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HISTORY OF FOUNDATIONAL INNOVATION

1956

Invented first
hard drive (RAMAC)
IBM

2009

First 64GB x4
flash memory

SanDisk

1976

First disk array
sub-system patent
WD

2007

First 500GB 2.5"
portable external HDD

G-Technology

L8

Layer

Introduces flash
as storage medium
SunDisk

200

Introduces SSDs
into computers

SanDisk

SunDisk ——

91

Introduces MR heads

2000

First MLC NAND
SanDisk

2000

First USB flash drive
IBM & M-Systems

MAMR

96

Layer

2013

First helium HDD (6TB)
HGST
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2015

First 48-layer
3D NAND technology
SanDisk
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2017

First 64-layer
3D NAND technology
SanDisk
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1995

First flash drive
M-Systems

1998

Introduces industry
standard PMR
IBM

2017

First 96-layer
3D NAND technology
SanDisk

2017

Introduces MAMR
technology
Western Digital

2018

Introduces 96 layer
QLC NAND
Western Digital
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Western Digital Portfolio
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Storage
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SSD HDD Storage Storage Cloud

Platforms
Enterprise Enterprise JBOD & Storage Composable All-Flash & Object Storage
HDD SSD JBOF Servers Infrastructure Hybrid Arrays Systems
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POCT co3aaBaeMbiIX AaHHbIX

Annual Size of the Global Datasphere
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e: IDC's Data Age 2025 study, sponsored by Seagate, Aprl 2017 Source: Data Age 2025, sponsored by Seagate with data from IDC Global DataSphere, Nov 2018

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

* [pOorHo3bl CTAHOBATCA MeHee KOHCcepBaTUBHbIMM = 175 ZB K 2025

e (C2018 no 2025 oxkmnpaetca NnoCTaBKa Ha PbIHOK 22 ZB eMKOCTM XpaHeHUuA
* O)KuaaeTcsa BocCTaHOBAEHMe no3uuuii enterprise/cloud
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Cyabb6a >xecTKkoro Amcka

Worldwide Byte Shipments by Storage Media Type Share Worldwide Byte Shipments into the Enterprise
5.0 Core and Edge by Storage Media Type
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Source: Data Age 2025, sponsored by Seagate with data from IDC Global DataSphere, Nov 2018 -
Source: Data Adge 2025, sponsored by Seagate with data from I8 Global DataSpherse, Moy 2018

K KoHUy 2025 roga 80% aaHHbIX B LUO/,
no-npexHemy oyayt Ha HDD
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Western Digital Ultrastar HDD
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Ultrastar® |1 > | @ltrastar® Ultrastar®
DC HC310 | |§ Qg c HC320 g DC HC510

.DDH __Entry Level I:Ilﬂ|:| __ Medium Capacity __ EIDI|:| . High Capacity _ I:IDDI
| 1\ TCO
7 s B L
: Highest Best TCO Lowest
Legacy Longevity Highest IOPS/TB Reliability Power

Western Digital.




10TB Ultrastar DC HC330 Highlights
Optimized 6-Disk Air HDD

Western Digital.

Ultrastar’
DC HC330

DATA CENTER DRIVE

Key Concepts

* Proven air platform extended to a 6D design for 10TB

* Common electronics, firmware, heads/media leveraged
from HC310/320 (4/6/8TB)

Ultrastar
DC HC330 Key Features

* 10TB, 6-disk (1.67 TB/p)
e 7200 RPM, 6Gb SATA/12Gb SAS, 256MB Cache
* Media Cache Plus NVC

_ Target Markets
* Security Models: Base (SE), SED: TCG-Ent, SED-FIPS (SAS)

» Ultrastar reliability, warranty and workload * High end of mid-cap market

- 2M hours MTBF, 5-yr limited warranty,
- Upto 550TB/yr workload

RAID, Data Center and Cloud
Computing applications that require
higher IOPs

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved. 9/17/2019 7




Ultrastar DC HC550 Highlights

Ultrastar
DC HC550

Western Digital.

Key Concepts

9 disk mechanical design increases capacity

Common Sealed Technology & Code Base

Common Code Base and MFG process with 14TB HC530
TDMR Reader Technology

Triple Stage Actuator improves performance

ePMR Energy Assist Recording

Key Features

18TB, 9-disk (2 TB/p)
16TB, 9-disk (1.78 TB/p)
7200 RPM, 6G SATA/12G SAS, 512MB Cache

Security Models — Standard (SE), SED: TCG, TCG-FIPS (SAS).
SecureDrive

Ultrastar reliability, warranty and workload
— 2.5M hours MTBF, 5-yr limited warranty,
— Up to 550TB/yr workload

| Western Digital.

| Ultrastar’
| DC HC550

|| DATA CENTER DRIVE
|

( (

Target Markets

* Hyperscale & Cloud Storage segments

* Delivers High Capacity, Low Power and
TCO savings




21% Lower Storage Cost

Ele

Ceph Object Storage
Cluster:

[Olo~~[0
[Olo-~~[0]
[Olo~~[0]
[Olo-*~~[O]

8TB Servers

Capacity (TB)

8TB Air 384

+75%

672

14TB Helium

Western Digital.
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14TB Servers

Power (W)

355

-26%

264

4 data nodes w/12x OSD
HDDs each

Triple replication

“II.

Watts/TB S/TB

0.93 Baseline

-58% -21%

0.39 @ $/TB parity

Key Components Cost Ratio

50%
48
HDDs HDDs
O
4 255
SSDs (NVMe)
50%
4 Qo0
Servers Non-HDD
N Storage
|
SU — + Shared costs
Rack Space

System Costs Include:
Chassis

Power supply
Mainboard
Processor(s)

DRAM

Networking card

Secondary storage (boot drive, journaling)

RAID controller
Cable interconnect

Shared System Costs Include:
% of TOR networking

% of outside internet connection (aggregator)

% of rack cost
% 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.




TDMR Introduction

Down Track

* Multiple readers to cancel electronic noise Separation(DTS)

* 2D equalizer maximizes data & minimizes noise
* SNR improvement contributes capacity gains
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Ultrastar DC SS530 Series

P
® @
_m
iohlizh Western Digital.
L U t t o ~Ideal For Customers In Need
v High capacity — up to 15.36TB Itr | :
Ultrastar iy H!gh Cazac' P °t astar | Of:
DC 55530 1(I)gDVeVr}Durance “ha DC 88530 * Trusted SAS interface
v’ Best-in-class performance DATA CENTER SSD ~ * Higher endurance options
SAS SSD v 64-layer 3D NAND * Security requirements
v" Dual & wide port capability |
(Bear Cove Plus) v TCG + FIPS options Targeted for OEM Server &
REN hours MTBF Storage Array Vendors
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NVMe SSD Segmentation
Ultrastar NMVe SSDs For Data Centers

0.3 or below DW/D <1DW/D 1-3DW/D 10+ DW/D
Rl Storage i
VRI Storage g Caching & Compute  Accelerator
: Read-Intensive Workloads y Mixed Workloads . Write-Intensive Workloads

. Very Read-Intensive Workloads

*  Scale-out Architectures e SSD Caching Laver .
. Content Delivery Networks oud ) g Lay In Memory Database Accelerator
. Cloud SQL & Object Storage . Hyper Converged & Database . i i
*  Cloud Gaming Storage ' e g ERP, Saa$, Financial
* Hyperscale and Cloud Services . Compute-Intensive Workloads: AI/ML, . Memory Extension

Analytics, E-Commerce

Increasing NVMe Performance & Endurance Requirements

SSDs DC SN640 NVMe SSDs DC SN200 NVMe DC ME200 Memory

| SSDs Extension
- 3.84TB &7.68TB in 7mm 2.5” U.2 " 800GB to 7.68TB in 2.5" U.2
: = Upto 7.68TB in Choice of HH-HL AIC or . .
- Focused on large block writes = 4K/8K Writes support P ; = 1-4TB in Choice of HH-HL AIC or 2.5-
2.5-inch SFF e GEE

(32K/128K/..) = Read/Write QoS optimized

= Delivers best IOPS/WATT T TN
for Read QoS —

Ultrastar
DC SN340

= Optimized for 4K Random R/W = Combines Software + Hardware

Workloads -> up to.1.2M IOPS Solution for Transparent Memory

Ultrastar | Weeroe . E
DC sNezo | Ultrastar GLESSE Capacity s
[ DC SN640

J—
Ultrastar
DC ME200

Ultrastar
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Ultrastar® Data60 v Datal02

[ubpudHbIe NosKu 8bICOKOU docmyrnHocmu

* [Jo 102 asyxnopToBbix HDD 1 SSD (makc. 24) c ropayen
3aMeHOM

6# 4-nonocHblx Mini-SAS HD nopTtos Ha ogmnH IOM

* Moppep»Ka anckos 12Gb/s SAS-3 unu 6Gb/s SATA-3

o 12W Ha AMCK B NO/IHOW HabuBKe

* MMoppaeprKKa oTkatoyeHna nutanma T10 Pin3

[opAYaAa 3ameHa Bcex FRU

In-band 1 Out Of Band ynpaBneHne noaKkowu
— Out Of Band uepes IPMI / Redfish
— In-band yepe3 SES-3

[1Ba 610Ka nuTaHua 80+ Platinum 1600W 101,224 Th

B4U x 1200mm

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved. 9/17/2019 13




Cucrema oxna>xpeHusa ArcticFlow™

*[apameTpbl MOoaeNNpPoOBaHUA B ||
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* Pa3zbpoc< 10° o2 . I I “I
* Makc. Temnepatypa 54.11°C 2500

* Hel2 (8D HDD) paboTtaet Ha 9.8W o .“'!i““?

* HelO (7D HDD) paboTaet Ha 9.5W B

7
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|| T el |
| | | ] HGST 4U102  AnbTepHaTvBHas
n 4U90
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MuKpokog npmnsoga HDD u akcenepomeTpesl
KOMMNEeHCUpPYoT BUbpaLuio U pe3oHaHc (cnew,. MUKPOKoA)

s ,D,MCKM KPpenAaTtcA K wwaCcCn MUHU-CA/1a3KaMM

CanasKu v BUHTbI He HYXHbl

Bce ANCKM mexaHUYeCKU N30/1IMPOBAHbI 3/1aCTUYHbIMHU
nocagoy4yHbiMnN MeCTaMi B b6aknnenHe

Bubpauna Ha 60% HUKe N0 CPaBHEHMIO C KOHKYPEHTaMMU

MaKcmumanbHaAa NPon3BoANTENBHOCTb ANA ANCKOB C
BbICOKUM TPI

MpoaneBaeT CPOK CNYKObI ANCKOB

MVIHMMVI3MpY€T KO/IMYeCcTBO OLWMOOK

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




Ultrastar® Serv60+8
[MbpuaHbiN cepsep
XpaHeHusA




Ultrastar® Serv60+8 Hybrid Storage Server

* A 4U Storage Server with 60 HDD bays and 8 SSD bays

* Single server node
— Dual “Skylake” CPUs
— Hybrid support: up to 60 HDDs plus up to 8 SSDs
— Additionally, up to 24 of the HDD slots can hold SSDs

» Same product family as Ultrastar Data60/102
— Incorporates ArcticFlow™ and IsoVibe™
— Backed by a 5-year limited warranty

* Public and private cloud, backup, archive, logs/images

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved.
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Ultrastar® Serv60+8 System Map

System Fans

60 HDD Drive Bay
ATX PDB SSD Drive Bay
|
3 -
o
o -
c c Storage IOM
N =
DinMs DIMMSs |
4 PCle AIC - '
Slots Available
Broadcom 9305-16i § —
Broadcom 9300-8i '

Internal USB

System Fans

Western Digital.
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Ultrastar® Serv24
2U NVMe cepsep XpaHeHus

iai ©2019 Western Digital Corporation or its affiliates. All rights reserved. 9/17/2019 19
igital.




Ultrastar® Serv24-HA
2U NVMe asyxy3nosou
KNacTepHbIU cepBep




Ultrastar Serv24-4N
yetbipexy3nosou NVMe
cepsep XpaHeHus

Launch at Flash Memory Summit

August 5, 2019




Ultrastar Serv24+6
rmbpuaHbin cepsep
XpaHeHus

Launch at Flash Memory Summit

August 5, 2019

Western Digital ©2019 Western Digital Corporation or its aff iliates. All rights reserved . 9/17/2019




Ultrastar Serv24+6 Highlights

* Innovative design for 24 HDD bays plus 6 NVMe SSDs
— Flexible options for rear bays: 6 x NVMe SSDs, 4 x HDDs, 4 x SAS or SATA SSDs
— Up to 420TB in 2U

* Designed for software-defined storage

* Flexible options for capacity and performance

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved. 9/17/2019 23




Ultrastar® Serv24+6 Hybrid Storage Server

Overview
* Hybrid Big Data Storage Server, 2U 24+6

* Single Server Node
* Single / Dual “Cascade Lake” up to 165W
* Upto 28 Cores per processor
* 16 DIMM DDR4 ECC slots, 1 TB max
*  Hybrid support: Up to 24 HDD plus 6 NVMe SSD devices
— 2x PCle x24, 2x PCle x16 & 1x PCle x8 (Gen3)
— Lessthan 32.5” Depth

* Target applications

* SDS environments, Big data, Public and private clouds, Data analytics, Edge storage, Multi-Tier/Hybrid and IT 4.0 Architecture

*  Content distribution, streaming media, front-end web applications

* Back-up, archive, replication, logs/images, file server, database, messaging, email

* Expansion to Ultrastar Data60/102/Serv60+8 family

* High Capacity HelioSeal HDD’s
e Ultrastar DC HC520 — He12: 12TB CMR SATA/SAS
* Ultrastar DC HC530 — He14: 14TB CMR SATA/SAS
¢ Ultrastar DC HC620 — Hs15: 15TB SMR Host Managed SATA/SAS

* Full Range of NVMe SSD Capacity and Endurance options
¢ Ultrastar DC SN200: 1 & 3 DPWD: 1.6TB - 7.68TB NVMe
 Ultrastar DC SN630: 0.8 & 2 DWPD: 800GB - 7.68TB NVMe
 Ultrastar DC SN640: 1 & 3 DWPD: 800GB - 15.36 TB NVMe
¢ Ultrastar DC SN840: 1 & 3 DWPD: 1.6TB - 30.72TB NVMe

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved.

* Customer Choices

CPU Qty, Core, & Speed

Memory Qty, Size, & Speed
Network Qty & Speed

HBA / Raid Controller Qty & Cache
HDD Capacity, Format, & Security
SSD Capacity, Endurance, & Security

9/17/2019
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Ultrastar® Serv24+6 Hybrid Storage Server

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved. 9/17/2019 25




IntelliFlash N-Series NVMe All-Flash Arrays

O\

INTELLIFLASH

—/

N-Series 5200 and 5800

N5200

* Memory:

* 704 GB DDR4 per system

* 32 GB NVDIMM per system
» Storage:

N5200-25 =24 * 960GB = 23TB
N5200-50 =24 *1.92TB = 46TB

* 24x dual-ported NVMe SSDs
N5200-100 = 24 * 3.84TB = 92TB * 1 DWPD drives
N5200-200 = 24 * 7.68TB = 184TB * 23-184 RAW TB
* CPU:
* 32 cores per controller or 64 cores

per array

Western Digital ©2019 Western Digital Corporation or its affiliates. All rights reserved.

N5800

* Memory:
* 1.4 TB DDR4 per system
* 32 GB NVDIMM per system
* Storage:
* 24x dual-ported NVMe SSDs
* 3 DWPD drives
* 19-154 RAW TB
* CPU:
* 40 cores per controller or 80 cores

per array

N5800-20 =24 * 800GB = 19TB
N5800-40 =24 * 1.6TB= 38TB
N5800-80 =24 * 3.2TB= 77TB
N5800-160 = 24 * 6.4TB = 154TB

9/ o/17)3013
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O6bekTHble cucTembl xpaHeHus D

ACTIVE

SCALE.
MoAyAbHAS A=A/ UHTEerpMpoBaHHAS
ActiveScale P100 P Oaty ActiveScale X100
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