SNIA. | CLOUD STORAGE )
csTI | TECHNOLOGIES

Storage Implications atthé "\ W,
Velocity of 5G Streamlng [ =

Live Webcast

October 21, 2020
10:00 am PT "



Michael Hoard Steve Adams Chip Maurer
Intel Intel Dell EMC

Moderator Presenter Presenter

-
SNIA. | CLOUD STORAGE

2 | ©2020 Storage Networking Industry Association. All Rights Reserved. STl | TECHNOLOGIES



e i e

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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SNIA-At-A-Glance

185 2,000 50,000

industry leading active contributing IT end users & storage
organizations members pros worldwide
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CSTI | TECHNOLOGIES - Ed ucate vendors and users on cloud

storage, data services and orchestration

. Support & promote
a 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
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Agenda

= The nature of disruption & our data problem

= Streaming Data and Real-time Edge Al

* Implications to Edge HW & SW

= Storage impact of 5G use cases

= Kappa and Lambda architectures

= 5G data journey

= Streaming storage

= Analytics options for streaming and static data

= Moving your data from the edge to the core data
center
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Premise: Major Disruption Occurs When 3 Vectors of

Innovation Align to Meet Unmet Needs

* Technology Innovation
» Al, 5G, Edge, + distributed storage

» Cloud Native Architectures (e.g. uServices) Tech
= Business Model Innovation
= On-demand Industry
= Xa33S Disruption
= Scales Technology & Business Scale Biz

» Federated Composable Distributed Systems
* On-demand Composable Distributed Systems

Next Disruption, will come from a data problem:

Today, turning Data into Insights is too slow, costly, and leaky

-
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Problem: The Ratio of "Data-Creation™ to “Action” is Way
Out of Whack

Actionable
Insights
(0) (0] k
* 60%-70% of data unused i
orrester
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https://go.forrester.com/blogs/hadoop-is-datas-darling-for-a-reason/
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Goal: Turn “Unused” =2 “Used”, Which Requ
Mastering Streaming Data

&

Ires

Actionable

Insights
(0) (0] &k
* 60%-70% of data wiused rorrocier
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Edge Computing + 5G + Cloud Native = Match Made in
Heaven

Figure 21, Global IP traff

26% CAGR
2017-2022 [N

Figure 25. Internet traffic moving « er 1o the edg o
SP Network Capacity Moving Closer to the Edge
Over one-third of capacity will bypass core completely by 2022
S O ~ 18 2019 2020 2021 2022
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Source: Cisco VNI Global IP Traffic Forecase, 2017-2022

A
_ Thesis: 5G connects the broadest number of
SUUER jevices AND enables both deterministic
streaming data and best effort batch data

Thesis: The Edge exists to convert streaming
data into real-time insights (inference and ML) %
in order to automate 10T, Media, and Network
operations

Source: Cisco VNI

Common Programming Model
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Time to Insight + Privacy Laws Dictate Where Processing Occurs

Human Time
Batch Data
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OT Data Spreads Rapidly and Has Limited Shelf Life

Batch Data

Human Time
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Streaming Data vs. Batch Data

= Use cases for stream processing:
= Fraud detection
= Surveillance
= Social media sentiment analysis
= |.og monitoring
= Analyzing customer behavior
» |ndustrial Computer Visioning

Batch processing Stream processing

Data is collected over time Data streams continuously.

Once data is collected, it’s sent for processing Data is processed piece-by-piece.

Batch processing is lengthy and is meant for large Stream processing is fast and is meant for information
quantities of information that aren’t time-sensitive. that’s needed immediately.

= Batch data is sometimes described as Postmortem data, used to take action well after the event of
the data creation.
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Common Programming Model: Scripts & Queries

@

Common Programming Approach uServices

Things On-Prem EDGE Network EDGE Metro EDGE Central Cloud

Real-Time Data (streaming) Stored Data (static)
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Scripts & Queries Extract Value at Multiple Locations

] - ¢ E ? aan
‘m\i\ é\ ___________ Q 5?\5 ? é\ _______________ ‘
: [E - "
Things On-Prem EDGE Network EDGE Metro EDGE Central Cloud

Real-Time Data (streaming) Stored Data (static)
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Mixed Streaming + Static Data Processing Defines
the Real-time, Distributed Edge (Mmarketecture view)

Analytics Apps
(Scripts & Queries)

3 Source “D”
()
) Data ) . -
- g / Federated E2E Data & Services Orchestration \
v Source “C”
O .
A L Analytic Frameworks
/% Al Frameworks Distributed Data Frameworks
AN
(1) 0 : - 2
A Source A Multiparty Trust (attestation — anonymity)
téo Data
c Source “B” Computational Storage Data Aware Networking
8 Data
b
(Va)]

SmartNIC /
-
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Streaming + Static Data Processing Drives Evolution of

Server Ingredients: Compute/Move/Store Converge

- = Compute
: = Including application ——
s co-processors / accelerators ImpllcatlonS: Al everyWhere
“— e Servers enable real-time Al
e S * Storage becomes more tiered

S T N S * Network moves based upon
S T e 10001 00100101 11110 mees s e s
S ‘:'"“(“l’-“:"'... I data type (not just NW protocols)

— " l|||”‘””“: Ly
. "uh““,‘..” ™ UL

1000 p e T T
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Move . . + Store - tierin
_ g
Including @ wow  Including persistent memory

Infrastructure Accelerators
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The Next Decade: The Era of Federated On-demand
Distributed Autonomous Composable Systems (FODACS)

* Scripts: invoke systems
* Queries: invoke insights >
* Resources compose and

data converges whenever,

wherever, and for as long
as needed =]
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Chip Maurer (Dell)
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5G Is Driving A New Revolution'’

First Industrial Revolution

= Transition of hand production to machines
= Between 1760 and 1820

Second Industrial Revolution (aka Technological Revolution)
» Railroads, telegraph and electricity
= Modern production line
= Between 1871 and 1914

Third Industrial Revolution (aka Digital Revolution)
= Shift from analog and mechanical technology to digital
= |ate 20t century

Forth Industrial Revolution (aka Industry 4.0)
= [nterconnection - machines, devices, sensors, and people
= |nformation transparency — rapid decisions based on information
= Technical assistance — machines helping humans
= Decentralized decisions — decisions made at the edge

1 Forbes - Why everyone must get ready for the 4th industrial revolution
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Storage Impact of 5G Use Cases

= Connected Cars
= Some cars could generate between 5TB and 20TB per day’

= Surveillance Video

= Low quality: 300 MB per hour’
= 4K UHD: 7 GB per hour’

= Sensor Data from Smart Factories, Smart Farms, Smart Grid, etc

= Low estimate

= Assume 10,000 sensors, each sending 5 1KB readings per second

» Data requirements
= 50 KB per second OR 175 MB per hour

* High estimate

= Assume 10,000 sensors, each sending 1000 1KB readings per second
» Data requirements
= 1 GB per second OR 3.6 TB per hour

1 10TNow Transport - Data storage is the key to autonomous vehicles future
2 cctvcalculator.net

-
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We Were Already Drowning In Data

= 90% of the data in the world today has been created in the last 2 years'

= Over 40% growth projected over the next 2 years
= 175 zettabytes by 2025

= What good is all that data if you can’t process it
= \Wasted $ on storage costs
» ost $ on unperformed analytics

PN

S0 2oaFF NQSQ,Q\L‘\I % o2 A(¢(»o L%c o

s\

- S I‘»/(\
1IBM - What is big data? v

§ ,3 & 4
2 Seagate — Data Age 20.25 O C‘v Oj‘ ' O g X

22 | ©2020 Storage Networking Industry Association. All Rights Reserved.

-
SNIA. | CLOUD STORAGE
CSTI | TECHNOLOGIES




AN\ o

5G Data Journey From Edge Nodes

As close to data sources as possible

)

public
and/or
private
cloud

Edge Data Sources
5G, Wired, WiFi
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Kappa and Lambda Architectures

= Lambda’
= Not to be confused with AWS Lambda or Python/Java Lambda functions

» Used to perform both near real-time (streams), and batch (traditional
ETL) processing

= Data sources can be streams, objects
= Typically different code for stream and historical data access

» Typically supports much larger datasets than Kappa architecture

Batch Layer

Master Data

Data
Sources

Speed Layer

Real-time View
FromToto Ty w

el

1 Hazelcast — Wht is the Lambda Architecture?

k)
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Kappa and Lambda Architectures
= Kappa’

= All data is event stream (append only)

» Used to perform real-time processing
= Real time by reading stream (e.g. Kafka topic)

» Historical analytics also possible by reading stored stream data
= Typically permits same code for stream and historical data access

Stream Processing

Serving DB

System
Kafka Cluster queries

Job_version_n Output_table_n
Input_topic
Job_version_n+1 Output_table_n+1

1 Hazelcast — What is the Kappa Architecture?
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Edge Node Characteristics

—~:» = Use a streaming input for 5G data like video, sensor data, etc

= . = Suitable for unbounded data
» Object data like images can go to stream or directly to storage

= | ow cost storage
= Likely direct attached, but cloud options available

Q = High performance

* Need to be able to process large quantities of data in short period of time

“ = Low latency
= Real time decisions based on 5G data is critical

7:( = Connected nodes

= Able to collaborate with other Edge devices

= Potentially disposable data
@ = Not all 5G data must be kept

= Secure

= ‘Nuff said

-
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Streaming Data Ingestion Options

= Stream ingestion (short term storage)

» Data remains for configurable time, or configurable size is reached

= Examples
= Apache Kafka

= RabbitMQ
= Stream ingestion (durable storage)
» Data remains on storage until removed

= Examples
= Dell Technologies Pravega
» QOracle OCI Streaming Service

-
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Processing Data At Edge Nodes

= Tail processing
= Always working on the most recent data

= Low latency stream processing tools

]
= Apache Flink (true streaming)
@ » Spark Streaming (micro-batches)
» Knative (Kubernetes)

= AWS Lambda, Azure Functions, Google Cloud
Functions (event driven, serverless)

= Filter and reduce data
= Keep the important data, discard the rest

//7\\ = Custom and specific data
m :

» Each data stream and use case is unique

-\Q'- = Al and ML working on streams of raw 5G data

= \Well suited to process large volumes of data
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Public Cloud Edge Solutions

= Public cloud providers have edge solutions

= Bringing cloud data processing and analysis closer
to end-points

aiamazon " AWS
7 webservices = AWS |oT *

= AWS IOT Core, AWS IOT Greengrass, AWS IOT Analytics, etc
» Lambda@Edge

= Azure
= Azure Stack Edge
= Azure Arc

q = Google Cloud Platform
= Global Mobile Edge Cloud

/ A Microsoft Azure

Google Cloud Platforn
C
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Core Site 5G Data Storage Destination

= |ngest incoming 5G data from edge nodes using stream, object or file
= Plan storage based on latency requirements

= Plan storage based on retention requirements

= Well suited for batch oriented analytics

= Send larger, less often referenced datasets to cloud based storage
* Public
= Private
= Hybrid
= Multicloud

= Send smaller, more frequently referenced datasets to direct attached storage
= HDFS
= Relational DB
= No SQL DB

-
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Cloud 5G Data Storage Destination

= | ow cost
= No maintenance

= Long retention

= Corporate and state/federal regulations
= Built-in protection

= AWS S3

= Four 9s availability
= Eleven 9s durability

= Automatic tiering options
= Virtually infinite scalability
= Also well suited for batch oriented analytics

= Private cloud benefits
» Cost savings at scale
= Ownership and control
= Compliance for sensitive data

-
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5G Solution Options Can Be Overwhelming!

= Chances are, your storage vendor has 5G edge storage
solutions that meets vour needs’

and analytics
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1 mattturck.com — Resiliency and Vibrancy: The 2020

Sapremdres 1050

€ Matt Turck (@mammurch) & §ireMark (@fritmarkcag)

Data & Al Landscape

matturck com/data2020

FIRSTMARK
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Additional Resources

» 5G Americas White Paper: 5G at the Edge
= SNIA Educational Library
= SNIAVideo YouTube Channel
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https://www.5gamericas.org/wp-content/uploads/2019/10/5G-Americas-EDGE-White-Paper-FINAL.pdf
https://www.snia.org/educational-library
https://youtube.com/c/SNIAVideo

Summary

= 5G’s 3 phases, enhanced mobile broadband, URLLC (ultra reliable low-latency
communication), and mMMTC (massive machine type communication) will connect
billions of new things, which will stream data 24/7 needing to be processed in
real-time at the Edge.

=5G storaﬁe solutions will require upfront planning to understand and support
the data flow, both now and future

= Data Centers will decentralize their boundaries to incorporate the explosion of
edge nodes to support 5G enabled devices

= Reduce data content on edge nodes where possible

7 LowI I?_tency stream processing is critical on edge nodes for real-time
analytics

= Data centers will continue to use a mix of local and cloud storage based on
data requirements
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After This Webcast

* Please rate this webcast 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.snhiacloud.com/

= Follow us on Twitter @SNIACIloud
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Thank you!

Q&A
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