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Example resolution, data rates and storage
capacity requirements for professional media

standards
Format Resolution Frame Data Rates Storage
(width X Rate (fps) (MBps) Capacity/Hour (GB)
height)
SDTV (NTSC, 720 X 480 ~30 31 112
4:2:2, 8-bit)
HDTV (1080p, 1920 X 1080 24 149 537
4:2:2, 8-bit)
Digital Cinema 2K 2048 X 1080 24 199 716
(4:2:4, 10-bit) YUV
Digital Cinema 4K 4096 X 2160 48 1,910 6,880
(4:4:4, 12-bit) YUV
Digital Cinema 8K 7680 X 4320 120 23,890 86,000
(4:4:4, 16 bit)"

8K Ultra-HD may use more than 100X capacity
of HD!

8K X 4K based upon “Super Hi-Vision” Video Parameters for Next Generation Television, SMPTE Motion

Imaging Journal, May/June 2012, P. 63-68



Richer Images = more storage

Frame rates for movie content
are increasing from the historical
24 frames per second (fsp) to 48
or 60 fps and may eventually be
as high as 300 fps.

Cameras are now available that
can support 120 fps (even up to
3,000 fps)

4K production is commonplace
but 6K and even 8K movie

production starting in
professional video projects.

Video resolutions of 16K and
even higher are contemplated in
the future.
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Lytro
Light-field
Camera

Increase in
Color Gamut,
Dolby Vision

0.0 460 380
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x

New Views

KDDI and some European
players have performed “free
viewpoint” demonstrations
with content captured using
4-30 4K video cameras
simultaneously.

Light-field imaging could
allow even more immersive
2D and 3D video (greater
image depth possible) and
would increase required
storage capacity by at least
3X conventional images

Color gamut increases as well
as better contrast and
extended luminance levels
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Panoramic Video and VR (2015 IBC)
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Media Content Size Trends

Virtual Reality,
3D Movie

4
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Digital Entertainment Content Workflow.
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Content Acquisition (2)

Percent Born

Digital 2010 2012 2013 2014 2015
<10% 39%  09%  1.1%  00%  0.0%
11% to 20% 13%  04%  00%  11%  1.6%
21% to 30% 32%  00%  00% 11%  1.6%
31% to 40% 32%  26% 11%  21%  1.6%
41% to 50% 52%  22%  33%  21%  0.8%
51% to 60% 52%  1.7%  22%  11%  1.6%
61% to 70% 58%  3.1%  65%  42%  1.6% Hours captured for an
71% to 80% 84%  83% 109% 74%  57% :
81% to 90% 16.1%  10.9% 152%  158%  7.3% hour of final content
91%to 100%  47.7% 69.9% 59.8%  653%  78.0%
51-100 hours >100 hours  other ’ ;;ur
a 1% %
5% o el
54.6% of
Respondents said
they capture 6 or | e

33%

more hours of
content for 1 hour of
finished work
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Professional Non-linear Editing Model System
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Post Production

D0 * In 2015 30.2% of
9.000.000 19 NLE Cloud Capacity (TB) resp_opdmg :
000000 participants said
P m NLE Local Networked Capacity (TB) they wused cloud-
ID_D 7,000,000 based storage for
— mNLE Local Capacity (TB) post production
% 6,000,000 versus 25.6% in
S 5,000,000 2014, 24.7% in 2013
S and 15.1% in 2012.
O 4,000,000 * In 2015 32.9% of the
L 00000 respondents said
=ER that they had 1 TB
2,000,000 or more storage
capacity in the cloud
1,000,000

vs. 28.1% in 2014
and 23% in 2013.

0
2014 2015 2016 2017 2018 2019 2020

2015 Digital Storage for Media and Entertainment
Report
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Internet Content Distribution System (CDN)

Internet User

Internet User

Internet User

Internet User

Edge Server Internet User

Content Central Server
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Source Content
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Internet User

Internet User

Edge Server
Internet User

Internet User




Content Distribution

Average hours on central content delivery
system was about 4,182 hours in 2015
There were 492 hours ingested monthly in
2015

In 2015 43% of respondents had more than
5% of their content on edge servers

About 20% used flash memory on their edge
servers



Digital Cinema (Mercado Theatre, Santa Clara)

Digital Cinema Projector

USB hard drive For movie
distribution to theatre
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Content Archiving Media

Optical
Disc

Magnetic
Tape
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Touch/Y

Touch rate versus response time
indicating various types of uses

Touch Rate vs. Response Time
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Touch/Y

Comparison of archive storage
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Hybrid tape and HDD system (Tape NAS)
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Areal density (Th/in?)

HDD Roadmap
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LTO Projected Tape Generations

LTO ULTRIUM ROADMAP

I

N

[T

GENERATION 3 | GENERATION 4 | GENERATION 5 | GENERATION 6 GENERATION 7 GENERATION 8 GENERATION 9 GENERATION 10

800GB 1.6TB 3TB 6.25TB 15TB UPTO32TB | UPTO62.5TB | UP TO 120TB

UP TO 160MB/s UP TO 240MB/s UP TO 280MB/s UP TO 400MB/s UP TO 750MB/s UP TO 1180MB/s UP TO 1770MB/s UP TO 2750MB/s
Partitionin Partitionin Partitionin Partitionin Partitionin

Encrtion Encrtion Encrtion Encrtion Encrtion Encrtion
WORM WORM WORM WORM WORM WORM

Note: Compressed capacities for generations 1-5 assume 2:1 compression. Compressed capacities for generations 6-10 assume 2.5:1 compression (achieved with larger compression history buffer).
Source: The LTO Program. The LTO Ultrium roadmap is subject to change without notice and represents goals and objectives only.
Linear Tape-Open, LTO, the LTO logo, Ultrium, and the Ultrium logo are registered trademarks of HP, IBM and Quantum in the US and other countries.

Note that capacity CAGR for Tape between 2015 with LTO-7
and 2021 with LTO-10 is 41.2%, greater than AD growth rate for HDDs

© Coughlin Associates, 2015 22



Sony/Panasonic Optical Archive Roadmap

High Linear Density
(Multi Level Recording
Technology)

(inter Symbol Interference Cancellation Technology)

Capacity
Signal
Processing - -
Technology High Linear Density
Narrow Track Pitch (Crosstalk Cancellation Technology)
Basiq ) Double-Sided Disc Technology
Specification A=405nm, NA=0.85, Layer Structure: 3Layers/side
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More 2015 Archive Survey Results

 About 46.4% never
update their digital
archives

 About 45.2% copied
and replaced their
digital long term
archives every 10
years or less

* 43% said that they
would use a private
or public cloud for
archiving content

Blu-ray discs DVD discs Other

29, —\ 4% 5% Private or
= /_public cloud
5%
Digital tape V Local storage
40% network

16%

Ext. HDDs
28%

Growth Rate for
Digital Tape in
2015 is 59.2%
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Percentage of Tape Formats used in Digital
Archiving
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Growth in Near Line and Off-Line
Archive Storage
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2014 Media and Entertainment Storage

Distribution of Storage

Capacity Content

Post Distribution
Production 21%

1.7%

Archiving
and

Preservation
459% Conte
Acquis
Media and
Entertainment Market

Storage Revenue Share
by Segment

2015 Digital Storage for Media and

Entertainment Report
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26%

Archiving and
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95.8%




2014 Total M&E Market Share by Capacity
Shipped

Flash

2015 Digital Storage for Media and
Entertainment Report
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Cloud Storage Capacity for M&E
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Conclusions

eMagnetic tape provides cost effective archival storage and when
part of hybrid systems using HDDs and/or flash memory delivers the
capabilities needed for M&E active archives.

e Digital storage in data centers (cloud storage) is playing a bigger role
in media and entertainment to provide OTT content distribution and
collaborative workflows.

e The increase in content resolution and the amount of content is
driving performance and storage in content delivery systems and the
growth of on-line distribution storage.

eStorage capacity and growth in professional media and
entertainment and related industries show the size of digital content
libraries while storage revenues reflect the value of the content
where it is used.
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ENTERTAINMENT

S+ URAGE
ALLIANCE ™

{ AN ENTERTAINMENT STORAGE ALLIANCE EUENT

January 4 & 5, 2016 a Las Vegas, NV

The Future??? | The Storage Visions® 2016 Conference Theme:

Storage for the NEXT 5000 Years !

Join Us at our NEW VENUE; The LUXOR and

¥ Help Us Celebrate Our 15th Anniversary
L Rt with Many New Initiatives, Events and Prizes!

D"m mgls;dﬂg::tym andl m:ud‘m"d JOIN CEO'’s, Industry Leaders, manufacturers and end users at
Chairman of the Storage Vislons Conference. Storage Visions 2016!

2016 2020 - How will the latest developments in solid state, HDD, optical

Storage '\T\ and tape impact storage systems?
p” B -'7':"."“.";. - Learn the latest on hyperscale and cloud storage and its

GrOWth' ’ WA yp g

12ZB " &, impact on your business

- - Develop your vision of storage for the years ahead!

Register Now 44z

to get conference and room discounts | Register at www.storagevisions.com

WWW.STORAGEVISIONS.COM
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