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Intelligent IoE Era Drives Explosive Data Growth

" N Cloud 60 TB
4 billion 75 billion computing Daily training data volume
Interconnected > |oT
users subscribers __ Autonomous driving
5G Diverse Mass data ~carume =
applications processing
1PB
30)_( 1,000’000)(_ & Daily production data
Traffic Graphics processing :
R s r Data infrastructure

> Digitally connected

8K, AR, VR \\ T i ol factories
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Construct Data Infrastructure to Maximize Data Value

Industry
application
2
Industrial
enablement
J

Data™ .
Infrastructure
latforms
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Governments Finance Carriers Public safety Large enterprises
Data models Application enablement
Enablement
Processing
Storage
Connection
Computing

Connections Enterprise wireless FTTx and WTTx WiFi Campus networks

loT Others

Devices Sensors Mobile devices Smart cameras
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Redefine Data Infrastructure to Boost Digital Economy

o R@a/«
Training )

Al
Big data

— Data access——

6 Image video \00

X86 Arm GPU NPU

Computing
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Unleashed data potential and value

Redefined data processing

Redefined storage architecture

Diverse data connections

Powerful computing capabilities
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Transform Storage Infrastructure to Monetize Data

% Larger-scale financial
= transactions

Peak-time transactions

4 300%

150,000 transactions per second,
doubling profits
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((T)) Smoother 5G
communications

Billing processing time

$67%

Settlement for heavy workloads
within 4 hours at the beginning of
each month

‘ One-stop
<> government services

Government service efficiency

4 50%

Data does the legwork
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Upgrade for Inclusive All-Flash Storage in Any Scenario

2ms

5-year

Power

consumption

6

10W 2>
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Business

Computing chip
capabilities

Batch processing

4 25%

latency of Al chips ‘ 40%

SmartMatrix architecture
capable of tolerating failures
of up to 7 out of 8 controllers
for always-on services

Data reduction for higher

space utilization

Raw
capacity

Effective
capacity

More
reliable

More
efficient

~

: Power Maintenance
Footprint )
CAPEX P consumption cost

§30% §s20 §ro%  §50%

Huawei AFA vs. HDD storage
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Lead the Market with Cutting-Edge OceanStor Dorado All-Flash Storage

Gartner Magic Quadrant: Leader

2019: Leader

2018: Challenger o

2016: Further ahead

2014: Niche Player

Source: Gartner Magic Quadrant for
Primary Storage
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All-flash storage market share

in China: No.1
Others
10.8%
MacroSAN
4.7% Huawei
NetApp 33.4%
6.9%
Total:
USD 457.7M
IBM
10.6%
-070 18.9%

Source: IDC All-Flash Array Market Overview

Global market growth rate: NO.1

234%

43%
34%

27% 220
°© 22%  17% 13y

Huawei Hitachi IBM NetApp Pure Dell HPE
Storage EMC

Source: Gartner Market Share, 2019 Q1
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OceanStor Dorado All-Flash Storage Gains Industry Renown

Interop Grand Prize

ARD

w

OF SHOW A

Recognizing
OceanStor Dorado as
one of the most

INTEROP ompetitive products
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Verification by the ESG Lab

Technical Review
Huawei OceanStor Dorado V6 Alj-ﬂash Storage
Date: Januar, y 2020 Author: Tony Palmer, Senior Validation Analyst

Proving that OceanStor
Dorado can easily manage

E E 5 heavy-load applications for
enterprises

Enterprise Strategy Group

Magnitude-9.0 earthquake
resistance certification

Proving that OceanStor
Dorado can prevent damage
caused by vibration during

= . transportation, installation
!=TTL ansportation, installation,
e and operation
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OceanStor Dorado All-Flash Storage Sets Benchmarks

First Al chip

OceansStor Dorado 3000,
First full NVMe series 5000, 6000

38000, and 138000 V6

World's fastest OceanStor Dorado 5000,
6000, and 18000 V3

First unified
SAN & NAS

OceanStor V3

OceanStor Dorado V3
First all-flash storage

Ascend 810

N EXPRESS. )

OceanStor Dorado

- [ Wy, Storage BEST |
=]DC = v lomonce P-4
Industry’'s most stable Interop Grand Prize for No.1 performer in the Win Interop Grand Prize
A-A solution the Best of Show Award SPC-1 benchmark again
>
2009 to 2013 2014 to 2016 2017 2018 2019
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OceanStor Dorado All-Flash Storage Highlights
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20 million IOPS
0.1 ms latency
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SmartMatrix fully-
interconnected architecture
for always-on applications

Tolerates failure of 7
out of 8 controllers

=

Al-Powered

Intelligent full-lifecycle
management with Al chips
and algorithms

Al-enabled O&M

=
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Chip-Powered Platforms for 20 Million IOPS

Chip-powered

Seamless storage upgrades for industry-leading ".
' erformance ;
Industry's [ g ‘ !é

highest
performance

Protocol-leading

E2E NVMe for a high-performance expressway nm)
~ EXPRESS

Algorithm-accelerated

L SSD-controller synergy with intelligent algorithms for J FIaShLink®

maximized all-flash performance

12  Huawei Confidential g@ HUAWEI



No.1l Performance with 5 Intelligent Chips

Network chip
2 X improved network latency

Kunpeng 920 processor
2X higher performance

Al chip
509 better read hit ratio

SSD controller chip
2 X improved write latency

BMC chip
30% improved fault location
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E2E NVMe for Full Series — Every Product Model Is Ever Fast

-

-
= = Server
HBA |[BE | | BE BE | |BE
cEEEEEEE SSSSSoos|  Swich
16 Gbit/s
Fibre Channel
or 10GE 32 Ghit/s FC-NVMe
NVMe over 100 Gbit/s RDMA
NVMe
562 ps 106 us
NVMe AFA

~

—

)
Shorter path Wider channel . Fewe_:r
interactions
Full series SUE IS L
ever fast
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—

0.1 ms

Test model: 7:3 read/write, 130 us read

latency, 50 us write latency

Time =130x 0.7 + 50 x 0.3 = 106 ys

E2E

*Front-end NVMe over 100 Gbit/s RDMA will be available in
the next version.

*Deployment of FC NVMe or NVMe over ROCE due to the
maturity of ecosystem.
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Uncompromising Performance with Innovative FlashLink® Algorithms

Controller with 5 chips

| Core

Core Many—cgre
| scheduling

Core

Kunpeng + Many-core algorithm

2 X computing power

Full-stripe writes

|ess write amplification
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Reconstruction

=

9
15 min/TB

300 min/TB

Kunpeng + Service grouping

20X reconstruction speed

53.13% 81.79%

e

Ordered 1 2 3 4 5
by reboot
seqguence

Al chip + Cache algorithm
509 cache hit ratio

Data read

Metadata [ [][][][] R
NGe;/\;bdaag? | | - Advanced feature
collection data Reconstruction

Multi-streaming data separation

LLess garbage collection

Garbage collection

Global I/O priority adjustment
Lower latency
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No.1 performance in SPC-1 benchmark

\' 74

& 20,000,000 IOPS

10,001,52
7,000,56
2,401,17
2,004,94 1,500,08
Huawei OceanStor  Fujitsu ~ Huawei OceanStor NetApp HDS IBM
Dorado 18000 V6 DX8900 S4 Dorado 18000 V3  A800 G1000 DS8888
2X B ett e r Test conditions: 32-controller, SPC-1; test report released in 2020.
2x higher than competitors in databases
Than the Next-Best Player J P
v/
< 640,000 IOPS
340,000
225,000

Huawei OceanStor

igh- Vendor E high-end AFA
Dorado 18000 V6 Vendor H high-end AFA Vendor igh-en

Test conditions: dual-controller, 7:3 read/write, 80% space
occupied, data reduction enabled, 1 ms latency
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Huawei vs. Competition
Performance with value-added features enabled

Competitor AFA: 40% decrease; Huawei AFA: < 10% decrease

Uncompromising
Performance

In Different Scenarios

Data reduction GC RAID 6 Snapshot

Competitor AFA I Huawei AFA

Test devices: dual-controller, 1 TB cache, 16 Git/s FC frontend, NVMe backend, 25 x 3.84 TB SSDs
Test conditions: hybrid workload, 8 KB 1/0Os, 7:3 read/write, 1 ms average latency, 8 LUNs
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Online transactions: 5x more TPS*

OceanStor
borade 6000 ve N 57,000 TPS
Vendor E high-end 11,500 TPS

AFA Test conditions: dual-controller, 40 x 3.84 TB SSDs,
SwingBench OE?2 transaction simulation system

*TPS: transactions per second

Report queries: 33% shorter batch processing

5x Better ‘ 38m
User Experience | |

Vendor E high-end OceanStor Test conditions: dual-controller, 40 x 3.84 TB
AFA Dorado 6000 V6 SSDs, report query simulation system, 3 TB data

VDIs: 80% faster application response

5s 5.1s
4.7s
Vendor E high-end AFA

1.5s 1.8s m= OceanStor Dorado 6000 V6

'I 0.9s I
Test conditions: dual-controller, 100 x 3.84 TB

@ @ SSDs, 8 TB per LUN, 50 GB per VDI
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3,000+ DCs

10-year stable operation on the live network

L
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Ever Solid Applications with 5 Reliability Layers

99.9999%

system-level reliability

99.99999%

solution-level reliability

20 Huawei Confidential

\Q ' Cloud backup

K\/ ) sEwGEE
KE System

& ' Architecture

(ig‘ SSD

Gateway-free cloud backup
30x higher backup frequency
20x faster backup speed

Gateway-free active-active solution (1 ms latency)
FlashEver without data migration

Comprehensive enterprise-class features
Tolerance for simultaneous failures of 3 disks
Reconstruction of 1 TB data in 15 minutes

Tolerance for failures of 7 out of 8 controllers with
SmartMatrix fully-interconnected architecture
E2E active-active design

Global wear leveling
Huawei-patented global anti-wear leveling

2 HUAWEI



Disk Reliability — Global Wear and Anti-Wear Leveling

Early SSD life: global wear leveling

RAID 2.0+ improves SSD reliability by evenly distributing
data to SSDs with fingerprints for wear leveling.

Late SSD life: Huawei-patented
global anti-wear leveling

The workload of one SSD increases to prevent service
downtime from simultaneous failures of multiple SSDs.

Prolong SSD service life and improve reliability

21 Huawei Confidential
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Architecture Reliability — SmartMatrix, Industry's Most Reliable
Full Mesh Architecture

Full mesh architecture

l e One FIM shared by 4 controllers

Industry-first: service continuity for failure of 7

controllers

® AFIM connects to 4 controllers through
PCle ports to access all the controllers

R . . ) Tolerance OceanStor  vendor E Vendor H
=== === I in active-active mode using multi- Dorado V6
channel technology.
| FIM I FIM - Fully « Frontend: not | * Frontend: fully
e e . [ — a . i interconnected  interconnected
. | ] j—= Fully interconnected controllers ;?;i:‘;?%”:ﬁ;ed e |0 B A
DS L S R S ® The controllers in an enclosure are fully backend fn(;gg:;rzcte ; fnc;ggfrzzcte g
. ' — l interconnected through a passive backplane.
T E=ss=== =l'I ® Cross-enclosure expansion: 100 Gbit/s
. BIM BIM RDMA shared interface modules connect to

1-controller
I ' 8, 12, or 16 controllers. failure @ @ @

\// e Two controller enclosures connected

to one smart SSD enclosure 2-controller @ ® @
® ABIMisinstalled in a controller enclosure. All failure

controllers can simultaneously access an SSD

enclosure connected to the BIM. 7-controller @ ® @
® Asmart SSD enclosure has 2 groups of uplink failure

ports that connect to 2 controller enclosures. 1-controller-

The SSD enclosure connects to 8 controllers. enclosure @ ® @

failure
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RAID-TP Provides Customized Protection for SSDs

Large-capacity SSDs lead to double the capacity (up to 32 TB) and 5x to 10x the failure rate

15 minutes
Simultaneous 3-disk failure without service interruption

RAID-TP

o[ 5] [ [s[s[s[a|m[s{s/=[s[g] =5 == -ml-ﬂ'
B o e o o e | (i i (R (RS

5 hours

Traditional RAID

Reconstruction of 1 TB data

SSD failure toleration

Traditional RAID: up to 2 SSDs

Data reconstruction
Huawei RAID-TP: simultaneous 3-SSD failure

Traditional RAID: 5 hours

RAID-TP: 1 TB of data within 15 minutes
23
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Solution Reliability — Gateway-Free Active-Active Data Centers Solution

Lightning-fast and rock-solid

( u ‘ » Gateway-free

Fewer nodes and simplified management

|101010101010101010105,  Active-Active
OceanStor Dorado y&om 101010 OceanStor Dorado load balancing between sites, RPO =0, RTO=0
HyperMetro >
E ._] Gateway-free active-active

Production center A Production center B

HyperReplication

HyperReplication Easy—to—scale

OceanStor
OceansStor Dorado  gtorage system

« Scalability to 3DC improves reliability.
| « Serial, parallel, and star networking meets the

most demanding requirements for enterprise reliability.
* Interconnection with traditional storage builds
cost-effective disaster recovery systems.

DR center

__________________________________

=
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Cloud Reliability — Converged Data Management for the Most
Comprehensive DR Convergence

......
g

DC1 DC 2 Cloud DR center
» Active-active data protection for » No backup software or gateway for « Cloud backup and recovery
uninterrupted data services less investment « Unified cloud management
« Continuous data protection within » Snapshot copy available immediately simplifies O&M
seconds for zero data loss for service recovery in minutes
Service
recovery . . .
Second-level Minute-level Hour-level

Zero service downtime, zero data loss
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FlashEver — Zero Data Migration for Always-On Services

New upgrade model

Individual replacement of controllers

or SSD enclosures instead of
replacing the entire system

Zero data migration and Free access to next-gen hardware for
Zero service disruption a 209% performance increase
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Al-Powered
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3-Layer, Intelligent Data Management for Confident Investment

E ’ Planning I Fault fingerprinting ! eService
O&M  » . Cloud Al > @ _ o _ . _
> ’ Prediction I Analytics i Online training Intelligent decision-making
%: —
Multi-device statuses Intelligent decision-making

’ Automation engine -»l Prediction engine i DJ
Management » | “— center Al t } <[>

| ’ Policy mgmt. engine 4{ T R — Automatic full-lifecycle management

____________________________________________________________________

Single device status Intelligent decision-making
. . i ) ‘ Service configuration I Performance indicators i :
Configuration »» . Device Al < DeviceManager
i ‘ Sl IRTIBIINE l Firmware status Simplified configuration\ Intelligent O&M
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Streamlined, Al-Powered Device Management for Bigger Profits

@, > One-click service provisioning for (o~ t capacity prediction (365 days) and on-demand
' faster O&M and lower OPEX 2« expansion for more precise IT investment

® Huawei Storage > Provisioning _
U 012-01-28 00:00:00 UTC+08:00
o R o P e N e e § - il
o e : Capacity Usage(%)
Create Disk Domain Create Storage Pool Create LUN Create LUN Growp 20
................. D EE BT SITTE >
Create Host Create Host Group i Create Mappng View
1, R -
Create Poet Group /
Create LUN Group Advanced :
* Name SQL — i . .
. ‘ n of real-time performance data for intelligent
O New LUN Existing LUN N .
N making on the cloud
OW * Storage Pool Storage Pool_001 v
* Application Type Default M

Lun_performance - LUN - iIOPS(10/s)

“w LUNSs:
* Name Prefix * Capacity per LUN  * Quantity Ay
5000
wonwowm a4 = WWW
3000 WWMWMW

2,000

MAAAMAA]
1,000
Map To Host group ¥ | | Please Select M Create 0
1120 1125 1129 11:34 1138 1143 1147
0129 0129 01-29 01-29 0129 0129 01-29

=50l Sever  smFujsonAccess  emOracle

Cancel
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Automated Al Management for the Entire Lifecycle Raises Efficiency

Planning Deployment Allocation O&M Optimization
R > > = 2> [ > M
=Q (i
in ad % high
90 days in advance 5X faster deployment 10x faster provisioning 909% risk prevention 0% higher

for precise planning resource usability

Al management automatically allocates resources throughout the entire lifecycle
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Edge-Cloud Al Synergy for Mass Data and Intelligent Resource Utilization

65;} eService

Data > Data > Model Intelligent
cleansing

collection training decision-making

Data reporting Predictions

Capacity 365-day capacity

60-day performance bottlenecks

14-day disk risks

Performance

Alarm information
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CITIC Bank
— 2Xx Faster ODS for Big Data Analytics and Decision-Making

China CITIC Bank: one of the first commercial banks in China, ranking No.27 in Tier 1 capital on the Top 1000 World
Banks 2018 list

Az 4R 47
Integrated L= {T

core system Operatipnal Product Risk control Supervisic_m and CHINA CITIC BANK
analytics management reporting

Credit card
Online banking Operational Data Store (ODS)
00:00 08:00 a.m. 00:00 2x faster ODS system J

Off-peak Peak -
' Off-peak data consolidation lowers costs
Before ! 7 hours - and shortens the process from 7 to 3
hours for O impact on big data analytics
Now 3 hours and decision-making.
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Hi3G
— Reliable Core Billing Systems Manage Exponential Service Growth

Hi3G: a leading telecom solutions provider based in Sweden and awarded Best Mobile Network Supplier five years in a row

Pain points: :
» 30% decrease in the system performance after snapshots enablement H |BG
 Unreliable service quality late in device lifecycle

Uncompromising performance

Snapshots do not impact performance, allowing for multiple
snapshots a week

Solution: replacing legacy storage

CRM
Billing

24/[7 services

Gateway-free active-active design for always-on services

Effortless migration

Online migration for non-disruptive services

Vvialin

V2 HuAWEI
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BYD

— Smart Manufacturing Accelerates Data Extraction by 67%

BYD: China's largest private carmaker and new-energy vehicle leader

BW data extraction:

4.5 hours — 1.5 hours

fo"

Transfer of 1000 spare parts:
1 hour —» 10 minutes

35 Huawei Confidential

4.5 hours
6/%
/\ 1.5 hours
Before Now

60 minutes 83%

/NO minutes

Before Now
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ACESI
— Expands Business with Platinum Storage Leasing Services

ACESI: the largest provider of cloud leasing in Eastern France

Storage leasing services ‘

Bronze Silver Gold Platinum
>10ms 5-10 ms 1-5ms
20 IOPS per TB 200 IOPS per TB 500 IOPS per TB 0.5 ms
P 1000 IOPS per TB
ZEESY ratiopharm Steelcase
ETABLISSEMENT FRANCAIS DU SANG
) "Huawei helped us provide leasing
35 30 minutes for high-performance storage
0 space and eliminated our worries
= over resource shortages. We can
‘3 ) provide more competitive services
- 10 minutes with Dorado deduplication and

compression. We are planning to
move all our data to Huawei
OceanStor Dorado."
— Marco Geraci,
CTO of ACESI

s .

Frevious OceanStor
storage Dorado

100 VM Deployment
3x faster service rollout
30 minutes — 10 minutes

36 Huawei Confidential
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Platinum storage leasing

0.5 ms latency meets user service requirements
and yields more business opportunities.

Powerful competitive edges

Lower O&M costs grant greater competitive edge
in leasing.

High availability of core database

resource pools
The gateway-free active-active solution meets
the most stringent enterprise-class reliability

requirements with six-nines availability for
mission-critical services.
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Widiba

— Expands Customer Horizons with Digital Banking

Widiba: an online banking branch of Banca Monte dei Paschi di Siena S.p.A. (MPS), one of the oldest banks in the world

Online financial services

-"_i Customer service chatbots

—— e

Online registration and transactions

s GY g% ey

Camera identification Voice

Payment and Transaction§ Channel |
and authentication  biometrics

settlement history  access

HyperMetro
Gateway-free active-active

B 1 ETTeT——
OC

Florence Siena
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v

92 widiba

Service access anytime, anywhere

Gateway-free active-active solution for always-on services

Full-service hosting with 3x faster
performance

Faster average response of storage systems to a transaction or
query request

3to5ms

300%
/"\ 1 ms
]
Before Now
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Thank You

Bring digital to every person, home, and organization for a fully
connected, intelligent world.

Copyright © 2020 Huawei Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain predictive
statements including, without limitation, statements regarding
the future financial and operating results, future product
portfolio, new technology, etc. There are a number of factors
that could cause actual results and developments to differ
materially from those expressed or implied in the predictive
statements. Therefore, such information is provided for
reference purpose only and constitutes neither an offer nor an
acceptance. Huawei may change the information at any time
without notice.
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