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Executive Summary

Virtual desktops offer centralized management, lower maintenance costs, improved security, and remote access
to superior storage and computing capabilities. Historically, however, they were limited by the inability to
handle the graphics-intensive computing needs of designers, engineers, and scientists. The graphics processing
requirements of computer-aided technologies (CAX), limited graphics APl support, and the inability to share
physical GPUs all made it unfeasible to use virtual desktops as graphics workstations.

The latest generation of hardware-based graphics acceleration technology from VMware and NVIDIA makes
this task not only feasible but practical, by moving the required functionality from the individual workstation
to the data center, making immersive 3D graphics available to remote users. This solution enables users with
the most demanding graphics needs, such as 3D engineering applications, to take advantage of the superior
computing, storage, and networking power of the data center while freeing them from the limitations of the
physical workstation.

virtualization technology, ~ scale, suitable for
with 4-64 users per host many use cases

VGPU is the most flexible GPU - ! Best performance at —

« Access to all critical
applications, including
3D, from anywhere on
any device

User graphical experience
equivalent or better on
virtual machine than on
physical workstation

REDWAY CAD Turbine
Benchmark scores:

Virtual machine = 3,657
Physical workstation = 2,505

Centralized administration
and provisioning of
ESX'and vGPU scale desktops and applications
with concurrent
workloads

8 concurrent VMs perform
as well as a single VM

Fast provisioning of
3D-enabled desktops

Enhanced data and
IP security for 3D models
and other assets

No noticeable benefit
with more vCPU or RAM
in benchmark tests

4 vCPU and 16 GB RAM offer
best performance for
engineering workloads

Highly responsive
Windows and rich
- multimedia experience

Client device and protocol (@ Provision sufficient client « Improved user productivity
are key to satisfactory & - resources and bandwidth and mobility
user experience . for protocol
+ Reduced CapEx and OpEx

3D engineering users Size virtual desktop

A—_—
can require up to @ storage for large data sets
1TB of storage

Figure 1: Highlights

The tests conducted as part of this reference architecture highlight the more than acceptable performance
characteristics of 3D and engineering benchmarks and applications when running on a virtual desktop.

The key elements that make this solution possible are graphics cards compatible with GPU virtualization, that is,
NVIDIA GRID K1 and K2 cards, and the supporting virtualization infrastructure for View desktops supplied by
VMware vSphere® and VMware Horizon® 6. Customers can choose among three hardware-based graphics
acceleration options:

« Virtual Dedicated Graphics Acceleration (vDGA)
* Virtual Graphics Processing Unit (vGPU)
* Virtual Shared Graphics Acceleration (VSGA)
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About This Document

This paper offers guidance for deploying engineering workstations designed to support heavy 3D workloads on
View virtual desktops in Horizon 6. Among other topics, it discusses

* How to choose the right GPU acceleration technology

* How to size hardware resources for computer-aided design (CAD) and other CAx applications

* The relation between hardware and software for graphics acceleration

* How to identify potential bottlenecks

* The use of direct pass-through and vGPU technology to illustrate the level of performance that typical CAD
and CAx users can expect when working in a virtualized environment

About the Tests and Results

The tests reported in this paper relied on standard rackmount server hardware with NVIDIA graphics cards,
running vSphere 5.5 or 6.0 and Horizon 6 software.

* Horizon 6 software handles provisioning, management, and access to the 3D workloads.

* View virtual desktops run on vSphere hosts, located in the data center and configured with NVIDIA graphics
cards.

* Horizon Client software installed on users’ endpoint devices connects to users’ virtual desktops.

In industry-standard CAD and computer-aided manufacturing (CAM) software and benchmarks, workload
performance tests showed the following:

* The entire software-defined data center (SDDC) software stack integrates well, serving a virtualized 3D
workstation that performs at least as well as most physical 3D workstations.

» Performance tends to improve when based in the data center because, compared to typical, or even the best,
workstations, the data center offers more CPU power, better GPU performance, faster storage, and usually
better network capabilities, such as Gigabyte LAN. Applications load faster, and complex 3D operations, such
as real-time viewing and rendering, are also faster.

* The limiting factors are usually network bandwidth and CPU utilization (lack of CPU cores). LAN performance
can be good to excellent, but WAN performance requires optimization. For WAN implementations, suitable
bandwidth is required to provide an acceptable user experience. In these cases, expectations should be set
with the user. Heavy 3D workloads often require high-frequency CPUs (typically 2.7 GHz and higher), and
these processors are often limited by the number of cores available.

Benchmark testing also produced some surprising results concerning the number of virtual machines that can
be deployed before an impact on performance can be detected at the user level.
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Solution Summary

The Horizon 6 3D engineering workload solution described in this paper combines data center and desktop
virtualization technologies from VMware with GPU technology from NVIDIA.

GPU-Enabled Data Center

Desktop Clients

Thin Clients

View Agent View Agent

AN
7

/ Multimonitor

m \ View Desktop Q/

T

ESXi NVIDIA Manager (optional) J Android

Horizon 6

x86 Architecture and —_—c
Hardware Resources Q iosS

Figure 2: Virtualization of 3D Workloads

The addition of GPU virtualization to Horizon 6 gives users access to the computing power, memory,
networking, and storage of the data center to run graphics-intensive applications on virtual desktops.

Placing graphics-intensive workloads in the data center provides secure and mobile access to a wide range

of distributed users. Centralizing these workloads also provides easier management, provisioning, and
maintenance of desktops, applications, and data. On remote devices, it enables an immersive 3D graphics
experience that compares favorably to dedicated graphics workstations. Appropriate network bandwidth and a
suitable device guarantee user experience for a mobile or distributed user.
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Solution Architecture

Figure 3 provides a high-level overview of the solution architecture.

Horizon Clients ioS Mac OSX  Thin Client Windows
or Android

B By
\:\\\r .\:\\\,‘
HTTPS / PColP VM VM —’» VM VM
DMZ (HTTPS / PColP) . :
PColP View Security Servers c VlewS
onnection Servers
e ESX, vCenter, View, Mirage, AD Traffic
Shared Storage
VM VM
P | > | View vCenter
> h Composer
S gF iyl ¢ wm—

Fine Print
View 3D Virtual Desktop View Virtual Desktops Server VM VM

—— 5 E— MSSOL  Active

Virtual
Appliance

Virtual

3D Desktop Cluster Desktop Cluster Appliance

vSphere vSphere
+ NVIDIA GFX Cards

vRealize Operations
for Horizon

Management Cluster
vSphere

Shared Storage

Figure 3: Horizon 6 Components
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The high-level infrastructure consists of the following products and components:

HORIZON VSPHERE ESXi NVIDIA GRID K2 WINDOWS 7
*View in Horizon 6 *VMware ESXi™ 5.5 « ESXi hosts *2 x GRID K2 * Windows 7 SP1 x64
version 6.01 « VMware ESXi 6.0 +27 GHz Intel +Latest NVIDIA GRID | Virtual desktops
+ View Connection «\/Mware vCenter E5-2697 v2 or 3.3 driver
Servers Server™ GHz E5-2667 v2
* View security processor
servers * 256 GB RAM per
*VMware View® ESXi host
Composer™ * 6 x Intel 730 Series
« Active Directory (480 GB) SSDs
* Microsoft SQL * Intel RS3DC0O80
«\/Mware vRealize™ SAS Controller
Operations for « Local SSD storage
Horizon for ESXiand virtual
machines

Table 1: High-Level Infrastructure

VMware ESXi Hosts

The configuration tested for this paper used a standard rackmount server in the ASUS ESC4000 G2, the latest
ASUS server based on the dual Intel Xeon E5-2600 v2 processor platform. The ASUS ESC4000 has six vertically
oriented, hot-swappable 2.5-inch SATA HDD bays with 8 x PCle Gen3 x16 expansion slots.

Most major hardware vendors, such as Dell, HP, Cisco, and IBM, offer servers that support VMware 3D graphics
acceleration technologies. Before you select a server, verify that it is on the VMware Hardware Compatibility
List and the NVIDIA GRID certified list.

HARDWARE COMPONENT SUBSYSTEMS

ASUS ESC4000 G2 ESXi host *Intel E5-2667 v2 (3.3 GHz)

*Intel E5-2697 v2 (2.7 GHz)

* ASMB6-iIKVM-over-Internet

(remote connection)

* Aspeed AST2300 16 MB VRAM onboard graphics

*Intel Gigabit Ethernet controller

128 GB memory per ESXi host

Intel RS3DCO80 SAS controller

Intel 730 Series (480 GB) SSDs 6x 480 GB RAID O

NVIDIA GRID K2 2x GRID K2

Table 2: ESXi Components
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NVIDIA GRID GPUs are based on the NVIDIA Kepler GPU architecture. NVIDIA GRID GPUs support vGPU—the
ability for multiple users to share a single physical GPU in a virtualized environment.

SPECIFICATION

GRID K1

GRID K2

Number of GPUs 4 x entry Kepler GPUs 2 x high-end Kepler GPUs
Total NVIDIA CUDA cores 768 3072

Total memory size 16 GB DDR3 8 GB GDDR5

Maximum power 130 W 225 W

Card equivalent

Quadro K600

Quadro K5000

Board length 10.5 10.5

Board height 4.4 4.4

Board width Dual-slot Dual-slot

Aux power 6-pin connector 8-pin connector
PCle X16 X16

PCle generation

Gen3 (Gen2 compatible)

Gen3 (Gen2 compatible)

Cooling solution

Passive

Passive

Technical specifications

GRID K1 board specifications

GRID K2 board specifications

Table 3: NVIDIA GRID K1 and K2 Specifications

VMware vSphere

Table 4 lists the ESXi and vSphere components.

ESXi 5.5

ESXi 6.0

ESXi 5.5.0 update 01-1623387

ESXi6.0.0 -2367142

vSphere Client 5.5.0 update 1618071

vSphere Client 6.0.0 2143706

vCenter Server 5.5.0 update 2183111

vCenter Server 6.0.0 2367421

VMware Client Integration Plug-in

VMware Client Integration Plug-in

VMware Tools version 9349

VMware Tools version 9536

NVIDIA GRID driver

NVIDIA GRID driver

Table 4: vSphere Software Components
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VMware Horizon 6

Table 5 lists the Horizon 6 software components and versions.

SOFTWARE COMPONENT VERSION

View Connection Server 5.3.1 update 2337195/6.0.1
View Agent 5.3.3/6.0.1 update 2337405
Horizon Client 2.3.3 update 1745122/3.3
Windows 7 Professional SP1x64 (virtual machines)
Windows Server 2008 R2 or 2012

Table 5: Horizon Software Component Versions

Benchmarking and Testing Software

Table 6 lists the benchmarking tools and CAD and CAM software used to validate the performance of the
solution described in this reference architecture.

SYNTHETIC TESTS TYPICAL ENGINEERING WORKLOADS

* Anvil Storage Utilities 11.0 * ANSYS v14

*PassMark Performance Test 8.0 Build 1010 64-bit *Dessault Systemes CATIA R20

* AIDAG4 Extreme 4.40.3200 « Autodesk Revit 2015 Build 20140606 (x64)

*REDWAY3D REDsdk Turbine
*Maxwell Benchwell Render 3.0.1.0

Table 6: Benchmarking Software

TECHNICAL WHITE PAPER / 13
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Reference Architecture Overview

VMware vSphere servers with Horizon 6 hosted in enterprise data centers enable users to access virtual
desktops running 3D applications from a wide range of client devices. This solution provides users with graphics
performance roughly equivalent to high-end graphics workstations, using lower-cost clients or repurposed
devices. The solution uses PColP or a secure WebSocket protocol for remote display, and VMware vRealize
Operations Manager to monitor the health and performance of all components.

Designing for 3D Desktop Workload Use Cases

Horizon 6 offers four types of 3D graphics acceleration: software-based Soft 3D, and hardware-based vSGA,
vGPU, and vDGA. Figure 4 illustrates how the 3D technologies map to the main use case categories: task

workers, knowledge workers, power users, and designers.

N
Image
Quality Diagnostics
Interactivity . X
Cost per Seat Lightweight CAD
2D and 3D 3D Viewers
WebGL
Productivity Apps with Graphics
Aero
Soft 3
Light Users
Fewer Applications

- Oiland Gas

Architecture Design
Engineering _
Media and Graphics

as L

vDGA

NVIDIA GRID vGPU

Heavy Users
Many Applications
y APpP N

Task Worker Knowledge Worker

Power User Designer

Figure 4: 3D Technologies for Different Use Cases
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Task Workers

Task workers often require only Soft 3D, a software-based 3D renderer suitable for less graphics-intensive
applications. They do not need, or realize a noticeable benefit from, hardware-based 3D acceleration. For that
reason, the task worker use case is not considered in this paper. Soft 3D is a standard component of Horizon 6.

N Oil and Gas
Image Architecture Design
Quality Diagnostics ——
Interactivity : ) Engineering
Cost per Seat Che i N Media and Graphics
2D and 3D 3D Viewers Gis
WebGL
Productivity Apps with Graphics A AUTODESK.
Aero %
L 7 2JPTC
DS SOLIDWORKS
A v
»
TEAMCENTER
Light Users Heavy Users
Fewer Applications Many Applications
7
I N ‘ o
ﬂ o0 @ oo
.0.0.0.
H
Task Worker Knowledge Worker Power User Designer

Figure 5: Products Plotted Against Use Cases by Increasing Quality and Cost
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Knowledge Workers

Office workers and executives fall into this category, typically using applications such as Microsoft Office, Adobe
Photoshop, and other non-specialized end-user applications. A vSGA solution can improve performance for this
use case by providing high levels of consolidation of users across GPUs.

o0t ot e estures

POWERPOINT 2010 l

Figure 6: Knowledge Worker Applications Show Improved Performance with vSGA

However, vSGA does not provide a wide range of graphics APl support, so it is often worthwhile to consider a
vGPU-based solution for knowledge workers.

Power Users

These users consume more complex visual data, but their requirements for manipulations of large datasets
and specialized software are less intense than for designers. Their needs can typically be served more than
adequately with access to a shared vGPU.

Figure 7: Typical Power User Applications that Are Somewhat Less Compute-Intensive
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Designers and advanced engineering and scientific users often create and work with large, complex datasets
and require graphics-intensive applications such as 3D design, molecular modeling, and medical diagnostics
software from companies such as Dassault Systemes, Enovia, Siemens NX, and Autodesk. These users typically
require either a vVGPU- or vDGA-based solution.

Figure 8: Example Screens for Dassault CATIA (Left) and Autodesk 3ds Max (Right)

Choosing a 3D Graphics Acceleration Technology

The three types of hardware-based graphics acceleration available for View virtual desktops in Horizon 6 map
well to the three major use cases considered here. However, vGPU provides the greatest performance and
compatibility trade-off. Table 7 compares the main features of these technologies.

vDGA

GPU dedicated to one user

vGPU

GPUs shared among users but can
be dedicated

VSGA

GPUs shared among users

1:1 consolidation ratio
(1 user per physical GPU)

Good consolidation ratio
(8 users per physical GPU)

High consolidation ratio
(limited by video memory on
graphics card)

Workstation-level performance

Entry-level workstation
performance under load

Solid performance for lightweight
applications, but no driver
certification

Maximum compatibility with all 3D
GPU rendering and computation
applications

Full compatibility with all 3D and
GPU rendering applications;
requires certification

Compatibility limited by API
support and virtual machine video
RAM capacity

DirectX 9,10, or 11

DirectX 9,10, or 1M

DirectX 9.0 SM3 only

OpenGL 21, 3.x, or 4.x

OpenGL 21, 3.x, or 4.x

OpenGL 21only

Hardware video playback

Hardware video playback

Software video playback only
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vDGA vGPU VSGA

Compute APIs with CUDA or Does not support compute APIs, Does notsupport compute APIs,

OpenCL CUDA, or OpenCL CUDA, or OpenCL

Not compatible with VMware Not compatible with vSphere vSphere vMotion, HA, and VMware

vSphere vMotion® and vSphere vMotion and HA vSphere Distributed Resource

High Availability Scheduler™ compatible—
automatically falls back to
software renderer as needed

Table 7: 3D Graphics Acceleration Comparison

Note: The key to maximizing return on investment when configuring 3D graphics acceleration is to provide
sufficient 3D resources without overprovisioning.

Virtual Dedicated Graphics Acceleration (vDGA)

This technology provides a user with unrestricted, fully dedicated access to a single vGPU. Although
consolidation and management trade-offs are associated with dedicated access, vDGA offers the highest level
of performance for users with the most intensive graphics computing needs. It enables the use of applications
that run OpenGL 4.4, Microsoft DirectX 9, 10, or 11, and NVIDIA CUDA 5.0.

With vDGA, the hypervisor passes the GPUs directly to guest virtual machines, so the technology is also
known as GPU pass-through. No special drivers are required in the hypervisor. However, to enable graphics
acceleration, the appropriate NVIDIA driver needs to be installed on the guest virtual machines. The installation
procedures are the same as for physical machines.

Clients

Guest OS

VDA

Driver

r

Software

Virtual Machine

] " =

vCPU vMemory vStorage vNetwork

Virtualization

Hypervisor
(vSphere)

Memory Storage

Hardware

Figure 9: GPU Pass-Through (vDGA)
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Because the GPU is passed through to the guest OS, which uses native graphics drivers, vDGA fully supports
everything the chosen driver can do natively, including but not limited to all versions of DirectX, OpenGL, and
CUDA.

BENEFITS PROS CONS

*Qutstanding performance « 1:1 consolidation ratio

*Performance equivalent to
dedicated GPU in physical
desktop

*Supports the entire API stack
«Direct driver support for GPU

*Enables dedicated access to
physical GPU hardware for 3D
and high-performance graphical
workloads.

*Uses native NVIDIA drivers

* CUDA available to virtual

machine «Vendor certification—technology
*Best for super high-performance is direct pass-through
needs

*Could be a true workstation
replacement option

Table 8: Pros and Cons of vDGA

Virtual Graphics Processing Unit (vGPU)
Horizon 6 version 6.1 and vSphere 6.0 include vGPU support. Like vDGA, vGPU brings the benefit of wide API
support and native NVIDIA drivers but with greater scalability.
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Figure 10: Hardware GPU Virtualization
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vGPU is essentially vDGA with multiple users instead of one user. As with vVDGA, a user or administrator needs
to install the appropriate NVIDIA driver on the guest virtual machine, and all graphics commands are passed
directly to the GPU without having to be translated by the hypervisor. Up to eight virtual machines can share a
GPU. Calculating the exact number of desktops or users per GPU depends on application requirements, screen
resolution, number of displays, and frame rate measured in frames per second (FPS).

The vGPU technology provides better performance than vSGA and higher consolidation ratios than vDGA. It is
a good technology to use for low-, mid-, or even advanced-level engineers and designers as well as for power

users with 3D application requirements. One drawback of vGPU, however, is that it might require applications

be recertified in order to be supported.

Choosing a vGPU Profile

Each physical GPU can support several virtual GPU types, or profiles. Each vGPU profile has a fixed amount
of frame buffer memory, number of supported display heads, and maximum resolutions, and is targeted at
different classes of workload.

The GPU profiles (ending in Q, as shown in Table 9) undergo the same application certification process as the
NVIDIA Quadro workstation-class processors.

GRAPHICS VIRTUAL GRAPHICS | MAXIMUM MAXIMUM MAXIMUM USE CASE
BOARD GPU MEMORY DISPLAYS RESOLUTION USERS
PROFILE PER USER PER DISPLAY PER
GRAPHICS
BOARD
NVIDIA K280Q 4,096 MB 4 2560x1600 2 Advanced
GRID K2 Designer or
Engineer
K260Q 2,048 MB 4 2560x1600 4 Designer
Engineer
Power User
K240Q 1,024 MB 2 2560x1600 8 Designer
Engineer
Power User
K220Q 512 MB 2 2560x1600 16 Designer
Power User
NVIDIA K180Q 4,096 MB 4 2560x1600 4 Entry
GRID K1 Designer
K160Q 2,048 MB 4 2560x1600 8 Power User
K140Q 1,024 MB 2 2560x1600 16 Power User
K120Q 512 MB 2 2560x1600 32 Power User

Table 9: vGPU Profiles

For a list of certified applications, download NVIDIA GRID Remote Workstation Certifications from the
NVIDIA Web site.
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BENEFITS

PROS

CONS

*Lower cost due to greater
consolidation (up to 8 users per
GPU)

*Support for wide range of 3D
applications due to use of native
NVIDIA drivers

*Good for designer and engineer
use cases

*vGPU offers vDGA performance
and DirectX and OpenGL support
with the density of VSGA

*Shared GPU for up to
16 users on GRID K2, and
32 users on GRID K1

*Graphics commands of each
virtual machine are passed
directly to the GPU without
translation

*GPU hardware is time-sliced to
deliver a high-performance,
shared virtualized graphics
experience

«Full 3D application compatibility
using certified NVIDIA drivers

* Ability to assign just the right
amount of memory to meet each
user’s specific needs

»Consolidation limited to 8 users
per GPU

*Unlike vSGA, vGPU dedicates a
portion of video RAM on the
graphics card on a per-user basis

*Requires independent software
vendor (ISV) certification in
some cases

Table 10: Pros and Cons of vGPU
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Virtual Shared Graphics Acceleration (vSGA)

This technology allows a GPU to be shared across multiple virtual desktops. It is an attractive solution for

users who require the full potential of the GPU’s capability during brief periods. However, vSGA can create
bottlenecks, depending on which applications are used and resources needed from the GPU. vSGA is generally
used for knowledge workers and occasionally for power users, but it is restricted in its support for OpenGL and
DirectX versions. For more information on vSGA performance, see VMware Horizon View 5.2 and Hardware
Accelerated 3D Graphics.
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Figure 11: GPU Sharing vSGA

With vSGA, the physical GPUs in the host are virtualized and shared across multiple guest virtual machines. An
NVIDIA driver needs to be installed in the hypervisor. Each guest virtual machine uses a proprietary VMware
vSGA 3D driver that communicates with the NVIDIA driver in vSphere.
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Note: The main limitation is that these drivers only work with DirectX up to version 9.0c and OpenGL up to

version 2.1,

BENEFITS PROS CONS

*Enables shared access to *Mature technology with *Not suitable for high-end or
physical GPU hardware for 3D appropriate number of ISVs compute-intensive workloads
and high-performance graphical supporting this type of «Shared environment, shared
workloads configuration problems

*Desktops still see abstracted *Scales well and provides good «Limited API support (Microsoft)
VMware SVGA device for performance olLiitEs e vides RAM 6
maximum virtual machine « Full compatibility with hosts 512 MB
compatibility and portability lacking physical GPUs

« Cost effective with multiple (for vSphere vMotion, DRS, and
virtual machines sharing single SO on)
GPU resource

Table 11: Pros and Cons of vVSGA

3D Workload Compatibility

When not using vDGA mode, applications require certification against solutions that use vSGA or vGPU. Make
sure that any applications are certified to work on vSGA or vGPU. For more information, see NVIDIA GRID GPUs
and Drivers Are ISV Tested and Supported.

Sizing vSphere for 3D Workloads

Horizon uses the VMware SDDC platform to provide 3D graphics acceleration.
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Figure 12: SDDC Platform
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Horizon 6 utilizes vSphere features, such as a DRS, HA, VMware VMsafe®, distributed vSwitch, thin provisioning,
transparent page sharing, and memory compression. It also integrates with the following:

* VMware View Accelerator™ - Host-based memory cache of the most commonly read disk blocks. Helps
reduce read /O storms during boot or login events.

* Automated deployment of desktops across a cluster - For vSGA and vGPU workloads only.
* vSphere vMotion of vSGA workloads - To ensure the highest level of uptime for knowledge workers.

* GPU virtualization - Support for a wide range of 3D-based use cases, using both shared (vSGA) and
dedicated (vDGA) GPU virtualization. vGPU graphics acceleration technology is now available in vSphere 6.0
and Horizon 6 version 6.1.

Horizon 6 can be managed and monitored with vCenter Server, View Administrator Console, and vRealize
Operations for Horizon.

ESXi Host Sizing Considerations
Table 12 summarizes the main sizing considerations for ESXi hosts.

COMPONENT CONSIDERATIONS

GPU *vGPU - Allows customers to scale out 3D desktop deployments with the greatest
driver support and performance. Supports power users, engineers, and designers.
Requires NVIDIA GRID K1 or K2 cards.

*vDGA - As a first step, or initial implementation, configure each graphics card in the
virtual machine as vDGA to eliminate potential driver issues and allow each user to
benefit from full GPU performance. NVIDIA GRID cards are recommended for the
greatest flexibility. If an application is not certified for GRID, consider the NVIDIA
K4000 for CAD, or K5000 for DMU for manufacturing use cases.

CPU *CPU frequency is extremely important, especially for monothreaded 3D applications.
Our testing indicated that four-vCPU desktops with no CPU overcommit provides the
best performance. Only two vCPUs are required for the OS and application. However,
additional vCPUs improve memory performance, display protocol, and application
response time.

*Deploying four vCPU workloads at scale without CPU overcommit requires 16-32
physical cores for a typical 4-8-user vGPU host deployment.

Memory *Highest frequency memory in the ESXi host yields best performance results.

*Given the nature of 3D applications, virtual desktops can require 16 to 64 GB for
heavy workloads. Supporting up to eight users per host can require 256 to 512 GB
RAM in the ESXi host.

*Increasing the amount of memory in the virtual machine often leads to better
performance when models are cached in RAM rather than accessed from disk.

Storage * The greatest performance impact comes from the choice of storage solution and its
configuration. It is important to understand each user’s needs and plan accordingly.

« CAD applications are IOPS-bound, so it is crucial to size and configure the proper
storage solution for CAD users.

*CAD users can demand more than 1 TB of storage per desktop. Local SSD storage
solutions (such as VMware Virtual SAN™) or all-flash SAN are recommended.

Table 12: Sizing Considerations for 3D Workloads on ESXi Hosts

Note: Understanding user requirements is the key to getting maximum performance from each virtual machine
on your ESXi hosts.
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Host Sizing Example

This reference architecture uses standard rackmount servers with dual-socket, 12-core, 2.7 GHz or 8-core, 3.3
GHz CPUs, and 256 GB RAM, running ESXi 5.5 or vSphere 6.0. The desktop workloads use the 3.3 GHz hosts,
and the management workloads use the 2.7 GHz hosts.

An ESXi host can support a maximum of eight graphics cards. Most servers today support 1-4 dual-slot
graphics cards, such as the NVIDIA GRID K1 and K2. An NVIDIA GRID card can support up to eight users per
GPU. The K2 has two GPUs; the K1 has four GPUs. For example, the ASUS server model ESC4000G2, with

8 x PCle-x16 slots and only four slots populated by two dual-slot cards or four single-slot cards, allows the
following maximum configurations:

vGPU
Table 13 shows the maximum number of users based on the specification of the ESXi host.

MAXIMUM NUMBER OF
USERS FOR vGPU

GRAPHICS CARD TOTAL

AVAILABLE PCle

NUMBERS OF CARDS

GRID K2 4 2 (4 GPU) 32 (4 GPU x 8 users)

GRID K1 4 2 (8 GPU) 64 (8 GPU x 8 users)

Table 13: Maximum Number of Users per vGPU

Table 14 shows the maximum number of users per host based on the per-user requirements for CPU, memory,
and storage.

COMPONENT REQUIREMENTS TOTAL MAXIMUM NUMBER | NOTES
PER USER AVAILABLE OF USERS
Processor 2 CPUs 24 CPUs 11 without Allocate 2 cores for
overcommit hypervisor
Memory 16 GB 256 GB 15 Allocate 8 GB for
hypervisor
SSD storage 250 GB 3TB 12 Allocate 100 GB for
hypervisor
GPUs 1 4-32 32, depending on 2 K2 cards with up
workload to 16 users per card
1K2 =2 K5000

Table 14: Maximum Number of Users per Host for vGPU

The CPU dictates the maximum number of users per vGPU-based architecture, depending on the vGPU profile

and workload. CPU frequency is a more important consideration than the number of cores.

Note: For all configurations, the hypervisor requires a minimum of two CPU cores, 8 GB of memory, and 100 GB

of available storage space.
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vDGA

The GPU dictates the scalability of a vDGA-based architecture. Table 15 shows the maximum number of users
for vDGA, broken down by type of graphics card. The calculations are based on the specification of the ESXi
host and the heavy workload expected to be supported by vVDGA.

GRAPHICS CARD | TOTAL NUMBERS OF CARDS MAXIMUM NUMBER OF
AVAILABLE PCle USERS FOR VDGA

Quadro K5000 4 2 2

Quadro K4000 4 4 4

Quadro K2000 4 4 4

GRID K2 4 2 4

Table 15: Maximum Number of Users per vDGA

Table 16 shows the maximum number of users per host, based on the per-user requirements for CPU, memory,
and storage.

COMPONENT REQUIREMENTS TOTAL MAXIMUM NUMBER | NOTES
PER USER AVAILABLE OF USERS
Processor 2-4 cores 24 cores 5-1 without Allocate 2 cores for
overcommit hypervisor

Memory 32GB 256 GB 8 Allocate 8 GB for
hypervisor

SSD storage 400 GB 3TB 7 Allocate 100 GB for
hypervisor

Graphics card 1 4 4 Depends on card;
for heavy workloads,
maximum is 4 users

Table 16: Maximum Number of Users per Host for vDGA

Note: The hypervisor requires a minimum of two CPU cores, 8 GB of memory, and 100 GB of available storage
space.
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Sizing GPU for 3D Workloads

Rotational fluidity—how smoothly the rotation of a part appears to a CAD user—is a key to user acceptance and
satisfaction for the most graphics-intense use cases. GPU-based performance in CAD environments is based on
tessellation—the number of triangles used to display the part. In general, the higher the GPU performance, the
smoother the rotation. This consideration is crucial because engineers and designers need to be able to rotate
parts with maximum precision. The rotation itself is performed by the GPU, while the CPU and other resources
are responsible only for the elapsed time spent opening the part or object in a File Open operation.

In the REDWAY3D CAD Turbine Benchmark used to test the performance of the GPU and its ability to handle
3D models and tessellation, the results show that both vDGA and vGPU can equal or even outperform a typical
physical workstation. For example, Figure 33 shows results 2.5 times better for the high-quality, real-time
benchmark and nearly 4 times better for high-quality view port performance on virtual machines than on an
example physical machine.

To size the GPU accurately, the 3D engineering use cases can be defined as
» Entry-level engineer or designer

» Mid-level engineer or designer

» Advanced-level engineer or designer

* Digital mockup users (DMU)

* Manufacturing simulations

The following recommendations are based on NVIDIA and VMware testing:

USE CASE GPU vCPU VRAM VIDEO DISPLAYS @ GPU
(GB) RAM

Power users and vGPU 2 4 1GB 2 GRID K1 or K2
entry-level engineers K240Q profile
and designers
3D mid-level vGPU 4 8-16 2GB 2-4 GRID K1or K2
engineers and K260Q profile
designers
3D advanced vDGA or 4 16 4GB 2-4 NVIDIA K4000 or
engineers vGPU GRID K2
3D DMUs vDGA or 4 32-64 4GB 2-4 NVIDIA K5000 or

vGPU GRID K2
Manufacturing vDGA or 4 32-64 4GB 2-4 NVIDIA K5000 or
simulations vGPU GRID K2

Table 17: Recommended 3D Desktop Sizing
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vGPU and vDGA Performance
Based on several tests, the following GPU configurations are highly recommended.

USER TYPE RECOMMENDED CONFIGURATION

Power Users / Entry-Level Engineers NVIDIA GRID K1 offers the greatest scalability for low-end
engineering or power users.

Mid / Advanced-Level Engineers NVIDIA K2 offers a scalable solution with the most
performance for mid-to-high-end engineers and designers.

Advanced-Level Engineers NVIDIA Quadro K4000 provides the best performance-to-
price ratio for vDGA. NVIDIA K2 is recommended for vGPU.

Heavy digital mock-up (DMU) NVIDIA K5000 or K2 (which is equal to 2 x K5000 on single
GPU) are highly recommended for vDGA. NVIDIA K2 is
recommended for vGPU.

Manufacturing Simulations NVIDIA K5000 offers the best overall performance for vDGA.
NVIDIA K2 is recommended for vGPU.

Table 18: Recommended GPUs by Use Case

As seen in the REDWAY3D CAD Turbine Benchmark, the number of virtual machines running in concurrent
sessions does not affect GPU performance when they are not sharing the GPU, although a minute fluctuation
in results due to physical hardware characteristics always occurs. Even though results might vary slightly, users
are not affected as long as the number of virtual machines remains within specifications.

Effect of Frame Rate Limiting (FRL) in vGPU

To share GPU resources effectively, vGPU limits the frames per second, based on the profile configured. Frame
rate limiting is enabled by default and set to 60 FPS or 45 FPS, depending on the profile. For benchmarking
purposes, frame rate limiting for the vGPU was turned off when the GPU was not shared.

Sizing Storage for 3D Workloads

The greatest performance impact comes from the storage solution and its configuration. It is crucial to
understand each user’s needs and plan accordingly.

To minimize potential storage bottlenecks, choose a storage solution with the highest IOPS performance and
most bandwidth possible. The size and throughput required for the optimum storage solution are determined
by application performance and software interaction. For test results, see ANSYS Mechanical Benchmark.

SSD-based local storage or use of Virtual SAN can be beneficial for 3D workloads. All-flash-based arrays
are also a good choice for these workloads. Customers’ IOPS requirements should be validated against any
potential storage solution. Refer to VMware and storage vendor reference architectures for more information.

Among the most important storage factors are size and performance:

» As capacity increases, so does the price.

* High-density storage is readily available at increasingly lower prices.

» Capacity needed for typical CAD users can be up to 1TB.

« Storage performance is directly impacted as the number of desktops increases.

» Consider the use of VMware App Volumes™ to reduce the storage footprint of installed applications.

The total throughput capability of a given storage solution is shared among all virtual machines that utilize it, so
increasing the number of virtual machines directly affects storage performance. All tests have shown that when
virtual machines share storage, the maximum throughput for each virtual machine simultaneously performing
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IOPS-intensive tasks is equal to the maximum throughput that the given storage can sustain, divided by the
number of virtual machines.

This calculation is a general rule of thumb. Try to allocate each virtual machine, or small group of virtual
machines, to its or their own storage. In heavy 3D workloads with four to eight desktops per host, virtual
machine placement across disks is crucial to performance optimization.

CAD applications are IOPS-bound, so it is especially important to size and configure the proper storage solution
for CAD users.

ESXi Configuration

Before vDGA or vGPU can be enabled, make sure that the appropriate hardware support, such as Intel
Virtualization Technology for Directed I/0 (VT-d) or AMD I/0O Memory Management Unit (IOMMU), is enabled
on the ESXi host by checking the server BIOS and verifying the power and performance settings. If there are
any questions about finding this setting in the server BIOS, contact the hardware vendor.

Configuration for vDGA
Figure 13 is an overview of the steps needed to configure ESXi with vDGA.

aple pev - ate Vv a
Pass-Through Machine to Add PClI Device to
Using vSphere Hardware Version Virtual Machine
Web Client

Edit VMX Driver and Enable Proprietary
(pci.Hole.start) if View Agent NVIDIA Capture
RAM > 2 GB in Guest OS APIs in Guest OS

Figure 13: vDGA Configuration

To enable GPU device pass-through on the ESXi host, perform the following steps:

1. Using the vSphere Web Client, connect to VMware vCenter™ and select the host that has the GPU card
installed.

Click the host’s Manage tab.

If the Hardware group is not expanded, click the down arrow next to it.
Click PCI Devices.

Right-click one of the GPUs installed in the system and select Edit.

SR

In the Edit PCI Device Availability window, select the options that correspond to the GPU adapters that
you want to use for pass-through.

7. Click OK.
The GPU should now be listed in the window on the Advanced Settings page.

Note: If the PCl devices are not shown as Available, restart the host to enable them.
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Configuration for vGPU
Figure 14 is an overview of the steps needed to configure ESXi with vGPU.

Maintenance Mode Add GRID-Enabled Build VM Templates

GPU Adapter to Hosts to vSphere with GRID vGPU
Host(s) e Cluster and VM Setting

g A
Shared PCl Device Driver and
and Choose the View Agent in on First Use
vGPU Profile Guest OS

Figure 14: vGPU Configuration

To enable vGPU on the ESXi host, perform the following steps:

8.

N ok N e

Download the vSphere Installation Bundle (VIB) for NVIDIA vGPU on vSphere 6.0.
Upload the VIB to your host using the vSphere Web Client Utility.
Put the host in maintenance mode.
Install the NVIDIA vGPU VIB.
Exit maintenance mode.
Reboot the host.
Confirm the VIB installation with the following command:
esxcli software vib list | grep —i nvidia

Confirm the GPU detection with nvidia-smi.

For more information, see the NVIDIA GRID vGPU Deployment Guide.

Note: If the PCl devices are not shown as Available, restart the host to enable them.
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Virtual Machine Sizing for 3D Workloads

Although vSphere and GPUs scale to support 3D workloads, it is critical to size virtual machines correctly

to support 3D applications. 3D applications offer an intensive workload, but many 3D applications are
monothreaded. Therefore, they cannot take advantage of more than one vCPU. Still, adding vCPUs improves
virtual machine performance. In the benchmarks tested, using more than four vCPUs did not produce
significant performance gains.

3D applications often require more RAM than a normal desktop use case and can require up to 64 GB in some
situations. Providing additional memory where data can be cached often improves application performance.

3D applications typically use large amounts of storage for 3D datasets. For CAD users, 1 TB storage
requirements are not unusual from a capacity perspective.

Table 19 lists the considerations for each component in a virtual machine running a 3D workload.

COMPONENT CONSIDERATIONS

GPU *For power users with 3D application requirements, use vGPU.
«For entry-level and mid-level designers and engineers, use vGPU.
*For designers and engineers, use VGPU or vDGA.

* Choice of GPU depends on the application and on the type of work performed, such
as CAD or DMU.

CPU + CPU frequency is important for CAD/CAD workloads.
« Two cores minimum required; four cores recommended; six cores unnecessary.
+80% of CAD software is monothreaded.

* Allocation of more vCPUs than cores impacts CPU frequency (physical CPU over-
commitment).

Memory *For vGPU—4 GB entry-level designer; 8 GB mid-level; 16 GB advanced engineer.

*For vDGA and vGPU—16 GB or 32 GB is enough for most typical CAD users, except
when working with large assemblies (design review).

Networking *Use the VMXNET3 network adapter.

Storage *Understand the application requirements for model data. 3D applications typically
user more storage locally on the virtual machine.

»Consider using App Volumes AppStacks to reduce the need to install applications on
every desktop.

«|f using linked clones, consider the impact of applications that load large datasets
from the network and store locally. Consider using App Volumes writable volumes to
redirect the data to a separate storage tier.

«Storage suffers the biggest performance impact when bandwidth is shared directly
by all virtual machines. Virtual machine placement across available storage is critical
for maximum performance.

Table 19: Sizing Considerations for 3D Workloads
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Figure 15 highlights how vSphere and the GPU scale when running four concurrent virtual machines with four
vCPU and 16 GB RAM. Except for disk performance, their performance is identical to running a single virtual
machine with the same configuration.
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B VM1 -4 cores, 16 GB 3817 7411 649 4389 1867 6697
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[ VM3 -4 cores, 16 GB 3786 7473 644 4397 1815 6588
VM4 - 4 cores, 16 GB 3925 7516 668 4457 1848 8520
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Figure 15: Performance of a Single Virtual Machine (in Red) Versus Four Component Virtual Machines

Sizing vCPU for 3D Workloads
The CPU is the most important component for 3D workloads. Each time a user loads a 3D model, the CPU
dedicates itself to computations, depending on model and mesh setup.

Operations, such as update, clash detection, drawing, and weight analysis, are especially CPU-intensive.
Because most operations, including CAD operations, are monothreaded, a higher CPU clock frequency
increases performance more than an increase in CPU cores (or vCPUSs). Multithreaded applications, however,
which are the exception, can benefit from running application threads across multiple CPU cores (or vCPUS).
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Figure 16 shows that no matter how many extra vCPUs are assigned to the virtual machine, the end result
remains the same. With monothreaded applications, a virtual machine configured with two CPU cores performs
identically to a virtual machine configured with six CPU cores for certain operations.
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Figure 16: Impact of Adding CPU Cores in Monothreaded Applications

However, for CPU-bound or CPU-sensitive rendering operations, each virtual machine benefits from the added
number of allocated cores. Figure 17 shows that render times can be improved by the allocation of additional
CPU cores to a virtual machine.

Revit Render Benchmark — Resource Allocation Comparison
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Figure 17: Resource (CPU) Allocation - Rendering Impact
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Sizing Memory for 3D Workloads

3D engineering applications usually require a lot of memory. It is not uncommon for desktops to require 16-64
GB RAM to process large CAD models. When sizing memory for 3D workloads, consider the following rules of
thumb:

* Highest frequency memory in the ESXi host yields the best results.

 Typical CAD designers require 16 GB of memory.

» Typical CAD DMUs require 32-64 GB of memory.

» Typical CAD manufacturing requires 16 GB of memory.

* Memory consumption is based on model and mesh size, number of parameters, and product structure.

Adding virtual machines has nearly no impact on memory throughput on an ESXi host. Memory read/write
and latency are stable and uniform across all virtual machines. The slight variation shown in Figure 18 can be
attributed to internal communication between hardware and software and some variability among memory
modules.

The number of allocated CPU cores has a more significant impact on a given virtual machine, which is why
correct sizing is so important for obtaining the most efficient virtualized environment.

Memory Performance Across Concurrent VMs
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= 10000
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VM -2 core, VM -4 core, VM1 -4 core, | VM2-2core, | VM3 -4core, = VM4 -4 core,
16 GB 16 GB 16 GB 16 GB 16 GB 16 GB
B Read (in MBps) 18354 32659 36813 40563 42190 40441
[ Write (in MBps) 6177 12063 16423 16364 16410 16529

Throughput - Higher Is Better

Figure 18: Memory Performance Across Concurrent Virtual Machines
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Memory performance increases when CPU cores are added to a single virtual machine. An application might
not benefit directly from the added number of cores, except when it is a multithreaded application, such as
rendering, video editing, or similar applications, but the user can notice a significant boost from the added

memory throughput.

Memory Performance Increase from 2 Cores to 4 Cores
100%
° 86%
2 80%
8
£ 60%
5
s 40%
|
o 20%
S 0%
O 0% °
Read Write Copy Latency
(in MBps) (in MBps) (in MBps) (in ns)
VM - 2 cores, 16 GB
Versus 44% 49% 86% 0%
VM -4 cores, 16 GB

Figure 19: Memory Performance Increase from Two to Four Cores

Adding memory improves performance, despite an increase in latency. It also yields a greater performance

impact than adding vCPUs, as seen in Figure 20.

Memory Performance Increase from 16 GB to 32 GB
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Figure 20: Memory Performance Increase from 16 GB to 32 GB
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Virtual Desktop Machine Configuration

The reference architecture used a Windows 7 image with the specifications listed in Table 20.

ATTRIBUTE SPECIFICATION

Desktop OS Windows 7 Enterprise SP1 (64-bit)
Hardware VMware virtual hardware version 1
CPU 4

Memory 16 GB

Memory reserved 16 GB

Video RAM 4GB

3D graphics Hardware

NICs 1

Virtual network adapter 1 VMXNet3 Adapter

Virtual SCSI controller O LSI Logic SAS

Virtual disk - VMDK 250 GB

Table 20: Windows 7 Image Virtual Machine Specifications

Optimizing the OS

Use a fresh installation of the guest OS so that the correct versions of the hardware abstraction layer (HAL),
drivers (including the optimized network and SCSI driver), and OS components are installed. A fresh installation
also avoids performance issues with legacy applications and configurations of the desktop virtual machine. The
image was optimized in accordance with the VMware Horizon with View Optimization Guide for Windows 7
and Windows 8. The changes were made with the free VMware OS Optimization Tool.

Enabling the Virtual Machine for GPU Pass-Through
To enable a virtual machine for GPU pass-through (vDGA), follow the checks and steps in the
Horizon documentation. These are the key steps:

1. Update or verify that your virtual machine hardware version is at least version 9. Version 11 is
recommended.

2. For Horizon 5.3, if a virtual machine has more than 2048 MB of configured memory, adjust the pciHole.
start value in the VMX file to 2048.

Verify that the PCl device is added to the virtual machine’s hardware.
Install the NVIDIA driver.
Install the View Agent.

S

If using Horizon 5.3, manually enable the NVIDIA API capture (MontereyEnable.exe).

TECHNICAL WHITE PAPER / 36


http://www.vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf
http://www.vmware.com/files/pdf/VMware-View-OptimizationGuideWindows7-EN.pdf
https://labs.vmware.com/flings/vmware-os-optimization-tool
https://www.vmware.com/support/pubs/view_pubs.html

VMware Horizon 6 3D Engineering Workloads
Reference Architecture

7. Connect to the virtual machine for the first time.

To prevent the virtual machine from using the Soft 3D display adapter, activate the NVIDIA display adapter
by connecting to the virtual machine from the endpoint for the first time with PColP. Use full-screen mode
at native resolution.

Note: GPU pass-through does not work when accessed from the vSphere console session.

8. After the virtual machine has rebooted and you have connected through PColP in full screen mode, verify
that the GPU is active by viewing the display information in DXDiag.exe.

Design Approach for 3D Workloads

VMware recommends that customers follow the proven approach of scalable and modular design principles
illustrated in the VMware Horizon 6 Reference Architecture.

In this approach, server workloads and desktop workloads are placed into separate logical blocks that make up
an instance of Horizon 6, known as a Horizon 6 pod. A Horizon pod, consisting of one or more View Connection
Servers, is a logical administrative entity that can support anywhere from a few virtual desktops to thousands.
A pod contains a management block and one or more desktop blocks. Server workloads are placed in the
management block, and desktop workloads are placed in the desktop block. Separation of 2D and 3D desktops
workloads is maintained by distinct vSphere clusters made up of several ESXi hosts.

Horizon 6 Pod

% <Nn> 2D Desktops % <n> 3D Desktops

View View 3D
Desktop Pools Desktop Pools

Shared Storage

Switched Ethernet Network

r Y
vCenter Server and View Composer

View Connection Server View Connection Server

|ew ecurlty

Server

lew Security

Operations ST

Manager

Horizon Management Block

Figure 21: Horizon Pod with Management Block, Desktop Block, and Clusters
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Horizon 6 Management Block
The management block contains all the Horizon server virtual machines. It has a single vSphere cluster that
supports the Horizon management server virtual machines shown in Figure 22.

Two View Connection Servers are deployed to provide a redundant access mechanism to the virtual desktops.
Each View Connection Server supports a maximum of 2,000 concurrent sessions. Two additional View
Connection Servers are paired with two View security servers to provide secure, redundant external access to
View desktops. Each security server can also handle up to 2,000 connections.

ESXi Cluster
% K
vCenter Server 2 x View

Security Server

e

View Composer 2 x View (External)

Connection Server
iy ‘

€

vRealize Operations 2 x View (Internal)
Manager UI VA Connection Server
v v vg‘
vRealize Operations SQL Server Active Directory
Manager Analytics VA

@

3 x ESXi 5.5/6.0 Host Shared Storage
128 GB RAM

Figure 22: Management Block vSphere Cluster

In customer production deployments, vCenter Server enables View desktops to be provisioned and managed
on vSphere, with a single vRealize Operations Manager vApp providing performance and health monitoring.

Each component in the management block can scale to support thousands of desktops.
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Horizon 6 Desktop Blocks and Clusters

A Horizon 6 desktop block is a logical entity made up of vSphere clusters dedicated to virtual desktop
workloads. A desktop block usually shares networking and storage resources and can support a known
maximum number of desktops. A Horizon desktop block is usually managed by an instance of vCenter Server
deployed in the management block.

In a standard View reference architecture design, a desktop block, delineated by a dedicated vCenter Server
instance, supports up to 2,000 concurrent sessions or desktops.

A desktop block can accommodate multiple vSphere clusters. To prevent 2D desktop users from getting over-
provisioned or taking up valuable 3D GPU resources, put 2D and 3D desktop workloads in separate clusters.

In addition, you can create 3D clusters based on profiles to ensure that different specifications are not mixed in
the same cluster.

Local storage (using Virtual SAN) or shared storage can be used to store the virtual desktop workloads.

Setting Up Horizon for 3D Workloads
Take the following steps to set up 3D desktop pools in Horizon 6.

Desktop Pool

Create 3D Automated
Desktop Pools in Horizon
Using View Administrator

« View Pool 3D Renderer set to

Automatic (vDGA)

« View Pool 3D Renderer set to

NVIDIA GRID vGPU (vGPU)

View Desktop Pool
Default Protocol Set to
PColP

Setting to Disable User

View Desktop Pool

Protocol Change

Select NVIDIA GRID
GPU vCenter Clusters to
Back the Pool

Desktops

« Registered for 3D Renderer

Add User / Group
Entitlements to
View Desktop Pool

Connect over PColP
Using a View Client

setting to take effect

« Restart is not enough

Figure 23: Steps to Configure Horizon for 3D Workloads

View 3D Desktop Pools
For the use cases in this reference architecture, View desktop pools with the following specifications are
recommended.

POOL NAME USE CASE GPU DESKTOP IMAGE

Power 3D Power Users, vGPU
Entry-Level Engineers
and Designers

2 vCPU 4 GB RAM HW11, Windows 7 64-bit, 1 GB
video RAM, 2 displays, K240Q profile

Engineer 3D Mid-Level Engineers vGPU 4 vCPU, 8 GB RAM HWT1, Windows 64-bit, 2 GB
and Designers video RAM, 4 displays, K260Q profile
CAD 3D CAD Users vDGA or 4 vCPU 16 GB RAM HW11, Windows 7 64-bit, 4 GB
vGPU video RAM, K280Q profile or vDGA equivalent
DMU 3D DMU Users vDGA or 4 vCPU 32 GB RAM HWI11, Windows 7 64-bit, 4 GB
vGPU video RAM, K280Q profile or vDGA equivalent

Table 21: Recommended Pool Specifications
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Designing for User Experience

With Horizon, IT can deliver desktops and applications to end users through a unified workspace, using the
following features:

» Adaptive UX - Optimized access across the WAN and LAN through an HTML browser or the purpose-built
desktop protocol PColP

* Multimedia - High-performance multimedia streaming for a rich user experience
* 3D - Rich virtualized graphics delivering workstation-class performance

* Live communications - Fully optimized unified communications and real-time audio and video support
(Horizon 6 includes support for Microsoft Lync with Windows 8)

» Unity Touch - Intuitive and contextual user experience across devices, making it easy to run Windows on
mobile

* Local access - Access to local devices, USB, and device peripherals
Client Devices
All client devices use either VMware Workspace™ Portal or Horizon Client to connect to 3D desktops. Horizon

Client software is publicly available for download and can be installed on many different devices. Horizon
supports many types of client devices, or endpoints, including

* Apple iPhone 5 and 6

* Apple iPad 2

* Apple MacBook

» Android tablet

* Teradici-based zero clients

* Linux- and Windows-based thin clients

* Microsoft PC running Windows 7 with single or dual monitors

Horizon Client is required for access to View desktops supported by vSGA, vGPU, or vDGA. HTML access is
supported on desktops running Soft 3D and vDGA.

Client Device User Experience and Performance
Although Horizon Client is supported across many client devices, it is important not to underestimate the
amount of CPU and memory that a device needs to decode the display protocol.

3D applications with fast-changing graphics can require considerable bandwidth to support the PColP traffic
that flows between the virtual desktop in the data center and end-user client devices. Lack of sufficient
bandwidth can lead to a poor end-user experience.

PColP is an adaptive protocol that uses as much bandwidth as is available in LAN scenarios. In some 3D use
cases, as much as 70 Mbps of PColP traffic per virtual desktop has been observed during peak loads. This
high bandwidth requirement is caused by a number of factors, including FPS, changes to the desktop display,
display resolution, color depth, and many PColP settings. For a high-fidelity experience over the LAN, client
devices must have the resources needed to decode the protocol at speed.

Some low-end thin clients do not have the CPU processing power they need to decode PColP data fast enough
to render a smooth and uninterrupted end-user experience. However, this is not always the case for every
environment and end-user client; it depends on which applications users are running on their virtual desktops.
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For high-end 3D and video workloads, use a high-performance zero client with a Teradici PColP Tera2-based
chip or a modern Core i3-, i5-, or i7-based Windows PC to achieve best performance with multiple high-
resolution displays.

Note: Older Teradici zero clients with Teral chips can support a maximum rate of 30 FPS. The current Tera2
chip can achieve up to 60 FPS. High frame rates can be important to the usability of certain engineering
applications.

PColP is optimized to provide the best user experience across the available network bandwidth. In network-
constrained scenarios, it is imperative to tune PColP settings and optimize the network for PColP.

PColP Performance
3D engineering workloads have unique performance requirements. Engineers and designers often need a
desktop that is highly responsive and that builds to a lossless image.

GPU Throughput Calculation
The calculation for GPU throughput for uncompressed video is straightforward, based on the following three
parameters:

PARAMETER CONSIDERATIONS

Color depth Also referred to as bits per pixel or BPP, color depth defines how many colors can
be represented by each pixel in a video.

Video resolution The number of pixels wide by the number of pixels high for the current display.

Frame rate The number of still images or FPS sent as part of the display stream.

Table 22: Parameters for GPU Throughput Calculations

With these three parameters, you can calculate the total GPU throughput requirements for uncompressed HD
video. For example, consider the following calculation:

Color depth x Video resolution x Frame rate = Throughput

Substitute the following values:
32 BPP x 1920 pixels x 1200 pixels x 30 FPS = 2211 Mbps

Calculate a potential optimization based on reducing the color depth and frame rate:
16 BPP x 1920 pixels x 1200 pixels x 24 FPS = 884 Mbps

The display protocol performs a critical function in optimizing the transmission of the frame buffer, often
reducing the average and average peak network bandwidth to less than 2 Mbps and 5 Mbps, respectively.

PColP and Network Bandwidth Consumption

PColP uses compression, intelligent frame buffer analysis, and other techniques to send only pixels that have
changed. This allows it to optimize bandwidth and throughput by reducing the number of pixels sent to a
remote client.

Use the following guidelines for a typical CAD use case:
* Plan for 2-2.5 Mbps average bandwidth for a CAD user in a WAN scenario.

* Plan for 4-7 Mbps average peak bandwidth to provide headroom for bursts of display changes. In general, size
networks based on the average bandwidth, but consider peak bandwidth to accommodate bursts of imaging
traffic associated with large changes to the screen.

* CAD use can peak to 70 Mbps on LAN networks if bandwidth is available.

* Plan for less than 70-80 percent network utilization.
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Note: Average bandwidths are often in the 2-5 Mbps range, because users are seldom continuously active
throughout the day. To be sure of the average, put at least five CAD users under network monitoring for a
minimum period of a week.

PColP Optimization
To optimize bandwidth without reducing the resolution, the following measures were taken to control the
image in the tests. All measures were implemented via the Microsoft Group Policy template for PColP.

* Image quality was limited at 90 percent, which is sufficient to maintain accuracy for CAD and preprocessing.

» The frame rate was limited at 24 FPS, which often meets CAD and CAM expectations. In some instances, FPS
can be limited further if the engineer is not working with animation or video. Limiting the FPS can lower the
required bandwidth.

* The build-to-lossless function was disabled.

For more information about PColP settings, see the VMware knowledge base article on Configuring PColP
session variables.
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Conclusion

Even before the first virtual desktops became commercially available, around 2007, remote computing solutions
for applications such as CAD/CAM, diagnostic imaging, molecular design, and space exploration proved elusive.
This reference architectures shows, based on extensive testing and industry-standard benchmarks, how NVIDIA
GRID vGPU technology and VMware vSphere and Horizon 6 virtualization software offer viable, cost-effective,
solutions for design engineers, scientific investigators, and data explorers.

Although Horizon 6 offers software-based graphics acceleration that is sufficient for basic use, the testing
reported here focuses on hardware-based graphics acceleration, showing how various combinations of GRID
graphics cards and server and memory configurations can be used to accommodate a range of advanced user
requirements and match them with budgetary considerations.

Shared access to the virtualized graphics processing unit makes immersive 3D graphics applications accessible
from remote devices. This solution all but eliminates the need for dedicated graphics workstations, improving
security and freeing the investigator from the confines of the office or laboratory.
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Appendix A: Test Results

vGPU and vDGA testing focused on the following representative benchmarks for 3D workloads.

CATIA R20

Setup information and results of the CATIA benchmarks are detailed in the following tables and figures:

SETUP INFORMATION

Product name Nice_Airport. CATPRODUCT
Dataset size 120 GB

Number of files 319

Number of instances 336

Number of triangles 2291453

3D accuracy Proportional 0.01

2D accuracy Proportional 0.01

Table 23: CATIA R20 Setup Information

HARDWARE INFORMATION -
VIRTUAL MACHINE 4 CORES, 16 GB

CPU 2667 V2/4 cores (VM Size)
RAM 16 GB

Graphics card NVIDIA GRID K2 (vDGA)
Hard drive 240 GB 730 Series RAID O

Table 24: CATIA R20 Hardware Information for a Four-Core Virtual Machine
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HARDWARE INFORMATION -
VIRTUAL MACHINE 6 CORES, 16 GB

CPU 2667 \V2/6 cores (VM Size)
RAM 16 GB

Graphics card NVIDIA GRID K2 (vDGA)
Hard drive 240 GB 730 Series RAID O

Table 25: CATIA R20 Hardware Information for a Six-Core Virtual Machine
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OPERATION ELAPSED TIME FOR
4-CORE DESIGN MODE
VIRTUAL MACHINE

ELAPSED TIME FOR
6-CORE DESIGN MODE
VIRTUAL MACHINE

Dataset Opening | Opening time 2 minutes 14 seconds 2 minutes 14 seconds
CPU time 2 minutes 12 seconds 2 minutes 17 seconds
Dataset Drawing | Creation time 1hour 13 minutes 1hour 17 minutes 16 seconds
CPU time 1 hour 13 minutes 6 seconds 1 hour 14 minutes 54 seconds

Table 26: CATIA Benchmark Results for Four-Core and Six-Core Virtual Machines
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CATIA Benchmark Results
The following table compares the results for four dedicated cores (Proportional 0.01) to four dedicated cores

(Fixed 0.01).

BENCHMARK RUN TEST

OPERATION

Design Mode Virtual Machine

Design Mode Virtual Machine

Dataset Opening

4 Cores Proportional 0.01 4 Cores Fixed 0.01

Elapsed Time Elapsed Time
Opening time 2 minutes 14 seconds 11 minutes 25 seconds
CPU time 2 minutes 12 seconds 1 minutes 22 seconds

Dataset Drawing

Creation time

1hour 13 minutes

1 hour 12 minutes 45 seconds

CPU time

1 hour 13 minutes 6 seconds

1 hour 12 minutes 30 seconds

Table 27: Proportional Compared to Fixed for Four Dedicated Cores

CATIA R20 Test Conclusion
The test results show the CPU and CAD interaction. Whether an engineer initiates a File Open operation, opens
a model, or draws or drafts the model, all results show the same performance. CPU time and total elapsed time
for each job remain in sync and provide optimal performance and efficiency.

After a virtual machine is sized and configured correctly with respect to CPU frequency, memory frequency
and quantity, and storage, it is possible to optimize the software layer by properly configuring the 2D and
3D accuracy of the model. Adjustments depend on user requirements and can be expected to yield different
results for different tasks.
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REDWAY3D CAD Turbine Benchmark
The REDWAY3D CAD Turbine benchmark is freely available from REDWAY3D.

Figure 32: REDWAY3D CAD Turbine Rendering Model

For the first test (vDGA) only, two virtual machines can be active in concurrent sessions on a single GPU
(NVIDIA GRID K2).

The virtual machines are configured with four dedicated cores, with hyperthreading, 16 GB of memory, and

NVIDIA GRID K2.
Virtual Machine Physical Workstation
REDsdk Turbine Benchmark REDsdk Turbine Benchmark
Resolution 1024 x 768 Resolution 1024 x 768
Real-Time Real-Time
Viewport Viewport
High-Quality High-Quality
Real-Time Real-Time
Dynamic Ambient Dynamic Ambient
Occlusion 6518 Occlusion 8363
Hybrid Hybrid
Ray-Tracing Ray-Tracing

Total Score Total Score

Graphical User Experience - View vDGA Versus NVIDIA GeForce Physical Workstation

Figure 33: vDGA-Enabled Virtual Machine Versus a Physical Workstation

Although the physical workstation produced slightly better results for occlusion and ray tracing, the superior
performance of the virtual machines on the viewport and rendering tests yielded an overall score that was 45
percent better.
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The next test demonstrates how vDGA scales across the GPU and vSphere by running four concurrent vDGA
virtual machines. The performance of each of the virtual machines is equivalent to the performance of a single
virtual machine. In fact, running concurrent virtual machines shows a slight performance enhancement.

3D CAD Turbine - Single VM (vDGA) Versus 4x Concurrent VMs (vDGA) - vSphere 5.5
8000
g 7000
& 6000
v
g 5000
2
T 4000
|
(o]
s 3000
A
2000
0
Real-Time High-Quality Dynamic Ambient Hybrid Total
Viewport Real-Time Occlusion Ray-Tracing Score
B Single Virtual Machine 4252 3699 6478 1699 3627
[ VM1 4x Concurrent VMs 4202 3803 7010 1762 3748
[l VM2 4x Concurrent VMs 4120 3690 6846 1695 3645
VM3 4x Concurrent VMs 4211 3838 7010 1784 3771
I8 vM4 4x Concurrent VMs 4260 3875 7051 1836 3823

Figure 34: Four Concurrent Virtual Machines with vDGA Compared to One Virtual Machine with vDGA

3D CAD Turbine - Single VM Versus 4x Concurrent VMs Total Score
3850 3823

3800 3771 [ Single Virtual Machine

3750 3748 [ VM1 4x Concurrent VMs
B VM2 4x Concurrent VMs

3700 VM3 4x Concurrent VMs

3650 3645 3627 [ VM4 4x Concurrent VMs

3600

3550

3500

Total Score — Higher Is Better

Figure 35: Four Concurrent Virtual Machines and One Virtual Machine
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The next test compares VDGA to the same profile on vGPU. In the following test, each vGPU profile on a single
virtual machine is compared to a vDGA-enabled virtual machine. In this test, the frame rate limiter for vGPU was
disabled because the GPU is not shared.

3D CAD Turbine - Single VM vDGA Versus Single VM vGPU (All)
8000
_ 7000
g
ki 6000
o
©n
5 5000
<
£ 4000
1
< 3000
(e}
%
n 2000
1000 I
0
Real-Time High-Quality Dynamic Ambient Hybrid Total
Viewport Real-Time Occlusion Ray-Tracing Score
Il Single vGPU K260Q 4369 4824 6928 1870 4065
Il Single vGPU K240Q 4665 4752 6846 1946 4146
[ Single vGPU K200 4385 4469 6846 1780 3931
Single vGPU K220Q 4240 4647 6969 1936 4038
M single Virtual Machine vDGA 4252 3699 6478 1699 3627

Figure 36: Profile Performance - vDGA Versus vGPU

Note: This test has no GPU sharing. Each vGPU profile has access to a full GPU in the same way that vDGA has
access to a single GPU. Although different profiles have been selected, the performance is equivalent across the
board.
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The next test shows the performance of a vGPU-enabled virtual machine with the frame rate limiter enabled.
This reduces the maximum number of available frames per second to 60 for each virtual machine. Note the
impact of the frame rate limiter in this test.

3D CAD Turbine - Single VM vGPU Versus 3x Concurrent VMs vGPU
7000
Q 6000
g
s 5000
5}
5 4000
T
! 3000
g
o
A 2000
- Jl L Jl L
0
Real-Time High-Quality Dynamic Ambient Hybrid Total
Viewport Real-Time Occlusion Ray-Tracing Score
B VM3 3xVMs vGPU 1324 2011 6231 1237 2128
[ VM1 3xVMs vGPU 1330 2013 6272 1317 2169
VM2 3x VMs vGPU 1340 2012 6354 1389 2209
[ | Single vGPU 1320 2009 6272 1283 2149

Figure 37: CAD Turbine on Three Concurrent Virtual Machines
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The final test demonstrates the scalability of vGPU by testing eight concurrent virtual machines, sharing the
GPU (two users per GPU, four users per card, and eight users per host).

This test shows that, even when sharing the GPU, the performance of vGPU is equivalent to the performance of
a single vGPU-enabled virtual machine.

3D CAD Turbine - Single VM vGPU Versus 8x Concurrent VMs vGPU (K260Q)
7000
g 6000
3
2 5000
9]
5 4000
u
I 3000
v
[e]
A 2000
- II I III II I III II I III I I I
O HN ET T NN T T EE N el EE B e EE s e
Real-Time High-Quality Dynamic Ambient Hybrid Total
Viewport Real-Time Occlusion Ray-Tracing Score
B VM3 8x VMs vGPU 260Q 1365 1943 4715 1554 2100
[ VM1 8x VMs vGPU K260Q 1254 1817 4427 1254 1886
VM2 8x VMs vGPU K260Q 1356 1940 4715 1527 2086
M single vGPU K260Q 1349 2013 6313 1427 2224
VM4 8x VMs vGPU 260Q 1374 1953 4715 1539 2101
VM5 8x VMs vGPU 260Q 1284 1864 4715 1741 2105
[ VM6 8x VMs vGPU 260Q 1189 1794 4468 1307 1878
B VM7 8x VMs vGPU 260Q 1275 1817 4715 1847 2120
Il VM8 8x VMs vGPU 260Q 1261 1791 4796 1754 2088

Figure 38: Eight Concurrent Virtual Machines Compared to a Single vGPU Virtual Machine

TECHNICAL WHITE PAPER / 55



VMware Horizon 6 3D Engineering Workloads
Reference Architecture

Bench Revit - RFO Benchmark 2015

For these tests, the virtual machines were configured with four dedicated cores (with hyperthreading), 16 GB of
memory, and NVIDIA GRID K2.

The tasks tested were model creation and view export, render benchmark, and GPU benchmark.
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Figure 39: Revit Benchmark Rendering
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Figure 40: Revit Benchmark CAD Drawing
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Revit Complete Benchmark Suite
As shown in Figure 41, no matter how many virtual machines are configured, scalability across all virtual
machines should be constant.

Revit Benchmark - Single VM Versus 4x Concurrent VMs
800
700
= 600
©
=
S 500
a
£ 400
g
e 200
100
0
Model Creation Drawing Render GPU Total
and View Export Benchmark Benchmark Score
Il VM4 4x Concurrent VMs 2139 3326 193.5 740.0
[l VM2 4x Concurrent VMs 2154 3263 195.4 737.1
[ VM1 4x Concurrent VMs 215.7 320.1 194.0 729.8
VM3 4x Concurrent VMs 213.9 320.8 191.5 726.2
M single Virtual Machine 208.8 300.0 173.9 682.7
Time (in seconds) - Lower Is Better

Figure 41: Revit Benchmark Results for Four Identical Virtual Machines
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Elapsed Time to Complete Benchmark Suite
Total elapsed times are similar across all virtual machines, although the single virtual machine has a much
shorter elapsed time.

The difference in total elapsed time between running the benchmark suite on a single virtual machine and
on four concurrent virtual machines is less than 1 percent: All users obtain the same user experience, with no
drawbacks.

Revit Benchmark - Single VM Versus 4x Concurrent VMs Total Score
750
o 1R300 7374
730 729.8 726.2 [ VM4 4x concurrent VMs
720 VM2 4x concurrent VMs
710 [ VM1 4x concurrent VMs
700 [ VM3 4x concurrent VMs
690 B Single Virtual Machine
680
670
660
650
Total Score
Time (in seconds) — Lower |s Better

Figure 42: Total Elapsed Time for Four Virtual Machines Versus One Virtual Machine

Revit model creation and view export benchmark analysis are based on the number of CPU cores allocated to
each virtual machine.

It is crucial to understand whether an application is monothreaded or multithreaded. Typical CAD applications
are monothreaded. Monothreading allows a virtual machine to be as efficient as possible while using the fewest
CPU cores, freeing extra cores for use by another virtual machine.
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Figure 43 shows that no matter how many extra CPU cores are assigned to the virtual machine, the end result
remains the same. With monothreaded applications, a virtual machine configured with two CPU cores produces
the same performance as a virtual machine configured with six CPU cores.

Revit - 2 Cores, 16 GB Versus 4 Cores, 16 GB Versus 6 Cores, 16 GB
70
3 60
s
é 50
£ 40
[
£ 30
=
20
o mmm | N
Open Create Create Add Create Create Change Export Export
and Floors Walls Curtain Exterior | Sections Panel Views Views
Load and and Wall Wall Type (PNG) (DWG)
Template Grid Doors
[ VM1 -2 cores, 16 GB 5.2 114 28.6 543 18.6 12.2 8.2 328 37.7
[ VM1 -4 cores, 16 GB 5.5 11.9 30.3 56.3 183 125 7.8 30.1 36.1
I VM1 -6 cores, 16 GB 4.5 1.9 30.8 574 18.1 12.8 7.6 29.7 35.9
Time (in seconds) — Lower Is Better

Figure 43: Impact of Adding CPU Cores to Monothreaded Applications

Revit Benchmark Total Score — 2 Cores, 16 GB
Versus 4 Cores, 16 GB Versus 6 Cores, 16 GB
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=
0
Total Score
[ VM1 -2 cores, 16 GB 209.0
[ VM1 -4 cores, 16 GB 208.8
B VM1 -6 cores, 16 GB 208.7
Time (in seconds) — Lower Is Better

Figure 44: Total Elapsed Time for Two, Four, and Six CPU Cores
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Figure 45 shows that rendering times can be affected by the number of CPU cores allocated to a virtual
machine, but only slightly. As long as the minimum required amount of memory is met, allocating more
memory to a single virtual machine does not increase its performance. However, for CPU-bound and CPU-
sensitive rendering applications such as Revit, each virtual machine benefits from the added number of

allocated cores.

Revit Render Benchmark — Resource Allocation Comparison

= 600 542.1
2 500
o]
S 400
2 300 276.8 278.7
o
g 200
[ 100
0
Render Benchmark
[ VM1 -2 cores, 16 GB 542.1
VM1 -4 cores, 32 GB 276.8
B VM1 -4 cores, 64 GB 278.7
B VM1 -6 cores, 16 GB 212.3

Time (in seconds) — Lower Is Better

Figure 45: Resource Allocation Rendering Impact
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PassMark CPU

The following table and graph show that the CPU performance of each virtual machine is not impacted by the
number of virtual machines running in parallel. As long as the number of available CPU cores is not exceeded,
each virtual machine can utilize 100 percent of the available CPU resources when the application running on the
virtual machine requests it.

REF VM1 VM2 | VM3 | VM4 | VM1 VM2 VM3 VM4 VM2 VM3 VM4
VM VERSUS | VERSUS | VERSUS | VERSUS | VERSUS | VERSUS | VERSUS
REF REF REF REF VM1 VM1 VM1
CPU Mark 7465 741 7400 | 7473 | 7516 -1% -1% 0% 0% 0% 1% 1%
Integers 9617 9085 | 9378 | 9476 | 9515 -6% -3% -1% 3% 3% 4% 5%
Floating Point | 7200 6980 | 7016 | 7002 | 7056 | -3% -3% -3% 1% 1% 0% 1%
Prime 46.2 46 44 45 45 -2% -5% -2% -3% -3% 0% 0%
Numbers
Ext 259 25 26 26 26 -3% -2% -1% 1% 1% 2% 2%
Instructions
(SSE)
Compression 9089 8983 | 8950 | 8935 | 9012 -1% -2% -2% 0% 0% -1% 0%
Encryption 1328 1300 | 1223 | 1297 | 1305 | -2% -9% 2% -6% -6% 0% 0%
Physics 574 560 560 561 568 -3% -3% -2% 0% 0% 0% 1%
Sorting 5435 5465 | 5451 | 5445 | 5507 | 1% 0% 0% 0% 0% 0% 1%
Monothreaded | 1703 1882 1899 | 1900 | 1892 10% 10% 10% 1% 1% 1% 1%

Table 28: Effect of Running Concurrent Virtual Sessions

CPU Mark - VM CPU Results - Comparisons

2%
2% 1%
1% 1%
f =
8 1%
©
5 0%
R T
= 0% 0%
o -1%
v
0
19 -1%
1% -1 %
CPU Mark
B VM1 vs. Ref VM 1%
I VM2 vs. Ref VM -1%
VM3 vs. Ref VM 0%
[ VM4 vs. Ref VM 0%
VM2 vs. VM1 0%
VM3 vs. VM1 1%
[ VM4 vs. VM1 1%

Figure 46: Comparison of Virtual Machines Running in Parallel
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For this test, each virtual machine was configured with four dedicated CPU cores and 16 GB of memory.
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The results show that adding virtual machines has hardly any impact on throughput. Memory read/write and
latency are stable and uniform across all virtual machines. There is always a slight variation, as shown in

Figure 49, but it is attributed to the nature of memory modules and internal communication between hardware

and software.

Latency also increases as the number of virtual machine diminishes, but the slight loss in latency does not
necessarily account for a loss of performance. Reducing the number of allocated CPU cores has a more
significant impact on a given virtual machine, which is why correct sizing is so important for maximizing
efficiency in a virtualized environment.

Throughput - Higher Is Better

SINGLE VM SINGLE VM VM1 VM2 VM3 VM4
2 CORES 4 CORES 4 CORES 4 CORES 4 CORES 4 CORES
16 GB 16 GB 16 GB 16 GB 16 GB 16 GB
Read 18354 32659 36813 40563 42190 40441
(MBps)
=
g Write 6177 12063 16423 16364 16410 16529
MB
o (MBps)
Latency 131.9 132.3 Nn3.5 Nn2.8 12 121
(ns)
Table 29: Memory Throughput - One Versus Four Concurrent Virtual Machines
Memory Performance Across Concurrent VMs
45000
— 40000
& 35000
=
< 30000
5 25000
£
5 20000
o 15000
£ 10000
5000 .
0
Single Single
VM -2 cores, | VM -4cores, | VM1 -4 cores, | VM2 -4 cores, | VM3 -4 cores, | VM4 - 4 cores,
16 GB 16 GB 16 GB 16 GB 16 GB 16 GB
B Read (in MBps) 18354 32659 36813 40563 42190 40441
[ Write (in MBps) 6177 12063 16423 16364 16410 16529

Figure 47: Memory Performance Across Concurrent Virtual Machines

TECHNICAL WHITE PAPER / 62




VMware Horizon 6 3D Engineering Workloads
Reference Architecture

Memory Latency Across Concurrent VMs
%1319 1323
130
— 125
wv
c
£ 120
>
3 113.5
5 s 112.8 1950 112.1
3 10
105
100
Latency - Lower Is Better
[l Single VM - 2 cores,16 GB 131.9
[ Single VM - 4 cores,16 GB 132.3
[l VM1 -4 cores, 16 GB 113.5
B VM2 -4 cores, 16 GB 112.8
[ VM3 -4 cores, 16 GB 112.0
VM4 - 4 cores, 16 GB 1121

Figure 48: Memory Latency Across Concurrent Virtual Machines

Because current CPU architecture and technology conventions include an integrated memory controller, adding
dedicated CPU cores to a single virtual machine boosts memory performance.

Configuring a virtual machine with four CPU cores instead of two can increase memory performance from
44 percent to as much as 86 percent. Applications that rely heavily on memory usage see a significant
performance improvement.

Because most applications are monothreaded, users are unlikely to notice any significant CPU performance
increase from the additional cores, except when using multithreaded applications, such as for rendering or
video editing.
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Memory Performance Increase from 2 Cores to 4 Cores
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Figure 49: Memory Performance Increase from Two to Four Cores

The following figures and table show that adding memory to a virtual machine yields better performance than
adding CPU cores. Adding memory always increases memory latency, but even with increased latency, these

tests show that memory performance was improved.

Memory Performance Increase from 16 GB to 32 GB
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Performance Increase - Higher Is Better

Figure 50: Memory Performance Increase 16 GB Versus 32 GB
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PassMark Memory Benchmark
Table 30 summarizes memory throughput across four virtual machines as compared to a single virtual machine.

REF VM1 VM2 VM3 VM4 VM1 VM2 VM3 VM4 VM2 VM3 VM4
VM VERSUS | VERSUS | VERSUS | VERSUS | VERSUS | VERSUS | VERSUS
REF REF REF REF VM1 VM1 VM1
Memory 1681 1867 1825 1815 1848 10% 8% 7% 9% -2% -3% -1%
Mark
Read 27076 24240 | 25642 | 25470 | 25505 | -12% -6% -6% -6% 5% 5% 5%
Cached
Read 6634 8427 8088 7682 | 7396 21% 18% 14% 10% -4% -10% -14%
Uncached
Write 6693 7392 7586 7293 | 7201 9% 12% 8% 7% 3% -1% -3%
Available 14672 14697 | 14569 | 14474 | 14719 0% -1% -1% 0% -1% -2% 0%
RAM
Threaded 24739 29950 | 27029 | 29632 | 30349 | 7% 8% 17% 18% -11% -1% 1%
Database 53 57 49 57 58 7% -8% 6% 8% -16% -1% 1%
Operations
Latency 52 46 44 48 44 -13% -18% -8% -18% -5% 4% -4%

Table 30: PassMark Memory Throughput Comparison

PassMark Memory Summary
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o vmi 1867 24240 8427 7392 14697 29950
B VM2 1825 25642 8088 7586 14569 27029
VM3 1815 25470 7682 7293 14474 29632
W vv4 1848 25505 7396 7201 14719 30349

Throughput - Higher Is Better

Figure 51: PassMark Memory Summary
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Memory Mark — Total Average Score
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Figure 52: Memory Mark Summary

ANSYS Mechanical Benchmarks

ANSYS Mechanical benchmark compares a physical run to a virtualized run to illustrate the potential bottleneck
that the storage solution could create.

This test highlights the worst case scenario that could occur when 100 percent of the hardware resources are
being utilized. When the storage solution is properly sized and configured, each user should be able to attain
the same, if not higher, level of performance in a virtualized environment as in a non-virtualized environment.

Non-Optimized Run

This run uses CPU and memory as well as storage, but it runs out of core to demonstrate the impact of storage
on performance. Because of the lack of optimization, memory limitations force the application to swap model
data to and from disk, creating a bottleneck.

Optimized Run

This run also uses CPU and memory to compute the solution, but optimization removes the storage bottleneck,
producing nearly identical performance in virtual and physical environments. A lossless transition between the
physical and virtual environments is made possible by proper sizing and an understanding of the relationship
between the hardware solution and each given application.
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The same hardware platforms with identical configurations were used to compare optimized and non-

optimized runs.

CONFIGURATION ASUS ESC4000 G2

VIRTUAL MACHINE

6 cores allocated to system

6 cores

32 GB memory

32 GB RAM

4 x Intel 730 Series RAID O

4 x Intel 730 Series RAID O

Table 31: Hardware Configuration for ANSYS Mechanical Benchmark

S| statistics

Nodes 1340453

Elements 833530

Mesh Metric Element Qualty

Mn 0,126383642746391
Max 0,999950588577205
Average 0,810469795263646
Standard Deviation 0,102390109650976

Figure 53: Modal Analysis Benchmark Specifications

TEST CONDITIONS

DISTRIBUTED

Solver PCG Solver_Modal Analysis
# of Nodes 1340453

# of Contact Elements 21763

# of Solid Elements 833530

# of Total Elements 862707

Table 32: Modal Analysis Test Conditions
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Modal Benchmark — Physical Versus Virtual Environment
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Figure 54: Physical and Virtual Environments Compared
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Anvil Storage Benchmark 1.1.0

The Anvil Storage Benchmark provides a baseline for the performance of underlying storage, which is critical on

3D engineering workloads. It is important to understand how to size and configure the storage architecture to
avoid bottlenecks.

For these tests, the hardware-specific storage consisted of 4x Intel 730 Series (480 GB) RAID O and an Intel

RS3DCO80 SAS controller. The virtual machines were each configured with two dedicated cores and 16 GB of
memory.

Test results for a single virtual machine are shown in Figure 55.

€} Anwil's Storage Utilities 1.1.0 (2014-January-1)

‘ File | Benchmarks | (0= | Systemlnfo | Settings | Testsize 168 |~ | 0rve B e] + |[Screenshot] Help

2085 D)

{: [ otdsams| 250 [T 202
CETMN oissms| 14200 [PTTPY 560
TSN oz0soms| 37500 REEZIPT oo o JLER
o IO 52920 EEREYD
35391 IO

Resp. time v IC
« _

o4 83.22

Drives :

Notes :

Figure 55: Anvil Storage SSD Benchmark for One Virtual Machine (Score: 7143.52)
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Equivalent tests for each of the four concurrent virtual machines are shown in the next four figures.

ST s vcoms |20

| 01935ms|  2624]
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s
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seq e -EEEI
v TN seeic BEEED

4K 0D 0.3872ms 10,329.42 40.35

4K.GD16 0.7095ms 640.0 22,550.73 88.09

Drives :
Notes :

Figure 56: Anvil Storage SSD Benchmark VM1 (Score: 3836.58)
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Figure 57: Anvil Storage SSD Benchmark VM2 (Score: 3990.31)
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€ Anvil's Storage Utilities 1.1.0 (2014-January-1)

 File | Benchmarks | 10rmete | SystemInfo | Settings | Testsize (168
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Figure 58: Anvil Storage SSD Benchmark VM3 (Score: 4040.65)
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Figure 59: Anvil Storage SSD Benchmark VM4 (Score: 3909.17)
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Storage Performance Impact Summary

Increasing the number of virtual machines directly affects the performance of the storage solution, the total
throughput capability of which is shared among all virtual machines. The tests show that when virtual machines
share a common storage solution, the maximum throughput that each virtual machine can attain while
simultaneously performing IOPS-intensive tasks is equal to the maximum throughput that the given storage
can sustain, divided by the number of virtual machines that share the storage.

This is a general rule of thumb. Try to allocate each virtual machine, or small group of virtual machines, to its or
their own storage. For example, assign two virtual machines to a RAID O array of 2x hard drives to minimize the
performance drop of each virtual machine.

Storage Performance Drop - 1x VM Versus Concurrent
-160%
-140%
Q
o -120%
[a)
g -100%
c
g -80%
S -60%
& -40%
0% l
Read Run Write Run Average
[ VM1 vs. VM Ref -150% -35% -79%
[l VM2 vs. VM Ref -150% -35% -79%
VM3 vs. VM Ref -123% -43% -77%
B VM4 vs. VM Ref -153% -38% -83%

Figure 60: Performance Degradation
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PassMark Benchmark

A virtual machine’s CPU, 2D graphics, 3D graphics, and memory performance do not degrade as the number
of virtual machines increases. Assigned resources are not only allocated but dedlicated to each virtual machine.
Storage is the only resource that faces significant impact as the number of virtual machines per host is

increased.
PassMark Summary
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[l Single VM - 4 cores, 16 GB 4037 7465 705 4461 1681
[l VM1 -4 cores, 16 GB 3817 7411 649 4389 1867
[ VM2 -4 cores, 16 GB 3798 7400 648 4397 1825
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Figure 61: Dedicated Resources Not Affected by Number of Virtual Machines
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PassMark Summary - Storage
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Figure 62: Impact on Storage When the Number of Virtual Machines Increases
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Appendix B: Hardware and Software
Requirements

Table 33 lists the hardware required for compatibility with vDGA and vGPU.

COMPONENT

DESCRIPTION

Physical space for
graphics cards

Many high-end GPU cards are full height, full length, and double width, most
taking up two slots on the motherboard, but using only a single PCle x16 slot.
Verify that the host has enough room internally to hold the chosen GPU card in
the appropriate PCle slot.

PCle x16

PCle x16 is required for all supported highest end GPU cards.

Host Power Supply Unit
(PSU)

Check the power requirements of the GPU to make sure that the PSU is
powerful enough and contains the proper power cables to power the GPU. For
example, a single NVIDIA Quadro 6000 GPU can use as much as 204 W of
power and requires either a single 8-pin PCle power cord or dual 6-pin PCle
power cords.

Virtual Technology for
Directed 1/0 (VT-d)

To use VDGA, verify that the host supports either Intel VT-d or AMD IOMMU
(input/output memory management unit). Without this, GPU pass-through
cannot be enabled.

To check if VT-d or AMD IOMMU is enabled on the host, check the server BIOS.
To locate this setting in the server BIOS, contact the hardware vendor.

Two-display adapters

If the host does not have an onboard graphics adapter, VMware recommends
that you install an additional low-end display adapter to act as your primary
display adapter, because the ESXi console display adapter is not available to
Xorg. If the high-end AMD or NVIDIA GPU card is set as the primary adapter,
Xorg cannot use the GPU for rendering.

If you have two GPUs installed, the server BIOS might give you the option to
select which GPU is primary and which is secondary. If this option is available,
make sure that the standard GPU is set as primary, and the high-end GPU is set
as secondary.

Table 33: Hardware Requirements for vDGA and vGPU

Note: GPU support is dictated by the graphics card vendor, not by VMware.
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Table 34 lists the software required for compatibility with vSGA, vDGA, and vGPU.

COMPONENT DESCRIPTION

VMware vSphere *vSGA and vDGA - ESXi 5.1 Ul or ESXi 5.5 (ESXi 5.5 recommended)
hypervisor +VGPU - ESXi 6.0

VMware Horizon with a *vSGA - Horizon 5.2 or later (Horizon 6 version 6.1 recommended)
View implementation +vDGA - Horizon 5.3 (Horizon 6 version 6.1 recommended)

*vGPU - Horizon 6 version 6.1
*Linux - Horizon 6 version 6.1.1 (with Horizon Client 3.4)

Display protocol *vSGA, vGPU, and vDGA - PColP with a maximum of two display monitors

*vDGA - Secure WebSocket connection from the Horizon Client (6.1.1 required),
up to four display monitors

NVIDIA drivers *vSGA - NVIDIA drivers for vSphere ESXi 5.5 version - Latest Version
+vVDGA - Tesla/GRID desktop driver version - Latest Version
*vGPU - NVIDIA vgx VMware - Latest Version

Note: These drivers are supplied and supported by NVIDIA. Both drivers can be
downloaded from the NVIDIA Drivers Download page.

Guest OS *vSGA - Windows 7 32- or 64-bit
*vDGA - Windows 7 64-bit
*vGPU - Windows 7 64-bit

Table 34: Software Requirements for vSGA, vDGA, and vGPU
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