Western Digital.

Western Digital’s Compelli--i?“‘ff‘“*"‘a

Enterprise portfolio
The Ultrastar® Family of Product

S
=
=
=
=
=
<
=
—

Marcin Paczko - ""// =
/// /’

Enterprise & Platforms 4/

Country Manager BELT

mail: marcin.pac/zko@wdc.com
mobile: +48 601 333 928
skype: leon.zaw



mailto:marcin.paczko@wdc.com

The Universe of Data is Evolving Rapidly

Past few decades ...

Next few years ...

From years to
compute what would take ...

of the generated data
deemed useful leading to unused
dark data

within individual
applications

Data privacy

to compute today

of data generated deemed
useful including past dark data

(e.g., $15B in annual value just from dark data
healthcare)

Emerging technologies will enable

Data privacy becoming
to society

A Data-Centric World




Data Interaction is Changing

Data Held Captive by Single Application Data Pooled and Shared by Multiple Applications
create
transform
create
transform g
| deliver
store <
access Create
store

transform




The Evolving Role of Data

Data as Data_as _ Data as Data as
a record communication currency

N _|

Argo Tea Café

224 reviews on Yelp !

Richness

Western Dlgltal ©2017 Western Digital Corporation or its affiliates. All rights reserved. 10/1/19
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Corporate and Product Brand Structure
New: Devices Group Commercial and Enterprise

Corporate Brand WeStern Digital

Product Brands @ Western Digital.

Consumer Consumer Consumer

Target Audiences Commercial

Enterprise

Commercial = OEM & Cloud Service Provider (CSP)




Acquisitions for Storage Technology Breadth ...

\[I)\[e§telrn H[cIs]T] —slec fiio SanDisk | %:tegile )
Iglta w Yhsetern Cigital brerd VIRIDENT V.
Mar. 2012 Sept. 2013 Oct. 2013 Mar. 2015 May 2016 Aug. — Sep. 2017

SSD O O O C
System /7 SW O O O
NAND O
Embedded, Removable ®
Flash, Persistent, Cloud Services O
. and Strategic Investments Western Digital.

Capital

Western Digital.




The World’s Most “Valuable” Patent Portfolios

AMAZON.COM inc. UNITED STATES 24,950
GOOGLE inc. UNITED STATES 15,089
APPLE inc. UNITED STATES 14,285

(3]
-
(-]
(-]

Western Digital.  vuireo srares

FORD MOTOR co. UNITED STATES 4,581
QUALCOMM inc. UNITED STATES 4,353
INTEL core. UNITED STATES 4,000
TAIWAN SEMICONDUCTOR MANUFACTURING co. TAIWAN 3,454
MICROSOFT core. UNITED STATES 3,403
MEDTRONIC inc. UNITED STATES S 379
Patents, WW
2 '/
SAMSUNG ELECTRONICS co. SOUTH KOREA - 2,608 : , '
SEAGATE TECHNOLOGY ric. IRELAND I 207

Source: IEEE includes SanDisk, WDC, and Skyera




of the world’s data
created Iin the past 2 years

=
Western Digital.

shipped

of storage
shipped In
2017(HDD

data

generated 43%
by 2025 of World’s

Exabytes and SSD)

-

of Data Center spend Is on storage

Source: “What People Do on the Internet, Every Minute of Every Day”, Domo Research, July 25, 2017. “What will we do when the worlds data hits 63 Zettabytes in 2025”, Forbes, April 13, 2018
and Western Digital internal market analysis, March 2018




Broadest Portfolio of Storage Solutions

il Western Digital
3D NAND

Sandisk

NAND Embedded Cards usSB

999
99

Client HDD

Wt it 3.

Ultrastar®
DC HC530

= 14TB

Client SSD

Enterprise Enterprise
SSD HDD

Portable
Storage

Network-Attached
Storage & Personal Cloud

JBOD & JBOF

ActiveScale™
Object Storage
Systems

Storage
Servers

Tegile All-Flash
& Hybrid Arrays

Western Digital.

Direct-Attached
Storage

T

OpenFlex™
NVMe-over-Fabric
Storage

10/1/19

10



Western Digital.

Data Center HDD Leadership




Ultrastar Series
Product Benefits

 Workload rating up to
/ 550TB per year rating
/' High » 10x the rating of

desktop HDDs
Worklo P

/ RVS for
Vibrati

on

/HelloSea

 Enhanced Rotational
Vibration Safeguard
« Sophisticated
electronics improve
data center
performance

/ " Dual

Stage

|®

 Featured in over 30

logy

highest capacity point{las el alales « Actuation moved Micro
closer to head allows NEal®iVELE

million enterprise for finer head control or
HDDs « Better positioning and

« 5 generations of RV Robustness
Lilal:aC -~ Al

- .
Western Dlgltalm ©2018 Western Digital Corporation or its affiliates. All rights reserved.
6-27-18
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Data Technology Innovations
Firmware Architecture

* Protected by RSA-
signed firmware

 Secure Factory
Processes

Vastly improved
write performance
100% data integrity
with NVC

Dual
Safe
Firmwa
re

« SATA: TCG
« SAS: TCG, TCG-FIPS

e Power Safe, Non
Destructive Firmware
Update

- .
Western Dlgltalm ©2018 Western Digital Corporation or its affiliates. All rights reserved. Confidential. 10/1/19 13
6-27-18




End-to-End Storage

Data Center Drives

HA200 Series HC300 Series HC500 Series
SATA Only
N (
. Western Digital,\\ %y stern Digital. :
U |trast . | Western Digital. | "
ar : trastar y s
DC HA210 Ultrastar HC320 Ultrastar
DATA CENTER DRIVE DC HC310 I DC HCS10

DATA CENTER DRIVE DATA CENTER DRIVE

HelioSeal’
HelioSeal'

l

®
Rainier Rainier

Vela-AP Libra-Hel0 Leo-A Hel2 Leo-B Hel4d

.Dﬂﬂ Entry Level DIDH Medium Capacity I:IDI|:| High Capacity DDI:lI
1‘ TCO
& iy G~

Highest Best TCO Lowest
Legacy Longevity Highest IOPS/TB Reliability Power




Key Components Cost Ratio

21%0 Lower Storage Cost

: o)
More Capacity. Less Power. e ) 20%
o]
[Olo*~°[0] [Oo*~~[0] Ceph Object 4 SSDS—(-NVMe)
Clo*~c~[] Clo*~°[0] Storage Cluster: 50%
4 data nodes w/12x 4 Blo~°0]
[Olo>~~[0] [Ol~~[0] OSD HDDs each i Servers Nscir(;—rI;gD;D
|§|O/O\O/O|§| @0/0\0/0@ Tr|p|e replica‘tion 8U S + Shared costs
Rack
8TB Servers 14TB Servers Space

System Costs Include:
Chassis

% /& h \}—i Power supply

o ) ‘ Mainboard

) ‘ | ‘ | Processor(s)
DRAM

Capacity (TB) Power (W) Watts/TB $/TB

Networking card
Secondary storage (boot drive, journaling)
RAID controller

8TB Air 384 355 0.93 Baseline Cable interconnect

Shared System Costs Include:
% of TOR networking

. —+ (0) - 0) - (o) - 0) % of outside internet connection (aggregator)
14TB Helium 75 Y0 26 Y0 58 Y0 21 Y0 % of rack cost
672 264 0.39 @ $/TB parity % of UPS for rack

% of colocation/lease cost

2Ux12 + 1 SSD, 64G DRAM, 2.5Ghz Xeon
4 Server Configuration with TOR/Aggregator/UPS. Idle Power HDD only.

10-7-18



Data Center Leadership to Deliver
18TB CMR and 20TB SMR HDDs™

Western Digital

Western Digital.

| Western Digital.

( Ultrastar

~x DC HC550

| DATA CENTER DRIVE

Extreme Capacity

18TB CMR HDD for hyperscale, cloud,
and enterprise storage

20TB Host-managed SMR HDD

Areal Density

9-disk platform with 6™ generation
HelioSeal technology and energy
assisted recording drives
capacity/density leadership

TCO

Cost-optimized configurations f@tilability
. first half of 2020

every important capacity point



Western Digital.

Highest performing SSDs in the market




A Tradition of Technology Leadership

World’s first 128 / 96-
layer and
64-layer 3D NAND;
first high volume
production of both
technologies

Development of highest
capacity, 1.33Tb die on
96-layer QLC

©2019 Western Digital Corporation or its affiliates. All rights

Western Digital.  reserved.

World’s Smallest
256Gb and 512Gb
die based on charge

trap technology

Broadest product portfolio
built on 64- and 96-layer 3D
NAND

<2::  \Western Digital
3D NAND

10/1/19
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WDC Enterprise Market View
TAM by Units & Revenue

Total EB CY17-CY20 )
Enterprise Market Units CAGR 42.5% Enterprise Market Revenue

Historical | Forecast

35 Historical | Forecast 300 > %9
> ©
C —
) o
= = S8
= 39 >
250
s7
25
SSD 200 $6 I
20 $5
150
15 >4
Peﬁonnance
Enterpnse Capacny 100 >3
Enterprise
Performance Capac|ty
50 Enter ns Enterprise
i IIIIIIIII
0 S0
S A O D A <2 A O D A
x % % v v x & % v 5 & x % v Y 4
FFEE S CE & EEE é> é> é> é> é> d} 0 d} & & &

NN Cap Ent W Perf Ent N SSD EB M Cap Ent ™ Perf Ent ®WSSD

« SSD and HDD Capacity Enterprise are driving revenue expansion
* Performance Enterprise squeezed by SSD for highest IOPs
- Capacity Enterprise defined by both: lowest $/TB for TCO, and low ASP for traditional IT applications

- HDD Exabyte CAGR driven by Hyperscale and Cloud applications

Source: WDC View, Dec Version: 4/5/2019
2018



Enterprise NAND SSD Market Outlook (Units/PB)

Enterprise SSD Exabyte Growth without Self-Built - 3820 PB CAGR
2019-2024

Enterprise SSD (PB Shipped) Enterprise SSD (TAM, K Units )
B SATA MEEssPCle EmSAS mEPerfPCle W SATA mEssPCle mSAS mPerfPCle
300,000 35,000
25,000
200,000
20,000
150,000
15,000
100,000
10,000
CY19 CY20 CY21 CY22 CY23 CY24

CY19 CY20 Cy21 CY22 CY23 CY24

Source: WDC eSSD Market Model Dec’18

Note: Excludes SCM, Client SSDs used in Enterprise _



Enterprise NAND SSD Market Outlook (Units/PB)
Enterprise SSD Exabyte Growth 3826 PB CAGR 2019-2024*

essD DC SN200 .. mmmm— v o
100%
90%
80% Cmm——)) 550
096 DC SN64
60%
50% Premiu® 1aas
40% DC SI\FS‘ (Read Intensive) ﬁ VB 3SD
30% Important Metrics: QoS, RD]
20%
10%
0% " .
2018 2019 2020 2021 2022 2023 2024 Traditional 1aaS “ Capaciy HRD
[Web Hosting, Cloud Storage, etc.]
mVRI mRI
5Y VRI/RI TAM View NVMe SSDs for Tiered Cloud Storage 2024 View

Go after major growth opportunity in VRI and Rl based on dense SSD

TAM

*Western Digital Internal Market An




Complete Data Center SSD Portfolio

[ TTITTTT TR

Western Digital

Ultrastar _
DC SA210 Ultrastar

DATA CENTER SSD for BOOT & EDGE DC 85530

Western Digital
Western Digital.

Ultrastar
DC SN340

DATA CENTER SSD

Ultrastar’
DC SN630

DATA CENTER SSD
T TS

‘Westorn Digital
Ultrastar'
DC SN200

DATA CENTER 350

DATA CENTER SSD

Western Digital.

Ultrastar
DC SN640

DATA CENTER SSD

Western Digital

CL SN720

N M2 22x110 X8 HH-HL & x4 2.5-inch U.2

i z Up to 15.36TB | M.2 22x8QJp to 2TB| Up to | Up to 7.68TB
2.5-inch & M.2 2z Up to 2TB . p P
—I EDSFF Long -

DC SA210 DC SS530 DC SN340 & CL DC SN630 - DC DC SN200

a0l scbresara. o pfll] Lazoprssas.

Scalable, Dual-Port,
High-Endurance

Options

Boot & Edge Applications,
Cost-Effective Flash
Deployment

* One gigabyte (GB) is equal to 1,000,000,000 bytes (one billion bytes) and one terabyte (TB) is equal to 1,000GB one trillion
bytes) when referring to storage capacity. Accessible capacity will vary from the stated capacity due to formatting and partitioning of
the drive, a computers’ operating system, and other factors.




NVMe™ SSD Segmentation

Ultrastar NVMe SSDs For Data Centers

0.3 or below DW/D

VRI Storage

Very Read-Intensive
Workloads

Content Delivery Networks

Cloud Gaming Storage

3.84TB & 7.68TB in 7mm 2.5”
u.2

Focused on large block writes
(32K/128K/..)

Delivers best IOPS/WA
Optimized for Read Qg

Ultrastar
DC SN340

DC SN340 NVMe SSDs

<1 DW/D

Rl Storage

. Read-Intensive Workloads

. Scale-out Architectures
. Cloud SQL & Object Storage

. Hyperscale and Cloud Services

DC SN640 NVMe SSDs

= 800GB to 7.68TB in 2.5” U.2
= 4K/8K Writes support

Ultrastar
DC SN640

1-3 DW/D

Caching & Compute

*  Mixed Workloads

. SSD Caching Layer

«  Hyper Converged & Database
+  Compute-Intensive

Workloads: AlI/ML, Analytics,
E-Commerce

DC SN200 NVMe SSDs

AIC or 2.5-inch SFF

Optimized for 4K Random R/W
Workloads -> up to 1.2M IOPS

[—
Ultrastar’
DC SN200

Up to 7.68TB in Choice of HH-HL

10+ DW/D

Accelerator

. Write-Intensive Workloads

. In Memory Database
Accelerator

. ERP, SaaS, Financial

. Memory Extension

DC ME200 Memory
Extension

= 1-4TB in Choice of HH-HL AIC
or 2.5-inch SFF

= Combines Software +
Hardware Solution for
Transparent Memory Cif

[rom—
Ultrastar
DC ME200

s,
N
)
o ou!
Wy
&



Western Digital.

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




Market Trends & Challenges

User Experience Memory Technology

Superior application performance & DIMM module size is not scaling at
increasingly necessitates trend towards ; the same rate as compute power
in-memory computing

S QERRRERNERRTRERRRRRRRTRRE NIRRT REEEd B VOUEII NIRRT o L

DRAM Pricing

Number of DIMMs on newer server DRAM cost is high and tight market
platforms is either flat or reduced, conditions means price is not declining as
requiring scale-out solutions expected

* SRR e PN STT R R = * SERRRREI RN TR B FRRRIIRT IR =

Trend towards in-memory computing — but cost is high...




Introducing:
Ultrastar DC ME200 Memory Drive

Western Digital’s first product to optimize in-memory system capacity and performance for
running demanding applications that drive today’s real-time analytics and business insights.

Drop-in for most x86 servers, software creates _ _
virtualized memory pools on Ultrastar NVMe devices _ Now Shlpplng!

Augments physical DRAM
* e.g., 1:8 ratio (DRAM:DC ME200)
« customer cases will vary ratio

Western Digital Westem Digial
* NVMe U.2 and AIC Interfaces Ultrastar
« Capacity point options: DC ME200

« 1TiB, 2TiB, 4TiB

{
- .
“

@
-

Prefetch algorithms achieve near-DRAM performance

— benchmarks to be published at launch:
* Redis, Memcached, SGEMM, MySQL™

Go-to-market:

— global availability, direct and channel sales Ultrastar DC ME200 Memory Extension Drive
NVMe U.2 and AIC HH-HL form factors

©2018 Western Digital Corporation or its affiliates. All rights reserved. Confidential. 26



Ultrastar™ Memory Drive — Proven Performance

M

&P redis

W

MysoL

Distributed in-
memory data

cache for web
applications

85260-91%
DRAM
performance

4x-8X memory

expansion

©2018 Western Digital Corporation or its affiliates. All rights reserve

In-memory data

structure store

and messaging
service

86-949%0
DRAM
performance

4X memory
expansion

Relational DBMS

74-80%0
DRAM
performance

4Ax-8X

memory
expansion

d. Confidential.

:

TP
A o,

SGEMM Matrix
Multiplication
for AI/ML

93% DRAM
performance

8X memory
expansion

SAP S/4HANA

95% DRAM
performance

8X memory
expansion

10/1/19 27



Western Digital.

And the winner is ...




MAMR will enable continued $/TB advantage over Flash SSDs

$100 000
$10 000
$1 000

$100

>10Xx

$10

$1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Calendar Year

- -
westefn Dlg[tal ©2017 Western Digital Corporation or its affiliates. All rights reserved. Source: WDC Analysis 10/1/19




Insatiable Growth In Data
HDDs continue to play an important role in the future of data storage

Total EB

3000

. Fast Data Bv 2022
2500 )/

- Big Data
" 70%
1500 O
1000 HDD of exabytes

will still reside

o on HDDs

0
Cv¥2016 CY2017 CY2018 CY2019 CY2020 CY2021 CY2022

- -
westem D.glta' ©2017 Western Digital Corporation or its affiliates. All rights reserved. Source: WDC Analysis 10/1/19



In the data center, HDDs continue to play an even bigger role

Total Data Center EB

. Fast Data By 2022
B Big Data
c00 Flash /()
. DD of data Cem_:er
exabytes will
500 still reside on
0 HDDs

CY2016 CY2017 CY2018 CY2019 CY2020 CY2021 CY2022

- -
westefn Dlg[tal ©2017 Western Digital Corporation or its affiliates. All rights reserved. Source: WDC Analysis 10/1/19
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Platform Portfolio - Western Digital Ultrastar

V

-

\.

JBOD JBOF
Ultrastar® Data60 Ultrastar Datal02 2U24 All-Flash

ﬁ ' J
’
!
‘

.

7

¥

F

.

Ultrastar Serv60+8

-y

}7 .II.I.I.II.IIIII.IIIIIII F

NVMe Flash Storage Servers

Ultrastar Serv24 Ultrastar Serv24-HA Ultrastar Serv24-4N

P q

Western Digital.



The IT World I1s Changing

 The way IT managers are purchasing and building their infrastructure is
changing rapidly. The days of general purpose mainframes for all
computing tasks are slowly dwindling, and the days of “software-
defined everything” are rising.

v

* They are buying off-the-shelf components or systems and install them
together with the management software of their choice. This enables
purchasing flexibility, reduces cost, and dependence on a single HW
vendor.




Shifting Enterprise Storage Market

Enterprise Storage Revenue

Traditional Enterprise OEM Hyperscale/Cloud SDS m Enterprise SDS

g A
%SE & DATACORE

Zxcelero
¥ nexenta g& Microsoft
vmware EXgeyde)
=Nes @ ceph

NETFLIX @) wasabi

Lenovo ©Joyent yerizon’

DEALEMC Linked@l) & atat
r 4

ZADARA | = -

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




Shifting Enterprise Storage Market

Enterprise Storage Revenue

Traditional Enterprise OEM m Hyperscale/Cloud SDS m Enterprise SDS

SDS SW + WDC Platforms
For sale to their end customers

Their SW + WDC Platforms
For use in their business

OEM Platforms
For sale to their end customers

S-

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

Source: Wikibon, Hyperscale and Hyperconverged Server SAN Project 2017




Workload Diversity Demands Diverse
Technologies and Architectures

Fast
Data

Big

Purpose-built data-centric architectures
Data

Storage-centric ory-centric
architecture itecture

Storage

Memory

ALY DRAM  SRAM

Capacity- Storage Semantic

: srformance-
) Memory Semantic
centric scale Data Flow Interconnect

Data Flow entric scale

Compute
Storage SOC General Purpose CPU FPGA ASIC

Western Digital.

37



Data Center Systems Business Unit

17x Revenue
I Growth 3((:)OO+ Total
Q1FY16 to Q1FY19 ustomers
8500+ Systems and 3+ Exabytes “ j
Platforms Deployed Shipped in 2018

m Adding 150+ New
@=,| Customers Every
m— Quarter

400+ R&D
Engineers

Western Digitalm Source: WDC Investor Day January 2019




Why Platforms from Western Digital?

Rich Experience
60+ years of designing storage

Quality, Reliability &

| Western Digital

Ultrastar’
DC HC530

Energy Efficiency

Vertical Integration * First in the industry to offer

a 5-yr warranty on HDDs

Patents in our Platforms

Built on patents in our Devices * First in the industry to offer

) o a 5-yr warranty on storage
Fastest Time to Market and server platforms

Western Digital.




Ultrastar® Data Family — Patented Innovations

* IsoVibe™ Patented Vibration Isolation Technology

« ArcticFlow™ patented thermal zone cooling technology

« Serviceability — maximizing “cold aisle” access

Western Digital.




We’ve got Helium and Helium comes with less vibration

1 ——H#0

8:2 :J I . _Egé

;82 | I'il'orq e hois L —

Air, Milli-Off  |gos i — -

Helium-Based HDDs Y i JU‘ ) m: Héo
0'(1) e A .‘é\ : |t\_d.,.}.>_ _e,ym.__ﬂ-_,@AM P
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Patented Innovation - IsoVibe™
We understand how our drives vibrate better than any other platform supplier!

v’ Precise cuts in the baseboard provide
“suspension” for the HDDs

IsoVibe™

 Less Vibration Crosstalk
 Stable Performance

v Reduces the vibration transmitted from
one drive to another

v Performance is maintained across the
platform, even when all the drives are
working hard

Drive Suspension Cuts

Western Digital.



The Problem with Dense HDD Shelves

Air Is heated by successive rows of drives

Blowers Fans

v' Higher power required

v' Higher energy cost
v' Higher noise levels

v Higher vibration

Hot Aisle

0
[0
<
©
0
O

... leading to performance
degradation

v' Higher temperatures

... likely affecting reliability
and data retention

Western Digital.




Patented Innovation - Arcticklow™
Dividing the enclosure into 2 thermal zones for HDDs

O.Z‘l'l'

Air warmed by the front four rows is

Cold air tunnel in center of chassis directed around the chassis sides
provides cool air for rear drives
\ Front Zone Rear Zon{a
v Patented airflow .

v" Cool air is drawn into the
center of the enclosure
for the rear zone

management ' | 5y el b

v Warmed air from the % ' -l
front zone is ducted < TR e R ; L3 :T:)
away frOm the rear 5 b e . 0 - e e = ‘_ — > »
drives 0 ull ol T

Western Digital.




- HDD AFR Follows Arrhenius Model on Calculation:

Temperature « 70% of the drives run at comparable
temperatures
Temp Derating AFR at Reli Spec Workload 220TB/Yr - 30% of the drives in the competitive boxes
0.8% run an average of 13°C hotter
0.7% * Using the temperature derating chart, AFR is

Increased from 0.349% to 0.49%
0.6%

B 0.49% « 30% of the drives in the competitive box will
L 0.5% have a 44% higher likelihood of failure
04% | 0.34% / Conclusion:
0.3% « On average, systems without ArcticFlow
are likely to have 13% more drive
0.2%

failures over time caused by operating at
elevated temperatures

30 35 40 45 50 55 60 65 70
Drive Reported Temp

Western Digital 10/1/19 45




ArctickFlow™ Power Savings Calculation

ArcticFlow Energy Savings

Per Slot Power & Cooling Only

Competitors average power 3.26 W per HDD Slot

Ultrastar Datal02 power 1.64 W per HDD Slot

Per slot power savings 1.62 W per HDD Slot

Number of drives 102 HDDs

Power saving per enclosure 165.24 W per enclosure

Power savings per year 1448 kWh per year

Cost /kWh S 0.12 S/kWh Varies by state and by country

Cost saving/enclosure S 173.70 peryear

PUE 1.8 Ranges from 2.2 (typical) to 1.2 (most efficient)

Total data center savings S 312.66 Peryear
Typical lifecycle 5Years

Life savings per enclosure $ 1,563.30 Over 5-year lifecycle

- .
Western Dlgltalm ©2018 Western Digital Corporation or its affiliates. All rights reserved. Confidential. 10/1/19




Rack Mounting & Serviceability

Cold Aisle Service Hot Aisle Service
* Industry-leading, cable-free *PSUs
 Hot-swap IOM & Fans *CMA pivots away for easy access

*Cables fixed to rack and held by CMA

* Blowers can be changed individually
*Vibration Isolated Fans

« Easy-swap, high-availability HDDs & SSDs
* Disk Drives can be changed in operation

Rear View
Hot Isle il




Rack Mounting & Serviceability

Lid remains in rack

- Ease of use, prevents loss/damage Eront View b .
Cold Isle  «Sf+ L S |

Easy operation

* No tools required at all

Data60/102 FRUs O PN A i




Ultrastar Data60
Designed for Extreme Density

IsoVibe™

ArcticFlow™

60-Bay

Hybrid Storage Platform with up
to

HDD up to 14 TB
SAS or SATA
SSD up to 15.36 TB

Available Capacities 57.6 GB/s Bandwidth

961B - 840TB

2X 6X 4x-12Gb/s
SAS3 Host Ports

Capacity




Ultrastar Datal102
Designed for Extreme Density

IsoVibe™

ArcticFlow™

102 — Bay

Hybrid Storage Platform with up
to

Dual-Port SAS or
Single-Port SATA
HDDs

Options 57.6 GB/s Bandwidth

2X 6X 4x-12Gb/s
SAS3 Host Ports

360TB —

Capacity




High Availlability Hybrid Platform

* 60/102 dual ported HDDs and SSDs (max. 24#) individually hot swappable

12Gb/s SAS-3 or 6Gb/s SATA-3 drives supported
— 512n/4Kn/512e, SE/ISE/TCG

6# 4-lane powered and managed mini-SAS HD ports per 10 Module (2 IOM)

Hot swap of all FRUs including individual drives

Dual redundant 80+ Platinum rated 1600W CRPS PSUs

[ »2




Long Live Data™

Storage Enclosure special features

—In-band and Out Of Band enclosure
management

— Out Of Band management via Redfish

— In-band via SES-3
—Firmware upgrade

—T10 Zoning

— with up to 6 servers

— Drive power off using T10 Power Disable (Pin 3)

—Daisy Chain Expansion [Bloce@l]
Mini SAS HD
to QSFP+ QSFP+ to QSFP+ Cable
Cable /*\»
v vy v v
{HHHH HHHHH oo OO

mee ©2015 HGST, Inc. All rights reserved. Confidential 10/1/19 52




Ultrastar Data60 & DatalO?2

DatalO2 Data60
System Length 1037 mm System Length 705 mm
(1160 w/CMA) (850 mm w/CMA)
System Weight w/o railkit System Weight w/o railkit
- — 32 kg w/o drives - — 27 kg w/o drives

- — 109 kg w/ drives - — 79 kg w/ drives




Software Defined Storage for General IT Purposes
Customer Freedom to define and build their Storage

zxcelero

Choice of @@ rednat “suse  ubuntu® NS
Storage

Software WAIMWEIGEE B Microsoft €'nexenta
@ceph &

Choice of  Western Digital.

Storage ATTO

Hardware
© BROADCOM M\ Mellanox: intel'

—t
BB 2 patacore

openstack’

areca

EEEEEEEEEEEE

Western Digital.




Software Defined Solutions
Customer Freedom to define and build their Solution

Choice of VERITAS \veeAM Acronis

Application -
ngtware See™®Tec ‘ QXX{_JNSOFT

An OnSSI Company

milestone

Choice of  Western Digital.

Storage ATTO

Hardware
© BROADCOM' M\ Mellanox: intel

EEEEEEEEEEEE

areca

Western Digital.




Survelllance
Recording with real time analysis

- High workload
— Heavy reads & writes
— Random reads, sequential writes

* Very high storage demand
— High capacity and high performance
— Metadata & reference images ideal for flash tier
— Multiple HDDs induce high vibration

* Durability & long term availability
— Data center server environment
— Expect highly reliable operation
— High availability and redundancy

Western Digital.




Typical Video Management System (VMS)

Monitoring

VMS Server — —

Management

Storage
(on-premise or cloud)



Survelillance Solution
Ultrastar® Data60/102, 2U24

o ST

*Run Surveillance VMS on X86 server ‘ ‘ ‘ ‘ ‘ ‘ ‘

|

« Attach JBOD and or JBOF

— Ultrastar Data60/102
(up to 1.4PB)

—Ultrastar 2U24 flash storage platform
(up to 368TB) e

« SSD, hybrid or HDD storage
—Balance capacity / performance / cost




Honeywell -
H4AW2GR2
IP Camera(s)

Primary Recording Server Primary VMS Server Secondary VMS Server

Network Switch (1+n)

ISCSI

q x86 Server Node(s)
: - OowWs : :
.-I'=...‘ E Cluste : ..l"...‘
E E .IlIIII'IIl-lIIIIIIII-I-III:—-IIIIII: E :
12G SAS connectivity = E E _________________"____;_______E__ H « 12G SAS connectivity
- w 2 : . -
- E E :

Primary Enclosure Secondary Enclosure

High-Availability VMS Reference Architecture

Secondary Recording Server

Cameras: Up to 512 Honeywell
H4W?2GR2 IP cameras (for
4-month video data storage)

Servers: standard x86 servers
Storage: Ultrastar® Datas0
Storage Platform

Software: Honeywell MAXPRO®
VMS

» VMS server(s) manage all
cameras

« Recording of each camera is
stored in both primary and
secondary Ultrastar Dataé0
enclosure

« Virtual Disks from primary
Datas0 are used by the
primary VMS server

« Virtual Disks from secondary

Datas0 are used by the
secondary VMS server




Multi-PB
eCommerce Website

100M+ online
transactions per day
Doubled annual
ecommerce sales with
Nno service interruption

High performance,
reliability, and
resiliency

Flexible, High-Performance Platform for Custom Applications

Multi-Cloud
Gaming

Tournament-quality
gaming experience for
1000s of users
Freedom to play any
content on almost any
device

Low-latency platform
delivering high frame
rates

Massive Scale
Data Backup

High Performance data
protection with enterprise
backup and recovery
software

Simple, efficient, and
consolidated compute and
storage




Application Matrix

Data60 2U24-AF | Serve0+8 | Serve0+8 Serv24 Serv24-HA
Datal02 Serv24+6 Serv24-4N

Backup /

Archive

Surveillance +++ ++ +++ ++ +

Video on ++ 4+

Demand

File Storage + ++ +++ ++ +

(NAS)

Block Storage ++ ++ ++ +++ ++ +
(SAN)

Parallel File + ++ + ++ + 4+ ++
Systems

Object Storage + ++ +++ ++
Flash over T+ 4+

Fabric
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Warranty and Support

_ Data60 / Datal02 bzt Al-Hess Serv24, Serv24-HA
Platform

Warranty Earlier of 5 vears or Earlier of 5 years or Earlier of 5 years or
SSD 4 <1% endurance <1% endurance
<1% endurance . .
. remaining remaining
remaining
HDD
5 years
Enclosure 5 vears
y 5 years 5 years
Support
FRU/CRU RMA Yes Yes Yes
Replacement on Receipt
Mo-Fr Business Hours Yes Yes Yes
Fee-based Services
Advance Replacem_ent Yes Yes Yes
Option
i Yes Yes Yes
No Return Option
i . 1yr, 3yr, 5yr 1yr, 3yr, 5yr 1yr, 3yr, 5yr
StorChoice Silver
StorChoice Gold 1yr, 3yr, 5yr 1lyr, 3yr, 5yr 1yr, 3yr, 5yr
1yr, 3yr, 5yr 1yr, 3yr, 5yr 1yr, 3yr, 5yr

StorChoice GoldPlus

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




StorChoice SLA Definitions

Support Services'

Features Basic Silver Enterprise Gold Enterprise Gold Plus®
Support Operations 24 x 7 24 x 7 24 x7

Response Targets 1 hour 30 minutes 30 minutes

(severity 1)

HardWare>ServAice TelA'ms3‘ | 1,3 &.5 yrs o | | ) I 3 &5 yrs | | | 1,3&Syrs

RMA/FRU Replacement NextBusinessDay . shour thour
Access Phone/emall Phone/emall Phone/email
Response  Phone/email  Phonefemall Phone/email

On-site Field Technician ~ No No oo Yes
AccesstoSW & Firmware  Yes Yes ves

Updates®

No-Return Option”™ Available for purchase Available for purchase Available for purchase

' All product units purchased by a customer must be under the same purchased support level, and all upgrades and/or expanded capacity for a product unit must
be under the same purchased support level. May require a lead time of up to 90 days to set up service. May not be available in all locations. Contact your sales
representative for availability of Next Business Day and Same Day parts replacement delivery services. Support Services must be purchased at the same time as the
corresponding hardware purchase.

2 Please see product warranty terms and conditions for details.
3 Support service commences on the date of shipment for hardware, and on the date of transmission for software.

* RMA/FRU replacement service level time starts upon manufacturer determination that a FRU replacement is required. No-return options are available for Silver and
Gold customers as an additional option to be charged separately.

* Gold Plus must be separately purchased in order to receive On-site Field Technician.
¢ Provides bug fixes, patches and software updates (minor versions) as available.
7 Option only covers drives or flash and not other components of the system/platform. Available for purchase with Silver and Gold options.

8 No-return option availability is subject to certain conditions and eligibility requirements.




Reference Architectures:

High Performance, High Capacity Scalable Storage Solutions with Western Diqital storage and DataCore

SANsymphony software

= All-Flash Storage Solution with Ultrastar Serv24 NVMe and DataCore SANsymphony

» Tiered Storage Solution with Ultrastar Serv24 NVMe server, Data60 storage and DataCore SANsymphony

software

= Tiered All-Flash Storage Solution with Ultrastar Serv24 NVMe server, 2U24 Flash Storage Platform and

DataCore SANsymphony software

= Performance Tiered Storage Solution with Serv24 NVMe server, 2U24 storage, Data60 storage and

DataCore SANsymphony software

= Honeywell with Ultrastar Data60 High Capacity, Fail-over Surveillance Solution

= High Capacity, Fail-over Surveillance Solution using MileStone VMS and Ultrastar Data60

Western Digital.
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https://wdc.seismic.com/Link/Content/DClAXW7088FkKKHirWk-gOHg
https://wdc.seismic.com/Link/Content/DCwP4uQx368Ea-tMGpNncgbQ
https://wdc.seismic.com/Link/Content/DCaKtgMJg3Ck2-niAXtPXFvw
https://wdc.seismic.com/Link/Content/DCpxTsngJcl0qAaGl57_Srrw
https://wdc.seismic.com/Link/Content/DCgVYMeYZzRU6izfBy7CNqiQ
https://wdc.seismic.com/X5/doccenter.aspx?ContentId=00c5eafa-194a-456e-afe2-ea4158f97daa
https://wdc.seismic.com/X5/doccenter.aspx?ContentId=00c5eafa-194a-456e-afe2-ea4158f97daa

Cases Studies, Solution Briefs and Whitepapers:

High-Performance Storage for Media & Entertainment Based on Western Digital Ultrastar Data60 and Rozo

Systems Software

Faster, More Reliable and Lower Cost Backups with Ultrastar Data60 and Veeam Backup & Replication

Software

Modernize your Storage with Ultrastar Data60 and Rozo Systems Software

WDC, Quobyte and NEC Work Together to Deliver Powerful, Flexible Research Platform

White Paper - Ultrastar Serv24, Fast and Flexible Storage for Windows Storage Spaces

Western Digital. 65


https://wdc.seismic.com/Link/Content/DC-urFAEoZbkWv4upBWPl9qg
https://wdc.seismic.com/Link/Content/DCU8VUgjgnpUiGM5sOLB95Sw
https://wdc.seismic.com/X5/doccenter.aspx?ContentId=00c5eafa-194a-456e-afe2-ea4158f97daa
https://wdc.seismic.com/X5/doccenter.aspx?ContentId=00c5eafa-194a-456e-afe2-ea4158f97daa
https://wdc.seismic.com/X5/doccenter.aspx?ContentId=00c5eafa-194a-456e-afe2-ea4158f97daa

WDC Platforms & Servers

s

e I ™
ArticFlow p—

e [soVibe™

Innovation

Ultrastar
Serv24

Ultrastar
Serv24-HA

e Enterprise Grade components B e

2o | I 47N - Ease of operation LW e

e Platforms optimized for devices sliesmy - SERSEHEAR

e SDS provides precise feature set q e
C()mpet|t|ve e Lower TCO than Tier-1 vendors Uhrastar
e Enables “Technology Disruption” D2




WDC Business proposal

Product « BEST IN CLASS!!!

Ultrastar
Serv24

Ultrastar

Serv24-HA

e \/olume discounts el

= Special prices ; = —
Offe r ® Programs l — _I l 2U24 Flash

- Proiect Ultrastar Storage Platform
rojects Serv60+8

= One face to customer — partner + vendor ‘? Ultrastar

CO mimon = Pre/Post sales support patac0

WO r k = Assets Ulrastar
» Samples / demo / FRU Data102
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