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SNIA-at-a-Glance
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180 2,500 50,000

industry leading active contributing IT end users & storage
organizations members pros worldwide

Learn more: snia.org/technical ¥ @SNIA
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| Support & promote

y 4 business models and architectures:
OpenStack, Software Defined Storage,
Kubernetes, Object Storage

Understand Hyperscaler requirements

Incorporate them into standards and programs

! Collaborate with other

industry associations

Do




SNIA Legal Notice

The material contained in this presentation is copyrighted by the SNIA unless otherwise noted.

Member companies and individual members may use this material in presentations and literature
under the following conditions:
Any slide or slides used must be reproduced in their entirety without modification

The SNIA must be acknowledged as the source of any material used in the body of any
document containing material from these presentations.

This presentation is a project of the SNIA.

Neither the author nor the presenter is an attorney and nothing in this presentation is intended to be,
or should be construed as legal advice or an opinion of counsel. If you need legal advice or a legal
opinion please contact your attorney.

The information presented herein represents the author's personal opinion and current
understanding of the relevant issues involved. The author, the presenter, and the SNIA do not
assume any responsibility or liability for damages arising out of any reliance on or use of this

information.
NO WARRANTIES, EXPRESS OR IMPLIED. USE AT YOUR OWN RISK.
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Agenda

= Current state of the industry
= How the Industrial Edge is being transformed
* 5G and Time-Sensitive Networking (TSN)

= The convergence of high-performance wireless connectivity and Al
creates new data-intensive use cases

= The right data pipeline layer provides persistent, trustworthy storage
from edge to cloud
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The Industrial Edge

Mukund Shenoy
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Industrial Revolutions — a Historical Perspective

Industry 1.0 Industry 2.0 Industry 3.0
The Industrial Revolution begins. Mass production assembly lines using  Automated production using electronics,
Mechanization of manufacturing with electrical power programmable logic controllers (PLC), IT
the introduction of steam and water systems and robotics
power
End of 18t Century Start of 20t Century Start of 1970s

Industry 4.0

The 'Smart Factory. Autonomous decision
making of cyber physical systems using
machine learning and Big Data analysis.

Interoperability through loTl and cloud
technology.

Today

8| ©2022 Storage Networking Industry Association. All Rights Reserved.

-
SNIA. | CLOUD STORAGE
CSTI | TECHNOLOGIES




.
Current State of Industrial Automation
Automation Systems in Today’s Factory Ind ustry 3.0
Data Center .
Factory Server i :EEnI;ir)prise Resource Planning
Industrial PC | —

Laptops % t‘
Mfg. Execution System (MES)
Cameras *

Human Machine = Supervisory Control (SCADA)
Interface (HMI) (L"".;. t‘
Robots @ Machine Control / PLC
Programmable Logic :

Controllers (PLC) ﬁ n
Remote 10 - Field Level 1O

Automation Pyramid

Shortfalls: Trapped Data, Hierarchical Controls, leads to inflexibility and slow response to supply-demand changes

A
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Vision and Drivers of Industry 4.0 A Case Study

N

Manufacturing Complexity is
Significantly Increasing

6000, 140000
Low Volume, High Mix >> Batch Size of One A
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Today’s Production Systems
cannot handle the complexity

Single-model assembly line

Multi-model assembly line

Mixed-model assembly line

Types of assembly bnes [7]
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Products:

8 Principles of Modular
Assembly

F—
Flexible Routing

Reconfigurable
Work Cells

1. Varfable 2. Variable production time
assembly ader Jeave as 5008 a3 possble”
LOrdy viait modules
-------- vhv the varlant™
Smart Llne Connected
Balancing Worker
3. Intelligent meb
madule priing
Jwhere is the shortest ru » your employees
owe” where they ace needed”
Adaptlve Mobile
Production Production
5. Adapt to changes cmm

Addtion o deletion of
modules Is possitle” ‘,'v ' u-u ation :1

production and Loghtk:

P -

Adaptive

Predictive
Quality Control Workflow
7. Integrated 8. Adaptation to the
quality contrel leop employee
Refeeding into module is Jime in module adapts to
posuible™ the employee™

Mobile Robotics

= Mobile —
Communications -

Supervisory Control
N

-

Heterogenous
Communications

Car2Factory

Sensor Networks .
Pervasive

Massive

Communications

Factory of the Future

Connected Worker

Communications

Precision Quality
Inspection

Broadband
Communications

Wolfgang Kern, et al, “Alternatives to assembly line production in the automotive industry”

“The factory of the future is modular. Interconnection allows a central “brain” orchestrating the

self organizing production process.”

- A leading Automotive Manufacturer
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Industrial Automation Transformation

Industry 3.0 Transition Industry 4.0

VAST increase in device numbers Field/10

Distributed Control Unit E:‘,v ‘
merges PLC and 10 Module

Automation Pyramid

Transforms to Automation Pillar
1 .
~_loT Devices 2)" High Performance Connectivity 3 On-Prem Edge
Sepunty, ngety, MaSS|ve numbers, Ultra reliable, High data throughput, Distributed, deterministic,
Time sensitive, High volume data Low latency, Wireless Networking orchestrated workloads

TSN - Time Sensitive Networking’, Belden, 202C
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Confluence of Enabling Technologies

5G Networks

()

5G infuses wireless
networks with speed,
reliability and scale
to meet emerging
use cases

Al & Machine
Learning

DR
N

Al and federated machine
learning leverage new
capabilities from the
edge to the cloud to
improve efficiencies

Industrial loT

Wireless now provides
flexibility and efficiency
for smart factories that
require high reliability
& low latency control

AWLWE s O

Edge to Cloud

Cloudification & Edge
improve responsiveness
as the network becomes
distributed, scalable
and programmable
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Convergence of Compute and Comms for Distributed Intelligence

Mobile & Cloud

Video explosion, social media,
smart connected consumer devices,
sharing economy models

Limitation of Cloud Centric Al
Data Privacy

Uoud Centric

SiloBased

R

4G + Wi-Fi 5

Mobile Broadband, smartphone
& app marketplaces

Wireless enables high-bandwidth and
Ultra-reliable, real-time connectivity

Interaction loops between people,
things exponentially increase

Workload requirements become
dynamic & application-controlled

New spectrum & deployment models
enable new local ecosystems

Networks fundamentally alter design;
become distributed computers

Distributed Intelligence

Resources distributed & orchestrated across end-

to-end compute fabric

Features of Federated and Distributed Al

5G + Wi-Fi 6E, 7...

Extreme throughput,
low latency, reliability,
node density & loT capacity

2020 & Beyond
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Distributed Edge: The loT to Cloud Compute Continuum

Compute Compute Compute Compute
Storage Storage Storage Storage

Compute
Storage

Analytics Analytics Analytics Analytics Analytics

Millions 100 000s 1 000s 100s 10s ‘ <10
| W | [ |
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Central
Data Center

In-country

1L Data Center

Aggregation
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Near-premise

[-L- Mini &
4 mEEE 5GPrivate Networks "= == ?® DCs

oN-DEVICE || on-Premise Il FarEebce Il NEAREDGE CLOUD

* Latency does not depend only on distance. Other factors influencinglatencyare a) accesstechnology (latency in 5C or FTTH much lower than in 4C), b) transport topology and
technology, c) core network configuration (user plane location, breakout point), d) network optimization (traffic prioritization, bandwidth allocation, Edge node selection).

European industrial technology roadmap for the next generation cloud-edge offering

-
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Industrial Use Cases for 5G Private Networks

Potential Use Case

Example Application

Comms & Compute Requirement

Edge to Cloud

Guided and
Autonomous
Vehicles (AGV,
AMR)

N

4
S

Material Handling in indoor and
outdoor warehouses and
factory floors, Collaborating
Robots

Comms: Mobility, Seamless handover, and
Reliability

Compute: Centralized control of AGV
swarms, on-device sensor fusion, native 5G

precise locationing

+ ERP/Warehouse mgmt. Integration
* On-prem AGV fleet management

Compute: Sensor Fusion, Aggregation,
distributed analytics

Visual Quality Incoming , In-line, Outgoing Comms: High and consistent data throughput | + ML Model training using data
Inspectlon |nspect|0n’ ML based across glObaI prOdUCtion lines

Predictive Quality Inspection to Compute: Real time distributed inferencing,

. X product and process data contextualization

optimize production
Augmented Connected Worker, Remote Comms: High and consistent data * Equipment Supplier remote
Reality (AR) equipment & facility throughput, Mobility, Reliability maintenance capability

maintenance, Worker training Compute: Rendition and augmentation at

distributed edge

Wireless Building automation and Comms: Reliably support massive number of | < Local versus facility wide operation
Sensor Remote operation command end devices/sensors decisions
Networks center applications
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Evolution of 5G Transformational Capabilities 56

|
| 5G (3GPP) 5G-Advanced

|
|
|
I____.'_ _______________________________________________ —_—_——— e e e e e e e — ——— .

Standards

eMBB (Capacity, Data Rates) e Currently in

study phase,

Enterprise / Mission-Critical Enterprise / Enhancements

* Expanded URLLC with TSN
support (1 ms latency)

* Up to 10 Gbps peak throughput; * Support for above 52.6 GHz

1 Gbps in high mobility * Features/

e Further URLLC/ lloT

*  Massive MIMO & mmWave support * Non-public networks enhancements ;i::;:::;es
e 100MHz BW in <6GHz; 400MHz BW in * NR Unlicensed * Positioning for factory automation scoped

mmWave

« NRV2X o
* Network slicing B L [oring support for indoor * Reduced capability device
accuracy

* Initial URLLC support * Sidelink enhancements

2020 - 2021 2022 - 2023 2024 & beyond
Broad 5G network rollouts — 5G enables lloT / smart 5G for vehicles, agriculture,
mostly phones, PCs, CPEs manufacturing and smart cities healthcare and more

-
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Implications to Enterprise Storage
Persistent, Trustworthy Storage & Secure Data Pipeline
Glyn Bowden
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EDGE Tipping Point Only 4 Years Away

Data Growth-Factor Edge vs. Core/Cloud
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HUMAN EYE
Single image: 5—-15 megapixels
Maximum: 576 megapixels
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Consumer Demand Drives Sensor Innovation

Camera Sensor Resolution over Time
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Higher Fidelity Means Greater Data Gravity

Transfer time in seconds per Gb link rate

.
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Megapixels per frame
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Migration of Storage to the Edge

Total # of edge locations globally in 2025
| 100 billion + 100 million + 10,000s 1,000s 100s |

Device Edge Enterprise Edge Network Edge Internet Edge Cloud

MAJOR SPECIES

SUB-SPECIES -
Séngf% - dAicro-Datacenters MDC Edge :
Raspberty Fis¢ e Ecgrs IP/Peering EP
@EE 5 (=S -_— _—
Geotags — U*nt U
(E@sE § ¢ | :
Epbedded, ¢mpm=) C .
s -
P Hyperscale Edge | Hyperscale Edge ' >
im 1km S0km 500km 1.500km
-
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Migration of Storage to the Edge

Total # of edge locations globally in 2025
| 100 billion + 100 million + 10,000s 1,000s 100s |

Cloud

Network Edge Internet Edge

Device Edge Enterprise Edge

MAJOR SPECIES

SUB-SPECIES

d/llcro Datacenters MDC Edge

i
B
n
I
U £ (O 'S IP/Peering ES -
BnE Edg e, W/R S .
g:fi = <5 int Delivery Edge - U
Embedded_ w—  MEC '
SharpIories =’ -
Hyperscale Edge Hyperscale Edge :
i -
im 1km S0km 500km 1.500km

Typical distance from device users

-
SNIA. | CLOUD STORAGE

24| ©2022 Storage Networking Industry Association. All Rights Reserved. STl | TECHNOLOGIES



HOT EDGE — COLD CLOUD

Edge-to-cloud data placement is differentiated by data urgency
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Ed Data Pipeli
= A typical workflow
Stream Analytics Predictive models ace celeased to production accoss the Edge, Coce, and Cloud.
Edge Processing ] J 1
Offline data processing & inference
Batch Analytics Al /ML /DL HPC
Data processing at rest for Predictive models are trained Hyper-scale compute infensive
] : s ¢ 1 r - . 1] > J NS
. . 'wnchl:c:czrl’rommmm:l:gm’wm(c Peedictions ace Insights ace trad.t.or‘ja analytics and validated and prepared for applications and simulations
N 919 Processing © - pecsisted for pecsisted for feature engineering production use
N Quick access Quick access
Data Acquisition
Data in proprietary format Core Processi
ng
from sensors and business Intensive data processing & inference O
systems m
-
1|
I Versatile Data Access High Data Throughput
Data stores that are optimized
e -— s Data store that is optimized for highest throughout
for a variety of different data 10 ensure compute resources are never waiting for 10s
formats and their interaction ’ pu ’ ot ¢ 9 ’
Data Flow Management
Data distribution 1o all major
processing components I
across Edge, Core, and Cloud
Data Lake & Data Archive
Data store that is optimized for cost-effective and reliable mass content storage at very large capacities
Services, Solutions and Reference Architectures Data Science, Data Management and Workload Management Tools
-
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In Summary...

= 5G Increases our opportunities and capabilities to work at the edge
= Command and control can now be more remote than before

= Sensor and generated data are still growing faster than our ability to
ship that data!

» Storage and data strategy MUST include the edge!

A
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Thanks for Viewing this Webcast

= Please rate this presentation and provide us with feedback

= This webcast and a copy of the slides will be available at the SNIA
Educational Library htips://www.snia.org/educational-library

= A Q&A from this webcast will be posted to the SNIA Cloud blog:
www.sniacloud.com/

* Follow us on Twitter @SNIACIloud

-
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