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What is quantum computing?



















Classical simulation of a quantum circuit C









Clifford circuits







Quantum matchgate computations





“Instantaneous” quantum computation





Is there a fundamental complexity principle for physics?

“No physical process should be able to compute an NP-complete 
problem with poly-resources”. 

Appears to be true of both classical and quantum physics!

despite the fact that

both theories appear to involve massive computing power
(well sufficient for NP) but both limit our access to it! (in different ways).

Modifications of quantum mechanics often have immense computing power. 



Classical physics

Physical evolution updates real numbers – infinite information content!
But – instability of analog computation:
Higher order digits become “exponentially fragile” -
to control evolution of parameters to n digits of accuracy we need to
invest O(exp(n)) physical resources (error tolerance of 1/exp(n)) 

Remedy:
For n digits of information, 
instead of single parameter/system with n digits (exp(n) cost)
use
O(n) parameters/systems to const number of digits each –
now only linear(n) cost!
i.e. digital computation, stable but at expense of losing 
high precision processing per single step!



Quantum physics

Entanglement 
Composite of n similar systems – O(exp(n)) parameters;
can all be updated efficiently by local actions.
(Classically no entanglement; only O(n) parameters here!)

All suggestive of a fundamental significance for 
computational complexity theory in the foundations of physics?

But now quantum measurement theory limits access to full state identity!
Its destructive effects finely balanced against exponential benefits of entanglement.


