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n March 2001, futurist Ray Kurzweil published an essay 
arguing that humans found it hard to comprehend their own 
future. It was clear from history, he argued, that technological 
change is exponential — even though most of us are unable to 
see it — and that in a few decades, the world would be unrecog-
nizably different. “We won’t experience 100 years of progress in 
the 21st century — it will be more like 20,000 years of progress 
(at today’s rate),” he wrote, in ‘The Law of Accelerating Returns’. 

Fifteen years on, Kurzweil is a director of engineering at Google 
and his essay has acquired a cult following among 
futurists. Some of its predictions are outlandish or 
over hyped — but technology experts say that its basic 
tenets often hold. The evidence, they say, lies in the 
exponential advances in a suite of enabling technolo-
gies ranging from computing power to data storage, 
to the scale and performance of the Internet (see 
‘Onwards and upwards’). These advances are creat-
ing tipping points — moments at which technologies 
such as robotics, artificial intelligence (AI), biology, 
nanotechnology and 3D printing cross a threshold 
and trigger sudden and significant change. “We live in 
a mind-blowingly different world than our grandpar-
ents,” says Fei-Fei Li, head of the Stanford Artificial 
Intelligence Laboratory in California, and this will be 
all the more true for our children and grandchildren.

Kurzweil and others have argued that people find this pace of change 
almost impossible to grasp, because it is human nature to perceive rates 
of progress as linear, not exponential — much as when one zooms in on 
a small part of a circle and it appears as an almost straight line. People 
tend to focus on the past few years, but pulling back reveals a much more 
dramatic change. Many things that society now takes for granted would 
have seemed like futuristic nonsense just a few decades ago. We can 
search across billions of pages, images and videos on the web; mobile 
phones have become ubiquitous; billions of connected smart sensors 
monitor in real time everything from the state of the planet to our heart-
beats, sleep and steps; and drones and satellites the size of shoeboxes 
roam the skies. 

If the pace of change is exponentially speeding up, all those advances 
could begin to look trivial within a few years. Take ‘deep learning’, a 
form of artificial intelligence that uses powerful microprocessor chips 
and algorithms to simulate neural networks that train and learn through 
experience, using massive data sets. Last month, the Google-owned 
AI company DeepMind used deep learning to enable a computer to 
beat for the first time a human professional at the game of Go, long 
considered one of the grand challenges of AI. Researchers told Nature 
that they foresee a future just 20 years from now — or even sooner 
— in which robots with AI are as common as cars or phones and are 
integrated into families, offices and factories. The “disruptive expo-
nentials” of technological change will create “a 
world where everybody can have a robot and 
robots are pervasively integrated in the fabric 
of life”, says Daniela Rus, head of the Computer 
Science and Artificial Intelligence Laboratory 

at the Massachusetts Institute of Technology in Cambridge. 
After decades in development, applications of AI are moving into the 

real world, says Li, with the arrival of self-driving cars, virtual reality and 
more. Progress in AI and robotics is likely to accelerate rapidly as deep-
pocketed companies such as Google, Apple, Facebook and Microsoft 
pour billions of dollars into these fields. Gill Pratt, former head of the 
US Defense Advanced Research Projects Agency’s Robotics Challenge, 
asked last year whether robotics is about to undergo a ‘Cambrian explo-
sion’ — a period of rapid machine diversification (G. A. Pratt J. Econ. 

Perspect. 29, 51–60; 2015). Although a single robot 
cannot yet match the learning ability of a toddler, 
Pratt pointed out that robots have one huge advan-
tage: humans can communicate with each other at 
only 10 bits per second — whereas robots can com-
municate through the Internet at speeds 100 million 
times faster. This could, he said, result in multitides 
of robots building on each other’s learning experi-
ences at lightning speed. Pratt was hired last Sep-
tember to head the Toyota Research Institute, a new 
US$1-billion AI and robotics research venture head-
quartered in Palo Alto, California.

Many researchers say that it is important to pre-
pare for this new world. “We need to become much 
more responsible in terms of designing and operating 
these robots as they become more powerful,” says Li. 

In January 2015, a group including Elon Musk, Bill Gates and Stephen 
Hawking penned an open letter calling for extensive research to maxi-
mize the benefits of AI and avoid its potential pitfalls. The letter has now 
been signed by more than 8,000 people. 

Yet predicting the future can be a fool’s game — and not everyone 
is convinced that technological change will hit humanity quite so fast. 
Ken Goldberg, an engineer at the University of California, Berkeley, 
questions the idea that technologies advance exponentially across the 
board, or that those that do will continue indefinitely. “The danger of 
overly optimistic exuberance is that it could set unrealistic expecta-
tions and trigger the next AI winter,” he says, alluding to periods in AI’s 
history where hype gave way to disappointment followed by steep cuts 
in funding. Goldberg says that recent warnings that AI and robots risk 
surpassing human intelligence are “greatly exaggerated”. 

And Stuart Russell, a computer scientist at the University of 
California, Berkeley, questions the notion that exponential advances in 
technology necessarily lead to transformative leaps. “If we had comput-
ers a trillion times faster we wouldn’t have human-level AI; half in jest, 
one might say we’d just get wrong answers a trillion times sooner,” he 
says. “What matters are real conceptual and algorithmic breakthroughs, 
which are very hard to predict.” 

Russell did sign the Hawking letter — and says it is important not 
to ignore the ways that technologies could be taken in potentially 

harmful directions with profound results. “We 
made this mistake with fossil-fuel technologies 
100 years ago — now it’s probably too late.” ■

Declan Butler is a senior reporter for Nature. 

W E  L I V E  I N  A 
M I N D - B L O W I N G L Y 

D I F F E R E N T 
W O R L D  T H A N  O U R 
G R A N D P A R E N T S .

TOMORROW’S    WORLD B Y  D E C L A N 
B U T L E R

 IL
LU

ST
R

AT
IO

N
 B

Y 
G

R
EY

G
O

U
A

R

I

FUTURE GENERATIONS
A Nature special issue
nature.com/futuregenerations  

Nature

2 5  F E B R U A R Y  2 0 1 6  |  V O L  5 3 0  |  N A T U R E  |  3 9 9

FEATURE NEWS

© 2016 Macmillan Publishers Limited. All rights reserved



ST
AR

T
HE

RE
!

CO
MP

UT
IN

G P
OW

ER
Th

e 
ex

p
on

en
ti

al
 g

ro
w

th
 in

 
su

p
er

co
m

p
ut

in
g 

p
er

fo
rm

an
ce

 
is

 o
ne

 in
d

ic
at

or
 o

f 
d

iz
zy

in
g 

ad
va

nc
es

 a
cr

os
s 

co
m

p
ut

in
g.

 
EN

AB
LE

RS

ON
WA

RD
S

UP
WA

RD
S

E
xp

on
en

ti
al

 a
dv

an
ce

s 
in

 e
na

bl
in

g 
te

ch
no

lo
gi

es
 

ha
ve

 r
ea

ch
ed

 t
he

 p
oi

nt
 a

t 
w

hi
ch

 t
he

y 
co

ul
d 

tr
ig

ge
r 

di
sr

up
ti

ve
 c

ha
ng

e 
in

 s
ec

to
rs

 fr
om

 a
rt

i�
ci

al
 

in
te

lli
ge

nc
e 

to
 r

ob
ot

ic
s 

to
 m

ed
ic

in
e.

 A
s 

a 
re

su
lt

, 
m

an
y 

ex
pe

rt
s 

ar
gu

e 
th

at
 t

om
or

ro
w

’s
 w

or
ld

 w
ill

be
 u

nr
ec

og
ni

za
bl

e 
fr

om
 t

ha
t 

of
 t

od
ay

.

RE
AL

LY
 BI

G D
AT

A
Th

e 
am

ou
nt

 o
f 

d
at

a 
w

or
ld

w
id

e 
is

 
p

re
d

ic
te

d
 t

o 
re

ac
h 

a 
w

ho
p

p
in

g 
4

4
 z

et
ta

b
yt

es
 (

1
0

2
1
 b

yt
es

) 
b

y 
2

0
2

0
 —

 n
ea

rl
y 

as
 m

an
y 

d
ig

it
al

 
b

it
s 

as
 t

he
re

 a
re

 s
ta

rs
 in

 t
he

 
U

ni
ve

rs
e.

 T
hi

s 
gi

ve
s 

m
or

e 
ra

w
 

m
at

er
ia

l f
or

 a
rt

i�
ci

al
-i

nt
el

lig
en

ce
 

m
ac

hi
ne

s 
to

 le
ar

n 
fr

om
. 

CO
MM

UN
IC

AT
IO

N S
PE

ED
M

ea
nw

hi
le

, t
he

 p
er

fo
rm

an
ce

 a
nd

 
sc

al
e 

of
 t

he
 I

nt
er

ne
t 

im
p

ro
ve

s.
 

B
ro

ad
b

an
d

 a
nd

 W
iF

i s
p

ee
d

s 
ar

e 
in

cr
ea

si
ng

, a
nd

 I
nt

er
ne

t 
d

at
a 

tr
a�

c 
w

ill
 e

xc
ee

d
 a

 z
et

ta
b

yt
e 

th
is

 
ye

ar
 a

nd
 d

ou
b

le
 b

y 
2

0
1

9
.

A
ll 

th
es

e 
fa

ct
or

s 
ar

e 
no

w
 c

on
ve

rg
in

g 
to

 p
us

h 
se

em
in

gl
y 

fu
tu

ri
st

ic
 t

ec
hn

ol
og

ie
s 

ou
t 

of
 t

he
 la

b
, 

an
d

 s
et

 t
he

m
 o

n 
th

e 
sa

m
e 

p
at

h 
ta

ke
n 

b
y 

p
er

so
na

l c
om

p
ut

in
g 

an
d

 c
on

su
m

er
 e

le
ct

ro
ni

cs
.

S
up

er
co

m
p

ut
er

s 
in

 2
0

2
0

 
ar

e 
lik

el
y 

to
 b

e 
3

0
 t

im
es

 
m

or
e 

p
ow

er
fu

l t
ha

n 
th

os
e 

of
 t

od
ay

.

A
 fu

ll 
br

ai
n-

ac
tiv

ity
 m

ap
 a

nd
 c

on
ne

ct
om

e
by

 2
02

0 
an

d 
by

 2
04

0 
it 

w
ill

 b
e 

ro
ut

in
e 

to
 re

ad
an

d 
w

ri
te

 d
at

a 
to

 b
ill

io
ns

 o
f n

eu
ro

ns
. B

y 
20

40
,

1 b
ill

io
n 

pe
op

le
 w

ill
 h

av
e 

th
ei

r w
ho

le
 g

en
om

e 
se

qu
en

ce
d 

an
d 

ge
t c

on
st

an
t u

pd
at

es
 o

f t
he

ir
 

im
m

un
om

es
 a

nd
 m

ic
ro

bi
om

es
.

GE
OR

GE
 C

HU
RC

H
G

en
et

ic
is

t 
at

 H
ar

va
rd

 M
ed

ic
al

 S
ch

oo
l, 

C
am

br
id

ge
, M

as
sa

ch
us

et
ts

�
e 

pr
om

is
e 

fo
r t

he
 fu

tu
re

 is
 a

 w
or

ld
 w

he
re

 
ro

bo
ts

 a
re

 a
s c

om
m

on
 a

s c
ar

s a
nd

 p
ho

ne
s,

 a
 

w
or

ld
 w

he
re

 e
ve

ry
bo

dy
 c

an
 h

av
e 

a 
ro

bo
t a

nd
 

ro
bo

ts
 a

re
 p

er
va

siv
el

y 
in

te
gr

at
ed

 in
 th

e 
fa

br
ic

of
 li

fe
.

DA
NI

EL
A 

RU
S

H
ea

d 
of

 t
he

 C
om

pu
te

r 
S

ci
en

ce
 a

nd
 A

rt
i�

ci
al

 I
nt

el
lig

en
ce

 
La

bo
ra

to
ry

 a
t 

th
e 

M
as

sa
ch

us
et

ts
 I

ns
ti

tu
te

 o
f 

Te
ch

no
lo

gy
, 

C
am

br
id

ge

In
 th

e 
ne

xt
 c

ou
pl

e 
of

 g
en

er
at

io
ns

, w
e 

w
ill

 se
e

th
e 

fir
st

 p
ha

se
 o

f t
ru

e 
pe

rs
on

al
, a

ss
is

tiv
e 

ro
bo

ts
 

in
 th

e 
ho

m
e 

an
d 

ot
he

r h
um

an
 e

nv
ir

on
m

en
ts

. 
�

er
e 

w
ill

 b
e 

a 
hu

ge
 o

pp
or

tu
ni

ty
 to

 b
et

te
r t

he
 

qu
al

ity
 o

f l
ife

, f
or

 e
xa

m
pl

e 
by

 fr
ee

in
g 

up
 p

eo
pl

e 
fr

om
 w

or
k.

FE
I-

FE
I L

I
H

ea
d 

of
 t

he
 S

ta
nf

or
d 

A
rt

i�
ci

al
 I

nt
el

lig
en

ce
 L

ab
or

at
or

y,
 C

al
if

or
ni

a
 To

m
or

ro
w

’s
 sc

ie
nt

is
ts

 w
ill

 h
av

e 
ar

m
ie

s o
f v

ir
tu

al
 

gr
ad

ua
te

 st
ud

en
ts

, d
oi

ng
 la

b 
w

or
k,

 st
at

is
tic

al
 

an
al

ys
is

, l
ite

ra
tu

re
 se

ar
ch

 a
nd

 e
ve

n 
pa

pe
r-

w
ri

tin
g 

fo
r t

he
m

.
PE

DR
O 

DO
M

IN
GO

S
M

ac
hi

ne
-l

ea
rn

in
g 

re
se

ar
ch

er
,

U
ni

ve
rs

it
y 

of
 W

as
hi

ng
to

n,
 S

ea
tt

le

A
 p

os
si

bl
e 

‘C
am

br
ia

n 
ex

pl
os

io
n’

 in
 ro

bo
tic

s 
w

ith
 a

 ra
pi

d 
pe

ri
od

 o
f i

nc
re

di
bl

e 
m

ac
hi

ne
 

di
ve

rs
ifi

ca
tio

n.
 R

ob
ot

s c
om

m
un

ic
at

in
g 

w
ith

 
ea

ch
 o

th
er

 a
t s

pe
ed

s t
ha

t a
re

 10
0 

m
ill

io
n 

tim
es

 
fa

st
er

 th
an

 h
um

an
s m

ig
ht

 a
llo

w
 sw

ar
m

s o
f 

ro
bo

ts
 to

 b
ui

ld
 o

n 
ea

ch
 o

th
er

’s
 le

ar
ni

ng
 

ex
pe

ri
en

ce
s a

t l
ig

ht
ni

ng
 sp

ee
d.

GI
LL

 P
RA

TT
H

ea
d 

of
 t

he
 T

oy
ot

a 
R

es
ea

rc
h 

In
st

it
ut

e,
 P

al
o 

A
lt

o,
 C

al
if

or
ni

a

BIO
LO

GY
 BO

OM
S

C
on

ce
p

tu
al

 a
nd

 t
ec

hn
ol

og
ic

al
 

ad
va

nc
es

 a
re

 d
ri

vi
ng

 p
ro

gr
es

s 
in

 
b

io
lo

gy
. D

N
A

 s
eq

ue
nc

in
g 

co
st

s 
ha

ve
 

fa
lle

n 
at

 a
n 

ex
p

on
en

ti
al

 r
at

e 
an

d
 t

he
 

nu
m

b
er

 o
f 

se
qu

en
ce

s 
ha

s 
so

ar
ed

 s
in

ce
 

1
9

8
5

 (
se

e 
in

se
t)

. S
im

ila
r 

ad
va

nc
es

 a
re

 
ha

p
p

en
in

g 
in

 n
eu

ro
sc

ie
nc

e 
an

d
 

b
io

lo
gi

ca
l n

an
ot

ec
hn

ol
og

y.

LIK
E I

T, 
PR

IN
T I

T
3

D
 p

ri
nt

in
g 

is
 b

ec
om

in
g 

ch
ea

p
er

 a
nd

 q
ui

ck
er

 —
 o

ne
 

fa
ct

or
 t

ha
t 

co
ul

d
 d

is
ru

p
t 

m
an

uf
ac

tu
ri

ng
 a

nd
 a

llo
w

 
on

ce
-p

ri
ce

y 
ro

b
ot

ic
s 

to
 b

e 
m

as
s 

p
ro

d
uc

ed
.

—RI
SE

 OF
 RO

BO
TS

P
ur

ch
as

es
 o

f 
ro

b
ot

s 
ar

e 
se

t 
to

 r
oc

ke
t 

as
 t

he
ir

 c
ap

ab
ili

ti
es

 in
cr

ea
se

 a
nd

 c
os

ts
 

fa
ll,

 a
 t

re
nd

 d
ri

ve
n 

b
y 

m
as

si
ve

 
in

ve
st

m
en

ts
 in

 a
rt

i�
ci

al
 in

te
lli

ge
nc

e 
an

d
 r

ob
ot

ic
s 

b
y 

th
e 

m
ili

ta
ry

 a
nd

 b
y 

co
m

p
ut

in
g 

gi
an

ts
 s

uc
h 

as
 G

oo
gl

e.

TA
LK

IN
G D

EV
ICE

S
B

y 
2

0
2

0
, t

he
 n

um
b

er
 o

f 
co

nn
ec

te
d

 s
en

so
rs

 a
nd

 
d

ev
ic

es
 in

 b
ui

ld
in

gs
, c

it
ie

s 
an

d
 fa

rm
s 

—
 t

he
 ‘I

nt
er

ne
t 

of
 

Th
in

gs
’ –

– 
w

ill
 b

e 
tw

ic
e 

th
at

 
of

 t
he

 h
um

an
 p

op
ul

at
io

n.

—

BY
 D

EC
LA

N 
BU

TL
ER

 / 
DE

SI
GN

 B
Y 

W
ES

 F
ER

NA
ND

ES

1

2

34

5

6

7

2
0

0
5

2
0

1
0

2
0

1
5

2
0

2
0

2
0

2
5

2
0

0
4

2
0

1
3

2
0

1
8

2
0

2
3

2
0

1
5

2
0

0
9

2
0

2
0

2
0

1
9

2
0

1
4

&

ILLUSTRATIONS BY GREYGOUAR

DR
IVE

RS

TO
 TH

E
FU

TU
RE

!

FU
TU

RE
FO

CU
S

E
xp

er
t 

pr
ed

ic
ti

on
s

EN
D

HE
RE

!
2

0
0

6
2

0
0

8
2

0
1

0
2

0
1

2
2

0
1

4
2

0
1

6
2

0
1

8
2

0
2

0

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

2
2

2
0

2
4

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

Fo
re

ca
st

Fo
re

ca
st

Fo
re

ca
st

0

1
0

,0
0

0

2
0

,0
0

0

3
0

,0
0

0

4
0

,0
0

0
E

xa
b

yt
es

1
0

0
 g

ig
a�

op
 s

–1

1
0

 t
er

a�
op

 s
–1

P
er

fo
rm

an
ce

 (
lo

ga
ri

th
m

ic
 s

ca
le

)

1
 p

et
a�

op
 s

–1

1
0

0
 p

et
a�

op
 s

–1

1
0

 e
xa

�
op

 s
–1

1
0 0

2
0

3
0

4
0

5
0

M
eg

ab
yt

e 
s–

1

W
iF

i

B
ro

ad
ba

nd

Data

W
or

ld
’s

 m
os

t 
p
ow

er
fu

l s
u
p
er

co
m

p
u
te

r

2 0468

1
0

3
.3

4
.1

5
.2

6
.6

8
.4

1
0

.5

B
ill

io
ns

 o
f 

m
ac

hi
ne

-t
o-

m
ac

hi
ne

 c
on

ne
ct

io
ns

S
eq

u
en

ce
 r

ec
or

d
s 

in
 G

en
B

an
k

W
h
ol

e 
ge

n
om

e 
se

q
u
en

ce
s

1
,0

0
0

1
0

,0
0

0

1
0

0
,0

0
0

1
,0

0
0

,0
0

0

1
0

,0
0

0
,0

0
0

1
0

0
,0

0
0

,0
0

0

1
,0

0
0

,0
0

0
,0

0
0

N
um

b
er

 o
f 

se
qu

en
ce

s 
(l

og
ar

it
hm

ic
 s

ca
le

)

P
ri

nt
sp

ee
d

1
0

 c
m

3
 h

r 
–1

4
0

 c
m

3
 h

r 
–1

8
0

 c
m

3
 h

r 
–1

G
lo

b
al

 r
ob

ot
ic

 m
ar

ke
t 

(U
S

$
b

ill
io

ns
)

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

M
IL

IT
A

R
Y:

 E
xo

sk
el

et
on

s,
 

un
m

an
ne

d
 a

er
ia

l v
eh

ic
le

s

IN
D

U
ST

R
IA

L:
 W

el
d

in
g,

 
as

se
m

b
ly

, p
ai

nt
in

g 
ro

b
ot

s

C
O

M
M

E
R

C
IA

L:
 M

ed
ic

al
, 

b
ui

ld
in

g,
 fa

rm
in

g 
ro

b
ot

s 

P
E

R
S

O
N

A
L:

 C
le

an
in

g,
 

te
ac

hi
ng

, c
hi

ld
ca

re
 r

ob
ot

s 

1
9

8
5

2
0

1
5

2
0

0
4

SOURCES: 4. CISCO VNI GLOBAL IP TRAFFIC FORECAST, 2014–2019; 5. NCBI; 6. EPSRC; DIRECT MANUFACTURING RESEARCH CENTER; ROLAND BERGER; 
7. INTERNATIONAL FEDERATION OF ROBOTICS, JAPAN ROBOT ASSOCIATION; JAPAN MINISTRY OF ECONOMY, TRADE & INDUSTRY; EUROBOTICS; BCG.

FE
AT

UR
E

NE
W

S

© 2016 Macmillan Publishers Limited. All rights reserved



ST
AR

T
HE

RE
!

CO
MP

UT
IN

G P
OW

ER
Th

e 
ex

p
on

en
ti

al
 g

ro
w

th
 in

 
su

p
er

co
m

p
ut

in
g 

p
er

fo
rm

an
ce

 
is

 o
ne

 in
d

ic
at

or
 o

f 
d

iz
zy

in
g 

ad
va

nc
es

 a
cr

os
s 

co
m

p
ut

in
g.

 
EN

AB
LE

RS

ON
WA

RD
S

UP
WA

RD
S

E
xp

on
en

ti
al

 a
dv

an
ce

s 
in

 e
na

bl
in

g 
te

ch
no

lo
gi

es
 

ha
ve

 r
ea

ch
ed

 t
he

 p
oi

nt
 a

t 
w

hi
ch

 t
he

y 
co

ul
d 

tr
ig

ge
r 

di
sr

up
ti

ve
 c

ha
ng

e 
in

 s
ec

to
rs

 fr
om

 a
rt

i�
ci

al
 

in
te

lli
ge

nc
e 

to
 r

ob
ot

ic
s 

to
 m

ed
ic

in
e.

 A
s 

a 
re

su
lt

, 
m

an
y 

ex
pe

rt
s 

ar
gu

e 
th

at
 t

om
or

ro
w

’s
 w

or
ld

 w
ill

be
 u

nr
ec

og
ni

za
bl

e 
fr

om
 t

ha
t 

of
 t

od
ay

.

RE
AL

LY
 BI

G D
AT

A
Th

e 
am

ou
nt

 o
f 

d
at

a 
w

or
ld

w
id

e 
is

 
p

re
d

ic
te

d
 t

o 
re

ac
h 

a 
w

ho
p

p
in

g 
4

4
 z

et
ta

b
yt

es
 (

1
0

2
1
 b

yt
es

) 
b

y 
2

0
2

0
 —

 n
ea

rl
y 

as
 m

an
y 

d
ig

it
al

 
b

it
s 

as
 t

he
re

 a
re

 s
ta

rs
 in

 t
he

 
U

ni
ve

rs
e.

 T
hi

s 
gi

ve
s 

m
or

e 
ra

w
 

m
at

er
ia

l f
or

 a
rt

i�
ci

al
-i

nt
el

lig
en

ce
 

m
ac

hi
ne

s 
to

 le
ar

n 
fr

om
. 

CO
MM

UN
IC

AT
IO

N S
PE

ED
M

ea
nw

hi
le

, t
he

 p
er

fo
rm

an
ce

 a
nd

 
sc

al
e 

of
 t

he
 I

nt
er

ne
t 

im
p

ro
ve

s.
 

B
ro

ad
b

an
d

 a
nd

 W
iF

i s
p

ee
d

s 
ar

e 
in

cr
ea

si
ng

, a
nd

 I
nt

er
ne

t 
d

at
a 

tr
a�

c 
w

ill
 e

xc
ee

d
 a

 z
et

ta
b

yt
e 

th
is

 
ye

ar
 a

nd
 d

ou
b

le
 b

y 
2

0
1

9
.

A
ll 

th
es

e 
fa

ct
or

s 
ar

e 
no

w
 c

on
ve

rg
in

g 
to

 p
us

h 
se

em
in

gl
y 

fu
tu

ri
st

ic
 t

ec
hn

ol
og

ie
s 

ou
t 

of
 t

he
 la

b
, 

an
d

 s
et

 t
he

m
 o

n 
th

e 
sa

m
e 

p
at

h 
ta

ke
n 

b
y 

p
er

so
na

l c
om

p
ut

in
g 

an
d

 c
on

su
m

er
 e

le
ct

ro
ni

cs
.

S
up

er
co

m
p

ut
er

s 
in

 2
0

2
0

 
ar

e 
lik

el
y 

to
 b

e 
3

0
 t

im
es

 
m

or
e 

p
ow

er
fu

l t
ha

n 
th

os
e 

of
 t

od
ay

.

A
 fu

ll 
br

ai
n-

ac
tiv

ity
 m

ap
 a

nd
 c

on
ne

ct
om

e
by

 2
02

0 
an

d 
by

 2
04

0 
it 

w
ill

 b
e 

ro
ut

in
e 

to
 re

ad
an

d 
w

ri
te

 d
at

a 
to

 b
ill

io
ns

 o
f n

eu
ro

ns
. B

y 
20

40
,

1 b
ill

io
n 

pe
op

le
 w

ill
 h

av
e 

th
ei

r w
ho

le
 g

en
om

e 
se

qu
en

ce
d 

an
d 

ge
t c

on
st

an
t u

pd
at

es
 o

f t
he

ir
 

im
m

un
om

es
 a

nd
 m

ic
ro

bi
om

es
.

GE
OR

GE
 C

HU
RC

H
G

en
et

ic
is

t 
at

 H
ar

va
rd

 M
ed

ic
al

 S
ch

oo
l, 

C
am

br
id

ge
, M

as
sa

ch
us

et
ts

�
e 

pr
om

is
e 

fo
r t

he
 fu

tu
re

 is
 a

 w
or

ld
 w

he
re

 
ro

bo
ts

 a
re

 a
s c

om
m

on
 a

s c
ar

s a
nd

 p
ho

ne
s,

 a
 

w
or

ld
 w

he
re

 e
ve

ry
bo

dy
 c

an
 h

av
e 

a 
ro

bo
t a

nd
 

ro
bo

ts
 a

re
 p

er
va

siv
el

y 
in

te
gr

at
ed

 in
 th

e 
fa

br
ic

of
 li

fe
.

DA
NI

EL
A 

RU
S

H
ea

d 
of

 t
he

 C
om

pu
te

r 
S

ci
en

ce
 a

nd
 A

rt
i�

ci
al

 I
nt

el
lig

en
ce

 
La

bo
ra

to
ry

 a
t 

th
e 

M
as

sa
ch

us
et

ts
 I

ns
ti

tu
te

 o
f 

Te
ch

no
lo

gy
, 

C
am

br
id

ge

In
 th

e 
ne

xt
 c

ou
pl

e 
of

 g
en

er
at

io
ns

, w
e 

w
ill

 se
e

th
e 

fir
st

 p
ha

se
 o

f t
ru

e 
pe

rs
on

al
, a

ss
is

tiv
e 

ro
bo

ts
 

in
 th

e 
ho

m
e 

an
d 

ot
he

r h
um

an
 e

nv
ir

on
m

en
ts

. 
�

er
e 

w
ill

 b
e 

a 
hu

ge
 o

pp
or

tu
ni

ty
 to

 b
et

te
r t

he
 

qu
al

ity
 o

f l
ife

, f
or

 e
xa

m
pl

e 
by

 fr
ee

in
g 

up
 p

eo
pl

e 
fr

om
 w

or
k.

FE
I-

FE
I L

I
H

ea
d 

of
 t

he
 S

ta
nf

or
d 

A
rt

i�
ci

al
 I

nt
el

lig
en

ce
 L

ab
or

at
or

y,
 C

al
if

or
ni

a
 To

m
or

ro
w

’s
 sc

ie
nt

is
ts

 w
ill

 h
av

e 
ar

m
ie

s o
f v

ir
tu

al
 

gr
ad

ua
te

 st
ud

en
ts

, d
oi

ng
 la

b 
w

or
k,

 st
at

is
tic

al
 

an
al

ys
is

, l
ite

ra
tu

re
 se

ar
ch

 a
nd

 e
ve

n 
pa

pe
r-

w
ri

tin
g 

fo
r t

he
m

.
PE

DR
O 

DO
M

IN
GO

S
M

ac
hi

ne
-l

ea
rn

in
g 

re
se

ar
ch

er
,

U
ni

ve
rs

it
y 

of
 W

as
hi

ng
to

n,
 S

ea
tt

le

A
 p

os
si

bl
e 

‘C
am

br
ia

n 
ex

pl
os

io
n’

 in
 ro

bo
tic

s 
w

ith
 a

 ra
pi

d 
pe

ri
od

 o
f i

nc
re

di
bl

e 
m

ac
hi

ne
 

di
ve

rs
ifi

ca
tio

n.
 R

ob
ot

s c
om

m
un

ic
at

in
g 

w
ith

 
ea

ch
 o

th
er

 a
t s

pe
ed

s t
ha

t a
re

 10
0 

m
ill

io
n 

tim
es

 
fa

st
er

 th
an

 h
um

an
s m

ig
ht

 a
llo

w
 sw

ar
m

s o
f 

ro
bo

ts
 to

 b
ui

ld
 o

n 
ea

ch
 o

th
er

’s
 le

ar
ni

ng
 

ex
pe

ri
en

ce
s a

t l
ig

ht
ni

ng
 sp

ee
d.

GI
LL

 P
RA

TT
H

ea
d 

of
 t

he
 T

oy
ot

a 
R

es
ea

rc
h 

In
st

it
ut

e,
 P

al
o 

A
lt

o,
 C

al
if

or
ni

a

BIO
LO

GY
 BO

OM
S

C
on

ce
p

tu
al

 a
nd

 t
ec

hn
ol

og
ic

al
 

ad
va

nc
es

 a
re

 d
ri

vi
ng

 p
ro

gr
es

s 
in

 
b

io
lo

gy
. D

N
A

 s
eq

ue
nc

in
g 

co
st

s 
ha

ve
 

fa
lle

n 
at

 a
n 

ex
p

on
en

ti
al

 r
at

e 
an

d
 t

he
 

nu
m

b
er

 o
f 

se
qu

en
ce

s 
ha

s 
so

ar
ed

 s
in

ce
 

1
9

8
5

 (
se

e 
in

se
t)

. S
im

ila
r 

ad
va

nc
es

 a
re

 
ha

p
p

en
in

g 
in

 n
eu

ro
sc

ie
nc

e 
an

d
 

b
io

lo
gi

ca
l n

an
ot

ec
hn

ol
og

y.

LIK
E I

T, 
PR

IN
T I

T
3

D
 p

ri
nt

in
g 

is
 b

ec
om

in
g 

ch
ea

p
er

 a
nd

 q
ui

ck
er

 —
 o

ne
 

fa
ct

or
 t

ha
t 

co
ul

d
 d

is
ru

p
t 

m
an

uf
ac

tu
ri

ng
 a

nd
 a

llo
w

 
on

ce
-p

ri
ce

y 
ro

b
ot

ic
s 

to
 b

e 
m

as
s 

p
ro

d
uc

ed
.

—RI
SE

 OF
 RO

BO
TS

P
ur

ch
as

es
 o

f 
ro

b
ot

s 
ar

e 
se

t 
to

 r
oc

ke
t 

as
 t

he
ir

 c
ap

ab
ili

ti
es

 in
cr

ea
se

 a
nd

 c
os

ts
 

fa
ll,

 a
 t

re
nd

 d
ri

ve
n 

b
y 

m
as

si
ve

 
in

ve
st

m
en

ts
 in

 a
rt

i�
ci

al
 in

te
lli

ge
nc

e 
an

d
 r

ob
ot

ic
s 

b
y 

th
e 

m
ili

ta
ry

 a
nd

 b
y 

co
m

p
ut

in
g 

gi
an

ts
 s

uc
h 

as
 G

oo
gl

e.

TA
LK

IN
G D

EV
ICE

S
B

y 
2

0
2

0
, t

he
 n

um
b

er
 o

f 
co

nn
ec

te
d

 s
en

so
rs

 a
nd

 
d

ev
ic

es
 in

 b
ui

ld
in

gs
, c

it
ie

s 
an

d
 fa

rm
s 

—
 t

he
 ‘I

nt
er

ne
t 

of
 

Th
in

gs
’ –

– 
w

ill
 b

e 
tw

ic
e 

th
at

 
of

 t
he

 h
um

an
 p

op
ul

at
io

n.

—

BY
 D

EC
LA

N 
BU

TL
ER

 / 
DE

SI
GN

 B
Y 

W
ES

 F
ER

NA
ND

ES

1

2

34

5

6

7

2
0

0
5

2
0

1
0

2
0

1
5

2
0

2
0

2
0

2
5

2
0

0
4

2
0

1
3

2
0

1
8

2
0

2
3

2
0

1
5

2
0

0
9

2
0

2
0

2
0

1
9

2
0

1
4

&

ILLUSTRATIONS BY GREYGOUAR

DR
IVE

RS

TO
 TH

E
FU

TU
RE

!

FU
TU

RE
FO

CU
S

E
xp

er
t 

pr
ed

ic
ti

on
s

EN
D

HE
RE

!
2

0
0

6
2

0
0

8
2

0
1

0
2

0
1

2
2

0
1

4
2

0
1

6
2

0
1

8
2

0
2

0

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

2
2

2
0

2
4

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

Fo
re

ca
st

Fo
re

ca
st

Fo
re

ca
st

0

1
0

,0
0

0

2
0

,0
0

0

3
0

,0
0

0

4
0

,0
0

0
E

xa
b

yt
es

1
0

0
 g

ig
a�

op
 s

–1

1
0

 t
er

a�
op

 s
–1

P
er

fo
rm

an
ce

 (
lo

ga
ri

th
m

ic
 s

ca
le

)

1
 p

et
a�

op
 s

–1

1
0

0
 p

et
a�

op
 s

–1

1
0

 e
xa

�
op

 s
–1

1
0 0

2
0

3
0

4
0

5
0

M
eg

ab
yt

e 
s–

1

W
iF

i

B
ro

ad
ba

nd

Data

W
or

ld
’s

 m
os

t 
p
ow

er
fu

l s
u
p
er

co
m

p
u
te

r

2 0468

1
0

3
.3

4
.1

5
.2

6
.6

8
.4

1
0

.5

B
ill

io
ns

 o
f 

m
ac

hi
ne

-t
o-

m
ac

hi
ne

 c
on

ne
ct

io
ns

S
eq

u
en

ce
 r

ec
or

d
s 

in
 G

en
B

an
k

W
h
ol

e 
ge

n
om

e 
se

q
u
en

ce
s

1
,0

0
0

1
0

,0
0

0

1
0

0
,0

0
0

1
,0

0
0

,0
0

0

1
0

,0
0

0
,0

0
0

1
0

0
,0

0
0

,0
0

0

1
,0

0
0

,0
0

0
,0

0
0

N
um

b
er

 o
f 

se
qu

en
ce

s 
(l

og
ar

it
hm

ic
 s

ca
le

)

P
ri

nt
sp

ee
d

1
0

 c
m

3
 h

r 
–1

4
0

 c
m

3
 h

r 
–1

8
0

 c
m

3
 h

r 
–1

G
lo

b
al

 r
ob

ot
ic

 m
ar

ke
t 

(U
S

$
b

ill
io

ns
)

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

M
IL

IT
A

R
Y:

 E
xo

sk
el

et
on

s,
 

un
m

an
ne

d
 a

er
ia

l v
eh

ic
le

s

IN
D

U
ST

R
IA

L:
 W

el
d

in
g,

 
as

se
m

b
ly

, p
ai

nt
in

g 
ro

b
ot

s

C
O

M
M

E
R

C
IA

L:
 M

ed
ic

al
, 

b
ui

ld
in

g,
 fa

rm
in

g 
ro

b
ot

s 

P
E

R
S

O
N

A
L:

 C
le

an
in

g,
 

te
ac

hi
ng

, c
hi

ld
ca

re
 r

ob
ot

s 

1
9

8
5

2
0

1
5

2
0

0
4

SOURCES: 1. TOP500; 2. IDC DIGITAL UNIVERSE STUDY, 2012; 
3. CISCO VISUAL NETWORK INDEX (VNI), 2015.

© 2016 Macmillan Publishers Limited. All rights reserved


