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How can we extend these works to
inference?



Difficulty: Probabilistic Distribution on Curved Space

VAEs w/ Riemannian distribution [Ovinnikov2019; Mathieu+2019]
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- Only limited to the Gaussian w/ scalar variance
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- Needs rejection sampling

= Construct distribution by sampling for flexible density and sampling




Construction of Hyperbolic Wrapped Distribution

Lorentz model: H" = {z e R (z,2)r = —1} Parallel Transport
. . ofs oo . L. . u= PT,uO—>,u(V)
Defining probabilistic distribution on locally flat

tangent space and projecting its random variable
with the parallel transport and exponential map. / f

We can analytically get the log-density by
calculating volumetric change.




Construction of Hyperbolic Wrapped Distribution

Lorentz model: H" = {z e R (z,2)r = —1} Exponential Map

z = exp,(u)

Defining probabilistic distribution on locally flat
tangent space and projecting its random variable
with the parallel transport and exponential map.

We can analytically get the log-density by
calculating volumetric change.



Construction of Hyperbolic Wrapped Distribution

Lorentz model: H" = {z e R (z,2)r = —1}

H' = {z: (2,2)p = —Z5+20 = —1}
Defining probabilistic distribution on locally flat
tangent space and projecting its random variable
with the parallel transport and exponential map.

We can analytically get the log-density by %0 —
calculating volumetric change. t, . Ho = (1,0)// .



Properties of Hyperbolic Wrapped Distribution

Manifold

Tangent space

Density:  G(z;u, %) = ( )HN (r,0,%)

sinh r

Projection: g = CXpﬂ OPT”0_>”(V)

Riemannian distribution Wrapped distribution (Ours)

Construction Maximum entropy on the  Projecting r.v. defined on the
manifold tangent space

Sampling Rejection sampling Conventional sampling w/
deterministic transformation

Expressivity  Gaussian distribution Any distribution on the tangent
with scalar variance space (=~ R")




Numerical Evaluations

Va rlatlonal AUtoenCOder Erazinﬁlgt;ia;etpresentation of the (b) Normal VAE (8 = 1.0) (c) Hyperbolic VAE
Hyperbolic VAE could learn
not only the true hierarchical ooomﬁ?
structure but also noisy unseen A A T
data Without any eXpIiCit 0001011 0010011 0100101 1000101 .
knowledge for tree. ANVARVARNA
WO rd emb e ddlng Euclid Hyperbolic
n MAP Rank MAP Rank
Our model outperformed ?0 0.??6:&:.006 25'.709:|:.80 0.3061.017 20.5?:&1.34
. 0.778+.007 4.70+.05 0.795+.007 5.07+.12
EUCIIdean Counterpart for 20 0.894+.002 2.23+.03 0.897+.005 2.54+ .20
WordNet nouns dataset. 50 0.9421.00s 1.5l+.01 0975+001 1.19+01
100 0.953+.002 1.34+.02 0.978+.002 1.15+.01




Conclusion

Proposed a projection-based probabilistic distribution on
nyperbolic space which is easy to use with gradient-based

earning.

Constructed the wrapped normal distribution on Lorentz
model by projecting the random variable on locally flat tangent

space.

Numerically evaluated the performance of our model on
various datasets including MNIST, Atari 2600 Breakout, and

WordNet.
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