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INRS	  

UQ	  system	  similar	  to	  UC	  
public	  university	  system	  
	  
INRS	  is	  research	  arm	  of	  
UQ	  system	  
	  
INRS	  ranks	  first	  in	  Canada	  
in	  terms	  of	  research	  
intensity	  



What	  is	  FiWi?	  

	  
“It’s	  a	  typo.”	  	  	  	  (Konstan8nos	  Nton8n,	  CTTC)	  
	  
IEEE	  Sub-‐TC	  FiWi	  –	  what	  it	  does	  &	  what	  it	  doesn’t:	  
	  

“The	   Sub-‐TC	   on	   Fiber-‐Wireless	   Integra8on	   addresses	  
architectures,	   techniques,	   and	   interfaces	   for	   the	   integra8on	  
of	   fiber	   and	   wireless	   network	   segments	   in	   a	   unified	   wired-‐
wireless	  infrastructure	  …	  It	  does	  not	  address	  architectures	  or	  
techniques	   specific	   to	   individual	   op8cal	   or	   wireless	  
networks.”	  



FiWi	  vs.	  RoF	  

	  
RoF:	  Separa8on	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
BBUs	  &	  RRHs	  
	  

Centralized	  architecture	  
	  

Focus	  on	  4G	  cellular	  
technologies	  
	  
	  

C-‐RAN	  

China	  Mobile	  Research	  Ins8tute,	  “C-‐RAN:	  The	  Road	  Towards	  
Green	  RAN,”	  White	  Paper,	  Oct.	  2011.	  

	  



FiWi	  vs.	  RoF	  

	  
	  
	  
	  
	  
	  
Vast	  majority	  of	  L2/L3	  FiWi	  network	  studies	  focused	  on	  
decentralized	  Ethernet	  technologies	  	  
	  

–  IEEE	  802.3ah	  EPON,	  IEEE	  802.3av	  10G-‐EPON,	  WDM	  PON	  
–  IEEE	  802.11b/g/n/s	  WLAN,	  IEEE	  802.11ac	  VHT	  WLAN	  
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High-‐Speed	  TDM	  or	  WDM?	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
F.	  Aurzada,	  M.	  Scheutzow,	  M.	  Reisslein,	  N.	  Ghazisaidi,	   and	  M.	  Maier,	   “Capacity	  and	  Delay	  Analysis	  of	  Next-‐Genera8on	  Passive	  
Op8cal	  Networks	  (NG-‐PONs),”	  IEEE	  Transac1ons	  on	  Communica1ons,	  vol.	  59,	  no.	  5,	  pp.	  1378-‐1388,	  May	  2011.	  
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Op8cal	  or	  wireless	  protec8on?	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
N.	   Ghazisaidi,	   M.	   Scheutzow,	   and	   M.	   Maier,	   “Survivability	   Analysis	   of	   Next-‐Genera8on	   Passive	   Op8cal	   Networks	   and	   Fiber-‐
Wireless	  Access	  Networks,”	  IEEE	  Transac1ons	  on	  Reliability,	  vol.	  60,	  no.	  2,	  pp.	  479-‐492,	  June	  2011.	  
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Will	  VHT	  Wireless	  Do	  It?	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
F.	  Aurzada,	  M.	  Lévesque,	  M.	  Maier,	  and	  M.	  Reisslein,	  “FiWi	  Access	  Networks	  Based	  on	  Next-‐Genera8on	  PON	  and	  Gigabit-‐Class	  
WLAN	  Technologies:	  A	  Capacity	  and	  Delay	  Analysis,”	   IEEE/ACM	  Transac1ons	  on	  Networking,	  vol.	  22,	  no.	  4,	  pp.	  1176-‐1189,	  Aug.	  
2014.	  
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NSERC	  2010	  
	  
	  

“In	  coming	  years,	  ICT	  industry	  will	  need	  to	  
change	  its	  focus,	  becoming	  less	  an	  end	  in	  itself	  

than	  a	  means	  to	  an	  end.”	  
	  
	  



SmartGridCity	  

Xcel	  Energy	  ruled	  out	  
•  Satellite	  	  
•  Wireless	  
•  Cable	  
•  DSL	  

and	  relied	  on	  
•  Own	  fiber	  
•  BPL	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

INFORMATION SHEET
SMARTGRIDCITY

Xcel Energy is building a clean energy 
future through our use of advanced 
technologies, expanded energy efficiency 
programs, and with innovative business 
strategies. Through projects such as 
SmartGridCity™ in Boulder, Colo., we are 
gaining experience and learning more 
about the possibilities. 

About SmartGridCity
SmartGridCity is a technology pilot that 
allows us to explore smart-grid tools in 
a real-world setting. It serves as a living 
laboratory that helps us determine:

conservation tools our customers  
want and prefer

effective at improving the way we 
deliver power

technology into our business operations 
to improve efficiency, reduce carbon 
emissions and modernize the energy 
delivery system

 
smart components on a wider scale

The smart-grid infrastructure is the 
backbone of the entire smart system we 
have installed in Boulder. The network 
went live in the summer of 2009 and allows 
the utility to communicate and connect 
with nearly 47,000 premises throughout 
the city. Since the project’s beginnings, we 
have provided tours and demonstrations 
to numerous industry peers, as well as 
international representatives from more 
than 33 countries, in order to share the 
lessons we’ve learned. 

SmartGridCity delivers choice and 
visibility through technology that can help 
customers save energy, save money and 
help preserve the environment.  Boulder 
customers with smart meters can view 
their electricity consumption in up to 
15-minute intervals using the MyAccount 
web site, which gives them a window of 
information for further conservation ideas 
to more closely manage monthly bills. 

In 2010, we will focus on maximizing 
customer value through in-home energy 
management options, various pricing pilot 
programs and additional plug-in hybrid 

in place, additional smart grid pilots could 
extend beyond this year.

SmartGridCity™ 
Building a Clean Energy Future

SmartGridCity is already improving 
reliability. The new system gives 
operators the ability to monitor 
performance in near-real time, 
make adjustments based on 
available analytics and fine tune 
the grid. This allows Xcel Energy 
to better predict and avoid 
equipment failures, proactively 
make necessary repairs and quickly 
pinpoint potential problems. 

Learn More: 
Visit xcelenergy.com/smartgridcity to take a closer look at our progress and  
find additional information. The web site includes a qualification survey for Boulder 
customers interested in home energy management technology trials and details 
about smart grid pricing pilot programs. If you have questions about SmartGridCity, 
call us at 1-877-887-3339 or send us an e-mail at smartgridcity@xcelenergy.com. 

Consortium Formed

Site Selected

Network Construction

Real-Time Monitoring

Smart-Meter Installs

MyAccount Web

In-Home Devices

Pilot Pricing Plans

Toyota PHEV Tests

Value Propostion Evaluation

2008 2009 2010

SmartGridCity Project Development

1-877-887-3339  |  xcelenergy.com  |  © 2010 Xcel Energy Inc.  |  Xcel Energy is a registered trademark of Xcel Energy Inc. | Northern States Power Company – Minnesota,  



H2H	  &	  M2M	  Coexistence	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
M.	   Lévesque,	   F.	   Aurzada,	   and	  M.	  Maier,	   “Coexistence	   Analysis	   of	   H2H	   and	  M2M	   Traffic	   in	   FiWi	   Smart	   Grid	   Communica8ons	  
Infrastructures	  Based	  on	  	  Mul8-‐Tier	  Business	  Models,”	  IEEE	  Transac1ons	  on	  Communica1ons,	  vol.	  62,	  no.	  11,	  pp.	  3931-‐3942,	  Nov.	  
2014.	  
	  

Multiple subscribers 

ONU

ONU

ONU

ONU

ONU

Single subscriber

Single subscriber

OLT

Splitter/combiner 
or

Wavelength multiplexer/demultiplexer

TDM or WDM

DMS

AP

AP

Sensor

Sensor

STA

STA

Sensor

Wireless link

Copper link

Fiber link

UU

RN

Combiner
Splitter/

 0

 5

 10

 15

 20

 25

 30

 0  5  10  15  20  25

D
e

la
y 

(m
s)

Data rate per sensor (Mbps)

Adaptive 
delay limit

w/ time-driven
 sensors

w/ event-driven
 sensors

 H2H w/ 802.11n 
 M2M w/ 802.11n 

 H2H w/ 802.11ac 
 M2M w/ 802.11ac 

 Simulation (w/ 802.11n) 



Cosimula8on	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
M.	  Maier	  and	  M.	  Lévesque,	  “Dependable	  Fiber-‐Wireless	  (FiWi)	  Access	  Networks	  and	  Their	  Role	  in	  a	  Sustainable	  Third	  Industrial	  
Revolu8on	  Economy,”	  IEEE	  Transac1ons	  on	  Reliability,	  vol.	  63,	  no.	  2,	  pp.	  386-‐400,	  June	  2014.	  
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Smart	  Grid	  Testbed	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Central	  EV	  charging	  coordina8on	  

	   	   	   	  	  	  	  	  	  	  	  	  Local	  demand	  response	  
	  
	  
	  
B.	  P.	  Bhararai,	  M.	  Lévesque,	  M.	  Maier,	  B.	  Bak-‐Jensen,	  and	  J.	  R.	  Pillai,	  “Op8mizing	  Electric	  Vehicle	  Coordina8on	  over	  a	  Heterogeneous	  
Mesh	  Network	  in	  a	  Scaled-‐down	  Smart	  Grid	  Testbed,”	  IEEE	  Transac1ons	  on	  Smart	  Grid,	  accepted	  for	  publica8on.	  
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II.	  Marie	  Curie	  IIF	  research	  project	  	  	  	  	  
“Smart-‐FiWi-‐HetNets”	  

H.	  Beyranvand,	  M.	  Lévesque,	  M.	  Maier,	  and	  J.	  A.	  Salehi	  
FiWi	  Enhanced	  LTE-‐A	  HetNets	  with	  Unreliable	  Fiber	  Backhaul	  Sharing	  and	  WiFi	  Offloading	  
Proc.,	  IEEE	  INFOCOM,	  Hong	  Kong,	  April/May	  2015	  



Mobile	  Data	  Traffic	  

Unprecedented	  worldwide	  growth	  of	  mobile	  data	  traffic	  
•  13-‐fold	  increase	  between	  2012	  and	  2017	  (Cisco)	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Bridgewater	  Systems,	  “Sharing	  the	  Load:	  The	  Value	  of	  Subscriber,	  Service,	  and	  Policy	  Control	   in	  Mobile	  Data	  Traffic	  Offload,”	  June	  
2010.	  



LTE-‐A	  HetNets:	  Small	  Cells	  

Latency-Aware Traffic Steering in Heterogeneous Networks Based 
on Converged LTE and FiWi 

In this study, we propose a latency-aware traffic steering algorithm in a heterogeneous wireless 
network based on the converged LTE and fiber-wireless (FiWi) architecture, referred to as LTE-
FiWi HetNet as shown in Fig. 1.  

Figure 1 illustrates the proposed reference model.  In the considered HetNet architecture, in 
addition to the macrocell base station (BS),  femtocell BS (F-BS), femtocell relay (F-Relay), 
WiFi access point (W-AP), and dual mode access point (employing both licensed and unlicensed 
bandwidth) are utilized. It is worthwhile mentioning that as shown in Fig. 1 W-APs are also 
categorized depending to its functionality in the wireless mesh networks (WMN) scenario as 
optical network unit- mesh portal point (ONU-MPP), mesh point (MP), and mesh access point 
(MAP).  Furthermore, device-to-device (D2D) link between UEs is utilized to improve the 
spectrum efficiency and QoS metrics especially latency.  Three types of D2D link, i.e., underlay 
in-band D2D, overlay in-band D2D, and out-of-band D2D are considered. In general,   based on 
the spectrum sharing methods, D2D can be categorized into two types: in-band and out-of-band. 
In-band denotes the scenario that D2D utilize the cellular spectrum. However, out-of-band refers 
to the scenario that D2D employs unlicensed band. Furthermore, in-band D2D scenario can be 
categorized into two classes: overlay and underlay. In overlay in-band D2D, a portion of cellular 
spectrum is dedicated to D2D transmitters, while in underlay in-band scenario, D2D transmitters 
can opportunistically access cellular spectrum and use a portion of licensed band that may be 
occupied by cellular users. Hence, the interference management in underlay in-band is necessary.  

Passive Splitter

OLT

DM-AP

MAP
F-Relay

DM-APD-D

D-D

Mesh Access Point: MAP
F-Relay: Femtocell Relay

DM-AP: Dual Mode Access Point
ONU-MPP: Optical Unit Network Mesh Portal Point

F-BS: Femtocell Base Station 
D-D: Device to Device Link

LTE 
BS

ONU-MPP

F-BS

PON  

Fig. 1. Illustrative reference model proposed for HetNet FiWi-LTE. 



Backhaul	  Latency	  

HetNets	  raise	  new	  research	  challenges:	  
•  Cell	  associa8on	  &	  biasing	  
•  Mobility	  management	  
•  Interference	  coordina8on	  
•  SON	  
•  Backhaul	  borleneck	  
	  

ü 	  Most	  4G	  LTE	  research	  focused	  on	  wireless	  front-‐end	  only	  
ü 	  Ul8mately	  the	  major	  factor	  limi8ng	  CoMP	  performance	  is	  
latency	  rather	  than	  capacity	  of	  the	  backhaul	  *	  

 

* T.	   Biermann	   et	   al.,	   “How	   Backhaul	   Networks	   Influence	   the	   Feasibility	   of	   Coordinated	   Mul8point	   in	   Cellular	   Networks,”	   IEEE	  	  	  
Communica1ons	  Magazine,	  vol.	  51,	  no.	  8,	  pp.	  168-‐176,	  Aug.	  2013.	  



Backhaul	  Reliability	  

Fiber	  backhaul	  sharing	  
•  Key	  to	  cost-‐effec8ve	  deployment	  &	  opera8on	  of	  small	  
networks	  
ü 	  E.g.,	  AT&T	  leverages	  exis8ng	  PON	  based	  FTTN	  network,	  
right	  of	  way,	  and	  powering	  facili8es	  for	  small	  cell	  backhaul	  

	  
	  
	  

PONs	  
•  Inherently	  low	  opera8onal	  costs	  
•  Reliability	  issues	  due	  to	  (typically	  unprotected)	  fiber	  cuts	  
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WiFi	  Offloading	  

FiWi	  vs.	  4G	  LTE	  –	  the	  bugging	  ques8on:	  
	  

“Which	  role	  will	  data-‐centric	  Ethernet	  based	  FiWi	  access	  
networks	  play	  in	  future	  mobile	  networks,	  if	  any?”	  
	  

…	  and	  then	  came	  along	  WiFi	  offloading	  	  
•  Already	  built-‐in	  WiFi	  in	  dual-‐mode	  (4G/WiFi)	  devices	  
•  Free	  unlicensed	  WiFi	  bands	  
•  Significantly	  less	  expensive	  than	  a	  network	  rollout	  
•  Gigabit-‐class	  VHT	  WLAN	  provides	  higher	  data	  rates	  than	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

any	  other	  wireless	  technology	  

	  



FiWi	  Enhanced	  LTE-‐A	  HetNets	  

ONU MPP

ONU MPP

ONU MPP

MP

MP

MP

MP

ONU

BS 1

BS 2

20 − 100 km

Fiber link

Wireless link

EPON

ONU

OLT

TDM or WDM

Splitter/combiner

ONU Single subscriber 

ONU Multiple subscribers 

Core

Wavelength multiplexer/demultiplexer
or

MAP

MAP

MAP

MAP

Mobile User



FiWi	  Enhanced	  LTE-‐A	  HetNets	  

Feeder Fiber Back-up

CO

ONUN

ONU1 ONU2

ONU3

ONUN-1

Ring Protection

OLT

Interconnection Fiber (IF)

ONU4

ONU5

Distribution Fiber Back -up

Localized	  fiber-‐lean	  back-‐
haul	  redundancy	  strategies	  
	  

•  Interconnec8on	  fiber	  	  
•  Protec8on	  ring	  
•  Inter-‐ONU	  
communica8ons	  

	  
Wireless	  protec8on	  
•  Wireless	  bypassing	  of	  
backhaul	  fiber	  faults	  



Analysis	  

Performance	  metrics	  of	  interest	  

•  FiWi	  connec8vity	  
•  Delay	  
•  Maximum	  aggregate	  throughput	  
•  Offloading	  efficiency	  

	  
	  



Analysis	  

Assump8ons	  
	  

•  Fiber	  link	  failure	  probability	  at	  PON	  stage	  n:	  	  
	  
	  

•  Wireless	  service	  outage	  probability	  of	  MPP,	  MP,	  and	  MAP:	  
	  

•  CCDF	  of	  WiFi	  connec8on	  and	  interconnec8on	  8mes	  fits	  
truncated	  Pareto	  distribu8on:	  
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Analysis	  

Assump8ons	  
	  

•  Random	  spa8al	  model	  for	  loca8on	  of	  MAPs	  (and	  MUs)	  	  
ü 	  Poisson	  point	  process	  with	  density:	  	  

ü 	  Circular	  spa8al	  coverage	  area	  with	  radius:	  
	  

	  

•  Offloading	  deadline	  	  
ü 	  On-‐the-‐spot	  offloading:	  	  
ü 	  Delayed	  offloading:	  	  	  	  	  	  
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Analysis	  

Assump8ons	  
	  

•  Traffic	  model	  and	  rou8ng	  

ü 	  Arbitrary	  traffic	  matrix	  among	  OLT,	  MUs,	  FWUs	  i	  and	  j:	  
	  
ü 	  Arbitrary	  distribu8on	  of	  packet	  length	  L:	  
	  
ü 	  Arbitrary	  fault-‐aware	  rou8ng	  algorithm	  

S!=" !!" !

!!and!!!!!
!
!
!



FiWi	  Connec8vity	  

Temporal	  FiWi	  connec8vity	  probability	  of	  MUk:	  
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FiWi	  Connec8vity	  

Spa8al	  FiWi	  connec8vity	  probability	  of	  MUk:	  
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End-‐to-‐End	  Delay	  

Rou8ng	  path	  between	  FWUi	  	  and	  MUj	  using	  WiFi	  mesh	  
and	  inter-‐ONU	  communica8ons	  w/o	  traversing	  OLT:	  

	  
	  
	  
	  
	  
	  
	  

End-‐to-‐end	  delay	  is	  obtained	  as	  weighted	  sum	  of	  the	  
above	  &	  9	  other	  rou8ng	  paths	  	  
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Maximum	  Aggregate	  Throughput	  

Maximum	  permissible	  amount	  of	  traffic	  provided	  end-‐
to-‐end	  delay	  remains	  below	  certain	  threshold	  Dth:	  
	  
	  
	  
	  
	  
WiFi	  availability	  ra8o	  (WAR):	  	  
WiFi	  offloading	  ra8o	  (WOR):	  	  

	  

!"# = !"# !"#!"#!! !
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Offloading	  Efficiency	  

Ra8o	  of	  bytes	  transferred	  through	  WiFi	  &	  total	  number	  
of	  bytes	  generated	  by	  MUs:	  
	  
	  
	  
	  

WiFi	  interconnec8on	  &	  connec8on	  8mes	  exponen8ally	  
distributed	  with	  rate	  	  
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Results	  

10−3 10−2 10−1 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

p

P C
te

m
po

ra
l

M
U

k

 

 

No Protection
FF Protection
FF Protection & IF
FF Protection & IF & WP



Results	  

10−3 10−2 10−1 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

p

P C
sp

at
ia

l

M
U

k

 

 

No Protection
FF Protection
FF Protection & IF
FF Protection & IF & WP
No Protection
FF Protection
FF Protection & IF
FF Protection & IF & WP

hMAP=500/Acell

hMAP=250/Acell



Results	  

0 50 100 150
10

ï4

10
ï3

10
ï2

10
ï1

10
0

10
1

Aggregate Throughput (Mbps)

D
el

ay
 (

se
c)

 

 
FiWi LTEïA, WOR=0.1 (Analysis)

FiWi LTEïA, WOR=0.1 (Simulation)

FiWi LTEïA, WOR=0.57 (Analysis)

FiWi LTEïA, WOR=0.57 (Simulation)

FiWi LTEïA, WOR=0.9 (Analysis)

FiWi LTEïA, WOR=0.9 (Simulation)



Results	  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
20

40

60

80

100

120

140

160

WOR

M
ax

im
um

 A
gg

re
ga

te
 T

hr
ou

gh
pu

t (
M

bp
s)

 

 

WAR=1
WAR=0.8
WAR=0.7
WAR=0.6
WAR=0.4



Results	  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ei /ec 

O
ffl

oa
di

ng
 e

ffi
ci

en
cy

 

 

Delayed offloading (D=120 min)
Delayed offloading (D=20 min)
Delayed offloading (D=2 min)
Onïtheïspot offloading (D=0 min)



Results	  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PC
temporal

MU
k

O
ffl

oa
di

ng
 e

ffi
ci

en
cy

 

 

Delayed offloading (D=120 min)
Delayed offloading (D=20 min)
Delayed offloading (D=2 min)
Onïtheïspot offloading (D=0 min)



III.	  Curiosity-‐driven	  research	  

M.	  Maier	  
FiWi	  Access	  Networks:	  Future	  Research	  Challenges	  and	  Moonshot	  Perspec8ves	  
(Invited	  Paper)	  
Proc.,	  IEEE	  ICC	  Workshops,	  Sydney,	  Australia,	  June	  2014	  



Prof.	  Mirzakhani	  Wins	  Fields	  Medal	  

Stanford	  News,	  Aug.	  12,	  2014:	  
	  
“…	  outstanding	  example	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
curiosity-‐driven	  research”	  

	  
“…	  the	  thing	  that	  really	  separates	  her,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
is	  the	  originality	  in	  how	  she	  puts	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
together	  these	  disparate	  pieces”	  
	  
	  



Drawing	  Lessons	  From	  History	  C. Perez / Environmental Innovation and Societal Transitions 6 (2013) 9– 23 11

Fig. 1. The historical record: different prosperities on either side of the financial collapse.

The Installation period has led each time to a major bubble followed by a major crash. The canal
and railway manias ended in panics in the 1790s and 1840s, the multiple booms fueled by the City
of London in the Southern Hemisphere in the 1880s led to several financial collapses in the emerging
countries of that period; the “roaring twenties”, with the wild investments in radio, autos, electricity
and airways led to the major crash of 1929. The collapses reveal the need for regulation to restrain
financial excesses and to favor the real economy, usually under political pressure for reversing the
income polarization and other negative consequences of the bubble times. If adequate policies are
put in place to facilitate and develop the conditions for healthy market operation and social fairness,
what follows is a golden age – or “the Deployment period” – when production (rather than finance)
leads the expansion, when the benefits of the new technological potential are fully realized across the
economy and its social benefits are better spread. Such were the Victorian Boom, the Belle Époque
and the post war golden age. Fig. 1 locates the recurrence of Installation and Deployment periods in
the historical record.

The most striking feature of each of these revolutions is the explosive appearance of new products
and processes, the fast growth of important new industries and of the new infrastructures widening
and deepening markets at lower cost. But the deepest impact they have on the economy and society
is brought by the new and different best practice common sense or “techno-economic paradigm”
that, together with the new technologies, offers a quantum jump in potential productivity and quality
for all sectors of the economy. Ironically, it is the paradigm shift that breaks the diffusion process
in two. It is because of the profound adaptation to the previous practices and behaviors that the
new ones are strongly resisted by the incumbents. Reaping the higher productivity will require the
unlearning of many of the old behaviors, the abandonment of what seemed obvious “common sense”
and the systematic learning of the new best practices. In the previous surge it was  the adoption of
mass production and scientific management; in the current one it has been the shift from pyramids
to networks, from human resources to human capital, from inter-nationalization to globalization and
so on. It is precisely due to such difficulty of assimilation that the diffusion process is broken in two
by allowing finance to take control during the early decades in order to force the adoption of the new
and more successful technologies and practices, through ruthless competition and relentless pressure
on cost-cutting and short-term gains.

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
C.	   Perez,	   “Unleashing	   a	   golden	   age	   awer	   the	   financial	   collapse:	   Drawing	   lessons	   from	   history,”	   Environmental	   Innova8on	   and	  
Societal	  Transi8ons,	  vol.	  6,	  pp.	  9-‐23,	  March	  2013.	  



Internet	  of	  Things	  

	  
	  

The	  term	  “Internet	  of	  Things”	  was	  coined	  by	  
Kevin	  Ashton,	  MIT,	  back	  in	  1995.	  



Third	  Industrial	  Revolu8on	  

•  “The	  Five	  Pillars”	  
§  Renewable	  energies	  
§  Posi8ve-‐energy	  buildings	  
§  Energy	  storage	  technologies	  
§  Electric	  vehicles	  
§  Energy	  Internet	  

•  Officially	  endorsed	  by	  EC	  as	  
economic	  growth	  roadmap	  
toward	  a	  compe88ve	  low	  
carbon	  society	  by	  2050	  

	  



Europe	  2020:	  EU’s	  Growth	  Strategy	  

7	  flagship	  ini8a8ves	  to	  boost	  growth	  &	  jobs	  

	  Smart	  growth	  
•  Digital	  agenda	  for	  Europe	  
•  Innova8on	  Union	  
•  Youth	  on	  the	  move	  

	  	  

	  Sustainable	  growth	  
•  Resource	  efficient	  Europe	  
•  An	  industrial	  policy	  for	  the	  globalisa8on	  era	  
	  

	  Inclusive	  growth	  
•  An	  agenda	  for	  new	  skills	  and	  jobs	  
•  European	  plaxorm	  against	  poverty	  



Innova8on	  Union	  

European	  Union	  is	  turning	  
into	  an	  Innova8on	  Union	  
•  Innova8on	  is	  the	  main	  
driver	  of	  economic	  
growth	  in	  the	  EU	  

	  

What	  is	  Horizon	  2020	  ?	  
•  Financial	  instrument	  
implemen8ng	  the	  
Innova8on	  Union	  

•  Coupling	  research	  &	  
innova8on	  

Innovation Union
A pocket guide on a Europe 2020 initiative

Research and 
Innovation
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Sources	  of	  New	  Ideas	  &	  Innova8on	  

Andreas	  von	  Bechtolsheim,	  “The	  Process	  of	  Innova8on,”	  Stanford	  Engineering	  Hero	  Lecture,	  May	  2012.	  	  



What	  is	  Innova8on?	  

“Innova8on	  is	  the	  market	  introduc8on	  of	  a	  technical	  
or	  organiza8onal	  novelty,	  not	  just	  its	  inven8on.”	  

	  
Joseph	  Alois	  Schumpeter	  (1883-‐1950)	  



How	  is	  Innova8on	  Changing?	  

1)  Tradi8onal	  inven8on	  model	  
•  Incremental	  steps,	  patents,	  etc.	  

	  

2)  “From	  R&D	  to	  C&D”	  
•  Procter	  &	  Gamble,	  2000:	  

§  Explosion	  of	  new	  technologies	  put	  
pressure	  on	  innova8on	  budget	  

§  Internal	  R&D	  produc8vity	  leveled	  off	  
§  Connect	  and	  Develop	  (C&D)	  

•  Technology	  briefs	  	  
	  

3)  “Recombinant	  innova8on”	  
•  Rooted	  in	  New	  Growth	  Theory	  



Vision:	  “A	  Robot	  in	  Every	  Home”	  

Bill	  Gates,	  Jan.	  2007:	  
	  

•  Robo8cs	  industry	  is	  developing	  in	  
much	  the	  same	  way	  as	  PC	  
business	  did	  30	  years	  ago	  

•  Vision:	  PC	  will	  get	  up	  off	  the	  
desktop	  &	  allow	  us	  to	  see,	  hear,	  
touch,	  and	  manipulate	  objects	  
remotely	  

•  FiWi	  connected	  personal/in-‐
home	  compu8ng	  facili8es	  	  &	  	  
low-‐cost	  domes8c	  robots	  

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  iRobot	  Roomba	  



Reality:	  SowBank	  Mobile’s	  “Pepper”	  

February	  2015: 	  	  
	  SowBank	  Mobile	  starts	  
	  selling	  humanoid	  robot	  
	  “Pepper”	  (Japan	  &	  USA)	  

	  

•  WiFi	  &	  Cloud	  AI	  
•  Open	  OS	  similar	  to	  Android	  
•  Customiza8on	  for	  use	  in	  
health	  care,	  entertainment,	  
and	  construc8on	  industries	  

•  Long-‐term	  goal:	  Create	  a	  
society	  that	  coexists	  with	  
intelligent	  robots	  



The	  Future	  of	  Employment	  

	  
About	  47%	  of	  total	  US	   	   	   	   	  	  
employment	  at	  high	  risk	  	  
of	  being	  automated	  	  
(over	  a	  decade	  or	  two)	  
	  

	  
C.	  B.	  Frey	  and	  M.	  A.	  Osborne,	  “The	  Future	  of	  Employment:	  How	  Suscep8ble	  Are	  Jobs	  To	  Computerisa8on?”,	  Oxford	  Mar8n	  School,	  
University	  of	  Oxford,	  UK,	  Sept.	  2013.	  	  



Where	  Do	  Jobs	  Come	  From?	  

	  
US	  labor	  sta8s8cs:	  
•  70%	  of	  jobs	  come	  from	  small	  businesses	  	  
•  50%	  of	  jobs	  come	  from	  small	  businesses	  	  

Gallup:	  
•  Approximately	  one	  million	  small	  business	  	  	  	  	  	  	  
startups	  per	  year	  needed	  in	  the	  US	  

≤ 500!
≤ 100!



Avoid	  the	  “Trough	  of	  Sorrow”	  



Minimum	  Viable	  Product	  (MVP)	  

Avoid	  risk	  of	  developing	  product	  
nobody	  wants	  
	  

Design	  MVP	  to	  test	  fundamental	  
business	  hypotheses	  
	  
Example:	  

	  

•  Simple	  three-‐minute	  video	  
narra8ng	  technology	  as	  it	  is	  
meant	  to	  work	  &	  beta	  wai8ng	  list	  

•  Today	  a	  $10	  billion	  company	  

	  



How	  Can	  Science	  Have	  Impact	  on	  Society?	  

	  
Increased	  focus	  on	  public	  return	  on	  research	  investment:	  
	  

	  R&D	  
• Create	  startups!	  

	  
	  Academia	  

• Create	  wild	  ideas	  &	  PhD-‐Entrepreneurs!	  



Technologies	  with	  Economic	  Impact	  

The	  5	  technologies	  with	  highest	   	   	   	  poten8al	  
economic	  impact	  in	  2025:	  
	  

•  Mobile	  Internet	  
•  Automa8on	  of	  knowledge	  work	  
•  Internet	  of	  Things	  
•  Cloud	  technology	  
•  Advanced	  robo8cs	  

	  

Use	  FiWi	  to	  recombine	  these	  5	  GPTs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
and	  mul8ply	  their	  impact!?	  
	  
McKinsey	  Global	  Ins8tute,	  “Disrup8ve	  technologies:	  Advances	  that	  will	  transform	  life,	  business,	  and	  the	  global	  economy,”	  May	  
2013.	  



Google	  [x]:	  Moonshots	  





Thank	  you	  


