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Theorem 1:The sum of mutual information can be lower bounded by
I(?Lé,hé) + I(x,2) > —L + const (1)

where (E;, hg) is the mutual information between positive pair in contrastive learn-
ing, and I(«x, 2) is the mutual information between raw input and the encoded
representation in generative learning.

I(hi, ki) + I(x,2) > —L + const (2)

where [ (INL;, h},) is the mutual information between positive pair in contrastive learn-
ing, and I(x, 2) is the mutual information between raw input and the encoded

representation in generative learning.

Proof For simplicity of notation, we use term I(x,x2) to represent I (E;, hg) in the
following derivation. According to previous research [1], it is proved that expression
exp(f(x1,x2)) is proportional to p(";lilfz) Thus,
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For generative loss, minimizing the reconstruction loss is proved to be equivalent
to maximize a lower bound of the mutual information between the raw input « and



Wu et al.

encoded representation £ [2], which can be formalized as:
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= —I(z,2) + H(x) (11)

where H(x) is the constant entropy of x. Combining Equation (8) and Equa-
tion (11), we arrive at the main theorem.

I(hy, hy) + I(x,2) > —(Le + Lg) + log(|B]) + H(x) (12)
= —L + const (13)
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