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Introduction

This application note will explore the benefits of using 8GB of system memarduaichannel DDR3
basedPC, such as an In®ICore i or Corei7E (Lynnfield) system, or an AMD AM3 Phenomdl

PC. It wi || show how the additional RAM all ows
performance improvements of upt86% versusaa PC with 4GB of RAM. And it will also show how
adding more RAM allows you to change the way i

mo r. €hds includes running more applications (and never needing to close tharkiy)g with more
datgandevem unni ng anot her 06 vi.drexanpleze dduld mrpaevirtialt i n g
Ubuntu Linuxoperating systeras a pure email / home admin PC, leaving your Windows installation free
for office duties, or just as a pure gaming system.

These benefitwill be discussed in more detail during the course of this application note, but a summary
of theperformanceesults andenefitsis shown below.

Performance Results Summary

8GB versus 4GB

Performance Summary

Time taken to 'Resume 185.6%

Time taken to 'Sleep'

Crysis Warhead level load

Photoshop Elements 7 photo loadin
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Summary of benefits to using 8GB or more

Changing the game with 8GB Benefit

L S o= AL . Applications are more responsive and Windows feels generally fas

2AYyR2ga WOl OKSaQ Y2NB . L - ; L
'y R Wa yith hdldélsy BMitching between applications

Less / no reliance on the pagefile on the hard dic The storage drive is the slowest component in your PC. Even an S

drive at least arorder of magnitude slower than RAM!

Leave your applications running all the time Everything is immediately available when you need it

) . ) Edit longer HD video clips and work with more kigkolution digital
Work with more andlarger photo anvideo files ) )
photos, without the PC slowing dovio a crawl

52y Q0 akKdzi R2¢éy @2dz2NJt/ X 2dzali
Y{ftSSLI YR WwSadzySQ - youcanresume from where yoeft off. 8GB makes this process
faster

. . ) Need a break? Just mouse over to WoW or Guild Wars for 15 mini
Have your favorite game running in a Window )
or have a few rounds of Count&trike

. . . ) Use Ubuntu Linux for all your home em/dihance/ administration
Virtualize another operating system without ) ] ] )
. . and have a pure Windows OS gamimgfficesystem. Or just try out
needing to close angther applications . ,
different operating systems for fun!

) ) With so many applicationsble to run at once, it makes sense to
Make better use of multiple monitors ) )
spread them out across multiple monitors.

Background

Over the last 118 months, assisted by the wider adoption ebi4perating systems and the increasing
memory usage of applications and games, enthusiasts and gamers have accepted 4GB or 6GB of memc
as the 6base |l evel 6 for a modern PC.

DDR3 has alstaken over from DDR2 as the memory of choice now that Inteiua®d completely to
DDR3 onits Core i5 and Core ifLynnfield) CPUs with duathannel DDR3 memory controllers, and
AMD has made the transition to DDR3 with Socket AM3 Phenom Il processors.

The increased number of platforms that support DhR8also helped to drive down the cost of DDR3
memory and as a result consumers have the option to install even higher quantities of memory. Installing
8GB or 12GB of DDR3 memory would have been a luxi8ymonths ago, but these larger memory
densities, and potentially even higher densities, are now affordable.

8GB versus 4GB - Real World Performance Testing

To investigate the benedibf using8 GB of memory as opposed to 4G built a est PC basedaund

an AMD Phenom Il 710 Socket AM3 processor and AMD790FX motherboard, which ssigpakt

channel DDR3 memory. Although we used an AMD platform, these benefits apply equally to any dual
channel DDR3 platform, such &gel Core 2, Core i5 and duahannel Core iTLynnfield) processors.

b
corsar - AN902: 8GB or More of System RAM Page | 2



We then recreated a typical desktapme/officeenvironment, using a selection of popular office and
multimedia applications Thi s &6 Typi cal Ap pWwhercuangiGB ofRABledso the wa s
aim of the benchmarks examine whethextramemory headroom can provide performance benefits
even in situations where more than 4GB is nacuirementBy recreating a typical d#top

environment we can sholmow an application would perforin the real worldTo maintain aconsistent

test environment, the system was rebooted and the application set reloaded after each test.

The benchmark results show that installing extra memory can provide significant performance benefits,
even in situabns where the overall memory usage does not exceedld§&8alling more memory allows

the operating system to store more data in RAM, rather than relying on Virtual Memory and the pagefile
on the storage drive. This makes applications respond more quoklyrovides access to your data,

photos and video files without delaylany of the benefits cannot be shown in benchmarks, and are
simply the result of greater Oresponsivenessod

Test Platform

1 Socket AM3 AMD Phenom Il 710 processor
Gigabyte GAMA790FXIUD5P motherboard
8GBCorsair Dominator GR kCMG4GX3M2A1600C6)
Corsair P256 soligtate drive

Corsair HX1000W PSU

Corsair H50 CPU Cooler

Corsair Obsidian 800D chassis

MSI GeForce 280 Ggraphics

{ Windows 7 Ultimates4-bit

= 4 4 -8 -8 -—a -2

Typical Application Set

Office Applicationg14.3MB of data in total)
I 11 x Excel spreadsheets

1 3 x PowerPoint presentations

1 2 xWord documents

1 1 x PDF document
Home Photo Editing

1 Adobe Premiere Elements¢725 min HD video project
Home Video Editing

1 Adobe Photoshop Element;7127 photos (516MB)
Internet Browsing

1 13 x FireFox 3.5 browser tabs
Communications

‘;“,QQ\\SA\&

1 Tweetdeck sﬁmv\;\?\ﬁ&{i\\\\\
I Windows Live Messenger
Entertainment
1 Steam
1 Spotify
6 x Desktop Gadgets

Corsair Dominator GT 1600MHz CAS
dual-channel memory
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Performance Results Adobe Photoshop Elements 7

Load 127 Photos (516MMB)
Adobe Photoshop Elements 7 photo

loading benchmark

In this test waimed how long the system took 4GB 22890
toload 127 digital photos, totaling 516MB, into
AdobePhotoshop Elements The test was run
with the Typical Application Set loaded,
excluding the digital photo data

8GB

205 210 215 220 225 230

Time taken in seconds (Lower is better)

With 4GB of memory installed, the Physical
Memory usage of the PC before the photos were loaded w68, rising to 3.9GB during these

(97% total usage) and settling to 3.8.2GB after the test completed. With 8GB of memory installed, the
Physical Memory usage of the PC before the photos were loaded w&8@B, rising to 4.6GB during

the test, and settling to 4.2GB after the teshpleted.

With 4GB of system memory installed, the PC took 228.9 seconds to load the photos, compared to 213.:
seconds with 8GB of system memory installed, an improvement of nearly 16 seconds. The performance
improvement can be attributed to the greataount of free memory with 8GB installed.

However, the improvement in loading time was only part of the benefit. With 4GB installed, there was
typically less than 1GB of free memory remaining after the photos had been loaded, compared to nearly
4GB freememory with 8GB of RAM. This extra headroom provided the 8GB PC with greater
responsiveness, and the abilitysteitch between and usgher applications without delay.

Crysis Warhead level loading Crysis Warhead

In the Crysis Warhead level loading test we Call Me Ishmael Level Load
timed how | ong it too ma e
|l evel to | oad, as rec ns o

4GB 79.03

The results show that the level loaded over 10
seconds faster with 8GB installed, compared t

with 4GB of RAM installed. 508

More significantly, the 8GB PC was able to loa
the Crysis Warhead applicatiéer more quickly
than the 4GB system, whiditenneeded t o &6éswap outd a significal
order to free up spac®@/e were unable to liebly benchmark this delay, but depending on the memory
usage of the system, it could tak@ fhinutest o di spl ay the Crysis War he:
launching the application. By contrast, the 8GB system was able to launch theigfaima minute

Time taken in seconds (Lower is better)
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Time taken to 0S|l eepd Time taken to 'Sleep’

Rather than shutting down a PC after use, it is (Typical Application Set Loaded)
more convenient to ern ‘ ‘ ‘
which stores the current session in memaiyis
allows you to quickly resume using your PC at
later timefrom the point at which yoleft off.

The advantage comparedguuttingdown the
PC is that you are able to resume using your F
more quickly, and without the need teload all

4GB 116.24

8GB

0 20 40 60 80 100 120
your common applications and data. Time taken in seconds (Lower is better)

Since the Sleep function uses memory to store the cuesktopsession, having more free memory

makes this functiosompletefaster particularly when theession involves plentyf open applications
andalotofdata Wi t h 4GB of RAM installed the test PC
over 116 secondso 0S|l eep6, compared to 79 seconds with
nearly 47% in favor of the 8GB system.

Time taken to O6Resume . , .
Time taken to 'Resume

Perhapsnore important than the time taken to (Typical Application Set Loaded)
0S|l eepb6 t heittaReSt d sO Rehs
the stored sessn so that you can continue usin
the PC from the point at which you left off. 4GB

22.09

With 8GB of RAM installed the PC resumed th
stored session in 7.7 seconds, compared to ov
22 seconds with 4GB of memory installed. Thi
is an improvement of nearly 186%fewvor of

the 8GB system, allowing you to resume usin
your PC much more quickly.

8GB

0 5 10 15 20 25

Time taken in seconds (Lower is better)

Going Beyond Performance Benefits
Donot ask AWhat could more RAM do for me?0¢éask AW

Performance improvements are only part of the betwefitldng more memorybecause extrRAM also
all ows you to use your PC in ways that you had
possible with lesseamountof RAM. Simply put, adding more memory lgtsu do more with your PC.

To really appeciate the benefits of upgrading to 8GB or more of memory, you need to change your
perceptions of how you can use your PC. Until recently it has been the norm for PCs to use relatively
limited quantities of memory, and so we have become accustomed togvaithin these limits. With

8GB or more of memory, these limits can be smashed away and you can begin to realize the full potenti
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of the latest multcore processors and-®# operating systems, which are designed for ntaiking and
working with lager files.

With 8GB or more of memory you can leave your applications open all the time, so that they are availabls
immediately when you need them. You can also use a greater number of digital files, such as HD video
and highresolution digital photos, #hout having to close other applications to make room. The extra
memory headroom also allows you to leave your favorite game running in a window so that you can dip
in an out when you like, or play a quick 15 minutes of WoW or CotBiigke if you need &reak. You

can everVirtualize another operating systefor several) either to use as a pure home office / admin
system, or just for fun to try other platforms. Also, with the ability to have more applicatigusat

once, you can make effee#i use oimultiple monitors byspreading you applications across a larger

desktop area.

These are things that you may have not thought of doing before, because with limited quantities of
memory it wasnbét possi bl e. By addiusegoun®@ anel getne mo
more out of it at the same time.

The Corsair 8GB PC

In the performance comparisons shown above, the Physical Memory usage of the PC with 8GB of RAM
installed reached around 4.6GB maximum, which means that the system still has plenty of memory to
play with. As shown in our results, this extra memory headrdo@s provide performance benefits, but
what else can you do with this extra memory?

One answer to this question is to simply 6do m
with 8GB of RAM and created a desktop environment that made futfube memoryTo show just

how powerful and flexible a modern, mutibore PC with a 64it operating system and 8GB of RAM can

be, we added a second graphics card and setrigbe-monitor array, using three 22in T&T

The system was configured asante/office PC that is used both for office duties, gaming and
entertainment, and also for personal email, admin and finance. Thesé tthreet i e s d ar e spl
three different monitors. However, rather than simply using a different User Accoenmtadr
account/applicatioand folderdor the personal/homemail andadmin duties, we have decided to use a
separate operating system, running as a virtual machine. A virtual machine is essentially an operating
system running within another operating system, and it behaves in exactly the same wayes

operating systa. It is essentially a second computer system running on the same CPU. Your CPU needs
to support virtualization in order for this to be possible, but modern AMD Phenom I, and Intel Core 2,
Core i5 and Core i7 CPUs all support this feature. We used theajom VirtualBox to run a virtualized
installation of Ubuntu Linux 9.04 6Hit, which we used exclusively for personal email and admin,
keeping this information entirely separate from the main WindoR€.
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This is how we set up our 8GB triplemonitor Corsair home/office PC:

S A
Ty

Monitor 1: Office / work applications
Microsoft Outlook 2007, 11 x Excel 2007 spreadsheets, 3 x Powerpoint presentations, 2 x Word 2007
documents, 1 x PDF document, Adobe Photoshop Elements 7, Adobe Premiere Elements 7

son

T T T O el
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Monitor 2: Gaming / entertainment
Guild Wars(windowed), CounteStrike- Source (windowed, Servers window), FireFox 3.5 web browser
windows, Spotify music player, Tweetdeck twitter application, Windows Live Messenger.

Monitor 3: Virtualized Ubuntu 9.04 x64 homeemail / admin PC
Thunderbird email and nesmpplication, Miro web TV, FireFox web browser, Flickr Organizer, GIMP
image editorpersonal finance appsidmuch more. Whatever you need for your home / personal admin!
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