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e Countable orthonormal basis:

f= Z cnén where &, € L2(R,C)
neN



Continuous variables: transformations

o Gate set:

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Continuous variables: transformations

o Gate set:

{F, exp(iaQ), exp(iﬁQz) , exp(i7Q3) ,exp(iwQ ® Q)}

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Continuous variables: transformations

o Gate set:

{F,U(e. 8,7), C2(w) }

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Continuous variables: transformations

o Gate set:

{F,U,CZ(W)}

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Continuous variables: transformations

o Gate set:

{F,U,CZ(W)}

e Gates used for correction in the MBQC procedure:

Z(s) = exp(—isP)
X(s) = exp(isQ)

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Continuous variables: transformations

o Gate set:

{F,U,CZ(W)}

e Gates used for correction in the MBQC procedure:
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X(s) = exp(isQ)

. (Lie theory ~~ exp:iR[Q,P] — U(’H))

Seth Lloyd and Samuel L. Braunstein. “Quantum Computation over Continuous Variables”. In:
Physical Review Letters 82.8 (Feb. 1999), pp. 1784-1787.



Measurement-based Quantum Computing

p—— UH{FHs
— UHFH O
G, — X(—wm) —




Measurement-based Quantum Computing

e Gate teleportation

p—— UH{FHs
— UHFH O
G, — X(—wm) —




Measurement-based Quantum Computing

e Gate teleportation




Measurement-based Quantum Computing

e Gate teleportation
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Measurement-based Quantum Computing (cont.)

Formally,

Jim_ o] = S(w)FU[o]
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MBQC protocols
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MBQC protocols
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e Problem 2: runnability?
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Graph states
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Graph states (cont.)
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Problem I: Runnability
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Causal flow
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Causal flow
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CV-flow: an example
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Problem II: Convergence
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Extraction: causal flow
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CV-flow to causal flow
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CV-flow: extraction
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Convergence result

Formally, for any choice of input p € H®/9 and any local unitaries from the gate set,
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Takeaway: results

MBQC procedure based on CV-flow, which converges iff |/| = |O].

Explicit circuit extraction scheme for the MBQC protocol when the graph state
has CV-flow.

Poly-time algorithm for finding a CV-flow if one exists.

Examples graphs that separate CV-flow from gflow

mhalla“finding'2008-1.
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Some open questions

1. A (pseudo-)necessity theorem?
2. Several measurement planes?

3. Other rings?

~

. Hypergraphs?
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Thanks for watching!
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