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End-to-end Bell pair distribution

Reasoning about protocols — toy example

We model quantum network protocols as envisioned by Quantum Internet Research Group [1]

Protocol that in parallel generates Bell pairs A~FE and B~FE

(er(C) - er{C) || er(E) - cr(E));
(tr{(C' — A~D) || tr{C — B~D) || tr(E — E~D) || tr(E — E~D)):
(sw(A~E @ D) || sw(B~E @ D))

Reachability property| Does protocol p always or never generate an entangled pair A~E?

p; [I{A~E] » {A~E] =x, p p; [~{A~ERD» D =p; p
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What can go wrong?

How to make sure (in a formal way) that quantum network protocols behave as intended?

e Does a protocol establish Bell pairs between
the specified end nodes?

e Can a protocol execute with a given number
of resources?

e When are two protocols equivalent? e Can protocols run in parallel without inter-

fering with each other?

Our approach

Provide a formalism to aid in answering these types of questions about quantum networks

C~C —— A~D C~C —— B~D

e BellKAT — language to specity quantum networks based on a novel algebraic structure

e Soundness and completeness of BellKAT’s axioms w.r.t. their corresponding semantics
e Decidability result for checking semantic equivalence of quantum network protocols E~E ——» E~D

e Prototype tool for automated reasoning about protocols

Primitive actions

A Bell pair between two quantum network nodes A and B is denoted as A~B.
Basic action r > o requires a multiset of Bell pairs r and produces from it Bell pairs in multiset o.
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swap sw{A~BQC(C) & {A~C,B~C} > {A~B}
transmit tr{A— B~C) £ {A~A} > { B~C}
create cr{A) = 0> {{ANA}} C~C —> A~D C~C — B~D
wait wait(r) = r o
fail fail(r) 2 7o \
distill  distill(A~B) 2 {{ANB A~BY > {A~BY} + {A~B, A~B} 1> ( /:"”E

://github.com/swystems/bellkat. Contact: anita.buckley@usi.ch
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E~E — E~D E~E ——> E~D

Reasoning about protocols — real-world example

Repeater swap protocol of [2] on the repeater chain A —C' — D — E

Protocol repeatedly generates and distills each Bell pair A~D and E~D in parallel until both

distillations succeed, and after both Bell pairs are made available, it swaps them to generate A~FE'"

((pd; (1Bl pa)™ ) Il (P (V] piz)*)) sw(A~E Q D)

where p, péi generate and distill Bell pairs A~D, E~D and b, b test for their absence, respectively,

r(C)); (tr(C — A~D) | tr(C'— A~D)); di(A~D)

cr(E)): (tr(E— E~D) || tr(E — E~D)): di(E~D)

/




