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Improving System Performance
Using Solid-State Disk

COGNIZANT

Solid-state disk (SSD) provides 100 times the 1/0
performance of hard drives (HDDs) but at 100
times the cost per gigabyte or more. Compared
with other techniques such as in-memory data-
bases and database tuning, SSD can be a cost-ef-
fective solution to improving the performance of
1/0-bound applications. But in order to achieve the
proper balance between cost and performance,
it is necessary to first eliminate duplicate data
produced by the applications, identify precisely
which data and database elements are causing
the I/O bottleneck, move only those data and da-
tabase elements to the SSDs and then move them
back to slower but less expensive HDDs as soon
as such a move will not impact application per-
formance.

This white paper explains how Cognizant used
SSDs to achieve performance improvements of
as much as 85% for two sampling applications
accessing an Oracle 10g environment for a well-
known U.S. market research firm. It describes
how we evaluated the use of SSDs compared with
several other performance-enhancing technolo-
gies and determined which data and database
elements to move to SSDs to achieve the most
cost-effective performance improvements. It also
explains the differences between HDDs and SSDs,
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as well as among the several types of SSDs on the
market.

This document will be useful for:

e Enterprise architects focusing on improving
system performance.

* Management groups responsible for decisions
on IT infrastructure budget.

e Performance engineering team members
responsible for making hardware recommen-
dations.

SSDs Explained

SSDs are storage devices that use memory (DDR or
flash) as the primary storage media. While various
types of SSD use different types of memory and
vary in performance, all deliver far more perfor-
mance than spinning magnetic disks because they
use no moving parts to store and retrieve data.

Lab tests suggest that an enterprise-grade SLC
(single-layer cell) flash drive can reach per-
formance as high as 250,000 IOPS, compared
with only 350 IOPS for a high-end conventional
magnetic disk. The typical access time for a flash-
based SSD is about 35 to 100 microseconds,
compared with 5,000 to 10,000 microseconds for
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a rotating disk. An SSD can typically transfer data
at 170 megabytes per second, compared with 80
megabytes per second for a rotating disk. Their
lack of moving parts also means SSDs typically
last longer, use less energy and generate less heat
than magnetic media, which together can reduce
maintenance and power costs over time.

Because SSDs appear as standard disk drives to
servers and applications, they have other advan-
tages over application- or database-level solu-
tions. They pose no hardware or software com-
patibility issues for users or administrators and
require no special training or tweaking of applica-
tions or databases.

e The prime — and significant — disadvantage of
SSDs is cost. Traditional hard drives cost about
20 to 30 cents per gigabyte for 2.5-in. laptop
drives and 10 to 20 cents per gigabyte for 3.5-
in. desktop drives. Most consumer-grade SSDs
from leading vendors now cost around $3 per
gigabyte. An enterprise-grade SLC flash drive
appropriate for use in this client's application
would cost around $50 per gigabyte, while a
high-end SAN with spinning hard drives costs
around $5.50 per gigabyte.

SSDs come in several different configurations.
Low-end consumer SSDs are based on multi-
layer cell (MLC) technology, which stores two bits
of data in each memory cell and is half as fast
(but half as expensive) as SLC technology, which
stores one bit of data per cell. Enterprise-grade
SSDs, which are focused on performance and
data integrity, use an SLC design, along with the
use of RAID algorithms, to ensure data protec-
tion in case of disk failure, error code correction,
wear-leveling (to extend the life of the individual
cells) and active-spare capacity to instantly mi-
grate data from a failing drive to a healthy one.
SSDs can also be built using NAND-based flash
memory, or RAM memory, which provides even
faster performance but does not retain data with-
out a power source.

SSDs are available in several configurations:

* DDR solid-state disk provides the fastest per-
formance and typically includes internal bat-
teries to keep the unit powered on long enough
after shutdown to write data to a backup disk
within the unit.

* Cached-flash SSD combines the advantages of
DDR SSD and all-flash SSD, balancing the speed
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of DDR SSD with the storage capacity and lower
cost of flash SSD. A cached flash solid-state
disk is as fast as a DDR solid-state disk for cache
hits (when the data is read from the cache) and
still 20 times faster than typical hard disk-based
solutions if there is a cache miss that causes
data to be read directly from the flash memory.
However, this type of SSD is still relatively costly
and not as fast as all-DDR SSDs.

e All-flash SSDs offer higher capacity at a lower
price than either DDR or cached flash, because
they do not require the additional batteries to
flush the DDR cache during power outages,
nor large amounts of expensive DDR memory.
Instead, a small amount of DDR provides a buf-
fer for writes and for metadata. The RamSan
620 used in our proof of concept is an all-flash
SSD with sustained 250,000 random IOPS.

SSD Proof of Concept

As a part of an enterprise architecture review
engagement, we performed a proof of concept of
the use of SSD to improve the performance of a
system of sampling applications for a well-known
U.S. market research firm. A high latency in disk
I/O was slowing the performance of the processes
that selected panelist data from an Oracle data-
base, eliminated unwanted data and balanced the
data set to give it the desired characteristics to
determine which panelists met the criteria for a
follow-up survey.

The research firm had tried other methods of im-
proving performance, such as tuning application
queries, redesigning the database table structure,
reindexing the database, as well as archiving some
datatoreduce data volume. Some of these methods
compensated for poor disk performance to some
extent but were time-consuming, did not address
the disk performance issue directly and, therefore,
had limited impact on system performance.

After evaluating various hardware and software-
based technologies (see Appendix C), the research
firm decided to implement a proof of concept to
determine if SSD could be a cost-effective way to
improve performance.

The first step was to closely examine the selection,
elimination and standard balancing applications
used in the sampling process, since these were the
most I/O intensive. Further analysis identified the
database tables used and the volume of data read
and generated by each program, and found each
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creates four tables, all of which have a significantly
large data volume. A preliminary look at the pro-
grams revealed that they created duplicate data
in three out of those four tables. Modification of
the programs led to significant simplification of the
sampling process and consolidation of these three
tables into one, achieving a data volume reduction
of about 50% for each sampling process run.

We then worked with the client SMEs to identify
the data and table space that could be moved to
SSD. Candidates for movement were:

* The tables that are read during the sampling
process.

* The indices, to speed the selects from the in-
put tables, as well as updates/inserts on the
output tables.

* The redo logs to improve the speed of data-
base writes.

* The undo table space, in order to handle con-
current processes faster.

* The temporary table space to make the stan-
dard balancing program run faster, by improv-
ing the performance of the sorting logic in the
balancing process.

* Index spaces and temporary table space to
improve sequential read and sorting speed,
respectively.

To ensure the more expensive SSD was used only
when it would speed application performance,
just the data read and written by these programs
would be placed on SSD, with the output data
moved frequently from the SSD to HDD.

Based on these calculations, it was determined that
a 500 GB SSD was required. However, since 500
GB SSDs were not available, and to allow future re-
use in production systems, CTS chose a1 TB SSD.

Results

Replacing HDD with SSD reduced job completion
times by 75% and 66%, respectively, for the elim-
ination and selection processes, as shown in the
tables below.

Elimination Module

Environment Time (minutes)
Non-SSD 215
SSD 0.54

The mean job completion time in the SSD
environment is only 25% of that required in
the non-SSD environment.
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Selection Module

Environment Time (minutes)
Non-SSD 740
SSD 2.50

The time taken in the SSD environment is
almost a third compared with that in the
non-SSD environment.

Summary

While they cost about 100 times more per gigabyte
than spinning disk, SSDs deliver about 100% more
I/0 performance. If used properly, they can be a
cost-effective option forimproving the performance
of 1/0-bound application processes, compared with
other technigues such as in-memory databases and
database tuning. Making the most efficient use of
this expensive resource requires first eliminating
duplicate data produced by the process; identify-
ing precisely which data and database elements are
causing the 1/0 bottleneck and moving only those
to the SSDs; and moving data off the SSD onto slow-
er, but less expensive HDDs as soon as such a move
will not slow application performance.

Appendix A: Solid-State Disks

SSDs originated from two similar concepts de-
veloped in the 1950s: core memory and Card Ca-
pacitor Read Only Store (CCROS). In the 1970s and
1980s, SSDs were implemented in semiconductor
memory for early supercomputers from IBM, Am-
dahland Cray. However, the prohibitively high price
of the built-to-order SSDs caused them to be used
rarely. Flash memory (both NOR and NAND types)
was invented by Dr. Fujio Masuoka while work-
ing for Toshiba. Most modern, high-performance,
large SSDs are based on NAND flash drives.

Flash memory stores information in an array of
memory cells made from floating-gate transistors
—resembling a standard MOSFET with two gates —
as well as a control gate (like any MOS transistor)
and a floating gate. Storage of electrons in the
insulated floating gate enables the flash memory
to store data without a battery backup.

In an SLC flash, an array of transistors (also
known as a cell) is used to store one bit of data.
MLC flash memory can store more than one bit in
a cell, but it is less dependable than the SLC flash.
Data is stored directly on memory chips and ac-
cessed from them, resulting in storage speeds far
greater than is even theoretically possible with
conventional magnetic storage devices. To make
full use of this speed, an SSD typically connects to



servers or networks through multiple high-speed
channels. Since SSDs use no moving parts, they
last significantly longer, are more rugged and use
significantly less power than hard disks.

SSD vs. EFD Comparison

0Cz

The differences in speed and price between con-
sumer SSDs and EFDs (Enterprise Flash Drive) are
shown below:

High-end Texas Memory System 1 TB
flash-based SSD

RamSan-§20

storage

> 10,000 IOPS
> 600 MB/sec

* Size: 256 GB, 512 GB, 1 TB SLC flash

+ Random sustained throughput:

» MTBF: 1,200,000 hours
» Power consumption: N/A

+ Size:1-5 TB SLC flash storage

» Random sustained throughput:
> 250,000 IOPS
> 8 GB/sec

» MTBF: Uses fault-tolerant flash (FTF).
The flash used in the RamSan-620 is
enterprise-grade SLC flash.

« Power consumption: 230 watts

$4,000 for 1 TB

$61,450 for 1 TB

Figure 1

In addition to their much higher /O throughput,
some EFDs have other capabilities that increase
their usefulness. The RamSan 620, for example,
includes dual-port 4G-bit Fibre Channel controllers,
the option of up to four DDR InfiniBand ports and
the ability to designate one flash card within the
drive as an active spare that works hand-in-hand
with the chip-level RAID. If one of the cards experi-
ences a failure that degrades its RAID protection,
the system immediately migrates its data to the
hot-spare to return to a fully redundant state.

The RamSan-620 also includes wear-levelling tech-
nology that maximizes system life by spreading out
writes, and the ability to upgrade a single 2U chassis

Elimination Module

Environment Time (minutes)
Non-SSD 215
SSD 0.54

The mean job completion time in the SSD
environment is only 25% of that required in
the non-SSD environment.
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from1to 5 TB of flash storage and with as many as
eight Fibre Channel ports or four InfiniBand ports
in the future. Multiple units can be added to meet
any capacity or performance requirement.

Appendix B: Detailed Performance
Analysis

The mean timing data presented below is calcu-
lated from the data gathered from the database
logs, assuming a linear fit of around 50% com-
pletion time. The following tables show the time
taken for 50% of the jobs to be completed in the
two environments. These mean timings show the
impact of SSD on performance of selection and
elimination jobs.

Selection Module

Environment Time (minutes)
Non-SSD 7.40
SSD 2.50

The time taken in the SSD environment is
almost a third compared with that in the
non-SSD environment.
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Performance Analysis

The following sections display performance data
gathered from the balancing and elimination
applications within the client's sampling process.
The process's start and end times, spanning sev-
eral weeks, were taken from database log tables.

Result for Elimination Module
As-is Performance Data

Performance data was analyzed to find the per-
centage of processes that completed in a fixed
interval of time (2 minutes, 4 minutes, etc.).
Finally, the data was plotted against time for
performance comparison. In the section below,
performance data for an environment without
SSD is compared with one with SSD.

The following table shows the cumulative percentage of elimination processes completed as a function
of time in minutes. This data is collected from the as-is system before SSD deployment, showing 99% of
processes were completed within 80 minutes of start time.

U BV DR 48.64% | 66.51% | 72.47% | 76.97% | 80.11% | 82.86% | 86.84% | 88.45% 99.80%
Time (minutes) 2 4 6 8 10 12 14 16 80

Performance Data with SSD

The following table shows the cumulative percentage of elimination processes completed as a function
of time in minutes. This data is generated from the system after SSD deployment.

Ninety-nine percent of the processes are completed within 12 minutes of start time. This constitutes a

processing time reduction of 85%.

89.14%

93.25%

95.57% | 97.57% | 99.26% | 99.26% | 100.00%

Cumulative % with SSD 81.22%
Time (minutes) 2 4 6

8 10 12 14 16

Performance Comparison

The percentage comparison of job completion in the two environments is represented below:

—@— Cumulative percent with SSD
—@— Cumulative percent without SSD

20

Elimination Process Performance Comparison
110% —
2 100% |
I
S 90% —
2 80%
=3
E  70%
S 50% ]
g o
5 50% —
40% | | | |
0 5 10 15
Minutes
85% reduction in processing time

In the above graph, each point represents the per-
centage of total jobs completed within the speci-
fied time duration. The data is taken from the
tables presented above. In general, we see that
in both environments, more jobs are completed in
the first half of the time than in the second half.
In other words, in the SSD environment, while a
100% completion took 16 minutes, about 95%
completion was done in eight minutes.
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In the non-SSD environment, we perceive the
same trend. This indicates that some jobs in
either environment always tend to linger. These
are most likely to be complicated jobs running
large queries, or they may be running at a time
when the system is busy processing other jobs.
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Result for Selection Module
As-is Performance Data

The following table shows the cumulative percentage of selection processes completed as a function
of time in minutes. This data is collected from the as-is system before SSD deployment, and shows that
99% processes are completed within 72 minutes of start.

Percent completion 0.00% 2.68% 33.13% 57.29% 70.49% 77.02% 99.32%
without SSD
Time (Minutes) 2 4 6 8 10 12 72

Performance Data with SSD

The following table shows the cumulative percentage of selection processes completed as a function of
time in minutes. This data is generated from the system after SSD deployment, and shows that 99% of the
processes are completed within 12 minutes of start. This constitutes a processing time reduction of 83%.

Percent completion with SSD 37.25% 88.21% 96.67% 97.93% 98.44% 99.14%
Time (Minutes) 2 4 6 8 10 12

Performance Comparison

The percentage comparison of job completion in the two environments in the selection module is rep-
resented below.

Selection Job Performance Comparison
120%
100% —
80% —

60% — —@— Percent completion with SSD

40% — —@— Percent completion without SSD

20% —

Percent of completed prosesses

0% = T T |
5 10 15 20
Minutes
83% reduction in processing time

o

In the above graph, each point represents the per-
centage of total selection jobs completed within
the specified time duration. The data is taken from
the tables presented above. In general, we see that
in both environments, more jobs are completed in
the first half of the time than in the second half.
In other words, in the SSD environment, while a
99% completion took 12 minutes, more than 96%
completion was done in six minutes.

As in the case of elimination, we see that some
jobs in either environment (SSD and non-SSD)
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always tend to linger. They are most likely the
complicated jobs running large queries, or they
may be running when the system is busy process-
ing other jobs.

Result Analysis

In the following section, we present an analysis of
the result observed above. The mean timing data is
calculated from the data presented above, assum-
ing a linear fit of around 50% completion time.

6



Elimination Module

The following table shows the time taken for 50%
of elimination jobs to be completed in the two
environments.

Elimination Module

Environment Time (minutes)
Non-SSD 215
SSD 0.54

The mean job completion time in the SSD environ-
ment is only 25% of that required in the non-SSD
environment.

Selection Module

The following table shows the time taken for 50%
of jobs to be completed in the two environments.
The time taken in the SSD environment is almost
a third compared with that in the non-SSD envi-
ronment.

Selection Module

Environment Time (minutes)
Non-SSD 740
SSD 2.50

Appendix C: Technology Evaluation

Before beginning the proof of concept using
SSDs, we evaluated several other hardware and
software-based technologies, focused specifi-
cally on improving disk 1/O latency in an Oracle
environment. These technologies were the Oracle
TimesTen In-Memory Database (IMDB) and Sun
Oracle Exadata.

The Oracle TimesTen In-Memory database? is a
memory-optimized relational database that can
significantly reduce latencies associated with
traditional disks and thus enhance performance of
I/0-bound sampling system processes. Deployed
in the application tier as an embedded database,
it operates on databases that fit entirely in physi-
cal memory using standard SQL interfaces. The
Oracle In-Memory Database Cache (IMDB Cache)
uses the Oracle TimesTen In-Memory Database as
its RDBMS engine.

This technology was deemed unsuitable for the
client's needs because:

* Hardware support for the TimesTen database
is rather limited as high-end blade servers
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provide only 192 GB RAM, compared with the
terabtye of RAM or more required to achieve
the performance improvement seen with SSD.

e Only a fraction of the client’s database (pro-
jected to grow to 12 TB) can be put in one
TimesTen database instance (being completely
memory resident).

e TimesTen would have required a complicated
database distribution among several server
instances in order to achieve the desired
performance increases.

e TimesTen would have caused a significant
increase in complexity, resulting in higher
hardware, administrative and total cost of
ownership (TCO).

The Sun Oracle Exadata technology is based on
smart database software that addresses key data-
base 1/0 issues to speed application performance.
It is based on a massively parallel architecture,
which provides more pipes (or data pathways)
to deliver more data faster between the data-
base servers and the storage servers. It also uses
wider pipes than those usually used with Oracle
databases to provide extremely high bandwidth
between the database servers and the storage
servers. Thistechnology is database aware and can
ship just the data required to satisfy SQL requests,
resulting in less data sent between the database
servers and the storage servers. It also overcomes
the mechanical limits of disk drive technology by
automatically caching frequently accessed data.

However, Oracle Exadata was not considered a
viable option because:

e It could only work with Oracle 11g, not the
Oracle 10g the client is using and has no plans
of upgrading.

e |ts performance gains were significantly lower
than the TimesTen or SSD options.

* The total cost of ownership would be high due
to training and deployment issues.

e The use of Oracle Exadata would lead to greater
vendor lock-in, which the client wanted to avoid.

Appendix D: Proof of Concept

The application for which we performed this
proof of concept is used by a leading market
research company in the U.S. to sample panel-
ists' data to determine who will receive follow-up
survey questionnaires. A suite of sampling sys-
tem applications supports the process. This suite

7



comprises two different technologies: Oracle
(procedures and Forms) and Java/J2EE (used for
balancing). The suite of applications also supports
Panelist's Points Import Process.

Client's Process Flow

This diagram shows the client's overall pro-
cess flow with the sampling and points import
processes highlighted.

Load files

— survey

)

ASCII

I_}\Heport

Sampling
process

Load batches == Send e-mail
to portal (makes the to the panelists
survey available inviting them to

to Conformit

system DB

to the panelists) take the survey

Points import

process (partly W
-

Figure 2

Applications and processes that are required to
read or write frequently from the database are
identified. The sampling process was considered a
candidate due to several 1/0-bound applications.
The sampling process runs in three different
regions:

North America (U.S.): Balancing is performed
using standard balancing module (PL/SQL), as
well as BPD balancing module (Java).

Europe (EAP): The DRAMA balancing sub-
module of the sampling system is written in
PEARL (Process and Experiment Automation
Real-time Language).

Asia Pacific (ALM): Balancing is performed
using standard balancing module (PL/SQL), as
well as BPD balancing module (Java).

The following diagram details the sampling pro-
cess. Selection, elimination and standard bal-
ancing applications (highlighted above) of the
sampling process were identified as I/O-intensive
modules suffering from poor performance.
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The selection program of the sampling process
selects, or quarries, data (also known as the panel
data) from the client's database tables. The bal-
ancing module then calls the elimination program
to screen the selected panelist data, based on
predefined criteria. After elimination, the balanc-
ing logic distributes the remaining panelist data
as per the batch and quota definition of the job,
and the final output is stored in the database
table for further processing.

The following factors were identified:

The balancing process is also CPU intensive,
and therefore, use of SSD alone would not im-
prove performance significantly.

The sampling process quarries data from
database tables and writes processed data at
various stages to the database.

Sample data has to be stored permanently to
produce reports, send e-mails to sampled pan-
elists and to partially re-run the process in the
future on the client's request. This requires
that any size and cost calculation of SSDs
needs to take into account the volume of data
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Figure 3

being generated, moved to HDDs and, upon
clients' requests, restored to the SSDs.

* The volume of data generated by sampling is
very large, and this was originally identified
as one of the problem areas. The redefined
sampling process cut the data volume by 50%
(with the new sampling process using only two
tables instead of four).

The following are the major steps undertaken to
devise a strategy for SSD deployment in the Euro-
pean environment, with a goal of minimizing the
use of SSD to strike a balance between cost and
performance:

* |dentify the I/O-bound processes/programs.

* |dentify the tables read by these programs and
the tables to which the data is written.

* Planto transfer only the input and output data
of these processes to the SSD.

* Move output data frequently out of SSD to
HDD to save SSD space.

* Move the tables that are read during sampling
process to SSD.

* Move the indices to the SSD to speed up the
selects from the input tables and updates/
inserts on the output tables.

* Toimprove the speed of database writes, move
the redo logs to SSD.
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* To handle concurrent processes better, move
the undo table space to the SSD.

* To make the standard balancing program run
faster, move the temporary table space to the
SSD, improving the performance of sorting
logic in the balancing process.

Based on this analysis, we calculated the amount
of data to be stored on the SSD to balance cost and
system performance.

As mentioned above, the sampling process gener-
ates data that is to be stored in the system on a
permanent basis. The amount of data generated
depends on the number of job runs. Each job pro-
duces a different quantity of data. However, over
a period of one week, total data produced for
the entire weekly job runs is found to be a good
representation of a weekly average.

Sampling data can be grouped into the following
categories:

* Offline Data: This is relatively old data (more
than three months old) and is stored on back-
up tapes. When needed, it is restored to disk
for further processing. The proposed SLA is 72
hours.

* Online Data: This data is generated in the last
three months and is kept on the hard drive
itself.
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With the introduction of SSD, the system will now
have online data (generated in the last few days)
residing on the SSD, as well as data (older than a
few days) residing on the conventional hard drive.
The analysis showed that the data to be stored on
SSD for at least one week comprises:

e Sampling process peak data output per week
in Europe during November-December, 2009:
100 GB.

e Number of monthly sampling jobs run during
November-December, 2009: 1,400.

e Expected monthly jobs for the next three years
(obtained from business heads in Europe):
4,500.

e Expected sampling job output data volume per
week for 4,500 jobs: 100%¥4,500/1,400 = 320
GB (approximately).

* |n addition to the output data, it is calculated
that the total space required for all the tables
and indices that the sampling process uses
as input will have an approximate volume of:
119.5 GB.

* Total data volume to reside on the SSD is: 320
+ 119.5 = 440 GB (approximately).

e Therefore, a 500 GB SSD would suffice for the
European proof of concept, before rolling out a
permanent and more comprehensive solution
to Europe, North America and Asia Pacific.

It was planned to initially move sampling data out
of the SSD once a week. As the workload increas-
es, the frequency of data moves can be increased
to once or twice a day. This will eliminate the need
to purchase additional SSDs in the near future.

SSD Vendor & Cost

Texas Memory System (TMS) and EMC were con-
sidered as potential vendors. EMC was interested
in supplying SSD as a bundle with EMC convention-
al platter disk arrays, while Texas Memory System
was ready to supply a1 TB SSD within a short time-
frame. For the purpose of the POC, a RamSan-620
SSD supplied by TMS was used, at a cost of USD
$61,450 (plus shipping and handling).

EMC supplied the SSD for the final, more compre-
hensive system implementation as part of a12 TB
disk bundle costing USD $500,000.

Deployment Details

The movement of data from SSD to HDD is
planned on a weekly basis over each weekend.
Unused disk space is available for future growth.
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It is also planned that with the increase in de-
mand on the system, the movement of data can be
accomplished more frequently. A daily move of data
to HDD will effectively support five times higher job
volume. This same technigue can be used for the
permanent solution in all three regions. It is also
planned that after deployment of the permanent
solution in Europe, the interim hardware can be
used for staging and development environments.

In addition to the SSD deployment, several other
hardware enhancements were completed for the
European system, at a total cost of approximately
$200,000. This included a database server up-
grade, purchase of a new operating system (Linux)
and new Oracle licenses. Details are shown below.

Name Amount Comments

2x Server 2 CPUx6 $20,991

Cores

RAM SAN 620:1TB $61,450 Taxes & shipping
Linux license $1,000 Per year

Oracle database $113,000 Plus tax
licensing for 8

additional CPUs

Total $196,441

Appendix E: A Comparison Between
SSD and HDD

Reliability: Because SSDs contain no moving
parts, they last longer than hard drives. SSDs
using flash memory can sustain almost 100,000
write cycles per write cell.

Read/Write Speeds: The typical access time for a
flash-based SSD is about 35 to 100 microseconds,
compared with 5,000-10,000 microseconds for
a rotating disk. That makes a flash-based SSD
approximately 100 times faster than a rotating
disk. While hard drives typically transfer data at
80 MB/sec., SSDs typically transfer data at 170 MB/
sec. Flash SSDs are slower than spinning disk for
small file writes due to their large erase block size
of 0.5 to 1 MB, but they have a constant read and
write rate. At Cebit 2009, OCZ demonstrated a1TB
flash SSD using a PCI Express x8 interface, achiev-
ing a maximum write speed of 654 MB/sec. and a
maximum read speed of 712 MB/sec. Flash SSDs are
faster than HDDs for small random reads due to
their lack of moving parts and negligible seek time.

Noise: HDDs produce audible clicks and crunch-
ing sounds. SDDs are often quieter because they
have no mechanical parts.
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Size: Flash-based SSDs are manufactured in stan- operating temperature range of -60°C to +95°C.
dard 2.5" and 3.5" form factors. 2.5" SSDs are Shock, vibration and temperature ratings of HDDs
normally used in laptops or notebooks, while the cannot comply with military standards.

3.5" form factors are used in desktops.
Power: SSDs consume less power than HDDs.

Vibration: SSDs are naturally more rugged than o )
HDDs. SSD drives can sustain up to 1,500 Gs of shock Heat Dissipation: Along with the lower power

before sustaining damage or a drop in performance, ~ consumption, SSDs produce less hgat dge to the
while HDD drives can withstand up to 350 Gs while ~ absence of rotating/movable media. This makes
operating and 800 Gs when turned off. SSDs more attractive for mobile systems such as

PDAs and notebooks.

Reliability: SSDs can deliver high performance ] ) )
even in extreme conditions, such as military ~ COst: SSDs typically cost $3 per gigabyte, while
applications that require, in most cases, an traditional hard drives cost about 20 to 30 cents

per gigabyte.

Footnotes
! “New Configuration for Sun Storage 7110 System,” System News, June 29, 2009,
http://sun.systemnews.com/articles/137/1/OpenStorage/21799

2 Oracle In-Memory Database Cache Introduction, Oracle, 2010,
http://download.oracle.com/otn_hosted_doc/timesten/1121/doc/timesten.1121/e14261/toc.htm#t
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