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Growth of Edge Computing

Source: GrandView Research, April 2021 (https://www.grandviewresearch.com/industry-analysis/edge-computing-market)
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The global cloud 
computing market size 
was valued at USD 
368.97 billion in 2021 and 
is expected to expand at 
a compound annual 
growth rate (CAGR) of 
15.7% from 2022 to 2030.

Source: Grand View Research 
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How Did We Get Here?
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Some Key Events

Publication of “Augmenting Cognition”2004

Creation of AWS Wavelength2019

Founding of the OEC
Creation of ETSI MEC standards group

2015

Microsoft (Satya Nadella) embraces the 
“Intelligent Edge”

2018

Vodafone offers Edge Computing as a service2021

Publication of the case for edge computing2009
Creation of AWS and Cloud Computing2006

Value of Offloading to overcome Mobility Penalty1997

Recognition of the “Mobility Penalty”1993
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Nearly 30 Years Ago
IEEE Computer, September 1993

Moore’s 
Law works 
differently 
for mobile 
and static 
computers
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Is This Still True ~30 Years Later?
YES! The “mobility penalty” is very real and persistent
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Offload Computation from Device to Server

October 1997 (10 years before iPhone and Siri)

“Agile-Application Aware Adaptation for Mobility”
Noble, B., Satyanarayanan, M., Narayanan, D., Tilton, E., Flinn, J., Walker, K.
Proceedings of the 16th ACM Symposium on Operating Systems 
Principles, St. Malo, France, October 1997 
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2004 Thought Piece in IEEE Pervasive Computing

“For example, imagine a wearable 
computer with a head-up display in the 
form of eyeglasses and with a built-in 
camera for continuous face 
recognition.  This would offer the 
essentials of an augmented-reality 
system to aid cognition.  When you 
look at a person, his or her name could 
pop up, possibly with additional cues to 
guide your greeting. Such “magic 
glasses” could transform your 
environment.”
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Where to Offload?

The Cloud Emerges (~2006-2010)
(along with exascale data centers & CDNs)

Consolidation, Economies of Scale, and OpEx for Capex are key themes

At what price?

The price is end-to-end latency of offload
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Edge Computing:  Low-Latency Offload

Published in October 2009

CMU, Microsoft, AT&T, Intel, Lancaster 
University authors

Now seen as the “founding manifesto”
of Edge Computing



12 2022 M. Satyanarayanan

Rejected NSF Expeditions Proposal (2009)

“Many panelists do not agree with the premise of the proposal in which 

distant cloud computing incurs too high latency to be acceptable by 

mobile applications.  They question the validity of such assumption as 

the proposal provides no real data to justify it.”

Panel Summary
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Creation of the OEC Initiative
(June 10, 2015)
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Edge Computing Gains Momentum

• 2018:   Satya Nadella (Microsoft) speaks of the
“Intelligent Cloud and Intelligent Edge”

• 2019:   AWS announces Wavelength

• 2020:   Microsoft announces Azure for Operators BU

• 2021:   Vodafone offers Edge Computing as a service
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Over to Rolf
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“The most profound technologies are those that disappear.  

They weave themselves into the fabric of everyday life until 
they are indistinguishable from it.”

Mark Weiser, 1991

We are not there yet with Edge Computing

Your work, and ours, over the next many years will help us get there
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“Success Has a Thousand Fathers”

All of the OEC companies: technical expertise, financial gifts, equipment, 

Federal funding agencies: DARPA, NSF

My research team at CMU: especially Jan Harkes & Tom Eiszler

Jim

Rolf

Thank You!


