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Variable Selection for the Peak Luminosity
M. Uemura, K.S. Kawabata, S. Ikeda, K. Maeda, PASJ, 2015, 67, 55

We discuss what is an appropriate set of explanatory variables to predict the absolute magnitude
at the maximum of Type Ia supernovae. We use cross-validation to control the generalization
error and a LASSO-type estimator to choose the set of variables. We studied the Berkeley
supernova data base with our approach. As a result, the best set of variables are the color and
light-curve width. Our approach does not support adding any spectroscopic variables.

1. LASSO 

2. Cross-validation 

3. Data & Model 

4. Result 

LASSO (Least Absolute Shrinkage and Selection Operator, [1] ) 
= A kind of sparse regression
 Selecting an appropriate set of variables by making the 

coefficient vector sparse. 

= A useful method for model selection
 Estimating an appropriate value of λ in LASSO

Step 1 : Dividing the data into training and validation data
Step 2 : Optimization of the model to the training data.
Step 3 : Calculating MSE from the model and validation data.

Classification of SNeIa via Visual Analytics
M. Uemura, K. Watanabe, H.-Y. Wu, S. Takahashi, I. Fujishiro, JPhCS, 2016, 699, 2009

The classification scheme of SNeIa is revisited. Recently, the data size has increased both in
the numbers of samples and variables, while it is hard to find a hidden structure in the high-
dimensional space. We used a visual analytics tool to find both a good set of variables and
samples at the same time. Using 14 variables and 132 samples from the Berkeley supernova
database, we found that SNeIa can be divided into two categories by the velocity of Si II 6355.

1. Classification of SNeIa 

2. Visual Analytics for asymmetric biclustering 

3. Data 

4. Result 

Data:
The peak magnitude of SNeIa from the 
Berkeley supernova database[2] 
(the same as those in [3])     78 samples

Variables:
color (c), light-curve width (x1), 
Total flux normalized spectra (ftot),
Continuum normalized spectra (fcnt), 
Previously proposed flux ratios[3,4,5]
 276 variables  Estimating 276 coefficients from 78 data points.

Model 2 (= c corrected MB) 
 Only the light-curve width, x1
 ftot(6373) in Model 1 is just 

due to its high correlation 
with c.

Model 3 
(= similar to Model2, but 
broadband-color corrected 
variables)
 Again, only x1

Model 1 (=MB and all variables)
 ftot(6373) = local color, 

independent of the broadband
color, c ?

Cross-validation curve 
for Model 1

Selected variables in Model 1 Selected variables in Model 4a

Model 4a, b 
(= variable selection for x1 with Si II 4000 (a), or S II ”W” (b))
 Si II 4000 and 5765 is selected. Consistent with past studies.

Model 5  (= c and x1 corrected MB)
 No variable is selected.

 Best model: color (c) and light-curve width (x1), 
without any spectroscopic variables.

Examples of classification:
• Based on lines (especially Si II 6355 EW v.s. 5972 EW) [6] 
 Normal, Cool, Broad line, shallow silicon groups 

• Based on the expansion velocity of Si II 6355 [7]
 High velocity group

Recently, we have more samples and more variables.
Which variables should be used for appropriate classification?

EWs of Si II 6355 and 5972.
The data from [2]

Asymmetric biclustering
= clustering the samples and variables at the same time.
(using K-means [8], probabilistic method [9])

Visual analytics tool (figure )
= interactively deleting the clusters of variables and samples, 

and finding the structure hidden in high-dimensional data.

Correlated variables 
are clustered.

Axes having large variances 
are not good for classification.

Axis clusters:
• Si II 6355 Velocity
• Si II 6355 EW, DEW, Depth, FWHM
• Si II 5972 EW, DEW, light-curve width
• Broadband color, uncorrected MB

 Indicating interstellar extinction and reddening 
 Deleted

• z, mB
 Indicating the distance to the object 
 Deleted

• Corrected MB
 the intrinsic peak luminosity
 Deleted

Initial state for 14 variables of 132 SNeIa 
samples in the parallel coordinate plot.

Data: 132 SNeIa samples from the Berkeley supernova 
database [2]

Variables: 14 variables: Si II 6355 EW, DEW, Velocity, Depth, 
FWHM, Si II 5972 EW, DEW, z, light-curve width (x1), 
broadband color (c), apparent magnitude (mB), 
absolute magnitude (MB), color-corrected MB, 
color & light-curve corrected MB
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