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ZX Contraction
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Diagram with n inputs, m outputs ⇝ C2m×2n

Diagram without inputs/outputs ⇝ C

Contraction: Given scalar ZX diagram, compute its value
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Applications

Classical Simulation
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How to Contract

Tensor network based methods

Stabiliser decompositionsStabiliser decompositions

Introduced in [Bravyi and Gosset, 2016]

Adapted to ZX in [Kissinger and van de Wetering, 2022] and
[Kissinger et al., 2022]

Implemented in QuiZX

Roughly: Clifford diagrams are easy to contract (Gottesman-Knill)

⇒ Decompose non-Clifford diagram into sum of Clifford diagrams
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ZX Stabiliser Decompositions [Kissinger and van de Wetering, 2022]

1. Given a Clifford+T diagram

Clifford Diagram
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2. Pick 6 T-spiders and decompose them via [Bravyi et al., 2019]
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We get 7 diagrams with t − 6 Ts each
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ZX Stabiliser Decompositions [Kissinger and van de Wetering, 2022]

3. Simplify each diagram to reduce T-count

4. Recurse: For each diagram, pick 6 new T-spiders and decompose

⇒ now 72 diagrams ⇒ 73 diagrams ⇒ ...

5. Once no more T-spiders left: Contract remaining Clifford diagrams via
Gottesman-Knill and add up results

⇒ 7t/6 terms = 2αt terms where α = log(7)
6 ≈ 0.468

Best known decomp has α ≈ 0.396 [Kissinger et al., 2022]
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Our Approach



Motivation
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Triangle
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Triangle
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⇒ Apply stabiliser decompositions to triangles
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Graph-Like

Only green spiders and Hadamard edges or triangle edges
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Decomposing Triangle Edges



Naive Baseline
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2βt terms, β = 4α ≈ 1.584
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Single Triangle
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Multiple Triangles at Once
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Scales with β = log(5)
3 ≈ 0.774
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Special Cases
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Best Case
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Simplification
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Simplification
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Benchmarks



Random Circuits

10 20 30 40 50 60 70 80 90 100
T-count

10 3

10 2

10 1

100

101

102

Ti
m

e 
(s

ec
on

ds
)

Random 50 Qubit Clifford+T+CCZ

QuiZX 20.381t

Ours 20.184t

18



Hidden Shift
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Hidden Shift
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Barren Plateau Detection



Barren Plateaus

Problem
Gradient landscape of many parametrised circuits is exponentially flat

Typically: E
(
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∂θj

)
= 0

⇒ Var
(
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∂θj

)
≈ 0 is bad news
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Example
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Example
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Gradient Variance in ZX [Wang et al., 2022]
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Benchmark
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Benchmark
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Summary

We contract ZX diagrams with triangles via stabiliser decompositions to

1. Speed up simulation of multi-controlled gates

2. Contract ZXW diagrams (e.g. barren plateau detection)

Future Work:

Hamiltonians in ZXW

Better triangle decompositions?

Approximate contraction?
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Thank you!

arXiv:2307.01803
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