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Smart Enterprise Transformation



Adopters see big gains

Harley-Davidson York Factory: Building customized motorcycles

Deployed an loT network for operations automation

Productivit 6
Production time for each motorcycle was 21 days hours

Efficienc
Production c¥)sts \l/ 70%

Safety & Security

Worker Injuries

Flexibility

Bike variations on a single production line




Adopters see big gains

Nokia Oulu factory: Manufacturing base station parts

Deployed an LTE-powered mobile private loT network with edge-cloud for operation automation

Productivity
Effective use of machinery

Productivity

System maintenance frequency

Effici
Efficiency 130%




Adopters see big gains

Bosch Rexford, Homburg: Factory manufacturing hydraulic valves

Deployed an IoT network with edge cloud for operation automation

Productivit
ot Y T10%

Efficiency
Stock reduction

A 1 500,000€

Flexibilit 0
Setup time for producing the 250 variants was reduced from 450 to 0 secs SeC



Smart Enterprise @ \ §r Hir#
Transformation - l “ }
Is the next big L
infrastructure
build out

!ll‘l

The US$517bn 5G+Edge ecosystem across just five industries

Industrial Connected Intelligent Environmental
manufacturing healthcare transportation monitoring

5G & edge cloud with IoT,
Al/ML & AR/VR

will enable transformation

$206.40n $4530n $24.30n $6.00n $236.00n

Every enterprise

WI ” be Im paCted’ Source: KPMG - https://assets.kpmg/content/dam/kpmg/pe/pdf/5g-edge-computing-value-opportunity.pdf

making this a transformational = P
market opportunity CTH B ¥

® Connectivity @ Software @ Hardware @ Services

_ GET 1 FREE

sﬁur

BEST PRICE [}

GUARANTEE | 4



Current Solutions What Market Needs ‘j

e —— -—

Purpose Built =~
osed & Proprietary

General Purpost
Easy to Use




Proposed €
Aethe

~ Current Solutions Open Source

=

e

Purpose Built

losed & Proprietary -~ General Purpo:

Easy to |
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Open Source Platform for
Private 4G/5G Connected Edge Cloud as a Service

with
Fine-Grained Measurement, Closed Loop Control and
Network Verification
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Connected Edge

200 -

@

AT H=
Central

Small Cell
Surveillance . CBRS or loT Al/ML
Licensed Band B = ) Platform(s)
i#' RAN + Core + Edge Stack
Multimedia SDN Substrate
a = = =
"ﬁ'.‘ (i (i Aether Connected Edge (ACE)
Employees I’]
> = 2 Distributed Mobile Core User Plane
provides local breakout at all
remote Aether Edge sites
.. Small Cell
Visitors

Aether Aether Central loT

Connectivity Management Al/ML Apps
Control (ACC) Platform (AMP) /

Central Cloud

Shared Mobile Core Control Plane in central cloud
supports all Aether Edge sites

OoOMie=



Aether Essential Services
for Enabling 5G-Driven Smart Enterprise Initiatives

Connectivity Connected Edge Cloud End-to-End
Service Service Slicing
5 > |
Private 4G/5G/CBRS connectivity, Designed to Manage precise interlinked
for mission critical applications natively support edge assembly of connectivity and
applications and Al/ML cloud compute for each
for digital transformation application
projects

All offered as cloud-managed services

i o=



Aether "Essential” Services: Key Attributes

Connectivity
Service

5 =0 Qos and Security Guarantees

Programmable and Customizable

—_—

Connected Edge Cloud
Service

— Fine-grained visibility

Closed loop control for resource optimization,

End-to-End trouble shooting, security
Slicing

‘ Verifiability

RN
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Aether Foundational Technologies

SD-Core: Disaggregated Virtualized Cloud Native Mobile Core

SD-RAN: O-RAN Based Softwere Defined Cloud Native

Containerized and Cloud Native

SDN with Programmable Forwarding

oM~



Aether Enables End-to-end Solutions for Enterprises

Enterprise Devices

2 & 2
b 5 nai
ARS8 = L) Edge App Edge App Edge App Edge App Edge App Edge App
(0]

Q0@ Al/ML Platforms loT Platforms Velen Bl (alie
Sensors
Surveillance

Enterprise Apps &
Third-Party Platforms

Multimedia COTS Edge 1" White box Compute, Networking, NICs &
Optimized == Small Cell Radios with x86/ARM CPUs,
= . PUs, DPUs, TPUs, P4 sili
a Hardware T GPUs, DPUs, TPUs, P4 silicon

5§ §
OEHD
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So what is real?



Aether has been operational in pilot deployment since December’19

o Aether Management Platform (AMP)
Aether Connectivity Control (ACC)

O Aether Connected Edge (ACE)

Q@)



Upcoming ACE Sites: Cornell, Princeton and Stanford

o Aether Management Platform (AMP)
Aether Connectivity Control (ACC)

O Aether Connected Edge (ACE)

Q@O



Edge Platforms and Applications Demonstrated

w1l @ Aether LTE
. T-Mobile

Screen
Mirroring

O
i
®

\XEL & 2 28 2

Dual MNO-Aether
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o0 AM 21:00:00-13

P Search resources, services, and docs (G+/)

3 Report a bug

Microsoft Azure (Preview)

amo-external@outlool
MICROSO!

5 ® g 2

Azure services

+

Create a
resource

—

Virtual
machines

X

loT Hub

&

Container
registries

Recent resources

Name
N aether
3] aether
@ aether
@ aetherregistry

A aether-infosys

@8 aether-infosys32

A aether-kes

4> aether

pancy Detection

ccul
Smart Spaces — Vision Based Room (o]

=

Occupancy Graph

Smart Spaces — Space Occupancy Detection App

&

Local network
gateways

@ 4

Virtual
networks

Connections

Type

loT Hub

Resource group
Cognitive Services
Container registry
Virtual machine
Network interface
Virtual machine
Virtual network
Connection
Connection
Connection

Local network gateway

d

Route tables

o -

Virtual network
gateways

More services

Last Viewed
Just now
Just now
3dago
3dago
4dago

2k ano

| e

I with ACE




Person Detection App Running on Google Anthos Platform

Google Cloud Platform Search products and resources = Google Cloud Platform 8 gcp-demo v Q  Search products and resources v 2 0 a
REFRESH kd DEPLOY @ DELETE
A Anthos Clusters 303 CREATE CLUSTER REGISTER EXISTING CLUSTER C X onf-demo @ Kubernetes Engine Workloads c g L
Namespace
Clusters Cluster - 21 options selected - RESET  SAVE BETA
E  Dashboard
St t - Workload cluster.
atus :
% Service Mesh Details
PR— o x @
& b Anth
$»  Config Management @ All clusters healthy we Applications 0O Neme Status Type Pods Namespace Cluster
Master version v1.18.6-gke.6600
. 1 cluster total ’ O w0921 hine-update-d 1-892f b2-d8a19ded97b7 @ OK Job f-demo onf-demo
4 Cluste e Location B  Configuration
O  1092.1.44machine-update-f8162f1-27aa-4b60-9501-1de021b89f61 @ ox on uster-onf-dem onf-demo
Cluster Size 2
Features O  storage ais @ ok Deployment 1 anthos-identity-serv onf-demo
8 Anthos managed clusters Total cores 8o CP o
. Object Browser O  capicontroller-manager @ ox Deployment ”n capi-system onf-demo
& Migrate to containers Total memory 8
T F (7] O  capicontroller-manager @ ok Deployment 1 api-w onf-demo
. Migrate to containers I a )
Q  Security (PREVIEW) ® Name 4 Location Type Labels a p+kubeadm-b P Il g @ ox Deployme aph-v onf-demo
Cluster features o phkubeadm b o . g ® o« Dacloyment . tem  onf-demo
@ onf-demo Anthos
Feature Authorizer @ Enabled O  cert-manager @ ox Deployment 1 ert-manager onf-demo
[0  cert-manager-cainjector @ ok Deployment ”n ert-manager onf-demo
[0  certmanager-webhook @ ox Deployment ”n ert-manager onf-demo
[0  danm-test-deployment & @ ok n apps onf-demo
O  gtimporter @ ox f t-syster onf-demo
[0  gke-connect-agent-20201113-01-00 @ ok Deployment n jke-connect onf-demo
[0  istioingress @ ox Deployment 272 gke onf-demo
[0  istioingressgateway @ ok Deployment 1 istio-system onf-demo
[0 istiooperator @ o Deployment 171 istio-operator onf-demo
O istiod @ ox Deployment ”n istio onf-demo
O istiod @ o Deployment 2 jke-system onf-demo
O  monitor @ ok Deployment t-system onf-demo
O f-d k-health-9e7069d 7 @ ox b C uster-onf-demc onf-demo
O  phylomystream @ ok Deployment 1 app: onf-demo
[0  stream-server @ ok Deployment ”n tput onf-demo
[0  stream-server @ ox Deployment ”n tput-2 onf-demo
O  stream-server @ ok Deployment 1 Input onf-demo
0O wowza @ ox Deployment ”n app: onf-demo

~
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Aether Operator Dashboards (Pilot Network)

Dashboard: ace-tucson

monitoring.aetherproject.org

88 Aether Connected Edge =

All v
O‘ v VPN Status
oo
=]=} VPN connections from Google Cloud

production-ace-menlo-1

(1]9)

production-ace-menlo-2

(1]9)

production-ace-tucson-1

(1]9)

production-ace-tucson-2

(1]9)

ATT

(1]9)

v Edge: ace-intel

Current Uptime

Control Plane User Plane

Control Plane User Plane
F p 0
connect 100, 100+,
P 4 Unsche
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Control Plane User Plane 1
0
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Unsche
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Current Uptime
Control Plane User Plane 1
Control Plane User Plane
0
connected connected 100« 1002 '
P F Unsche:
v Edge: ace-tucson
@ Current Uptime
Control Plane User Plane -
@ Control Plane User Plane
1 nn°/. 1 nnO/.z 15:20

23.8 of 71 Reserved

\

CPU

15:30
System ... Total RA...
CPUBusy 5.5%
Memory Usage_d... 57%
Memory Usage_d... 55%
CPU Cor... CPUIO...
Disk Usage(/)_dev.. 7.6%
Disk Usage(/)_dev.. 6.8%
System Load

=AY TV e v A0
09:00 09:30 10:00 10:30 11:00 11:30
max avg curren
— dev-onlife-tb-03_1m 4.200 2.384 2.090
— dev-onlife-tb-04_1m 3.200 0.951 0.620
— daw.anlifaith.N? Em 2410 2 29A 2 nAn

)
ﬂ ace-tucson v Cluster Nodes Storage v  Projects/Namespaces Members Tools v

14.3 of 722 GiB Reserved

N

Memory
Controller Manager Scheduler

Disk Space Used Basic(EXT4/XFS)
I ) ]

ext4 / 9? 5.8 3.50%
(¢]]:
ext4 /boot 9?5.9 31.01%
MiB
t4 915.8
o / , 2.75%
(¢]]:]
CPU Basic
10.00%
8.00%

6.00% aanMpannam s AN A A ML A
4.00%

2.00% =
0%‘:'.‘ M ettt ed oetaad s e S e T e
09:00 09:30 10:00 10:30 11:00 11:30
Avg curren
dev-onlife-tb-03_Total 9.16% 8.05% 7.89%
— dev-onlife-tb-03_User 6.26% 5.79% 5.77%
An +h A Trsal 2 oco 2 neor 2 Ao

6.0K 25K
55K . . g
. oo 1 oAl Vb o 94,% 20K 3
et o oAde| "o X% Sk It g
50K ~
i
15K &
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&
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Network Traffic Basic
1.0 Mbps
2
o 500 kbps
]
g 0bps
<
— -500 kbps
-‘é -1.0 Mbps
@
§ -1.5Mbps
= 09:00 09:30 10:00 10:30 11:00 11:30
ma cu 1
dev-onlife-tb-03_eno2_transmit 1.061 Mbps 528k
dev-onlife-tb-04_eno2_receive 560 kbps 477k

A

> Launch kubect! B  Kubeconfig File

09/10/2020

33%

36 of 110 Used

Nodes

lifA+h NA 1m0 rn

ANT Lhna 200 L



Enterprise Dashboard: Aether Health Monitoring (Coming)

Aether at XYZ Corp | Overall Health:

Impaired Last Update: Oct 25, 2020 14:45 PST

Welcome: A. Joe (Operator) | Log Out

Los Angele

Connectivity

>
(=
Y
p=
c
O
=
©
A=)
>
©
Z
©
-+
—
o
(ol

Edge Compute

=
Get Help

QoS & Slicing

21

Healthy
S

Health of New York

Devices
Count: 454

Radios
Count: 4

Aether
Central

Metric 1

Metric 2

Metric 3

Metric 1

Metric 2

Metric 3

Operational: 390

Impaired: 64

Operational: 3
Impaired: 1

Enterprise Summary: Deployed Sites: 4 BB dit @ | Devices: 1,148 BB diz ®

New York

B G
B di G

Up/Downlink: 75/34 Mips EER] dlis (8

Latency: 35 ms

Measure 1: value
Measure 2: value

Measure 1: value
Measure 2: value

Measure 1: value
Measure 2: value

Measure 1: value
Measure 2: value

Measure 1: value
Measure 2: value

Measure 1: value
Measure 2: value

B die G
B dE G
BB dE G
B di G
B i G
B dE &

| Radios: 9 BB iz ®

1lami
@@ @

Active Filters: New York, Connectivity Service

| Edge Compute Clusters: 42 EEE iz ®

In Maintenance
Atlanta

Notifications Time Selection: Last 4 hours

Source

Time Stamp ¥

Importance Description Suggested Remedial Action

Filtered event log sorted by time




DARPA Funded: Project “Pronto”

$30M funding for three years to build, deploy, and operate a production-ready Aether with
fine-grained measurement, closed loop control, and network verification

[

(V)
oM —
@) — —
[ Cornell University. PRINCETON : S[Ei&{gtl;rd A=-'-|_' - —
PRINCETON Software-Defined Edge Cloud Infrastructure

Software-Defined Disaggregated RAN
Software-Defined Disaggregated Core
Edge Cloud Platform Operationalization
Edge Services

Towards Pre-Production

2 oM

o Fine-grained measurement
o Network Verifiability: forwarding/sw stack
o Closed-Loop Control

© O O O O
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Learn More from Experts: Pronto Research

Nick McKeown, Stanford

December 9t 8:00am Pacific

On-Demand on Web

Jen Rexford, Princeton Nate Foster, Cornell



OIOIO

Learn More from Experts: Aether Platform

Larry Peterson, ONF
December 10t 8:00am Pacific

Oguz Sunay, ONF

December 9t 8:00am Pacific

https://aetherproject.org



Aether Ecosystem

Go ge o
© NTT 9 =) AT&T §§

.T. e Smggmfplilﬂ*ﬁ
ciena Telefonica
intel @)__ — “lalalel-lc[o]r]-

- A — T H — R NETWORKS
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In conclusion ...



Smart Enterprise Transformation

Aether: Private 4G/5G Connected Edge-Cloud-as-a-Service

AN

Private 4G/5G enabled edge cloud

Local breakout

Cloud-native connected edge platform
with support of multi-cloud

Cloud based managed service

II

N

I

End-to-end network slicing

SDN with programmable forwarding

I\_

Top down network programming and
control

Fine-grained measurement, closed-
loop control

Network verification

)
—— AN A

Open source software & COTS hardware

Highly Secure
Mobile cellular like
Programmable access control
Detect and prevent DDOS

Compelling Economics
Open Source + COTS
Managed Service
Minimize WAN BW
Monetization via reverse MVNO

Right for Mission Critical Enterprise CTCSQZQ?VL Srilgmu;agffot;t?z

: Use Value PI’Op Fine-grained real time visibility
Predictable performance Innovation in production

Low latency

Own your data
Secure

Platform for Diverse
Applications

connectivity + computing
on edge + public/central cloud




Aether: ONF Flagship Project Primed for Big Impact

Funding committed over 3 years,
starting June 2020.

Funding

from

Private 4G/5G Connected
EdgeCloud-as-a-Service with DARPA +

Fine-grained Measurement, Companies
Closed-Loop Control & Verification

Compelling

ONF: Software Team, Ecosystem Mission Builds on ONF'’s in-production platforms and
Cornell, Princeton, Stanford: latest cloud technologies and
Profs, Post-Docs, Students augmented by Research
Campus IT as users/customers

Technical

Chops
28 oOoM—




Let us Join Forces to Realize Full Potential of Smart Enterprises

Enterprises interested in "smart enterprise” transformation

— Happy to explore Aether Connected Edge deployment for a POC or trial leading to a production deployment
Ecosystem partners wanting to enable and accelerate "smart enterprise” transformation

— Happy to integrate your [oT, ML/A|, ... platform and applications in Aether

— Happy to port Aether to your hardware or software platform

University campuses

— Happy to support Aether Connected Edge deployment for your research and campus automation
Replicate and build on what Stanford, Princeton, and Cornell doing

Open source developers

— Love to get your help and help you make significant contributions to a significant project

29



Thank You!

https://aetherproject.org



