Quantum Random Access Codes with Shared Randomness
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Random Access Codes

Random access code (RAC) stands for encoding n bits into m

and be able to recover any one of the intitial bits with probability

at least p. Such code is characterized by symbol “n > m”. We

consider only the case when m = 1.

Classical and Quantum RACs

Classical RACs: There are two parties — Alice and Bob. Alice
is asked to encode some classical n-bit string into 1 bit and send
this bit to Bob. We want Bob to be able to recover any one of
the n initial bits with high success probability.

Quantum RACs (QRACS): Alice must encode her classical n-bit
message into 1 qubit and send it to Bob. He performs some
measurement on the recetved qubit to extract the required bit
(the measurement that is used depends on which bit ts needed).

Known RACs
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There are 2+——1 and 3 — 1 QRACs (with no classical coun-

terparts) [1], and 4 L 1 QRAC with p > 1/2 is not possible [2].

Shared Randomness

We allow both parties to cooperate — Alice and Bob can use
shared randomness (SR) to agree on which strategy to use.

Optimal Classical RAC with SR

Using Yao's principle we argue that the following classical n 1
RAC with shared randomness is optimal:

1. Alice XORs the input string with n random bits she shares
with Bob, computes the majority and sends it to Bob.

2. If the ith bit is asked, Bob outputs the ith bit of the shared
random string XORed with the recetved bit.

We use a combinatorial argument to compute the success prob-

ability p of this code an show that asymptotically
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http://home.lanet.lv/~sd20008/racs

Quantum Lower Bound Numerical QRACs

If shared randomness is allowed, then n L QRAC with SR

p
and p > 1/2 exists for any n > 1. In particular, we show that 3 'j 1
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by choosing each of the n projective measurements uniformly at
random. This is better than the optimal classical RAC with SR.

p ~ 0.8535533906
Quantum Upper Bound >
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p ~ 0.7414814566
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It ts not possible to reliably encode arbitrary many classical bits
into 1 qubit using QRACSs. For any n s 1 QRAC with SR

2 24n —
Thtis upper bound is obtained using a generalization of the paral- otioo ~pgo0
lelogram identity. The known 2 A 1 and 3 > 1 QRACs match p ~ 0.7135779205 p ~ 0.6940463870 p ~ 0.6568927813

this upper bound, since the measurements are performed along

directions that are orthogonal in the Bloch sphere.
J Symmetric QRACs

Comparison of Classical and Quantum RACs with SR
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p ~ 0.7332531755 | p = 0.6940418856 p =~ 0.6563927998 p ~ 0.6201829084
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Success probabilities of classical and quantum RACs with SR.
Black dots correspond to optimal classical RAC with SR and
dotted line shows the asymptotic behavior. Circles correspond
to numerical QRACs with SR and dashed lines to quantum
upper and lower bounds, respectively.
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