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Technology ~ Volume for Failure Recovery
2011* Rate**  TAM (5%?)

SATAHDD <470M ~5% ~1.2M?

SATA SSD <20M ~0.7% ~7k?

Intel® SSD Reliability: Data Speaks Volumes
Various H’DD Failure Studies?

IT@Intel Brief H l ’
1 Bt i ( lnte + Studies show HDDs fail e

T at alarming rates! E
+ SSDreliability is THE %
W key ingredient of TCO %
. . R . . « Independent study S R TS T
Validating the Reliability of Intel® Solid-State Drives reported 0.59%* ARR Years ofUse
Intel SSDs Annual Return = Annual Failure
Deployed in 2010 Rate (ARR) Rate (AFR)
Eenefits of Toertance employes produtivity whileeducng T total oostof cwrership (TOG, Intel - IT >45K 1.06% 0.61%

Intel* solid-state Drives in2009 e Mmade & strategic dedsion to sandardas on moble buenss Pos - = [
. . . . . N < ystems

+57 perent reduction in annualized fgq"nj;:;h;'Wd%mﬁrtwmﬁadmiaumm%ggﬂ " Resellers/ Distributors I >>500K 0.77% l 0.40%

Failre rate dereases Ttotal cost orn soiichstate dive (S50 man factuersindiated et we coudred ce 2

ofownership greater miability mrpanad tohad dek: dives HOOSL ha yeadong =tudy of moe than
iy Faster VO performance 45000 5506 defovedin aur moble bsiness P fleat, wedidated that el S50s Intel SSD’s exemp[ify re[iabi[ity

>100K  0.46% D

. L powice an 57 pament eduction in the anualized fale @teconpaed to HOGE—whidh -— T e T
" ETpIER oty spports oo caly Ti andysiz SeaFigoe 1. i S e e e = IDFZO‘”
INTEL CEVELOPER FORUN

16 I Eooce mesceit

kol SRk offir siocificant efornanee and w oeoct banafits nactio iady wbhan

Does the market need SSD recovery?

* Source: Highest number from market analyst / Intel ** Source: Intel@IT Brief, Elerath 2007, Jiang 2008, Pinheiro 2007, Schroeder 2007




HDD vs. SSD Recovery:
rlashM
Eﬂ&m Paradlgm Shift

Evolution Revolution

* Fixed logical to physical * Indirection aka FTL, many copies
* No “erase” command  Proprietary data structures

« Mechanical failure modes  Trim, defrag, wear-level

* FW tuned to mechanics / ASICs « Scramble, encrypt, redundancy

« “Swap components” approach « Random component or FW fails

« Manufacturing special sauce * De-solder, read, reassemble data

* FW special sauce

Firmware IP key to SSD design and recovery



FflashMemory SSD Recovery: Today and Tomorrow

= SSD market continues to grow
« Recovery needs increasing some, solutions exist

= Recovery enablement requires trust
 FW IP risk is significant

« Recovery support costly for SSD company, revolution each
generation, opportunity cost

= New NVM technologies on the horizon

* Investment required for cost effective recovery
« Business models need to evolve — pay for tools?

Rapid technology advancement requires mind shift
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