Quantum.

= -

jo|E| EMEo| Hsjo) ma M2 et L
Z2cAEZX <

FME X
HEIZ O A AH HEHE



2 EC|X] o &= F o2 = Io|E 2| S7I, T 52| HIO|E{= “Cold” & EH &I L| L.

6000
5000
4000 L Gap

3000

2000
gpending

structure

1000 1T Infra

Storage Installed Base (Exabytes)

2020 2021 2022 2023 2024 2025

A E2[X| &2 0H 30%+ S7t5t4, 7| Bl AFESHE H[O] 19_| 60%* = “cold”:

4 A=

IT 2 Z 2} H|- 82 10-15%* S 7+t UEL|C Ol AFESHA| B 223t Sh= H|O| B &JEf

O.U a nt u mm 2021 Quantum Corporation | 2 *Source: IDC InfoBrief, sponsored by Quantum, “Data Deluge: Why Every
Enterprise Needs a Cold Storage Strategy”, Doc. #US48119821, August 2021.



M2 X AER|X|0f LS 2+

Qu a nt U mm © 2021 Quantum Corporation |3



MELE AXO| AEE|X|O ed Al

Qu a ntu m@ © 2021 Quantum Corporation | 4



MELE AXO| AEE|X|O ed Al

&> .

—

——

S’

A 7| &0 .
i BRI H[0|E] w2t

O.U a ntu m@ © 2021 Quantum Corporation |5



M2 fXo| AEE|X|Q] 2] At

<>
~
.\-d
e’ .
v
of| At1f 7| =2 1100 IE Bat Always On
57 2% STHUHOIEES 2412 HI0|E| A8

O.U a ntu m@ © 2021 Quantum Corporation | 6



Quantum.

ActiveScale Cold Storage 7| &
« On-premise2 T+ k| = 3 Glacier 22| 2 E2|X]|
« Cold StorageOf| X &=l H|O|EH & =& O|L{0|| AHE7ts

* Dataaccess H 2 £ =&

- 30+% H| 82, {58 2} E2| Cold Storage H| & CHiH|
- Z|CH s0% H| 22 Z, C|23 7|He| &F /4 ClH|

» EHH{ O A =44 2kHl O] &f SOt 7}8/d, BE| = A &4 CiH|
- Z|CH 40% F O BT 2E4d, BE| A 4] Cfy|

- O O




ActiveScale Cold Storage: Cold DataE %ol | M 2}ot |22 X 2| AEE|X]
CHESH fFojHt 7t8d, A0 X HEEA =

e N&ot= AE2| X
C

Hyperscalers and

Entertainment Research Government Telco & Surveillance
Web Scale Businesses & Sports Institutions Agencies Service Providers Archives
Objects
"“ ActiveScale Object Software

- $3 Glacier APIE AF23t=
DiskTier 1 oo Gummom| 5 G| T I MOl M
ActiveScale -
r R = R = R = R =
/ / / /
cosorse | [ NEI/) DE/) D DIE 2 e
ape Tier - e e e = (r=
AN 7 e 7 A e 7 s g e 4 H0]E] OS2 = 7|
- RS 28
Quantum Redundant Array of Independent Libraries (“RAIL”)

Qu a nt u mm 2021 Quantum Corporation

| 8



ActiveScale Cold Storage: Cold Datas ¢loll [ X3}t Ml 22 X 0| AEE|X]|
OHMSHL, FOjH 748, 2|0 =X QI H 8- 21HE M35t 2E2[X|

S3MYLEAMBoE ERM2 HEXH 2= &[0 7t AF L T

g&‘“@ %? 22

o)
i
K,
:
= 2
1)

O OO B 718 1t
HotM

D0000000000000000000J00N
0C000000000000000000000000!
OCO00! 0! 0000
Q00000 Qi =)
0R00000000! 00000000000
3DOOOQOOGOOCOOOQOOGOOOOCOOO

000000000000000000000000000
) OC00000000C0000000000308000

X|sF =&t e Active2} =

t Cold Dat

= Te S ctives] -oid Latd=
anooooooooooooooo 060 [ XIXAHASL S El

R e ans T &H[2r @ =

geislslslels[elels] 0000000000000 —

L QOOOOOOOOOOCDOOOOOOOOOO.DOO

A =
Data Rebalancing ga— o
HEAl L Sy HA X|no|HE 22

1 jesisisisislelslalelele] Q0000000000
QDOOOQOOGOOCOOOQOOGOOOO 000

000000000000000000000000000
OC00000000C0000000000308000

ActiveScale Object Storage
£ 355t HIolE 5710l Z| X 2}E
Hot 2ok, 7H8d, 85 de|ln H| 8 28

’

O.U a ntu m® © 2021 Quantum Corporation |9



ActiveScale Cold Storage

: AlS:
“Forever Archive” 2| A &d

+0{ i H|o] Z=2of FX|d

- 1Y HE =282 OO E&t
HEAl
o

o 7t& 2 =8 F7] (30+ years)

- S HOHHE aE

- 7t AElg 5= L= 0|C[ o

- F5H 7| A ekl

- HOFZ 2|3t “Air-gapped”
~AE3[X|

» OS MUK = HE 25 X2
AERXEME 7HE A
Hoto 2 X8

—_— -1 0

Qu a nt U mm © 2021 Quantum Corporation | 10

ofl £ Ejo] = Eie|

M

A o HAE =220
3
o dJd
5

| HO|Z 0|0 28

=

> o k-
o % |l
fob 1ok |m

DEStEl T2 2 BHAL AL

2 E H|O|= 2[AA (O] |0,

ce2tolE, 2tojE2|)o 2H

MEL|&= 2DEC

- CHEZ H7|/M7|E Rl
Of7| &l A

Simple serviceability of the Quantum
RAIL OF7 | Bl A Of ZHEFGH A H| A
H ol

As-a-Service 2F M (Quantum
Object Storage Services)



F 01 Lt Hyperscale Cold Storage OF7| &l X
ot HAIO|A] 7+ 1 =3} El Cold Storage Archive

2
n
|El
0
o
|A
ojn
il
1o
ot -4n

ActiveScale 2D EC Software

M2z XHHol 85,7188, 18|

et i | N AN I
2D erasure coding (2D EC) HHHY Of| A] Z=BH OFHY O| A | Of Lk G| O| E
LH__I.I.A-I*
Quantum RAIL
SIO|HAA Y H|IO|= O 7| |l Y A|CH 40% | O L R2F 52 Al
82| 15%2] EtHo{I CHO= k=
Z|CH 372 tapes OO = | B =&

ot ol L7

The Quantum RAIL Architecture
Redundant Array of Independent Libraries

Q t *Relative to multi-copy or replication
u a n u mu © 2021 Quantum Corporation | 11



2 X} 9| §|0|E| H 3 HFAl 2D Erasure Coding (2D EC)
g4 22 U=t W74, d5, 7184, 121 8 2&d

« Z|CH 19 9's G| O & L{ -
- St40| et FH5HA +E 7ts

o I'i_Q_O-IEI EA‘I
=

L 21N IE
. H[ H o

- OO[H At 2&50|= =& 0| Z 2=
 O|O|E Access 71 &8

« 40% O| & Ol 2Ed, 2 copy A &5 CiiH|
- 15%2] H2 8 H | E

1D

Qu a nt u mw 2021 Quantum Corporation | 12

N
O



M=22 X 2| §|o|E B3 Al 2D Erasure Coding (2D EC)
2D ECE Eo|- |:-”O| E—I X—lél- HF Al

o 1

H| & 2240

iRl
o{M
rot

ME2 X2 2| 7|= by Quantum

o[ = 7]%t2]

[l

24
Bl0| Zo| H & B84, Hl0jH 17N, Q2|1 M5

=E HIO|E| S fIet |12l HE 2 EF= <

:
I-_I
o

7=

O.U a ntu m@ © 2021 Quantum Corporation | 13



2D Erasure Coding Of| A|

Object 1 Object 2 Object 3

Qu a ntu mu © 2021 Quantum Corporation | 14



2D E ing Of| A
rasure Coding Of| A| ActiveScale

r— —

Object 1

Object 2

Object 3

Qu a nt u mm 2021 Quantum Corporation | 15



2D Erasure Coding Of| A|
ActiveScale

[ -l

," /! B 2
~~ HDD Based Storage ©
e e

Qu a nt u mm 2021 Quantum Corporation 16



2D Erasure Coding Of| A|
ActiveScale

Object
Container

Al

"' ";Y ""1 o
" HDD Based Storage |
e e

Qu a nt u mm 2021 Quantum Corporation | 17



2D Erasure Coding Of| A|
ActiveScale

Object
Container

Al

"' ’!Y ""1 o
" HDD Based Storage |
e e

Qu a nt u mm 2021 Quantum Corporation | 18



2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 19



2D Erasure Coding Of| A|

Individual Objects

Qu a nt u mm 2021 Quantum Corporation | 20




2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 21

' 1



2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 22

IR NN



2D Erasure Coding Of| A|

=l

Qu a nt u mm 2021 Quantum Corporation | 23



2D Erasure Coding Of| A|

> Data

_

} Parity

Qu a nt u mm 2021 Quantum Corporation | 24



2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 25



2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 26



2D Erasure Coding Of| A|

Data <
Parity

Qu a nt u mm 2021 Quantum Corporation | 27

)

v

Data

-~

N

e

[



2D Erasure Coding Of| A|

Qu a nt u mm 2021 Quantum Corporation | 28

Data <
Parity {

N~

Data

Parity
A

~
e
~




2D Erasure Coding 0| A|

Horizontal Dimension

A

\
111NN
111NN
-1
111NN

Vertical Dimension
A

O.U a ntu m@ © 2021 Quantum Corporation | 29



2D Erasure Coding Of| A|

Qu a ntu m@ © 2021 Quantum Corporation | 30

Vertical Sections are
> Written to Tape as a
Single Stream

/ LTO H LTO H LTO H LTO H LTO H LTO




2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 31



2D Erasure Coding 0| A|

[
[
[ |
. } Object
[
[ |
/ LTO H LTO H LTO H LTO H LTO H LTO

O.U a ntu m@ © 2021 Quantum Corporation | 32



2D Erasure Coding Of| A|

‘ — } Object
[
[ |
/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu mu © 2021 Quantum Corporation | 33



2D Erasure Coding Of| A|

} Object
/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 34



2D Erasure Coding Of| A|

}Object

} Parity
AAQA AN

Qu a ntu m@ © 2021 Quantum Corporation | 35



2D Erasure Coding Of| A|

}Object

} Parity
AAQA A

Qu a ntu m@ © 2021 Quantum Corporation | 36



2D Erasure Coding Of| A|

}Object

} Parity
AAQA AN

Qu a ntu mu © 2021 Quantum Corporation | 37



2D Erasure Coding Of| A|

Object{

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 38



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 39



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 40



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu mu © 2021 Quantum Corporation | 41



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 42



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

Qu a ntu m@ © 2021 Quantum Corporation | 43



2D Erasure Coding Of| A|

/ LTO H LTO H LTO H LTO H LTO H LTO

NS Vi
AN

Qu a ntu mu © 2021 Quantum Corporation | 44



2D Erasure Coding Of| A|

Redundant Array of Independent Libraries

\
\

uuuuu

L1

uuuuu

o~

L1

uuuuu

o~

Qu a ntu mu © 2021 Quantum Corporation | 45




2D Erasure Coding Of| A|

Redundant
Array of
Independent

Libraries

uuuuu

L1

o~

Qu a ntu mu © 2021 Quantum Corporation | 46




2D Erasure Coding Of| A|

Redundant
Array of

Independent
Libraries

uuuuu

uuuuu

N [
\

uuuuu

L1

o~

Qu a ntu m@ © 2021 Quantum Corporation | 47




2D Erasure Coding Of| A|

Redundant
Array of
Independent
Libraries

/

LTO LTO
X a e
X —

L

T~

L

T~

Qu a ntu mu © 2021 Quantum Corporation | 48




2D Erasure Coding Of| A|

Redundant
Array of
Independent
Libraries /o
< O¢e
d D

/

LTO
a e
<4 D

/

LTO
a e
4 D

Quantum
_—

« o

/]
e
\

\

4 >

o~

Qu a ntu mu © 2021 Quantum Corporation | 49

uuuuu

o~

« o

/]
A
\

\

o~




2D Erasure Coding 3 2|

« HHO[HO|ZOIREUOZE WIS RLENES MY

. U Eo|Z Oj2ERS

u

Aste QBHMES ALS

«  HE| copy HAMELLF O ES 7|51t L HE M3 L CL

- A0 O|M Y2 HO|EZ &2 2 FH H0[HE 22T LIC}

- ALK 0[O REC 2 oot 2L EALHO|IZ 24 52| Ui+ E&
JE0AM = HOIHE B2 gL L},

*  RAILOH|HIMZ HA 2to| 22| B XML S 7Isot ot 2XO|Lf
2to|2 22 YO =2 £ H HO|HE Eo gL LY.

Qu a nt u mm 2021 Quantum Corporation | 50



o 2EE 2EC|X|= ™I

. 401 0|4 Q) AE2|X| £ofo| YA 2N EY M 59|
0| = AE2|K| ORI S RELHE QD QI J|aYS HY

« Active Tier (Disk) 2} Cold Tier (Tape) & Tt HIL| 2 A M| &5l= &

AL

« Cold StorageE ¢ict 7| =4
— 2D Erasure Coding
— Cold StorageE %ol 7HH =l H|O| = AE2[X|

Qu a ntu m@ © 2021 Quantum Corporation | 51



of 2EE 2EC|X|= ™I

GIGA M
SONAR REPORT
Leader

Challenger

T KEY FACTORS 1

. . S3API System Licensing/Financial Near-Term

Architecture Integrations o b g

Compatibility Management Model Roadmap
§ FUJIFILM ! -+ -+ -+ -+ 4+ ++ i
s/ \&® Froroaennees proreasenees prenmmeenn prenmseenee oo R i
& PoINT : 5 5 : : : :
Archival : s i s i -+ i -+ i s i -+ H
‘\ / Gateway | i H H : :
------------ T I S s
Quantum ! : i o+ i e : e i e i
"""""" N fro fro fro [ !
Quantum H H H H H !
.\ Spect(a : H H ++ H +++ ++ H ++ H
Logic : ! ! ! : i
Spectra Logic \ PoINT Software ~ \ T R Lo eeeeee I O Lo eeeemeee N H
FUJIFILM +++ Exceptional: Outstanding focus and execution Source: GigaOm 2022

++ Capable: Good but with room for improvement

+ Limited: Lacking in execution and use cases

\ = Not applicable or absent

EXECUTION

Source: GigaOm 2022 ©GigaOm

=X : https://research.gigaom.com/reprint/gigaom-sonar-report-for-object-storage-on-tape-quantum/

O.U a ntu m@ © 2021 Quantum Corporation | 52



HE 0| M| 85l E2|= ActiveScale Cold Storage2| 7} 4|
TEHEYXEM 22 HA HX 0 2L O

1)

s

Iarger tha_n aye'rag% database

NEEE |I*01|Ar% 2 9lojof &

27|30l Hjo|E| HES 9|3t o
Qu a nt u m © 2021 Quantum Corporation | 53



HE 0| M| 8ol E2|= ActiveScale Cold Storage2| 7} %]

0|2 2 E2|X|0fl cHet atx| 20| 2| ol 257 S LIt

1)

s

Iarger tha_n aye'rag% database

ActiveScale™

Quantum
ActiveScale
Cold Storage

=] 0f Lt G| 0| Ef Ly 7
Qu a nt u m © 2021 Quantum Corporation | 54



Quantum.

Your difference is in your data.



