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Data center liquid cooling vs. forced air cooling
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SearchDataCenter.com recently visited American Power Conversion (APC) Corp.'s
Research and Development facility in Billerica, MA, to get a first-hand look at its
approach to data center cooling. During the visit we asked American Power
Conversion Corp. Chief Technical Officer Neil Rasmussen about his thoughts on
data center liquid cooling. This is an excerpt of that conversation.

People are talking about data center liquid cooling as a new thing, but it
actually has a long history in the data center, doesn't it?
Neil Rasmussen: People talk about the history of air and liquid cooling in short
hand. The idea that some people don't have liquid cooling is preposterous. The
liquid could be a Freon, water, or glycol antifreeze mix. All cooling is liquid cooling;
it's just a question of where the liquid is.
More on data center cooling:
Mainframes had a specific problem where
the density of heat was so great that they
couldn't get it out with air. Air has limitations.
It carries much less heat than liquid does
for the same volume. As computers get
smaller and their density goes up, at some
point we won't be able to cool them with air
anymore. They will have to be cooled with liquid directly. That's what happened in
mainframes. They were forced to go to liquid. No one wanted to run pipes to all
these devices, but they had to.

Right-sizing is the key to energy
efficient data centers

All-in-one-quide: Data center
facilities

We actually reversed from that because the power densities and the power
consumption of the cores actually fell from the mainframe days. When it fell, it
allowed people to use air cooling again.

So why did data centers switch to forced air cooling?

Rasmussen: The great thing about air cooling is that everybody has air. If a server
uses air cooling, it can be set up and left alone and it will take care of itself.
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Data center liquid cooling vs. forced air cooling

Where'd the air go? It dissipated. Using air makes the problem simpler.

If every server used water, it would be useless until someone ran a water pipe. Air
cooling advantages are huge in comparison because | can just put the server
anywhere. Every few feet we have an electrical outlet, every few feet we have an
air duct. Air is everywhere, but not every place has water. We don't have water
pipes hanging out of our walls that we can just jack into.

But now we're running into a density problem. Why is that?

Rasmussen: Conventional data centers, which have been built the same way for
30 years, are big rooms with raised floors that run out of capability at around 5 kW
per rack over a sustained area. 10 years ago, no racks took over 5 kW. But now |
can get a completely loaded blade server rack from any vender that draws 25 kW.
No one anticipated that kind of power density. The problem we have today, and
the reason people are starting to get concerned, is that the conventional
architectures for air cooling are being overrun by the power densities.

What's going on in the market today is that all the corporate applications are
moving to blades. There's performance advantages, ease of deployment, ease of
provisioning, the list goes on. But there's an incompatibility between these blade
servers and the conventionally designed data center.

Are data centers turning to liquid cooling to solve that problem?

Rasmussen: There are two basic approaches in the market to solving this problem.
One is to redesign all the servers and put water pipes on them because water
handles more cooling density. That's what the mainframes did. There's a lot of
discussion about that because there's a history of using this approach.

That would be really good for a supercomputer, where you have row after row of
identical blade servers is a big fixed installation. When Lawrence Livermore
[National Laboratory] turns out a computer room, they install 5,000 servers on day-
one, turn on the switch, and run it for four years. Then they shut it off and put in the
next set. That is a great application for direct water cooling because it's static for
years at a time.

Will that approach work for the traditional data center?

Rasmussen: Direct water cooling is a bad application if you're switching things in
and out, adding a piece here and there, and moving things around all the time in a
business responsive mode. There's a lot more chaos in that environment.

One of the biggest complaints | get when | talk to data center operators in
businesses is that the equipment that they're told was going to be in the data
center is not what they ended up with. Ask the data center designer after it's been
deployed what percentage of the original list of equipment actually went into the
data center and what percentage were surprises. A typical response is that over
50% were surprises.

Everyday the servers are changing. It's a much more difficult environment to plan a
structured cooling system. Furthermore, not everything is a server in a data center.
There are routers, patch panels, storage, etc. There is a dynamic hodgepodge
where it would be very impractical to plan water piping. The flexibility to buy
whatever equipment you want is also important. Today you can't buy a server with
a water pipe connection. Even if everybody started working on it now, it would be
years before the average user has a suite of products to use.

What is your vision on the future of data center cooling?

Rasmussen: We believe that air cooling can work to a lot higher than 5 kW per
rack. We believe that we can go to 25 kW. At 50 kW per rack, we would all agree
it's done. There are some people saying that blades are going to 50 kW per rack,
but | don't believe that's going to happen. Over the past couple of years everyone
has been reducing the power consumption of their chips, which is a complete
departure from what we saw five years ago. My opinion is that it's going to hold
rack level power at 25 kW or less.

The floor is the problem. | can make an air conditioner any size | want, but the
problem is getting the air through the tiles. If | try to moving 25kW of air through
tile, it's going to be 120 mph coming through floor tile. It's also very inefficient to
push all that air over a distance. It takes a tremendous amount of horsepower to
move it around. It's not uncommon to find just the fan taking more power than the
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servers in data centers.

Our strategy is to get the air conditioners closer to the IT equipment. We have a
bunch of different ways of doing that depending on what density you want to hit.

Let us know what you think about the story; email: Adam Trujillo, Assistant Editor

Sound Off! - ':%] Be the first to post a message to Sound Off!

Digg This! gl StumbleUpon M Delicious (g  Google

[d; DATA CENTER RELATED LINKS
Ads by Google
Data Center Cooling

Airflow/Thermal Simulation Optimizes Data Center Cooling
www.flomerics.com/flovent/

DataCenter EnergySolution
Drop Energy Costs 30% save money, increase cooling
www.technology-connection.com

Denver Data Center & Colo
World Class Data Center & Colo Cost Effective, Secure, 100% Uptime
FortrustLLC.com

DC Cooling Solutions
brushless tile cutout covers & CFD's; save 35%+ on energy costs
www.paragonint.net

Data Center CFD Modeling
new design, existing site baseline, & capacity planning / management
www.PTSdcs.com/CFDservices.asp

'ii::' RELATED CONTENT
Data center cooling
Windows Server 2008: What's in it for users?
Green UPS Tier IV data center water-side economizes
Intel vs. AMD? HP vs. IBM?: Survey of x86 server buyers tells all
ASHRAE to expand recommended data center humidity, temp ranges
Uptime Institute Data Center Design Charrette podcasts
Data center cooling and humidity control: CRAC or AHU?
Data center managers try shutting off humidity controls
Visual effects firm turns server room into data center
Data center infrastructure: Too soon for liquid cooling
Data center humidity levels source of debate
Data center cooling Research

Data center room design and location

Alcatel-Lucent whittles costs with data center consolidation

Data center design runbook -- Chapter One: Data center site selection
ASHRAE data center infrastructure book eases bad vibrations

Sun renames, rejiggers Project Blackbox, a modular data center

IT priorities in 2008: A truly new year

Data center managers' holiday wish lists

Data center site selection goes international

Pros and cons of international data center locations

Data center construction is booming

HP gets into data center design; acquires EYP Mission Critical Facilities
Data center room design and location Research

Expert Advice

HP, IBM square off on liquid cooling
McFarlane's cabinet fundamentals

New cooling technologies could cut energy costs
McFarlane tackles liquid cooled racks

http://searchdatacenter.techtarget.com/news/interview/0,289202,sid80_gci1244279,00.html

3/20/08 1:33 PM

Page 3 of 4


http://discussions.techtarget.com/webx?replyToMessage@774.6hS9hJca8ot.0@.1dd0c7ed!action=postFirst&setContentUrl=1
mailto:atrujillo@techtarget.com
http://www.stumbleupon.com/submit?url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling
http://del.icio.us/post?v=4&noui&jump=close&url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling
http://fusion.google.com/add?feedurl=http://rss.techtarget.com/185.xml
http://digg.com/submit?phase=2&url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling&topic=tech_news&bodytext=SearchDataCenter%2Ecom%20recently%20visited%20American%20Power%20Conversion%20%28APC%29%20Corp%2E%27s%20%20Research%20and%20Development%20facility%20in%20Billerica%2C%20MA%2C%20to%20get%20a%20first%2Dhand%20look%20at%20its%20approach%20to%20data%20center%20cooling%2E%20During%20the%20visit%20we%20asked%20American%20Power%20Conversion%20Corp%2E%20Chief%20Technical%20Officer%20Neil%20Rasmussen%20about%20his%20thoughts%20on%20data%20center%20liquid%20cooling%2E%20This%20is%20an%20excerpt%20of%20that%20conversation%2E
http://del.icio.us/post?v=4&noui&jump=close&url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling
http://www.stumbleupon.com/submit?url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling
http://digg.com/submit?phase=2&url=http%3A%2F%2FsearchDataCenter%2Etechtarget%2Ecom%2Fnews%2Finterview%2F0%2C289202%2Csid80%5Fgci1244279%2C00%2Ehtml&title=Data+center+liquid+cooling+vs%2E+forced+air+cooling&topic=tech_news&bodytext=SearchDataCenter%2Ecom%20recently%20visited%20American%20Power%20Conversion%20%28APC%29%20Corp%2E%27s%20%20Research%20and%20Development%20facility%20in%20Billerica%2C%20MA%2C%20to%20get%20a%20first%2Dhand%20look%20at%20its%20approach%20to%20data%20center%20cooling%2E%20During%20the%20visit%20we%20asked%20American%20Power%20Conversion%20Corp%2E%20Chief%20Technical%20Officer%20Neil%20Rasmussen%20about%20his%20thoughts%20on%20data%20center%20liquid%20cooling%2E%20This%20is%20an%20excerpt%20of%20that%20conversation%2E
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BLQhUca3iR96xAoK2VLqd7dIOtJeQL7SO6fkDwI23AYCuRBABGAEg96j8ASgFOABQiNr27AFgyfaNiPCj7BKgAZCP3_4DsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAagDAegDvAboA9kF6APaAvUDAgAAAA&num=1&adurl=http://www.flomerics.com/products/bhv/demo_dc.php&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BLQhUca3iR96xAoK2VLqd7dIOtJeQL7SO6fkDwI23AYCuRBABGAEg96j8ASgFOABQiNr27AFgyfaNiPCj7BKgAZCP3_4DsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAagDAegDvAboA9kF6APaAvUDAgAAAA&num=1&adurl=http://www.flomerics.com/products/bhv/demo_dc.php&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BgXZtca3iR96xAoK2VLqd7dIOrKf-NsDEqcoDwI23AeC3YBACGAIg96j8ASgFOABQhsaEqQRgyfaNiPCj7BKyAR9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tyAEB2gFXaHR0cDovL3NlYXJjaGRhdGFjZW50ZXIudGVjaHRhcmdldC5jb20vbmV3cy9pbnRlcnZpZXcvMCwyODkyMDIsc2lkODBfZ2NpMTI0NDI3OSwwMC5odG1sgAIBqAMB6AO8BugD2QXoA9oC9QMCAAAA&num=2&adurl=http://www.technology-connection.com&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BgXZtca3iR96xAoK2VLqd7dIOrKf-NsDEqcoDwI23AeC3YBACGAIg96j8ASgFOABQhsaEqQRgyfaNiPCj7BKyAR9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tyAEB2gFXaHR0cDovL3NlYXJjaGRhdGFjZW50ZXIudGVjaHRhcmdldC5jb20vbmV3cy9pbnRlcnZpZXcvMCwyODkyMDIsc2lkODBfZ2NpMTI0NDI3OSwwMC5odG1sgAIBqAMB6AO8BugD2QXoA9oC9QMCAAAA&num=2&adurl=http://www.technology-connection.com&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=B5B96ca3iR96xAoK2VLqd7dIOl7arQJOphOEDwI23AbCMxAIQAxgDIPeo_AEoBTgAUOi7r5UHYMn2jYjwo-wSsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAcgC_5j6BKgDAegDvAboA9kF6APaAvUDAgAAAA&num=3&adurl=http://www.fortrustllc.com/%3Fengine%3Dgoogle%26keyword%3Ddata%2Bcenter&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=B5B96ca3iR96xAoK2VLqd7dIOl7arQJOphOEDwI23AbCMxAIQAxgDIPeo_AEoBTgAUOi7r5UHYMn2jYjwo-wSsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAcgC_5j6BKgDAegDvAboA9kF6APaAvUDAgAAAA&num=3&adurl=http://www.fortrustllc.com/%3Fengine%3Dgoogle%26keyword%3Ddata%2Bcenter&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BsbEdca3iR96xAoK2VLqd7dIOxfymOZm9xvsDwI23AaCWgAEQBBgEIPeo_AEoBTgAUKHpufoHYMn2jYjwo-wSsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAagDAegDvAboA9kF6APaAvUDAgAAAA&num=4&adurl=http://www.paragonint.net%3F_kk%3Ddata%2520center%2520cooling%26_kt%3Dc6909088-24c0-4eb5-9da4-c31c9ce9113a&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=BsbEdca3iR96xAoK2VLqd7dIOxfymOZm9xvsDwI23AaCWgAEQBBgEIPeo_AEoBTgAUKHpufoHYMn2jYjwo-wSsgEfc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbcgBAdoBV2h0dHA6Ly9zZWFyY2hkYXRhY2VudGVyLnRlY2h0YXJnZXQuY29tL25ld3MvaW50ZXJ2aWV3LzAsMjg5MjAyLHNpZDgwX2djaTEyNDQyNzksMDAuaHRtbIACAagDAegDvAboA9kF6APaAvUDAgAAAA&num=4&adurl=http://www.paragonint.net%3F_kk%3Ddata%2520center%2520cooling%26_kt%3Dc6909088-24c0-4eb5-9da4-c31c9ce9113a&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=B8FKrca3iR96xAoK2VLqd7dIOnNe9JozKteICwI23AdCAggEQBRgFIPeo_AEoBTgAUL2hpNgFYMn2jYjwo-wSoAHe9MD_A7IBH3NlYXJjaGRhdGFjZW50ZXIudGVjaHRhcmdldC5jb23IAQHaAVdodHRwOi8vc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbS9uZXdzL2ludGVydmlldy8wLDI4OTIwMixzaWQ4MF9nY2kxMjQ0Mjc5LDAwLmh0bWyAAgGoAwHoA7wG6APZBegD2gL1AwIAAAA&num=5&adurl=http://www.ptsdcs.com/cfdservices.asp%3Futm_medium%3Dppc%26utm_source%3Dgoogle&client=ca-techtarget_js
http://pagead2.googlesyndication.com/pagead/iclk?sa=l&ai=B8FKrca3iR96xAoK2VLqd7dIOnNe9JozKteICwI23AdCAggEQBRgFIPeo_AEoBTgAUL2hpNgFYMn2jYjwo-wSoAHe9MD_A7IBH3NlYXJjaGRhdGFjZW50ZXIudGVjaHRhcmdldC5jb23IAQHaAVdodHRwOi8vc2VhcmNoZGF0YWNlbnRlci50ZWNodGFyZ2V0LmNvbS9uZXdzL2ludGVydmlldy8wLDI4OTIwMixzaWQ4MF9nY2kxMjQ0Mjc5LDAwLmh0bWyAAgGoAwHoA7wG6APZBegD2gL1AwIAAAA&num=5&adurl=http://www.ptsdcs.com/cfdservices.asp%3Futm_medium%3Dppc%26utm_source%3Dgoogle&client=ca-techtarget_js
http://searchdatacenter.techtarget.com/topics/0,295493,sid80_tax300042,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1299466,00.html
http://searchdatacenter.techtarget.com/tip/0,289483,sid80_gci1295380,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1283640,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1282924,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1280844,00.html
http://searchdatacenter.techtarget.com/expert/KnowledgebaseAnswer/0,289625,sid80_gci1275937,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1275008,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1266236,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1264212,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1261265,00.html
http://searchDataCenter.bitpipe.com/data/rlist?t=pd_10_40_42_4
http://searchdatacenter.techtarget.com/topics/0,295493,sid80_tax300738,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1304226,00.html
http://searchdatacenter.techtarget.com/tip/0,289483,sid80_gci1299208,00.html
http://searchdatacenter.techtarget.com/generic/0,295582,sid80_gci1297756,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1296642,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1293983,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1287002,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1284739,00.html
http://searchdatacenter.techtarget.com/generic/0,295582,sid80_gci1284775,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1282808,00.html
http://searchdatacenter.techtarget.com/originalContent/0,289142,sid80_gci1281793,00.html
http://searchDataCenter.bitpipe.com/data/rlist?t=987097376_17281497
http://searchdatacenter.techtarget.com/topics/0,295493,sid80_tax303818,00.html
http://searchdatacenter.techtarget.com/tip/0,289483,sid80_gci1193942,00.html
http://searchdatacenter.techtarget.com/columnItem/0,294698,sid80_gci1148916,00.html
http://searchdatacenter.techtarget.com/tip/0,289483,sid80_gci1139203,00.html
http://searchdatacenter.techtarget.com/expert/KnowledgebaseAnswer/0,289625,sid80_gci1126096,00.html

Data center liquid cooling vs. forced air cooling 3/20/08 1:33 PM

(i) RELATED GLOSSARY TERMS
Terms from Whatis.com - the technology online dictionary
ambient temperature (SearchDataCenter.com)
ASHRAE (SearchDataCenter.com)
Calibrated Vectored Cooling (SearchDataCenter.com)
compaction (SearchDataCenter.com)
computer room air conditioning unit (SearchDataCenter.com)
data center chiller (SearchDataCenter.com)
green data center (SearchDataCenter.com)
hot/cold aisle (SearchDataCenter.com)
HVAC (SearchDataCenter.com)
water cooling (SearchDataCenter.com)

(i) RELATED RESOURCES

2020software.com, trial software downloads for accounting software, ERP software,
CRM software and business software systems

Search Bitpipe.com for the latest white papers and business webcasts

Whatis.com, the online computer dictionary

fioiey QUSSR Forc Y NHICOEGIEECER | (WO RO RS SO THE ST BRESCIATH BT PARERAY [T

| | [sEARCH]

TechTarget provides enterprise IT professionals with the information they need to perform their jobs - from developing strategy, to making cost-
effective IT purchase decisions and managing their organizations' IT projects - with its network of technology-specific Web sites, events and

magazines.
@ ®

| | | | TechTarget
All Rights Reserved, Copyright 2005 - 2008, TechTarget | Read our Privacy Policy The IT Media
ROI Experts

TechTarget Corporate Web Site | Media Kits | Reprints | Site Map

http://searchdatacenter.techtarget.com/news/interview/0,289202,sid80_gci1244279,00.html Page 4 of 4


http://whatis.techtarget.com/
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1062312,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1091424,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1090053,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1063919,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1131059,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1293992,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1178582,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1247864,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1048806,00.html
http://searchdatacenter.techtarget.com/sDefinition/0,290660,sid80_gci1062497,00.html
http://www.2020software.com/
http://www.2020software.com/
http://searchDataCenter.bitpipe.com/
http://searchDataCenter.bitpipe.com/webcasts
http://whatis.techtarget.com/
http://searchDataCenter.techtarget.com/home/0,289692,sid80,00.html
http://searchDataCenter.techtarget.com/news/0,289141,sid80,00.html
http://searchDataCenter.techtarget.com/topicsMain/0,295490,sid80,00.html
http://searchDataCenter.techtarget.com/ITKnowledgeExchange/0,294907,sid80,00.html
http://searchDataCenter.techtarget.com/tips/0,289484,sid80,00.html
http://serverspecs.blogs.techtarget.com/
http://searchDataCenter.techtarget.com/expert/Knowledgebase/0,289622,sid80,00.html
http://searchDataCenter.techtarget.com/webcasts/0,295024,sid80,00.html?asrc=SS_NAV_WC
http://searchDataCenter.bitpipe.com/?asrc=SS_NAV_WP
http://datacenterdecisions.techtarget.com/conference/index.html?Offer=DCDdcnav
http://searchDataCenter.techtarget.com/siteIndex/0,294352,sid80,00.html
http://searchDataCenter.techtarget.com/rssLanding/0,295701,sid80,00.html
http://searchDataCenter.techtarget.com/buyersGuideForVendors/0,289879,sid80,00.html
http://searchDataCenter.techtarget.com/contactUs/0,289157,sid80,00.html
http://searchDataCenter.techtarget.com/aboutUs/0,289153,sid80,00.html
http://searchDataCenter.techtarget.com/forBusinessPartners/0,289198,sid80,00.html
javascript:portfolioWindow('http://searchDataCenter.techtarget.com/portfolioSites/0,296825,sid80,00.html');
http://www.techtarget.com/
http://searchdatacenter.techtarget.com/sitemap/0,296817,sid80,00.html
http://searchDataCenter.techtarget.com/reprints/0,296569,sid80,00.html
http://www.techtarget.com/html/privacy_policy.html
http://searchDataCenter.techtarget.com/copyright/0,289135,sid80,00.html
http://www.techtarget.com/mediakit/
http://www.techtarget.com/

