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Abstract It is known that card-based cryptographic protocols are able to compute any functions
securely. In contrast to the electronic solutions, it is non-trivial to construct the copy protocol,
which is an essential operation in the card-based protocols. Therefore, making the copy protocol
efficient leads to having efficient card-based protocols. Here, we can evaluate the efficiency with
the number of cards and shuffles. In this paper, we construct efficient copy and XOR protocols
using polarization plates. Other fundamental protocols we proposed are as efficient as state-of-
the-art protocols. Thus, we can construct various protocols efficiently.
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