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“The (de)compositional approach to quantum computing”
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Quantum circuits: generators and interpretation
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Clifford+T circuits are approximately universal for unitary matrices.
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Quantum circuits: (some) equations
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Question

How strong are these identities of quantum circuits?
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Quantum circuits: nasty equations

Xiaoning Bian and Peter Selinger. “Generators and Relations for 2-Qubit
Clifford+T Operators”. In: Proceedings 19th International Conference on Quantum
Physics and Logic. Quantum Physics and Logic 2022. Vol. 394. version: 3. Oxford, United
Kingdom: EPCTS, July 2022, pp. 13–28.
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Quantum circuits: universal generators
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CNOT+Phase+Hadamard circuits are universal for unitary matrices.
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Quantum circuits: universal generators
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The ZX-calculus
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The ZX-calculus: generators and interpretation
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The ZX-calculus is universal for complex matrices.
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The ZX-calculus: generators and interpretation
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The ZX-calculus is universal for complex matrices.
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The ZX-calculus: quantum circuits

We can represent quantum circuits as ZX-diagrams:

H =
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=
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The ZX-calculus: Only Connectivity Matters
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The ZX-calculus: equations

Thomas McElvanney and Miriam Backens. “Complete flow-preserving rewrite
rules for MBQC patterns with Pauli measurements”. In: Proceedings 19th
International Conference on Quantum Physics and Logic. Quantum Physics and Logic (QPL
2022). June 1, 2022.
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The ZX-calculus: examples

= = = = = =

Niel de Beaudrap and Dominic Horsman. “The ZX calculus is a language for
surface code lattice surgery”. In: Quantum 4 (Jan. 9, 2020). Publisher: Verein zur
Förderung des Open Access Publizierens in den Quantenwissenschaften, p. 218.
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Lattice surgery, logically



The paper
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Splitting the atom

=

= =

= + 0

PZZ

PXX

14



Splitting the atom

= =

=

= + 0

PZZ

PXX

14



Splitting the atom

= = =

= + 0

PZZ

PXX

14



Splitting the atom

= = =

= + 0

PZZ

PXX

14



Splitting the atom
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Merges and splits

• Z -split:

• Z -merge:

• X -split:

• X -merge:
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Merges and splits

• Z -split:
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Lattice surgery, in all its glory
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Better surgery, in all its glory
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Lattice surgery, physically



Another paper
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Logical and physical operations, diagrammatically

Implementing a logical operation f for an encoder E , means finding an F such that:

(often, E = E ′, but this isn’t compulsory)
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Lattice surgery, logically and physically
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CSS codes are Tanner graphs

Arthur Pesah, https://arthurpesah.me/blog/2023-03-28-stabilizer-formalism-3 21

https://arthurpesah.me/blog/2023-03-28-stabilizer-formalism-3


CSS states are phase-free ZX-diagrams

A maximal CSS code is a stabiliser state called a CSS state. In ZX, these have two

extremal representations:
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Tanner graphs and encoders

CSS states on m + n qubits are in bijection with CSS encoders m → n:
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Encoders for the surface code
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Splits in the surface code
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Merges in the surface code
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Questions?
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