
    
      Fig. 3 
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        Relative temperature deviations of the template stars between the MAP estimates and the literature values sorted by their spectral type. Different colours and symbols indicate the results of the three different cINNs. The pink area indicates the uncertainty of the literature temperature value. We only present template stars whose literature temperature value is within the network training range.

      

    

  
    
      Table 4 

      Average absolute relative error between cINN predictions and literature values for the template stars.

      
        


	
	Average relative error [%]
	Average relative error [σ]



	
	

	




	Network
	Teff
	log(ɡ)
	AV
	Teff
	log(ɡ)
	AV





	Setti
	3.28
	5.5
	–
	1.08
	0.809
	2.78



	NextGen
	4.49
	10.2
	–
	1.12
	1.38
	4.95



	Dusty
	2.58
	9.13
	–
	0.601
	1
	3.87





      

      
Notes. We calculated the errors by dividing the absolute difference between the MAP estimate and the literature value either by literature values (i.e. errors in percent units) or by the 1σ uncertainty of the literature value (i.e. errors in 1σ units). In the case of the effective temperature, the lσ uncertainty corresponds to the temperature interval of one subclass. For each network and parameter, we only used template stars whose literature values are within the training range of the network to calculate the errors.




    

  
    
      Fig. 5 
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        Resimulation results for the class III star SO797. The columns show the results for the three different spectral libraries Settl, NextGen, and Dusty. Top: comparison of the resimulated spectrum. The blue spectrum indicates the resimulation derived from the literature stellar parameters from Table 1. The red spectrum shows the corresponding resimulation based on the cINN MAP prediction. The respective input parameters for the resimulation are summarised in the table in the bottom right corner. The relative residuals (Iresim – Iin)/Iin of the resimulated spectra compared to the input spectrum are shown in the bottom panels.

      

    

  
    
      Fig. 7 
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        Average error for the resimulation spectra for the class III template stars. Top: histograms of the RMSEs for the resimulation on the class III template spectra for the three different spectral libraries. Bottom: histograms of the corresponding R2 scores for the resimulated spectra.

      

    

  
    
      Fig. 10 
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        Feature importance evaluation for K-type synthetic models (left) and for G-type synthetic models (right) in the test set using Settl-Net. The panels in the first row show the median flux of K-type and G-type class III template stars, respectively. Lines and shades are the same as Fig. 9.

      

    

  
    
      Table 5 

      Tracers whose feature importance values are higher than the fiducial value of median plus one standard deviation are indicated, meaning that marked tracers are significantly important features for determining each stellar parameter.

      
        


	
	
	M-type
	K-type
	G-type



	
	
	

	

	




	Tracers
	Used in observations for
	Teff
	log(ɡ)
	AV
	Teff
	log(ɡ)
	AV
	Teff
	log(ɡ)
	AV





	Na I doublet 5890, 5896 Å
	Teff, log(ɡ)
	–
	–
	–
	✓
	✓
	✓
	✓
	✓
	✓



	TiO 6080–6390, 7053–7270 Å
	Teff (M- and late K-type)
	–
	–
	–
	–
	–
	–
	–
	–
	–



	Ca I 6122, 6162, 6439 Å
	log(ɡ)
	–
	–
	–
	–
	–
	–
	–
	–
	–



	Ba II, Fe I, and Ca I blend 6497 Å
	Teff, log(ɡ)
	–
	–
	–
	✓
	–
	✓
	✓
	–
	✓



	Ha 6563 Å
	Teff (early type)
	–
	–
	✓
	✓
	✓
	✓
	✓
	✓
	✓



	CaH 6750–7050 Å
	Teff (M-type), log(ɡ)
	–
	–
	–
	–
	–
	–
	–
	–
	–



	VO 7550–7570, 7920–8000 Å
	Teff (M-type)
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	–
	✓



	K I doublet 7665, 7699 Å
	Teff, log(ɡ)
	✓
	✓
	✓
	–
	–
	–
	–
	–
	–



	R1 8015–8130 Å
	Teff (M-type)
	✓
	✓
	✓
	–
	–
	–
	✓
	✓
	–



	Na I doublet 8183, 8195 Å
	Teff (M-type), log(ɡ)
	✓
	✓
	✓
	✓
	✓
	–
	–
	✓
	✓



	hydrogen Paschen series
	AV
	–
	–
	–
	✓
	✓
	✓
	✓
	✓
	✓



	Ca II IR triplet 8498, 8542, 8662 Å
	Teff (early type)
	✓
	✓
	–
	✓
	✓
	–
	✓
	✓
	✓



	Mg I 8807 Å
	Teff
	–
	–
	–
	–
	✓
	–
	–
	✓
	–





      

      
Notes. For tracers with multiple lines (e.g. doublets) or molecular bands, we averaged the feature importance values. The results are based on the feature importance evaluation of Settl-Net (Figs. 9 and 10).




    

  
    
      Fig. 11 
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        Probability distributions of transformed conditions of the training data (blue) and template stars (black) for three networks. The gap between the blue and black lines indicates the gap between the Phoenix model and the template spectrum. The R2 value between the blue and black line and the number of template stars used is presented in the upper left corner of each panel.

      

    

  
    
      Fig. 12 
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        Probability distributions of transformed conditions of the training data and template stars. Each column represents three networks (Settl-Net, NextGen-Net, and Dusty-Net), and each row represents the group of template stars depending on their temperature [image: equation]. The colour codes are the same as in Fig. 11.

      

    

  
    
      Fig. A.1 
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        2D histograms comparing the MAP values estimated by Settl-Net and the true values for the entire test models of the Settl database. The colours indicate the number of models at each point in the 2D histograms. In the lower right corner, we present the RMSE and the number of test models (Ntest).

      

    

  
    
      Fig. A.2 
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        Resimulation results of NextGen-Net for the entire synthetic spectra in the test set. Left: Median relative error across the wavelength range of the resimulated spectra based on the MAP predictions of the cINN trained on the NextGen models averaged over the 13,107 synthetic spectra in the test set. The grey envelope indicates the interquantile range between the 25% and 75% quantiles. Right: Histogram of the RMSEs of the 13,107 resimulated spectra. The mean resimulation RMSE across the test set is 2.28 ± 2.48 × 10−7.

      

    

  
    
      Fig. A.3 
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        Resimulation results of Dusty-Net for the entire synthetic spectra in the test set. Left: Median relative error across the wavelength range of the resimulated spectra based on the MAP predictions of the cINN trained on the Dusty models averaged over the 13,107 synthetic spectra in the test set. Here the grey envelope indicates the interquantile range between the 25% and 75% quantiles. Right: Histogram of the RMSEs of the 13,107 resimulated spectra. The mean resimulation RMSE across the test set is 9.01 ± 7.34 × 10−8.

      

    

  
    
      Fig. A.4 
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        Resimulation results for the class III star RXJ0445.8+1556. Same as Fig. 5.

      

    

  
    
      Table A.1 

      Summary of the resimulation test for the literature values and cINN MAP predictions for the three different spectral libraries, listing the RMSEs and R2 scores of the resimulated spectra.

      
        


	
	Resimulation RMSE (×10−5) /R2 Score



	
	




	
	Settl
	NextGen
	Dusty



	
	

	

	




	Object Name
	Literature
	cINN
	Comment
	Literature
	cINN
	Comment
	Literature
	cINN
	Comment





	RXJ0445.8+1556
	2.15/0.88
	0.61 /0.99
	–
	2.18/0.88
	0.77 /0.98
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1508.6−4423
	0.95/0.98
	0.93 /0.98
	–
	1.08/0.98
	1.05 /0.98
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1526.0−4501
	1.14/0.97
	0.66 /0.99
	–
	1.20 /0.96
	0.77 /0.98
	–
	–/–
	–/–
	Teff > 4000 K



	HBC407
	1.00 / 0.97
	0.68 /0.99
	–
	1.16 /0.96
	0.91 /0.97
	–
	–/–
	–/–
	Teff > 4000 K



	PZ99J160843.4−260216
	1.08 /0.96
	0.82 /0.98
	–
	1.19 /0.95
	0.93 /0.97
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1515.8−3331
	1.28/0.94
	0.85 /0.97
	–
	1.41 /0.92
	0.92 /0.97
	–
	–/–
	–/–
	Teff > 4000 K



	PZ99J160550.5−253313
	1.50 /0.90
	0.73 /0.98
	–
	1.64 /0.88
	0.93 /0.96
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ0457.5+2014
	1.98 /0.78
	1.23 /0.92
	–
	2.07 /0.76
	1.25 /0.91
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ0438.6+1546
	2.09 /0.70
	0.89 /0.95
	–
	2.19 /0.67
	1.02/0.93
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1547.7−4018
	0.90 /0.97
	0.95 /0.96
	–
	1.08 /0.95
	1.11 /0.95
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1538.6−3916
	1.05 /0.93
	0.92 /0.94
	–
	1.24 /0.90
	1.20/0.91
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1540.7−3756
	1.42 /0.56
	1.61 /0.44
	–
	1.56 /0.48
	1.54 /0.49
	–
	–/–
	–/–
	Teff > 4000 K



	RXJ1543 1−3920
	1.48 /0.42
	1.63 /0.30
	–
	1.72 /0.22
	1.48 /0.42
	–
	–/–
	–/–
	Teff > 4000 K



	SO879
	2.66 /0.53
	2.44 /0.61
	–
	3.02 /0.39
	2.18 /0.68
	–
	–/–
	2.08 /0.71
	–



	Tyc7760283 1
	2.56 /0.73
	1.88 /0.85
	–
	1.99 /0.84
	1.95 /0.84
	–
	1.93/0.85
	1.89 /0.85
	5 < log(ɡ) < 5.5



	TWA14
	3.04 /0.83
	–/–
	log(ɡ) > 5
	3.28 /0.80
	2.74 /0.86
	–
	2.96/0.84
	3.07 /0.82
	5 < log(ɡ) < 5.5



	RXJ1121.3−3447 app2
	2.19 /0.93
	1.88 /0.95
	–
	2.45 /0.91
	2.15 /0.93
	–
	1.86 /0.95
	1.80 /0.95
	5 < log(ɡ) < 5.5



	RXJ1121.3−3447 app1
	2.69 /0.92
	2.84 /0.91
	–
	3.60 /0.85
	2.44 /0.93
	–
	2.87 /0.91
	2.42 /0.93
	5 < log(ɡ) < 5.5



	CD 29 8887A
	2.55 /0.95
	1.91 /0.97
	–
	2.57 /0.95
	2.48 /0.95
	–
	1.92 /0.97
	1.85 /0.97
	5 < log(ɡ) < 5.5



	CD 36 7429B
	2.70 /0.97
	2.30 /0.98
	–
	4.90 /0.91
	2.57 /0.97
	–
	3.26 /0.96
	2.26 /0.98
	–



	TWA15 app2
	2.98 /0.96
	3.04 /0.96
	–
	4.04 /0.92
	2.59 /0.97
	–
	2.93 /0.96
	2.57 /0.97
	5 < log(ɡ) < 5.5



	TWA7
	3.45 /0.95
	3.62 /0.94
	–
	4.53 /0.91
	2.66 /0.97
	–
	3.36 /0.95
	2.76 /0.97
	–



	TWA15 app1
	3.95 /0.93
	–/–
	log(ɡ) > 5
	3.26 /0.95
	2.95 /0.96
	–
	3.01 /0.96
	2.96 /0.96
	5 < log(ɡ) < 5.5



	SO797
	3.77 /0.97
	2.70 /0.98
	–
	6.35 /0.92
	2.47 /0.99
	–
	4.63 /0.96
	2.27 /0.99
	–



	SO641
	3.83 /0.97
	3.15 /0.98
	–
	6.37 /0.92
	2.62 /0.99
	–
	4.76 /0.96
	2.63 /0.99
	–



	Par Lup3 2
	3.68 /0.97
	3.03 /0.98
	–
	4.74 /0.95
	2.86 /0.98
	–
	3.31 /0.98
	2.76 /0.98
	–



	SO925
	4.55 /0.97
	4.42 /0.97
	–
	7.28 /0.91
	3.06 /0.98
	–
	5.91 /0.94
	3.17 /0.98
	–



	SO999
	4.20 /0.97
	3.90 /0.97
	–
	6.27 /0.93
	2.99 /0.98
	–
	5.00 /0.96
	3.10/0.98
	–



	Sz107
	4.44 /0.97
	4.85 /0.96
	–
	6.58 /0.93
	2.83 /0.99
	–
	5.32 /0.95
	3.11 /0.98
	–



	Par Lup3 1
	8.90 /0.92
	5.64 /0.97
	–
	12.4/0.85
	–/–
	log(ɡ) < 2.5
	11.5 /0.87
	4.05 /0.98
	–



	LM717
	7.08 /0.95
	5.77 /0.96
	–
	10.1 /0.88
	–/–
	log(ɡ) < 2.5
	9.80 /0.90
	–/–
	log(ɡ) < 3.0



	J11195652−7504529
	7.49 /0.95
	6.73 /0.96
	–
	10.9 /0.89
	–/–
	log(ɡ) < 2.5
	10.1 /0.89
	–/–
	log(ɡ) < 3.0



	LM601
	7.76 /0.94
	7.26 /0.95
	–
	9.97 /0.91
	–/–
	log(ɡ) < 2.5
	9.06 /0.92
	–/–
	log(ɡ) < 3.0



	CHSM17173
	8.65 /0.94
	–/–
	Teff < 2700 K
	10.1 /0.90
	–/–
	log(ɡ) < 2.5
	9.63 /0.92
	–/–
	log(ɡ) < 3.0



	TWA26
	–/–
	–/–
	Teff < 2700 K
	–/–
	–/–
	log(ɡ) < 2.5
	–/–
	–/–
	Teff < 2700 K



	DENIS1245
	–/–
	–/–
	Teff < 2700 K
	–/–
	–/–
	log(ɡ) < 2.5
	–/–
	–/–
	Teff < 2700 K



	




	Resimulated Spectra
	34
	31
	–
	34
	29
	–
	20
	17
	–





      

      
Notes. The comment column indicates why the cINN prediction could not be resimulated. For SO879, the cINN prediction can be resimulated with the Dusty library even though the literature temperature exceeds 4000 K because the cINN underestimates Teff by 151 K here, thus falling into the Dusty temperature boundaries.
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