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= Performance
= Benefits of SSDs over HDDs - Well Understood
= Consumer Use Model: Smaller Differences Between SSDs
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0S hardware notebook with an SSD vs HDD

= Tight Budget Constraints T 1 ]
= HDD: 160 GB ~ $40

= SSD: 120 GB ~ $240 VY —————
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10-20% more
20-30% more

>30%

| would never buy a notebook with an SSD
at a higher price

I would be willing to give up other
features to obtain an SSD

Newegg Prices July 2011 0% 10% 20% 30% 40% 50% 60%
July 2011 Tom’s Hardware Facebook poll
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= Global Internet Video Traffic Accounts for 40% of Consumer Internet
Traffic

= Consumer IO Shifting Toward Content Creation and Consumption
= Intel’s QuickSync Architecture

= Dual Track Priorities: Performance and Cost/Capacity
= Caching
= Hybrid Systems

4 Hard Disk Drives (2)
Windows7_05 ()

ﬁ/ 699 MB free of 287 GB

Lenoveo_Recovery (0]

244 GE free of 9,76 GBE

Cisco Visual Networking Index 2010-2015




SSD Caching & Tiered Storage

= SSD Caching

= Low Acquisition Cost
= Fire-and-Forget

t2 Intel® Rapid Storage Technology:
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Smart Storage Caching

Your storage system is configured to Use 3 sold State drive as 8 cache o

Acceleration View

evice to Incresse system responsivensss, enable faster multi-tasking,
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Tiered Storage

Variable Acquisition Cost

Self Managed Storage Topology
SSD as Boot or System Drive
Mass Storage: Hard Drives

and extend battery [ife. A 000, |
Acceleration Configuration Volume_0000
_— | TypeRAIDO
Accelerated device: Disk on port 1 {system) Disable acceleration (7 e Cache volums
S e o 3762
) You must first disable acceleration in order to accelerate a different disk or volume.
Acceleration mode: Enhanced Change mede 7
Intemal disk P
e cceleratad [
55D Configuration teT3

SSD on port 0: Nermal
Usage: Cache device
Serizl number: CVGB06400XI040GGN

Array_0000
Volume: Volume_0000
Status: Normal
Type: RAID 0
Uszge: Cache volume
Size: 38,164 MB




SSD Caching & Tiered: Performance
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= SSD Caching = Tiered Storage
= Small Improvement In Reads = Improved Read & Write Speeds
= Mass Storage: Hard Drives
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The Intel Z68 Express Review: A Real Enthusiast Chipset <http://www.tomshardware.com/reviews/intel-z68-express-smart-response-

technology-ssd-caching,2938-9.html>
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[ Priorities for MOblle SSD Unit Shipments by Application, 2006-2011

Users 60,000 S
= Performance (87%) 50,000 1
" Rugged 40,000 -
=  Power Savings =
9 S 30,000 1
= Retaining Capacity 20,000 |
» External Disk 10,000
= NAS '
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2006 2007 2008 2009 2010 2011
B Consumer electronics
O Commercial
B Desktop PCs
OPortable PCs
@ Enterprise
IDC, 2007
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= SSD Reliability

= High Tolerance For
Harsh
Environments

= Long Term Media
Reliability Not Well
Understood

= Error Codes

tom's
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Various Storage Failure Studies
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s===HDD (Google 2007)
MLC SSD (Ku 2011)

SLC SSD (Ku 2011)

o

SLC SSD (Ku 2011)
AFR 1%

Cumulative % of Drives Failing

Years in Use

1. Projections (dotted lines) assume constant failure rates and are provided for illustrative purposes only. There is no reason to
believe that SSDs model a constant failure rate.

2. Data excludes write endurance related errors.

2. Each line represents one population of drives subjected to a particular workload

Ku, Andrew. Investigation: Is Your SSD More Reliable Than A Hard Drive? <http://www.tomshardware.com/reviews/ssd-reliability-failure-

rate,2923.html>
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= Declining Production of SLC
= eMLC alternative?

= Endurance (JESD218)
= TBW Is Loosely Defined
= WA Depends on Usage Model
= HDDs Have Unlimited Write Cycles

User Capacity in Bytes * Endurance in PE Cycles
2 » Write Amplification * 1,000

Teraybtes Written (TBW ) =

JEDEC JESD218<http://www.jedec.org/sites/default/files/docs/JESD218.pdf>
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Early Data, SSD Failure Models Are Not Different From HDD

= Long-Term Data Unknown

SSDs Have Lower Effective Failure Rate
= Replace 1 SSD for 4 HDDs For Same Performance

Drive Failure In RAID Increases Likelihood of Another Failure
= Replace 1 SSD for 4 HDDs For Same Performance

Forget RAID, Replicate Data Three Times, Google’s File System
= High 1/0

= High Reliability

= Data Redundancy

= Lower Cost of Simple Cluster File Replication

Schroeder 2007
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= Consumers
= Are willing to pay a premium for SSDs

=  Primarily buy SSDs for performance.
= Prefer more control over performance

= Enterprise customers
= Understand perfect SSDs don’t exist
= Are adopting new storage models
= Waiting for long-term reliability data
= Still cautious in adopting new technology
= |ssues are directly tied to economic constraints
= Until SSDs become as cheap as HDDs, these issues will persist.
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661-412-2870
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Culver City, CA 90232
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