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Overview

● CNOT circuits

● Benne7’s trick

● Phase-free ZX diagrams



dictimamy circuit > ZX-diagram
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zX diagrams have extreme
I
only connectivity matters' :
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E calculus is a tool to reason about quantum circuits. Solve problems like :

- Synthesis : given a high-level description of
a computation/unitary,

find a circuit that implements it

- optimisations given a circuit <that implements
U,

find a"smaller' C' that also implements U.

Cclassical)
- simulation : given C that implements U, Jnotgiven quantum hardware

and an input (4) ,

- compute measurement probabilities fo U14] Istrag",

-sample measurement outcome for 1147 L"weah")



CNOT circuits



Parity
any CNOT circuit induces a phase -bee Ex-diagram

트.ms
what about converse ?

def : a function of fam for, ..., m .) = Kie ...des called parity function "
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Parity matrix

can turn CNOT into parity matix :
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CNOT circuit synthesis

- start with a party matrix P, empty circuit C

- do Gauss-ladan elimination on columns of P

whenever apply Ell , append (NOT to 2

swap two rows
, use

Cewitaconboli

- repeat untilP eliminatede
target;

thenC implements P 二=d



Benne/’s trick



Reversible computing

Where do circuits come from ?

one source : classical computations Leon you
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Phase-free ZX diagrams



Parity normal form

parity makix
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Reduc9on to parity form

unitary
phase-her ~> panten paie CNOT

zx-diegram fern
matrix circuit

unitary
phase-her & dictionay CNOT

zx-diegram circuit



● ZX diagrams are (complexity-theore7cally) hard to rewrite algorithmically

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

● BenneD’s trick makes classical func7ons reversible, useful for oracles

● Special class of phase-free ZX diagrams easier

Summary:


