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Dataset (signal data and timeseries)
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Modelling the problem – discriminative 
approach
• !𝒛𝟏:𝑵 = 𝒂𝒓𝒈max

𝒛𝟏:𝑵
𝒑 𝒛𝟏, 𝒛𝟐, … , 𝒛𝑵 𝒙𝟎:𝑵

• Use a discriminative model, based on convolutions and recurrent 

units

• Model is trained to find sample of high likelihood, probability of 

state z at time t depends only on past data
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Convolutional recurrent neural networks
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Sequence-to-sequence models

$𝒛𝟏:𝑵 = 𝒂𝒓𝒈max
𝒛𝟏:𝑵

-
!

𝑷 𝒛! 𝒙𝟎:!
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Sequence-to-sequence models

$𝒛𝟏:𝑵 = 𝒂𝒓𝒈max
𝒛𝟏:𝑵

-
!

𝑷 𝒛! 𝒙𝟎:!

01/12/21 PLASMA CONFINEMENT MODE CLASSIFICATION USING A SEQUENCE-TO-SEQUENCE NEURAL NETWORK WITH ATTENTION 6

En
co
de

r

ℎ*$ ℎ*%

𝑥
𝑥# 𝑥+ 𝑥,

ℎ*&

𝑥- 𝑥.

ℎ*' ℎ*(

𝑡

ℎ*&

D
ec
od

er ℎ/$ ℎ/%

Low High𝑧
𝑦# 𝑦+ 𝑦,

Low
𝑡



Autoregressive decoder

$𝒛𝟏:𝑵 = 𝒂𝒓𝒈max
𝒛𝟏:𝑵

-
!

𝑷 𝒛! 𝒙𝟎:! , 𝒛0:!1#
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Attention mechanism

$𝒛𝟏:𝑵 = 𝒂𝒓𝒈max
𝒛𝟏:𝑵

-
!

𝑷 𝒛! 𝒙𝟎:! , 𝒛0:!1#
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Attention



Autoregressive decoder and beam search

𝑷(𝑳|𝒙𝟎:𝟏)

𝑷(𝑯|𝒙𝟎:𝟏)

𝑷(𝑳|𝒙𝟎:𝟐, 𝑳)

𝑷(𝑯|𝒙𝟎:𝟐, 𝑳)

𝑷(𝑳|𝒙𝟎:𝟐, 𝑯)

𝑷(𝑯|𝒙𝟎:𝟐, 𝑯)

Decoding timesteps

1 2

𝑷 𝑳𝑳 = 𝑷(𝑳|𝒙𝟎:𝟏)𝑷(𝑳|𝒙𝟎:𝟐, 𝑳)

𝑷 𝑳𝑯 = 𝑷(𝑳|𝒙𝟎:𝟏)𝑷(𝑯|𝒙𝟎:𝟐, 𝑳)

𝑷 𝑯𝑳 = 𝑷(𝑯|𝒙𝟎:𝟏)𝑷(𝑳|𝒙𝟎:𝟐, 𝑯)

𝑷 𝑯𝑯 = 𝑷(𝑯|𝒙𝟎:𝟏)𝑷(𝑯|𝒙𝟎:𝟐, 𝑯)
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$𝒛𝟏:𝑵 = 𝒂𝒓𝒈max
𝒛𝟏:𝑵

log -
!

𝑷 𝒛! 𝒙𝟎:! , 𝒛0:!1#

= 𝒂𝒓𝒈max
𝒛𝟏:𝑵

=
!

log 𝑷 𝒛! 𝒙𝟎:! , 𝒛0:!1#

𝑧0 = {′𝐿𝑜𝑤′}

𝑷(𝑳𝟏, 𝑯𝟐, ) = log 𝑷(𝑳𝟏| 𝑿) + log 𝑷 𝑯𝟐 𝑿, 𝑳𝟏
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Results
Score

L D H Mean

𝑘
Train 0.99 0.99 0.99 0.99

Test 0.94 0.86 0.96 0.94 
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Sample results- #32911
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Sample results- #62744
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Sample results- #62744
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Conclusions and next steps

• Developed a sequence to sequence model to detect plasma 

confinement modes

• Generative unsupervised models (variational auto-encoders)?
• Study latent variables that might explain the variance in the data
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