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X ⟶ HXH† = Z

H = (1 1
1 −1)

Z ⟶ HZH† = X
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X ⟶ SXS† = Y
S = diag (1, i)

Z ⟶ SZS† = Z
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Action of the controlled-NOT gate:














(X ⊗ I) ⟶ (X ⊗ X)
(I ⊗ X) ⟶ (I ⊗ X)

CX12 = (I 0
0 X)

(Z ⊗ I) ⟶ (Z ⊗ I)
(I ⊗ Z) ⟶ (Z ⊗ Z)
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  Pi ψ⟩ = ψ⟩, ∀Pi ∈ 𝒮 = ⟨P1, . . . , Pn⟩
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But…


Clifford+  circuits are universal 
for quantum computation!


 

T

T = diag(1, eiπ/4) .
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Pauli-based computation:

S. Bravyi, G. Smith, and J. A. Smolin, Phys. 
Rev. X 6, 021043 (2016), arXiv:1506.01396.
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Definition: [PAULI-BASED MODEL OF COMPUTATION] 

• Input: product state A⟩
⊗t

• Steps: measurements of independent and 
pairwise commuting Pauli operators Pi ∈ 𝒫t
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Theorem: Any Clifford+  quantum circuit  
with   gates can be simulated by a standard 
PBC .

T 𝒞
t T
𝒬
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• 0⟩
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•   gatest T
•  -measurementsw Z

40

𝒬

• A⟩
⊗t

• at most  Pauli 
measurements

t
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For a circuit with  measurements and  gates 
this generalized PBC would have an associated 

tree with  paths!


w t

𝒪(2w+t)
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(2)  is independent from 
previous operators.


(a) does it commute will all 
previous 

measurements?

(b) does it anti-commute 

with a previous 
measurement?
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Concept: [STABILIZER DECOMPOSITIONS]


 ψ⟩ =
χ

∑
i=1

ci φi⟩
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Theorem: A PBC on  qubits can be 
simulated by  PBCs on  qubits, and a 
classical processing that takes time 

.

n + l
χ = 2𝒪(l) n

2𝒪(l)poly(n)
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