
 

1  

0. 

- 
-

 

10.1.  

-  [2] and 
- recurrence plots 

{ }  

recurrence matrix 
( ) [10]: 

, ( )  (1) 

for , = 1, … ,   measured time points  threshold 
distance ( ) Heaviside function ( ) = 0 if < 0 and ( ) = 0 

 Euclidean norm. For -
are in an -  

, = 1. (2) 
 

1 . 
 . 



 

( , ) if 

, = 1 and , = 0

, = 1 

, = ,

o  and , = 1 and 

, = 0. 
cross-recurrence plot 

 and  
cross-recurrence matrix ( e condition [10]: 

,
, ( )  (3) 

for = 1, … ,  and = 1, … ,  
 

-  
-  

, = 1. (4) 

( , ) if , = 1 

, = 0
 and 

then , = 1 , = 0. 
 

,   

 recurrence quantification 
analysis 

local binary pattern 

-
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 [10]. According to 
 recurrence rate 

( ( )) of the  - 
-  

( ): =
1

, ( ).
,

 (5) 

 ( ) 

. 

10. .1.  

The histogram of diagonal lines of length  ( ( , )  

( , ) 1 , ( )
,

1 , ( ) , ( ). (6) 

 
( ) = ( , ) determinism ( ) of the 

 

( )
( ) . 

 

average diagonal line length ( length of the 
longest diagonal line ( inverse -ca
divergence –  
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( )
( ) , 

 
(8) 

max { }   

 

1
 (10) 

( ) 

 
. probability of 

finding a d  ( ) ( )

then the Shannon entropy of this distribution (  

( ) ln ( ). 
(11) 

ratio ( ) 
 and  

( )
( ( )) . (12) 

The    
 -recurrence rate ( ). The  

  

1
, =

1
( ) (13) 

( )  on each 

,  = 0 
> 0 < 0  | |,  

   
 trend 

(  
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2 ( )

2

 (14) 

<    

 y  

 
 

( ) 1 , 1 , ,
,

. (15) 

laminarity ( ) of the RP object. 
 

( )
( ) . (16) 

maximal length of vertical lines (

 

{ }   

  

( )
( ) , (18) 

 trapping time 
[10].  

10.3. -  

-
 thresholded - - 

-
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unthresholded recurrence matrix ( unthresholded cross-recurrence 
matrix (  he 

 

,   

for , = 1, … ,   
 and  

  

,
,  (20) 

for = 1, … ,  and = 1, … ,  
 

 

, ,  (21) 
and 

,
, ,

,
, (22) 

 
-

 

coarse-grained 
-

 and  
{ , } and { , }

-
12 local binary pattern 

 -grained 
-digit binary 

numbers decimal numbers 

 
2  conjunction. 
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computer vision 

-  
 

-  
ENTRY CONDITION ENTRY CONDITION 

, = 0.1 , < 0.1 , = 0.6 , 0.5  , < 0.6 
, = 0.2 , 0.1  , < 0.2 , = 0.7 , 0.6  , < 0.7 
, = 0.3 , 0.2  , < 0.3 , = 0.8 , 0.7  , < 0.8 
, = 0.4 , 0.3  , < 0.4 , = 0.9 , 0.8  , < 0.9 
, = 0.5 , 0.4  , < 0.5 , = 1 , 0.9 

-
-

any 
the ,  -
pixels ×

×  -

Moore neighborhood Chebyshev 
distance 

( -digit 

the c ×
×  

feature vector
f 8- words 2 = 256

2 2 + 4. 
 

( 2) × ( 2) . 
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- ( 2) 
  ( 2) 

of the   
- uniform local binary pattern 

uniform -1 or 1-0 transitions
000100

-
-

×  
- -

2 2 + 4
-

-
 . In the 

 and  
 and  ,  

 

-

  

 For the 6- = (2, 6, 4, 9, 0, 5)  
  

=

1 2 3 4 5 6
1 0 4 2 7 2 3
2 4 0 2 3 6 1
3 2 2 0 5 4 1
4 7 3 5 0 9 4
5 2 6 4 9 0 5
6 3 1 1 4 5 0

,  
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=

1 2 3 4 5 6
1 1 0.018 0.135 0.001 0.135 0.05
2 0.018 1 0.135 0.05 0.002 0.368
3 0.135 0.135 1 0.007 0.018 0.368
4 0.001 0.05 0.007 1 0 0.018
5 0.135 0.002 0.018 0 1 0.007
6 0.05 0.368 0.368 0.018 0.007 1

, 

 

-   

=

1 2 3 4 5 6
1 1 0.1 0.2 0.1 0.2 0.1
2 0.1 1 0.2 0.1 0.1 0.4
3 0.2 0.2 1 0.1 0.1 0.4
4 0.1 0.1 0.1 1 0.1 0.1
5 0.2 0.1 0.1 0.1 1 0.1
6 0.1 0.4 0.4 0.1 0.1 1

. 

  

= {58, 58, 58, 56, 58, 58, 58, 58, 58, 58, 58, 57, 56, 58, 57, 58}, 

= {17, 226, 197, 254, 142, 17, 235, 93, 71, 175, 17, 255, 254, 117, 255, 17}, 

= {58, 58, 57, 57, 58, 58, 57, 57, 57, 57, 58, 57, 57, 57, 57, 58} 

and 

= {17, 226, 255, 255, 142, 17, 255, 255, 255, 255, 17, 255, 255, 255, 255, 17}, 

 

=

1 2 3 4
1 58 58 58 56
2 58 58 58 58
3 58 58 58 57
4 56 58 57 58

, =

1 2 3 4
1 17 142 71 254
2 226 17 175 117
3 197 235 17 255
4 254 93 255 17

 

and 

=

1 2 3 4
1 58 58 57 57
2 58 58 57 57
3 57 57 58 57
4 57 57 57 58

, =

1 2 3 4
1 17 142 255 255
2 226 17 255 255
3 255 255 17 255
4 255 255 255 17

, 

 



 

- - -grained 
 

- -

- - -

- -
 

 

, , , , , , ,  (23) 
 

  

, , , , , , ,  (24) 

 

10.3 -  

{1, 2, … , | |}
 

10.3.1.1. The arithmetical mean (  

1
| |

| |

 (25) 

 | |  

10.3.1.2. The variance (  

( )
1

| |
( )

| |

. (26) 
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10.3.1.3. The coefficient of variation ( relative standard 
deviation  

( )
( )

.  

10.3.1.4. The  (  

( )
2 | |

| | | |

| | + 1
| |  (28) 

  -
. 

10.3.1.5. The structural information content ( ( ) parametric 
entropy 

 

( ) | | .  

In 
the information functional positive and monotonous 

chemical graph 

( ) + ( ) + + | | = 1 a priori 

( ) = ( ), ( ), … , | |   

a finite probability distribution
 

( ) | | log | | .
| |

 (30) 

10.3.1.6. The mean information content ( ( )
 

=



 

, , … , , … ,  | |

=
| |

  for {1,2, … , } 

0 1 
= 1 ( ) = ( , , … , , … , ) 

finite probability distribution  
 

( ) log . (31) 

  
| | for {1,2, … , }

-  

( )
| |
| | log

| |
| | . (32) 

 

 

The matrix-  

 {1, 2, … , 2} 
{1, 2, … , 2} -

 

10.3.2.1. The Frobenius norm ( )  

( ) (33) 

( )  
 

10.3.2.2. The maximum norm (  

max
, . . (34) 

 



140 

10.3.2.3. The maximum absolute column sum norm (  

max , . (35) 

10.3.2.4. The maximum absolute row sum norm (  

max , . (36) 

10.3.2.5. The spectral norm (  

( )  

 . 

10.3.2.6. The ( ( )  

( ) the number of non zero singular values. (38) 

 

.  

-
-

 

- -
abemaciclib

alpelisib bleomycin cediranib dasatinib etoposide everolimus and ipatasertib 

-
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ECG200 
. 

- 1-nearest 
neighbors classifier (1-

 
  2) [21]. 

embedding dimension and 
the time lag 

–  

10.5..  

-

the 
 

2 
 

INDEX 
  N 

CEDIRANI
  

   0.608 0.625 0.562 
  0.696  0.688 0.646 

  0.435  0.604 0.562 
    0.688  
      
 0.686 0.652 0.451 0.562 0.583 
 0.6 0.522   0.604 
  0.565 0.608 0.688  

  0.543   0.542 
  0.696 0.588  0.5 
  0.696    
    0.688 0.604 
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INDEX    ECG 
 0.64 0.66   

 0.64 0.62  0.56 
 0.48 0.6 0.51  
    0.64 
   0.551 0.615 
 0.54 0.54  0.585 
 0.64 0.66   
 0.6 0.6 0.51  

 0.6 0.62  0.6 
 0.58 0.62   
 0.66 0.66  0.66 
   0.551 0.63 

 

4 
The - -  

         
  0.608    0.608 0.608  

( )   0.608 0.804   0.412  
( )         

( ) 0.608 0.608 0.686      
( ) 0.451     0.608   
( )   0.608 0.824     

 

5 
- -  

         
      0.686 0.608  
 0.588    0.824   0.686 

 0.608 0.824 0.608 0.608 0.608  0.608 0.608 
   0.608 0.686   0.608  
      0.686 0.608  

( ) 0.608 0.608 0.608 0.608     
 

6 
- -  

         
 0.565 0.522 0.543 0.5    0.5 

( )  0.565  0.565  0.652 0.543  
( ) 0.522   0.63   0.565  

( )   0.63 0.522  0.5 0.522 0.5 
( ) 0.543 0.522   0.5 0.5 0.5 0.63 
( ) 0.630 0.652  0.565 0.565  0.543 0.565 
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- -  

         
     0.522  0.63 0.543 
 0.63 0.565 0.5  0.543   0.543 

      0.522   
   0.522 0.652 0.63    
 0.652 0.63 0.543  0.543    

( )      0.63   
 

8 
- -  

         
 0.451   0.51 0.608    

( )  0.588   0.588    
( )   0.608 0.608   0.451  

( ) 0.51 0.608   0.608 0.51  0.608 
( )    0.431   0.451  
( )     0.333  0.431  

 

 
- -  

         
  0.51    0.51  0.608 
      0.451   

 0.608  0.608 0.608 0.608 0.608 0.608 0.608 
 0.51 0.588 0.588  0.588  0.608  
 0.608   0.588  0.451 0.431 0.588 

( ) 0.608 0.608 0.608 0.608  0.686 0.51 0.451 
 

10 
- -  

         
 0.562 0.604 0.604 0.521 0.646 0.583 0.646 0.604 

( )   0.542  0.583 0.5 0.625  
( ) 0.688 0.646 0.688 0.646  0.583 0.604  

( )  0.604  0.562 0.562 0.542  0.625 
( ) 0.646 0.646  0.542  0.542 0.583 0.562 
( ) 0.562 0.542  0.5 0.5 0.562 0.688 0.458 
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11 
- -  

         
 0.604 0.625 0.625 0.646 0.5 0.458 0.646 0.688 
 0.646    0.625 0.5 0.438 0.583 

 0.646  0.646 0.646 0.646 0.688 0.646 0.646 
  0.604 0.583  0.458 0.625 0.688  
 0.604 0.562 0.438 0.688 0.625 0.542 0.542 0.562 

( ) 0.646 0.646 0.646 0.646  0.604   
 

12 
- -  

         
 0.604 0.688 0.646 0.458   0.562 0.542 

( )   0.5 0.625 0.562 0.604   
( ) 0.562 0.688 0.604 0.562 0.604  0.438  

( ) 0.646 0.562  0.5 0.521 0.562 0.438  
( )  0.688  0.583 0.646 0.521 0.521 0.583 
( ) 0.562 0.625 0.604 0.646 0.521 0.625 0.625 0.562 

 

13 
The - -  

         
 0.625 0.562 0.583 0.583 0.5 0.625 0.562 0.5 
 0.562 0.5 0.542 0.542 0.562 0.542  0.583 

 0.646  0.646 0.646 0.646  0.646 0.646 
 0.604 0.583 0.625 0.604  0.562 0.604  
 0.604 0.542 0.625 0.625   0.562 0.542 

( ) 0.646 0.646 0.646 0.646 0.625 0.625 0.625 0.625 
 

14 
- -  

         
 0.64 0.5 0.44 0.56 0.6 0.56 0.64 0.54 

( ) 0.62 0.66 0.56 0.56 0.52 0.52 0.46 0.58 
( ) 0.62 0.54 0.6 0.56 0.5 0.68 0.52 0.56 

( )   0.54 0.5 0.6 0.58 0.5 0.48 
( ) 0.62 0.52 0.68 0.56 0.5 0.54 0.38 0.66 
( ) 0.42 0.4 0.64 0.58 0.52  0.54 0.48 
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15 
The - -  

         
 0.64 0.5 0.52 0.56 0.4 0.6 0.5 0.62 
 0.6 0.5 0.5 0.54  0.62 0.34 0.64 

 0.62  0.62 0.62 0.62 0.44 0.62 0.62 
 0.66 0.42 0.58 0.56 0.68 0.62 0.62 0.62 
 0.6 0.68 0.44 0.48 0.46 0.62 0.58 0.5 

( ) 0.62 0.62 0.64 0.64  0.8 0.52 0.48 
 

16 
- -  

         
 0.66 0.5 0.42 0.56 0.6 0.56 0.62 0.54 

( ) 0.62 0.66 0.56 0.56 0.52 0.52 0.46 0.58 
( ) 0.62 0.54 0.6 0.56 0.5 0.68 0.52 0.56 

( )   0.54 0.5 0.6 0.58 0.5 0.48 
( ) 0.62 0.52 0.68 0.56 0.5 0.54 0.38 0.66 
( ) 0.42 0.4 0.64 0.58 0.52  0.54 0.48 

 

 
- -  

         
 0.64 0.5 0.52 0.56 0.4 0.6 0.5 0.62 
 0.6 0.5 0.5 0.54  0.62 0.34 0.64 

 0.62  0.62 0.62 0.62 0.44 0.62 0.62 
 0.62 0.38 0.54 0.5 0.66 0.6 0.6 0.62 
 0.6  0.54 0.48 0.42 0.64 0.56 0.54 

( ) 0.62 0.62 0.64 0.64 0.8  0.56 0.52 
 

18 
- -  

         
     0.612 0.633  0.51 

( )  0.531 0.408 0.633  0.653  0.612 
( )    0.612  0.531   

( ) 0.612   0.612    0.551 
( ) 0.551    0.51  0.388  
( ) 0.551 0.551 0.612   0.531   
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- -  

         
  0.408 0.633 0.653   0.531  
 0.531  0.551   0.531   

 0.633  0.633 0.633 0.633  0.633 0.633 
 0.551 0.551 0.612 0.551 0.551 0.653  0.633 
 0.633 0.612  0.551    0.653 

( ) 0.633 0.633 0.633 0.633 0.531 0.551   
 

20 
- -  

         
 0.565  0.61 0.645 0.61 0.52 0.54 0.61 

( ) 0.605 0.615 0.61 0.66  0.635 0.63 0.605 
( ) 0.62 0.64 0.6 0.61 0.6 0.58 0.62 0.64 

( )   0.58 0.635 0.58 0.61 0.6  
( ) 0.655    0.61 0.635 0.585 0.64 
( ) 0.655 0.6  0.625 0.62 0.55 0.54 0.585 

 

21 
- -  

         
 0.62 0.51 0.55   0.585 0.515 0.605 
 0.61   0.61 0.645 0.535 0.62 0.645 

 0.665 0.665 0.665 0.665 0.665 0.665 0.665 0.665 
   0.665 0.56 0.645 0.58 0.605 0.61 
 0.6 0.615 0.54 0.62 0.585 0.625 0.535 0.535 

( ) 0.66 0.66 0.66 0.66 0.64  0.68 0.68 
 

22 
 

 
  Mean RR coefficient  
  0.1  

 0.13 0.1  
 0.13 0.11  

Cediranib 0.11 0.1  
 0.12 0.1  
 0.11 0.1  
 0.11 0.1  
 0.13 0.11  

ECG200 0.11 0.11  



 

- -

-
 

-
 

principal component analysis (PCA) [5] 

. 
– – – – – – –  

8 – – – – – – – ( )
15 – ( ) – ( ) – ( ) – ( ) – –  
21 – – – – ( )  

 
. -grained 

  
Fro . 

. -
 and  - ( ) 

-
Fig. -  and 

( ) - - ( ) 
and ( ) -  
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Fig. 1.  -  

 (21)  
 1.  

 

 
-

 

10.6.  



 

-

 

 
Fig. 2.  -  

 
 2.   

 

 

 

1. : 
–  

2. - : 
5 –  
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3. 
: 

90  
4. 
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6. 

-  
 

.  
R-   

8. : 
10: 40–45. 

 
 - -
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10. : 

–  
11. : 
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12.  : 

 
th 
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13.  
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14. -
 -  
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-  
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–  
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-

 

 

The recurrence and cross-recurrence matrices 

local binary pattern 
uniform  

coarse-grained) unthresholded - 
- an be defined. 

time series 
 -
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-  higher 
multivariate technique 

-
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