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Main Contributions

•  We proposed a learnable data-normalization method for 
multivariate time-series

•  This method takes into account the tensor nature of multivariate 
time-series

•  Outperform other normalization schemes in stock movement 
prediction



Bilinear Normalization (BiN)

•  Designed for multivariate time-series, which are tensors (2D 
matrices)

•  Normalize multivariate time-series along both the temporal and 
spatial/channel/feature modes. 

temporal mode

spatial
mode

Multivariate time-series



superscript (i) denotes the i-th series in training set 

subscript 2 denotes the slices in temporal mode

(t) denotes the index of the slice 

mean of the slices in temporal mode

std of the slices in temporal mode

Z-score normalization step

 scale and shift with         and  

Temporal Mode Normalization



superscript (i) denotes the i-th series in training set 

subscript 1 denotes the slices in spatial/channel mode

(d) denotes the index of the slice 

mean of the slices in temporal mode

std of the slices in temporal mode

Z-score normalization step

 scale and shift with         and  

Spatial Mode Normalization
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•  Problem: stock movement prediction

•  Horizon corresponds to different time in 
the future (H=10, 20, 50)

•  F1 as the main performance measure 
(imbalanced dataset) 



Thank You for listening!
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