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Overview

The virtual desktop infrastructure (VDI) solution described in this guide is a predesigned, best-practice data
center reference architecture that is built on HPE Nimble Storage all-flash arrays. The architecture was
validated for an up-to-5000-seat mixed workload that consisted of the following types of virtual desktop:

• Citrix XenDesktop persistent virtual desktops
• XenDesktop nonpersistent pooled virtual desktops
• Citrix XenApp server-based virtual desktop sessions

The 100% virtualized solution uses VMware vSphere 6.0, Update 2, on an HPE Nimble Storage AF5000
array with a Fibre Channel (FC) SAN architecture. The nonpersistent virtual desktops are powered by Citrix
Provisioning Services (PVS) 7.11 with a mix of desktop software:

• XenDesktop 7.11, which supports both persistent and nonpersistent Windows 10 virtual desktops
• XenApp 7.11 hosted, shared-server-based Windows Server 2012 R2 desktops, which provide unparalleled

scaling and management simplicity

The solution was tested with the following desktops provisioned on an HPE Nimble Storage AF5000 array:

• 1000 XenDesktop Windows 10 persistent desktops
• 2500 XenDesktop Windows 10 nonpersistent pooled desktops
• 1500 XenApp Windows Server 2012 R2 RDS server-based desktop sessions

The tested architecture provides outstanding virtual desktop end-user experience as measured by the Login
VSI 4.1 Knowledge Worker workload running in benchmark mode. The 5000-seat architecture functions as
a large-scale building block that can be replicated to confidently scale out to tens of thousands of users.

Where applicable, this guide presents best practice recommendations and sizing guidelines for deploying
the solution.

Audience
HPE customers and partners can use the information in the guide to build an infrastructure that delivers IT
efficiency and enables IT innovation. The audience for this document includes, but is not limited to, sales
engineers, field consultants, professional services staff, IT managers, partner engineering, and customers.

Solution Summary
This document describes a complete virtual desktop architecture that uses the HPE Nimble Storage platform
for Citrix XenDesktop. The described implemenation provides test cases and reference architectures for
system scalability, self-contained functioning environments, and multiple workloads on HPE Nimble Storage
hardware. This guide focuses on the validation of the following test cases and use cases:

• Full-scale 5000-user mixed workload scalability for Citrix XenDesktop 7.11 pooled virtual desktop
infrastructure (VDI) (50%), persistent VDI (20%), and remote desktop session host (RDSH) (30%)

• Full-scale, mixed-workload scalability over a soak test period of 24 hours (minimum) during which Login
VSI was run in a steady-state manner for an extended duration

• 5000-user mixed-user workload performance testing that showcased HPE Nimble Storage metrics such
as bandwidth, IOPS, and submillisecond latency during peak workload

• HPE Nimble Storage absolute resiliency and nonstop availability through controller failover and drive
failure tests during an active workload

• HPE Nimble Storage features such as transparent application migration, HPE InfoSight, and VMVision
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HPE Nimble Storage Technical Overview

All-Flash Array Hardware
The HPE Nimble Storage AF-Series array family starts at the entry level with the AF1000 model and expands
through the AF3000, AF5000, and AF7000 models up to the AF9000 model at the high end. All-flash arrays
can be upgraded nondisruptively from the entry level all the way to the high-end array model.

For more information, see HPE Nimble Storage All Flash Arrays.

Figure 1:The HPE Nimble Storage all-flash array family

Figure 2: All-flash array front view
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Figure 3: All-flash array rear view

Universal Hardware Architecture
HPE Nimble Storage arrays are built on a universal hardware platform with modular components. All
components, including controllers, can easily be upgraded nondisruptively by the customer or an HPE
representative. The universal hardware architecture spans both all-flash and adaptive flash arrays, giving
HPE customers maximum flexibility and reuse of their array hardware.

Figure 4: HPE Nimble Storage universal hardware architecture

Predictive Flash Platform
The HPE Nimble Storage predictive flash platform enables enterprise IT organizations to implement a single
architectural approach that dynamically caters to the needs of varying workloads. Driven by the power of
predictive analytics, predictive flash is the only storage platform that optimizes across performance, capacity,
data protection, and reliability within a dramatically smaller footprint.
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Predictive flash is built on the HPE Nimble Storage Cache Accelerated Sequential Layout (CASL) architecture,
the HPE NimbleOS operating system, and HPE InfoSight, the HPE cloud-connected predictive analytics and
management system. CASL and HPE InfoSight form the foundation of the predictive flash platform, which
enables the dynamic and intelligent deployment of storage resources to meet the growing demands of
business-critical applications.

HPE NimbleOS Architecture
The HPE NimbleOS operating system is based on the patented HPE Nimble Storage CASL architecture.
CASL leverages the unique properties of flash and disk to deliver high performance and capacity—all within
a remarkably small footprint. CASL scales performance and capacity seamlessly and independently.

Unified Flash Fabric

The HPE Nimble Storage unified flash fabric is a single consolidated architecture that enables flash for all
enterprise applications. In the past, enterprises have been forced to choose between hybrid flash and all-flash
arrays. That is no longer the case with the HPE Nimble Storage unified flash fabric. The unified flash fabric
enables flash for all enterprise applications by unifying HPE Nimble Storage all-flash and adaptive flash arrays
into a single consolidated architecture with common data services.

Figure 5: HPE Nimble Storage unified flash fabric

The unified flash fabric provides many significant benefits:

• Thin provisioning and efficient capacity utilization. With CASL, capacity is consumed only as data is
written. CASL efficiently reclaims free space on an ongoing basis, preserving write performance with
higher levels of capacity utilization. This strategy avoids the fragmentation issues that hamper other
architectures.

• Accelerated write performance. After writes are placed in NVDIMM (made persistent and mirrored to
the passive partner controller), they are acknowledged back to the host and sent to solid-state disk (SSD)
at a later time (generally when there is a full stripe to be written). As a result, writes to an HPE Nimble
Storage array are acknowledged at memory speeds.

• Maximized flash write cycles. By sequencing random write data, HPE NimbleOS sends full stripes of
data to SSD. Compressing and deduplicating the data inline minimizes the data footprint on the disk. In
addition, because the data sent to disk is of variable block size, HPE NimbleOS does not have to break
it into smaller, fixed-sized chunks to be placed on SSD. Therefore, it is sent to SSD efficiently. This efficiency
enables HPE Nimble Storage arrays to maximize the deployable life of a flash drive by minimizing write
wear on the flash cells.

• Read performance. Because all reads come from SSD, HPE NimbleOS and HPE Nimble Storage all-flash
arrays deliver submillisecond read latency and high throughput across a wide variety of demanding
enterprise applications.

• All-flash arrays. HPE Nimble Storage all-flash arrays use only SSDs to store data. As a result, all read
operations come directly from the SSDs themselves, delivering extremely fast read operations. All writes
are also sent to SSD, but because of the HPE NimbleOS architecture and the use of NVDIMMs to store
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and organize write operations, all writes are acknowledged at memory speeds (just as with the HPE Nimble
Storage adaptive flash arrays).

HPE Nimble Storage all-flash arrays use triple-level cell (TLC) SSDs, which enable maximum flash storage
density. Traditional SSD problems with write wear, write amplification, and so on are not an issue for the
variable block HPE NimbleOS architecture, which minimizes write amplification through its intelligent data
layout and management in the file system.

• Efficient, fully integrated data protection. All-inclusive snapshot-based data protection is built into the
adaptive flash platform. Snapshots and production data reside on the same array, eliminating the inherent
inefficiencies of running primary and backup storage silos. With its intuitive dashboards and proactive
notifications about potential issues, HPE InfoSight ensures that customers’ data protection strategies work
as expected.

• Inline compression. CASL uses fast, inline compression for variable-application block sizes to decrease
the footprint of inbound write data by as much as 75%. When enough variable-sized blocks are accumulated
to form a full write stripe, CASL writes the data to disk. If the data being written is active, it is also copied
to SSD cache for faster reads. Written data is protected by triple-parity RAID.

• Inline deduplication. HPE Nimble Storage all-flash arrays include inline data deduplication in addition to
inline compression. The combination of inline deduplication and inline compression delivers a comprehensive
data reduction capability that allows HPE NimbleOS to minimize the data footprint on SSD, maximize
usable space, and greatly minimize write amplification.

• Thin, redirect-on-write snapshots with SmartSnap. HPE Nimble Storage snapshots are point-in-time
copies that capture just-changed data, making it easy to store three months of frequent snapshots on a
single array. Data can be restored instantly because snapshots reside on the same array as the primary
data.

• Efficient replication with SmartReplicate. SmartReplicate sends only compressed, changed data blocks
over the network for simple and WAN-efficient disaster recovery.

• Zero-copy clones. HPE Nimble Storage snapshots enable the quick creation of fully functioning copies,
or clones, of volumes. Instant clones deliver the same performance and functionality as the source volume,
which is an advantage for virtualization, VDI, and test or development workloads.

• Application-consistent snapshots. The HPE Nimble Storage VDI solution uses the Volume Shadow
Copy Service (VSS) framework and VMware integration to create instant application-consistent and
VM-consistent backups, using application templates with pretuned storage parameters.

• Flexible data encryption with SmartSecure. HPE NimbleOS enables individual volume-level encryption
with little or no performance impact. Encrypted volumes can be replicated to another HPE Nimble Storage
target, and data can be securely shredded at the volume level of granularity.

Transparent Application Migration

Enterprises can deploy HPE Nimble Storage all-flash arrays, adaptive flash arrays, or a combination of both
to meet the varying needs of all applications. Because both types of arrays run the same HPE NimbleOS,
management and functionality are identical, and arrays can be clustered and managed as one.

The transparent application migration feature enables the administrator to transparently migrate volumes that
were set up on an adaptive flash array to an all-flash array or vice-versa. If, for example, infrastructure volumes
are housed on an adaptive flash array, and they need to be migrated to an all-flash array, moving them
through transparent application migration can reduce the time required to rebuild the entire infrastructure.
VDI infrastructure volumes can be migrated across arrays without affecting the consistency of the infrastructure.
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Figure 6:Transparent application migration

HPE InfoSight
HPE InfoSight leverages the power of deep data analytics to offer customers precise guidance on the optimal
approach to scaling flash, CPU, and capacity for changing application needs while maintaining peak storage
health. Using systems modeling, predictive algorithms, and statistical analysis, HPE InfoSight solves storage
administrators’ most difficult problems, ensuring that storage resources are dynamically and intelligently
deployed to satisfy the changing needs of business-critical applications.

At the heart of HPE InfoSight is a powerful engine that applies deep data analytics to telemetry data that is
gathered from HPE Nimble Storage arrays deployed across the globe. More than 30 million sensor values
are collected per day for each HPE Nimble Storage array. The HPE InfoSight engine transforms the millions
of gathered data points into actionable information that helps customers realize significant operational efficiency
in many ways:

• Maintaining optimal storage performance
• Projecting storage capacity needs
• Proactively monitoring storage health and receiving granular alerts
• Proactively diagnosing and automatically resolving complex issues, which frees up IT resources for

value-creating projects
• Ensuring a reliable data protection strategy with detailed alerts and monitoring
• Expertly guiding storage resource planning, by determining the optimal approach to scaling cache and

IOPS to meet changing SLAs
• Identifying latency and performance bottlenecks through the entire virtualization stack
• Delivering transformed support experience from level-3 support

For more information, see HPE InfoSight Predictive Analytics.
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VMVision for Hypervisor and VMware Monitoring
VMVision provides a granular view of the resources that are used by every VM connected to an HPE Nimble
Storage array. This feature makes it possible to correlate the performance of VMs in a datastore with insights
into hypervisor and host resource constraints such as vCPU, memory, and network.

VMVision helps in determining VM latency factors, whether from the storage, the host, or the network. It also
helps in taking corrective action on noisy-neighbor VMs and reclaiming space from underused VMs. Every
hour, through the heartbeat mechanism, the correlated statistics are sent to HPE InfoSight for processing.
No additional host-side agents, tools, or licenses are necessary for the feature to work.

Figure 7: HPE Nimble Storage VMVision

11Copyright © 2018 by Hewlett Packard Enterprise Development LP. All rights reserved.

Documentation FeedbackVMVision for Hypervisor and VMware Monitoring

mailto:hpdl_nimble-tech-mkgt-doc-requests@hpe.com?subject=[DOC FEEDBACK] - HPE Nimble Storage Reference Architecture for Citrix XenDesktop&body=Date: 01/26/2018%0D%0ATopic or Content Referenced: (please add information) %0D%0AComment: (please add information) %0D%0A


Solution Design

HPE Nimble Storage Design Fundamentals
The solution design uses the HPE Nimble Storage all-flash array to provide block storage. A base configuration
with 46 TB of raw capacity was deployed in the array that was used for validation. HPE Nimble Storage
all-flash arrays support the addition of up to two expansion shelves for a total raw flash capacity of 184 TB,
with an effective capacity of approximately 680 TB (applying a 5:1 data reduction).

This design uses 16 Gb fabric connectivity with two FC interface cards to provide 64 Gb of FC bandwidth per
controller. For additional FC bandwidth, a third FC card can be deployed on each controller; however, this
interface is typically used for 10 GbE connections to other arrays in a scale-out cluster for data replication
traffic. HPE Nimble Storage arrays support nondisruptive upgrades for increasing capacity (scaling deep),
upgrading controllers (scaling up), or adding arrays (scaling out).

The design uses an FC SAN to boot the servers. The service profile that is used to configure and deploy the
compute servers includes a boot policy that points to the HPE Nimble Storage array. The boot policy specifies
a primary and a secondary SAN path to the two controllers on the array where the boot volumes reside. A
second boot policy is also configured, but with the primary and secondary paths reversed from that of the
first boot profile. The second boot policy is used to load-balance the SAN boot across different paths when
multiple servers are booting. This optional aspect of the design can be helpful in larger deployments for
distributing the load when multiple servers must be booted simultaneously.

Each server has a dedicated 10 GB boot volume on the HPE Nimble Storage array. During the initial SAN
boot, the server attaches to all primary and secondary connections in both the active and the standby controller.
This arrangement enables normal boot operations even when a controller or primary path is offline. The hosts
are configured with the HPE Nimble Connection Manager and the path selection policy to optimize MPIO
settings and enable proper FC path management and failover connectivity.

Citrix XenDesktop Design Fundamentals
Prime reasons for moving to a virtual desktop solution include an ever-growing and diverse base of user
devices, complexity in the management of traditional desktops, the ongoing need for security, and even the
growth in programs that let you bring your own device (BYOD) to work.

Citrix XenDesktop 7.11 integrates hosted shared and VDI desktop virtualization technologies into a unified
architecture that enables a scalable, simple, efficient, and manageable solution for delivering Windows
applications and desktops as a service.

Users can select applications from an easy-to-use “store” that is accessible from tablets, smartphones, PCs,
Macs, and thin clients. XenDesktop delivers a native touch-optimized experience with HDX high-definition
performance, even over mobile networks.

Citrix XenApp 7.11

The Citrix XenApp and XenDesktop application and desktop virtualization solutions are built on a unified
architecture, so they are simple to manage and flexible enough to meet the needs of all users in an organization.
XenApp and XenDesktop have a common set of management tools that simplify and automate IT tasks. The
same architecture and management tools that are used for on-premises deployments are also used for
managing public, private, and flash cloud deployments.

Citrix XenApp delivers multiple benefits:

• XenApp published applications, also known as server-based hosted applications. These applications
are hosted from Windows servers to any type of device, including Windows PCs, Macs, smartphones,
and tablets. Some XenApp editions include technologies that further optimize the experience of using
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Windows applications on a mobile device by automatically translating native mobile-device display,
navigation, and controls to Windows applications; enhancing performance over mobile networks; and
enabling developers to optimize custom Windows applications for any mobile environment.

• XenApp published desktops, also known as server-hosted desktops. These inexpensive, locked-down
Windows virtual desktops are hosted from Windows Server operating systems. They are well suited to
users such as call center employees who perform a standard set of tasks.

• VM-hosted applcations. These applications are hosted from machines running Windows desktop operating
systems for applications that cannot be hosted in a server environment.

• Windows applications delivered with Microsoft App-V. These applications use the same management
tools that are used for the rest of a XenApp deployment.

Citrix XenDesktop 7.11

Citrix XenDesktop 7.11 includes significant enhancements to help customers deliver Windows apps and
desktops as mobile services while addressing management complexity and associated costs. The 7.11
release includes the following enhancements:

• Unified product architecture for XenApp and XenDesktop—the FlexCast Management Architecture
(FMA). A single set of administrative interfaces delivers both hosted-shared applications (Remote Desktop
Services [RDS]) and complete virtual desktops (VDI). Unlike earlier releases that separately provisioned
Citrix XenApp and XenDesktop farms, the XenDesktop 7.11 release allows administrators to deploy a
single infrastructure and use a consistent set of tools to manage mixed application and desktop workloads.

• Support for extending deployments to the cloud. This release provides the capability of flash cloud
provisioning from Amazon Web Services (AWS) or from any other public or private cloud platform. Cloud
deployments are configured, managed, and monitored through the same administrative consoles as
deployments on traditional on-premises infrastructure.

• Enhanced HDX technologies. Because mobile technologies and devices are increasingly prevalent,
Citrix has engineered new and improved HDX technologies to improve the user experience for hosted
Windows apps and desktops.

• A new version of StoreFront. The StoreFront 3.0 release provides a single, simple, and consistent
aggregation point for all user services. Administrators can publish apps, desktops, and data services to
StoreFront, from which users can search and subscribe to services.

• Remote power control for physical PCs. Remote PC access supports “wake on LAN,” which adds the
ability to power on physical PCs remotely. This functionality allows users to keep PCs powered off when
not in use to conserve energy and reduce costs.

• Full AppDNA support. AppDNA provides automated analysis of applications for Windows platforms and
suitability for application virtualization through App-V, XenApp, or XenDesktop. Full AppDNA functionality
is available in some editions.

Citrix XenDesktop offers the following features:

• VDI desktops. Each virtual desktop runs a Windows desktop operating system rather than running in a
shared, server-based environment. Users are given their own desktops that they can fully personalize.

• Hosted physical desktops. This capability is well suited for providing secure access to powerful physical
machines, such as blade servers, from within your data center.

• Remote PC access. Remote access allows users to log in to their physical Windows PC from anywhere
over a secure XenDesktop connection.

• Server VDI. This feature provides hosted desktops in multitenant cloud environments.
• Continued-use capabilities for virtual desktops. Users can continue to work on their virtual desktops

while not connected to the network.
• XenApp-related features. Some XenDesktop editions include the features that are available in XenApp.

Release 7.11 of XenDesktop includes new features that make it easier for users to access applications and
desktops and for Citrix administrators to manage applications:
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• Session prelaunch and session linger. These features help users to quickly access server-based hosted
applications by starting sessions before they are requested (session prelaunch) and keeping application
sessions active after a user closes all applications (session linger).

• Support for unauthenticated (anonymous) users. Users can access server-based hosted applications
and server-hosted desktops without presenting credentials to Citrix StoreFront or Receiver.

• Connection leasing. Recently used applications and desktops remain available even when the site
database in unavailable.

• Application folders in Citrix Workflow Studio. This feature makes it easier to administer large numbers
of applications.

Other new features in the 7.11 release enable you to improve performance by specifying the number of
actions that can occur on a site’s host connection, display enhanced data for managing and monitoring a
site, and anonymously and automatically contribute data that Citrix can use to improve product quality,
reliability, and performance.

For more information about new features in the 7.11 release, see Citrix XenDesktop Release 7.11.

Figure 8: Logical architecture of Citrix XenDesktop

Citrix Provisioning Services 7.11

Most enterprises struggle to keep up with the proliferation and management of computers in their environments.
Each computer, whether it is a desktop PC, a server in a data center, or a kiosk-type device, must be managed
as an individual entity. The benefits of distributed processing come at the cost of distributed management. It
costs time and money to set up, update, support, and ultimately decommission each computer. Furthermore,
the initial cost of the machine is often dwarfed by operating costs.
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Citrix Provisioning Services (PVS) takes a very different approach from that of traditional imaging solutions
by fundamentally changing the relationship between hardware and the software that runs on it. By streaming
a single shared disk image (vDisk) rather than copying images to individual machines, PVS enables
organizations to reduce the number of disk images that they manage, even as the number of machines
continues to grow. This strategy simultaneously provides the efficiency of centralized management and the
benefits of distributed processing.

In addition, because machines are streaming disk data dynamically and in real time from a single shared
image, machine image consistency is essentially ensured. At the same time, the configuration, applications,
and even the OS of large pools of machines can be completely changed in the time it takes for the machines
to reboot.

With PVS, any vDisk can be configured in standard-image mode. A vDisk in standard-image mode allows
many computers to boot from it simultaneously, greatly reducing the number of images that must be maintained
and the amount of storage that is required. The vDisk is in read-only format, and the image cannot be changed
by target devices.

These same benefits apply to vDisks that are streamed to bare metal servers, which is how PVS was used
in the tests that validated the design described in this guide.

Citrix Desktop Studio for XenApp 7.11

Anyone who manages a pool of servers that work as a farm, such as Citrix XenApp servers or web servers,
knows that maintaining a uniform patch level on the servers can be difficult and time consuming. Traditional
imaging solutions start with a clean golden master image, but as soon as a server is built with the master
image, that server must be patched along with all of the other individual servers.

Rolling out patches to individual servers in a farm is not only inefficient but can also have unreliable results.
Patches often fail on an individual server, and the problem might not even be apparent until users start
complaining or the server has an outage. After that happens, getting the server resynchronized with the rest
of the farm can be challenging, and sometimes a full reimaging of the machine is required.

With Citrix PVS, patch management for server farms is simple and reliable. You start by managing the golden
image, and you continue to manage that single golden image. All patching is performed in one place and
then streamed to the servers when they boot. Server build consistency is assured because all servers use a
single shared copy of the disk image. If a server becomes corrupted, only a reboot is required, and the server
is instantly returned to the known good state of the master image. Upgrades are extremely fast to implement.
After the updated image is ready for production, you simply assign the new image version to the servers and
reboot them. The new image can be deployed to any number of servers in the time it takes them to reboot.
Just as important, rollback can be performed in the same way, so problems with new images do not have to
take servers or users out of commission for an extended period of time.

Benefits for Desktop Administrators

Because Citrix PVS is part of Citrix XenApp, desktop administrators can use the PVS streaming technology
to simplify, consolidate, and reduce the costs of both physical and virtual desktop delivery. Many organizations
are beginning to explore desktop virtualization. Although virtualization addresses many of IT’s needs for
consolidation and simplified management, deploying it also requires deploying the infrastructure to support
it. Without PVS, storage costs can make desktop virtualization too costly for the IT budget. However, with
PVS, IT can reduce the amount of storage required for VDI by as much as 90%. And with a single image to
manage instead of hundreds or thousands of desktops, PVS significantly reduces the cost, effort, and
complexity of desktop administration.

Different types of workers across the enterprise need different types of desktops. Some require simplicity
and standardization; others require high performance and personalization. XenApp can meet these
requirements in a single solution that uses Citrix FlexCast delivery technology. With FlexCast, IT can deliver
every type of virtual desktop, each specifically tailored to meet the performance, security, and flexibility
requirements of individual users.
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Not all desktops applications can be supported by virtual desktops. For these scenarios, IT can still reap the
benefits of consolidation and single-image management. Desktop images are stored and managed centrally
in the data center and streamed to physical desktops on demand. This model works particularly well for
standardized desktops, such as those used in lab and training environments or call centers, and for thin-client
devices that are used to access virtual desktops.

Citrix Provisioning Services Solution

Citrix PVS streaming technology allows computers to be provisioned and reprovisioned in real time from a
single shared disk image. With this approach, administrators can completely eliminate the need to manage
and patch individual systems. Instead, they can perform all image management on the master image. The
local hard drive of each system can be used for runtime data caching or, in some scenarios, can be removed
from the system entirely, which reduces power use, system failure rate, and security risk.

The infrastructure of the PVS solution is based on software-streaming technology. After PVS components
are installed and configured, a vDisk is created from a device’s hard drive by taking a snapshot of the OS
and application image and then storing that image as a vDisk file on the network. A device used for this
process is referred to as a master target device. The devices that use the vDisks are called target devices.

vDisks can exist on a provisioning server, on a file share, or—in larger deployments—on a storage system
with which PVS can communicate (iSCSI, SAN, NAS, or CIFS/SMB). vDisks can be assigned to a single
target device in private-image mode or to multiple target devices in standard-image mode.

Citrix Provisioning Services Infrastructure

The Citrix PVS infrastructure design relates directly to administrative roles within a PVS farm. The PVS
administrator role determines which components the administrator can manage or view in the console.

A PVS farm contains several components. The following figure provides a high-level view of a basic PVS
infrastructure and shows how PVS components might appear in that implementation.

Figure 9: Logical architecture of Citrix Provisioning Services
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High-Level Storage Architecture Design

HPE recommends a number of storage architecture best practices for deploying a mix of various Citrix
XenDesktop and XenApp delivery models on the same HPE Nimble Storage array. These delivery models
include persistent and nonpersistent hosted VDI, hosted-shared desktops, and intelligent VDI layering, such
as profile management and user data management.

For XenApp server-shared desktops and nonpersistent Windows 10 virtual desktops, HPE recommends the
following best practices for the Provisioning Server write cache drives, user profiles, user data, and application
virtualization:

• Provisioning Services (PVS) vDisk. Use CIFS/SMB3 to host the PVS vDisk.

CIFS/SMB3 allows a single vDisk to be shared among multiple PVS servers while still maintaining resilience
during storage node failover. This process results in significant operational savings and architectural
simplicity. SMB3 is available in Windows Server 2012 or later, and it provides persistent handles. SMB3
persistent handles prevent the PVS server from crashing during a storage node failover. Therefore,
Windows Server 2012 is the required OS for a PVS server to ensure a stable PVS implementation.

• Provisioning Server write cache drives. Make write cache drives twice the size of the VM memory.

Choose Cache in device RAM with overflow on hard disk as the provisioning technique. The PVS write
cache file should be set for thin provisioning at the storage layer.

• User profiles. Use Citrix User Profile Manager to set policy and to provision user profiles.
• User data. Host user data on CIFS/SMB3 home directories to preserve data during VM reboot or

redeployment.
• Monitoring and management. Use Citrix XenDesktop Director and HPE InfoSight to monitor and manage

the solution.
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Solution Hardware and Software

Solution Components
The deployed architecture is highly modular. Although each customer’s environment might vary in its exact
configuration, the reference architecture described in this guide, once built, can easily be scaled as
requirements and demands change—both up (by adding more compute or array resources) and out (by
adding a compute chassis and HPE Nimble Storage all-flash arrays.)

The solution includes the HPE Nimble Storage AF5000, which efficiently fits into a single data center rack,
including the servers and access layer network switches. In addition, the multiple configurations for a 5000-user
mixed XenDesktop workload feature the following software:

• Citrix XenApp 7.11 shared hosted virtual desktops (RDS) with PVS write cache on FC storage
• Citrix XenDesktop 7.11 nonpersistent hosted virtual desktops (VDI) with PVS write cache on FC storage
• Citrix XenDesktop 7.11 persistent hosted virtual desktops (VDI) provisioned with Citrix PVS and stored

on FC storage
• Citrix Provisioning Server 7.11
• Citrix User Profile Manager
• Citrix StoreFront 3
• VMware vSphere ESXi 6.0, Update 2, hypervisor
• Windows Server 2012 R2 and Windows 10 64-bit VM operating systems
• Microsoft SQL Server 2012

Logical Architecture
The logical architecture of this solution is designed to support up to 5000 users within a four-blade server
chassis containing 28 blades. This configuration provides physical redundancy for the blade servers for each
workload type.

The following figure outlines the logical architecture of the test environment, including the self-contained,
end-user-experience benchmarking platform of the Login VSI session launcher.

Figure 10: Logical architecture overview

To fully configure your environment, various steps require you to use customer-specific naming conventions,
IP addresses, and VLAN schemes, as well as to record the appropriate MAC addresses. The following figure
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identifies the server roles in the 28-server deployment that supports the 5000-seat workload. It also breaks
out the infrastructure VM fault-tolerant design.

Figure 11: Servers, locations, and purposes

The following table outlines the VM deployments on the hardware platform.

Table 1: VM deployment architecture

PurposeLocationServer Name

ESXi 6.0 hosts, infrastructure VMs, Windows
Server 2012 R2, VCSA, VSM, VSUM

Physical – Chassis 1, 2C1-Blade8, C2-Blade8

ESXi 6.0 hosts, 96x XenApp RDS VMsPhysical – Chassis 1, 2C1-Blade1-6, C2-Blade1-6

ESXi 6.0 hosts, 1200x XenDesktop VDI (non-
persistent) VMs

Physical – Chassis 3, 4C3-Blade1-3, C4-Blade1-4

ESXi 6.0 hosts, 1200x XenDesktop VDI (per-
sistent) VMs

Physical – Chassis 3, 4C3-Blade4-6, 8 C4-Blade5, 6, 8

Citrix StoreFront server 1C1-Blade8CTX-SF1

XenDesktop controller 1, Studio, licensingC1-Blade8CTX-XD1

Provisioning Services streaming server 1C1-Blade8CTX-PVS1
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PurposeLocationServer Name

Provisioning Services streaming server 3C1-Blade8CTX-PVS3

SQL Server 1 (Always On)C1-Blade8SQL1

Active Directory domain controller 1C1-Blade8AD-DC1

VMware vCenter Server ApplianceC1-Blade1VCSA

Citrix StoreFront server 2C2-Blade1CTX-SF2

XenDesktop controller 2, directorC2-Blade1CTX-XD2

Provisioning Services streaming server 2C2-Blade1CTX-PVS2

SQL Server 2 (Always On)C2-Blade1SQL2

Active Directory domain controller 2C2-Blade1AD-DC2

VLANs

For this environment, the recommended VLAN configuration includes a total of seven VLANs as listed in the
following table.

Table 2: VLANs configured in this study

VLAN PurposeVLAN IDVLAN Name

Native VLAN1Default

VLAN for in-band management interfaces70In-Band-Mgmt

VLAN for virtual infrastructure71Infra-Mgmt

VLAN for VDI traffic77VDI

VLAN for VMware vMotion76vMotion

VLAN for out-of-band management interfaces164OB-Mgmt

VSANs

The design uses two virtual SANs for communications and fault tolerance.

Table 3: VSANs configured in this study

VSAN PurposeVSAN IDVSAN Name

VSAN for primary SAN communication3VSAN 3

VSAN for secondary SAN communication4VSAN 4

VMware Clusters

The following VMware clusters were used in one vCenter data center to support the testing environment:

• VDI cluster HPE Nimble Storage data center:

• Infrastructure cluster. Infra VMs (vCenter, Active Directory, DNS, DHCP, SQL Server, XenDesktop
Controllers, Provisioning Servers, Cisco Nexus 1000v Virtual Supervisor Modules [VSMs], and so forth)

• RDS. Citrix XenApp RDS VMs (Windows Server 2012 R2)
• VDI nonpersistent. Citrix XenDesktop VDI VMs (Windows 10 64-bit nonpersistent virtual desktops

provisioned with Citrix PVS)

20Copyright © 2018 by Hewlett Packard Enterprise Development LP. All rights reserved.

Documentation FeedbackVLANs

mailto:hpdl_nimble-tech-mkgt-doc-requests@hpe.com?subject=[DOC FEEDBACK] - HPE Nimble Storage Reference Architecture for Citrix XenDesktop&body=Date: 01/26/2018%0D%0ATopic or Content Referenced: (please add information) %0D%0AComment: (please add information) %0D%0A


• VDI persistent. Citrix XenDesktop VDI VMs (Windows 10 64-bit persistent virtual desktops provisioned
with Citrix Machine Creation Services [MCS])

• Login VSI Launcher clusters:

• Launcher cluster 1 and 2. Login VSI cluster (The Login VSI Launcher infrastructure was connected
by using the same set of switches and vCenter instance, but it was hosted on separate local storage
and separate servers.)

Data Storage Layout

The following table lists the layout for the HPE Nimble Storage AF5000 all-flash array used in the solution.
The listed sizes (provisioned capacity) and performance policies are recommended for best performance in
this VDI solution.

Table 4: Layout for the HPE Nimble Storage AF5000 all-flash array

Performance
Policy

VMware/OS
Connect/Boot

SizeNameVolume

VMware ESXiVMware2 TBAFA-Infra-DSInfrastructure

VMware ESXiBoot10 GBInfra1BootInfrastructure boot 1

VMware ESXiBoot10 GBInfra2BootInfrastructure boot 2

VMware ESXiBoot10 GBSP-VDI-01 to SP-
VDI-14

Boot LUN

VMware ESXiBoot10 GBAFA-VDI-15 to AFA-
VDI-30

Boot LUN

Windows File ServerVMware350 GBAFA-PVSvDiskPVS vDisk

Windows File ServerFile share3 TBAFAUserProfileUser profile

VDIVMware40 TBMCSMCS

VDIVMware30 TBPVSPVS write cache

VDIVMware4 TBXenAppXenApp
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Testing Methodology and Success Criteria

The testing methodology focused on the virtual desktop lifecycle and the Citrix XenApp shared RDS-hosted
models. Metrics were captured during desktop boot-up, user logon and virtual desktop acquisition (also
referred to as ramp-up), user workload execution (also referred to as steady state), and user logoff.

Test metrics were gathered from the virtual desktop, storage, and load-generation software to assess the
overall success of an individual test cycle. No test cycle was considered as passed unless all of the planned
test users completed the ramp-up and steady state phases and unless all metrics fell within the permissible
thresholds that were designated as success criteria.

Three test cycles were successfully completed for each hardware configuration, and results were found to
be relatively consistent from one test to the next.

For more information and a free test license, see Login VSI: Performance Starts Here.

Testing Procedure
To ensure consistent results, the following protocol was used for every test cycle in the study.

Pretest Setup

All machines were shut down by using XenApp 7.11 Administrator.

All launchers for the test were shut down. They were then restarted in groups of 10 per minute until the
required number were running with the Login VSI agent in a waiting for test to start state.

Test Run Protocol

To simulate severe real-world environments, the ramp-up had to complete in 48 minutes. We also required
all sessions that were started during testing—whether 60 single-server users or 900 full-scale test users—to
become active within two minutes after the last session was launched.

In addition, the Login VSI benchmark method was used for all single-server and scale testing. This method
ensured that our tests would represent real-world scenarios. For each of the three consecutive runs on
single-server tests, we followed the same test procedure.

Table 5:Testing procedure

ActionTimeStep

Start PerfMon logging on the following systems:

• Infrastructure and VDI host blades used in the test run
• All infrastructure VMs used in the test run (AD, SQL Server, brokers, image

management, and so forth)

0:00:001

Start storage partner performance logging on the storage system.0:00:102

Boot RDS machines by using XenDesktop Studio UCSM KVM.0:05:003

Boot the first machines.0:06:004
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ActionTimeStep

Register single-server or scale target number of RDS servers on XenDesktop.

Note No more than 60 minutes of rest time was allowed after the last desktop
was registered on XenDesktop Studio or became available in the View Connection
Server dashboard. Typically, a 30-minute rest period for Windows 10 desktops
and 15 minutes for RDS VMs is sufficient.

0:35:005

Set the auto-logoff time at 900 seconds and start the Login VSI 4.1.4 Office
Worker benchmark mode test with a single-server, or scale the target number
of desktop VMs by using a sufficient number of launchers (at 20 to 25 sessions
per launcher).

1:35:006

Launch a single server or scale to a target number of desktop VMs (48-minute
benchmark launch rate).

2:23:007

All launched sessions become active.

Note For a test run within this window to be valid, all launched sessions must
become active.

2:25:008

Login VSI test ends (based on the designated auto-logoff 900-second period).2:40:009

Log off all active sessions.

Note All launched and active sessions must be logged off for a valid test run.
The XenDesktop Studio or View Connection Dashboard must show that all
desktops have been returned to the registered and available state as evidence
that this condition is met.

2:55:0010

All logging is terminated, and the test is complete.2:57:0011

Copy all log files off to archive, set virtual desktops to maintenance mode through
the broker, and shut down all Windows 10 machines.

3:15:0012

Reboot all hypervisors.3:30:0013

The system is ready for a new test sequence.3:45:0014

Success Criteria
The pass criteria was to run tests at a session-count level that effectively used the blade capacity as measured
by use of CPU, memory, storage, and network. We used Login VSI to launch Office Worker 4.1 workloads.
The number of launched sessions had to equal the number of active sessions within two minutes of the time
when the last session was launched as observed on the VSI management console.

We monitored the Citrix Desktop Studio dashboard throughout the steady state to ensure that two criteria
were met:

• All running sessions reported In Use throughout the steady state.
• No sessions moved to the unregistered, unavailable, or available state at any time during steady state.

We also required all sessions on all launchers to be logged out automatically and the Login VSI agent to be
shut down within 20 minutes of the end of the test. Stuck sessions defined a test failure condition. Three
consecutive runs with results within +/-1% variability were required to pass the validated design performance
criteria.

The purpose of the testing was to provide the data needed to validate Citrix XenDesktop persistent and
nonpersistent Windows 10 desktops and Citrix XenApp 7.11 hosted shared desktops with Citrix Provisioning
Services 7.11 using Windows Server 2012 R2 sessions on blade servers.
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Four test sequences, each containing three consecutive test runs that generated the same results, were
performed to establish single-blade performance and multiblade linear scalability.

We planned to use the information gained from our testing to provide data points for customers to reference
when designing their own implementations. Our validation results serve as an example of what is possible
under the specific environmental conditions outlined in this document; they do not represent the full
characterization of Citrix products.

VSImax

In general, conventional system benchmarks are steady-state benchmarks. They execute one or more
processes, and the measured execution time is the outcome of the test. Essentially, according to the
benchmark, the faster the execution time or the bigger the throughput, the faster the system is.

Login VSI takes a different approach. It is not primarily designed to be a steady-state benchmark (although,
if needed, it can act as one). Instead, Login VSI is designed to perform benchmarks for server-based or VDI
workloads through system saturation.

Login VSI loads the system with simulated user workloads, using well-known desktop applications such as
Microsoft Office, Internet Explorer, and Adobe PDF Reader. By gradually increasing the number of simulated
users, Login VSI eventually saturates the system. When the system is saturated, application response time
increases significantly. This latency in application response times provides a clear indication of whether the
system is (or is close to being) overloaded. By nearly overloading a system, it is possible to discover its true
maximum user capacity.

After a test is performed, the response times can be analyzed to calculate the maximum active session or
desktop capacity. Within Login VSI, this measurement is calculated as VSImax. As the system comes closer
to its saturation point, response times rise. A review of the average response time shows that response times
escalate at the saturation point.

VSImax is defined as the virtual session index (VSI). With VDI and terminal services (RDS) workloads, the
VSI provides valid and useful information. This index simplifies comparisons and clarifies the true impact of
configuration changes at the hypervisor host or guest level.

Server-Side Response Time Measurements

One key design choice for Login VSI tests was the decision to execute the workload directly on the target
system within the session instead of using remote sessions. The scripts that simulate the workloads are
performed by an engine that executes workload scripts on every target system, and they are initiated at logon
in the context of the simulated user’s desktop session.

An alternative to the Login VSI method would be to generate user actions on the client side through the
remoting protocol. These methods are always specific to a product and are vendor dependent. More importantly,
some protocols simply do not have a method to script user actions on the client side.

For Login VSI, the choice was made to execute the scripts completely on the server side. This is the only
practical and platform-independent solution for a benchmark like Login VSI.

Calculating VSImax v4.1.x

Login VSI 4.1.x introduces a new VSImax method: VSImax v4.1. This new methodology provides much better
insight into system performance and scales to extremely large systems.

The simulated desktop workload is scripted in a 48-minute loop during which a simulated Login VSI user logs
on and performs generic office worker activities. When the loop finishes, it restarts automatically. Within each
loop, the response times of 16 specific operations are measured at regular intervals—16 times during each
loop.

The response times of five operations are used to determine VSImax:
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• Notepad file open (NFO). This action loads and initiates VSINotepad.exe and opens the openfile dialog.
This operation is handled by the OS and by the VSINotepad.exe itself through execution. From the end
user's point of view, this operation appears to be almost instantaneous.

• Notepad start load (NSLD). This action loads and initiates VSINotepad.exe and opens a file. This operation
is also handled by the OS and by the VSINotepad.exe itself through execution. Like the NFO action, this
operation appears almost instantaneous from the end user's point of view.

• Zip high compression (ZHC). This action copies a random file and compresses it (using 7-Zip) with high
compression enabled. The compression very briefly spikes the CPU and disk I/O.

• Zip low compression (ZLC). This action copies a random file and compresses it (using 7-Zip) with low
compression enabled. The compression generates disk I/O and creates some load on the CPU.

• CPU. This operation calculates a large array of random data and spikes the CPU for a short period of
time.

These measured operations within Login VSI cover a range of different subsystems, such as CPU (user and
kernel), memory, disks, the OS in general, the application itself, print, GDI, and so forth. These operations
are specifically short by nature. When such operations become consistently long, the system is saturated
because of excessive queuing on any kind of resource. As a result, the average response times escalate.
The effect is clearly visible to end users. If such operations consistently consume multiple seconds, the user
regards the system as slow and unresponsive.

Figure 12: Sample of VSImax response time, representing a normal test
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Figure 13: Sample of a VSI test response time with a clear performance issue

When the test is finished, VSImax can be calculated. If the system is not saturated, and it can complete the
full test without exceeding the average response time latency threshold, then VSImax is not reached and the
number of sessions is considered to have run successfully.

Response times vary significantly for each measurement type. For instance, zipping with compression might
take approximately 2800 ms, but the zip action without compression might take only 75 ms. The response
times of these actions are weighted before they are added to the total. The weighting ensures that each
activity has an equal impact on the total response time.

In comparison with earlier VSImax models, this weighting much better represents system performance. All
actions have very similar weights in the VSImax total. The actions that are part of the VSImax v4.1 calculation
are weighted as follows (US notation):

• NFO: 0.75
• NSLD: 0.2
• ZHC: 0.125
• ZLC: 0.2
• CPU: 0.75

This weighting is applied on the baseline and on normal Login VSI response times.

Login VSI 4.1 introduces a new method to calculate the basephase of an environment. With the new workloads
(Task Worker, Power Worker, and so on), enabling basephase for a more reliable baseline has become
obsolete. A different calculation is used:

1 Take the lowest 15 VSI response time samples from the entire test.
2 From those 15 samples, remove the lowest 2 results.
3 Average the 13 remaining results to determine the baseline.

The VSImax average response time in Login VSI 4.1.x is calculated based on the number of active users
that are logged in to the system. Always, at least five Login VSI response time samples are averaged, plus
40% of the number of active sessions. For example, if the number of active sessions is 65, then the latest 5
+ 26 (26 = 40% of 65) = 31 response time measurements are used for the average calculation.
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To remove noise (accidental spikes) from the calculation, both the top and the bottom 5% of the VSI response
time samples are removed from the average calculation, with a minimum of one top and one bottom sample.
In our example of 65 active users, from the 31 VSI response time samples, the top 2 are removed, and the
lowest 2 results are also removed (5% of 31 = 1.55, rounded to 2). At 65 users, the average is then calculated
over the 27 remaining results.

VSImax v4.1.x is reached when the VSIbase plus a 1000 ms latency threshold is not reached by the average
VSI response time result. Depending on the tested system, the VSImax response time can grow to two to
three times the baseline average. In end-user computing, the maximum performance degradation that is
typically considered acceptable is a threefold increase in response time as compared with the baseline.

In VSImax v4.1.x, this latency threshold is fixed at 1000 ms, which enables better and fairer comparisons
between two different systems, especially when they have different baseline results. Ultimately, in VSImax
v4.1.x, the performance of the system is not decided by the total average response time, but by the latency
it has under load. For all systems, this is 1000 ms (weighted).

The threshold for the total response time is the average weighted baseline response time plus 1000 ms. For
example, when the system has a weighted baseline response time average of 1500 ms, the maximum average
response time may not be greater than 2500 ms (1500 + 1000). If the average baseline is 3000, the maximum
average response time may not be greater than 4000 ms (3000 + 1000).

When the threshold is not exceeded by the average VSI response time during the test, VSImax is not reached,
and the number of sessions is considered to have run successfully. This approach is fundamentally different
from that of earlier VSImax methods because previously it was necessary to saturate the system beyond the
VSImax threshold.

Finally, VSImax v4.1.x is always reported with the average baseline VSI response time result. For example:
“The VSImax v4.1 was 125 with a baseline of 1526 ms.” Including the baseline helps considerably in the
comparison of systems and provides a more complete understanding of the system. The baseline performance
helps to clarify the best performance the system can give to an individual user. VSImax indicates what the
total user capacity is for the system. These two measurements are not automatically connected and related.

When a server with a very fast dual-core CPU running at 3.6 GHZ is compared with a 10-core CPU running
at 2.26 GHZ, the dual-core machine provides better performance for an individual user than the 10-core
machine, as indicated by the baseline VSI response time. The lower this score, the better the performance
an individual user can expect.

However, the server with the slower 10-core CPU easily has a larger capacity than the faster dual-core system,
as indicated by VSImax v4.1.x. The higher the VSImax, the larger the overall user capacity that can be
expected.
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Test Results

The following test cases were validated in this solution:

• Test cases to evaluate the superior performance of the HPE Nimble Storage array:

• 5000 knowledge-user workload (2 vCPU, 2 GB) with RAM cache enabled
• 5000 knowledge-user workload (2 vCPU, 2 GB) with RAM cache disabled
• Boot storm of virtual desktops

• Test cases to evaluate the absolute resiliency and nonstop availability of the HPE Nimble Storage array:

• Controller failover under active workload
• Three simultaneous SSD failures under load

Each test case was designed to measure the performance, scalability, and resilience of the HPE Nimble
Storage array. The 5000-user mixed workload consisted of 1000 persistent MCS desktops, 2500 nonpersistent
PVS desktops, and 1500 XenApp users.

In every case, the HPE Nimble Storage AF5000 delivered superlative performance with very low latency.

Superior Performance
HPE Nimble Storage all-flash arrays are built for speed and scalability. They deliver the performance and
low latency needed to power the flash data center.

Storage Test Case I: 5000-User Testing with PVS RAM Cache Enabled

Test case 1 focused on a mixed workload of 1000 MCS persistent desktops, 2500 PVS XenDesktop
nonpersistent desktops, and 1500 PVS XenApp users. Testing was performed by using Login VSI with PVS
RAM cache enabled.

The following graph shows the Login VSI response time. It has a VSImax baseline of 680 ms without reaching
a VSImax.

Figure 14: Login VSI response time
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Figure 15: HPE Nimble Storage array performance with PVS RAM cache enabled

Test Result Summary

The average latency of the HPE Nimble Storage array was consistently submillisecond through the test cycle,
and a maximum of approximately 8000 IOPS was recorded.

Storage Test Case II: 5000-User Testing with PVS RAM Cache Disabled

Test case 2 focused on a mixed workload of 1000 MCS persistent desktops, 2500 PVS nonpersistent
XenDesktop desktops, and 1500 XenApp users. Testing was performed by using Login VSI with PVS RAM
cache disabled.
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Figure 16: HPE Nimble Storage array performance with PVS RAM cache disabled

Test Result Summary

The average latency of the HPE Nimble Storage array was submillisecond, and a maximum of almost 50,000
IOPS was recorded.

Storage Test Case III: 2500 XenDesktop Session Boot Storm

Test case 3 created a boot storm of 2500 virtual desktops.
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Figure 17: HPE Nimble Storage array performance during boot storm

Test Result Summary

The boot storm of 2500 XenDesktop VMs caused no spike in latency and stayed at submillisecond average.

Absolute Resiliency and Nonstop Availability
The nonstop availability feature of the HPE Nimble Storage array delivers 99.9999% measured availability
through predictive analytics and a hardware and software design with no single point of failure.

Storage Test Case IV: HPE Nimble Storage Controller Failover with an Active Workload

In this test, we failed over an active controller while a XenDesktop workload was running to see whether the
failover had any impact on the end user’s performance.

HPE Nimble Storage controllers are set up in the active-standby model to provide a simple, fast, predictable,
and reliable configuration that neutralizes the need to balance LUNs or the I/O load. In addition, administrators
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do not have to worry about controller headroom management or about how performance might be affected
by a controller failure.

In an active-standby configuration, the two controllers (or nodes) have complementary characteristics:

• One controller runs in active mode, owns all volumes, services all I/O requests, and provides data services
such as compression, snapshots, replication, RAID, and so on.

• The partner controller runs in standby mode, ready to take over if the active controller fails.

The active-standby model is mature, simple, and straightforward to implement. It provides deterministic failover
times without any performance impact after a failover, regardless of the load of the failed active controller.
An additional benefit of the active-standby model is that it eliminates the risk of prolonged degraded
performance caused by software upgrades. For instance, more than 60% of the customers who use HPE
Nimble Storage arrays upgrade their production arrays during regular business hours.

In this test, controller B was active and controller A was on standby. After the failover was triggered, controller
A became active without affecting the end user’s performance. The failover was performed during an active
user workload.

Figure 18: Controller B active

Figure 19: Controller failover
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Figure 20: Controller failover warning

Figure 21: Controller B offline, failing over to controller A

After the failover was complete, controller B was in standby mode, and controller A was shown as the active
controller.

Figure 22: Controller A active
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Figure 23: Nimble Storage array performance during controller failover

Test Result Summary

The end-user performance was not affected by the controller failure. Overall latency averaged less than 0.6
ms.

Storage Test Case V: Multiple SSD Failures with an Active Workload

HPE Nimble Storage Triple+ Parity RAID provides resiliency and enables the system to continue operating
after any three simultaneous SSD failures, even within the same RAID group. In addition, intradrive parity
(the “+” in Triple+) protects against additional read errors on any other SSD.

In this test, three random SSDs were pulled from the array, which caused drive failures. The drives were
pulled while a 5000-user workload was running.
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Figure 24: All drives online before the actual drive failure test began

Figure 25:Three drives failed with an active workload (~4,900 users)
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Figure 26: HPE Nimble Storage array performance during drive failure

The array showed consistent throughput and IOPS with an expected spike in latency during the drive loss.
There was no real performance hit.
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Figure 27: Login VSI response time

Test Result Summary

There was no impact to performance even when three drives were pulled while almost 4900 users were
logged in (see the Login VSI performance graph). Most importantly, there was no impact to the data that was
being written to the drives that failed. This result showcases the HPE Nimble Storage Triple+ Parity capability
for absolute resiliency.

The three SSDs were brought online again before the test completed and the users logged off. The drives
rebuilt themselves with no data loss. All drives were restored and rebuilt by the end of the test.

Figure 28: Drives successfully rebuilt after test
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Moving Volumes Across Arrays with HPE Nimble Storage Transparent
Application Migration

To expedite the setup of the testing environment, we used existing infrastructure volumes that had once
housed the VDI infrastructure VMs for a previously developed version of the solution design. Leveraging the
same volumes reduced the time required to rebuild the entire infrastructure.

In the previous design, the volumes were set up on an adaptive flash array. We employed the HPE Nimble
Storage transparent application migration feature to help us migrate the VDI infrastructure volumes from that
adaptive flash array to the AF5000 array that was used to validate this solution. The feature enabled us to
migrate the volumes without affecting the consistency of the infrastructure.

The procedure for using the transparent application migration feature is straightforward, with very few steps.

How to Use Transparent Application Migration

Procedure

1 Select a volume to move.

2 Select the destination location and click Move.
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3 Monitor the progress under the volume properties.

4 After the volume has been moved, verify that the hosts have the new WWPNs configured to point to the
volumes that were migrated.

To verify the new WWPNs, create a new boot-from-SAN policy that reflects the WWPN of the destination
array where the volumes have been moved.

5 After the volume move is complete and a new boot-from-SAN policy is created to reflect the WWPN of
the destination array, zone the new WWPNs into the network switches.
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HPE Nimble Storage Predictive Analytics and Monitoring

Complex infrastructure creates a gap between applications and data that disrupts data delivery and makes
users wait. Closing this gap requires predicting and preventing barriers to data velocity across the infrastructure
stack, a challenge that often leads to costly downtime.

By using big data science, HPE InfoSight, the HPE Nimble Storage cloud-based analytics platform, can
correlate trillions of sensor data points to find the barriers and solve extremely complex issues. HPE InfoSight
predicts, diagnoses, and prevents problems across the infrastructure stack. Having the power of HPE InfoSight
is like having an army of IT experts to keep your infrastructure running perfectly and to predict future needs,
without your lifting a finger.

HPE InfoSight Predictive Analytics
HPE InfoSight, together with VMVision, provides performance correlation analytics to identify the leading
factors that affect performance, avoiding the need for significant manual data collection and analysis. HPE
InfoSight VMVision agentless per-VM monitoring gives enterprise IT staff clear visibility into latency and
performance across the host, network, and storage layers of the stack through intuitive graphical
representations.

The screenshots and reports shown in the following figures reflect the HPE InfoSight console for the AF5000
all-flash array, which was used in this solution. When you click an array name or an array serial number in
HPE InfoSight, you are taken to the storage array analytics page for that array. The core page contains two
tabs: Overview and Performance.

Overview Tab

The Overview tab provides the following information:

• Capacity trends. Predictive analysis of how the array will be utilized over time based on the current
utilization.

• Wellness summary. Any issues related to the array, storage pools, volumes, and so forth.
• Space savings. Overall space savings gained by HPE Nimble Storage data savings.
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Figure 29: Array Overview tab

Figure 30: Effective capacity savings

In our tests, after the infrastructure and the desktops were set up, the array showed a greater-than-tenfold
overall data reduction rate. Through various types of workload testing, the overall data savings were
approximately 83.13 TiB, with a greater-than-fivefold overall data reduction rate.
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Figure 31: Data savings

Performance Tab

The following figure shows the Performance tab for the all-flash array that was used to validate this solution.
The graphs display in-depth performance metrics such as latency, IOPS, and bandwidth for the array since
it was first installed.

Figure 32: Array Performance tab

The colors in the performance graphs reflect metrics for the HPE InfoSight potential impact score. Using HPE
InfoSight intelligence, this score identifies periods when the impact of latency on application behavior is
expected to be the strongest. Larger-block operations, for example, tend to be more latent; however, the
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workloads that drive them tend to be less latency sensitive. The HPE InfoSight potential impact score corrects
for this bias and highlights the latency events that are expected to have the most effect on end users when
they access applications.

HPE InfoSight VMVision
The VMVision agentless monitoring feature provides an additional layer of VM monitoring for HPE InfoSight.
For VMVision to be able to collect VM data, you must first register the vCenter server on the array and then
enable VMVision in HPE InfoSight. The vCenter collection API is used to monitor specific aspects of
performance:

• VM latency
• Host CPU, memory, and latency
• VMDK IOPS, MB/s, and latency
• Datastore IOPS and MB/s latency

The HPE InfoSight data analytics and case creation service troubleshoots potential problems:

• Identification of overloaded hosts (CPU and memory)
• Latent VMs by datastore
• Noisy-neighbor VMs
• Location of HPE Nimble Storage volumes for the VMware datastore

How to Configure VMVision Monitoring

VMVision monitoring is simple to configure through the HPE NimbleOS GUI.

Procedure

1 Log in to the array and, in the HPE NimbleOS GUI, navigate to Administration > VMware Integration.

43Copyright © 2018 by Hewlett Packard Enterprise Development LP. All rights reserved.

Documentation FeedbackHPE InfoSight VMVision

mailto:hpdl_nimble-tech-mkgt-doc-requests@hpe.com?subject=[DOC FEEDBACK] - HPE Nimble Storage Reference Architecture for Citrix XenDesktop&body=Date: 01/26/2018%0D%0ATopic or Content Referenced: (please add information) %0D%0AComment: (please add information) %0D%0A


2 Provide the vCenter host name and credentials to register the vCenter server that you want to monitor.

3 Log in to HPE InfoSight and navigate to Administration > VMVision.
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4 After locating the array that you want to monitor, click Configure.

5 Make sure that VM streaming data is enabled and that the vCenter plugin is registered.

Types of VMVision Monitoring Information

VMVision monitors several types of VM information. For example, you can verify detailed information about
each VM based on IOPS or latency metrics.
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Figure 33: IOPS and latency information

VMVision also provides in-depth metrics for hosts (CPU and memory).

Figure 34: CPU and memory host activity

In addition, VMVision can create datastore treemaps to show how each volume (datastore) is performing in
terms of IOPS and latency. The bigger the box, the more IOPS that datastore is performing; the darker the
box, the higher the latency for that datastore.
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Figure 35: Datastore treemap

VMVision also provides a list of inactive VMs that have not generated I/O activity over the last seven days.
This information is useful for analyzing all unused desktops, and it can be helpful in reclaiming unused
resources.

Figure 36: Inactive VMs
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