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Introduction

VMware provides a number of different application programming interfaces (APIs) that are used to
better integrate its products with storage vendors' offerings. One of the better known storage APIs is
the VMware vSphere Storage APIs for Array Integration, known simply as VAAL VAAI can be
implemented at the block or file level, and it allows certain storage operations such as cloning, linked
cloning, and thin provisioning to be offloaded from the VMware virtualization hosts to the storage

array.

VAATI for NAS API implements four different network-attached storage (NAS) hardware acceleration
primitives: Full File Cloning, File Space Reservation, Extended Statistics, and Fast File Clone/Native
Snapshot Support.

The Full File cloning primitive enables VMware virtual disks to be cloned by the NAS device rather
than using VMware Data Mover. The benefits of the Full File Cloning primitive are faster cloning
operations for VMware virtual machines and less resource utilization, such as CPU cycles or network

usage, on the hypervisor side.

The File Space Reservation primitive allows VMware administrators to reserve the space required by a
virtual machine disk (VMDK), and also to provision thick VMDK files such as lazy-zero or eager-zero
on NAS devices. In previous vSphere releases, only the thin provisioning format was allowed on NAS

devices.

Extended Statistics enable better visibility for disk space utilization on NAS datastores (especially for
thin-provisioned VMDKSs). With this primitive, VMware administrators have a much better insight into
the real disk space utilization on the VMware vSphere Client side, eliminating the need to work with
third-party storage tools to identify the real disk space utilization of thin-provisioning VMDKs.

The Fast File Clone/Linked-Clone Native Snapshot primitive enables the creation of snapshots and
linked-clones as well as their offload to a NAS storage array. This primitive is very useful for virtual
desktop deployments (such as VMware View Composer) which use linked-clone technology. In
addition, this VAAI primitive forms the basis of VMware View Composer API for Array Integration,
known as VCAIL

With its version 1.0 release, the Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage
APIs for Array Integration —NAS supports full file cloning implementation only.

Highlighted in this paper are:

+ Overview of the Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array
Integration — NAS
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* Deployment of and best practices for Oracle ZFS Storage Appliance Plug-in for VMware vSphere
Storage APIs for Array Integration — NAS

+ Use case of Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array
Integration — NAS

Oracle ZFS Storage Appliance Plug-in for VMware vSphere
Storage APIs for Array

Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array Integration (VAAI
for NAS) enables the offloading operation of one of the most important primitive and storage
operations, Full File Cloning. As previously highlighted, the Full File Cloning primitive enables
VMware virtual disks to be cloned by the NAS device rather than the VMware Data Mover, resulting
in faster cloning operations for VMware virtual machines and templates, and less CPU and network
resource utilization on the hypervisor side. Figure 1 illustrates the plug-in’s role as intermediary

between the VMware virtual machine environment and the Oracle ZFS Storage Appliance.

VMware Cluster

Cold Clone or Clone from
Template request

Cloning Operation

Storage Offloading

Clone-Request Clone-Request Clone-Request

Less Network

Less CPU

Oracle ZFS Storage
Appliance Utilization Utilization Utilization

Less Memory

Figure 1. Overview of Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array Integration
(VAAI for NAS) with Oracle ZFS Storage Appliance

The Full File Cloning primitive cannot be called for VMware vSphere vMotion operations, so only
powered-off virtual machines and cold clone operations such as clones from templates are offloaded to

the Oracle ZFS Storage Appliance and used by this primitive.
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Implementing the Oracle ZFS Storage Appliance Plug-in for VAAI

for NAS

This section provides information on how to install and configure the Oracle ZFS Storage Appliance

Plug-in for VAAI for NAS, and implement best practices and recommendations for optimal

performance.

Configuring the Oracle ZFS Storage Appliance for VAAI for NAS

Before installing and configuring Oracle ZFS Storage Appliance Plug-in for VAAI for NAS, you need
to ensure that the Oracle ZFS Storage Appliance has all requirements for VAAI for NAS, such as

credentials and configuration, already in place. To ensure the correct configuration on the Oracle ZFS

Storage Appliance, follow these steps:

1. In the Oracle ZFS Storage Appliance browser user interface (BUI), go to Configuration,

Services, and ensure that the HT'TP service is enabled, as seen by the green light in the

following figure.
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Y Virus Scan Disabled ~ 2014-10-24 11:48:38 ()

Figure 2. Oracle ZFS Storage Appliance BUI — HTTP service overview

2. Under the Data Services list, click on HTTP service and ensure that both protocols

(http/https) with their respective potts are correctly enabled and configured.

Oracle Storage Appliance VAAI for NAS plug-in uses WebDev environment to establish the

communication between VMware ESXi hosts and Oracle ZFS Storage Appliance, ensuring

that the HTTPS service is configured if critical to establishing that communication.
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o HTTP Properties Logs
& Back to Services ¥4 () 2014-11-12 10:54:36 Online VERT APF

HTTP File Sharing

Provide access to filesystems Require client login @
using the HTTP/WebDAV protocol

To share a filesystem using HTTP, Protocols | Both HTTP and HTTPS *
select Shares from the main

navigation, edit a filesystem or HTTP port

1
project, and select Protocols. HTTPS port
See Also
Help: HTTP
Apache HTTP Server Project Page
Wikipedia: WebDAV

Figure 3. Oracle ZFS Storage Appliance BUI — HTTP service configuration overview

3. Assuming that the HT'TP service is correctly enabled and configured, return to the
Configuration tab and click on Users to create a local user for the VAAI for NAS plug-in's
authentication purposes. The Properties dialog screen of Add User, seen in the following
figure, will be presented.

The username used by the VAAI for NAS plug-in does not need to be associated with any
Oracle ZFS Storage Appliance role, and it can be any username of your preference. The
following example presents the username VAAIL As you can see, there is no Oracle ZFS

Storage Appliance role associated with this username.

Add'Use ) iy
— —
Properties
Type () Directory
(®) Local Only
U; vaai
Full Name |VAAI|

Password
Confim

Require session annotation
Kiosk user
Kiosk screen nttps://aie-7330b-h1:215/#
status/dashboard

Roles = Exceptions

5 Total
NAME + DESCRIPTION
FProle Front porch
L) VSM Virtual Storage Manager Plug-in for VMware vSphere
basic Basic administration
() ovm_role OVM Role
sra_role SRATrole

Figure 4. Oracle ZFS Storage Appliance BUI — User configuration for VAAI for NAS plug-in

4. Assuming that an Oracle ZFS Storage Appliance project is already configured, create an NFS
share with the following configurations:
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Note: The following example shows a project called VAAT, and an NFS share called
vaai nas. These names are example names only. Projects and NFS datastores names

should be chosen to best fit your VMware production environment.

a. Enter a name for the NFS share (for the example, the NFS share name is

vaai nas).
b. Data migration source: select none
c. For User, enter: vaali.
d. For Group, enter: other
e. DPermissions: Set permission to 755 RWX (Uset), RX (Group), and RX (Other)
f. Do not check Inherit mountpoint options

g.  Enter the mountpoint path that will best fit in your VMware environment. The
example path is /export/vaai nas.

h. The remaining options such as: Reject non UTF-8, Case sensitivity, Normalization,
and Encryption should be set as their default values.

Project | vaal |

Name |vaai_nas

Data migration source | None * |

User
Group

Permissions (&) RW /X RW /X R WX
~ User Group Other
() Use Windows default permissions

Inherit mountpoint ||
Mountpoint
Reject non UTF-8 &
Case sensitivity [Mixed 3|
Normalization | None 3|
Encryption [off  :|
Inherit key

Key '+ Local OKM
virto1

Figure 5. Oracle ZFS Storage Appliance BUI — NFS share configuration for VAAI for NAS plug-in

5. Assuming that the NFS share has been successfully configured; use the following steps to
complete the VAAI for NAS configuration on Oracle ZFS Storage Appliance.
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a.  Double click on the vaai_nas NFS share, and then click General. Change to the space
reservation that best fits your VMware production environment. Click APPLY for
applying the space usage configuration. See figure 6.

Note: As shown in figure 6, Oracle ZFS Storage Appliance provides the space reservation
feature at the NFS share level, but not for file level. Space reservation configuration is not
mandatory for VAAI for NAS plug-in, and it has been used for illustration purposes only.

However, it can be used in production environments without any problems.

Note: Since this NFS share will be mounted as a VMware datastore, ensure that the
proper block size and best practices for VMware NFS datastores with Oracle ZFS
Storage Appliance are in place. For additional information, see the white paper "Best
Practices for Oracle ZFS Storage Appliance and VMware vSphere 5.x" available on the
Oracle Technology Network's (OTN's) NAS Storage Documentation site:

http://www.oracle.com/technetwork/server-storage /sun-unified-

storage/documentation/index.html

VAAI ~ vaai_nas General  Protocols  Access  Snapshots  Replication
performance/local/'VAAl/vaai_nas | REVERT |
[Space Usage
DATA USERS & GROUPS

Quota @ |G 3] | User or Group + | [ |
™ Include snapshots Show All
Reservation ™| 100 (G ¢ Usage none
™ Include snapshots Quota '+ None Default
0 |G
Properties [_) Inherit from project
Mountpoint 3
Readonly a ()
Update access timeonread a [
Non-blocking mandatory locking a [
Data deduplication (waming) g ()
Data compression @ | Off ™|

Checksum @ | Fletcher4 (Standard) ™

Cache device usage @ | All data and metadata ™|

Synchronous write bias @ | Latency &l
Database record size @ | 128K * |
Additional replication @ | Normal (Single Copy) * |

Virus scan a [
Prevent destruction a [

Restrict ownership change a &

Figure 6. Configuring space usage and properties for the NFS share
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b. On the same screen, click on Protocols to add NFS exceptions configuration, to
configure NFS exception, and to set up HTTP permissions. The NFS exception can be
based on host FQDN or netgroup, DNS domain name, or network. The example is
based on network 192.168.57.0. This network is the 10GbE network used as the
storage network by VMware ESXi hosts.

c.  For NFS Share mode, select Read/write
d. For Character set, choose default.
e.  Under the NFS Exceptions section, enable the checkbox for Root Access.

f.  For HTTP, enable HTTP access for this share, altering Share mode to Read/write.

VAAI - vaai_nas General Protocols Access Snapshots Replication
performance/flocal/VAAl/vaai_nas REVERT
- NFS || Inherit from project

aie-7330b-h1.us.oracle.com:/export/vaai_nas

IShare mode | Read/write % | I

Disable setuid/setgid file creation | |

Prevent clients from mounting subdirectories

Anonymous user mapping

Character set | default |

Security mode | System Authentication &
& NFS Exceptions
TYPE ENTITY SHARE MODE CHARSET ROOT ACCESS
Network +1192.168.57.0/24 Read/write *+ | default :
-~ SMB ™ Inherit from project

Resource Name  off
Enable Access-based Enumeration

Is a DFS Namespace No
& Share Level ACL

TYPE TARGET ACCESS PERMISSIONS :
INHERITANCE
| Everyone + | not applicable Allow + | [ © L — [y——
_ HTTP (] Inherit from project

http://aie-7330b-h1.us.oracle.com/shares/export/vaai_nas/
Share mode | Read/write * |

Figure 7. Configuring protocols for the NFS share for the VAAI for NAS plug-in

At this point, the Oracle ZFS Storage Appliance is ready for establishing communication with the
VAATI for NAS plug-in.
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Installing and Configuring the Oracle ZFS Storage Appliance Plug-in for VAAI for NAS

The Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array Integration
(VAALI for NAS plug-in), can be downloaded from the Oracle ZFS Storage Appliance Plug-in

Downloads website at:

http://www.oracle.com/technetwork/server-storage /sun-unified-storage /downloads/zfssa-plugins-

1489830.html

Once the plug-in is downloaded, copy and unzip the file into the VMware ESXi host. Execute the
following VMware command line for installing the VAAIT plug-in for NAS:

esxcli software vib install -v /tmp/vmware-esx-
ORCLZFSNasPlugin 100bS.vib

Then reboot the ESXi host, and execute the following command line in order to ensure that VAAI for
NAS plug-in has been correctly installed:

esxcli software vib list | more

The following shows the screen commands and output:

/tmp # unzip ORCLZFSNasPlugin-1.0-2152589.zip

Archive: ORCLZFSNasPlugin-1.0-2152589.zip
inflating: ORCLZFSNasPlugin-1.0-offline bundle-2152589.zip
inflating: vmware-esx-ORCLZFSNasPlugin 100b9.vib
inflating: doc/README.txt

/tmp # esxcli software vib install -v /tmp/vmware-esx-
ORCLZFSNasPlugin_100b9.vib
Installation Result

Message: The update completed successfully, but the system needs to be
rebooted for the changes to be effective.

Reboot Required: true

VIBs Installed: Oracle bootbank ORCLZFSNasPlugin 1.0.0-009

VIBs Removed:

VIBs Skipped:

/tmp # reboot
~ # esxcli software vib list | more

Name Version Vendor
Acceptance Level Install Date

ORCLZFSNasPlugin 1.0.0-009 Oracle
VMwareAccepted 2014-10-04
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The output of the esxcli software vib list command should appear as presented in the
previous display, including the name of the VAAI for NAS plug-in for Oracle ZFS Storage Appliance,

the version, vendor (Oracle), and the acceptance level, which is VMwareAccepted.

At this point the VAAI for NAS plug-in has been successfully installed. The next step is registering the
plug-in with Oracle ZFS Storage Appliance.

After rebooting the ESXi servers, execute the /opt/oracle/zfsnas/register script on the
ESXi host to begin registration of the VAAI for NAS plug-in with the Oracle ZFS Storage Appliance.
The script will prompt for:

* The username and password of the user used by the VAAI for NAS plug-in to establish
communication with the Oracle ZFS Storage Appliance

« The IP address of the Oracle ZFS Storage Appliance
+ The NFS share mount point that has been configured to work with VAAT for NAS
+ Information related to HTTP/WebDav protocols.

Ensure that the information you provide is correct in order for the VAAI for NAS plug-in to work
properly.

Sample output of the script is shown. In this example, 192.168.57.1 is the Oracle ZFS Storage
Appliance’s 10GbE network used as the storage network for the VMware ESXT host, and the
username, password and NES share mount point match the Oracle ZFS Storage Appliance

configuration.

~ # /opt/oracle/zfsnas/register

Enter the HTTP/WebDAV IP address: 192.168.57.1

Is HTTPS enabled? (yln) y

Enter the HTTPS port number: 443

Is client login required? (yln) y

Username: vaai

Password:

Confirm:

Enter the NFS share remote mount point: /export/vaai nas
Configuration info is verified successfully and stored in
https://192.168.57.1:443/shares/export/vaai nas/.orclzfsvaainas

At this point, the VAAI for NAS plug-in is ready to be enabled on VMware NFS datastores. In the
VMware vSphere Client, mount the /export/vaai nas NFS share as a VMware NFS datastore.

Notice that the hardware acceleration option will be visible as “supported.”
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Figure 8 highlights the screen selections in the VMware vSphere Client for adding an Oracle ZFS
Storage Appliance NFS share to a VMware environment. First, on the VMware vSphere Client GUI
select the ESXi host which will have the NFS datastore mounted. After that, click on the
Configuration tab, select Storage, and then click on the Add Storage option. The Add Storage screen
will pop up, then select Network File Systems option and click on next.

Getting Started ' Summary | Virtual Machines ' Performance  [SENenay a Tasks & Events | Alarms ' Permissions ' Maps ' Storage Views | Hardware Status

a
Hardware View: IDatastores I Devices | I

Processors Datastores Refresh Delete IAdd Storage...l Rescan All...
Memory

=10l
» Storage
Select Storage Type

Networking Specify if you want to format a new volume or use a shared folder over the network,
Storage Adapters

Metwork Adapter: j
Advanced Setting Storage Type
Power Manageme k File System - Disk/LUN

Software Create a datastore on a Fibre Channel, iSCSI, or local SCSI disk, or mount an existing YMFS volume. B

Licensed Feature: " Network File System

Time Configuratio Choose this option if you want to create a Network File System.

DNS and Routing

Authentication Se

Power Manageme

x L

Target | Tnitiz

|

N\

[ =

Help | < Back Next = I Cancel I
i

Figure 8. VMware NFS datastore provisioning on the VMware vSphere Client. Step 1
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In the next screen, enter the information for the shared folder which will be used as a VMware
vSphere datastore. Under properties, enter the Oracle ZFS Storage Appliance FQDN or IP address,
the shared folder path, then a new datastore name, and click on Next.

Note that in the following screen, which shows network IP address 192.168.57.1, shared folder path
/export/vaai nas, and VMware datastore name vaai nas, these values are fictitious and for
example only.

(%) Add Storage =100 x|
Locate Network File System
Which shared folder will be used as a vSphere datastore?

Bl NAS
Network File System
Rear

|192.168.57.1

Examples: nas, nas.it.com, 192.168.0.1 or
FES0:0:0:0:2A/:FF:FE9A:4CAZ

mplete

I,fexport,fvaai_nas
Example: jvolsfvol0fdatastore-001

I™" Mount NFS read only

If a datastore already exists in the datacenter for this NFS share and you intend
to configure the same datastore on new hosts, make sure that you enter the
same input data (Server and Folder) that you used for the original datastore.
Different input data would mean different d: even if the underlying NFS
storage is the same.

—Datastore Name

\vaai_nas

Help l < Back I Next > I Cancel

Figure 9. VMware NFS datastore provisioning on the VMware vSphere Client. Step 2
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Figure 10 presents the configuration summary that includes the FQDN or IP address of the Oracle
ZFS Storage Appliance, the shared folder, and the volume label of the new VMware NFS datastore.
This is the final step for configuring Oracle ZFS Storage Appliance Plug-in for VMware vSphere
Storage APIs for Array Integration (VAAI for NAS plug-in) on VMware vSphere5.x environemts.

_lox]
Network File System
The following network file system will be added as a shared YMFS datastore

Ready to Complete Review this summary and click Finish.
Server: 192.168.57.1
Folder: lexportfvaai_nas

Volume Label: vaai_nas

Help I < Back Il Finish l Cancel

Figure 10. VMware NFS datastore provisioning on the VMware vSphere Client. Step 3
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As presented in figure 11, the Oracle ZFS Storage Appliance NFS share called vaai nas has been
successfully mounted as a VMware NFS datastore, registered with the Oracle ZFS Storage Appliance,
and the VAAI plug-in for NAS Hardware Acceleration feature has been enabled and presented as
supported. At this point, the VAAI for NAS Full File Cloning primitive is enabled and ready to offload
cold clone operation of virtual machines or templates, and also to perform the offloading of

EazgerZeroedThick VMDK virtual disks provisioning operations.

View: |Datastores Devices|

Datastores Refresh Delete Add Storage... Rescan All...
Identification | Device | Drive Type | Capacity | Free | Type | Last Update | Hardware Acceleration
@ datastorel LSI Serial Attach...  Non-SSD 271.00GB  261.93GB VMFSS 11/20{2014 2:34:59 PM Unknown
@ infra 192.168.57.1:fex...  Unknown 3.107B 240TB NFS 11/20/2014 2:34:59 PM Supported
g iso 192.168.57.2:/ex...  Unknown 72,16 TB 71.82TE NFS 11/20§2014 2:34:59 PM Mot supported
MNASExport10 192.168.57.2:/ex... Unknown 71.82TB 71.82T6 NFS 11/20§2014 2:34:59 PM Supported
g vaai_nas 192.168.57.1:fex...  Unknown 100.00GE 100,00 GB NFS 11/20{2014 2:46:06 PM  Supported |
a workbench 192.168.57.2:fex...  Unknown 71.82TB 71.82T6 NFS 11/20/2014 2:34:59 PM Mot supported
@ xen_personal 192,168.57.2:/ex... Unknown 10,00 TE 10,00 TE NFS 11/20/2014 2:34:59 PM Supported
B xen_vdi 192.168.57.1:/ex...  Unknown 24378 2.40TB NFS 11/20§2014 2:34:59 PM Supported
< | »f

Figure 11. VMware NFS datastore provisioning on the VMware vSphere Client — Datastore overview

Recommendations for Usage and Performance Comparison

Oracle ZFS Storage Appliance Plug-in for VMware vSphere Storage APIs for Array Integration (VAAI

for NAS plug-in) will provide better results if implemented in the following scenarios:

+ Cold clone operations of virtual machines and clones from templates, which will be offloaded
to the Oracle ZFS Storage Appliance.

+ Scenarios requiring an EagerZeroedThick VMware VMDK format on top of VMware NFS

datastores.

*  When network bandwidth and CPU resources are limited; for example, in instances where
Oracle ZFS Storage Appliance has high CPU and network utilization, or where VMware
NES datastores are mounted on top of limited network resources, such as networks with 1

Gbps of available bandwidth.

The use case and performance comparison information was generated using the system components

tested and presented in the following tables.
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Overview of Tested System Components

The following tables describe the hardware configuration, operating systems, and software releases

utilized by the systems under test for the findings highlighted in this white paper.

TABLE 1. HARDWARE USED IN REFERENCE ARCHITECTURE

EQUIPMENT QUANTITY CONFIGURATION

Storage 1 cluster Oracle ZFS Storage ZS3-2 cluster

(2 controllers) 256 gigabytes (GB) direct random access memory (DRAM) per controller

Four x 20 3-terabyte (TB) disk drivers - Oracle Storage Drive Enclosure
DE2-24C

Four x 10 gigabit Ethernet (GbE) network interface cards (NICs) (per

controller)

Four x 73 GB log devices

IP Network Switch 2 10 GbE network switch

X86_64 1 X86_64 Server

TABLE 2. VIRTUAL MACHINE COMPONENTS USED IN REFERENCE ARCHITECTURE

OPERATING SYSTEM QUANTITY CONFIGURATION

Oracle Linux 1 Oracle Linux 6.4 x86_64 Virtual Machine

TABLE 3. SOFTWARE USED IN REFERENCE ARCHITECTURE

SOFTWARE VERSION
Oracle ZFS Storage Appliance Software 2013.1.2.0
Oracle ZFS Storage Appliance Plug-in for VMware vSphere 1.0.0

Storage APIs for Array Integration — NAS

VMware vCenter Server 5.5u2

VMware ESXi 5.5u2
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The following use case is a performance comparison of an ESXi host performing a cloning operation
of 2 100 GB EagerZeroedThick Linux virtual machine with and without VAAI for NAS plug-in
enabled. The operation is 100 percent visible through Oracle ZFS Storage Appliance Analytics.

During the offloading operation, Oracle ZFS Storage Appliance is cloning the virtual machine (VM)
using adaptive replacement cache (ARC), and the network utilization as well as NFS operations per

second, are almost nil.

Figure 12 shows the performance of a cloning operation in an ESXi host with and without the VAAI

for NAS plug-in installed. As you can see, with VAAI there are more ARC hits and caching utilization
than without VAAI Consequently, using VAAI results in less CPU utilization compared to not using

VAALI, as the VAAI offloading operation translates to less NFS traffic, less network utilization.

Cloning 100GB EZ VM Cloning 100GB EZ VM
ARC Hits IOPs CPU% Utilization
100,000 100
80,000 80
60,000 60
40,000 29,138 40
20,000 7,100 20 13
ARC Hits CPU%
mVAAl  NO VAAI mVAAl  NO VAAI

Figure 12. VMware VAAI for NAS plug-in for Oracle ZFS Storage Appliance offloading operation — ARC hits and CPU
utilization with and without VAAI for NAS plug-in enabled

The next figure presents disk IOPs, NFS, and network utilization with and without VAAI for NAS
plug-in enabled. As you can see, NFS and network usage is almost nil. It is also due to the VAAI for
NAS offloading operation.
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Cloning 100GB EZ VM
Disk IOPs, NFS and Network (10GbE)

30,000
25,000
20,000

15,000
10,604
10,000 7100

5,000
1,060

0 I
Disk IOPs NFSv3 IOPs Network (Mbps)

mVAAl  NO VAAI

; 4 1,035

Figure 13. VMware VAAI for NAS plug-in for Oracle ZFS Storage Appliance offloading operation — Disk IOPs, NFS,
and network utilization — with and without VAAI for NAS plug-in enabled

Figures 14, 15, 16, and 17 present Oracle ZFS Storage Appliance Analytics screenshots of the
offloading cloning operation of a LINUX virtual machine attached to a 100 GB VMware
EagerZeroedThick virtual disk. The storage metrics used for measurements are: Cache ARC accesses
per second broken down by hit/miss, CPU utilization broken down by CPU identifier, NFS operation
broken down by type of operation, and interface bytes per second broken down by interface. For
better performance comparision, all the following listed metrics were analyzed with and without VAAI
for NAS plug-in enabled.

Figure 14 presents the performance results and comparison of important data storage metrics with and
without the VAAIT for NAS plug-in. As you can see, during the cloning operation, the plug-in will
offload the operation to Oracle ZFS Storage Appliance, which will be responsible for the task, and
then a higher caching utilization (ACR data hits) will be visible on the Oracle ZFS Storage Appliance.
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Figure 14. Oracle ZFS Storage Appliance Analytics — Offloading operation with and without VAAI for NAS plug-in
enabled — ARC accesses per second broken down by hit and miss.
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CPU utilization on both operational sides — the storage array and the VMware ESXi servers — is
another important aspect of plug-in usage. Since the plug-in offloads the operation to the storage array,
less network utilization, NFS operations, and data moving between VMware ESXi servers and the
arrays is achieved, which consequently reduces CPU utilization in both system sides. Figure 15 shows
the performance results and comparison of a cloning operation of a LINUX virtual machine that is
attached to a 100GB EagerZeroedThick virtual disk. As you can see, with VAAI for NAS plug-in there
will be less CPU utilization during cloning of EagerZeroedThick virtual machines, and that only 4
percent of CPU resources have been consumed. Without the VAAI for NAS plug-in, the same
operation consume 13 percent of the array CPU.
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Figure 15. Oracle ZFS Storage Appliance Analytics — Offloading operation with and without VAAI for NAS plug-in
enabled — CPU percent of utilization broken down by CPU identifier

While working with the VAAI for NAS plug-in, NFS operations are also reduced because of the plug-
in offload function, as shown in figure 16. Once a cloning operation is offloaded, the Oracle ZFS
Storage Appliance takes charge of the task, which is internally executed in the storage array. Without
cloning operations traffic between VMware ESXi hosts and the storage array, the NFS operations
appear close to zero.
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Figure 16. Oracle ZFS Storage Appliance Analytics — Offloading operation with and without VAAI for NAS plug-in
enabled — NFSv3 operations per second broken down by type of operation
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The final figure shows network utilization. Oracle ZFS Storage Appliance Plug-in for VMware vSphere
Storage APIs for Array Integration (VAAI for NAS plug-in) saves a huge amount of network
bandwidth. During a cloning operation, the plugin initially utilizes the network to communicate with
the storage array, and send it commands to be performed. Once the cloning operation has been
initialized and the Oracle ZFS Storage Appliance takes charge of the cloning task, the network is not
utilized to move date between VMware Data Mover and Oracle ZFS Storage Appliance, at significant
savings to network bandwidth.
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Figure 17. Oracle ZFS Storage Appliance Analytics — Offloading operation with and without VAAI for NAS plug-in
enabled — Network: Interface bytes per second broken down by interface

Conclusion

While the primary concept for VAAI for NAS is to enable better integration with NAS storage devices,
the Oracle ZFS Storage Appliance plug-in implementation for VAAI for NAS — the Oracle ZFS
Storage Appliance Plug-in for VMware vSphere Storage APIs for Array Integration — provides
beneficial offloading technology for the most important storage operations used in a VMware
environment. This technology improves performance and efficiency, particularly reducing resource

utilization on the hypervisor side.

Combining Oracle ZFS Storage Appliance performance with VMware vSphere hypervisors is an

excellent choice for your virtualized environment.
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Appendix A: Benchmark Results

Refer to the following web sites for further information on testing results for the Oracle ZFS Storage
Appliance.

SPC-2 Results

http://www.spec.org/sfs2008 /results /res2013q3 /s£s2008-20130819-00227 . html

http:/ /www.storageperformance.org/benchmark results files/SPC-2/Oracle SPC-
2/B00067 Oracle ZFS-783-4/b00067 Oracle ZFS Storage 7S3-4 SPC-2 full-disclosure-report.pdf

http://www.storageperformance.org/results/benchmark results spc2/#sun spc2

Appendix B: References

See the following resources for additional information relating to the products covered in this

document:

. Oracle ZFS Storage Appliance Documentation Library, including Installation, Analytics,
Customer Service, and Administration guides:

http://www.oracle.com/technetwork/documentation/oracle-unified-ss-193371.html

o The Oracle ZFS Storage Appliance Administration Guide is also available through the Oracle ZFS
Storage Appliance help context.
The Help function in Oracle ZFS Storage Appliance can be accessed through the browser user

interface.

*  Oracle Support Center

http://www.oracle.com/support

*  Patches and updates downloads from My Oracle Support (MOS)
(search under Oracle ZFS Storage Software Patches)

. Oracle ZFS Storage Appliance Plug-ins

http://www.oracle.com/technetwork/server-storage /sun-unified-storage /downloads/zfssa-

plugins-1489830.html

. Oracle Storage Product Information

http://www.oracle.com/us/products/storage/overview/index.html

d Oracle ZFS Storage Appliance Technical White Papers and Solution Briefs,
including "Best Practices for Oracle ZFS Storage Appliance and VMwate vSphere5.x"

http://www.oracle.com/technetwork/server-storage /sun-unified-

storage/documentation/index.html

. VMware

http://www.vmware.com
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