
     

ISSN 1560-9189 ,    , 2018, . 20,  1 51

 004.93

. . , . . 
   

. , 64, 69063 , 

   
  

      -
       
  .   -
      -
   .   
       -

       -
   .   -

,   ,   -
      -
   .    -

      -
   .
 : , , , 

,  , , .

      
     .   -

    ,   -
        ,   

,     ( ) -
   ,      .

       -
        

.
      ,

          -
 .     10:1    -
  ,    

© . . , . . 



. . , . . 

52

 [1].      , . .   
      .  -

     .
      -

         
       .
 -       -

 ,     ,   -
  ,        -

   .    ,
     ,  

        .
       -

 ,      
 ,       

.

 

   yxX ,  — S -

  , , , 1, 2,...,s sy x x x y y s S ,  -

N  , 1, 2,...,jx j N ,   y. 

s-    , , , 1, 2,..., , 1s s s s s
jx y x x y K K , K —

   .       
   ( ),   .
        

     yxX ,   -

     yxX , ,  -
       . -
       :

,  =  | , , , , ,s s sx x y y x x S S f x y x y opt ,

S  —     ; x  —  
  ; y  —   ( )  -
 .

 
   ,    

   [2]. ,    -
,      -

.   ,      -
 ,  ,    -



      

ISSN 1560-9189 ,    , 2018, . 20,  1 53

  ,   [3].    
    ,  
      

,     ,   -
 .     , -

    .
       -

  [3, 4].      -
    ( )   
.     ,      -
        .
      -
    .    -
        -

    ,    .
       

      -
 .      

   .    -
    :    -

 (undersampling)      (oversam-
pling) [5].       .  ,
         
     undersampling,   
        

.
  ,   undersampling [6].

         
,   CNN (Condensed Nearest Neighbor rule) [7], . .

        -
  ,     -
,      .  -
   ,      un-

dersampling,       
  .
       -
       .
  ,     (accuracy) trueA S S , trueS

—    , S —    
,      ,  

      . ,
 ,      0,1 %  -

,  ,   
,    99,9 %.      
  ,        -
 .



. . , . . 

54

     -
    (confusion matrix) [8],  
        
         -

 [3].
       
  .      -

  (precision)   (recall). FPTPTPP , TP —
   , FP —  -
  ,     -
 . FNTPTPR , FN —  -
       -
    ,    -

. ,      ,   -
.       

   ,   ,  -
    ,      .

       -
  (F-measure) RPPRF 2  [3, 9].

  
      -

 undersampling [3, 5, 6]    
.      -
         -
  ,     .  -

    [10]     -
  STOLP.        

   ,     .
     ,   

 ,        
 .        -

  undersampling.
 STOLP [10]     -

,       ,   -
   . ,   
  ( ),     
  ,       -
     .   , -
      , , -
,      kNN (k Nearest Neighbor) [11], 
    -   

.         
      
 ,      .



      

ISSN 1560-9189 ,    , 2018, . 20,  1 55

      -
  miS2 , miS  —     

  ( . .,        -
 1 %,      2 %   -
 ),       
 .

         -
  .
 1. . : miXX , maXV , miX  — -

        ; maX
—         -

; V —     .
 2.    .   -
 wx        -
w

,maxarg
,1

s
out

s
in

Ss ma

w

N

j

p
j

s
j

sp
Sp

s
in xx

ma 1

2

,1
minarg  —  s-    -

   ;
N

j

p
j

s
j

Sp

s
out xx

mi 1

2

,1
minarg  —  s-  -

     ; s
jx  ( p

jx ) — j-  s-  (p- )
 .

 3.     , -
   .   : wxXX  wxVV \ .

 V      
[11]   X .

 4.   .   
   fnVV , fnV  —

    ( ) -
. V ,   miXVX      2.

 5.   X . mima XX , -
    mami XXroundm  :

m

i

i
mama xX

1

,

maX  —        -
 ; miX  —     

   ; i
max  — i-    -

 .



. . , . . 

56

  ,     

)rand1,0rand1,01(jj xx ,

 rand — ,     
2

,1,1
/}{min}{max;0 Sxx s

jSs

s
jSs

.

    STOLP [10]  -
         

    ,   -
    .

      
 «      -

      » [14],  
    STOLP_b,  

       
 .

   :   —   -
   STOLP [10]    STOLP_b;  -

 —       -
    STOLP_b    

.
      ,  -

    [12]      
 4:1.

       
k-   kNN,       -

  [10], ,      
  ,       .  -
     ,   
         

(k = 1, 9, 17, 25, 33, 41, 49, 57, 65, 77, 81, 97).
      F-measure, -

        -
 kNN,   F-measure  k-  -
  kNN        

 .       -
       

   ,     -
  .

    . 1–4. . 1, , 2, , 3,   4,
  F-measure     -



      

ISSN 1560-9189 ,    , 2018, . 20,  1 57

 kNN    . . 1, , 2, , 3,   4,  -
        -

.
      . 1. 

STOLP  STOLP_b      -
         100:1.

      . 3–4.  -
        

  : undersampling, oversampling, CNN (Condensed
Nearest Neighbor Rule), STOLP_b,        -

  (Original).      -
         -
      ( . 4)    [13],
   3 580     100:10.

)  )

. 1.        
   100:1   100 000 : ) F-measure k-

  kNN, )      

    ) )

. 2.        
   100:5   100 000 : ) F-measure k-

  kNN; )      



. . , . . 

58

) )

. 3.        
   100:0,5   100 000 : ) F-measure 

k-    kNN; )      

) )

. 4.         
[14]    100:10   3 580 : ) F-measure k-

  kNN; )      

    STOLP [10]   
STOLP_b,    ,   . 1.   -

,         -
  STOLP,   ,    
      .

    STOLP_b  
  ,    .
 . 2–4 ,     STOLP_b,  -

     [3, 5, 6],    -
   ,   -
  (F-measure)    . ,

        
F-measure  ,     , -

   .   , 



      

ISSN 1560-9189 ,    , 2018, . 20,  1 59

       
       -
       .

          -
       

        -
 STOLP_b.

       -
       ,  

     .  
      ,
        -

       .

1. Weiss G.M., He H., Ma Y. Foundations of Imbalanced Learning. Imbalanced Learning: Founda-
tions, Algorithms, and Applications. Hoboken. NJ, USA: John Wiley & Sons, 2013. P. 13–42.
DOI: 10.1002/9781118646106.ch2.

2. Fernandez-Delgado M, E. Cernadas S., Barro D. Amorim Do we Need Hundreds of Classifiers
to Solve Real World Classification Problems? Journal of Machine Learning Research. 2014. Vol. 15.
P. 3133–3181.

3. Sun Y., Wong A.K.C., Kamel M.S. Classification of imbalanced data: a review. International
Journal of Pattern Recognition and Artificial Intelligence. 2009. Vol. 23. Issue 4. P. 687–719. DOI:
10.1142/S0218001409007326.

4. Beyan C., Fisher R. Classifying imbalanced data sets using similarity based hierarchical decom-
position. Pattern Recognition. 2015. Vol. 48, Issue 5. P. 1653–1672. DOI: 10.1016/j.patcog.2014.10.032.

5. Batista G.E.A.P.A., Prati R.C., Monard M.C. A study of the behavior of several methods for
balancing machine learning training data. SIGKDD Explorations. 2004. Vol. 6. Issue 1. P. 20–29. DOI:
10.1145/1007730.1007735.

6. He H., Garcia E.A. Learning from Imbalanced Data. IEEE Transactions on Knowledge and
Data Engineering. 2009. Vol. 21. P. 1263–1284. DOI: 10.1109/TKDE.2008.239.

7. Hart P. The condensed nearest neighbor rule. IEEE Transactions on Information Theory. 1968.
Vol. 14. Issue 3. P. 515–516. DOI: 10.1109/TIT.1968.1054155.

8. Elkan C. The foundations of cost-sensitive learning. 17th Internation. joint Conf. on Artificial
intelligence, Seattle, 4-10 August 2001: proceedings. San Francisco: Morgan Kaufmann Publishers Inc.
2001. Vol. 2. P. 973–978.

9. Fawcett T. An Introduction to ROC Analysis. Pattern Recognition Letters. 2006. Vol. 27. Issue
8. P. 861–874. DOI: 10.1016/j.patrec.2005.10.010.

10.  . .      . : ,
1999. 270 .

11. Cover T., Hart P. Nearest neighbor pattern classification. IEEE Transactions on Information
Theory. 1967. Vol. 13. Issue 1. P. 21–27. DOI: 10.1109/TIT.1967.1053964.

12.  .   . : , 1976. 440 .
13. Lyon R.J. HTRU2. URL: https://figshare.com/articles/HTRU2/3080389/1. DOI: 10.6084/m9.

figshare.3080389.v1.
14.  . .,  . .     

      . ,  
 .      ,
  . :  « », 2017. . 94.

   28.02.2018

https://figshare.com/articles/HTRU2/3080389/1.

