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N-dimensional pattern space  
    including noisy data 

A; Active compounds 
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Linear discriminant 

Y=a1x1+a2x2+・・+anxn+const. 
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      1.  Pattern space divided into active and not-active compounds 
      2.  This pattern space is classified by linear discriminant function 

N-dimensional pattern space by  
     intrinsic parameters          Prediction 

Linear 
discriminant 

：Correctly predicted for active 
：Correctly predicted for  
  not-active 

Y=a1x1+a2x2+・・+anxn+const. 
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compounds 

Not-active 
compounds 
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Style of discriminant function and regression equation 

Ｙ ＝  +/-  a1x1 +/- a2x2  +/-  ・ ・ ・  +/-  anxn  +/- const. 

Y : activity, ADME, toxicity, property 

Analysis of activity, ADME, toxicity  or property 
Coefficient  ai >= 0  

parameter Xi  
・go up activity and toxicity 

Coefficient  ai < 0  
parameter Xi  

・go down activity and toxicity 

    Y  >=  0        
active or toxic  

              Y   <  0 
   not active or non-toxic  

Structure-activity and Structure-toxicity relationships 
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Used samples :  
    obtained from following 4 different  databases 
 
1.   Maximale Arbeitsplatz-Konzentration (MAK) 
                         ・・・・＞  positive skin sensitizer  
2.   Biologischer Arbeitsstoff-Toleranz-Wert (BAT) 
                        ・・・・＞  positive skin sensitizer  
3.   Deutschen Forschungsgemeinschaft (DFG) 
                        ・・・・＞  positive skin sensitizer  
4.  Japanese Globally Harmonized System of Classification  
     and Labeling of Chemicals (GHS)   Inter-ministerial Committee 

of the National Institute for Technology and Evaluation  ・・・・
＞  negative skin sensitizer 

Total   593  compounds 
           419 positive skin sensitizer 
           174 negative skin sensitizer 



List of the used samples 
 (Structure, CAS number, SMILES code, Sensitization)  



List of 3-Dimensional Structures of 
the used compounds 



List of Compounds and Generated 822 Parameters 



Structure of compounds 

Generate Parameters 

Final parameter set 
(Important for used skin 
sensitization sample set) 

Total   593  compounds 
          419 positive skin sensitizer 
          174 negative skin sensitizer 

Total 822 parameters per compound 
・topological (2-D) parameters 
  MC parameters, etc.. 
・topographical (3-D) parameters 
  Box parameters, etc.. 
・property parameters 
  LogP, MR, Volume, Surface, etc.. 
・electric parameters 
  HOMO, LUMO, etc.. 
・substructure parameters 
  Count of substructures, etc.. 

Various feature selections 

Final  60 parameters 

822 parameter generation from structure of compound and  
final 60 parameter set after feature selection process 
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List of Classification results by Various Discriminant  Analysis   

1.  NN (Neural Network) ：60 Parameter set 
 
     Classification ratio : 85.5% 
   
 
2. Linear discriminant analysis by least squares algorithms 

 
     Classification ratio : 85.7% 
    
 
3. SVM(Support Vector Machine) :60 Parameter set 

 
     Classification ratio : 90.7% 
   
 
4. ADA Boost: 60 Parameter set 

 
     Classification ratio : 77.5% 
 
5. KY-method for Discriminant analysis 
 
     Classification racio : 100% (Perfect Classification) 

Perfect  
classification 



Incomplete classification example by the AdaBoost (77.5%) 
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Sample space ： Highly overlapped space 

O:Positive 



×：Negative 
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Sample space ：Highly overlapped space 
Discriminant function : Ｌｉｎｅａｒ and non-linear 

O:Positive 
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Spatial region on sample space 
Both side of sample space 

Pure and no-overlapping on this region 

Highly overlapped 

Two 
Discriminant 

function 



Steps to the K-step methods 
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Correctly 
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Correctly 
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100% 



Perfect classification example by the KY-method 
(Displayed by the AdaBoost) 



Spatial features of 
the “KY-methods” 

     Always achieve perfect classification  
 

 (a) Even if the number of samples becomes very large, 
       the KY-methods achieves perfect (100%) classification 
 

 (b) Even if overlapped sample space grows too big,  
       the KY-methods achieves perfect (100%) classification 

Differences between the KY-methods and the ordinal methods 
 

1. Number of classified sample zone: 
    KY-methods ; three zones    Ordinal methods ; two zones 
 

2. Repeat number of classification: 
    KY-methods ;  > = 2 times    Ordinal methods ; 1 time 

Patented: US 7,725,413      Patent pended: Japan, Korea, EU 
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