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}DVM-ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

}ʇʨʠʥʮʠʧʳ ʨʘʩʰʠʨʝʥʠʷ DVM-ʤʦʜʝʣʠ  

}ʆʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ DVMH (DVM for 

Heterogeneous systems) 

}ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʪʝʩʪʦʚ NAS NPB ʠ ʨʝʘʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ 

}ʇʣʘʥʳ ʨʘʟʚʠʪʠʷ DVM-ʩʠʩʪʝʤʳ 

 

2 



}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-DVM(H) 

}ʂʦʤʧʠʣʷʪʦʨ C-DVM(H) 

}ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʜʝʨʞʢʠ LIB-DVM(H) 

}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    JACOB_SEQ 

        PARAMETER    (L=4096,  ITMAX=100) 

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

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

        DO IT  =  1,  ITMAX 

              DO  J  =  2, L-1 

                      DO  I  =  2, L-1 

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

                      ENDDO 

              ENDDO 

              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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                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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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 
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}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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}ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ (ʠʣʠ 
ʧʨʦʩʪʦ ʨʝʛʠʦʥʦʚ) - ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ, 
ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘ ʪʦʤ ʠʣʠ ʠʥʦʤ 
ʫʩʢʦʨʠʪʝʣʝ 

!DVM$ REGION [clause {, clause}] 

              <region inner> 

!DVM$ END REGION 

 

ɻʜʝ <region inner>: 

}ʇʘʨʘʣʣʝʣʴʥʳʡ DVM-ʮʠʢʣ 

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʛʨʫʧʧʘ ʦʧʝʨʘʪʦʨʦʚ 

}ʂʦʥʪʨʦʣʴʥʘʷ (ʭʦʩʪ) ʩʝʢʮʠʷ 
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}ʋʪʦʯʥʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʨʝʛʠʦʥʘʤ ʜʘʥʥʳʭ  ʠ ʚʠʜʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʚʭʦʜʥʳʝ, ʚʳʭʦʜʥʳʝ, ʣʦʢʘʣʴʥʳʝ): 

IN(subarray_or_scalar {, subarray_or_scalar}) 

OUT(subarray_or_scalar {, subarray_or_scalar}) 

INOUT(subarray_or_scalar {, subarray_or_scalar}) 

LOCAL(subarray_or_scalar {, subarray_or_scalar}) 

INLOCAL(subarray_or_scalar{,subarray_or_scalar}) 
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}ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʝʤ ʜʘʥʥʳʭ ʤʝʞʜʫ 
ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʎʇʋ ʠ ʧʘʤʷʪʴʶ ʫʩʢʦʨʠʪʝʣʝʡ 
ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘ ʎʇʋ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ, ʥʝ 
ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʨʝʛʠʦʥ 

 
   GET_ACTUAL[(subarray_or_scalar{,subarray_or_scalar})]  
   ʜʝʣʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʥʦʚʣʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ 
ʭʦʩʪ-ʧʘʤʷʪʠ ʙʳʣʠ ʩʘʤʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʚ ʫʢʘʟʘʥʥʦʤ 
ʧʦʜʤʘʩʩʠʚʝ ʠʣʠ ʩʢʘʣʷʨʝ.  

 
    ACTUAL[(subarray_or_scalar {, subarray_or_scalar})] 
ʦʙʲʷʚʣʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʧʦʜʤʘʩʩʠʚ ʠʣʠ ʩʢʘʣʷʨ 
ʩʘʤʫʶ ʥʦʚʫʶ ʚʝʨʩʠʶ ʠʤʝʝʪ ʚ ʭʦʩʪ-ʧʘʤʷʪʠ. ʇʨʠ ʵʪʦʤ 
ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʯʘʩʪʠ ʚʩʝʭ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʨʝʚʘʶʪ ʠ ʧʝʨʝʜ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʜʫʪ (ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʦʙʥʦʚʣʝʥʳ.  
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                PROGRAM    JACOBY_DVMH 

                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$          REGION INOUT(A,B) 

!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 

!DVM$         END REGION 

             ENDDO 

!DVM$     GET_ACTUAL(B) 

                PRINT *,B 

                END 
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#define L 4096 

#define ITMAX 100 

#pragma dvm array distribute[block][block] shadow[1:1][1:1] 

double A[L][L]; 

#pragma dvm array (align([i][j] with A[i][j]) 

double B[L][L]; 

int main(int argc, char *argv[]) { 

    for(int it = 0; it < ITMAX; it++) { 

         #pragma dvm region 

        { 

            #pragma dvm parallel([i][j] on A[i][j]) 

            for (int i = 1; I < L - 1; i++) 

                for (int j = 1; j < L-1; j++)  A[i][j] = B[i][j]; 

            #pragma dvm parallel([i][j] on B[i][j]) shadow_renew(A) 

            for (int i = 1; I < L - 1; i++) 

                for (int j = 1; j < L - 1; j++) 

                    B[i][j] = (A[i - 1][j] + A[i + 1][j] + A[i][j - 1] + A[i][j + 1]) / 4.; 

        } 

    } 

    return 0; 

} 



}ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʢʣʘʩʪʝʨ ʩ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʫʟʣʘʤʠ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ  

}ʇʝʨʝʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʎʇʋ ʠ 
ʧʘʤʷʪʴʶ ʫʩʢʦʨʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝ ʧʦ  
ʜʠʨʝʢʪʠʚʘʤ ʚ ʧʨʦʛʨʘʤʤʝ, ʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚ  ʨʝʛʠʦʥʘʭ.  
 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ: 
}ʜʠʥʘʤʠʯʝʩʢʠ ʨʝʰʘʪʴ, ʛʜʝ ʚʳʛʦʜʥʝʝ ʚʳʧʦʣʥʷʪʴ ʪʦʪ ʠʣʠ 
ʠʥʦʡ ʨʝʛʠʦʥ 

}ʤʥʦʛʦʢʨʘʪʥʦ ʚʳʧʦʣʥʷʪʴ ʨʝʛʠʦʥ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ɻʇʋ 

}ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʠʦʥʘ ʥʘ ʎʇʋ ʠ 
ɻʇʋ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 
ʚʳʧʦʣʥʝʥʠʷ 
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}EP -  ʛʝʥʝʨʘʮʠʷ ʧʘʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ɻʘʫʩʩʘ 

}MG -  ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ. ʄʝʪʦʜ MultiGrid 

}BT - 3D ʅʘʚʴʝ-ʉʪʦʢʩ, ʙʣʦʯʥʘʷ 

ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʘʷ ʩʭʝʤʘ. ʄʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ 

}LU - 3D ʅʘʚʴʝ-ʉʪʦʢʩ. ʄʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʝʨʭʥʝʡ ʨʝʣʘʢʩʘʮʠʠ 

}SP - 3D ʅʘʚʴʝ-ʉʪʦʢʩ. ʉʢʘʣʷʨʥʘʷ 

ʧʷʪʠʜʠʘʛʦʥʘʣʴʥʘʷ ʩʭʝʤʘ. Beam-Warning 

approximate factorization 
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}OpenCL-ʚʝʨʩʠʠ 

      Center for Manycore Programming at  

      Seoul National University (SNU NPB Suite) 

}CUDA-ʚʝʨʩʠʠ 

      Chemnitz University of Technology (BT, LU, SP) 

      Laercio Lima Pilla from the Federal University of 

      Rio Grande do Sul (EP, CG, FT) 

}OpenACC-ʚʝʨʩʠʠ 

      SPEC ACCEL V1.0 (BT, EP, CG, SP) 
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352.ep

370.bt

356.sp

357.csp

http://www.spec.org/accel/results/accel_acc.html 



}ɺʳʥʝʩʝʥʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʘ ʚ ʪʝʣʝ ʮʠʢʣʘ ʚ ʩʢʘʣʷʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

}ʉʦʢʨʘʱʝʥʠʝ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠʟ ʛʣʦʙʘʣʴʥʦʡ 

ʧʘʤʷʪʠ GPU ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

}ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʤʘʩʩʠʚʦʚ ʚ 

ʧʘʤʷʪʠ GPU 
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      !DVM$ PARALLEL (K,J,I) ON U(I,J,K,*), PRIVATE(M1,M2,M) 

      DO K = 2,NZ-1 

        DO J = 2,NY-1 

            DO I = 2,NX-1 

                M1 = 2 

                M2 = 3 

                DO M = 1,5 

                    U(I,J,K,M) = U(I,J,K,M1) + U(I,J,K,M2) 

                ENDDO 

                DO M = 1,5 

                    U(I,J,K,M) = U(I,J,K,M1+1) + U(I,J,K,M2+1) 

                ENDDO 

                DO M = 1,5 

                    U(I,J,K,M) = U(I,J,K,M1-1) + U(I,J,K,M2-1) 

                ENDDO 

            ENDDO 

         ENDDO 

       ENDDO 

 

23  

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ LU 



      !DVM$ PARALLEL (K,J,I) ON U(I,J,K,*), PRIVATE(M1,M2,M,U_)  

      DO K = 2,NZ-1 

        DO J = 2,NY-1 

            DO I = 2,NX-1 

                DO M=1,5 

                    U_(M) = U(I,J,K,M) 

                ENDDO 

                M1 = 2; M2 = 3 

                DO M = 1,5 

                    U_(M) = U_(M1) + U_(M2) 

                ENDDO 

                DO M = 1,5 

                    U_(M) = U_(M1+1) + U_(M2+1) 

                ENDDO 

                DO M = 1,5 

                    U_(M) = U_(M1-1) + U_(M2-1) 

                ENDDO 

                DO M=1,5 

                    U(I,J,K,M) = U_(M) 

                 ENDDO 

             ENDDO 

           ENDDO 

       ENDDO 
24  

   ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʘʪʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ 

NVCC ʥʘ ʨʝʛʠʩʪʨʳ. 
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               PROGRAM    SOR_DVMH 

               PARAMETER    (L=1000,  ITMAX=20, W = 0.5) 

               REAL  A(L,L) ,  EPS, S 

!DVM$    DISTRIBUTE A(BLOCK,BLOCK) 

               PRINT *,  ô**********  TEST_SOR   **********ô 

               DO IT = 1, ITMAX 

                  EPS = 0. 

!DVM$      ACTUAL(EPS) 

!DVM$      REGION 

!DVM$      PARALLEL(J, I) ON A(I, J), ACROSS(A(1:1,1:1)), 

!DVM$&    REDUCTION(MAX(EPS)), PRIVATE(S) 

                  DO J = 2, L-1 

                    DO I = 2, L-1 

                        S = A(I, J) 

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

          &               A(I, J+1)) + ( 1-W ) * A( I, J) 

                        EPS = MAX ( EPS,  ABS( S - A( I, J ))) 

                     ENDDO 

                  ENDDO 

!DVM$       END_REGION 

!DVM$       GET_ACTUAL(EPS) 

                  PRINT 200,  IT, EPS 

200            FORMAT(' IT = ',I4, '   EPS = ', E14.7) 

               ENDDO 

               END 



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

 ACROSS(A(1:1, 1:1)) 

DO K = 1,4 

  DO I = 1,4  

     A(I, K) = A(I+1,K) + A(I-1,K) + A(I,K+1)+ é 

  ENDDO 

ENDDO 

REAL  A(4, 4) 

Array A(4, 4) 

warp load/store operations 

26  

4 ʜʠʘʛʦʥʘʣʴ 



DVMH DR 
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1 6 10  14  

2 9 13  12  

5 4 8 15  

3 7 11  16  

1 5 9 13  

2 6 10  14  

3 7 11  15  

4 8 12  16  

ɺʳʧʦʣʥʷʝʪʩʷ ʧʦʜʠʘʛʦʥʘʣʴʥʘʷ  ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʤʘʪʨʠʮʳ - ʩʦʩʝʜʥʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʜʠʘʛʦʥʘʣʷʭ  

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʦʩʝʜʥʠʭ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ 



Array A(4, 4) 

warp load/store operations with DVMH DR (-autoTfm) 

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

 ACROSS(A(1:1, 1:1)) 

DO K = 1,4 

  DO I = 1,4  

     A(I, K) = A(I+1,K) + A(I-1,K) + A(I,K+1)+ é 

  ENDDO 

ENDDO 

REAL  A(4, 4) 
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4 ʜʠʘʛʦʥʘʣʴ 
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}ʅʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʢʘʟʘʥʠʡ ʚ DVMH-

ʧʨʦʛʨʘʤʤʝ 

}ʈʘʙʦʪʘʝʪ ʚ ʜʠʥʘʤʠʢʝ 

}ɼʣʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʩʩʠʚʘ 

ʚʳʙʠʨʘʝʪ ʣʫʯʰʠʡ ʧʦʨʷʜʦʢ ʵʣʝʤʝʥʪʦʚ 

}ʇʦʜʜʝʨʞʢʘ ʜʠʘʛʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

}ʅʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪʘ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʮʝ 

ʮʠʢʣʘ, ʪʦʣʴʢʦ ʧʝʨʝʭʦʜ ʚ ʪʨʝʙʫʝʤʦʝ 
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Class C
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ͥΒΉΏΑ΄Ύ·΄ ͼΜΐΏΊΎ΄Ύ·Π DVMH-ͼ΄ΑΒ·Έ Γ΄ΒΓΏͼ NAS NPB  

ΐΏ ΒΑͺͼΎ΄Ύ·Ο Β OpenCL-ͼ΄ΑΒ·ΠΌ· 

Class A

Class B

Class C
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ͥΒΉΏΑ΄Ύ·΄ ͼΜΐΏΊΎ΄Ύ·Π DVMH-ͼ΄ΑΒ·Έ Γ΄ΒΓΏͼ NAS NPB  

ΐΏ ΒΑͺͼΎ΄Ύ·Ο Β CUDA-ͼ΄ΑΒ·ΠΌ· 

Class A

Class B

Class C



}ʂʦʥʪʝʡʥʝʨ 

}ʂʘʚʝʨʥʘ 

}ʉʦʩʪʦʷʥʠʷ ʢʫʙʠʪʦʚ 

}ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ3D 

}ʉʧʝʢʘʥʠʝ2D 

}ʉʧʝʢʘʥʠʝ3D 
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}ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʪʷʞʝʣʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʩ ʦʪʢʨʳʪʦʡ 

ʚʝʨʭʥʝʡ ʩʪʝʥʢʦʡ ʠ ʦʪʚʝʨʩʪʠʝʤ ʚ ʦʜʥʦʡ ʠʟ 

ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 828 ʩʪʨʦʢ 

}ʇʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 942 ʩʪʨʦʢʠ 
Ɓ26 ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʘʩʩʠʚʦʚ 

Ɓ5 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

Ɓ21 ʧʘʨʘʣʣʝʣʴʥʳʡ ʮʠʢʣ 

Ɓ7 ʜʠʨʝʢʪʠʚ actual/get_actual 
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}ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ 

ʧʣʦʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʢʘʚʝʨʥʝ ʩ ʜʚʠʞʫʱʝʡʩʷ 

ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 496 ʩʪʨʦʢ 

}ʇʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 613 ʩʪʨʦʢ 
Ɓ18 ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʘʩʩʠʚʦʚ 

Ɓ7 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

Ɓ28 ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʢʣʦʚ 

Ɓ11 ʜʠʨʝʢʪʠʚ actual/get_actual 
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}ʇʨʦʚʝʜʝʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʘʩʯʝʪʦʚ ʩʦʩʪʦʷʥʠʷ ʢʫʙʠʪʦʚ ʢʚʘʥʪʦʚʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ (683 

ʩʪʨʦʢʠ). 

}ʇʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 1011 ʩʪʨʦʢ 
Ɓ23 ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʘʩʩʠʚʘ 

Ɓ5 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

Ɓ61 ʧʘʨʘʣʣʝʣʴʥʳʡ ʮʠʢʣ 

Ɓ5 ʜʠʨʝʢʪʠʚ actual/get_actual 
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}ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʦʙʲʝʤʥʦʡ ʢʨʠʩʪʘʣʠʟʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʦʙʨʘʟʝʮ ʣʘʟʝʨʥʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʠ ʤʥʦʛʦʬʘʟʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 530 ʩʪʨʦʢ 

}ʇʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 865 ʩʪʨʦʢ 
Ɓ21 ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʤʘʩʩʠʚ 

Ɓ6 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

Ɓ27 ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʢʣʦʚ 

Ɓ5 ʜʠʨʝʢʪʠʚ actual/get_actual 
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}ɼʚʫʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʣʘʚʣʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʤ ʣʘʟʝʨʥʦʤ ʩʧʝʢʘʥʠʠ ʥʘ ʦʩʥʦʚʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʠ ʤʥʦʛʦʬʘʟʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

}ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 831 ʩʪʨʦʢʘ 

}ʇʘʨʘʣʣʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ 1167 ʩʪʨʦʢ 
Ɓ17 ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʘʩʩʠʚʦʚ 

Ɓ8 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

Ɓ21 ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʢʣʦʚ 

Ɓ19 ʜʠʨʝʢʪʠʚ actual/get_actual 
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