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> The material contained in this presentation is copyrighted by the SNIA unless otherwise
noted.
> Member companies and individual members may use this material in presentations and
literature under the following conditions:
Any slide or slides used must be reproduced in their entirety without modification
The SNIA must be acknowledged as the source of any material used in the body of any document containing material
from these presentations.
> This presentation is a project of the SNIA.
> Neither the author nor the presenter is an attorney and nothing in this presentation is intended
to be, or should be construed as legal advice or an opinion of counsel. If you need legal
advice or a legal opinion please contact your attorney.
> The information presented herein represents the author's personal opinion and current

understanding of the relevant issues involved. The author, the presenter, and the SNIA do not

assume any responsibility or liability for damages arising out of any reliance on or use of this
information.

NO WARRANTIES, EXPRESS OR IMPLIED. USE AT YOUR OWN RISK.
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SNIA-At-A-Glance
170 2,500 50,000
industry leading active contributing IT end users & storage
organizations members pros worldwide

Learn more: snia.org/technical w @SNIA
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> M&E Storage Drivers

> Content Capture

> Post-production

> Content Delivery

> Why IP Based Video

> Content Preservation and Archiving

> Breakdown of Storage Capacity and Revenue for Media
and Entertainment Applications

> Media and Entertainment Storage Trends



Examples of Professional Media

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Format Resolution Frame Data Rates | Storage Capacity
(width X Rate (fps) (MB/s) GB/Hour
height)
SDTV 720 X 480 ~30 31 112
(NTSC, (8-bit)
HDTV 1920 X 1080 24 149 537
(1080p, 8-bit) RGB
UHD-1 4K 3840 X 2160 60 1,866 6,718
(10-bit) RGB
UHD-2 8K 7680 X 4320 120 17,916 64,497
(12—-bit) RGB
Digital Cinema 2K | 2048 X 1080 24 199 717
(10-bit) YUV
Digital Cinema 4K | 4096 X 2160 48 1,910 6,880
(12-bit) YUV
Digital Cinema 8K | 8192 X 4320 120 25,480 91,729
(16 bit) YUV

8K Ultra-HD may use more than 170X capacity of HD!
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Digital Entertainment Content Workflow > | S6raeE

— e
Film Print
Film Camera NLE Compositing Digital Cinema
Broadcast
elecine A ;\ Cable/Satellite
Digital Camera t Internet/Phone

Shared Storage

1
nQ

Transcode

Metwork and Other
Digital Sources

=

Render Farm

Calor Grain and Conform )
Correction Moise ard Archive or Backup
© 2019 Storage ! Assembly
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Optical Disc_  Magnetic
2% tape Film
2% 5y
e Year Magnetic HDD Optical Flash Film
. Tape Memory
2009 A% 23% 9% 19% 15%
2010 25% 22% 17% 28% 8%
2012 20% 22% 12% 44% 2%
2013 15% 18% % 59% 1%
2014 % 24% 10% 57% 2%
2015 4% 21% 8% 66% 1%
2016 2% 34% 8% 24% 2%
2 01 8 R | t 2017 5% 33% 3% 59% 0.16%
ESUlts 2018 2% 35% 2% 56% 5%

© 2019 Storage Networking Industry Association. All Rights Reserved. 9



		Year

		Magnetic Tape

		HDD

		Optical

		Flash Memory

		Film



		2009

		34%

		23%

		9%

		19%

		15%



		2010

		25%

		22%

		17%

		28%

		8%



		2012

		20%

		22%

		12%

		44%

		2%



		2013

		15%

		18%

		7%

		59%

		1%



		2014

		7%

		24%

		10%

		57%

		2%



		2015

		4%

		21%

		8%

		66%

		1%



		2016

		2%

		34%

		8%

		54%

		2%



		2017

		5%

		33%

		3%

		59%

		0.16%



		2018

		2%

		35%

		2%

		56%

		5%
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Content Acquisition (2) SNIA- | SOLID STATE

| —
In 2018, 51% of Respondents said they
capture 6 or more hours of content for 1
hour of finished work and 77% said more
90% of their content was born digital

51-100 hours
5%

PercentBorn Digital 2010 2012 2013 2014 2015 2016 2017 2018

<10% 39% 09% 11% 00% 00% 00% 12% 21%

11%to 20% 13% 04% 00% 11% 16% 34% 00% 21%

21% 1o 30% 32% 00% 00% 11% 16% 34% 12% 00%

31% 10 40% 32% 26% 11% 21% 16% 00% 00% 21%

41% o 50% 52% 22% 33% 21% 08% 11% 36% 21%

51% o 60% 52% 17% 22% 11% 16% 34% 12% 00% Hours of Content Shot
61% 1o 70% 58% 31% 65% 42% 16% 11% 00% 63% for 1 Hour of Completed
71% 1o 80% 84% 83% 109% 74% 57% 45% 71% 21% Video (2018)

81% 10 90% 161% 109% 152% 158% 73% 148% 131% 63%

91%to 100% 477% 699% 598% 653% 780% 682% 726% 77.1%

© 2019 Storage Networking Industry Association. All Rights Reserved.
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		Percent Born Digital

		2010

		2012

		2013            

		       

2014

		

2015

		

2016

		

2017

		

2018



		<10%

		3.9%

		0.9%

		1.1%

		0.0%

		0.0%

		0.0%

		1.2%

		2.1%



		11% to 20%

		1.3%

		0.4%

		0.0%

		1.1%

		1.6%

		3.4%

		0.0%

		2.1%



		21% to 30%

		3.2%

		0.0%

		0.0%

		1.1%

		1.6%

		3.4%

		1.2%

		0.0%



		31% to 40%

		3.2%

		2.6%

		1.1%

		2.1%

		1.6%

		0.0%

		0.0%

		2.1%



		41% to 50%

		5.2%

		2.2%

		3.3%

		2.1%

		0.8%

		1.1%

		3.6%

		2.1%



		51% to 60%

		5.2%

		1.7%

		2.2%

		1.1%

		1.6%

		3.4%

		1.2%

		0.0%



		61% to 70%

		5.8%

		3.1%

		6.5%

		4.2%

		1.6%

		1.1%

		0.0%

		6.3%



		71% to 80%

		8.4%

		8.3%

		10.9%

		7.4%

		5.7%

		4.5%

		7.1%

		2.1%



		81% to 90%

		16.1%

		10.9%

		15.2%

		15.8%

		7.3%

		14.8%

		13.1%

		6.3%



		91% to 100%

		47.7%

		69.9%

		59.8%

		65.3%

		78.0%

		68.2%

		72.6%

		77.1%



		

		

		

		

		

		

		

		

		








Digital Content Acquisition a
: SNIA. | SOLID STATE
Capacity Growth sssi | STORAGE

E— 80,000,000 E—
70.000000 | mEgisadic * Projecting
I m Broadcast © 2018 Coughlin Associates approaching 70
E | s Exabytes of
: = High End Movie storage capacity
3 400000 used for content
R acquisition and
L. creation by 2023.
* About 4.5X growth
from 2017 to 2023

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Professional Non-linear Editing Model ¢gus soup sTATE
SSSI | STORAGE

System
I I S |
> Besides direct attached

storage and traditional
NAS and SAN, there is
an increasing use of
cloud storage to
facilitate collaborative
workflows.

> Flash memory, using
NVMe interfaces is
becoming more popular
in editing as resolution,
frame rate, number of
concurrent streams and
bits per frame increase

© 2019 Storage Networking Industry Association. All Rights Reserved. 12



Annual Post Production Storage Demand ¢, soLD STATE
(TB) SSSI | STORAGE

I I
140,000,000

> In 2018 48% of said
they used cloud-
based storage for
editing and post
production

> In 2018 56% said
that they had 1 TB
Local or more storage

Storage capacity in the

cloud

120,000,000

© 2018 Coughlin Associates
100,000,000

80,000,000

60,000,000

Total Capacity (TB)

40,000,000

20,000,000

0

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved. 13
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Content Distribution System (CDN) SSSI | STORAGE

Internet User

Internet User

Internet User

| [Tnternet User

Edge Server | [Internet User

Content Central Server

1

Source Content
(NAS or SAN)

A [ Internet User

| Mnternet User

Edge Server

b/ Tnternet User

] Internet User

© 2019 Storage Networking Industry Association. All Rights Reserved. 14



Content Distribution

> Note that in 2018 39% of
survey respondents said that
they used flash memory in
their central delivery servers.

> High-speed enterprise solid-
state drives (SSDs) and other
solid-state storage technology
for edge content delivery was
48% in 2018

> In 2018 internet distribution
was the most popular way to
View proxies

© 2019 Storage Networking Industry Association. All Rights Reserved.
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CDN Survey Results
T

2009 (2010 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Hrs on 200 | 700 | 1,894 | 2275 (1142 | 4,182 | 2,174 | 3,214 | 1,241
CDN

160 | 200 |500 |B37 (668 |492 |427 |296 (372
Ingested/
Ma
=5% on 24% |42% |43% [43% |38% |[35% |43%
Edge
Servers
Used 209 |16% | 14% |12% [21% |20% |[31% |18% |[48%
Flash
Memory
on Edge
Servers

2018 Proxy Distribution Survey Results

Other
3%

hrough the
internet

32%

Digital tape
6%

15
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Why IP-based Video?




Raw Video Quality Increase SNIA. | SOLID STATE
SSSI | STORAGE

I E | I | I .
Need for Higher Performance Networking and Storage Solutions

UHD-2 (7580 x 4320)

Resolution
8K

Bit Depth
2bit

i /Zd
UHD-1 (3840x2160) or 4K Brightness

WFull HD
W4K UHD/8K UHD

!_ Tﬂﬁﬂp (1920 x 1080) [;ull HD)

DCI 4K (4096 x 2160

Rec.2020 60p/ 120p
Color Gamut Frame Rate

© 2019 Storage Networking Industry Association. All Rights Reserved. 17



Ethernet Enables Higher Efficiency SNIA- | SOLID STATE

Why have 2 or even 3 networks?
When you can deploy a single network for video storage

Higher Efficiency Ethernet Higher Performance

» Use an Ethernet storage platform - it'll
grow with you (100GbE is 3x FC)

* Reduce your failures with reduced
adapters

» Ethernet is significant lower $ cost than
both FC and Serial Digital Interface (SDI)
» Mellanox can deliver an E2E solution -
Single support point » Ethernet is much easier to manage
» Can be less than $260/port @ 25Gb/s for and our tools are FREE!

the NIC, switch and the cabling * Put all your workloads on the same
wire and segregate them

© 2019 Storage Networking Industry Association. All Rights Reserved. 18



Why IP-based Video SNIA. | SOLID STATE
Delivering Converged Fabrics for Video Studio SSSI | STORAGE

> Current Generation Connectivity
R Serial Digital Interface (SDI)
> Expensive and proprietary

SDI-based

> Coax cables with BNC connectors

. Installation
> Multiple cables to support multiple streams
> Inflexible, heavy and easy to break

> Next-Gen Video Processing Connectivity: SMPTE ST2110*

. Ethernet Cables
> Cheaper — multiple vendors, open standard
> Leveraging IP technology from data centers

. Installation
> Single optical cable supporting multiple HD streams IP-based

> Light, flexible and resilient
. Upgrades
> Upgrade transceivers - re-use existing cables!

*The Society of Motion Picture and Television Engineers (SMPTE®) Professional Media Over Managed IP Networks standards suite

© 2019 Storage Networking Industry Association. All Rights Reserved.
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https://spectrum.ieee.org/consumer-electronics/audiovideo/smpte-st-2110-structuring-the-future-of-broadcasting

Exponential Bandwidth & Storage Growth S';‘;é' A E

] T
10GbE is too slow for uncompressed 4K/8K video streams
Format Resolution Color FPS Bandwidth 10GbE 25GbE 40GbE 50GbE 100GbE
Depth per Stream  #S H5t #S #5t #S:

4K DPX 4096 x 2160 10-bit 24 6.4 Gb/s 1 3 6 7 14

4K-FullDPX 4096 x 3112 10-bit 24 9.2 Gb/s 1 2 4 5 10

4K-Full EXR 4096 x 3112 16-bit 24 14.7 Gb/s 1l 2 3 B

8KDPX  7680x4320 10-bit 24  23.4Gb/s 1 1 2 4

ngh Dynamic Range (H DR) S8KEXR  7680x4320 16-bit 24  28.2Gb/s 1 1 3

_ ) _ 4K-FUllEXR 4096x3112 16-bit 60  36.7Gb/s 1 1 2

p—

«. UHDTV Color

hl

8K UHD 7680¢4320 i .

8-bit 10-bit
Higher Visual Depth Higher Frames Rate (HFR) Wide Color Gamut (WCG)

Image Resolution

4K(2160p) vs 1080i HD=400% ][ HFR(50-60fps->100-120fps)=200% ][ “HDR+”(HDR+WCGH+10-bit)=25% ]

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Flash Storage Requires Lower Latency ¢, <oup staTe
Ethernet SSSI | STORAGE

Averaged Response Time

Compute
Nodes ST Nodes

Network hops multiply latency

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Remote Direct Memory Access RDMA

> Transport offload

> Kernel bypass

I/O

[data| [data|

Copy

I
Copy < =
TCP/IP tcp/ip

copy :

driver

h 4

L 4

DMA

RNIC

RDMA

Remote Data Transfer

[
Application
Buffer
L/O
|dﬂ.‘tﬂ| |d-ﬂtﬂ| Kernel By
r F

SNIA. | SOLID STATE
sssl | STORAGE

Application

Buffer

.

Protocol Offload Y

¥IND

: > Copy
! copy

; ooy TCP/IP

driver

-

RMIC

© 2019 Storage Networking Industry Association. All Rights Reserved.
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I i I
é Throughput vs CPU Usage - Single Video Stream via 1 CPU Core
100 o - o - 100

_. 90 90

Xy -

& 80 80 =

- B

3 70 70 g

‘g:, 60 Kernel fails to deliver throughput 60 2

8 Running @ 100% CPU Utilization i 3

= "

5 %0 Rivermax Transmitting 4K UHD 12.2Gb/s out of 20.5Gb/s : 50 8
3

S 40 Packet Pacing 2110-21 = : a0 2

wn . . @

g 0 10.5Gb/s with 5% CPU Single Core Util. ! 30 %

® 20 __pased A% T e 20 £

&1 werme . - |

10 10
Rivermax CPU Util.
0 — m e — 0
FullHD FullHD 4K UHD 4K UHD 8K UHD 8K UHD 8K UHD
1920X1080 1920X1080 3840X2160 3840X%2160 7680X4320 7680X4320 7680X4320
30fps 60fps 30fps 60fps 30fps 60fps 50fps
(4:2:2 12bpp) (4.2:2 12bpp) (4:2:2 12bpp) (4:2:2 12bpp) (4:2:2 12bpp) (4:2:2 12bpp) (4:4:4 12bpp)
=== Kernel Throughput [Gbps] === Rivermax Throughput [Gbps] 1. = Theoretical Throughput [Gbps]
—o— Kernel CPU [%] —o—Rivermax CPU [%)]

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Deploy Video over IP with Ethernet Video Fabric NOW SNIA. | SOLID STATE

SSSI | STORAGE
[ | g o
Ultra HD video resolution Move from old SDI format to
drives high-bandwidth requirements All-IP based streams
oroprien Old-Gen SDI-Studio

eco-SYS

Expensive & Proprietary
Serial Digital Interface (SDI)

Inefficient
35% Bandwidth overhead

4K Ultra HD

Full HD
Ethernet Video Fabric
Powers the Next-Gen IP-Studio

Off-the-shelf

commodity hardware

80
40 9.5
0 25 cLels
: - Flexibility!
Full HD 4K UHD 8K UHD q q
1920 x 1080 3840 x 2160 7680 x 4320 Single multi-purposed network

24
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https://www.mellanox.com/related-docs/technical-briefs/TB-ethernet-video-fabric.pdf

A
Content Archiving Storage Media SNIA- | SOLID STATE

Optical Disc

Magnetic
Tape

© 2019 Storage Networking Industry Association. All Rights Reserved.
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Percentage of Digital Long-Term SNIA. | SOLID STATE
- . : SSSI | STORAGE
Archives on Various Media

I T
> For the last two years the
CD Blu- DVD
survey has shown HDDs Other jces discs discs  Pvate or publicloud
percentage higher than 1% 1% 5% | 6%

magnetic tape
Local storage

> LTO is the biggest f B rork
percentage of tape N
storage, at 74%

> Growth in archiving
content in the cloud
among survey
participants

> In 2018 32% had more
than 2,000 hours in a
long term archive.

© 2019 Storage Networking Industry Association. All Rights Reserved. 26



Digital Storage Projections for Archiving ancslN'Aw
Digital Content Conversion & Preservation '

Archive Capacity (TB)

140,000,000

Conversion and
Preservation

120,000,000

© 2018 Coughlin Associates
100,000,000

80,000,000

60,000,000

40,000,000

20,000,000 ~

04

2017 |

2018 | 2018 | 220 | 2021 | 2022 |

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved.

SOLID STATE
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> Average annual
analog
conversion rate
was 4% (Survey)

Over the next few
years content that
will be digitized
will start to
diminish
Increasing size of
new content will
drive archive
growth

27



The Cloud in Media and Entertainment SNIA. | SOLID STATE

SSSI | STORAGE
I |
> 7_7% said that they P ® Archiving and Preservation  © 2018 Coughlin Associates
g!gtp tr)O)t(')é)n through 25000
istributi u s ki
the Internet %52 000.0 H Intemet Distribution
> 6% Sald that they E o B Master Networks
archived on a 3 1 5000
prlvate OI‘ pubIIC : A m Post Production
cloud in 2018 3 0000
> 66% said they c
would use a private £500.0
or public cloud for
archiving in 2018 00

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved. 28



2018 Media and Entertainment SNIA" | SOLID STATE
Storage SSSI | STORAGE

Content Distribution Sto rag e Reven ue Sh are
4.8% by Segment

ontent Acquisitign f,..-----"""'__;&.rchiuing and
Preservation
35%

ggnlent_.._.__.___________

Archiving a_}r_n;iJZ‘F:/:eservation .l qujgﬁﬂﬂ
|
|
Distribution of Storage
Cap acity 2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved. 29



2018 Market Sharg of St_orage Media SNIA” | SOLID STATE
by Storage Capacity Shipped SSSI | STORAGE

I fi |

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved. 30



Flash Revenue Share in Media & SNIA. | SOLID STATE

Entertainment SSSI | STORAGE
2017 2023
Tape Tape
4% 29

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

© 2019 Storage Networking Industry Association. All Rights Reserved.
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2023 Projections

* Flash memory used Iin
professional video camera
media by 56% of survey
participants in 2018

» Use of flash in post production
IS expected to grow

* For CDN content delivery
about 39% used flash memory
on their edge servers in 2018

2018 Digital Storage in Media and Entertainment Report, Coughlin Associates

32
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> Increasing resolution, higher dynamic range, higher frame g
rate and multiple camera projects will drive M&E storage

demand

> Flash memory use will grow as price declines and bandwidth
demands increase

> Cloud storage (public and private) will play an increasingly
Important role in all aspects of professional media and
entertainment.

> HDDs, optical discs and tape will serve a bulk storage role.

33
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> 2018 Survey of Storage in Professional Media and
Entertainment, Coughlin Associates

> 2018 Digital Storage in Media and Entertainment Report,
Coughlin Associates

+ http://www.tomcoughlin.com/techpapers.htm
> NAB 2019 Conference
+ https://www.nabshow.com/
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Thanks for Attending

Q&A at http://sniasssiblog.org

Visit www.snia.org/sssi
for information on Solid State Storage
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