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O F  C O M P U T I N G ?
T H E  F U T U R E

Novel systems 
to compute on… 
…why?



O U R  T E C H N O L O G I C A L  D E V E L O P M E N T
R E L E N T L E S S  M I N I A T U R I Z A T I O N  P O W E R S  

E N I A C  -  1 9 4 6



O U R  T E C H N O L O G I C A L  D E V E L O P M E N T
R E L E N T L E S S  M I N I A T U R I Z A T I O N  P O W E R S  

A P P L E  I I C  -  1 9 8 4

S O N Y  VA I O  -  1 9 9 7



O U R  T E C H N O L O G I C A L  D E V E L O P M E N T
R E L E N T L E S S  M I N I A T U R I Z A T I O N  P O W E R S  

G O O G L E  G L A S S  -  2 0 1 3 I P H O N E  -  2 0 0 7



T H E  E N D  O F  M I N I A T U R I Z A T I O N :  
M O O R E ’ S  L A W

E V E R Y  1 8  M O N T H S ,  T W I C E  A S  
M A N Y  T R A N S I S T O R S  
A R E  P U T  O N  E A C H  

I N T E G R AT E D  C I R C U I T.



T H E  E N D  O F  M I N I A T U R I Z A T I O N :  
M O O R E ’ S  L A W

Typical feature 
size of IC = ~10 nm 
(a hundred atoms) 
!

Quantum-mechanical 
effects become  
important. 
!

GAME OVER?

20 um - hair

4 um - 
yeast

1 um - 
bacteria



B E Y O N D  M O O R E  C O M P U T I N G :  
P U T T I N G  Q U A N T U M  T O  W O R K

End of 
Moore’s Law

Embrace 
quantum 

mechanics



B E Y O N D  M O O R E  C O M P U T I N G :  
P U T T I N G  Q U A N T U M  T O  W O R K

Quantum computers require rethinking architecture, 
design, and manufacture of computers.

Good questions for engineers….



B E Y O N D  M O O R E  C O M P U T I N G :  
P U T T I N G  Q U A N T U M  T O  W O R K

Quantum computers can speed up solving some 
problems, but (probably) not all.

Searching a List 
 Factoring Numbers

Planning a road trip 

Good questions for computer scientists….



B E Y O N D  M O O R E  C O M P U T I N G :  
P U T T I N G  Q U A N T U M  T O  W O R K

The difficulty of simulating systems 
might tell us something about nature.

Good questions for physicists….



O F  C O M P U T I N G ?
T H E  F U T U R E

End of 
Moore’s Law

Embrace 
quantum 

mechanics

A new way of 
computing
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