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Continuous variables: states

e State space — Hilbert space:
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Continuous variables: transformations

o Gate set:
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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)
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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)

o (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 (cont.)

Formally,
limn — 00%?[p] = S(w)FUlp]
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MBQC protocols
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MBQC protocols
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e Problem 1: convergence?

e Problem 2: runnability?
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Graph states
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Graph states (cont.)
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Problem I: Runnability

11



Corrections
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Corrections

1. = “error ~ translation”

Pm = Z(m)PoZ(—m)
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Corrections

“error ~~ translation”
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Causal flow
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Causal flow
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Causal flow
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Causal flow
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CV-flow

1. Z(a+b) = Z(a) + Z(b)
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CV-flow
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CV-flow
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Problem II: Convergence
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Extraction: causal flow
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Extraction: causal flow
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CV-flow to causal flow
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CV-flow to causal flow
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Extraction: CV-flow
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Extraction: CV-flow

e Lemma: if a graph has CV-flow, then it can be split into layers, and each of these
layers has a causal flow up to CX gates

e Lemma: these CX gates don’t get in the way of the MBQC procedure

e Lemma: these causal flows each have path covers, and the endpoints of paths in

subsequent layers match up

e Conclusion: the CV-flow procedure can be broken down into a sequence of causal
flow circuits with intermediate CX gates
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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)

Mehdi Mhalla and Simon Perdrix. “Finding Optimal Flows Efficiently”. In: Automata, Languages
and Programming. Ed. by Luca Aceto et al. Lecture Notes in Computer Science. Berlin, Heidelberg:
Springer, 2008, pp. 857—868.
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Some open questions

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

3. Infinite fields?

o

. Rings?

(€]

. Hypergraphs?
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Thanks for watching!
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