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Stabilizer ZX Calculus

One of the most important fragments of the ZX 
calculus:
• All phases are multiples of ⁄𝜋 2 .
• Contains “all” the important quantum 

features from the higher fragments

The Story
• Proven Complete (Backens)
• (2014) Scalar-free
• (2015) Scalar-aware

• Minimality Program Begins (Backens, Perdrix, 
Wang)
• (2016) The ruleset gets simplified and only 

meta-rule is connectivity
• (2017-2020) All rules except the Bialgebra

(!) and red identity removal proven 
necessary. 

So … what is the status of the Bialgebra 
and red identity rules???

The Ruleset

“Only connectivity matters”+

(S3'R) is Necessary

All nontarget rules hold, but…

Hence,

Let:

The Bialgebra is Necessary

Minimality of the Stabilizer ZX Calculus
arXiv:2606.12383 [quant-ph], 2026 So,

Both (S3’R) and (B2’) are necessary!
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