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.1    

 1.    = { , , , , }, = [0, 1];  -  ,1 2 3 4 5

  ( ) = 0,3; ( ) =  0; ( ) = 1; ( ) =  0,5; ( ) = 0,9.  1 2 3 4 5

   :  = {0,3/x ; 0/; 1/x; 0,5/; 0,9/} 1 2 3 4 5

A={0,3|x; 0|; 1|x; 0,5|; 0,9|}  =0.3/  + 0/ + 1/ + 0,5/ + 0,9/1 2 3 4 5 1 2 3 4 5

 A={0,3|x ; 0|; 1|x; 0,5|; 0,9|}  A={<0,3;x >, <0;>, <1;x>;1 2 3 4 5 1 2 3

<0,5;>, <0,9;>} 4 5

x x x x x 0.3 0 1 0.5 0.91 2 3 4 5A =   A =
0.3 0 1 0.5 0.9 x x x x x1 2 3 4 5

  +     ,   
'.

 2 .   = {0, 1, 2,  .., 10}, =[0, 1].  
     :  = 0.5|3 + 0.8|4 + 1|5 +
1|6 + 0.8|7 + 0.5|8;  :  = 1,  = {3, 4, 5, 6, 7, 8},
  - {3, 8}.

 3 .   = {0, 1, 2, 3 ..., n, ...}.   
 :

? ?1 1? ? . ? ? (n)?
2? ?n 1? ? ?0,1n? ?

 4 .   = {1, 2, 3, ..., 100}    , 
  ,      :

1,x? ?1,25?,?
? 1

? (x)? ? ,x ? 25.
2?1? 0,2 x ? 25? ? ???

      E' = {,
, ,  ...}     
? ()   = {1, 2, 3, ..., 100} (),   E' 
,   : ? () = ? (),   -  .

 5 .   -   : = {-8, -5, -3, 0, 1, 2, 4, 6,
9}.    ,     
  , , :  = {0/-8 + 0.5/-5 + 0.6/-3 + 1/0 + 0.9/1
+ 0.8/2 + 0.6/4 + 0.3/6 + 0/9}.
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.2      
    

 6.         B.  
.       

-1V =3, ,  , V ?0,3.1 1

A B 

{0,1|1; 0,5|2; 1,0|3; 0,8|3,2}{0,6|1; 0,1|2; 0,1|3}

:
1,0 0,6

{3} ?
{1; 2; 3; 3,2} {1; 2; 3}

{0,1|1; 0,5|2; 0,8|3,2}{0,6|1; 0,1|2; 0,1|3}
 {0,5|2} ?
 {2; 3; 3,2} {1}

 
  0,4 0,4
p=1
 
  0,5 0,337
p=2
 

0,348 0,25

 
-, {2; 3; 3,2} {1}

-1a=V =0,31

:
{0,9|1; 0,5|2; 0,2|3,2}{0,4|1; 0,9|2; 0,9|3}

?  ?
? B

' {0,6|1; 0,5|2; 1,0|3; 0,8|3,2}
{0,1|1; 0,1|2; 0,1|3}
{0,4|2; 0,9|3; 0,8|3,2}
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A B 

{0,5|1; 0,4|2; 0,9|3; 0,8|3,2}

' {0,6|1; 0,5|2; 0,9|3}

{0,06|1; 0,05|2; 0,1|3}

 {0,694|1; 0,595|2; 1,0|3; 0,8|3,2}
 {0,7|1; 0,6|2; 1,0|3; 0,8|3,2}
 {0,4|2; 0,9|3; 0,8|3,2}

{0,1|3}

{0,1|3}

{1,0|1; 1,0|2; 1,0|3; 0,8|3,2}'

-,?
{0,45|1; 0,22|2; 0,37|3; 0,24|3,2}-1=V =0,3? 1

 {0,001|1; 0,125|2; 1,0|3;{0,216|1; 0,001|2;
, V =3 0,512|3,2} 0,001|3}1

N {0,01|1; 0,25|2; 1,0|3;
{0,36|1; 0,01|2; 0,01|3}

0,64|3,2}
DIL {0,316|1; 0,707|2; 1,0|3;{0,775|1; 0,316|2;

0,894|3,2} 0,316|3}
 {0,3|1; 0,15|2; 0,3|3;

{0,18|1; 0,03|2; 0,03|3}-1, a=V =0,3 0,24|3,2}1

 ,
-1=V =0,3,? {0,72|1; 0,22|2; 0,37|3; 0,24|3,2}1 1

=1- =0,7? ?2 1

{0,1|1; 0,5|2; 1,0|3; 0,8|3,2}{1,0|1; 0,167|2; 0,167|3}
 

{0,1|3}
 
 

{0,1|3} 

 7 .   = {1, 2, 3, 4};  = 0,8/1 + 0,6/2 + 0/3 + 0/4;
(1) = 1/1 + 0,4/2; (2) = 1/2 + 0,4/1 + 0,4/3; (3) = 1/3 + 0,5/4; (4) = 1/4. 
H(A,K) ? ? (1)K(1)? ? (2)K(2)? ? (3)K(3)? ? (4)K(4)? 0.8(1/1?A A A A

? 0.4/2)? 0.6(1/2? 0.4/1? 0.4/3)? 0.8/1? 0.6/2? 0.24/3.
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.3    

 8 .  X = {x , x, x}, Y = {y, y, y, y}, M = [0, 1]. 1 2 3 1 2 3 4

 R = X R Y    :

R y y y y1 2 3 4

x 0 0 0.1 0.31

x 0 0.8 1 0.72

x 1 0.5 0.6 13

 9 .  X = Y = (- ?,?),     .
 x   (    y)   
:

0, x? y,?
? 1? , y?x.? ??R 1
?1?

2? (x?y)?

2?k(x?y) 10 .  R,   ? (x,y)? eR

  k   :      
 .

 11 .    R1  R2  
:

R y y y1 1 2 3

x 0.1 0.7 0.41

x 1 0.5 02

R z z z z2 1 2 3 4

y 0.9 0 1 0.21

y 0.3 0.6 0 0.92

y 0.1 1 0 0.53

   R R    :1 2 

R R z z z z1 2 1 2 3 4

x 0.3 0.6 0.1 0.71

x 0.9 0.5 1 0.52
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 :
? (x,z )?[? (x,y )? ? (y,z )]? [? (x,y )? ? (y ,z )]?R ?R 1 1 R 1 1 R 1 1 R 1 2 R 2 11 2 1 2 1 2

? [? (x,y )? ? (y,z )]? (0.1? 0.9)? (0.7? 0.3)? (0.4? 0.1)?R 1 3 R 3 11 2

? 0.1? 0.3? 0.1? 0.3
? (x,z )? (0.1? 0)? (0.7? 0.6)? (0.4? 1)? 0? 0.6? 0.4? 0.6R ?R 1 21 2

      
  R   R ,  i-  R    j-1 2 1

 R     ? ,   2

    ?   (x , z).i j

.4  

 12 .        "
 ": A={0|155, 0,1|160, 0,3|165, 0,8|170, 1|175, 1|180, 0,5|185,
0|190}.      "
 "    .

 :
k

x ? (x)? i A i

i?1 ,a?
k

? (x)? A i

i?1

 k -     A,  : 
a = (0155 + 0,1160 + 0,3165 + 0,8170 + 1175 + 1180 + 0,5185 +
       + 0190) / (0 + 0,1 + 0,3 + 0,8 + 1 + 1 + 0,5 + 0) = 175,4.

.5    

 13.    .   
 ,        :
X={x , }, Y = {, , }, ,     :1 2 1 2 3

0.8 0.2 0.3? ?
R ? ? ?0.7 0.4 0.5 .? ?
       

: Y = 0.8/  + 0.2/ + 0.3/.1 2 3

  ,    :  = / - / .1 1 2 2

       
     :
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0.8 0.2 0.3? ?? ? ? ?0.8 0.2 0.3? a a ?1 2 ? ?0.7 0.4 0.5? ?
   :

0.8 0.8 0.7? ? ? ?
a? ?1? ? ? ?

0.2 ? 0.2 0.4 ?? ?? ? ? ? a 2? ?? ? ? ?0.3 0.3 0.5? ? ? ?
  max-min-  

  :
0.8 = (0.8?  ) ?  (0.7?  ),1 2

0.2 = (0.2?  ) ? (0.4?  ),1 2

0.3 = (0.3?  ) ? (0.5?  ).1 2

    ,     
       : 0.8 = 0.8 ? ,  ? 0.8.1 1

   : 0.2 = 0.4 ?  ,  ? 0.2.2 2

    .   :
0.8< <1,   0<a<0.2.1 2

      
    .     
.        ,
,  .

A.6      MATLAB

 14.      MATLAB m-, 
   

2 .??? ????(x)?1 1? x?b/a

function mu=bellmf(x, params)
%bellmf -  i i;
%x  i ;
%params(1)   i (>0);
%params(2)   .
a=params(1);
b=params(2);
mu=1./(1 + ((x - b)/a).^2);
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 15.    fuzarith.

%    

point_n = 101;
min_x = -20; max_x = 20;% i   [min_x, max_x]
x = linspace(min_x, max_x, point_n)';
A = trapmf(x, [-10 -2 1 3]);% i i  A
B = gaussmf(x, [2 5]);% i i  B
C1 = fuzarith(x, A, B, 'sum');
subplot(2,2,1);
plot(x, A, 'y--', x, B, 'm:', x, C1, 'c');
title('i  A+B');
C2 = fuzarith(x, A, B, 'sub');
subplot(2,2,2);
plot(x, A, 'y--', x, B, 'm:', x, C2, 'c');
title('i  A-B');
C3 = fuzarith(x, A, B, 'prod');
subplot(2,2,3);
plot(x, A, 'y--', x, B, 'm:', x, C3, 'c');
title('i  A*B');
C4 = fuzarith(x, A, B, 'div');
subplot(2,2,4);
plot(x, A, 'y--', x, B, 'm:', x, C4, 'c');
title('i i A/B');

.      MATLAB 
  .    
      .

 16.     - .
 :

sin2x , x?[0, 10], ?x=0,1.y ?
x /5e

x = (0:0.1:10)'; %   
y = sin(2*x)./exp(x/5); %     y
trnData = [x y]; %    
numMFs = 5; %   
mfType = 'gbellmf'; %   
epoch_n = 20;%  
%  FIS-  
in_fismat = genfis1(trnData,numMFs,mfType);
%  FIS-
out_fismat = anfis(trnData,in_fismat,20);
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%  :
%   -  ,  
%   -  , 
plot(x,y,x,evalfis(x,out_fismat));
%    
% Training Data -   -  
% ANFIS Output -  ANFIS -  
legend('Training Data','ANFIS Output');

 .2 -     

A.7.        
 Fuzzy Logic Toolbox

 Fuzzy Logic Toolbox     
 -   .        
   x =  x =,  y= .  1 2

         x = 1

x =,  y=a +a x +a x ".  ,   2 0 1 1 2 2

         
   ,    .   
      ,  
  -     .
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 17.    .
       

     ,  
2 y=x sin(x-1), x?[-7; 3], x?[-4,4; 1,7].  1 2 1 2

       :
1.  x =,  y=0;1

2.  x =  x =,  y=2x1+2x2+1;1 2

3.  x =  x =,  y=4x1-x2;1 2

4.  x =  x =,  y=8x1+2x2+8;1 2

5.  x =  x =,  y=50;1 2

6.  x =  x =,  y=50.1 2

      
     .

 1.    fis-  
fuzzy   .      .

 2.   .     File  
 New  fis Sugeno.

 3.    .     Edit 
 Add  input.

 4.    .    
      input1,    x1 
       [Enter].

 5.    .    
      input2,    x2 
       [Enter].

 6.   .    
      output1,    y 
       [Enter].

 7.  ' .     File  
 Export  To  disk   ' , , FirstSugeno.

 8.     .  
        x1.

 9.     x1.    -7 3 
 Range   [Enter].

 10.     x1.  
     3    
,    .  
  x1.         
   .   
    Name.      
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    Name.       
        
    Name   [Enter].

 11.     x2.  
     3    
,    .   
 x2         x2. 
   x2.    -4.4 1.7   Range 
 [Enter].       
   x2: , , .

 12.       ,  
 .     y    
    y.     ' 
  ,      
    .     5 
: y=50; y=4x1-x2; y=2x1+2x2+1; y=8x1+2x2+8; y=0.  
      Add  Mfs Edit. 
 ,  ,   Number  of MFs  2 
  OK.

 13.      . 
         
 mf1.    ,  50, 
 Name,         
onstant   Type.       50  
Params.     mf2  
,  8+8x1+2x2.     
   Linear   Type    
8 2 8   Params.      :
      ,      ..,
      .   
 mf3   ,  1+2x1+2x2,
        2  2 1. 
  mf4   ,  4x1-
x2,         4  -1 0.
 '  mf5   ,  0,
   -      0.

 14.      RuleEditor.  
   Edit  Edit  rules....     . 
       
    Add  rule.
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 View  rules...  View.   Input   
,     .   
       
 .      -, 
   ,  
 View  surface...  View.

 18.        
  ,    . 
   :   ( - 
36,6 ?,  -  37 ?),   ( ,  ),  
(, ).      (
,  ,  , 
).      (  ,
       ,    ) :

  

 
 

 

 

    .
1.   MATLAB    FIS: fuzzy.
2.    (    ,   

 ):       Edit   Add
variables: Input.    2 .     
 ( ,   Add variables: Output).

3.        
        Current Variable: Name. 
 : temperature - , painlocation -  , paintype -
 .     : apendicite - ,
pielonefrit - , acute - .

4.     -  
   .    
      .

5.     FIS    Edit 
Rules.       .

6.      FIS    View 
Rules.    ,    ,
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  .

  Sample.fis      
 FIS       .

  Sample.fis:
[System]
Name='Sample'
Type='mamdani'
Version=2.0
NumInputs=3
NumOutputs=4
NumRules=4
AndMethod='min'
OrMethod='max'
ImpMethod='min'
AggMethod='max'
DefuzzMethod='centroid'
[Input1]
Name='temperature'
Range=[35 42]
NumMFs=2
MF1='normal':'trimf',[35.9 36.6 37]
MF2='high':'smf',[36.8 37.1944444444444]
[Input2]
Name='painlocation'
Range=[0 1]
NumMFs=2
MF1='stiomach':'trimf',[0 0 0.5]
MF2='spine':'trimf',[0.5 1 1]
[Input3]
Name='paintype'
Range=[0 1]
NumMFs=2
MF1='acute':'trimf',[0.5 1 1]
MF2='weak':'trimf',[0 0 0.5]
[Output1]
Name='appendicite'
Range=[0 1]
NumMFs=1
MF1='is':'trimf',[0.5 1 1]
[Output2]
Name='pielonefrit'
Range=[0 1]
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NumMFs=1
MF1='is':'trimf',[0.5 1 1.4]
[Output3]
Name='acute'
Range=[0 1]
NumMFs=1
MF1='is':'trimf',[0 0 0.5]
[Output4]
Name='chronic'
Range=[0 1]
NumMFs=1
MF1='is':'trimf',[0.5 1 1.4]
[Rules]
1 1 2, 1 0 0 1 (1) : 1
1 2 2, 0 1 0 1 (1) : 1
2 1 1, 1 0 1 0 (1) : 1
2 2 1, 0 1 1 0 (1) : 1

.8  - 

 19.    - .
   ,     

.       .
 :    ;     .1 2

 :      .
       :
     ,     .1 2

    :

 ()  ()

x x1 2

11 1
12 1
13 0,8
14 0,6
21 0,5
22 0,8
31 0,9

 , , , ,     (
):
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??1, ?15 C, x? ?? ?1.25,x ?35 C,?   ?? 15? () ? ? ?2,15? x? 30 C, ? () ?? ? x 1015 ?? ?? ? , x?35 C,?0, x ? 30 C,? ? 15 3?

x 8? ?? ? , x ? 40 C,
? () ? ?15 3a

??1,x? 40 C,?

?1, ? 10  x.,? ? ?1, ?20  x.,? ? () ?? () ? ?10?? ? 2, ? 10 x., ?? 1, ? 20  x.,10 ??

 .1 -  : ? (), ? (), ? ()

..2 -   ? ()  ? ()
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       :

: [10; 25]
: [25; 45]
: [45; 60]

 :  = 10,  = 25,  = 45,  = 60.1 2 y

1 2 3 4

1 11

1 . 12

13
1 0,8

14 0,6

y
0,521

.

0,822

n 0,9 . 31

 

 .3 -   

 1.      .
T  ? (x), i = 1, 2.i

 2.     .  
Tmin(?(x)), j = 1, 2, 3    .i
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 3.      (  
      ).  

Tmax(w min(?(x))), p = 1, .., 7   .jp i

 4.  :
d1 d2 d3

y?? (y)? y ?? (y)?y ?? (y)1 2 .y?
d1 d3d2? (y)?? (y)?? (y)

  = 22   = 12, :1 2

   ():
? ( ) = 0,53; ?( ) = 0,22; ?( ) = 0; ?( ) = 0,8; ?( ) = 0,2.1 1 1 2 2

   :

11: min(0,53, 0,8) = 0,53;
12: min(0,53, 0,2) = 0,2;
13: min(0,22, 0,2) = 0,2;
14: min(0, 0,2) = 0;
21: min(0,22, 0,8) = 0,22;
22: min(0, 0,22) = 0;
31: min(0, 0,8) = 0.

 '   :

d : max(10,53, 10,2, 0,80,2, 0,60) = 0,531

d : max(0,50,22, 0,80) = 0,11;  d: max(0,90) = 0.2 3

:

y = (100,53 + 250,11)/(0,53 + 0,11) = 12,6.

 :  22    12 
   12,6.

 20.       , 
    -  , ;  -   1 2

2, %; y -  , / .  ,   y 
  x  x ,     .   -1 2

  y(x ,x)   ,  1 2

  ( ).   
 -    
,   .
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x x y x x y1 2 1 2

25 76 2.3 15 0.86 0.9
27 79 2.2 25 0.47 2.5
23.5 91 1.8 26 0.57 2.6
15 89 1.2 15 0.98 0.9
14.5 79 1.0 13.5 0.68 0.9
17 61 1.4 16.5 0.93 1.6
20 96 2.0 19.5 0.67 1.9
23 89 2.0 22 0.58 2.1
26.5 57 2.6 25 0.82 2.0
29 59 2.7 28 0.86 2.8

  MATLAB     p 
   t:

p=[25 76 2.3; 27 79 2.2; 23.5 91 1.8; 15 89 1.2; 14.5 79
1.0; 17 61 1.4; 20 96 2.0; 23 89 2.0; 26.5 57 2.6; 29 59
2.7];

t=[15 0.86 0.9; 25 0.47 2.5; 26 0.57 2.6; 15 0.98 0.9;
13.5 0.68 0.9; 16.5 0.93 1.6; 19.5 0.67 1.9; 22 0.58 2.1; 25
0.82 2.0; 28 0.86 2.8];

  ANFIS,   : anfisedit
  Load data     (  

Type: Training    from: Worksp.,     Load
data ..     input variable name: p)    (
  Type:Testing    from: Worksp.,    
Load data ..     input variable name: t).

  Generate Fis : Sub. clustering   
Generate Fis.   Train FIS    Optim. method:
hybrid.     Error tolerance: 0.000001. 
  Epochs: 300.   Train now.  
 Training Error  ,    -
   .   Structure 
   - .

   FIS      
   ,    
 t.   ,     
(Training - , Testing - ),    Test now. 
      (Average Error),   
    -   ,  
 -    - .
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   - 

  MATLAB

      MATLAB  
 Fuzzy Logic Toolbox.     
        MatLab, 
    Simulink.

Fuzzy Logic Toolbox    
: ;     
 ( GUI);    Simulink;  .

.1 FIS - 

  Fuzzy Logic Toolbox  FIS-  - 
  (Fuzzy Inference System). FIS-  
      -
       ,  
. .1.

~ ~ -X YX Y 

  

 .1 -   

~
: X -   ; X -   ,

~
    X; Y -     
  ; Y -   .

      
 MatLab    ,   . .2.
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 .2 - FIS-
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    FIS    :  
    readfis;    fis-
    File  Export   To workspace.

      
    :

? name -     ;
? type -   (  'Mamdani'  'Sugeno');
? andMethod -    "" (

: 'min'    'prod'  );
? orMethod -    "" (

: 'max'    'probor'   "");
? defuzzMethod -   (  

  : 'centroid'   ; 'bisector'  ; 'lom' 
  ; 'som'    ; 'mom'   
;      : 'wtaver' 
   'wtsum'   );

? impMethod -    (
: 'min'    'prod'  );

? aggMethod -   '  
  ( : 'max'  ; 'sum'   
'probor'   "");

? input -   ;
? input.name -   ;
? input.range -    ;
? input.mf -     ;
? input.mf.name -    

;
? input.mf.type -     

( : dsigmf -      
  ; gauss2mf -   
; gaussmf -   ; gbellmf -
   ; pimf - -
 ; psigmf -    
; sigmf -   ; smf - s-
 ; trapmf -   ;
trimf -   ; zmf - z- 
);

? input.mf.params -     
;

? output -   ;
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? output.name -   ;
? output.range -    ;
? output.mf -     ;
? output.mf.name -    

;
? output.mf.type -     

(     : dsigmf - 
       ; gauss2mf -
   ; gaussmf -  
; gbellmf -   
; pimf - -  ; psigmf - 
   ;    
 : constatnt   (    );
linear     );

? output.mf.params -    
 ;

? rule -     ;
? rule.antecedent -   (  

     .  0   ,  
       );

? rule.consequent -   (  
     .  0   ,  
     );

? rule.weight -  .     [0, 1];
? rule.connection -  '   : 1 

 ""; 2   "".
       

  '  . , 
FIS_NAME.rule(1).weight=0.5      0.5,
 length(FIS_NAME.rule)      , 
 FIS_NAME.input(1).mf(1).name=''  
     .

.2 FIS-

FIS-  (. .3)   , ,
        , 
    :  ; 
;     ;   
 ;    .
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 .3 - FIS-

 FIS-    
fuzzy.   '   .   
  FIS-   Help  Close, 
      , .

FIS-  8 .     - File,
Edit, View,  '       
 And Method, Or Method, Implication, Aggregation  Defuzzification.

 File -      GUI- 
    .

   New FIS...   
     .   
 '  : Mamdani  Sugeno,   
 .    Mamdani  
 Ctrl+N.
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   Import    
     .   
 '   From Workspace...  From disk, 
       
 MatLab   , .    From Workspace...
'  ,      
  ,      MatLab.
   From disk '  ,   
 '     .  
     .fis .  
        Ctrl+N 
  fuzzy FIS_name,  FIS_name  '   
 .

   Export '   To Workspace...
 To disk,       
   MatLab   , .    To
Workspace... '  ,    
    ,    
    MatLab.    To disk '
 ,     '   
 .      
        Ctrl+T  Ctrl+S,
.

 Print       .
     Ctrl+P.

 Close   .   
   Ctrl+W     
   Close.

 Edit:
 Undo    .   

 Ctrl+Z.
 Add Variable...      

   .     ' 
 Input  Output,       ,
.

 Remove Selected Variable     .
       . 
       
    .      
  Ctrl+X.
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 Membership Function...   
.        Ctrl+2.

 Rules   .    
   Ctrl+3.

 View -      GUI-,
     .  
       (
Rules    Ctrl+5)     -,
      ( Surface 
  Ctrl+6).

 And Method -      
  "": min  ; prod  .

      
 "".      Custom  
,  ',  ' ,    .

 Or Method  -      
  "": max  ;  probor -  "".

      
 "".      Custom  
 ,  ',  ' ,   
.

 Implication  -      
: min  ; prod  .

      
.      Custom   
,  ',  ' ,    .

 Aggregation  -      
 '    : max 
; sum  ; probor -  "".

       
.      Custom  
,  ',  ' ,    

 Defuzzification -      .
      : centroid  
; bisector ; lom    ; som   
; mom    .    
  : wtaver   ; wtsum  
.

      
.      Custom  
,  ',  ' ,    .
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1.3   

   (Membership Function Editor)
      - 
  :  ;  ;   
 ,     
    .

       -
GUI-,      ,
 Membership Functions...  Edit    Ctrl+2.

 FIS-     
         
 .      
      
  . .4.

 .4 -   
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       Help  Close,
       , .

      - File, Edit,
View, Type       Range, Display Range, Name 
Params.         
,    , 
       ,
.

       
,       
 Drug and drop.      
   Drug and drop,       
     .  
   .

 Edit:
 Undo    .   

 Ctrl+Z.
 Add MFs    -,

     .   
 '  ,      
   .   
     , 
    ,    Range. 
     Range   
 .

 Add Custom MF    ,
     .   
 '  ,    
  ( MF name), '   ( M-File
function name)     ( Parameter list).

 Remove Selected MF     -
 .       
.        
.      
        
   .

 Remove All MFs     - 
.

 FIS Properties FIS-.   
    Ctrl+1.
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 Rules   .    
   Ctrl+3.

 Type      ,
     .

1.4   

   (Rule Editor)    
  .       
- GUI-,     
,  Rules Edit    Ctrl+3. 
FIS-       
         
 ,     .

       
       . .5.

 .5 -   
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       Help  Close,
       , .

       File,
Edit, View, Options,       , 
   , ,    ,   
   .

         
        
,    ' (  )  
 ,       
   ,    
    Add Rule.   
 :  '     ;
    ;      1.

 ,       
   ,       
       .  
      none.

        
          Delete Rule.

      
     ,   
     Edit Rule.

 Edit:
 Undo    .   

 Ctrl+Z.
 FIS Properties FIS-.   

    Ctrl+1.
 Membership Function  

.        Ctrl+2.
 Options         .

   Language '   English (),
Deutsch (), Francais (),     .

   Format '    
 : Verbose - ; Symbolic  ; Indexed  .

1.5    

     
 GUI- Rule Viewer.    
     ,  
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     . Rule Viewer 
   - GUI-,   
  ,  View rules   View 
  Ctrl+4.  Rule Viewer   
 tipper      
    . .6.

 .6    
  tipper   Rule Viewer

Rule Viewer    - File, Edit, View, Options,  
   Input  Plot points    
 -  (left-right),  (up-down).     
   Help  Close,    
   , .    
     
.       
    (- ),  
     -
  (- ).
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      ,  
     food  (food is none). 
      
  ,    . 
    Rule Editor   
       .   
        .

      
         
 .   ,   
   ,    
   .     
      ,
   .

      
:       Input;  
,   -  .

        
 ,         
    .    
         Input.

  Plot points     
   .     101.

 Edit:
 FIS Properties FIS-.   

    Ctrl+1.
 Membership Functions  

.        Ctrl+2.
 Rules   .    

   Ctrl+3.
 Options      Format,  

         
  : Verbose - ; Symbolic  ;
Indexed  .

.6 ANFIS-

ANFIS   Adaptive Neuro-Fuzzy Inference System 
 - . ANFIS-  
    - . -
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  .     
  () ,    
     .

 ANFIS-    anfisedit. 
    '  ,  
. .7.        ANFIS-
,    .

 .7 -   ANFIS-

ANFIS-  3   - File, Edit  View, 
,   ANFIS,   ,
      ,
 ,  ,   
,    Help  Close,    
   ANFIS-, .
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 Edit:
 Undo    .   

 Ctrl+Z.
 FIS Properties FIS-.   

    Ctrl+1.
 Membership Functions  

.        Ctrl+2.
 Rules   .    

   Ctrl+3.
 Anfis ANFIS-.    

   Ctrl+3. ,   ,  
ANFIS-     - ,  
  . ,   Edit  GUI-,
     , 
 Anfis,   ANFIS-   .

     :  
          
  ;       
    .

       
    .     
       (, 
 ),     -     
 .   :   ( .) 
 ;   (o)   ; 
 (+)   ;   (*)  
.

   ANFIS (ANFIS info)  
     ,   
    ,      
.       Structure  Clear Plot.

  Structure    ,  
       -
.   Clear Plot    .

    (Load data) :  
  (Type),    (Traning -  ;
Testing -  ; Checking -  ; Demo -
 );     (From),  
 (disk  ; worksp. -   MatLab); 
  Load Data,    ' 
  ,      ,  
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  ,     
 ;    Clear Data.

   (Generate FIS)   
      . 
  : Load from disk    
; Load from worksp.       MatLab;
Grid partition -      ( ); Sub.
clustering      .

     Generate,   
     .

  Load from disk '   
 .

  Load from worksp. '   
     .

  Grid partition '    
,           
       .

  Sub. clustering '   
  : Range of influence    
; Squash factor   ; Accept ratio  , 
         
     ,    
    ; Reject ratio - , 
         
   ,      
  .

   (Train FIS)    
 (Optim. method),     
(Error tolerance),      (Epochs)  
Train Now,     .  
         MatLab. 
ANFIS-    : backpropa  
  ,     
; hybrid   ,     
    .

   (Test FIS)     
 Test Now,       
      .

   :    
   , ,   
 ,       ..
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.7  Fuzzy Logic Toolbox

,     Fuzzy Logic Toolbox  
   .      
: help fuzzy.      Fuzzy Logic.

    : anfisedit -
     ANFIS; findcluster -  
; fuzzy -   FIS; mfedit -  
; ruleedit -    ; ruleview -
     ; surfview -
  .

 : dsigmf, gauss2mf, gaussmf, gbellmf, pimf,
psigmf, smf, sigmf, trapmf, trimf, zmf.

 Fuzzy  Logic Toolbox  MATLAB  11 
 ,     : -
;  ;  ;    .

      
  mf.      
: namemf(x, params),  namemf    
; x   ,     
  ; params     
.

    (trimf) 
 (trapmf)    -

.     
,         . 
      
:      ;  
   .

       (gaussmf) 
  (gaussmf)    
.  gaussmf    
.    
(gbellmf)      .   
    ,     
       .

  sigmf, dsigmf, psigmf   
 .      ,
         +(-) ?  1.
         
.
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zmf, pimf  smf,       sigmf, dsigmf,
psigmf, .

 Fuzzy  Logic Toolbox    
   .     m-
,       ,   
       
 .      
 .

 FIS : addmf -     FIS; addrule -
   FIS; addvar -    FIS; defuzz - 
 ; evalfis -    ;
evalmf -   ; gensurf -  
 FIS; getfis -    ; mf2mf - 
   ; newfis -   FIS;
parsrule -   ; plotfis -   "-" 
FIS; plotmf -       ; readfis -
 FIS  ; rmmf -     FIS; rmvar -
   FIS; setfis -    ;
showfis -   FIS; showrule -   FIS; writefis -
 FIS  .

 output=evalfis(input, fis, numofpoints).   
     - .
    ,   -
.    : input -   ;
fis - - ; numofpoints -    
 (     100, 
    ,   ); output
-  ;

   - ,    
      MATLAB ( 
).   ,    ,
   ()  ,   - 
.

         
  MATLAB: s=load(filename), .  
   s.  save(filename, s).   s  .

    -  
        
    Fuzzy Logic Toolbox:
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writefis(fis,filename) -  -  fis  ;
fis=readfis(filename) -    -    fis.

 :  anfis -     ;
 -: fcm, genfis1, genfis2; subclust.

 :  convertfis -    
 1.0     2.0; discfis -  FIS; evalmmf -
     ;
fstrvcat-    ; fuzarith -  
; findrow -   ,   
; genparam -      
ANFIS; probor -  ; sugmax -   
  .

 C = fuzarith(X, A, B, OPERATOR)   
      C   
 OPERATOR    A  B   
X.  A, B  X     .
OPERATOR     : 'sum' - , 'sub' - , 'prod' -
, 'div' - .   C,  ,  -
   ,   A  B. ,   
    , : A  B  
 ;    A  B  X  .

    :
cmfdlg -     ; cmthdlg -  
  ; fisgui -    
  Fuzzy Logic Toolbox; gfmfdlg -  FIS  
  ; mfdlg-    ; mfdrag -
     ; popundo -
     (  ); pushundo- 
    ; savedlg -    ;
statmsg -     ; updtfis -  
  Fuzzy Logic Toolbox; wsdlg-  " " /
" "  .


