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Overview

● CNOT circuits

● Bennett’s trick

● Phase-free ZX diagrams
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EX diagrams have extrem 'Why connectivity matters' :
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Ex calculus is tool to reason about circuits. Solve problems like :

- synthesis: given high-level description of computation/wintery ,

find circuit that implements it

- optimisation : given a circent 2 that implements U,

find a smaller C that also implements U

(classical)
- simulations given C that implements U. (not given quantum computer

and an input 143,

= compute measmement probabilities for U14) (strong

- sample measurement outcome far U14] Leah/



CNOT circuits



Parity any CNOT circuit is a phase-free Ex diagram
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Parity matrix : cantun CNOT circuit into pain matix
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CNOT circuit synthesis

-start with a paity matixP, empty circent

-do Gauss-ladan reduction on columns of P

whenever E's applied, append CNOT : to

- repeat until eliminated P

C implements P



Bennett’s trick



Reversible computing
where do circuts come from ?

one source : classical computations LeyouEy
on

(v > + If (n))
f: 40, 1" -30,, 12 -

- You (c
out

- : 10, 112- 10, 1) Bennett's In
.3) ++ 1 n

,
fluloy>

trick

10) 1- 117

e .g.: NOT : 10, 11
-> 40

,
11 - Xi

117-10)

CNOT : 10 , 11+ 1011 ~ CX : /
, y
> e In . xXORy)

= (n
,
n04]



Phase-free ZX diagrams



Parity normal form

parity matrix
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Reduction to parity form
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● ZX diagrams are (complexity-theoretically) hard to rewrite algorithmically

● Special class of CNOT diagrams easier, comes down to parity checking

● Bennett’s trick makes classical functions reversible, useful for oracles

● Special class of phase-free ZX diagrams easier

Summary:


