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>> Existing Problems

Information-theoretic generalization bound for SGLD [1]:

|gen(W,S)| £ |IEW,S[L(W) — LS(W)]| Generalization Error —5—

MNIST
2 . 102+ [ S —
< 2RZI(W; S) Not computable o
n 101-5/
10%x ~ 103x _
2RZYT_ [(W,; Be|W;_1) Gap
< t=1 e Not computable N —
- n 107
l . . .
2y 2V, O 20 40 60 80 100
R= ) 5F h
\/ 1ot Computable Upper Bound =poc
N n

[1] Hao Wang, et al. Analyzing the generalization capability of SGLD using properties of gaussian channels. NeurlIPS, 2021.



>> Kernelized Rényi’s Entropy

Shannon’s entropy is not computable for high-dimensional random variables:

— Shannon’s Entropy

HX) = — jxp@c) log p(x) dx

Recently, matrix-based Rény1’s entropy enables direct estimation of entropy from data [2].

Take the infinite-sample case, we now have kernelized Rény1’s entropy of order a — 1:

— Kernelized Rényi’s Entropy

5,00 = =€y || () logp(r) @2 (e x) dx

[2] Giraldo et al. Measures of entropy from data using infinitely divisible kernels. IEEE Transactions on Information Theory. 2014.



>> Kernelized Rényi’s Entropy

Essential properties of Shannon’s entropy are inherited by our definition:
« L(X;Y)=D(Pxy Il Py ® Py) = 0.

* LXGY)=5) +5X) -5 (Y).

s LXYNZ2) =LY, Z2) - L(X;Z2) =L(X,Z;Y) — I, (Z; Y).

» Given Markov chain relationship X — Y — Z, we have min(11 X;Y), 1,(Y; Z)) >1,(X;Z).

— Theorem 1

Let {x;}%, be i.i.d data points sampled from X, and let K € R™*™ be the kernel matrix constructed

by K;; = —¢(x;x;). Then with confidence 1 — &,
9Cy /2 log %
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Where S;(X) = —Cy tr(KlogK).




2> Our Contributions

Introduce kernelized Rény1’s mutual information: [ < I;
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Thank You !

MLA 2023
For questions, please write to dongyuxin@stu.xjtu.edu.cn.
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