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Management Summary

Whenever anyone goes shopping for a new vehicle, two of the most important factors to consider
are: Will it carry what you need to transport and what kind of performance will it deliver? In addition,
the price of gas also positions fuel economy as a significant factor in the eye, and the pocketbook, of the
buyer. If you are looking to transport people, seating area becomes important. If you need to move
packages, cargo space isimportant. In either case, gas efficiency, expressed in miles per gallon (MPG)
can play an important role. The higher the MPG, the lower the operational cost. The extraordinary
MPG ratings of hybrid cars, which mean lower operational costs, can become more of afactor than the
typically higher acquisition price. Hybrids provide some drivers with the performance and comfort that
they seek while till preserving natural resources. A hybrid has an engine that uses a traditiona (you
might call it legacy) internal combustion engine along with a new electrical power source. Using a
combination of the two, the consumer can achieve an efficiency in excess of 40 MPG with operational
savingsin terms of gas and money, athough, admittedly, with a higher acquisition cost.

In today’ s data center, a similar hybrid configuration is required in order to meet the high capacity
demands of many Tier 2 applications, such as backup and restore, as well as meeting the Tier 1
requirements for performance and reliability, to satisfy the service levels required by mission-critical
applications, while keeping configuration demands within the bounds of energy limitations. Many
mission-critical, high performance applications, such as OLTP or financia analysis, place a critical
requirement on performance and reliability. The number of 10PS generated by these applications can
far exceed the capability of a single HDD, or even hundreds of HDDs. |In these cases, the data center
must provision many more drives than the size of the data would warrant, distributing the data over
many drives in order to provide more read heads and 1/O pipes to transmit transactions to the server
network. For some applications, performance rules the roost. If you can not respond to the customer in
a timely fashion, that prospect will go elseswhere. Today, with the Internet, it is easier to find
responsive vendors than ever before. Unfortunately, performance is not the only factor; energy and
floor space areissues today and must be considered when deploying any hybrid IT infrastructure.

Today, the IT staff building a SAN has a new, innovative technology to work with in the form of
Solid State Disks (SSDs). In addition to the traditiona Tier-1 FC and Tier-2 high-capacity SATA
HDDs, IT can deploy Tier-O SSDs with signifi-
cantly higher levels of performance, while at the
same time, significantly lower power consump-
tion. SSDs are not right for all environments due
to a higher acquisition cogt, but if performance is
an issue, you may be able to replace tens, or even [, cyigis in the Data Center ........................ 2
hundreds, of expensive FC drives with only afew
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Data Center Challenges

Chalenges are growing in the data centers of
every enterprise around the world. They center
on each data center’s ability to resolve the three
most important pain points facing a staff coping
with an expanding storage requirement during an
economic downturn.

e The total cost of ownership (TCO) of

the I T infrastructure,

e Thereliability of theinfrastructure, and
o |ts performance.

Total Cost of Ownership

The IT staff must be concerned about the
TCO of dl IT components, not just acquisition
costs. The costs of energy, maintenance, admin-
igtration, and floor space may contribute as
much, if not more, to the ROI equation as acqui-
gtion costs. With the global economy in adown-
ward spiral, 1T budgets are frozen, if not reduced;
ClOs ae implementing cost-reduction plans
wherever possible. Recently, data centers have
been engaged in specific programs to reduce
costs by consolidating and virtualizing their ser-
ver environment to reduce the number of servers
in the IT infrastructure, while a the same time
making them more efficient, with the deployment
of multi-socket, multi-core, multi-threaded mi-
croprocessors, and continuing to meet perform-
ance SLAs. The mgor driving forces behind the
need to control TCO have been CPU inefficien-
cies, dong with the cost and availability of ener-
gy to both drive the compute environment and
cool the data center. No matter what changes are
made, however, reliability and performance can
not suffer.

With the availability of the latest x86 pro-
cessors, such as Xeon (Nehalem) from Intel and
the newest Opteron (Shanghai) from AMD, the
data center now has the capability to achieve
greater processor efficiency from the compute
engine through consolidation and virtualization,
driving an increasing number of mission-critical
application operations, placing ever grester de-
mands on an overtaxed storage area network
(SAN). Unfortunately, the mission-critical stor-
age environment has not been able to keep pace
with the innovation in processor technology.
Reliability

The reliability of any IT infrastructure is a
key factor for any enterprise in its ability to
communicate with customers, vendors, and other
partners. The MTBF for both the server network
and the storage area network (SAN) help to

determine total system availability. In addition,
an efficient and cogt-effective backup and re-
covery system will enable the enterprise to get
back up and running in the event of afailure. It
is important to remember that the cost of many
backup/recovery applications is predicated on the
total amount of storage under the purview of the
backup application.

Storage Performance

Over the past 20 years, the data center has
seen the rotational speed of disk media advance
from 7200 RPM, to 10K and 15K RPM, with
few prospects for improvements in this area in
the foreseeable future, due to the physica limit-
ations of spinning media.  Seek time has been
reduced from ~9ms to ~4ms, with latency time
being halved from 4ms down to 2-3ms, resulting
in an improvement in access time from ~13 ms
down to 6-7ms, setting a lower limit on read re-
sponse time.  Unfortunately, these physical im-
provements only result in a typica hard disk
drive (HDD) performance level of 150-200
IOPS! per drive, with a maximum of 300-400
IOPS under the best of conditions.

At the same time, the capacity of an enter-
prise-quality HDD has grown to 450GB for a
15K FC HDD and 1 TB for a 7200 RPM SATA
HDD. These higher capacities indicate that a
mission-critical application could be deployed
with fewer drives. Unfortunately, while the per-
formance level may be satisfactory for single-
socket, single-core infrastructure servers, it is
definitely an issue in many of today’s high-per-
formance environments that require 10PS levels
measured in the tens of thousands, and even
higher. This requires the data center to over-pro-
vision? the SAN with hundreds of HDDs to meset
the SLA, even though the application may not
need that kind of capacity. These superfluous
HDDs will also burn up a significant amount of
unneeded energy and floor space.

The processor industry has experienced a
paradigm shift from single-socket, single-core
CPUs to quad-processor blades, with quad-core
architecture, providing the IT staff with 16 multi-
threaded coresin “single server” packaging, with
ever-increasing clock speeds. Storage technol-
ogy, on the other hand, has been fairly stagnant
with itsimprovements, at least until now.

1 Input/outputs per second.

In order to meet required IOPS levels, the IT staff may have
to distribute mission-critical data over multiple HDDs in order
to put a sufficient number of IOPS in play. This could result
in HDDs with, say, only 10% utilization, or |ess.
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Because of the difference in performance be-
tween processors and HDDs, the data center may
require a significant increase in the number of
HDDs required in high-demand SANSs to provide
an acceptable access time and a sufficient level of
IOPS to achieve the required SLA for system-
wide performance. All of the efficiencies gained
through innovation in processor technology will
be wasted if storage cannot perform 1/Os fast
enough. Currently, this required level of perfor-
mance is only avalable in solid-state drives
(SSDs), which can replace spinning media with
memory chips.

SSDs are not a new technology. They have
been available for over 30 years in the form of
RAM Disks. The origina models, developed by
StorageTek in 1978, were very fast, but, unfor-
tunately, extremely expensive, as both the mem-
ory and batteries were susceptible to frequent and
codtly failures. It has only been in the past few
years that the technology has evolved to flash
memory, with a commensurate reduction in ac-
quisition cost along with improved performance
and reliability, along with reduced energy con-
sumption.

What is a Solid State Drive?

A solid-state drive (SSD) is adata storage de-
vice that uses non-volatile random-access mem-
ory, typicaly a hybrid with a combination of
both flash memory and DRAM that can be
electrically erased and rewritten, to store per-
sstent data with a conventional disk interface at
very high performance levels. This enables an
SSD to emulate an HDD, easily and transparently
replacing it in most applications. With lower
power requirements®, SSDs run cooler and
achieve greater reliability, although with a shorter
life expectancy.

The origina usage of the term solid-tate re-
fers to the use of semiconductor devices to
distinguish solid-state electronics from rotating
electromechanical devices. With no moving
parts, solid-state drives are less fragile than hard
disks and aso are silent, as there are no mechan-
ical delays. They usudly enjoy very low access
time and latency, with latencies at least 10 times
faster than the fastest HDDs. In fact, when con-
sidering random read performance, an SDD can
deliver the same throughput as 30 or more HDDs
while consuming significantly less power, with a
typical SSD using less than haf the energy of an
HDD. Depending upon the application, this may

3 SSDs consume 1/10 the power of HDDs.

enable the IT staff to reduce — signifycantly —the
number of spinning drives required for the SAN.

The firgt flash-based SSDs appeared over a
decade ago, however, as a result of the high
demand for flash memory for a variety of hand-
held devices, and recent innovations in flash
memory, SSDs have gotten better, faster, and less
expensive, dthough they remain more expensive
than HDDsin terms of acquisition cost, on aone-
to-one bass. Flash SSDs are available in two
technologies. single-level cell (SLC) and multi-
level cdl (MLC). SLC Flash is very fast and
more expensive, but with greater reliability and
lower capacity. MLC Fash has higher capacity,
but is dower and less expensive. SLC Flash pro-
vides a longer life expectancy with 100K writes
as compared to 10K writes for MLC, making it a
more likely choice for the enterprise data center.
When we consider performance as the critical
factor, the difference in cost for SSD becomes
significantly lessfor high-demand processing.

With an access time measured in microsec-
onds (typicaly, 20-120), an SSD can be 250 or
more times faster than an HDD with an access
time measured in milliseconds (typicdly, 3-5).
This enables the IT staff to make better use of
their expensive x86 server network. Instead of
wait-states, the server can be engaged in in-
creasing performance via higher 10PS, increas-
ing transaction volumes, thus improving the
bottom-line for the enterprise. With a read per-
formance level upwards of 50,000 10PS for an
SSD?, the data center can achieve a better
relative TCO then with HDDs rated at only 300-
400 10PS (in read mode). A high-performance
(FC) HDD typicaly carries a cost of $1-$2 per
gigabyte while an SSD has a premium price of
anywhere from $15-$100 per gigabyte. This
metric changes significantly, however, when we
look at $/10PS, especidly in random read inten-
sive environments. While an HDD has an esti-
mated cost of $1-$2 per |OP, afully utilized SDD
has a cost of only $0.20 per IOP in an 1/0 bound
application. If you are forced to deploy hundreds
of HDDs to satisfy SLA levels, the TCO advan-
tages of replacing them with only a few SSDs is
obvious, especiadly when you factor in the stor-
age management charges, which often are based
upon total storage capacity, for over-provisioned
HDDs. When you include the issue of the
reliability of SSDs as compared to their electro-
mechanical brethren, the data center can achieve
further cost advantages.

4 Write performanceisin the area of 17K IOPS.
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Admittedly, there has been a concern about
SSDsin the past, concerning the number of times
any given block can be erased and rewritten (cur-
rently about 100,000 write cycles for SLC flash).
However, innovations in flash technology have
resulted in new “wear-leveling” agorithms enab-
ling the application to use the SSDS entire
capacity evenly, to avoid failures, and increase
drive life. The MTBF of an enterprise-class SSD
should now exceed that of an HDD.

SSDs can be protected in the same fashion as
HDDs with RAID technology, either striping
with parity or by mirroring, athough mirroring
does carry a significant cost penalty (as it does
with HDDs).

Sdlection of the right SSD for the enterprise
storage environment involves consideration of
the very same factors involved in the sdlection of
an HDD: speed, capacity, interface, and price —
these must al be right for the application if the IT
staff expects to meet TCO and SLA considera-
tions. The right choice for an HDD in a laptop
might not be the same choice for an enterprise
sarver. The same is true for SSDs. In addition,
the IT staff must aso factor in the design of the
SSD controller and the specific host bus interface
required to achieve satisfactory performance, as
these elements will have the same impact on an
SSD as on an HDD, athough the impact of the
SSD controller can have a much greater impact
on performance.

Application Considerations

Applications that generate a high random
read workload, such as OLTP® where caching
techniques do not apply, will push conventional
HDDs to their limit and require spreading the
data across many lightly-loaded HDDs, are an
excdllent candidate for SSDs. This environment
is where SSDs can shine, achieving a 30:1 ratio
in terms of throughput, compared to an HDD.
Flash technology does not experience the same
advantage in applications that involve high levels
of write commands (due to the ability of HDDs
to write large blocks of data without having to
reposition the disk heads).

Environments that can take advantage of the
performance levels of SSD include high-perfor-
mance computing (HPC) applications such as
financial modeling, seismic data analysis, com-
puter-aided engineering, and video media server
for video on demand, with a requirement for

5 OnLine Transaction Process ng.

upwards of 20GBps of read/write bandwidth.

The IT staff must consider the TCO of the
avallable dternatives. This includes acquisition
and deployment costs as well as maintenance,
administration, energy, and floor space. What is
the ROI of a decision to deploy SSDs? Will the
expected gains in performance and reduction in
energy and space offset the obvious increase in
acquisition expense? The IT staff can rightfully
expect a longer warranty, and therefore, lower
maintenance costs for a semiconductor-based
technology than one based on spinning media. A
longer life-cycle will result, as justifications for
the replacement of HDDs are often based upon
increased maintenance codts, forcing the data
center to upgrade to newer devices with higher
capacity, even though capacity may not be the
issue.

Conclusion

For some enterprises speed isn't just the most
important factor, it is the only factor! Being
green issimply abonus— but one that will help to
&l the solution at the CxO leve.

SSDs are attaining a maturity level and a
price point that make them very attractive as a
drop-in replacement for HDDs for the mission-
critica  enterprise application with very high
OLTP rates. They satisfy the most stringent re-
quirements for reduced access times and lower
power consumption. While every HDD in a ser-
ver can be replaced by an SSD, not every appli-
cation requires it. From a performance stand-
point, SSDs will supplant the fastest HDDs in
terms of ultra-high Tier-0 performance needs.

From a TCO standpoint, fewer drives mean
lower cost, in many dimensions. The fact that
SSDs will help to reduce enterprise storage
management costs is a sgnificant plus that will
help to improve the ROI of
SSDs.

If your data center has a
requirement for extremely
high transaction rates, in the
order of 50,000 IOPS or
higher, your enterprise needs
to look at SSDs as the vehicle
to improve performance and
reduce total cost of ownership.
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