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i i ) __ Hash-based signatures are expected to have post-gquantum security, and
improving their efficiency has been a focal point in recent years. This study improves widely

recognized Winternitz one-time signature (0TS) and proposes novel schemes that are more efficient
than Winternitz OTS while preserving the provable security notion of the strongly existential
unforgeability. A crucial point is an introduction of constant-sum and zero-sum fingerprinting
functions that involve the check-sum mechanism of Winternitz OTS and contribute to prevent one valid
signature to be used maliciously to forge another signatures that pass the signature verification.
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