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Computation Power: a Rough Comparison OPT4SMART

OPT4SMART

Sunway TaihuLight
(fastest supercomputer as of 2016)

Processing pwr: 105 PFLOPS
Memory: 1.31 PB
Storage: 20 PB
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OPT4SMART

Sunway TaihuLight
(fastest supercomputer as of 2016)

Processing pwr: 105 PFLOPS
Memory: 1.31 PB
Storage: 20 PB

Iphone 7
(active since 2016)

Processing pwr: 10 GFLOPS
Memory: 2 GB
Storage: 256 GB
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Computation Power: a Rough Comparison OPT4SMART

OPT4SMART

Sunway TaihuLight
(fastest supercomputer as of 2016)

Processing pwr: 105 PFLOPS
Memory: 1.31 PB
Storage: 20 PB

1.4M smartphones
(Milan population)

Processing pwr: 14 PFLOPS
Memory: 2.8 PB
Storage: 360 PB
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... to Cyber-Physical Networks OPT4SMART

OPT4SMART

Turn smart devices into Cooperative Intelligent Systems

• car-2-x systems

• smart cities

• smart grids

• automated factories

• ...

This is “our” (Control Engineers’) job!

Giuseppe Notarstefano – Optimization Meets Smart Networks – Automatica.it 2017, Milano, 12/09/2017 3 |16



... to Cyber-Physical Networks OPT4SMART

OPT4SMART

Turn smart devices into Cooperative Intelligent Systems

• car-2-x systems

• smart cities

• smart grids

• automated factories

• ...

This is “our” (Control Engineers’) job!

Giuseppe Notarstefano – Optimization Meets Smart Networks – Automatica.it 2017, Milano, 12/09/2017 3 |16



Why Optimization? OPT4SMART

OPT4SMART

Optimization is a building block for many problems in Engineering

but also Economics, Social Sciences, Biology, ...

• ESTIMATION and LEARNING
traffic estimation, localization, classification, clustering, ...

• DECISION and CONTROL
cooperative robotics, smart grid control, resource/task allocation ...
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A Step Back ... Computational Paradigms OPT4SMART

OPT4SMART

Centralized Methods

• Small-size problems

• Sequential computations

Parallel (and “Classical Distributed”) Methods

• Large-scale problems

• Several computations simultaneously

• Main goal: computation speedup

• Network topology is a design parameter
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Main Challenges in Distributed Optimization OPT4SMART

OPT4SMART

Structured optimization problem

min
x

N∑
i=1

fi(x)

subj. to x ∈
N⋂
i=1

Xi

cost
coupled

i fi, Xi

• processors know only a portion of the problem

• ASYNCHRONOUS and unreliable communication

• large-scale and BIG-DATA problems

• possibly NONCONVEX (mixed-integer, combinatorial)

• ... to be solved in REALTIME!
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Structured optimization problem

min
{xi∈Xi}

N∑
i=1

fi(xi)

subj. to
N∑
i=1

gi(xi) ≤ 0

constraint
coupled

i fi, gi, Xi

• processors know only a portion of the problem

• ASYNCHRONOUS and unreliable communication

• large-scale and BIG-DATA problems

• possibly NONCONVEX (mixed-integer, combinatorial)
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GOAL

solve (given!) problem via

Distributed Algorithm

i ?

• processors know only a portion of the problem

• ASYNCHRONOUS and unreliable communication

• large-scale and BIG-DATA problems

• possibly NONCONVEX (mixed-integer, combinatorial)

• ... to be solved in REALTIME!

NO central coordinator!
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Main Challenges in Distributed Optimization OPT4SMART

OPT4SMART

GOAL

solve (given!) problem via

Distributed Algorithm

i ?

• processors know only a portion of the problem

• ASYNCHRONOUS and unreliable communication

• large-scale and BIG-DATA problems

• possibly NONCONVEX (mixed-integer, combinatorial)

• ... to be solved in REALTIME!

network topology NOT a design parameter!
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Profiling in Social Networks OPT4SMART

OPT4SMART

• users mutually evaluate themselves

• local interaction and cooperation

• GOAL: cooperative self-profiling

x1

x2

x3 x4
y13

y14

y21 y23 y32

y34
X1

X2

X3 X4Y13

Y14

Y21 Y23 Y32

Y34

Empirical Bayes (relaxed) Estimator

(θ̂, γ̂) = argmax
(θ,γ)∈SΘ×SΓ

N∑
i=1

g(θ, γ;ni)

(θ, γ) unknown “world” parameters

ni aggregate statistics at node i
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Dictionary Learning for Big-Data Analytics OPT4SMART

OPT4SMART

• inpainting

• denoising

• collaborative filtering
(recommender systems)

Dictionary

X

Data

≈

Yi

Mi

i
Mi,X,Yi

min
X,Y1,...,YN

N∑
i=1
‖Mi −XYi‖2F + λ‖Yi‖1

subj. to X ∈ X
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Task Allocation in Robotic Networks OPT4SMART

OPT4SMART

• smart environment
(sensors, processors, mobile robots)

• local processing and communication

• GOAL: assign tasks in realtime
(e.g., paths that minimize time)

min
x,y

c>x x+ y

subj. to a>i x ≤ y , ∀i = 1, . . . , dZ

AT x ≤ −1NT
w

Px = 1Nv

x∈{0, 1} (binary), y∈ R
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Smart Grid Control OPT4SMART

OPT4SMART

• smart generators/accumulators/loads

• local processing and communication

• GOAL: cooperatively optimize
generation/consumption

horizon

agents

∈Xi

0

≤

+

+

xi,1 xi,s xi,S. . . . . .

gi,1(xi,1) gi,s(xi,s) gi,S(xi,S)

x1,s

xN,s

g1,s(x1,s)

gN,s(xN,s)

1 s S

1

n
o
d
e
i

N

min
{xi,s}

N∑
i=1

S∑
s=1

fi,s(xi,s)

subj. to
N∑
i=1

gi,s(xi,s) ≤ 0, s∈{1,. . ., S}

xi ∈ Xi, i ∈{1,. . ., N}
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Back to Technological Growth ... OPT4SMART
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Start of

exponential growth
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What happened in those years in our Controls Community?

Jadbabaie, Lin, Morse, “Coordination of groups of mobile autonomous agents using

nearest neighbor rules”, CDC 2002, TAC 2003.

new distributed “control” research started
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What about Italian community? (Personal experience!)

RECSYS - FP5 (09/2002 - 08/2005)
Real-Time Emb. Control of Mobile Systems w/ Distributed Sensing

Coordinator: G. Picci (UNIPD)
Partners: UNIPI (A. Bicchi), S. Anna, EPFL, KTH, Intecs
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What about Italian community? (Personal experience!)

RECSYS - FP5 (09/2002 - 08/2005)
Real-Time Emb. Control of Mobile Systems w/ Distributed Sensing

Coordinator: G. Picci (UNIPD)
Partners: UNIPI (A. Bicchi), S. Anna, EPFL, KTH, Intecs

OBJECTIVES
“... new paradigms and methods for control design of embedded systems with
distributed sensing, limited communication and computational resources ...”
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New “Distributed Era” in Control Community OPT4SMART

OPT4SMART

• new research problems ... not even clear which ones!

• need to look for novel methodological tools

• combine “systems theory” with “graph theory”

high-risk/high-gain opportunity!
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New “Distributed Era” in Control Community OPT4SMART

OPT4SMART

• new research problems ... not even clear which ones!

• need to look for novel methodological tools

• combine “systems theory” with “graph theory”

high-risk/high-gain opportunity!

Note: At the beginning “toy” problems ... applications not clear
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My Personal Experience OPT4SMART

OPT4SMART

Minimum time rendezvous for first order agents

Centralized solution:
move at maximum speed toward the
center of the smallest enclosing ball

Goal: find distributed control “approximating” centralized solution

Tool: compute smallest enclosing ball center in a distributed way.

Distributed Optimization Problem
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Today’s Disruptive Innovations OPT4SMART

OPT4SMART

What is the role of our Control Community in today’s innovation challenges?
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Today’s Disruptive Innovations OPT4SMART

OPT4SMART

What is the role of our Control Community in today’s innovation challenges?

1

Innovations in digitization, analytics, artificial intelligence, 
and automation are creating performance and productivity 
opportunities for business and the economy, even as they 
reshape employment and the future of work.

Over the past few years, rapid technological 
advances in digitization and data and analytics 
have been reshaping the business landscape, 
supercharging performance and enabling the 
emergence of new business innovations and new 
forms of competition and business disruption. Yet 
progress has been uneven. While many companies 
struggle to harness the power of these technologies, 
companies that are fully leveraging the capabilities 
are capturing disproportionate benefits, transforming 
their businesses and outpacing—and occasionally 
disrupting—the rest. 

At the same time the technology itself continues to 
evolve rapidly, bringing new waves of advances in 
robotics, analytics, and artificial intelligence (AI), and 
especially machine learning. Together they amount to 
a step change in technical capabilities that could have 
profound implications for business, for the economy, 
and more broadly for society as a whole. Machines 
today increasingly match or outperform human 
performance in a range of work activities, including 
ones that require cognitive capabilities,  learning, 
making tacit judgments, sensing emotion, and even 
driving—activities that used to be considered safe 
from automation. Adoption of these technologies 
could bring significant new performance and 
transformational benefits to companies that go 
beyond simply substituting labor and lead to 
previously unimagined breakthrough performance 
and outcomes. Moreover, they have the potential 
to boost the productivity of the global economy at 
a time when it is sorely needed for growth and the 
share of the working-age population is declining. 
Yet their advent raises difficult questions about how 
companies can best prepare for and harness these 
technologies, the skills and organizational reinvention 
that will be required to make the most of them, and 

how the leaders in the private and public sector as 
well as workers will adapt to the impact on jobs, 
capability-building and the nature of work itself. 

1. THE OPPORTUNITY AVAILABLE NOW 
Some companies are gaining a competitive edge 
with their use of data and analytics, which can 
enable faster and larger-scale evidence-based 
decision making, insight generation, and process 
optimization. But the opportunity-capture is uneven, 
and there is both room to catch up and to excel. 
Harnessing digitization’s potential is similarly uneven.

Data and analytics are now widely acknowledged 
as transformational, yet many companies are 
capturing only a fraction of their value
Data and analytics have been changing the basis 
of competition in the years since our first report on 
big data in 2011. Leading companies are using their 
capabilities not only to improve their core operations 
but also to launch entirely new business models. 
The network effects of digital platforms are creating 
a winner-take-most dynamic in some markets. 
Yet while the volume of available data has grown 
exponentially in recent years, most companies are 
capturing only a fraction of the potential value in terms 
of revenue and profit gains.

We recently revisited the five large sectors we 
focused on in our 2011 big data research  and found 
that only two of them—location-based services and 
retail—had made progress in capturing the benefits, 
in part because of competition from digital native 
companies. The three other sectors—manufacturing, 
the public sector, and healthcare—had captured 
less than 30 percent of the potential value 
highlighted previously.

 

McKinsey Global Institute What’s now and next in analytics, AI, and automation

WHAT’S NOW AND NEXT IN ANALYTICS,  
AI, AND AUTOMATION
BRIEFING NOTE • MAY 2017 

“Innovations in digitization, analytics, artificial intelligence, and automation are
creating performance and productivity opportunities for business and the economy,
even as they reshape employment and the future of work.”

(McKinsey Briefing Note 2017)
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Today’s Disruptive Innovations OPT4SMART

OPT4SMART

What is the role of our Control Community in today’s innovation challenges?

Analytics

“Data and analytics are already disrupting business
models and bringing performance benefits”

(McKinsey Briefing Note 2017)

Automation

“AI and Automation will provide a much-needed
boost to global productivity”

(McKinsey Briefing Note 2017)

6 McKinsey Global Institute What’s now and next in analytics, AI, and automation

Already today, a range of automation technologies 
is generating real value. Rio Tinto, for example, 
has deployed automated haul trucks and drilling 
machines at its mines in Pilbara, Australia, and says 
it is seeing 10–20 percent increases in utilization 
there. Google has applied artificial intelligence from 
its DeepMind machine learning to its own data 
centers, cutting the amount of energy they use by 40 
percent. In financial services, automation in the form 
of “straight-through processing,” where transaction 
workflows are digitized end-to-end, can increase the 
scalability of transaction throughput by 80 percent, 
while concurrently reducing errors by half.  

Furthermore, a plethora of machine learning 
business use cases are emerging across sectors. 
These include a larger number that involve significant 
value at stake and potential for impact in sectors 
where much of the data needed for machine learning 
is rapidly becoming available (Exhibit 4).

Scenarios we developed for several settings, 
including a hospital emergency department, aircraft 
maintenance, oil and gas operations, a grocery store, 
and mortgage brokering, show that the value of the 
potential benefits of automation—calculated as a 
percentage of operating costs—could range from 
between 10-15 percent for a hospital emergency 
department to 25 percent for aircraft maintenance, 
and to more than 90 percent for mortgage 
origination. While labor substitution accounts for 

some of this value, non-labor performance benefits 
are considerable in every case.

AI and Automation will provide a much-needed 
boost to global productivity and may help some 
“moonshot” challenges
The application of AI and the automation of activities 
can enable productivity growth and other benefits 
not just for businesses, but also for entire economies. 
Economic growth over the last 50 years has been 
driven equally by growth in productivity and growth 
in labor supply. No longer. Demographic effects, 
such as aging and falling birth rates, are now set 
to dramatically slow the growth in labor supply. To 
pick up the slack, productivity growth will need to 
increase sharply to sustain economic growth—this 
at a time when productivity growth has been less 
than stellar in most economies. At a macroeconomic 
level, based on our scenario modeling, we estimate 
automation alone could raise productivity growth on 
a global basis by 0.8 to 1.4 percent annually. In short, 
businesses and the economy need the productivity 
boost from automation. 

AI and other technologies can also be broadly 
beneficial for society by helping tackle some 
“moonshot” challenges, including climate change 
or curing disease. AI is already being deployed in 
synthetic biology, cancer research, climate science, 
and material science. For example, researchers 
at McMaster and Vanderbilt Universities have 
used computers to exceed the human standard in 
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Case by case

Exhibit 4: Machine learning has broad potential across industries and use cases
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1 Managing and developing people.

2 Applying expertise to decision making, planning, and creative tasks.

3 Interfacing with stakeholders.

4 Performing physical activities and operating machinery in unpredictable environments.

5 Performing physical activities and operating machinery in predictable environments.

Source: US Bureau of Labor Statistics; McKinsey Global Institute analysis  
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%
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Exhibit 5: Some activities have higher technical automation potential

Source: US Bureau of Labor Statistics; McKinsey Global Institute analysis  
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Exhibit 6: Some sectors have more automatable activities than others

courtesy McKinsey Briefing Note 2017
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Already today, a range of automation technologies 
is generating real value. Rio Tinto, for example, 
has deployed automated haul trucks and drilling 
machines at its mines in Pilbara, Australia, and says 
it is seeing 10–20 percent increases in utilization 
there. Google has applied artificial intelligence from 
its DeepMind machine learning to its own data 
centers, cutting the amount of energy they use by 40 
percent. In financial services, automation in the form 
of “straight-through processing,” where transaction 
workflows are digitized end-to-end, can increase the 
scalability of transaction throughput by 80 percent, 
while concurrently reducing errors by half.  

Furthermore, a plethora of machine learning 
business use cases are emerging across sectors. 
These include a larger number that involve significant 
value at stake and potential for impact in sectors 
where much of the data needed for machine learning 
is rapidly becoming available (Exhibit 4).

Scenarios we developed for several settings, 
including a hospital emergency department, aircraft 
maintenance, oil and gas operations, a grocery store, 
and mortgage brokering, show that the value of the 
potential benefits of automation—calculated as a 
percentage of operating costs—could range from 
between 10-15 percent for a hospital emergency 
department to 25 percent for aircraft maintenance, 
and to more than 90 percent for mortgage 
origination. While labor substitution accounts for 

some of this value, non-labor performance benefits 
are considerable in every case.

AI and Automation will provide a much-needed 
boost to global productivity and may help some 
“moonshot” challenges
The application of AI and the automation of activities 
can enable productivity growth and other benefits 
not just for businesses, but also for entire economies. 
Economic growth over the last 50 years has been 
driven equally by growth in productivity and growth 
in labor supply. No longer. Demographic effects, 
such as aging and falling birth rates, are now set 
to dramatically slow the growth in labor supply. To 
pick up the slack, productivity growth will need to 
increase sharply to sustain economic growth—this 
at a time when productivity growth has been less 
than stellar in most economies. At a macroeconomic 
level, based on our scenario modeling, we estimate 
automation alone could raise productivity growth on 
a global basis by 0.8 to 1.4 percent annually. In short, 
businesses and the economy need the productivity 
boost from automation. 

AI and other technologies can also be broadly 
beneficial for society by helping tackle some 
“moonshot” challenges, including climate change 
or curing disease. AI is already being deployed in 
synthetic biology, cancer research, climate science, 
and material science. For example, researchers 
at McMaster and Vanderbilt Universities have 
used computers to exceed the human standard in 

Volume
Breadth and frequency of data

Impact score

1.9

10

7

8

0

6

5

4

3

1

1.30.90.6 1.2 1.80.8 1.41.0 1.71.61.50.4

2

1.10.3 0.70.20.1

9

0.5

Discover new
consumer trends

Personalize
advertising

Diagnose diseases

Identify
fraudulent

transactions

Optimize clinical trials

Optimize pricing
and scheduling
in real time

Personalize
financial
products

Optimize merchandising strategy

Predict personalized
health outcomes

Personalize crops to
individual conditions

Identify and
navigate roads

Pharmaceuticals

Healthcare

Public/social

Automotive

Manufacturing

Travel, transport,
and logistics

MediaFinance

EnergyAgriculture

Telecom

Consumer

Predictive
maintenance
(manufacturing)

Predictive
maintenance
(energy)

Lower priority Higher potential

Case by case

Exhibit 4: Machine learning has broad potential across industries and use cases

7McKinsey Global Institute What’s now and next in analytics, AI, and automation

1 Managing and developing people.

2 Applying expertise to decision making, planning, and creative tasks.

3 Interfacing with stakeholders.

4 Performing physical activities and operating machinery in unpredictable environments.

5 Performing physical activities and operating machinery in predictable environments.

Source: US Bureau of Labor Statistics; McKinsey Global Institute analysis  
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courtesy McKinsey Briefing Note 2017

this is “Controls” moment!

Giuseppe Notarstefano – Optimization Meets Smart Networks – Automatica.it 2017, Milano, 12/09/2017 14 |16



What About Keywords? OPT4SMART

OPT4SMART

Some modern “catchy” keywords

Artificial Intelligence

Machine Learning
(Deep Learning, Reinforcement Learning)

Collective Intelligence

Cognitive Systems

Cyber-Physical Systems

Another one ... our own brand

Autonomous Systems

“[...] we’re focusing on autonomous systems. And clearly one purpose of
autonomous systems is self-driving cars.”

“[...] It’s probably one of the most difficult AI projects, actually, to work on.”

Tim Cook (Bloomberg, June 2017)
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Conclusions OPT4SMART

OPT4SMART

Opportunities

• new powerful technology with massive

computation and communication capability available

• optimization is a building block in many

estimation, learning, decision and control problems

Challenges

• asynchronous, unreliable, directed communication

• complex (optimization) problems in smart networks

• large-scale, dynamic problems to be solved in realtime

RESEARCH FUNDED BY

OPT4SMART

OPT4SMART


