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2.3  -  

 -  —     . 

   s-                s-                 ,  

 (s-1)−  ,    . 

 : 

                         , (10) 

   –  . 

       

. 2.2 [8]. 

2.4    

        

    2.   1   

      ,     

. 

 1 –       

 
 

   ( )   
    
(T1 / T2) 

  
(T1) 

  
(T2) 

1000 4,56 0,38 12,0 
2000 36,38 1,48 24,7 
3000 117,90 3,24 36,4 
4000 316,33 6,12 51,7 
5000 523,68 8,68 60,3 
6000 875,70 12,47 70,2 
7000 1432,80 16,85 85,0 
8000 2019,70 21,63 93,4 
9000 2890,32 27,59 104,7 
10000 4150,24 34,95 118,7 
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  1       

        (T1 / T2).  

  ,       

      . 

 

 1 –     (   /  
) 

  2      

     - ,     

. 

 2 –      -
 

 
 

   ( )   
   -

 
(T1 / T3) 

  
(T1) 

 -  
(T3) 

1000 4,56 0,132 34,5 
2000 36,38 0,492 73,9 
3000 117,90 1,114 105,8 
4000 316,33 2,056 153,9 
5000 523,68 3,015 173,7 
6000 875,70 4,296 203,8 
7000 1432,80 5,887 243,4 
8000 2019,70 7,513 268,8 
9000 2890,32 9,556 302,5 
10000 4150,24 12,173 340,9 
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(T2 / T3) 

  
(T2) 

 -  
(T3) 

1000 0,381 0,132 2,9 
2000 1,475 0,492 3,0 
3000 3,239 1,114 2,9 
4000 6,12 2,056 3,0 
5000 8,683 3,015 2,9 
6000 12,474 4,296 2,9 
7000 16,854 5,887 2,9 
8000 21,626 7,513 2,9 
9000 27,593 9,556 2,9 
10000 34,951 12,173 2,9 
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       .  

,      

        

       [1]. 

3.3   MPI-  

 MPI- ,     

 . 

1.    MPI – . 

   MPI   : 

int MPI_Init(int *argc, char **argv),  

  

 argc –      , 

 argv –   . 

   MPI    

: 

int MPI_Finalize(void). 

    . 

2.    

      

    : 

int MPI_Comm_size(MPI_Comm comm, int *size),  

 

 comm – ,   , 

 size –     . 
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3.    

     : 

int MPI_Comm_rank(MPI_Comm comm, int *rank), 

 

 comm – ,     , 

 rank –    . 

4.   

   MPI – . 

      : 

double MPI_Wtime(Void). 

5.         

       

    (   ) 

      MPI: 

int MPI_Bcast(void *buf, int count, MPI_Datatype, int 

root, MPI_Comm comm),  

 

 buf, count, type –      (  

   0)   ё   (    

), 

 root –  ,   , 

 comm – ,      

. 
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 MPI_Bcast      buf, 

 count   type,  ,   root, 

 ,    comm. 

6.        (  
) 

   ,    ,  

MPI  : 

int MPI_Reduce(void *sendbuf, void recvbuf, int count, 

MPI_Datatype type, MPI_Op op, int root, MPI_Comm comm), 

  

 sendbuf –     , 

 recvbuf –      (  

    root), 

 cout –    , 

 type –   , 

 op – ,      , 

 root –  ,      , 

 comm – ,     . 

   . 

 MPI_Reduce     

   .       

       

  : 

int MPI_Allreduce(void *sendbuf, void recvbuf, int count, 

MPI_Datatype type, MPI_Op op, MPI_Comm comm), 
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 sendbuf –     , 

 recvbuf –      (  

    root), 

 cout –    , 

 type –   , 

 op – ,      , 

 comm – ,     . 

 MPI_Allreduce      

  .  

3.4    

         

  OpenMP.       

       

   (  ),   

    . OpenMP 

  ,    ,  

      .   

     OpenMP   

   .       

          

 [4].  

       , 

       .  

   

omp_set_num_threads(n); 
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   .     

#pragma omp parallel for ... 

     ,  

    ,  

   (private).      

 OpenMP     [4], [5]. 
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 OpenMP.      
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 4 –        MPI 
(  №1) 

  2000 5000 10000 
  32,59 506,56 4029,39 

 
 

1  
 31,62 496,49 3960,69    1,0 1,0 1,0 

2  
 28,51 447,38 3581,60    1,1 1,1 1,1 

E2 55% 55% 55% 

4  
 26,71 447,12 3579,63    1,2 1,1 1,1 

E4 30% 27,5% 27,5% 

6  
 27,34 445,70 3562,55    1,2 1,1 1,1 

E8 15% 18,3% 18,3% 

8  
 24,82 443,07 3537,02    1,3 1,1 1,1 

E8 16,25% 13,75% 13,75% 

  5  ,    

 №1   OpenMP.    

  ,       

         

  OpenMP. 

 5 –        
OpenMP (  №1) 

  2000 5000 10000 
  32,59 506,56 4029,39 

 
 1  

 34,15 513,41 4016,28    1,0 1,0 1,0 

2  
 33,65 489,40 3721,24    1,1 1,1 1,1 

E2 55% 55% 55% 

4  
 33,12 496,35 3802,63    1,2 1,1 1,1 

E4 30% 27,5% 27,5% 

8  
 39,28 526,12 3885,07    1,3 1,1 1,1 

E8 16,25% 13,75% 13,75 
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  6  ,    

 №2   MPI.     

  n     . 

 6 –        MPI (  
№2) 

 
 

 

  

  
1  2  4  

     E2     E4 
1000 13,39 15,0 7,57 1,8 90% 5,4 2,5 62,5% 
2000 105,22 128,2 58,78 1,8 90% 39,3 2,7 67,5% 
4000 822,32 954,8 469,59 1,8 90% 259,4 3,2 80% 
5000 1600,69 1796,2 903,36 1,8 90% 528,0 3,0 75% 
10000 12736,00 14304,5 7259,60 1,8 90% 4007,8 3,2 80% 

 

  7  ,    

 №2   OpenMP.     

      . 

 
 7 –        

OpenMP (  №2) 

 
 

 
 

 

  
1  2  4  

     E2     E4 
1000 3,62 7,19 4,96 1,4 70% 6,48 1,8 45% 
2000 25,22 44,86 34,53 1,4 70% 48,01 1,9 47,5% 
4000 193,78 262,22 230,74 1,2 60% 294,15 1,5 37,5% 
5000 380,83 515,97 445,26 1,2 60% 535,57 1,4 35% 

10000 2991,24 4066,47 3409,78 1,1 55% 3778,29 1,3 32,5% 

     .  

,           

    №2. ,   ,   

       ,  

        

 ,      

   -    . 
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     .    

     :         
4.2       

    

      MPI  

    .   8-9  

      ,  

       

 . 

  8  ,    

 №1    MPI.     ,  

        

 .      

        ,  

  8  ,    4 . 

 

 8 –         
      (  №1) 

 
 

1 
 

2 
    E2 

4 
    E4 

8 
    E8 

10000 5,82 3,3 1,8 90% 2,9 2,0 50% 2,8 2,7 27% 

20000 67,4 13,3 5,0 
250
% 

12,6 5,3 133% 8,7 7,8 108% 

 

  9  ,    

 № 2   MPI.     

,        

   ,     4 

. 
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 9 –        
       (  №2) 
 

 
1  2     E2 4     E4 

10000 14,37 7,26 2,0 100% 4,18 3,4 85% 
20000 310,84 48,80 6,4 320% 53,04 5,9 147,5% 
30000 927,21 659,75 1,4 70% 544,15 1,7 42,5% 
40000 1539,22 1099,40 1,4 70% 834,25 1,8 45% 

 

4.3       
 

         

          

   . 

         

   .  

       

 ,     , 

   .     

                
  -      , 

        . 
4.4       

    

         

   OpenMP.      

 ,         10-11. 

  10     (  ),  

№1        OpenMP,  

.         
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 OpenMP     8     

-   .      , 

  ё    .    , 

    ,   

  .   ,  

     . 

 

 10 –        
       (  №1) 

 
 

 
 

 

  
 

 
 

 
1 

 

2 
 

4 
 

8 
 

1 
 

2 
 

4 
 

8 
 

10000 10,17 
9,1
0 

7,18 5,07 5,04 1,1 
1,4 / 
70% 

2 / 
50% 

2 / 
25% 

15000 22,22 
20,
40 

12,68 11,38 11,38 1,1 
1,8 / 
90% 

2 / 
50% 

2 / 
25% 

20000 39,63 
36,
67 

28,80 20,29 20,37 1,1 
1,4 / 
70% 

2 / 
50% 

1,9 / 
24% 

 

  11  ,   №2  

 OpenMP.         

   ,    . 

           

  .    

         . 
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 11 –        
       (  №2) 

 
 

 

 

 

   
 

 
 

1  2  4  1  
2 

 
4  

1000 0,14 0,17 0,06 0,14 0,8 
2,3 / 

115% 
1,1 / 

27,5% 

5000 2,63 2,47 1,31 0,91 1,1 
2 / 

100% 
2,9 / 

72,5% 

10000 10,50 9,78 5,16 3,5 1,1 
2 / 

100% 
3 / 

75% 

15000 40,24 28,33 13,02 9,02 1,4 
3,1 / 

155% 

4,5 / 
112,5

% 
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