
ɺ.ɸ. ɹʘʭʪʠʥ, ɺ.ɸ. ʂʨʶʢʦʚ,  

ʅ.ɸ. ʂʘʪʘʝʚ, ɸ.ʉ. ʂʦʣʛʘʥʦʚ,  

ʅ.ɺ. ʇʦʜʜʝʨʶʛʠʥʘ, ʄ.ʅ. ʇʨʠʪʫʣʘ, ɸ.ɸ. ʉʤʠʨʥʦʚ 

 

                    bakhtin@keldysh.ru 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 

 

1 

ʅʉʂʌ-2014 

mailto:bakhtin@keldysh.ru


}DVM-ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

}ʇʨʠʥʮʠʧʳ ʨʘʩʰʠʨʝʥʠʷ DVM-ʤʦʜʝʣʠ  

}ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ DVMH (DVM for 

Heterogeneous systems) 

}ʇʦʜʜʝʨʞʢʘ ʩʦʧʨʦʮʝʩʩʦʨʦʚ Intel Xeon PHI 

}ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʪʝʩʪʦʚ NAS NPB 

}ʇʣʘʥʳ ʨʘʟʚʠʪʠʷ DVM-ʩʠʩʪʝʤʳ 
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}ʆʙʲʝʜʠʥʷʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʠʟʤʘ 

ʧʦ ʜʘʥʥʳʤ ʠ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ (1993 ʛ.) 

}ɹʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʵʪʠʭ ʷʟʳʢʘʭ ʩʠʩʪʝʤʘ 

ʨʘʟʨʘʙʦʪʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ (DVM)  

ʩʦʟʜʘʥʘ ʚ ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ 

}ɸʙʙʨʝʚʠʘʪʫʨʘ DVM (Distributed Virtual Memory, 

Distributed Virtual Machine) ʦʪʨʘʞʘʝʪ ʧʦʜʜʝʨʞʢʫ 

ʚʠʨʪʫʘʣʴʥʦʡ ʦʙʱʝʡ ʧʘʤʷʪʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ  
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C-DVM = ʗʟʳʢ ʉʠ + ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʘʛʤʳ 

Fortran-DVM = ʗʟʳʢ ʌʦʨʪʨʘʥ 95 + ʩʧʝʮʠʘʣʴʥʳʝ  

ʢʦʤʤʝʥʪʘʨʠʠ 

}  ʉʧʝʮʠʘʣʴʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʧʨʘʛʤʳ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʧʘʨʘʣʣʝʣʠʟʤʘ ʚ 

ʪʝʨʤʠʥʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

}  ʆʪʩʫʪʩʪʚʫʶʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

}  ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʪʠʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  

}  ʉʧʝʮʠʬʠʢʘʮʠʠ ʧʘʨʘʣʣʝʣʠʟʤʘ çʥʝʚʠʜʠʤʳè ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʠʣʷʪʦʨʦʚ 

}  ʉʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʵʢʟʝʤʧʣʷʨ ʧʨʦʛʨʘʤʤʳ  ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʯʝʪʘ 
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DVM-ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ: 

}ʂʦʤʧʠʣʷʪʦʨ Fortran-DVMH 

}ʂʦʤʧʠʣʷʪʦʨ C-DVMH 

}ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʜʝʨʞʢʠ LIB-DVMH 

}DVM-ʦʪʣʘʜʯʠʢ 

}ʇʨʝʜʩʢʘʟʘʪʝʣʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ DVM-

ʧʨʦʛʨʘʤʤ 

}ɸʥʘʣʠʟʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ DVM-

ʧʨʦʛʨʘʤʤ 
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}ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ 

}ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʪʢʦʚ ʮʠʢʣʘ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ 

}ʉʧʝʮʠʬʠʢʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʩʝʢʮʠʡ 

ʧʨʦʛʨʘʤʤʳ (ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʜʘʯ) ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʠʭ ʥʘ 

ʧʨʦʮʝʩʩʦʨʳ 

}ʆʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʜʘʣʝʥʥʳʤ 

(ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʨʘʭ) ʜʘʥʥʳʤ 

}ʆʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʜʫʢʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ - ʛʣʦʙʘʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʜʘʥʥʳʤʠ 

(ʪʘʢʠʭ, ʢʘʢ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠʣʠ ʥʘʭʦʞʜʝʥʠʝ ʠʭ                         

 ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ) 
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                PROGRAM    JACOBY_DVM 

                PARAMETER    (L=4096,  ITMAX=100) 

                REAL     A(L,L), B(L,L) 

!DVM$     DISTRIBUTE     ( BLOCK,   BLOCK)   ::   A 

!DVM$     ALIGN  B(I,J)  WITH  A(I,J) 

                PRINT *,  '**********  TEST_JACOBI   **********' 

                DO IT  =  1,  ITMAX 

!DVM$              PARALLEL (J,I) ON  A(I,  J) 

                          DO  J  =  2, L-1 

                                 DO  I  =  2, L-1 

                                       A(I, J)  =  B(I, J) 

                                 ENDDO 

                ENDDO      

!DVM$               PARALLEL (J,I) ON B(I,  J), SHADOW_RENEW (A) 

                          DO  J = 2,  L-1 

                                  DO  I = 2,  L-1 

                                         B(I, J) =  (A(I-1, J) + A(I, J-1) +  A(I+1, J) + A(I, J+1)) / 4 

                                  ENDDO 

                     ENDDO 

             ENDDO 

                PRINT *,B 

                END 
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processor   arrangement    3*3 

A 21 A 22 

A 31 A 32 

A 41 A 42 

A 51 A 52 

A 61 A 62 

A 71 A 72 

A 81 A 82 

A 11 A 12 A 13 A 14 A 15 A 16 A 17 A 18 

A 23 A 24 A 25 A 26 A 27 A 28 

A 33 A 37 A 38 

A 48 

A 58 

A 68 

A 73 A 77 A 78 

A 83 A 84 A 85 A 86 A 87 A 88 
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A 14 

A 24 

A 34 

A 74 

A 84 

A 17 

A 27 

A 37 

A 77 

A 87 

A 16 

A 26 

A 36 

A 76 

A 86 

A 13 

A 23 

A 33 

A 73 

A 83 

A 41 A 42 A 43 A 47 A 48 

A 31 A 32 A 33 A 34 A 35 A 36 A 37 A 38 

A 71 A 72 A 73 A 77 A 78 

A 61 A 62 A 63 A 64 A 65 A 66 A 67 A 68 

2 3 

1 

2 

3 

A 47 

A 57 

A 67 

A 46 

A 56 

A 66 

A 74 A 75 A 76 

shadow   edges 

imported   elements 

A 34 A 35 A 36 

A 43 A 44 A 45 A 46 A 47 

A 53 A 54 A 55 A 56 A 57 

A 63 A 64 A 65 A 66 A 67 

A 74 A 75 A 76 

A 44 

A 54 

A 64 

A 44 A 45 A 46 

A 43 

A 53 

A 63 



é 

Node 1  Node 64  
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}ʇʦʜʜʝʨʞʢʘ ʫʩʢʦʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʳ (GPU, Intel Xeon Phi(MIC)) ʚ ʫʟʣʘʭ 
ʢʣʘʩʪʝʨʘ 

}ɻʠʙʢʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʚʳʯʠʩʣʝʥʠʡ ʚʥʫʪʨʠ ʫʟʣʘ ʢʣʘʩʪʝʨʘ(ʤʝʞʜʫ 
ʫʩʢʦʨʠʪʝʣʷʤʠ ʠ ʷʜʨʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʧʨʦʮʝʩʩʦʨʘ) 

}(ʇʦʣʫ-)ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 
ʧʝʨʝʤʝʱʝʥʠʝʤ ʜʘʥʥʳʭ ʤʝʞʜʫ ʦʧʝʨʘʪʠʚʥʦʡ 
ʧʘʤʷʪʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ 
ʧʘʤʷʪʷʤʠ ʫʩʢʦʨʠʪʝʣʝʡ 

 

10  



}ɼʚʘ ʧʦʜʭʦʜʘ 
Ɓʈʫʯʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ 

Ɓʋʢʘʟʘʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

}ʅʝʜʦʩʪʘʪʢʠ ʨʫʯʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ 
Ɓʆʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

#pragma omp target device(acc0) map(A,B) 
#pragma omp parallel for 
   for (i=0;i<N;i++)   // OpenMP 4.0 
        A[i] += A[i]*B[i]; 

}ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʧʠʨʦʚʘʥʠʡ ʜʣʷ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ 
Ɓʀʟʣʠʰʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

Ɓʉʣʦʞʥʦ ʥʘʭʦʜʠʤʳʝ ʦʰʠʙʢʠ 
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