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Quantum computing basics
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Quantum computing basics

Gates & Circuits
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Quantum computing basics
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Quantum computing basics

Entanglement
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Why do we rewrite circuits?

o Optimisation: fewer expensive gates, ...
o Mapping: Adapt to hardware, ...
o Verification: Prove it is the intended matrix, ...
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Why do we rewrite circuits?

o Optimisation: fewer expensive gates, ...
o Mapping: Adapt to hardware, ...
o Verification: Prove it is the intended matrix, ...

Algebraic viewpoint :
o Circuits come with "equations"

@ A good rule set lets you transform safely & automatically
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Gate set & Circuit family

o A gate set: allowed primitives

@ A circuit family: all you can do with it
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Gate set & Circuit family

o A gate set: allowed primitives

@ A circuit family: all you can do with it

Wbe @@ "
%oﬂd 1. 4H ;'g

o Expressiveness: What unitaries can you build?
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@ Reasoning: Do we have a "usable" rewrite system?
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Expressiveness ladder
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In fault tolerant setting, gates have different prices

o Clifford : "easy"
° : require magic state distillation

~_> We want to reduce the T-count
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In fault tolerant setting, gates have different prices

o Clifford : "easy"
° : require magic state distillation

~_> We want to reduce the T-count
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This is where complete theories + normal forms are used
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Categories
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~ means only partial results or hidden technicalities.
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Normal forms
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(a) Equations for n > 0:

(b) Equations for n > 1:

SHSHSH
(c) Equations for n > 2:

(d) Equations for n > 3:
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P. Selinger, Generators and relations for n-qubit Clifford operators, Logical Methods in Computer Science 11(2:10), 2015.
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Clifford example
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fragment earlier complete presentation reduced PROP core minimality status
qubit Clifford 15 rules in [18] 8 rules in [6] minimal
real Clifford 16 rules in [16] 10 rules in [6] minimal
qutrit Clifford 18 rules in [14] 10 rules in [6] minimal up to 2 qutrit wires
Clifford+T" on up to 2 qubits 18 rules in [3] 11 rules in [6] minimal up to 1 qubit
Clifford+C'S on up to 3 qubits 17 rules in [4] 14 rules in [6] minimal up to 2 qubits
CNOT-dihedral 13 rules in [1] 11 rules in [6] minimal
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Qudits: What and why?

d-1
ROEPREAPY

@ Some platforms are naturally higher-dimensional
o Potential advantages in compilation, error correction, . ..

@ Conceptually: have dimension-robust theories not only "dimension 2 nice coincidences"
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Polycontrolled PROPs
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Which dimension are we interested?
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State of the art
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rmal form example

CZH\CSHSC

Diagonal layer Affine layer
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Questions and discussion are very welcome.

To discover more about these ideas, you can start with these preprints:

Completeness for Prime-Dimensional Phase-Affine Circuits
arXiv:2603.06466

Polycontrolled PROPs for Qudit Circuits: A Uniform Complete Equational Theory for
Arbitrary Finite Dimension
arXiv:2602.09873

Simpler Presentations for Many Fragments of Quantum Circuits
arXiv:2602.09874

The links are clickable in the PDF.
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