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        OpenMP.  
   OpenMP,   ,      

.     . 
        : 

 

    double** A; 
    double** B; 
    double** C; 
 

 ,     / ++  : 
 

    for (int i = 0; i < size; i++) { 
       for (int j = 0; j < size; j++) { 
          for (int k = 0; k < size; k++) { 
             C[i][j] += A[i][k] * B[k][j]; 
          } 
       } 
    }                                                                                                                                                                                     (15) 
 

       : 
 

#pragma omp parallel for shared(A, B, C) 
 

   ,      ,    
 A, B  C  .     ,     

,     ,    ,      -
  .    shared(A, B, C)        -

.        ,          
     .        

  : 
 

    #pragma omp parallel for shared(A, B, C) 
    for (int i = 0; i < size; i++) { 
       for (int j = 0; j < size; j++) { 
          for (int k = 0; k < size; k++) { 
             C[i][j] += A[i][k] * B[k][j]; 
          } 
       } 
    }                                                                                                                                                                                     (16) 

,        ( . 1). 
 

 1 –      OpenMP (15)   (14)    
 

  1000 2000 4000 10000 
   (15),  2,3 21,46 274 6947 
   (16),  8,1 84 1091 1744 

   4-   3,52 3,91 3,98 3.98 
 

 ,   ,     4  -
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OpenMP          -
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. 1 –    SDCM. 

 
        . 2. 

 
 2 –        SDCM 

 

  :    : LOC  : 
SLAE Solver :         : 

 , 
       , 
       , 
        -
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Curves 
Discretization : 

          
( ) 

140 

Fields 
Discretization : 

    70 
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  :  
  , 
       , 
       , 
        -
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Field Solver :          50 
Synchronization :   OpenMP   103 
Equation Parser :    260 
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 ,        : 
 

#pragma omp parallel for shared(matrix) 
for(int i = 0; i < matrix_size; i++) 
{ 

for(int j = 0; j < matrix_size; j++) 
{ 
    matrix[i][j] = calculate_element(…); 
} 

 
} 
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      ,    -
            [4], -

      .    -
 : 

 

  for (int i = 0; i < block_number; i++) { 
    // middle blocks 
    //  full U and L part 
    for (int k = 0; k < i; k++) 
      for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) 
        for (int ik = lBorder(k), rbk = rBorder(k); ik < rbk; ik++) 
          for (int ij = lBorder(i); ij < rbi; ij++) 
            luMatrix[ii][ij] -= luMatrix[ii][ik] * luMatrix[ik][ij]; 
    // U and L part last block 
    for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) { 
      for (int ik = lBorder(i); ik < ii; ik++) { 
        for (int ij = ii; ij < rbi; ij++) 
          luMatrix[ii][ij] -= luMatrix[ii][ik] * luMatrix[ik][ij]; 
        for (int ij = ii + 1; ij < rbi; ij++) 
          luMatrix[ij][ii] -= luMatrix[ij][ik] * luMatrix[ik][ii]; 
      } 
      //  end of L part 
      for (int ij = ii + 1, rbi = rBorder(i); ij < rbi; ij++) 
        luMatrix[ij][ii] /= luMatrix[ii][ii]; 
    } 
 

    //U blocks 
   #pragma omp parallel for shared(luMatrix, i) 
    for (int j = i + 1; j < bn; j++) { 
      for (int k = 0; k < i; k++) 
      { 
        for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) 
          for (int ik = lBorder(k), rbk = rBorder(k); ik < rbk; ik++) 
            for (int ij = lBorder(j), rbj = rBorder(j); ij < rbj; ij++) 
              luMatrix[ii][ij] -= luMatrix[ii][ik] * luMatrix[ik][ij]; 
      } 
      // U part last block 
      for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) 
        for (int ik = lBorder(i); ik < ii; ik++) 
          for (int ij = lBorder(j), rbj = rBorder(j); ij < rbj; ij++) 
            luMatrix[ii][ij] -= luMatrix[ii][ik] * luMatrix[ik][ij]; 
    } 
 

    //L blocks 
   #pragma omp parallel for shared(luMatrix, i) 
    for (int j = i + 1; j < bn; j++) { 
      for (int k = 0; k < i; k++) 
        for (int ij = lBorder(j), rbj = rBorder(j); ij < rbj; ij++) 
          for (int ik = lBorder(k), rbk = rBorder(k); ik < rbk; ik++) 
            for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) 
              luMatrix[ij][ii] -= luMatrix[ij][ik] * luMatrix[ik][ii]; 
      // L part last block 
      for (int ii = lBorder(i), rbi = rBorder(i); ii < rbi; ii++) { 
        for (int ik = lBorder(i); ik < ii; ik++) 
          for (int ij = lBorder(j), rbj = rBorder(j); ij < rbj; ij++) 
            luMatrix[ij][ii] -= luMatrix[ij][ik] * luMatrix[ik][ii]; 
        for (int ij = lBorder(j), rbj = rBorder(j); ij < rbj; ij++) 
          luMatrix[ij][ii] /= luMatrix[ii][ii]; 
      } 
    } 
 

  } 
. 

,      OpenMP  ,       : 
 

for (int block = 0; block < block_number; i++)  
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{ 
    // middle block calculation 
     

    //U blocks 
   #pragma omp parallel for shared(matrix, i) 
    //top blocks calculation 
 

    //L blocks 
   #pragma omp parallel for shared(matrix, i) 
    //left blocks calculation 
} 
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 ,    OpenMP,   3 ,   6%,    -
  –      7,7 .      

  -   . 
 

 
. 3 –    ,    

(   , , / 4k π α π= = ). 

 

    
 

. 4 –        ( / 2, 0α π α= = ). 
 

 3 –   3-     2, 5  10         

 
 

  -
  

,  -
, , -

  

: + OpenMP      
  OpenMP 

2 100 0.095 0.022 0.022 4.3 2.1% 
2 200 0.735 0.156 0.160 4.6 2.5% 
5 100 0.647 0.108 0.114 5.7 4.9% 
2 500 11.958 1.892 1.667 6.2 2.3% 
5 200 6.888 0.625 0.652 10.6 4.4% 

10 100 6.008 0.405 0.429 14.0 6.1% 
2 1000 96.218 13.470 12.189 7.0 2.1% 
10 200 51.898 2.390 0.968 20.506 5.9% 
5 500 117.968 7.150 7.441 15.9 4.1% 

5 1000 1091.550  53.313 55.494 19.7 4.1% 
10 500 1006.100 31.950 33.861 29.7 6.0% 

10 1000 8688.100 246.805 261.723 33.2 6.0% 
 

 OpenMP      , -
          

 .    (    )  -
  5%          

  ,     ,    -
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