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Generative Model

T
p(X,Z,8S) = Hpew (xt|Z<t,St)po. (z¢|Z<t,St)po, (St)

t=1

Generative Model Inference Model



Generative Model

Heterogeneous Likelihood

p(Xt‘thyst) — H p(xtd‘zgtast) H p(xtd‘zgtast)
de Oy de My
Observations Missing

K XtdER \
@ X+qd € R+

Xtd - [O, 1]

K X:q € e.g.|—1,0, 1], [negative, neutral, negative]

HIVAE (Alfredo Nazabal et al. 2018)
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Generative Model

Temporal Dependency encoded in Z: o » @k
plarlzcr,se) = Nzl 1, Do)

Where [Ho,tv EO,t] — Wgrior(ht—last)

Temporality is encapsulated in h:—1 : RNN Hidden State

h, | = fT(Yt—la ht—2)7

Where Yt—1 = %Zu(zt—l)

VRNN (J Chung et al 2015)
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Generative Model

Time-independent Discrete Latent St

p(s;) = Categorical(s|m),

Where m = T with L being the number of components

GMVAE (Dilokthanakul et al. 2016)
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Generative Model

Heterogeneous Decoder

(p(wralz<i s1) = plrialry)

2.d
p(zealyy) = N (US4, 057%),

where [Mzczzl,ta Oi:?] — Spc(ie,ccl (th St ht—l)
2,d
() plaah) =logN (029,
where [:ugci,ta 0-3::?] — Sagefi (yta St ht—l)

p(zealyy) = Be(p ),
where p? , = o (005 (e, s, hy—1)),

dec

log p(x¢q = Ch’f) — S%,d('.Yta ¢, hy—1)le

@0
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Inference Model

Variational Inference

q¢(X%nT7Z§Tvs§T‘X%T) — H Ao, (Zt|Z<t,St,X7)

t=1

4o (St ‘Xga Z<t)

Qj p(X?|Z§tvst)°
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Inference Model

Variational Family on Z7 9
Q. (2t|2<t,86,%7) = N (.4, Bz t), Q)
where [p, ;, 3 1] = 0 (95 (Xe), he—1,8¢). =

X+ denotes a D-dimensional vector with missing entries filled with zeros.

Variational Family on St

qs, (St|X7,Z2<¢) = Categorical(w (¢ (x¢, hi—1))),
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Inference Model

ELBO

p(X,Z,S)

dZdSdX™
q(X2, X™,Z,8S)

log p(X?) > /Q(XO, X", 7Z,8S)log

{

T
log p(X°) > Z [ | log p(x¢|z<¢,st)]

q(st |Xt 2 ts)
q(z¢|x$,Z2<¢,5¢)

Reconstruction

— E |BKL(q(zt|z<¢,x7,s¢)||p(zt|Z2<t,5t))| — BKL(q(st|x¢, z2<t,)||p(st)) ]

q(st|xy,z<t)

Regularization
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GP-VAE

SOTA Model: GP-VAE

(a) Architecture sketch (b) Graphical model

Complexity! O(T°)

GP-VAE (Fortuin et al. 2016)
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Error Metrics

VI/Nad 2, (@l — 25)?
max(Xy) — min(Xy)

Continuous Data err(d) =

Discrete Data err > > I(zyy # T7g)

Error =1/D Z err(d)
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Cross Correlation D

X4 true d-portion from dataset

X4 imputed d-portion from dataset
Ng # missing entries at D

w true value of missing burst
w imputed value of missing burst

>, o(w,w)

w,WweXy

Ny

¢(d) =

Cross. Corr =1/D Z o(d)
d
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Missing bursts generation
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Dataset Dimension Dataset D Dimension z Dimension s

Synthetic 4 2 3
Physionet 35 35 10
Human Monitoring 7 D 3
Synthetic Dataset
1000 samples from HMM @

10 artificial masks: 10%, 30%, 50% missing rates
T=100
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Dataset Dimension Dataset D Dimension z Dimension s

Synthetic 4
Physionet 35
Human Monitoring 7

2 3
395 10
D 3

Physionet
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Human Monitoring Database (eb2)

General Missing Pattern
04/01/2019

14/04/2019
& 23/07/2019

present

© gap
0O 31/10/2019
08/02/2020
0 20 AN AN QN 1NN 12N 114N 160 miss
Variable Type Missing Percentage [%]
Distance Positive 42
Steps Home  Binary 66
Steps Total Positive 22
App Usage Positive 38
Sport Binary 62
Sleep Positive 31
Vehicle Positive 44
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Synthetic Dataset

—}— Shi-VAE
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Physionet

Model Avg. Error Cross. Corr

Shi-VAE  0.064 = 0.003 38.061  5.000
GP-VAE 0.060 = 0.002 31414 = 1.016
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Human Monitoring Database

Variable Model Error Cross Correlation
Average Shi-VAE  0.200 = 0.038 0.369+ 0.140
GP-VAE  0.184 £+ 0.022 0.157 £ 0.031
Distance Shi-VAE 0.201 £ 0.012 0.783 + 0.249
GP-VAE  0.205 £ 0.014 0.389 £ 0.092
Steps home  Shi-VAE  0.170 £ 0.054 0.010 + 0.009
GP-VAE 0.151 £ 0.016 0.011 £ 0.009
Steps total Shi-VAE  0.269 + 0.046 0.444 + 0.181
GP-VAE  0.268 + 0.044 0.205 £ 0.038
App usage Shi-VAE  0.113 £+ 0.014 0.088 + 0.045
GP-VAE 0.115 £ 0.013 0.039 + 0.008
Sport Shi-VAE  0.216 £ 0.086 0.013 £+ 0.005
GP-VAE  0.121 + 0.030 0.009 £ 0.004
Sleep Shi-VAE  0.063 £+ 0.010 0.034 + 0.016
GP-VAE  0.059 + 0.010 0.013 £ 0.003
Vehicle Shi-VAE  0.372 £ 0.043 1.215 £ 0.477
GP-VAE  0.370 + 0.028 0.436 + 0.064
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Physionet
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Physionet Observatlons Missing

True Signal : I
- Shl—VAE 6 6
—— GP-VAE 4 I 4 III r
NIMAP -real ., III III I L. lll m I'rlll'
RMSE 4, 24 RMSE: 3.68
Cross.Corr: 113.18 Cross.Corr: 127.52
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Cross.Corr: 38.86 Cross.Corr: 43.50
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Physionet

Human Monitoring
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e Correlation in temporal scenarios is important!

e Standard error metrics can be not conclusive enough.

e 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
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https://github.com/dbarrejon/Shi-VAE

Questions? Thank you!
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