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LF Edge, Unifying Open Source Edge

|OT, Telco, Cloud, Enterprise

The Linux Foundation Launches New LF LF Edge Momentum continues with Project EVE
Edge to Establish a Unified Open Source seed code, project demonstrations at |IOT World
Framework for the Edge and neWit b als
More than 60 global founding members across enterprise, loT, telecom * /OT OnPrem Edge l{/'r.tua//'z'at{'on Engine s?ed code contributed byZe?’ada to LF Edge
and cloud collaborate on open source framework for edge computing and *  Four new members join existing community of 70+ LF Edge organizations
future of loT * LF Edge on Display at loT World, with Akraino Edge Stack, EdgeX Foundry and
Project EVE demonstrations
SAN FRANCISCO_, January 24,. 2019 - The Linu>§ Foundation, the SANTA CLARA, Calif. — 1oT World —May 14, 2019 — LF Edge, an umbrella
nonprofit organization enabling mass innovation through open organization within the Linux Foundation that aims to establish an open, interoperable
SOUI’C(?, tO_day announ(_:ed the |aun(;h of LF Edge, an umbrella framework for edge computing independent of hardware, silicon, cloud, or operating system,
organization FO e.Stab“Sh an open, |nter0per§|p|e framework for today announced continued project momentum. Project Edge Virtualization Engine (EVE)
edge cqmputlng Independt?n'_c Qf_hardware, _5|||C0n. (_:|0Ud, or receives initial seed code from LF Edge founding member ZEDEDA, as the community
operating system. |7F Edge is |n|t|_a||)( Com.prISEd of five projects that showcases a range of edge/loT application demonstrations, from connected cars to wind
will support emerging edge applications in the area of non- turbines, on-site at loT World.

traditional video and connected things that require lower latency,

faster processing and mobility. Additionally, LF Edge welcomes new Associate and Liaison member organizations Industrial

Internet Consortium (lIC), the LIONS Center at the Pennsylvania State University, OTAinfo,

LF Edge includes Akaino Edge Stack, EdgeX Foundry, and Open and University of New Hampshire’s Interoperability Lab (UNH-IOL).

Glossary of Edge Computing, formerly stand-alone projects at The
Linux Foundation and new projects EVE (Edge Virtualization
Engine), Home Edge.

C1ITHELINUX FOUNDATION cILFEDGE


http://www.linuxfoundation.org/
https://www.lfedge.org/
https://www.lfedge.org/
https://www.lfedge.org/
https://www.lfedge.org/projects/eve/
https://www.zededa.com/

Why Edge and Defining the Edge
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Emerging Edge Applications & Convergence of Technologies

are demanding & fueling lower latency + accelerated processing

NFV Edge () Wireless Wireline uCPE .“) IP Enterprise
Infrastructure A (VRAN,VEPC) E (PON) €> (SD-WAN) o' Services
o,

Autonomous =" Autonomous Industry ~ :
Devices H Drones .4.. Vehicles * Robots u Medical
Immersive : Virtual = Augmented 360 y Wearable
Experiences t Reality Reality Video (=) Cognitive
Assistance

loT & ) Industrial Home ,
Analytics M") Sensors ﬁﬁ Devices O Retail ﬂ Healthcare

C1THELINUX FOUNDATION LILFEDGE



Edge Applications

Video Cortent Delivery
(360 Video, Yenues)
Autonomous W ehicles
(ars, Drones, [rucks)

ARNR
ol {Autornated Factory)

Gaming

Listrbuted Yirtwalized
Maobile Core 8 Fxed Access

Private LTE

Survelllance

supply Chain Managemenit
i Trucking, Asset Tracking)

Srmart Crties

75%

58
58
3%

3%

2%

f# 2% 0% 6l B
Percent of Respondents

Q: What are the top 5 (or more) edge services?

Edge Killer Apps: Non-traditional video + Connected things that move

Many metro IX locations within 20ms
of parts of populations...

Telcos have advantage of COs, cell
sites, cell backhaul aggregation, fixed
backhaul, street cabinets, etc. much
closer to users

Edge enhanced apps include many
elements: natural language, facial
recognition, immersive experience,
swarming

Big (too much) bandwidth top driver

Our categories are a grouping of
several applications; can be user
delivered

Source: IHS Markit. NFV Strategies: Global Service Provider Survey, June 2017, Respondents control 61% of global telecom capex



Market Opportunity for LF Edge

Industrial, Enterprise and Consumer use cases in complex environments spanning
multiple edges and domains.

Examples:

)
)
)

Industrial Manufacturing

Energy (Oil & Gas, Utilities)
Commerce

Homes (including B2B2C use cases)
Automotive

Fleet/Transportation

Logistics

Building Automation

Cities and Government

Healthcare

LI THELINUXFOUNDATION

19% CAGR
2017-2022

Billions of
M2M
Connections

16
14
12

A O 0 O

o N

@ Other (1% CAGR)
B Energy (24% CAGR)

S
— Retail (10% CAGR)
T @ Mfg and Supply Chain (10% CAGR)
Connected Car (28% CAGR)
B Connected Cities (26% CAGR)
B Connected Health (22% CAGR)
B Connected Work (15% CAGR)

B Connected Home (20% CAGR)
2017 2018 2019 2020 2021 2022

Source: Cisco VNI Global IP Traffic Forecast, 2017-2022
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Where are the edges!?

Distributed cloud, edge compute, Al/ML, loT, 5G, VNFs/NFV, FMC

EDGE EDGE
MEC server,

AI/ML, 10T, 5G

EDGE
97% of

operators

plan VNF
execution in
Smart CO

Enterprise
& loT

loT G/W

EDGE
82% of

operators
plan VNF
execution
on UCPE
at
customer
sites

C1 THELINUX FOUNDATION

Smart CO

EDGE
VNFs, VEPC,
MEC, distributed
RAN, VRAN,
BBU hotel, FMC,
vCPE, AI/ML, loT
go here

with Mini DC
[Edge DC]

PARTIAL EDGE

85% of operators
plan VNF execution
in DC Near CO

70% of operators plan
VNF execution in
DC Not Near CO

Data Center Near
CO

[Regional DC]

Data Center
Not Near CO

[Central DC]

8

Source: IHS Markit. NFV Strategies: Global Service Provider Survey, June 2017, Respondents control 61% of global telecom capex



Introducing LF Edge
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LF Anchor projects for Edge

Akraino and EdgeX Foundry are complementary open source projects addressing Telecom, Enterprise and IOT edge

=\~

EDGE UIRTUALIZATION
ENGINE

Validated Blueprint

DGE STACK

Validated Blueprint Validated Blueprint

EDGEX

FOUNDRY

Telco
Edge
Use Case

Vertical Validated Blueprint
Validated Blueprint

Validated Blueprint Validated Blueprint

Validated Blueprint

7N

|\|/
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Scope of LF Edge

LF Edge

Edge Computing Glossary
V ™

Appncation S E I] E E X\X F ﬂ I.I N I] H Y €
Interoperability | Intiro_peiab_llltz bEtvieen loT devices and applications API coordination

l for intelligent

l orchestration of

[
OS ™ loT edge

Zephyr ' ?E workloads
2] PHOTON 0S" Il EDGEUIRTUALIZATION H K R H I n U
Sooooozo ENGINE AEUEE STACK B
Hypervisor' - : Lightweight real-time l OR
R hypervisor : Application and network
: ———=—====| N rovisioning and orchestration
EeVI.C(? . : Trusted device onboarding H % H U ITI E P g
rovisionin ross dynamic supply chain
g | memammeseynn | T EDGE
Infrastructure
Device Edge Control Edge Gateways (Thin and Thick) Industrial/ Telco MDC On-Prem Telco/Cloud
Radio Edge/HCI Edge DC Edge Edge
C1 THELINUX FOUNDATION LILFEDGE


https://newsroom.intel.com/editorials/intel-arm-share-iot-vision-securely-connect-any-device-any-cloud/

Open Source LF Edge

lloT Today

Vertical data silos & platform lock-in
Data/edge sovereignty & control issues
Hardware-defined & unmanaged edge

gloud i':\WS1 BE \icrosoft Other clouds eg BaitEie
On-prem &

Connectivity

Edge GW -

Tt B

Assets .

CI THELINUXFOUNDATION

lloT with LF Edge

Open loT data architecture, no lock-
in

Data & edge belong to the enterprise
Software-defined & ubiquitous edge

awsﬂ == Microsoft Other clouds Bai'&fﬁlﬁ
eg

Central
Visibility
&
Control

LF Edge (EdgeX, EVE, Open API
Akraino)

T

CILFEDGE



LF Edge — New umbrella for Edge Projects

Drivers
» Complementary and aligned vision on multiple LF projects
» Fuels faster adoption and deployment
> Edge market is fragmented and creating a larger entity provides leadership

Projects

=\ /= .
IABRRAING EDGEDCFOUNDRY eoseuimunuzanon PfEnouossary 7 HOMIE

C1THELINUX FOUNDATION LILFEDGE
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Bringing It All Together — LF Open Source Edge

With Complementary Standards Ref Arch and Ref Implementations

g egx?

Carrier Cloud
Data Center

Carrier
Interconnect

Carrier

Access
§4% ACUMOSA|

Carrier Core

E openstack. kubernetes

Internet /
Web

Hosted Private
Cloud

Public Cloud

| E[IGEguiRTUHLIZHTIUH E |] G EX F [] ” N |] H Y

. EnﬁlnE
8 Enterprise SR Open Edge &
21 THE LINUX FOUNDATION

srs:(%)\ ISG MEC

d Class Standards

@open EDGEcomputing

CC

A ONIO
G CO EO

loT Alliances &
Consortiums

Openfog)
2020000
N

industrial intemet
CONSORTIUM

CILFEDGE

§Standards & Orgs for Edge§

& Other Edge Activities



Automating Cloud, Network & IOT/Edge Services

Service Cloud Services Residential Services  Enterprise Services 10T/Edge/Al Services
S
- ©  Dopenstak  CILFNETWORKING — CILFEDGE  CILFDEEP LEARNING
ubernetes
Software &  (cjoud Automation Telecom Network Automation ~ Edge Automation
Automation.._ PN .
- e
Enterprise - Public/Hybrid
Infrastructure Software Data Carrier Cloud Cloud Service

Defined Data Providers

Centers (SDDC) Centers Network Network Cloud Hosting

Private Cloud

. Providers
Service Web Service
Providers Providers

I THELINUX FOUNDATION MSO/CableCo



Premier Members

Aricent  Crm SasT gatse DELLEMC  pranonis

ALTRAN GROUP

E =5 ( intel)» QP inwinsTack JUﬂIPer Mobiledge NETSIA

NOKIA ONTT @osi. 20" Radisys @ redna

Technologies, Inc.

[N ]
[ [
[} LRE Y @
°

SAMSUNG ©&)scrcate  Tencentlii —WIND" W|pro Z=5=OA
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General Members

alef ' Alleantia Beends quntq CertusNet Q)Cﬁggfﬁ,{ggﬁ
DATAAHEAD
FOGIELL , "_(-:’L\ 0 ’ ; #2IoTium s
i 4 V5 -~ 1IGTech 0" kwmc
,-,'.-'.'1?';9 MIMAINFLUX  warvers  MOCANA @ NETFOUNDRY S opann  packet

Cluibys @@S)RackN  redislabs 2 RepLy (] Section \ﬂzpor (vitro) solteria
@E’ﬁl' =3

WANXIANG GROUP|

Associate Members and Liaisons

- ‘ ! ! ! EE ! ‘ University of New Hampshire
E I R I :\\Indusmcxl intemet” INFRASTRUCTURE InterOperability
'E{Iectromcls t?: elecommunicatio CONSORT'UM MASsONSs LabOIatOIY
ortium.org
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LF Edge: Key Takeaways

|. Harmonizing Open Source Edge Communities across |IOT, Enterprise,
Cloud & Telecom

2. Keeping LF Edge Open & Interoperable with

» Hardware, Silicon, Cloud, OS, Protocol independence

» Bringing the best of telecom, cloud and enterprise — location, latency & mobility
> In collaboration with Consortiums/SDO (lIC, AECC, OEC, ETSI)

3. Hosted by the Linux Foundation similar to other Open Source
Communities like CNCF (Kubernetes), LF Networking (ONAP) and many
more.

C1THELINUX FOUNDATION cILFEDGE
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Projects
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Project Introduction: Akraino Edge Stack

L1 THELINUXFOUNDATION
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Akraino Edge Stack Overview

L1 THELINUXFOUNDATION
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Use Case |: Operator’s Owned Network Edge /» AKRAIND
Optimal Zone For Edge Placement

Millions Thousands Tens

Customer Customer Premises (ACCESS Telco Network Edge Backbone Backbone
Devices Methods

Mobile

Tower

:

AR/VR
End

Centralized

'% Central
Clouds

@ - Offices

Small Stadiums

Enterprises

User o Py ®) Other Telco
W Hﬂﬂ% I‘ uu ‘I Real Estates
— Wire Centers,
Drg_rles Enterprises Publlc ( {
s buildings etc.)
Autonomous .
Vehicles
Device* Last Mile Network* Access* Edge Computing Backbone = Non-Accelerated Processing
~2 ms <5ms 1-3 ms ~5-20 ms ~2- 100 ~5-50 ms
Fdge Placement

Optimal Edge Zone

Telco

Operated LILFEDGE

LI THELINUX FOUNDATION

* Estimates
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Use Case 2: IOT Driving the New Edge for Enterprisg ggaing

Retail, Transportation, Healthcare...

“JCLOUDNATVE  S3openstack.  CILFNETWORKING ARRAING  epgescrounnny
. Cloud Automation Network Automation _|OT Automation

[\ Rnf

Retall Hospitality Healthcare Manufacturing Transportation
& Logistics

= A
'3% Enterprise o g |;|
HI]]] & Data QJILU
Enterprises Centers Public Buildings

LIRS

“Southbound” Devices, Sensors and Actuators

C1 THE LINUX FOUNDATION LILFEDGE
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Akraino Executive Summary /A Eno statk

Zero Touch

Akraino is an Edge project targeted to Edge Cloud

Automation
> Address Telco, Enterprise and Industrial loT use cases

Mission:

|. Create end to end configuration for a particular Edge Use case which is complete, tested and production deployable meeting the use case
characteristics {Integration Projects - Blueprints}

2. Develop projects to support such end to end configuration. Leverage upstream community work as much as possible to avoid duplication.
{Feature Projects}

3.  Work with broader edge communities to standardize edge APIs {Upstream Open Source Community Coordination - For example,
Socialization, so community tools and Blueprints can interoperate. This work can be a combination of an upstream collaboration and

development within the Akraino community [i.e. a feature project]}

|. Encourage Vendors and other communities to validate Edge applications and VNFs on top of Akraino blueprints {Validation Project - ensures
the working of a Blueprint}

C1THELINUX FOUNDATION LILFEDGE
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Akraino Release 1

L1 THELINUXFOUNDATION
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Akraino R1: Unifying the Edge

Akraino Edge Stack Issues Premier Release, Sets Framework to Enable 5G, loT Edge
Application Ecosystem

o Inaugural release unifies multiple sectors of the edge across disciplines, including 10T, Enterprise,

Telecom, and Cloud
o Delivers tested and validated deployment-ready blueprints
o Creates framework for defining and standardizing APIs across stacks, via upstream/downstream

collaboration

SAN FRANCISCO - June 6, 2019 — LF Edge, an umbrella organization within the Linux Foundation that aims to
establish an open, interoperable framework for edge computing independent of hardware, silicon, cloud, or
operating system, today announced the availability of Akraino Edge Stack Release 1 (“Akraino R1”). Created via
broad community collaboration, Akraino’s premiere release unlocks the power of intelligent edge with deployable,
self-certified blueprints for a diverse set of edge use cases.

C1ITHELINUX FOUNDATION LILFEDGE
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http://www.lfedge.org/
http://www.linuxfoundation.org
https://www.lfedge.org/projects/akraino/

Role of Akraino Blueprints in Open Source Lifecycle

Successful Open Source Development PROJECTS
depends on the complete life cycle of
projects, products that market will adopt

and deploy ﬁ
DEVELOPER

* Akraino’s blueprint model COMMUNITY
enables rapid transition from
projects to PoC/deployment,
cutting down integration time
significantly.

* Blueprints augment Open
Source Projects to address &
accelerate Interoperability,
Packaging, and Testing under
Open and neutral governance.

N
N

PRODUCTS



Akraino R1: Tested & Validated Blueprints

Akraino Blueprints & release

* |1+ Blueprint families, 20 Blueprints under
ST lEL S Reference development
0 : : Architecture
g *“,, For Edge Use cases

e  Community-tested & validated on real
hardware, Akraino Labs by members and

. community.
A
£
.
E-.' Blueprints - approved & tested declarative
0 configuration based on use cases, set of hardware, POD
& software
Reference Architecture - defines Akraino building
- blocks
g reseeeeeesaaes : Declarative Configuration - hides lower laye
Blueprints1 Blueprints n , g es TOWEr BYE
AKRAIND "'; will provide acceptance CIl/CD, Integration & Testing Tools - drive product
EDGE STRCK Akraino Release Tc?i::;ria"fsrrm:ase 3 i ’ & & P
quality
C1THELINUX FOUNDATION CILFEDGE
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Tested & Validated
Deployment-Ready Blueprints Details

L1 THELINUXFOUNDATION



Akraino Rl Blueprints Details

Blueprint Family Primary Use Case Industry Target | Blueprint Summary

Network Cloud (NC)

Telco Appliance

Integrated Edge
Cloud (IEC)

StarlingX

Kubernetes- Native

Infrastructure for
Edge

Edge Lightweight
and IOT blueprint
(ELIOT)

AKRAIND
EDGE STACK

Unicycle with SR-IOV

Rover

Unicycle with OVS-DPDK

Radio Edge Cloud (REC)

Type 1 (small Edge)

Type 2 (Medium Edge)

Far Edge Distributed Cloud

Provider Access Edge

IOT Gateway

uCPE

Telco Edge use cases (Multi Server). Multiple
applications

Telco Edge use cases (Single Server). Multiple
applications

Telco Edge use cases (Multi Server). Multiple
applications

Appliance for Radio Access Network (RAN), RAN
Intelligent Controller and Near realtime Edge
MEC Appliance

Telco or enterprise application deployment on
Arm servers

Telco or enterprise application deployment on
Arm servers

Enterprise edge and Far edge. Multiple
applications

VRAN and MEC (AR/VR, Machine learning, etc., )

10T

uCPE

Telco, Enterprise

Telco, Enterprise

Telco, Enterprise

Telco 5G, Enterprise

Telco, 10T and Enterprise

Telco, 10T and Enterprise

Enterprise & 10T

Enterprise & Telco

IOT & Enterprise

Enterprise & Telco

NC blueprint family enables hardware configuration
and automated deployment of telco grade multiple
edge sites from a remote regional controller.

Appliance tuned to support the O-RAN Alliance and O-
RAN Software Community's Radio Access Network
Intelligent Controller (RIC)

IEC enables the new functionalities and deployment
model on the network edge. It supports ARM
processors and architecture.

Addresses edge and Far edge use cases at high
density locations such as malls, airports and sports
stadiums to support value added services at these
events and locations.

Blueprints in the Kubernetes-Native Infrastructure for
Edge family leverage the best-practices and tools from
the Kubernetes community to declaratively and
consistently manage edge computing stacks from the
infrastructure up to the workloads.

ELIOT targets on making the edge node a lightweight
software stack which can be deployed on limited
hardware capacity.

30


https://www.o-ran.org/
https://o-ran-sc.org/
https://gerrit.o-ran-sc.org/r/admin/repos

Akraino R1 Blueprint: Network Cloud Family

Network Cloud Blueprints: Unicycle Rover + Unicycle SR-IOV

Akraino Network Cloud Blueprint — Unicycle & Rover

Akraino Chest

_______________________________________________________________

———————————————————————————————————————————————————————————————

|Edge Application and APls Edge APIs Edge Cloud(s)
spistors s [ Smpktameir=] | _Integration APl

1
F—— s - - - s SsSsSSSo T :l Al Tools box |
1Edge Application and ightweight Edge A 1
:Or:hestratiun Lie Ortlfestmﬁgon b Community - TBD :
______________________________________________________________ 1| Additional Operations
_______________________________________________________________
tools
NFV Orchestrat NFV & Domain Specifi [ ONAP Amsterdam ] .
Orchestrator I
______________________________________________________________ 1
F oottt oottt oottt s finiisiinion it |
1Edge Platform Infra Orchestration | OpenStack ( Ocata) ] Kubernetes 1
1
ISuftware Components Storags |
: Network Control Plane : Airship
Network Data Plane SR-10V ovs OVS-DPDK 1
| | | | I | . Ve
Operation System 1 Cloud

_____________________________________________________________ Lifecycle

_______________________________________________________________

————————————————————————————————————————————————————

_____________________________________________________________________________________________________________________________

1
1
S e

6/4/19

Purpose/Features

« Telco & Enterprise use cases like

5G and beyond

« Enables hardware configuration
and fully automated deployment
of multiple edge sites from a
remote Regional Controller (vNF

Workloads)

« Supports Unicycle with SR-IOV

Target Industry : Telco, Enterprise

LI THELINUXFOUNDATION

CILFEDGE
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Akraino R1 Blueprint: Network Cloud Family

Network Cloud Blueprints: Unicycle OVS-DPDK

Akraino Network Cloud Blueprint — Unicycle with OVS-DPDK

_ _amnochess  Purpose/Features

' = i-: « Telco & Enterprise use cases like
:Edge Application and Edge APIs | Edge Cloud(s) : :
1API Applications & VNFs [ sampletdgeAsp | Integration APIs ! ! 5G and be)’Ond
,:::::::::::::::::T_::_T:::::::::::::::::::::::::::::::::::::::::‘ I| Al Tools box ||
lorenesuation Lightweight Edlge App [ Community-T80__] : | :
R | || Additional Operations | 1 .
o L i i ; | ws |} Enables hardware configuration
::::::::::::::::::::gr;h:s:a:m::::::::::::::::::::::::::::::::::::::i E and fu”)’ aUtomated deployment
:Edge Platform Infra Orchestration | Openstack [ Ocata) ] [ Kubernet ] 1 : f I . I d . f
:SoftwareComponents S : O mU tIP e e ge SlteS rom a
: Metwork Control Plane i : H
i R | ] BT : remote Regional Controller (vNF
| Operation System _m Cloud :
SSIIIIIZIISISISSIISCISCISSIZSSISSIISIISIIZICIZCIICIICIIZCIZoCI) ufez:.{de : WOI’klO&dS)
I;.'_::::::-_'_'_'_'_'_"'S;n;r'le;"“'_'_'_'_'_'_'_'_'_:::'_-_-_'_'_'_'_'_'_'_'_'_::::-_-_'_'_'_'_'_'_'_‘, E . SUPPOI"t for OVS-DPDK in
| Ngtwork Et_ige 1 . .
e ____ I i Airship, Portal (GUI)
Customer Edgi '_Sateﬁte-| :
; | = :

AKRAIND o e T |

EOGE STACK Upstream Future release .

I | A | = ..s largetIndustry : Telco, Enterprise
L1 THELINUX FOUNDATION LULFEDGE
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Akraino R1 Blueprint: Radio Edge Cloud /A Gt stat

Radio Edge Cloud for 5G use cases

RIC xps -exampes
-9 ' urpose/Features
e

i functions

ONAP

RIC Dashboard

~C Paas e Telco- grade edge cloud platform
‘ for near-real time container
s b :
N ; workloads.
B - Controller : i
il ' * Integrated with open-source RAN

Workflow

i | Intelligent Controller (RIC) — helps
deploy customized, tailored apps
i ’

Server Manager

with Zero touch

Blueprint LCM m i
Artifact Manager |
Deployment m Ceph Airship 1.0+ (Future)
P full software stack
"""""
Manager |

~ . . —

Target Industry: Telco 5G, Enterprise

* Automated CD pipeline testing the

HTE

* Target architecture shown here and the fully installable building blocks is in R1

C1THELINUX FOUNDATION cILFEDGE



Akraino R1 Blueprint: Far Edge Cloud

StarlingX Far Edge Cloud

T ||

Cenfiguration

oy Brafbing X Sarvad

He X B

i Host
Managemant Management Manarg emenl Managament

Software

&

Orchestration

Purpose/Features

* Addresses Industrial Edge Use cases at high
density locations such as malls, airports and
sports stadiums to support value added
services at these events and locations.

* Based on StarlingX hosted in OpenStack
Foundation (upstream collaboration)

* Supports VMs and Containers.

Target Industry: Enterprise, loT

LI THELINUXFOUNDATION
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Akraino R1 Blueprint: IOT & Remote Edge

AKRAIND

]

SEBA on Arm
sE8A Ap ™ rcoro
__Container ) |__Container | Container
-

CHI Solution

-“ | Comtvwwp ~{ owm
0 b
\ o] oK ;

" Infra Orchestration [

& Installer [

Contalnerized Compass ]

Linux distribution

Infra Orchestration and
Installer

Networking
Software

Calico
_ Kcon I'IE('t

i_Container |

Controller

Contiv/VPP

SR-10V, DPDK

Real Time Linux distribution

EDGE STACK
Integrated Edge Cloud
mu.ormrl [nghtweishthpp ]  Apps Purpose/Features
Orchestration | ! Baremetal '

« Addresses IOT use cases

« Targets telco edge applications
& medium edge cloud
deployments with Arm, based
on Kubernetes and Calico

Servers or \ Acceleration
"'“""H"‘.r“' Edge Platform [m Hode ][w tode J Edge Servers or Integrated Accelerators » Automated installation,
Networking Edge Platform FPGA/GPU integrated with SDN-Enabled
SUEEs Broadband Access (SEBA) use
While box Network device Network Equipment case
Type 1 Type 2 Target Industry: Telco, loT, Enterprise
LI THELINUXFOUNDATION

CILFEDGE

35



Akraino R1 Blueprint: IOT & Far Edge

AHHRHII’IU
EDGE STACK

Edge Light & loT (ELIOT)

Cloud services

On-Cloud or On-EdgeCloud Services

Node
resource
mgr
(CRD)

as/o

@)
®
<
o
]
O
()
-
(%]
—
o
o
o
()
~—
(]

S@DIAISS USALIP Ble(
spaqisa) % Bulsa) pajewony

Reuse Clover/OPNFV,
K8S, CNCEF etc.

Gateway node

On-board Services

Container “Light Netconf/
Microservices Kubelet” yang
Environment

Lightweight OS

A: X86/ARM32/64
Gateway/cpe

RAM: ~256MB-4GB RAM: >16GB
Disk: ~GB Disk: ~TB

WAN+LAN+FAN I/F WAN+LAN I/F

Sensors devices

B: X86/ARM32/64
Server/appliance

Akraino lightweight blueprint = ELIOT - for Edae Lightweight and loT
Target Industry: loT, Enterprise, Telco

!th tream

projects

=) EdgeX, VFW,
vRouter...

=)  Container
Runtime, Clover,
Kubernetes, cncf

¢==)  Upstream OS:
ThinOS/CentOS/
Fedora, Ubuntu

Core

=) ARM, x86,
hardware, 1/0

Purpose/Features
Addresses |IOT & Universal CPE use cases for
IOT Appliances with thin OS and Orchestration

Full CI/CD deployment ready and verified

Video Analytics is one of IOT Gateway use case

verified on this platform

Eliot nodes

LI THELINUXFOUNDATION
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AKRAIND

Akraino R1 Blueprint: Provider Access Edge  ZAcusstacs

Kubernetes Native Infrastructure for Industrial Automation

Purpose/Features

* Addresses generic Edge Use cases

(small footprints deployments)

* Focused on Native Container
! workloads able to host NFV and MEC

MEC Apps VM, |j VM, ML Apps
JRAMN
MEC MW kubevirt Kubeflow®
o~~~ " """ TTT ;' ““““““ :
:CIusterfMachme: Kubernetes (OKD) i Prometheus |
\___Operator___! + _texporters _
CRI-O Tungsten® Ceph

with no OpenStack

Core0Ss and CentOS-rt*

* Manage edge stacks at scale and with a

WMs or bare metal, e.q, on

consistent, uniform user experience

=7 | o | o e e

"l aws .
} —] @ ARVM from infrastructure up to workloads,

. . _ on bare metal or public cloud
1 part of next point-release

Target Industry: Telco, Enterprise

LI THELINUXFOUNDATION
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LF Edge

Functional View: R1 Blueprints in Akraino Edge
Stack

Application —
Interoperability

Blueprints

AKRAIND
EDGE STACK

Provider Access Edge
(PAE) O

Radio Edge Cloud ~ Far Edge @

(REC) StarlingX ‘
ELIOT I IEC Network Cloud

Type | &2 Unicycle, R
Infrastructure )P GniuelE (Typ ) (Unicycle, Rover)
Device Edge Control Edge . . Industrial/ Telco MDC On-Prem Telco/Cloud

Gateways (Thin and Thick) Radio Edge Edge DC Edge Edge
Appliances /HCI
CITHELINUX FOUNDATION CILFEDGE
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Akraino R1: Key Takeaways & What's Next in

2019

1. LF Edge Projects gaining community
support with Akraino aimed at
accelerating time to deployment ->
Projects to Products & Production

1. Akraino establishes unified
framework for Edge collaboration &
validation across projects &
community with Blueprints

1. Akraino’s R1 releases 10+ Blueprints
for IOT, Enterprise and Telco Edge
Cloud

LI THELINUXFOUNDATION

On the Horizon

)

New blueprints (Gaming, Connected Cars...) +
enhancements to existing blueprints

Tools for automated blueprint validations

Edge API’s in collaboration with LF Edge projects
New community lab hardware

CILFEDGE
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Project Introduction: EdgeX Foundry
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EdgeX Foundry EDGEXFOUNDRY

> EdgeX FoundryTM is a vendor-neutral open source project hosted by The
Linux Foundation building a common open framework for loT edge

computing.
» At the heart of the project is an interoperability framework hosted within a
full hardware- and OS-agnostic reference software platform to enable an

ecosystem of plug-and-play components that unifies the marketplace and
accelerates the deployment of loT solutions.

» Architected to be agnostic to protocol, silicon (e.g., x86, ARM), OS (e.g.,
Linux, Windows, Mac OS), and application environment (e.g., Java, JavaScript,
Python, Go Lang, C/C++) to support customer preferences for differentiation

C1THELINUX FOUNDATION cILFEDGE
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EDGEXFOUNDRY
EdgeX: IOT Interoperability framework

: : EDGEXFOUNDRY =
> Loosely-coupled microservices bound by common ... sciecure LI R —
APIS established th rough vendor_neutral “NORTHBOUND" INFRASTRUCTURE AND APPLICATIONS
Co"aboration in Linux Foundation LOOSELY-COUPLED MICROSERVICES FRAMEWORK ;:E;E;Ec?;i [ CONTAINER DEPLOYMENT |[  REMOTE/LOCAL GUI
APPLICATION/EXPORT SERVICES .
y HW_’ OS_ and PI"OtOCOl-agnOStiC ”j: CLIENT REGISTRATION | | DISTRIBUTION | I.“ ADDITIONAL SERVICES | §§
g SUPPORTING SERVICES i
: i i i I E ALERTS & ADDITIONAL g g
) Polyglot..mlcroserwces can be written in any I [oomow | 5 .
programing language (e.g. Java, Python, Go Lang, £l S | e —————— | £
C) and deployed in containers or VMs B 2 | [ — | g
) GranUIarity in API definition faCiIitates bringing :_Er'“ DEVICE SERVICES (ANY COMBINATION OF STANDARD OR PROPRIETARY PROTOCOLS VIA SDK) §
together heterogeneous OSS and CommerCiaI s:.:;:f‘ REST OPC-LA MODBUS BACNET ZIGBEE BLE mMaTT SNMP VIRTUAL :ETI):E g
offerings for various functions e
. . . Y e 2 ac I Il
> Once key APIs are established, entire subsections et W e &' I =

can be replaced, combined, etc. with proprietary,
differentiated “EdgeX-compliant” offerings, even

: EdgeX is architected to enable commercial
Core Services

value-add around a lowest common
denominator interoperability framework.

C1THELINUX FOUNDATION cILFEDGE
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EDGEXFOUNDRY
EdgeX Use Case Scope OS, Hardware, Protocol Agnostic

Performance Critical Edge Edge X Open Source Baseline

Real Time Soft Real Time (“Relevant Time”)
<— > <« >

Response Time High bandwidth, QoS, sub- Milliseconds+
millisecond, deterministic

(0 1) RTOS Traditional Linux or Windows

Smart Building, Energy Management, Factory Optimization, Predictive Maintenance, Quality

Example Use Cases Control, Supply Chain Management, Remote Asset Management, Fleet Management,
Logistics, Environmental Monitoring

High-speed Process Control,

Robotics, Safety Systems,
Autonomous Vehicles

C1THELINUX FOUNDATION LILFEDGE
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Project Introduction: Edge Virtualization Engine

L1 THELINUXFOUNDATION

44



AVE

EDGE UIRTUALIZATION

Why Edge Virtualization Engine? Ensine

Diversity and complexity of the On Prem IIOT Edge requires a standard architecture that
is open and agnostic
> Must be able to use any hardware, network or applications
» Avoid proprietary lock-in
> Develop common APIs for interoperability across hardware, network and
applications

DATACENTER @ @

Edge too diverse Perimeter security Needs node & location scale

C1THELINUX FOUNDATION cILFEDGE
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AVE

On-Prem IOT Edge Virtualization Engine Architecture VR "

Edge Container Layer

Edge Virtualization Engine™
Agnostic interface supported by APl libraries, open to all hardware/network/apps

Optional EVErouter EVEagent image EVEmanager Verifier identity domain
driver ACLs config, downloader orchestrator sha manager manager
domain secure status, sigs keygen

Unicloud/
overlay events

cli access

& Hardware Layer
jmm
EDGE

= = — % =M°
LLED & W% § i bo § @ e
— — - I I
“SOUTHBOUND” DEVICES, SENSORS AND ACTUATORS M@

Scope of On Prem IOT Edge (EVE)

> Standardized Edge Container format

3'5 > Edge Virtualization Engine * Zedada seed code for On-Prem Edge based on EdgeX Foundry
EDGE UIRTUALIZATION > EV Engine provides a light virtualization engine for [IOT gateways with inbuild
ENGINE ) EVE-EVC Interface security

> APl + CLI reference implementation

> Xen reference implementation

C1THELINUX FOUNDATION cILFEDGE



Project Introduction: Home Edge Project
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Home Edge: Drivers & Enablers ZEDBE

Smart Home Drivers

|.  Smart Home Products are now mainstream & need
common API/Gateway/Ul/Lifecycle

2. Al technologies enabling learning and lifestyle/safety
prediction requires local but connected Edge
computing

3. Real time/low latency requirements increasing as
safety, natural disasters and home health become
mainstream beyond Telecom “triple play”

4. Data Storage & Data Privacy increasingly important
and require sensitive data closer to home/user
Edge

Smart Home has a great potential to enable new business apps through home edge computing

C1THELINUX FOUNDATION LILFEDGE

48



L HOME
ZEDGE

Other Al
Service

Home Edge: High Level Platform Architecture

Other Edge
Services...

Device Control
Service

Speech
Recognition

New Home Edge Apps and Services based on APIs

Data Service

Edge Setup Vision Service

Edge Orchestration* Data Storage* Home Device Control Machine Learning (Future)
Edge Discovery Data Interface Cloud pevice NN Model Interface
Interface Discovery
Controller Controller
5 Model Partition Converter
> Service Discovery Core Data Installer Discovery ' v
=
§ Controller Adapter Distributed worker scheduler
Service Deployment Metadata Al
Ir
Conditioner Distributed Job Executer
I
Device Management Command | Deep Neural Network Framework ( eg. TensorFlow Lite
...................................... )
Container Runtime (based on EdgeX Foundry) / Deep Neural Net Runtime (Future)
------ Edge Service - : * Samsung seed code for Home edge computing platform architecture is
Legend (Initial Seed Device Al PLEEIONT based on EdgeX Foundry that is able to provide real-time, locality, and
Control Component i ) . .
"""""" code) user privacy for various use cases, initially focused on Orchestration &
storage
£1 THELINUX FOUNDATION © CILFEDGE




Project Introduction: Open Glossary of Edge Computing
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Open Glossary of Edge Computing

2018 Retrospective

HIGHLIGHTS

Evolved out of the State of
the Edge Report

Mission

Improve communication and
accelerate innovation by
crowdsourcing a shared vocabulary
for edge; promulgate a vendor-
neutral lexicon that is widely
adopted and used to discuss
compelling solutions offered by edge
computing and the next generation
Internet.

Contributed to Linux
Foundation June 2018

Moved into GitHub repo
V1.0 shipped

StateOfTheEdge.com/glossary

C1THELINUX FOUNDATION cILFEDGE
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QOutreach and Inclusion

2018

> Telecommunications

Infrastructure Association
> EdgeX Foundry
> Akraino
> OpenFog Consortium

> [Industrial Internet

Consortium
> OpenStack Foundation
> CNCF

> Openl9 Foundation

LI THELINUXFOUNDATION

Open Glossary of Edge Computing

2019

> Infrastructure Masons
> ETSI MEC

> |EEE

> CityTech

> And more to come...

CILFEDGE
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Open Glossary of Edge Computing

2019: The Taxonomy Project

A collaborative working group that will crowdsource a

canonical taxonomy of edge. We'll build upon the Open
Glossary but add much more granularity along these
three dimensions:

» Infrastructure Edge
» Device Edge

» Edge Software

» Edge Networking

C1THELINUX FOUNDATION cILFEDGE
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LF Edge
(www.lfedge.org)

Bringing Edge Initiatives Together

|OT | Telecom | Cloud | Enterprise
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http://www.lfedge.org/

