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What is the LTO Program?

Technology Provider Companies

—

Hewlett Packard
Enterprise

Quantum

.||I

Write LTO technology specifications
Specifications are an open standard

* License to any organization
» Multiple Licensees

* 5 Media manufacturers
(Fuji Film, Imation, Maxell, Sony, TDK)

Publish the LTO Roadmap
e 10 Generations
» Capacity targets of up to 120TB
per cartridge

s D ‘16 2016 Storage Developer Conference. © Insert Your Company Name. All Rights Reserved.



What is the challenge for IT professionals?

Data Growth 125 Exabytes
Driven by Unstructured Data

New Use cases are
transforming storage

37 Exabytes
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Cold Data Dominates Storage

A 80% of data is untouched i, s
20,000 1 =
S 75000 - :
0 Prevent data sprawl - ’
f: 45000 -
g ¥
. . S 30,000 - g
d Improve Margins with storage © | ,—
0 i T i . —ie—————1h
2012 2013 2014 2015 2016
d Fund I/O intensive workloads e i

Ferformance oplmized
—i— A0 mdensive

LTO7 technology for long term retention

Image Source: IDC 2013 from http://www.zdnet.com/article/storage-in-2014-an-overview/
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Tape in the Cloud

“Where do you think Zettabytes of data will be stored?”...you probably have to store it on tape.”
Aaron Ogus (Development Manager for Windows Azure Storage)

» Lowest cost storage?

Improve
ROIC * Reduced Hardware replacement

[

veyEreS g AR

Share Nothing
Clusters

* Reduce power consumption by up to
Reduced 105%2

Carbon
Footprint * Less media disposal

Data
Unaccessed

for 180 days . .
Reduced * Retain data on same media for 10

Management years reducing migrations

LTFS Based

* Less resource spent replacing and
LTO Tape

rebuilding data storage

1LTO.org LTO6 cost of storage announcement

_ 2 Clipper Group Logg Term Retention TCO
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LTFS: The easy button for tape storage

. » Libraries » Documents » My Documents » TomTom »

Organize = & Open Share with « E-mail Burn Mew folder

> i My Web Cam

> 1. rotes stuff
> {i Olympia
» .. Patent submissions
> i personal
y PGP
» 1. presentation templates
> 1. Projects
» 1. Pulse Conference
. Recordpad
| resumes

. SametimeFileTransfers
> g SavedChats

> 1. Scanned Documents
> | SCT
> | U security
J TaxCut
| taxes
> Ju TomTom
> |0 travel
. Yamato

. Public Documents
> J‘. Music
» =] Pictures

> E Videos

4 1M Computer
> &L, Local Disk (C:)
4 SDE_Volume (U:)
> g HOME
> gu USA
> Lg# tucgsa (Vtucgsaibm.com) (Vi)
> L@ | (\jpngsa.ibm.com\jpngsaipre
> || My Web Sites on MSN

> 4 projects (jpngsaibm.com (jpng

m

Documents library

TomTom
MName Date mccl‘ifiecl Type
. HOME 10/20/2011 9:22 PM  File folder

e Tape drive appears as a
drive letter

Copying 22 items (755 MB) > Move data without an

from TomTom (C:\Users\IBM_A..\TomTom) to SDE_Volume (U:) I SV
About 10 Seconds remaining

L

B e Browse tapes like disk
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LTFS has changed the world we live In

File System Info

File Bodies

_—_— File

o O meone Attributes
iy Directory
K8 Strcture Data Exchange

Drag-and-Drop

Easy Archive
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Information Lifecycle Management

% Client
*Quickly deliver the cost and E \évorkstation
performance advantages of
tape
NFS$/CiF$ - POSIX

*Help control the cost of
storage by moving cold data
from tiers that rely on
higher-cost disk drives to
tiers that incorporate lower-

Last
.___' l Accessed

f 1T 30 days
cost tape media Flash ago
*Provide the scalability, W

manageability, and
performance in a single
managed solution

Users and applications %

Oﬁh

Policy based Lifecycle Management

Single Global Name Space

Last
Accessed Last
>60 days Accessed

o ago — >90 days
Traditional £ £ ago
Disk shahatal
Share Nothing
Clusters
“ _
¥ N LTFS Tape

SDC
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Areal Density Trends

Gb/in”2

Areal Density

1000 ® Proposed
i ¢ roadmap
30% CAGHES S layer
BluRay
100 ! ° 3 layer \\ o
BluRay 100GB e.-¢
/ ~
8o '
10 DVD [ J
CD & " () (]
«—(1982) & o
) o w :\ 33% CAGR
“‘ HDD o ..0
°
O L ~ Tape
°
0.1 5‘ -
°
0.01

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
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2015 Storage Bit Cells and Extendibility

Scaled bit cells: i
[ ]
[
O NAND Flash (3 bits) 2150 Gb/in2
17.3nm x 17.3 nm
| — HDD 1000 Gb/in2
Magnified 25x: A47nm x 13 nm

Optical blu ray (3 layer ) 75 Gb/in?
~114nmx 79 nm

2850 nm x 52 nm

Tape is not challenged even at the densest technology Demonstration

_ Demo 123 Gb/in?

140 nm x 37 nm

—>Tremendous potential for future scaling of tape track density

—~>Key technologies: improved track follow servo control improved media, reader, data
channel

— 4
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Tape Reliability is Unsurpassed

Device Hard Error Rates in bits Equivalent in Bytes PB Etluiva]ent
SATA Consumer 10E14 1.25E+13 0.01
SATA Enterprise 10E15 1.25E+14 0.11
SAS/FC Enterprise 10E16 1.25E+15 1.11
Enterprise SAS SSD 10E17 1.25E+16 11.1
LTO7 10E19 1.25E+18 1110
Enterprise tape 10E20 1.25E+19 1120

Bit Error Rate will

continue to iImprove

SDC
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2015

Tape Bit Error Rate Road Map

=—p==Capacity (TB)

== Average Number of Cartridges per UBER

(x1000)
=== Bit Error Rate

2017 2019

Years

2021
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Efficacious Storage...LTO Pays Back

Annualized Comparative Media Costs

In a 10 Year TCO Study

$450,000 3500 _
© $400,000 3000
g $350,000 2500 E
Disk Media costs raised by § Gowe 200 §
@ 200,000 s
over 9X per year 3 Hsome =2
= $100,000 §
2 $50,000 500 3
LTO media COStS greW by > Yearl Year2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 Yearl0 E
— LTO Media Cost 525,000 &$7,830 59,161 510,718 512,541 57,336 58,583 510,043 511,750 513,747
|eSS than 50% Disk Media Cost s- $118,125 5138,206 $161,701 $189,191 $221,353 $258,983 $303,010 5354,522 5414,790
Tape Capacity Added 500 150 195 254 330 214 278 362 471 612
s Disk Capacity Added 0 375 488 634 824 1071 1392 1810 2353 3059

Source: Enterprise Strategy Group, 2016.
Annual TCO and Benefit, LTO for Long-term Data Retention

Incremental user

$1,800,000 benefits, 540,685

$1,600,000
$1,400,000
51,200,000
$1,000,000

; LTO has a577%
800,000
$600,000 oosts, $1,590,960 Return On Investment!!

$400,000 Annual TCO for LTO

$200,000
S0

Avoided annual PMO

storage, $241,110

Annual TCO Annual benefits

Source: Enterprise Strategy Group, 2016.
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Tape Market: Stable and Growing

Compressed Capacity Shipments by

Shipped Capacity continues to Grow YTY “ Quarter
by more than 17%
25
» 20
Capacity shipped shows significant uptick in & 15
1H2016 S 1
5
. . . - . 0
Units shipped show signs of market stabilization O G FO PG O EE S SO OX QOO
e 2015 unit shipments were an anomaly Resfoifofcficifeidofiorfeficidorlc feiMoidontorleifle) Odoob‘od"

Unit Shipments: per quarter Running 4
Introduction of LTO7 is driving greater units of LTO6 8,009ear
e  Driven by Low cost of LTO6 media.

6,000

4900
Tape media exceeding capacity demands of the “n

2000
market. 3

CQl-12
CQ2-12
CQ3-12
CQ4-12
CQl-13
CQ2-13
CQ3-13
CQ4-13
CQl-14
CQ2-14
CQ3-14
CQ4-14
CQl-15
CQ2-15
CQ3-15

Calendar Quarter
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LTO Technology has a “BIG” Future

GENERATION 3

800GB
UP TO 160MB/S

GENERATION 4

1.6TB
UP TO 240MB/S

GENERATION 5

3TB
UP TO 280MB/S

GENERATION 6

6.25TB
UP TO 400MB/S

GENERATION 7

15TB
UP TO 750MB/S

\ ) B W,

[[411]
N

GENERATION 8

UP TO 32TB
UP TO 1180MB/S

(ODINIIN

\

GENERATION 9

UP TO 62.5TB
UP TO 1770MB/S

i

GENERATION 10

UP TO 120TB
UP TO 2750MB/S

ADDRESSING YOUR STORAGE NEEDS

Note: Compressed capacities for generation 1-5 assume 2:1 compression. Compressed capacities for generations 6-10 assume 2.5:1 compression (achieved with larger compression 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 Hewlett Packard Enterprise, IBM and Quantum in the US and other countries
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LTO Exceeds Modern Business Needs

PR2OPEL your storage

* Protected — Off-line content creates an “Air Gap” protection of data

* Reliable - Transform Archive data in to revenue generating content

* Reduce Environmental impact — Less replacement of media = less waste

* Optimize — Reduce time to data by up to 3X in streaming applications
* Portable — Share content in a standard format (LTFS)

 Expandable — Add archive storage with no capital expense

 Low Cost - Reduce Storage costs by up to 90% over traditional disk storage
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