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edge 

computing

applications
8K x 120 Hz x 10 bit streaming 

> 440 Mbps file downloads

augmented reality

live video analytics & derivatives

talk agenda 1. how did we get here? 

2. what are we doing?

3. where are we going?
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𝑶(𝟏𝟎𝟎𝑲) network
devices 𝑶(𝟏𝑲)maintenance

changes/day

Microsoft Azure 

𝑶(𝟏𝟎𝟎𝑴) lines of 
configuration

160+
data centers

100+
Tb data on backbone

2M
miles intra-DC fiber

Regions worldwide

millions of servers
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each facility is 8 MW in size, total of 64 MW

Microsoft’s data centers

expanding rapidly, powered by wind farms

Columbia river, hydro-electric power



underwater data center

facts & figures

• 12.2m length, 2.8m diameter

• 864 Azure servers w/FPGA

• max power: 454 KW (38 KW/rack)

• power utilization effectiveness 1.07 of 

1.07
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Azure growing at a phenomenal rate 

>94% 
of Fortune 500 use 

Microsoft Cloud



… in parallel we proposed edge computing



looking beyond cloud computing 
October 29, 2008 in Bldg. 99, Redmond, WA

first article

first paper

first live demo



evangalization

SEP 3, 2015 4:07 AM PDT



six PhD thesis in systems so far …

• Kevin Hsieh, Low-Latency, Low-Cost Machine Learning Systems on Large-Scale, Highly-Distributed 

Data, Carnegie Mellon University (September 2019)

• Chien-Chun (“Michael“) Hung, Resource scheduling in Geo-distributed Computing, University of 

Southern California (December 2017)

• Shubham Jain, Design of Inertial & Camera Sensing for Smart Intersections, Rutgers University, 

(August 2017)

• Grassi, Giulio, Connected cars: A computing resource for smart cities, Université Pierre-et-Marie-Curie, 

Paris (October 2017)

• Yuan (Tiffany) Chen, Interactive Object Recognition and Search over Mobile Video, Massachusetts 

Institute of Technology (June 2017)

• Robert LiKamwa, Vision Sensing Pipeline for Efficiency & Privacy, Rice University (July 2016) 

more coming ….



highlights

best paper award

publications

and many more ….

lots of media coverage



along the way  IoT hit 
creating a big opportunity …
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IoT app pattern & edge

cloud services 
at the edge

Azure ML, Azure Stream 
Analytics, Azure Functions, 
custom

manage from 
the cloud

devices & services from 
Azure Portal

flexible 
connectivity

intermittent, low, or no 
connectivity

reduced latency & cost

bring compute to the data, 
reduced bandwidth cost
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Azure IoT Edge



Azure Stack Edge
announced Sept. 24, 2018 & Nov. 4, 2019

clients include Hong Kong Stock Exchange, KPMG Norway, Airbus Defense & Space, …
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Azure Stack Edge with Azure IoT Edge

DATA BOX EDGESENSORS

AZURE CLOUD

GPU for 
accelerated 

ML

local storage 
to extend 

Azure Storage



Exxon: preventive maintenance

Shell: safety at a gas station Alaska DoT safe non-iced roads

BMW automated factory



aha moment! (2014-15)

a                 for every 8 people in the US & for every 29 
people worldwide!

with cloud computing, it’s the golden era for ML, computer 
vision, & AI

potential to impact science, society & business



cities all over North America are embracing it
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Microsoft + Bellevue Vision Zero Collaboration
2017 - 2019



video…
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systems demo-ed in 2016



live demos in Hannover Messe 2016



edge AI everywhere … for good
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AI for social good (Feb. 2019)
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~20% fatal crashes happen at intersections

~50% of all crashes happen at intersections

and if this is not enough to motivate you, consider the 

business potential … 
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why focus was on intersections?

United States has ~330,000 intersections with traffic signals



108th Avenue NE, Bellevue, Washington
bike lane project

cycling on sidewalks has reduced, on-street bicycle usage has increased due to 

the bike lane,& the volume of motor vehicle traffic is unaffected.
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global partners press release by DC DOT



mayor’s challenge award to Bellevue 
Safer Cities, Safer People Award



Achievements Award



a sampling of deeper dive…
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vision algorithms (“transforms”) chained together

transforms implement specified interfaces

example: count the number of moving cars on a road segment

video query: pipeline of transforms

transform 1

(decoder)

transform 3

(object tracker)

transform 2

(object detector)

transform 3 

(classifier& counter)



DNN classifier

high accuracy
low cost

object tracker

high accuracy
low cost 4

6
X

250X

each stage has a resource/quality trade off

no one plan is uniformly the best… 

best plan is dependent on the camera, lighting, track direction, object color, … 

[1] VOT Challenge 2015 Results.

[2] Simonyan et al. CVPR abs/1409.1556, 2014

best car tracker[1] — 1 fps on an 8-core CPU

DNN for object classification[2] — 30GFlops

transform 2

(object detector)

transform 4 

(classifier& counter)
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DNN classifier

transform 3 

(object tracker 2

CPU demand [cores]

License Plate 
Reader
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handling bandwidth sensitivity
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Rocket

Input video streams

Sun!

Tree!
Car! Truck!

Person!

Encrypted object videos
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http://aka.ms/rocket 



open source video analytics platform





what’s in our future?
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Telecom infrastructure transformation

3/26/2020

$500B 
transformation



edge as communications infrastructure

3/26/2020 45

commodity 
hardware

Open Stack, etc.

Telecom network

Azure: world’s computer

(regions + network + edges)

cloud providers-- vs --
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vision: a unified platform across edges, CO & cloud

• run any network functions anywhere (e.g. vRAN @ edge/CO,  OTT in the cloud)

• IT companies join forces with telecoms to delivers the core infrastructure & service delivery platform

• Internet replaced by well managed, low latency IT WANs

edge compute
cloud

central office

cell tower
16-30 msec

new 5G app 
& services

RAN, Radio 
management

service APIs by 
telecos

2-4 msec

1-4 msec

RAN, Radio 
managent

central office

edge compute

M I C R O S O F T  C O N F I D E N T I A L



win-win for both sides
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• reduced operational burden / cost

• lower future infrastructure cost

• faster deployment of new features 

programmer eco system ( no longer

“just a pipe”)

• increase revenue from services 

• additional revenue stream from 

selling network services & operations

• major boost to current bets on next 

gen apps (e.g. video analytics)

• better IoT story

telecom cloud companies



thanks!

@SuperBahl


