
Topology, Physics, and Complexity

Michael H. Freedman

Microsoft, Station Q

Thanks to John Cloutier
for slide preparation.



Topology



Topology

Quantum Physics

Meow?



Topology

Quantum Physics Complexity

Meow?



Topology

Quantum Physics Complexity

Meow?

Quantum Computer



Quantum computation 

is a new paradigm in 

which computational 

work obeys different 
scaling laws than those 
that are known to hold 
in present day 

ñclassicalò computers.



Quantum computation 

is a new paradigm in 

which computational 

work obeys different 
scaling laws than those 
that are known to hold 
in present day 

ñclassicalò computers.



Quantum computation 

is a new paradigm in 

which computational 

work obeys different 
scaling laws than those 
that are known to hold 
in present day 

ñclassicalò computers.



ÅComputation increasingly defines the limit of 

what we know in science. 



ÅComputation increasingly defines the limit of 

what we know in science.  

ÅAs far as we know, there are exactly two
regimes of computation: Classicaland 

Quantum.  



ÅComputation increasingly defines the limit of 

what we know in science.  

ÅAs far as we know, there are exactly two
regimes of computation: Classicaland 

Quantum.  

ÅSometime in this century, we will pass from 

the first to the second. 



ÅComputation increasingly defines the limit of 

what we know in science.  

ÅAs far as we know, there are exactly two
regimes of computation: Classicaland 

Quantum.  

ÅSometime in this century, we will pass from 

the first to the second. 

ÅI will explain why  this is happening and what 
some of the consequences will be, though most 

are presently unknown.
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I recommend to you Gregory Clark 
(Economics, U.C. Davis), a great 

ñmonist.ò

To simplify, his economic history of  mankind has one
event, circa 1800.  Mankind, i.e. England, escaped the 

ñMalthusian trap,ò via the industrial revolution . 

For the first time in history, ingenuity was not nullified 
by corresponding population growth.
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1960

Perhaps we can add 
2020:  Quantum 
information age .  

Who knows?

?
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My  interest is in the 
confluence of three 
sciences:

Quantum computing
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Topology

Central topic:  Manifolds.

Manifolds personify the classical 19th century view 
of the world. 

Being ñlocally Euclidianò they have no 
ñexistential angst.ò  

They live resolutely in ñposition space.ò

They are a direct extension of Kantôs world view.



Orientable Non-orientable

é
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The local         global question manifolds imply has been perhaps the 
most captivating problem in mathematics.
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My favorite paper in topology:  Milnor 1956


