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Cloud Storage

« $204 billion/year business

« 17% growth expected in 2016

+ Use dominated by businesses <&, € Active link

CloudIinfrastructure Services -Q4 2015

Market Share & Revenue Growth
(laaS. PaaS, Private & Hybrid combined) YoY Growth

T I Amazon
63%

Microsoft

124%

Microsoft

IBM IBM
57%

Google Google
108%

Salesforce Salesforce

40%

0% 5% 10% 15% 20% 25% 30%

Worldwide Market Share YoY Growth

Source: Synergy Research Group
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How WE GET
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Internal Hard Drives

Size
(TB)

Low
Price

Median
Price

High
Price

1

$35

$65

$110

60

[ 95 |

150

80

L 100 )

195

2
3
4

170

250

110




External Hard Drives

Size
(TB)

Low
Price

Median
Price

High
Price

1

$55

$59

$150

78

90 |

180

90

(115

145

2
3
4

130

210







DISk Drive Alpha Microsystem

| [T

$12,500 ($40,800 in 2016)

e Storage costs®
v $544 per MB
v $544,000 per GB

& $544,000,000 per TB >

e 2016

v 3 TB Seagate SATA
Internal Drive — $85.59

& $28.59perB >

2016 dollars N




What if car
prices were
like disk
drives?




2016 Volkswagen CC

s 1979 Average car
price $18,829*

2016 Average car
price $33,560

*$5,770 1979 dollars




So how
much would
the 2016
VW cost?

If car prices paralleled
Disk drive prices...




$0.00176
o]

2¢ per dozen




6 Year Expected Median Drive Life

Hard Dwive Survival Rates - Chart 3

100

Drives Have 3 Distinct Failure Rates

Hard Drive Swrvival Rates - Chart 1

100s

Survival Rate

90
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49,056 HDDs

consumer grade

Western
Digital

@ SEAGATE
TOSHIBA

HITACHI
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Speed (Gb/Sec)
 PATA | 066 | 1| 13
SATA | 15 |3 6







Description

Transfer Rate

Best For

Most Popular
Environment

USE 1.0/1.1

UsE 2.0

USE 3.0

Hot-swappable*

Hot-swappable*

Hot-swappable*
full-duplex
asynchronous
protocol

12 Mb/s
maximum burst
transfer rate

[ 4s0mbss |
maximum burst
transfer rate

[ 4s8cbs |
maximum burst
transfer rate

Connecting to
different systems
quickly and easily

Connecting to
different systems
quickly and easily

High-def. video
cameras, mobile
media players
and phones, and
terabyte storage
devices




USB 2.0 and 3.0 Connector Types

LSE 30 LsE 2.0 USB 30 USE 20 LUse 2.0 Apple
Type A Micro-B 5 Pin Micro-B 10 Pin Mini-B & Pin Tvpe B Lightning




Interface

eSATA

Description

Fast and physically

secure connection

for external hard
drives

Transfer Rate

(" Upto6 GCb/s )
maximum
sustained transfer
rate—nearly
equivalent to
internal drive

\_ performance )

Most Popular
Best For P

Environment
Transferring large
amounts of data
frequently or for PCs
audio/video
programs




Most Popular
Environment

Description Transfer Rate Best For

Remote file
1,000 Mb/s
Can attach a / access and

} maximum
device to a

sustained transfer sharing large
Gigabit Ethernet system’s network amounts of data PCs

rate—ten time
adapter, router, and/or large

faster than Fast
switch, or hub port audio/video files
Ethernet
ke across a network
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Interface

FireWire 400

FireWire 800

Description

Hot-swappable*

Hot-swappable*

Most Popular

Transfer Rate Best For
Environment
Fast transfer of
large amounts of
[ so00mbs ) 29 !
, data frequently or i
maximum s Macintosh®
) for audio/video
sustained transfer o ) computers
fate applications like
. J home video
editing
Multiple-stream
800 Mb/s ,u. P :
. digital video and i
maximum ) . Macintosh®
) high-resolution
sustained transfer o ) computers
fate digital audio and

video applications

4 Pin (FireWire 400) G pin (FireWire 400) 9 pin (FireWWire 300}




Interface

| Thunderbolt

Description

Supports daisy
chaining of
multiple
devices through a
single connector so
you can multitask
at
Thunderbolt
technology speed
without having to
use
a switch or hub

Transfer Rate

Two bidirectional
channels (per
port), with

theoretically up to
10 Cb/s of
bandwidth

Most Popular
Environment

Best For

Fast transfer of
large amounts of
data.
Multiplestream
digital
video and
highresolution
digital
audio and video
applications

Macintosh®
computers
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HDD

SSD

Comments

| Factor
f —
Price

$0.049/GB

$0.343/GB

SSD cost 7X HDD

Performance

]

10-20

Life Span

4-7 years

10-50 years

‘| Fragility

1

17 @

| Common Sizes

1000-3000 GB

SSD 1/17™ as fragile

120-1000 GB
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Internal Solid State Drives

Size
(GB)

Low
Price

Median
Price

High
Price

1 20-48 $43
240-256

$93

480-512

81

135

960-1000

239

224

2000

600
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Model/Mfg

Capacity

Comments

Apple Time
Capsule

2or3TB

With WiFi router

Buffalo
Linkstation 420

2-8 TB

4 models

Netgear
ReadyNAS 102

2-12TB

Many related
models

QNAP TS-251

2-8+TB

Several related
models

Synology Disk
Station DS214se

4-6 TB

Several models

WD My Cloud

2-16 TB

3 models
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Common RAID Modes

Advantage

How It Works

Comments

Better
performance

Data distributed
between multiple
disks

Greater risk of
data loss

Data redundancy

Same data
distributed
between two disks
(mirroring)

Double cost of
storage

Better
performance and
data redundancy

Stores parity data
to reconstruct
actual data

Requires
minimum of 3
disks

No increase in
speed or security

Disk 1 is filled, then
disk 2, then disk
3...

Multiple disks
act as one

Not truly RAID
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Median
Price

$5

I

10

17

28

26










Memory Cards

.

Panasonic

ms=

ADAPTER [

icro | . : icro
ADAPTER O ADAPTER [}







From

Wikipedia

Name Abbreviation Form factor DRM
PC Card PCMCIA 85.6 x 54 x 3.3 mm
CompactFlash | CF-l 43 x 36 x 3.3 mm
CompactFlash Il CF-ll 43 x 36 x 5.5 mm
SmartMedia SM/SMC | 45 x 37 x 0.76 mm
Memory Stick MS 50.0 x 21.5 x 2.8 mm | MagicGate
Memory Stick Duo MSD 31.0 x 20.0 x 1.6 mm | MagicGate
Memory Stick PRO Duo MSPD 31.0 x 20.0 x 1.6 mm | MagicGate
Memory Stick PRO-HG Duo MSPDX 31.0 x 20.0 x 1.6 mm | MagicGate
Memory Stick Micro M2 M2 15.0 x 12.5 x 1.2 mm | MagicGate
Miniature Card 37 x 45 x 3.5 mm
Multimedia Card MMC 32 x24 x1.5mm
Reduced Size Multimedia Card RS-MMC 16 x 24 x 1.5 mm
MMCmicro Card MMCmicro | 12 x 14 x 1.1 mm
P2 card P2
Secure Digital card SD 32 x24 x 2.1 mm CPRM
SXS SxS  No
Universal Flash Storage UFS Unknown
miniSD card miniSD 21.5x20 x 1.4 mm CPRM
microSD card microSD 15 %11 x 0.7 mm CPRM
xD-Picture Card xD 20 x 25 x 1.7 mm
Intelligent Stick iStick 24 x 18 x 2.8 mm
Serial Flash Module SFM 45 x 15 mm
L card pcard 32 x24x1mm Unknown
NT Card NT NT+ 44 % 24 x 2.5 mm
XQD card Xap 38.5x29.8 x 3.8 mm | Unknown




Size (GB)

8

16

L 32

64

[







What about the future, Stubby?
N,

Blazek
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What about using
DNA for digital
storage?






DNA Double Helix

Base pairs [ S
Adenine  Thymine

Guanine  Cytosine

=Sugar phosphate
backbone

U.5. Mational Librany of Medicine

57



DNA Nucleotide Pairing

Adenine ,. , Thymme

A+T=1

= qI}\
,;" xﬁ/ .W
' N
Guanine - \“‘u \

G+C=0

Cytosine

58
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- Thanksfor your attention...
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