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History of Foundational Innovation

1956 1976

Invented first First disk array
hard drive (RAMAC) sub-system patent
IBM WD

2013 2009

First helium HDD (6TB) First 64GB x4
HGST flash memory

SanDisk

SunDisk—\

1988

Introduces flash
as storage medium
.. SunDisk’

Introduces MR heads
IBM

2007

First 500GB 2.5"

portable external HDD

G-Technology

96

Layer

2007
Introduces SSDs
Into computers

SanDisk

MAMR

2016

First 48-layer First 64-layer
3D NAND technology 3D NAND technology

SanDisk SanDisk

Western Digital © 2020 Western Digital Corporation or its affiliates.

2017
First 96-layer
3D NAND technology

SanDisk

All rights reserved.

1995

First flash drive
M-Systems

2000

First MLC NAND
SanDisk

L Ml ENLEY LK)

1998

Introduces industry
standard PMR
IBM

2000

First USB flash drive

IBM & M-Systems

Zoned Storage

2018

Introduces EAMR’
technology
Western Digital

*EAMR=Energy Assisted Magnetic Recording

Introduces 96 layer
QLC NAND
Western Digital

019

Introduces Zoned Storage
Western Digital

10/15/20



Broadest Storage Leadership

Western Digital

. %, 256. ‘ e
- e Digial :::::: . _ '
NAND Components Embedded NAND NVMe-over-Fabric UsB Portable Storage
(NVMeOF) Bridge ASIC
J-—:r:;tm. U—".a::ar' - E
L Ry b wonal.uz B 3as30 IDBLLE
Enterprise HDD Client SSD Client+ HDD Network Attached Direct-Attached

Storage & Personal Cloud Storage

T

[R—— —c

Ultrastar | Ultrastar

e
WD Gold"

—
Ultrastar’
DC ME200

Enterprise SSD Memory JBOD & JBOF Storage Servers NVMe-over-Fabric OpenFlex™
Extension Drive (NVMeOF) Bridge Adapter NVMe-over-Fabric Storage

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 4




PoCT co3aaBaembiX AaHHbIX
Annual Size of the Global Datasphere 175 7B

« B 2018 06bem co3paBaemMbix AaHHbIX B mupe — 33 ZB

e [porHo3bl CTAaHOBATCA MeHee KoHcepBaTuBHbIMKM > 175 7B k 2025
e (2018 no 2025 oXkmnpaetcAa NOCTaBKa Ha PbIHOK 22 ZB eMKOCTK XpaHeHUA
o OunpaeTcs BocCTaHOB/EHMe no3uumuin enterprise/cloud

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20




Korga ympet HDD?
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MeCcTKnn ANCK ymep, aa 3gpascre~~ <N

« Het, Ho XOPOLLWW Bonpoc!
e HeMHOrO yBarKeHMA CTapUKY Xapay — OH No-

W70 o )TN
npeHemy camada TOYHaA MallMHA Ha CBeTe. 60 EB/yr m'};; 0 e
3agymainTecs... g P xpargEii S
L '600 EB/YR _
e OH He camblt MOAHbIN N COBPEMEHHbIN, HO $ AV
NPOBEPEHHbIN, KPEMKUN N HAaAEXHbIN. KaK i
TepmuHaTop T-800.

e CQ2 '17 HDD Exabytes Rise to 158.50
e« 2CQ17 Total SSD Market: 15.156EB

https://www.storagenewsletter.com/2017/08/16/2q17-hdd-ebabytes-rise-to-159-despite-lower-units-shipments-of-96-
million-trendfocus/

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 7


https://www.storagenewsletter.com/2017/08/16/2q17-hdd-ebabytes-rise-to-159-despite-lower-units-shipments-of-96-million-trendfocus/
https://www.storagenewsletter.com/2017/08/16/2q17-hdd-ebabytes-rise-to-159-despite-lower-units-shipments-of-96-million-trendfocus/

Cyabba *KecTKoro AncKa

Worldwide Byte Shipments by Storage Media Type Share Worldwide Byte Shipments into the Enterprise
5.0 Core and Edge by Storage Media Type

I 100%
» . B o0 0o
B s 80%

70%
3.0 I oo
B ~vM-NAND s
% B sso
» NVM-Other %
40%
B ontic I Nvm-NAND
30%
1.0
B e 2o
B 10%

2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: Data Age 2025, sponsored by Seagate with data from IDC Global DataSphere, Nov 2018

K KoHUy 2025 roga 80% aaHHbIX B LO/,
no-npexHemy éyayt Ha HDD

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 8




The Largest Capacity HDD in the Market
Ultrastar DC HC550

Key Concepts Key Features
World'’s first HDDs to use TSA { 18TB, 9-disk (2 TB/p)
(Triple Stage Actuator) for Western Digital. i 16TB, 9-disk (1.78 TB/p)
improved performance °
provecp Ultrastar 6Gb/s SATA, 12Gb/s SAS
World’s first HDDs to use EAMR DC HC550

(Energy—Assisted Magnetic DATA CENTER DRIVE . A“ 7200 RPM, 512MB Cache
Recording) for the most areal ‘ Security Models — Standard (SE),

density SED: TCG, TCG-FIPS (SAS).
ePMR Energy Assist Recording 18TB ‘ Ultrastar Enhanced Data Security

9 disk mechanical design Ultrastar reliability, warranty and

increases capacity & workload

Common sealed technology & 7 F 2.5M hours MTBF,

code base Target MAIREE 5-yr limited warranty
TDMR reader technology Up to 550TB/yr workload

k Hyperscalers Q Cloud



Ultrastar® Data60 v Datal02

F'M6épuaHble NOJIKM BbICOKOW AOCTYNMHOCTU

o 102 asyxnopTtosbix HDD 1 SSD (makc. 24) c ropayei
3aMeHOM

6# 4-nonocHbix Mini-SAS HD nopToB Ha oguH IOM
MopaepKa anckos 12Gb/s SAS-3 nnum 6Gb/s SATA-3
[Jo 12W Ha AUCK B NOAHOM HabuBke

MNoagpeprkka oTkNtoYeHUA NnuTaHna T10 Pin3

[opAyan 3ameHa Bcex FRU

In-band n Out Of Band ynpaBneHne nonxkowm
Out Of Band uyepes IPMI / Redfish
In-band yepe3 SES-3

Ba 6n10Ka nutaHua 80+ Platinum 1600W

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.

No 1,4 MNb
B4U x 1200mm

10/15/20
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Cucrtema oxnaxkaeHua ArcticFlow™
[TapameTpbl MOAENNPOBAHUA

60.00

@ 12W Ha KaxkablW AUCK

35°C oKpyXKawoLlaa TemnepaTypa o
Pas6bpoc < 10° ps
Makc. Temnepatypa 54.11°C Tempgiim
Hel2 (8D HDD) paboTtaeT Ha 9.8W

Hel0 (7D HDD) paboTtaeT Ha 9.5W

HGST 4U102 AnbTepHaTuBHaA
4U90

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 11




IsoVibe™

MuKpokog npusoga HDD n akcenepomeTpbl
KOMMNEeHCUpytoT Bubpaumio n pe3oHaHc (cneu,. MMKPOKoA)

Auncku KpenAaTcA K wWacCn MNHUN-Ca/1a3KaMUH
Canaskun v BUHTbI He HYXHbl

Bce ANCKM MexaHNYeCKN U30/IMPOBaHbl 3N1aCTUYHbIMU
NOCaA0YHbIMU MecTaMn B BaknnenHe

Bubpauyma Ha 60% HUKe N0 CPABHEHMUIO C KOHKYPEHTaMMU

MaKcnmanbHaa NponsBoAUTE/IbHOCTb A1 AUCKOB C
BblICOKMM TPI

MpoanesaeT CPOK CyKObl AUCKOB

MWHUMU3NPYET KONMYECTBO OLLINOOK

©2018 Western Digital Corporation or Its affiliates. All rights reserved.



JKcnayaTauuA

o BepxHAA KpbILWKa OCTAETCA B CTOUKE

« Kabenu 3akpenaeHbl B CTOMKE, U UX
TporaTb He Haao

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.



JKcnayatauma

OcHOBHble KOMMNOHEHTbI 0bcnyxmnBatotca ns XK
NCKN meHAoTCA Ha xo4y
BeHTUNATOPblI MEHAOTCA MHANBUAYA/IbHO

NHTepdencHblie Kabenn BKAKOYEHDI B LLACCU
o |IOM MOXHO MeHATb Ha xoA4y

NHCTPYMEHTbI HE HYXKHbI
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[lpon3BOANTENBHOCTb

Summary for 12TB SAS HDD Performance

Max Performance for 102 x HUH721212AL4204 12TB 7200 RPM SAS12Gh/'s HDD, 12 Hosts, Sngle Mount Madonna enclosure
Profile I0ps MBps

R 4KSRQD 8 3.27 M >128K Block size 24.3 GBps

SW 4K SW QD32 245M 1MB 23.8 GBps

RR 4KRRQD 128 26 K 1MBRRQD 64 10.2 GBps

RW 4KRW all QD 45 K 1MBRW all QD 9.9 GBps

Western Digital.

© 2020 Western Digital Corporation or its affiliates. All rights reserved.
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CHu»KeHune Bo3BpaTa AMNCKOB Ha 62%
https://www.westerndigital.com/campaign/platform-innovations

Western Digitali PRODUCTS SOLUTIONS INNOVATIONS CONTACT

Ultrastar
Platforms

Innovations Reduce

Drive Field returns by
62%"

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20



HapneXHOCTb AMCKOB B Nosikax WDC

3.0%

2.5%

N
(=)
ES

1.5%

1.0%

Annual Failure Rate (%)

0.5%

0.0%

Western Digital.

Year 5

| 2.66x

Year 1

— 2.61! —

0.19%
250 500 750 1000 1250 1500 1750 2000
Days in Field
s Other Platforms s Ultrastar Data Platforms
© 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20
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QSAN

https://qsan.su/goods/sistemyi-xraneniya-dannyix/

QSAN XCubeSAN XS5226D

Now it's possible

with QSAN

Massive scale, performance, and reliability

up to 4x WD Ultrastar Data60/Data102

Western Digital

https://asan.su/novosti/gsan-sert-western-digital-ultrastar-data60-for-xcubesan.html

https://gsan.com/en/newspage/218

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 18



https://qsan.su/novosti/qsan-sert-western-digital-ultrastar-data60-for-xcubesan.html
https://qsan.com/en/newspage/218

SAN Solution for Surveillance — Dual Controller

Over 1000 IP Cameras

' ' ' ' ' ' ' ' ' ' ' '

Network Network
Switch Switch
NVR NVR
NVR NVR

NVR NVR
‘1 ‘1 ! =
| gzas zzz= =222

SAN Switch SAN Switch

|| qsaN xs1216p_

WD Data60

WD Data60

Western Digital.

© 2020 Western Digital Corporation or its affiliates. All rights reserved.

Ultrastar Data 60,102 has been certified
with many to act as a dual controller
architecture.

All the camera feed data will be directly
pushed from dual Controller architecture
and distributed to Ultrastar Data 60.
QSAN controllers provide all SAN & NAS
features for multiple Surveillance needs.
WDC Ultrastar Data 60 uses hybrid
storage of Flash & HDD for performance
rebalancing.

Ultrastar Data 60 has been designed for
durability .

10/15/20
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Raidix

https://www.raidix.ru/solutions/western-digital/

dainnosbit (NFS, SMB, ATP, FTP) n 6nounbi (FC, IB, iSCSI, - >

SAS) pocTyn L rgﬂ = . e~ ®@
s 00

MUHUManNbHOE BNNSAHNE OTKA30B HaKoMUTenen u —

060pyAOBaHMA [na sBuaeoHabaoaeHUn [na BUAEOKOHTEHTA

Bbicokast nponyckHasa cnoCoO6HOCTb AN MHTEHCUBHbIX

Harpy3oK T

[lononHuTenbHan 3aliMTa AaHHbIX 3a CYET yaaneHHoM Iﬁi]}['] (9 m

penamkaumm

Jlerkoe macLuTabrpoBaHue 1 rmokme KoHeurypaumm 11751 KOPMOPATHBHBIX 11717 HPC-MHGPACTPYKTYD

MHOPACTPYKTYP
PedepeHCcHble apXUTEKTYPbI:

https://www.raidix.com/uploads/2018/10/reference-high-performance-fault-tolerant-data-storage-system.pdf
https://www.raidix.com/uploads/2018/10/reference-architecture-scale-out-data-storage-system.pdf
https://habr.com/ru/company/raidix/blog/354340/

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved. 10/15/20 20
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Open Source NAS - FreeNAS

NAS Clients

FTP Server

&

FreeNAS

u_l'] vmware
X86 Server LSI 9380

Ultrastar Data60

Western Digital © 2020 Western Digital Corporation or its affiliates. All rights reserved.

Ultrastar UD 60,102 has been Qualified
for FreeNAS.

FreeNAS is opensource can able to
provide all the high-level Enterprise class
NAS features.

Solution can use for any NAS requirement
for Surveillance or File servers

FreeNAS is based on ZFS, this will be
robust solution with less failures

10/15/20 21
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