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Introduction

VMware View liberates the end user identity from being locked to a particular system and enables anywhere
computing. It transforms IT by simplifying and automating desktop management. IT administrators can compose
virtual desktops on demand, based on locations and profiles, and can deliver at any time to desktops and devices
anywhere. As shown in Figure 1, by centrally maintaining desktops, applications, and data, VMware View reduces
costs, improves security, and, at the same time, increases availability and flexibility for end users.
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Figure 1. View Architecture Diagram

VMware View 5 offers the best end-user experience and performance over LAN, WAN, and extreme WAN. The
VMware View PColP display protocol’s adaptive technology provides an optimized virtual desktop delivery on
both the LAN and the WAN. View 5 addresses the broadest list of use cases and deployment options with a
single protocol and enables access to personalized virtual desktops complete with applications and end-user
data and settings anywhere and at any time. View 5 also reduces the overall costs of desktop computing by
centralizing management, administration, and resources and by removing IT infrastructure from remote offices.
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View 5 New Features

In addition to the significant performance optimizations that are discussed in later sections, VMware View 5 also
introduces a number of new key features.

End User Experience Monitoring

View 5 provides users easy access to key PColP protocol performance metrics. There are over 30 individual
statistics collected, ranging from imaging statistics to network bandwidth information. Not only do these metrics
allow users and administrators to use WMI based tools, such as perfmon, to quickly troubleshoot individual
desktop issues, but these metrics are available to VMware vCenter Operations and other third party management
solutions to provide improved monitoring fidelity.

Support for 3D Graphics

VMware vSphere 5 introduced support for non-hardware accelerated 3D graphics in VMs (support is provided for
DirectX 9 and OpenGL 2.1). View 5 takes full advantage of this support, enabling basic 3D applications in View
desktops like Aero, Office 2010, or those requiring OpenGL or DirectX without the need for specialized graphics
cards or client devices.

Continuity Services

View 5 delivers a seamless end-user experience regardless of network reliability. The PColP protocol
automatically detects network interruptions and automatically attempts to reconnect the session. The PColP
protocol will try for up to 30 seconds to reconnect the session, eliminating the requirement to re-launch and re-
authenticate sessions as a result of temporary network interruptions. Additionally, continuity services provide
better session resilience in networks with high packet loss.

Performance Improvements in View 5

PColP Protocol Improvements

In View 5, there are significant performance improvements in PColP protocol including, WAN optimizations with
substantial bandwidth reduction and reduced CPU usage. These improvements are discussed in detail in
subsequent sections.

Platform Improvements with VMware vSphere 5

VMware vSphere 5 brings with it some great performance improvements which allow more desktops to be
consolidated on a single ESXi server.

CPU Scheduler

VMware has improved CPU scheduling for desktop workloads especially on hyper-threaded processors. The
result is that desktop workloads have good out-of-the-box performance on ESXi servers. In vSphere 4.1, an
advanced scheduler option was required to get the best performance for desktop workloads (KB 1020233), but
this is no longer necessary with vSphere 5.

Memory Footprint Reduction

In addition to the VRAM assigned to a virtual machine, ESXi maintains book-keeping memory on behalf of a
virtual machine. In vSphere 5, the book-keeping memory scheme has changed by allocating memory on demand
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and by implementing a swap mechanism which lets more of the guest VRAM to stay in the main memory. The
footprint reduction is as much as 60%, which leads to a better consolidation ratio.

Conservative Ballooning

In vSphere 5, the ballooning mechanism was changed to a more conservative one compared to vSphere 4.1. In
vSphere 4.1 and earlier, the balloon driver in the virtual machines used to get activated when the system free
memory dropped below 6% of the total memory. On servers with a large amount of main memory, 6% free
memory is sufficiently large that ballooning is not really required. Hence vSphere 5 implements a slab-based
ballooning mechanism that keeps the threshold at 6% for machines with less memory and as low as 1% for
machines with a large amount of memory. This greatly improves VM consolidation on large servers.

PColP Protocol Improvements in View 5

VMware View 5 introduces a variety of important optimizations to the PColP protocol that deliver a significant
reduction in the PColP protocol's resource utilization, benefiting users in almost all usage scenarios. Broadly
speaking, these optimizations fall into two broad categories: bandwidth optimizations and compute
optimizations.

Bandwidth Improvements

Controlling network bandwidth utilization is obviously a key consideration for VDI display protocols. This is
especially true in the WAN environment, where network bandwidth can be a relatively scarce and highly shared
resource. View 5 makes significant improvements in the efficiency with which the PColP protocol consumes this
resource, while maintaining user experience. In many typical office user environments, bandwidth consumption is
reduced by up to 75% (around 4X improvement). In the following section, the optimizations that deliver these
gains are discussed.

Lossless Codec Optimizations

In the VDI environment, a user’s screen is frequently composed of many forms of content, including icons,
graphics, motion video, photos, and text. It is the responsibility of the VDI display protocol to actively monitor the
type of content the user is viewing and dynamically manage the compression algorithms utilized for each screen
region to ensure the best user experience. For instance, naively applying lossy compression technigues to text-
orientated content can result in blurred text edging, which can be very noticeable to users. Accordingly, the
PColP protocol uses an efficient lossless compression algorithm that has been developed with text compression
as a key consideration in order to minimize both bandwidth and CPU utilization.

With View 5, PColP protocol debuts a major enhancement to its lossless compression codec. The improved
lossless compression algorithm delivers both greater compression ratios and improved robustness. As an
example, the improved algorithm delivers twice the compression of its predecessor when applied to content
containing anti-aliased fonts (for example, ClearType).

If you consider the desktop belonging to the typical office user, there’s frequently significant text content—text
on web pages, emails, presentations, and PDF documents. Accordingly, a significant proportion of the imaging
data being transmitted to the client device is frequently compressed using lossless compression algorithms. As a
result, View 5’'s improved lossless compression algorithm delivers a 30% to 40% reduction in bandwidth
consumption for typical office user workflows.

Client-side Caching

PColP protocol is tasked, among its many responsibilities, with efficiently communicating desktop screen updates
to the client device for local display. In many instances, only a small region of the screen may change. VDI
protocols such as PColP protocol perform spatial filtering and only send information related to the portion of the
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screen that changed (rather than naively sending the entire screen). However, in additional to spatial filtering,
temporal analysis can also be performed. For instance, consider minimizing an application, dragging a window,
flicking through a slide-set, or even scrolling through a document. In all these examples, each successive screen
update will be largely composed of previously seen (potentially shifted) pixels. As a result, if the client device
maintains a cache of previously seen image blocks, PColP protocol can deliver significant bandwidth savings by
merely encoding these portions of the screen update as a series of cache indices rather than retransmitting the
blocks.

View 5 introduces a client-side image cache, providing bandwidth savings of 30% in many instances (of a typical
office user’s workflow). This cache is not merely a simple fixed position cache, but captures both spatial and
temporal redundancy in the screen updates. In addition to providing bandwidth optimizations for obvious
operations (for example, window minimize/maximize, start menu), the image cache also significantly reduces the
bandwidth consumption for many interactive operations, such as scrolling and window dragging, ensuring
smooth, highly responsive operations even in WAN environments with very constrained bandwidth.

For instance, consider scrolling through a PDF document. As we scroll down, new content appears along the
bottom edge of the window, and the oldest content disappears from the top edge. All the other content in the
application window remains essentially constant merely shifted upward. The PColP protocol image cache is
capable of detecting this spatial and temporal redundancy. As a result, for scrolling operations, the display
information sent to the client device is primarily just a sequence of cache indices—delivering significant
bandwidth savings.

This efficient scrolling has a couple of key benefits;

e On LAN networks, where bandwidth is relatively unconstrained, there’s sufficient bandwidth available for
high quality scrolling even when client-side caching is disabled. In these situations, enabling client-side image
caching delivers significant bandwidth savings—experimenting with a variety of different applications and
content types (text heavy, image heavy, and so on), we see bandwidth reductions of over 4X (compared with
caching disabled. mileage may vary, but we see this fairly consistently).

e On WAN networks, where bandwidth is fairly scarce, when client-side caching is disabled, scrolling
performance is often degraded to stay within the available bandwidth. In these situations, in addition to
bandwidth reductions (which vary based on the degree to which scrolling performance is degraded when
client-side caching is disabled), client-side caching also ensures smooth, highly responsive scrolling
operations even in WAN environments with very constrained bandwidth.

Build-to-Lossless

In combination, the compression improvements and image caching deliver bandwidth savings of around 60% (a
2.5X improvement) out-of-the-box in both LAN and WAN use cases for typical office users.

Additional bandwidth improvements can be obtained in View 5 by leveraging the new image quality controls that
have been introduced. By default, PColP protocol will build to a lossless image—when a screen update occurs,
PColP will almost immediately transmit an initial image for display on the client. In rapid succession PColP will
continue to refine the client’s image until a high guality lossy image is achieved. In PColP vernacular, this is
termed building to a “perceptually lossless” image. If the screen remains constant, PColP will, in the background,
continue to refine the image on the client until a lossless image is obtained (that is, PColP builds to lossless
(BTL)). In certain application-spaces, building to a lossless image is a key feature. However, for many office users,
the BTL support can be disabled without impact on image guality (indeed, in many cases it is almost impossible
to discern any quality difference). And disabling BTL can deliver significant bandwidth savings—in many
situations disabling BTL will provide up to around 30% reduction in bandwidth.

In many situations, the difference between fully lossless and perceptually lossless images can be virtually
impossible to discern. This can be visually apparent, as illustrated in Figure 2, which shows a zoom-in of two small
images. For both images, View fully lossless and View BTL images are shown side-by-side for comparison, clearly
illustrating how difficult it is, even when zoomed, to see differences.
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Figure 2. Comparing Fully Lossless and Perceptually Lossless Image Quality

In addition to gualitative analysis, a more guantitative analysis with PSNR (peak signal to noise ratio) and RMS
(root-mean-square) error data is also interesting. For a fairly complex image—a fall-colors landscape with
significant fine detail in the background tree colors—comparing the perceptually lossless build to a fully lossless
build (RGB space), yields a PSNR value of 45.8dB, and RMS error value of 1.3. This clearly illustrates how little loss
in quality is associated with perceptually lossless images. For instance, consider the RMS error of 1.3; for 32-bit
colors, each RGBA component has 8-bits of precision, with values ranging from O to 255. For this image,
perceptually lossless is introducing an average error of +/-1.3 to these values—fairly negligible for most use cases.

Overall Bandwidth Reductions

Combining the compression improvements, client caching and disabling BTL commonly delivers a bandwidth
improvement of up to 75% (a 4X improvement), for typical office workloads.

CPU Improvements

In VDI environments, desktop consolidation is a key consideration. The more user desktops that can be handled
per system (that is, the higher the consolidation ratio), the better the cost savings that can be realized for the VDI
deployment. Accordingly, the CPU overheads introduced by the VDI protocol must be carefully constrained. With
View 5, PColP protocol has been further enhanced to minimize its CPU overhead in a number of significant ways.

Idle CPU Usage

From the VDI protocol’s perspective, unless the user is viewing a video, the user is idle for a large proportion of
the time. For instance, if a user loads a new web page, there is a flurry of activity as the web page loads and the
screen update is displayed, but many seconds or even minutes may elapse with the screen remaining static, as
the user reads the content of the page. For a VDI protocol, it is not only important to encode any screen changes
efficiently, but to minimize the overheads associated with all background activities that occur during these idle
periods. With View 5, VMware has significantly optimized these code paths, and PColP protocol’s idle CPU
consumption is now negligible. Further, the session keep-alive (heartbeat) bandwidth has been reduced by a
factor of 2 for many workloads.

Code Optimization

In View 5, many of the hottest image processing and compression functions have been reexamined, their
algorithms tweaked for efficiency and their implementations further optimized.
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SIMD Acceleration

Image manipulation operations are typically suitable to acceleration via the use of SIMD (Single Instruction
Multiple Data) instructions, such as the SSE instructions supported on recent x86 processors. With View 5, PColP
protocol has been optimized to take even greater advantage of the SSE SIMD support available on x86
processors, not only providing an expanded coverage of the code base, but also, when available, leveraging the
SSE instructions available on the very latest processors (for example, SSE 4.2 and AES-NI).

Performance Results - View PColP
Improvements

In this section, we present the performance results on View 5 PColP improvements. In the next section, we
present the performance improvements in View due to integration with vSphere 5 platform.

The following sections first present the details of the experimental setup used to analyze the performance
improvements, followed by the results comparing View 5 to View 4.5. Also presented is a comparative study of
different remote display protocols including Citrix PortICA (XenDesktop 5) and Microsoft RDP (RDP 7.0).

Experimental Setup

All the protocol experiments used the same setup, which is shown in Figure 3. An IBM blade with a 2.53GHz Intel
Xeon 5400 processor and 32GB physical memory hosted the desktop VM. This blade was connected to an NFS
storage array. The desktop VM ran Windows 7 32-bit with 1 vCPU and 1GB of virtual memory. For the comparison
study, a screen resolution of 1152 x 864 was used. A Windows XP 32-bit client connected to a remote desktop
with the PColP protocol. The build-to-lossless (BTL) setting in PColP protocol was disabled to build to
perceptually lossless quality (which is hard to differentiate from a fully lossless quality for an office user
workload).

32-bit WinXP SP3 32-bit Win7 desktop
1-VCPU, 768 MB 1-VCPU,
1152x864 resolution 1GB RAM

1152x864 resolution

m PColP (BTL off)
. <

Network Bandwidth and
conditions Round-trip latency

LAN 100Mbps with 1ms

latency
WAN 2Mbps connection with

100ms latency IBM Blade HS21
Extreme WAN 300kbps connection 2.53 GHz Harpertown

with 100ms latency
32 GB RAM

Connected to NFS array

Figure 3. Experimental Setup for Comparing Remote Display Protocols Performance

Network Conditions

Since the remote desktop can be accessed from a main office, branch office, or home office, the network
conditions will be significantly different in all these cases. Therefore, three typical network conditions were used
as shown in the experimental setup diagram.
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e LAN - Plentiful bandwidth available with almost no latency.
e WAN - Bandwidth is limited (2 Mbps) and there is 100ms round-trip latency.
e [Extreme WAN - Bandwidth is severely limited (300 kbps) and there is 100ms round-trip latency.

Performance Metrics
In a typical VDI deployment, it is important to consider:

1) How many users can be supported on a given hardware platform and a network link

2) How to minimize the cost of the deployment

3) How to maximize the VDI user experience

For (1) user consolidation and (2) costs, the numbers of users per CPU core are relevant to look at. This number
represents the guest CPU usage for a typical office user workload. For (2) costs and (3) better user experience,
the application response time and the bandwidth usage for WAN environments need to be examined. So, from a
performance perspective, three important metrics that stand out are:

e Application response time - To measure the user experience

e Bandwidth usage - How many users can be supported on a shared network link

e CPU usage - How many users can be supported per core on a given platform

Workload

For all the experiments, we have used VMware View Planner, a workload generator that simulates typical office
user operations, such as typing a word in MS Word, playing a PowerPoint slideshow, reading Outlook emails,
browsing PDF pages, browsing Web pages, watching video, and so on. More details about the View Planner are
described in the VMware View Planner user guide [5].

Performance Improvements Compared to View 4.5

The VMware View Planner workload was run for three network conditions (LAN, WAN, and extreme WAN) for
both View 4.5 and View 5. Performance results were collected including application response time, downlink
bandwidth usage, and the guest CPU usage. Chart data shows results that were normalized to the “maximum”
values seenin View 4.5 and View 5 in all network conditions. For example, if View 4.5 with a LAN configuration
had the highest bandwidth usage, then it is normalized to 1.0 and other values are scaled with respect to that. In
this example, View 4.5 with LAN is used as the baseline for comparison.

Application Response Time

To maximize the user experience, a lower application response time is needed in any network conditions. Due to
recent bandwidth improvements, better response times are seen with the PColP protocol in extreme WAN
conditions. The normalized response time comparing View 5 and View 4.5 is shown in Figure 4.
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Response time
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Figure 4. Application Response Time for View 4.5 and 5 for Different Network Conditions

The figure shows that the response time in general increases going from LAN to extreme WAN conditions. Here,
the View 4.5 extreme WAN case has the highest latency and hence it is normalized to 1.0 and is used as the
baseline. Looking at LAN and WAN conditions, no significant differences in response times are seen in View 4.5
and 5. However, in extreme WAN, there is about 15% better user experience with View 5. This is due to the WAN
improvements in View 5 PColP which minimizes the bandwidth usage and requires less data and time to send the
updated display frames.

Bandwidth Usage

Bandwidth usage has been significantly optimized in View 5 to provide a better WAN experience. Figure 5
presents the bandwidth usage of View 4.5 and View 5 for different network conditions. The y-axis shows the
normalized bandwidth usage (lower the better). Results show a significant bandwidth reduction in View 5 for a
typical office user workload. In the LAN case, there is about 75% bandwidth improvement, whereas in WAN and
extreme WAN, there is about 70-75% bandwidth improvement. This is a very significant reduction and means
that you can now support up to 4x more users on the same network link. Additionally, bandwidth usage of about
50kbps or less is seen for almost all network conditions for the View Planner workload.

CPU Usage

Optimizations in View 5 include an idle CPU optimization, code optimizations, and use of optimized libraries. Even
with new features such as caching and lossless codec, the overall guest CPU usage is reduced. This is seen in
Figure 6.

The View 4.5 LAN case shows the highest CPU usage, so it is normalized as 1.0 and is used as the baseline. In the
LAN case, more than a 10% guest CPU improvement is seen, whereas in WAN and extreme WAN, between 5% to
10% CPU improvements are seen. This means that with View 5, we can realize better host consolidation.
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Bandwidth usage
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Figure 5. Bandwidth Usage for View 4.5 and 5.0 for Different Network Conditions
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Figure 6. Guest CPU Usage for View 4.5 and 5.0 for Different Network Conditions

Comparison with Other Remote Display Protocols

This experiment used the same setup described in the previous test and the same workload (VMware View
Planner) to compare the performance of different remote display protocols. Some specifics include:

e VMware View PColP - View version 5 and disabled BTL in PColP protocol settings
e Citrix PortICA or HDX - XenDesktop version 5, enabled progressive build with medium compression settings
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e Microsoft RDP - RDP version 7.0 is used with MMR enabled and network condition is set accordingly

Results are normalized to the “maximum” value that was seen across all protocols and all network conditions

Response Time

The View Planner workload was run for all remote display protocols for all the network conditions and
performance results were collected. The application response time comparing all three protocols is shown in
Figure 7. The y-axis shows the normalized response time. RDP had the highest response time in extreme WAN
conditions, so it is used as the baseline for comparison purposes.

Looking at the LAN condition in Figure 7, no noticeable difference is seen in the response time across all
protocols. In the WAN scenario, PColP protocol provides the best response time and therefore provides the best
user experience, whereas RDP suffers the most. In extreme WAN, RDP is about 40% slower, whereas PColP
protocol provides a better user experience even under extreme WAN conditions.

Figure 7. Application Response Time for Different Display Protocols with Different Network Conditions

Bandwidth Usage

Figure 8 compares bandwidth usage across different network conditions. The bandwidth usage is highest in RDP
in LAN conditions and this is used as a baseline to compare against the different cases. The figure shows that
PColP protocol consumes significantly less bandwidth in almost all network conditions and is comparable to
PortICA in terms of bandwidth usage. Additionally, RDP consumes higher bandwidth in almost all network
situations. Another interesting observation is that the bandwidth usage drops 50% in the case of PColP protocol
moving from LAN to extreme WAN conditions while maintaining similar quality. In RDP, video playback was
degraded and graphics-sensitive operations responded more slowly, which resulted in the drop in bandwidth
usage.
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