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Goal: bringing positive pairs closer and Xe 4 ]
O separating other samples (negatives). NSO
/) Representation space



If the embedding di:

(e

g., Gaussian), analysis becomes tractable.

Likelihood, entropy, mutual information, etc.
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Unlforml’ry and Gaussian projections a A
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Maxwell-Poincaré Lemmatl'!

®* High dimensional uniform points on

the sphere appear random.

l ® Projecting onto any fixed direction

s

yields Gaussian behavior.

[1] Diaconis & Freedman, 1987



‘ \ ‘ . _-.
-Gl . F LS
. - L

i 7o N eee
®* Alignme 4 ® | Encoder

S

(f IE(u,V)~n[u | v] = % 4—|
[ 4 @)
O 1 1A

m(w) = E[u] = E[V] DR /
/) ebelein, 1941; R’enyi, 1959 -
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[3] Wang & Isola, 2020
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i ibution.

m(p) = E[u] = E[v]
® U;, v; - normalized representations



§ Regularized approach

If alignment bound is attainable at

O

the uniform distribution: g
* It is the global minimizer! st esis i
::::l..... ....00::::
l ®* Regularization strength: Lt ve s o0
B=Bo= ad-m) QRBHH
—P0 T Ccd=1) doo

Reminder: /() = Linfonce T+ £ (regularizer)

In the asymptotic case, with infinite
dimensions, regularization vanishes.




Emplrlcql results
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Gaussianity tests in finite data and dimensions:

Metric Synthetic (Linear) | CIFAR-10 (ResNet-18)
o Laplace GMM | Binary E0 E50 E100 || Supervised Contrastive

CV 0.08  0.08 036  0.12 0.0 0.5 0.09
AD Avg. (< 0.752) || 038  0.39 1.64 041 042 3.3 0.43
AD Norm. Feat. 100% 100% | 30%  93% ¢ 6.2% 96.1%

DP Avg. (= 0.05) .49 0.46 0.02 0.44 ) 0.041 0.39
DP Norm. Feat. l{]ﬂ% l{}l]% 15% 9% 3.9% 04, 5‘?%
Gaussian? '

* AD - Anderson-Darling test
* DP — D’Agostino-Pearson testl!

[4] Anderson & Darling, 1954, [5] D‘'Agostino & Pearson 1973
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Gaussianity tests along training:

Not (zaussian

(Gaussian
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under different

.-

®* Classical mathe e representation spaces.
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