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Decentralized Computing Evolution [3]

1990 1997 2001 2006
Akamai CDN Pervasive Computing Peer to Peer Cloud Computing

@® Images and videos delivered ® Speech recognition & cyber foraging ® Proximity-routing in overlay P2P ® Amazon's Elastic Compute
closer to consumer. for improved energy consumption networks to avoid long-distance links. Cloud (EC2) service.

Data
Centers

V
s | -

Content &= ) Surrogates i @ Cloud
e

Local
Servers Workload

Content Mobiles i @ Source

Consumers

2009 2012 Today

: s Offline & online mode
Cloudlets Fog Computing Cloud and edge computing

@ cCloudlets offer lower latency ® Introduced by Cisco, focuses Complementing both worlds. Polyglot protocol support

and allow to offload work. on scalability and latency in loT. x
Edge analytics

Cloud @® Flexibly deployable applications Local processing i.e., filtering,
(cloud vs. edge) with zero downtime aggregation, de/coding, etc.

Content l T Data

Cloudlet Fog ® Rich API support for easy integration of Simplified device access
heterogeneous local and remote services and unified application APIs
Soft-State l T Data Content l T Data

Mobile @ Digital twin support and synchronization Support for different
computer Sensor between device, edge and cloud loT domain needs
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(Multiple Input Multiple Output i MIMO): % %
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A QPSK, QAM, Adaptive Modulation Channel
A Orthogonal Frequency Division Multiple Access (OFDMA), 822,?52?;{;“ slement
Non-orthogonal Multiple Access (NOMA) B4QAM, 6bits

Af = 15kHz

O "0~ v ’
A J 3 Y d Ly\ULqU 9¢6 h J- ¥ 3 One resource block
(12x7 = 84 resource elements)

A Uy yeUUyes UstGUoxvoed

AUscL y dqid g asiibdarigrs)Us¥ Gy et Ud

A UpyeUUyes "Upsecyoslteai: eyosl
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dS/cell/cluster,e y 09 G Ud os0ci dBXoa 6e d ovo Semibcnom. 100k02
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Web (WWWW):
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20GHz - ITU MIT-2020 specification) [6]. £ G U} & sHDwideos, AR/VR applications, 3D online gaming.
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5G Usage Scenarios

Enhanced Mobile Broadband

Y d a international Telecommunications

O T ——

Gigabits in a second
3D Video, UHD screens

Smart Home/Building Work and play in the cloud

Augmented Reality

Industry Automation
Voice Mission critical application

Smart City
Self Driving Car

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

Yoeg hooesg uUUUeseys¥s.
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Local Computation

~_MEC Cloud

Task 2
Task 3

Task 1
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¢t = computation offloading [9]

Complete Offloading

MEC Cloud A
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