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Diagrammatic equivalence
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PROP formalism

gex
idg:0— 0 idi:1—>1 0:2—>2 g dom(g) — cod(g)

f:n—>p g:p—om fin—>m g:p—gq
fsg:n—m fRg:n+p—>m+gq

> : a set of generators
$ : the sequential composition

® : the parallel composition
418




PROP formalism
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PROP formalism

f=8
P/Rrf=g

= : diagrammatic equivalence
P :a PROP
'R : a set of rewrite equations

P/R + - =-: the equivalence relation o
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PROP formalism

f=g (L=R) eR
P/R-f=g P/R+L=R
PRrf=g P/Rrf=g
P/R+hsf=hsg P/Rrfsh=gsh
PRrf=g PRrf=g
P/Rrh®f=hog PRrf®eh=g®h

= : diagrammatic equivalence
P:a PROP
'R : a set of rewrite equations

P/R + - =-: the equivalence relation o




Standard control

>— : initialization of state 0
p— : initialization of state 1
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Controlled PROP

f:n—>p g:p—m
fsg:in—>m

fli e

fin—>m g:p—g
f®g:n+p—->m+gq

f

8/18




Controlled PROP

f:nop g:ip—om
fsg:n—m

fl] e NEW!

finom gip—og
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Controlled PROP
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Controlled PROP

NEW!
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Controlled PROP

Definition
A control functor maps any endocircuit f : n — nto the endocircuit
C(f) : (1 + n) — (1 + n) while satisfying (1), (2), and (3).
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Controlled PROP

Definition
A control functor maps any endocircuit f : n — nto the endocircuit
C(f) : (1 + n) — (1 + n) while satisfying (1), (2), and (3).

Definition
A controlled PROP is a PROP equipped with a control functor.
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Controlled PROP
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Controlled PROP
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Controlled PROP

C(idy) = idy®id, C(fsg = C(Hs5Cw®
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Controlled PROP

P/R-f=8  New
P/R+C(f) =C(g)

12/18




Controlled PROP

PIRFf=8  NEwW!
P/R+C(f) =C(g)

Example
Let CNot be the controlled PROP generated by —@— with the

following rewrite equations.
@0 = — X =G 2T =T

Then, ;; is not a generator. It is the circuit C( —-®-).

Moreover, the equations = is derivable.
J
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Conjugated PROP
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Definition
A conjugated PROP is a controlled PROP such that

[eH/H ]

is satisfied whenever P/R F = —
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Applications to Quantum Circuits




Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Theorem

This minimal set of rewrite equations is complete.
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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Quantum circuits
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To go beyond

Polycontrolled PROPs.
Applications to reversible classical circuits.

Compilation of quantum circuits.
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