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Abstract

We present protocols for encoding and decoding via generalized teleporta-
tion in order to characterize encoding and decoding of quantum information
represented by an unknown state. We discuss the role of entanglement for
encoding and decoding quantum information.

We analyze the encoding and decoding of quantum information represented by
an unknown single qubit state |φ〉 = α |0〉 + β |1〉. Encoding is a mapping from a
single-qubit state |φ〉 to a multi-qubit state |ψ〉 = α |ψ0〉 + β |ψ1〉 where |ψ0〉 and
|ψ1〉 are orthonormal multi-qubit states. Decoding is |φ〉 to |ψ〉. Adding an ancilla
qubit state |0...0〉 encoding process can be described by a unitary operation Ue as
|ψ〉 = Ue |φ〉 ⊗ |0...0〉. In this case, decoding is described by Ud = U†

e , the reverse
process. However the unitary operations Ue and Ud are over-specific for encoding
and decoding – they include information about the ancilla system. Therefore, we
consider encoding and decoding via generalized teleportation, which requires no
information regarding the ancilla system, and try to characterize encoding and
decoding by investigating the entanglement required for encoding and decoding.

We present protocols for optimal cloning type encoding (telecloning) and de-
coding (reverse-telecloning) via generalized teleportation. Surprisingly, one of the
entangled states needed for the decoding process is a single bound entangled state,
which had previously been considered “useless” for quantum information process-
ing. We have also shown that the unlockable bound entangled state can be used for
remotely decoding a distributed 3-qubit error correction state, which may be useful
for the secure transmission of quantum keys.

We analyze the asymmetry of the encoding and decoding process from the
viewpoint of required entanglement. Further we investigate an encoding scheme
which is more asymmetric for encoding and decoding than telecloning and reverse-
telecloning. In the extreme case, encoding requires entanglement and global op-
erations but decoding can be performed using only local operations and classical



communications without any entanglement. This strong asymmetry may suggest
the possibility of quantum one-way function.
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Figure 1: Schematic picture showing the decoding process (reverse-telecloning) from
the three qubits shared by the spatially separated senders (Bob, Charlie and David)
|ψc〉BCD to the remote receiver (Elizabeth)|φ〉E , using an unlockable bound entan-
gled state ρub.
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