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1 Executive summary 
This document provides a storage reference architecture for building Oracle® OLTP deployments that 

involve multiple database servers with varying workloads and demonstrates how Dell™ SC Series all-flash 

arrays can be leveraged to deliver a cost effective alternative for demanding performance requirements of 

Oracle OLTP deployments. In addition, the document illustrates high performance with up to 257,313 

IOPS and less than 2ms read and write latencies, while providing scalability and minimal administration 

under different database I/O characteristics. 

The solution uses Oracle Linux, Oracle 12c, and a Dell Storage SC Series All-flash array as the backend 

storage SAN. The paper also includes: 

 Configuration of an SC Series All-flash array 

 All-flash array attributes as they pertain to deployment in enterprise grade systems 

 Performance and value delivered by of an SC Series All-flash array for OLTP workloads 

 Architecture, design and components used in the solution 

The document is not intended to be a step-by-step or a how-to comprehensive configuration and user 

guide, but does provide recommendations that may be adjusted for individual environments. It also does 

not contain information regarding Oracle performance tuning, nor should it be considered an exhaustive 

or authoritative source on Oracle and SC Series storage. 

In addition, Dell Storage software features and key considerations for use with Oracle databases are 

reviewed. For detailed information on SC series storage, see the Storage Center System Manager 

Administrator’s Guide available on the Knowledge Center (login required). For detailed information on any 

part of Oracle configuration, use the information provided at the My Oracle Support site. Additional 

resources are listed in Appendix A. 

http://customer.compellent.com/
https://support.oracle.com/
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2 Introduction 
Online Transaction Processing (OLTP) information systems enable transaction oriented applications. Such 

systems are characterized by the need to store and retrieve a very large number of transactions. Naturally, 

a high performing and responsive storage system is a necessity for such systems. As the last mechanical 

component in the enterprise data center stack, Hard Disk Drive (HDD) based systems simply cannot meet 

the performance and latency requirements of the current and future OLTP systems. Traditionally, system 

architects have used methods such as disk overprovisioning, short stroking and manual performance 

tuning to keep up with the high performance requirements demanded by the OLTP information systems. 

Flash technology eliminates overprovisioning and the high-touch manual tuning by providing a storage 

medium with extreme performance characteristics. In addition, most available solutions fail to unlock the 

true potential of flash because they treat flash simply as a single expensive storage medium with high 

performance characteristics. 

SC Series all-flash arrays leverage flash in an innovative way. The flexible storage architecture 

acknowledges that not all flash is created equal thereby leveraging the unique strengths of different types 

of flash media appropriately. As a result, the SC Series all-flash array redefines the economics of high 

performance storage by delivering a truly high performing storage platform that is more cost effective 

than pure HDD or hybrid (SDD and HDD) array. The solution discussed in this paper describes and 

demonstrates a reference architecture that delivers flash performance for Oracle OLTP workloads. 

In this paper, the benefits of the SC Series all-flash array are presented by demonstrating its transactional 

performance under simulated Oracle OLTP workloads using Oracle I/O Calibration Tool (ORION). 

2.1 Environment 
The solution presented in this document used the following software: 

 Oracle Database – Enterprise Edition 12.1.0.2, 

 Oracle Linux 7.2 with the Unbreakable Enterprise kernel 3.8.13-98.7.1.el7uek.x86_64 

 Dell SC 9000 series array running Storage Center OS (SCOS) version 7.1.1.110 

 Dell Storage Manager (DSM) 2016 R2, build 16.2.1.207 

 Microsoft® Windows® Server 2008 R2 Enterprise SP1, 64-bit 

For information on storage compatibility, see the Dell Storage Compatibility Matrix 

The hardware used to host the environment consisted of the following: 

 Dell PowerEdge™ R730 server 

 Dell PowerEdge R620 server 

 Dell SC9000 array controllers 

 Dell SC220 drive expansion enclosure 

 Brocade® 6505 fiber switch 

 Dell Network 5548 switch 

 Read-Intensive SSD 1.92 TB SSDs 

http://http/en.community.dell.com/techcenter/storage/w/wiki/5069.dell-storage-compatibility-matrix-ps-series-sc-series-fs-series
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The hardware components in this reference architecture are fully detailed starting with section 5 “Ethernet 

switch configuration”. 

Software components used in this reference architecture consisted of the following: 

 QLogic firmware 8.03.01 

 QLogic BIOS 3.38 

 SCOS version 7.1.1.110 

 Oracle Linux 7.2, 3.8.13-98.7.1.el7uek.x86_64 

 Oracle 12c (12.1.0.2.0) Enterprise Edition 

Unless otherwise noted, all hardware and software references in this documented are listed above. With 

some effort, the information and concepts presented in this reference architecture should be portable to 

other Linux versions, other editions and versions of Oracle, and other versions of SCOS. 

2.2 Objective 
Starting with SCOS version 6.4, Dell delivered industry leading performance without compromising the 

cost or capacity offered by the storage system by careful selection of SSD components and innovative 

software enhancements. This allowed Dell to provide a new, cost-effective alternative to address the 

demanding performance and capacity requirements of OLTP deployments. 

Common methods to address the high IOPS and low latency requirements of OLTP deployments are: 

 Performance driven overprovisioning: High performance HDDs, such as 15k RPM drives, are the 

leading choice in addressing the performance and latency requirements of OLTP applications. The 

performance of the 15k SAS drives is limited by the mechanical nature of the HDD. As a result, this 

approach invariably leads to capacity overprovisioning. In other words, customers will (in most 

cases) be required to buy more capacity than needed in order to meet the performance 

requirements. 

 Hybrid storage solutions: Another common approach is to implement hybrid storage solutions 

that implement a flash-based cache or flash as a tier within the storage system. These solutions 

treat flash as a single medium and typically deploy higher cost SLC based SSDs. 

 Implementing all flash storage: There are several flash solutions available in the market that deliver 

the needed performance, but may not satisfy the capacity requirements. 

The primary objective for this reference architecture is to demonstrate that Dell SC Series all-flash: 

 Eliminates the pain points associated with traditional approaches 

 Delivers high performance and low latency and shows maximum IOPS and latency of various 

OLTP workloads as simulated by Oracle ORION 

 Eliminates the need for overprovisioning 
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2.3 Audience 
This document is intended for information technology professionals interested in reviewing a reference 

architecture for Oracle OLTP implementations with SC Series Flash-optimized storage. 

2.4 Prerequisites 
Readers should have prior experience with or training in: 

 RAID, Fibre Channel, multipathing, serial attached SCSI (SAS), and IP networking administration 

 Operation and configuration of Dell SC series arrays 

 Using and administrating Oracle Linux, Oracle (standalone and Real Application Clusters (RAC)), 

and Oracle Automated Storage Management (ASM) 
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3 Dell SC Series All-flash arrays with Oracle OLTP workloads 
SC series arrays based on only HDDs drives provide an advantage when looking at cost of a GB of storage. 

The All-flash arrays are on the other end of the storage spectrum and have the benefit of providing 

extremely high IOPS, and sub-milliseconds in latencies. SC series Hybrid arrays fall somewhere in the 

middle of the storage spectrum. 

While hybrid arrays can return what appears to be good read and write latencies, if the Oracle OLTP 

applications are business critical and require sub-millisecond read and write latencies, hybrid arrays are 

not likely to compete with the latencies returned from all-flash arrays. Therefore, for most business critical 

Oracle OLTP applications that expect sub-millisecond latencies with high IOPS, SC series all-flash arrays 

should be evaluated as a storage solution. Some of the reasons to select all-flash over hybrid or traditional 

spinning media arrays are: 

 Sub-millisecond latencies required for read and write operations 

 Guaranteed and consistent QoS to satisfy business requirements 

 High IOPs returned from backend storage 

For these reasons this paper evaluates the performance potential of an SC Series 9000 all-flash array when 

running a simulated OLTP application workload generated by ORION. The configuration of this array will 

be discussed in later sections. 

In addition to the SC Series 9000 array used to test the I/O subsystem, a second array (SC series 8000) 

was used to support the infrastructure of the testing environment. This second array used a combination 

of 12 (11 active and 1 spare) x 400 GB write intensive (WI) SLC SSDs, and 12 (11 active and 1 spare) x 1TB 7K 

HDDs. The second array provided storage for boot from SAN, software staging, and Oracle binaries. For 

actual deployments, the functions of this second array could be combined with the primary array, 

providing requirements warrant it. The separation of arrays in this reference architecture was to provide 

I/O isolation to show the I/O subsystem metrics generated by the Oracle I/O stack. This second array is 

not depicted in the reference architecture (Figure 1). 
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4 Reference architecture 
The solution reference architecture discussed in this document is presented in Figure 1. 
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Figure 1 Reference architecture for Oracle OLTP standalone.  
*RAC deployments not reviewed in this reference architecture 

All software and hardware components are discussed in the following sections. All components have been 

configured to Dell best practices. For more information on these best practices, see documents published 

on Dell TechCenter. 

http://en.community.dell.com/techcenter/storage/w/wiki/2631.storage-solutions-technical-documents
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5 Ethernet switch configuration 
For public and management network traffic, a Dell Networking 5548 switch was deployed. 

Table 1 Dell Networking 5548 switch and port configuration 

Switch attribute Value 

Software Version (OS) 4.1.0.19 

Boot Version 1.0.0.14 

Hardware Version 00.00.02 

Jumbo Frames Disabled 

Spanning Tree State Enable 

STP Operation Mode Rapid STP 

IPv6 Interface Not enabled 

DHCP Server Status Disable 

DHCP Ping Disable 

Port Type 1000M-copper 

Port Speed 1000M 

Duplex Mode Full 

Auto Negotiation Enable 

Back Pressure Disable 

Flow Control Enable 

Auto MDIX MIDI 

QoS Mode Basic 

Switchport Mode Layer 2 

VLAN 550: public network; 520: iDRAC 
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For the Oracle RAC interconnect, a 10G Dell Networking switch is recommended. Multiple switches of the 

same model should be deployed in environments were network resilience, redundancy and high 

availability for the RAC interconnect is required. 

Table 2 Dell Networking S5000 core switch and port configuration* 

Switch attribute Value 

Dell Operating System Version 2.0 

Dell Application Software Version (Dell 
Networking OS Version) 

9.8 (0.0) 

Fiber Channel Firmware Version: V10.7.0.02.00 

Model Dell Networking S5000, 4-module, 4-port GE/TE/FG 
(SH) 

Module Type S5000-MOD-12xETH10-F - 12-port 10GE SFP+ (SH) 

Control Processor Freescale QorIQ P2020 with 2 Gbs of memory, 1 core. 

Boot flash memory 16Mb 

Hardware Rev 3.0 

Num Ports 64 

Jumbo Capable yes 

POE Capable no 

MTU 12000 bytes 

IP MTU 11982 bytes 

LineSpeed 10000 Mbit 

Flowcontrol Rx on, tx off 

Spanning Tree Mode RSTP on edge ports 

Data Center Bridging Disabled 

VLAN 4000: Oracle RAC clusterware interconnect  
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6 Brocade FC switch configuration 
For the Fibre channel network, multiple Brocade 6505 switches were deployed. The Brocade 6505 switch 

is a Gen 5 Fibre Channel switch and requires Small Form-Factor Pluggables (SFPs). The SFPs provided 

more quality in data transmissions. 

Table 3 Brocade 6505 switch configuration: 

Switch attribute Value 

Fabric OS version V7.3.0c 

Domain ID 25(0x19); 26(0x1A) 

Type 118.1 

Role Subordinate 

Ethernet IPv6 Disabled 

IPFC IPv4 Disabled 

Zone Fabric 1; Fabric 2 

Model 650 

Application FC fabric and storage connectivity for I/O subsystem 
testing 

 

Table 4 Brocade 6505 switch port configuration: 

Port attribute Value 

Port Media sw 

Port Type U-Port 

D-Port over DWDM Disabled 

Bound Status No 

Port protocol FC 

Allowed Port Type E-Port, F-Port 

Speed (Gb/s) N16 

Speed Configured Auto 

Ingress Rate Limit (Gb/s) Not Initialized 

QoS Status Enabled 

CSCTL Mode Disabled 
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Port attribute Value 

Long Distance Mode L0:Normal 

Desired Distance (km) N/A 

Trunking Enabled 

NPIV Enabled 

Authentication None 

Compression NA 

Encryption NA 

Compression Ratio NA 

Forward Error Correction Enabled (InActive) 

Non DFE Disabled 

 

Table 5 Brocade 6505 SFP specification: 

SFP attribute Value 

FC Speed (Gb/s) 4, 8, 16 

Distance Inter, Short_dist 

Vendor PN 57-0000088-01 

Vendor Rev A 

Media Form Factor SFP 

Connector LC 

Wave Length 850 nm 

Encoding 64B66B 

 

Table 6 Brocade 6505 port configuration: 

Port attribute Value 

Speed (Gb/s) N16 

Port Trunked No 
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7 Fibre Channel connectivity 
SC series storage has been tested to work with Dell, Emulex, and Qlogic® HBA cards; it also supports 

simultaneous transport protocols (Fibre Channel, iSCSI, and FCoE). The FC protocol was used in this 

reference architecture. For information on other transport protocols, refer to the SC Series Storage 

Solutions section of dell.com and the Dell SC System Manager Administrator’s Guide available on the 

Knowledge Center at the SC Series Customer Portal (login required). 

The Dell Storage Compatibility Matrix provides a list of compatible arrays and switches. 

7.1 QLogic settings 
The server HBAs were configured according to the recommendations in the latest Dell SC Series System 

Managers Administrator’s Guide available on the Knowledge Center at the SC Series Customer Portal 

(login required) to improve connection speeds between the database server and Dell SC series arrays. 

The BIOS settings and OS driver module for QLogic control the performance of an HBA adapter. Settings 

specified in the driver module take precedence over the BIOS settings. 

The HBA firmware and drivers were updated to the latest versions before doing any configuration. 

For new systems, be sure to update the HBA firmware and drivers to the latest versions before doing any 

configuration. For existing systems, Dell recommends verifying the functionality of the latest firmware and 

driver in a test environment before promoting the changes to a production environment. 

7.1.1 Server FC HBA BIOS settings 
The HBA BIOS was configured with QLogic Fast!UTIL during the boot strap and power on system test 

(POST) operation of the server. Pressing [Ctrl] + [Q] during the boot strap process starts Fast!UTIL. 

 

Figure 2 Starting Fast!UTIL 

After selecting an adapter in Fast!UTIL and resetting it to factory defaults, Fast!UTIL menu options were 

selected to make the following HBA BIOS changes. The process and changes were repeated on all HBAs 

(or initiators). 

 

Table 7 QLogic BIOS HBA Settings 

http://www.dell.com/us/business/p/dell-compellent?s=bsd
http://www.dell.com/us/business/p/dell-compellent?s=bsd
http://customer.compellent.com/
http://http/en.community.dell.com/techcenter/storage/w/wiki/5069.dell-storage-compatibility-matrix-ps-series-sc-series-fs-series
http://customer.compellent.com/
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Qlogic BIOS Menu QLogic BIOS attribute Value 

Adapter Settings Host Adapter BIOS Enable 

 Connection Options 1 (for point-to-point only) 

Advanced Adapter Settings Luns per Target 128 

 Enable LIP Reset Yes 

 Login retry count 60 

 Port down retry count 60 

 Link down timeout 30 

Selectable Boot Settings 
(Each HBA port has two 
paths to the boot volume. 
The WWN for each path 
should be selected.) 

Selectable Boot Enable 

 Boot Port Name, Lun (nnnnn,0) 
(This was configured after the FC 
fabric zones were created for the 
reference architecture) 

WWN for the 1st boot volume path 

 Boot Port Name, Lun (nnnnn,0) 
(This was configured after the FC 
fabric zones were created for the 
reference architecture) 

WWN for the 2nd boot volume path 

 

After configuring the QLogic BIOS, the QLogic driver was configured on the database server. 

Note: Execution Throttle is not specified as it does not apply to QLE2600 Series adapters. See QLOGIC 

Support Center for more information. 

7.1.2 Server FC HBA driver settings – timeouts and queue depth 
The link down timeout and queue depth in Linux were configured by creating a new QLogic adapter 

configuration file (/etc/modprobe.d/qla2xxx.conf). 

The default queue depth value of 32 may be adequate for some environments, but values of 64 or 128 

may work well too. The optimal queue depth value is dependent on a number of parameters including 

application workloads, read/write mix, and the Oracle database loads during snapshots. Determining the 

optimal value is out of scope of this document. 

The timeout value determines the time a server waits before the server destroys a connection after losing 

connectivity. For single-path configurations, the timeout should be set to 60 seconds to provide enough 

time for the WWN of the failed port to transfer to a port on the other controller (assuming a dual controller 

http://support.qlogic.com/SupportCenter/articles/FAQ/What-are-the-HBA-Execution-Throttle-settings-best-practices?retURL=%2FSupportCenter%2Fapex%2FCustomer_Support_main&popup=true
http://support.qlogic.com/SupportCenter/articles/FAQ/What-are-the-HBA-Execution-Throttle-settings-best-practices?retURL=%2FSupportCenter%2Fapex%2FCustomer_Support_main&popup=true
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SC Series configuration is deployed). In a multipath configuration the timeout value should be set to 5 

seconds because the ports will fail over almost immediately. This reference architecture used native Linux 

multipathing so the timeout value was set to 5 seconds. 

To adjust the values, the following lines were added to file /etc/modprobe.d/qla2xxx.conf. 

options qla2xxx qlport_down_retry=5 

options qla2xxx ql2xmaxqdepth=<value> 

This reference architecture did not use local boot, so the process of configuring the QLogic driver was a 

bit different than the process for local boot systems: 

1. Unmount all SAN volumes. 

 

2. Remove the QLogic driver from the Linux kernel: 

modprobe -r qla2xxx 

3. Reload the QLogic driver in the Linux kernel so it knows about the new configuration: 

modprobe qla2xxx 

4. Mount the SAN volumes. 

Boot from SAN systems were used for this reference architecture so the RAM disks were rebuilt. Dell 

recommends making a backup of the existing initrd file before rebuilding initramfs: 

5. Once the system has restarted, verify that the configuration changes have taken effect: 

# cat /sys/module/qla2xxx/parameters/qlport_down_retry 

5 

# cat /sys/module/qla2xxx/parameters/ql2xmaxqdepth 

32 

7.2 Zoning 
Soft zoning was configured per Dell best practices. The following were deployed: 

 Multiple fabrics 

 Multiple Fibre Channel switches (one switch per fabric) 

 SC Series dual controllers 

 SCOS virtual port mode 

 Multiple quad Fibre Channel server HBAs per server 

 Server multipathing 

 Zones based on WWNs rather than on ports for each HBA server port (single initiator) to multiple 

SC Series front-end-ports (multiple targets) 
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Figure 3 shows one FC zone per server HBA port. Zones in each of the fabrics share the same targets, but 

have a different initiator. 
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Figure 3 Two FC fabrics 

Per Dell best practices, soft zones were created to use a single initiator host port and multiple SC Series 

virtual ports. The ports from each controller were equally distributed between the two fabrics. Specific 

ports are not needed for a given fabric as long as the selected ports remain the same for all zones in the 

same fabrics. 
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The following soft zones were created: 

 

 

 

 

Figure 4 Fabric 1 soft zones 
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Figure 5 Fabric 2 soft zones 

 

Table 8 Server HBA ports and SC controller front-end port included in zones 

FC Zone Fabric Server HBA Server HBA Port SC Controller Ports (use all controllers) 

1 1 1 1 1, 2 

2 1 2 1 1, 2 

3 2 1 2 3, 4 

4 2 2 2 3, 4 
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8 The SC Series environment 
Storage administrators have to make complex decisions daily on storage configuration, usage and 

planning. For example, when creating a volume, will it be sized appropriately? Traditional SANs do not 

have an easy way to expand or shrink a volume. Oversized volumes present the added issue of over 

provisioning the array. Also, traditional arrays do not provided an easy way to match performance metrics 

of disks with the performance characteristics of the data. SC series storage provides solutions to these 

complex decisions with a robust set of features that provide an easy to manage storage solution. 

Dynamic Capacity delivers the highest storage utilization possible by eliminating allocated but unused 

capacity. It completely separates storage allocation from utilization, enabling users to create any size 

virtual volume upfront, and only consume actual physical capacity when data is written. 

Data Instant Replay is the SCOS snapshot technology that provides continuous space-efficient data 

protection. A snapshot taken of a volume, creates a point-in-time copy (PITC) of the volume by making all 

written pages read only. Any further changes to the volume get written to new pages (active data). Then 

when the volume is read, SC Series storage seamlessly presents the read-only pages from the snapshot, 

and any active data. Consistent snapshots in an Oracle environemnt can be most beneifical and effective 

for database backups, recoveries, and cloning. 

Data Progression (DP) is a fluid data storage or automated tiered storage feature that automatically 

migrates data to the optimal storage tier based on a set of predefined or custom policies called storage 

profiles. Data progression eliminates the need to manually classify and migrate data to different storage 

tiers while reducing the number and cost of drives and reducing the cooling and power costs. 

Fast Track technology enhances automated tiered storage by dynamically placing the most frequently 

accessed data on the fastest (or outer) tracks of each disk drive. 

The rest of this section lists Dell recommended best practices, key points, configuration examples, and 

options for SC Series arrays in an Oracle environment. 

Table 9 SC Series all-flash array used for I/O subsystem tests 

Storage 
object/component 

Type Quantity Description 

Controllers SC9000 2 With SCOS 7.1.1.110, this array was used for 
testing the I/O subsystem 

Controller processor Intel Xeon 2 One processor per controller. Intel Xeon E3-
1265L v2, 2x500 GHz, 4 cores, 8MB cache 

Controller memory 16 GB 2 Total SC9000 memory: 32 GB 

Battery-backed 
controller write cache 

512 MB 2 Total SC9000 battery-backed controller write 
cache: 1GB 

SC Series front-end 
ports 

FC, 16 Gbps 8 Database server connectivity 
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Storage 
object/component 

Type Quantity Description 

SC Series back-end 
ports 

SAS, 6 Gbps 4 Disk connectivity: connectivity from SC Series 
controllers to the SC200 enclosure 

Port mode Virtual port 
mode 

 Provides connectivity, bandwidth, and 
redundancy. Dell recommends virtual port mode 

Domains Fault domains 2 Provides port redundancy when virtual port 
mode is enabled 

Enclosures SC220 1 24 bay, 2.5-inch disk drive enclosure 

Drives TLC, x GB SSD 24 23 active with 1 hot spares in tier 1. 

Power Power supply 2 Dual power supply per controller 

 

8.1.1 Virtual port mode 
This reference architecture, per Dell recommendations, used virtual port mode over Legacy port mode. 

 

Figure 6 WWN of physical and virtual ports of a SC controller 

Virtual port mode with FC networks provide the following benefits over legacy port mode 

 Increased connectivity and bandwidth. 

 Port fail over for improved redundancy 
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The possible actions taken in virtual port mode when a SC Series controller or port failure occurs are 

shown below: 

Table 10 Failover mechanics with virtual ports 

Scenario Action taken 

Normal operation All ports pass I/O 

A controller fails in a dual-controller array The virtual ports on the failed controller move to the 
physical ports on the remaining controller 

Port failure An individual port fails over to another port in the 
same fault domain. 

 

8.1.2 Fault domains in virtual port mode 
Fault domains existed for each fount-end Fibre Channel fabric port so that all ports fail over to another 

port within the same fault domain. Two connections from each controller to each Fibre Channel fabric 

fault domain were created per Dell recommendations. 
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Figure 7 SC Series Fault domains and physical/virtual port assignments 

8.1.3 Redundancy for SC front-end connections 
The following types of redundancy are available depending on how the SC Series array is configured. 

 Storage controller redundancy: The ports on an offline storage controller move to the remaining 

available storage controller. 

 Storage controller port redundancy: I/O activity on a failed port moves to another available port 

in the same fault domain (providing virtual port mode is enabled). 

 Server path redundancy: Providing multipathing is configured on the server and multiple paths 

exist between the SC Series array and server, the server can use multiple paths for I/O. If an I/O 

path becomes unavailable, the server continues to use the remaining active paths. 

Dell strongly recommends that all types of redundancy are provided in Oracle environments. 
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8.1.4 Creating servers in DSM 
The database servers were configured with two 16 GB dual port HBAs to provide redundancy of initiator 

ports and HBAs, and provide bandwidth necessary for the expected database I/O traffic. A server object 

was created in DSM for each database server.  

The operating system attribute of the server objects was set to Oracle Linux 7.x so that DSM could 

implement a set of specific OS rules to govern the automated process of mapping volumes to the server 

object. 

 

Figure 8 Server object operating system type for server camaro 

 

 

Figure 9 Server object operating system type for server delray 

 

Each server object identified all HBA initiator ports available to it.  

 

Figure 10 Server HBAs assigned to server camaro 

 

 

Figure 11 Server HBAs assigned to server delray 
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8.1.5 Disk pools 
This reference architecture uses a single pagepool of 24 TLC SSDs (Assigned disk folder) in the SC Series 

all-flash array. Some reasons for using a single pagepool are: 

 SC Series arrays with single pagepools have greater performance potential than an SC Series arrays 

with multiple pagepools (when both SC Series arrays have the same number and type of disks and 

are hosting the same workload) 

 Single pagepools are easier to manage and can accommodate an ever changing workload 

 Using a single pagepool for high-performance database systems is also recommended by Dell 

 Data Progression does not migrate storage across disk folders 

 

Figure 12 Assigned disk folder 

 

Figure 13 24 SSDs assigned to the Assigned disk folder 

When creating the Assigned disk folder, SC Series arrays require a datapage size and redundancy level be 

set for the folder. See Tiered storage and Tier redundancy and RAID for more information. 

 

Figure 14 Assigned disk folder configured with redundant 2MB data pages 

8.1.6 Datapage 
The default datapage size of 2 MB in the SC Series all-flash array was used in the reference architecture. 

Datapage sizes of 512 KB and 4 MB can also be configured, but were not used as Dell recommends using 

the default datapage size for most Oracle deployments. 

When creating a volume, the SCOS assigns the volume a maximum size as requested. Once the volume is 

presented to a server, space (datapages) will either be assigned to the volume from the pagepool all at 

once or when data is written to the volume. See Preallocating storage for a discussion on preallocating 

storage in this reference architecture. 
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8.1.7 Tiered storage redundancy and RAID 
All disk space within the pagepool was allocated into one storage tier.  

 

Figure 15 Storage tier in the pagepool 

The single tier of storage was protected by RAID 10 Dual-Mirror (DM) and RAID 6-10 

Table 11 Tier redundancy types 

Redundancy Description 

Non-redundant SCOS uses RAID 0 in all classes, in all tiers. Data is striped but provides no 
redundancy. If one disk fails, all data is lost. Dell does not recommend using non-
redundant storage for Oracle unless data has been backed up elsewhere, and then 
only in specific cases after a thorough evaluation of business requirements. 

Single-redundant Protects against the loss of any one drive. Single-redundant tiers can contain any of 
the following types of RAID storage: 

 RAID 10 

 RAID 5-5 

 RAID 5-9 

Dual-redundant Protects against the loss of any two drives. Disks larger than 900 GB should use 
dual redundancy and in some cases it is mandated. Dual-redundant tiers can 
contain any of the following types of RAID storage: 

 RAID 10 Dual-Mirror (DM) 

 RAID 6-6 

 RAID 6-10 

 

By default, the SC Series all-flash array implements dual redundancy. With RAID 6-10, a minimum of 11 

disks are required. With RAID 6-6 a minimum of seven disks are required. With respect to RAID 6, if a tier 

does not have at least seven disks, the default tier redundancy is set to single redundancy RAID 5-5 for any 

disk drive size. 



 

 

28 Accelerating Oracle OLTP with Dell SC Series All-Flash Arrays | 3209-RA-O 

Table 12 Media type and redundancy requirements 

Media type Redundancy requirements 

SSD By default, disks under 1.7 TB are set to single redundancy. 
Dual redundancy is recommended for 1.7 TB to 2.78 TB disks. 
In a SC Series configuration with new or existing disk pools, adding 2.79 TB or larger 
disks requires dual redundancy (single redundancy option is disabled). 

 

One of the 24 available SSDs was reserved as a hot spare. 

 

Figure 16 Hot spare count 

8.1.8 RAID stripe width 
The default stripe width was chosen for this reference architecture as it provides good I/O performance 

and storage conservation for all types of database volumes and applications. 

Table 13 RAID stripe width in SC Series arrays 

RAID level Stripe width description 

RAID 10-DM Stripes data along with two copies across all drives in the tier 

RAID 6-10 Distributes parity across ten drives. (10 drives (8 data segments, 2 parity segments 
for each stripe)). Each tier requires at least 11 drives (10 for RAID, and one for spare). 

 

RAID stripe width and efficiencies can be seen by right selecting the array from the Dell Storage navigation 

tree in DSM, and selecting Edit Settings, then Storage: 

 

Figure 17 Efficiencies with larger stripe widths 
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8.1.9 RAID penalty 
IOPS generated by RAID penalty were taken into consideration when sizing the array for this reference 

architecture. 

Table 14 RAID penalty 

Sell SC RAID level RAID penalty I/O Description 

RAID 10 DM 3 3 writes (one for data and two for copy of data) 

RAID 6-6 
RAID 6-10 

6 3 reads (one for data and two for parity), 
3 writes (one for data and two for parity) 

 

8.1.10 Sizing and validating an SC Series array design 
For this reference architecture, the array was sized: 

 To accommodate the entire database and total expected IOPS regardless of the I/O mix during 

performance runs 

 To include IOPS from the RAID penalty 

 With the assumption that all I/O will be random 

For OLTP systems, generally SSDs are used to deliver high IOPs with low latencies, and for most I/O 

patterns, SSDs provide considerably better performance than spinning media. 

Dell strongly recommends factoring in the RAID penalty when sizing an SC Series array. If it is not, the 

SC Series array will be undersized. To include IOPS for write penalty, use the following formula: 

𝑻𝒐𝒕𝒂𝒍 𝑰𝑶𝑷𝑺 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑂𝑃𝑆 + (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑂𝑃𝑆 ∗ 𝑊𝑟𝑖𝑡𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ∗ (𝑅𝐴𝐼𝐷 𝑃𝑒𝑛𝑎𝑙𝑡𝑦 − 1)) 

Where: 

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑰𝑶𝑷𝑺 = 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑂𝑃𝑆 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑒𝑟𝑣𝑒𝑟 

𝑾𝒓𝒊𝒕𝒆 𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝐼/𝑂 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑡𝑜 𝑤𝑟𝑖𝑡𝑒𝑠 

𝑹𝑨𝑰𝑫 𝑷𝒆𝒏𝒂𝒍𝒕𝒚 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼/𝑂𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑎 𝑤𝑟𝑖𝑡𝑒 

For example, consider a server that is performing a workload of 20,000 IOPS with a mix of 80% reads and 

20% writes to RAID 10. With the above equation, a total of 24,000 IOPS would be required for T1. 
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8.1.11 Storage profiles 
To provide appropriate levels of data protection, good I/O performance for all types of database volumes 

and I/O activity, this reference architecture used the default storage profile: Recommended (All Tiers). 

 

Figure 18 Storage type 

 

 

Figure 19 Default storage profile 

8.1.12 SCOS cache settings 
SC Series storage provides both a read and write cache to improve performance of I/O, SC Series arrays 

also provide a way to enable or disable the caches globally for the entire array. Cache enabling/disabling 

can also be done on the volume level. 

 

Figure 20 Read and write cache global settings 

Read cache anticipates the next read and holds it in quick volatile memory, thus improving read 

performance. Write cache holds written data in volatile memory until it can be safely stored on disk, 

thereby increasing write performance. By default, both read and write cache are enabled globally. 

Because SSDs are a memory device, Dell recommends disabling write cache in an SC Series all-flash array 

to maximize performance. For SC Series arrays utilizing SSDs and HDDs, or only HDDs, caching should be 

enabled to ensure consistent performance. 

Per Dell recommendations, write cache was disabled globally for this reference architecture. 
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8.1.13 Creating volumes in the SCOS 
To ensure LUNs would be evenly distributed between the controllers in the primary array (SC9000) used in 

this reference architecture, an even number of LUNs were created for each database server. 

LUNs were presented to the database server, camaro. 

Name Storage Profile Storage Type Size LUN 

LUN101 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 1 

LUN102 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 2 

LUN103 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 3 

LUN104 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 4 

LUN105 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 5 

LUN106 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 6 

LUN107 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 7 

LUN108 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 8 

LUN109 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 9 

LUN110 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 10 

LUN111 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 11 

LUN112 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 12 

LUN113 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 13 

LUN114 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 14 

LUN115 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 15 

LUN116 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 16 

 

LUNs were presented to the database server, delray. 

Name Storage Profile Storage Type Size LUN 

LUN201 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 1 

LUN202 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 2 

LUN203 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 3 

LUN204 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 4 
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Name Storage Profile Storage Type Size LUN 

LUN205 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 5 

LUN206 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 6 

LUN207 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 7 

LUN208 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 8 

LUN209 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 9 

LUN210 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 10 

LUN211 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 11 

LUN212 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 12 

LUN213 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 13 

LUN214 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 14 

LUN215 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 15 

LUN216 Recommended (All Tiers) Assigned – Redundant – 2 MB 250GB 16 

 

A boot-from-SAN volume and a volume for software staging and the oracle software were also created on 

a different SC Series array so that the I/O to those volumes would not interfere with testing. 

8.1.13.1 Volumes size 
Dell recommends using fewer large volumes rather than many small volumes. Therefore, for this reference 

architecture, 32 x 250 GB volumes were created and used, in some combination, for the performance runs 

of ORION. For real deployments, follow Dell recommendations as a starting point; the number and sizes 

of the volumes depend on business requirements. 

 

Figure 21 LUN size and active allocated space 
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8.1.13.2 Volume presentation 
The volumes were presented to the database servers using multiple paths.  

The default settings in section Restrict Mapping Paths and Configure Multipathing of the Advanced 

Mapping wizard were left at default settings, as shown below, to ensure all appropriate mappings would 

be used and to balance the volume mappings between both controllers. 

 

Figure 22 SC Series Advanced Mapping wizard 

 

  



 

 

34 Accelerating Oracle OLTP with Dell SC Series All-Flash Arrays | 3209-RA-O 

8.1.13.3 Preallocating storage 
For high-performance systems where performance can be affected by dynamic block allocation, Dell 

recommends that storage is preallocated to the volumes. Therefore, after the SC Series volumes were 

created and presented to the database servers, space was preallocated on each volume.  

 

Figure 23 Volume creation and presentation 

The option to preallocate space only appears after the volume is presented to a server, and only if Allow 

Preallocate Storage Selection has been enabled in DSM. 

 

Figure 24 Preallocation globally enabled 

Because Oracle ORION writes zeros, without preallocating a volume, the smart technology of SCOS thin 

provisioning would skew the performance numbers generated by ORION. 
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8.1.13.4 Volume cache settings 
Dell recommends disabling write cache for all-flash arrays. Disabling read cache in all-flash arrays will be 

application-specific and may or may not improve performance. For this reference architecture, SC Series 

write cache was disabled globally, and read cache was enabled. 
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9 Servers 
The database server used in this reference architecture is shown below: 

Component Description 

Server R730 

Operating system Oracle Linux 7.2, 3.8.13-
98.7.1.el7uek.x86_64 

FC HBA Two half height QLogic® QLE2662L-
DELL Gen 5 16Gb FC Dual-Port PCI 
Express Adapters 

CPU 2 cpus, 3gb RAM, 30 gb cache, …. 

Memory  

Network Dell Networking MXL 40Gb/10Gb 

BIOS version 2.1.6 

Firmware Version 2.30.30.30 

Dell OS Driver Pack 16.04.07 

IDSDM firmware N/A 

Network card OS 
version 

17.0.12 

QLogic FC Adapter QLogic QLE2662 16Gb FC Adapter 

QLogic FC Adapter 8.00.14 

Application Servers used to test I/O subsystem 

 

9.1 Server multipathing 
Each database server was configured with two 16 GB dual port HBAs. Multipath redundancy was provided 

at the path level in Linux by configuring Device Mapper Multipath (DM-multipath). A sample of file 

/etc/multipath.conf used in this reference architecture is shown below. 

defaults { 

         find_multipaths yes 

         user_friendly_names yes 

} 

<snippit> 

blacklist_exceptions { 

        device { 

               vendor "COMPELNT" 
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               product "Compellent Vol" 

        } 

} 

multipaths { 

        multipath { 

                uid 0 

                gid 0 

                wwid "36000d3100101bd000000000000000005" 

                mode 0600 

                alias LUN1 

        } 

        multipath { 

                uid 0 

                gid 0 

                wwid "36000d3100101bd000000000000000004" 

                mode 0600 

                alias LUN2 

        } 

<snippit> 

} 

9.2 UDEV configuration 
Raw devices, rather than ASM devices managed by ASMLib, were used for this reference architecture. The 

UDEV rule used to set device persistence on the LUNs resides in file /etc/udev/rules.d/99-oracle-

asmdevices.rules and is shown below: 

KERNEL=="dm-*",ENV{DM_NAME}=="LUN*",OWNER="oracle",GROUP="oinstall",MODE="0660" 
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10 Test methodology 
This section presents the testing process and monitoring methods used in this document. The method 

defined in this section can be applied to a custom configuration or desired architecture providing the 

underlying storage does not contain any user or application data. 

10.1 Test objectives 
A series of tests were executed using ORION from the 12c (12.1.0.2.0) RDBMS installation. ORION uses the 

Oracle I/O software stack to generate simulated I/O workloads without having to create an Oracle 

database, load applications, and simulate users. ORION is commonly used for benchmarking the I/O 

performance characteristics of Oracle database storage systems prior to creating a database. 

It is not recommended to use ORION on a storage system that contains data, as ORION will erase the 

data if it is used to measure write performance. 

The primary test objectives are: 

 Measuring the storage I/O performance and system limits for pure OLTP workloads 

 Determine the performance impact on the array during different ORION OLTP simulations 

 Show the latency and IOPS under ORION OLTP simulations 

The goal of these tests were to help create a storage architecture reference point for building oracle 

deployments. 
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11 Test results and analysis 

11.1 ORION configuration and testing parameters 
ORION was used to simulate OLTP type I/O patterns against the I/O subsystem. The goal of the tests was 

to measure the IOPS and read and write latencies of an SC9000 all flash array, for an Oracle 12c 

deployment using raw devices for ASM. The following ORION run-time options were selected: 

Parameter Value 

-run advanced 

-testname  The name of the test and file containing the LUNs which will 
be used for the test 

-matrix point 

-size_small 8 8 

-type rand rand 

-num_large 0 0 

-num_small 40 40, 256 

-write 30 

-duration 900 

-num_disks 23 

-storax skgfr 

 

11.2 Test scenarios 
Multiple test scenarios were run using the above ORION test parameters using two LUNs per test and a 

different number of concurrent tests per database server. The test scenarios executed on each database 

server were identical for each test run. To avoid block collisions during the tests, each ORION test used 

two LUNs not currently used by other concurrent test run. 

Table 15 ORION sessions and LUNs per server and test scenario 

Test scenario 
ORION sessions 
per server 

Total ORION 
sessions per test 

Total LUNS used 
Total volume 
space (Database 
size) 

1 1 2 4 1 TB 

2 2 4 8 2 TB 
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Test scenario 
ORION sessions 
per server 

Total ORION 
sessions per test 

Total LUNS used 
Total volume 
space (Database 
size) 

3 3 6 12 3 TB 

4 4 8 16 4 TB 

5 5 10 20 5 TB 

6 6 12 24 6 TB 

7 7 14 28 7 TB 

 

Because Oracle ORION writes zeros and may cause arrays that use thin provisioning to report misleading 

metrics for write latencies, the SC Series all-flash array was monitored to ensure that Oracle ORION was 

not causing pages in the volumes to be released back to the SC Series pagepool. Because of how the test 

environment was configured, no pages were released to the pagepool. 

11.3 Test analysis 
While each test was running, screen captures of DSM Charting were created and used as a reference 

points for ORION output comparisons. After the completion of each ORION test scenario, the ORION 

output was parsed for Maximum Small IOPS, small read latency, and small write latencies. Aggregates of 

these metrics were created and compared to the DSM Charting screen captures. In all comparison, similar 

conclusions were found that yielded a higher confidence in the test results reported by ORION. 
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Figure 25 Oracle ORION test results: IOPS versus read and write latencies 
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12 Conclusion 
The existing solution provides ample room for a 7 TB database that will return 257313 total IOPS with read 

and write latencies under 2 milliseconds in an OLTP application with a 70/30 read/write random mix using 

8K blocks. Additional performance capacity is available, however an increase in total IOPS also yields 

greater increases in latencies. For example, notice the difference in reported IOPS and latencies between 

test scenarios running 10 and 12 ORION concurrent jobs in the graph above. 

Also, should the database need to increase in size, the SC Series array used in this reference architecture 

still had a surplus of unused space that could be allocated to the Oracle environment. 

 

Figure 26  

The metrics will vary, but the testing methodology used in this reference architecture can be used against 

other SC Series all-flash arrays for Oracle deployments. 
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A Technical support and resources 

Dell.com/support is focused on meeting customer needs with proven services and support. 

For additional support information on specific array models, see the following table. 

Dell Storage Online support Email 
Phone support (US 
only) 

SC Series and 
Compellent 

https://customer.compellent.com support@compellent.com 866-EZ-STORE 
(866-397-8673) 

SCv Series http://www.dell.com/support Specific to service tag 800-945-3355 

XC Series http://www.dell.com/support Specific to service tag 800-945-3355 

PS Series 
(EqualLogic) 

http://eqlsupport.dell.com eqlx-customer-
service@dell.com 

800-945-3355 

 

Dell TechCenter is an online technical community where IT professionals have access to numerous 

resources for Dell software, hardware and services.  

Storage Solutions Technical Documents on Dell TechCenter provide expertise that helps to ensure 

customer success on Dell Storage platforms. 

A.1 Additional resources 

Referenced or recommended Dell publications: 

 Dell Storage Center with Red Hat Enterprise Linux (RHEL) 7x Best Practices: 

http://en.community.dell.com/techcenter/extras/m/white_papers/20437964 

 

Referenced or recommended Red Hat publications: 

 Red Hat Enterprise Linux 6 DM Multipath, DM Multipath Configuration and Administration: 

https://access.redhat.com/documentation/en-

US/Red_Hat_Enterprise_Linux/6/html/DM_Multipath/index.html 

 

http://www.dell.com/support
https://customer.compellent.com/
mailto:support@compellent.com
http://www.dell.com/support
http://www.dell.com/support/incidents/us/en/19/Email/Emailtagentry
http://www.dell.com/support
http://www.dell.com/support/incidents/us/en/19/Email/Emailtagentry
http://eqlsupport.dell.com/
mailto:eqlx-customer-service@dell.com
mailto:eqlx-customer-service@dell.com
http://en.community.dell.com/techcenter/
http://en.community.dell.com/techcenter/storage/w/wiki/2631.storage-applications-engineering
http://en.community.dell.com/techcenter/extras/m/white_papers/20437964
https://access.redhat.com/documentation/en-US/Red_Hat_Enterprise_Linux/6/html/DM_Multipath/index.html
https://access.redhat.com/documentation/en-US/Red_Hat_Enterprise_Linux/6/html/DM_Multipath/index.html
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