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Summary
This document introduces a method to build a next-generation shared IT infrastructure that
can consolidate multiple databases for various workloads by optimizing system resources for
Oracle databases with the latest flash technology, such as the NetApp Virtual Storage Tier
and Database Smart Flash Cache.
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1 Introduction
How should critical business data be stored and utilized? This has been one of the greatest challenges
for corporate IT systems for many years. Many IT administrators have addressed it by using Oracle
databases. IT systems that use Oracle databases tend to increase in number as various types of data
exist with varying usages in a company. This has recently led to increased IT costs, and companies and
IT administrators are being pressured to implement measures to reduce IT costs on database systems.
Two solutions have been found to reduce IT costs in recent years. One solution is to consolidate them to a
shared IT infrastructure using hypervisors such as VMware vSphere or Microsoft Hyper-V with unified
storage. Integrating storage systems such as those sold by NetApp with these server virtualization
technologies can further reduce the cost for the entire IT infrastructure. However, in some cases, integration
into a shared IT infrastructure may not be an option when a system uses Oracle databases. Database
environments generally consume more server memory and I/O, thus a shared IT infrastructure is not ideal
by its very nature. This has been a major obstacle for cutting IT costs by integrating database systems.
Another solution for reducing IT costs is to apply flash storage technology. Flash storage provides much
higher I/O performance for random read than a hard disk. Flash storage enables the entire system
performance to be maintained even if the number of hard disks on a storage system is reduced. This
characteristic of flash storage technology can achieve improved performance as well as reduced IT costs
for database systems.
Based on the above-mentioned background, this document introduces a method to build a nextgeneration shared IT infrastructure that can consolidate multiple databases for various workloads by
optimizing system resources for Oracle databases with the latest flash technology, such as the NetApp
Virtual Storage Tier and Database Smart Flash Cache.

2 Intended Audience
This document is intended for customers who are using, or considering using, NetApp storage as storage
infrastructure for their Oracle database. This audience includes database administrators, data center
administrators, system engineers (SE), consulting system engineers (CSE), professional service
engineers (PSE), professional service consultants (PSC), commissioned sales partners (CDP), and
channel partner engineers. It is intended for those who are new to NetApp storage and Oracle database
as well as advanced users.

3 Purpose
We conducted various performance validation tests on flash storage technology to establish best
practices for integrating Oracle databases into a shared IT infrastructure. NetApp Virtual Storage Tier
provides several functions including Flash Cache and Flash Pool. We used Flash Cache and Flash Pool
that can be used in the Linux environment for the validation tests. For the server-side flash storage
(Fusion-io ioDrive2), we used an Oracle database feature of Database Smart Flash Cache. We set up a
scenario where these flash storage technologies function effectively for the load status on the database,
and checked the validity of the integration to a shared IT infrastructure.
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4 Summary of the results
Purposes, details, and results of each validation test are described below. Refer to the corresponding
topics for more details.
•

We checked how throughput and resource usage rates change as the number of concurrent user
connections (I/O counts) and the write rate increase to understand the characteristics of Flash Cache
and Flash Pool. We confirmed that with Flash Pool, the write operations are off-loaded from HDD to
SSD, largely reducing the HDD usage rate.
Details → "7

•

We validated that Flash Pool enables effective use of available HDD resources. We thus confirmed
that Data Warehouse (DWH) / Business Inteligence (BI) databases can be consolidated on the same
aggregate with OLTP databases.
Details → "8

•

Validation results of Database Smart Flash Cache"

We validated and confirmed that the storage performance requirement minimized by Database
Smart Flash Cache enables OLTP databases with extremely high I/O loads to be consolidated on the
same aggregate with the traditionally integratable OLTP databases.
Details → "10

•

DWH/BI database integration using Flash Pool"

We validated how the throughput and the server/storage resource usage rates are affected with or
without Database Smart Flash Cache to understand its characteristics. We confirmed that when
Database Smart Flash Cache is used, the storage resource usage rate is reduced significantly, and
the storage performance requirements can be minimized.
Details → "9

•

Validation results for Flash Cache and Flash Pool"

OLTP database integration with high I/O loads using Database Smart Flash Cache"

By combining the validation results described in Chapter 8 "DWH/BI database integration using
Flash Pool" and Chapter 10 "OLTP database integration with high I/O loads using Database Smart
Flash Cache", we validated and confirmed that DWH/BI databases (using Flash Pool) and OLTP
databases with high I/O loads (using Database Smart Flash Cache) can be consolidated on the
same aggregate with the traditional OLTP databases.
Details → "11

Integration of a DWH/BI database and an OLTP database with high I/O loads"

5 Features
5.1

Features of NetApp products

Agile Data Infrastructure
NetApp considers that the three data management concepts of "Intelligent", "Immortal", and "Infinite" are
key aspects of a storage solution that allows our customers to meet the ever changing technology related
operational and business challenges found in an enterprise in a simplified way, and defines a new
storage infrastructure that achieves these concepts as "Agile Data Infrastructure".
NetApp's technology to achieve one of the concepts, "Intelligent", is Virtual Storage Tier, which can be
referred to as a virtual storage pool.
Please see the following white paper for more information on Agile Data Infrastructure.
•
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Virtual Storage Tier
NetApp Virtual Storage Tier (VST) determines data priority based on workloads in real-time and optimizes
I/O data requests in accordance with cost and performance. No complex data classification is required.
VST utilizes flash-based technology for intelligent caching, allowing you to minimize the overhead for both
I/O and CPU. It provides the flexibility to address changes in workload as data is cached on-demand
based on the actual access patterns.
Figure 1. Virtual Storage Tier

The NetApp Virtual Storage Tier has three components: Flash Pool for caching data at the disk device
level, Flash Cache for caching data at the controller level, and Flash Accel for caching data at the server
level (Note: for this exercise we did not use Flash Accel for the validation as we focus on the Linux OS
for Oracle database servers and Flash Accel did not include support for Linux operating systems at the
time of our testing). Customers can select the most appropriate solution for their system environment.
Figure 2. Virtual Storage Tier components
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Flash Pool
Flash Pool implements VST at the disk device level by incorporating the SSD RAID group into the
SATA/SAS-configured aggregate as a cache.
Flash Cache
Flash Cache implements VST by incorporating a PCIe-based flash device as a read cache into the FAS
controller's expansion slot.
Flash Accel
Flash Accel, a free software provided by NetApp, implements VST by using a flash device mounted on
a server as a read cache for data on a FAS.
Note: We did not use Flash Accel for the validation as it is a solution for virtualization environments.
Figure 3. Summary of Virtual Storage Tier

5.2

Features of Oracle products

Direct NFS
The NFS client function of the OS is usually used to access the storage (NFS server) when NFS is used
as a protocol for connecting Oracle database storage. Direct NFS is an NFS (v3) client introduced in
Oracle Database 11g Release 1. It enables the Oracle database to directly access the storage (NFS
server) for fast I/O optimized for Oracle database, bypassing the NFS client layer of OS which can cause
I/O bottlenecks (Figure 4).
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Figure 4. Direct NFS

As the use of flash devices has been drawing attention, ways to effectively utilize the extremely high I/O
performance play an increasingly important role. Oracle database can enhance the I/O performance in
NAS environments by using low-overhead Direct NFS.

Database Smart Flash Cache
Database Smart Flash Cache was introduced in Oracle Database 11g Release 2 Enterprise Edition,
which uses a flash device as an extended space for a buffer cache 1. When used, it extends the Oracle
cache space by placing the flash device as a level 2 cache in addition to the buffer cache (level 1). Data
blocks cached out from the buffer cache will be automatically placed in the Database Smart Flash Cache
space (Figure 5). This enables the data blocks to be quickly read from the flash device which have been
traditionally read from the HDD due to the insufficient buffer cache.

1
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Figure 5. Database Smart Flash Cache

Database Server
Level 1 Cache:
Buffer Cache
(memory)

Database Instance
Level 2 Cache:
DB Smart Flash Cache
(flash device)

Cache the cached out
data on a flash device
Oracle Cache Area

Adding memory usually solves the insufficient cache situation. However, it has become costly and difficult
in recent years to process all data in memory due to the increased number of concurrent users and the
increased amount of data. A flash device can provide a large cache space at a relatively low cost, which
cannot be achieved by using just memory.
Please note that metadata, which is a pointer to the blocks cached in Database Smart Flash Cache space,
is stored on the buffer cache. This means data cached on Database Smart Flash Cache will be disabled
when the metadata on the buffer cache is cleared by the database instance reboot.

6 Validation system configuration
6.1

Hardware configuration

The following figure (Figure 6) describes the concept of the hardware configuration used for the validation.
Figure 6. Conceptual diagram of the hardware configuration
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6.2

Oracle database configuration

The following figure (Figure 7) describes the concept of the hardware configuration used for the validation.
Configurations used for each validation and their corresponding chapter numbers follow.
Figure 7. Conceptual diagram of Oracle database configuration

•

•

•

Validation with Cisco UCS B200M2 configuration (i)
− "7 Validation results for Flash Cache and Flash Pool"
−

"8

DWH/BI database integration using Flash Pool"

−

"9

Validation results of Database Smart Flash Cache"

Validation with HP DL160 G6 configuration (ii) using Database Smart Flash Cache
−

"9

−

"10

OLTP database integration with high I/O loads using Database Smart Flash Cache"

Validation with (i) and (ii) configurations
−

10

Validation results of Database Smart Flash Cache"

"11

Integration of a DWH/BI database and an OLTP database with high I/O loads"
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6.3

Database server configuration

We used Cisco UCS B200 M2 or HP DL160 G6 and installed Oracle Database 11g Release 2 Enterprise
Edition. Fusion-io ioDrive2 was mounted on HP DL160 G6 and used for Database Smart Flash Cache.
Table 1. Database server details 1

Model

Cisco UCS B200 M2

CPU

2 Intel® Xeon® X5680 3.33GHz Processors
12 cores (without HyperThreading)

Memory

96GB

OS

Oracle Linux 6 Update 3 (UEKR2 Kernel)

Database

Oracle Database 11g Release 2 Enterprise Edition (11.2.0.3)
•
with Direct NFS
•
Buffer Cache = 16GB
Table 2. Database server details 2

11

Model

HP DL160 G6

CPU

2 Intel® Xeon® E5606 2.13 GHz Processors
8 cores

Memory

24GB

OS

Oracle Linux 6 Update 3 (Red Hat Compatible Kernel)

Database

Oracle Database 11g Release 2 Enterprise Edition (11.2.0.3)
•
with Direct NFS
•
with Database Smart Flash Cache
•
Buffer Cache = 10GB

Flash
device

Fusion-io ioDrive2
•
365GB MLC
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6.4

Storage configuration

We used NetApp FAS3270 with Flash Cache connected to DS4243. As for HDD and SSD in DS4243, we
configured either an aggregate with HDD only or with SSD (Flash Pool configuration) on validation items.
Table 3. Storage details

Model

NetApp FAS3270E

Memory

16GB

OS

Data ONTAP 8.1.1 (7-Mode)

Flash Cache size

512GB

Disk shelf

2 DS4243 shelves

Disk drive

12 100GB SSD
12 2TB SATA (7,200rpm)

Flash Pool
configuration

SSD RAID group: 9D + 2P + 1HS
HDD RAID group: 8D + 2P + 2HS
* D: Data disk, P: Parity disk, HS: Hot spare

7 Validation results for Flash Cache and Flash Pool
This chapter describes the results of the validation which was conducted to understand the characteristics
of Flash Cache and Flash Pool. We generated the same load on the following three configurations to
check the performance and resource usage rate.
Configuration 1. HDD only configuration without VST
Configuration 2. Same configuration as 1. with Flash Cache
Configuration 3. Same configuration as 1. with Flash Pool
We assumed OLTP workload and generated the following two transactions.
•

Transaction 1 (TX1): SELECT only (read only)

•

Transaction 2 (TX2): SELECT, UPDATE, and INSERT (read/write)

7.1

Performance and resource usage for different user counts
(with approximately 100% cache hit rate)

We increased the number of users accessing the database system and checked the highest performance
and storage resource usage of the configurations with Flash Cache and Flash Pool. We used the
following workload settings:
•

OLTP workload expected for an online store

•

The number of users increased up to 1,600 in increments of 100

•

The transaction rate for TX1 (read only): TX2 (read and write) = 50 : 50

•

The cache hit rate in Flash Cache and Flash Pool is approximately 100%
−

Cache space warmed up before the test

The following chart shows the throughput (Figure 8) and the storage HDD and SSD usage (Figure 9) for
different user counts.

12

Validating the NetApp Virtual Storage Tier in the Oracle Database Environment to Achieve Next-Generation Converged Infrastructures

Figure 8. Throughput for different user counts
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Figure 9. HDD and SSD usage for different user counts

When configured with HDD only without VST, after the number of users reached 100, the HDD became a
bottleneck and throughput did not improve even when the number of users was increased. On the other
hand, in the VST configuration with Flash Cache or Flash Pool, the HDD bottleneck was removed and the
throughput improved when the number of users was increased. As a result, we confirmed that using
Flash Cache or Flash Pool can remove the I/O bottleneck in the database system and improve the
throughput.
Next, we checked the HDD and SSD usage rate. HDD usage reached 100% at 100 users in the HDD-only
configuration and at 800 users in the Flash Cache configuration, while it decreased significantly in the Flash
Pool configuration. However, SSD usage increased in the Flash Pool configuration. This result may suggest
that SSD was used as a write cache by Flash Pool, with the write processing load offloaded from HDD to
SSD.
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7.2

Influence on performance and resource usage rate changes associated with
the increased write rate (when the cache hit rate is approximately 100%)

We increased the rate for TX2 including write, and compared the performance and server/storage
resource usage rate changes between configurations with Flash Cache and Flash Pool. We used the
following workload settings:
•

OLTP workload expected for an online store

•

Number of users = 800 users
−

•

•

Highest performance was reached above this count in the previous test results (Figure 8)

We used the following five transaction ratios:
−

TX1 (read only): TX2 (read and write) = 100:0

−

TX1 (read only): TX2 (read and write) = 75:25

−

TX1 (read only): TX2 (read and write) = 50:50

−

TX1 (read only): TX2 (read and write) = 25:75

−

TX1 (read only): TX2 (read and write) = 0:100

The cache hit rate in Flash Cache and Flash Pool is approximately 100%
−

Cache space warmed up before the test

The following chart shows the throughput and database server CPU usage rate changes (Figure 10),
storage CPU usage rate changes (Figure 11), and HDD and SSD usage rate changes (Figure 12), when
the rate for TX2 with write is increased.
Figure 10. Throughput and DB server CPU usage rate changes with the increased TX2 rate
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Figure 11. Storage CPU usage rate changes with the increased TX2 rate

Figure 12. HDD and SSD usage rate changes with the increased TX2 rate

We did not see a big throughput difference between configurations with Flash Cache and Flash Pool in
this test. However, while HDD became a bottleneck as the TX2 rate increased in the Flash Cache
configuration, write loads were offloaded from HDD to SSD and no resources produced a bottleneck in
the Flash Pool configuration. The result shows that throughput could increase up to the highest SSD
usage rate in the Flash Pool configuration.
[Remarks] Based on the validation results of this section (TX1:TX2 of Figure 11 = 100:0, TX1:TX2 =
75:25), we can say that the storage CPU overhead is lower for Flash Cache than Flash Pool.
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7.3

Impact on performance and resource usage rate changes associated with
the increased write rate (when the cache hit rate is approximately 90%)

In production systems, new data is constantly generated and cached into the flash area. As the amount of
data handled by a system has grown dramatically in recent years, the amount of data to be cached is also
on the increase.
To simulate such an environment where achieving the cache hit rate of 100% is difficult, we kept caching
in new data during the test, adjusted the average cache hit rate to approximately 90%, and forced read
from HDD to occur (cache failure). We increased the rate for TX2 including write, and compared the
performance and server/storage resource usage rate changes between configurations with Flash Cache
and Flash Pool.
We used the following workload settings:
•

OLTP workload expected for an online store

•

Number of users = 800 users

•

We used the following five transaction ratios:

•

−

TX1 (read only): TX2 (read and write) = 100:0

−

TX1 (read only): TX2 (read and write) = 75:25

−

TX1 (read only): TX2 (read and write) = 50:50

−

TX1 (read only): TX2 (read and write) = 25:75

−

TX1 (read only): TX2 (read and write) = 0:100

The cache hit rate in Flash Cache and Flash Pool is approximately 90%

The following chart shows the throughput and database server CPU usage rate changes (Figure 13),
storage CPU usage rate changes (Figure 14), and HDD and SSD usage rate changes (Figure 15), when
the rate for TX2 with write is increased.
Figure 13. Throughput and DB server CPU usage rate changes with the increased TX2 rate
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Figure 14. Storage CPU usage rate changes with the increased TX2 rate

Figure 15. HDD and SSD usage rate changes with the increased TX2 rate

In the Flash Pool configuration, the SSD became a bottleneck but the storage CPU nearly reached the
threshold limit value, which indicates that both resources were fully utilized. On the other hand, in the
Flash Cache configuration, the HDD became a bottleneck in association with write and increased TX2
rate. Neither the database server CPU nor the storage CPU were used up (in a case where TX1:TX2 of
Figure 13, Figure 14, and Figure 15 = 50:50, TX1:TX2 = 25:75, TX1:TX2 = 0:100).
In the Flash Pool configuration where the write processing load was offloaded from the HDD to the SSD,
we confirmed that making maximum use of the SSD performance enabled a higher throughput value to
be recorded and the low HDD usage rate to be maintained.
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[Remarks] When the TX2 rate associated with write was low, the HDD did not become a bottleneck in the
Flash Cache configuration. As a result, this configuration recorded a higher throughput value than the
Flash Pool configuration (in a case where TX1:TX2 of Figure 13 = 100:0, TX1:TX2 = 75:25). Even in the
case where the high TX2 rate is associated with write (TX1:TX2 of Figure 13 = 50:50, TX1:TX2 = 25:75,
TX1:TX2 = 0:100), if an environment with a sufficient HDD spindle count is established, the HDD
bottleneck is considered to improve in the Flash Cache configuration. As a result, a higher throughput
value than that of the Flash Pool configuration can be expected.

8 DWH/BI database integration using Flash Pool
In accordance with the validation results of this chapter, we confirmed that if Flash Pool is used, the HDD
usage rate decreases, because the write processing is offloaded from the HDD to the SSD. In this
chapter, we validated that utilizing the available HDD with Flash Pool enables integration of the DWH/BI
databases as well the OLTP databases.
The following figure (Figure 16) is a conceptual diagram of the validation environment. We created four
databases on an aggregate configured with Flash Pool. We created data (database schema) under the
assumption that three databases (DB1 - DB3) are OLTP, and the remaining database (DB4) is DWH/BI.
Figure 16. Conceptual diagram of validation environment

instance instance instance

OLTP

DB1

OLTP

OLTP

DB2

DB3

instance
DWH/BI

aggr w/ Flash Pool
NetApp

DB4

SQL
 TABLE FULL SCAN
 sequential read

The validation of this chapter is conducted under the assumption that all of the database systems are
running simultaneously in the consolidated environment. Therefore, after the following loads were
generated to three OLTP database systems concurrently, and a specific period of time passed, an SQL
command to execute a major full scan on a table was issued from the DWH/BI database system.
•

OLTP workload expected for an online store

•

The transaction rate for TX1 (read only): TX2 (read and write) = 90 : 10

•

The cache hit rate in Flash Cache and Flash Pool is approximately 100%
−

Cache space warmed up before the test

The following chart indicates the throughput changes of the OLTP database system (Figure 17) and the
storage resource usage rate changes (Figure 18). The pink box in the chart indicates the period in which
the DWH/BI SQL (table full scan) is executed.
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Figure 17. Changes in total throughput for the OLTP database system
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Figure 18. Based on the storage resource usage rate changes
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In Figure 18 you can see that the HDD usage rate increases when DWH/BI SQL is running. However,
even though the configuration files of each database are allocated on the same aggregate, the throughput
of the OLTP database system does not decrease while the DWH/BI SQL is being executed (Figure 17).
Based on the validation results of this chapter, we confirmed that the storage resource usage rate is
optimized with the use of Flash Pool, and the OLTP database and the DWH/BI database can be
consolidated on the same aggregate.
The use of Flash Pool can achieve database integration with various workloads without significant cost
increase or storage configuration complexity.

9 Validation results of Database Smart Flash Cache
We generated the same load on the following two configurations to check the performance and resource
usage rate to understand Database Smart Flash Cache.
1.

Flash Pool configuration

2.

Database Smart Flash Cache is combined with the configuration 1 above
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9.1

Database Smart Flash Cache tendency in comparison with Flash Pool

We validated how the throughput and the server/storage resource usage rate are affected with or without
Database Smart Flash Cache, a server-side caching solution, to understand its characteristics. We used
the following workload settings:
•

OLTP workload expected for an online store

•

The number of users was increased up to 400 in increments of 40

•

The transaction ratios used are the following two types:
−

TX1 (read only): TX2 (read and write) = 100:0

−

TX1 (read only): TX2 (read and write) = 0:100

The cache hit rate in Flash Pool and Database Smart Flash Cache is approximately 100%

•

The following chart shows throughput and database server CPU usage rate changes (Figure 19 and
Figure 21) and storage resource usage rate changes (Figure 20 and Figure 22) as the user count
increases.
Figure 19. Throughput and DB server CPU usage rate changes in association with the increased number of
users (TX1:TX2=100:0)
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Figure 20. Storage resource usage rate changes in association with the increased number of users
(TX1:TX2=100:0)
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Figure 21. Throughput and DB server CPU usage rate changes in association with the increased number of
users (TX1:TX2=0:100)
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Figure 22. Storage resource usage rate changes in association with the increased number of users
(TX1:TX2=0:100)
TX1:TX2 = 0:100 (read & write )
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Judging from the Figure 21 chart, we confirmed that if there is some available space in the database
server CPU usage rate, the throughput of the Database Smart Flash Cache configuration is higher than
that of the Flash Pool configuration. However, the difference is marginal. When the CPU usage rate
reached the maximum value, the difference was reversed. This is because the CPU became a bottleneck
when there were fewer users, as you can judge from the higher CPU usage rate of the Database Smart
Flash Cache configuration.
Next, judging from the Figure 20 and Figure 22 charts, the resource usage rate of the Database Smart
Flash Cache configuration decreases significantly in comparison with the Flash Pool configuration. From
these results, you can conclude that Database Smart Flash Cache uses the database server-side
resources. When the write processing was included (Figure 22), the storage resource usage rate
decreased significantly with Database Smart Flash Cache, but it was not minimized. From these results,
you can conclude that the write processing reaches the storage because Database Smart Flash Cache is
intended for read cache use.
Judging from the validation results of this section, we confirmed that the read processing can be offloaded
from the storage side to the database server side with the use of Database Smart Flash Cache.
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9.2

Considerations for using Database Smart Flash Cache

The validation results of the previous section indicate that the Database Smart Flash Cache configuration
was inferior to the Flash Pool configuration in terms of the marginal performance. The reason was that
the CPU specification of the database server we used was relatively lower than that of the storage device,
and the database server CPU became a bottleneck (Figure 19 and Figure 21). As shown in the validation
results of the previous section, the database server CPU usage rate was higher when Database Smart
Flash Cache was used than when it was not used. Therefore, even when the number of users was low,
the database server CPU became a bottleneck, and its performance hit a peak. As a result, we
considered that if the database server had superior specifications to the storage, the performance
difference in the previous section would have been reversed and a higher throughput could have been
achieved.
With the use of a Database Smart Flash Cache, high performance can be expected without relying on the
storage performance. However, the degree of performance improvement depends on the server
specifications with a Flash device mounted. Therefore, a high-performance server is required to maximize
the Database Smart Flash Cache performance.
As shown in the validation results of the previous section (Figure 22), the write processing reaches the
storage device because Database Smart Flash Cache is intended for the read cache use. Therefore, the
performance requirements for write processing need to be fulfilled on the storage side even when
Database Smart Flash Cache is used.
Also, because the data in the Database Smart Flash Cache space is not persistent, if the database
instance is rebooted due to a planned downtime/failure, the cached data will be disabled, and the
database system performance will decrease significantly. However, if Flash Pool is used concurrently, the
read operation can be performed from the fast Flash Pool and the performance degradation can be
prevented. Furthermore, the Database Smart Flash Cache space can be warmed up quickly.

10 OLTP database integration with high I/O loads using Database
Smart Flash Cache
Traditionally, expensive models with large capacity HDDs were used for the database system storage
where high I/O performance was required. In recent years, with the advent of VST, high I/O performance
requirement can be satisfied with minimum cost. However, even using VST, integration of databases with
high I/O loads can place pressure on the storage resources in the consolidated environment and lead to
performance degradation of the other consolidated database systems. Therefore, database integration
can be costly and difficult when high I/O performance is required.
In this chapter, we validated and confirmed that the storage performance requirement minimized by
Database Smart Flash Cache enables OLTP databases with an extremely high I/O load to be
consolidated, in addition to the traditionally integratable OLTP databases (Figure 23).
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Figure 23. Integrating OLTP DBs with high I/O loads using Database Smart Flash Cache
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Figure 23 shows the conceptual diagram of the validation environment. We created four databases (DB1
- DB4) and OLTP data (database schema) on an aggregate with the Flash Pool configuration. We
generated the following workloads on the four OLTP database systems concurrently, and checked the
impact on the entire consolidated environment, with or without Database Smart Flash Cache on the red
database system (DB4) in the diagram.
•

OLTP workload expected for an online store

•

The transaction rate for TX1 (read only): TX2 (read and write) = 90 : 10

•

The cache hit rate in Flash Pool and Database Smart Flash Cache is approximately 100%

The following chart shows the throughput (Figure 24) of each database system and the storage resource
(CPU and SSD) usage rate (Table 4) with and without Database Smart Flash Cache.
Figure 24. Throughput of each database system
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Table 4. Storage resource (CPU and SSD) usage rate

Resource name

(Base)
Flash Pool

(DB4
integration)
Flash Pool

(DB4 integration)
Flash Pool & Database
Smart Flash Cache

Storage CPU

90%

100%

90%

SSD usage rate

96%

100%

96%

With the throughput with three database systems (DB1 - DB3) running concurrently as a baseline value
(the bar on the left-hand side of the dotted line in Figure 24), we checked the difference between the
system with and without Database Smart Flash Cache with the fourth database system (DB4) running
(the two bars on the right-hand side of the dotted line in Figure 24). In the configuration without Database
Smart Flash Cache, the throughputs of all the database systems decreased compared to the baseline value.
Table 4 also shows that both CPU and SSD of the storage resource reached the limit value. On the other
hand, in the configuration with Database Smart Flash Cache, throughputs of any database systems did
not decrease. Table 4 shows that the storage resource usage rate did not increase because Database
Smart Flash Cache uses the resource on the server-side.
From the validation results of this chapter, we confirmed that using Database Smart Flash Cache allows
us to consolidate databases with extremely high I/O loads, which was previously impossible.
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11 Integration of a DWH/BI database and an OLTP database with
high I/O loads
So far, we have validated in chapter 8 DWH/BI database integration using Flash Pool, and in chapter 10
OLTP database integration with high I/O loads using Database Smart Flash Cache. In this chapter, by
combining the two validation results, we validate the possibility of database integration with various
workloads using VST. The following figure (Figure 25) is a conceptual diagram of the validation
environment. We created five databases on an aggregate configured with Flash Pool. We created data
(database schema) under the assumption that four databases (DB1 - DB4) are OLTP, and the remaining
one database (DB5) is DWH/BI.
Figure 25. Conceptual diagram of validation environment
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The validation of this chapter is conducted under the assumption that all of the database systems are
running simultaneously in the consolidated environment. Therefore, we generated the following workloads
on the four OLTP database systems concurrently, and after a specific period of time, we issued an SQL
command from the DWH/BI database system to execute full scan on a large table. We enabled and
configured Database Smart Flash Cache only on the red database system in the figure (Figure 25).
•

OLTP workload expected for an online store

•

The transaction rate for TX1 (read only): TX2 (read and write) = 90 : 10

•

The cache hit rate in Flash Pool and Database Smart Flash Cache is approximately 100%

The following chart indicates the throughput changes of the OLTP database system (Figure 17) and the
storage resource usage rate changes (Figure 18). The purple box in the chart indicates the period in
which DWH/BI SQL (table full scan) is executed.
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Figure 26. Changes in total throughput for the OLTP database system

Figure 27. Based on the storage resource usage rate changes
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In Figure 27 you can see that the HDD usage rate increases when DWH/BI SQL is running. However,
even though the configuration files of each database are allocated on the same aggregate, the throughput
of the OLTP database system does not decrease while the DWH/BI SQL is being executed (Figure 26).
Based on the validation results of this section, in addition to the small to medium-sized OLTP databases
which have been consolidated as a result of improved H/W specifications and advances in virtualization
technology, the DWH/BI databases (with Flash Pool) and the OLTP databases with extremely high I/O
loads (with Database Smart Flash Cache) can be consolidated on the same aggregate.
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12 Characteristics of Flash Cache, Flash Pool, and Database Smart
Flash Cache based on the validation results
When caching on a flash device, rebooting software or hardware usually causes the cached data to be
disabled. This is because although the Flash device is nonvolatile, the metadata that manages the data
on the cache is stored on volatile memory. The same applies to NetApp Flash Cache 2. On the other hand,
because Flash Pool manages metadata on the nonvolatile SSD, the cached data will not be disabled after
a planned or unplanned downtime, such as a storage system failure.
The cache function with the use of a flash device places a large impact on performance degradation if the
function were disabled for some reason. The more the performance is improved by the activation of the
function, the larger the impact becomes. Because the cached data will not be disabled due to a planned
downtime or a failure, Flash Pool has appropriate availability for enterprises and can be a superior
solution in many cases.
Also, Flash Pool can be used on the midrange model, FAS3270, which was used in this validation test, as
well as the entry class model, the FAS2200 series, which can be deployed at a reasonable cost.
The SSD in Flash Pool, which acts as a cache in the aggregate unit, needs to be configured with the
RAID-DP (or RAID 4). By pooling as many HDDs and SSDs on one aggregate, the H/W resource
efficiency can be maximized.
In an environment where many aggregates exist, and SSDs that are to be used on Flash Pool need to be
distributed among multiple aggregates, the efficiency of Flash Pool will decrease. In such an environment,
Flash Cache as the cache solution for the entire storage system can be effective.
The Database Smart Flash Cache is a cache function to use the database server resources, and the
resource usage rate of the entire system can be optimized by combining with the cache function on the
storage side. Also, if the cached data on Database Smart Flash Cache were disabled, combined use with
the durable Flash Pool could prevent significant performance degradation. To maximize the flash device
performance and achieve superior results, however, a high-performance server is required.
As the amount of data handled by a system has grown dramatically in recent years, the amount of data to
be cached is also on the increase. In an environment where the cache hit rate cannot obtain levels near
100%, when Flash Cache, Flash Pool, and Database Smart Flash Cache are used, it is important to
mount many HDD spindle counts to prevent the HDD access from becoming a bottleneck due to a cache
failure during a high load.

2

As of Data ONTAP 8.1.1, cached data will not be disabled after the storage reboot or planned downtime
by default.
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The following table (Table 5) indicates the features of Flash Cache, Flash Pool, and Database Smart
Flash Cache.
Table 5. Features of Flash Cache, Flash Pool, and Database Smart Flash Cache

Flash Cache
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Flash Pool

Database Smart
Flash Cache

Compatible workload

Random read

Random read
Random write
(Overwrite)
* Data ONTAP
determines sequential
I/O and random I/O
automatically

Random read

Scope of cache

Controller

Aggregate

Database Instance

Cache persistency

Persistent
(non-persistent during
unplanned storage
downtime)

Persistent
(Also persistent during
unplanned storage
downtime)

Non-persistent

Supported platform
(Current lineup)

Midrange class or
higher (FAS3200 series
or higher)

Entry class or higher
(FAS2200 series or
higher)

Oracle Database 11g
Release 2 or later
Enterprise Edition
Oracle Linux or Solaris

Remarks

Flash Cache is effective
when you want to
enable caching on
multiple aggregates

Place as many HDD
and SSD resources on
one aggregate

Mount a flash device on
a high-performance
server
Create a database on
an aggregate
configured with Flash
Pool for planned and
unplanned downtime
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13 Conclusion
Compared to the CPU performance which continues to be dramatically improved by multi-core technology,
HDD rotational speed has almost peaked in recent years. As a result, more and more systems are facing
storage I/O performance problems, and therefore, there is an urgent need to use flash devices as an
alternative to HDDs. In this validation test, we discovered the characteristics of each function to achieve
VST in order to propose more appropriate solutions to system problems. The following table (Table 6)
shows flash technology applications based on the validation.
Table 6. Best flash feature for database system types

Database
System type

Best flash feature

Small to medium-size Flash Pool
OLTP
Large OLTP

OLTP and DWH/BI

A combination of Flash
Pool and Database
Smart Flash Cache

Flash Pool

Remark

−

Random I/O is handled by SSD
(auto-detected by Data ONTAP)

−

Ensure cached data durability

−

High-load I/O is handled by the
server-side (the server-side flash
device is used by Database Smart
Flash Cache)

−

The cached data durability is ensured
by Flash Pool

−

Random I/O is handled by SSD

−

The sequential I/O is handled by utilizing
the HDD resource with Flash Pool

The configuration to pool as many HDDs on one aggregate, which NetApp has been recommending, can
be even more effective in the Flash Pool environment. By adding SDDs to this aggregate and configuring
Flash Pool, a disk pool can be configured to handle all I/O workloads including random and sequential
read/write. Furthermore, in the NetApp VST, Data ONTAP uses the most appropriate H/W resource to
handle each I/O workload automatically to prevent increased cost and complex storage configurations.
This can enable database integration with various workloads.
In regard to the database system with high I/O loads where appropriate tuning is implemented and the
CPU resources of the database server can be used up, a combined use of Database Smart Flash Cache
and Flash Pool (or Flash Cache) is recommended. Mounting a flash device with an extremely high I/O
performance on a high-performance server can significantly reduce the deployment cost and footprint for
the entire IT system. NetApp recommends using the server-side flash device as a Database Smart Flash
Cache and creating databases on a storage system. This is because even if the the server-side flash
device meets the I/O performance requirements, placing the databases on NetApp storage is more
advantageous in terms of operations, such as backup and recovery, and data availability.
Finally, we can say that cache durability in the enterprise area is an indispensable factor. Warm-up in the
TB-class cache area, which is allocated with a flash device, may require a long period of time and place
immense impact on business operations. Currently only NetApp can provide a durable cache function via
Flash Pool, and no other companies have achieved it. In conclusion, we can say that NetApp VST is one
of the best solutions to build a database integration infrastructure. NetApp VST can accommodate various
workloads and accelerate database integration while reducing introduction/operational costs.
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