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1.   

 

    MS 

NETFRAMEWORK 4.0 PARALLEL EXTENSIONS    

. . , . .  

  «   » 

 

      ,  -

       . , 

  ,      

 .      -

 ,  , ,    -

     . 

       -

     Microsoft  -

      Parallel Extensions, 

    Microsoft Net Framework 4.   -

,    (  ),   -

,    .    -

        -

. 

Parallel Extensions     : 

Task Parallel Library (TPL) —     

: 

 Parallel.For() -        

   ; 
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 Parallel.ForEach() -      -

 IEnumerable<TSource>; 

 Parallel.Invoke() -    Action    -

 . 

 Parallel LINQ (PLINQ) —   LINQ to Objects  LINQ to XML, 

   .    -

     AsParallel()  ,    

  .  

Coordination Data Structures (CDS) —  ,   

      . 

         

   ,        

 .          

 .      . -

,     ,     

 .    " "     ,  

  .        -

 ,     .      -

 . 

      . 

[2-3] 

 

 1.  Parallel Extensions. 
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   Parallel Extensions   -

  ,       -

 ,    . 

,    N   2,   -

,      n: 

nk
N

Nknj
NN

n

NnkjNnkj
N

WeenaekA 2
12/

0n

/)12(2
12/

0n

12/

0

/22/2
1

0n
a(2n)1)a(2n)2(a(n))(  

)()(1)a(2n 2
12/

0n
kCWkBW knk

N

        (1) 

 

 (k)  (k) —      . 

 ,  N-   (k), k=0,1,..., N 

— 1,      N/2-  : 

(k), k=0,2, ..., N—2  (k), k=1,3, ..., N—1,      

 (1). 

 N/2      2,     -

 (k)  (k)      N/4-  , 

       -

  . . 

 N     (N = 2m),   -

   = log2 N ,      N/2 . 

 ,     
2
N log2 N. ,  N = 

210 = 1024-       0,5 * 

1024 * 10  104/2,      N -     N2 106 

 .  ,     

 .[1] 

        : 
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j=0; m=N/2 

j>=k 

j>i 

 
i  0  N -1 

 j-   i-  
  
  

k=m 

j=j-k; k=k/2 j=j+k 

 

 2.   -  . 

    -  ,  

         -

  ,      -

  Parallel.For() ( . . 4)     

(m=log2N): 

  i = 0,..., m/2 (  )   c   

2  ; 

 i = m/2,..., m (  )   c  -

 3  . 
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 -  

 

i =1 

l =1 

r =1 

    : 
ilrp 2*)1()1( ; 

12 ipq  
  : 

B=A(p); C=A(q); 
  

: 
imirCWD 2)*(  

   
: A(p)=B+D; A(q)=B-D 

12 ir

12ml  

mi

r=r+l 

l=l+1 

i=i+1 

 

 3.   . 
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 4.   Parallel.For()    

. 

     ,      -

,    2  ,   3  -

  2 .       -

       .  -

   8     5.  ,  

 ,         -

  ( ). 

for (i = 1; i < =m; i++) 

    { 

      … 

        for(l=1;l<=POW2m_i;l++) { 

            for (long r = 1; r <= 

POW2i_1; r++) 

            { /*  */} 

for (i = 1; i < m-k; i++) 

    { 

      … 

        Parallel. For(1, 

(long)POW2m_i+1, l =>   { 

            for (long r = 1; r <= 

POW2i_1; r++)  { 

/*  */} 

for (i = 1; i < m-k; i++) 

    { 

      … 

        Parallel. For(1, 

(long)POW2m_i+1, l =>   { 

            for (long r = 1; r <= 

POW2i_1; r++)  { 

/*  */} 
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 5.   . 

  ,      -

    ,    

     .    -

,       -

   ,   ,  -

   . 

 Parallel Extensions     -

   ,   ,  -

  ,     .  -

   ,       -

      . 

  

3 2 1 

-
 

-

 
-
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 1 

      

   -

 

 

( .) 

 -

 -

 ( .) 

.

1 Intel Core 2 

Duo T5800 2.0 

 

671 420 1.6 

2 Intel Pentium 

P6200 2.13 

600 400 1.5 

3 Intel Core 2 

Duo T7500 2.2 

 

600 380 1.6 

4 Intel Atom 

N450 1.66  

1950 1370 1.4 

5 Intel Core i3 

2350M 2.3  

570 250 2.3 

(    524288   .) 

 

1.  . .         

 . – .:   , 1988. – 366 . 

2.  MSDN Magazine. [  ] –  : 

http://msdn.microsoft.com/ru-ru/magazine/cc163340.aspx . – .  

 – . . 

3.  [  ] –  : 

http://www.interface.ru/home.asp?artId=23095 . – .   – . 

. 
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. .  

  ,    

  
 

        -

      , 

      [1]. 

       ZA -

  A(mod P),      230, …, 231.   A-

 ,      P -   -

 .   

         

,  ,  , ,   : 

 p-    

     

     

   p-         .   

   ,        x, 

 : x = xy mod n,  y -   .   -

   ,    a =  (x - 1, n).  -

  1 < a < n,    -    n.  

  ,       n ,   1, 

    .  

    : 

    B    ,  

 p = 2       p,    -

 P (     ),  n — -



(

(

(

 

(B-  

 

  B

) 

(a,b)=1 

 

  

(  

 

 

 

 

 

 

 

  

—  

: 

, 

B, 

 

 

 

 . 

 

 

  {-1, 1}

  

  

 

 

  

  

 , 

 

 i0 = 1, 

 

 p

, 

 , 

  

 

 

 Q(

 a

 a

 

 

},  (x- y

) 

  

  

,   

 

 

  

 

 

. 

 

 

  

  s  

 

)  

a+ b, 

a  b 

 

 x

y, n) - 

 

. 

.   

 

 

, 

  

 

.  
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x2 y2(mod

 

 

 

  

 

  

 

 

 i

 

. .

 

 

 

 

 

 

  

 

 

 

  

n). 

 

  , 

 

 

 – 1,

 

i0 = 1, 3, 7

 

. .  

 

: 

,  

  

,  

 

 

 Q  

 

 

  1<

 

.

  

 

 

 

, 3, 7  9 

 Zn, …

7, 9. 

   

,  

 

 B) 

 

  

 

 

  

 

 

<(x- y, n)<

 n[3]

   

 

 

 

 

 2-

…, Zn+1 

 

  

,  

  1- . 

 B-

 

 

 p (  

 

 a, b  Z

 

<n  

.  

 

.  

  

  5-

 

, 

 

 

-

 

 

-

Z, 

 

, 

 

-

 

 

 

-

. 
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 1.         [Zn, …, Zn+1] 

 2.        : (F1, F3, F7, F9) 

  3.      ,  i0= 1; 3; 7; 9 

 4.    . 

 5.  “ ”      

 

 1.    . 

  ,     Z=0,…, ,   

     40 ,     N+10, 

 N = 1; 3; 7; 9, : 21, 31, 41  . .   (  4 )    

     .       

      .     -

    .  

        

       230, . . ., 231. 

      ( )  -

     .      -

  288  1000   . P-   ,  

 –    
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 1 

 ,   1-  
2147477021 P719 2147478481 P774 2147478911 P803 2147479601 P841 2147480651 P880 2147482021 P937 

2147477201 P724 2147478521 P778 2147478961 P807 2147479681 P845 2147480921 P890 2147482081 P939 

2147477531 P738 2147478581 P781 2147479031 P811 2147479751 P846 2147480971 P894 2147482121 P940 

2147477681 P742 2147478601 P782 2147479121 P816 2147479781 P849 2147481031 P897 2147482231 P942 

2147477701 P745 2147478611 P783 2147479171 P819 2147480011 P858 2147481071 P899 2147482361 P947 

2147477851 P750 2147478661 P788 2147479231 P821 2147480161 P860 2147481151 P901 2147482481 P951 

2147477861 P751 2147478701 P790 2147479361 P827 2147480311 P867 2147481311 P910 2147482501 P952 

    2147482801 P963 2147482811 P964 2147482921 P971 2147482951 P974 2147483171 P995 

68    

 2 

 ,   3-  
2147476663 P700 2147477513 P737 2147478373 P772 2147479133 P818 2147481053 P898 2147482063 P938 

2147476763 P704 2147477533 P739 2147478503 P776 2147479273 P823 2147481173 P902 2147482223 P941 

2147476823 P709 2147477833 P749 2147478563 P779 2147479403 P829 2147481263 P907 2147482273 P944 

2147476963 P717 2147477873 P752 2147478653 P786 2147479513 P834 2147481283 P909 2147482583 P955 

2147477113 P722 2147477933 P755 2147478673 P789 2147479573 P839 2147481353 P913 2147482663 P958 

2147477203 P725 2147477953 P756 2147478703 P791 2147479753 P847 2147481373 P916 2147482763 P962 

2147477273 P730 2147478013 P758 2147478763 P797 2147479823 P852 2147481563 P921 2147482873 P969 

2147477323 P731 2147478083 P762 2147478863 P800 2147480623 P879 2147481673 P924 2147483033 P988 

2147477473 P735 2147478133 P765 2147479013 P810 2147480683 P882 2147481863 P928 2147483053 P989 

2147477503 P736 2147478253 P767 2147479063 P813 2147480723 P884 2147481883 P929 2147483123 P993 

                              2147483323 P1000 

61   

 3  

 ,   7-  
2147476687 P701 2147478017 P759 2147479507 P833 2147480297 P865 2147481317 P911 2147482417 P950 

2147476777 P706 2147478127 P764 2147479517 P835 2147480327 P868 2147481337 P912 2147482507 P953 

2147476897 P711 2147478497 P775 2147479547 P837 2147480437 P871 2147481367 P915 2147482577 P954 

2147476927 P713 2147478517 P777 2147479637 P843 2147480507 P874 2147481487 P917 2147482697 P960 

2147476937 P715 2147478647 P784 2147479657 P844 2147480527 P876 2147481797 P925 2147482817 P965 

2147477107 P721 2147478727 P794 2147479757 P848 2147480677 P881 2147481827 P927 2147482867 P968 

2147477207 P726 2147478937 P805 2147479787 P850 2147480707 P883 2147481907 P932 2147482877 P970 

2147477237 P728 2147478967 P808 2147479897 P854 2147480747 P885 2147481937 P933 2147482937 P972 

2147477467 P734 2147478997 P809 2147479907 P855 2147480837 P886 2147481967 P935 2147483077 P992 

2147477627 P741 2147479057 P812 2147479937 P856 2147480897 P888 2147481997 P936 2147483137 P994 

2147477687 P743 2147479097 P815 2147480197 P861 2147480927 P891 2147482237 P943 2147483237 P997 

2147477737 P746 2147479307 P824 2147480207 P862 2147480957 P892 2147482327 P945     

2147477807 P747 2147479447 P831 2147480227 P864 2147481247 P906 2147482367 P948       

76   



19 

 4 

 ,   9-  
2147476699 P702 2147477599 P740 2147478569 P780 2147479339 P825 2147480429 P870 2147481359 P914 

2147476739 P703 2147477699 P744 2147478649 P785 2147479349 P826 2147480459 P872 2147481499 P918 

2147476769 P705 2147477809 P748 2147478659 P787 2147479489 P832 2147480519 P875 2147481509 P919 

2147476789 P707 2147477879 P753 2147478719 P792 2147479549 P838 2147480849 P887 2147481529 P920 

2147476819 P708 2147477989 P757 2147478859 P799 2147479589 P840 2147480899 P889 2147481629 P923 

2147476899 P712 2147478049 P760 2147478889 P801 2147479619 P842 2147480969 P893 2147481899 P930 

2147476979 P718 2147478079 P761 2147478899 P802 2147479819 P851 2147480989 P895 2147481949 P934 

2147477029 P720 2147478089 P763 2147478919 P804 2147479879 P853 2147481019 P896 2147482349 P946 

2147477159 P723 2147478149 P766 2147478959 P806 2147480009 P857 2147481139 P900 2147482409 P949 

2147477209 P727 2147483029 P975 2147479079 P814 2147480039 P859 2147481179 P903 2147482739 P961 

2147477249 P729 2147478259 P768 2147479129 P817 2147480219 P863 2147481199 P904 2147482819 P966 

2147477399 P732 2147478299 P769 2147477189 P820 2147480299 P866 2147481209 P905 2147482859 P967 

2147477419 P733 2147478349 P771 2147479259 P822 2147480369 P869 2147481269 P908 2147482949 P973 

            2147483059 P990 2147483069 P991 2147483179 P996 2147483249 P998 

83  . 

        . 

  ,   i0=9.     -

.     230, . . ., 231   50    , 

    50-      -

  . 

         -

.  

0

5

10

15

20

25

30

25 100 150 200 250 300

1

3

7

9

 

    

 2.        . 
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     ,   14400 -

           

,   i0=5.    5760  .  

         ,  -

  : 5760/68  1     211,  i0=1; 

5760/61  1  236,  i0=3;  5760/76  1  189,  i0=7; 5760/83  1  173,  

i0=9.   5760    - 288 .  -

     ,    

  .  

 

 

1.  . .      -

  . – :   , 

2011 .   

2.  . . -    . - : 

,2003 . 

3.  .,  .   – : , 1999 . 
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    .    

       

  .     -

        , 

      -

        -

  .      -

  OpenMP  MPI.    MPI ( -

      )     
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       ,   

   ,     . 

        

 . 

    .  -

 (3),       -

, ,       

 : 

1)         

 ,        

  ,     .  

     . 
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 .         -

   —  .    

—  .  ,   ,  

  .  

       

     .    

 : 

1)      ,  

     . 

2)        
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 (MIMD) —      -

  ,     SIMD —     

  . 

 

 

      , 

 24  ,       

  HyperThreading (“ ”).    

         2. 

 2.      . 

       

    ,      

  -  .     -

  ,       10  -

,      ,  . -

          -

 —        -
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 -       

  . 5,     ,  
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 5.  -      -

: 1 –   , 2 –  , 3 – 

 , 4 –    , 5 – IP-  -

  , 6 – IP-  , 7 – IP-    -

   , 8 –   , 9 –  -
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         IP-

 (5, 6, 7),      (4). -

     . ,  

  ,    (8),    -

   ,     -
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1.  .,  .,  .   : -

 , 2  .: .  . – .:   « », 

2004. – 992 . 

2.  .      . – .: 

  , 1986 – 394 . 
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         -

   .    C/ ++, -

      , 

  .  ,       -

  .  ,   C/ ++  

       . ,   

 ,  C/ ++       

  ,    . , -

 « »          

       

 ,  ,   ,  

    .    -

        

,  ,      , -

   .  ,    C/ ++, 

       

(   ),        -

 .       -

 . ,     ,  « -

»        .  -

,    -      

    C/C++     

    . 
     C/ ++   

      Delphi ( -

  ),        -

 ,         .    

 C/ ++   ,    .   

       .  « »  
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 .  ,      « » 

 ,         

   .  

,  Pascal-XSC       

Pascal      C/C++   -

     .  : -

  ,  -   -

 ,       -

         -

,    ,     ( ,  

      ),  -

     ,   -

  ,          -

,         

- ,     (    

      «  »), -

        . . 

[2].     Pascal      

,          ( -

 ),   .   

     ,   

   Delphi    

. 

      

,      .  MPI  

    (*.lib),    MS VC2003. 

    « » ,      

 Borland, .  ,    

,       

 .      Windows   -
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   CPU,     . 

 1 

     GPU  CPU 

n    GPU,       

CPU,  

100            1.460 4.010 

400 3.800 15.500 

700 6.190 27.280 

1500 12.290 57.470 

 

 FDTD    CUDA API    
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CPU         (CPU Intel i5 

2500K  4 )     .  

    GPU  ,   

    ,    ,  
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 . 

 

1. K. Yee Numerical solution of initial boundary value problems involving Maxwell's 

equations in isotropic media // IEEE Trans. Antennas Propagat. -- May 1966 -- vol. 

14, No. 3, P. 302-307 
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1)   – Intel Core i7 930. 

2)   – Windows 7 64-Bit. 

3)   - Kingston 12 Gb RAM DDR3. 

4)  – Nvidia GeForce GTX 480 (1536 Mb RAM, 480  CUDA). 

5)  CUDA – 3.2. 

6)  Microsoft Visual Studio 2008. 

    : 

 1 

 

 

 

 

 -

 -

 

 

  

 

 

CPU 1 32 1000 1260 . 

GPU 16 32 1000 451,4 . 

    : 44,7 . 

 

      

      -

  –  32     44,7 .  -

     (Baum-Welchre-estimation)  

 GPU ,  ,      -

-   GPU.  

       

       , , , -

  ,   ,   -

        -

 . 
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1. Vaseghi, Saeed V. Advanced digital signal processing and noise reduction. – 3rd ed. 

– Chichester, England:John Wiley & Sons,2006. – 453 p. 

2. Hidden Markov Model Toolkit Book. - Cambridge University Engineering Depart-

ment, 2001-2009. 

3. NVIDIA CUDA C Programming Guide and CUDA SDK 3.2 
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.  

  

 

  

4.525175, 2, 4, 1, 6, 3, 1, 4, 7, 5, 5, 1, 2, 1, 2, 7, 0, 3, 6, 6, 0, 7, 0, 5, 1, 7, 2, 1, 7, 3, 2, 5, 6 

4.660048, 7, 5, 7, 3, 2, 7, 6, 5, 7, 7, 7, 2, 1, 5, 1, 2, 1, 0, 7, 4, 5, 4, 5, 0, 7, 3, 5, 7, 3, 4, 4, 4 

4.689305, 6, 4, 0, 3, 7, 7, 6, 4, 0, 1, 6, 7, 2, 5, 3, 7, 0, 0, 6, 5, 7, 6, 2, 2, 2, 3, 3, 0, 0, 4, 1, 1 

5.030138, 6, 6, 4, 1, 5, 1, 1, 5, 0, 1, 0, 5, 0, 3, 2, 7, 7, 6, 3, 4, 1, 0, 2, 5, 2, 5, 6, 6, 0, 6, 0, 4 

5.098752 2, 6, 0, 5, 0, 5, 1, 0, 3, 0, 5, 6, 3, 3, 0, 3, 0, 6, 5, 0, 1, 4, 4, 3, 3, 6, 4, 3, 5, 6, 3, 5 

5.151361, 1, 1, 7, 4, 0, 2, 1, 5, 3, 2, 4, 4, 6, 1, 1, 4, 5, 5, 6, 3, 0, 0, 3, 2, 1, 7, 2, 4, 2, 4, 1, 1 

5.244998, 0, 4, 6, 6, 6, 5, 0, 3, 5, 0, 7, 2, 3, 2, 7, 1, 1, 7, 6, 5, 7, 4, 5, 7, 3, 7, 4, 7, 5, 6, 6, 3 

5.245502, 3, 4, 1, 6, 5, 0, 2, 5, 2, 6, 2, 5, 6, 5, 1, 0, 1, 5, 5, 1, 3, 0, 4, 4, 6, 4, 6, 7, 2, 4, 3, 3 

5.245673, 0, 2, 4, 3, 3, 6, 7, 5, 3, 6, 2, 0, 2, 7, 2, 7, 7, 4, 1, 5, 4, 1, 3, 5, 6, 0, 1, 1, 4, 6, 7, 3 

5.258323, 0, 3, 5, 0, 2, 7, 6, 3, 4, 7, 3, 2, 5, 6, 7, 5, 7, 3, 0, 2, 2, 0, 6, 6, 1, 7, 0, 7, 3, 5, 4, 3 

5.323114, 5, 1, 4, 0, 1, 6, 2, 1, 3, 4, 1, 6, 4, 5, 6, 1, 0, 5, 5, 5, 4, 0, 1, 1, 2, 1, 3, 6, 3, 2, 3, 2 

5.323502, 2, 5, 4, 0, 0, 2, 2, 5, 3, 3, 2, 7, 4, 7, 1, 0, 7, 0, 3, 5, 0, 1, 1, 4, 7, 3, 0, 7, 7, 6, 4, 3 

5.335824, 0, 0, 7, 0, 6, 5, 4, 6, 1, 3, 7, 5, 0, 0, 2, 1, 0, 3, 0, 1, 2, 2, 1, 4, 4, 0, 7, 2, 7, 4, 1, 3 

5.335938, 1, 0, 3, 7, 2, 2, 1, 2, 5, 1, 3, 1, 7, 2, 1, 6, 5, 5, 4, 6, 2, 1, 4, 3, 0, 7, 0, 6, 4, 2, 2, 7 

5.337064, 7, 0, 2, 4, 0, 6, 4, 1, 4, 6, 7, 7, 0, 4, 3, 1, 2, 7, 2, 5, 4, 3, 3, 3, 4, 3, 1, 2, 6, 0, 3, 6 

5.387111, 7, 5, 6, 3, 0, 7, 0, 1, 1, 1, 3, 4, 2, 5, 1, 1, 5, 3, 7, 0, 6, 0, 7, 0, 1, 5, 5, 6, 0, 2, 7, 1 

5.413182, 2, 2, 0, 4, 5, 3, 6, 5, 1, 7, 6, 4, 4, 2, 1, 4, 1, 0, 2, 6, 0, 2, 3, 0, 6, 0, 2, 4, 0, 6, 1, 2 

5.413182, 3, 6, 5, 6, 7, 0, 4, 5, 1, 7, 7, 4, 7, 6, 6, 6, 5, 4, 1, 1, 1, 5, 1, 3, 4, 7, 7, 2, 6, 5, 0, 1 

5.443904, 3, 7, 4, 4, 3, 4, 6, 5, 1, 6, 3, 7, 1, 7, 5, 4, 4, 3, 2, 1, 7, 3, 2, 6, 1, 2, 3, 3, 7, 6, 0, 2 

5.444688, 7, 4, 1, 1, 1, 5, 5, 5, 3, 5, 5, 6, 4, 1, 3, 1, 7, 4, 5, 7, 6, 5, 3, 3, 6, 2, 5, 0, 2, 0, 3, 5 

5.445086, 6, 0, 2, 3, 4, 6, 1, 5, 1, 0, 0, 1, 2, 2, 7, 1, 3, 0, 0, 1, 4, 7, 4, 3, 6, 3, 0, 0, 4, 0, 0, 6 

5.445289, 4, 4, 0, 1, 1, 5, 0, 1, 4, 0, 6, 7, 6, 5, 7, 1, 4, 2, 1, 7, 0, 5, 3, 4, 6, 5, 3, 6, 3, 1, 4, 4 

5.445413, 1, 0, 1, 5, 1, 0, 1, 2, 4, 4, 1, 3, 3, 1, 6, 3, 1, 1, 1, 3, 5, 2, 4, 2, 7, 0, 4, 5, 1, 6, 0, 3 

5.445602, 4, 6, 3, 4, 4, 6, 4, 3, 1, 0, 0, 2, 0, 5, 3, 1, 1, 7, 5, 1, 6, 6, 1, 4, 3, 7, 2, 6, 0, 2, 2, 7 

5.475250, 6, 5, 7, 1, 1, 1, 3, 0, 3, 6, 7, 3, 5, 1, 5, 1, 0, 1, 6, 0, 3, 4, 4, 6, 5, 5, 4, 5, 1, 5, 3, 2 

5.476298, 0, 1, 4, 7, 4, 5, 6, 0, 6, 6, 2, 2, 6, 4, 1, 2, 4, 1, 0, 6, 3, 5, 0, 3, 1, 3, 2, 4, 4, 1, 2, 2 

5.476307, 3, 6, 1, 2, 1, 1, 7, 2, 0, 1, 5, 2, 6, 5, 4, 3, 0, 5, 6, 2, 2, 7, 1, 0, 4, 6, 6, 3, 2, 2, 2, 7 

5.476499, 4, 6, 7, 6, 7, 6, 2, 6, 5, 5, 4, 3, 4, 4, 7, 2, 2, 3, 7, 6, 1, 3, 0, 3, 6, 6, 1, 0, 5, 4, 3, 5 

5.538893, 6, 0, 2, 6, 6, 6, 2, 2, 2, 3, 3, 4, 6, 5, 3, 5, 1, 2, 7, 5, 1, 7, 4, 1, 4, 5, 5, 0, 7, 2, 6, 1 

5.538983, 7, 4, 7, 5, 3, 1, 6, 3, 2, 2, 0, 1, 5, 2, 1, 7, 1, 2, 4, 2, 5, 1, 4, 1, 7, 2, 5, 7, 2, 3, 6, 5 

5.539402, 1, 6, 7, 0, 6, 5, 3, 4, 0, 3, 1, 3, 0, 5, 2, 0, 4, 2, 0, 4, 3, 2, 4, 0, 1, 3, 3, 3, 7, 3, 4, 2 

5.544386, 6, 4, 0, 4, 5, 4, 1, 2, 7, 0, 4, 0, 1, 2, 3, 1, 5, 7, 6, 2, 4, 4, 7, 5, 6, 6, 4, 0, 0, 7, 0, 4 

5.551119, 0, 6, 5, 3, 7, 1, 3, 0, 4, 7, 6, 7, 4, 2, 5, 7, 6, 7, 6, 5, 0, 7, 7, 2, 4, 7, 3, 3, 6, 5, 0, 4 
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5.551286, 3, 2, 0, 7, 7, 4, 4, 6, 4, 3, 6, 5, 1, 4, 0, 1, 7, 4, 5, 1, 6, 3, 1, 4, 6, 0, 7, 0, 3, 2, 7, 4 

 

 

1. MIL-STD-188-110B, Interoperability and performance standards for data 

modems, U.S. Army Information System Engineering Command, 2000 
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  : 



1

2

3

4

«

1) 

. 

2) 

 

 

3) 

 

4)  

«

,  

,  

 

,  

: 

 

 

 

. 

 

 . 

 

  

   

 

 

 

 

  

 

, 

 

 [2

 1. 

 

 

 

 

  

 

 

/

.   

 — 

  

 

  

 

];   

 

 

 

 

 

 

 

 

  

  

  

 

  

 

, 

 

; 
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 (YUV
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O).  

  

 ( . 

 

  

 x, y; 
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,  nxm -     , rsz– 

  .        

               
rsz
m

rsz
nrsize                                                            (1)        

  ( ,        

 ) 

                                 
2

)2(
2

)2( rszmrszndsize                                      (2)      

 (1)  (2)    [2].   ,  

 sizesize dr  .  [2]    

  ,   .   

   ,       

    . ,    

512x512     8   251 920 384 

,     109.        

         (  

     64)      

. ,         

 , ,       (   

           

 ).  ,     

  512x512   1010 – 1011 . 

  

     1.    

 (TrueColor)  24      

   (fractal coding and analysis group) [6].  

       ,  

,   ,    SSIM  PSNR.  
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     (     

):  

    (8); 

    (4); 

  (   0.01). 

      Intel Core i7, 

  8-        

   2.8 .  

 1 

      JPEG  

  Intel Core i7 

 

   JPEG 

  

,  

  

,  

 

, 

 

SSIM PSNR, 

 

 

,  

(Image 

Magick) 

  

, 

 (Image 

Magick) 

 

, 

 

SSIM PSNR, 

 

lena3 0.32 0.018 52.5 1.00 46.6 0.042 0.032 74.6 0.93 47.7 

monarch 0.48 0.015 81.0 0.98 43.5 0.056 0.042 103.3 0.99 44.2 

peppers3 0.32 0.017 52.5 0.99 39.1 0.055 0.034 72.7 0.94 40.4 

        

       

   ( . 2).    2,8 .   

 

 

 

 2.   

  -

 -

 . 2 4 8
0

0,2

0,4

0,6

0,8

1

1,2

lena3
monarch
peppers3

 

, 
 

.
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 .    

        

        

.        

          

.  ,      

    ( )    

    . 

 

1.  . .        : . 

 / . . . – .: , 2003. – 320 . 

2. Fisher Y. Fractal Image Compression – Theory and Application. – N.Y.: Springer 

Verlag, 1994. – 341 p. 

3.  . .,  . .     

    .   

 -     «  

   »  25  2011 .  .  

- . 108-112. 

4.   [  ] /   . 2012  

 :  http://algolist.manual.ru/compress/standard/huffman.php, 

. 

5.  . .      

  / . . , . .  // . ,  — 

2003. - 2 . 
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6. Test image repository [  ] / Fractal coding and analisys group. 

2011.  :: http://links.uwaterloo.ca/Repository.html,  

(    17.02.2012). 
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  ,    

 

. . , . .  

      -

,     -

  

 

       -

  ,      -

 [1-4].          -

       ,  

    [5].  ,   

          

 .       -

          -

   ,      

  . 

   

        -

 : 

      (   -

- ); 

    ; 

    . 

        K  -

,       –    -

  [6].       -
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         [7].  -

         

,      ,    

  ,     ,   

    .      -

    . 

 ,      

.         . 

   ,     -

      .     

           

   . 

       , 

        -

     (FLOPS).  

        -

     ,       -

 (         -

 ,   ).  ,  -

        : 

   WMFNKN convqconva lg                   (1) 

 Nalg –      (  

FLOPS); 

 K –   ; 

 Nconv –      

(    – FLOP); 

 Fq –    ; 

 Mconv –   ; 

 W –    . 
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  (1)  WMF convq     -

    Mconv,     

  1   . 

     

        

: 

« »  –    ,   

  ; 

,         

 ; 

 ,     -

  . 

       -

    .     -

         -

,          

. 

     M   -

 M2   (M – 1) . 

     M     -

      M, M    -

    M.      M = 2m,  

m –  .         

 -    2,   2Mm  -

  3Mm  .    -

          

.  ,      M  

      2Mm+4M    

3Mm+2M  . 
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,       . (  

        M ).   

    -    4-  

 ,    [8]    8   26 

   , 7      10 -

  18    .    

    M=4m  Nm   Na , 

: 

Nm = 18 (7m – 4m) / (7 – 4) + 7m = 6 (7m – 4m) + 7m            (2) 

Na = (26+18) * (7m – 4m) / (7 – 4) = 44 * (7m – 4m) / 3        (3) 

      

     M    1 (   

 –  ,   –  ,   – 

   ). 

 1  

M     
16 256 15 271 247 484 731 448 608 1056 

64 4096 63 4159 2017 4092 6109 2560 3584 6144 

256 65536 255 65791 15271 31460 46731 13312 18944 32256 

1024 1048576 1023 1049599 111505 231484 342989 65536 94208 159744 

2048 4194304 2047 4196351 298982 622147 921129 143360 206848 350208 

4096 1.7×107 4095 1.7×107 798967 1665444 2464411 311296 450560 761856 

8192 6.7×107 8191 6.7×107 2129738 4445144 6574882 671744 974848 1646592 

16384 2.7×108 16383 2.7×108 5666497 1.2×107 1.8×107 1441792 2097152 3538944 

32768 1.1×109 32767 1.1×109 1.5×107 3.1×107 4.7×107 3080192 4489216 7569408 

    1,       -

 ,        

  (       -

   ). ,       

     . 
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      -

         

: K = 256; Fq = 8000, 12000, 16000; W = 424, 634, 846 (W   Fq). 

   ,       -

    (W).      

   1024. 

  2      -

        . 

 2 

M  FLOP FLOPS 
1024 159744 545259520 1258291200 3675906876 

2048 350208 441641616 760847932 1193387661 

4096 761856 424913150 676031667 960172977 

8192 1646592 434116943 669268408 918110650 

16384 3538944 454120132 690262601 932907364 

32768 7569408 479289747 723632955 971251650 

  Fq = 8000  Fq = 12000  Fq = 16000  

  2 ,      8  -

     4096,   -

    .     12 

  16       8192.   

, - ,       -

 M       M,  

    (1)  . 

    

       -

     ,     -

      (CPU)  -

  (GPU). 
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    2,     ,  -

      0,5  1 GFLOPS. -

  ,     

CPU,    .      -

 Intel  – Intel Pentium M 723,   -

   –  1,5 GFLOPS [9].   -

  Intel Core 2 Duo L7400  12 GFLOPS.  

   ,       

 ,      

,   ,      -

  , ,   . ,  

 ,  ,   .  -

  , ,      

    ,   

    , ,  FFTW 

[10]. 

  ,     , -

    .  ,   -

       -

 .  

 ,         

      -

 .      

   (30-150 GFLOPS)    (500-1500 

GFLOPS) [11]. 

 

         

       .  -

       . -
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. . , . .  

  «   » 

 

    (spread spectrum - SS) -

       .    -

           

  [1],       -

      .  

      ,  , -

   ,   ,   

 .         

 : 

     ,   -

 ; 

        -

 (  ) ,      ; 

     («  ») -

       -

  . 

       

 [1]:    ,  -

   ,  ,  -

 . 

     –   -

 (direct sequencing – DS)     

   (frequency hopping –FH). 
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 ,      -   -

 (M-ary frequency shift keying – MFSK).     -

       ,  

     DS [2].    

Mk 2log         M  -

 .  -     -

   (    -

 PN)   ,   ssW . 

T. .  FH/MFSK      -

 –       ,   

   .  ,     

    “  ”    -

         -

   (fast frequency hopping – FFH).  

 ,  FFH/MFSK     -

   .         

   PN    

« »  « ». ,   

  [1]: 

 « »     « »    -

    PN   « -

»   ; 

 -         , 

  « »     ,  

   . 

         

:    (  PN -

 « »  « »);    (  -
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 –     ,   

   ). 

       -

  « »  « »  .  -

   ,  ,    

     –   -

 PN   « »  « ». 

       -

   ,      1n  

         

           

     1n ,     PN  

« » [3].       ,    PN 

        . 

     –       1n  -

 .        

 .     ,      

    PN  « »    . 

           -

       (MSB – most significant bit), 

    .     

     –    -

  ACO (autoregressive spectral estimation acquisition technique – 

ASEAT). 

        ASEAT [4]. 

    FFH/MFSK      

     ,  -

    .    

       -

       . 
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      1. 

 1z  1z  
y(k 2) 1z  

y(k M)y(k 1) y(k) 

   

+

1€ 2€ M€  

ky€

 

 1.     . 

       k -    

  ki   Mmkm 1,€     

 

mkykek f
m ,                                                                 (1) 

  

kykyke f €     , 

  ,    .  

       

kkk mmm €1€ ,              (2) 

       

 2ke . 

      ,   

      ke f   

  : 

mMkykMkyke M

m m
b

1
€ .    (3) 

        

][€1€ mMkykemkykekk bf
mm .                              (4) 

        

  ,        
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  .         

         

 FFH/MFSK,      -

          -

   MSB. 

  2, 3, 4      

 7, 14  21      : 

    PN  – 9 ; 

    – 1 ; 

        – 10; 

   – 24000000 ; 

   ,      

FFH/MFSK – 2400; 

    –    , -12 . 

 

 2.  P   MSB  ,    

7. 

00.0010.0020.0030.0040.0050.0060.0070.0080.0090.01
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Y

P
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 3.  P   MSB  ,    

14. 

 

 4.  P   MSB  ,    

21. 

      : 

    ,    ,  -

   P   MSB; 

      FFH/MFSK    

   14  21     0.001  P   

 . 

 

 

1.  .  ,     . 

2-  .: .  .  .: « », 2003. 

9. Schilling D. L., et. al. Broadband CDMA for Personal Communications Systems. 

IEEE Communications Magazine, vol. 29, n. 11, November 1991, pp. 86-93. 

10. Ponnusamy J.A., Srinath M.D.  Asquisition of pseudonoise codes in FH systems, 

IEEE transactions on aerospace and electronic systems vol. aes-17, no. 3 may 1981. 

00.0010.0020.0030.0040.0050.0060.0070.0080.0090.01
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

y

P

00.0010.0020.0030.0040.0050.0060.0070.0080.0090.01
0

0.05

0.1

0.15

0.2

0.25

y

P



150 

11. Elhakeem A.K., Takhar G.S. and Gupta S.C. (1980) New code acquisition tech-

niques in spread spectrum communication, IEEE Transactions on Communications, 

Feb. 1980, COM-28, 249-257. 



151 

  OPENMP   

  

. . , . . , . .   

        

,     -

-   

 

   —  -

      -

  .         

,  ,     -

  . . 

     , 

       ,    -

   .      -

  ,       -

 .       

 ,  ,    

[1]. 

       -

  : 

   –  -     

 (s)       . 

   (s)   ,  -

 s    ; 

    –    -

   (s).  (s)    -

  ,   s    

; 
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   –   ,   -

 s   ,     -

  (s),       p. 

       

,        -

 s.  p     (s) -

    (s'),     -

 s'. ,    p (  

p< 0,05  p< 0,01)      , 

 s   .  ,    -

     p< ,   -

 s    .  ,     -

 [0,001; 0,01]. 

  NIST –   ,  

  ,   -

       

(NIST).     15  ,    

    ,  

 ,     .  -

     ,   -

 . 

  OpenMP    -

        -

 ,           -

        

        -

    [2].   1  2 -

     .   1  2 -

       . 



 

 

 

 

 1. 

(  

 2. 

(  

 

 

 

 

 

 

153
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). 

 

). 
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 1 

      -

    NIST(     -

 ),  

 

 ( ) 

-

 

NIST 

-

 

NIST (1 

) 

-

 

NIST (2 

) 

-

 

NIST (3 

) 

-

 

NIST (4 

) 

-

 

NIST (5 

) 

-

 

NIST (6 

) 

4 0,22 0,07 0,04 0,03 0,03 0,03 0,03 

8 0,43 0,15 0,07 0,06 0,06 0,06 0,05 

16 0,87 0,29 0,15 0,13 0,13 0,12 0,12 

32 1,78 0,61 0,31 0,27 0,26 0,25 0,24 

64 3,49 1,26 0,68 0,56 0,52 0,5 0,48 

128 6,98 2,59 1,37 1,12 1,11 1 1,94 

256 14,39 5,18 2,81 2,24 2,09 2,01 1,72 

512 28,82 11,27 5,62 4,56 4,23 4,03 3,9 

1024 56,35 20,95 11,1 9,15 8,49 8,08 7,82 

2048 113,51 39,52 21,13 17,5 16,45 15,82 15,43 

4096 227,63 82,9 44,64 35,79 33,89 32,46 31,61 

8192 452,06 165,16 90,03 73,03 68,41 65,07 63,38 

16384 921,68 332,6 179,79 146,05 136,3 130,47 127,27 

 ( ) 1828,21 662,55 357,74 290,49 271,97 259,84 253,99 
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 2 

      -

    NIST(     -

 ),  

  

( ) 

-

 

NIST (1 

) 

-

 

NIST (2 

) 

-

 

NIST (3 

) 

-

 

NIST (4 

) 

-

 

NIST (5 

) 

-

 NIST 

(6 ) 

4 0,07 0,04 0,03 0,03 0,03 0,03 

8 0,15 0,07 0,06 0,06 0,06 0,05 

16 0,29 0,15 0,13 0,13 0,12 0,11 

32 0,61 0,31 0,28 0,26 0,25 0,23 

64 1,26 0,68 0,56 0,52 0,51 0,47 

128 1,65 1,37 1,13 1,06 1,02 0,94 

256 5,18 2,81 2,28 2,13 2,04 1,89 

512 11,27 5,62 4,57 4,24 4,1 3,79 

1024 13,36 11,1 9,16 8,5 8,18 7,61 

2048 39,52 21,13 17,73 16,61 16,09 14,95 

4096 82,9 44,64 36,74 34,16 32,85 30,6 

8192 165,16 90,03 74,04 68,55 66,07 61,32 

16384 332,6 179,79 147,29 138,55 131,99 122,88 

 ( ) 654,02 357,74 294,00 274,80 263,31 244,87 

 

 ,     -

 OpenMP    . -

 ,       

 . 

 

1. A Statistical Test Suite for Random and Pseudorandom Number Generators for 

Cryptographic Applications [  ] / Rukhin A., Soto J., Nechvatal 

J., Smid M., Barker E., Leigh S., Levenson M., Vangel M., Banks D., Heckert A., 
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Dray J., Vo S. –  : http://csrc.nist.gov/publications/nistpubs/800-22-

rev1a/SP800-22rev1a.pdf .  : 10.02.2012 

2. The OpenMP® API specification for parallel programming [  

]. –  : http://openmp.org .  : 10.02.2012 

3.  . . ,      -

  /  . . – : - , 2003. – 

240 . – (  –    ) 
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. .  

   

 

   [1-7]     -

       [1].  -

        

 .       

          

     CUDA 

[8].  

  N      .  i  )( j   -
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1
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a
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kjilklij

kj

il

kl

ij

                                     

)2(  

         

    [5].     

  [7],       

        . 

        

      .  

,        

  [9]. ,     

,        

.         ),(  

([10], c. 119),      .   

,         

  .     

        

   ,  ([10], c. 120),  

 .       , 

  ,      
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.        

     },{ aa ,  a    

,  a  -     .    

    .)1( aaA   ,  

       ,  

       a  

 .    )1( aaA   

)1( bbB ,   BAC    BAD   )1( cbaC  

 )1( dbaD ,  ba   ba        

     
ba

b

ba

a
bac   

bad .     ,     

      

  .  

  ),,,( 2211 ,    
22

11  

         : 

    .   

  float4 CUDA-    [8]   

        

  .     . 

       ,  

  . 

__device__ float4  operator – (const float4 & a, const float4 & b); 

{ 

;4 cfloat  

;......... xbwaybzawbyazbxaxc  



160 

;......... ybwaxbzawbxazbyayc  

;..... wbwazbzazc  

;..... wbzazbwawc  

;creturn  

} 

     CUDA-   

    ,    

   .  

  gridDim  3Dim     ( grid )  

   ( threads ) CUDA,   

Pivot ,    Pivot .    

 I     A .  blockIdx  3intu  

         i   

  A . 

  blockDim   3Dim     

   ( threads ) CUDA,   

Pivot .     J     A. 

 threadIdx   u int 3        

   j     A. 

       C  CUDA  

        

. 

__global__ void Pivot(float * Ad, float * Bd, int p, int q, int M) 

{ 

   float a,b,c,d; 

   int i = threadIdx.x; 

   int j = threadIdx.y; 

   a = Ad[i+M*j]; b = Ad[i+M*q]; 
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   c = Ad[p+M*j]; d = Ad[p+M*q]; 

   if ((i == p) && (j == q)) Bd[i+M*j] = 1 / d; 

      else if (i == p) Bd[i+M*j] = -a / d; 

             else if (j == q) Bd[i+M*j] = a / d; 

                     else Bd[i+M*j] = a - b * c /d; 

  __syncthreads(); 

} 

       

,    .   

       , 

    Pivot.    

        Fermi 

 NVIDIA [8]. 

 

1.  . .      // -

      : 

 , ,   . . , 16-18 

 2009 .  . – .:     

  . . ;  , 2009. – 396 . 

2.  . .      CUDA  

    //    

 «   ,    

.   », . 1, 

 – , 2010. - . 97-100.  

3.  . .     

  -      

 //     «  

 ,    .  

 , . 1. ,  (4-6  2009 .), . 139-

143. 
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, 1998. – 124 . 

7.  . .,  . .  : , -
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32-22. 

8. NVIDIA CUDA Programming Guide Version 4.1 // www.nvidia.com. 
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. 

10.    .  . – .: , 1939. – 400 . 
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    C  

   

. . , . . , . .  

      

660074,  . , . , 26 

 

  ,  ,   -

  ( )         

 .      -

        

         -

       .   

         -

   .   ,  

         

  . 

      -

           

       -

. 

  ,        

  ,       

   .       -

  :   ,   

    [1, 2, 3],    -

  [2],        [3], -

  [1].      -
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  ,       -

  ,      : 

       ; 

      . 

     ,    

,  ,        , -

  ,         

 . 

,       -

  ,          

 ,      -

  .  

  ,  ,   -

     : 

 );sin()( 111 tAtS  (1) 

 );sin()( 222 tAtS  (2) 

       

   .   )(1 tS   

)(2 tS    ,   )(1 tS   )(2 tS , -

  ,   : 

 
;)2cos()(cos(

2

)sin()sin()()(

2121
21

221121

tAA
tAtAtStSSI

 (3) 

 
;)2sin()(sin(

2

)cos()sin())(()(

2121
21

221121

tAA
tAtAtSHtSSQ

 (4) 

          -

 ,         -

.     t   ,    

 T ,  : 
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 ;)2cos()cos(
0

21
0

21

tt

dttdt  (5) 

        

(4),          -

: 

 );sin(
2

);cos(
2 21

21
21

21 AASAAS QI  (6) 

 ,        -

      : 

 ;
)cos(
)sin(

arctanarctan
2121

2121
21 AA

AA
S
S

I

Q  (7) 

  (6)   (7)  ,    

     ,       

(7). 

     . 1.   -

    Spartan 6  Xilinx.     -

   MicroBlaze,    -

      .    

    Ethernet  TCP/IP ,    -

  . 

 
 1.      . 

  1 : 

 )(),( 21 tStS –  ; 



 1

f ; 

 x – 

 H – 

  – 

 ATAN

 N

: 

 

 

  

, 

.2-4.  

1, 2 –

;

N – 

 

 

N  

   

  

– 

 

 

, 

; 

 

. 

 

 LabView

 

 

 2. 

(8 

-

 

;

  

1
N

w  

 

 

 /
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; 

 

 

(
1

N

i
i

 

 

  

,  

6 
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          -
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   . 
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       -
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          -

 .       

  .     -

   ,        

        

        -
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      [1]   
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      ,    -

    ,      -

  ,        -

. 

  «     » -

      

( ) ,        

    , ,   -

     .  

      -

       ,   

       : 

y(t)=K{s(t)}+ (t)=
N

i
ii tstm

1
)()( + (t),    (1) 

    s(t) –      ; 

K –  ,      

    (  )    s(t); 

(t) –  ; 

i –   ; 

N –  ,    ;  

mi(t) –  ,  i-   -

;  

i –       i-  . 

  -       

,      (  -  - -

)         

     .    

    . , -

   ,  -  ,   -
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 1.    - . 

 -       
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    -    

 - -     2. 

 -     : 

    :  300   3400 ; 

   : 3; 

    : 10 ; 

   :  0  5 ; 
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 :  ;  , -

   ( )   ; 

    . 
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          -
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      -
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1.  . .,  . .,  . .    -
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 4.   

 

 GNU MAKE     

  MODIS 

. .  

 «       » 

 

   GNU Make    

   MODIS (   2   3.)  

        

   . 

 

        

       .  

       

,  . .     Terra  Aqua 

 MODIS [1],   VIIRS    Suomi NPP [2]. 

     Internet,   

    «  »,  

 ,    ,  

     . 

    ,  

,  NASA,     «  

»  (  , [3]),    

   , —     

   . 

 ,     ,    
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.  ,      

      (  

),   ,      

 (       

, ,  ,  . .) 

 

    , ,  

  ,      

  ,        Internet 

  (   — , , 

   ;   

 —    ,  . .) 

 ,       

   ,    NASA  

 . 

  , ,        

. ,   . . «  3» (L3)     

     (  ), 

   ( . . L2G) .     

  : 

 MxD09GST, MxD09GHK, MxD09GQK —  ;  ,   

 500   250 ; 

 MxDMGGAD —     (   , 

 1 ); 

 MxDPT1KD, MxDPTHKM, MxDPTQKM —  L2G-  

 ,    L2G     (  

 .) 

,   [4]       «L2G-

lite» (MxD09GA, MxD09GQ),       

   . 
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 —    L2G   NASA 

    (MxD09)      (MxD03)  

   (L2 «swath.») 

 ,        

  (   HTTP- ) « » 

       .  , 

 NASA         L2G-

    MxD09. 

      

,       

    ,  ,    

. 

  

     «Make- »  

GNU Make [5]. 

 Make  ,   ,    

    ,  ,     

       

. 

,  « »      

  (     ) ,  

  ,      

«  »,      (   

)  ,      ( ., 

, [6].) 

    —   

  , ,   . 

  Make,    [7],  
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        .  

 ,  . .   ,     

 ,  (   .o-    

    C    —   

$(CC)): 

%.o : %.c 

    $(CC) $(CFLAGS) -o $@ $< 

     ,   

     -  —  

   (  ,  ,  , 

  ,  . .) 

     ,  

     Make.    

: 

MYDPT1KD.A2011153.h22v03.hdf \ 

        MYDPTHKM.A2011153.h22v03.hdf \ 

        MYDPTQKM.A2011153.h22v03.hdf : \ 

    MYD03.A2011153.0440.hdf MYD03.A2011153.0445.hdf \ 

    MYD03.A2011153.0620.hdf MYD03.A2011153.0755.hdf \ 

    MYD03.A2011153.0800.hdf MYD03.A2011153.0935.hdf \ 

    MYD03.A2011153.1945.hdf MYD03.A2011153.1950.hdf \ 

    MYD03.A2011153.2125.hdf MYD03.A2011153.2130.hdf \ 

    MYD03.A2011153.2305.hdf 

MYD09GST.A2011153.h22v03.hdf : \ 

    MYDPT1KD.A2011153.h22v03.hdf \ 

    MYDPTHKM.A2011153.h22v03.hdf \ 

    MYD09.A2011153.0440.hdf MYD09.A2011153.0445.hdf \ 

    MYD09.A2011153.0620.hdf MYD09.A2011153.0755.hdf \ 

    MYD09.A2011153.0800.hdf MYD09.A2011153.0935.hdf \ 
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    MYD09.A2011153.1945.hdf MYD09.A2011153.2125.hdf \ 

    MYD09.A2011153.2305.hdf 

,          19:50Z  

21:30Z,      « » . 

   ,     

: 

 « » Makefile  Makefile-  (subdir.mk.in)    

 ; 

     « »  « » 

(    )  (    

LOCALGRANULEID; hdfeos-symlink.sh); 

         

 (.pcf)  (pcf-files.sh); 

    (prep-*.sh)    (run-*.sh.) 

 

  ,     MODIS L2  

 L2G (  , ,  .) 

    L2G   L3  

        

. 

        

     ,  . .    Make-

. ,     ( )  

,        

 ,       —   

    . 

     .  

 ,       

Make,     . 
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    NASA,     (  

)  « »  . 

,        

   . 
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4. LAADS Web [  ] — 2012. —  : 

http://ladsweb.nascom.nasa.gov/, . — .   — . . 

5. Stallman, R. M. GNU Make Version 3.81. / Stallman, R. M., McGrath, R., 

Smith, P. D., — GNU Press. 

6. distcc — Distributed compilation for faster C/C++ builds [  ] 

— 2012. —  : http://distcc.googlecode.com/, . — .  

 — . . 

7. Shmakov I., A model for dependency-driven digital data processing // 

Neuroinformatics and its Applications: Proc. of the XIX Pan-Russian Workshop, 

Oct., 1–3, 2011; — Krasnoyarsk, Siberian Federal University, 2011. 
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      -
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 .       , 

        .  

        .  

        

       -

    .  .  -

    « »   .  

  -   ,      

  Windows Embeded,    -

,        .   

    ,    

   ,     -

  .    , -

   ,     MS SQL -

 . 
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  Embeded     
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 WEB – .       php,  

WEB –      MS SQL, ,  ,   HTTP 
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 ,      , -

   Web – ,  ,     
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 DataTable.        OracleCommand  -

    Oracle,   Oracle Client.  
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         -

,  -     . 

         « ». 

    

         -

 ,       ,  : 

, ,   . 

      Zabbix.  

Zabbix    ,    

       

,    . 

Zabbix    : 

 Simple checks –       -

,   SMTP  HTTP   -   

   . 

 Zabbix agent –     UNIX – -

  Windows       , -

 ,    . . 

 External check –   . ZABBIX  -

   SNMP. 

  Zabbix : Zabbix  –   

,       ; Zabbix  - 

        Zabbix ; 

Zabbix  -      (    

, ,    . .)   ; -  

-    Zabbix ,   PHP. 

       -

: 

     1000 ;  
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    ; 

  ; 

   log- ; 

 web-     ; 

   ; 

 SLA ; 

    ; 

  SNMP v1, 2, 3; 

      ; 

     ; 

    ; 

     IP- ,   

 SNMP ; 

    ; 

    ; 

          -

. 

        

, ICQ, E-mail. 

      ,    -

 ,       . 

  « » 

     -  

 « ».        

  ,        

   .      

. 1. 

    . 
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 1.    « ». 

        

 «  »,     , -

   ,  /  .  -

    ,  .   

    .  

     :  Ethernet -

  Ethernet  , ,   

     ,     

 ;  GPRS ,     

    ,     

 ;  Ethernet   Ethernet  ,  

GPRS , ,     -

   ,      . 

        -

 .       Ethernet,  

     GPRS .  
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1. http://www.intuit.ru/department/network/baslocnet/15/. 

2.  -53246-2008. 

3. . .  .  . , , : 

  . 4-  . – .: , 2010. 

4.  . .         
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       . 
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    64     

       , -

 ,       -

 .   32-  , -  
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  [1]. 

  - 671    LPC-H2103,  

 -  DIL40  OLIMEX.     -

 LPC2103FBD48 : 

 32  Flash-  ; 

 8  ; 

   ; 

   UART; 

   I2C; 

  32-  ; 

 ; 

  ; 

 5B-  / ; 

    10 . 

    : 

 14,7456   ; 

  ; 

  . 

  (    51 20 )   

       - 671.  -

        671  -

    .  ,  

- 671       -

.        

    .  

         -

   671,       
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    671    -

   .  

 ,     - 671 

           -

    LPC2103    -

.  

        -

   ,    

     .   -

          -

,      [2].    

 - 671     , 

           -

. 

 ,     /     -

 IODIR: 

IODIR1 = 0x04100000, 

 0x04100000 = 00000100000100000000000000000000b ,  -

       ,    –  

.  

          

  IOSET1,       – IOCLR1 [3].  

,       /  (  -

     )  : 

IOCLR1 = 1 << 26. 

           1    

     , -

    4802 ,   522 . 

 ,     ,    -
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         -
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 ,        
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 ; 
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 ,     ,   
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    ; 

        ; 
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 ); 
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