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Introduction

Attribution

| provided the initial motivating counter example

Christian Schroeder finished the proof by using Duncan and
Perdrix's argument

Christian uses a different example in his master thesis
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Introduction

Alternative Model

@ Ross Duncan and Simon Perdrix prove that the Euler
decomposition of the Hadamard gate is not derivable from the
rules of the ZX calculus in [1].

@ They do so by defining a new class of models for the ZX
calculus

@ The new interpretations multiply the angles in the diagram
with an integer

@ The ZX calculus preserves soundness for these models

n n
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Introduction

Necessity of Euler decomposition

Therefore, the ZX calculus (without Euler decomposition) is
incomplete.
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Proof

Standard interpretations are equal

o 1= — arccos ( ) ~ 0.2561m
B := —2arcsin ( 7 ) ~ —0.28517
¢ := arcsin <§) —a~0.3987T

e’? is the scalar up to which they are equal

Vladimir Nikolaev Zamdzhiev The ZX calculus is incomplete for quantum mechanics

Ji%\



Proof

Alternative intepretations are not equal
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Proof

Alternative interpretations are not equal

I3

0.0508 4-0.2196/ —0.5628 + 0.7953/
—0.5628 + 0.7953/  0.2239 — 0.0252/
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Incomplete

However, both interpretations [-] and [-]_3 are sound. This means,
Di = Dy = [[Dl]] = [[D2]] A\ [[Dl]]_3 = [[Dg]]_g

Therefore,

@ v
(@

and the ZX calculus is incomplete for quantum mechanics.
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Proof

Conclusion and future work

@ ZX complete for stabilizer quantum mechanics, so not that bad
@ Need to extend calculus by introducing new rules

@ A color swap rule might be a good idea

@ Closed form solution for as, 82,72?
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