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Management Summary

The average sports fan is constantly aware of the transitional nature of the roster of his’her favorite
team. No matter what the sport, you can be sure that management will try to put the most competitive
product on the field. To do this, the team will draft young athletes out of high school or college who
may be better then the players at the bottom of their roster in order to improve the quality of the product
on thefield. They will aso try to sign experienced veterans who are as good, or better, than players a-
ready on their team, but may be less expensive than the players being replaced, in order to address the
economic nature of sportsin an era of adownward spiraling economy and afixed limit for salaries. An
experienced management will also try to replace some of the aging superstars on their roster, the heart
of the team, so that the entire starting lineup does not get old at the same time, removing the team from
contention. The management team has to consider performance, cost, and competitiveness when
fielding a professional team.

The CIO of any enterprise hasto consider many of these same factors, and others, when calculating
the total cost of ownership (TCO) of the IT infrastructure of the data center. For many years now, x86
servers have been driving the infrastructure services for many enterprise data centers. web, mail, file,
and print to name a few. Recently, with the acceptance of Linux into the mainstream, some mission-
and business-critical applications also have moved onto open x86 architectures. Unfortunately, in the
same spirit of “one man, one vote”, many ClOs have deployed these open systems servers with asingle
application on each, thus possibly employing only 15% to 20% of the CPU resources available. This
means that not only up to 80% of the processing power of the server was being wasted, but also 80% of
the energy required to drive the platform and 80% of the energy required to cool the data center were
also being wasted, thus driving up the TCO of the IT infrastructure. When combined with the cost of
floor space for each server and the software licensing fees, it is easy to see how a growing TCO can
negatively impact the bottom line of the enterprise.

With the recent announcements from Intel and AMD of high-performance, energy-efficient, multi-
core processors, many data centers are moving to consolidated environments, using virtualization to
share processing resources between multiple applications, thus improving CPU utilization to upwards
of 80%, reducing server count by up to a 10:1 ratio, or higher, and reducing the number of
administrators required to manage the environ-

ment. In some cases, this consolidation has
enabled an enterprise to avoid having to build new IN THIS ISSUE
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Addressing Data Center Sprawl

In order to reduce the growing tota cost of
ownership (TCO) and the increased complexity
of the server infrastructure in enterprise data
centers, and the remote offices of al enterprises,
it has become apparent that the IT staff in these
data centers must consolidate the IT infrastruc-
ture and smplify daily operations, especidly the
deployment of new applications. In addition,
due to the under-utilization of IT resources
throughout the enterprise and the accompanying
increase in the TCO of the IT architecture, the
staff must aso do whatever is necessary to
optimizethe I T infrastructure.

To smplify the daily operations of the data
center, optimize the infrastructure, and reduce
data center TCO, the IT staff must take advan-
tage of the increased processing capability of the
latest open systems CPUs, either AMD’s Opter-
on or Inte’s Xeon, to update legacy environ-
ments to eliminate the server sprawl that has
overtaken enterprise resources, by consolidating
the data center environment. Once the consoli-
dated architecture has been put in place, the IT
staff can virtualize multiple applications onto a
single platform using improved power manage-
ment, increased memory bandwidth, and en-
hanced virtualization capabilities, which now are
rapidly becoming the trademark of x86 pro-
cessors, with their larger memories, faster com-
munication channels, and unified I/O, aong with
improved systems management tools. Im-
proving the ease of use of mission- and business-
critical applications, as well as daily infrastruc-
ture applications, is essentid to lowering the
TCO of the data center. The total cost of owner-
ship clearly involves more than just the acqui-
sition costs of new IT resources. It aso includes
the cost of energy consumption, software licen-
sing, floor space, administration, and main-
tenance, al clearly factoring into any accounting
equation to calculate TCO. For example, if you
were to run out of floor space in your data
center, what would it cost to build another ?

Because of the backward compatibility of
the x86 architecture, delivered as server CPU
chips from AMD and Intel, upgrading the IT
architecture to the latest revision of either Opter-
on or Xeon is not a complex step for the data
center staff. If the IT staff needs to replace a
server on a one-to-one basis in order to increase
performance scaability, the upgrade is smple
and straightforward. On the other hand, if the
staff plans to change the paradigm of the data

center by consolidating multiple applications
onto asingle server and virtuaizing that server to
make more efficient utilization of its resources,
the process is a little more complex and the CI1O
needs to ensure that the enterprise does not have
to repeat the process in the foreseeable future.
Any new acquisition must have open-ended
scalability to be able to handle tomorrow’ s chal-
lenges as well as today’s. The new architecture
must enable the data center to improve the per-
formance of the IT environment while, a the
same time, driving down costs. It must aso
facilitate the deployment of new applications and
the ability of the IT saff to manage them.
Implementing more cores with multiple threads
isoneway to do just that.

The latest round of announcements have pre-
sented the data center with four options to
choose from, in terms of CPU architecture, with
those CPUs embedded in a multitude of server
options from al of the leading platform pro-
viders, including Déell, HP, IBM, NEC, and Sun.
Depending upon the application mix, the IT staff
needs to qualify the best option for their environ-
ment from among the available choices: AMD’s
Opteron, ether the quad-core Shanghai or the
six-core Istanbul?, or Intel’s Xeon, either the
quad-core Nehalem-EP, or the six-core Dunning-
ton?. This nomenclature refers to the manufac-
turer’s internal code names, however, due to the
possible confusion over the numerical naming
conventions assigned for production by the ven-
dors, the internal code names will be used herein
for clarity.

What Can You Do?

First, do not second-guess yoursalf over the
decisons made five years ago, or even three
years ago. There were sound reasons for those
decisons. Today’s economic climate does not
mean those decisons were wrong. The only
mistake would be to continue to live with an
IT infrastructure that costs more to maintain
than to replace!

Most mid-size companies keep their servers
for three to five years. In this economy, many
may think that delaying a refresh is smart. But
that could actually drain your aready-limited IT

Y he Shanghai version of Opteron is a Model 2300 for dud
processor systems or 8300 for 4-t0-8 CPU systems, while the
Istanbul is a 2400 for dud processors and an 8400 for 4-to-8
EPU modds.

The Nehdem-EP is an Intel Xeon Processor 5500 Series for
dual processor systems, while the Dunnington is an Intel Xeon
Processor 7400 Seriesand scalesto over four CPUS.

Copyright © 2009 by The Clipper Group, Inc. Reproduction prohibited without advance written permission. All rights reserved.
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budget, for operationa costs and other soft ex-
penses of supporting old servers far outweigh the
costs of consolidating on new equipment. To-
day’s economic conditions suggest that your
enterprise should hold on to your installed
servers even longer, rather than make a signi-
ficant acquisition expense (CapEx). However,
doing that could actualy deplete the aready
limited IT budget, because operationa costs and
other TCO expenses (OpEx, e.g., maintenance,
energy consumption, software licenses, etc.) to
support your infrastructure may be higher than
the costs of consolidating and virtuaizing your
IT infrastructure on a more modern architecture.
With pressures mounting to control costs, a
platform refresh might be exactly want you need
to restore sanity to your budget.

What needs to be done? First, and foremost
the CIO must reduce the TCO of the IT infras-
tructure. To do that, any new server must have
the performance level to consolidate and support
today’ s application set without processing bottle-
necks, and aso have the scalability to grow both
the application set and user count! It must be
able to reduce the energy consumption level in
order to reduce the demand on the data center
power resources, enabling the CIO to prolong the
life of the data center facilities. Thisrequiresthe
integrated management of power resources with-
inthe CPU.

You must be able to virtuaize these plat-
forms, and virtualize them easily, so that you do
not place undue stress on systems administrators,
increasing the cogts in that arena. The virtuali-
zation of the IT environment is highly dependent
on the ability to scale memory in order to support
multiple applications. The new architecture
must support sufficient memory (DIMMS) to
enable the IT staff to virtuaize anywhere from
five-to-ten gpplications a a time. Furthermore,
with multiple applications running, the server
must have the capability to support high-perfor-
mance 1/0O channels (8Gb F.C. and 10 GbE) in
order to eiminate throughput bottlenecks?.
Clearly, this implies support for a multi-socket
environment with a high-speed communications
capability between processors to facilitate a
shared environment for both growth and the
flexibility required by a truly virtuaized archi-
tecture. In addition, the acquisition of new ser-
vers will restart the warranty clock, eliminating

3 See the issue of Clipper Notes dated May 29, 2009, ertitled
Is Your IT Infragtructure Ready for Tomorrow? —
Preparing for a 10GbE Future, and avalable &
http://mww.clipper.com/research/TCG2009025. pdf .

expensve maintenance charges from the TCO
equation.

How well the processor can support these
qualities will determine how far the IT staff can
go to consolidate the IT infrastructure. Let's
take a look a how well AMD and Intel have
done in responding to the demands of the enter-
priseto lower the TCO of the data center.

AMD Processor Functionality

AMD’s Opteron technology was introduced
in April 2003 to compete with Intel’s Xeon
family for a share of the x86 market. Then, it
was the only processor with the capability to run
native execution of x86 32-bit applications as
well as the native execution of x86-64 64-bit
gpplications. AMD announced the availability
of a quad-core Opteron, named Barcelona, with
a 65nm process and new power and thermal
management techniques, in September 2007.
The most recent quad-core announcement intro-
duced a processor named Shanghai, with a45nm
process, in November 2008. These CPUs were
designed to protect data center investment in IT
and enable consolidation to smplify IT manage-
ment. The six-core Istanbul version of Opteron,
also a45nm processor, was introduced in June.

AMD Quad-Core Opteron Processor

The quad-core AMD Opteron processor was
designed for not only high performance, but aso
for the “highest performance per Watt” ratio
that AMD could muster, along with an integrated
virtualization capability, AMD-V Virtualization,
in support of whichever virtualization hypervisor
the IT staff requires. The Shangha processor
has been designed with multiple processng
points, each with its own power requirement, for
up to two-way and up to eight-way servers. A
dual-socket Shanghai is available in clock
Speeds ranging from 2.1 or 2.3GHz, with an
average CPU Power (ACP?*) requirement of only
40W, in their energy efficient “EE” version, up
to 24GHz with an ACP of 55W in the “HE’
model, up to 2.9GHz in a standard 75W ACP
package, with a high-performance version to
3.1GHz in an “SE’ modd with an ACP of
105W. An eight-socket Shanghai comesin the
same options, with the exception of the “EE”
processors, which are not appropriate for a plat-
form that scalesto that magnitude.

Because of its integrated memory controller

4 ACP is a metric that represents real-world processor power
consumption to the IT managers responsible for power
budgeting.

Copyright © 2009 by The Clipper Group, Inc. Reproduction prohibited without advance written permission. All rights reserved.
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Exhibit 1 — Opteron Features

Hyper Transport Technology— Provides up to 8GB/s of bandwidth per link to connect processors and
1/O subsystems, improving application performance and scalability.

Direct Connect Architecture — Helps to reduce bottlenecks inherent in traditiona front-side bus archi-
tectures.

Integrated Memory Controller — Offers high-bandwidth, low-latency access to memory for superior
performance on memory-intensive environments, as well as virtualized environments.

AMD-P Power Management technologies — with Enhanced AMD PowerNow! technology to reduce
data center energy consumption, Dual Dynamic Power Management to reduce idle power consumption
and permit per-processor power management in multi-socket designs, AMD Cool Core technology to cut
off power to unused transistor areas to reduce power consumption and lower heat generation, AMD
PowerCap Manager to enable the |.T. staff to put a cap on the P-state level of the cores via the BIOS,
and AMD SmartFetch technology to alow inactive coresto enter a*“halt” state and draw |ess power.
AMD-V technology — to enable the trandation of virtual to physica addresses in hardware rather than
software, 1/0 virtudization, and the migration of a virtua machine between two physical machines
running AMD Opteron technology. Thisfeatureisaso known as Rapid Virtudization Indexing (RV1).

Source: AMD

and Direct Connect Architecture (DCA), Opter-
on improves system performance and efficiency
by directly connecting the processors, memory
controller, and 1/0O to the processor, reducing
memory latency. Opteron enables simultaneous
32- and 64-bit computing, thus protecting enter-
prise investment in existing software. (See Exhi-
bit 1, above, for a detalled description of the
significant features of the Opteron architecture.)

The quad-core architecture is most appropri-
ate for applications that require a baance of
clock speed and threading while staying within a
specific power budget in dense environments,
such as web services, cloud computing, network
infrastructure, and email.

AMD 6-Core Opteron Processor

AMD has just announced the availability of
a six-core Opteron processor, complementing the
quad-core Opteron announced last year. This
CPU has been developed specifically to improve
upon the festures of the four-core Shanghai CPU
in support of the enterprise data center’ s need for
improved throughput, expanded virtualization
capabilities, energy efficiency, and better econo-
mics resulting in alower TCO. Designed to the
same power envelope as the four-core Shanghal
processor, Istanbul enables increased capabilities
for an HPC environment or increassed database
performance, while reducing TCO by maintain-
ing the same energy specifications as its pre-
decessor.  Where the Shanghai CPU supports a
HyperTransport Technology of up to 17.6 GB/s
@ 4.4 GT/s per link, Istanbul can support up to
19.2 GB/s @ 4.8 GT/s per link via HT Assist®.

SHT Asigt reduces cache probe traffic between CPUs,
supporting fagter queries in 4- and 8-way servers, increasing

The innovative features in the quad-core CPU
are continued in Istanbul, enabling improved
performance and consolidation.
 With six cores, and up to 128GB of RAM
Istanbul provides the ability to manage
virtual machines dynamically with outstan-
ding performance via the AMD Virtuali-
zation (AMD-V) technology that the enter-
prise requires to consolidate underutilized
systems.

e With six cores, Istanbul delivers significant
performance improvement over Shanghal,
operating within the same power and ther-
mal envelopes, providing outstanding per-
formance per watt results, with no increase
in data center energy consumption.

* With six cores, the data center can build a
scalable infrastructure that will enable the
|.T. staff to utilize — fully — platforms that
support two, four, or eight processors, with
up to 48 cores and 96 threads, for the grow-
ing needs of the enterprise.

e With six cores, Istanbul can replace older
platforms and maintain compatibility with
your existing |.T. infrastructure, running
your mission- and business-critica applica
tions with increased performance, while
reducing energy requirements even further.

» With six cores, AMD has designed Istanbul
in two digtinct families: the AMD Opteron
2400 and the AMD Opteron 8400. The data
center can deploy the Opteron 2400, re-
placing the Opteron 2300, with a two-

performance for cache sengtive applications such as database,
virtualization, and compute intensive gpplications.

Copyright © 2009 by The Clipper Group, Inc. Reproduction prohibited without advance written permission. All rights reserved.



August 7, 2009

Clipper Notes™ Page 5

socket server, while deploying the Opteron
8400, replacing the Opteron 8300, with a
four-socket or eight-socket system. The
2400 CPUs come with frequencies of 2.2,
24, or 26GHz for low-power, standard-
power, and performance-optimized require-
ments.

The Istanbul CPU also has been designed
not only with multiple processing points, but aso
with multiple ACPs. A system with up to two
sockets is available in five clock speeds ranging
from 2.1 to 2.8GHz, while the eight-socket Istan-
bul comesin four options, from 2.1 to 2.8GHz, a
55W model a 2.1GHz, two standard 75W
models at 2.4 and 2.6GHz, and a performance-
optimized 105W version at 2.8GHz.

What does dl of this mean to an enterprise
trying to deploy new applications without adding
to the TCO of the data center? As adways, the
answer is. It depends! If thelT staff is currently
working with a 4-year-old environment consis-
ting of dual-socket, single core Xeon platforms,
it can mean alot to the bottom line. One Tier-1
server manufacturer calculates that they can
replace 42 two-socket platforms consuming
10,700W per year with four new platforms, each
configured with two six-core Opteron CPUS®,
consuming 530W, at a cost of about $5,800 each.
With a consolidation ratio of about 10:1, not only
would this lower operating costs by $17,500, it
would aso lower software fees for the Linux
operating system aone by $30,400 per year, re-
aulting in an ROI of approximatey three
months, without considering the effects on
application software, floor space, or others TCO
variables. After the first three months, these
savings go straight to the bottom line! If the data
center was configured with 2-year-old dual-core
Xeon servers, these same four Istanbul platforms
could replace 14 of the older servers with an Op-
Ex savings of $3,350 per year from power and
cooling an $8,000 per year savings from soft-
ware licensing. In this case, the ROI would be
11 months, with future savings going back to
theenterprise.

Intel Processor Functionality

As with AMD, Intd has focused develop-
ments in the Xeon technology on increasing
performance while reducing operating costs.
While Intd has maintained their front-side bus

6 Each server was configured with two AMD2435 processors
running a 2.6GHz with 32GB of memory and a power reguire-
ment of 75W.

Exhibit 2 —

Xeon Nehalem-EP Servers
Modd | Cores | Frequency | Power
X5570 | Quad | 293GHz | 9BW
X5560 | Quad | 280GHz | 95W
X5550 | Quad | 266 GHz | 95W
E5540 | Quad | 253GHz | 80W
E5530 | Quad | 240GHz | 80W
E5520 | Quad | 226 GHz | 80W
E5506 | Quad | 3.20GHz | 80W
E5504 | Quad | 3.20GHz | 80W
E5502 | Dua | 3.20GHz | 80W
L5520 | Quad | 226 GHz | 60W
L5506 | Quad | 213 GHz | 60W

Source: Intel

(FSB) architecture on Dunnington, they have
evolved to an integrated memory controller for
Nehalem-EP in order to reduce the latency of
processor commands and improve the virtuali-
zation qualities of the Xeon architecture.

Quad-Core Nehalem EP Series

Nehalem-EP provides a foundation for IT
management to refresh existing or design new
data centers to achieve greater performance
while using less energy and space, reducing
operating costs significantly. It features intelli-
gent performance to optimize performance to fit
gpplication needs, scaes energy usage to the
workload, achieving optimal performance/watt,
and provides flexible virtuaization to improve
IT infrastructure and reduce TCO.

As with the AMD Istanbul processor, the
Intel Nehalem-EP processor is available in a
variety of processor speeds and power levels.
(See Exhibit 2, above). The functionality, how-
ever, iscommon for al versions. The major im-
provements made for Nehalem-EP include:

e An integrated memory controller within
the processor die. This may be the feature
with the biggest impact. It diminates the
requirement for a front-sde bus and in-
creases performance by lowering memory
latency without increasing clock speed.
This keeps the thermal envelope at the same
level asthe previous Xeon CPU.

e Support for up to three channels of DDR3
memory —increasing memory bandwidth.
 Independent power for each of the four-
processor cores enables more control of the

energy being consumed by the processor.

Copyright © 2009 by The Clipper Group, Inc. Reproduction prohibited without advance written permission. All rights reserved.
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e Four cores on a single die improve core-
to-core communication, with higher band-
width.

e QuickPath Interconnect — a high-speed,
chip-to-chip interconnect technology to en-
able the high performing x5500 CPUs to
connect to another component or another
chip on the processor board.

e 45nm process —the smaller architecture en-
ables the CPU to run with lower power and
higher clock speed, squeezing more tran-
sistors onto the CPU die.

» Hyper-Threading — each core supports s-
multaneous multithreading (SMT), with two
threads per core, for atotal of eight threads,
improving performance for multithreaded
applications.

e Advanced Power Management provides
support for an additional, smaller processor
core, transparent to the operating system.
This power management unit manages the
power envelope of the 5500 via sensors
built into the main cores to monitor hest,
power, and current, optimizing energy con-
sumption, as required. The Xeon 5500 also
minimizes idle power, invoking a deep
state, as needed.

e Turbo Mode — an automatic over-clocking
feature enabling individual cores to be
driven dynamically a a higher clock fre-
guency to improve application responsive-
ness. Turbo Mode is controlled by the
power management unit and executes trans-
parently to the operating system.

With &l of these improvements, Nehaem con-
sumes 30% less energy with the same perfor-
mance as its predecessor’. In addition, it pro-
vides up to 2.5 times the performance for enter-
prise computing, 3.5 times the bandwidth for
technica computing, and twice the software
threads over the previous version of Xeon.

What do al of these improvements to Xeon
mean to the data center in terms of TCO? As
with the earlier Opteron anaysis, if the IT staff
needs to replace a 4-year-old environment con-
sgting of dua-socket, single core Xeon plat-
forms, it again means a lot to the bottom line.
The same Tier-1 vendor calculates that they can
replace 42 two-socket, single-core servers con-
suming 10,700W per year with four new sys-

7 Based on dataprovided by Intdl.

tems?, each configured with two quad-core Ne-
halem-EP processors, consuming 450W, a a
cost of about $6,500 each. Not only would these
lower operating costs by $18,000, it would aso
lower software-licensing fees by $31,200 per
year, resulting in an ROl of approximately
three months. After this period, these savings
go straight to the bottom line! I the data center
was configured with 2-year-old dual-core Xeon
servers, these same four Nehalem-EP platforms
could replace 14 of the older systems, at
2,630W, with an OpEx savings of $3,850 per
year from power and cooling an $8,800 per year
savings from software licensing. Here, the ROI
would be 12 months, with savings going back
totheenterprise after that.

Six-Core Dunnington Series

Specifically designed for virtudization, Dun-
nington processors provide the data center with
the performance headroom required to consoli-
date applications onto fewer systems using prov-
en virtuaization solutions. It also provides the
compute power needed for misson- and busi-
ness-critical applications, such as ERP and busi-
ness intelligence.

Dunnington was designed with 45nm tech-
nology, 50% more cores than previously avail-
able, Inted VT® to provide a hardware-assist to
your virtualization environment, and 16MB of
L3 cache per processor to help drive data-
demanding enterprise applications faster via
more virtua machines. Dunnington provides
maximum flexibility, alowing live migration
across al Inte Core micro-architecture-based
servers.  Dunnington provides greater perfor-
mance and scaability with 4-to-32 processor
enterprise servers.

As with Nehalem, the six-core Dunnington
isavailablein avariety of processor speeds, from
2.13GHz to 2.66GHz and multiple power levels,
from an energy-conserving 65W to a perfor-
mance-optimized 130W. Dunnington is aso
available as a quad-core processor running at an
energy-efficient level of 50W.

Dunnington continues Intel’s legacy design
of FSB processors. The Intel 7300 chipset, how-
ever, improves data movement by increasing
interconnect  bandwidth, optimizing system
bandwidth, increasng memory capacity, and
improving network traffic processng while

8 Each sarver was configured with two x5550 processors
running at 266 GHz with 32GB of memory and a power
gequi rement of 95W.

Intdl Virtudization Technology.

Copyright © 2009 by The Clipper Group, Inc. Reproduction prohibited without advance written permission. All rights reserved.
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reducing 1/0O latency. Dunnington has enhanced
reliability through a number of features, such as.

e Memory ECC to detect and correct single-
bit errors;

e Enhanced Memory ECC to retry double-
bit errors;

e Memory Sparing to enable the systems
management controller to predict a failing
DIMM and copy the data to a spare me-
mory DIMM, maintaining server avala
bility and uptime;

e Memory CRC to automaticaly retry ad-
dress and command transmissions if a tran-
sient error occurs, and

e Symmetric Accessto all CPUsto enable a
system restart, if the primary processor fails.

Conclusion

Firdt, there are anumber of significant differ-
ences between Intel’s Dunnington architecture
and its Nehalem-EP and AMD’ s Opteron archi-
tecture. For example, Nehaem offers QPI°,
while AMD offers HyperTran?ort, both of
which are direct connect NUMA! architectures,
while Dunnington is till based on the old FSB
architecture, requiring the Northbridge chipset.
Additiondly, for virtualization workloads, Ne-
haem-EP and the AMD solutions offer RVI
(Rapid Virtualization Indexing) that increases
performance dramatically while Dunnington
does not. As such, it appears that the AMD 4-
socket, 6-core designs will outperform the Intel
4-socket 6-core designs and, thus, is the primary
recommendation for enterprises that are looking
for leading performance and/or the lowest ac-
quisition cost. However, Intel has already an-
nounced plans to deliver Nehdem-EX in 2010,
an eight-core processor that will replace Dun-
nington.

In general, Nehdem-EP server may cost
more to acquire but usudly will provide greater
operationa savings versus AMD. On the other
hand, the AMD-based systems may cost less to
acquire but require more power to operate.
Based on SpecPower results, the ROl payback
period of three months (when consolidating
single core servers) and 12 months (when con-
solidating dual core servers) is virtualy identical
between AMD- and Intel-based systems but is
arrived at very differently (AMD has lower ac-
quisition costs while Intel has lower operating

ﬁ QuickPath Interconnect.
Non-uniform memory architecture.

costs). This being the case, we would recom-
mend an Intel-based solution, if the enterprise is
concerned about operating costs, and AMD-
based solutions, if the customer is concerned
about acquisition costs.

In any case, it makes no
sense to continue spending
budget on systems with a
TCO that risesevery month.
Every enterprise needs to in-
itiate a program to replace an
aging, single-core or dual-core
server environment immedi-
ately, to avoid throwing good
money away to maintain in-
efficient IT architectures.
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Inc., reserves al rights regarding its trademarks and service marks. All other trademarks,
etc., belong to their respective owners.

Disclosure

Officers and/or employees of The Clipper Group may own as individuals, directly or
indirectly, shares in one or more companies discussed in this bulletin. Company policy
prohibits any officer or employee from holding more than one percent of the outstanding
shares of any company covered by The Clipper Group. The Clipper Group, Inc., has no
such equity holdings.

Regarding the Information in this Issue

The Clipper Group believes the information included in this report to be accurate. Data
has been received from a variety of sources, which we believe to be reliable, including
manufacturers, distributors, or users of the products discussed herein. The Clipper
Group, Inc., cannot be held responsible for any consequential damages resulting from the
application of information or opinions contained in this report.
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