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Executive summary

Intel Corporation (Intel) commissioned Principled Technologies (PT) to run a set of performance tests on two
built-to-order Hewlett Packard (HP) Media Center PCs as the systems came out of the box. The goal of the
testing was to assess how well each PC would serve as a media center in a home office or bedroom. Intel
identified the test systems and defined the methodologies for all non-standard tests. PT purchased and set
up the two PCs and executed all tests. We ran the following benchmarks and performance tests:

Overall benchmark
e PCMark04 1.20 — Overall score
e PCMark04 — CPU score
e WebMark 2004 — Overall Score

Digital Media
iTunes 4.7.1 performance test

e Windows Movie Maker 2.1 performance test
e Adobe Photoshop Elements 3.0 and Adobe Premiere Elements 1.0 performance test
o Windows Media Center TV viewing, recording, and playback tests

Gaming

e Doom 3 version 1.1 timedemo
e Unreal Tournament 2004 custom timedemos (source: Intel)
e Half-Life 2 custom timedemo (source: Intel)

We also performed a variety of Windows Media Center functions, such as playing CDs, viewing DVDs, and
integrating the systems with common audio/video (AV) components, to further assess how well each system
functioned as a media center. Appendix B provides detailed configuration information for each system, and
Appendix A provides cost information for the systems and other equipment we used, and Appendix C details
the AV content and games we used in our tests.

To set up a typical office or bedroom home theater environment, we purchased consumer-class components,
such as a Sony 5.1 surround-sound receiver and speaker set, a separate Sony STR-DE598 home theater
receiver, Samsung 22” LCD HDTV, and a Samsung Hi-Definition (HD) DVD player.

Whenever possible, we tested each system as it came out of the box. To enable some tests to run, however,
we had to make system changes. We note all such changes in the Performance and feature comparison
section below and applied those changes only to the specific tests for which they were necessary. The Test
methodology section explains how we ran each test.

Though the systems had very similar specifications for their peripherals (e.g., hard drive, class of graphics
adapter), we found the Intel-based HP m1050y to have superior audio capabilities, some noticeable
performance wins when playing DVDs, and better scores in the majority of our performance tests. We also
found that in our gaming tests the Intel-based system was much better suited to the HDTV environment,
because it could play all games at both the monitor’s native (16:9 aspect ratio) resolution. We present details
of these findings below in the Test observations and feature comparisons section.

Figure 1 below summarizes the scores of our tests. For each system we show the median result of three
tests (with the exception of WebMark 2004, which calculates its score after three runs). In the rightmost



column we compare the results of both systems. We calculate this comparison by dividing the Intel-based
system’s score by the AMD-based system’s score for tests in which a higher score is better, and by dividing
the AMD-based system’s score by the Intel-based system’s score for tests in which a lower score is better.
Consequently, comparative results above 1.00 indicate tests the Intel-based system won, and those below

1.0 indicate tests the AMD-based system won.

For a few tests on the AMD-based system we show a result of “N/A”. Such a result indicates a test that we
were unable to run due to a problem or limitation with the system. Unless we note otherwise, higher scores

are better. “FPS” stands for “frames per second.”

Tests HP m1050y HP m1050e

Intel Pentium | AMD Athlon64 | C°MP:
Processor 4 540J 3700+ Result
PCMark04 1.20 — Overall score 4811 N/A N/A
PCMark04 1.20 - CPU score 4886 4273 1.14
WebMark 2004 + patch1 (offline) - Geomean (overall score) 132 133 0.99
3DMark'05 -- CPU Tests Overall 4468 3113 1.44
iTunes version 4.7.1 (in seconds - lower is better) 192 197 1.03
Windows Movie Maker 2.1 (in seconds - lower is better) 73 90 1.23
Adobe Photoshop Elements 3.0 with Adobe Premiere 361 416 1.15
Elements 1.0 (in seconds - lower is better)
Windows Media Center TV viewing (FPS) 59.94 59.94 1.00
Windows Media Center TV viewing and recording (FPS) 59.94 59.94 1.00
Windows Media Center TV viewing of recording material 59.94 59.96 1.00
(FPS)
Doom 3 v1.1 Timedemo1 - High Quality @ 800x600x32-bit 31.2 27.4 1.14
(FPS)
Doom 3 v1.1 Timedemo1 - High Quality @ 1024x768x32-bit 21.7 NA NA
(FPS)
Unreal Tournament 2004 - bots.bat @ 800x6000x32-bit 86.38 70.17 1.23
colors (FPS)
Unreal Tournament 2004 - flyby.bat @ 800x600x32-bit colors 86.23 71.92 1.20
(FPS)
Unreal Tournament 2004 - bots.bat @ 1024x768x32-bit 63.24 N/A N/A
colors (FPS)
Unreal Tournament 2004 - flyby.bat @ 1024x768x32-bit 82.65 N/A N/A
colors (FPS)
Half-Life 2 timedemo @ 1024x768x32-bit colors (FPS) 50.21 N/A N/A
Half-Life 2 timedemo @ 800x600x32-bit colors (FPS) 51.49 67.58 0.76

Figure 1: Overall results of performance tests on the two systems.

Test observations and feature comparisons

In the course of running the above performance test and exercising other media center capabilities of the two
systems, we observed a number of differences between the systems and encountered a variety of issues. In
this section we discuss selected test results, our observations, and the issues we found.

Video playback

Windows Media Center lets you play back video from a variety of sources. We examined how well each
system displayed video from each of those sources. We assessed picture quality, including the frequency of

such flaws as pixilation and video artifacts, and the smoothness of the playback.
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As the TV viewing test results in Figure 1 show, the two systems performed almost identically on this test.
Any limitations or loss of definition we detected were a result of the DVD itself and not the performance of the
video reproduction. The same was true when we recorded the video and played back the material using the
PVR function in Windows Media Player: playback was smooth and without interruption, and the units
reproduced the source material well.

DVD playback was also generally good on both units, with their DVI interfaces helping the systems produce
bright, rich pictures on the 22-inch Samsung LCD screen. The only exceptions were infrequent stutters and
time skips on the AMD-based system. These stutters, though noticeable, did not in our opinion noticeably
detract from the enjoyment of the overall movie-watching experience.

Audio

Both systems provide surround-sound capabilities, but they do so somewhat differently and vary in the
number and type of audio hardware interfaces they offer.

As Figure 3 shows, the Intel-based system provides two 7.1 channel outputs. One is a digital PCM (Pulse
Code Modulation) coaxial connection that lets you connect to any receiver with a coax audio input; it's on the
left in Figure 3. The PCM signal identifies to the receiver the type of audio signal--such as Dolby Digital 2.0 or
5.1, DTS, Pro Logic surround, and so on—that the PC is sending. To use this port you need only a composite
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Figure 2: Audio interfaces for the Intel-based HP m1050y.

The second interface (on the right in Figure 3) is a straight eight-channel, or 7.1 surround, analog connection;
each speaker pair (left/right, center/subwoofer, surround left/surround right, side left/right) has a separate
composite mini plug that you connect to the receiver. Lower-end receivers often don’t support this type of
connection, but it is readily available on slightly more expensive units that can connect to a DVD-Audio or
Sony SACD (Super Audio CD) player. With this connection style the PC does not need to encode the type of
audio signal, because each analog connection directly connects to the appropriate speakers.

If you want to connect a simple typical PC setup (two speakers plus sub-woofer), you use the front left/right
jack (green in Figure 3).

By offering the two types of connections, the system makes it easy for users to have both surround-sound
and standard PC speaker setups. Switching between the setups is easy, because the Realtek sound card
includes a program for doing so in software.

The AMD-based system, as Figure 4 shows, provides only a single audio interface, which you can use for 5.1
surround sound.
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Figure 3: Audio interface for AMD-based HP m1050e.

As the icons on the jacks indicate, they come configured out of the box for microphone, stereo 2.0 output, and
stereo 2.0 line input. The software that comes with the sound adapter lets you easily convert these jacks to
support the subwoofer/center, front left and right, and surround left and right speakers, respectively.

This setup does not support a digital audio connection. All 5.1 surround is available only via analog
connections, which do support Dolby Digital 5.1. The ability to customize your sound at the receiver, a
feature many entry to mid-level receivers support, does not work with this type of connection—though you can
do some customization from the PC. (By contrast, with the digital PCM coaxial connection on the Intel-based
system, you can take advantage, for example, of the LFE (Lower Frequency Effects) capabilities on most
receivers. LFE diverts various signal ranges to the subwoofer to create a deeper and wider range in the
overall sound.)

More importantly, we also found that the lack of a digital line connection meant we could not use the DTS
track on DVDs or even play those DVD-Audio discs that did not come with a Dolby Digital 5.1 track.

Figure 5 summarizes the audio playback capabilities of the two systems.

System HP Media Center PC m1050y HP Media Center PC m1050e
Processor Intel Pentium 4 540J AMD Athlon64 3700+

CD Yes Yes

DVD (Dolby Digital 5.1) Yes Yes

DVD (DTS) Yes No
DVD-Audio (Dolby Digital 5.1) Yes Yes
DVD-Audio (DTS 96 kHs/24-bit) Yes No

Figure 4: Audio playback capabilities of the two systems.

Game Play

While both running the game timedemo tests and actually playing the games, we encountered a few
significant limitations in the graphics capabilities of the AMD-based 1050e system. The Intel-based system
did not have any of these limitations. To work around these limitations and get comparison results, we had
test at a lower common resolution setting of 800x600. Figure 2 summarizes the game-play resolutions
between the units.
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System HP Media Center PC m1050y HP Media Center PC m1050e

Processor Intel Pentium 4 540J AMD Athlon64 3700+

The game offered play resolutions of | The game would not let us set the
1024x768 and higher, even with its resolution any higher than 800x600,

Doom 3 Ultra High Video Quality setting. even when we used its Low or
Medium Video Quality setting.

The game’s pull-down menu let us The highest resolution the game’s
Unreal Tournament 2004 | run at resolutions of 1024x768 and pull-down menu offered was 800x600.

higher.

Using an aspect ratio of 4:3, the game | Using an aspect ratio of 4:3, the game

offered play resolutions of 1024x768 would not let us set the resolution

and higher. higher than 800x600.

At the display’s natural aspect ratio of | At the display’s natural aspect ratio of
Half-Life 2 16:9, the game offered play 16:9, the game offered no play

resolutions of 1280x720 and higher. resolution higher than 1280x720.
Using a 16:10 aspect ratio, the game | The game did not offer a 16:10 aspect
offered play resolutions of 1280x768 ratio option.

and higher.

Figure 5: Game-play resolution differences between the two systems.

We attempted to remove these limitations from the AMD-based system by updating the nVidia driver to the
latest version available. This update did not, however, change any of the limitations, so we ran the game
tests with the out-of-the-box driver.

To accommodate these limitations of the AMD-based system, we had to test the games on both systems at
the 800x600 settings. This resolution was not the natural one for the monitor and so yielded considerable
graininess in the images, though game play was smooth. This resolution obviously reflects a 4:3 aspect ratio,
so users would have to endure some stretching of the game’s image. This stretching was particularly
prominent when an object, such as a space ship or gun, was angled on the screen; the angle produced a
stair- stepping effect.

By contrast, the Intel-based system let us test at higher resolutions and with the LCD monitor’s natural aspect
ratio. In those Doom 3 and Unreal Tournament 2004 tests, the screen image was consequently tighter,
crisper, and not stretched. We also took advantage of these abilities to run the timedemo tests on this system
at a higher resolution than was possible on the AMD-based unit.

To further explore these limitations, we connected the AMD-based system to a high-quality 17” CRT monitor.
With this configuration, we were able to match the same resolutions as those available on the Intel-based
system (though only at the 4:3 aspect ratio; the monitor did not support the other aspect ratios).

From these experiments we conclude that the AMD-based system did not support gaming as well in the wide-
screen LCD environment as the Intel-based system.

On the Intel-based system, Half-Life 2 offered the ability to switch the aspect ratio from the 4:3 one common
on computer monitors to the 16:9 one typical of wide-screen monitors and TVs, such as our test LCD monitor.
Half-Life 2 did not offer this ability on the AMD-based system. The AMD-based system did, however, win the
Half-Life 2 timedemo test at the 800x600 resolution.

Benchmark issues with the AMD-based HP m1050e

While we had no trouble completing all the standard benchmarks on the Intel-based system, we encountered
multiple problems running two of those benchmarks on the AMD-based unit. This section details those
problems.
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The PCMark04 test produced many errors on the out-of-the-box AMD-based m1050e, because the tests that

included graphics adapter testing repeatedly failed. This group included all the tests in the Graphics Suite
and the Graphics Memory tests. Figure 6 summarizes the PCMark04 errors we encountered.

Test in PCMark 04

Error on the AMD-based m1050e

PCMark04 1.20 - System Test Suite - | Init failed.
Graphics Memory - 64 Lines -

Graphics Memory - 64 lines - fps

PCMark04 1.20 - Graphics Test Suite | Init failed.
- Transparent Windows - windows/s

PCMark04 1.20 - Graphics Test Suite | Init failed.
- Graphics Memory - 16 Lines - fps

PCMark04 1.20 - Graphics Test Suite | Init failed.

- Graphics Memory - 32 Lines - fps

PCMark04 1.20 - Graphics Test Suite
- 3D - Fill Rate Single Texturing -
MTexels/s

Runtime Error! Program:

C:\Program Files\Futuremark\PCMark04\PCMark04.exe

This application has requested the Runtime to terminate it in an
unusual way. Please contact the application's support team for
more information.

PCMark04 1.20 - Graphics Test Suite
- 3D - Fill Rate Multitexturing -
MTexels/s

Runtime Error! Program:

C:\Program Files\Futuremark\PCMark04\PCMark04.exe

This application has requested the Runtime to terminate it in an
unusual way. Please contact the application's support team for
more information.

PCMark04 1.20 - Graphics Test Suite
- 3D - Polygon Throughput Single
Light - MTriangles/s

m1050e:

Runtime Error! Program:

C:\Program Files\Futuremark\PCMark04\PCMark04.exe

This application has requested the Runtime to terminate it in an
unusual way. Please contact the application's support team for
more information.

PCMark04 1.20 - Graphics Test Suite
- 3D - Polygon Throughput Multiple
Lights - MTriangles/s

Runtime Error! Program:

C:\Program Files\Futuremark\PCMark04\PCMark04.exe

This application has requested the Runtime to terminate it in an
unusual way. Please contact the application's support team for
more information.

Figure 6: PCMark04 errors on the out-of-the-box AMD-based m1050e.

We attempted to work around these problems by downloading a driver update from nVidia’s Web site
(www.nvidia.com). Figure 7 details the driver versions.

Driver versions for the AMD-based m1050e Date Version
Out-of-box nVidia driver 09/20/2004 6.6.7.2
Updated nVidia driver 02/24/2005 7.1.8.4

Figure 7: nVidia drivers we used on the AMD-based m1050e for the PCMark04 tests.

The upgrade did not stop the errors. So, because our goal was to compare out-of-the-box systems when

possible, we reverted to the out-of-box drivers. To complete the other PCMark04 tests, we had to unselect all

graphics-related tests. PCMark04 thus could not complete those tests or produce an overall score. We
indicated the inability to complete the overall score with an N/A in Figure 1.
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We also had some difficulty installing and running the WebMark 2004 benchmark on the AMD-based system.
This benchmark uses several well-known programs, including the Sun Java Runtime Environment (JRE),
Macromedia’s Flash and Shockwave, Adobe Acrobat Reader, and Microsoft Windows Media Player. For
each of these programs, as part of the benchmark installation process WebMark 2004 installs the specific
version it needs. If the system under test already contains conflicting versions of any of these programs,
WebMark 2004 will produce an error message and may not run properly. Consequently, as the benchmark’s
vendor, BAPCO, recommends on its Web site (http://www.bapco.com/support/webmark2004/index.html), we
uninstalled the existing version of each of these programs. In our experience and per the BAPCo instructions,
doing so should have allowed WebMark 2004 to proceed.

It did not. When we tried to install WebMark 2004 on the AMD-based system, the system locked up during
the Sun JRE portion of the process. We attempted the installation three times, and the system locked up
each time at the same point. We reverted to a fresh Ghost image before each installation attempt to ensure
that one failure did not cause another.

We then tried individually installing the Sun JRE application using the WebMark 2004 disk. This installation
locked up during the JAR file creation process. We then eliminated all unnecessary services, including
Norton AntiVirus, that were currently running, and tried the installation again. This time, the Sun JRE
installation process completed successfully. We then uninstalled the Sun JRE, rebooted the system, and
installed WebMark 2004. This installation completed successfully.

We then consistently encountered errors while running WebMark 2004 on his system. One error was a lock-
up in which the system would simply stop running the test. (We verified this multiple times by allowing the
system to sit at this point for an hour.) Each time this occurred, we rebooted the system, at which point the
same iteration of WebMark 2004 would resume running. By repeating this process we were able to
eventually get the system to finish the benchmark.

At that point, however, we consistently encountered an error that terminated the results-calculation process,
and we could not get the results data we needed. Figure 8 shows the error message we received.

rror during parsing PECDPﬂ- . g ut\ullde 1E\ﬁ11deﬂﬂii Plle
~Slided@lz. htm.111238333893? 1112383@4@18? Uﬂsu 1af BCZZeM? _Ixbiy=, GHUETr >d5=F8E

--TcEPEE1D/aJHmE7" SeTET EFemdReed 0 - vk I3cheD3 1" " CHewalroo—kS NI «{Y . »<
iXDVEEAWE

at BAPColmBesults.Operation.ReadlatadString Line>
Index was outside the hounds of the array.

Figure 8: Error message from WebMark 2004 on the AMD-based m1050e.

We ultimately were able to work around this problem by uninstalling all of the Symantec security applications,
such as Norton Anti-Virus and Norton Personal Firewall. Doing so let us complete the WebMark 2004 test
without encountering any errors.

Because we had uninstalled all of the Symantec applications on the AMD-based system for this test, to

provide fair comparisons we did the same on the Intel-based system—where doing so had not been
necessary—and repeated the WebMark 2004 tests. We reported those retest results in Figure 1.

Test methodology
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We unpacked and set up each system. We tested each system with the same LCD TV, home theater
system, DVD player, camcorder, and digital camera. Figure 9 shows all the main test components:

o Left, right, center, and subwoofer speakers. (The rear left and right speakers were on the opposite
wall and so are not in the picture.)

e Sony STR-DE598 Receiver (black). We had to add this receiver to the test bed to work with the
AMD-based system’s multi-channel audio outputs.

e Sony DreamSystem Home Theater Receiver (silver, below other receiver). Though we used the
other receiver for all the home-theater tests, we needed this one to act as an amplifier for the
subwoofer.

e Samsung 22” LCD High Definition TV.

RF Modulator (on the DVD player). We used this component to convert the component video and

audio connection from the DVD player to a coax connection for the TV tuner inputs on the two PCs.

Samsung DVD player (silver, right).

Remote controls.

Mouse and keyboard. Both PCs came with the same mouse and keyboard models.

AMD-based HP Media Center m1050e (left, below table).

Intel-based HP Media Center m1050y (right, below table). In this picture it is the active system and

so has the remote-control receiver on it.

Figure 9: Picture of test equipment and computer setup.

After physically setting up the systems, we went through the following process with each PC the first time we
booted it:
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Pressed Next to set up Windows XP.

Answered “Yes” to “Do you hear music playing out of the speakers?”

Selected United States, English and U.S. keyboard.

Selected Eastern Time.

Selected “Yes” to both the manufacturer (if present) and Microsoft End User License Agreements.
Selected “No” to automatic updates, because our goal was to test each PC as it came out of the box.
We named each computer with its model and processor vendor (m1050e_AMD and m1050y_intel).
We left each machine description blank.

Selected “Skip” during the “How will this computer connect to the Internet?” part of the setup process.
10 Selected “No” to registering with Microsoft.

11. Selected “Finish”.

©CoNooOA~LON =

We then used Symantec’s Ghost product to capture an image of the system’s disk over our local network to a
server. (To avoid perturbing any system’s disk, we did not make a local Ghost image.) We then burned each
Ghost image to a DVD.

Each time we were to run a new benchmark or test on a machine, we used the Ghost image DVD to return
that machine to the above image. We then installed the software necessary to run the benchmark or test,
made any system changes necessary to let the benchmark or test run, and rebooted.

After we completed each run of a benchmark or test, we would reboot before running the next iteration of that
benchmark or test.

The following subsections summarize the steps we followed to obtain each of the benchmark/test results in
this report. We made changes to the out-of-the-box configurations only when necessary to run a test. For
standard tests, such as the benchmarks and the built-in game tests, we followed the standard methodologies
for those tests. Intel supplied the methodologies for the other tests.

3DMark05 Business Edition

We performed the following steps on each PC to install the benchmark:

1. Click Next at the Install Shield Wizard dialog box.

Click the “I accept the terms of the license agreement” check box at the License Agreement dialog
box.

Click Next at the Choose Destination Location dialog box.

Click Install at the Ready to Install the Program dialog box.

Enter Registration Code and click Next to unlock Business Edition.

Uncheck “View Readme” check box, and click Finish at the Installation Complete dialog box.

o oA w

We rebooted before each run and then followed the processes below to run the tests.
Steps to run the benchmark’s Software test:

Start 3DMark05.

Under Tip of the Day, check Do not show this dialog again, and click Close.

Under the Tests section, click Select.

Click Select All so that all tests will run, and click OK.

Under the Settings section, click Change.

Change the resolution to match the current settings in Windows (typically 1280 x 720).
Check Force software vertex shaders, and click OK.

Click the Run 3DMark button to run the tests.

N>R WON =

Steps to run the benchmark’s Hardware test:

1. Start 3DMark05.
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Under Tip of the Day, check Do not show this dialog again, and click Close.

Under the Tests section, click Select.

Click Select All so that all tests will run, and click OK.

Under the Settings section, click Change.

Change the resolution to match the current settings in Windows (typically 1280 x 720).
Click the Run 3DMark button to run the tests.

The benchmark produces, among other results, an overall score; higher scores are better.

PCMark04 Business Edition

We performed the following steps on each PC to make it ready to run this benchmark:

PN~

©oeNOO

Install Windows Media Encoder 9, as it is a requirement for PCMark04 to run.

Place PCMark04 Business Edition CD in the CD-ROM drive.

Click Next at the Install Shield Wizard dialog box.

Click the “I accept the terms of the license agreement” check box at the License Agreement dialog
box.

Click Next at the Choose Destination Location dialog box.

Click Install at the Installation dialog box.

Enter the registration code, and click Next.

Click OK at the Congratulations dialog box.

Click Finish at the Installation Complete dialog box.

We rebooted before each run and then followed this process to run the test:

1.
2.
3.
4.

Start PCMark04.

Under Tests, click Select.

Click Select All to check all tests available.
Click Run PCMark button to run the tests.

The benchmark produces, among other results, an overall score; higher scores are better.

WebMark 2004

We performed the following steps on each PC to make it ready to run this benchmark. First, we uninstalled
the following programs, per BAPCo’s recommendations for testing with WebMark 2004:

We

Adobe Acrobat Reader 6.0

Macromedia Flash & Shockwave players
Microsoft .NET framework v1.1

SUN Java Runtime Environment v1.4.1
Windows Media Player 10

then installed WebMark 2004:

N>R~ ON =

Click Next at the Install Shield Wizard dialog box.

Click the Client install button, and click Yes at the Question dialog box.

Accept the license agreement by clicking Yes.

Enter “Default” for Company Name, and click Next at the Customer Information dialog box.
Click Next at the Destination Directory dialog box.

Enter the registration code, and click Next.

Click OK at the Congratulations dialog box.

Click Finish at the Installation Complete dialog box.

We rebooted before each run and then followed this process to run the test:
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Double click on the WebMark 2004 desktop icon.

In the Web-based interface, click on Run Benchmark.

Under Project name, enter the name of the system (e.g., HP_m1090y (no spaces)).
Select Offline mode.

Select Official Run.

Click Run Project, and the benchmark will begin.

Once it completes, the WebMark Web interface reappears with the results.

Click Generate FDR.

Once the FDR is complete, click Export FDR and save the WMR file.

©CoNooOA~WON =

The benchmark produces, among other results, an overall score; higher scores are better. WebMark does
not produce one score per run; instead, it computes its own geometric mean of the three runs. We report that
result in Figure 1.

iTunes 4.7.1

The methodology for this test required a large .wav file. We used the Magix MP3 Maker Deluxe 2005 and
Super Sound Joiner applications to create a single .wav file from all the songs on disc one of Pearl Jam
greatest hits compilation, Rearviewmirror. We followed these steps to create the wav file:

Insert CD 1 of the PearlJam “Rearviewmirror” into the CD-ROM drive

Click Start, then start the Magix MP3 Maker Deluxe 2005 program.

In the Explorer Tab, browse to the music CD-ROM.

Highlight all the songs listed, and click the selection button under "Add to Playlist".

Highlight all the songs now listed in the playlist.

From the top menu bar select convert, and then convert playlist.

In the Format field under the encoder section select Wavefile (*.WAV).

Click Start.

After Magix MP3 Maker has encoded the songs, save the .wav files and close the application.

10. Click Start, then start the Super Sound Joiner program.

11. Click Add, then browse to where you saved the .wav files (default is the My Music directory).

12. Select all the songs, then click open.

13. From the top menu, click Join.

14. When the process completes, browse to where you want to store the joined .wav files (the default is
c:\Documents and Settings). We named the joined file mixTest.wav.

15. Close the application.

16. Place the mixTest.wav file in the My Music folder under the My Documents folder.

CENOITRALN =

We performed the following steps on each PC to make it ready to run this test:

1. Download iTunes 4.7.1 from http://www.apple.com/itunes/download/.
2. Launch the iTunes installer. The dialog below will appear. Click Next after it does.
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3. Click Next at the Setup Type dialog box below.

X

iTunes for Windows

Setup Type

Choose the setup type that best suits your needs.

Flease select from the fallowing options:

iinstall desktop shortcu

v Use iTunes as the default player for audio files.

[ Use QuickTime az the default plaver for media filles.

Powered by Quick Time, the digital media standard.

“Wigit vy, apple. comdquicktime for the latest in entertainment,

QuickTime praduct news and mare.

< Back | Hext » | Cancel |

4. Click Next at the Choose Destination Location dialog box below.
ilunes for Windows E|

Choose Destination Location

Select folder where Setup will install files.

Setup will inztall iTunes and Quick Time.

Ta install iTunes to this folder, click Mext. To install iTunes to a different folder, click
Browse and select another folder.

Destination Folder

C:\Pragram FileshiT unes Browse...

< Back Cancel |
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5. The next dialog box provides a progress bar indicating the installation status.

iTunes for Windows b_<|

Setup Status

iTunes Setup is performing the requested operations.

C:\Program FileshiTuneshCD Configurationgedrdll. cfg

Cancel

6. When the Installation Successful dialog box (below) appears, click Next.

ilunes for Windovs

— Inzstallation Sweoessful

Setup has complebed retding iTunes and QuickTime.

’

'wl ) Click Firish fo esi iT ures s2iup
T -

7. Reboot the computer.
We followed these steps to run the iTunes test:

1. Launch iTunes via its desktop icon. The following main screen will appear.
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Tunes =iE e
Flz Eck Corbols Misusloer ocdvanzed Help

o ———— ] Search Eurn Desc

| Song Name | Tme  Arast | akvm | taeme LS
E Liwary

E- Pasty Sraffle
.'.:. m

s Msic
& My TooRated

@ Becerthy added
& Reerthy Plevad
1 Too 25 Most Flayed

It

(att] () (2] |

2. Under the Edit menu, select Preferences. Click on the Importing tab. In the drop-down menu next to
Import Using, choose MP3 Encoder. The dialog box will now look like the one below. Click OK.

€3 iTunes

General | iPad ﬁ«udiu:ul Importing |Euming Sharing | Store | Advanced

Impaort Using: |MF'3 Encoder W

Rl Hich Qualty (150 kbps)

Details

30 kbps (rona)/160 kbps (sterea), joint sterea,
optimized For MMRISSE, using Hyper-Threading
Technalogy,

[] Play songs while importing
[] Create filenames with track number

[] Use eror corection when reading Audio CDs

Usze this option if wou experience problems with the audia
quality Frorn Audie COs, This may reduce the speed of
impoting,

[ 0k H Cancel ]

3. From the file menu, select Add File to Library. Browse to the My Music folder under the My
Documents folder and choose the test file (mixTest) to add to the library. Click Open after you select
the file. The dialog box should now look like the one below.
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Add To Library,

Loak jr: | ) My Music V| Q2 e E-
@ mix2 @ mixd [ poison_cd
@ mix3 @ mix3 [ playlists
@ riixd @ mixz
@ mix1 @ i1
(5 5ample Music  [C3)iTunes
125 sk_music
File name: |mixTest b | ‘ Open ]
Files of type: [ Al fles () v| [ cancel |
[ Open as read-only

4. iTunes will now show this file in its song-list pane, as in the image below. Right-click on the file, and

select the option Convert Selection to MP3.

cecc g

- —

a )

W

@)

5o e

Tirws WREBER S Gl

e

o nfal
& Pty Shutfie

T Rado
R

i My Top Assd

o Beomntty dadded
|0 B acantty Fasd
[ T 25 Mot Playurd

FHeE- 1N

d======--=------ - - - - - - == -]

L 5w, 1.2 s, MEE ME

M

(] =) (=) (=]

5. During the encoding process, the user interface shows the progress as in the image below.

‘. Corrtin Tt s, —_—
@ \.":, @ “rra EORG2LTE) [} = @
i —— e : e

Sy s Tows WRAEL A A e Wil |

Pty Shatte

T Rad

) Corwarting Sores
X BT P

[ ey Topsted

[0 ety cabdend
) Aeoently Plepsd
[ T 26 Pt Plawedd

Bl

25005, 1.2 boass, HES B

(+] =)= (=]

6. Once iTunes has finished the encoding, use Windows Explorer to locate the output .mp3 file in the
iTunes directory within the My Music folder, as in the image below.
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& Unknown Album

File Edit Wew Favorites Tools Help

QBack M > ? / ) Search Folders Elv

S=1E

Address Ci\Docurments and Settingsitestiiy Documentsiiy MusicliTunesiiTunes MusiciUnknown ArtistiUnknown Album A . Go Links >
| Mame Size  Type Artist Album Title
o umcrsns @) | LSS 56,547K8 MPEG Layer 3 Audo
P Playal
= . w4 >

7. Right-click on the file, and choose Properties. A dialog box like the one below should appear.

mixTest Properties

General | Security | Summars
mixT est

MP3

Type of file:  MPEG Layer 3 Audio

Opens with; \fj_ iTunes
Location: C:\Unknown ArtiztU nknown &lburn
Size: 84.5 1B (38,623,550 bytes)

Size on digk: 845 kB (38,625,152 bytes)

Created: Today. March 09, 2008, 17:12:18 AM
Madified: Today, March 09, 2005, 11:16:15 AM
Accessed: Toda}l] March 09, 2005, 17:16:15 AM

Attributes: [JBead-only [ Hidden

[ 0k ][ Cancel ]

8. Calculate the difference between the file “Created” and “Modified” times. This time is how long

iTunes took to encode the file to MP3 format.
Before each iteration of this test, we deleted the .mp3 file and rebooted the system.

Windows Movie Maker 2.1

This application is part of Windows XP Service Pack 2, so we did not need to install it.

To create the test video file, we used our Sony Handycam to shoot approximately seventeen minutes of

outdoor footage on a JVC digital tape cassette. Using the software and cables that came with the camera, we

streamed approximately four minutes of the video through a USB connection to the PC. This process

produced a file, which we named outdoors.avi, with the following specifications:

Length (minutes:seconds): 4:01

Size: 1.58 GB (1,698,713,600 bytes)

Video: 320x240 at 24-bit color, uncompressed (30 fps)
Audio: PCM at 1411kbps (bit rate)

We then followed these steps to run the Windows Movie Maker test:
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Launch Windows Movie Maker.
In the Movie Maker window, click on the File menu item, and select Import.

Navigate to the video test file. Select it, and click the OPEN button. A dialog box like the one below
should appear.

W=

“Impart File

Look e | (2 Deskiop ¥ @& @

D B
3 | grﬂ}- Camputer
Iy Recent (% 3ry Metvork Blaces

Documentz ||

=

Dezlop

D

My Documents
by Compaten
File pame Lestand :ﬂ I_I&l]
MyNstwark | Fiesoflupe Al Medda Files Pwsw,” sl sl s, ored "o
Trrpiet apdione: [ =] create cips for wdeo files

4. After you open the file, select the digital video scenes and drag them to the video time line. Windows
Movie Maker should now resemble in the image below.

Efs Eci  Yew  Jook Ol Bax  Help

B 8 - B s | Coletion 3 bested e B
Callian: st
Cirag & cig: amd chap p on M Tiarpbvsars bl
1. Capeare Vided
Canhars Frow s devios
Irgant wisa
Drgaat pctines
[rgant 5ud o Rsic
F Edit Mowsn [ e b pen Ll e DG =T
1 Finiah Movia (%

Borvie Mnking Teps (A0

Herat o caphine ‘dden

Hora Lokt i

How b incld e, wffucts, transtions
Hora tm swwm and share resvien

5. Click on the File menu item. and select Save Movie File.
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6. Inthe Save Movie Wizard, select My computer. A dialog box like the one below should appear. Click
Next.

Save Movie Wizard x|

Movie Location ,';!
Wwhere do you want to save your movie to? .. ¥
npuker
=) OUF Movie FI:II' Il-ﬁ"."tl-ﬁlji. on your computer,

') Recordable CD
= Save your movie for copying to a recordable CD.

E-mail

Lt Save and send your movie as an e-mail sttachment by using your default e-mail program.
The Wweb
Save and send your movie to a video hosting provider on the Web For others o watch,

© T DV camera
Record your movie b0 a tape in your DY camera For playback on the camera or to watch 0.,

Learn mare abouk saving movies.

< Back I Mest > I Cancel |

7. The Saved Movie File dialog below will appear. Click Next to save the file in the default location (My

Videos).
Save Movie Wizard |
Saved Movie File (._!
Enter information for your saved movie file. .. ¥

1. Enter a file name For your saved movie,

I Mavie

2. Choose a place to save your movie,

j Browse. .. |

< Back I et » I Cancel

8. The Movie Setting dialog box below will appear. Click Next.
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[ Save Movie Wizard

Movic Setting 0
Salact tha setling pou wanl bo uss bo save powr movis. The sething wou select “

debzimines the qualicy and fle size of your saved movie

(+igast qualicy For plavback on iy compates (recommands

more ES. ..

Setting detais Bl Fle sine

File bymeer Wincdows Media Videa (WM Estimated spacs requred:

Bit rafbz: 268 Kops 11.57 MB

Display size: 320 x 240 pixels

Bspect rekin: 433 Estimated dsk space avadable on drve O
17227 68

Frames per szpond: 30

[LcBack Jl_Newo ] [ Caocal ]

9. Windows Movie Maker will start encoding the digital video movie, and a progress bar will appear in a
Saving Movie dialog box like the one below.

Saving Movie 0
‘rour movee it being saved, \Q;
Savireg movie. ..
[EETELT] |
11%

7 Seconds Remaining

Movie file name:
Mawie

Doestination:
CihPocuments snd SettinastiP Admi, Wy Yideos)

10. When Windows Movie Maker finishes this process, use Windows Explorer to find your Movie.wmv

output file.
11. Right click on the file, and select properties.
12. You should be able to see the Created and Modified times as in this example:

Created; Today, April 06, 2005, 11:11:41 &M

Maodified: Today, April 06, 2005, 11:12:47 4M

1 -1 B el me e a4 A A mmm
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13. Calculate the difference between the file “Created” and “Modified” times. This time is how long
Windows Movie Maker took to encode the digital video as a Windows Media video file.

Before each iteration of this test, we deleted the .wmv file and rebooted the system.

Adobe* Photoshop* Elements 3.0 with Premiere Elements 1.0

We used these applications to test the speed at which the PCs could convert a slide show to a movie that
could go on a DVD.

To create the set of photos we needed for this test, we used our Canon PowerShot A95 digital camera to take
thirty pictures of outdoor and indoor scenery. To transfer the photos to the computer, we removed the
Compact Flash memory card from the digital camera and inserted it into the Compact Flash slot on each of
the two HP Media Center systems. We used the Large/Fine setting on the camera, which produced pictures
with the following specifications:

e Resolution: 2592W x 1944H (180 dpi horizontal x 180 dpi vertical)
e Size: Range from 974KB (996,860 bytes) to 3,933KB (4,026,764 bytes)
e Bit depth: 24-bit color

We performed the following steps on each PC to make it ready to run this test:

1. Install Adobe Photoshop Elements 3.0 with Premiere Elements 1.0. Accept the defaults in both

installations.

2. Create a .mp3 file by ripping a song from a CD. In our test, we ripped the song “State of Love and
Trust” from the Pearl Jam greatest hits compilation CD, Rearviewmirror. (The song is track 5 and
runs 3:43). Rip the song at a sampling rate of 128KB. We named this test file “slideshow.mp3” and

stored it in the My Music directory.
We then followed these steps to run the test:

1. Launch Photoshop Elements. The following startup screen appears.

¢ n
&y Adobe Photoshep Elementr 38 = |

AdobePhotoshop [ Tutcrias
o= §F W T

® 50k 1T p OUE DO W UGS B Tl el 5.

® ek ofics choses with muric & rd ranion

= Wi dlideihee oo beleviiire creede 4 YO0 etth heweed marea.

§ ke gred ing G [OSTEA i, nal Caimuiye T BN FarBLEng
cusiorrond famplicar.

N

2

il Up e Welcams foieen v

2. Select and click the fifth icon from the left, Make Photo Creation. The following dialog box will
appear.
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3. Click on creation type Slide Show to create a slide show. The following dialog will appear.

T an ey

oK |
- S -
Sedact 3 Slidk Show Fomnat . ﬁ P&
R P — - .
TS

v s T

Camby e s A s o e gl e b
T, i T, o b e e A

i II Crast

4. Choose the Custom Slide Show creation type.
5. The following dialog will appear and ask if you want to import the photos for the slideshow. Click Yes.

'Adobe Photoshop Elements

The Photoshop Elements Organizer can be used to view and
organize your photos. Would you like o set up the Organizer by
specifying the location of the photos you'd like to include?

i Yes l | Ho I

6. Browse to the location of the test photos and select all of them. Click the Get Photos button. A main
window like the one below will appear and show all the photos you selected.
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7. Select all of the photos, and click Create. A Slide Show editor display like the one below will appear.

._H Photoihop Elamants S6de Show Edieor « Umitlied Slide Show (=B
[ Bk 20 gad Davanion

B - j1- & & cameesie T oadetm ]t s e |

ﬁ i A _'

8. Click on the first slide, and change the time delay to two seconds. Click on the same slide again, and
apply the two-second delay to all slides.

9. Click on the first slide transition special effect icon that separates the first two slides. Choose the
“fade” effect. Click on the “fade™ icon, and apply the same effect to all slide transitions.

10. At the bottom, click on the button Click Here to Add Audio to your Slideshow.
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11. Add the .mp3 test file we created earlier (slideshow.mp3) from the My Music directory to the
slideshow.

12. From the File pull-down menu at the top, select Save to save the slideshow. A dialog like the one
below will appear. Name the slideshow “outdoors”.

&' Adobe Photoshop Elements x|
— Your slide show will be saved to the Phota
i"‘_' Broweser with today's date, You may need to clear
aa your current search in order to see it
——r—
&=
&

Marme: Ioutdonrsl

Save I Cancel |

13. The Catalog screen will reappear with the newly created slideshow in the top left corner. Highlight
this item, and click the Create button. The following dialog box will appear.

[ A conntion Sumap Ax -‘|
| - T = 5
Createwith Your Photos m -“l -

i o e e e 2.5 i
ekt g e
B | e 5w

m LD wiE b

"5 Frota slbamPages
& e

o | Potrad

-I il Calerain

l:'_-;h‘;lnl"“’"":" Ay - -

reate a OWD with Manu =
Creste 3 DD with s cariormines ey, Bum makipls thds thna onia § DA for
wimiyg £6 LW e, © R oo i n B B d s o b i iy
LR oabie o Lol By L pr Rl LIRS !-l’hj BTV LR

14. Choose DVD with Menu. At the following screen, choose Next.
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15. The application will now create the Windows Media Video file that holds the DVD creation. A dialog

box like the one below will appear and allow you to choose the location of the output file.

Specify a Directory to Save Mew WY Files

@ Deskkop 15

@ Iy Documents
¢ My Computer
‘:g My Metwork Places
[C5) EF_IM3_sdk
[E] i925%_i915G Pentium4E 102004 Clean Image
[C5) Magix MP3 Maker
[C5) MPEGZ decoder
[C2) sampling
[C5) screenshots
[C5) slides
(23 wtune
[C3) wtune_packandgo
(£ winmedplal0 ﬂ

Make Mew Faolder |

Writing WMV file...

s |
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17. When the application has created the file, use Windows Explorer to find the file. Right-click on the
file, and select Properties. Calculate the difference between the file “Created” and “Modified” times.
This time is how long the application took to encode the slide show as a movie.

18. When Photoshop finishes creating the .wmv file, Premiere Elements automatically launches and
displays a dialog prompt to create a new project. Click OK to create the default project. When a
dialog like the following image appears, click Apply a Template for a DVD with Menus, and select th
top template. Click OK.

=
Ao -pley DU with no fMenus ke I
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19. Premiere will then ask if you want to create scene markers. Click No. A dialog like the one below will

appear.
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20. Click the Export button to export the file to a DVD. A dialog like the one below will appear. Select the
radio button to burn files to a folder.

Burn D¥D

X

Burn |
Cancel
Folder Name: |2DD4‘I 221_162457 |

Falder Lacation: IE:\Documents and Settings\PECA\My Docu Browse |

I™ | Test Media Before Buming

LCopies: 51

Statuz: Ready

— DWD Settings
Bumnto: ~ Disc (%

— Quality Settings

W Fit Contents o available space
LLava High
idea Huality:

Space Required:  192.00 ME(Bitrate 8.00 Mbps]

T Standard

Use DVD in: % US54, Japan (NTSC] © Europe, Other Asian Countries [PaAL]

21. Click burn, and start a stopwatch to begin timing. A progress indication like the following one will
appear.
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r Current T azk Progress

Encoding... 2 Minutes, 50 Second: Remaining

[ |

r— Dwerall Progress

22. When the application has finished burning the folder, click the stopwatch and record the time the

application took to create the DVD file.

23. The result for this test is the sum of the time the application took to create the .wmv file and the time

for the DVD folder creation. Lower times are better.

TV viewing and PVR playback and recording performance and experience

We performed to connect each system to the surround-sound system for these tests:

1.

2.

Connect the video/audio component cable (which came with the DVD player) from the component
output of the DVD player to the component input of the RF Modulator.

The RF Modulator converts component video and audio input, as well as S-Video inputs, to coax
output. Connect the RF Modulator’s coax output to the TV tuner coax input on the PC.

We then used the wizard in Windows Media Center to configure each PC'’s video reception in the following

way:

arON=

o

© oo N

10.
11.
12.

13.
14.

Launch Windows Media Center.

At the Welcome screen, click Next.

At the Media Center Setup screen, click Next.

At the Media Center Privacy Policy, click Next.

At the Enhanced Playback screen, click No to not automatically connect to the Internet, then click
Next.

At the Internet Connection screen, click No at the “always on” Internet Connection question, then
click Next.

At the “No Internet Access” confirmation screen, click Next.

At the Required components confirmation screen, click Next.

At the Optional Setup screen, click the checkbox at “Configure tuners, TV signal, and Guide” line
item, then click Next.

The next screen confirms the Region code (which in our case was the United States). Click the
box next to “Yes, use this region to configure TV services”, then click Next.

At the Automatic TV Signal Setup screen, click the box next to “I will manually configure my TV
signal”, then click Next.

At the Select Your TV Signal screen, click the box next to “Cable or digital cable” and then Next.
At the “Do You Have a Set-top Box?”, click No and then Next.

At the number of tuners screen, click the box next to “One”, then click Next.
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15.

16.
17.

18.
19.
20.
21.

22.
23.

24.
25.
26.

At the “Verify Your TV Signal” screen, Windows Media Center presents a small TV screen
showing channel 2. Change the channel to 3 and the feed from the DVD player should appear.
Click the box next to “Yes” and then Next.

At the “Guide Privacy” screen, click the box next to “No” and then Next.

Windows Media Center will then return to the Optional Setup screen. Click the box next to “Set
up your speakers” and then Next.

Click Next at the Welcome to Speaker Setup screen.

Click the box next to “5.1 surround speakers” and then Next.

Click Test to test the speaker configuration.

You should be able to hear sound from all the speakers. Assuming so, click the box next to “I
heard sound from all of my speakers”, then click Next.

Click Finish at the You Are Done! screen.

Windows Media Center will return to the Optional Setup screen. Click the box next to “I am
finished”, then click Next.

Click Finish at the You Are Done! screen.

Windows Media Center will return to its main screen.

Exit the application, then reboot the system.

We performed the following steps on each PC to make it ready for the test.

First, we installed the FRAPS application using the following process. (FRAPS is a tool for measuring display
frame rates.)

o0 hA W=

Download the FRAPS frame rate measurement tool from http://www.fraps.com/download.htm.
Install the application with default settings.

Launch the FRAPS application.

Click on the FPS tab.

Click the Disabled radio button to disable Overlay Corner. The FRAPS screen should then look like
the image below, in which we’ve circled the radio button in red.

=7 FRAPS (C) beepa™ 2005 [ E3

General ] " Movies ] Screenshats ]

Overlay isplay Hotkey
IF12

Owverlay

Benchmarking Hotkey Corner

|F11

& Disabled
O Onlky update overlay once a second @

Sawve frame rate to file each second
O Stop benchmark autormatically after G0 seconds

Save detailed benchmark statistics
O Minhaxtig O FFs
O Frametimes ) |

Check the box next to “Stop benchmark automatically after 60 seconds”, and change the time to 300
seconds (five minutes).

Close the application, and click OK at the “Exit Fraps?” dialog box.

Reboot the system.
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FRAPS generates a couple of results files when you run it. The image below shows an example results file
that is the FPS rate for each second of a run of the tool.

4 FRAPSSEC.TXT - Notepad =Joed

File Edit Format  Wiew Help
2005-03-29 10:43:06 - wmplayer A

25
26
30
30
28
27
22
22
22
22
27
28
29
30
30
30
27
27
28
30

We used this results file to gauge video playback speed. We set 25 FPS as the minimal acceptable rate,
because that rate yields reasonable quality video images (and is the frame rate for the PAL video standard in
Europe and Asia).

To gauge the quality of a playback test, we calculated the percentage of seconds of playback with FPS rates
of 25 or more. For example, in the three of our four tests that used five minutes (300 seconds) of video
playback, we calculated the quality percentage by dividing the number of seconds with 25 or higher FPS by
300. Thus, if 270 of the seconds in a test were to have FPS rates of 25 or greater, the test would have 90%
of its time at or above the minimum acceptable frame rate.

To try to relate this rate to user experience, we agreed with Intel that a video that played with 95% of its time
at or above 25 FPS was an acceptable playback experience.

As with all other tests, we ran each of the video tests three times, rebooting before each test, and reported the
median.

We performed the following steps to run the TV viewing performance test:

1. Launch FRAPS. The application will then be running and will wait for a keystroke to start capturing
frame rates.

Launch Windows Media Center.

Select the menu option My TV, and click Live TV.

Get the test DVD to the 2:25:30 mark and pause it.

Press play again and, at the 2:25:40 mark, press F11 to start the FRAPS data collection.

Let the video run for at least five minutes, then stop playback.

Close all programs.

Use Windows Explorer to explore the benchmarks directory in the C:\Fraps folder. The results are in
a text file named “ehshell <date> <time>.csv”.

9. Open this file in Notepad, and record the results.

10. Reboot the system.

N>R WN

We performed the following steps to test TV viewing performance while recording with the PVR:
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Launch FRAPS. The application will then be running and will wait for a keystroke to start capturing
frame rates.

Launch Windows Media Center.

Select the Recorded TV from the My TV menu option.

Get the test DVD to the 2:25:30 mark.

Select Add Recording in Windows Media Center.

The default will be channel 3 and the current hour for the stop and start time. Click Record.

While Windows Media Center is recording the video feed, click play on the DVD player.

Click back to the Live TV to view the video feed.

At the 2:35:40 mark, press F11 to start the Fraps data collection.

. Let the video run for at least five minutes, then stop playback.
. Close all programs.
. Use Windows Explorer to explore the benchmarks directory in the C:\Fraps folder. The results are in

a text file named “ehshell <date> <time>.csv”.

. Open this file in Notepad, and record the results.
. Reboot the system.

We performed the following steps to test the performance of viewing recorded material:

1.

N>R WN

9.
10.

Launch FRAPS. The application will then be running and will wait for a keystroke to start capturing
frame rates.

Launch Windows Media Center.

Select the menu option My TV, then click Recorded TV.

Play the first recording and wait for the moment that was the 2:25:40 mark on the DVD.

Press F11 to start the Fraps recording.

Let the video run for at least five minutes, then stop playback.

Close all programs.

Use Windows Explorer to explore the benchmarks directory in the C:\Fraps folder. The results are in
a text file named “ehshell <date> <time>.csv”.

Open this file in Notepad, and record the results.

Reboot the system.

We performed the following steps to test performance while viewing high-definition recorded material:

1.

©ONOO O AW

9.
10.

Open the FRAPS application.

Click the FPS tab in FRAPS, and change the number in the Stop benchmark automatically prompt to
120 seconds (two minutes).

Launch Windows Media Center.

Select the menu option My Videos, and click “Mysteries of the Nile (Hi-def)”.

As soon as the recording starts, press F11 to start the FRAPS data collection.

Let the video run until it finishes.

Close all programs.

Use Windows Explorer to explore the benchmarks directory in the C:\Fraps folder. The results are in
a text file named “ehshell <date> <time>.csv”.

Open this file in Notepad, and record the results.

Reboot the system.

Gaming Tests

As with all other tests, we ran each game test three times and reported the median. We rebooted before
each test.

Doom 3

We performed the following steps on each PC to make it ready to run this test:
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Install Doom 3 with all the default settings except one: Do not install DirectX 9.0b. (XP SP2 comes
with a newer version, 9.0c, that works with Doom 3.)

Launch Doom Il

Under Options, select System and make the following changes:

Make sure High Quality is selected; it should be the default.

Change the screen size option to 800x600.

For the Intel-based system, we also tested at 1024x768, a common setting for systems with
similar hardware capabilities. We could not, however, test at the same resolution on the AMD-
based system as Doom 3 would not allow us to set the resolution that high. (We would enter
1024x768, exit, and restart the game to let the changes take effect, but Doom 3 would
automatically switch the resolution back to 800x600.)

4. Click Apply Changes, then click OK at the Apply Video Changes dialog box.
5. Exit Doom lll, and click Yes to the Are you sure you want to exit dialog box.

We followed this process to run the test:

1.

3.

Launch Doom Il

2. At the main Doom Il menu, press the Ctrl, Alt, and ~ keys to enter the game console.
In the console, type “timedemo demo 17, and press the Enter key.

4. When the demo concludes, record the FPS score, then click OK.

The timedemo produces results in frames per second; higher scores are better.

Unreal Tournament 2004

We performed the following steps on each PC to make it ready to run this test:

1.

wn

8.
9.

10.

Install Unreal Tournament with all the default settings except the following:

e Do notinstall DirectX 9.0b. (XP SP2 comes with a newer version, 9.0c, that works with
Unreal Tournament 2004.)

e Do not install the extra mods.

Install Patch 3355 with default settings.

Copy the demos Intel supplied (assault.demo4, bots.demo4, and flyby.demo4) into the

C:\UT2004\Demo directory.

Copy the two text files Intel supplied (demo_bots.txt and demo_flyby.txt) into the

C:\UT2004\System directory.

Copy the two batch files Intel supplied (bots.bat and flyby.bat) into the C:\UT2004 directory.

Edit the two batch files with Notepad to change the resolution from 1024x768 to 800x600. (For

the Intel-based system, we also ran the tests with the 1024x768 resolution and changed this file

appropriately.)

Create a desktop shortcut to each of the two edited batch files.

Start Unreal 2004 and click on Settings.

Under the Display tab, set the resolution to 800x600. (For the Intel-based system, we also tested

at 1024x768, which we had to set here.).

Exit the game.

We followed this process to run the tests:

abrwnN -~

Double-click on the shortcut to the batch file of the test you want to run.
Unreal Tournament 2004 will start and run that demo.
After the batch file has finished, the main Unreal Tournament screen will appear.

Press the “~” key to launch the game console. Record the FPS score.
Exit the game.

Each of the timedemos produces results in frames per second; higher scores are better.
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Half-Life 2

We performed the following steps on each PC to make it ready to run this test:

1.

® NGO AW

9.

Connect the system to the Internet.

Install Half-Life 2 and its associated Steam application. Select all the defaults except the following:

e In Steam, select that the user is 13 years or older.

e In Steam, select that the Internet connection is LAN/T1 greater than 1M.

After you complete the installation, register and activate the game through the Steam application.
Reboot the system.

Log in to the Steam application, and close the update news window.

Double-click the Half-Life 2 icon. Steam will run an update to the game.

When Steam completes the update, click Cancel and reboot the system.

Copy the demo file at_c17_12-rev7.dem to the directory

“C:\Program Files\Valve\Steam\SteamApps\<STEAM_USERNAME>\half-life 2\hI2.

Put the "For Benchmarking Half-Life2" shortcut onto the desktop.

10. Disconnect the network connection.
11. Reboot the computer.

We followed this process to run the test:

1.

When the system boots, a message box will appear stating "connection error" and "could not connect

to the Steam network". Click "Start in Offline Mode".

Start the Half-Life2 benchmark by double-clicking the "Benchmarking Half Life 2" icon on the desktop.

Half-Life 2 will start, and its game console will appear. At the bottom of the game console, type
“timedemo at_c17_12-rev7.dem” to launch the demo.
When the demo completes, record the FPS rate from the line below the command. (This line will

have the format “xxxx frames xx.xx seconds. ##.## fps x.xxx fps variability”, where ##.## is the FPS

rate you should record.)

The demo’s result is in frames per second; higher scores are better.
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Appendix A: Test system price and purchase information

We purchased the two HP built-to-order systems on February 25, 2005 via www.hpshopping.com.

Figure 10 below presents the SKU and price information for the two PCs.

System HP Media Center PC | HP Media Center PC
m1050y m1050e

Processor Intel Pentium 4 540J | AMD Athlon64 3700+
Processor frequency (GHz) 3.2 2.4
Part number PUOBOAVH#ABA PUO61AVH#ABA
Unit price ($) 1,449.99 1,509.99
Tax ($) M 0.00 0.00
Shipping ($) @ 49.50 49.50
Total we paid ($) 1,499.49 1,559.49

Figure 10: Purchase information for the two HP Media Center PCs.

Notes:
™

www.hpshopping.com did not charge tax.

@) We assigned each system half of the total shipping charge we paid for this order.

On March 17, 2005, we purchased the bulk of the home audio and video equipment we used in this test at the

following store:

Best Buy #299

Pleasant Valley Promenade

6254 Glenwood Avenue
Raleigh, NC 27612

For all equipment we purchased from a retail outlet, tax reflects the North Carolina tax rate of 7.0%. We also
paid no shipping on any such equipment, because we picked it up at the store.

Figure 11 below presents the SKU and price information for this equipment.

Equipment

Sony DVD Dream

System (Model No.

(DAV-FR1)
amsung DVD
layer (Model No.

(DVD-HD841)

S
P

Samsung 22" LCD
TV (Model No.
(LTP227W)

HC41)

digital camera (Model
No. Power-shot A95)

SKU

6304046

| Sony Handycam
Q| digital camcorder
| (Model No. (DCR-

407809 21

9| Canon 5.0 Megapixel

IN

2117

Unit price ($)

379.99 179.99

=D

,199.99 549.99

329.99

Tax ($)

26.60 12.60

84.00 38.50

23.10

Total we paid ($)

406.59 192.59

1,283.99 588.49

353.09

Figure 11: Purchase information for the home audio and video equipment we used in our testing.

We purchased additional cables and other accessories for testing on March 23, 2005 and April 4, 2005 at the

above store and at the following one:
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Best Buy #147

Cary Crossroads Center
237 Crossroads Blvd.
Cary, NC 27511-6893

Figure 12 presents the SKU and price information for the cables and accessories.

Cables and accessories

o 3 -
5 83 1852 |8 |Ss | &
©
o | 3321859 | 8. |2S.%| 3.4
QQ 0O X Q O = < 5 = ©
XS rge €<% |28 |E8§2| €58
Lo | 80<L |88y & <o |[g5 29| €50
?w QN s T |of <« BoOm 6ogNL L£2¢%
580 580 |S40c| 300 S92 93k
e} oEs |oS26| 25 O5=0| 9 ¢=
3= 328 |[6CL R 2% 525 ©8
<Hl | <88 |<xl3d| <nl |56 FL
SKU 4118029 | 4118154 | 4117672 | 4117556 | 5311815 | 1742948
Unit price ($) 22.99 26.99 40.47 14.99 14.99 19.99
Tax ($) 1.61 1.89 2.83 1.05 1.05 1.40
Total we paid ($) 24.60 28.88 43.30 16.04 16.04 21.39

Figure 12: Purchase information for cabling and accessories we used in our testing.

On April 4, 2005 and April 6, 2005, at the same two stores, we purchased an additional receiver to
accommodate the AMD audio interface and an RF Modulator to connect our DVD player to the AMD and Intel
TV tuner cards using the cards’ coax connection.

Receiver and RF Modulator Sony Home Theater Receiver Dynex RF Modulator
(STR-DEF98) (WS-007)

SKU 7118371 5806345

Unit price ($) 189.99 21.99

Tax (%) 13.30 1.54

Total we paid ($) 203.29 23.53

Figure 13: Purchase information for the second receiver and RF modulator we used in our testing.
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Appendix B: Test system configuration information

This appendix provides detailed configuration information about the two test systems.

System | HP m1050y Media Center | HP m1050e Media Center
General

Processor and OS kernel: 1P1C2L / MP 1P1C1L/ SP
(physical, core, logical) / (UP, MP)

Number of physical processors 1 1

Single/Dual Core processors Single core Single core
Processor HT Status N/A N/A

System Power Management Policy | AC / AlwaysOn AC/AlwaysOn
(AC/AlwaysOn, AC/Adaptive,

DC/AlwaysOn, DC/Adaptive,

Other)

CPU

Segment (S=Server, D=Desktop, D D

M=Mobile)

Vendor Intel AMD

Name Pentium 4 Athlon64

Code name Prescott Clawhammer
Model number Pentium 4 540J Athlon64 3700+
Stepping 1 A

Socket type and number of pins LGA775 Socket 754
Core frequency 3200 2400

Front-side bus frequency 800 800

L1 Cache 16KB + 12KB 64KB

L2 Cache 1MB 1MB

Platform

Vendor and model number ASUS - Puffer ASUS - Salmon
Motherboard model number Intel® 915G K8S-LA
Motherboard chipset Intel® 915G SiS760
Motherboard chipset codename Grantsdale Salmon
Motherboard revision number 09q1112RE101PUFFEQQ 09q1112RE101SALMO00
System/motherboard serial number | MXP51100XZNA550 MXP51100XWNAS550

Bios name and version

American Megatrends, version
3.12

Phoenix Technologies, version
3.07

BIOS settings

Setup Default

Setup Default

Chipset INF driver

Not available because the
vendor installed the drivers

Not available because the vendor
installed the drivers

Memory module(s)

Vendor and model number

Samsung-M3 68L6523CUS-CCC

Samsung-M3 68L6523CUS-CCC

Type

PC3200 DDR-SDRAM

PC3200 DDR-SDRAM

Speed (MHz) 400 400

Speed running in the system 200 200

(MHz)

Timing/Latency (tCL-tRCD-tRP- 3-3-3-8 3-3-3-8
tRASmIn)

Size 1024MB 1024MB
Number of sticks 2 X512MB 2 X 512MB
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Chip organization (Single-sided, Single-sided Single-sided
Double-sided)

Channel (Single/Dual) Dual Dual

Hard disk

Vendor and model number Seagate ST3200822AS Seagate ST3200822AS
Size 200GB 200GB

Buffer Size 8MB 8MB

RPM 7200 7200

Type Serial ATA 1.5 Serial ATA 1.5
Controller Intel 82801FB (ICH6) Intel 82801FB (ICH6)
Driver Windows XP driver version Windows XP driver version

5.1.2535.0

5.1.2535.0

Operating system

Name

Windows XP Media Center Ed.

Windows XP Media Center Ed.

Build number 2600 2600

Service pack SP2 SP2

File system NTFS NTFS

Kernel ACPI Multiprocessor PC ACPI Multiprocessor PC
Language English English

Microsoft DirectX version DirectX 9.0c DirectX 9.0c

Graphics

Vendor and model number

ATl Radeon X600 Series

nVidia GeForce FX 5700

Chipset

ATI Radeon X600 PRO

nVidia GeForce FX 5700

(0Ox3ES50)
Chipset codename RV380 NV36
BIOS version 113-AA14300-106 256MB 4.36.20.21.39
450E/290M BIOS
Type (P=PCI Express, A=AGP 8X, | P A
I=Integrated)
Memory size 256MB 256MB
Resolution 1280 x 720 x 32 bit color 1280 x 720 x 32 bit color
Driver ATI Technologies, version nVidia, version 6.6.7.2 (updated to

6.14.10.6483

7.1.8.4 for PCMark04 tests)

Other information

Hauppauge WinTV PVR PCI Il
(see details below)*

Hauppauge WinTV PVR PCI Il
(see details below)*

Sound card/subsystem

Vendor and model number

Realtek HD Audio

Realtek ALC658C
6-channel

Type (P=PClI, I=Integrated)

Driver

Realtek Semiconductor Corp.,
version 5.10.0.5028

Realtek Semiconductor Corp.,
version 5.10.0.5730

Network card/subsystem

Vendor and model number

Realtek RTL8139 Family Fast

Sis 900-Based PCI Fast Ethernet

Ethernet NIC Adapter
Type Integrated Integrated
Driver Realtek Semiconductor Corp., SiS, version 1.16.08

version 5.505.1004.2002

Optical drive(s)

Vendor and model number

HP DVD Writer 640c (CD 48x
Rd, 24x RW, 48x Wr) (DVD 16x
Rd, 16x Wr)

HP DVD Writer 640c (CD 48x Rd,
24x RW, 48x Wr) (DVD 16x Rd,
16x Wr)

Type (CDROM, CDRW, DVD-
ROM, DVD-W)

DVD-RW

DVD-RW
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Interface (I=Internal, E=External)

USB ports

Number 6 6
Type 2.0 2.0
Monitor

CRT/LCD type (P=Plug & Play, P P
T=TFT, R=Reflective)

CRT/LCD refresh rate 60 Hz 60 Hz

Other information

Samsung 22" LCD TV, Model
No. LTP227W

Samsung 22" LCD TV, Model No.
LTP227W

Video and Audio Input Recording

Vendor and Model Number Hauppauge Hauppauge WinTV-PVR-250MCE
WinTV-PVR-250MCE

Type PCI Express PCI

Driver Hauppauge, version Hauppauge, version 2.0.18.22316
2.0.18.22316

Inputs S-Video, coax TV, coax FM, S-Video, coax TV, coax FM, audio

audio component

component

Figure 14: System configuration information for both test systems.
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Appendix C: Test content

We used the following commercially available content in our tests:

CD playback: Pearl Jam, Rearviewmirror (Greatest Hits double CD)
DVD audio playback (sound quality is DTS 5.1, 96 kHz, 24-bit sampling)

o Queen, A Night at the Opera (DVD-A, DTS 5.1, Dolby Digital 2.0)

o Yes, Fragile (DVD-A 5.1 and 2.0, Dolby Digital 5.1, DTS 5.1)

o Emerson, Lake, and Palmer, Brain Salad Surgery (DVD-A 5.1 and 2.0, Dolby Digital 5.1)
TV viewing: A college football DVD of the University of Miami vs. the University of North Carolina
game on October 30, 2004. This DVD is a rebroadcast of the live video feed from a local broadcast
and was filmed in standard definition.
DVD movies:

o The Fifth Element, Superbit Version (sound: DTS 5.1)

o Star Wars Il: Attack of the Clones (sound: Dolby Digital EX. 5.1)

o The Incredibles (sound: Dolby Digital 5.1)
High-Definition DVD: Mysteries of the Nile (a DVD that came with each system)
Games:

o Doom 3 version 1.1

o Unreal Tournament 2004

o Half-Life 2 custom
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Principled Technologies, Inc.
4813 Emperor Blvd., Suite 100
. Durham, NC 27703

Pri n ci pled Tech I‘IO|Og ies info@principledtechnologies.com

Principled Technologies is a service mark of Principled Technologies, Inc.
All other product names are the trademarks of their respective owners.

Disclaimer of Warranties; Limitation of Liability:

PRINCIPLED TECHNOLOGIES, INC. HAS MADE REASONABLE EFFORTS TO ENSURE THE ACCURACY
AND VALIDITY OF ITS TESTING, HOWEVER, PRINCIPLED TECHNOLOGIES, INC. SPECIFICALLY
DISCLAIMS ANY WARRANTY, EXPRESSED OR IMPLIED, RELATING TO THE TEST RESULTS AND
ANALYSIS, THEIR ACCURACY, COMPLETENESS OR QUALITY, INCLUDING ANY IMPLIED WARRANTY OF
FITNESS FOR ANY PARTICULAR PURPOSE. ALL PERSONS OR ENTITIES RELYING ON THE RESULTS OF
ANY TESTING DO SO AT THEIR OWN RISK, AND AGREE THAT PRINCIPLED TECHNOLOGIES, INC., ITS
EMPLOYEES AND ITS SUBCONTRACTORS SHALL HAVE NO LIABILITY WHATSOEVER FROM ANY CLAIM
OF LOSS OR DAMAGE ON ACCOUNT OF ANY ALLEGED ERROR OR DEFECT IN ANY TESTING
PROCEDURE OR RESULT.

IN NO EVENT SHALL PRINCIPLED TECHNOLOGIES, INC. BE LIABLE FOR INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH ITS TESTING, EVEN IF ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. IN NO EVENT SHALL PRINCIPLED TECHNOLOGIES, INC.’S
LIABILITY, INCLUDING FOR DIRECT DAMAGES, EXCEED THE AMOUNTS PAID IN CONNECTION WITH
PRINCIPLED TECHNOLOGIES, INC.’S TESTING. CUSTOMER’S SOLE AND EXCLUSIVE REMEDIES ARE AS
SET FORTH HEREIN.
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