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 : P = {Timer1, LightSig, SoundSig, Brake, Timer2, 
Driver}.     (M0,S0)   

:
M0 = (on, off, off, off, on, active),

S0 = (0, 0, 0, 0, 0, 0).

         -
  :.   t T   b ( -

 – ,       
 G(t)        EM, 

ES,    t,   );.   –    -
    ,    -

,   .

.1.       

 ,      -
     .   

   ,    -
 .  ,   (M',S')  



26

  (M,S),     
,    (M,S)   -
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 ., 2014].
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      .  -
        

  ,      
      .
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      ,  
,  -     -
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       . , 

         . 
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   ( ).     
       



27

  .  ,    -
  ,    ,   -
  ,      

  p P,      , 
 -       

  p.     -
,   , , -

     (~)   
R(M0,S0).

     .   -
       .    

     ,  
   ,   , -

 .  ,      , 
     .    -
         

.  ,      
 -  R(M0,S0)/~,      -
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 [Milner, 1980] –       -
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,   ,  -
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 ,     LTL  
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end procedure
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L  –  -
eoj –    
procedure V( A )
1. falseeoj
2. for all  do --  
3.  

4. end for
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.
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.  ManGo       « »  -
,    ,  ,  

  « - »   ( -
 ) ,    -

  .

1.  PlannerM
   PlannerM (planner for manipula-

tor)      -
 ,   [ , 2004].

     , 
  .   – 

 ,      ,  
         . 

   ,   -
 .    A     B  

, ,    ,  
 A   B.  .1    -

  (   )  -
      .

. 1.    

   ,     -
,    ,    ,  

,    .   -
   .     ,  

    .      
     .     

     - : on(a, 
b) (a   b)  clear(a) (  a   ).   

 ,    -
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.         
 : [on(c, a), on(a, 1), on(b, 3), 

clear(c), clear(2), clear(b), clear(4)].    -
    .  

     .  -
      : move(From, Block, 

To), (  Block  From  To).   .2   -
 -  .

. 2. -  
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   . 3      
    .

. 3.    

      -
    .  .3 -
       -
 .    -  , -

   .   
 PlannerM.

. 4.  
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2.       . 

      « »  -
    « - »  «   ».  

         
    m  n   ,      -

      ,    
        ,  
 .     .   -

    .   
      – « »  « ».  ( ) 

      . 
 « »  « »     

     .   « »  
   ,    , . .   

. 
      -

.   « »    15  15         
19  19 (    « »).  ,    -

,   20  20. 
 ,       -

   ,  .  ,   -
,    .    , 

    ,   ,  -
    .  ,  -

  « » –     « ».  , 
    « »,   ,   

   ,    .  
[Allis et al., 2012]   Victoria,   

   « »   15  15   . 
  ,   «   

»,  -      -
 .       (i, j) -

   (  ),   
      ,    , -

    ,       .   
  , ,  
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ev(i, j) = evx(i, j) + a  evo(i, j),

 evx(i, j) –      ,  evo(i, j) –   
 .  a   « -

» .       
  ,    – -

. 
      .    

   -     -
  .    -

  ,    . 
    ,    0, 1 

 2,       « » 
   .      -

  ,     .
   -    -

   Visual Prolog 7.4,     -
  .      

  ,     
 ,     . , 

  ,   . 5.  
  ,    .   -

 ,        . 
      ,  

        .   -
      .

. 5.  .   « »
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     :.      ;.         (  
« »);.        ;.      ;.  « »;.     « »;.    ,     

          
; .    ,     

           
 ;.    ,     

. 
       

 ,      
,  .     -

  . 
       -

.      

ev(s, k) = 4k + 1,

 s – ,  k –   s  ;  a  
 .
      ;  -

      .  
   –   (persistent)  ,   

 .    ,   (modi  able) 
 ,      C,  -

   ,     . 
      

 , , ,     
,          -

. 
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3.   ManGo    
 

 ManGo  SCARA-  , -
        

  ,       
[  2013].       

       
 ,     -

    « » [ -
 ].       

       
  500 500 ,     -

     .

      

. 6.    ManGo ( )    
( )

      -
        

 – .        -
        

      .   
         

( ,   ,    . .), 
  ,       

.       -
 -  .
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        -
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«   », 

        
 .  ,    

   ,    -
.   TS-ADEEP-Multi   -

    .   -
 .

       
        -

.        
    ,   

,      
 [   ., 2008].  ,   

   ,  . -
 ,     , 

   . 
1       (   14-07-

00862 ).
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      -
 .       

( , )    , -
  .

     TS –   -
  TS=<ts1, ts2, .., tsn>,  -

 -   .  tsi   
 ,   -  ,    

. .     ,   i-  -
      tsi,  

   i (  t  ).

1.  

        -
  .  ,  , 

 [Chandola et al., 2009]     -
    ,    

  .   -
         

 –       ( -
,  ),   ,  -
 (   ),    (  -

,     )  . 
,  « »,   ,  

    ,    , 
      . -

,       
,   .   -
     . -

      ,  
      -

     .
   ,     -

 :  TSGOOD=<TSgood1, TSgood2, .., Tsgoodm> –  
.        -

  « »   . 
      TSGOOD  

 ,      -
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  TSTEST=<TStest1, TStest2, .., Tstestm1>  
«  »  « »    

. 
       , 
       -

.   ,     -
      ;    

,       « »  
« »  .     , -

      ,   
    . 

2.   

 ,      -
,    ,    

 ,     . 
    (symbolic 

aggregate approximation [Lin et al., 2003]).   
    .    -

   –    
    ,   -

 – ;      
    . 

     TS-ADEEP-Multi, -
     TS-ADEEP [   ., 

2012]    ,   
   .   -

 :     -
,        

         
  TS-ADEEP,  ,   

   .  ,  
–       -
;

–        -
  ,  .   

,        -
     (    ). 
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  TS-ADEEP-Multi  
 TS-ADEEP-Multi 

(TSGOOD:  ,    
 ; 

TSTest:  )
: TSAnom_Optimistic –   -  

 «   » 
TSAnom_Pessimistic –   -   « -

 » 

TSAnom_Optimistic = 
TSAnom_Pessimistic = 

 N –  ,    
TSGOOD_C = { TSGOOD_C1, TSGOOD_C 2, .., TSGOOD_C N} – 

  TSGOOD ,  TSGOOD_C k  
   k, k=1..N

     j  1  |TSTest|
       
              TSTestj  TSTest
             k  1  N     
               

      jk TSTestCTSGOODI _
       -  Ix   I
       xj ITSTest ,  TSTestj    
       k 
      (     )

               
                TSTestj      
               TSGOOD_C k, k=1..N, 
               
                 jTSTestimisticTSAnom_OptimisticTSAnom_Opt

                 jTSTestsimisticTSAnom_PessimisticTSAnom_Pes
               
                TSTestj   
               TSGOOD_C k, 



199

                  TSTestj    
           TSTestj    TSGOOD_C k, 
                  jTSTestsimisticTSAnom_PessimisticTSAnom_Pes
       
    TSAnom

3.  
     -

   ,     .   
      -

 ,    : «cylinder-bell-
funnel» [Naoki et al., 2008]  «control chart» (  ) 
[Pham et al., 1998].     – « » – -

 ,      
       .

« ylinder-bell-funnel» [Naoki et al., 2008],    -
,     – « », « », « -

».
« ontrol chart» [Pham et al., 1998] (  ) -
   ,  ,  -

   : ,  -
,  ,  ,  ,  

 . 
« » – ,      
     ftp    (   

       -
 ).    ,  , -

     
,   .

   ,    
       -

 ,     . 
       

«cylinder-bell-funnel».      
TSGOOD    ,  

     –  , « »  « ».    
  TSTEST     
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,     – « », « », 
« ».   TStestj  « »,  

   « »  « »,  « », 
   . ,   

 ,       « -
»  TSTEST  ,     « -
»  « »   .    

     ,  
     .  -

     : « »  « -
», « »  « ».

   « - - »   
     

  .    «  » -
         . 

   ,     
 .

     «cylinder-
bell-funnel»    1,    «control 
chart» –   2.      ,  

   ;    -
     . , -

    ,     
 .

 1
     

«cylinder-bell-funnel»

(  
 

  
 

)

 
 

 
 

 

 
 

 
 

( / /
 300)

  
 

 
( / / )

2 – 137/157/144 45.67/52.33/48.00

2 20 159/214/185 53.00/71.33/61.67

2 35 151/194/170 50.33/64.67/56.67

2 50 150/173/157 50.00/57.67/52.33
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 2

     
«control chart»

(  
  

 
)

 
 

 

 
 

 
 

( / /
 600)

  
 

 
( / / )

2 – 369/540/463 61.50/90.00/77.17

2 20 325/585/468 54.17/97.50/78.07

2 35 326/580/465 54.33/96.67/77.50

2 50 373/571/473 62.17/95.17/78.83

3 – 279/532/428 46.50/95.17/71.33

3 20 290/580/439 48.33/96.67/73.16

3 35 277/574/434 46.17/95.67/72.33

3 50 279/557/436 46.50/92.83/72.67

    1  2,    -
      –    

       -
  .      

       
.   –   ,    

 [Arning et al., 1996]. ,   « »  
    .   

   . , -
    3  4, ,    

« »      -
  ,    .  

,     , 
   ,     

.
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 3
     

«cylinder-bell-funnel»  « »  

(  
  

)

  
 

 

 
 

 
  

( / /  
 300)

  
 

 
 ( / /

)

2 – 190/267/228 63.33/89.00/76.00
2 20 179/254/218 59.67/84.67/72.67
2 35 196/259/228 65.33/86.33/76.00
2 50 182/264/225 60.67/88.00/75.00

 4
      «control chart» 

 « »  

(  
  

)

 
 

 

 
 

 
 

( / /  
 600)

  
 

 
( / / )

2 – 426/570/507 71.00/95.00/84.50
2 20 441/594/527 73.50/99.00/87.83
2 35 469/588/538 78.17/98.00/89.67
2 50 466/576/527 77.67/96.00/87.83
3 – 396/523/463 66.00/87.17/77.17
3 20 418/585/510 69.67/97.50/85.00
3 35 461/575/518 76.87/95.83/86.33
3 50 441/551/499 73.50/91.83/83.17

        
 .    TS-

ADEEP-Multi       
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1.  
          -

   ,    
[   ., 2008].

 O = {o1, o2,...,on} –  ,   
     S ( , 

        
( )).        r  
( ):  A1, A2, … , Ar.   , , 

, , ,   . .  Dom( 1), Dom( 2),           
…  , Dom( r)    .  

  Ak  rk1 , Dom( k)={x1, x2, … 
kqx },  kq  –  

      Ak.  ,   
Ooi , ni1       , . . 

},...,,{ 21 iriii xxxo ,   xik  Dom( k), kqk1 .   
   .   

   ,    
[   ., 2008].

    O,   , -
  , V,      

.       
.     W   
. , WVO   WV .  K  

 , ,  KKK ,  VK  WK . 
  K  .    

   ,    
   .

,   ,    
 ,        

 ,     ,  .  
 ,   ,    

: «IF , THEN  ».  
  ,       

 ,      
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      -
 .  ,    

K   K’,      
     .  

       -
 ,   ,   

    ,   -
 ,     .

2.  

      
 ,      

(  GIRS) [Pawlak, 2002; Vagin et al., 2008],   
 (  ID3, 4.5, CART  [Quinlan, 1986; Quinlan, 

1996; Breiman et al., 1984])     
 (  CN2 [Clark et al., 1989]),   
 .

        
   ,    -

    .   T   -
 ,            

       
   ,      

 . 
       

     C 4.5,    
    « » .

 C 4.5,       ID3, -
 J.R.Quinlan [Quinlan, 1986],    -

,       
.  C4.5       ID3, 
,    .

 C 4.5      -
:

1.      T   -
      .
2.       
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 .       
 ,       .  

3.      ,   -
. ,        
,         
     2.

       -
 gain ratio,     [Quinlan, 1986].

3.  

,      K  
, . .       -

.     :  -
  ,    -
 ,    
,       . 

    ,   -
   .     

,  ,   .  
         -

.       
 .      

   [Zhu et al., 2004].  ,  
        

.
,     K,  -

      ,     
.   [Vagin et al., 2011; Vagin et al., 2008;  

 ., 2012]        
       

.    ,   -
 ,   .   

,  ,     ( , 
,     ),   

   (    
    ),   , 

   -  . 
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       -
 .   –   p0,   , 

         -
 . 

      
      UCI [Merz 

et al., 1998 ],    ,    
   .     

   ,      
.

      : « -
 »,  «  ».    

      p0   
   .      

      , ,  
   .     

  Dom( k), rk1 ,  p0   
 .

         
,      «  

».   :     
  ,   « -

 » [Vagin et al., 2011].

4.  

      -
  «Induction of Decision Tree with restoring Unknown 

Values» (IDTUV3),   [Fomina et al., 2014]. IDTUV3 -
      -

 ,    «  ». 
    ,  -
       . 

       
,        

    4.5.  
 IDTUV3    :

–     ;
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–         
;

–    (    
  )        ;

–      
;

–     .
   ,  

       -
   California University of Informatics and Computer 

Engineering «UCI Machine Learning Repository» [Merz et al., 1998].
       -

        
.   1  ,   
  «  »    -
   .    
   4.5   , 

  .       
 «  »    

 «  ». 
 1

  
 

 , %

  
5%

 
10%

 
20%

 
30%

 
40%

Glass 3
5
7
9

67.29 66.82
66.45
66.82
66.92

66.26
65.89
66.64
66.36

65.23
64.02
67.01
66.54

65.42
63.55
63.08
64.21

61.28
63.93
61.50
63.64

Heart 3
5
7
9

73.7 72.59
73.63
73.04
73.26

71.26
72.74
72.07
73.04

73.19
72.89
72.22
72.59

70.22
69.41
71.70
73.93

74.44
70.37
71.93
73.26

Australian
credit

3
5
7
9

84.78 84.17
84.67
84.43
84.87

83.33
82.12
83.62
83.74

82.52
83.8
83.68
83.19

81.59
82.38
81.42
83.22

81.25
80.46
80.81
80.43



210

  
 

 , %

  
5%

 
10%

 
20%

 
30%

 
40%

Monks-1 3
5
7
9

78.01 78.15
82.18
77.82
78.29

78.01
77.78
79.17
78.7

79.26
77.96
75.0
75.42

77.64
78.98
73.1
71.3

73.89
74.07
74.17
74.03

Monks-2 3
5
7
9

66.67 66.16
65.14
64.91
65.28

65.14
65.32
64.21
65.09

64.72
64.17
64.44
63.43

63.38
62.78
62.36
62.22

63.24
63.15
62.18
63.33

Monks-3 3
5
7
9

93.98 93.61
92.73
91.39
92.45

92.5
91.67
91.48
90.83

88.33
87.82
88.66
90.60

87.18
83.89
86.99
85.37

81.67
82.41
81.57
81.85

        
 4.5  «  ».    -

      ,   
,        

.
    2      
 ,      . 

 2

 , %
  5%  

10%
 

20%
 

30%
 

40%
Glass 67.29 66.17 62.8 61.21 60.09 48.97
Heart 73.7 72.74 63.63 66.37 56.89 53.11
Australian
credit 84.78 79.39 75.1 68.9 62.38 55.36

Monks-1 78.01 76.3 74.12 70.65 62.59 53.38
Monks-2 66.67 64.07 62.50 58.19 53.38 49.68
Monks-3 93.98 89.07 81.99 70.74 62.45 53.70

  1
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      .  «  

»        
    2–8%.   

    «  »:  
        
    8–22%.    -

         
  .       

      -
 (  10%)  . 
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  .  ,   

:         -
    .

       -
 ,      [Batyrshin et al, 

2005].

3.   
       -

.   – ,   . 
      [Zadeh, 

1979].
           

     
   Y= },{ ii xt ],1[, ni ,  ti –   

 , xi –  ,    ( ) ~,{~ xtY ii },
],1[ ni ,   ,  ix~ –  .   -

      ( ),  
 .  ETend  , 

     TTend –   
 RTend –    -

  ,    .  
     , 

    ,   -
   [   ., 2010a].

      -
      xi   ix~  -

,  iv~    ia~    [  
 ., 2010b], [   ., 2007], [   ., 2010c]. 

   Y= },{ ii xt ),...,2,1( ni   -
      

,    ( )  Z= },{ ii zt ),...,2,1( ki
    Y.    

         
       

       .  -
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... +Y(t-T)],
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ij–    i  j; 
m –   ,  1;
xi– i-    ; 
cj– j-    ; 
|xi– cj| – ,      
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.      ai  A   -
   xi=(x1

i, x2
i,…, xq

i),  xi
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   pj P   ai  A.  xi
j  

 .    -
       -

.    xi=(x1
i, x2

i,…, xq
i)  

     D  n q,  
     xi.

3.       . -
        

 .      
       .   

         -
.    , ,   C  

    .  ,  -
 C.      B,    

  ,    ,      
 ,      .   

  ,       .
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    [Joachims, 1998].  
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       -
  ( ,  ).   

     , -
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  (Support Vector Machine, SVM) [   ., 1974]. 
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       , -
      -

  ,      
     .     -
    ,     -

  ,     -
      

 .
       -

,       .  
    .   1992 

 . , .   .    -
       -

 [Boser et al., 1992].
    ,  -
        

  ,   -
    .    

      -
,    ,    -

  ,      
 ,      

  SVM-    .   
 ,      -

  [Gasanova et al., 2013],   -
      .
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1;1{,)},,(),...,1,1{( i
m

i yRxlylxyxlX },
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       [   ., 

1974]   ,    : 
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.         , 
        

 ,    SVM-  
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-  [Boser et al., 1992].
 ,    -
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min,2w

 ,      
     -

 ,  w    b,  ,  
 SVM-     -

        
 ,      -
  ,      

.
1.2.    

      -  SVM-
     -

,   [Akhmedova et al., 2013],    
       -

  w    b. 
      , 

       -
 .     [Akhmedova et al., 

2013]        
: Particle Swarm Optimization (PSO) [Kennedy et al., 1995], Wolf 

Pack Search (WPS) [Yang, 2007], Fire  y Algorithm (FFA) [Yang, 2008], 
Cuckoo Search Algorithm (CSA) [Yang et al., 2009], Bat Algorithm (BA) 
[Yang, 2010].     -

      . 
       -

       
 .   ,  -
  ,      

    .      , 
        -

.     Co-Operation of 
Biology Related Algorithms (COBRA) [Akhmedova et al., 2013]. -

        
 (     ,    -

  PSO,   WPS  . .),   -
 ,    .  
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     .  -

,       
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   ,   , 
       . 

       -
 « »  ,     -
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      -
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     COBRA  
   .  -

       
:    [Eiben et al., 2003],  

   [Deb, 2000],   ,   
 [Liang et al., 2010]. ,    [Liang et al., 

2010],       PSO,  
     -   
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 . 

COBRA        -
      -

,    CEC’2013  CEC’2009 . -
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  [Gasanova et al., 2013]     
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3.    

      -
        -

    DEFT07 («De   Fouille de Texte») [DEFT’07, 
2007].      : «A voir a lire» – 

   , «Video Games» –  
  , «Debates in Parliament» –  -

      . 
     -

  F-score   = 1:

,
|}_{|

|}_{}_{|
documentsretrieved

documentsretrieveddocumentsrelevantprecision

.
|}_{|

|}_{}_{|
documentsrelevant

documentsretrieveddocumentsrelevantrecall

  «precision»    -
     -

       ,                      
,      .  

«recall» –       
 ,    ,   

     . 
 1

   DEFT07

  

«A voir a lire» 3000   0:  , 
1:  , 2: 

 

Video Games 4000   - 0:  , 
1:  , 2: 

 

Debates in 
Parliament

28800   
   

 

0:   
, 1:   
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 ,      DEFT07

 A voir à lire 
(rank1)

Video Games
(rank2)

Debates
(rank3) Rank

J.-M. Torres-Moreno 0.603 (2) 0.784 (1) 0.720 (1) 1
G. Denhiere 0.599 (3) 0.699 (5) 0.681 (5) 3
S. Maurel 0.519 (7) 0.706 (4) 0.697 (3) 4
M. Vernier 0.577 (4) 0.761 (3) 0.673 (6) 5
E. Crestan 0.529 (6) 0.673 (7) 0.703 (2) 6
M. Plantie 0.472 (9) 0.783 (2) 0.671 (8) 7
A.-P. Trinh 0.542 (5) 0.659 (8) 0.676 (7) 8

M. Genereux 0.464 (10) 0.626 (9) 0.569 (11) 10
E. Charton 0.504 (8) 0.619 (10) 0.616 (9) 9
A. Acosta 0.392 (11) 0.536 (11) 0.582 (10) 11

COBRA-SVM 0.619 (1) 0.696 (6) 0.692 (4) 2

  2     
(       COBRA-SVM) -

    .   «rank» ,  
      ,   

(1)      , (2) – 
,  . .  (11),      

  .  ,     -
,       «Rank»  

:

3
321 rankrankrankRank .

        SVM-
 ,        

DEFT07.     
 ,   ,    

2,     .  -
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       .  

     MapReduce,  
        

 Hadoop Distributed File System (HDFS).  -
          

          
 ,       -

     . MapReduce –  
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      . , 
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,  ,      -
 .       

(noise accumulation) [Fan et al., 2013].    -
,      , -

,   ,    -
  . .        

,     -
     .  -

,        
     ,   -

      . 
 [Fan et al., 2013]      -

       
 ,    .  -

       -
 1X ,…, nX ~   1Y ,…, nY ~ ,  dI  – -

    d, n=100 (  -
)  d=1000 (   ).   

  1       , 
     10   2  -

 3,   – 0.     
   m    

 10001.     
  ,      

         -
       , 

    .
       -
       m –  

 .    m = 2, 40, 200  
1000.        

       -
.     . 1.   

,   m =2      
 ,     m=40.  m=200  

1      ,    
     ,    

sparse model,  . 
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m=1000      -
,    .     -
 .         

      -
     .   

,     , –    
  (spurious correlations)  -

 .  [Fan et al., 2013]   -

   . 1.      (  100  )
       m

(     [Fan et al., 2013])

. 2.   
:   

  
 

  
(    [6])
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     X =[ dxx ,...,1 ] T   
 .     , 

    X     
  .  . 2  -

      
 r̂   1x    ,  

 .    n =60  -
 d   X ,  800  6400   -

 1000     .  
  ,     

,        -
     .   

        
 . 
   ,    

  ,    -
      1.  

  ,         
        -
.      ,   

   .      
  [Fan et al., 2013]:

1.       -
 ,    .
2.          

       ,    
      -

  . 
       ,  

 ,     -
  ,     -

. 
   ,   .  

       
        

. 
1       incidental endogeneity.
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al., 1997], [Li et al., 2013]  .).    -

.       [Gorodetsky et 
al., 2012].    A   B     : 

),( BAR = )(B/Ap  – . (2)



241

 ),( BAR      A   B  -
     «   -
  A     B ».   (2)  

     B   ,  
  A ,    –    -

  ,   A   .   
   :  , 

. . ),( BAR R(B, A),    [–1, 1],    
        

   .    (1) 
   : 

 =   S   k . (3)

       (2)  
     :

|    S   k . (4)

4.5.    
     ( ) 

      ,   -
   (1)    .  -

        
  [12], [13].    

      
.      

   .     -
      -

 ,        
   . 

 
      .  -

       ,   
        , 

   . ,   -



242

   ,    , -
    .     

        
,     ,   -

    . 

 

[   ., 2008]  . .,  . .  
    //   , 
 11, 3–40, 2008.

[Alferis et al., 2010] Aliferis C.F., Statnikov A., Tsamardinos I., Koutsoukos 
D. Local Causal and Markov Blanket Induction for Causal Discovery and Feature 
Selection. //Journal of Machine Learning Research #11 (2010) 171–234, 2010.

[Bizer et al., 2009] Bizer C., Heath T., and Berners-Lee T. Linked Data -The 
Story So Far. //International Journal on Semantic Web and Information Systems, 
2009.

[Brin et al., 1997] Brin S., Motwani R., Silverstein C. Beyond market bas-
kets: generalizing association rules to correlations.// Proceedings of the ACM 
SIGMOD International Conference on Management of Data. 1997, 255–264.

[Fan et al., 2013] Fan J. Han F., and Liu H. Challenges of Big Data. Analysis.// 
Princeton University, August 7, 2013. http://arxiv.org/pdf/ 1308.1479.pdf, 2013.

[Fan et al., 2012] Fan, J., Guo, S., and Hao, N. Variance estimation using re-
 tted cross-validation in ultrahigh dimensional regression. //Journal of the Royal 

Statistical Society: Series B (Statistical Methodology), (2012), 74(1), 37–65, 
2012.

[Gorodetsky et al., 2012] Gorodetsky, V., Samoylov, V., Serebryakov, S. 
Context – driven Data and Information Fusion. //Proceed. of IF Conference, 
Singapore, 2012.

[IBM Big Data] IBM Big Data Success Stories. http://public.dhe.ibm.com/ 
software/data/sw-library/big-data/ibm-big-data-success.pdf.

[InfoSphere] InfoSphere BigInsights Enterprise Edition. http://www-03.
ibm.com/ software/ products/ru/infobigienteedit/.

[Kucheva et al., 2003] Kuncheva L., Whitaker C. Measures of diversity in 
Classi  er Ensembles // Machine Learning, 2003.  51, 181–207, 2003.

[Li et al., 2013] Li J., Le T.D., Liu L., Liu J., Jin Zh., and Sun B. Mining 
Causal Association Rules. //Intern. Workshop on Causal Discovery, Dallas, 
2013.

[Streams] InfoSphere Streams Technical Overview–Use Cases Big Data. 
http://www.slideshare.net/IBMInfoSphereUGFR/infosphere-streams-technical-
overview-use-cases-big-data-jerome-chailloux.



243

 004.8 

THEORETICAL BASES OF THE METHODS OF 
CONSTRUCTION OF ASSOCIATION MEASURES

IN INTELLIGENT DATA ANALYSIS

I.Z. Batyrshin (batyr1@gmail.com) 
Centro de Investigacion en Computacion, Instituto Politecnico Nacional, 

Mexico

The general methods of construction of functions satisfying axioms 
generalizing the properties of correlation coef  cient are proposed. These 
methods give possibility to build non-statistical measures of association 
on sets with similarity measure and involution operation. The correlation 
coef  cient is obtained as a special case of association measures related 
with Lukasiewicz t-conorm. 

Introduction
An analysis of associations is usually considered as one of the im-

portant tasks of data analysis. The Pearson’s correlation coef  cient 
[Wilcox, 2010] is the most popular measure of association in statistics 
and in statistical methods of decision making and pattern recognition. 
The possibility to measure both positive and negative associations be-
tween variables is considered as a basic feature of the correlation coef-
 cient. The negative correlation between variables usually takes place 

when the positive deviations from the mean value of one variable cor-
respond to the negative deviations from the mean value of another vari-
able. An important task of time series data mining is a similarity search 
in time series data bases [Agrawal et al., 1993;   ., 2007]. 
For example, one can look for companies with similar patterns of growth 
or stocks with similar movements in prices [Agrawal et al., 1993]. But it 
is very interesting also to look for competitive companies with inverse 
patterns of growth when the rising patterns of one sequence correspond 
to falling patterns of another one. Such negative associations can be 
found between prices and sell volumes, between wind velocity and the 
level of air contamination etc. In [Batyrshin et al., 2012], the axioms of 
association measures of time series have been introduced. The general 
methods of construction of association measures satisfying these axi-
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oms have been proposed in [Batyrshin, 2013a]. Generalizations of these 
methods on sets with involution operation and similarity measure have 
been proposed in [Batyrshin, 2013b]. An important task of data miming 
is the search of association rules discovering frequent patterns in data 
but it is important also to use the measures that similarly to correlation 
coef  cient can discover positive and negative associations in data [Han 
et al., 2006]. In [Murthy et al., 1985], it is considered the correlation 
measure of fuzzy sets different from Pearson’s correlation coef  cient 
but with the similar properties.

In this work a modi  cation of the axioms of the association mea-
sures considered in [Batyrshin, 2013a; Batyrshin, 2013b] and a gener-
alization of the methods of construction of association measures con-
sidered in these works are given. Section 1 presents the basic concepts 
of the theory of fuzzy sets and aggregation functions that will be used 
in the following sections. Sections 2 and 3 propose the de  nitions of 
association measures and methods of their construction. The associa-
tion methods on the sets of n-tuples are considered. The  nal section 
contains conclusions. 

1. Basic notations

Consider de  nitions of some concepts used in the following sections 
[   ., 1988; , 2001; Klement et al., 2000; Fodor et 
al., 1994; Beliakov et al, 2008; Grabisch et al., 2009]. 

The function S:[0,1]2  [0,1] is said to be a t-conorm if for all 
a,b,c [0,1] the properties of commutativity, associativity, monotonicity 
are ful  lled together with the boundary condition: 

S(a,0)= a. 
From the de  nition of t-conorm it is ful  lled for all a [0,1]:
S(1,a) = S(a,1) = 1,         S(0,a)= a. 
The element a ]0,1[ is called a nilpotent element of S if it exists 

an element b ]0,1[ such that S(a,b)=1. t-conorm S has no nilpotent ele-
ments if and only if on [0,1] from S(a,b) = 1 it follows a = 1 or b = 1.

Consider simplest t-conorms:

                                       SM(a,b) = max{a,b},                                   (1.1)
                                     SP(a,b) = a + b – ab,                                   (1.2)
                                     SL(a,b) = min{a+b, 1}.                               (1.3)
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Maximum (1.1) and probabilistic sum (1.2) have no nilpotent ele-
ments but Lukasiewicz t-conorm (1.3) has.  

With each t-conorm S two operations can be associated: the op-
erations of S-difference S  and pseudo-difference (–)S de  ned for all 
a,b [0,1] as follows:

a S b = inf{c [0,1] | S(b,c)  a},
a(–)Sb = sign(a – b)(max(a,b)  S min(a,b)),

where sign(a) = 1, if a > 0, sign(a) = –1, if a < 0, sign(a) = 0, if a = 0.
The following pseudo-differences are associated with basic               

t-co norms SM, SP and SL: 
a(–)Mb = sign(a – b)max(a,b),
a(–)Pb = (a–b)/(1-min(a,b)),

                                             a(–)Lb = a–b.                                      (1.4)

An aggregation function of two arguments is a function M:[0,1]2  
[0,1] that is non-decreasing in each argument and satisfying the proper-
ties: 

M(0,0) = 0, 
M(1,1) = 1.
For example, any t-conorm is an aggregation function.

2. Measures of similarity and association
Consider a set X with an involution operation N:X X, that differs 

from the identity function, i.e. we consider the function satisfying on X 
the following conditions:

N(N(x)) = x. 
and N(x)  x for some x from X. N(x) will be called a re  ection of x. 
Denote FP a set of  xed points of the mapping N, i.e. elements of X such 
that  N(x) = x. If FP is not empty denote its elements by xFP. Denote 
XN=X\FP a set of elements from X such that N(x)  x. 

Examples: 
1) Truth set X= [0,1], N(x)= 1–x for all x from X, xFP= 0.5. 
2) Ordinal scale X= {0, 1, ..., K}, N(j) = K-j, for all j in X. FP is 

empty for odd K. 
3) X is a fuzzy set x:U [0,1] with involutive complement N(x(u))= 

1– x(u) for all u from U. It has one  xed point xFP and xFP(u)= 0.5 for 
all u from U. 
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4) X is a set of real valued n-tuples x= (x1,…,xn), N(x)= –x = (–x1, 
…,–xn), xFP= (0,…,0), where x can be a vector, time series or variable 
sample. 

5) De Morgan lattice can have more than one  xed point. 

De  nition 1. Let X be a set with involution N and FP is a set of 
 xed points on N. A measure of association on XN=X\FP  is a function 

A:XN XN [–1,1] satisfying for all x,y XN the properties: 

                                           A(x,y) = A(y,x).                                     (2.1)
                                            A(x,x) = 1.                                           (2.2)
                                    A(N(x),y) = –A(x,y).                                      (2.3)

Note that for  xed points the conditions (2.2) and (2.3) are contra-
dictive for this reason an association measure is de  ned on a set without 
 xed points. This de  nition can be extended on  xed points as follows. 

De  nition 2. A function A:X X [–1,1] on a set X with involution N 
will be referred to as: 

– a measure of association of type 1, if (2.1) and (2.3) are ful  lled 
for all x,y X and (2.2) is ful  lled for all x FP;

– a measure of association of type 2, if (2.1) and (2.2) are ful  lled 
for all x,y X and (2.3) is ful  lled for all y  X and all x FP.

Further we will consider association measures on XN=X\FP, that can 
be extended in a suitable way on the set of all points from X. 

Proposition 1. An association measure satis  es for all x XN the fol-
lowing properties:

A(N(x),x) = –1, 
A(N(x),N(y)) = A(x,y),
A(N(x),y) = A(x,N(y)).

De  nition 3. A similarity measure on X is a function SIM:X X [0,1] 
satisfying for all x, y from X the properties: 

SIM(x,y) = SIM(y,x),
SIM(x,x) = 1.
A similarity measure SIM will be referred to as strict if it is ful-

 lled:
SIM(x,x) > SIM(x,y) for all x y.
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Proposition 2. A similarity measure SIM satis  es on X the prop-
erty:  

                        SIM(N(x),N(y)) = SIM(x,y),                                (2.4)

if and only if it satis  es on X the property:
SIM(N(x),y) = SIM(x,N(y)).

These properties will be referred to as a cancellation of re  ections 
(CR for short) and a permutation of re  ections (PR for short), respec-
tively. Note that in this paper CR property is considered instead of PR 
property used in [Batyrshin, 2013a].

Theorem 1a). Suppose SIM is a similarity measure satisfying CR 
(2.4) and S is a t-conorm, then the function ASIM,S:XN XN [-1,1], de  ned 
for all x,y XN as follows:

ASIM,S(x,x) = 1, 
ASIM,S(x,y) = SIM(x,y)(–)SSIM(x,N(y)), if x  y,

will be an association measure on  XN.

Theorem 1b). Suppose SIM is a strict similarity measure satisfying 
CR (2.4) and S is a t-conorm, then the function ASIM,S:XN XN [-1,1], 
de  ned for all x,y XN by:

ASIM,S(x,y) = SIM(x,y)(–)S SIM(x,N(y)), 

will be an association measure on XN, if one of the following conditions 
is ful  lled:

1) SIM(N(x),x) = 0, for all x XN (2.5)
2) t-conorm S does not have nilpotent elements.

Proposition 3. Suppose M is an aggregation function of two argu-
ments and SIM is a similarity measure, then the following function de-
 ned for all x,y from  X by:

SIMM(x,y) = M(SIM(x,y),SIM(N(x),N(y)))
will be an association measure satisfying CR (2.4). It will be strict if 
SIM is strict and M satis  es:

                              M(a,b) < 1 if min(a,b) < 1.                          (2.6)

For example, in (2.6) one can use one of the following aggregation 
functions:
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M(a,b) = min(a,b),
M(a,b) = (a+b)/2.
De  nition 4. Non-negative function D:X X R, satisfying for all x, 

y from X the properties: 
D(x,y) = D(y,x),
D(x,x) = 0,

is referred to as a measure of difference. It is called strict if 
D(x,y) > D(x,x),  for all  x  y.

Proposition 4. Suppose D is a measure of dissimilarity and V:R R 
is a strictly decreasing non-negative real function such that V(0)= 1, 
then the function  

SIMD(x,y)= V(D(x,y)),
will be a similarity measure satisfying CR (2.4), if D for all x,y from X 
satis  es the property of cancellation of re  ections CR:
                                        D(N(x),N(y))= D(x,y).                              (2.7)

SIMD  will be strict if D is strict. 

Proposition 5. If it exists a constant H such that D(x,y)  H for all 
x,y X and  W:R R is a strictly increasing function such that W(0) = 0, 
W(H) = 1, then:

SIMD(x,y)= 1–W(D(x,y)),
is a similarity measure satisfying CR (2.4), if D satis  es this property. 
SIMD will be strict if D is strict. SIMD satis  es (2.5), if 

D(N(x),x)=H,   for all x XN.

3. Association measures of n-tuples
Suppose X=Rn  is a set of real n-tuples x= (x1,…,xn), n 1, and N(x)= 

–x = (–x1, …,–xn), is a re  ection N on X. For any n-tuples x= (x1,…,xn), 
y= (y1,…,yn) from X, x  y denotes that xi  yi for some i. Let F:Rn  
Rn be a transformation of n-tuples such that from x  y it follows F(x) 

 F(y). Consider the following function de  ned by Minkowski distance 
with positive parameter r and transformation F [Batyrshin, 2013a]:

rn

i

r
iiFr yFxFyxD /1

1
, ))()((),(

It is clear that D is a strict measure of difference.
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Proposition  6. If for all x X and all i= 1,…,n, a transformation F 
satis  es: 

F(N(x))i+F(x)i = C,
for some constant C, then the dissimilarity measure D(x,y) = Dr,F(x,y) 
satis  es CR (2.7).  

D satis  es condition D(N(x),x) = 2  D(x,y) for all x,y X, if C=0 
and for all x X it is ful  lled the property of r-normality:

1)(
1

m

i

r
ixF

.
In [Batyrshin, 2013a] the different standardization methods F, sat-

isfying Proposition 6 for C = 0 have been considered. Here we general-
ize this result on more general case of arbitrary constant. This property 
gives a possibility to use a standardization 

F(x)i = (xi-min(x))/(max(x)-min(x)),

where min(x) and max(x) denote minimal and maximal elements of x 
correspondingly. 

Considered here theoretical results give possibility to build associa-
tion measures for n-tuples (for examples time series) as a result of the 
procedure containing the following steps:

a) De  nition of transformation F;
b) Selection of dissimilarity measure D;
c) Selection of the method of transformation of D in SIM;
d) Selection of the method of transformation of SIM in an associa-

tion measure A.
For example, the sample Pearson’s correlation coef  cient 
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D is a Euclidean distance, (r = 2),
SIM(x,y)= 1–D2(x,y)/4,

                              ASIM(x,y)= SIM(x,y)–SIM(x,–y).                        (3.1)

This method of transformation of a similarity measure in association 
measure (3.1) is de  ned by pseudo-difference operation (1.4), associ-
ated with Lukasiewicz t-conorm. From this point of view one can con-
sider the Pearson’s correlation coef  cient as a special case of the class 
of association measures related with Lukasiewicz t-conorm.

Conclusions

Based on a generalization of results of the previous works of the autor 
[Batyrshin, 2013a; Batyrshin, 2013b], the paper proposed axioms of 
association measures on sets with involution operation. The new methods 
of construction of association measures using similarity measures and 
data transformation are considered. The proposed methods can be used 
in construction of association measures of objects of different types in 
intelligent data analysis tasks, for example in time series data mining 
[   ., 2007]. It would be interesting to extend the obtained 
results on the sets of multisets [ , 2003] and on the sets of 
soft sets [ , 2004]. 
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   «  ». , ,  -
        -
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    -
     fsQCA, -
    (Qualitative Com-

parative Analysis)   .  [Rihoux 
et al., 2009]. QCA      -

    «  -
   ( )     -

»;      -
    .    

   -  -
 -  ,    

    .  , -
        

     : -
       , -

     -
.

1.2.       
 

     
      

 ( - ),      
    -

 .     -
 –  –   (     

– ) -     
[ , 2013],    -

 .       -
    ,    –  

JSM-Socio [   ., 2013]   -
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JSM-Socio     
 «  »:  -
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 (   ),   
 (  . .      

)    .     
       -
.

      -
     -

  - . ,  , -
      -
    . ,   

      
   ( , , ) 

   .  -
       

 (     )  
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)      ( )- -
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     -

        
      .
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     -
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      . . 
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   . .    
   .

1.3.    
 -       

  X, Z, V, ... 1-   (  ,  -
 )   , 1, 2, ...,  -

      X, Z, V  . .  
 ( ,   )  

  2-   Y, U, W, ... (  , 
  )   Q, Q1, Q2.   

   S, S1,…, Sn,…   
nSS ,S 1 ,...,  3-  .  (  ) X

)1(U2 , -
  (  ) Y

)2(U2 ,  S
)3(U2 . 

 U(i) –  , Bi = 
)(U2

i
, , U(i), , ,  – -

 , , i = 1, 2, 3. U(1) = {d1,…, 
1rd } – -

    (  -
 ,     

), U(2) = {a1,…,a
2r } –     

(   ), U(3) = {s1,…, 
3rs } –  ( -

) .      -
      p1, …, pn, 

     * [Finn et al., 2011] 
    .   v[pi] (i = 1, 

…, n)   {1, –1, 0, } («  », 
«  », «  », « -

», ),    -
   - .  ?J pi – , 

    «  ,  v[pi] = ?». J p = t, 
 v[pi] = ;    J p = f; t  f –  

   « »  « », . 
     j  )(

1
jJ

n
p1&…& )( j

n
Jn pn,  i

(j) { 1, 0, }, i = 1, …, n; j = 1, …, 4n.
- ,   -

   (1-      
    2-     -

),       
     ,  

   .     -
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   X 1Y «    
  Y».      
    X 1Y   

V 2W (  - ,  «   –  ») 
 W 3 V (  - , «   –  »), 

. .       -
  .   V 2W  

W 3 V ,  «   V  -
   W»  «   W   

  V».     -
  V 2W  W3 V   /  

       
  . -   -

  –     
     «   -

» ( ) [ , 2013].  ,     
    .   -

  ,      -
,  -   .

     
  X ,  X  –   X  = X, S, [ ] ,  – 
 , S –  ( ) ,  –  
 (  ,   ), [ ] –  

   .   
     X 1Y ( X, S, 

[ ] 1Y),  Y –  (     ). -
   -     -

  V 2Y,  V  –  X , V  = X 1 … X k, 
V = V, S , [ ]  (V = X1 … k, S   S1 … Sk, [ ] [ 1] … [ k]). 

         -
  X, S 1 [ ], ,   –    

  (        -
   X, S 1[ ]).     -

      W 3 V, S , W/[ ], V 
= X1 … k, S   S1 … Sk, [ ] = [ 1] … [ k].

       -
     [   ., 

2012]   JSM-Socio.    , 
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   ,    

 ,       -
   .

-  ,  ,   -
     -

 .  -  (    
2  )    

  Om = Jm, P, , K, R, 1Y .   
   m-   Jm   -

  -Jm [Finn et al., 2011].   
 Vm = {0, 1

1
m ,…, 1

2
m
m , 1}   -

 . R   , 
  , |R| = r, K = { 1, …, r} –  . 

   = { 1, …, s}  1, …, s 
 Jm     -

   p1, …, pn  ,    
    .

2.     
  
   «   – -

 – »       -
  «  –  – » -

       -
.          

      – 
     p1, …, pn  

    « »  « »   -
     [ , 2012].  

    , 
   , -

         
   [Finn et al., 2011].

      
-      

[ , 2010]:   , . .  -
,      
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  .      -
,      ,  

      0,8,     
.       
    . , 
        -

        -
  .
     

  ,    
 . ,    -

        -
     (V, W)  (V, W) 

(  n     -
   ),     

–       
. . ,   - .  -

    (  k 
(+)-   J(1,n)(Xi 1Yi), i = 1,…, k, J(1,n)  = 

n

j 1
J 1,j );  

 (+)-  (
k

i 1
Xi = V)& (V );   -

 V  W     (+)-  
X Y((J(1,n)(X 1Y)&(V  X))  ((W Y)&(

k

i 1
(X=Xi))));  

    (+)-  k 2 (   
      ).  -

 (V, W)        
(–)- .      -

 1-   n(I) , n(I) , 0(I)n   t
n(I) ,     

(V, W)& (V, W), (V, W)& (V, W), (V, W)&
(V, W)  (V, W)& (V, W), , -

,  J 1, n+1 (V 2W), J –1, n+1 (V 2W), J 0, n+1 (V 2W)  J , n+1
(V 2W).

      
,        

  . .  ( . [ , 2013]).  I+  
  ( )  (V, W), I    

  (V, W), x  I+  a+  x,  y  I   a–  y.  
 -  Strx,y      
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 ( {+, , 0, }) ,     -
  (V, W)  (V, W) ( , 

(V, W)& (V, W)  n(I) ).  [ , 2014]  -
      

(     ) -
,      -

 ;     -  
  [ , 2011].
       -

      . 
    , -

    (  [ , 2013]). 
   -     -

  P(X,Y,S) – «  X   
 Y   S».    -

 Ri( V,S0 ,W) – «     V 
   S0      

W» –      -
 ( )  (V,W,S0) (  = +, –),   

     1-  . 
       
       ,   -

   .    -
    ,    -

  nadi X
M ,0

(V,W,S0)  nai M , (V,W,S0)&( Xd0 ),  

Xd0   X Y S Z U (( J(1,n)P(X, Y, S)& (W Y) & (V X) 
&(S0 S) & ((X\V)  Z) & ((X\V)   &  (V  Z )))  (  J(1,n) P(Z, 
U, S)   (W U))).

     nadi S
M ,0

(V,W,S0) 
  nai M , (V,W,S0)&( Sd0 ),  Sd0   X Y S S U (( J(1,n)

P(X, Y, S)& (W Y) & (V X) &(S0 S) & ((S\S0)  S ) & ((S\S0)   
&  (S0  S  )))  (  J(1,n) P(X, U, S )   (W U))).

 ,    -
      -

        
 -     JSM-Socio.
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  (  1)

. .  (ksennaidd@gmail.com)
-  , -

        
       -

 .    -
  . 

       
        -
 . . ,   .  ( ), 

      -
 .   [Boldyrev, 1974]  -

        -
    ( ),  

   ,   . -
   ,  . . -
.

 P –    (    
  ).    a * b  a  b -

      P. , 
        

 ,        , -
   .  , -
 *,    (G- )  

 ,  ,    
(R- ).

 2P      P. -
      a, b  P   

2P.   (a, b)     ,  
 R,   ,   R-   
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 .  ,    ,  -
  a  b . ,   (a, b) 

    ,  G- ,  
 ,   G-    .  

  : «a    b».    
   [Boldyrev, 1974].

1.  : 
if  a  b  ,  a c  ,  b c  , then (a  b)  c    a  (b  c) 

 .
2.  :
(a  b)  c = a  (b c); ( a * b) * c = a * (b *c);
a b = b  a; a * b = b * a;
a*(a  b) = a; a  (a * b) = a.
3.  :
a  b  a; a  a * b;
a  b  b; b  a * b.

 ,     c = 
a * b     ,  -

 c  a = a, b c  b = b. ,   
 c = a  b     , -
  c * a = a, c *b = b.

       -
     1974   

  . . ,   . , 
. , .     .   -

         
      

,        
.       -

,   ( ) . -
,  ,  :  

       
 ,   .   
     ,   

   –   
,   . .  [   

., 1960].       -
   [Piaget et al., 1959]   -
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 .     -
         
     ,     

       
   ,     

     .
       -

  ,     -
,       

   ,   -
,     (  

).     -
,       -

  .     -
   .    -

        .

1.     

1.       
     . 

 A = {a1, a2, …, ak}       
   .     

  ai, aj, i  j, ai, aj A,     ai = aj  -
    .  

 A      ,   ai A, ai  , 
  ai.   A’ = {A, , }     

  L = (A’, ). L      
 *  ,  sup(ai, aj)  inf(ai, aj), -

,   ai, aj A,     1  2.
                                                                      1

* a1 a2 …. ak

a1 a1 a1

a2 a2 a2

.. …
ak ak ak



308

  Ln   An = A1’  A2’ ….  An’  
   Li = (Ai‘ ), i = 1, 2, …., n.  

{*, }  Ln   ,  ,  r1 
 r2, r1, r2  An ,      xj[r1]  

xj[r2], j = 1, 2, …, n     -
 . Ln = (An )    . 

      n-  , 
    ,       
 n-  ,     .

                                                                      2
a1 a2 …. ak

a1 a1 a1
a2 a2 a2
.. …
ak ak ak

   An     
,    ( ) A1, 

A2, …., An.  r1  r2, r1, r2  An     
 «r1   r2».   *   

r1, r2  An      r3  An , 
,  r1, r2  r3,    r4  An, r4  r3  r1, r2  r4  -

 r3  r4.    r1, r2  An    
 r5,    r1,    r2,  

 r5  r1, r2    r6, r6  An, r6  r5 ,  r6  r1, r2, 
  r6  r5.       

«   »,      -
 «   ».    , 

,   ,        
 Ln (  n-  ,     ).

2.       
    .  -
     -

,     .  
     -

       -
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   ,   -
.      -

     (principal)  ( ) 
 . ,  ,  -

  .     
  ,      

 .     -
     .   

        -
     (  )  

  .  , 
        -
  .

      (  
)   –   , -

    -14   -
  (  . .  [   ., 1960]), 

      , -
    -2,   

-   -18 (  . . ).
   ,    -

 [   ., 1978].    
      
.    18 .  

    4  -
.       

     .   
      .   -

  20-25      4 
 7        3  4.  

        
  ,   . 

    40  -
.         

  10  15.       
6     .  -

        
  .   ,   
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   ,      .  
      -

,      , 
  ,       

  .  ,  -
,   ,  -

 .     -
  ,    -

    .
  ,   1978      

        -
 ,         

     .
3.      -

       -
        

 .      -
      -
.      

       -
 ( )  ,      

       
.      ,   -

   [ , 1979],     
  .

4.     (    
 ,     -
 )        -
       .

  [   ., 1979]   
      

  .      
   ,    -

,         
 .       ,   -

      .
  [ , 1982]    

  ( )     
  .             1:  
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R(X) –    Tn(X) –  .  X  
X  X   X  ,     

 Tn(X),  ,    P(X ) 
 P(X ).   X   X   Tn(X)    X   

X .   P(X )  P(X ) ,   
X   X       X   X .

      -
         

        
  .

       -
  .   .
       1.  R(X) –     

Tn(X) –  .  Q –   . -
   : 1)    -

   X  X ,    Tn(X) 
  X   X. 2)     -

  X  X,      
   Q. 
       2.  R(X) –    -

 Tn(X) –  .  Q –    
 P(X ) –   Q,   

 X   X.    : 1)  
     X  X , 

   Tn(X)            
X   X . 2)      -

 X   X,    ,  -
    P(X ). 

   .    2. 
   *     -

    Tn(X),  *   
-   .        -     

   3.  R(X) –     Tn(X) –  
  Q –   .  P(X ) – -

  Q,    X   X. 
 X        , 

    ,   
   P(X ),     -

 -  .
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    ,       

 .         -
    .     

    Q   -
   :    
   X0  X1  X2  X3       

Xk,  Xk  X       
Q, . . P(X0)  P(X1)  P(X3)       P(Xk).    -

      -
        

      
 Q,    [Naidenova, 1984].

        
   –   -

     ;   
       

 . 
  [ , 1982]    -

    ,    
,    -

            
( ),      . 

 ,  :  , -
  ,  ,   

,      ( -
  (   ),    

 . .).        
 .

 1.  X  U   -
       T(U) -

,         -
 :

( 1)  (i, j), i, j  S, i  j
ti[K]  tj[K]  ti[X]  tj[X] (ti[X] = tj[X]  ti[K] = tj[K]);

( 2) X  ;
( 3) P(X)  P( ) (     X*K = X  X + K = K),

 S –     .
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» (    ),   
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      -

  ,   ,    
   .    -

,   ,    -
         

      ,     
   ( ) , 

    -
 .
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[ , 1982]  . .    -
  //   ,  «  -

». 1982.  4.
[   ., 1978]  . .,  . .  
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  (  2)

. .  (ksennaidd@gmail.com)
-  , -

        
       -

 .    -
  . 

1.    
        -

      -
 ,   ,    (   ) 

      . 
        

    [   ., 1986]     
 [Naidenova et al., 1991].

 U   ,  -
 , X  U       

,   P(X), P(K)     -
    X  K, .   Q(K) 

     K: Q(K) ={X: X  U: 
P(X)  P(K))}.

       
 : P(X)  P( ) (     X*K = X  X + K = K).  P(X) 

= P(K),  X     K.
    X, X  U    P(X)  

P(K),      ,  P(X)    P(K) 
  Q(K),    l P(Y), Y  U  (P(X) 

 P(Y)  P(K))  P(X) = P(Y).  ,    
     ( ).

 1.  X  U      
    T,   -

 :



315

) X  Q(K);
)      Z, Z  U, X  Z,     

Z  Q(K)  P(X) < P(Z)  P(K).
     -

 .
 2.  X, X  U      

 K  T,      P(X)  
       Q(K).

    . -
       -

   : X Y     P(X) = 
P(Y) (P(X)  P(Y), P(Y)  P(X)).    

   X*Y = X and X*Y = Y.
 3.   X  U   -

 ,       ,   U,  
   X      

 ,   [XA]   [X]      ,   U.
 ,    X    

,     X  ,   -
,       -
   .

 4.  X    -
  ( )     

K,     K , ,    
 .

 X    K,      -
    ,   U      K, 

    .
 5.     -

,    Z, Z  X, [X]   [Z] .
 ,       -

,     A, A  X    
       -

     X\A.
 6.  X    -

  ( )   K,     K , -
,      .

      -
 ,       (   )  
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 :  («+» )    -

  (   ),     
    ,     

     ( ),    (« » ) 
     ,   -

       ,  
    ( ).   –    

   (  +),       
         -

        +.  
        +. 

        3 [   ., 1986; , 1992].
       3.   K    +, 
    q, 2  q  nt,      

  q  +,  nt   -
 +.

        -
.    (     )  

       ,   
      .      -

        -
  :

1)   ; 
2)  ,   ,   .

       
,     , -
  .     , 

  [ , 1989].  [ , 1992] -
    ,  -

    .  ,    -
       

  ,   -
      .
       

  ,     
.     ,   

  k, k  =  1, nk.   -
  k+1     ,    
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   .    
      [Agraval et al., 1994],  

      .
     3.   
 : {BG, DG, AE}. ,    

  : AB,   P(AB) ={{1,3} {2} {4} {5} {6}}  P(AE) =  
{{1,3,4} {2} {5} {6}}. 

   k1: e1= {1,3,4}, b1 = {1,2,3}, g1 = {1,2,4}. -
,      
 . ,   c2 = {2,3}  d1 = 

{1,3}   .
                                                                           1

T A B C D E F G K
t1 a1 b1 c1 d1 e1 f1 g1 k1

t2 a 2 b1 c2 d2 e2 f2 g1 k1

t3 a 1 b1 c2 d1 e1 f3 g2 k1

t4 a 1 b2 c3 d2 e1 f1 g1 k1

t5 a 2 b2 c3 d2 e1           f1 g2 k2

t6 a 3 b3 c3    d3 e3 f1 g3 k2

  [Naidenova et al.,1995]   
    .   -

  ,     
(   )    .  -

        
   ( )  ,   

     .   [Naidenova, 
2005]   DIAGARA,    

    .    
   ,     (  

),    .

2.     
  80-        

  ( ),   -
        . , 

      ,    



318

  : [Ganter, 1984], [Ganter et al., 1991; 1999], 
[Wille, 1992], [Kuznetsov, 1993], [Kuznetsov et al., 2002; 2004]. 

       
  .      : K 

= (G, M, I),  G –  , M –   
 I  G  M – , ,   -

  .      A  G 
   B  M   

: A  = {m  M| g  A: (gIm)}  B  = {g  G| m  B: (gIm)}. 
    (A, B), ,  A  G, B  M, 

A  = B, and B  = A.  A  ,   
B     is (A, B).  g  G  
m  M, {g}    g     ,  
{m}    m     .

        -
  [   ., 2001],      

     –   (  
   )     ,  -
  ,     . 

,      , 
     ,  

    .  
,       ( . 3, ), 

    ,    -
  . 
 S = {1, 2,…, N} –    ( -

,  )  T = {m1, m2, …, mj, …mtm}   
  ( ,  ).   

     T. 
     ,   

  S  T, T  S.  s  S, t  T.  
 ti, ti  T, i = 1,…, N     i.  

  :
S  T: t = val(s) = {  ti: ti  T, i  s}  T  S: s = obj(t) =             

{i: i  S, t  ti}. 
 val(s), obj(t)   , -

     ,   
 s,     ,  -

 t.
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 R = R(+)  R( )    -
   , S(+)  S( ) = S\ S(+)  -
     , -

. 
A diagnostic test for R(+) is a pair (s, t) such that t   (A = obj(B) 

 Ø), s  S(+) and t  val(g) & t  val(g), g, g  R( ). Equivalently, 
obj(t)  S( ) = .

  ,  t    -
  (s, t),    val(obj(t)) = t   , 

,     -
   .    

   [Naidenova, 2012b].
 7.   (s, t), t  T (s = obj(t)  

)     R(+),      
 s’ = s  i, i  s, i  S(+) ,  (s’, val(s’))  -

   S(+).
 8.   (s, t), t  T (s = obj(t)  )  

S(+)  ,     t’ = t\m,       
m  t ,  (obj(t’), t’))     R(+).

 9.    S(+)  ,  
  t’ = t  m, m  t, m  T ,  (obj(t  A), 

t’)      S(+).

3.   

        
       -

 .       -
  ,       -

 ,    ,     
   .      -

    .    -
     ,   

    -  
 .     

      
  ,      

  ,   -
    . .  (1872).  
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,  NIAGARA,   [Naidenova, 2006]. 
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 Ncur –      -
, Ninit –      

, Ngen –   ,   -
.        

 ,       -
 ,    –  .   

      , -
   ,       

  .
  AQ    -

   .    2   
 13   15  28    ,  -

  – 3 , 31 ,    25, 20  25  
.      

  .
 1

. . avrn maxn avrr minr avrat minat

1

1
AQ 7 10 4 3 8 (4) 2 (2)

7 10 3 3 8 (4) 5 (3)

2
AQ 9 15 4 4 6 (4) 3 (2)

16 17 3 3 7 (4) 6 (3)
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2

1
AQ 8 11 5 4 15 (8) 3 (3)

12 16 3 3 7 (4) 6 (3)

2
AQ 5 7 5 4 11 (7) 4 (4)

8 10 4 4 8 (5) 7 (4)

3
AQ 8 11 5 4 16 (9) 11 (7)

12 15 4 3 11 (6) 7 (4)
 AQ 7 11 5 4 11 (6) 5 (4)

11 14 3 3 8 (5) 6 (3)

  1      
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 ,    (   
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