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The Four Pillars of Content-Centric Mobile Networks

Communications

Caching

J& Computing

A Energy (such as Battery)

_'H;HQJJ_ _i}'i_

Wireless Internet Research and Engineering Laboratory

2




N

CLOUD/FOG
Networking

Ne

MIMO/OFDM

Packet
tworkin

Digita

Wireless Evolution:
Technologies, Services and Business Models

Embedded

=

liziat

(Dll%tal)

el .

M ufact rer

\RE

Wireless Internet Research and Engineering Laboratory

From: Prof. Bo Cheng, Prof. T. Hsing and
Dr. Tao Zhang




Cloud-Only Computing Models Inadequate for

Nest Generation 10T, 5G/6G, Embedded Al,
(Source: Dr. Tao Zhang of NIST)
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loT Endpoints Often
Need Local Off-Board
Support

Needs to Move
Computing Inside
Their Networks
(e.g., 5G)

loT Customers Want
to Facilitate IT/OT
Convergence
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Where Their Data and
Computing Should Be
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New Emerging Services and Applications:

_Autonomous Car (Vehicular Telematics with V2V in particular)

R

® Security, Privacy and Authentication

# AR/VR Video Streaming Applications

# m- Healthcare

# Industry 4.0 (e.g. Manufacturing 4.0)

- ultra low latency delay; distributed and federated compute model;
- decentralized applications & recourses management;
- autonomy ; heterogeneity
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From Cloud to Fog
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Many Types of Clients & Edge Devices

Source : Professor Mung Chiang, Princeton University




en Fog RA 1.0: Architectural Pillars
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Openkog RA 1.0: Architecture

(RT, QoS, etc.)

e Performance & Scale

Application Services

Node Management (IB) & Software Backplane

Hardware Virtualization
OpenFog Node Management (00B)
OpenFog Node Security - HW security

Network Accelerators
TSN, TCC, Comms, ... FPGA, GPGPU, ... CompUte Storage

Hardware Platform infrastructure
Classis, Mechanical, Power, Cooling, ...

Protocol Abstraction Layer (Legacy Protocol Bridge)

Sensors, Actuators, & Control
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(ID, HW-RoT, Attestation, Authentication,

Authorization,..
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(RAS, Alerting, Orchestration, Operations, Discovery,..

Manageability

Machine Learning, Rules Engines, Cognition, etc.

Data, Analytics & Control

IT Business & Cross Fog Applications
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Fog/Edge Computing, Networking and Platform*
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* Thanks to Tomoko & Ken Hatano (Toshiba Corporation in VV:R E

Japan) for providing this photo S e P B
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Fog/Edge vs Cloud

Fog Nodes Fog Data Cloud\\
Services
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Kl Patterns,

Actions

Data Reduction,
SP Control Response,
Data Virtualization/Standardization

SourceU Cherry Huang_Cisco/NCTU IAPS, October 2016




What 1 s fAFog 72«
Characteristics of fog computing

. Low latency and location awareness
. Widespread geographical distribution

)

. Mobility
. Very large number of nodes

i. Predominant role of wireless access
. Strong presence of streaming and real-time applications
/. Heterogeneity
8. Autonomy
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What 1 s nFog Net wo

ARFog Net wo mokzontlgarchitéctire that spans the

continuum from device to Cloud, to solve the latency and
“bandwidth issues needed in the Internet of Things.

A A Fog Networking architecture that uses one or a
collaborative multitude of end-user clients or near-user edge
devices to carry out a substantial amount of storage (rather
than stored primarily in cloud data centers), communication
(rather than routed over backbone networks), and control,
configuration, measurement and Management (rather than
controlled primarily by network gateways such as those in
LTE Core).

A Fog that is not only micro cloud but immersive and pervasive
(over cloud-2-things continuum). Most importantly, Fog
Should be autonomous and dynamic for the future 10T

Applications and Services. ‘ ok



Fog/Edge WiIll Disrupt Existing Business Models

are already converging into unified fog nodes
/A Fog empowers cloud.

Service, &)

\ Fog enables seamlessly integrated E2E cloud-fog service platform and
services/apps: development, deployment, resource pooling, management,
security, e

A Fogal |l ows players of all sizes to
Rise of local/regional fog operators similar to local/regional Wi-Fi operators

A Fog provides a common platform for distributing computing i
other networks

A Fog/Edge creates new networking capabilities at t

g Uiy |

\RE’

Source: Dr. Shunge Li, Smartiply, Inc. i
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/% Routers, switches, wireless APs, app servers, and storage servers at the edge
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A Fog enables new services (Fog/Edge-based security services, Fog/Edge as a

dep

de 5G/6G and
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Intelligent Fog / Edge Plantform Solutions :
Proof of Concept and Proof of Business

N

Gateway Solution . : :
Mobile Solution Payment Solution

Powe.r Local Optimize Resources
Intelligence Compute, Storage,
Bandwidth

Offline Computing




Evolution of loT With Intelligent Fog / Edge Platform
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