Citrix Systems, Inc.
Citrix Presentation Server 4.0

Performance Study of Citrix Presentation Server
and Windows Terminal Services

Premise: Windows Terminal Services, an
element of Microsoft Windows Server,
provides basic remote desktop functions
and is the platform for Citrix Presentation
Server. Customers looking at Terminal
Services or Citrix Presentation Server-
based solutions aren't choosing
"either/or" but rather whether to augment
Terminal Serviceswith Citrix
Presentation Server. Customers need to
under stand the performance and network
capacity ramifications of these solutions
as they assess the value-add that Citrix
Presentation Server provides for Windows
Terminal Services. .

( : itrix Systems, Inc. commissioned
The Tolly Group to evaluateits

Presentation Server 4.0 and its value-add
to Windows Server 2003 Terminal
Services. The test focused: performance,
user experience, and network impact.
Tolly Group engineers measured the num-
ber of bytes transmitted and the elapsed
time necessary to view a sample
PowerPoint presentation over multiple
simulated networks varying link speed
and latency types with clients implement-
ing either Citrix Presentation Server (on
top of Windows Terminal Services) or
Microsoft Windows Terminal Services
(standalone). Using the same environ-
ment, engineers also examined the aver-
age network throughput achieved when
copying afile between a server and a
remote Windows XP client. Finally, The
Tolly Group measured the throughput
achieved when performing a remote print-
ing operation over the same network envi-
ronment.

All tests were conducted at The Tolly
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Test Highlights
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Use of Citrix Presentation Server on top of Windows Terminal
Services enabled a PowerPoint application to execute up to 43%
faster over a remote connection than with Windows Terminal
Services alone

For typical remote and WAN connections, augmenting Windows
Terminal Services with Citrix Presentation Server provided 2X to 3X
faster printing and file transfer performance than Windows Terminal
Services alone

A PowerPoint application test showed that Citrix Presentation
Server sent 25% to 50% fewer bytes over typical WAN links than
Windows Terminal Services alone

Citrix Presentation Server includes features to synchronize the
audio and video for multimedia playback

Kbytes sent over the link

Bytes Transferred to View a PowerPoint Presentation (375KB

Eight-Slides) File over Multiple Simulated Network Types
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Group's Boca Raton, FL. facilitiesin
September/October 2005.

Tests show that the Citrix
Presentation Server can more effec-
tively utilize available bandwidth
during "batch" operations like file
transfer and remote printing result-
ing in faster task completion.
Similarly, in the test of viewing a
screen-based presentation, the Citrix
solution optimized the delivery of
the server-based presentation and
was consistently able to complete
that task more rapidly than Windows
Terminal Services by itself.

Note: In the "Results and Analysis"
section below, where referenceis
made to the "Citrix" solution, this
refersto the Citrix Presentation
Server product running on top of
Windows Terminal Services. Where
reference is made to the "Windows'
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Elapsed Time (Seconds) While Copying a 4MB PDF Document over Various
Simulated Network Types Supporting a Citrix Presentation Services or Windows
Terminal Services Session
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solution, this refers to a standalone
Windows Terminal Servicesimple-
mentation.

RESULTS & ANALYSIS

POWERPOINT
PRESENTATION

Tolly Group engineers measured the
number of bytes transmitted across
the link and the amount of time (in
seconds) required to run a
PowerPoint presentation (sample)
eight-slide PowerPoint file between
abackend server and aremote client
PC over various network types sup-
porting a Citrix Presentation Server
session or a Microsoft's Windows
Terminal Services session.

Results show that Citrix Presentation
Server transmitted up to 12% fewer

@ Citrix on Windows Terminal Server @ Windows Terminal Server only

Figure 2

bytes across the network link than
just using Microsoft's Windows
Terminal Services alone. (See Figure
1 and Figure 4.) Results show that
Citrix Presentation Server is particu-
larly beneficial when transferring the
PowerPoint over low-speed dial-up
and frame relay connections, sending
between 11% and 12% less data over
the network. That frees up low-band-
width connections for other data.

Moreover, Citrix Presentation Server
also significantly improved the
elapsed time to run the PowerPoint
file across each network link tested.
In fact, depending upon the network
scenario, Citrix Presentation Server
can run the PowerPoint in 11% to
43% less time than Windows
Terminal Services. (See Figure 4.)

Over adia-up 56-Kbps link, for
instance, Windows Terminal




THE TOLLY GROUP

CITRIX SYSTEMS

PRESENTATION SERVER

Services ran the PowerPoint in 76
seconds, while Citrix Presentation
Server handled the task in just 43
seconds, or about 43% less time.
Likewise, with a 128-Kbps frame
relay link, Windows Terminal
Services ran the PowerPoint in 43
seconds, versus just 26 seconds for
Citrix Presentation Server — a40%
run-time improvement. Even over
the 512-Kbps satellite connection,
with 500 ms. of latency, Citrix
Presentation Server delivered a 36%
time savings over Windows Terminal
Services.

FILE TRANSFER

Tolly Group engineers measured the
level of throughput achieved to drive
afiletransfer (4AMB PDF document)
between a back-end server and a
remote client PC over various net-
work types supporting a Citrix
Presentation Server session or a
Microsoft's Windows Terminal
Services session.

Results show that at higher link
speeds (512 Kbpsto T/DSL), the
Citrix Presentation Services session
achieves consistently greater
throughput — in some cases almost
3X more throughput. For instance,
over aT1 connection, the Citrix
Presentation Services session
achieved throughput of 1.2 Mbps
versus 653 Kbps for Windows
Terminal Services. Yet, from an
elapsed time perspective, the Citrix
solution used the link for just 25 sec-
onds versus 46 seconds for the
Windows solution. (See Figures 2
and Figure 4.) Similarly, over aDSL
connection the Citrix solution was
almost 3X faster, completing the
transfer in 32 seconds vs. 86 seconds
for the Windows solution. Thus, the
time to task completion was much
shorter for Citrix thereby resulting in
amore positive user experience.

Likewise, over the 512-Kbps satel-
lite link, Citrix Presentation Services
session achieved throughput of 236
Kbps versus just 80 Kbps for the
Windows alternative — almost 3X
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more throughput. From an elapsed
time perspective, the Citrix
Presentation Services session used
the link for 116 seconds, far less than
the 381 seconds required by
Windows Terminal Services.

Over lower-speed dial-up and frame-
relay connections, both products dis-
played similar performance,
although during the dial-up and
frame relay tests the Windows solu-
tion saturated the links.

REMOTE PRINTING

Tolly Group engineers measured the
amount of throughput required to
operate a remote print operation
(using a sample eight-dlide
PowerPoint file) between a backend
server and aremote client PC over
various network types supporting a
Citrix Presentation Server session or
aMicrosoft's Windows Terminal
Services session.

Results show that in every network
scenario Citrix Presentation Server
delivered greater throughput and
completed the operation in less time
than Windows Terminal Services. In
the T1 scenario, Citrix Presentation
Server achieved 642 Kbps of
throughput, versus 340 Kbps for
Windows Terminal Services.
However, the Citrix solution needed
just 16 seconds to handle the task,
while Windows Terminal Services
needed double the time - 32 seconds.
(See Figures 3 and Figure 4.) In the
DSL scenario, Citrix Presentation
Server required 68% lesstimeto
handle the print operation and deliv-
ered nearly 3X more throughpui.

The greatest remote printing
disparity occurred over the satellite
connection. Citrix Presentation
Server achieved throughput of 353
Kbpsin 29 seconds, versus 57 Kbps
in 199 seconds for the Windows
Terminal Services solution. The dial-
up and frame relay scenarios demon-
strated that both solutions work
equally well, with Citrix solution
having only a dlight advantage

Citrix Systems
Inc.

Citrix
Presentation
Server 4.0

Throughput Evaluation

Citrix Systems, Inc.
Citrix Presentation Server 4.0
Product Specifications*

Feature (Partial list)

000 ©O 000

O

SpeedScreen multimedia accel eration
Client drive mapping

Client printer mapping using Citrix
Universal Print Driver 3

Persistent bitmap caching and 2D
graphics enhancements

Session reliability

Application isolation environment
Virtual 1P support

Support for ActiveSync for
synchronization of client connected
PDA devices

Workspace control

For moreinformation contact:
Citrix Systems, Inc.

851 West Cypress Creek Road
Fort Lauderdale, Fl 33309
Phone: (954) 267-3000

Fax: (954) 267-9319

URL: http://mww.citrix.com

*Vendor-supplied information not verified
by The Tolly Group

CITRIX
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(about 5% faster) in time to com-
plete the print job.

MULTIMEDIA SUPPORT

While not aformal part of the test,
Tolly Group engineers ran several
demonstrations where an MPEG
video clip was streamed from server
to client. Engineers observed that the
Citrix solution provided for synchro-
nization between audio and video
where these elements were digjoint-
ed when streaming using the
Windows solution.

PoLicY CONTROL

While not aformal part of the test,
Tolly Group engineers ran several
demonstrations that utilized the
bandwidth control features offered
by Citrix (Microsoft does not offer a
similar capability). In these demon-
strations, engineers observed that the
Citrix solution could "tune" the
amount of bandwidth utilized by a
particular function like file transfer
or remote printing to provide for
better performance for interactive
applications.

CITRIX SYSTEMS PRESENTATION SERVER

Elapsed Time (Seconds) to Print a 375KB Eight-Slide
PowerPoint File over Multiple Simulated Network Types
Supporting a Citrix Presentation Services or Windows
Terminal Services Session
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Figure 3

Server 4.0 running on a Compaq
ProLiant DL360. The ProLiant DL
360 was equipped with an Intel
Pentium 111 running at 1.4 GHz, 1.25
MB RAM, Microsoft Windows
Server 2003 Enterprise Edition and

TEST CONFIGURATION
AND METHODOLOGY

For performance tests, The Tolly
Group tested Citrix Presentation
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1,396,531

Note: The simulated satellite scenario had a higher “Bytes sent over the link” count than other simulated speeds. Citrix best
practices for the satellite network scenario recommends altering the default TCP packet size (used in these tests) from 1,460 to 512
bytes in order to achieve better “Bytes sent over the link.”

Figure 4
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IP Wave/
WAN Emulator
(Dial-Up, DSL, T1, Satellite)

Test Bed Diagram

Compaq ProLiant DL360
Windows Server 2003
Enterprise Edition
Terminal Server

Compagqg ProLiant DL360
Windows Server 2003

Enterprise Edition
Citrix Server

Default gateway #1

Default gateway #2

Source: The Tolly Group, October 2005

Microsoft Office Professional 2003.

Engineers al so tested a second
ProLiant DL 360, this one running
Windows Terminal Server. It also
was configured with an Intel
Pentium 111 running at 1.4 GHz, 1.25
GB RAM, Microsoft Windows
Server 2003 Enterprise Edition and
Microsoft Office Professional 2003.

Both servers were connected to a
Netgear DS108 eight-port hub,
which was connected to Dell
PowerEdge 1400SC equipped with a
1.13-GHz Intel Pentium 111 CPU,
512MB RAM, Microsoft Windows
2000 Advanced Server (Service Pack
3) and Spirent Communications |P
Wave — Network Impairment

Dell Dimension 2350
Windows XP Pro Client

3Com 8-port
Baseline Switch 2808

Emulator (ver. 3.0.0.0). The WAN
emulator varied the network types
and speeds, offering dial-up, wire-
less/satellite, ADSL and T1 connec-
tion scenarios.

An IBM ThinkPad T40 laptop PC
running Windows X P Profession
supported the Ethereal (ver. 0.10.12)
packet capture trace tool. It also was
connected to the Netgear hub. On the
client side, a 3Com 2808 eight-port
switch connected to aclient PC — a
Dell Dimension 2350 running
Windows XP PRO.

Power Point Test

Engineers set the client mapping for
both Citrix Presentation Server and

Netgear 8-port
Hub DS108

IBM Thinkpad T40
Windows XP Professional
Packet Trace Analyzer (Ethereal)

Figure 5

Windows Termind Services asfollows:

a Drive Mapping: Disabled

b- Audio Mapping: Disabled

c- Printer Mapping: Disabled

d- LPT Port Mapping: Disabled

e- COM Port Mapping: Disabled
f- Clipboard Mapping: Disabled

Engineers ran a 375-KB PowerPoint
presentation of eight slides with
graphics, text and animation includ-
ed. Engineers captured the data
while the PowerPoint presentation
was running and gathered the infor-
mation provided by Ethereal.

Filetransfer test

The PDF document used for the file
transfer was the "MetaFrame
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Presentation Server Administrator's
Guide," an Adobe Acrobat Ver. 5.0
file of 4.2MB in size.

Engineers set the client mapping for
both Citrix Presentation Server and
Windows Termind Services asfollows;

a Drive Mapping: Enabled

b- Audio Mapping: Disabled

c- Printer Mapping: Disabled

d- LPT Port Mapping: Disabled
e- COM Port Mapping: Disabled
f- Clipboard Mapping: Enabled

Engineers then used a 4.2-MB PDF
document to transfer it from the
server to the client machine. For this
operation, the C: drive on the client
PC was mapped to the server once
the remote session was established.

The transfer file operation was done
by dragging the file from the server
and dropping it inside afolder in the
client side. Engineers then captured
the data while the file was being
transferred and gathered the informa-
tion provided by Ethereal, which was
connected to a network hub port in
the test bed. All Ethereal data cap-
tures include Ethernet header info

and payload info.

Remote printing test

Engineers used the same file from
the File Transfer test. (See above.)

Engineers set the client mapping for
both Citrix Presentation Server and
Windows Termina Services asfollows

a Drive Mapping: Disabled

b- Audio Mapping: Disabled

- Printer Mapping: Enabled

d- LPT Port Mapping: Enabled
e- COM Port Mapping: Disabled
f- Clipboard Mapping: Disabled

Engineers set up and configured an
HP LaserJet 6L printer into the client
PC (Dell Dimension 2350) in order
to print documents once the Citrix or
Windows remote session has been
established. On Citrix Presentation
Server, engineers changed the printer
driver configuration to use only the
Citrix Universal Printer Driver
(UPD). Engineers chose a 375-KB
file to print out. Engineers captured
the data while the file was being
printed and then, they gathered the
information provided by Ethereal.

Vendor
Spirent Communications

The Tolly Group gratefully acknowledges the providers of test equipment used in this project.

Product
IP Wave Network Impairment
Emulator Version 3.0.0.0

Web address
http://www.spirentcom.com

TERMS OF USAGE

USE THISDOCUMENT ONLY IFYOU AGREE TO THE TERMSLISTED HEREIN.

This document is provided, free-of-charge, to help you understand
whether a given product, technology or service merits additional investi-
gation for your particular needs. Any decision to purchase must be based
on your own assessment of suitability.

This evaluation was focused on illustrating specific features and/or per-
formance of the product(s) and was conducted under controlled, labora-
tory conditions and certain tests may have been tailored to reflect perfor-
mance under ideal conditions; performance may vary under real-world
conditions. Users should run tests based on their own real-world scenar-
ios to validate performance for their own networks. Commercialy rea-
sonabl e efforts were made to ensure the accuracy of the data contained
herein but errors and/or oversights can occur.

The test/audit documented herein may also rely on various test tools the
accuracy of which is beyond our control. Furthermore, the document
relies on certain representations by the sponsor that are beyond our con-
trol to verify. Among these is that the software/hardware tested is pro-
duction or production track and is, or will be, available in equivalent or
better form to commercial customers.

The Tolly Group provides a fee-based service to assist users in under-
standing the applicability of a given test scenario to their specific needs.
Contact us for information.

When foreign translations exist, the English document is considered
authoritative. To assure accuracy, only use documents downloaded
directly from The Tolly Group's Web site.

PROJECT PROFILE

Sponsor: Citrix Systems, Inc.
Document number: 205141
Product Class: Application virtualization software
Productsunder test:
®  Citrix Presentation Server 4.0
®  Windows Server 2003 Terminal Services, RDP
ver. 5.2

Testing window: September through October 2005
Software status:
® Generdly available

For more information on this document, or other services
offered by The Tolly Group, visit our World Wide Web site at
http://www.tolly.com, send E-mail to sales@tolly.com, call
(561) 391-5610.

Information technology is an area of rapid growth and constant change. The Tolly Group conducts engineering-caliber testing in an effort to provide
the internetworking industry with valuable information on current products and technology. While great care is taken to assure utmost accuracy, mis-
takes can occur. In no event shall The Tolly Group be liable for damages of any kind including direct, indirect, special, incidental, and consequential
damages which may result from the use of information contained in this document. All trademarks are the property of their respective owners.
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