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Abstract: We address the challenge of theoretically evaluating various perturbation-based privacy-preserving mecha-
nisms designed under different privacy notions. By analyzing the relationships among three classical privacy notions, name-
ly identifiability, differential privacy, and mutual-information privacy, in both centralized and local settings, we propose a
de-
=0 when the prior distribution is uniform),

complete privacy notion framework that establishes theoretical relations among them. Specifically, given a constant o
termined by the prior probability distribution of the real data (the constant o

min

the following theorems are formally proved in both central and local settings. First, the mechanism satisfying ¢-identifiabili-
ty must also satisty ¢,-differential privacy with ¢,=¢,— 0,

min*

Second, the mechanism satisfying ¢ -differential privacy must al-

so satisfy ¢-identifiability with ¢,=¢,+0,,,. Third, the mechanism satisfying ¢-identifiability must also satisfy ¢,-mutual-in-

min*

formation privacy with ¢, =2(¢;—o,,, ). Fourth, the mechanism satistying ¢,-mutual-information privacy does not guarantee

¢ ~differential privacy. Fifth, the mechanism satisfying ¢ -differential privacy must also satisfy ¢,-mutual-information priva-
cy with ¢, =2¢, Sixth, the mechanism satisfying ¢,-mutual-information privacy does not guarantee ¢,differential privacy.
The proposed framework systematically derives the theoretical relationships among identifiability, differential privacy, and
mutual-information privacy, enabling a more precise estimation of privacy budget bounds. Furthermore, the framework pro-
vides a theoretical foundation for achieving privacy preservation in data-driven applications such as crowdsensing systems,
location-based services, and large language models.
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