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Table 5 Comparison between our scheme and the other schemes (SM represents single-qubit measure; BM represents Bell base measure; CNOT
represents controlled NOT gate; SU represents unitary operation on single-qubit; CZ represents controlled Z gate)

Ji % HREME TR (@) KHMNNENIZH (40 9,) THAEHZ Mt (q)  ARMIRIqubitl (q)  IEZCE ()

HR[35] 5-qubitfFE 4 57XSM, 2YXCNOT, 27k SU 5 2 1/5
SCHR[36] 6-qubitiE 6{kSM, 1{RCZ, 2{kSU 6 2 1/6
CHR[37] 6-qubitfF s 2UBM, 2IKSM, 17XKCZ, 21XSU 6 3 1/4
CHR[38] 7-qubitFEA 3¥BM, 1IKSM, 31X SU 7 3 3/14
SCHR[39] 6-qubitiR K2 JiFs 2UKBM, 2{XSM, 1{kRCZ 6 2 1/6
SCHR[40] 7-qubiti KLY 4 2kBM, 3IXSM, 2¢XSU 7 2 1/7
SCHR[41] 5-qubit2l i 27kBM, 1{kSM, 2{kSU 5 2 1/5
Liik[42] 6-qubit 2] i 27KBM, 2k SM, 21XSU 6 2 1/6
SCHR[43] 7-qubitZ] s 37KBM, 1{XSM, 3iXSU 7 3 3/14
SCHR[44] 7-qubitZ] 4 37KBM, 1IXSM, 3{kSU 7 3 3/14

AT 9-qubit L 2Y i A5 4XBM, 11XSM, 4IXSU 9 4 2/9
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Bidirectional controlled quantum teleportation by a genuine
entangled 9-qubit state

LONG YinXiang* & SHAO ZhongLiang

Department of Automation Engineering, Guangdong Technical College of Water Resources and Electric Engineering,
Guangzhou 510635, China

Since the first protocol of quantum teleportation based on an EPR pair was presented by Bennett et al. in 1993, it has
become a hot topic in quantum communication. It is known that entanglement plays a key role in quantum teleportation.
Various schemes of controlled quantum teleportation and bidirectional controlled quantum teleportation have been
developed by using all kinds of multi-parties entangled states as a quantum channel, e.g. GHZ states, W states, 5-qubit
cluster states, 6-qubit cluster states, 7-qubit cluster states, maximally entangled 5-qubit states, maximally entangled 6-
qubit states, genuine entangled 6-qubit states, genuine entangled 7-qubit states, genuine entangled 8-qubit states. In this
paper, a genuine entangled 9-qubit state is used as channel of quantum teleportation, and two schemes of bidirectional
controlled quantum teleportation are proposed. One scheme is that with the control of Charlie Alice can transmit an
arbitrary unknown qubit state to Bob and Bob can transmit an arbitrary unknown 3-qubit state to Alice in the same time.
Another scheme is that with the control of Charlie Alice and Bob can transmit an arbitrary unknown 2-qubit to each other
simultaneously. Compared with the existed schemes, our scheme can transmit more qubits of arbitrary state in total by an
entangled state, and the intrinsic efficiency of our scheme is maybe the best. Moreover, the genuine entangled 9-qubit
state used in our scheme can be produced through some simple quantum unitary gates.

bidirectional quantum teleportation, controlled quantum teleportation, genuine entangled 9-qubit state, genuine
multi-parties entanglement
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