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1 Main problem

Temporal

MissingHeterogeneous 
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1 Main problem

Problems in this setup

• Heterogeneous Likelihoods: Penalization 
• Sequential Data 
• Missing Data 
• Noisy Data Mmm…
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2 Shi-VAE

Real Pos Bin
<latexit sha1_base64="sxh92ZC0SU/aD0/63ojvAqjiJJI="></latexit>

Discrete Latent Space s

<latexit sha1_base64="gGuGQgfBWqU7+B4kb+2OI8k2MTI="></latexit>

✓
<latexit sha1_base64="ZDS2dD1oPjnPXE/6IyWyp3SKh+0="></latexit>

�

<latexit sha1_base64="tLfYOSHko6PumFFpkhXiCZxrI3w="></latexit>

M <latexit sha1_base64="87cPvubE9XPRlE4qD8tfpZvpEWo="></latexit>

ˆ
Data Imputed Data

<latexit sha1_base64="wRIecWa7kZm4ISWujDkPuxorLvI="></latexit>

Continuous Latent Space z



<latexit sha1_base64="7rqRBdNnqZhFon8xw517/1Exjyk="></latexit>

p(X,Z,S) =
TY

t=1

p✓x(xt|zt, st)p✓z (zt|z<t, st)p✓s(st)
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2 Shi-VAE: Generative Model

Generative Model Inference Model
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<latexit sha1_base64="kUmP1dgjuyw7l2imyaao8CZJ4l0="></latexit>

p(xt|zt, st) =
Y

d2Ot

p(xtd|zt, st)
Y

d2Mt

p(xtd|zt, st)

Observations Missing

Heterogeneous Likelihood

<latexit sha1_base64="0pcsP7zRNBpoN+joOxu9REgudAg="></latexit>xt

Real

Pos

Bin

Cat

<latexit sha1_base64="yImvMVSco3alkgKBcFHW8WRzM+o="></latexit>

xtd 2 R
<latexit sha1_base64="YpZIH0hVIJxyOXtaM5f/pVQQ5gE="></latexit>

xtd 2 R+

<latexit sha1_base64="GFc8eehMzvLfOzySihDkHfi/Fdw="></latexit>

xtd 2 [0, 1]

<latexit sha1_base64="UGA2hGdPC9TPN8p04R4OxfRiNfw="></latexit>

xtd 2 e.g. [�1, 0, 1], [negative, neutral, negative]

2 Shi-VAE: Generative Model

HIVAE (Alfredo Nazabal et al. 2018)



10

<latexit sha1_base64="+Gpn30IowVkpbCGB0GJbLStJMv8="></latexit>

p(zt|z<t, st) = N (zt|µ0,t,⌃0,t)

<latexit sha1_base64="xsP1UozYnSdo8CIV3yqSNlvljp0="></latexit>

ht�1 = f⌧ (yt�1,ht�2),

<latexit sha1_base64="dv0c9QIp62Pgikcd0YeTUJXignc="></latexit>

yt�1 = 'z
!(zt�1)

Temporality is encapsulated in  : RNN Hidden State
<latexit sha1_base64="j0nwPuH3i1sIWdUY5d0fMUTY1Bs="></latexit>

ht�1

Temporal Dependency encoded in <latexit sha1_base64="NtbH15idarQ9+kS6r6eljBczsX0="></latexit>zt

<latexit sha1_base64="u3rxArwpTBnL7DxAEjnADc+KxrA="></latexit>

[µ0,t,⌃0,t] = 'prior
! (ht�1, st)Where

Where

2 Shi-VAE: Generative Model

VRNN (J Chung et al 2015)
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<latexit sha1_base64="ZJkXirkXabWaCMjcX+GjgZcwLqM="></latexit>

p(st) = Categorical(st|⇡),

Time-independent Discrete Latent <latexit sha1_base64="VEJWQAoEIz/87x2WjobTWZwJwHo="></latexit>st

<latexit sha1_base64="HYNetw6PLOFNQ8rZIITEiOzKWUg="></latexit>

⇡k =
1

L
Where  

<latexit sha1_base64="61Dphe0NQ6KozYqTxpvDCb6VR7U="></latexit>

L, with  being the number of components

GMVAE (Dilokthanakul et al. 2016)

2 Shi-VAE: Generative Model
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Heterogeneous Decoder

<latexit sha1_base64="0wofKCdNh6UE+4lVvGz/MqX4h38="></latexit>

p(xtd|�d
t ) = N (µd

x,t,�
2,d
x,t ),

where [µd
x,t,�

2,d
x,t ] = 'dec

!,d(yt, st,ht�1)

<latexit sha1_base64="E+ygNWSVyuuaMFs1QOMvBJszknw="></latexit>

p(xtd|�d
t ) = logN (µd

x,t,�
2,d
x,t ),

where [µd
x,t,�

2,d
x,t ] = 'dec

!,d(yt, st,ht�1)

<latexit sha1_base64="rnwVMGtB7WgdMLtvvAhfV817dwk="></latexit>

p(xtd|�d
t ) = Be(pdx,t),

where pdx,t = �
�
'dec
!,d(yt, st,ht�1)

�
,

<latexit sha1_base64="cUPKLxbCchZgHpNWcQV2lNm5KQI="></latexit>

log p(xtd = c|�d
t ) = 'dec

!,d(yt, st,ht�1)|c

<latexit sha1_base64="mb7XNKtY/uVJz2LCa4kvMhRvYTk="></latexit>

p(xtd|zt, st) = p(xtd|�d
t )

Real

Pos

Bin

Cat

2 Shi-VAE: Generative Model
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2 Shi-VAE

<latexit sha1_base64="ZTEGv+dp/HK7259kqgshf5VBcFM="></latexit>

q�(x
m
T , zT , sT |xo

T ) =
YT

t=1
q�z (zt|z<t, st,x

o
t )

q�s(st|xo
t , z<t)

p(xm
t |zt, st).

Variational Inference

2 Shi-VAE: Inference Model
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<latexit sha1_base64="Jkz3qOo+mVd0zowGdF+YOF1SX3o="></latexit>

q�z (zt|z<t, st,x
o
t ) = N (µz,t,⌃z,t),

where [µz,t,⌃z,t] = 'enc
! ('x

!(x̃t),ht�1, st).

<latexit sha1_base64="OMLr1NB2QYQ7p+YhNx+U8RZ8igk="></latexit>

q�s(st|xo
t , z<t) = Categorical(⇡('s

!(x̃t,ht�1))),

Variational Family on <latexit sha1_base64="q0mDXeogiAp7tAcROj0DBAdzXrw="></latexit>zT

 denotes a D-dimensional vector with missing entries filled with zeros. 
<latexit sha1_base64="xYvhCwtQaecyZQczMZgWGUQ8Kq4=">AAAF5nicnZTdbtMwFMe9scIoXxtccmPRTRoSmtpqAm5AkxgSUkEqsG5d61I5jtNadT4auyOt8StwB1yyh+EleBucNiKtW1QJS4mOz+//9zmyZTsRZ0KWy783Nq9tFa7f2L5ZvHX7zt17O7v3z0Q4igltkJCHcdPBgnIW0IZkktNmFFPsO5yeO4NXKT+/pLFgYXAqxxHt+LgXMI8RLE0KIcm4SxVKdFd2d0rlw/J0wOWgkgUlkI </latexit>

x̃t

Variational Family on <latexit sha1_base64="VEJWQAoEIz/87x2WjobTWZwJwHo="></latexit>st

2 Shi-VAE: Inference Model
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ELBO
<latexit sha1_base64="EMcRN6hD19p/ApOfKHMEz7IVzCY="></latexit>

log p(Xo) �
Z

q(Xo,Xm,Z,S) log
p(X,Z,S)

q(Xo,Xm,Z,S)
dZdSdXm

2 Shi-VAE: Inference Model
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SOTA Model: GP-VAE

GP-VAE (Fortuin et al. 2016)

2 Shi-VAE: GP-VAE

<latexit sha1_base64="phVWaUkc/nTBOj8LCjjmAUGhwXs="></latexit>

O(T 3)Complexity!
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3 Evaluation Metrics

Error Metrics

Continuous Data
<latexit sha1_base64="Ooc9wyJLbqAQ+g1zBP/4Vg5PmFA="></latexit>

err(d) =

p
1/Nd

P
n

P
t(x

n
td � x̂n

td)
2

max(Xd)�min(Xd)

Discrete Data 
<latexit sha1_base64="Y1eZC7JNbsz8a0ApRFdsz6biHGE="></latexit>

err(d) =
1

Nd

X

n

X

t

I(xn
td 6= x̂n

td)

<latexit sha1_base64="Qjp2dcgPcmwYuZJNDQATMj0U01Y="></latexit>

Error = 1/D
X

d

err(d)
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3 Evaluation Metrics

Cross Correlation

<latexit sha1_base64="PWH0hJDp/eeZIgRVlWNJN9kbmUU="></latexit>

c(w, ŵ) = max[(w � µw) ? (ŵ � µŵ)]

 true value of missing burst<latexit sha1_base64="X0mf5JPmRXKNaGEOW4mAQ9RPXJ4="></latexit>w

 imputed value of missing burst
<latexit sha1_base64="EnnOwuih5L0oXZfd6BkV6nCaE1I="></latexit>

ŵ

<latexit sha1_base64="lYx0LBKzuCY0UMrTvkrU2KtpFxM="></latexit>

D

 true d-portion from dataset 
 imputed d-portion from dataset 
 # missing entries at D

<latexit sha1_base64="KUeD5bQsrPaNMEIngCNOo4IRutI="></latexit>

Xd
<latexit sha1_base64="VGn4oAKqN2pcv8WJ6OLU0oauKi0="></latexit>

X̂d
<latexit sha1_base64="kqvgS6A+xjDba7km5zkvZZnrcjg="></latexit>

Nd

<latexit sha1_base64="2XXi6UhcuuwsCBBOi3Ly8JwYIzY="></latexit>

�(d) =

P
w,ŵ2Xd

c(w, ŵ)

Nd

<latexit sha1_base64="3GvlNDcazLvWWG4IDvdVExWrKBo="></latexit>

Cross. Corr = 1/D
X

d

�(d)



19

3 Evaluation Metrics

Missing bursts generation
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4 Datasets

Synthetic Dataset

1000 samples from HMM Real Pos Bin Cat

10 artificial masks: 10%, 30%, 50% missing rates 
T=100
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4 Datasets

Physionet

D=35 
T=48 (2 days at ICU) 
10% of artificial missing
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4 Datasets

Human Monitoring Database (eb2)
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5 Results

Synthetic Dataset
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5 Results

Synthetic Dataset
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5 Results

Physionet
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5 Results

Human Monitoring Database
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5 Results

Physionet
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5 Results

Physionet
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5 Results

Physionet and Human Monitoring
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Take Home Message

• Correlation in temporal scenarios is important! 

• Standard error metrics can be not conclusive enough. 

• The Shi-VAE model is able to capture hidden correlation within heterogeneous 
streams of data.
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Code: https://github.com/dbarrejon/Shi-VAE

Code

https://github.com/dbarrejon/Shi-VAE
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Questions? Thank you! 


