 

administration. 

As shown in Figure 41, the console also allows users to easily navigate through a series 

of tabs to specific environments, subscribe to or create service plans that match SLAs for 

individual databases, restore databases, and monitor compliance with SLAs. 

 

Figure 41. AppSync console UI 

The AppSync application offers a range of copy, mount, and restore options for Oracle 

databases. AppSync can be used for lifecycle management of production databases. In 

Ready Bundle for Oracle, AppSync is used to create test/dev databases. Copies of Oracle 

production databases are created and mounted as test/dev databases.  

In Ready Bundle for Oracle, we used first-generation repurposed copies that are mounted 

as test/dev databases. OLTP production databases are cloned into test/dev database 

instances. Three copies of test/dev database instances are spawned from each 

production database. Figure 42 shows how snapshots are taken from a production 

database. 

Creating 

snapshots 
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Figure 42. Three OLTP test/dev databases based on single production database using 
AppSync snapshots 

 

Table 52 shows the details of production and test/dev databases. 
 
Table 52. Ready Bundle for Oracle use cases, number of production databases and 
Test/Dev databases created using AppSync 

Configuration 
Number of  
OLTP PROD DBs 

Number of OLTP DEV 
DBs (3 instances from 
each PROD) 

Small 2 2 x 3 = 6 

Medium 5 5 x 3 = 15 

Large 10 10 x 3 = 30 

 

The high-level steps for creating a test/dev database from a production database in Ready 

Bundle for Oracle are as follows: 

1. Install AppSync 3.5.x on the management server. 

2. Discover the two ESXi hosts in AppSync. 

3. Discover the VMAX 250F storage array using SMI-S provider. 

AppSync uses the Dell EMC SMI-S provider software to communicate with the 

VMAX storage systems. Using SMI-S, AppSync queries all required information, 

such as mapping, devices, SGs, pools, and so on. It performs active management 

tasks, such as SnapVX sessions, creating, refreshing, terminating, restoring, LUN 

masking, and so on. 

VMAX arrays are discovered using SMI-S providers that manage the storage. As 

part of the discovery phase, AppSync establishes a connection with the SMI-S 

provider, obtaining a list of all the managed arrays, along with detailed information 

about the arrays, such as the microcode information and model number. Perform 

a Rediscover when changes are made to the array, such as adding additional 

disks to an SG. AppSync uses a secure connection over port 5989 to 

communicate with the SMI-S provider. 

Creating test/dev 

databases from 

production 

database 

DB1-TP 

 

DB2-TD 
Snapshot 1 

    

DB3-TD 
Snapshot 2 

    

DB4-TD 
Snapshot 3 
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When adding a VMAX All Flash array, create or choose one or more SGs with no 

host connectivity (not attached to any LUN masking view) to act as copy target 

devices with target volumes before mounting. We used a dedicated SG (one or 

more), which contained preconfigured target devices for “link” operations. 

AppSync is restricted to using just those devices.  

Ensure that the target copy device is the same configuration as the source device. 

When configured, AppSync requires that there are enough storage devices 

available; otherwise, job linking fails. In Ready Bundle for Oracle, we created a 

separate dedicated parent SG with child SGs and volumes identical in number 

and quantity to the production SGs and volumes, as shown in Table 53. 

Table 53. AppSync SG and volume design for copy target devices 

Parent SG name Child SG name 
Number 
of 
volumes 

Size per 
volume 
(GB) 

Total size 
(GB) 

CX_AppSync_SG     

 CX_AppSync_DATA 4 300 1,200 

 CX_AppSync_REDO 4 20 80 

 CX_AppSync_FRA 1 100 100 

Total  9  1,380 

 

Because all devices in the configured SGs are used as copy devices, do not add 

production volumes into AppSync-assigned SGs because that results in data loss. 

Do not share the same SGs across multiple AppSync servers. 

4. Add the servers that host the production database. 

5. Discover the production database. 

6. Protect the database by subscribing to one of the service plans. Ready Bundle for 

Oracle uses Bronze as a default service plan, but you can select Gold or Silver as 

well. 

By default, AppSync provides three service plan templates—Gold, Silver, and 

Bronze. We recommend that you create a custom service plan using one of the 

templates.  

Never delete the default service plan templates. 

Each service plan has multiple options, such as scheduling, frequency of taking 

copies, number of copies to be retained, and expiration policy, which can be 

customized. 

7. Create a copy of the production database using one of these options: 

 Service plan copy 

 Repurpose copy 

8. Add the test/dev servers to host the test/dev databases. 

9. Mount the copy to the test/dev cluster to create an instance of test/dev database.  
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AppSync provides multiple options to mount a database copy. 

Because Ready Bundle for Oracle is based on RAC built on VMs, database 

copies are mounted onto a cluster to create the test/dev environment. 

When mounting a copy, you can customize mount settings and recovery settings. 

Figure 43 shows the parameters that you can customize. 

   

Figure 43. AppSync mount wizard: Step 2 of mounting a copy 

As part of the mounting process, AppSync moves the copy target volumes to one 

of the candidate SGs with an appropriate masking view. See AppSync 

identification of VMAX in Appendix A for details on how to find the candidate SG 

used for mounting. Also, you can move the new set of volumes to any valid 

candidate SG.  

Note: When an SG is modified on the array—for example, when adding additional target volumes 

to an SG through Unisphere for VMAX—the storage array within AppSync must be rediscovered. 

To rediscover the VMAX SG, go to Storage Infrastructure, click the VMAX array, and then click 

Rediscover. 

Note: In Ready Bundle for Oracle, the new set of volumes created by AppSync for each snapshot 

database is moved to its respective test/dev SG, as defined in Storage design. 
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Test objective 

Traditional ERP and CRM business applications must be continuously updated and 

integrated, blurring the boundary between business functions. With business decisions 

progressively being driven by analytics, businesses are under pressure to make 

improvements or add new functionality quickly. 

Dell EMC has designed a series of performance tests using OLTP and OLAP databases. 

OLTP database usage is characterized by small requests for information, such as looking 

up an inventory item or checking a customer account, and supporting mission-critical 

back-office applications. ERP and CRM systems can support thousands of users who 

generate millions of database transactions and require fast response times. In this case, 

response time is the total amount of time required for the database to respond to a 

request. For our OLTP tests, we used an aggressive response-time goal of 0.75 

milliseconds or less to measure success.  

OLAP database usage, on the other hand, is characterized by large requests for data that 

involve activities such as running a report and performing data mining. Businesses 

depend on the ability to create sales reports, budgets, and forecasting reports quickly 

because decisions depend on expedient analysis. In this case, throughput is important 

because large datasets must be analyzed. Throughput is the rate at which the database 

can process data. The higher the throughput, the more data the database can read and 

the better the OLAP performance. In the small configuration, we targeted a throughput of 

at least 1.00 GB/s to measure success.  

The PowerEdge R740 servers were chosen for their capability to balance performance in 

a mixed-database workload ecosystem with an entry-level price point. When you invest in 

a validated platform like Ready Bundle for Oracle, you should ensure the platform 

includes room for growth. As part of our testing, we captured CPU utilization with a goal of 

supporting realistic workloads while showing that there is room to support even more 

workload on PowerEdge servers.  

Briefly, the small configuration of Ready Bundle for Oracle includes two PowerEdge R740 

servers with one VMAX 250F array using one V-Brick block with 16 by 960 GB flash 

drives. Chapter 3, Architecture Overview, provides a complete description of the small 

configuration for Oracle.  

Test tools and methods 

To simulate OLTP database workloads, we used Silly Little Oracle Benchmark (SLOB) 

tool version 2.4. Our test featured two users with one thread each, and a 1 TB SLOB 

dataset (108 users x 9600 MB scale). The OLTP workloads were designed to comprise 60 

percent reads and 40 percent writes.  

For the OLAP workload tests, we used Swingbench 2.5. Swingbench is a free Java-based 

tool for generating database workloads using different benchmarks. For this test, we used 

the Swingbench Sales History benchmark for the OLAP workload testing. The Sales 

History benchmark is based on the sales history (SH) schema that ships with Oracle 

11g/Oracle Database and is TPC-H like. We created a 2 TB testing dataset and generated 

read-only queries. We used two Secure Shell users against each OLAP production 

database, each running on a separate RAC node. 

https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
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Use case 1: Two production OLTP Oracle RAC databases 

In the first use case, we created two Oracle 12c Release 2 RAC databases across two 

PowerEdge 740 servers, as shown in Table 34. We used SLOB to create an OLTP 

workload with a 60/40 read/write mixture. We created the databases with an 8 KB block 

size and with ASM in a coarse-striped and externally redundant configuration.  

 
Figure 44. Use case 1 architecture diagram 

Table 54 shows the high-level configuration of the two production Oracle RAC databases. 

Table 54. Production Oracle RAC database configuration 

Category Specification/setting PROD configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 2 

vMem per VM 48 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 

pga_aggregate_target  8 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. To each of the four VMs’ two vCPUs, we assigned a reservation of 0 MHz and 

a CPU limit of unlimited. A vCPU with a reservation of 0 MHz means that there is no 

guarantee for CPU clock cycles. A CPU limit of unlimited means that the VMs could use 

the full computational resources of up to two physical cores.  

We configured each of the four VMs with 48 GB of memory and a memory reservation of 

36 GB. At an Oracle database configuration level, sga_max_size and 

pga_aggregate_target limit the amount of memory used by the database. In this use case, 

sga_max_size is set to 24 GB, and pga_aggregate_target is set to 8 GB, meaning the 

databases can use a maximum of 32 GB of memory. This leaves 16 GB of memory for the 

Linux operating system. A memory reservation of 36 GB guarantees that all of the 32 GB 

of memory needed for the database is explicitly available at all times. 
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We ran the two production Oracle RAC databases on dedicated PowerEdge R740 servers 

and a dedicated VMAX 250F array. The goal of this test was to develop and validate 

implementation best practices for running Oracle databases on this modern platform. We 

monitored performance, but because the two Oracle 12c RAC databases had dedicated 

servers and storage, performance measurements do not reflect the consolidation 

capabilities of the database platform. Most customers will consolidate databases to 

achieve greater capital and operation expenditure savings and gain more value from their 

investment in licensing the databases. In generating an OLTP workload, the goal was not 

to maximize performance but to create a realistic production workload that is characteristic 

of a typical small-configuration workload.  

In this test, we ran an OLTP workload across the two RAC databases in parallel for 30 

minutes. In Figure 45, the first bar shows the number of physical cores (pCPUs) in each 

server relative to the number of virtual cores (vCPUs) in this test. This is useful because 

CPU overcommitment, if excessive, can degrade performance. The general 

recommendation for business-critical workloads is no greater than a 1:1 ratio of vCPUs to 

pCPUs. In this use case, the vCPU-to-pCPU ratio was well under the 1:1 

recommendation.  

 
Figure 45. Use case 1 server and storage performance metrics 

The average CPU utilization across the four VMs was 26 percent, which provides 

significant room for growth. Each RAC database generated over 5,800 IOPS with read 

and write latencies well under the 0.75 millisecond goal. The two Oracle RAC databases 

combined generated over 11,600 IOPS, which is representative of production workloads 

in the small configuration.  

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX array has the ability to deliver large 

write-buffering that accelerates database performance. For this OLTP workload, Table 55 

shows the percentage of reads and writes satisfied from the VMAX system cache.  
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Table 55. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

PROD OLTP 35.11% 100% 

 

In addition to demonstrating a strong performance profile, use case 1 shows how a fraction 

of the available CPUs and VMAX storage can be used to support production workloads. 

Unused CPU and storage resources represent the opportunity for consolidation, enabling 

the IT organization to standardize Oracle databases on the Ready Bundle platform. Use 

case 2 expands our tested Oracle ecosystem to include development databases.  

Use case 2: Six development databases repurposed from two 
production databases 

IT organizations are under increased pressure to update and add new features to 

applications more quickly and more frequently. To address business demands for faster 

updates and new features, many IT organizations have looked for opportunities to 

increase efficiencies via automation. In this use case, we used AppSync software to 

create copies of production and repurpose them for development. AppSync automates 

database repurposing though native integration with VMAX storage arrays. Native 

integration means the copy/clone activity is offloaded to the VMAX array, reducing the 

time it takes to provision a development database. Application and database 

administrators have the option to repurpose a copy of production on demand (called Run 

Now), run recurrently as per schedule, or run only once at a later time. Using AppSync 

accelerates repurposing copies of production and enables the IT organization to fully 

automate the complex and time-consuming process.  

Figure 46 depicts the use case 2 architecture. 

 

 

Figure 46. Use case 2 architecture diagram 

Dell EMC strongly recommends the use of VMAX All Flash snapshots, which can provide 

inline data reduction. As part of this use case, AppSync software created deduplicated 

snapshots that provided 5X space savings when making copies of production. 
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Figure 47 shows how inline deduplication works. The production database was 

provisioned 1,380 GB of disk space on the VMAX array, and the database used all the 

space. AppSync repurposed copies of production for development using VMAX snapshots 

with inline deduplication. Each development database was provisioned 1,380 GB but only 

used 276 GB because most of the data was deduplicated. VMAX deduplication in this test 

saved 5X the space for each development database.  

 
Figure 47. Repurposing production to development databases 

In this use case, we used VMAX snapshots to repurpose production to create six development 

databases that use a fraction of the disk space, 1,656 GB. That is a disk space savings of 

6,624 GB (8,280 – 1,656) on the VMAX 250F array, as shown in Table 56. With the space-

saving technologies like inline deduplication and compression, application owners and DBAs 

can support more databases without affecting performance. 

Table 56. Inline deduplication 

Database type 

Storage sizes 

Database (data, redo log, and temp files) 

Provisioned (GB) Used (GB) 

Production  1,380 1,380 

Development 1 1,380 276 

Development 2 1,380 276 

Development 3 1,380 276 

Development 4 1,380 276 

Development 5 1,380 276 

Development 6 1,380 276 

Total for development 8,280 1,656 

 

The development databases are different from the production databases because they 

are consolidated within a VM, as shown in Figure 48. In this configuration, three 

development databases are configured within a single VM that is running with RHEL as 
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the guest OS. This configuration simplifies management of the development databases 

using the VM settings. There are four development VMs, each with three development 

databases, for a total of six Oracle RAC clusters, each with two nodes.  

 

Figure 48. Development VM configuration 

In this use case, we created six Oracle 12c Release 2 RAC databases across two 

PowerEdge 740 servers. We used SLOB to create an OLTP workload with a 60/40 

read/write mixture. The test/dev databases were created from snapshots of the production 

databases using AppSync software, with an 8 KB block size and with ASM in a coarse-

striped and externally redundant configuration. 

Table 57 shows the high-level configuration of the six development Oracle RAC 

databases. 

Table 57. Development Oracle RAC database configuration 

Category Specification/setting DEV configuration 

Operating system VM Guest OS RHEL 7.3 

VM configuration vCPUs per VM 4 

vMem per VM 72 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 12 GB 

pga_aggregate_target 4 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

vCPU and vMem performance is, in large part, determined by how the VMs are configured 

To each of the four VMs’ four vCPUs, we assigned a reservation of 0 MHz and a CPU 

limit of unlimited. A vCPU with a reservation of 0 MHz means that there is no guarantee 

for CPU clock cycles. A CPU limit of unlimited means that the VMs could use the full 

computational resources of up to four physical cores.  

We configured each of the four VMs with 72 GB of memory and a memory reservation of 

52 GB. When the VM configured memory matches the reservation memory size, the VM 

gets all its memory from physical memory and is not at risk for hypervisor memory 
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swapping or ballooning. At an Oracle database configuration level, sga_max_size limits 

the amount of memory used by the database. In this use case, sga_max_size is set to 12 

GB and pga_aggregate_target is set to 4 GB, meaning the three databases can use a 

maximum of 36 GB (12 + 12 + 12 + 4 + 4 + 4) of memory. This leaves 24 GB of memory 

for the Linux operating system. A memory reservation of 52 GB guarantees that the 48 

GB of memory needed for the three databases is explicitly available at all times. 

We ran the six development Oracle RAC databases on dedicated PowerEdge R740 

servers and a dedicated VMAX 250F array. We monitored performance, but because the 

six Oracle 12c RAC databases had dedicated servers and storage, the performance 

measurements do not reflect the consolidation capabilities of the database platform. Most 

customers will consolidate databases to achieve greater capital and operation expenditure 

savings and gain more value from their investment in licensing the databases. In 

generating an OLTP workload, the goal was not to maximize performance but to create a 

realistic development workload that is characteristic of a typical small-configuration 

workload. 

In this test, we ran six OLTP workloads across the six development RAC databases in 

parallel for 30 minutes. Each development RAC database generated over 2,450 IOPS 

with read and write latencies well under the 0.75 millisecond goal. Together the six RAC 

databases generated over 14,700 IOPS on the VMAX All Flash storage array. 

 

Figure 49. Use case 2 total IOPS 

In Figure 50, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. In this 

use case, the vCPU-to-pCPU ratio was well under the 1:1 recommendation. The average 

VM CPU utilization across the four VMs was 15.3 percent, which provides significant room 

for growth.  
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Figure 50. Use case 2 server performance metrics 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX array has the ability to deliver large 

write-buffering that accelerates database performance. Table 58 shows the percentage of 

reads and writes satisfied from the VMAX system cache for this OLTP workload.  

Table 58.  VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

DEV OLTP 53.42% 99.85% 

 

It is common for development databases to generate a workload, but typically the 

workload is not consistent throughout the day. Development databases have peaks when 

developers are actively testing new updates or when DBAs are testing patches. The test 

results show that response times were fast, with all average I/O latencies under .75 

milliseconds. Also, because the server utilization was 15.3 percent, there is plenty of 

server power to manage peak development activities. In the next use case, we explore a 

different type of database workload to make our testing more comprehensive. 

Use case 3: Two production databases—Business intelligence, 
reporting, and data mining 

Businesses are investing in analytical processing to improve business intelligence, 

reporting, and data mining, which can then improve decision-making. Maintaining a 

separate platform for activities such as data mining means more complexity and costs that 

the IT organization has to justify to the business. Ready Bundle for Oracle has been 

designed to consolidate multiple types of workloads onto this modern platform, which is 

ideal for analytical processing.  
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In this OLAP use case, we use the same PowerEdge R740 servers to generate a TPC-H 

like workload with 100 percent reads. For this test, we used the Swingbench Sales History 

benchmark for the OLAP workload generation. Swingbench 2.5 is a free Java-based tool 

for generating database workloads using different benchmarks. The use case included 

two Oracle RAC databases, each consisting of two nodes. The Sales History benchmark 

is based on the sales history schema that ships with Oracle 11g/Oracle 12c database and 

is TPC-H like. We created a 2 TB testing dataset and generated read-only queries. We 

used two Secure Shell users against each OLAP production database, each running on a 

separate RAC node. In the workload tests, the Oracle buffer cache was set at 20 GB for 

each OLAP RAC database.  

Figure 51 depicts the use case 3 architecture. 

 

Figure 51. Use case 3 architecture diagram 

Table 59 shows the high-level configuration of the two production OLAP Oracle RAC 

databases. 

Table 59. Production OLAP Oracle RAC database configuration 

Category Specification/settings OLAP configuration 

Operating system VM Guest OS RHEL 7.3 

VM configuration vCPUs per VM 4 

vMem per VM 72 GB  

Database configuration  Database version 12c R2 RAC 

Database size 2 TB 

db_32k_cache_size 20 GB 

db_file_multiblock_read_count 4 

sga_max_size 32 GB 

pga_aggregate_target  16 GB 

SLOB I/O configuration  Read/write ratio 100% reads 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. To each of the four VMs’ four vCPUs, we assigned a reservation of 0 MHz and 

a CPU limit of unlimited. A vCPU with a reservation of 0 MHz means that there is no 
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guarantee for CPU clock cycles. A CPU limit of unlimited means that the VMs could use 

the full computational resources of up to four physical cores.  

We configured each of the four VMs with 72 GB of memory and a memory reservation of 

52 GB. At an Oracle database configuration level, sga_max_size limits the amount of 

memory used by the database. In this use case, sga_max_size is set to 32 GB, and 

pga_aggregate_target is set to 16 GB, meaning that each database can use a maximum 

of 48 GB of memory. This leaves 24 GB of memory for the Linux operating system. A 

memory reservation of 52 GB guarantees that the 48 GB of memory needed for the 

database is explicitly available at all times. 

We changed two other database configuration parameters to improve OLAP performance:  

 db_file_multiblock_read_count  

 database db_32k_cache_size 

We increased the db_file_multiblock_read_count parameter, which specifies the 

maximum number of blocks read in one I/O operation during a sequential scan. OLAP 

workloads perform long, sequential scans of very large tables for business intelligence, 

reporting, and data mining. In contrast, OLTP workloads perform small random requests 

across several smaller tables.  

We also increased the db_32k_cache_size parameter because the goal was to read more 

data in one I/O operation. The db_32k_cache_size and the db_file_multiblock_read_count 

parameters work together to determine the I/O size. In this use case, a 32 KB block size 

multiplied by the db_file_multiblock_read_count value of 4 (32 * 4) gives us 128 KB I/O 

size. Using a 32 KB db_block_size and greater value for db_file_multiblock_read_count 

accelerates sequential scanning of large database tables.  

We ran the two OLAP Oracle RAC databases on dedicated PowerEdge R740 servers and 

a dedicated VMAX 250F array. We monitored performance, but because the two OLAP 

Oracle 12c RAC databases had dedicated servers and storage, the performance 

measurements do not reflect the consolidation capabilities of the database platform. Most 

customers will consolidate databases to achieve greater capital and operation expenditure 

savings and gain more value from their investment in licensing the databases. In 

generating an OLAP workload, the goal was not to maximize performance but to create a 

realistic OLAP workload that is characteristic of a typical small-configuration workload. 

In Figure 52, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. In this 

use case, the vCPU-to-pCPU ratio was well under the 1:1 recommendation. The average 

CPU utilization across the four VMs was 13.4 percent, which provides significant room for 

growth. 
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Figure 52. Use case 3 server and storage performance metrics 

In this test, we ran an OLAP workload across the two OLAP RAC databases in parallel for 

30 minutes. Each OLAP RAC database generated well over 11,140 IOPS and a 

throughput of 0.63 GB/s. Throughput is the amount of work the database can perform in a 

fixed time like gigabytes per second (GB/s) and is a much more important performance 

metric for OLAP databases. The greater the throughput the faster the database can do 

sequential scans of large tables and return the results. In this use case, combined total 

throughput for the two OLAP databases was 1.26 GB/s.  

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means that the VMAX array has the ability to deliver 

large write-buffering that accelerates database performance. Table 60 shows the 

percentage of reads and writes satisfied from the VMAX system cache for this OLAP 

workload. Because this test used 100 percent reads, the table shows only the VMAX read 

cache hit percentage.  

Table 60.  VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

OLAP 37.1% Not applicable 

 

The small configuration can support the small OLAP workloads that companies depend on 

for financial analysis.  

Use case 4: Mixed OLTP workloads 

Up to this point, all the tests have been dedicated to testing a particular workload with no 

sharing of resources with other workloads. In this use case, all the OLTP workloads are 

combined across the two PowerEdge R740 servers and the one VMAX 250F array. The 
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advantages of combining all OLTP workloads include a greater capital and operation 

expenditure savings, consolidation, and ease of management.  

As shown in Figure 53, we ran the two production RAC databases in parallel with the six 

development RAC databases for a total mixed workload of eight RAC databases. We 

used SLOB to create an OLTP workload with a 60/40 read/write mixture. We created all 

the OLTP databases with an 8 KB block size and with ASM in a coarse-striped and 

externally redundant configuration. 

 

Figure 53. Use case 4 architecture diagram 

The production and development OLTP VMs are similar in configuration, but the 

development database VMs are slightly larger, with 2 more vCPUs and 24 GB more 

memory, because they each support three database instances. At the database 

configuration level, each development database is configured with an sga_max_size of 12 

GB, and the production database is configured with a larger sga_max_size of 32 GB. 

Table 61 shows the high-level configuration of the two production Oracle RAC databases. 

Table 61. Production/test Oracle RAC database configuration 

Categories Specification/setting 
PROD 
configuration 

DEV 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB  

Database 
configuration  

Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 12 GB 

SLOB I/O 
configuration  

Read/write ratio 60/40 

 

The configuration for both the production and development databases has been 

previously described, but it is important to review the vCPU and vMem allocations relative 

to the physical server configuration. Each PowerEdge server is identically configured with 
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24 cores and 384 GB of system memory. Table 62 shows that each server will support 12 

vCPUs and 240 GB of memory in this mixed-workload test.  

Table 62. vCPUs and vMem configuration per ESXi server 

VM type 
VM configuration 

vCPUs vMem (GB) 

PRD OLTP 1 2 48 

PRD OLTP  2 2 48 

DEV OLTP 1  4 72 

DEV OLTP 2 4 72 

Total 12 240 

 

Because there are no vCPU reservations or CPU limits, the maximum physical core 

usage is 12 cores, or half of the server’s 24 cores. Each VM does reserve memory, so 

240 GB across the four VMs is dedicated memory, which cannot be shared with other 

VMs. This leaves 144 GB of unallocated physical memory on the PowerEdge server.  

The performance goal of sub-0.75-millisecond-latency I/O times is the same, even with 

this increased OLTP workload. The small configuration of Ready Bundle for Oracle must 

enable consolidation of workloads using a service-level agreement (SLA) that meets 

application requirements.  

In Figure 54, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. The two 

development RAC VMs, represented in blue, have eight vCPUs allocated on each server. 

The two production RAC VMs, in green, have four vCPU allocated on each server. In this 

use case, the vCPU-to-CPU ratio was well under the 1:1 recommendation. The average 

VM CPU utilization for the development VMs was 13 percent and for the production VMs 

25 percent. Both the development and production VMs have significant room for additional 

CPU utilization.  
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Figure 54. Use case 4 server performance metrics 

In this test, we ran eight OLTP workloads across two production and six development 

RAC databases in parallel for 30 minutes. As shown in Figure 55, each production RAC 

database generated over 5,800 IOPS, and each development RAC database generated 

over 2,450 IOPS with read and write latencies well under the 0.75 millisecond goal. 

Together all eight RAC databases generated over 26,300 IOPS on the VMAX All Flash 

storage array from the Oracle AWR report. 

 

Figure 55. Use case 4 total IOPS 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. Table 63 shows the percentage of reads 

and writes satisfied from the VMAX system cache for this mixed-OLTP workload.  
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Table 63. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

Mixed OLTP 47.50% 99.90% 

 

Test results for this mixed-workload test of all OLTP databases show that both the 

production and development databases exceeded the same IOPS goals at sub-0.75-

millisecond latencies. These are steady state database workloads that test the capability 

of Ready Bundle for Oracle to deliver consistent performance levels. In addition, test 

metrics show that there are significant unused resources to handle times of peak 

workloads. To really stress test the small configuration, use case 5 runs all the workloads 

in parallel. 

Use case 5: Mixed OLTP and OLAP workloads 

In use case 4, all OLTP databases ran in parallel. In this final test, we include OLAP 

databases. Thus, this test represents mixed workloads (production and development) and 

mixed types of workloads (OLTP and OLAP) running together in the small configuration of 

Ready Bundle for Oracle. This test is the most demanding and represents the greatest 

consolidation of workloads for the best capital- and operation-expenditure savings.  

We ran the two production RAC databases, six development RAC databases, and two 

OLAP RAC databases in parallel for a total mixed workload of ten RAC databases, as 

shown in Figure 56. We used SLOB to create an OLTP workload with a 60/40 read/write 

mixture. We used the Swingbench Sales History benchmark to generate the OLAP 

workload.  

 

Figure 56. Use case 5 architecture diagram 

By adding the OLAP databases, we tested the VMAX 250F array by adding large 

sequential reads to the storage workload. This is reflected by the database size of 2 TB 

and the settings of db_32k_cache_size and db_file_multiblock_read_count that enable 

larger database I/O to improve large sequential read performance.  

Table 64 shows the high-level configuration of the two production Oracle RAC databases. 
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Table 64. OLTP production, OLTP dev, and OLAP Oracle RAC database configuration 

Category Specification/setting 
PROD 
configuration 

DEV 
configuration 

OLAP 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB 

Database 
configuration  

Database version 12c R2 RAC 

Database size 1 TB 2 TB 

Database block size 8 KB 32 KB 

db_cache_size 8 GB 4 GB 0 

db_32k_cache_size 0 20 GB 

db_file_multiblock_read_count 1 4 

sga_max_size 24 GB 12 GB 32 GB 

SLOB I/O 
configuration  

Read/write ratio 60/40 100% reads 

 

The configuration for the production, development, and OLAP databases has been 

described previously; however, it is important to review the vCPU and vMem allocations 

relative to the physical server configuration. Each PowerEdge server is identically 

configured with 24 cores and 384 GB of system memory. Table 65 shows that each server 

supports 20 vCPUs and 384 GB of memory in this mixed-workload test.  

Table 65. vCPU and vMem configuration per ESXi server 

VM type 
VM configuration 

vCPUs vMem (GB) 

PRD OLTP 1 2 48 

PRD OLTP  2 2 48 

DEV OLTP 1  4 72 

DEV OLTP 2 4 72 

OLAP 1 4 72 

OLAP 2 4 72 

Total 20 384 

 

There are no vCPU reservations or CPU Limits, so the maximum physical core usage is 

20 cores, leaving two unallocated CPUs in the server. Each VM reserves memory, so 384 

GB across the 6 VMs is dedicated memory, which cannot be shared with other VMs. The 

virtual memory configuration uses all the physical memory on the PowerEdge server. 

Our performance goal of sub-0.75-millisecond-latency I/O times is the same, even when 

running all the database workloads in parallel. The performance goal for the OLAP 
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databases is 0.5 GB/s of throughput or better. The small configuration of Ready Bundle 

for Oracle must enable consolidation of workloads using an SLA that meets application 

requirements. 

In Figure 57, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation for 

business critical workloads is to maintain a ration of vCPUs to pCPUs not greater than 1:1 

ratio. The two development RAC VMs, represented in blue, have eight vCPUs allocated on 

each server. The two production RAC VMs, in green, have four vCPU allocated on each 

server. The two OLAP RAC VMs, in orange, have eight vCPUs allocated on each server. In 

this use case, the vCPU-to-pCPU ratio was under the 1:1 recommendation. The average VM 

CPU utilization was as follows: 

 OLAP VMs: 12 percent  

 Development VMs:  13 percent  

 Production VMs:  22 percent  

In total, this test occupied 47 percent of CPU total capacity, which leaves sufficient room 

for VM failover from one ESXi host to another.  

 
Figure 57. Use case 5 server performance metrics 
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In this final test, we ran an OLTP workload across two production and six development 

RAC databases and the OLAP workloads in parallel for 30 minutes. Table 66 provides an 

overview of the workload performance.  

Table 66. Use case 5 workload performance 

Workload 
Number of RAC 
databases 

Average IOPS Total IOPS 

OLTP PRD RAC 2 5,800 11,600 

OLTP DEV RAC 6 2,450 14,700 

OLAP RAC 2 9,300 18,600 

Additional IOPS   130 

Total IOPS   45,030 

 

The row labeled “Additional IOPS” wokload indicates the IOPS over our round numbers. 

So, for example, when this guide mentions “over 5,800” IOPS, the IOPS above 5,800 are 

indicated by the “Additional IOPS” row in this table. Thus, in total across all the databases, 

the small configuration supported 45,000-plus IOPS.  

Throughput is the more important consideration for an OLAP workload. In this final test we 

exceeded the goal of 0.5 GB/s per cluster by achieving 0.53 GB/s and a total of 1.06 GB/s 

combined throughput, as shown in Figure 58. This is slightly less throughput than use 

case 3, in which all the hardware was dedicated to the workload of the OLAP databases. 

Considering that we ran eight RAC databases in parallel with the OLAP workloads, our 

throughput for this test was quite high.  

 

Figure 58. Use case 5 total IOPS 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. For these OLTP and OLAP workloads, 

Table 67 shows the percentage of reads and writes satisfied from the VMAX system 

cache.  
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Table 67. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

Mixed OLTP and OLAP 
workloads 

8.88% 99.93% 

 

Small configuration testing summary 

In summary, this final test of the small configuration has demonstrated the consolidation of 

all types of Oracle databases with sub-0.75-millisecond latencies and strong throughput. 

Virtualization combined with the VMAX 250F inline deduplication and compression 

enables greater consolidation and disk space savings on this modern database platform.  
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Chapter 6 Test Methodology and Results: 
Medium Configuration 
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Test objective 

Traditional ERP and CRM business applications must be continuously updated and 

integrated, blurring the boundary between business functions. With business decisions 

progressively being driven by analytics, businesses are under pressure to make 

improvements or add new functionality quickly.  

Dell EMC has designed a series of performance tests using OLTP and OLAP databases. 

OLTP database usage is characterized by small requests for information, such as looking 

up an inventory item or checking a customer account, and supporting mission-critical 

back-office applications. ERP and CRM systems can support thousands of users who 

generate millions of database transactions and require very fast response times. In this 

case, response time is the total amount of time it takes for the database to respond to a 

request. For our OLTP tests, we used an aggressive response-time goal of 0.75 

milliseconds or less to measure success.  

OLAP database usage, on the other hand, is characterized by large requests for data that 

involve activities such as running a report and performing data mining. Businesses 

depend on the ability to create sales reports, budgets, and forecasting reports quickly 

because decisions depend on expedient analysis. In this case, throughput is important 

because large datasets must be analyzed. Throughput is the rate at which the database 

can process data. The higher the throughput, the more data the database can read and 

the better the OLAP performance. In the medium configuration, we targeted a throughput 

of at least 1.75 GB/s to measure success.  

The medium configuration uses PowerEdge R940 servers, which were designed for larger 

workloads, to maximize enterprise application performance. The PowerEdge R940 

servers are configured with 72 cores—48 more cores than the PowerEdge R740 servers 

in the small configuration. Memory also is substantially different. The PowerEdge R940 

server is configured with 1,152 GB—768 GB more than the R740.  

Table 68 shows the configuration specifications of the PowerEdge servers used in the 

medium and small configurations. 

Table 68. Configuration specifications 

Configuration 
type 

PowerEdge model CPU configuration 
Memory 
configuration 

Medium R940 4 by 18 cores for a 
total of 72 cores 

1,152 GB 

Small R740 2 by 12 cores for a 
total of 24 cores 

384 GB  

 

The medium storage configuration has more system cache and flash drives in the VMAX 

250F array. With twice the amount of VMAX system cache in the medium configuration, 

the array can accelerate two times as much I/O. Additionally, the VMAX 250F is 

configured with 3X the number of flash drives, which significantly increases performance 

and capacity.  

Table 69 shows the VMAX parameters for the medium and small configurations. 
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Table 69. VMAX parameters 

Configuration type VMAX cache size VMAX flash drives VMAX capacity (TBe) 

Medium 1 TB 48 x 960 GB 79  

Small 512 GB 16 x 960 GB 26 

 

Finally, the medium-configuration workload tests are more than twice the size of the small 

configuration workload tests, as shown in Table 70. 

Table 70. Workload types by configuration 

Configuration type Medium  Small  

PROD OLTP databases 5 2 

DEV OLTP databases 15 6 

OLAP databases 5 2 

Mixed OLTP databases 20 8 

Mixed OLTP and OLAP database 25 10 

 

Although the medium workload is more than doubled, the same performance goals apply: 

 Achieve sub-0.75-millisecond-latency for all OLTP workloads. 

 Demonstrate realistic throughput for each OLAP RAC database. 

 Show a substantial storage savings. 

Test tools and methods 

To simulate OLTP database workloads, we used Silly Little Oracle Benchmark (SLOB) 

tool version 2.4. Our test featured two users with one thread each, and a 1 TB SLOB 

dataset (108 users x 9,600 MB scale). The OLTP workloads consisted of 60 percent reads 

and 40 percent writes.  

For the OLAP workload tests, we used Swingbench 2.5, a free Java-based tool for 

generating database workloads using different benchmarks. For this test, we used the 

Swingbench Sales History benchmark for the OLAP workload testing. The Sales History 

benchmark is based on the sales history (SH) schema that ships with Oracle 11g/Oracle 

12c Database and is TPC-H like. We created a 2 TB testing dataset and generated read-

only queries. We used two Secure Shell users against each OLAP production database, 

each running on a separate RAC node. 

  

https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
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Use case 1: Five production OLTP RAC databases 

In the first use case, as shown in Figure 59, we created five production Oracle 12c 

Release 2 RAC databases across two PowerEdge R940 servers. We used SLOB to 

create an OLTP workload with a 60/40 read/write mixture. We created the databases with 

an 8 KB block size and with ASM in a coarse-striped and externally redundant 

configuration.  

 

 
Figure 59. Use case 1 solution diagram 

Table 71 shows the high-level configuration of the five production Oracle RAC databases. 

Table 71. Production Oracle RAC database configuration 

Category Specification/setting PROD configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 2 

vMem per VM 48 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 

pga_aggregate_target  8 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. To each of the ten VMs across two servers we assigned two vCPUs with a 

reservation of 0 MHz and a CPU limit of unlimited. A vCPU with a reservation of 0 MHz 

means there is no guarantee for CPU clock cycles. A CPU limit of unlimited means the 

VMs could use the full computational resources of up to 20 physical cores across the two 

servers.  

We configured each of the ten VMs with 48 GB of memory and a memory reservation of 

36 GB. At an Oracle database configuration level, sga_max_size and 

pga_aggregate_target limit the amount of memory used by the database. In this use case, 
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sga_max_size is set to 24 GB and pga_aggregate_target is set to 8 GB, meaning the 

databases can use a maximum of 32 GB of memory. This leaves 16 GB of memory for the 

Linux operating system. A memory reservation of 36 GB guarantees that the 32 GB of 

memory needed for the database is explicitly available at all times. 

We ran the five production Oracle RAC databases on dedicated PowerEdge R940 servers 

and a dedicated VMAX 250F array. The goal of this test was to develop and validate 

implementation best practices for running Oracle databases on this modern platform. We 

monitored performance, but because the five Oracle 12c RAC databases had dedicated 

servers and storage, performance measurements do not reflect the consolidation 

capabilities of the database platform. Most customers will consolidate databases to 

achieve greater capital and operation expenditure savings and gain more value from their 

investment in licensing the databases. In generating an OLTP workload, the goal was not 

to maximize performance but to create a realistic production workload that is characteristic 

of a typical medium-configuration workload.  

In this test, we ran an OLTP workload across the five RAC databases in parallel for 30 

minutes. In Figure 60, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation for 

business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. In this use case, 

the vCPU-to-pCPU ratio was well under the 1:1 recommendation.  

 
Figure 60. Use case 1 server performance metrics 

The average VM CPU utilization across the ten VMs was 26.7 percent, which means there 

is significant room for growth. As shown in Figure 61, each production RAC database 

generated over 5,440 IOPS with read and write latencies well under the 0.75 millisecond 

goal. The five Oracle RAC databases combined generated over 27,200 IOPS, which is 

representative of production workloads in the medium configuration.  
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Figure 61. Use case 1 database IOPS performance metrics 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. Table 72 shows the percentage of reads 

and writes satisfied from the VMAX system cache for this OLTP workload.  

Table 72. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

PROD OLTP workloads 47.82% 100% 

 

In addition to demonstrating a strong performance profile, use case 1 shows how a 

fraction of the available CPUs and VMAX storage can be used to support production 

workloads. Unused CPU and storage resources represent the opportunity for 

consolidation, enabling the IT organization to standardize Oracle databases on the Ready 

Bundle platform. Use case 2 expands our tested Oracle ecosystem to include 

development databases. 

Use case 2: Fifteen development OLTP databases repurposed 
from five production OLTP databases 

IT organizations are under increased pressure to update and add new features to 

applications faster and more frequently. To address business demands for faster updates 

and new features, many IT organizations have looked for opportunities to increase 

efficiencies via automation. In this use case, we used AppSync software to create copies 

of production databases and repurpose them for development. AppSync automates 

database repurposing though native integration with VMAX storage arrays. Native 

integration means the copy/clone activity is offloaded to the VMAX array, reducing the 

time it takes to provision a development database. Application and database 

administrators have the option to repurpose a copy of production on demand (a feature 

that is called Run Now), run recurrently as scheduled, or run only once at a later time. 

AppSync software accelerates repurposing copies of production and enables the IT 

organization to fully automate this complex and time-consuming process.  
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Figure 62 depicts the use case 2 architecture. 

 

Figure 62. Use case 2 architecture diagram 

Dell EMC strongly recommends using VMAX All Flash snapshots, which have the 

capability to provide inline data reduction. As part of this use case AppSync created 

deduplicated snapshots that provided 5X space savings when making copies of 

production databases. Figure 63 shows how inline deduplication works. The production 

database was provisioned with 1,380 GB of disk space on the VMAX array, and the 

database used all the available space. AppSync software repurposed copies of production 

for development using VMAX snapshots with inline deduplication. Each development 

database was provisioned 1,380 GB but only used 276 GB because most of the data was 

deduped. VMAX deduplication in this test saved 5X the space for each development 

database.  

 
Figure 63. Repurposing production to development databases 
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In this use case, we used VMAX snapshots to repurpose production to create 15 

development databases that use a fraction of the provisioned 4,140 GB disk space. That 

is a disk space savings of 16,560 GB (20,700 – 4,140) on the VMAX 250F array, as 

shown in Table 73. By using space-saving technologies such as inline deduplication and 

compression, application owners and DBAs can support more databases without affecting 

performance.  

Table 73. Deduplication 

Database type 

Storage sizes 

Database (data, redo log, and temp files) 

Provisioned (GB) Used (GB) 

Development  1,380 276 

Number of 
development 
databases 

15 15 

Total for 
development 

20,700 4,140 

 

The development databases are different from the production databases because they 

are consolidated within a VM. In this configuration, as shown in Figure 64, three 

development databases are configured within a single VM that is running with RHEL as 

the guest OS. All three of these development databases share the same Oracle 

Clusterware home and Oracle database home. This configuration simplifies management 

of the development databases using the VM settings. There are a total of 10 development 

Oracle RAC VMs across the two servers, each with 3 development database instances, 

for a total of 15 Oracle RAC development databases. The development databases are 

created as snapshots of the production databases using the AppSync software. 

 
Figure 64. Development VM 

We created fifteen Oracle 12c Release 2 RAC databases across two PowerEdge R940 

servers, and we used SLOB to create an OLTP workload with a 60/40 read/write mixture. 

We created the databases with an 8 KB block size and with ASM in a coarse-striped and 

externally redundant configuration. 
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Table 74 shows the high-level configuration of the 15 development Oracle RAC 

databases. 

Table 74. Development Oracle RAC database configuration 

Category Specification/setting DEV configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 4 

vMem per VM 72 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 12 GB 

pga_aggregate_target 4 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. We assigned each of the ten VMs across the two servers’ four vCPUs a 

reservation of 0 MHz and a CPU limit of unlimited. A vCPU with a reservation of 0 MHz 

means there is no guarantee for CPU clock cycles. A CPU limit of unlimited means the 

VMs could use the full computational resources of up to 40 physical cores across the two 

servers.  

We configured each of the ten VMs with 72 GB of memory and a memory reservation of 

52 GB. When the VM configured memory matches the reservation memory size, the VM 

gets all its memory from physical memory and is not at risk for hypervisor memory 

swapping or ballooning. At an Oracle database configuration level, sga_max_size and 

pga_aggregate_target limit the amount of memory used by the database. In this use case, 

sga_max_size is set to 12GB and the pga_aggregate_target is set to 4 GB, meaning the 

three databases can use a maximum of 48 GB (12 + 12 + 12 + 4 + 4 + 4) of memory. This 

leaves 24 GB of memory for the Linux operating system. A memory reservation of 52 GB 

guarantees that the 48 GB of memory needed for the three databases are explicitly 

available at all times. 

We ran the 15 development Oracle RAC databases on dedicated PowerEdge R940 

servers and a dedicated VMAX 250F array. We monitored performance, but because the 

fifteen Oracle 12c RAC databases had dedicated servers and storage, the performance 

measurements only reflect the consolidation capabilities of a dedicated development 

platform. Most customers will consolidate mixed database workloads to achieve greater 

capital and operation expenditure savings and gain more value from their investment in 

licensing the databases. In generating an OLTP workload, the goal was not to maximize 

performance but to create a realistic development workload that is characteristic of a 

typical small-configuration workload. 

In this test, we ran an OLTP workload across the 15 development RAC databases in 

parallel for 30 minutes. Each development RAC database generated over 2,580 IOPS 
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with read and write latencies well under the 0.75 millisecond goal. Together the 15 RAC 

databases generated over 38,700 IOPS, as reported by the Oracle AWR report shown in 

Figure 65. 

 

Figure 65. Total IOPS for use case 2 

In Figure 66, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. In this 

use case, the vCPU to pCPU ratio was well under the 1:1 recommendation. The average 

VM CPU utilization across the 10 VMs was 17.6 percent, which provides significant room 

for growth.  

 
Figure 66. Use case 2 server performance metrics 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. Table 75 shows the percentage of reads 

and writes satisfied from the VMAX system cache for this OLTP workload. 
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Table 75.  VMAX read/write cache hit percentage 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

DEV OLTP workloads 81.79% 99.99% 

 

It is common for development databases to generate a workload, but typically the 

workload is not consistent throughout the day. Development databases have peaks when 

developers are actively testing new updates or when DBAs are testing patches. The test 

results show that response times were fast, with all average I/O latencies under 0.75 

milliseconds. Also, because the server utilization was 17.6 percent, there is plenty of 

server power to manage peak development activities. In the next use case, we explore a 

different type of database workload to make our testing more comprehensive. 

Use case 3: Five production OLAP databases—Business 
intelligence, reporting, and data mining 

Businesses are investing in analytical processing to improve business intelligence, 

reporting, and data mining, which can then improve decision-making. Maintaining a 

separate platform for activities such as data mining means more complexity and costs that 

the IT organization has to justify to the business. Ready Bundle for Oracle has been 

designed to consolidate multiple types of workloads on this modern platform, which is 

ideal for analytical processing.  

In this OLAP use case, we use the same PowerEdge R940 servers to generate a TPC-H 

like workload with 100 percent reads. For this test, we used the Swingbench Sales History 

benchmark for the OLAP workload generation. Swingbench 2.5 is a free Java-based tool 

for generating database workloads using different benchmarks. The use case included 

five Oracle RAC databases, each consisting of two nodes. The Sales History benchmark 

is based on the sales history schema that ships with Oracle 11g/Oracle 12c Database and 

is TPC-H like. We created a 2 TB testing dataset and generated read-only queries. We set 

up five Secure Shell users against each OLAP production database, each running on a 

separate RAC node. In the workload tests, we set the Oracle buffer cache at 20 GB for 

each OLAP RAC database.  

Figure 67 shows the architecture diagram for use case 3. 

 
Figure 67. Use case 3 architecture diagram 
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Table 76 shows the high-level configuration of the five production OLAP Oracle RAC 

databases. 

Table 76. Production OLAP Oracle RAC database configuration 

Category Specification/setting OLAP configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 4 

vMem per VM 72 GB  

Database configuration  Database version 12c R2 RAC 

Database size 2 TB 

db_32k_cache_size 20 GB 

db_file_multiblock_read_count 4 

sga_max_size 32 GB 

 pga_aggregate_target  16 GB 

SLOB I/O configuration  Read/write ratio 100% reads 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. We assigned each of the ten VMs’ four vCPUs a reservation of 0 MHz and a 

CPU limit of unlimited. A vCPU with a reservation of 0 MHz means there is no guarantee 

for CPU clock cycles. A CPU limit of unlimited means the VMs could use the full 

computational resources of up to 40 physical cores across the two servers. 

We configured each of the ten VMs with 72 GB of memory and a memory reservation of 

52 GB. At an Oracle database configuration level, sga_max_size and 

pga_aggregate_target limit the amount of memory used by the database. In this use case, 

sga_max_size is set to 32 GB and pga_aggregate_target is set to 16 GB, meaning that 

each database can use a maximum of 48 GB of memory. This leaves 24 GB of memory 

for the Linux operating system. A memory reservation of 52 GB guarantees that the 48 

GB of memory needed for the database is explicitly available at all times. 

We changed two other database configuration parameters to improve OLAP performance:  

 db_file_multiblock_read_count  

 db_32k_cache_size 

The db_file_multiblock_read_count parameter specifies the maximum number of blocks 

read in one I/O operation during a sequential scan. OLAP workloads perform long, 

sequential scans of very large tables for business intelligence, reporting, and data mining. 

In contrast, OLTP workloads perform small random requests across several smaller 

tables. 

We used db_32k_cache_size because the goal was to read more data in one I/O 

operation. The db_32k_cache_size and the db_file_multiblock_read_count parameters 

work together to determine the I/O size. In this use case, a 32 KB block size multiplied by 

the db_file_multiblock_read_count value of 4 (32 * 4) gives us 128 KB I/O size. Using a 
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larger db_32K_cache_size and greater value for db_file_multiblock_read_count 

accelerates sequential scanning of large database tables.  

We ran the five OLAP Oracle RAC databases on dedicated PowerEdge R940 servers and 

a dedicated VMAX 250F array. We monitored performance, but because the five OLAP 

Oracle 12c RAC databases had dedicated servers and storage, the performance 

measurements reflect the consolidation capabilities of and OLAP database platform. Most 

customers will consolidate mixed database workloads to achieve greater capital and 

operation expenditure savings and gain more value from their investment in licensing the 

databases. In generating an OLAP workload, the goal was not to maximize performance 

but to create a realistic OLAP workload that is characteristic of a typical medium-

configuration workload. 

In Figure 68, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. In this 

use case, the vCPU-to-pCPU ratio was well under the 1:1 recommendation. The average 

VM CPU utilization across the ten VMs was 12 percent, which provides significant room 

for growth. 

 
Figure 68. Use case 3 server performance metrics 

In this test, we ran five OLAP workloads across the five OLAP databases in parallel for 30 

minutes. Each OLAP RAC database generated well over 8,528 IOPS and a throughput of 

0.48 GB/s. Throughput is the amount of work the database can perform in a fixed time (for 

example, GB/s) and is a much more important performance metric for OLAP databases. 

The greater the throughput, the faster the database can sequentially scan large tables and 

return the results. In this use case, the combined total throughput for the five OLAP 

clusters was 2.43 GB/s, as shown in Figure 69. 
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Figure 69. Use case 3 OLAP database throughput performance metrics  

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. For this OLAP workload, Table 77 

shows the percentage of reads and writes satisfied from the VMAX system cache. 

Because this test involved all read operations, the table shows only the VMAX read cache 

hit percentage. 

Table 77.  VMAX read cache hit percentage 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

OLAP Workloads 21.54% Not applicable 

 

The medium configuration can support small OLAP workloads that companies depend on 

for financial analysis. 

Use case 4: Mixed OLTP workloads 

Previous tests discussed in this chapter have been dedicated to testing a particular 

workload with no sharing of resources with other workloads. In this use case, all the OLTP 

workloads are combined across the two PowerEdge R940 servers and the single VMAX 

250F array. The advantages of combining all OLTP workloads are greater capital and 

operation expenditure savings, consolidation, and ease of management.  

As shown in Figure 70, the five production RAC databases run in parallel with the 15 

development RAC databases for a total mixed workload of 20 RAC databases. We used 

the same SLOB data, same database block size, and the same ASM settings as in use 

cases 1 and 2. 

 
Figure 70. Use case 4 architecture diagram 



Chapter 6: Test Methodology and Results: Medium Configuration  

 

124 Dell EMC Ready Bundle for Oracle with Data Protection 
Enterprise-Class Protection and Provisioning with Dell EMC VMAX All Flash and Data Domain Storage and Data 
Domain 
Validation Guide 
 

The production and development OLTP VMs have similar configurations, but the 

development database VMs are slightly larger as they each support three database 

instances. They have two more vCPUs and 24 GB more memory. At the database 

configuration level, the production instances have an sga_max_size of 32 GB, whereas 

each development database has an sga_max_size of 12 GB.  

Table 78 shows the high-level configuration of the 5 production and 15 development 

Oracle RAC databases. 

Table 78. Production/dev Oracle RAC database configuration, from medium configuration 

Category Specification/setting 
PROD 
configuration 

DEV 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB  

Database 
configuration  

Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 12 GB 

SLOB I/O 
configuration  

Read/write ratio 60/40 

 

The configuration for both the production and development databases has been 

previously described, but it is important to review the vCPU and vMem allocations relative 

to the physical server configuration. Each PowerEdge server is identically configured with 

72 physical cores and 1,152 GB of system memory. Table 79 shows that each server 

supports 10 vCPUs and 240 GB of vMem for the production OLTP databases.  

Table 79. vMem and vCPUs supported for production OLTP databases 

Production databases 
Server 

vCPUs vMem (GB) 

PROD OLTP databases 2 48 

Number of PROD VMs 5 5 

Total 10 240 

 

Table 80 shows that each server supports 20 vCPUs and 360 GB of memory for the 

development OLTP databases. 
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Table 80. vMem and vCPUs supported for development OLTP databases 

Development databases 
Server 

vCPUs vMem (GB) 

DEV OLTP databases 4 72 

Number of DEV VMs 5 5 

Total 20 360 

 

Table 81 shows that each server supports a total of 30 vCPUs and 600 GB of vMem for 

the combined workload of production and development databases. 

Table 81. vMem and vCPUs supported for combined workload 

PROD and DEV 
databases 

Server 

vCPU totals vMem (GB) totals 

PROD OLTP databases  10 240 

DEV OLTP databases 20 360 

Total 30 600 

 

Because there are no vCPU reservations or CPU limits, the maximum physical core 

usage is 30 cores, which is nearly half of the server’s 72 cores. Each VM does reserve 

memory; therefore, 600 GB across the 10 combined OLTP production and development 

VMs is dedicated memory, which cannot be shared with other VMs. This leaves 552 GB 

(1,152 – 600) of unallocated physical memory on the PowerEdge server.  

The performance goal of sub-0.75-millisecond-latency I/O times is the same, even with 

this increased OLTP workload. The medium configuration of Ready Bundle for Oracle 

must enable consolidation of workloads using an SLA that meets application 

requirements.  

The first bar in Figure 71 shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. The five 

development RAC VMs per server, represented in blue, have 20 vCPUs allocated on each 

server. The five production RAC VMs per server, in green, have 10 vCPUs allocated on 

each server. In this use case, the vCPU to pCPU ratio was well under the 1:1 

recommendation. The average VM CPU utilization for the development VMs was 18.3 

percent and for the production VMs 28.2 percent. There is significant room for additional 

CPU utilization in both the development and production VMs.  
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Figure 71. Use case 4 server performance metrics 

In this test, we ran an OLTP workload across 5 production and 15 development RAC 

databases in parallel for 30 minutes. Each production RAC database generated over 

5,440 IOPS, and each development RAC database generated over 2,580 IOPS with read 

and write latencies well under the 0.75 millisecond goal. Together all 20 RAC databases 

generated over 65,900 IOPS, as reported by the Oracle AWR report shown in Figure 72. 

 
 
Figure 72. Use case 4 total IOPS 
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Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-

buffering that accelerates database performance. Table 82 shows the percentage of reads 

and writes satisfied from the VMAX system cache for this mixed OLTP workload.  

Table 82. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

Mixed OLTP Workloads 47.67% 100% 

 

Results of this mixed-workload test of all OLTP databases show that both the production 

and development databases exceeded the same IOPS goals at sub-0.75-millisecond 

latencies. These are steady-state database workloads, which test the capability of Ready 

Bundle for Oracle to deliver consistent performance levels. In addition, test metrics show 

that there are significant unused resources to handle times of peak workloads. In use 

case 5, we stress-tested the medium configuration by running all the workloads in parallel.  

Use case 5: Mixed OLTP and OLAP workloads 

In use case 4, all OLTP databases ran in parallel. In use case 5, the final test, we include 

OLAP databases. Thus, this test represents mixed workloads (production and 

development) and mixed types of workloads (OLTP and OLAP) running together in the 

medium configuration of Ready Bundle for Oracle. This test is the most demanding and 

represents the greatest consolidation of workloads for the best capital- and operation-

expenditure savings.  

We ran 5 production RAC databases, 15 development RAC databases, and 5 OLAP RAC 

databases in parallel for a total mixed workload of 25 RAC databases. We used SLOB to 

create an OLTP workload with a 60/40 read/write OLTP workload, and we used the 

Swingbench Sales History benchmark for the OLAP workload generation.  

 

Figure 73. Use case 5 architecture diagram 

By adding the OLAP databases, we are testing the VMAX 250F array by adding large 

sequential reads to the storage workload. This is reflected by the database size of 2 TB 

and the settings of db_32k_cache_size and db_file_multiblock_read_count that enable 

larger database I/O to improve large sequential read performance.  

Table 83 shows the high-level configuration of the 5 production, 15 development, and 5 

OLAP Oracle RAC databases. 
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Table 83. Use case 5: Oracle RAC database configuration 

Category Specification/setting 
PROD 
configuration 

DEV 
configuration 

OLAP 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB 

Database 
configuration  

Database version 12c R2 RAC 

Database size 1 TB 2 TB 

Database block_size 8 KB 32 KB 

db_cache_size 8 GB 4 GB 0 

db_32k_cache_size 0 20 GB 

db_file_multiblock_read_count 1 4 

sga_max_size 24 GB 12 GB 32 GB 

SLOB I/O 
configuration  

Read/write ratio 60/40 100% reads 

 

The configuration for the production, development, and OLAP databases has been 

previously described, but it is important to review the vCPU and vMem allocations relative 

to the physical server configuration. Each PowerEdge server is identically configured with 

72 cores and 1,156 GB of system memory. Table 84 shows that each server supports 20 

vCPUs and 360 GB of vMem for the OLAP databases. 

Table 84. vCPUs and vMem for OLAP databases 

OLAP databases 
Server 

vCPUs vMem (GB) 

OLAP databases 4 72 

Number of OLAP VMs 5 5 

Total 20 360 

 

Table 85 was taken from use case four and shows the totals for production and 

development databases. We added an extra row to the table to represent the VM 

resources used by the OLAP databases.  

Table 85. vCPUs and vMem for OLTP and OLAP databases 

OLTP and OLAP 
databases 

Server 

vCPU totals vMem (GB) totals 

PROD OLTP databases  10 240 

DEV OLTP databases 20 360 

OLAP databases 20 360 
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OLTP and OLAP 
databases 

Server 

vCPU totals vMem (GB) totals 

Total 50 960 

 

Because there are no vCPU reservations or CPU limits, the maximum physical core 

usage is 50 physical cores, leaving 22 unallocated CPUs in each server. Each VM does 

reserve memory, so 960 GB across the 25 VMs is dedicated memory, which cannot be 

shared with other VMs.  

The performance goal of sub-0.75-millisecond-latency I/O times is the same, even with 

running all the database workloads in parallel. The performance goal for the OLAP 

databases is 0.5 GB/s of throughput or better. The medium configuration of Ready Bundle 

for Oracle must enable consolidation of workloads using an SLA that meets application 

requirements. 

In Figure 74, the first bar shows the number of physical cores (pCPUs) in each server 

relative to the number of virtual cores (vCPUs) in this test. This is useful because CPU 

overcommitment, if excessive, can degrade performance. The general recommendation 

for business-critical workloads is no greater than a 1:1 ratio of vCPUs to pCPUs. The five 

development RAC VMs per server, represented in blue, have 20 vCPUs allocated on each 

server. The five production RAC VMs per server, in green, have 10 vCPU allocated on 

each server. The five OLAP RAC VMs per server, in orange, have 20 vCPUs allocated on 

each server. In this use case, the vCPU to pCPU ratio was under the 1:1 

recommendation. The average VM CPU utilization for the OLAP VMs was 9.6 percent, for 

development VMs was 13 percent, and for production VMs was 26.9 percent. In total, this 

test used just 49.5 percent of total CPU capacity, which leaves sufficient room for VM 

failover from one ESXi host to another.  

 
Figure 74. Use case 5 server performance metrics 
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In this final test, we ran an OLTP workload across 5 production and 15 development RAC 

databases and the five OLAP workloads in parallel for 30 minutes. Table 86 provides an 

overview of the workload performance. 

Table 86. Use case 5 workload performance  

Workload 
Number of RAC 
databases 

Average IOPS per 
database 

Total IOPS 

OLTP PROD RAC 5 5,440 27,200 

OLTP TEST RAC 15 2,450 38,700 

OLAP PROD RAC 5 6,680 33,400 

Additional IOPS   44 

Total IOPS   99,344 

 

The row labeled “Additional IOPS” workload indicates the excess IOPS over our round 

numbers. So, for example, when this guide mentions “over 5,440” IOPS, the IOPS above 

5,440 are indicated by the “Additional IOPS” row in this table. Thus, in total across all the 

databases, the medium configuration supported over 99,000 IOPS. 

Throughput is more important for an OLAP workload. In this final test the goal of .35 GB/s 

per database was exceeded because the throughput was .39 GB/s and a total of 1.75 

GB/s combined throughput. This is slightly less throughput than use case 3 in which all 

hardware was dedicated to the workload of the OLAP databases. Considering that we ran 

20 OLTP RAC databases in parallel with the OLAP workloads, our throughput for this test 

was a success.  

 

Figure 75. Use case 5 total IOPS 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This means the VMAX has the ability to deliver large write-
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buffering that accelerates database performance. Table 87 shows the percentage of reads 

and writes satisfied from the VMAX system cache for this OLTP and OLAP workloads. 

Table 87.  VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

OLAP read hit 
percentage 

Mixed OLTP and 
OLAP workloads 

26.89% 99.94% 11.52% 

 

Medium configuration testing summary 

This final test of the medium configuration demonstrates that you can consolidate all types 

of Oracle databases with sub-0.75-millisecond latencies and strong throughput. 

Virtualization combined with the VMAX 250F inline deduplication and compression enable 

greater consolidation and disk space saving on this modern database platform.  
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Chapter 7 Test Methodology and Results: 
Large Configuration 

This chapter presents the following topics: 

Test objective .................................................................................................. 133 

Test tools and methods .................................................................................. 134 

Use case 1: Ten production OLTP RAC databases ...................................... 135 

Use case 2: Mixed OLTP workloads .............................................................. 137 

Use case 3: Mixed OLTP and OLAP workloads ............................................ 141 

Large configuration testing summary ........................................................... 145 
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Test objective 

Traditional ERP and CRM business applications must be continuously updated and 

integrated, blurring the boundary between business functions. With business decisions 

progressively being driven by analytics, businesses are under pressure to make 

improvements or add new functionality quickly.  

Dell EMC has designed a series of performance tests using OLTP and OLAP databases. 

OLTP database usage is characterized by small requests for information, such as looking 

up an inventory item or checking a customer account, and supporting mission-critical 

back-office applications. ERP and CRM systems can support thousands of users who 

generate millions of database transactions and require fast response times. In this case, 

response time is the total amount of time it takes for the database to respond to a request. 

For our OLTP tests, we used an aggressive response-time goal of under one millisecond 

to measure success.  

OLAP database usage is characterized by large requests for data that involve activities 

such as running a report and performing data mining. Businesses depend on the ability to 

create sales reports, budgets, and forecasting reports quickly because decisions depend 

on expedient analysis. In this case, throughput is important because large datasets must 

be analyzed. Throughput is the rate at which the database can process data. The higher 

the throughput, the more data the database can read and the better the OLAP 

performance. In the large configuration, we targeted a throughput of at least 0.35 GB/s to 

measure success.  

The large configuration uses PowerEdge R940 servers, which are designed for larger 

workloads, to maximize enterprise application performance. The PowerEdge R940 

servers are configured with 112 cores—88 more physical cores than the PowerEdge 

R740 servers in the small configuration and 40 more physical cores than the PowerEdge 

R940 servers in the medium configuration. Memory also is substantially different. The 

PowerEdge R940 server is configured with 3,072 GB—2,688 GB more than the R740 

server in the small configuration and 1,920 GB more than the R940 server in the medium 

configuration.  

The following table shows the configuration specifications of the PowerEdge servers that 

are used in the large, medium, and small configurations. 

Table 88. Configuration specifications 

Configuration 
type 

PowerEdge model CPU configuration 
Memory 
configuration 

Large R940 4 x 28 cores for a total 
of 112 cores 

3,072 GB 

Medium R940 4 x 18 cores for a total 
of 72 cores 

1,152 GB 

Small R740 2 x 12 cores for a total 
of 24 cores 

384 GB  
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The following table shows the VMAX 250F parameters for the large, medium, and small 

configurations. 

Table 89. VMAX 250F parameters 

Configuration type VMAX cache size VMAX flash drives VMAX capacity (TBe) 

Large 2 TB 64 x 960 GB 105  

Medium 1 TB 48 x 960 GB 79  

Small 512 GB 16 x 960 GB 26 

 

With twice the amount of VMAX system cache in the large configuration compared to the 

medium configuration, the array can accelerate two times as much I/O. Also, the VMAX 

250F is configured with 16 additional flash drives compared to the medium configuration, 

which significantly increases performance and capacity. 

Finally, the large-configuration workload tests are 2X and 5X the size of the medium and 

the small configuration workload tests, as shown in the following table. 

Table 90. Workload types by configuration 

Configuration type Large Medium  Small  

PROD OLTP databases 10 5 2 

DEV OLTP databases 30 15 6 

OLAP databases 10 5 2 

Mixed OLTP databases 40 20 8 

Mixed OLTP and OLAP 
database 

50 25 10 

 

Although the large workload is more than doubled, the same performance goals apply: 

 Achieve sub-millisecond latency for all OLTP workloads. 

 Demonstrate realistic throughput for each OLAP RAC database. 

 Show a substantial storage savings. 

Test tools and methods 

To simulate OLTP database workloads, we used Silly Little Oracle Benchmark (SLOB) 

tool version 2.4. Our test featured two users with one thread each, and a 1 TB SLOB 

dataset (108 users x 9,600 MB scale). The OLTP workloads consisted of 60 percent reads 

and 40 percent writes.  

For the OLAP workload tests, we used Swingbench 2.5, a free Java-based tool for 

generating database workloads using different benchmarks. For this test, we used the 

Swingbench Sales History benchmark for the OLAP workload testing. The Sales History 

benchmark is based on the sales history (SH) schema that ships with Oracle 11g/Oracle 

12c Database and is TPC-H like. We created a 2 TB testing dataset and generated read-

only queries. We used two Secure Shell users against each OLAP production database, 

each running on a separate RAC node. 

https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
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Use case 1: Ten production OLTP RAC databases 

In the first use case, as shown in the following figure, we created ten production Oracle 

12c Release 2 RAC databases across two PowerEdge R940 servers. We used SLOB to 

create an OLTP workload with a 60/40 read/write mix. We created the databases with an 

8 KB block size and with ASM in a coarse-striped and externally redundant configuration.  

 

 
Figure 76. Use case 1 solution diagram 

The following table shows the high-level configuration of the ten production Oracle RAC 

databases. 

Table 91. Production Oracle RAC database configuration 

Category Specification/setting PROD configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 2 

vMem per VM 48 GB  

Database configuration  Database version Oracle Database 12c 

Release 2 (12.2) RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 

pga_aggregate_target  8 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

vCPU and vMem performance is, in large part, determined by how the VMs are 

configured. We assigned two vCPUs to each of the 20 VMs across two servers. The two 

vCPUS had a: 

 Reservation of 0 MHz—There is no guarantee for CPU clock cycles. 

 CPU limit of “unlimited”—The VMs can use the full computational resources of up to 

40 physical cores allocated to them across the two servers. 
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We configured each of the 20 VMs with 48 GB of memory and a memory reservation of 36 

GB. At an Oracle database configuration level, sga_max_size and pga_aggregate_target 

settings limit the amount of memory used by the database. In this use case, the 

sga_max_size setting was set to 24 GB and the pga_aggregate_target setting was set to 

8 GB, which allowed the databases to use a maximum of 32 GB of memory. A remainder 

of 16 GB of memory was available for the Linux operating system. A memory reservation 

of 36 GB guarantees that the 32 GB of memory needed for the database is explicitly 

available at all times. 

We ran the ten production Oracle OLTP RAC databases on dedicated PowerEdge R940 

servers and a dedicated VMAX 250F array. The goal of this test was to develop and 

validate implementation best practices for running Oracle databases on this platform. We 

monitored performance, however, because the ten Oracle 12c RAC databases had 

dedicated servers and storage, performance measurements do not reflect the 

consolidation capabilities of the database platform. Most customers consolidate 

databases to achieve greater capital and operation expenditure savings and gain more 

value from their investment in licensing the databases. By generating an OLTP workload, 

the goal was not to maximize performance but to create a realistic production workload 

that is characteristic of a typical large-configuration workload.  

In this test, we ran an OLTP workload across the ten RAC databases in parallel for 30 

minutes. In the following figure, the first bar shows the number of physical cores (pCPUs) in 

each server relative to the number of virtual cores (vCPUs) in this test. This information is 

useful because excessive CPU overcommitment, can degrade performance. The general 

recommendation for business-critical workloads is a ratio no greater than a 1:1 ratio of vCPUs 

to pCPUs. In this use case, the vCPU-to-pCPU ratio was well under the 1:1 recommendation.  

 
Figure 77. Use case 1 server performance metrics 

The average VM CPU utilization across the 20 VMs was 21.81 percent, which shows that 

there is significant room for growth. As shown in the following figure, each production RAC 

database generated over 5,420 IOPS with an average read and write latency of 0.45 

milliseconds, which is well under the one millisecond goal. The ten Oracle RAC databases 
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combined generated over 54,205 IOPS, which is representative of production workloads 

in the large configuration.  

 
Figure 78. Use case 1 database IOPS performance metrics 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This method means that the VMAX array has the ability to 

deliver large write-buffering that accelerates database performance. The following table 

shows the percentage of reads and writes from the VMAX system cache for this OLTP 

workload.  

Table 92. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

PROD OLTP workloads 44.07% 100% 

 

In addition to demonstrating a strong performance profile, use case 1 shows how a 

fraction of the available CPUs and VMAX storage can support production workloads. 

Unused CPU and storage resources represent the opportunity for consolidation, enabling 

the IT organization to standardize Oracle databases on the Ready Bundle platform. Use 

case 2 expands our tested Oracle ecosystem to include development databases. 

Use case 2: Mixed OLTP workloads 

Previous tests described in this chapter were dedicated to testing a particular workload 

with no sharing of resources with other workloads. In this use case, all the OLTP 

workloads were combined across two PowerEdge R940 servers and a single VMAX 250F 

array. The advantages of combining all OLTP workloads are greater capital and operation 

expenditure savings, consolidation, and ease of management.  

As shown in the following figure, the 10 OLTP production RAC databases ran in parallel 

with the 30 OLTP development RAC databases for a total mixed workload of 40 OLTP 

RAC databases. We used the same SLOB data, the same database block size, and the 

same ASM settings as in use case 1. 



Chapter 7: Test Methodology and Results: Large Configuration  

 

138 Dell EMC Ready Bundle for Oracle with Data Protection 
Enterprise-Class Protection and Provisioning with Dell EMC VMAX All Flash and Data Domain Storage and Data 
Domain 
Validation Guide 
 

 

Figure 79. Use case 2 architecture diagram 

The production and development OLTP VMs had similar configurations, but the 

development database VMs were slightly larger because they each supported three 

database instances. They had two more vCPUs and 24 GB more memory. At the 

database configuration level, the production instances had an sga_max_size setting of 32 

GB, whereas each development database had an sga_max_size setting of 12 GB.  

The following table shows the high-level configuration of the 10 production and 30 

development Oracle RAC databases. 

Table 93. Production/dev Oracle RAC database configuration, from large configuration 

Category Specification/setting 
PROD 
configuration 

DEV 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB  

Database 
configuration  

Database version Oracle Database 12c Release 2 (12.2) 
RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 12 GB 

SLOB I/O 
configuration  

Read/write ratio 60/40 

 

The configuration for both the production and development databases was previously 

described, but it is important to review the vCPU and vMem allocations relative to the 

physical server configuration. Each PowerEdge server is identically configured with 112 

physical cores and 3,072 GB of system memory. The following table shows that each 

server supports 20 vCPUs and 480 GB of vMem for the production OLTP databases.  
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Table 94. vMem and vCPUs supported for production OLTP databases 

Production databases 
Server 

vCPUs vMem (GB) 

PROD OLTP databases 2 48 

Number of PROD VMs 10 10 

Total 20 480 

 

The following table shows that each server supports 40 vCPUs and 720 GB of memory for 

the development OLTP databases. 

Table 95. vMem and vCPUs supported for development OLTP databases 

Development databases 
Server 

vCPUs vMem (GB) 

DEV OLTP databases 4 72 

Number of DEV VMs 10 10 

Total 40 720 

 

The following table shows that each server supports a total of 60 vCPUs and 1,200 GB of 

vMem for the combined workload of OLTP production and development databases. 

Table 96. vMem and vCPUs supported for combined OLTP workload 

PROD and DEV 
databases 

Server 

vCPU totals vMem (GB) totals 

PROD OLTP databases  20 480 

DEV OLTP databases 40 720 

Total 60 1,200 

 

Because there are no vCPU reservations or CPU limits set for the OLTP VMs, all of the 

assigned 60 physical cores, which is approximately half of the server’s 112 cores, are 

available for the OLTP databases’ utilization. Each VM does reserve memory; therefore, 

1,200 GB across the 20 combined OLTP production and development VMs per server is 

dedicated memory, which cannot be shared with other VMs. This leaves 1,872 GB (3,072 

– 1,200) of unallocated physical memory on the PowerEdge server.  

The performance goal of sub-millisecond-latency I/O times is the same, even with this 

increased OLTP workload. The large configuration of Ready Bundle for Oracle must 

enable consolidation of workloads using an SLA that meets application requirements.  

The first bar in the following figure shows the number of physical cores (pCPUs) in each 

server relative to the number of virtual cores (vCPUs) in this test. This information is 

useful because CPU overcommitment, if excessive, can degrade performance. The 

general recommendation for business-critical workloads is no greater than a 1:1 ratio of 

vCPUs to pCPUs. The 10 development RAC VMs per server, represented in blue, have 

40 vCPUs allocated on each server. The 10 production RAC VMs per server, in green, 
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have 20 vCPUs allocated on each server. In this use case, the vCPU to pCPU ratio was 

well under the 1:1 recommendation. The average VM CPU utilization for the development 

VMs was 12.71 percent and for the production VMs was 22.01 percent. There is 

significant room for additional CPU utilization in both the development and production 

VMs.  

 

Figure 80. Use case 2 server performance metrics 

In this test, we ran an OLTP workload across 10 production and 30 development RAC 

databases in parallel for 30 minutes. Each production RAC database generated over 

4,897 IOPS, and each development RAC database generated over 2,696 IOPS with an 

average read and write latency of 0.75 ms, which is well under the one millisecond goal. 

Together all 40 RAC databases generated over 129,883 IOPS, as reported by the Oracle 

AWR report shown in the following figure. 
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Figure 81. Use case 2 total IOPS 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This method means that the VMAX array can deliver large 

write-buffering that accelerates database performance. The following table shows the 

percentage of reads and writes from the VMAX system cache for this mixed OLTP 

workload.  

Table 97. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

Mixed OLTP Workloads 48.16% 100% 

 

Results of this mixed-workload test of all OLTP databases show that both the production 

and development databases exceeded the same IOPS goals at sub-millisecond latencies. 

These workloads are steady-state database workloads, which test the capability of Ready 

Bundle for Oracle to deliver consistent performance levels. In addition, test metrics show 

that there are significant unused resources to manage times of peak workloads. In use 

case 3, we stress-tested the large configuration by running all the workloads in parallel.  

Use case 3: Mixed OLTP and OLAP workloads 

In use case 2, all OLTP databases ran in parallel. In this final use case, we included 

OLAP databases. This test represents mixed workloads (production and development) 

and mixed types of workloads (OLTP and OLAP) running together in the large 

configuration of Ready Bundle for Oracle. This test is the most demanding and represents 

the greatest consolidation of workloads for the best capital- and operation-expenditure 

savings.  

We ran 10 OLTP production RAC databases, 30 OLTP development RAC databases, and 

10 OLAP RAC databases in parallel for a total mixed workload of 50 RAC databases. We 

used SLOB to create a 60/40 read/write OLTP workload, and we used the Swingbench 

Sales History benchmark for the OLAP workload generation.  
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Figure 82. Use case 3 architecture diagram 

By adding the OLAP databases, we are testing the VMAX 250F array by adding large 

sequential reads to the storage workload. This load is reflected by the database size of 2 

TB and the db_32k_cache_size and db_file_multiblock_read_count settings that enable 

larger database I/O to improve large sequential read performance.  

The following table shows the high-level configuration of the 10 OLTP production, 30 

OLTP development, and 10 OLAP Oracle RAC databases. 

Table 98. Oracle RAC database configuration 

Category Specification/setting 
PROD 
configuration 

DEV 
configuration 

OLAP 
configuration 

Operating 
system 

VM guest OS RHEL 7.3 

VM 
configuration 

vCPUs per VM 2 4 

vMem per VM 48 GB  72 GB 144 GB 

Database 
configuration  

Database version Oracle Database 12c Release 2 (12.2) RAC 

Database size 1 TB 2 TB 

Database block_size 8 KB 32 KB 

db_cache_size 8 GB 4 GB 0 

db_32k_cache_size 0 20 GB 

db_file_multiblock_read_count 1 4 

sga_max_size 24 GB 12 GB 64 GB 

I/O configuration  Read/write ratio 60/40 100% reads 

 

The configuration for the production, development, and OLAP databases were previously 

described, but it is important to review the vCPU and vMem allocations relative to the 

physical server configuration. Each PowerEdge server is identically configured with 112 

cores and 3,072 GB of system memory. The following table shows that each server 

supports 40 vCPUs and 1,440 GB of vMem for the OLAP databases. 
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Table 99. vCPUs and vMem for OLAP databases 

OLAP databases 
Server 

vCPUs vMem (GB) 

OLAP databases 4 144 

Number of OLAP VMs 10 10 

Total 40 1,440 

 

The following table was taken from use case 4 and shows the totals for production and 

development databases. We added an extra row to the table to represent the VM 

resources used by the OLAP databases.  

Table 100. vCPUs and vMem for OLTP and OLAP databases  

OLTP and OLAP 
databases 

Server 

vCPU totals vMem (GB) totals 

PROD OLTP databases  20 480 

DEV OLTP databases 40 720 

OLAP databases 40 1,440 

Total 100 2,640 

 

Because there are no vCPU reservations or CPU limits set for the database VMs, all of 

the assigned 100 physical cores are available to the databases, leaving 12 unallocated 

CPUs in each server. Each VM does reserve memory, so 2,640 GB across the 50 

database VMs is dedicated memory, which cannot be shared with other VMs.  

The performance goal of sub-millisecond latency I/O times is the same, even with running 

all the database workloads in parallel. The performance goal for the OLAP databases is 

0.35 GB/s of throughput or better. The large configuration of Ready Bundle for Oracle 

must enable consolidation of workloads by using an SLA that meets application 

requirements. 

In the following figure, the first bar shows the number of physical cores (pCPUs) in each 

server relative to the number of virtual cores (vCPUs) in this test. This information is 

useful because CPU overcommitment, if excessive, can degrade performance. The 

general recommendation for business-critical workloads is no greater than a 1:1 ratio of 

vCPUs to pCPUs. The 10 DEV RAC VMs per server, represented in blue, have 40 vCPUs 

allocated on each server. The 10 PRD RAC VMs per server, in green, have 20 vCPUs 

allocated on each server. The 10 OLAP RAC VMs per server, in orange, have 40 vCPUs 

allocated on each server. In this use case, the vCPU to pCPU ratio was under the 1:1 

ratio recommendation. The average VM CPU utilization for the OLAP VMs was 12.34 

percent, for the development VMs was 12.39 percent, and for the production VMs was 

21.37 percent. In total, this test used just 46.1 percent of total CPU capacity, which left 

sufficient room for VM failover from one ESXi host to another.  
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Figure 83. Use case 3 server CPU performance metrics 

In this final test, we ran an OLTP workload across 10 OLTP production and 30 

development RAC databases and the 10 OLAP workloads in parallel for 30 minutes. The 

following table provides an overview of the workload performance. 

Table 101. Use case 3 workload performance  

Workload 
Number of RAC 
databases 

Average IOPS per 
database 

Total IOPS 

OLTP PRD RAC 10 4,670 46,700 

OLTP TEST RAC 30 2,500 75,000 

OLAP PRD RAC 10 6,810 68,100 

Additional IOPS   167 

Total IOPS   189,967 

 

The row labeled “Additional IOPS” indicates the excess IOPS over our round numbers. 

For example, when this guide mentions “over 4,670” IOPS, the IOPS above 4,670 are 

indicated by the “Additional IOPS” row in this table. Thus, in total across all the databases, 

the large configuration supported over 189,800 IOPS. 

Throughput is more important for an OLAP workload than for other workloads. In this final 

test, the goal of 0.35 GB/s per database was exceeded because the throughput was 0.39 

GB/s and a total of 3.88 GB/s combined throughput. Because  we ran 40 OLTP RAC 

databases in parallel with the 10 OLAP RAC databases, our throughput for this test was a 

success.  
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Figure 84. Use case 3 total IOPS 

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This method means that the VMAX array can deliver large 

write-buffering that accelerates database performance. The following table shows the 

percentage of reads and writes from the VMAX system cache for this OLTP and OLAP 

workloads. 

Table 102.  VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

OLAP read hit 
percentage 

Mixed OLTP and 
OLAP workloads 

43.40% 99.94% 11.52% 

 

Results of this mixed-workload test of all OLTP databases show that both the production 

and development databases exceeded the same IOPS goals at sub-millisecond latencies. 

These workloads are steady-state database workloads, which test the capability of Ready 

Bundle for Oracle to deliver consistent performance levels. In addition, test metrics show 

that there are significant unused resources to manage times of peak workloads.  

 

Large configuration testing summary 

This final test of the large configuration demonstrates that you can consolidate all types of 

Oracle databases with sub-millisecond latencies and strong throughput. Virtualization 

combined with VMAX 250F inline deduplication and compression enable greater 

consolidation and disk space saving on this modern database platform.  
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Chapter 8 Test Methodology and Results: 
Commercial Data Protection  

This chapter presents the following topics: 

Test objective .................................................................................................. 147 

Test tools and methods .................................................................................. 147 

Use case 1: Stand-alone OLTP Oracle RAC database baseline ................... 148 

Use case 2: First full backup of a stand-alone RAC OLTP database with a 
SLOB data workload ................................................................................ 149 

Use case 3: Second full backup of a stand-alone RAC OLTP database with a 
SLOB data workload ................................................................................ 151 

Use case 4: Recovery of a stand-alone RAC OLTP database from the last full 
backup ...................................................................................................... 155 

Use case 5: Parallel backup and recovery of multiple OLTP RAC 
databases ................................................................................................. 155 

Commercial data protection testing summary .............................................. 157 
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Test objective 

Traditional ERP and CRM business applications are under constant pressure to protect 

and recover data in the shortest possible time. In doing so, organizations are very much 

interested in getting high throughput, low CPU utilization, fast backup and recovery time, 

low storage I/O response time, and so on. However, the Oracle DBAs and other 

datacenter staff are also interested in achieving high data compression for Oracle backup 

sets, high network and storage throughputs, and high storage IOPS during the backup 

and restore times.  

Dell EMC has designed a series of backup and recovery tests using RAC OLTP 

databases on a Data Domain appliance. The backup and recovery of OLTP databases is 

of tremendous importance as data stored in the latter (OLTP) is loaded with a huge 

volume of organization-wide transactional or inventory data that supports mission-critical 

back-office applications. Faster response and recovery of this data is of particular 

importance, especially during longer database downtime.  

The Data Domain system with DD Boost technology enhances the speed of backup and 

recovery with high levels of deduplication and compression. This mechanism of Data 

Domain with DD Boost accelerates the speed and offers space savings with increased 

reliability of data restoration and recovery. In our test environment, we performed multiple 

tests in different use cases and achieved impressive results.  

Our benchmark for success required that the backup and recovery time be below 60 

minutes for 1 TB of data, that the CPU utilization be less than 38 percent under all 

circumstances, that space savings be 60 percent or more under heterogeneous 

workloads, and that the network throughput be 400 MB/sec or more.    

During this testing we used the DD6300 system with DD Boost software. This 

configuration has yielded superior performance for over 10 years in many challenging 

situations. 

Test tools and methods 

To simulate OLTP database workloads, we used Silly Little Oracle Benchmark (SLOB) 

tool version 2.4. Our test featured two users with one thread each, and a 1 TB SLOB 

dataset (108 users x 9600 MB scale). The OLTP workloads were designed to comprise 60 

percent reads and 40 percent writes.  

For the OLAP workload tests, we used Swingbench 2.5. Swingbench is a free Java-based 

tool for generating database workloads using different benchmarks. For this test, we used 

the Swingbench Sales History benchmark for the OLAP workload testing. The Sales 

History benchmark is based on the sales history (SH) schema that ships with Oracle 

11g/Oracle Database and is TPC-H benchmark-like. We created a 2 TB testing dataset 

and generated read-only queries. We used two Secure Shell users against each OLAP 

production database, each running on a separate RAC node. 

  

https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
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Use case 1: Stand-alone OLTP Oracle RAC database baseline 

The goal of this first use case was to develop a baseline for the OLTP Oracle RAC 

database. We then used the metrics from this baseline performance test to draw 

comparisons to our backup tests. For this use case, our goal was to create a workload to 

use across all the backup tests. Because this is a baseline test, we captured the workload 

metrics with no backups.  

The Ready Bundle architecture for the backup use cases consists of two PowerEdge 

R740 servers supporting Oracle 12c Release 2 RAC configuration. A VMAX 250F all-flash 

array providing LUNs for the Oracle RAC database provides the storage. A DD6300 

appliance backs up, protects, and restores the database across all the tests. Chapter 3 

shows an architecture overview of the commercial Ready Bundle configuration. The 

following table shows the software configuration for this baseline test.  

Table 103. Production Oracle RAC database configuration 

Category Specification/setting PROD configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 8 

vMem per VM 48 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 

pga_aggregate_target  8 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

In this test, we ran an OLTP workload across the two RAC databases in parallel for 30 

minutes. The average CPU utilization across the two VMs was 18.54 percent, which 

provides significant room for growth. Each RAC database generated over 5,900 IOPS with 

read and write latencies well under the 0.75 millisecond goal. The two Oracle RAC 

databases that were combined generated over 11,900 IOPS, which is representative of 

production workloads in the small configuration.  

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This method means the VMAX array can deliver large write-

buffering that accelerates database performance. For this OLTP workload, the following 

table shows the percentage of reads and writes from the VMAX system cache.  

Table 104. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

PROD OLTP 81.00% 100% 
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Use case 2: First full backup of a stand-alone RAC OLTP 
database with a SLOB data workload 

We performed a full backup of a 1 TB Oracle database using DD Boost software.  DD 

Boost software integrates with RMAN and enables host-based deduplication of database 

backups to the Data Domain appliance. A full backup eliminates reliance on other 

backups, simplifying the management of backups and simplifying restoration after an 

unplanned failure. 

In this use case, we used the DD Boost appliance to perform the full backup of the 

production database. In the tested configuration, we used a LAN connection to the Data 

Domain appliance, as shown in the following figure. 

 

Figure 85. Use case 2 architecture diagram 

The first full backup of an Oracle database is entirely unique; thus, all the data is protected 

on Data Domain. The value of host-based deduplication begins with the second full 

backup, as only the new or modified data is unique.  Therefore, DD Boost software sends 

only a small subset of information to the Data Domain system for protection. Although the 

first full backup is unique, after the data has been protected on Data Domain it then is 

compressed.  

A Data Domain system uses a local compression algorithm developed specifically to 

maximize throughput as data is written to disk. The default algorithm (lz) allows shorter 

backup windows for backup jobs but uses more space. Two other types of local 

compression are available, gzfast and gz. Both provide increased compression over lz, 

but at the cost of additional CPU load. Local compression options provide a trade-off 

between slower performance and space usage. It is also possible to turn off local 

compression. 

In Figure 86 we see local compression factor savings based on the default algorithm 

(maximized throughput) on Data Domain. There is a relationship between the amount of 

unique data and the local compression factor: the greater the amount of unique data the 

more opportunity for compression and the higher the compression factor. For example, 

the first backup consists of entirely unique data and has the largest compression factor.  
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Figure 86. Database size on server compared to backup on Data Domain 

This compression saves significant space on Data Domain. Dell EMC engineering test 

results show the compression factor was 1.4X: that is a 40% space savings for the first full 

backup. 
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Figure 87. Baseline CPU utilization compared to the first full backup 

CPU utilization during backups is important because excessive CPU load can degrade 

database performance. Our tests show that the average CPU utilization was 33 percent 

during the backup. When we compare this number to 18.57 percent, which is the baseline 

in use case 1, we find that RMAN combined with DD Boost consumed on average 14.47 

percent additional CPU utilization. Most production databases are backed up during off-

business hours when CPU utilization is lower so that the additional backup load does not 

represent a risk to the business.  

The 1 TB Oracle RAC database was backed up in 49 minutes to the DD6300 system. 

Because this backup was the first full backup and all the data is considered unique, the 

backup time shows the capability of the business to protect databases with Data Domain 

quickly.  

Use case 3: Second full backup of a stand-alone RAC OLTP 
database with a SLOB data workload 

The goal of this use case was to perform a second full backup of the same Oracle RAC 

database to show the value of DD Boost host-based deduplication. Host-based 

deduplication means DD Boost communicates with Data Domain to evaluate if a data 

block is unique or not. If the block is unique, it is sent to Data Domain for protection. If the 

block is not unique, then it is not sent to Data Domain. The value of host-based 

deduplication is that it saves network utilization and space on the Data Domain appliance. 
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DD Boost works transparently with RMAN, which means that RMAN sees a full database 

backup on Data Domain.   

To simulate real world conditions, we used SLOB to create 5 percent modified data (54 

GB) before backing up the database. The 5 percent modified data consisted of 2.5 

percent inserts and 2.5 percent updates to ensure that the DD Boost software backed up 

new and modified data.  

The following figure shows the use case 3 architecture. 

 

Figure 88. Use case 3 architecture diagram 

 

In the following figure, we see local compression factor savings that are based on the 

default algorithm (maximized throughput) on Data Domain for the second full backup. 

Tests show that only unique data was sent to Data Domain and after local compression 

the final size was 38.3 GB. DD Boost host-based deduplication combined with local 

compression on Data Domain saves a significant amount of space. Performing daily full 

backups is easy because the space that is used on Data Domain is a small subset of the 

actual database size.  
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Figure 89. Second full backup of Oracle RAC database on Data Domain 

RMAN combined with DD Boost technology uses less average CPU utilization than the 

first full backup. Tests show that the average CPU utilization was 28.48 percent for the 

second full backup, which is 4.52 percent less than the first full backup (33 percent – 

28.48 percent). Compared to the baseline, the second full backup takes 9.95 percent 

additional CPU utilization during the backup. The 9.95 percent additional CPU utilization 

means less risk of impact on database performance by using daily full backups with Data 

Domain.  
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Figure 90. Average CPU utilization for all test cases 

 

 

Figure 91. Backup time for second full backup of an Oracle RAC database 

The second full backup took significantly less time as compared to the first full backup. 

Tests show that the second full backup took 27 minutes, which is a savings of 22 minutes 

as compared to the first full backup. For the business, it is important that the time for 

backup windows remain predictable and at a minimum reduce the impact to the database. 

In this test, it took 27 minutes for a full backup of a 1 TB Oracle RAC database. 
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Use case 4: Recovery of a stand-alone RAC OLTP database from 
the last full backup 

Backing up and protecting databases enables recovery from an unplanned failure. 

Unplanned failures can represent significant risk to the business by stopping back-office 

operations, thus impacting revenue. In this test, we performed a restore from Data 

Domain backed up to the PowerEdge R740 servers. The goal of this test was to show a 

fast restore time of a 1 TB Oracle RAC database that has been protected in Data Domain. 

 

Figure 92. Use case 4 architecture diagram 

In this use case, the total recovery time includes restoring the database from Data Domain 

using RMAN and opening the database for processing. Restore time alone does not 

represent that the database is open and available to the business. In this test, we showed 

that a 1 TB Oracle RAC database can be fully recovered from backup in 44 minutes with 

just 10 percent average CPU utilization on the server.  

Use case 5: Parallel backup and recovery of multiple OLTP RAC 
databases 

In use case 4, we recovered a single OLTP database. In this final test, we recover two 

OLAP databases. This test represents mixed workloads (multiple backup and recoveries) 

running together to back up and recover the small configuration of Ready Bundle for 

Oracle.  

We ran one OLTP production and two OLAP RAC databases for backups and one 

production OLTP RAC database for recovery in parallel for a total mixed workload of four 

RAC databases, as shown in the following figure. We used SLOB to create an OLTP 

workload with a 60/40 read/write mixture.  
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Figure 93. Use case 5 architecture diagram 

This use case is challenging because it requires numerous CPU cycles, along with 

network bandwidth and throughput. The three databases that we have selected range in 

size from 1 T to 2 T.  

The following tables show the results for this use case. 

Table 105. OLAP database 1 backup performance 

Category (DB size = 2 TB) Results (Backup 1) 

Average CPU utilization 20.05% 

Backup time  114 mins 

Compression factor 2.2X 

Network throughput 260 MB/sec 

Storage throughput 268 MB/sec 

 
Table 106. OLTP database 1 backup performance 

Category(DB size = 1 TB) Results (Backup 2) 

Average CPU utilization 17.00% 

Backup time  52 mins 

Compression factor 1.4X 

Network throughput 335 MB/sec 

Storage throughput 356 MB/sec 

 
Table 107. OLAP database 2 backup performance 

Category(DB size = 2 TB) Results (Backup 3) 

Average CPU utilization 20.05% 

Backup time  110 mins 
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Category(DB size = 2 TB) Results (Backup 3) 

Compression factor 1.8X 

Network throughput 280 MB/sec 

Storage throughput 293 MB/sec 

 
Table 108. OLTP database 2 restore performance 

Category(DB size = 1 TB) Results (Recover 1) 

Average CPU utilization 11.00% 

Restore time  46 mins 

Network throughput 380 MB/sec 

Storage throughput 405 MB/sec 

 

This challenging use case involves the backup and recovery of multiple databases of 

multiple types, in parallel. The test results shown in the preceding tables indicate that the 

average CPU utilization is very low, which allows other activities to proceed in parallel in 

the database server. The most remarkable aspect is that a 5 TB database backup is 

running and a 1 TB database is being recovered while users can continue other OLTP 

activities. The CPU utilization, which is very low, is depicted in Figure 94. Also in Figure 

96, we see that the backup and restore times are low while consolidated network 

throughput is high if we add all the numbers. Lastly, the consolidated storage throughput 

has crossed the benchmark when we add all the numbers together (in Figure 96) for this 

particular use case.  

 

Commercial data protection testing summary 

In summary, this final test shows that the commercial data protection makes the life of the 

Oracle DBAs easier by freeing up CPU resources. As shown in the following figure, in all 

five use cases, there is plenty of unused CPU capacity (as high as 90 percent) and there 

is no contention for CPU resources.   
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Figure 94. CPU utilization for each use case 

The following figure shows that high network throughput was sustained while backup and 

recovery times were reduced. 

 

Figure 95. Network throughput and backup recovery time for all use cases in commercial 
backup  
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Test objective 

Traditional ERP and CRM business applications are under constant pressure to protect 

and recover data in the shortest possible time. In doing so, organizations are very much 

interested in getting high IOPS and throughput, low CPU utilization, fast backup and 

recovery time, low storage I/O response time, and so on. However, the Oracle DBAs and 

other datacenter staff are also interested in achieving high data compression for Oracle 

backup sets, high network and storage throughputs, and high storage IOPS during the 

backup and restore times.  

Dell EMC has designed a series of backup and recovery tests using RAC OLTP and 

OLAP databases on a Data Domain appliance. The backup and recovery of OLTP and 

OLAP databases is of tremendous importance; the OLTP database is loaded with a huge 

volume of organization-wide transactional or inventory data that supports mission-critical 

back-office applications. Faster response and recovery of this data is of particular 

importance, especially during longer database downtime. 

Data Domain with DD Boost software enhances the speed of backup and recovery with 

high levels of deduplication and compression. This mechanism of Data Domain with DD 

Boost accelerates the speed and offers space savings with increased reliability of data 

restoration and recovery. In our test environment, we performed multiple tests in different 

use cases and achieved impressive results.  

Our benchmark for success requires a backup and recovery time below 60 minutes for 1 

TB of data in more than 95 percent of situations, CPU utilization of less than 37 percent 

under all circumstances, space savings of 70 percent or more under heterogeneous 

workloads, and storage throughput of 1,200 MB/sec or more.    

During this testing. we used the DD9300 system with DD Boost software. This 

configuration has yielded superior performance for many years in a variety of challenging 

situations. 

Test tools and methods 

To simulate OLTP database workloads, we used Silly Little Oracle Benchmark (SLOB) 

tool version 2.4. Our tests featured two users with one thread each, and a 1 TB SLOB 

dataset (108 users x 9,600 MB scale). The OLTP workloads were composed of 60 

percent reads and 40 percent writes.  

For the OLAP workload tests, we used Swingbench 2.5. Swingbench is a free Java-based 

tool for generating database workloads using different benchmarks. For this test, we used 

the Swingbench Sales History benchmark for the OLAP workload testing. The Sales 

History benchmark is based on the sales history (SH) schema that ships with Oracle 

11g/Oracle Database and is TPC-H benchmark-like. We created a 2 TB testing dataset 

and generated read-only queries. We used two Secure Shell users against each OLAP 

production database, each running on a separate RAC node. 

  

https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
https://kevinclosson.net/2012/02/06/introducing-slob-the-silly-little-oracle-benchmark/
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Use case 1: Stand-alone OLTP Oracle RAC database baseline 

The goal of this first use case was to develop a baseline for the OLTP Oracle RAC 

database and create a workload to use across all the backup tests. We then used the 

metrics from the baseline performance test to draw comparisons to our backup tests. 

Because this is a baseline test, we captured only the workload metrics with no backups.  

The Ready Bundle architecture for the backup use cases consists of two PowerEdge 

R940 servers supporting an Oracle 12c Release 2 RAC configuration. A VMAX 250F All 

Flash array with LUNs for the Oracle RAC database provides the storage. A DD9300 

appliance backs up, protects, and restores the database across all the tests. Chapter 3 

shows an architecture overview of the commercial Ready Bundle configuration. The 

following table shows the software configuration for this baseline test.  

Table 109. Production Oracle RAC database configuration 

Category Specification/setting PROD configuration 

Operating system VM guest OS RHEL 7.3 

VM configuration vCPUs per VM 10 

vMem per VM 72 GB  

Database configuration  Database version 12c R2 RAC 

Database size 1 TB 

db_block_size 8 KB 

db_file_multiblock_read_count 1 

sga_max_size 24 GB 

pga_aggregate_target  8 GB 

SLOB I/O configuration  Read/write ratio 60/40 

 

In this test, we ran an OLTP workload across the two RAC databases in parallel for 30 

minutes. The average CPU utilization across the two VMs was 17.61 percent, which 

provides significant room for growth. Each RAC database generated over 5,320 IOPS with 

read and write latencies well under the sub-millisecond goal. The two combined Oracle 

RAC databases generated over 10,640 IOPS, which is representative of production 

workloads in the large configuration.  

Global memory is a crucial data accelerator in the VMAX architecture. All read and write 

operations are transferred to or from the global memory at much greater speeds than 

transfers to physical drives. This method means the VMAX array can deliver large write-

buffering that accelerates database performance. For this OLTP workload, the following 

table shows the percentage of reads and writes from the VMAX system cache.  

Table 110. VMAX read/write cache hit percentages 

Workload 
VMAX read cache hit 
percentage 

VMAX write cache hit 
percentage 

PROD OLTP 47.00% 100% 
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Use case 2: First full backup of a stand-alone RAC OLTP 
database with a SLOB data workload 

We performed a full backup of a 1 TB Oracle database using DD Boost software.  DD 

Boost integrates with RMAN and enables host-based deduplication of database backups 

to the Data Domain appliance. A full backup eliminates reliance on other backups, 

simplifying the management of backups and simplifying restoration after an unplanned 

failure. 

In this use case, we used the DD Boost appliance to perform the full backup of the 

production database. In the tested configuration, we used a LAN connection to the Data 

Domain appliance, as shown in the following figure. 

 

Figure 96. Use case 2 architecture diagram 

The first full backup of an Oracle database is entirely unique; thus, all the data is protected 

on the Data Domain system. The value of host-based deduplication begins with the 

second full backup. In the second backup, only the new or modified data is unique; 

therefore, the DD Boost software sends only a small subset of information to the Data 

Domain system for protection. Although the first full backup is unique, after the data has 

been protected on Data Domain, it then is compressed.  

A Data Domain system uses a local compression algorithm developed specifically to 

maximize throughput as data is written to disk. The default algorithm (lz) allows shorter 

backup windows for backup jobs but uses more space. Two other types of local 

compression are available, gzfast and gz. Both provide increased compression over lz, 

but at the cost of additional CPU load. Local compression options provide a trade-off 

between slower performance and space usage. Local compression can be turned off as 

well. 

Figure 97 shows the local compression factor savings based on the default algorithm 

(maximized throughput) on the Data Domain system. A relationship exists between the 

amount of unique data and the local compression factor: The greater the amount of 

unique data the more opportunity for compression and the higher the compression factor. 

For example, the first backup consists of entirely unique data and has the largest 

compression factor.  
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Figure 97. Database size on server compared to backup on Data Domain 

This compression saves significant space on the Data Domain system. Dell EMC 

engineering test results show the compression factor was 1.5X–a 32 percent space 

savings for the first full backup. 

 

Figure 98. Baseline CPU utilization compared to first full backup 



Chapter 9: Test Methodology and Results: Enterprise Data Protection  

 

164 Dell EMC Ready Bundle for Oracle with Data Protection 
Enterprise-Class Protection and Provisioning with Dell EMC VMAX All Flash and Data Domain Storage and Data 
Domain 
Validation Guide 
 

 

CPU utilization during backups is important because excessive CPU load can degrade 

database performance. Our tests show that the average CPU utilization was 36.07 

percent during the backup. When we compare this number to 17.61 percent, which is the 

baseline in use case 1, we find that RMAN combined with DD Boost technology 

consumed on average 18.46 percent additional CPU utilization. Most production 

databases are backed up during off-business hours when CPU utilization is lower so that 

the additional backup load does not represent a risk to the business.  

The 1 TB Oracle RAC database was backed up to the DD9300 system in 38.6 minutes. 

Because this backup was the first full backup and all the data was considered unique, the 

backup time shows the capability of the business to quickly protect databases with the 

Data Domain system. 

Use case 3: Second full backup of a stand-alone RAC OLTP 
database with a SLOB data workload 

The goal of this use case was to perform a second full backup of the same Oracle RAC 

database to show the value of DD Boost host-based deduplication. Host-based 

deduplication means DD Boost software communicates with the Data Domain system to 

determine if a data block is unique. If the block is unique, it is sent to Data Domain system 

for protection; if the block is not unique, then it is not sent to Data Domain. The value of 

host-based deduplication is that it saves network utilization and space on the Data 

Domain appliance. DD Boost technology works transparently with RMAN, which means 

that RMAN sees a full database backup on the Data Domain system.   

To simulate real-world conditions, we used SLOB to create 5 percent modified data (58 

GB) before backing up the database. The 5 percent modified data consisted of 2.5 

percent inserts and 2.5 percent updates to ensure that the DD Boost software backed up 

new and modified data.  

The following figure shows the use case 3 architecture. 

 

Figure 99. Use case 3 architecture diagram 

 

In the following figure, we see local compression factor savings that are based on the 

default algorithm (maximized throughput) on the Data Domain system for the second full 

backup. Tests show that only unique data was sent to Data Domain, and after local 

compression the final size was 51 GB. DD Boost host-based deduplication combined with 
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local compression on Data Domain saves a significant amount of space. Performing daily 

full backups is easy because the space that is used on the Data Domain system is a small 

subset of the actual database size.  

 

 
 
Figure 100. Second full backup of Oracle RAC database on Data Domain 

RMAN combined with DD Boost technology has lower average CPU utilization than the 

first full backup. Tests show that the average CPU utilization was 31.23 percent for the 

second full backup, which is 4.84 percent less than CPU utilization for the first full backup, 

which was 36.07 percent. Compared to the baseline, the second full backup took 13.62 

percent additional CPU utilization, which means that performing daily full backups with the 

Data Domain system results in a smaller risk of impact on database performance.  
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Figure 101. Average CPU utilization for all test cases 

In our testing, the second full backup of the 1 TB Oracle RAC database took 19.6 minutes, 

which is a savings of 18.7 minutes. For the business, backup window times must be 

predictable and must reduce the impact to the database.  

 

Figure 102. Backup time for second full backup of an Oracle RAC database 
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Use case 4: Recovery of a stand-alone RAC OLTP database from 
the last full backup 

Backing up and protecting databases enables recovery from an unplanned failure. 

Unplanned failures can represent significant risk to the business by stopping back-office 

operations, thus impacting revenue. In this test, we performed a restore from the Data 

Domain system backed up to the PowerEdge R940 servers. The goal of this test was to 

show the fast restore time of a 1 TB Oracle RAC database that has been protected in the 

Data Domain system. 

 

Figure 103. Use case 4 architecture diagram 

In this use case, the total recovery time includes restoring the database from the Data 

Domain system using RMAN and opening the database for processing. Restore time 

alone does not represent that the database is open and available to the business. In this 

test, we showed that a 1 TB Oracle RAC database can be fully recovered from backup in 

10 minutes with just 20 percent average CPU utilization on the server.  

Use case 5: Multi-database backup and parallel recovery of one 
database  

In use case 5, we recovered a single OLTP database. In this final test, we recover one 

OLTP database. This test represents mixed workloads (multiple backup and recoveries) 

running together to back up and recover the small configuration of Ready Bundle for 

Oracle.  

We ran ten OLTP production and ten OLAP RAC databases for backups and one 

production OLTP RAC database for recovery in parallel for a total mixed workload of 

twenty-one RAC databases, as shown in the following figure. We used SLOB to create an 

OLTP workload with a 60/40 read/write mixture.  
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Figure 104. Use case 5 architecture diagram 

This use case is challenging because it requires numerous CPU cycles, along with 

network bandwidth and throughput. The three databases that we selected range in size 

from 1 TB to 2 TB.  

The following tables show the results for this use case. 

Table 111. OLTP databases 1–5: Backup performance 

OLTP database 
(DB size = 1 TB) 

Backup number 
Average CPU 
utilization 

Backup time 

Database 1 1 17.50% 85 min 

2 18.50% 35 min 

Database 2 3 19.00% 29 min 

4 18.00% 29 min 

Database 3 5 19.00% 30 min 

6 19.00% 29 min 

Database 4 7 18.50% 29 min 

8 18.00% 29 min 

Database 5 9 19.00% 30 min 

10 18.00% 29 min 

 

Table 112. OLAP databases 6–10: Backup performance 

OLAP database 
(DB size = 2 TB) 

Backup number 
Average CPU 
utilization 

Backup time 

Database 6 11 19.50% 115 min 

12 17.50% 114 min 

Database 7 13 18.00% 114 min 

14 18.50% 113 min 

Database 8 15 17.50% 112 min 

16 17.50% 110 min 

Database 8 17 17.50% 114 min 
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OLAP database 
(DB size = 2 TB) 

Backup number 
Average CPU 
utilization 

Backup time 

18 18.50% 109 min 

Database 10 19 19.00% 108 min 

20 18.50% 115 min 

 
Table 113. OLTP database 1: Recovery performance 

Category (DB size = 1 TB) Result 

Average CPU utilization 21.50% 

Recovery time  28 mins 

 
Table 114. Data Domain performance and VMAX performance during database backup and 
recovery 

Category (backup and 
recovery of all 21 DBs ) 

Overall result of backup and 
recovery 

Pre-compression size 31986.8 Gb 

Post-compression size  9483.3 Gb 

Compression factor 3.37X 

Compression percentage 70.35% 

Storage IOPS 11000 

Storage throughput 1217 MB/sec 

Total backup time (20 DBs) 115 mins 

Total recovery time (1 DB) 28 mins 

 

This challenging use case involves the backup and recovery of multiple databases of 

multiple types, in parallel. The test results that are shown in the preceding tables indicate 

that the average CPU utilization is very low, which allows other activities to proceed in 

parallel in the database server. The most remarkable aspect is that a 30 TB database 

backup is running and a 1 TB database is being recovered while users can continue other 

OLTP activities. The CPU utilization, which is very low, is depicted in Figure 105. Also, as 

shown in Figure 105 and Figure 106, the backup and restore times are low while 

consolidated network throughput is high. Finally, the consolidated storage throughput 

crosses the benchmark (1,200 MB/sec) when we add all the numbers together (in Figure 

107) for this particular use case.  

 

Enterprise data protection testing summary 

This final test shows that the solution’s enterprise data protection frees up CPU resources. 

As shown in the following figure, all five use casesshow plenty of unused CPU capacity 

(as high as 83 percent) and no contention for CPU resources. The salient feature of use 

case 5 is that twenty databases totalling 30 TB can be backed up within 115 minutes while 

a 1 TB OLTP database is recovered. 
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Figure 105. CPU utilization and free for each use case 

The following two figures show that high storage throughput and IOPS were sustained 

while backup and recovery times were reduced.  

 

Figure 106. Backup recovery time for all use cases in enterprise backup/recovery 
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Figure 107. Storage IOPS and throughput for all use cases in enterprise backup/recovery 
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Conclusion 

Databases systems contain the most critical data for companies, so these complex 

systems remain in the datacenter. However, enterprises want solutions with cloud 

characteristics such as scalability, performance, consolidation, automation, centralized 

management, and protection. Figure 108 shows how each component discussed in this 

validation guide covers a key priority in engineering Ready Bundle for Oracle. Additional 

features such as OpenManage Essentials simplify and automate management of 

PowerEdge servers and Dell EMC infrastructure are not addressed in this guide and so 

are not shown in the figure.  

 

Figure 108. How components fulfill priorities in Ready Bundle for Oracle 

Extensive testing of Ready Bundle for Oracle has stress-tested every component of the 

system to validate that this database platform delivers on value. From an owner or 

administrator perspective, management is simplified because Dell EMC delivers and 

supports the entire stack. This solution works in every datacenter, but those IT 

organizations using VMware virtualization or Dell EMC infrastructure find this a 

complementary solution that integrates quickly into the existing datacenter.  

Benefits 

Testing of Ready Bundle for Oracle shows that the database solution can scale well, 

support multiple workload types, and enable aggressive consolidation of the enterprise’s 

ecosystem. Scalability is essential as databases grow in size and number over time. In all 

three configurations – small, medium, and large, testing has shown that systems can start 

with just a few databases and can increase to three to five times their size without 

impacting latency.  

Today’s consolidated datacenters must demonstrate the ability to support multiple types of 

workloads. The capability to consolidate types of workloads enables the business to 
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remove dedicated silos that increase complexity and costs. Testing of Ready Bundle for 

Oracle has proven this database platform can easily support different types of workloads.  

Consolidation of databases to fewer servers can result in a significant savings for the 

business. Lower operating and capital expenditures are just of a few savings vehicles. 

Ready Bundle for Oracle has been verified to support 10 Oracle RAC databases in the 

small configuration, 25 RAC databases in the medium configuration, and 50 RAC 

databases in the large configuration under realistic workloads. Even the most aggressive 

testing resulted in unused resources that could host even more databases.   

 

The small configuration included two PowerEdge R740 servers and a VMAX 250F array. 

Here is a review of the results of use case 5, in which the workload on two production 

OLTP RAC databases, six development OLTP RAC databases, and two OLAP RAC 

databases ran in parallel: 

 We used 20 vCPUs and 384 GB vMem per R740 compute server to generate a 

workload of over 45,000 IOPS on the VMAX array.  

 Due to the processing power of the PowerEdge servers, the CPU utilization was 

only 47 percent, leaving room for more databases or for failover of VMs from one 

ESXi host to another. 

 The VMAX array with inline deduplication and compression saved 5X the flash 

space, using only 1,656 GB of capacity for 10 development databases. 

 Database response time was very fast. The 45,000 IOPS of workload were serviced 

at sub-0.75-millisecond latencies. 

 The two OLAP databases generated a total 1.06 GB/s of throughput. 

Figure 109 illustrates these results.  

 

Figure 109. Small configuration dashboard 

 

Small 

configuration 
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The medium configuration included two PowerEdge R940 servers and a VMAX 250F 

array. Here is a review of the results of use case 5, in which the workload of five 

production OLTP databases, fifteen development OLTP databases, and five OLAP 

databases ran in parallel: 

 We used 50 vCPUs and 900 GB vMem per R940 computer server to generate a 

workload of over 99,000 IOPS on the VMAX array. 

 Due to the processing power of the PowerEdge servers, the CPU utilization was 

only 49 percent, leaving room for more databases or for failover of VMs from one 

ESXi server to another. 

 The VMAX array with inline deduplication and compression saved 5X the flash 

space, using only 4,140 GB of capacity for 15 development databases. 

 Database time was very fast. The 99,000 IOPS of workload were serviced at sub-

0.75-millisecond latencies. 

 The five OLAP databases generated a total of 1.75 GB/s of throughput. 

Figure 110 illustrates these results. 

 

Figure 110. Medium configuration dashboard 

Validating Ready Bundle for Oracle has shown the value of the database platform. It 

provides the foundation to standardize and manage small to medium database 

ecosystems with proven performance.  

 

Medium 

configuration 



Chapter 10: Conclusion  

 

176 Dell EMC Ready Bundle for Oracle with Data Protection 
Enterprise-Class Protection and Provisioning with Dell EMC VMAX All Flash and Data Domain Storage and Data 
Domain 
Validation Guide 
 

The large configuration included two PowerEdge R940 servers and a VMAX 250F array. 

Here is a review of the results of use case 5, in which the workload of 10 production OLTP 

databases, 30 development OLTP databases, and 10 OLAP databases ran in parallel: 

 We used 100 vCPUs and 2,640 GB vMem per R940 computer server to generate a 

workload of over 189,968 IOPS on the VMAX array. 

 Due to the processing power of the PowerEdge servers, the CPU utilization was 

only 20 percent, leaving room for more databases or for failover of VMs from one 

ESXi server to another. 

 The VMAX array with inline deduplication and compression saved 5X the flash 

space, using only 8,280 GB of capacity for 30 development databases. 

 Database time was very fast. The 189,000 IOPS of workload were serviced at sub-

0.75-millisecond latencies. 

 The 10 OLAP databases generated a total of 3.88 GB/s of throughput. 

Figure 111 illustrates these results. 

 

Figure 111. Large configuration dashboard 

Validating Ready Bundle for Oracle has shown the value of the database platform. It 

provides the foundation to standardize and manage small to medium database 

ecosystems with proven performance.  

Summary 

This is an integrated, validated, and tested database solution. Guesswork, complexity, 

and risk are exchanged for faster time-to-value, ease of management and support, and an 

engineered system that is specifically designed for Oracle databases. The solution’s 

PowerEdge R740 and R940 servers support large database workloads and still have 50 

percent unused utilization.  

Large 

configuration 
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Solution test results show that the VMAX 250F storage array delivers fast response times, 

with latencies under 0.75 milliseconds and throughput to satisfy demanding OLAP 

databases. Repurposing copies of production to development using the VMAX inline 

deduplication and compression features delivered 5X flash space savings. In addition, 

features such as replication, which are not discussed in this guide, can provide protection 

from all types of disasters for Oracle databases.  

Automation is the key to reducing the time devoted to routine database provisioning tasks. 

With AppSync software, you can automate the repurposing and protection of databases. 

You can repurpose databases on-demand or on a schedule. Either way, the time saved 

by automating the work can then be invested in more valuable activities. 

For data protection of the commercial and enterprise configuration, this solution attains 

goals in terms of CPU utilization, DB backup/recovery time, and network throughput. The 

solution uses inline deduplication and compression to accelerate backup and recovery 

activity while reducing bandwidth utilization and backup and recovery time, and increasing 

storage and network throughput. DD Boost technology prevents duplicating backups of 

similar data, thus reducing the load on the database, storage, and backup host. DD Boost 

technology also reduces the frequency of full backups, improves RPO and RTO, and 

reduces load on the datacenter infrastructure. 

Dell EMC has an Oracle team devoted to customers who are interested in Ready Bundle 

for Oracle. Many of these database experts have been working with Oracle for more than 

10 years and understand all the dependencies to ensure your success. Dell EMC’s Oracle 

Specialists can size and configure Ready Bundle for Oracle to meet the needs of your 

business.  
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Dell EMC documentation 

The following documentation on DellEMC.com or Dell EMC Online Support provides 

additional and relevant information. Access to these documents depends on your login 

credentials. If you do not have access to a document, contact your Dell EMC 

representative.  

 EMC Symmetrix VMAX Family with Enginuity Product Guide 

 EMC AppSync Installation and Configuration Guide 

 Dell EMC Data Domain Deduplication Storage Systems Spec Sheet 

VMware documentation 

The following documentation on the VMware website provides additional and relevant 

information: 

 VMware ESXi 6.5 Installation and Setup 

 VMware vSphere 6.5 Installation and Setup  

 Oracle Database on VMware Best Practices Guide 

Oracle documentation 

The following documentation on the Oracle website provides additional and relevant 

information: 

 Oracle Database 12c Release 2 Installation Guide 

 Oracle Real Application Clusters 12c Release 2 Installation Guide 

 Oracle Grid Infrastructure Installation and Upgrade Guide 

 

 

 

http://www.emc.com/
https://support.emc.com/
https://www.emc.com/collateral/TechnicalDocument/docu47591.pdf
https://www.emc.com/collateral/TechnicalDocument/docu47591.pdf
https://www.emc.com/collateral/TechnicalDocument/docu79157.pdf
https://www.emc.com/collateral/specification-sheet/h11340-datadomain-ss.pdf?isKoreaPage=false&domainUrlForCanonical=https://www.emc.com
http://www.vmware.com/
https://docs.vmware.com/en/VMware-vSphere/6.5/vsphere-esxi-vcenter-server-651-installation-setup-guide.pdf
https://docs.vmware.com/en/VMware-vSphere/6.5/vsphere-esxi-vcenter-server-65-installation-setup-guide.pdf
https://www.vmware.com/content/dam/digitalmarketing/vmware/en/pdf/solutions/oracle/oracle-databases-vmware-best-practices-guide.pdf
https://docs.oracle.com/en/database/oracle/oracle-database/index.html
https://docs.oracle.com/database/122/LADBI/LADBI.pdf
https://docs.oracle.com/database/122/RILIN/RILIN.pdf
https://docs.oracle.com/database/122/CWLIN/CWLIN.pdf
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SwingBench parameters ................................................................................ 186 
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Database performance data collection 

We collected the following database performance data through the Oracle database AWR 

report. 

 

Based on the 30-minute AWR reports of a test case, the IOPS is the sum of physical 

read total I/O requests, per Second, and physical write total I/O requests, per 

Second, as shown in Figure 112. 

 

 

Figure 112. Sample of IOPS measurement from AWR report 

 

For an Oracle OLTP-style I/O workload, db file sequential read, the User I/O class wait is 

always the top wait event, accounting for most of the wait time. In this example, wait time 

averaged  0.443 milliseconds, as shown in Figure 113.  

Note:  The db file sequential read events account for single block random I/O calls to the 

operating system.  

In addition to db file sequential read wait event, transaction redo logging write is another 

key performance indicator for Oracle OLTP-style I/O workloads. Figure 113 shows the top 

five timed events section of the AWR report from one of the OLTP production databases 

while the workload ran. In this example, wait time averaged 0.244 milliseconds.  

 

 

IOPS 

I/O latency 
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Figure 113. Example I/O Latency measurement from AWR report 

 

For an Oracle OLAP-style I/O workload, the I/O MB/s throughput can be calculated as the 

physical read total I/O bytes per second, as shown in Figure 114. In this example, the I/O 

throughput is 591,947,981.72 bytes per second, or 564.52 MB/s. 

Figure 114. Sample of I/O throughput in MB/s from AWR report 

 

The CPU utilization of the database nodes is shown in the OS Statistics By Instance 

field of the AWR report, as shown in Figure 115. 

 

Figure 115. Example CPU Utilization measurement from AWR report 

  

I/O MB/s 

throughput  

CPU utilization  
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Database parameters 

To perform an ideal performance comparison, we used the following database 

configuration on different types of databases. We used these database parameter settings 

to configure OLTP PROD, OLTP dev/test, and OLAP PROD before executing the test 

workloads. 

Table 115. Database parameter settings for OLTP PROD, OLTP dev/test, and OLAP PROD 
databases 

Parameter  
OLTP 
PROD 

OLTP 
DEV/Test 

OLAP PROD 
(S/M) 

OLAP PROD 
(L) 

Database block size 8 KB 8 KB 32 KB 32 KB 

sga_target 0 GB 0 GB 32 GB 48 GB 

sga_max_size 24 GB 12 GB 32 GB 64 GB 

pga_aggregate_target 8 GB 4 GB 16 GB 32 GB 

open_cursors 1000 300 300  

Buffer cache size  8 GB 4 GB 20 GB 20 GB 

_disk_sector_size TRUE TRUE TRUE TRUE 

filesystemio_options setall setall setall setall 

use_large_pages TRUE TRUE TRUE TRUE 

resource_manager_plan null null DSS_PLAN DSS_PLAN 

db_file_multiblock_read_count 1 1 4 4 

AppSync identification of VMAX volumes 

During the mount phase, AppSync software moves the volumes from the copy target SG 

to one of the candidate SGs with an appropriate masking view. This process enables the 

volumes to be mounted to ESXi servers. 

Follow these steps to determine to which candidate SG the AppSync software moves the 

volumes. 

To find the VMAX TDEV volume names associated with the repurpose copy: 

1. From the AppSync UI, go to Copy Management > Oracle. 

2. Click the source OLTP PROD database; for example, DB11TP or DB16TP. 

3. Click the name (typically as date and time) that uniquely identifies the repurpose 

copy, to display the Events in the lower pane associated with this copy.  

Note: Do not click the Repurpose link under the Service Plan column. 
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4. To identify the OLTP DEV (DB12TD) DATA/REDO snapshot volumes, expand the 

event that has a description similar to Create 1st gen copy phase for db11tp 

completed successfully.  

5. Look for the row with the description The SnapVX snapshot 

EMC_SYNC_………nocopy mode with target device 000D1. 

6. Note the target device or TDEV names of the snapshot volumes on VMAX listed 

in the preceding rows (000D1, for example) associated with this repurpose copy 

or DB12TD test/dev database. 

To determine the FRA volume: 

1. Expand the event that has a description similar to Create 1st gen archLogs copy 

phase for db11tp completed successfully. 

2. Follow the preceding steps 5 and 6 to locate the target device. 

To find the SG containing the AppSync snapshot volume: 

1. In VMAX Unisphere UI, hover over the Storage menu and then click the sub-

menu option Volumes. 

2. Enter the target device or TDEV name in the Volume ID field, and click Find. 

3. Double-click the TDEV volume. 

4. In the right pane, under Related Objects, click Storage Groups - # to determine 

the SG associated with the TDEV volume. 

This information lists the default SG or the candidate SG in VMAX under which 

AppSync creates all its repurpose copies’ test/dev database target devices. 

5. Identify all test/dev database TDEV volumes and move them to the appropriate 

database SG. 

6. In the default SG, match all the target devices found in AppSync associated with 

the repurpose copy and move them to the appropriate SG created for this test/dev 

database.  

Because we used DB11TP as the example for the source OLTP PROD database, 

move all snapshot target devices created by AppSync for DB12TD from the 

default SG to C8-DATA-D12, C8-REDO-D12, and C8-FRA-D12 child SGs 

associated with DB12TD database. 
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SLOB configuration parameters 

 

Parameter Value 

User Count 2 

Run Time 1800 

UPDATE_PCT 40 

WORK_UNIT 14 

REDO_STRESS Light 

THREADS_PER_SCHEMA 1 

SCAN_PCT 0 

DO_HOTSPOT FALSE 

HOT_SCHEMA_FREQUENCY 0 

WORK_LOOP 0 

SCALE 9600M 

SCAN_TABLE_SZ 1M 

LOAD_PARALLEL_DEGREE 2 

HOTSPOT_MB 8 

HOTSPOT_OFFSET_MB 16 

HOTSPOT_FREQUENCY 3 

THINK_TM_FREQUENCY 0 

THINK_TM_MIN 0.1 

THINK_TM_MAX 0.5 

 

Parameter Value 

User Count 1 

Run Time 1800 

UPDATE_PCT 40 

WORK_UNIT 10 

REDO_STRESS Light 

THREADS_PER_SCHEMA 1 

SCAN_PCT 0 

DO_HOTSPOT FALSE 

HOT_SCHEMA_FREQUENCY 0 

WORK_LOOP 0 

SCALE 9600M 

SLOB 

configuration 

parameters for 

the production 

workload 

SLOB 

configuration 

parameters for 

the test/dev 

workload slob_db11tp.conf

runit_db11tp.sh
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Parameter Value 

SCAN_TABLE_SZ 1M 

LOAD_PARALLEL_DEGREE 2 

HOTSPOT_MB 8 

HOTSPOT_OFFSET_MB 16 

HOTSPOT_FREQUENCY 3 

THINK_TM_FREQUENCY 0 

THINK_TM_MIN 0.1 

THINK_TM_MAX 0.5 

 

SwingBench parameters 

Table 116. Swingbench configuration parameters for the OLAP workload 

Parameter Value 

User Count 2 

Run Time 1800 

Configuration files shconfig.xml 

 

Resource allocation management for databases 

For more control over how resources are allocated when multiple database workloads are 

running in a small or medium configuration, we used the Oracle Database Resource 

Manager. 

We followed these practices: 

 Allowed a database to use different resource plans, based on changing workload 

requirements 

 Limited the degree of parallelism of any operation performed by members of a 

group of users 

 Distributed available CPU by allocating percentages of CPU time to different 

resource group users  

 Managed runaway sessions by detecting when the session consumed more than a 

specified amount of CPU and then automatically switching to a consumer group 

with a lower resource allocation or a limit on the percentage of CPU that the group 

can use 
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The following process shows how we customized a resource plan named “DSS_PLAN” for 

the DSS resource group. This plan switched any session in the DSS resource group to the 

OTHER_GROUPS consumer group if the session exceeded the CPU allocation. This 

example prevented long queries in the OLAP database from consuming too many 

resources. The OTHER_GROUPS consumer group that was switched to is one with lower 

resource allocation. 

1. In Oracle Enterprise Manager Cloud Control 13c, under Administration, click 

resource manager. 

2. As shown in Figure 116, in the view resource plan window, select DSS_PLAN. 

a. Under DSS_PLAN, select the DSS_GROUP consumer group into which we 

added Swingbench user SH and the OTHER_GROUP consumer group, 

which is the consumer group we switch to when the session from 

DSS_GROUP consumes too many resources.  

b. Set the utilization limit% for the consumer group.  

In following example, we keep the default value for Utilization Limit % for SYS_GROUP, 

which is 90 percent. We set the value to 10 percent for the OTHER_GROUPS consumer 

group, which has a limit on the percentage of I/O that the group can use. 

 

Figure 116. Customizing resource manager plan DSS_PLAN by setting utilization limit 
percentage  

3. As shown in Figure 117, click Runaway Query, select DSS_GROUP, and type a 

number for I/O Limit (MB) for this consumer group. In this example, we set the 

I/O limit to 450 MB/s. We also chose the Switch to Group OTHER_GROUPS 

action, which manages runaway sessions by automatically switching the 

DSS_GROUP consumer group to the OTHER_GROUPS consumer group when 

the session consumes more than a specified amount of I/O.  
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Figure 117. Customizing resource manager plan DSS_PLAN  by setting I/O limit  

4. Return to the view resource plan window and activate the resource plan 

DSS_PLAN, as shown in Figure 118. 

 

 

Figure 118. Activating the DSS_PLAN Resource Plan 
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