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This paper shortly considers the next topics:  
(1) problem of unstability in linear modelling; 
(2) factor analysis and stabilization; method of two thresholds (MTT), or ( , )-method; 
(3) stabilization principle; the hypothesis about essence of GMDH; 
(4) economic criteria of forecast models;  
(5) active agent models; cycles of absorption and reduction.  

On some examples we demonstrate the advantage of MTT over known methods GAME and 
GMDH. 
Keywords: inductive modeling, stabilization problem, active agent models, factor analysis, method 
of two thresholds (MTT), ( ,

 

)-method, economic criterion, cycles of absorption and reduction      

. 
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GAME  .

 

 
:  ,

 

 ,   
,  , ( , )-

 

  ( ),

 

   .

    

     

y = f (t1, t2, , t l),       
{x1, x2, , xk},  xi = 

 

i (t1, t2, , t l) 

 

  
[1, 7].  n 

 

 ,  .    
y  k  {x1, x2, , xk}   n- 

 

n. 

 

X = (x1

 

(x1), x2

 

(x2), , xk 

 

(xk)), 

  

w n: (w) = 
n

t
tw

n 1

1
       (1) 
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a   y = Xa,  n- y  
(n, k)- X , k-  a  . , 

 
      

y = Xa: 

y = Xa 

 
XTy = XTXa  (XTX) 1XTy = a    (2)   

,   ,      
( ):

 

a = (XTX) 1XTy.      (3)   

(k, k)-  [3]

 

XTX = W.   

{ 1, 2, k} 

 

    W,  
,  1 

 

2 

 

... 

 

k. ,   -      
i   : i  0  i. ,  

 

det W = 1 2 k ; trace W = 1 +  + k; cond W = 1 (  k)
1; (4)  

 

c: cond cW = cond W,  cond

 

W = ||W|| 

 

||W 1|| 

 

 
, ||

  

|| 

 

-  , c 

 

 .   

 

(3): a = W 1XTy.    ,  det

 

W = 0 

 

k = 0 

 

cond W = .  ,  cond

 

W    
,     k    ,   

y = Xa         [2].       
:   

,        y = Xa,       
.     

X 

 

stab X = k k  Tr (XTX) 1  = k k  ( 1 + 2 +  + k)
1 .    (5) 

,    X   c   :

  

0 

 

stab (X)  1; 

 

c: stab (cX) = stab (X); 

stab (X) cond (XTX) = k 1 ( 1 +  + k) 
1 .   (6)   

(6)  

 

1 

 

( 1 + 2 +  + k) / 1 

 

k :

 

1  stab (X) cond (XTX) 

 

k        stab X  [cond (XTX)] 1.   (7)        

 

  

, 
,   y = Xa   ,     
?

  



           
.
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.    ( ),  
( ,

 
)-

  
   

XTX = W   S    

 
STWS = D,  dii = i, 1 

 
2 

 
... 

 
k.   

( ) 

 
XS = Z = (z1, z2, , zk)  

 
X. 

,  

 
i: (zi) = 0, ,  {i, y, c}: y + c, zi  = y, zi .   

L   -  X: 

L = L (x1

 

(x1), x2

 

(x2), , xk 

 

(xk)).    (8)  

,    {z1, z2, , zp}, 

 

p = dim L = rank X 

 

min (k, n),      

L. ,    

 

(x1, x2, , xk)  

 

S    

 

 = y0 + y1 z1 + y2 z2 +  + yp zp,     (9) 

 

yi = 
i

i

ii

iy zy

zz

zy ,

,

,0 , 0 < i 

 

p.     (10) 

,     zi  : 

 

stab (zi)   essn (y, zi) 

stab (zi) = 
p

ii 

trace ...21

2

W

z
;     (11) 

essn (y, zi) = corr2 (y, zi) = 
2

0

2

y

yii

y
,     (12) 

 

corr (y, zi) = cos (y 

 

y0, zi), 

 

corr (y, zi) = 
000

0

,

,,

y

y

yy

y iii

ii

i

i

i

yy

z

zz

zy

zy

zy
.  (13)  

( , )-

 

 

 

  ( , )-

 

  
( ),    P  (9), diag P = (s1, s2, , sp) 

s = y0 + s1 y1 z1 + s2 y2 z2 +  + sp yp zp,    (14) 

 

si = si ( , ) = 0,  stab

 

(zi) < 

 

 essn (y, zi) < ,  si = 1    
.  , ( , )-    -

 

 
-

 

.  

 

= 0,  ( , 0)-   - . 
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,   

 
> 0    j 

 
,   -  

 
    

j  {z1, z2, , zj}.      

  
,   L  

 
(8).  V 

 
  

L, P 

 
  ,   XP 

 
  X   

V.      X  XP    
: cond (PTWP), stab (XP) .  

XPS = U = (u1, u2, , uw) 

 

  XP.   

, 

 

 

 

 V 

 

stab (V) = min {stab (v): v V} = min {stab (ui): ui U} = stab (uw); (15) 

essn (y, V) = min {essn (y, v): v V} = min {essn (y, ui): ui U}; (16) 

suff (y, V) = 
V

i ii

i
V

i
i

y

dim

1

2

2
0

dim

1 ,

,1
,essn

uu

uy

y
uy .   (17)  

,   V :

  

- ,  stab (V) > ;  

- ,  essn

 

(V) > ;  

- ,  suff

 

(y, V) > 1

 

.   

, 

   

 ,   ,  

 

V   
, 

 

 .  ,   : 

 

= 10-3, 

 

= 10-4, 

 

= 5%. 

 

 
= {i1, i2, , i } 

 

   K = {1, 2, , k}.   
V( , X), V( ,

 

Z)   - {xi 

 

(xi): i }

  

{zi: i } .

 

.       L   

  

  
V( , X),    .  

( , )- ,   ,       
.

 

   

   

2L,  
2L      L,    

 

 .    

 

 
-  -  V,    

:

 

{stab (V) > } & {essn (y, V) > } & {suff (y, V) = max} & {V }  (18)   

:  

(a) 

 

= {V( , X): 2K };  

(b) 

 

= {V( , Z): 2K };  
(c) 

 

= 2L. 
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.   ( ) 

 
 

( )

  
      

{

 
t1, t2, , t l },      

y,       
.

 
, ( , )-  

 
( )      

( )   ,   y = Xa  .       
,        

2L.     

 

( )   
( ,   )    ( ,     

).         
,     (constructing intelligent 

agents, CIA) [8],  ,   ( ) .           

.    
.  

  

,      (t1, t2, , 
t l),      (   )    

( ,  ).

 

  

  

,          
. :   

.  

 

      

.

  

 

.    

  

             

(FeMo)  

 

(Mo).       

 

2004 07,    

 

.  2004   ,       
FeMo  Mo ,    

.   -         
.         

2005-07,   
(     )   9 :  

t1, t2 

 

    

 

,       
[4],  Exports

 

 Imports ,  Molybdenum ,

 

t3 

 

   ,  t1, t2    [4] 

 

t4, t5, , t 9 

 

  ,   [5]. 
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. 1.  

  

T 

   

FPE 
Akaike 

AR 
regular

 

abs % .

 

$ 

1 2 3 4 5 6 7 8 9 10 

24

 

Oct 05 93,51

    

-23,15

 

< 0   

25

 

Nov 05 67,45

 

70,36

 

87,46

 

80,81

 

6,43

 

10% 2 134,90

 

26

 

Dec 05 81,06

 

73,88

 

79,16

 

79,42

 

-18,66

 

< 0   

27

 

Jan 06 80,58

 

62,40

 

57,21

 

60,11

 

-15,08

 

< 0   

28

 

Feb 06 76,19

 

65,50

 

47,80

 

67,84

 

0,90

 

< 0   

29

 

Mar 06 73,15

 

77,08

 

69,72

 

63,21

 

0,22

 

< 0   

30

 

Apr 06 68,49

 

73,37

 

107,15

 

76,02

 

7,01

 

10% 1 68,49

 

31

 

May 06 73,38

 

75,50

 

65,89

 

67,48

 

3,17

 

4% 1 73,38

 

32

 

Jun 06 66,83

 

76,55

 

44,19

 

63,08

 

10,63

 

16% 2 133,66

 

33

 

Jul 06 67,55

 

77,46

 

34,03

 

74,84

 

12,18

 

18% 2 135,10

 

34

 

Aug 06 66,29

 

79,73

 

73,04

 

67,11

 

3,32

 

5% 1 66,29

 

35

 

Sep 06 68,37

 

69,60

 

61,42

 

68,09

 

16,86

 

25% 3 205,11

 

36

 

Oct 06 86,76

 

85,23

 

100,67

 

86,95

 

-3,23

 

< 0   

37

 

Nov 06 71,01

 

83,53

 

97,35

 

98,46

 

16,03

 

23% 2 142,02

 

38

 

Dec 06 76,35

 

87,05

 

92,08

 

87,31

 

8,67

 

11% 1 76,35

 

39

 

Jan 07 68,18

 

85,02

 

86,49

 

82,16

 

15,84

 

23% 2 136,36

 

40

 

Feb 07 84,67

 

84,02

 

79,65

 

62,20

        

9,62

 

20,22

 

12,51

      

1269,82

     

17 1171,66

 

  

{t1, t2, , t 9} 

 

   y( )  k = 12   
{x1, x2, , x12}: 

y ( ) = t1( +1); 
x1( ) = t1( ), x2( ) = t1( 1), x3( ) = t1( -2),  
x4( ) = t2( ), x5( ) = t2( -1),  
xi( ) = ti 3( ), i = 6..12.    

 
($/ )  2005-07 .    

:  (  4),   

 
(5),  

 
 

(6),      (7, 8),    

 
  

:    (9)     (10) 
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.         

 
  

:      {x1(t), x2(t), , xk(t)}  M    
t = q+1, q+2, , q+M,      

y(t)  (M+1)-  t = q+M+1.  q  
,    

 

3  q+1  t  q+M+1 

 

39,   2  q 

 

38 M .      

M = 21,         
.

 

   

( .

 

1  .
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 0
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n

 0
7

fact

forecast

model

model

 

.1.    

 

       

Motol hospital  .    
P. Kordik   ( , )-   [6],     

  

GAME (Group of Adaptive Models Evolution). 

. 2.  

example\method

 

MTT GMDH, FPE

 

GMDH, AR GMDH, AC GAME 

CO2 0,0380

   

0,0704 0,0386 

Mo 9,62 20,22 12,51 

  

  

. 2     . 2   

 

 

 

 
GAME [6].  ,  GAME  

 

 

 

(  ) [6],    

( , )- ( MTT)   ( GMDH)  GAME

 

     

  

(

 

Mo)  2005-07 

 

  
CO2

  

 (

 

CO2):   
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(   )  10-20 .   2     

.

 

30

50

70

90

110

O
ct

 0
5
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ov

 0
5

D
ec

 0
5

Ja
n

 0
6

F
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 0
6

06
.

A
pr

 0
6

M
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 0
6

Ju
n

 0
6

Ju
l 0

6

A
ug

 0
6

S
ep

 0
6

O
ct

 0
6

N
ov

 0
6

D
ec

 0
6

Ja
n

 0
7

F
eb

 0
7

fact

Praha

FPE

AR 

. 2.      ( fact )  

 

,   

 

( Praha )   ( FPE  AR )

 

 

  

 

y 

 

   ( ,  , ).         
yi,    

 

Z0 = 

 

n
i=1 yi.       

ymin = min 
n
i=1 yi. ,         

 

Zmin = n ymin.       m (method),   

 

  
w (way)   

 

  
.       Zm,w : 

Zm,w = 
n

i
ii ywmp

1
, ,    (19)  

pi (m, w) 

 

 ,   i- ,   

 

m        w.       

. ,  

 

min0

,0

ZZ

ZZ wm .     (20) 

,       , 

 

  
9-10 .

 

1,     68%.  .

 

pmin = 66,29, , Zmin = n pmin = 17 ( )  66,29 ($/ / ) = 1126,93 ($/ ). 
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Z0 = 1269,82 ($/ ), Zm,w = 1171,66 ($/ ) 

89,142
16,98

93,112682,1269
66,117182,1269

min0

,0

ZZ

ZZ wm = 68.7%   

 
 

 
Q = 20  . 

  
 

 
  

( , )- ( 4

  
1)    

( 9, 10)   

 

      
,     

 

2005   2007 (17 
)

 

   

  

     

 

( 3) 

  

(Z0  

 

Zm,w) Q  = (1269,82 

 

1171,66) $/

 

 20 000  = 98,16  20 000 $,   

1 963 200 $,  

   

.  
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