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Details of the Storage Hierarchy

CHASM ANALYSIS
(CHASMOLOGY)
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The Storage Gap

A A large gap between main memory and

storage has been noted
d In cost and performance , PLATED WIRE,

_ SEMICONDUCTORS,
d Looks exploitable by
new technologies
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Access time plot shows a large gap
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Gapology
Alf the oO0gapdé has been ki

why hasnot 1t been succ:¢
d Surely something would have filled it
dYet all candidates have failed

ADrums, bubbles, MRAM, MO optical é

A The issue is with the axes

d Market compares on $/GB and $/Performance
A Gap chart is a technologists view

dOLet ds examine this construct
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The Storage Hierarchy Axes
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Market compares on $/GB, $/Performance
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The Displacement Zone
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Displacement possible when better in both dimensions
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The Dead Zone
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The Gap
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The gap has an elasticity surface
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The Cache Zone

Level 1 can be used to cache Level 2
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Level 1 cache for level 2 makes displacement hard
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The Cache Zone
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Cache Zone storage increases system cost
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The Storage Chasm
AThe o0gap6 isndt a gap at

dltds really the Cache Zone
d Level 1 caching Level 2 limits opportunity in Cache Zone
d Cache Zone storage increases systems  cOSts

d Closer levels are, harder life is in Cache Zone

A Thisis the Storage Chasm

d The Chasm is a fundamental property of the hierarchy
d Storage technologies do not thrive here

dThat 6s why i1t has remained

Take Away

The Cache Zone is the Storage Chasm!
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The IT Storage Hierarchy Today
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1000

Enterprise SSD
SSD

100

Enterprise HDD

RELATIVE$/GB
o

OPTICAL

0.1
0.0001  0.001 0.01 0.1 1 10 100 1000 10000
Take Away RELATIVE $/PERFORMANCE

Two Chasms: DRAM 0 SATA, SATAQ Tape

Feb, 2009 Steven R. Hetzler, © Copyright IBM Corp. 2008,2009

14



Case Study #1: The Hybrid HDD
A Soundbite

0 Will increase system performance due
to non -volatile cache

A Chasm Analysis
0 2007 ~ $70 disk + $7 flash (256MB)
d Cost now 110% of base

0 System already has a DRAM cache

A On the faster side of the bus RELATIVE $/PERFORMANCE
oh-and itds NV due to | aptop batter

A Realizable performance gains likely to be small as result
0 Hybrid HDD is therefore in cache zone  (higher margins aside..)
A Increases cost of the HDD (and $/GB)

A System performance increased more by spending $ on DRAM or
CPU, é

A Field results
0 Hybrid HDD missed the market (value proposition was negligible)

margins
v
Hybrid HDD

RELATIVE $/GB

Take Away

Customer value highly sensitive to cost Iin this space.
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Case Study #2: Holographic Storage
A Soundbite

d High density by recording in 3 dimensions

A Chasm Analysis

d Starts in the SATA Dead Zone

A In-Phase - $180 for 600GB 2009*,
250ms access time, 3.5s media change** N

A $0.3/GB vs. SATA $0.12/GB R Sy Sp—"
0 At best, might move to SATA -Tape Cache Zone in 2012

A Requires aggressive density timeline to be met

A (InPhase just delayed shipment until late 2009)*

A Expected Field Results

d Negligible market share

0d Doesndt have a value proposition
A Squeezed by SATA, BlueRay and Tape

Ol nPhase delays holographic storage to |l ate 20096, The Register, 1
** Tapestry Product Brochure, InPhase Corp.

Take Away

RELATIVE$/GB

Holographic will be victim of the Chasm.
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Case Study #3: Microdrives
A Soundbite

0 Better $/GB than flash, better streaming @ consumer market

A Sounds like displacement zone in the consumer space
2007

5.0
Flash appears

to be in the
Dead Zone
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Take Away

This Is not what happened, because what mat
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Case Study #3: The System Design View
A Chasm Analysis

d Need to look at system designs in this space
A MP3 average ~4GB storage (2007)

A Minimal streaming performance required (USB)
2007

5.00 uDrive in the
Dead Zone

RELATIVE $/Device GB
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What the system needs: 4GB & good enough perf.
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Case Study #3: Microdrives Result

A Chasm Analysis

d Microdrive was really in the Flash -DRAM Dead Zone

A Perhaps not at first, but time dependency moved it there
d Driven by capacity overshoot

A Field Results

d Essentially no more microdrives

d Displaced by flash
ANot becaugmemechmaon cal 8 i s better

A But because flash is good enough,
hence cheaper for solution

Take Away

Low entry cost made flash -based solutions cheaper
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Flash Value Proposition

A Hypothesis for microdrive replacement
d Customer will pay higher $/GB for flash value add:

ASolid state (never failsé), shock
A However, if that were true, then why:
Flash
8 GB iPod 120 GB iPod
Nano N Classic
$150 . $250
4 GB Sony 120 GB Sony
HDR-CX12 HDR-SR12
$900 $1200

d Consumer pays lessfor 4GB of flash than for 4GB of HDD

d Flash $/GB premium at solution is not justified
A Otherwise we would have 120GB flash devices in consumer

Take Away

Measure is cost of the solution 6 no $/GB premium
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