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o Different models highlight different features
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= one-way model;

v forefront role of entanglement.
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Key definition: [PAULI OPERATORS ON 71 QUBITS]

Gl(l) ®0’®...®0,

o ={IX,Y,Z)
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Example: [PAuLI GRoOuP - n = 1]

Po=1xl, xil, £X, xiX, =Y, £1Y, £7, *i/}

P1=(X.V.2) o |
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P,=(XQLIRX, ZQL IR Z)
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PBC and hybrid computation

Example: [PAuLI GROUP - n = 2]

P,=(XQLIRX, ZQL IR Z)

P=1Y®Z —(Z®1)(X®1)(1®Z)
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2n generators

n

= (X, X5, ... Xn 21, 2y ..., Z
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Definition: [CLIFFORD UNITARY]

C»,C'=P, & CPC" =P,
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(Generators:

- Hadamard (H);
- Phase ();
- Controlled-NoOT (CX) gates.
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Action of the Hadamard gate:

X — HXH' =27

7 — HZH' =X

F. C. R. Peres Quantum and Linear-Optical Computation (QLOC) | Journal Club



Introductory Concepts PBC: universality and resource minimization PBC and hybrid computation

Action of the phase gate:

X — SXST=Y
S = diag (1,1)

7 — SZST =7
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Action of the controlled-NOT gate:

X® ) — (X® X)
I®X) — (I ®X)

£ — (£Q 1)
UI®Z)— (LR Z)
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Definition: [STABILIZER STATE OF 7 QUBITS]

P, |1//) — |1//), VP. € & = <P1,...,Pn>
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Examples: |2-QUBIT STATES]

00) + [11)

V2

S=(X®X, ZQ Z)
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Quantum circuits with:
» stabilizer state inputs,
- Clifford gates,

 and Paull measurements

are efficiently classically simulatable.
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Quantum circuits with:
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- stabilizer state inputs {(GOTTESMAN-!
- Clifford gates
. §

 and Paull measurements 1§ TH EOREM

are efficiently classically simulatable.
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PBC and hybrid computation

But...

Clifford+/ circuits are universal
for quantum computation!

T = diag(1, e"™*).
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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]

1
. Input: product state |A)

» Steps: measurements of independent and
pairwise commuting Pauli operators P; € &,
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Theorem: Any Clifford+7 quantum circuit €
with ¢ 1 gates can be simulated by a standard

PBC Q.
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PBC and hybrid computation
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For a circuit with w measurements and ¢ gates
this generalized PBC would have an associated

tree with O(2"™) paths!
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(1) Is P; dependent on
previous measurements?
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(2) P; 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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Return to the quantum
circuit model
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Theorem: A PBC on n + [ qubits can be

simulated by y = 200) PBCs on n qubits, and a
classical processing that takes time

29Onoly(n).
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Thank you for your attention!
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