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Introduction 

A virtualization solution is primarily composed of three core components: servers (memory and CPU 

for compute), networking (for connectivity), and storage (for input/output operations per second 

[IOPS]). Stacked on these components are additional management software—such as VMware 

vCenter and Oracle Enterprise Manager—and automation software, such as VMware Horizon View, 

Citrix XenDesktop, and Microsoft Desktop Virtualization platforms. 

Each of the core components can be a bottleneck for performance. The current state of server and 

networking technology—including multiterabyte memory, symmetric multiprocessing (SMP), and 

multicore servers, as well as high-speed peripheral component interconnect express (PCIe) buses and 

1 GB to 100 GB network interface cards (NICs), host bus adapters (HBAs), and switches—increasingly 

facilitates virtualization. On the storage side, however, technology enhancements and adaptations to 

the virtual environment have lagged, with the continued reliance on spinning disks, flash drives with 

additional tiering software, or caching storage hardware to provide the required IOPS for the virtual 

machines (VMs). These approaches can be complex and costly. 

Oracle offers a cost-effective solution with its line of Oracle ZFS Storage Appliance products, which 

are based on tiered storage technology that use direct random access memory (DRAM), solid-state 

drives (SSDs), traditional hard drives, and SMP and multicore systems. 

Oracle ZFS Storage Appliance effectively partners with the VMware Horizon View 6 solution, which 

provides a single platform and unified workspace for the delivery of virtual desktops, applications, and 

online services within a Microsoft Windows environment. 

This white paper provides the basic steps for deploying VMware Horizon View for Horizon 6 with 

Oracle ZFS Storage Appliance to reach the optimal I/O performance and throughput. It does not take 

into account all the various components that make up a full VMware Horizon View infrastructure. An 

individual test drive is always recommended to confirm that a given solution is the best and simplest 

platform to suit the IOPS needs for your virtual desktop environment. 

This document is intended for experienced virtualization administrators, system engineers, and 

systems architects working with VMware products and Oracle ZFS Storage Appliance. To benefit from 

its information requires basic knowledge of networking, data storage, and Microsoft Active Directory. 
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Solution Overview 

The following figure presents the architecture for the VMware Horizon 6 with Horizon View and Oracle ZFS Storage 

Appliance solution. 

 

Figure 1. Solution overview for Oracle ZFS Storage Appliance with VMware Horizon View 6 

 

Integrating Oracle ZFS Storage Appliance with VMware Horizon View 

The integration process for VMware Horizon View using Oracle ZFS Storage Appliance as back-end storage 

requires you to meet some prerequisites before the NFS shares can be presented to the VMware ESXi hosts and 

used as datastores for your virtual desktop infrastructure (VDI) workload. This section assumes that Oracle ZFS 

Storage Appliance, VMware vSphere and VMware Horizon View, and the Microsoft Active Directory/DNS/DHCP 

infrastructure are already configured and running in your environment. You can find further information on each of 

these components in “Appendix D: Resources” at the end of this document. 

Once the prerequisite requirements are in place, connect your ESXi hosts to Oracle ZFS Storage Appliance using 

the following steps: 

1. Provision network file system (NFS) shares on Oracle ZFS Storage Appliance.  

2. Connect ESXi hosts to Oracle ZFS Storage Appliance NFS shares. 
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Provisioning NFS Shares on Oracle ZFS Storage Appliance 

To make NFS shares on Oracle ZFS Storage Appliance available to a VMware ESXi host, perform the following 

operations in the Oracle ZFS Storage Appliance browser user interface (BUI):   

1. Create a pool on the Oracle ZFS Storage Appliance. 

2. Provision storage by setting up a project and configuring shares and permissions within the project. 

For further detailed instructions on these configuration steps, consult the Oracle ZFS Storage Appliance 

Administration Guide, whose location is listed in “Appendix D: Resources” at the end of this paper. 

Creating a Pool 

The process of creating a pool, which is an allocation of collected storage disk space on the Oracle ZFS Storage 

Appliance that is dedicated to the VMware environment, is the first step in establishing the connection between the 

Horizon View virtualized environment and the storage. 

The ZFS pool can have a raid type (mirrored, RAID-Z, RAID-Z2, or RAID-Z3). For a VDI, Oracle recommends a 

mirrored type pool. 

To create a pool in the Oracle ZFS Storage Appliance, do the following: 

1. Log in to the Oracle ZFS Storage Appliance BUI using https://[appliance-address]:215.  

2. Select Configuration > Storage, and click the plus (+) sign to the left of Available Pools, as highlighted 

in the following figure. A pop-up window opens and prompts you for a storage pool name. 

3. Enter the pool name and click APPLY to start the pool creation wizard. 

 

Figure 2. Configuring and naming a disk pool in the Oracle ZFS Storage Appliance BUI 

 

Figure 3 shows two configured pools, one for each of two storage controllers that form a clustered Oracle ZFS 

Storage Appliance. The pools are as follows: 

 A “performance” pool on Oracle ZFS Storage Appliance controller 1 composed of 10,000 RPM disks 

configured as shown in Figure 3. 

 A “capacity” pool on Oracle ZFS Storage Appliance controller 2 composed of 7,200 RPM disks configured 

as shown in Figure 4. 
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Figure 3. Properties configured for the “performance” pool in the Oracle ZFS Storage Appliance BUI 

During pool creation, you can select the following: 

 The drives that will make up the pool (10,000 RPM drives for performance on contoller1 and 7,200 RPM 

drives on controller 2). 

 The data profile for the RAID type you would like to use. Oracle recommends a mirrored pool because it 

offers the best performance for VDI workloads. 

 The log profile (SSD drives) for the read cache and the write cache. Oracle ZFS Storage hybrid storage 

pools offer two different types of log profiles for the read cache and write cache: mirrored and striped. 

The mirrored log profile offers redundancy at the devices level. 

The striped log profile aggregates the capacity of log devices and is faster than a mirrored log, but it offers no 

redundancy for log devices. Oracle recommends to always stripe read cache Level 2 Adaptive Replacement Cache 

(L2ARC) SSDs, because the purpose is to accelerate the data read process and supplement the Adaptive 

Replacement Cache (ARC). (Refer to Table 2 later in this document to find out when read cache devices are 

needed.)  

Even though a striped log profile offers no redundancy at the devices level, for data loss to occur, both the log 

device(s) and the system must fail (because data resides both in DRAM and in the log devices), which is less likely 

to happen.  

Oracle recommends using a striped log profile on the OS pool (the performance pool on controller 1) and a mirrored 

log profile for the user data pool (the capacity pool on controller 2).  

Figure 4 shows pool property details for the capacity pool. 
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Figure 4. Properties configured for the “capacity” pool 

Creating a Project 

A project is an administrative boundary for shares and volumes creation. Usually all shares in the same project can 

have common attributes and be replicated as a single entity (consistency group). To create a project, do the 

following: 

1. Go to Shares>Projects. Click the plus sign (+) on the left of Projects (as highlighted in the following 

figure). 

 

 

Figure 5. Creating a new project in the Oracle ZFS Storage Appliance BUI 
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2. Provide a project name in the pop-up window, disable encryption (select Off), and click APPLY. 

 

 

Figure 6. Naming a new project in the Oracle ZFS Storage Appliance BUI 

 

Shares and Permissions 

Shares are file systems configured with access permissions, which can be accessed by multiple systems and/or 

users using NFS or common internet file system (CIFS). To create a share, do the following: 

1. Navigate to Shares>Shares>Filesystems. Click the plus sign (+) in front of Filesystems, as highlighted 

in the following figure.  

2. Make sure your project name is selected in the Project drop-down list and enter the share name in the 

Name field, set the permissions to RWX for User, RX for Group, and RX for Other, as seen in the 

following figure. The remaining settings can be left as the defaults.  

 

The figure shows properties being set for a new share called vdi_clones. 
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Figure 7. Configuring new shares (file systems) and permissions within a project 

 

3. Once the share has been created, you need to edit and configure its settings. To edit the share, navigate 

to Shares>Filesystems. Move the mouse over the file system name and select the “Edit entry” icon, 

which looks like a pencil, as seen in the following figure. 

 

Figure 8. Editing a share by selecting the “Edit entry” icon 
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4. In the General tab, configure the share with the following recommended settings, as shown in the 

following figure: 

 Data deduplication: Deselected (off) 

 Data compression: Off 

 Checksum: Fletcher4 (Standard) 

 Cache device usage: All data and metadata 

 Synchronous write bias: Latency 

 Database record size: 32K 

 

 

Figure 9. Recommended share attributes under the General tab 

5. Next, the host(s) or network that is allowed to access the share must be defined and given root-level 

access and read/write access, as seen in the following figure. Navigate to Shares>Shares and 

Filesystems. Double-click the name of the particular file system, and select Protocols and the NFS 

Exceptions. 
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Figure 10. Oracle ZFS Storage Appliance NFS exceptions and permissions 

 

After completing the steps just outlined, Oracle ZFS Storage Appliance should be in a state ready to accept NFS 

connections from the ESXi hosts. 

 

Connecting ESXi Hosts to NFS Shares in Oracle ZFS Storage Appliance 

To mount the NFS share on the ESXi hosts, do the following: 

1. Open a connection to the vCenter server that is managing the hosts. 

2. Click the first host name on the left-side navigation tree, and then select Storage in the middle pane. 

3. To start the mount process, click the Add Storage label and in the Storage Type section, select Network 

File System, as seen in the following figure. 
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Figure 11.  ESXi host’s Add Storage wizard 

4. At the next screen, fill in the following information and click Next: 

 Server: IP address of the Oracle ZFS Storage Appliance NFS data port on the controller where the 

share resides 

 Folder: The path, which is case-sensitive, to the NFS share on Oracle ZFS Storage Appliance  

 Datastore Name: The name you would like the datastore to have on the ESXi host(s) once the share 

is mounted (Note: this name must be the same on every ESXi host that connects to this share.) 
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Figure 12. Setting NFS mount properties in the ESXi host’s Add Storage wizard 

 

5. Review the information you entered and click Finish to mount the share on the first hosts. 
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Figure 13. Review summary screen in the ESXi host’s Add Storage wizard 

 

In order to mount the same share on any additional hosts that might need access to it, you repeat the previous steps 

for each of those additional hosts. 

 

Managing VDI Adoption Challenges 

After configuring the Oracle ZFS Storage Appliance and vSphere environment, you are ready to provision VMs. 

Before starting this process, you should consider some of the major challenges in the VDI adoption process, 

including (but not limited to) the following: 

» Adequate IOPS: IOPS provided by the underlying storage subsystem must be adequate for VMs to have the 

desired performance based on the type of application running on them. The following figure from VMware's 

“Server and Storage Sizing Guide for Windows 7 Desktops in a Virtual Desktop Infrastructure” illustrates typical 

IOPS workloads based on the number of virtual desktops and worker types being employed. 

http://www.vmware.com/files/pdf/view/Server-Storage-Sizing-Guide-Windows-7-TN.pdf
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Figure 14. VMware estimation of virtual desktop IOPS for different types of users and their associated VM configurations 

 

To properly size the IOPS requirement for your virtual environment, you can use the free VDI calculator or refer to 

the “Server and Storage Sizing Guide for Windows 7 Desktops in a Virtual Desktop Infrastructure.” 

 

» Boot storm and shutdown storm: During a boot storm, there are a lot of disk read activities being performed on 

the storage as the VMs boot. Also, all the virtual desktops in a linked-clones pool read and load their operating 

system images from the same replica disk, which necessitates a high-speed storage type that can provide the 

necessary IOPS. Likewise, during a shutdown storm, storage demands are high as a lot of write activities go to 

storage because the data on the VMs' memory must be written to disk before the VMs are shut down. This  

write-intensive activity can easily saturate the storage queue as the number of VMs writing data grows. 

» Log-on storm and log-off storm: When users log on to their desktops for the first time, Microsoft Windows 

writes the user profile information and other files to storage. Logically, this process triggers a lot of write activities 

to the storage when multiple users log on at once. Also at log-off, data in memory as well as any user desktop 

customizations are either flushed to disk or synchronized back to a profile share. 

» Anti-virus scans and definition update: An antivirus scan usually entails a lot of read activities occurring on the 

VMs’ disks and, subsequently, the underlying physical storage. This adds more IOPS requirements than the 

original needed by the VMs and could potentially affect the VMs’ performance and the overall storage subsystem 

if the storage is not able to provide the additional IOPS required to perform the scans. During the antivirus 

definition update and remediation, additional write activities also occur to the VMs and must be addressed by the 

storage as well. 

» Recompose and refresh operation: During View Composer “recompose and refresh” operations, in addition to 

other VMs that might already be running on the storage system, a lot of shutdown, delete, create, and boot 

activities go to the storage subsystem as well. They are categorized under read IOPS (boot) and write IOPS 

(shutdown, delete, and create), which the storage must be able to sustain. 

A recompose operation consists of re-creating existing VMs from either a gold image snapshot or a new gold 

image snapshot. This also creates a new replica disk and links the newly created VMs to it. 

A refresh operation syncs back the VMs' delta-disks to the original snapshot of the gold image from which they 

were created. The VMs are reset to their initial state and disk space used by the delta-disks on the ESXi 

datastore(s) is reduced. 

How Oracle ZFS Storage Appliance Addresses VDI Challenges 

Oracle ZFS Storage Appliance has been designed to handle extreme I/O workloads with low latency, especially for 

unpredictable I/O workloads generated by VDI and VMs. Key to its effectiveness is its ability to manage caching 

dynamically. Hybrid Storage Pools, a feature of Oracle ZFS Storage Appliance, integrate memory, flash, and 

physical disks for efficient data placement and performance.  

http://myvirtualcloud.net/?p=5135
http://myvirtualcloud.net/?p=5135
http://www.vmware.com/files/pdf/view/Server-Storage-Sizing-Guide-Windows-7-TN.pdf
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Employing a Three-Tier Storage Architecture 

Oracle ZFS Storage Appliance uses a three-tier storage architecture consisting of DRAM, read/write cache, and 

spinning disks. Understanding the strengths of each of these types of storage is key to understanding how these 

tiers work together for maximum benefit.  

DRAM 

DRAM is used as a primary cache to accelerate reads. Because DRAM is a much faster media type than either disk 

or flash for transactional workloads, having a high proportion of read operations served out of DRAM radically 

accelerates overall system performance. The portion of DRAM used to serve as read cache is known as the 

Adaptive Replacement Cache (ARC). DRAM allocation to ARC is managed by the operating system on a dynamic 

basis to maximize overall system performance. In the ARC, also as previously mentioned, blocks are classified as 

most recently used (MRU), most frequently used (MFU), least recently used (LRU), or least frequently used (LFU). 

This highly adaptive dynamic caching architecture is seen in the Figure 15. 

Read/Write Cache 

The read caching process is as follows: 

Step 1: The application running in a VM sends a “read” request to Oracle ZFS Storage Appliance.  

Step 2: Oracle ZFS Storage Appliance checks to see if the data is already in the ARC L1 cache (hot data/MRU, 

MFU, MRE, MFE pages table). If it is, the data is quickly returned to the VM in a submillisecond. 

Step 3: If the data is not in the ARC, Oracle ZFS Storage Appliance checks the L2ARC level 2 read cache (L2ARC 

serves 15 percent of the total read IOPS). If present, the data is returned at the speed of the SSD and moved to the 

ARC MRU table for subsequent read requests. 

Note: ARC + L2ARC = total read cache available to the system. 

Step 4: If the data is neither in the ARC nor the L2ARC, the read is done from the spinning disk (lowest tier; serves 5 

percent of total read IOPS) and the ARC MRU table is updated. 

The write caching process is as follows: 

Step 1: A VM sends a “write” operation to Oracle ZFS Storage Appliance (random I/O).  

Step 2: Oracle ZFS Storage Appliance writes the request simultaneously to the ARC and the write cache, which is 

on fast and optimized SSDs. Once the data is committed to the cache, the appliance sends the acknowledgment to 

the application running in the virtualized environment and further I/O processing can occur from the VM.  

Step 3: Afterward, in a sequential mode (intervals of 5 seconds), Oracle ZFS Storage Appliance writes the data to 

disks (spinning disks in a RAID configuration). 

Spinning Disks 

Long-term data storage residing on 7,200 RPM drives and configured in ZFS RAID pools serves about 5 percent of 

the total read IOPS and is the final destination for all write requests. All the read requests that do not reside in either 

the ARC or the L2ARC are served from here and loaded to the ARC (MRU table), or to the L2ARC if the ARC is 

saturated, and moved to the Most Frequently Used (MFU) pages table for recurring read requests.  

You can see in Figure 15, which shows the dynamic caching architectural design, that most of the read and write 

requests on Oracle ZFS Storage Appliance are served from the fastest tiers (RAM and SSD devices). 
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Figure 15. Dynamic caching architecture of Oracle ZFS Storage Appliance 

 

Deploying the Linked Clones on Oracle ZFS Storage Appliance 

After all the infrastructure systems are fully configured, you are ready to deploy your linked clones. The master/gold 

image for VMware Horizon View should be built following VMware best practices detailed in the VMware’s “Windows 

Optimization Guide and related documentation.”  

After the gold image has been prepared, log on to the VMware Horizon View Administrator console and start the 

provisioning of the linked clones’ desktop pool. Rather than present a detailed step-by-by guide here, the following 

shows the basic steps to provision linked clones and the recommended settings for your VMware vSphere/Horizon 

View environment. See “Appendix D: Resources” at the end of this paper for links to the administration guide. 

Once logged on to the VMware Horizon View Administrator console, follow these steps: 

1. Expand the Catalog menu in the left pane, and click Desktop Pools. Click Add to start the wizard. 

2. Select Automated Desktop Pool because the desktop will be created from a gold image plus a snapshot 

using View Composer. 

ttp://www.vmware.com/techpapers/2010/optimization-guide-for-windows-7-and-windows-8-vir-10157.html
ttp://www.vmware.com/techpapers/2010/optimization-guide-for-windows-7-and-windows-8-vir-10157.html
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Figure 16. Choosing a desktop pool definition type in the VMware Horizon View Administrator console 

 

3. Click Next to go to the User assignment screen. 

4. Select the default (Dedicated and Enable automatic assignment). This option will randomly assign users 

to a desktop at first login (automatic) and keep a 1:1 user/desktop ratio afterward (dedicated). Selecting 

the Floating option recycles the desktop back into the pool every time a user logs off.  
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Figure 17. Choosing a user assignment for the desktop pool definition for adding a desktop pool 

5. Click Next to go to the vCenter Server screen.  

6. Select View Composer linked clones. 

 

Figure 18. Selecting linked clones for the vCenter server as part of the new desktop pool definition 
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7. Click Next to go to Setting, Desktop Pool Identification screen. 

 

Figure 19. Setting the desktop pool identification under Desktop Pool Settings in the VMware Horizon View Administrator console 

8. Fill in the information for the highlighted portion of the screen (ID, Display name, Access group, and, 

optionally, Description). The access group here represents a folder hierarchy for grouping pooled 

desktops. (For more information on this, refer to VMware's Horizon View documentation.) 

9. Click Next to go to Desktop Pool Settings screen. 

10. Accept the defaults or customize the settings to your environment's needs, and then click Next. 
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Figure 20. Configuring desktop pool settings in the VMware Horizon View Administrator console 

For more information about these settings, refer to the administration guide for VMware Horizon View, 

whose location is listed in “Appendix D: Resources.” 

11. At the Provisioning Settings screen, select your settings and fill in the required information for the 

following: 

 Enable provisioning: Enabled by default; allows the provisioning of a desktop. If not selected, no 

desktop will be provisioned. 

 Stop provisioning on error: Enabled by default; stops any desktop provisioning activities if any error 

is encountered during the process. 

 Use a naming pattern: Specifies the type of naming sequence for multiple desktops. In the following 

figure, 10 desktops will be named IOtest-01 through IOtest-10, respectively. 

 Desktop Pool Sizing: Specifies the maximum number of VMs to create, the number of powered-on 

VMs, and the minimum number of VMs available during View Composer maintenance operations.  

 Provisioning Timing: Specifies whether all VMs need to be created up front or on demand as more 

virtual desktops are needed in a pool. 
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12. Verify your settings. (In the following figure’s deployment configuration, 10 desktops will be provisioned, all 

up front, powered on after provisioning, and named IOtest-01 through IOtest-10.)  

 

Figure 21. Configuring provisioning settings for the new desktop pool in the VMware Horizon View Administration console 

 

13. Click Next to go to the View Composer Disks screen. 
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Figure 22. Choosing the View Composer Disks settings for the new desktop pool 

 

14. Here you are offered the option to redirect user data to two disk types: 

 Persistent Disk: Repository for user data, profile files 

 Disposable File Redirection (disposable disk): A temporary drive for temporarily holding data that 

will be flushed out when the VM reboots 

Select to redirect both the persistent disk and the disposable files. You will later make a selection for the 

“user_data” datastore, which is an NFS share also created on the Oracle ZFS Storage Appliance capacity 

pool and attached to the ESXi host.  

15. Click Next to go to the Storage Optimization screen. 

16. Under the Storage Policy Management section, you can choose whether to use separate ESXi 

datastores (Oracle ZFS Storage Appliance NFS shares) for persistent and OS disks as well as the replica 

and OS disks. Select both, because the goal is to put the replica on its own Oracle ZFS Storage Appliance 

NFS share (performance pool on 10,000 RPM drives), the OS disk for the virtual desktop on another NFS 

share (performance pool on 10,000 RPM drives), and the persistent disks (user data and profile files) on a 

different share (capacity pool on 7,200 RPM SAS drives).  

The screen provides a note that if you select to have the replica and OS disks separated, the Fast NFS 

Clones (VAAI), which is basically offloading the snapshot cloning technology used by linked clones to the 

underlying storage array, will not be available to you. This operation is not currently supported, so you can 

safely ignore the warning and proceed. 
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Figure 23. Choosing storage management policies in the Storage Optimization screen 

 

17. Click Next to go to the vCenter Settings screen. 
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Figure 24. Choosing vCenter settings 

 

18. In the vCenter Settings screen, click Browse and select each of the following items:  

 Parent VM: Gold image prepared earlier. 

 Snapshot: Gold image associated snapshot. 

 VM folder location: Location where your linked clones will reside in vCenter. 

 Host or cluster: The ESXi host or cluster that your VDI workload will run on. 

 Resource pool: If you are using resource pool hierarchy in vCenter, select the appropriate one to run 

your VMs. 

 OS disk datastores: Oracle ZFS Storage Appliance NFS share(s) (performance pool) where your 

VDI OS (C:\drive) will reside. 

 Persistent disk datastores: Oracle ZFS Storage Appliance NFS share(s) (capacity pool) where your 

VDI data drive will reside. 

For the OS and for persistent disks, you can select the storage conservation technique among the 

choices in the pull-down list.  
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Figure 25. Configuring VMware Horizon View Composer disk conservation techniques 

 

VMware’s setting detail for each option is contained in the following table from VMware Knowledge Base article 

number 2047492.  

TABLE 1. VMWARE HORIZON VIEW COMPOSER STORAGE OVERCOMMIT LEVELS 

Option Storage Overcommit Level 

 

None 

 

Storage is not overcommitted. 

 

Conservative 

 

Four times the size of the datastore. This is the default level. 

 

Moderate 

 

Seven times the size of the datastore. 

 

Aggressive 

 

Fifteen times the size of the datastore. 

 

Unbounded 

 

View Manager does not limit the number of linked-clone desktops that it creates based on the physical 

capacity of the datastore. It is up to you to calculate the space and determine that the number of VMs 

you want to place can be supported by the datastore.* 
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 Replica disk datastores: Oracle ZFS Storage Appliance NFS share (performance pool) where your full 

(thin-provisioned) clone of the gold image and snapshot resides. All the linked clones in a pool will depend 

on this full clone to run, because it is a read copy of the gold image that provides all the OS and initial 

applications installed on the gold image. 

Clicking the Replica Disk Datastores button produces the following dialog box. 

 

Figure 26. Selecting replica disk datastores settings for the desktop pool 

 

19. Click Next to go to Advanced Storage Options screen. 
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Figure 27. Selecting advanced storage options for the desktop pool in VMware Horizon View Administration console 

 

20. Because, as noted earlier, Oracle’s NFS VAAI implementation does not currently support linked clones, 

deselect the following options: 

 Use View Storage Accelerator: Leave this option deselected. This is a storage optimization 

technique consisting of caching (read cache) common blocks to VDI (VMDKs) workloads on the ESXi 

hosts portion of memory allocated to do so, which is not to exceed 2 GB of memory per host. 

Subsequent access to those common cached blocks is done locally on the ESXI hosts instead of the 

external storage array, which can improve the overall VDI experience. 

 Other Options: Leave deselected.  

21. Click Next to go the Guest Customization screen. 
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Figure 28. Selecting the guest customization options in the new desktop pool 

 

22. Click Browse to the right of AD container to select the OU where you would like to put the desktops. Click 

OK. 

23. Select Use QuickPrep. For more information about QuickPrep and its customization wizard, refer to the 

administration guide for VMware Horizon View 6. 

24. Click Next to go to the Ready to complete screen. 
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Figure 29. Viewing settings in the Ready to Complete screen 

 

25. Review all the provided settings and click Finish to start the desktops’ deployment. 

 

Monitoring Performance with Oracle ZFS Storage Appliance Analytics 

The DTrace Analytics feature of Oracle ZFS Storage Appliance provides built-in, powerful, and very granular 

performance monitoring for Oracle ZFS Storage Appliance. Several performance statistics counters provide 

important information about the health of Oracle ZFS Storage Appliance hardware and the particular NFS shares 

presented to your ESXi hosts. After desktop provisioning is completed and the VMs are started, you can use Oracle 

ZFS Storage Appliance to monitor the storage and VM performance, as well as troubleshoot storage-related issues, 

by adding these statistics counters. 

To easily access the DTrace Analytics feature, log in to the Oracle ZFS Storage Appliance BUI and click Analytics 

on the interface’s upper right corner, as shown in the following figure. Then add the performance statistics that you 

would like to monitor.  
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Figure 30. Oracle ZFS Storage Appliance Analytics menus 

 

For more details about DTrace Analytics statistics counters, click Help on the upper right corner of the Oracle ZFS 

Storage Appliance BUI.  

The following figure shows an analytics display for ARC accesses per second broken down by hit/miss. 

 

Figure 31. Oracle ZFS Storage Appliance Analytics NFS v3 Statistics display (cache ARC accesses per second broken down by 

hit/miss) 

 

The following table shows some recommended DTrace Analytics statistics and threshold guidelines for NFS storage 

monitoring and troubleshooting. 
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TABLE 2: ORACLE ZFS STORAGE APPLIANCE SAMPLE STATISTICS GUIDELINES 

Statistics Threshold Guidelines Recommended Action 

CPU: CPUs -> Broken down by 

percent utilization 

     OR 

CPU: Percent utilization -> 

Broken down by CPU identifier 

Multiple CPU cores are at 100% utilization for 

more than 15 minutes. 

Buy more (or faster) CPUs. 

NETWORK: Device bytes -> 

Broken down by device 

Any network device(s) is pushing 95% of its 

maximum throughput for more than 10 minutes. 

 

Buy/add more network interface cards.  

     OR  

Use link aggregation. 

CACHE: ARC accesses -> 

Broken down by hit/miss 

ARC accesses for data and/or metadata hit  

75–97% (as compared to misses). 

     AND 

ARC access hits for data/metadata are 

significantly greater than prefetch hits. 

     AND 

The ARC is being accessed at least 10,000 

times per second for more than 10 minutes. 

Add more DRAM. 

CACHE: ARC accesses -> 

Broken down by L2ARC 

eligibility 

 

 

There have been at least 1,500 L2ARC-eligible 

ARC access misses for data and/or metadata 

per second for about 24 hours. 

     AND 

An active file system or LUN has a ZFS record 

size of 32 KB or smaller. 

Add your first SSD read cache (L2ARC), if you had 

none at the start. 

DISK: -> Broken down by 

percent utilization 

Select a percentage. Then drill 

down by Disk. Select the Read 

Cache. Drill down to “as raw 

statistic.” 

Existing read cache SSDs (L2ARC) are 90% 

utilized for more than 10 minutes. 

Add more SSD(s) read cache (L2ARC). 

PROTOCOL: Protocol-NFS -> 

Broken down by type of 

operation 

 

The sum of NFS synchronous operations is at 

least 1,000 per second for at least 15 minutes. 

     AND/OR 

There are at least 100 NFS commits per second 

for 15 minutes. 

     OR 

There is a performance-sensitive, short-duration 

synchronous write workload. 

Add an SSD write cache. 

 

DISK: -> Broken down by 

percent utilization. Select a 

percentage. Then drill down by 

Disk. Select the Write Cache. 

Drill down to “as raw statistic.” 

Existing Logzillas are 90% utilized for more than 

10 minutes. 

Add more SSD write cache. 

DISK: Disks -> Broken down by 

percent utilization 

At least 50% of existing drives are at least 70% 

utilized for over 30 minutes. 

Buy more spinning disks to add them to the pool. 
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Conclusion 

Oracle ZFS Storage Appliance offers outstanding performance for virtual desktop environments. Its architecture 

features and intelligent caching technology are designed to boot thousands of virtual desktops, deliver thousands of 

IOPS, and provide the best throughput and response time for your virtualized environments as a low-cost and 

simple back-end storage solution (no additional tiering software or hardware is required).    

By employing VMware Horizon View 6 with a VDI, Oracle ZFS Storage Appliance can provide an ideal storage 

platform to provide the necessary IOPS to optimally support VM performance. 
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Appendix A: Reference Architecture 

The following tables detail the reference architecture used in the presented solution. 

TABLE 3. HARDWARE USED IN REFERENCE ARCHITECTURE 

Equipment Quantity Configuration 

Storage 1 cluster 

(2 controllers) 

» Oracle ZFS Storage ZS3-2 cluster 

» 256 GB DRAM per controller 

» Two x twenty 900 GB disk drives: Oracle 

Storage Drive Enclosure DE2-24P disk 

trays 

» Four x twenty 3 TB disk drives: Oracle 

Storage Drive Enclosure DE2-24C 

» Two dual-port gigabit Ethernet (GbE) 

network interface cards (NICs) per 

controller 

» Four 73 GB log devices 

Network 2 10 Gbe network switch 

Server 2 » X86 architecture 

» 144 GB DRAM per server 

» 2 internal HDDs per server 

» 2 x 10 GbE vNICs per server 

 

TABLE 4. INFRASTRUCTURE VIRTUAL MACHINES 

Operating System Quantity Configuration 

Microsoft Windows 2008 R2 SP1 (x64) 1 VMware vSphere vCenter Server 5.5 update 2 

Microsoft Windows 2008 R2 SP1 (x64) 1 Microsoft SQL Server and View DB  

Microsoft Windows 2008 R2 SP1 (x64) 1 VMware View Composer Server 6 

Microsoft Windows 2008 R2 SP1 (x64) 1 VMware View Connection Server 6  

Microsoft Windows 2012 R2 (x64) 1 Microsoft Active Directory, DNS, and DHCP servers 

Microsoft Windows 2012 R2 (x64) 1 File server 

Microsoft Windows 7 1 Iometer server 

Microsoft Windows 7 1 Virtual desktop golden image 

Microsoft Windows 7 100 Virtual desktops with Iometer 
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TABLE 5. SOFTWARE USED IN REFERENCE ARCHITECTURE 

Software Version 

Oracle ZFS Storage Appliance OS 8.5 (2013.06.05.1.5,1-1.6) 

Iometer 1.1.0 

VMware vCenter Server 5.5 update 2 

VMware Horizon (View) 6 

VMware ESX hypervisor software 5.5 update 2 
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Appendix B: Nomenclature 

The following table summarizes the different terms used in this document and provides a brief definition of each one. 

TABLE 6. TERMINOLOGY AND DEFINITIONS 

Term Definition 

Desktop pool A group of desktops that have the same configuration. 

DRAM/ARC Dynamic Random Access Memory. Memory used in Oracle ZFS 

Storage Appliance. This memory serves as the primary cache 

location or ARC (Adaptive Replacement Cache) in the appliance, 

backed by a secondary cache on SSD storage called the L2ARC. 

Horizon View Desktop virtualization and brokering software that centrally manages 

the provisioning and maintenance of the virtual desktop and remote 

desktop hosts. 

IOPS Input Output Operation Per Second. The speed of data access and 

retrieval from the storage disk subsystem. 

L2ARC Level 2 Adaptive Replacement Cache. A second-level cache device 

on an SSD drive serving additional read requests that cannot be 

done by the ARC.  

Linked clone Snapshot-based cloning that maintains a parent-child relationship 

with the main snapshot on a replica disk (full clone of the gold VM 

plus a snapshot). 

Master/gold image A VM image with all the updates and corporate applications patched 

and optimized to be used as the base for deploying new Horizon 

View VMs (either full clones or linked clones). 

Pool Refers to ZFS pool (a collection of disks into a pool) with a type of 

RAID (mirror, RAID-Z, RAID-Z2, or RAID-Z3). 

Projects An administrative boundary for shares and volumes creation. 

Usually all shares in the same project can have common attributes 

and be replicated as a single entity (a consistency group). 

Shares A file system with access permissions that can be accessed by 

multiple systems and/or users using NFS or CIFS. 

SRA Storage Replication Adapter. Third-party storage array replication 

adapter for VMware Site Recovery Manager (SRM). 

VAAI vSphere Storage API for Array Integration. Basically, VAAI offloads 

storage-intensive tasks (such as cloning, provisioning, and deletion 

operations for virtual machines) from the hypervisor to the 

underlying storage array. 

VAAI user A local user who has access privileges to a share used to log in to 

the storage to facilitate VAAI registration between the ESXi hosts 

and Oracle ZFS Storage Appliance. 

VDI Virtual Desktop Infrastructure. A desktop virtualization technology 

that allows rapid deployment of desktops in a virtualized 

environment. 

ZIL ZFS Intent Log. This is the log device on an SSD drive to which the 

data is written before it is committed to disk. It serves as the primary 

write cache on Oracle ZFS Storage Appliance. 
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Appendix C: Benchmark Results 

Refer to the following websites for further information on the SPC-2 testing results for Oracle ZFS Storage 

Appliance. 

» SPC Benchmark 2 Executive Summary 

» SPECsfs2008_nfs.v3 Result 

» SPC Benchmark 2 Full Disclosure Report 

» Active SPC-2 results for Oracle ZFS Storage Appliance 

 

Also see the Oracle quality awards for NAS. 

  

http://www.storageperformance.org/benchmark_results_files/SPC-2/Oracle_SPC-2/B00058_Oracle_ZFS-7420/b00058_Oracle_Sun-ZFS_7420_SPC2_executive-summary.pdf
http://www.spec.org/sfs2008/results/res2013q3/sfs2008-20130819-00227.html
http://www.storageperformance.org/benchmark_results_files/SPC-2/Oracle_SPC-2/B00067_Oracle_ZFS-ZS3-4/b00067_Oracle_ZFS_Storage_ZS3-4_SPC-2_full-disclosure-report.pdf
http://www.storageperformance.org/results/benchmark_results_spc2/#sun_spc2
http://www.oracle.com/us/products/servers-storage/storage/nas/storage-quality-awards-jan12-1521728.pdf
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Appendix D: Resources  

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

References to Sun ZFS Storage Appliance, Sun ZFS Storage 7000, and ZFS Storage Appliance all refer to the 

same family of Oracle ZFS Storage Appliance products. Some cited documentation might still use these legacy 

naming conventions. 

» Oracle ZFS Storage Appliance documentation library, including installation, analytics, customer service, and 

administration guides: oracle.com/technetwork/documentation/oracle-unified-ss-193371.html 

 

Note: The Oracle ZFS Storage Appliance Administration Guide is also available through the Oracle ZFS Storage 

Appliance’s Help function. The Help function can be accessed through the browser user interface. 

 

» Oracle ZFS Storage Appliance Software releases and updates, available from My Oracle Support (MOS) at 

https://support.oracle.com under Oracle Support Document 2021771.1 

» Oracle ZFS Storage Appliance plugins download page:  

oracle.com/technetwork/server-storage/sun-unified-storage/downloads/zfssa-plugins-1489830.html 

» Oracle storage product information: oracle.com/us/products/storage/overview/index.html 

» Oracle ZFS Storage Appliance technical white papers and solution briefs, including “Best Practices for Oracle 

ZFS Storage Appliance and VMware vSphere5.x”:  

oracle.com/technetwork/server-storage/sun-unified-storage/documentation/index.html 

» VMware website: http://www.vmware.com 

» VMware documentation: https://www.vmware.com/support/pubs/ 

» VMware Horizon 6.0 View administration guide:  

https://pubs.vmware.com/horizon-view-60/topic/com.vmware.ICbase/PDF/horizon-view-60-administration.pdf 

» Microsoft Windows Server 2012 R2 and Windows Server 2012 technical library:  

http://technet.microsoft.com/en-us/library/hh801901.aspx 

» Microsoft Windows Server 2008 R2 and Windows Server 2008 technical library: 

http://technet.microsoft.com/en-us/library/dd349801(v=ws.10).aspx 

» Microsoft SQL Server documentation: http://msdn.microsoft.com/en-us/library/bb545450.aspx 

  

http://www.oracle.com/technetwork/documentation/oracle-unified-ss-193371.html
https://support.oracle.com/
http://www.oracle.com/technetwork/server-storage/sun-unified-storage/downloads/zfssa-plugins-1489830.html
http://www.oracle.com/us/products/storage/overview/index.html
http://www.oracle.com/technetwork/server-storage/sun-unified-storage/documentation/index.html
http://www.vmware.com/
https://www.vmware.com/support/pubs/
https://pubs.vmware.com/horizon-view-60/topic/com.vmware.ICbase/PDF/horizon-view-60-administration.pdf
http://technet.microsoft.com/en-us/library/hh801901.aspx
http://technet.microsoft.com/en-us/library/dd349801(v=ws.10).aspx
http://msdn.microsoft.com/en-us/library/bb545450.aspx
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