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1.   
    . 

,   ,  
  (Dung P.M.) [Bondarenko  ., 1997],  

    (Lin F., Shoham Y.) [Lin  ., 1989],  
 (G.A.W. Vreswijk [Vreeswijk, 1989],  -

  (John L. Pollock) [Pollock, 1992]   . 
       -
,    , -

   [Pollock, 1992].

 1.1. 
      , -

     .
  ,  –   -
     .   – , 

     .   
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    : p/X,  p – ,  X  – -
 . 

,  (p&q)/{~a,b} ,    ~a,b 
  p&q.      

 .        
(    )    -

. ,     ,   -
  .

       
   .     

   – (rebutting)   (undercut) 
[   ., 2008].  – ,    

       
.  –   ,   

        
.       -

       . 
    -  .

2.     

2.1.     
        -

  ,   -
   .  ,   

A   P(A)   [0,1],  0  
 , 1   .

     (A, R, P), 
 A –  , R –     

 P – ,      -
 A (P:A [0,1]).

     -
 P.        1   

   ,   0  . 
        

      
« »  «  ».

     P.
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2.1.1.   [Hunter, 2010],   
 « »  .  

 ,     -
   ,       -
    ,  .  

     -
 ,   ,   
 .  ,    , 

    .  , . .  
 ,     ,    

,    « »  
  .    -

    :
• P(A) = 0 ,   ,  ,  

 ;
• P(A) < 0.5 ,     ;
• P(A) = 0.5 ,     ,    
 ;
• P(A) > 0. 5 ,     ;
• P(A) = 1 ,   ,  ,  

 .
2.1.2.   [Haenni  ., 1999],   -

     -
  .  ,     

(    ) -
 . 
  A   G,    P, 

P(A)   ,  A    
   G,  1 – P(A)  ,  A  -

     G.
2.2.    

       -
   [0,1],  0   

, 1 –   .
     :

1)    ;
2)    .
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  ,      -
 ,     . 

,   ,    70%. 
     1: ( ) 

   0.7.    -
  Jus(A).      

Jus(  ( ))=0.7.    -
       . 

,      (  90%  -
   )    (  

  60%). 
      -

 .    ,   
       

 «  A,    B».      
    . 

,    85%     
   (  R1: (  x)  ( -

, x)|=> _ (x)).
     -

       -
 .      

    –    
.

,     Jus(A)   
     .  ,   -

     .  
          – -

   ( . .   , -
     )   

  .      -
 : Jusanc(A) –     

Juscon(A)  –      . 
 Anc = {Anci}, i 1..n –   Anci, -

    , n –   . 

               Jusanc(A)=min({Jus(A1), Jus(A2)… Jus(An)}),                (2.1)

 A1, A2,…,An – ,    A.
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 (2.1)     [Pollock, 
2001]. ,    (2.1) ,   -

    ,   -
  ,        

  ,     .  -
,     ,      

      .
   Jusanc    -

,    ,   -
  ,    . 
 Acon   –  ,     A,

n=| Acon  |, 

              
              (2.2) 

  (2.2)  Jusanc  ,   -
 ,       

. 
, : 

         
      (2.3) 

      -
     .   -

        .

3.     
   ,   -

  .
  :

      -
      .   CMP, -

  IT .   IT   
   75% IT    -

 .  CMP   -
      Linux.  

  10%  Linux , ,   
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   .  80   -
      -

  - ,      Linux. 
     .

1. IT(CMP) justi  acation: 0,75
2. _Linux(CMP) justi  acation: 1
3. _ ( _ ) justi  acation: 0,8
4. (  x)( (x)> ) 

R1. (  x) (IT(x) ) |=> (V x) _ (x)
R2. (  x) ( _ (x) |=> (x))
R3. (  x) ( _Linux(x) |=> _ (x))
R4. (  x) ( _ (x) |=> ~ (x))
R5. (  x) _ ( _ ) ==> (( _Linux(x)) @ 

_ (x))
  1      .

    . 
1)   1: IT(CMP)    R1  

  6 Jus( 6)=Jus(A1)= 0.75. 
2)   2: _Linux(CMP)    R3 -

   A8: _ (CMP). 
Jus(A8)=Jus(A2)=1.

3)  A8: _ (CMP)    
R5        A3: _

( _ ).   1.3 Jus(A3) = Jusanc(A3)-
Jus(A8)=0.2

4)   6   R2   7: 
(CMP). Jus(A7)=Jus(A6)=0,75.

5)   8    R4   
9 : ~ (CMP).

6)  9  7     -
,    7 ,  , 

Jus(A7)=0.55,   9    
 Jus(A9)=0.

7)       In5, -
  In11,     In14. 

8)   10: (_x)-> ,  
7: (CMP),     

Modus Ponens,   12.   -
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  Jus( 12) = 0.55.    -
 In14.
9)  ,     

  55%.      CMP 
    55%.

MP     55%.

. 1.  

       
   .    -

       
    ,   

     . 

        
   . ,  , 

,    –    -
.           

 –  ,    -
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 .    
      , 

  .  ,    
     –    
  (« »  «  »),   -

.      
 ,       

.         
    «Interpolation of Benchmark Problems 

in Defeasible Reasoning» [Vreeswijk, 1995].
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     cc   -
 ( ,  [Stefanuk, 1990]),      « -

  ». 

3.  

 « »     [An-
derson et al., 2006]      -

      -
     .   

     : 
 ( );

 (   ) ;
 (   -

).
 ,     -

  ,     
 ,    ,   -

  .      
      -

   .     
     ,  

    ,    -
,   ,     -

 ,   .  ,  
,      -

 ,      -
         -

 ,         
    (   

[Elgot-Drapkin, 1998] ).  ,     
         . 

      -
          

    ,   ,   ,     
.  ,    , 
  .
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4.     
    

 ,       
     ,  -

  ,   «  » 
[Elgot-Drapkin, 1998],     

  ,   «  » 
[Anderson et al., 2004],[Anderson et al., 2005],[Anderson et al., 2006]. 

    ,   «   
  »,        -

       , 
        

  .   ,   -
 ,   ,   -
 « ».    -

   ,  .    
      ,   

     –    . 
     ,    

  . 
,      t (t- ),   -

     (t + 1).      
      :

 t : now (t)                ,
t + 1: now (t + 1) 

 now (.) –  ,   
;

 t : ,      modus ponens ;          
 t + 1:  
  t : , sub ( ¦  ¦, ¦  ¦),[ ]   ,  
 t + 1: K (t,  ),

  –  ,    i   t,  -
      , sub 

(.,.)  –  ,   «  
», ¦  ¦, ¦  ¦ – ,    
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  , [ ] – , ,      -
     t, K(.,.) –  -

,     ,    
     ; 

 t : ,         « » , 
t + 1: contra (t, ¦  ¦, ¦   ¦ ) 

 contra(.,.) –  ,   -
  ,         
              t.

       -
 .    , -

      -
  . 

5.    
  

   ,     -
    ,  -

 .    ,    -
    :  -

     ,     
  .         –  

        -
  ,    .    , 
        
  :       

  .  ,   -
      ,   -

   .

6.   

 , ,    -
,  ,    -

     , -
        -
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     .   -
       
 (      )    

   [ , 2011],    
      

  :   -
     . 

      -
       

,   [ , 2008],    -
.

     
    .    Gck ( -

 ).      
     (= ), -

      . .   
 Ck,    (   -

).    –     -
    ,  

     (   
)   .    

   Ck*.  « »   
     -

 .         
    ,     -

       .  -
,    ,    

  .    -
  – clock (.)  rank (.).      -

 Ck*.  clock (n)    , 
   n    .  

      , . .   
t  Ck* rank (t) = clock -1 (t),     

   t     Ck. ,  
      t, -

       clock 
(rank(t) + 1).  (clock (rank (t) + 1))  next (t), . .  
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,    t   ck. ,  -
       

  (     ): 

  t: now(t)
next(t): now(next(t))

7.   
 

    ,  , 
         -

   (   2),    -
 . 

 7.1.
 ck = (0, 1, 13, 15, 17, …)

0: … now (0), (now (t)  t  5)  K (next (t), A ), …
1: … now (1), (now (t)  t  5)  K (next (t), A ),  K (1, A), …
13: … now (13), (now (t)  t  5)  K (next (t), A ),  K (1, A ),  

K (13,  A) ,  K (15, A), …
15: … now (15), (now (t)  t  5)  K (next (t), A ),  K (1, A ) ,  

K (13, A ),  K (15, A), K (13, A ), …
17: … now (17), (now (t)  t  5)  K (next (t), A ),  K (1, A ) ,  K 

(13, A ),  K (15, A), K (13, A ), contra (15, K (13, A ),  K (13, A ) )  …
   0, 1, 13, 15    

,       
  K (1, A ) ,  K (13, A ),  K (15, A ).    15 
  (now (t)  t  5)  K (next (t), A),  
,    5     , 

       
  .    17   

 ,      
,          5 
 ,  ,      

      . ,   
        

 . 
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(  09-01-00877, 12-07-00083,13-07-00396).
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     .  
      -
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  –  -
,   –   .  -

   ,    -
        

  T    (T ), 
     (R(TMP, 

TMP)).
  ,    

,      
       -

 .     -
     ,  

      – 
,  T –   

 .      -
     -

    ,    
,        

 ,       
 , . .    
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.

 R –   .
      

   ,   -
     

   .

2.     
 

      
  -     

   ,  -
   .     

      ,  
    .

      
     .  -

, ,   «  
A    »  «  A  -

  »,     .   
 ,      

       -
,      -  
,   .

  [   ., 2008]      
      

.       -
  .
 t –   , P –  -

,    «  P     
t »    Pt.  « -    
P»    :    

  ,    P,     
   .  «   -

 P»   :    -
    P –     

  .
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    « -   
 P»    : ,  -

,     (  -
  ),   , 

  «     ».  , 
   «    P» -

    ,    , . . « -   
  ».
  A  B    «t» ( -

)  «f» ( ).    «A = t» -
  «A = f».   B.  , 

  A  B  -                  
« ».

    ,    -
   «A -     t», 

  : 

.

  « -       
m  n» ( n

m )  «       m  n» ( n
m ) 

  .
,  « -       m 

 n  P» ( n
m

P )       
     P   -

  : [ , ]t m n    -
:

                            ( : ( )) ( ) [ ( ) ( )]x A x B x x A x B x                      (1.1)

                              ( : ( )) ( ) [ ( ) ( )]x A x B x x A x B x                        (1.2)

 [ , ]t m n    ,m n
tX ,  -

     ,  -
 (1.2),  : ,: m n

tt X P . ,  
«       m  n  P» ( n

m
P ),  -

  ,   (1.1),  
    : ,: m n

tt X P .
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,   ,  ,   -

       . 
,    n

m
P   -

: , , ,: : :m n m n m n
t t tt X P t X P t X P ,   

( ) n
m

P , . . «       m  n  P». 
   n

m
P     

 , , ,: : ( ) :m n m n m n
t t tt X P t X P t X P ,  -

 ( ) n
m

P , . . «       m  n 
 P».
    ,  -

   «A -     m  n 
 t»   : 

( | )* ( )
( | ) ( )* ( | ) ( )* ( | )

n nm m
nm n n n nm m m m

t t t
tt

t tt t f f

P B A P A
P A B P A P B A P A P B A

.

 ,    -
        

,   ,  
       -

     .
       -

       
      . 

  ,      
      

 .
     -

  ,    -
       . 

   : [ , ]A A AI x x  –  , 
     A, [ , ]B B BI x x – 

 ,     -
 B.

«         B». «   -
      B».    

       . 
 AI  –        -
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   .    -
 ,   -    AI    

 ,     
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«          B».  -

        «  
     B». ,  «  » 

      «  
 »   .

«         m  n   
 B».       A  B  -

,   : BI    AI –  
       «  -

       m  n  B».  AI  
 BI ,       -

    .    AI   BI  
,    .  B Ax x ,  -

      .  
B Ax x ,   ,    -

 B,    «before», -
  [ , ]B Ax x .

«         m  n  -
  B».     . 

 ,  BI   AI ,   -
    .  BI    AI ,  -

      «    
     m  n  B».    BI   
AI  ,    B Ax x    -

    . ,   -
  B Ax x   ,    

 B,    «after», 
  [ , ]A Bx x .

«         m  n   -
  B».        

,B A B Ax x x x   ,B A B Ax x x x     -
    .    -

  B      
[max( , ),min( , )]A B A Bx x x x .
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«A  -       B».  n Bt x ,  

   B     
[ ,min( , )]B B nx x t ,        -

  .
 «A  -        B».  
[ , ]n B Bt x x  ,   B     nt  ,  

   .
«A  -       B».  

n Bt x ,    B    
[max( , ), ]B n Bx t x ,       -

  .

 ,      -
      

,      
.        
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 O(n2),  n –   .   -
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 [Russel, 2003]    
(Constraint Satisfaction Problem – CSP)   

 x1, x2, ..., xn    Cl, C2, ..., Cm. 
  xi     Di 

(   , ).   Ci 
      -

     .  -
      ( -

 )    (  ): 
{xi  =  vi, xj  =  vj, ...}. ,    -

,   .   
CSP   ,    

.
    CSP,   

   .   Bartak [Bartak, 

1       (   12-
07-00550- , 12-07-00689- , 13-07-00318- , 14-07-00205- , 14-07-00256- , 14-07-
00257- ),   (  2.3       

 )    (  4.3   16).



33

1999],  95%   CSP   -
.

      
     [Ruttkay, 1998].    

       , 
      -

   ,      
     .  -

       , 
  ,     n,   

n .  ,     
 n (   ).     -

  CSP      -
.     ,     

,   .
      -

,       
,    ,   -

 .        , -
    ,    .  

       
  ,      

  ( ,   )   -
 . 

,      
      -

.       
 CSP    ,    

      .  -
,        

  .
 CSP,  ,     

  .     
CSP        

     -
   .
         

     -



34

 ,     -
 .     

        -
    « » .

      -
    ( ) [   ., 2010], 
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1.   
 [   ., 2010]     -

        
    ,     

   -  .  -
    [Zakrevskij, 2013]    -

     .
        -

   : C-   D- .  -
    - .

  -     
  ( )  . -

   .    :
(x, y, z) = (x=a,b)  (y=a,c)  (z=d).

          
 {a, b, c, d}.       

 (x=a,b)    (x=a)  (x=b). , 
     (x=a,b)  {a,b}, 

    (x, y, z)   -
    C- :

R[XYZ] = 
}{**

*},{},{
d

caba .

 X, Y, Z -  R[XYZ]  -
 x, y, z  (x, y, z). ,  «*» –  -

     ( ) . 
-  R[XYZ]     -

  :
({a,b} {a,c} {a,b,c,d})  ({a,b,c,d} {a,b,c,d} {d}).
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  D-    -
  ( )  . D-c   
  - ,   -

  .
D-      C- : 

    - . -
,   = ( (x=a,b)  (y=a,c))  (z=d),  -
  = ((x=c,d)  (y=b,d))  (z=a,b,c),     

D-  R [XYZ]: 

R [XYZ] = 
},,{

},{},{
cba

dbdc .

  « » –   ,  -
   .

2.     
2.1.   

   CSP      
   –  ,   -

    .  
   .   v  

  ,       
    .

   CSP    -
,    ,    

      
        

.     .
,     -

      -
  .      

   D-  [XYZ] = 
}{}{}{
}{},{}{

gea
hedc ,  

      : X – {a, 
b, c}, Y – {d, e, f}, Z – {g, h}.   ( , x=b) 

  - ,    :

E[XYZ] = **}{b .
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      -
 « » D-  [XYZ]  :

C[XYZ] G E[XYZ] = 
}{}{}{
}{},{}{

gea
hedc  G **}{b  = 

}{**
*},{*
**}{

h
ed

c
 G 

}{**
*}{*
**}{

g
e

a
 G **}{b  = 

}{*}{
*},{}{
hb

edb  

G 
}{*}{

*}{}{
gb

eb .

      -
   (   « G») 

   1  3,    2  3.
   -     -

    D-c    X – {a, b, c}, 
Y – {d, e, f}, Z – {g, h}. ,     X – 
{b}, Y – {d, e, f}, Z – {g, h} (       -

 ,       X  
  ,   b,     -

       ), :

}{}{
}{},{
},{},,{}{

ge
hed
hgfedb
ZYX

            
D-        

   (  ).
     D-    D- -

,    ,    
   ,      -

    X        
   ,    

 .
          

D- ,   X,      
   :
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}{}{
}{},{
},{},,{

ge
hed
hgfed
ZY

 ,       
 D-c .      -

      
   ,   

  D-    D- ,  
 ,    D-c    -
    ,   .

    ,    
,      ,  ,   
       -
.       -

    ,      
 .
       -

  CSP,     -
    .

2.2.      
    ,    

CSP,    ,    -
      

  .    -
      . -

,       
      .  

      
. ,  ,  -

    .   
      

 ,       
   .
  « »     
    :
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1.       ?
2.         

  ?
        -

  :
1.   D-   ,  -

  ,     
 .

2.    ,  -
 1,  ,    -
 .

3.      -
      D-  -

 .

2.3.   
,        -

  D-      D-   -
,    «  ».   

  .   
,     «  

 »,       -
  CSP,     

 .      -
     « »  -

 ,     
     .   -

     .
     :

1.   ,      -
 (      

 )?
2.       -
?

3.     ,  -
  ?

       -
,    :
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 1 ( 1).      D-  -
 (    ),  D-c   ( -

   ).
 2 ( 2).     -

 ,       D-c  ( -
  ,    ).

 3 ( 3).   D-    ( ), 
    ,   ,  

   ,    -
 (      ).

 4 ( 4).   D-     
  ,    (   -

   ).
 5 ( 5).       

D-c   ,   -
 ,      .

 6 ( 6).    D-c   
 (  )  ,  -

    D- .
        1,  

     -
  D- .

      ,  
         

( 3, 5)     ( 2),   –   -
   ( 4, 6).

     – -
  D-c         

.  ,      
     -

 .
     -

  (  ),  D- -
.   , ,    « -

 »,     
,    ,   

    [Zakrevskij, 2013].  -
       -
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,   , ,  ,  
  ( ) , -
   ,     
     (  -

) .

     CSP,  
   .   

      . 
       -

   .    -
       

  ,    
       CSP  

  .        -
   « » ,   -
   .
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 004.832

    
    

    1

. .  (zuenko@iimm.ru) 
      

   , 

         -
,       -

       -
    .     

     , 
    ,  -

     .

       -
 ,    ,   

     ( onstraints 
Programming) [Russel et al., 2003].     

, ,    . . [Bartak, 1999]. 
       

(Constraint Satisfaction Problem – CSP)    
     -

,  ,      
   ,   . 

     
( ,   )     -

,        
 CSP.       

 ,    
  .

1       (   12-
07-00550- , 12-07-00689- , 13-07-00318- , 14-07-00205- , 14-07-00256- , 14-07-
00257- ),   (  2.3       

 )    (  4.3    16).



42

 [ , 2013] [ , 2014]   
    ( ) C-   

D-  [   ., 2010]    CSP,  -
    ,    -

    .  ,  
      CSP ( , 
  ),     -

      -
      .

      -
      -

,        -
.      -

    [Rossi et al., 2008], 
     ,  -

,       . 
     . 

 ,     -
        -

  (   ). 
        

         -
,      .

  CSP     
 [ , 2014],       

      -
.   ,      -

         
     . 

      -
       -

,       
,      -

.
 ,     -
       

       -
.
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1.    
       

     [Rossi et al., 
2008].      

 Alldiff,  ,      
    .    
          -

       
    [Aggoun et al., 1993].

      [ , 
2012]. - ,     -

     CSP.      
        -
       

. - ,    -
   ,   

    .
, ,  Alldiff  ,  

   ,  Alldiff     
D-c .      -

.   –   -
,     ,   

   Alldiff    
.
     -

   (global cardinality constraint 
(gcc)) [R´egin, 1996]    [Aggoun et al., 
1993].     -

,   ,   ,  
      . -

    ,  
    , ,   

       , 
    .   -

      , 
     .

        
     -
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,   ,     
-     . -

   ,    -
       -

 .
2.    

     ,  
    ,     

:
 3 ( 3).   D-    ( ), 

    ,   ,  
   ,    -

 (      ).
 4 ( 4).   D-     

  ,    (   -
   ).

 5 ( 5).       
D-c   ,   -

 ,      .
  ,     -

     ,    [ , 
2014].       -

 .
 .     ( ) 

   ,      -
,      -
   . .     -

   ,    . 
       T1, 

T2, T3, T4, T5,         
.     1:00, 2:00  3:00.  -

   ,    , 
: 1) T1   T3, 2) T3   T4   T5, 3) 

T2       ,  T1  T4, 4) T4   
  2:00. 

   ,  -
  :   T1  5  -

,   T2 – 7 ,  T3 – 3 ,  T4 – 5 
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,  T5 – 4 .  ,   -
 ,     

(10 ).
.     ,  

  X1, X2, X3, X4, X5,  ,  -
 {1, 2, 3}, : 1 – 1:00, 2 – 2:00, 3 – 3:00.

,        -
 : «  /  »  «  -

/  ».      -
   .

  X1, X2, X3, X4, X5,    -
 T1, T2, T3, T4, T5, .     

     D = {1, 2, 3} –   . 
,     D-c   «T1 

  T3».  «T1    -
  T3»     :

C1[X1X3] = 
}3{}3{
}3,2{}2{

*}1{
.

  ,    -
,   :

D1[X1X3] = 
}2,1{}2,1{

}1{}3,1{
}3,2{

.

     D-   -
 .      ,  -
      

.      
 ,  - .

 ,  D-  D2  D3, -
  «T3   T5», «T4   T3» 

(   «T3   T4»,   
 ):

D2[X3X5] = 
}2,1{}2,1{

}1{}3,1{
}3,2{

, D3[X4X3] = 
}2,1{}2,1{

}1{}3,1{
}3,2{

.
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   «T2   -
    ,  T1  T4»    

   D-  D4  D5.

D4[X1X2] = 
}2,1{}2,1{
}3,1{}3,1{
}3,2{}3,2{

  D5[X2X4] = 
}2,1{}2,1{
}3,1{}3,1{
}3,2{}3,2{

.

 D4[X1X2]     4=

}3{}3{
}2{}2{
}1{}1{

,   «T2     

,  T1».
,  «T4     2:00» -

    «T4   2:00» ( -
     ):

D6[X1X2X3X4X5] =  = }3,1{ .
        

 D- :
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        D- -
       

    (  ).
  1, 4, 7, 16,  3     

X1, X3, X4,        -
: X1 – {2, 3}, X2 – {1, 2, 3}, X3 – {2, 3}, X4 – {3}, X5 – {1, 2, 3}. 

     T4  T1  10   -
 , T4  T2 – 12 , T4  T3 – 8 ,    

 T4  T5 – 9 . ,  -
    «3:00»     T4 

 T2.        X2 
  «3», : 

X1 – {2, 3}, X2 – {1, 2}, X3 – {2, 3}, X4 – {3}, X5 – {1, 2, 3}. 

  X4   D-  , -
      {3}.

  « » D-    , -
  4,     1, 4, 7, 8, 

10, 12, 13, 14, 15, 16.
,  5,  (   ,   

D- ,       -
,       CSP):

X4 – {3} 

    2     X1  
  (X1 – {3}).    -

 X4 – {3},         
 ,     T1  T4  3:00, 

 9. ,        -
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   T1  T4.  ,  «3» -
      .  -

  : X1 – {3}, X2 – {1,2}, X3 – {2}, X5 – {1,2}. -
       

   ,     D- , 
  « »    (  4 

 5,   ,  ,      
  ).  X1  X3   

D- . :
X1 – {3}, X3 – {2}, X4 – {3}

}1{
}2,1{}2,1{
52 XX

 X5={1}, , X2={2},   T2  
T5    .    -

 :
X1 – {3}, X2 – {2}, X3 – {2}, X4 – {3}, X5 – {1}.

 ,  1:00  T5,  2:00  
 T2  T3,  3:00    

T1  T4.
        

  ,    
    ,     -

.

     -
       , 

    .   -
     ,   -

      -
     ,  -

    .    
    ,   

       . 
       -
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 007:519.816

   
  -   

     
   

. .  (kurilenkoiy@mpei.ru) 
  «    

« », 
. .  (daria-chan@mail.ru) 

  «    
« », 

      - -
  .     -

 ,      -
        .  

       -
-       

    .

     -
,      -

    (  ),   
     , -

   [Eremeev et.al, 2003].    
      ( ), 

  , « »  , -
  , ,   -

        -
,  .     

     
       [  

 ., 1989].      
       -

    ,   -
      [  
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 ., 2004].       
   –     , -

       
   ,    -

        
   ,    

[   ., 2010].       -
        

  ,    -
     [ -

  ., 2014].
      -
-      -

      , 
        

     .

1.    

       
   ,  , 

   [Ladkin, 1987].    -
  Z = (V,D,BTR,C) [   ., 2004], :

– V={V1,V2,…,Vm} –    -
; 

– D –    ; 
– BTR={r1,r2,…,rn} –    

   ,   
    U (  -
 -  ); 

– C={Cij|Cij={r1,r2,..,rk}; k>0; r1,r2,…rk  BTR; i,j  m},  
 ,  Cij –    

 Vi  Vj,   (Vi,r1,Vj)…(Vi,rk,Vj). 
 Cij     ,    

.
  V    -

,    .   -
 D,     , 
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   ,    -
 –    . 

    ( )   
  [ , 2001].   -

 ,       
 Cij*  Cij      Vi 

 Vj,      . 
       -

 .
      -

.       
    .   

ij
min    Vi  Vj  , -

      Vi  Vj. 
       -

      
  . 

2.  -
 

 -    -
     [Zaidi et al., 2006].   

       
.    ,    – 

  .     pZ, pV,  
 – X=(sX, eX),  sX –  ,  

  ,  eX –  , -
   .    -

    : « - », 
« - », « - » (   « -

- »  « - »     
      ).

       -
:.   :  (=),  

(<),  (>),    ( ),   -
 ( ),   ( );
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. 1.   . 2. -  

.   : before (b), after (a), meets 
(m), overlaps (o), during (d), starts (s),  nishes (f), equal (=) [Allen, 
1983] ( . 1);.  -  : before (b, <), af-
ter (a, >), starts (s),  nishes (f), during (d) ( . 2),

   .
      

 [Zaidi et al., 2006]:
Length[sX, eY]=d, d  R+ –  ;
Stamp(pX)=t, t R –    .

    -    
     [Zaidi et al., 2008].

3.   
   

     , 
  –  [Zaidi et al., 2006].   

 PG –   (V, Ea, D, T), :
V –  ,     -

    .  pi,pj,..,pn   
   [pi;pj;…;pn] ,    

       .
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Ea: Ea= E E ,

 E –  ,    e12   v1 
 v2,   (v1, v2),   v1<v2. 

   LT- ;
E  –  ,    e12   

v1  v2,   (v1, v2),   v1 v2. 
   LE- ;

D –   : E R+;
T –      : 

V R.
    p  q  LT- ,  

,   p,     
  ,   q.    

 p  q  LE- , ,  -
 p,        

 ,   q.    -
 ,  ,     

    .
        

.       -
     ,  -

 <.      « - » 
 « - »    . 

  v   v    -
 <   v1, v2   (v1, v2).

      -
.      -
         

  .  , -
       T, .   

 vi, vj, ,  T(vi)<T(vj)    
 D(vi, vj)= T(vj)-T(vi).

 v* –   V , : vj v* (v, vj)  Ea.
 *v –   V , : vj vi* (vj, v)  Ea.

   vi V   vi*:   
 vj, vk   vi* :

1. D(vi, vj)< D(vi, vk),   (vi,vk)   (vj, vk), 
 D(vj, vk)= D(vi, vk)- D(vi, vj) ,   vk   vi*.
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2. D(vi, vj)= D(vi, vk),   vj  vk   -
  ‘vj:vk’  D(vj, vj;vk)= D(vi, vk) = (vi, vj).

   vi V   *vi:   
 vj, vk   *vi :

1. D(vj, vi)< D(vk, vi),   (vk,vi)   (vk, vj), 
 D(vk, vj)= D(vk, vi)- D(vj, vi) ,   vk   *vi .

2. D(vj, vi)= D(vk, vi),   vj  vk   -
  ‘vj:vk’  D(vj;vk, vi)= D(vk, vi) = (vj, vi).
 . 3       -
    .    D(sY, eX)=                     

D(sY, eZ),   eX, eZ      
eX;eZ.

     -
    .     

      -
  [Gerevini et al., 1995]. 

      
     -

 .      -
 p  q, :

1. ,    (p,{<},q).
2.    (p, q).
3.      p, q   

. 3.     
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       -
    ,   ,  
        -

  ( ,      -
 ). 

4.  
      -

   ( ), :
–     ;
–   ,      -

   ;
–   ;
–   ;
–        .

     -
 ,      

     .
     . 4.

   – ,   
 ,    -

    .

. 4.  



57

    -
        -

 .     
        -

    .
     -

.    ,  -
    «  ».    

      
 .

   ,    
 -   ,   

      -
       

    .   
       -

   .    
  ,     -

        
       -

 .
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,        
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 .     ( )  

« A   B »,  A   B  –   . 
   : «   

A ,   B »,      
  [ , 1991], [ , 2009a].

      
   [   ., 1990].   

[ , 2009b]   , -
   -  . 
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           -
 ,   -

.     LP-  
(Lattice Production Structure).  [ , 2004]    -

  -  ,   
   .   

         – 
  .    -

     .
        LP-

.    [ , 2004],    
   .   -

  .    
    .   -

       
,      ,  

   .
   LP-    -

      . 
       

([Armstrong, 1974]),    .  
 « »    ,  -

        LP-
.    LP-     

FCA-    [Ganter, 1999],   
     « - -

».         
  .     -

 .  ,  FCA  
      ,    

   LP-      
(    .  [ , 2009b]).

1.       
      [ , 

1984], [ , 1981].    .
   ,   

  ,     ,x y  -
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    (  x y )    
(  x y ) .   ,    -

     ,O I  -
.

 x     ,   
1 2x x x , 1 2,x x   1x x   2x x ; , 
  1 2x y y , 1 2,y y   1y y   2y y .

 x      ,  
O x      1x ,  1O x x  ( x   
O ); ,  x I     2x ,  2x x I                
( I   x ).

     ,   -
  x    x ,  -

  x , ,  x x O  , x x I .
   ,    -

 , ,x y z   : 

x y z x y x z , x y z x y x z .

      -
.      , -

  O ,      -
 ,   ,   I ,   

    .
  R  (  –  )  -

   [ , 2009b]: , 
  ,x y R   ,y x R ; ,   

1 2, , ,x y x y R   1 2,x y y R ,   1 2, , ,x y x y R  -
 1 2 ,x x y R ; -  (  –  -

),     ,   -
,   .

    R  -
   ,  R .  

 1 2,R R   ( 1 2R R ),     
 . LP-    -

         
[ , 2009b].

  ,x y      -
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   R  (  Rx y , 
[ , 2009b]),     :

,x y R ; (1.1)

x y ; (1.2)

' 'Ry x ; (1.3)

  1 2,y y ,  

1 2y y y , 1
Rx y , 2

Rx y ;
(1.4)

  1 2,x x ,  

1 2x x x , 1
Rx y , 2

Rx y ;
(1.5)

  z ,  Rx z , Rz y . (1.6)

 [ , 2009b] ,     R   
       

R    ,   -
 R .

2.     
     .  -

 [ , 1981],      -
     .

,   2F  –    F  
 0n .    : 

       -
 ;  ,A B ,  A B  –   

,A B       (  -
   ), A B  –  A   B , A B  – 

 A   B , A  –   A  ( . . \A F A ). 
,        -

   F ,   –  -
 F ,  –    F , 

 – 1n -    F .  
,    2n  , n    n  .

       
.   A ,   F ,  
      .
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 R  –   .    -
    ,  

,  ,      -
.   0

R ,   
 R ,     1.3. 

, 0
R R . 

 [ , 2009b]  ,  0
R   

  ,  R , . . 0
R  – 

  R .  1 2,R R   -
 1 2

0 0
R R    1 0 2R R .

 2.1.  R   , 
       .

 2.1.  R  –      ,A B R , 

1

k

i
i

B B .   R ,   R   -
  ,A B    ,  | 1, ,iA B i k ,   

R .
 2.1.    R    ,  

   F    ,  -
  . 

 ,    ,  
      -

 ,       -
   .

 2.2.   X   
   R ,     0

RA B   
1B B X   1A A X , 1 1,A B .

 2.1.    ,  
 F       R ,   

  M   M M F .
 2.3.      -

 R    0 R  (   0 ), -
   :

1)  X  –     R  
  ,  0X R ;

2)  0,A B R ,  0A B R .
 2.1.  x  –   M x , M ,  x   

   M .
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 2.2.   X   -
   R     ,     

,A B R   1B B X   1A A X .

3. -  
  -    -

 .      -
      , 
       -

 .
  ,A B   0

RA B ,   ,  
    ,  A    

B    0
R , B    A    

0
R    0LR A B  (  0LR    

0
R ).

 3.1. -  (  –  
)       

0LR X B, (3.1)

 B  –  , X  –    .
 3.2.   3.1  -

  B     0 .  
  (3.1)    B   0 .  

     .
 

0
1 2

LR X B B (3.2)

   
0

1
LR X B , 

0
2

LR X B . (3.3)

 3.1.  1 2,X X  –   (3.3),  
1 2X X X  –   (3.2).

 3.1    (   -
)   (3.1)   (   ) 

       . 
,   B    F .   -

 1 kB b b ,  ib , 1, ,i k  – .  iX
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–   0L
iR X b ,    3.1 1 kX X X

–   (3.1). ,  iX  –  
  0L

iR X b ,  1 kX X X  –  
  (3.1).

,        R   
  F .      -

,  R  –  ,    -
 .    ,    2.1 R    

         , 
    ,  R .

     

0LR X b, (3.4)

 b  –  .
     R   

   ,     [ , 
2009b]     -  -

.     ,   
         -
.  ,   R  –  .  
 | 1, ,pR p P  –    R .

 3.3.  tR    R   -
,  ,      
 pR , 1, ,p P .

  | 1, ,tR t T  –      R .
  tR R ,  0 0

tR R .    -
 0tX R �  0

t
t

RX b ,  ,  tX  – 
   (3.4),   tR . 

 ,  , 1, ,
st

X s q  –   -
 (3.4),   ,    -

  ,  
1 qt tX X X  –  

  (3.4) ( . .    
).   X      -
   (3.4),     

  ,   , 1, ,
st

X s q  [ , 1981].
,      (3.1) 

   ,      -
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      - -
        

  .     -
   ,   -

        -
   . 
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   (model checking).   -
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    model checking  -
 , , ,    

   .

1.1.  
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    -  . 
 ,       , 

    .
       

 ,     
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     .   -
     -
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     -
    ,     -
    .
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model checking,    -
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      (  , -

    ).
     , 

      



70

      [ , 
2009].      1   

     ( )  -
   .
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   [   ., 2013].
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   .   -
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  . 

1.3.    
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    )(1 0sP  

      .    
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 .    -
  ),...,(1 ||1 AaaA ,  A  –   -

, ,   .    
),...,(1 ||,1,

1
iAiii

m

i
aaA . 

         
 Parent , Event , End , Itself , P , 1P , 2P , …, kP .  -

    ,  -
 Event ,     

S .      Event  -
      ,  –  -

    AP.

2.     
   

       
      [   

., 2008].   ,     
  ,    

  .     -
       -

  ( ),    
    ( ).
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          – -
  –       

     .  
      -

 (   ),   -
 ,     -

   -  . 
     -
     ,  

  [ , 1999].
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d    D  ( 0Q ),    
d   D  ( 1Q ),      

  ( FQ )   -  
N ,      d  ( GQ ).

      W    -
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    p .    -

   d  ( 0p ),  d  ( 1p )   
   ( Fp ),    

   ,    
     N     
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1 ),(1 10 ssParent 1

2 ),(1 20 ssParent 2

3 )(1 0sEnd 3

4 4

5 5

6 )(1 1sEnd 6

7 7

8 8

9 ),(1 12 ssParent

10 )(1 2sEnd
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 (1)   , (2) -
  OPS  APS,   (3)    
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,      , 
  .   -

 :.      IF f1 & ... & fn THEN f;.      ;.        S, -
  ,     
;.        

    ,  -
     ;.       ,  

       -
  . 

    d  -
      P(d), 

  :
1. P(d)      IF ... THEN d;
2.  P(d)   IF h1 & ... & hn THEN h,   

  hi (i = 1…n)    :
 hi  S;
 P(d)      IF ... THEN hi.

       
  ,     .1 

  ,    : 
IF a & b & c THEN d, IF e & b THEN a  IF f & g THEN c.

.1.   

      -
       -

   . - , -
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2.   
     -

       -
.    ,   -
 0  1     -

 .
     -

    (   A  G),   -
     [   ., 2008] -

  (  ):
A  G  / A  G   1 – A  G  / A  G .

      
   .

      
       C = APS  OPS. 

,    ,  
  .    

   

  (A,G) = 1 – (A  G) \ C  / A  G .

 ,   .2 (  C = ), -
     : A  G = 18,  

A  G = 6 , ,  (A,G) = 2/3. 
      -

   .     
     

  , ,   ,  
   .    

    

(A,G) = ( W  + Q) / ( W  B  + 1),

 W = { (IF … THEN Z)  T | (IF … Z … THEN Y)  F },
B  = { (IF … THEN Z)  F | (IF … Z … THEN Y)  T }, 
T = G  OPS ,       F = (G  APS) \ C ,
Q = 1,   T    -

  G;    Q = 0. 



 W  B  ,  -
   G    -
 .    .2 (  C = )   W 

  G  e, k, m,   B –  
a, f, g; Q = 1 , , (A,G) = 4/7.  

     ,   
    . 

     -
     ,  

 ,      -
 . 
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[Santos et al., 2006; Banares-Alcantara et al., 2005],   
      , 

, ,   ,    -
  ,      -

.       -
, ,     

 ( , )  -
   ,   , 

,   . .       
       -

,      -
 ,        

. 
         -

   ,    -
    ,     -

. -       -
      
 ,    . 

      [   ., 
2005],     .

1.   
       -

/   ( ),  ,  -
 ,    -

   .

1.1.   
    ,  -

     .   
 (    )    -

    O = < C, R, T, A >,  (1) C = Ci – -
   ,   ; (2) 

R = Ri –    ,   
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 ( ),  FR: C C  2R – ,   
    ; (3) T = Ti – -

    Vi = {v1,..,vTi} –    Ti; 
(4) A = {a1,..,as} –   , AK  A – -

      -
   ,  FA: C  R  2A T – , -

       C   R.
      «  

»      -
.

class _  (  : data;  : data;
 : data;   : data)

class _  ( : string; : ;
:  _ ;  : string;

 : string; : )
relation   < _ , _

 >
relation   < _ ,  >
relation   < _ , -

 >

  ,    -
 O,   IC = <I, RI >,  (1) I = Ii –  
     O,  Ii  Ci -

   aj   vj: Ii = (aj,vj);  (2) 
RI = RIi –      I ( -

 ),   RIi  Ri  -
  Obji  I   : Ri = (Obji, (aj,vj)).

1.2.      
         

    : (1)   -
 , (2)   – -

,      
 (  ,  ), (3) -

  – ,    
( ., . ., . .- . .),  ,   ( ’2014, 
  24    27   2014 .).



85

 ,     -
  V = <L, M, S >,  (1) L = W  P  LT–  -

 ,  W –  , P – -
 , LT –   ; 

(2) M –     W; (3) 
S –    (   -

 ).
       -

  ,   , 
   ( ,   ). 

1.3.   
     -

        – 
    .   -

     ,  
     .  

      -
,       

     ( ). -
   : (1) , -

    V,   , (2) 
,       , 

 (3) ,     -
     . 

  TC     
,    lt = (i, posl, LOl),  (1) i – -

  ; (2) posl = (bl, el) –   ; (3) 
LOl –   ,    
bl.        
bl,   LOl     , 

 .
   L    -

 ,    ,    -
 L=(v, Sv, Mv, Av, pos),  (1) v V –  ; (2) 

Sv –      v; (3) 
Mv –     v; (4) Av– 

  ; (5) pos –   .
  SC     
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s SC,       -
 poss = (bs, es)    ts ( , , , 

,  ,    . .). 
  OC    -

 ,     
,      . 

 l OC –   l = (i, posl, sl, Objl),  -
  sl –    , -

 ,  Objl = LOl  Il  RIl –   
   LOl    Il  -

 RIl .

1.4.    
       -

.
  -   -

     . 
-   -   

        -
  .      -

       –     
      . -   – 

 AI=(Ci; ARI; AIRI; SS; Pos),  (1) Ci –   
; (2) ARI –  - ,   -
     ; (3) AIRI –  

- ,      ; (4) SS – 
,       -

  ; (5) Pos –   . -   – 
 AIR = (Ri; RIi),  Ri –    -

; RIi –   .  -
   ,   -2014:

agent #1 ( C: _  (       (1)
: «       »; 

:  ;  : ;
 : {  , … } ):

AR:{ _ _ , , … }; AIR: ;
 SS:(base:LO1 (v: ),struct:{LO2 (v: ),…
});Pos:[59,71])
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,    ,   -
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,    -    -

.    -  -
    ,     

 ,   ,  -
   .    

  - . 
-  –  AR = (Arg; Fres(arg), Res),  (1) Arg – -

 , ,    argi(S i) Arg -
     S i 

      S i; (2) 
Fres(arg) – ,    -

  arg;  , , 
   ,  , 

    ,     ; (3) 
Res –     arg.    

    ,    
 .   - ,  -

        .

rule _ _
             arg1: _  (),      arg2:   ()
condition segment = ; Pos = prior_post, Synt = 

(arg1,arg2)
 new Relation::   (  rst: arg1, second: arg2)

2.    

 ,       -
    ,    

  .      
MDA    ,    
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 ( . .1.3).      -
       

     -
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 MDA    , 
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     -
     .    -

   ,   ,    -  
  .     -

.     -
 ,      

 [Garanina et al., 2014]. 
       

     - , -
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 .    -
   1) -  –    

  2) -  –  .  
     - , -

   . 
 -     : -
        

 .     (1) 
  , (2)   -

       . 
    (1)  -

    , (2)  -
 , (3)    (4)  , -

    .   
     ,  
-    . 

-      -
  .  -    -

     . 
  ,   , ,    

 .
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 .    -
       . 
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      -
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       -
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      -
      .
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.

      -
       ++,  
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  (      OpenCog 
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       [Isele 2010, Ngo-
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» [Tramp, 2012].   [Apanovich, 2010, Apanovich, 
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1.    
       

Semantic Web  ,  ,    -
   ,      

   .     
   RDF.     -

       , «  . . 
          

 1959  1964       
    1964  1988 » ( . . 1).   -

   :participation,  -
 akt:has-af  liation  AKT Reference,   

   from-date  to-date.     
 ,  :dating, :naming, :authorship, -

      ,  akt:has-
author, akt:has-date  akts:has-pretty-name.    

     -
 ,    -

        
       -

 .  ,   -
      «Class1-relation1- Class2» 

        «Class3- 
relation2-Class4-relation3-Class5»  .   -

       SPARQL 1.1. 
       :

PREFIX iis:<http://iis.nsk.su#>
PREFIX akt:<http://www.aktors.org/ontology/portal#>
PREFIX akts:<http://www.aktors.org/ontology/support#>
CONSTRUCT {
_:p a iis:Class4.
_p: iis:relation2 ?instance1.
_p: iis:relation3 ?instance2.
}
WHERE { 

?instance1 akt:relation1  ?instance2.
?instance1 a akt:Class1.
?instance2 a akt:Class2.
}
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   ,   -

 SPARQL-     . -
      . 2.   

     -
    ,    -

  SPARQL- ,   
.

. 2.     
   

2.      

        
     ,  

    owl:sameAs.  , -
   ,    

 .     -
  ,      . 

    ,     
       

     , 
       ,  

     ,   
  .      

.
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:name.    < , , >   -
 :   ( )  . 
       -
 .       Yershov, 

   Ershov.       
       

      
  .     -

 ,         
    .    <  

 >, <      > <   
     >   .    

      -
    ,   -

    full-name     
  ,      RKBExplorer.

com. 
,       

       
[Cohen 2003].   ,    -

      
Jaro-Winkler [Cohen 2003].      

  RKBExplorer       -
 ,        
   .      

   ,  -
 ,       
      

 . ,        
RKBExplorer.com    , -

  A. P. Yershóv.
      

  SPARQL- ,    , -
      ,   

 RKBexplorer   akt:full-name, -
    :name,   -
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 ,      -
  akt:full-name    . , -

,   «   »   -
    dblp.rkbexplorer.com   18 -

    akt:full-name  «Andrei P. Ershov», 
     -
   . ,   -

 http://dblp.rkbexplorer.com/id/people-e1ac8593dbc7db6ec5766-
ea313914be4-1211d4d9974a0a977bd166da859d928f -

   «Mixed computation in the class of recursive 
program schemata».      http://dblp.
rkbexplorer.com/id/people-e1ac8593dbc7db6ec5766ea313914be4-2-
fd1e3b39206345ab05fd9be97bc0d00   -

 «Time sharing: the need for re-orientation».   -
      akt:full-name 

   .    
        akt:full-

name  «A. P. Yershóv»,   –   -
  akt:full-name  «A. Ershov»,   –   

  akt:full-name  A. Yershov,   – -
    akt:full-name  Andrew Ershov. 

  : 
1)      

      ,  ,   
  owl:sameAs,       

 ?
 2)   ,     -

,       ?
,        -

, ,    .  -
 , ,  ,  ,  

  ,      -
       RKBExplorer, 

        -
   .   -
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 C –   ;  –  ,   -
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  TF-ICF,    TF  

     ,  ICF 
 ,     .

3.   
3.1.      . 

     ,  
     .    -

 ,    1.1,  . 
      :

  ( , , ), -
   ,     -

;
      –  

     ,    
«  »     ;

  ;
  (       

);
 ,      5 

;
     «Link»    

.
      21 481 . 
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27 802.  ,     , -
   TF-ICF,    -

 ,      TF-IDF.   
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         -
  .      

     ( ) 
         

  .     
      

    -  .

1.   
 

     (Self-
Adaptive Population Size – SAPS)   -

,       
[Michalewicz, 1996], [   ., 2002].   ic  

)(,...,1),,( tnitcage Pi ,  )(tnP –     t, -
   ,      -

     .  SAPS   
    ,   -

       -
.   ,      

,  ,  ,   –     
 -   [ , 2004], [  

 ., 2006].       -
    t    

   ,   –  
.       -

    (LifeTime)  . 
      -

.   SAPS    -
      ,   

   )(,...,1, tnic Pi :

    

(1)
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   –       -
 t.       1.  

    , 
,       

.  )(,...,1,),(,),( maxmin tnitcftcf Pii  
      
   t.    (t = 0) -

,  .
 ,        

    . ,  
   ,  ,  

   .    
       

(    (1)).  ,  -
       

   .    -
        

       . 
   ( ),   -

          
     . 

,        -
 [Deb et al., 2009],       -

       tness- . 
       -

, ,      , 
         . .   

   ,     
   .  ,   -

    ,   
   ,   ,    

    .   -
      -

   ,    -
       .  

   ,     
      . 

     -
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      ,   
. 

     -
      .    

        
    SAPS –  

.      -
       .

2.    
      -
         

 .        
   NSGA-II [Deb et al., 2002]  -

 SAPS (NSGA-II+SAPS)      
DTLZ1 [ , 2012b].   m   

,       
 = {0,1; 0,3; 0,5; 0,8}.      -

    100)0(tnP ,  , 
       -

.         
   ( . 1),      -

 .     
  .
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1.      (  < 0,3)  
    .  -

 ,  ,      -
 ,      .  
       

 (  30%)        . 
        -  -

   -    -
,   .
2.      (   0,3)  

        -
.    = 0,5 ,      

   .   -
         = 0,3  

  ,     -
  .    ,     -

    = 0,5       
   ,    

        
.

3.     -
 (  > 0,5)       

    .    
        -
  .    

       -
.      -

       . 
       -
      , -
       .

   ,      -
        -

      .    
         

,      (m = 8)  
     > 0,5 

(  = 0,7).      -
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      -
   .    -

        
 ,     

,       
   .

3.    SAPS

     -
       -

.       -
    (DTLZ1, DTLZ2, DTLZ3, 

DTLZ6) [ , 2012b]    .  
     SAPS   

       -
.        

SPEA2(Strength Pareto Evolutionary Algorithm)[Zitzler et al., 2002] 
 NSGA-II(Nondominated Sorting Genetic Algorithm) [Deb et al., 

2002]. 
     

  .    -
   [ , 2012a],   

       -
   :

ONVGI (Overall Nondominated Vector Generation) –  
    ;
SI (Spacing) –     -

    ;
IDE(Dimensions Extent) –    -

      ;
IGD (Generational Distance) –    -
       ;
IOT (Overall Time Computing) –    -
      .

      -
  :    -
,  ,      
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.         
  [ , 2012b].     
  . 1.      -

   .  ,  
 ,   SAPS,  -

.
 1

SPEA2 NSGA-II SPEA2
+SAPS

NSGA-II
+ SAPS

DTLZ1
(m = 2)

IONVG 28 35 28 66
IGD 0,071 0,067 0,068 0,062
IS 0,186 0,223 0,188 0,214
IDE 0,971 0,964 0,968 0,973
IOT ( .) 6,3 4,8 9,3 7,4

DTLZ2
(m = 4)

IONVG 113 138 113 179
IGD 5,732 6,124 5,441 6,132
IS 0,133 0,124 0,121 0,125
IDE 1,714 1,847 1,793 1,892
IOT ( .) 191,4 31,6 267,8 48,5

DTLZ3
(m = 6)

IONVG 188 207 208 236
IGD 226,953 310,603 231,762 314,547
IS 0,328 0,287 0,297 0,276
IDE 2,137 2,312 2,167 2,376
IOT ( .) 6217,3 698,7 10342,7 1095,4

DTLZ6
(m = 8)

IONVG 319 371 360 401
IGD 16,623 11,237 14,547 11,142
IS 0,251 0,201 0,247 0,196
IDE 1,862 1,913 2,034 2,173
IOT ( .) 76784,3 2843,8 128132,5 4546,4

   ,     
 SAPS        

 -  . ,   , 
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      .  
,  IDE,     -

 .       
 IGD  IS, , ,   -

      ,   
 SPEA2  NSGA-II.        -
         -

.  ,      (DTLZ1, DTLZ6)  
NSGA-II+SAPS   SPEA2+SAPS.   

 NSGA-II       
.        -

  SPEA2  NSGA-II  .   
       

     -
   NSGA-II.

     
       -

      -
       ,  

    -  .  
 ,      -

   . ,  
    SPEA2  NSGA-II  -

    -   
         

.        -
     -

     ,   -
      

 (  ).

 

[   ., 2002]  . .,  . .,  . ., -
 . .,  . .,  . .,  . .    -

 . – : -  , 2002.
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    [Hinton et al., 1987] -
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 .    [Mayley, 1997] ,  

      -
,      ,  -

      -
   .      -

.      ,    
     (   -

  )      
   .

       -
      

 ,     -

1       (   13-01-
00399).



259

     ,   
    .  -

       
      –   

[ , 1973;   ., 1982]     
   [   ., 2005, 

2011].        
(   )     -

 .

1.  
   . -

     .    -
   .

 k-   SGk      
SGki, k = 1,...,n, i = 1,...,N.   N   -

 n : N, n >> 1, 2N >> n.  SGki  0  1. -
   .     

       (   )  
.

   k-     SPk  : 
SPk(t=1) = SGk.  : t = 1,…, .  –   -

 .  SPk       
.

   SM  N (   
  0  1),       -
 .       

SPk:    t,   SPki   -
 (  0  1),     SPki   

  SMi   SM,   
 ,       -

   SPk.
         

 ,    
 t = .  SFk = SPk(t= ).  k-   

    (SFk,SM)  SFk  SM:

                                fk = exp[- (SFk,SM)] +  ,                                  (1)
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  (> 0) –  ,    -
    , 0 <  << 1.

     .    
    -

:
                            fmk = exp(- d) {exp[- (SFk,SM)] + },                   (2)

  > 0, d = (SGk,SFk) –     -
     .

       
SGk ,        

   SM  N/2.    
     .

       -
  ,     

    . -
        

,      n    
.

 ,      -
  SFk = SPk(t = ), . .    -

,       SGk.

2.     
 .    

  ,     -
 ,     [   ., 2005, 2011]. 

,     : N = 100.  
    = 1,    -

  ,    (  ) 
  ,     -
  .    

   ,       
     ,     

,  ,      
.    ,     
      SGk    

pm = N -1 = 0.01.     pm   -
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, . .         

    SGk  SM     1.  
    .   

        SM 
 N,       GT ~ N -
.     ,  -
  n      

 (    )  -
.      , 

   (  )   
(     n [ , 1985])    
GT,   n = GT = N. 

,   : N = 100,  = 1, pm = N -1, n = N. 
 ,   = 2,  = 10-6.

      .  . 
1      G   

     = (SGk,SM)  -
 SGk    SM      

 .  1 –   ,  2 –   
 (  «  »).  -

   (1). ,     
     ,  

       -
  SM.

         

0
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60

0 500 1000 1500 2000
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G 

< > 

. 1.                   
< > = < (SGk,SM)>    G; 1 –   ,

2 –    (   1000 )
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0

5

10

15

20

25

0 10 20 30 40 50 60 70 80

 n( ) 

  

 1  4  2 

 3 

. 2.   n( )       
: 1 –    = (SGk,SM)     

, 2 –    = (SFk,SM)    ,  
  ,  3 –    = (SFk,SM)   ,  

4 –    = (SGk,SM)    
   (   10000 )

       ,  
     = (SGk,SM) ~ N/2 = 50, -

, exp(- ) ~ 10-22 << .      -
   ,  , , 

 ,        
 .   SM    -

 .
      -

  . 2,    -
  n( )       .  

1     = (SGk,SM)   -
    .  2  -
   = (SFk,SM)    ,    . 

 3     = (SFk,SM)  -
 .  4     = (SGk,SM) 
      .  

  SGk      
   SFk,     = (SGk,SM) 

  (  4)     
   SFk (  3).   -

      
n( )     .    

  :    SM, 
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    ,  
.

,        
  ,     -

 (1)       -
 (SFk,SM).  ,    , 

    .
 .      

 ,     -
   SGopt = SM.    1 

 . 1,   < >   , 
  6.2.    ,    -

  G ~ 1000    SFopt = SM 
    SGk.    G 

     SM.   
 [Mayley, 1997].

      . 
        -
    .    -

   (2).    
   (N = n =100,  = 1, pm = 0.01,  = 2,  

= 10-6),     1.   -
  . 3,4.  . 3     

    < >= < (SGk,SM)>  -
 SGk    SM    G.  

. 4     n( )  -
     .
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0

4
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16
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 n( ) 

  

 1 

 3  2 
 4 

. 4.   n( )       
     . 1 –    = (SGk,SM) 

    , 2 –    = (SFk,SM) 
   ,    ,  3 –    = 

(SFk,SM)   ,  4 –    = (SGk,SM)  
     .   

4      ,   . 2 (   
10000 )

 . 1,2  . 3,4 ,     
      
.        -

  (  G = 200)     -
.      .

3.      

        
 [Hinton et al., 1987]    -

,     .  -
   .   -
     ,  -

     .    
      , -
   .   -

      . 
    k-   -

   SPk  t = T:

                                     fk = exp[- (SFk,SM)],                                      (3)
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 SFk = SPk(t = ),  = (SFk,SM) –     
SFk    SM.

    k-    
1,       0    

:
                         fk  = 1  SGk = SM ;    fk = 0  SGk  SM.                           (4)

     .   
  :

                                fmk = exp(- d) exp[- (SFk,SM)],                          (5)

 d = (SGk,SFk).
     -

     .   
     .  -

       -
       .

      -
         

 ( .  (1)  (2)).      
        

 ( . .1).

 ,     -
    .  -

      .
  ,  )  -

, )    )   
      -

       -
:

1)       
 .

2)        
 .

3)        -
 .        .
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4)      .
5)     , -
      .
6)       -

  .       
 .

7)         
 .
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1975], [Poornima, 2014].        

     , -
   ,   .

        -
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,   [Menzes, 2001]  [Goldberg, 1989]   
    ,   ICIGA 

(«  ,    -

1          
 « ,      

»    (   12-07-00209- ).   
         -
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»),        
 .          
       
 .  ICIGA   -

  [Tragha, 2005] , [Tragha, 2006].
       

,     -
  . 

   ,   
      ( ) 

          
 .     

        
 . 

        . 
     

     (     
    ).    -

       
   1.

     .   
1       . 

  2    .  -
 3       

.   4   ,  
    .

1.     
–   (Pseudorandom Number Generator, PRNG) 

   ,   
        

 (  ).      
     . 

      -
      :

1  ,   ,    -
, ,   .      . 
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     . .  
(Derrick Henry Lehmer)  1949 .      -

    nX , :

1 ( ) modn nX aX c m ,

 m –   ( 0)m ,  a – , c – , 
0X  –  . ( , ,   -

     )
    (Lagged Fibonacci Ge-

nerator.) –       :

1 1( ) modn n nX X X m ,

 m – , 0X  –  . (    
      )
        

 ,      -
   ,    . 

2.   

     -
 ,  ,      . 
     ,   
  3,     

  .    -
     , -

, ,   ,    
[Holland, 1975].

  ,     
, ,      -

     . 
   .    

« »,       -
      ( . 1a, 1b).  

     ( . 1c) ( , 
   ,    -

.)
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3 .  , -
      
    (  )  

      -
   ( ).

3 .  , -
    

 ( )  -
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 . 3          
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 . ,  . 3    -
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3.  .   
  ,    

   .    -
,  ,   ,   

   .
 . 
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 –  , ,  ,  -

,  ; 
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 .

   ,   -
,    .     

     -
    (    -

    ),   -
     
.     L .

   ,   -
 .

1.     ,   
 ,   ASCII ; 

2.       ,  
  L .        

   (  L  -
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  ,     
 .) 

3.         
   –   ,    

 ; 

 .
    , -

       -
        

 .

4.  
      (  ): 

»genetic encryption« 
       

  (     4.a)   
 L    {342 358 296 483 421 217 92 467 

342 358 296 483 421 217 92 467 342 358},     -
 4b.

(a )  (b)  L

. 4.    
 

    . 1    . 5.
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 1

  –  { 3 28 3 9 2 47 4 116 3 105 2 58 0 27 
14 98 3 28 3 39 2 19 4 99 3 7 1 73 0 79 4 76 3 55 3 33},   

 . 5.

.5.  
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       . 2  
 . 6.

 2

. 6.   
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        . 
      C#  MATLAB 7.8.0 

   .   
           

   ,     
   . 
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 .  ,   -
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)   ,  -
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 .    
      

.     -
      .  -

       
    .

1.  

      -
 : , , , -

  .   -
   : «      

   ,  ». 
        

     .  -
 [ , 2013; Semenkin et al., 2012].

         -
   p=1/k,  k –   

 .       
    ,    

 ,    .  -
   :  tness=f/n.  f –  -

 , n –  ;
    -

  :    -
     p  ((k-1)·C)/(k·N),   

        -
  C/(k·N).  k –    , 
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C –  , N –   .  
       

         
 .

     ,   
   ,     -
  .

      -
  . 

        -
  [Khritonenko et al., 2013].    

  :

. 1.    
   

 
   GA –    -
 (  ), AVER –   -
 , SAGA –  .  
   ,   

      , , -
,   , . .   -

      , , 
,  ,       

 90  . 
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2.    

      – -
 ,     -

 ( ) [   ., 2006].    
       

 ,     
  ,   -

  .     -
    ,     -

  .    
 –       (+),  

 ,     (>).  
       .

. 2.    

  2 N1 –     1-  , 
i1, i2, i3 –   ( ) .   -

     .
      -

      [ , 
2006].       -

,        -
.       

    -
 ,   –    

 ,     .  -
,     -

         -
 . 
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       -
  .       

  ,   –   -
      . 

        -
  .

        
    [Khritonenko et 

al., 2013].     .  
       -

  . 

3.   
  (xi ,yi), i=1,2,…, n,  n –    

, xi    m,  m –  -
 , yi –  .  ,  yi 
    k  ,    

 xi. ,    , 
    xi, xi-1,… ,xi-k, yi, yi-1,… ,xi-k  yi+1, . . 

  yi+1     
 .

        39 -
, 28     ,  10 – -

 .    32.   -
 – ,     .    -

.      « ». 
       

: , , ,   . .   -
       .  

,     -
        . 

     -
     Out1  Out10  

      . 
  1     

,   ,  -
      ,   

      .
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4.   
       -

    ++.    -
 -  [Efron, 1983]    

    .    
     .  -

,   ,    -
  .    

 ,    « » ,   
 .     

     [-1, 1].  -
       

, . .      
  ( ).       
  k.      -

       -
.

      -
 .

 2
 

k Out1 Out2 Out3 Out4 Out5 Out6 Out7 Out8 Out9 Out10
1 12,7 12,7 6,1 4,5 8,6 2,7 0,8 8,3 4,7 10,5
2 9,8 13,8 7 7,1 6,3 3,1 0,5 7,5 6 10,7
3 10,4 14,3 7,7 4,2 7,5 3,6 1,8 5,4 5,6 11,5
4 11,2 13,5 8,6 8,7 7,4 1,8 2 5,3 5,5 11,8
5 11 15,5 8,7 8 8 3,3 2,8 7 5,8 12
6 11,2 15,1 8 5,7 7,2 1,5 3,2 7,2 5,8 12,1
7 11,6 16,2 9,1 5,8 9,4 2,4 3,4 8,5 6,5 12,5

 ,      
 50% , . .    -

  ,        -
.    , . .   

    .
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      -
   .

 3
 

k Out1 Out2 Out3 Out4 Out5 Out6 Out7 Out8 Out9 Out10
1 12,1 16 6,9 3 6,8 1 0,8 6,3 2,1 9,7
2 9,2 12,7 5,6 2,9 5,4 1 0,5 5,5 1 8,9
3 9,5 12,5 5,4 3,2 5,6 1,1 0,2 5,1 1 8,5
4 9,8 13,1 5,8 2,7 5,7 1 0,7 4,8 0,8 8,6
5 10,6 14,2 6,3 2,4 6,3 1,3 0,7 5,9 1,3 9,1
6 10,5 14,5 5,9 3,6 6,2 1,3 0,4 6,1 2,3 9,5
7 11,2 15,3 6,7 3,2 6,7 1,4 0,5 6,1 3,2 9,2

   ,   -
       -

  .    -
  .

. 3.    

 3    ,  -
    Out7, –   -

,    .    
 1–4, 9, 18  .     -
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i,x),…,                
BRi-1(p-(i-1)

i,x), BRi+1(p-(i+1)
i,x), …,BRn(p-n

i,x)) –  -
      x  i.  (3.2) 
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GRES = A, C, RES, W ,                                   (1)

   A   ,  , 
  C     , 

RES –   ,    ai A  
  res( i) RES, W –   

wij  ij   .   (   ) ij  -
   wij W,   

  ai   aj. 
 ,       -

,         
 .    ,  

    .   ,    
   ,    , 

       ,    
   . 

-         
  ,     -

 (     ),   –   -
 (     ).    

  ,    – .  
        ( , 

  ,      
),    (  «  »).    -
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                                      GRO= A, C, , RES, W, t ,                             (2)
      A,    

     :  
  G     RES:  = G RES, 

G RES= ,  t –    , t = 0, 1, 
2,…, n. 

   ai A   -
 –   ki     res( i) RES,   

 ij        
   wij W.     , 

  ,     .    
,    ,   

 : ,   ab    
 ,  ae – ,     aa – 

.  ,   ,   .
    ai, aj     

wG(ai, aj)     wRES(ai, aj).    
       

   ,     
 (     )   

.
       -

    «   –  -
 ». ,       

  ,     
. ,      

   . ,   -
: wRES (aej, aai) = wRES (aej, abi) = 0, wG (aaj, abi) = wG (aai, aej) =  0.

      
    -  -

 : ,     -
,  –  ,  

       
    .  

       
     .     

 : 1) Res(ai(t)) Resmin –   
 ;

2) Res(ai(t))  Resmax–    .
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     ,  > 0, i = 1, ..., m,  
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                                   | res( i(t + 1)) – res( i(t)) | < .                            (3)
      

  ,     -
:
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   (  )  
   :

)    .  
    ,   

   ,    
   ( . 2).  , 

  m  ,   -
     -

 ,     «  
». 

 -      -
      w   wRES     RESSUM 
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)   ae   aa -
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. 3.    

   

)     . 
       ab  

ae.       . 
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      aa.    
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1.  

   G = (N, {Si}i  N, {fi}i  N, C, 
T), 

C –   ,     
-     ( . . 1)  -

  ,     
 : X(t) = X(t–1) + A P(t–1),  X(t) –  -

    t, A –   , P(t–1) – 
       t–1) 

[ , 1986], [ , 2008]:

x1

x2

x4

x5

x3

a12

a25

a13

a32

a45

a43

. 1.    

N –   (      
),

{Si}i  N –   ;  -
  i      

       
Mi (      M): 
Si = j  Mi [–1, 1];

{fi
t}i  N –       

t (   ): fi
t: i Si  R;  

       t   -
   :

,  ij –  ,  
     j  -

     , j| ij| = 1.
T –     (  ).

       -
   :
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                               X(t) = X(t–1) + 
1

0
( 1 )

t
j

j
A U t j                            (1)

X(0) = 0; U(0), U(1), …, U(T – 1) –    
    ( . . 2).

, X(t) –       t, 
A  –     ; U(t) –  

 ,     -
 t. 

. 2.       
  X(t)       U(t)

     0..T,   
        

  fi
t     0..T:

                             Fi = t  {0,…,T} fi
t  maxU(0), U(1), …, U(T–1)                                   (2)

        -
. 

 ,        -
      (    
        
   : {–1, 0, 1}),   -

 ,      ,  
      -

  xj     0..T,   
 (2)   .   -

      t   
   :

                               

1

0
( ) (0) ( 1)

t

j
j

X t X W U t j .                                (3)

 Wj = E + A + A2 + … + Aj,  Wj = {wik
(j)}.

E –     ,   A. 
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2.  
  (3)      

       t:
1

0
( ) (0) ( 1)

t

j
j

X t X W U t j .     

       -
  xi    t:

1
( )

0 1
( ) (0) ( 1)

t n
j

i i ki k
j k

x t x w u t j  w1i
 (0) · u1(t–1) + … + wni

 (0) · un(t–1) +

+ w1i
 (1) · u1(t–2) + … + wni

 (1) · un(t–2) + …+ w1i
 (t–1) · u1(0) +

+ … + wni
 (t–1) · un(0).

       t + 1 :
( )

0 1
( 1) (0) ( )

t n
j

i i ki k
j k

x t x w u t j  w1i
 (0) · u1(t) + … + wni

 (0) · un(t) + 

+ w1i
 (1) · u1(t–1) + … + wni

 (1) · un(t–1) +

+…+ w1i
 (t) · u1(0) + … + wni

 (t) · un(0). 

    ,  -
    xk    
  xi:

1
( ( ) (0))

T

i i
t

x t x

      

(wki
 (T–1) + … + wki

 (0)) uk(0) + (wki
 (T–2) + … + wki

 (0)) uk(1) + … +     (4)

+…+ (wki
 (1) + wki

 (0)) uk(T–2) + wki
 (0) uk(T–1) =

Wki
0,T–1 uk(0) +Wki

0,T–2 uk(1) + … +Wki
0,1 uk(T–2) +Wki

0,0 uk(T–1).

  (4)    -
:

            1.    (   
)     xk    t 

   (5).
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 si > 0,                                                                                 (5)

               , k  Ms, t = 0, …, T–1, s  N.

                  , k  Ms, t = 0, …, T–1, s  N.

 i –     s, Ms –  -
   s. 

  (5)     
    ,    -

    .  -
  [U(0), U(1), …, U(T – 1)]    

        
  .

 ,      
      -

      Ri    i. 
    i   :

1

0
| ( ) |

i

T

k i
t k M

u t R

 ,     (2)   
      ,   -

,     (6)   -
     .

t  {0,…,T} fi
t(U(0), …, U(t–1))  maxU(0), U(1), …, U(T–1)            (6)

1

0
| ( ) | ,   0

i

T

k i i
t k M

u t R R

 (6)      -
 .  ,   -

    , , 
         -

   [ , 2005]. 
1.  .       

 .    {0, 1, …, T–1}  
   .
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2.       ( -
).     t  -

      Mi  i-  : 
(u1(t), …, u|Mi|(t)),      uk(t)   
0,     –1  1 (    
(5)).       3Mi. , 

       -
   3|Mi|.     

   (u1(t), …, u|Mi|(t))  is k Mi 
Wks

0,T–1–t uk(t).
3.     .  St  -

 t   ,    -
,      {0, 1, …, t–1}. 

  
St = 

1

0
| ( ) |

i

t

k
k M

u
t

t .

 gt(St) –      
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