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Executive summary 

IT challenges are present day in and day out for the modern enterprise architect, with increased user expectations to access 
productivity tools and enterprise data from anywhere. Coupling these expectations with the need to ensure security 
compliance and reduced operating costs is no easy task. End user needs vary across individuals, roles, organizations, and 
geographic regions. Some users may be assigned to a desk while others are out and about with only a tablet or phone to 
survive. As the IT landscape changes, so does the solution. 

In this document we analyze a mobility solution built upon VMware Horizon 6.1 and the HP ConvergedSystem 700, an 
all-in-one, rack computing solution that will meet the challenges of any virtualized enterprise environment. For this 
reference architecture we’ve teamed up with VMware to not only showcase how impressive Horizon 6.1 storage and 
management efficiency can be using View Composer, but also to explore some of the advanced features Horizon offers. 
Starting with Horizon 6.1 running on ESXi 6.0, we can now integrate NVIDIA GRIDs vGPU technology, and deliver powerful 
graphics rendering capabilities across multiple desktops. Taken together, this solution demonstrates a truly integrated 
client virtualization solution that can: 

• Reduce the cost of virtual desktop infrastructure while meeting the SLA and user experience demands of the business

• Accelerate and streamline desktop and application deployments with factory-integrated building blocks

• Provide powerful 3D graphics to multiple desktops at once without having to redesign your solution 

• Reduce risk with pre-tested server, storage and network configurations for enterprise mobility solutions

• Streamline operations by automating VDI tasks for admin staff using HP OneView and intuitive wizards

Target audience: This document is intended for IT decision makers as well as architects and implementation personnel 

who want to understand HP’s approach to client virtualization and benefit from a pre-tested solution. The reader should 
have a solid understanding of client virtualization, familiarity with VMware® Horizon suite, VMware vSphere products and an 
understanding of sizing/characterization concepts and limitations in client virtualization environments. 

Document purpose: The purpose of this document is to describe a recommended architecture/solution, highlighting 

recognizable benefits to technical audiences. 

This Reference Architecture describes the solution testing performed in August 2015.  

Introduction 

One of the key drivers in the client virtualization market is end-user productivity. Today’s end-users expect a fully integrated 
and seamless experience that integrates mobile and static devices, applications and connectivity to quickly perform specific 
business tasks. VMware Horizon on the HP ConvergedSystem 700 delivers an end user computing experience to meet these 
expectations. HP storage, servers and networking provide the resilient and integrated infrastructure that meets the 
reliability, performance and security needs of client virtualization architects. 

With end user computing demands as the design criteria, HP and VMware have teamed up to design and test an architecture 
that facilitates the delivery of the VMware Horizon technology in a cost-effective, highly manageable fashion. The goal of 
the HP ConvergedSystem 700 for VMware Horizon solution is to deliver an experience to the broadest spectrum of use 
cases with a minimal set of compromises.  

For client virtualization, desktop and application delivery can vary based on use case requirements that range from task 
workers to workstation users. The graphic below shows client virtualization technology landscape as it exists today. 
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Figure 1. Client Virtualization Technology.  

 

The client virtualization landscape today spans multiple use cases from simple application access and session based 
desktops to hardware based accelerated VDI environments that serve the needs of the most demanding graphics designers 
and engineers. VMware Horizon offers all of the desktop and application virtualization schemes to meet the needs of every 
user in the organization. 

The testing activities in this reference architecture were focused primarily on productivity and power users, leveraging the 
latest advancements in converged infrastructure and desktop virtualization technologies to showcase an integrated 
solution. HP and VMware have laid out the connectivity components of an easily repeatable client virtualization building 
block. These building blocks can be used to scale to multiple thousands of users. 

Solution overview 

The fundamental building blocks of this reference architecture are a suite of core HP technologies with strategic partner 
software layered on, to create robust solution sets. This HP ConvergedSystem 700 (CS700) 2.x Desktop Virtualization 
solution offers new and impactful technologies such as the HP 3PAR StoreServ converged flash array, HP ProLiant Gen9 
servers and workstations, HP OneView 1.2 and the VMware Horizon 6.1 suite. Linked Clone use cases are the primary focus 
of this reference architecture. Full Clones were also validated in the ConvergedSystem 700 as well as the new NVIDIA GRID 
vGPU feature offered with Horizon 6.1 combined with vSphere 6.0.  

Key components of the CS700 2.x solution as tested are listed below.  

• HP BladeSystem c7000 enclosure 

• HP BladeSystem Virtual Connect FlexFabric 20/40Gb modules 

• HP ProLiant servers including DL360 Gen9 and BL460c Gen9 servers 

• HP 5900 series switching 

• HP 3PAR StoreServ 7440c using all flash 

• HP Intelligent rack and power solutions 

• HP OneView 1.2 

• VMware vSphere 5.5 Update 2 (Management Server Cluster) 

• VMware vSphere 6.0 (Horizon Compute Clusters) 

• HP Insight Control Server Provisioning 
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Figure 2. Shows the test infrastructure used for solution testing 

 

The above solution layout can be viewed as “blocks” of functionality and technology segmentation, namely compute, 
management, network and storage blocks. The reference architecture can be viewed as a series of building blocks 
summarized and described below and detailed later in the document. Although the ConvergedSystem 700 is available in a 
fixed, single rack configuration, it offers only minimal scaling capabilities relative to the multirack configuration pictured 
above. More optimal cost per user economies are realized when scaling to multiple racks of compute and storage nodes in a 
single solution.  

Management block  
The management block is comprised of two HP ProLiant DL360 Gen9 management host servers running ESXi 5.5 Update 2 
as the hypervisor. The management servers provide a management software layer that manages the entire solution. The 
solution management stack includes, OneView 1.2, Insight Management, VMware Horizon 6.1 software suite, vCenter 5.5 
Update 2b and other management components. Datacenter management components such as Active Directory, DNS, and 
user profile shares were external to the solution. Although we have only tested with 2 management nodes, it is highly 
recommended to run vCenter management VMs for Horizon on clusters of no less than 3 nodes. Such a configuration may 
be achieved through expansion to 4 management nodes in the ConvergedSystem 700 solution. 

Central to management of the entire solution is HP OneView 1.2 which deserves special mention. With the integration with 
vCenter via “OneView for vCenter”, it has become much easier for VMware administrators to perform hardware 
management tasks from the same vCenter interface. vCenter administrations can deploy servers, provision on demand 
storage volumes and get health status from the same vCenter interface. 
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To maintain the ability to scale compute blocks independent of the management block, the solution calls for dedicated 
vCenter servers. VMware recommends a maximum of 2,000 desktops in a block associated with a vCenter server and its 
corresponding View Composer server. The management block was used to host the dedicated computer vCenter servers, 
Platform Services Controller, and Microsoft® SQL Server. 

Compute block 
The compute block is comprised of ESXi 6.0 hosts with Windows® 7 x64 virtual machines. The compute workload block used 
sixteen (16) HP ProLiant BL460c Gen9 servers and four (4) WS460c workstation servers.  

Network block  

The network block holds the networking infrastructure including four (4) HP 5900 series switches. To make the solution 
flexible, HP has added an alternate option to use Cisco Nexus switches with equivalent performance.  

Storage block  

The storage block is comprised of a 4-Node HP 3PAR StoreServ 7440c array, two (2) HP SN6000B Fibre Channel switches, 
and twenty-four (24) 1.92TB cMLC SSD drives. 

Figure 3. Logical layout of the various hardware stacks used during testing. 

 

Hardware components  

Management block 

HP ProLiant DL360 Gen9 management servers 

The HP ProLiant DL360 Gen9 Server delivers a 1U chassis with up to two processors delivering an optimal unit that 
combines high-performance, low energy consumption, improved uptime, and increased density. The server, combined with 
Intel® Xeon® E5-2600 v3 processors and HP DDR4 SmartMemory support of up to 768 GB (RDIMMs), delivers much 
improved performance and efficiency over the Gen8 family. 

The management block of this reference architecture holds the solution management hardware comprised of 2 HP ProLiant 
DL360 Gen9 servers. Various management applications are installed on these management servers that will be discussed 
later in this document.  



HP Reference Architectures  |  HP Verified Reference Architecture for VMware Horizon 6.1 on HP ConvergedSystem 700 2.x 

 

 
7 

Table 1. HP DL360 Gen9 8SFF CTO Server 

Component Description Notes 

CPU HP DL360 Gen9 E5-2680 v3 (2.5GHz/12-core/30MB/120W) Quantity 2 per server 

Memory HP 16GB 2Rx4 PC4-2133P-R Kit Quantity 16 per server (256GB total) 

FlexibleLOM HP FlexFabric 10Gb 2P 556FLR-SFP+ Adapter 1 per server 

Local Disk HP 600GB 6G SAS 10K 2.5in SC ENT HDD 8 per server 

Expansion HP 82Q 8Gb Dual Port PCI-e FC HBA N/A 

 

Compute block 

HP BladeSystem c7000 Enclosure 

The core of the compute block is the HP BladeSystem c7000 enclosure, HP ProLiant BL460c Gen9 blades, and Virtual 
Connect FlexFabric modules. The BladeSystem c7000 enclosure provides all the power, cooling, and I/O infrastructure 
needed to support modular server, interconnect, and storage components. The enclosure is 10U high and holds up to 16 
server and/or storage blades plus optional redundant network and storage interconnect modules. It includes a shared 7.1 
Tbps high-speed NonStop mid-plane for wire-once connectivity of server blades to network and shared storage. 

Table 2. HP BladeSystem c-Class c7000 enclosure configuration 

Component Description Qty 

Fans HP BLc Active Cool 200 Factory Integrated Fan 10 

OA Bays HP BLc7000 Onboard Administrator with KVM Option 2 

Interconnect Bays 1 and 2 HP Virtual Connect FlexFabric – 20/40 F8 Module for c-Class BladeSystem 2 

Interconnect Bays 3-8 Empty N/A 

 

HP ProLiant BL460c Gen9 compute servers 

Designed for a wide range of configuration and deployment options, the HP ProLiant BL460c Gen9 Server Blade provides 
the flexibility to optimize your core IT applications with right-sized storage for the right workload for a lower TCO. All of this 
is managed by HP OneView 1.2, the converged management platform that accelerates IT service delivery and boosts 
business performance. The server, combined with Intel Xeon E5-2600 v3 processors and HP DDR4 SmartMemory, has 31% 
improved performance and efficiency over the Gen8 family. 

Sixteen blade servers were used for solution testing with the following configuration. 

Table 3. HP ProLiant BL460c Generation 9 specifications 

Component Description Qty 

CPU HP BL460c Gen9 Intel Xeon E5-2690 v3 
(2.6GHz /12 Core/30MB/135W) 
Processor Kit 

2 

Memory HP 16GB (1x16GB) Dual Rank x4 DDR4-
2133 CAS 15-15-15 Registered Memory 
Kit 

16 (256GB total) 

FlexFabric Adapter HP FlexFabric 20Gb 2P 650FLB FIO 
Adapter 

1 

Local Disk HP 300GB 6G SAS 15K 2.5in SC ENT HDD 2 (RAID10) 
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HP ProLiant WS460c Gen9 graphics blade servers 

Designed to meet the growing demand for high powered graphics within a VDI environment, the HP ProLiant WS460c Gen9 
Graphics Server Blade provides the flexibility to optimize your core IT application and end user needs while handling the high 
GPU demands for industry leading software, and retaining the lower TCO HP brings to your infrastructure. These servers are 
also managed by HP OneView 1.2, the converged management platform that accelerates IT service delivery and boosts 
business performance. The server, combined with Intel Xeon E5-2600 v3 processors and HP DDR4 SmartMemory, has 31% 
improved performance and efficiency over the Gen8 family. 

Four graphic blade servers were used for the NVIDIA vGPU solution testing with the following configuration. 

Table 4. HP ProLiant WS460c Generation 9 specifications 

Component Description Qty 

CPU HP WS460c Gen9 Intel Xeon E5-2690 v3 
(2.6GHz /12 Core/30MB/135W) 
Processor Kit 

2 

Memory HP 16GB (1x16GB) Dual Rank x4 DDR4-
2133 CAS 15-15-15 Registered Memory 
Kit 

16 (256GB total) 

FlexibleLOM HP FlexFabric 20Gb 2P 650FLB FIO 
Adapter 

1 

Local Disk HP 300GB 12G SAS 15K 2.5in SC ENT 
HDD 

2 (RAID10) 

Expansion HP WS460c Gen9 CTO Graphics 
Expansion Blade 

1 

 

Note 

For more information on NVIDIA GRID vGPU, visit: vmware.com/products/vsphere/features/vGPU 

Network block 

HP ConvergedSystem 700 2.x allows the customer to select specific models of HP or Cisco switches for their network 
infrastructure. Whether the solution purchased contains HP switches or Cisco switches, the capabilities of the switches are 
the same in terms of redundancy to the components in the system. The HP switches were configured using Intelligent 
Resilient Framework (IRF). With IRF, the switches appear as a single logical switch. Similarly, the Cisco switches utilize Cisco 
Virtual Port Channel (vPC) to appear as a single logical switch. Both technologies also allow for the use of Multi-chassis link 
aggregation (MLAG) so that you can use connections from both of the ConvergedSystem compute switches to each 
component in the solution. All solution testing was performed on HP switches. Setup and configuration of Cisco switches 
was verified during the solution test cycle and found to be identical to HP switches in port numbers, cabling schema, 
bandwidth allocation and configuration parameters using Cisco CLI. Given the functional equivalence of HP and Cisco 
switches in this solution, test results can be considered applicable to either design choice. Two IRF clusters were configured, 
one for the compute and the other for out-of-band management switches. The two IRFs were linked via multi-active 
detection (MAD) connections. 

HP 5900 Series Switches 
Table 5. HP Network switches in IRF cluster 

Component Description Notes 

Network Switch HP 5900AF-48XG-4QSFP+ (JC772A) 2 compute switches 

Network Switch HP 5900AF-48G-4XG-2QSFP+ (JG510A) 2 out-of-band management switches 

 

https://www.vmware.com/products/vsphere/features/vGPU
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Cisco Nexus Switches – Alternate configuration for CS700 
Table 6. Cisco Network switches in IRF cluster 

Component Description Notes 

Network Switch Cisco Nexus 56128P switch 2 compute switches 

Network Switch Cisco Nexus 3048-TP switch 2 out-of-band management switches 

 

Storage block 

Storage is one of the most critical components in a VDI solution, with the need to balance cost, capacity, performance and 
efficiency. HP addresses these issues with the HP 3PAR StoreServ converged flash array. HP 3PAR StoreServ storage 
delivers the performance advantages of a purpose built, flash-optimized architecture without compromising resiliency, 
efficiency, or data mobility. It reduces the performance bottlenecks that can choke general-purpose disk arrays that have 
been retrofitted with solid-state disks (SSDs). 

HP 3PAR StoreServ 7440c converged flash array 
Table 7. HP 3PAR StoreServ 7440c specifications 

Component Description Notes 

SAN Fabric Switch HP SN6000B 16Gb 48/24 FC Switch 2 (Flat-SAN Option is available only for 
Single Rack configuration) 

Storage Controllers HP 3PAR 7440c StoreServ Node Pair 2 pairs (4 nodes) 

Drives 1.92 TB cMLC SSD 24 drives 

HP 3PAR 7000 Service Processor HP 3PAR Physical Service Processor Quantity 1 

 

Software components 

The software stacks that define the reference architecture can be categorized into the following layers. 

Compute software layer 

This layer primarily holds the VMware ESXi 6.0 hypervisors installed on HP ProLiant BL460c Gen9 blades. Windows 7 x64 
guest virtual machines with VMware Tools and View Agent 6.1 were deployed within this layer. Windows desktops in the 
compute layer were the targets for workload testing activities in which simulated users performing various productivity 
worker tasks. 

Management software layer 

This layer is comprised of VMware solution management and the VMware Horizon 6.1 suite. The CS700 2.x VMware 
Virtualization Solution Kit comes with the following management software within preconfigured virtual machines. The 
Horizon 6.1 software suite includes additional VMware components that will be discussed later in this document. ESXi 5.5 
and vCenter 5.5 were used for the management layer to demonstrate the use of currently shipping software versions for 
the ConvergedSystem 700 at the time of testing. 

• VMware vCenter 5.5 U2 for ESXi 5.5 U2 management hosts and CS700 Solution VMs 

• HP OneView 1.2 

• OneView for VMware vCenter Server 

• HP OneView for vRealize Operations Manager 

• HP VSR1001 Virtual Service Router 

• HP Insight Control Server Provisioning 

• vCenter 6.0 for ESXi 6.0 Horizon Compute Nodes 

• View Connection Server 6.1 

• View Composer 6.1 
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Note 

VMware vRealize Operations Manager was determined to be out of scope for testing of this reference architecture. 

Storage layer 

Orchestrated by HP OneView, the storage layer includes management of the 3PAR StoreServ 7440c, fabric interconnects, 
and fibre channel switches. Other software components such as the HP 3PAR StoreServ management console, HP 3PAR 
StoreServ OS and plugins are included to enable additional management capabilities and granular tuning of the 
environment. 

Management software overview 

HP OneView Management Suite 1.2 
HP OneView is a comprehensive, single platform designed from the ground up for converged infrastructure management. 
An integrated platform increases the productivity of every member of the team, across servers, storage, and networking. By 
streamlining processes, incorporating best practices, and creating a new, holistic way to work, HP OneView provides 
organizations with a more efficient way to work. It is designed for open integration with existing tools and processes to 
extend these efficiencies. 

In a nutshell HP OneView is: 

• Converged – Manage across compute, storage, and networking and enjoy a marked reduction in tools to learn, manage, 
deploy, and integrate. 

• Software-defined – Capture best practice knowledge in templates to guarantee that infrastructure is deployed and 
managed error-free every time. 

• Automated – Use HP OneView REST APIs to deploy a VMware vSphere cluster in just five easy steps and leverage HP 
OneView as the infrastructure automation hub for the enterprise. 

A single instance of HP OneView 1.2 was installed that managed the entire blade infrastructure. For more information on HP 
OneView please visit: hp.com/go/oneview 

HP OneView for VMware vCenter 7.7.1 
HP OneView for VMware vCenter plugin was installed on the vCenter Server virtual machine. It is displayed as a tab on the 
main screen of the VMware vSphere Client management console. By accessing this tab, an administrator can quickly obtain 
context-sensitive server- and storage-specific information for individual elements of the virtual environment. The HP 
OneView for vCenter server consists of a server or network module, and a storage module. OneView for vCenter can be used 
to manage HP servers, networks, or storage systems from a familiar virtualization console. No specific testing was done on 
the management console, but it was used in day to day operations during the test cycle. 

For more information on HP OneView for VMware vCenter please visit: 
https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do%3FproductNumber%3DHPVPR  

For more information on HP OneView partner integration please visit: 
https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do?productNumber=Z7500-63235 

VMware Horizon Suite 6.1 
In Horizon 6 VMware made a huge leap combining their application and desktop virtualization technologies together in a 
centralized, easy to manage solution. In version 6.1 VMware took Horizon 6 to another level.  

In version 6.1 you now have these added features, on top of those provided in Horizon 6, version 6.0. 

• vGPU integration with NVIDIA GRID for virtualized applications and desktops 

• USB Redirection of mass storage on RDS desktops and Hosted Apps 

• Complete smart card implementations for virtual application access and for VDI 

• View Administrator (UI) support for configuring Cloud Pod Architecture 

• Support for Windows Server 2012 R2 for single users (Server VDI Desktop) 

Note 
For a complete list of Horizon 6.1 features, please visit:  
vmware.com/support/horizon-view/doc/horizon-61-view-release-notes.html 

http://www.hp.com/go/oneview
https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do%3FproductNumber%3DHPVPR
https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do?productNumber=Z7500-63235
https://www.vmware.com/support/horizon-view/doc/horizon-61-view-release-notes.html
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VDI overview 

VDI solutions are based on providing resources that users need in a cost-efficient, flexible delivery framework. Design 
choices such as persistent vs. non-persistent, application vs. desktop virtualization, and the selection of user and session 
policies are just a few that will need to be addressed. 

Do they need a Full Clone (dedicated users) or a Linked Clone (floating users)? A dedicated user’s desktop changes are 
maintained between logins. A floating user gets a fresh new desktop from a base image every time they log in. In a floating 
user VDI environment all users share the same base image file. Any changes or modifications they make are stored in a 
delta disk with the VM normally a few GB in size, and each user is allocated virtual CPU(s) and memory. 

Some organizations choose to adopt a linked clone solution since it requires only a single or very few images to maintain. In 
addition, no one user can affect another user in a linked clone model, and storage costs have the potential to be lower. 
Other organizations may require the flexibility of full clones for their end-user needs. This reference architecture focuses 
primarily on the validation of a linked clone model. The HP ConvergedSystem 700 supports all use cases within the VMware 
Horizon 6.1 architecture no matter the provisioning method. 

Benefits of linked clones (floating users) include: 

• Minimal shared operating system images to maintain 

• Drastically less storage consumption in certain circumstances, especially compared to full clones 

• Easy recovery of individual or multiple VMs 

Cons of linked clones include: 

• Resource intense recomposition process (This is mitigated by leveraging the 3PAR converged flash array)  

Benefits of full clones (dedicated users) include: 

• Fully persistent user experience with no compromises 

• Maximum application compatibility 

Cons of full clones include: 

• Management burden of individual user machines 

• Storage requirements 

• More complex recovery process 

In any dedicated or floating user configurations, user environment management or user personalization is critical. The 
product that drives this functionality is VMware User Environment Manager. User virtualization allows for each user to 
customize their environment, and maintain that customization across logins. VMware User Environment Manager can be set 
up on physical machines as well to ensure a consistent user experience and data, whether on a local or virtual desktop. 
Though VMware User Environment Manager can be a powerful tool in VDI implementations, it was not used in this reference 
architecture. 

For use cases where user workload is less intense and requires less user based customization a Remote Desktop Session 
Host (RDSH) desktop pool would be a better choice. Multiple user sessions share a single, locked-down Windows Server® 
environment running in the data center and accessing a core set of applications. 
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Figure 4. High-level graphical representation of Horizon 6 deployed in a production environment.  
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Best practices and configuration guidance for the solution 

Anti-Virus with VDI 

With any endpoint virtualization solution security is always a main concern. To ensure your success in implementing an anti-
virus / malware solution while maintaining similar density to those achieved in this RA, we recommend the anti-virus / 
malware software to be compliant with VMware vShield or at least have similar mechanics. VMware vShield is an integrated 
hypervisor component that supports third party security software, reducing the load on each individual desktop. vShield 
assists in the centralization of security policies and virus definitions in addition to providing agentless management options 
that leverage scanning offload technology. These capabilities help ensure that endpoints in your desktop pools are up to 
date without causing an “anti-virus scan storm” that overloads storage and compute resources. Improper anti-virus 
implementations can not only effect the density and performance, but the cost savings of your VDI solution. 

If vShield is not an option there are important considerations in evaluating alternatives. Solutions designed for physical 
endpoints are generally not recommended due to their design assumptions. They are created with the assumption that 
desktop resources are dedicated and storage is persistent between reboots. VDI environments often do not provide 
dedicated resources or persistent storage. As a result, many VDI desktops will be updating virus definitions every time they 
boot and may perform scanning operations simultaneously. To prevent this unnecessary use of resources, a scanning 
offload with centralized management architecture is highly recommended. Such an architecture maintains a single master 
copy of virus definitions and policies while offloading malware scanning operations to more powerful, dedicated scanning 
servers. 

Network optimization for PCoIP 

For optimal PC-over-IP (PCoIP) performance, VMware recommends you do the following. 

• Minimize network router and switch buffers 

• Set buffers to absorb 50ms to 100ms of PCoIP traffic. Large buffers can increase tail-drops, which are bad for PCoIP 
sessions and often cause session disconnects and disruptions. When there is congestion on the network devices, packets 
are dropped until the congestion is eliminated and the queue is no longer full. Uncontrolled packet loss might indicate 
congestion, causing PCoIP to drop to the minimum image quality, degrading the user experience.  

• Set congestion avoidance to WRED. Weighted random early detection (WRED) drops packets in a controlled way. PCoIP 
reacts better to WRED and goes into a build-to-lossless phase. WRED drops packets selectively based on IP precedence. 
Packets with a higher IP precedence are less likely to be dropped than packets with a lower precedence. Thus, higher 
priority traffic is delivered with a higher probability than lower priority traffic. 

VMware OS Optimization Tool 

The VMware OS Optimization Tool will customize operating systems leveraged for both VDI and RDSH and apply all VMware 
OS best practices for Horizon, it should be used for all VMware Horizon deployments. 

• The tool is easily customized to apply only the fixes you choose for your environment. 

• Download from: https://labs.vmware.com/flings/VMware-os-optimization-tool 

• About desktop image optimization: http://vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf 

vCenter 

In a Horizon 6.1 implementation it is important to keep the total VM count to no more than 2,000 seats per vCenter server. 
This is primarily due to the scale of VDI environments and resources behaving much differently (especially in regards to Host 
and Storage resources) than that of a traditional virtual server environment. A single vCenter server can technically support 
up to 10,000 VMs. VMware recommends a maximum of 2,000 desktop VMs per vCenter server in a Horizon block to 
maintain responsiveness during administrative operations such as linked clone provisioning and recomposition.  

https://labs.vmware.com/flings/VMware-os-optimization-tool
http://www.vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf
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Capacity and sizing 

To ensure exceptional performance and capacity for this solution, HP validated over 3,500 user sessions on individual linked 
clone virtual desktops spread over 16 BL460c servers. Testing activities also validated hosting of the Horizon infrastructure 
components on the DL360 management servers which are included in the ConvergedSystem 700. By scaling the number of 
c7000 compute blocks, 3PAR converged flash storage, and management servers in proportion to one another, the HP 
ConvergedSystem 700 solution can accommodate as few as 1,000 users or as many as 10,000 users in a single Horizon 
Pod. 

Login VSI was used to test the various use cases. At peak usage, the scripted workloads require less than 1.5GB of RAM per 
virtual desktop. In Windows 7 x64 environments HP has observed a more common minimum configuration of 2GB and 
above. With Login VSI there is no way to stress larger memory footprints. Other analysis methods must be used to size the 
system appropriately. Environments with heavier CPU requirements as well as those with greater memory requirements will 
see a reduction in user counts. 

HP prevents I/O from becoming a limiting factor in the sizing of the overall solution through the use of an HP 3PAR 
StoreServ converged flash array. VDI workloads are typically highly randomized, write intensive I/O patterns which makes 
them ideal for all-flash media. 

Outside of benchmarking scenarios, sizing should be specific to unique business requirements and optimized for 
performance, user experience, cost and capacity. HP recommends proof of concept (POC) implementations when feasible. 
HP Client Virtualization Analysis and Modeling Service (CVAM) is a service provided by HP consulting that can assist in 
successfully implementing a client virtualization solution. 

More information on CVAM and other HP client virtualization services can be found at:  
http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740 

HP 3PAR StoreServ best practices for HP Client Virtualization can be found at: 
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-6479ENW 

Workload description 

Login VSI is a load generating test tool designed to test remote computing solutions via a variety of different protocols. The 
test suite utilizes a series of desktop applications running via automated script within the context of the VMware Horizon 
virtual desktop environment. 

A standardized set of applications are installed within every virtual machine and actions are taken against the installed 
applications. This set of applications is listed below. 

• Adobe® Acrobat® 9.1 

• Adobe Flash Player 11 

• Adobe Shockwave Player 11 

• Bullzip PDF printer 

• Freemind 

• Kid-Keylock 

• 7-Zip 

• Microsoft Office Professional 2010 

• Internet Explorer 9 and 11 

http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-6479ENW
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Test infrastructure VM sizing 

Sizing of the infrastructure virtual machines generally depends on user environmental requirements. To achieve proper 
sizing, POCs or use of HP CVAM service is recommended in conjunction with best practices provided by HP and third party 
vendors for their applications. Sizing information below should not be considered “one-size-fits-all” and should be viewed in 
context. 

Table 8. Virtual machine specifications 

VM vCPU Memory HDD Networks OS 

2x Connection Servers 4 12GB 50GB Production Windows 2012 R2 

2x Composer Servers 4 8GB 50GB Production  
Solution MgmtNet 

Windows 2012 R2 

1x External vCenter PSC 2 12GB 50GB Production Windows 2012 R2 

2x vCenter 6.0 servers    Production  
DC mgmt.  
Solution MgmtNet 

Windows 2012 R2 

1x SQL 2014 cluster for  
Horizon Infrastructure 

8 16GB 60GB Production Windows 2012 R2 

Win7 image template 1 1.3GB 40GB Production Windows 7 x64 

Server for SMB3 file share 2 8GB 60GB OS 
500GB SMB3 Share 

Production Windows 2012 R2 

1x vCenter 5.5 U2 server 8 32GB 60GB Production 
DC mgmt. 
Solution MgmtNet 

Windows 2012 R2 

1x HP OneView 1.2 appliance 2 10GB 160GB DC mgmt Linux® 

1x HP Insight Management 4 16GB 200GB DC mgmt Linux 

2x Windows Servers  
(AD/DNS/DHCP) 

2 4GB 60GB Production Windows 2012 R2 

 

Note 
In this solution we used two different versions of ESXi and vCenter server. ESXi and vCenter 5.5 U2 were used for the 
Solution Management Clusters, while ESXi 6.0 and vCenter 6.0 were used for the two Compute Clusters. ESXi 5.5 and 
vCenter 5.5 were used for the management layer to demonstrate the use of currently shipping software versions for the 
ConvergedSystem 700 at the time of testing. vGPU is only available in Horizon 6.1 as long as the VMs are running on ESXi 
6.0. We chose to use multiple vCenter servers linked for our Horizon 6.1 environment to fall within best practices. 
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Reference Architecture design and guidance 

Network layout overview 
Figure 5. Logical Network Layout used for building out Reference Architecture  

 

Solution network, VLANs, and configuration 

HP OneView managed the solution’s infrastructure where all the network and infrastructure related components were 
defined and managed. Several VLANs were defined to segment and isolate traffic. Active/Active configuration was used to 
configure the network and storage connections. Brief descriptions of the VLANs follows. Migration and HA networks for 
solution management were defined at the switch level. 
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Production network (vlan 74) 

The Production network can be considered as a client or customer network through which clients connect to their desktops 
and applications. In this case this is the Login VSI network, which had the Login VSI test infrastructure. Test domain, 
DNS/DHCP also resided on this network. 

Solution Management (vlan 1) 
This is a completely independent network which connects all physical components within the compute and the 
management stacks. This is where the ESXi hosts reside as well as all the switches, 3PAR StoreServ, and management 
servers. Horizon infrastructure VMs were dual homed to include the production network as well as the solution 
management network to ensure proper functionality. 

DataCenter Management (vlan 21) 
Solution management related components such as HP OneView, vCenter, 3PAR management components, etc. resided on 
this network. This network had its own domain/DNS infrastructure. 

Management migration (vlan 105) 

vMotion network dedicated to solution management virtual machine migrations, including OneView, vCenter and 
infrastructure. 

Management HA network (vlan 106) 

Network dedicated to HA for solution management virtual machines. 

Compute migration (vlan 102) 

vMotion network dedicated to ESXi compute hosts and used for desktop virtual machine migrations. 

Compute HA network (vlan 103) 

Network dedicated to HA for Compute virtual machines. 

Storage area network 

Network for 3PAR StoreServ SAN. 8Gb bandwidth was allocated for the FC network which is in line with the storage 
bandwidth requirement for the array. 

Note 
VLANs are customizable per the Customer Intent Document (CID) at the time the CS700 is ordered. Note that for this 
reference architecture testing, ConvergedSystem 700 networks were integrated into the existing lab production network. 

The figure below shows a snapshot of the various VLAN configurations and bandwidth allocations in HP OneView. 

Figure 6. OneView VLAN configuration 

 

The HP Virtual Connect FlexFabric 20/40 F8 Module provides one flexible interconnect interface to each network. One device 
supports the most common data center network protocols, such as Ethernet, Fibre Channel (FC), FCoE, and iSCSI. In addition, 
with 20/40 Gb connections, there’s more than enough bandwidth to satisfy any workload requirements. It will even allow 
you the ability to set min/max bandwidth thresholds that allow for autonomic adjustment in real time. 
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Figures 7 and 8 present an overall logical view of the bandwidth allocation for the entire solution. 

Figure 7. Bandwidth distribution for compute block 

 

Figure 8. Bandwidth distribution for the management block 

  

Note 
In the management block there are 4 x 1Gb ports on each host that could be used for bringing additional functionality inside 
the management block, such as a backup server, and then use the ports to tap into a dedicated backup network. 
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As mentioned previously HP OneView was used to configure the blade enclosure and accompanying hardware. Below are 
some screenshots of the OneView 1.2 configuration parameters with high level explanations where needed. 

Figure 9 shows the networks and their respective VLANs that are set up in OneView outside of their respective network sets 
which are where you group the networks you want to assign to the server profile. The network sets are also where we 
configured the bandwidth settings for the solution. 

Figure 9. Solutions Networks and VLANs 
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Figure 10 shows an example of how one of the Uplink Sets was configured along with the networks and ports associated 
with it. We kept the Uplink sets for the servers and storage separated in this solution. We use dedicated 10 Gb Ethernet and 
16 Gb Fibre Channel switches to ensure no constraints in the fabric. This not only provides stability, but also allows 
additional room for bursting and expansion if required. 

Figure 10. Ethernet Uplink Set Configuration 
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Figure 11 below shows the Logical Interconnect Group (LIG) configuration. A LIG is a group of logical interconnects that share 
the same configuration for network connectivity. A logical interconnect is defined as a set of physical interconnects and their 
links, including the following: 

• Uplinks to data center networks as mapped by their uplink sets 

• Downlinks to the servers 

• Stacking links 

The graphic below shows four uplink sets, two for Ethernet networks (Q1 and Q2 ports) and two for HP 3PAR StoreServ SAN 
(X1-X4) as discussed previously. 

Figure 11. Logical Interconnect Group Configuration 

 

VMware layout and configuration 

vSphere configuration 

In this solution we used a combination of vSphere/vCenter servers. The following section describes the configuration of the 
Datacenter and Cluster containers within vCenter. 

Four separate clusters were used to manage the different types of resources: 

• Compute Cluster 1 

• Compute Cluster 2 

• Login VSI Launchers 

• Solution Management Cluster 

Compute cluster 

Compute clusters are primarily used to house BL460c Gen9 ESXi hosts running the Linked and Full Clones. Each cluster was 
configured with HA on and DRS off. The two vCenter servers were set up in linked mode with an external Platform Services 
Controller to keep the workloads on each vCenter server as balanced as possible for consistent testing. 

Note 
DRS was disabled in the test environment because it would introduce complexity in the process of collecting and analyzing 
individual component metrics. Load balancing was assured through proprietary automation throughout testing. 
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Figure 12. Compute clusters with 16 BL460c Gen9 servers 

 

With 4 SSD-backed thinly provisioned virtual volumes per cluster, I/O was balanced on each node across all LUNs and 
storage queues. This arrangement ensures maximum flexibility and guaranteed performance in the event of a VM migration 
or component failure in the environment. 

Figure 13. Logical Assignment Of Storage In Each Cluster 
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All volumes were configured with Round Robin load balancing as recommended by HP 3PAR StoreServ and VMware best 
practices documentation as you can see in figure 14. The best practices document can be found at the following link 
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-3286ENW 

Figure 14. Round Robin configuration for HP 3PAR StoreServ volumes  

 

http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-3286ENW
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Three standard vSwitches directed all of the compute traffic. vSwitch 0 Handled all the Management Traffic, vSwitch 1 
handled the HA and vMotion traffic, and finally vSwitch 2 handled all the virtual machine traffic. 

Figure 15. vSwitch Configurations 
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Login VSI Launchers 

Login VSI test infrastructure was built using the four HP BL460c blade servers. Launchers were scaled and customized as 
needed for testing activities. All Login VSI components were configured per Login VSI best practices. The cluster had 300 
launchers in the pool. Overloading a launcher can interfere with the accuracy of metrics collected during testing. Launcher 
loads were kept to a maximum of 15 sessions per VM. Figure 16 illustrates the testing environment. 

Figure 16. Test Infrastructure – Logical View 

 

Solution Management Cluster 

Two HP ProLiant DL360 Gen9 servers were used to host the solution management and Horizon software components. This 
included HP OneView, HP Insight Control, VMware vCenter and all necessary Horizon 6 components. Due to the ample 
amount of space on the Solution Management hosts, no resource groups were required, and we did not experience any 
issues that required granularly isolating CPU and memory. VMware HA and DRS were enabled on the cluster. DRS was 
enabled to ensure that all the virtual machines were distributed among the two management servers, to increase 
availability in case of a management server failure. A brief description of the resources and their membership information is 
listed below. 

• Horizon 6 components: allocated to VMware Horizon 6.1 Infrastructure, which included: 

– 2 View Connection Servers 

– 2 View Composer Servers 

– 2 vCenter 6.0 Servers 

– 1 External Platform Services Controller (for vCenter linked mode) 

– 1 SQL 2014 as infrastructure database 

– 2x DHCP/DNS/AD Windows 2012 R2 servers for providing services to the Horizon VMs 
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• Solution Management components: allocated to servers supporting the infrastructure including: 

– 1 HP OneView server 

– 1 HP Insight Control server 

– VMware vCenter with SQL Server for vCenter database locally 

• Solution support components: allocated to VMs as infrastructure including supporting cast: 

– System management VM 

– VM Templates / Gold Images 

– Windows 2012 R2 server for SMB3 file share 

– 2 Troubleshooting VMs 

Note 
Most of the core infrastructure servers for the solution within the datacenter were stored on the management cluster for 
simplicity purposes, but they could also be placed on the compute clusters if so desired. Placing management infrastructure 
on BL460c servers may be necessary to maintain the desired level of node redundancy for a large scale deployment. 

The figure below shows the solution management cluster. 

Figure 17. Management Cluster 

 



HP Reference Architectures  |  HP Verified Reference Architecture for VMware Horizon 6.1 on HP ConvergedSystem 700 2.x 

 

 
27 

Physical cabling 

Physical cabling of the entire solution was done per ConvergedSystem 700 2.x specifications. An overview of the solution 
cabling is in Figure 18. It is highly recommended that customers doing their own solution integration should consult HP 
CS700 2.x documentation or contact an HP consultant. This document does not provide the entire solution cabling schemes. 

The following table depicts the naming convention used for cabling various components in this section. 

Table 9. Naming Conventions 

Abbreviation Description 

compRack01 Compute Rack 1 

storRack01 Storage Rack 1 

sstor01-Rack1 Storage Array 1, Storage Rack 1 

se01, 02 c7000 solution enclosure 1, 2 

se-oa01, 02 c7000 solution enclosure onboard administrator 1, 2 

sms01, 02 DL360 Gen9 solution management server 1, 2 

snet01, 02 solution network switch 1, 2 

soobm01, 02 solution out-of-band management switch 1, 2 

ssan01, 02 solution SAN switch 1, 2 

sstor-sp 3PAR Service Processor 
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Compute nodes and Ethernet switches 

The figure below shows physical cabling of the c7000 enclosure for this reference architecture. CS700 2.x recommended 
ports were used to maintain consistency. 

Figure 18. Compute switches and FlexFabric cabling  
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Note 
The cabled connections depicted in the compute nodes and switches in figure 18 are independent of switch manufacturer. 
Port connections are identical between HP and Cisco switches. Also in this solution, a second enclosure was added (not 
shown in figure), the port connections on the second enclosure run to the same switches as the first, just leveraging the 
next available ports. 

Storage controllers and SAN switch connections 
The reference architecture was built on a 4 node HP 3PAR StoreServ 7440c converged flash-array. The figures below show 
the HP 3PAR StoreServ controllers are integrated into the solution. Figure 19 depicts how the controllers are connected to 
the SAN switches and figure 20 shows how the solution management servers are connected to the SAN. 

Figure 19. HP 3PAR StoreServ switch cabling (controllers) 
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Figure 20. HP 3PAR StoreServ switch cabling (management servers) 

 

Managing software and firmware updates 

The HP ConvergedSystem 700 2.x is an integrated solution with specific software and firmware versions, qualified at time of 
delivery. The HP ConvergedSystem 700 2.x is designed for solution level support across all components within the solution. 
Unless instructed by the HP Customer Response Center, you will not need to update the software and firmware versions 
within the solution until the support window expires. 

The HP Customer Response Center may instruct you to apply specific hot fixes to address potential issues. Hot fixes are 
supported as part of the solution level support criteria for the HP ConvergedSystem 700 2.x solution. 

Before updating any software or firmware versions, contact the HP Customer Response Center to verify the compatibility of 
the updates. Any firmware or software updates applied that are later than the compatibility listing will change the solution 
level support experience and must be accepted by the HP Customer Response Center. 

HP Customer Response Center contact information can be found at: 
https://h20168.www2.hp.com/classC/OB10content/HP%20Customer%20Response%20Center%20Information.pdf 

Test methodology 

Testing strategy 

The goal of this solution testing was to investigate and determine the features best suited for the target use cases for this 
reference architecture. Close feature analysis was done prior to use case selection for both the HP CS700 2.x platform and 
VMware Horizon 6.1 features to determine the value the resulting reference architecture should provide. Based on this 
methodology, testing focused on HP hardware and VMware Horizon 6.1 software features that complement each other to 
provide competitive user density, performance, and scalability. 

The use cases tested are focused on Horizon VDI for office workers as well as the emerging high-end graphics users 
enabled by NVIDIA chipsets, vGPU, and vSphere 6. 

Linked Clone Desktops: These are essentially static desktops that reset after each user logoff. Linked clones are VMs that 
were created off of a replica snapshot that was generated by choosing the desired parent image snapshot. This allows for 
quick deployment and optimal storage utilization as well as the requirement to maintain only one parent image. Linked 
clone desktops can be set up to be floating or dedicated in regards to user entitlement during the creation of the desktop 
pool. 

Full Clone Desktops: These are the most dynamic of VDI desktops. The changes to a full clone are saved and maintained 
after each logoff. Full clones are VMs that are also created from a single parent image snapshot. After deployment they 
become their own independent environment functioning on VMDKs that were created during system setup, unlike the 
Linked Clones that only allow writing to occur on a delta disk. Full clones can also be set up to be floating or dedicated in 
regards to user entitlement during the creation of the desktop pool, though it would be best to have Full clones dedicated to 
a specific end user. 

https://h20168.www2.hp.com/classC/OB10content/HP%20Customer%20Response%20Center%20Information.pdf
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VDI with vGPU: NVIDIA is continuing to meet the challenges as the consumer and enterprise market require more powerful 
and flexible solutions. Recognizing the need for 3D capabilities in a VDI environment, NVIDIA integrated their GRID 
technology with VDI. NVIDIA GRID vGPU technology brings a hardware accelerated graphical experience to virtual 
environments. vGPU allows a single graphics card to be shared by multiple users and provides a user experience that 
matches that of a local desktop with a graphics card.  

Data collection tools 

Login VSI 4.1.3 was the primary tool for the majority of the tests and data collection. ESXTop and vCenter Performance 
Monitors were used to collect VM/Host real-time performance metrics for each test run. In addition, 3PAR System Reporter 
and 3PAR web based data collectors were used to gather data for most storage related testing. A brief introduction to Login 
VSI and its workloads follows. 

Login VSI 

In a nutshell, Login VSI works by starting a series of launchers that connect remotely to VDI hosts via a connection protocol. 
The launchers execute a series of end user actions on that host (or hosts) to simulate the load of actual end users. 

Response times are measured for a variety of actions within each session. When response times climb above a certain level 
on average, the test is finalized and a score, called VSImax, is created. VSImax represents the number of users at or below 
the average response time threshold. A detailed explanation can be found on Login VSI website at 
loginvsi.com/documentation/VSImax. 

Login VSI workload 
The table below shows the various 4.x workloads available for testing and the recommended resource availability. 
Knowledge worker is the base workload which is used as a baseline when comparing the various workloads shown in the 
table below. 

Table 10. Login VSI 4.1 workloads 

Workload VSI 
Version 

Apps 
Open 

CPU 
Usage 

Disk 
Reads 

Disk 
Writes 

Estimated 
IOPS 

Memory vCPU 

Task 
Worker 

4.1 2-7 70% 79% 77% 6 1GB 1vCPU 

Office 
worker 

4.1 5-8 82% 90% 101% 8 1.5GB 1vCPU 

Knowledge 
worker 

4.1 5-9 100% 100% 100% 8 1.5GB 2vCPU 

Power 
worker 

4.1 8-12 119% 133% 123% 10 2GB 2vCPU+ 

 

In Login VSI 4.1 workloads are significantly different than previous versions and should not be compared with earlier 
versions’ test results. 

Benchmarks versus field implementation 

As with most benchmarking tools, Login VSI results should be used in conjunction with results from actual system 
performance data from the field or via POC implementations. Login VSI presents response times from various tasks and 
applications that could be used as a primitive baseline in a controlled environment with limited applications and resource 
assignments. Although these metrics are useful when comparing systems with similar resource attributes, they can be 
misleading when used to extrapolate to “real world” implementations. 

Historically HP has recommended sizing solutions at 60-65% of Login VSI numbers. This recommendation, however, is 
dependent on the fact that similar resource allocation is used as in the test results presented. Hence, HP strongly 
recommends complete analysis of the specific user requirements prior to any VDI implementations and not solely based on 
benchmark results. 

HP Client Virtualization Analysis and Modeling Service (CVAM) is a service provided by HP consulting that can assist in 
successfully implementing a client virtualization solution. More information on CVAM and other HP client virtualization 
services can be found at: HP Client Virtualization Services,  
http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740 

http://www.loginvsi.com/documentation/VSImax
http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740
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Test setup and results 

Single server testing – Horizon Linked Clones 

To size the entire solution, tests were run on a single compute server first, to determine the capacity or user density metrics 
for a single system. Once this baseline number was determined, tests were run on a larger number of servers to determine 
the overall capacity of the solution. Although the “task worker” workload of Login VSI would have yielded a greater user 
density, HP used the office worker workload to do single server sizing as this workload is in the “middle of the pack” and 
provides more commonly used applications. Blade server performance options for this test were adjusted using the RSBU 
and are listed in the table below. 

Table 11. Single BL460c configuration with 256GB 

Component Description Notes 

CPU HP BL460c Gen9 Intel Xeon E5-2690 v3 (2.6GHz/12-
core/30MB/135W) Processor Kit 

Quantity 2 per server 

Memory HP 16GB (1x16GB) Dual Rank x4 DDR4-2133 CAS-15-15-15 
Registered Memory Kit 

Quantity 16 per server (256GB total) 

FlexFabric Adapter HP FlexFabric 20Gb 2P 650FLB FIO Adapter Quantity 1 

Storage 3TB thin provisioned SAN volume RAID 5 on cMLC SSD Drives 

Server BIOS Server BIOS options adjusted to enhance performance • HP Power Profile set to Maximum 
Performance 

• Memory Power Savings Mode set to 
Maximum Performance 

• Thermal Configuration set to Maximum 
Cooling 

Login VSI Workload 
4.1 

Office Worker 1 vCPU, 1.3GB memory per VM 
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Single server results – Linked Clones 

The first test was run with 256GB of memory installed within the system. Linked Clones were deployed using the Horizon 
6.1 Composer server. The test yielded a VSImax of 236 users. Memory utilization and CPU were high, but for most of the 
testing they both hovered between 80-95% utilization. On the high end of the spectrum, when all provisioned systems were 
up and running, we did notice that modifying some of the PCoIP settings via GPO would yield a greater density, but at the 
cost of the user experience. We chose to keep the default settings, and focus on a straight out of box experience. With all 
VDI solutions the true density you can get on a server depends heavily on user working environment and the applications 
within the VDI. 

Figure 21. Login VSI VSImax score with 256GB memory on BL460c Gen9 Blade  

 

For Login VSI VSImax graphs, the Y Axis represents response times in milliseconds (ms) while the X Axis represents number 
of active office worker desktops. 
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CPU Load is a relative measurement of how much of the CPU time is used by the system. As the test approached the 
maximum number of users with acceptable performance, the CPU load grew to 100%. This is consistent with a fully 
saturated virtualization node that is CPU bound. 

Figure 22. CPU Load 
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The graph in figure 23 shows that CPU usage is balanced between all 48 threads in the server (24 cores x 2 threads per core 
due to Hyper-Threading). With optimized balancing of CPU threads and workloads, the system is able to maintain good user 
response times throughout most of the test. When CPU thread usage plateaus, user response times begin to reach 
unacceptable limits as established by Login VSI analysis. 

Figure 23. CPU Usage Per Thread 
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Memory usage approached 100% of the system’s capacity during testing. In a production user environment, it is expected 
that 2GB or more of memory would be allocated to each desktop VM. Login VSI Office Worker testing does not require more 
than 1.3-1.5GB of memory. This is apparent due to the VMs having only 1.3GB of RAM and there being nearly no swapping 
of memory on the hypervisor. Linked clone pools were created with Transparent Page Sharing enabled. During testing, 
memory page contents across VMs became less identical which reduced the memory savings produced by this feature. 

Figure 24. Memory Usage 
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Multi-Server testing – Linked Clones 

In a linked clone model in Horizon, a Parent image is created and once ready to deploy a snapshot is made. From that 
snapshot the Composer server will take what it needs to create a replica, and from that replica it will deploy the Linked 
Clones. Each linked clone will get a disk that has the OS and applications from the snapshot image, and a data disk that is 
used to handle all the writes from the user session. Once the user logs off, the system reverts back to the original deployed 
state. VMware View Composer is a critical component of the linked clone model, you cannot do linked clones without it. 

Horizon 6 provides a web interface to administer and control virtual machine availability and deployment. The Horizon 
administration site accomplishes this via a host platform API. 

In Figure 25 below you will see a logical view of a VMware Horizon environment with Composer in place to provision linked 
clones and keep track of them. 

Figure 25. Linked Clone logical view  
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In the figure below you will see the configuration of the desktop pool used for the linked clones: 

Figure 26. Desktop Pool settings. 

 

As shown above, we applied no power policy to the desktop pool as we required all machines to be up and running to get 
accurate test results. 

All linked clone virtual machines were distributed across 16 x 3TB thinly provisioned 3PAR virtual volumes. Each volume 
held an equal amount of virtual machines to ensure consistency. Each vSphere cluster was set up with 4 hosts and 4 x 3TB 
datastores. Linked Clones were distributed evenly across all 4 volumes assigned to each cluster. Distributing the storage 
workload for cluster hosts helps ensure additional load balancing within the storage queues on the 3PAR array. All linked 
clones were deployed from a single parent image within the solution via one of the composer servers assigned to their 
respective vCenter server. In the solution we assigned nodes 1-4 and 9-12 to the first vCenter 6 server with nodes 5-8 and 
13-16 assigned to the second server. As previously mentioned, our rationale for load balancing vCenter is based on the 
VMware recommendation to maintain a ratio of 2,000 desktop VMs per vCenter server. With the single server results of 236, 
we calculated that would put us slightly under that recommended target – around 1888. 

Figure 27. 3PAR Storage Layout 
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The storage for the linked clones was thinly provisioned volumes. Linked clone implementations will typically discard 
session data after logoff and would build up unused metadata in the deduplication pool over time. HP recommends thin 
provisioned volumes for non-persistent data due to the fact that there is no long term value in deduplication in relation to 
the overhead it creates on the storage nodes. 

An HP 3PAR 7440c StoreServ converged flash array was used to store VMs for all testing. RAID5 (3+1) was selected due to a 
reasonable RAID penalty, as well as providing proven redundancy and rapid rebuild in the event of a disk failure. With this 
configuration, I/O was never a bottleneck. User profiles were redirected to a Windows SMB3 share, external to the test 
environment, which would be most common in real world implementations. 

With 10/20 Gb connections, network bandwidth was more than enough for all the workloads tested and performance was 
exceptional. No in-depth network performance analysis was deemed necessary for these workloads. A production 
implementation will need to consider network bandwidth that will be consumed by desktop application workloads and back 
end data services. 

The table below shows the test configuration for the linked clone multi-server test runs. 

Table 12. Linked Clone host configuration 

Component Description Notes 

Compute Servers HP ProLiant BL460c Gen9 16 servers 

CPU HP BL460c Gen9 Intel Xeon E5-2690 v3 (2.6GHz/12-
core/30MB/135W) Processor Kit 

Quantity 2 per server 

Memory HP 16GB (1x16GB) Dual Rank x4 DDR4-2133 CAS-15-15-15 
Registered Memory Kit 

Quantity 16 per server (256GB total) 

FlexFabric Adapter HP FlexFabric 20Gb 2P 650FLB FIO Adapter Quantity 1 

Datastores 3TB thin provisioned SAN volume Quantity 16 

Server BIOS Server BIOS options adjusted to enhance performance • HP Power Profile set to Maximum 
Performance 

• Memory Power Savings Mode set to 
Maximum Performance 

• Thermal Configuration set to Maximum 
Cooling 

Login VSI Workload 
4.1 

Office Worker 1 vCPU, 1.3GB memory per VM 

 

For consistency, Login VSI benchmark mode settings were used to run the tests. ESXTop and 3PAR performance analyzers 
were used to collect performance data. The test run achieved a user count of 3,536 or 221 per blade server. These results 
are consistent with near-linear scaling of single server sizing results and represent the validation of the CS700 2.x VDI 
solution. Historically, tests have shown that user density for large scale solution tests is around 92% of single server 
density, with 1% margin of error. 

User density in the overall environment depends on many factors such as storage, system memory, CPU consumption, user 
workloads, and policies. Depending on requirements and their corresponding implementation in the environment, user 
density will vary. It is highly recommended to conduct an assessment of the target environment using industry standard 
tools in order to determine infrastructure requirements.  

Note 
There are numerous tools available to assist with the sizing of your VDI environment to help you min / max your 
environment to get the most efficiency and TCO out of your VDI implementation. HP Sizer for Server Virtualization is a free 
HP tool that can help ensure the solution meets the needs. Consulting services are recommended to assist in the 
implementation of a VDI assessment. 

Information about the sizer can be obtained at the link below:  
http://h20195.www2.hp.com/v2/GetDocument.aspx?docname=4AA6-0727ENW  

http://h20195.www2.hp.com/v2/GetDocument.aspx?docname=4AA6-0727ENW
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The figure below shows the Login VSI Office workload test run. The baseline measured prior to load generation was 822ms 
response time. Average response times stayed between one to two seconds prior to maximum load. 

Figure 28. Linked Clone Multi-server VSImax  

 

The HP 3PAR storage flash virtual volume layer was barely exercised as Login VSI does not create a high IOPS environment. 
What follows is an analysis for storage functionality during the tests. As mentioned earlier, all VMs were distributed across 
16 volumes equally. Hence, the performance metrics across volumes were very similar. Overall storage performance was 
excellent, at 80k+ IOPS towards the end of the test, we were still getting sub 5ms response to read+write operations and 
only 20+ IOPS per VM. The resulting performance of over 3,500 VMs on 24 disks was below a 5ms service time.  

Figure 29. Detailed storage statistics during VSI multi-server Linked Clone test 

 

As the disk group reaches maximum IOPS during testing, the response time increases sharply. This is an indication that the 
group is fully utilized at just under 4,000 users with an I/O response time of 5ms. With regard to controller resources, peak 
CPU resource utilization was below 70%. 

Figure 30. 3PAR 7440c Resource Utilization 
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Single server testing – Horizon Full Clones 

For full clone testing we were not concerned with host resource utilization but storage utilization. Full Clones were given a 
50GB volume with 20GB for the x64 desktop OS and 30GB to account for applications and user data. With Full clones 
typically running heavier workloads, we also doubled the memory to 3GB on the VM. For our Full Clones scenario we 
validated that thin provisioned 3PAR storage would accommodate 85 users per blade with room for growth. We provisioned 
1,360 Full Clones for the environment, with 85 VMs per server. Using the thin provisioning capabilities of the 3PAR, our 
storage footprint was only a fraction of what would be needed if the entire 50GB was allocated per user. Blade server 
performance options were adjusted using the RSBU for this test and are listed in the table below. 

Table 13. Single BL460c configuration with 256GB 

Component Description Notes 

CPU` HP BL460c Gen9 Intel Xeon E5-2690 v3 (2.6GHz/12-
core/30MB/135W) Processor Kit 

Quantity 2 per server 

Memory HP 16GB (1x16GB) Dual Rank x4 DDR4-2133 CAS-15-15-15 
Registered Memory Kit 

Quantity 16 per server (256GB total) 

FlexFabric Adapter HP FlexFabric 20Gb 2P 650FLB FIO Adapter Quantity 1 

Datastores 3TB thin provisioned SAN volume  

Server BIOS Server BIOS options adjusted to enhance performance • HP Power Profile set to Maximum 
Performance 

• Memory Power Savings Mode set to 
Maximum Performance 

• Thermal Configuration set to Maximum 
Cooling 

Login VSI Workload 
4.1 

Office Worker 1 vCPU, 3GB memory per VM 

 

Single server results – Horizon Full Clones 

Full Clone testing was conducted with 256GB of memory installed within the system. This test was focused on validating the 
storage architecture more than on performance benchmarking of the compute infrastructure. The Full Clones were 
deployed using the Horizon Admin Console hosted on the View Connection server. The test yielded no VSImax, as the 85 
user workload did not use all of the server resources. Memory utilization and CPU were consumed steadily, but did not reach 
above 40% during testing due to the relatively low number of desktop VMs on the host. With all VDI solutions the true 
density you can get on a server depends heavily on user working environment and the applications that are used. 

vGPU testing on WS460c – Multi-server and user 

Note 

When it comes to choosing the right CPU for your Hosts running graphic intensive VMs, consider that a higher clock speed 
(GHz) may be more valuable than a higher core count. This is a factor of the application architecture and its efficiency at 
multithreading CPU operations. As a result, some applications may require both a high clock speed and greater core count. 

Previously, VMware provided only two options to deliver high end graphics capabilities. vSGA was a shared virtual graphic 
acceleration where you could get density over performance, and vDGA was a graphics card dedicated to a single VM, where 
you got performance over density. vGPU is a game changer because it enables the infrastructure to balance the resources 
with their target workload requirements. With Horizon 6.1 and vSphere 6 you are now able to choose from much broader 
options for density and performance provided by your graphics cards. With NVIDIA Grid, you can share a physical GPU with 
up to 8 users with a maximum of 32 on a quad GPU card such as the GRID K1. With high intensity GPU workloads, larger 
vGPU profiles can be selected to provide the necessary resources. All the while, vGPU enables multiple users to share the 
hardware with broad application compatibility due to native driver support. 
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Our main focus for the vGPU testing was to ensure that the graphic options selected for the VMs provided the experience 
that users of graphical applications have come to expect. The tools used for validation were Fraps and the Login VSI GPU 
framework. In the figure below you will see a high end view of how NVIDIA’s GRID vGPU works within a virtual environment.  

Figure 31. NVIDIA GRID vGPU technology 

 

In Table 14 we see the different vGPU profiles you can select. As you can see, the vGPU you select determines how big the 
Frame Buffer size will be. It is the Frame Buffer that determines how many desktops can use the card. 

Table 14. NVIDIA GRID vGPU Profiles 

 

vGPU testing results on WS460c – Multi-server and user 

Our ultimate goal with testing the vGPU functionality was to evaluate the density of the cards, and their respective 
performances. As with any hardware the more resources available the better the results. We knew using the higher end 
profiles with larger frame buffers and less users would definitely work as expected, so for this reference architecture 
analysis we chose to go with the profiles that yielded the largest density. For the K1 GRID cards we chose K120Q and for the 
K2 GRID cards we chose the K220Q. 
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In regards to compute resources, the WS460c resources are much greater than what is needed to support up to 32 VMs, so 
the server can easily host additional VMs that belong to a pool that is not using vGPU as configured above in figure 26. For 
the desktop pool for the vGPU virtual machines, the configuration was very similar with the exception of selecting vGPU as 
the 3D renderer as seen in figure 32. 

Figure 32. Desktop Pool Settings with vGPU 3D Rendering enabled 

 

In the test scenario, vGPU functionality was validated using Login VSI’s graphical framework. We tested the graphics both 
locally via the console as well as over PCoIP. In these scenarios we evaluated both the GRID K1 and K2 cards, using the vGPU 
profiles that provided the greatest user density. The VMs leveraged were configured with 2 vCPU and 8GB of memory for 
the 32 user K1 test, and the same for the 16 user K2 test. Overall the CPU and memory of the virtual machines during 
testing remained steady without spiking or hitting 100% utilization. 

For sizing guidance in high-end graphical workloads, NVIDIA’s documentation should be consulted. They have worked with 
application vendors with products intended for multiple industries and use cases. Their sizing guides will help determine the 
correct choice of GRID card and the right vGPU profile for the users based on their needs. 

Summary 

The decentralization of resources including applications and devices has caused customers to rethink how to deliver an 
optimal end user experience. Beyond this, user behaviors have also changed including where they work and on what device 
they prefer to work. HP and VMware have addressed these challenges. The HP Verified Reference Architecture for VMware 
Horizon 6.1 on ConvergedSystem 700 2.x, with VMware vSphere builds off of the strength and versatility of the existing 
VMware lineup and leverages years of HP innovation delivering client virtualization solutions. Unique improvements in HP 
server, storage and networking technologies make this newest architecture the highest performing, lowest cost and easiest 
to manage that HP has ever developed. It is ideally suited for the performance and scalability requirements of a VMware 
Horizon 6.1 deployment that requires architectural flexibility, extreme performance and rapid and simple scaling to meet a 
company’s needs, even with graphical intensive workloads in their virtual environment. 

Key findings: 

• The ConvergedSystem 700 2.x solution provides the basis for scalable, high performance VDI workloads running on 
VMware Horizon 6.1 

• 3PAR StoreServ converged flash arrays provide uncompromising performance for client virtualization workloads with 
larger user-to-disk ratios than what was possible with HDDs 

• 200+ office workers with highly flexible Horizon Linked Clones can be run on a single BL460c server 
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Implementing a proof-of-concept 

As a matter of best practice for all deployments, HP recommends implementing a proof-of-concept using a test 
environment that matches as closely as possible the planned production environment. In this way, appropriate performance 
and scalability characterizations can be obtained. For help with a proof-of-concept, contact an HP Services representative 
(http://www8.hp.com/us/en/business-services/it-services/it-services.html) or your HP partner. 

Appendix A: Bill of materials  

Note 
Part numbers used are based on the part numbers that were used for testing and subject to change. The bill of materials 
does not include complete support options or other rack and power requirements. If you have questions regarding ordering, 
please consult with your HP Reseller or HP Sales Representative for more details.  
http://www8.hp.com/us/en/business-services/it-services/it-services.html 

Table 15. Bill of materials 

Qty Part Number Description 

1 K9T74A HP ConvergedSystem 700 Virtualization 2.x Foundation Kit 

Recommended options   

  Management hosts 

2 755258-B21 HP DL360 Gen9 8SFF CTO Server 

2 755394-L21 HP DL360 Gen9 E5-2680v3 FIO Kit 

2 755394-B21 HP DL360 Gen9 E5-2680v3 Kit 

32 726719-B21 HP 16GB 2Rx4 PC4-2133P-R Kit 

16 652583-B21 HP 600GB 6G SAS 10K 2.5in SC ENT HDD 

2 764632-B21 HP DL360 Gen9 SFF DVD-RW/USB Kit 

2 727060-B21 HP FlexFabric 10Gb 2P 556FLR-SFP+ Adptr 

2 AJ764A HP 82Q 8Gb 2-port PCIe Fibre Channel Host Bus Adapter 

  Storage 

4 QR486A HP 3PAR 7000 4-pt 8Gb/s FC Adapter 

1 QR516B HP 3PAR 7000 Service Processor 

1 BD365A HP 3PAR 7000 Service Processor SW Media 

1 BD363A HP 3PAR 7000/7440 OS Suite Media 

1 BD373A HP 3PAR Reporting Suite Media 

1 BD362A HP 3PAR StoreServ Mgmt/Core SW Media 

1 E7X84A HP 3PAR StoreServ 7440c 4N St Cent Base 

1 BD362A HP 3PAR StoreServ Mgmt/Core SW Media 

2 QK753B HP SN6000B 16Gb 48/24 FC Switch 

24 E7Y57A HP M6710 1.92TB 6G SAS 2.5in cMLC SSD 

http://www8.hp.com/us/en/business-services/it-services/it-services.html
http://www8.hp.com/us/en/business-services/it-services/it-services.html
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Qty Part Number Description 

  Rack, Power and Network Infrastructure 

2 BW932A HP 600mm Rack Stabilizer Kit 

2 BW908A HP 642 1200mm Shock Intelligent Rack 

2 BW930A HP Air Flow Optimization Kit 

2 BW891A HP Rack Grounding Kit 

2 TK815A HP CS Rack Door Branding Kit 

2 TK816A HP CS Rack Light Kit 

1 TK821A HP CS Rack Side Panel 1200mm Kit 

1 433718-B21 HP BLc7000 10K Rack Ship Brkt Opt Kit 

1 BW902A HP Rack Baying Kit 

8 H8B50A HP 4.9kVA 208V 30A NA/JP maPDU 

8 JC680A HP A58x0AF 650W AC Power Supply 

8 JC680A     B2B JmpCbl-NA/JP/TW 

8 JC682A HP 58x0AF Bck(pwr)-Frt(ports) Fan Tray 

2 JG510A HP 5900AF-48G-4XG-2QSFP+ Switch 

2 JC772A HP 5900AF-48XG-4QSFP+ Switch 

2 681844-B21 HP BLc7000 CTO 3 IN LCD Plat Enclosure 

4 691367-B21 HP BLc VC FlexFabric-20/40 F8 Module 

2 456204-B21 BladeSystem Onboard Administrator (for redundancy) 

12 412140-B21 HP BLc Encl Single Fan Option 

12 733459-B21 HP 2650W Plat Ht Plg Pwr Supply Kit 

  Virtualization hosts 

16 727021-B21 HP BL460c Gen9 10Gb/20Gb FLB CTO Blade 

16 726987-L21 HP BL460c Gen9 E5-2690v3 FIO Kit 

16 726987-B21 HP BL460c Gen9 E5-2690v3 Kit 

16 761871-B21 HP Smart Array P244br/1G FIO Controller 

256 726719-B21 HP 16GB 2Rx4 PC4-2133P-R Kit 

16 700764-B21 HP FlexFabric 20Gb 2P 650FLB FIO Adptr 

32 759208-B21 HP 300GB 12G SAS 15K 2.5in SC ENT HDD 
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Qty Part Number Description 

  Virtualization hosts for vGPU 

4 752427-B21 HP WS460c Gen9 CTO Graphics Exp Blade 

4 726987-L21 HP BL460c Gen9 E5-2690v3 FIO Kit 

4 726987-B21 HP BL460c Gen9 E5-2690v3 Kit 

4 761871-B21 HP Smart Array P244br/1G FIO Controller 

64 726719-B21 HP 16GB 2Rx4 PC4-2133P-R Kit 

4 700764-B21 HP FlexFabric 20Gb 2P 650FLB FIO Adptr 

8 759208-B21 HP 300GB 12G SAS 15K 2.5in SC ENT HDD 

4 730876-B21 NVIDIA GRID K1 PCIe GPU FIO Adapter 

4 729851-B21 NVIDIA GRID K2 Dual GPU PCIe Graphics Accelerator 

4 734206-B21 GPUEnablement Kit (for GRID K2 configuration) 

  Cabling requirements 

8 AJ836A HP 5m Multi-mode OM3 LC/LC FC Cable 

4 JD095C HP X240 10G SFP+ SFP+ 0.65m DAC Cable 

4 JG326A HP X240 40G QSFP+ QSFP+ 1m DAC Cable 

6 JG330A HP X240 QSFP+ 4x10G SFP+ 3m DAC Cable 

1 TK732A HP 42U PDU MANAGEMENT-BRACKETS Cable 

5 C7536A HP Ethernet 14ft CAT5e RJ45 M/M Cable 

8 C7533A HP Ethernet 4ft CAT5e RJ45 M/M Cable 

4 C7535A HP Ethernet 7ft CAT5e RJ45 M/M Cable 

8 AJ716B HP 8Gb Short Wave B-Series SFP+ 1 Pack 

12 AJ837A HP 15m Multi-mode OM3 LC/LC FC Cable 

4 AJ835A HP 2m Multi-mode OM3 LC/LC FC Cable 
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Appendix B: Software versions 

Table 16. VMware software versions 

Item Version  Description 

ESXi 6.0 6.0.0-2503373 HP Custom Image (VMware-ESXi-6.0.0-2494585-HP-600.9.2.38-Mar2015) 

vCenter 6.0.0-2503528 Central management for virtualization components. 

Composer Server 6.1.0-2506641 Creates and manages linked clone desktop VMs. Provides faster desktop 
provisioning, OS management and storage usage.  

Connection Server 6.1.0-2509221 Hosts the web portal for access, as well as brokering connection requests for 
sessions to Desktops or RDSH servers. It also provides the interface for managing 
the provisioning of desktops. 

View Agent 6.1.0-2509221 Required install for Desktop and Server OS to communicate with the Connection 
Server. 

View Client 5.4.1-1888861 Local PC install for accessing the Horizon virtual applications and desktops. 

 

Table 17. Microsoft Software Versions 

Item Version  Description 

Windows Server 2012 R2 Used for all infrastructure components requiring Windows Server, including the 
Connection, Composer, vCenter, SQL, and Login VSI launcher servers. 

SQL Server 2014 Provided database support for the Connection, Composer, and vCenter servers. 

Windows Desktop Windows 7 
Enterprise SP1, x64 

All VDI guest instances. 
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HP OneView partner integration: 
 h20392.www2.hp.com/portal/swdepot/displayProductInfo.do?productNumber=Z7500-63235 

CVAM and other HP client virtualization services can be found at: 
http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740 

HP 3PAR StoreServ best practices for HP Client Virtualization: 
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-6479ENW 

3PAR Best Practices for vSphere 6: 
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-3286ENW 

VMware Horizon 6.1: vmware.com/support/horizon-view/doc/horizon-61-view-release-notes.html 

VMware Desktop Image Optimization: vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf 

NVIDIA GRID vGPU: vmware.com/products/vsphere/features/vGPU 

 

To help us improve our documents, please provide feedback at hp.com/solutions/feedback. 

 

 
 

http://www.hp.com/go/getupdated
http://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do%3FproductNumber%3DHPVPR
https://h20392.www2.hp.com/portal/swdepot/displayProductInfo.do?productNumber=Z7500-63235
http://www8.hp.com/us/en/business-services/it-services.html?compURI=1079740
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-6479ENW
http://h20195.www2.hp.com/V2/GetDocument.aspx?docname=4AA4-3286ENW
http://www.vmware.com/support/horizon-view/doc/horizon-61-view-release-notes.html
http://www.vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf
http://www.vmware.com/products/vsphere/features/vGPU
http://www.hp.com/solutions/feedback

