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ɻʨʫʧʧʘ ʆʈʉ:  

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʫʩʢʦʨʝʥʠʶ ʧʨʦʛʨʘʤʤ ʠ ʨʘʟʨʘʙʦʪʢʘ 

çʆʧʪʠʤʠʟʠʨʫʶʱʝʡ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʱʝʡ ʩʠʩʪʝʤʳè 



ʉʦ-ʦʩʥʦʚʘʪʝʣʶ ʗʥʜʝʢʩʘ  

ʀʣʴʝ ʉʝʛʘʣʦʚʠʯʫ ʧʦʩʚʷʱʘʝʪʩʷ 



ʇʨʦʙʣʝʤʘ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʤʥʦʛʠʭ ʥʘʰʠʭ ʧʨʦʛʨʘʤʤ ʠʥʦʛʜʘ  

ʥʘ ɼɺɸ ʇʆʈʗɼʆʂɸ ʤʝʥʴʰʝ 

ʟʘʷʚʣʝʥʥʦʡ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʴʶʪʝʨʘ. 

·ʆʧʪʠʤʠʟʠʨʫʶʱʠʝ ʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʱʠʝ 

ʢʦʤʧʠʣʷʪʦʨʳ ʥʝ ʨʝʰʘʶʪ ʵʪʫ ʧʨʦʙʣʝʤʫ.  



ɼʚʝ ʚʝʱʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʶʪ 

ʧʨʦʛʨʘʤʤʳ: 

ʧʘʨʘʣʣʝʣʠʟʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ 

·ʅʘ ʜʚʫʷʜʝʨʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʩ SSE ʙʠʙʣʠʦʪʝʯʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʝʨʝʤʥʦʞʘʝʪ ʤʘʪʨʠʮʳ ʙʳʩʪʨʝʝ ʧʨʦʩʪʦʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 60 ʨʘʟ! 

·ʋʩʢʦʨʝʥʠʝ:  

·ʚ 8 ʨʘʟ ʟʘ ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ (2 ʷʜʨʘ ʧʦ 4 

ʦʧʝʨʘʮʠʠ ʚʝʢʪʦʨʠʟʘʪʦʨʘ),  

·ʚ 8 ʨʘʟ ï ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʘʤʷʪʠ. 

·ʂʘʢ ʚʳʞʠʤʘʪʴ ʪʘʢʦʝ ʫʩʢʦʨʝʥʠʝ? 



ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʚʝʢʪʦʨʠʟʘʮʠʷ ʠ  

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ  

ʫ ʢʦʤʧʠʣʷʪʦʨʦʚ ʨʘʟʚʠʪʳ ʧʣʦʭʦ.  

 

 

·ʄʳ ʚʩʝ ʨʘʚʥʦ ʧʦʣʴʟʫʝʤʩʷ ʢʦʤʧʠʣʷʪʦʨʘʤʠ ʠ 

ʣʶʙʠʤ ʠʭ, ʥʦ ʪʦʣʴʢʦ ʥʘʩʪʦʷʱʠʡ ʜʨʫʛ ʤʦʞʝʪ 

ʩʢʘʟʘʪʴ, ʯʪʦ çʚʩʷ ʩʧʠʥʘ ʩʟʘʜʠ ʙʝʣʘʷè 



ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʝʢʪʦʨʠʟʘʮʠʠ ʮʠʢʣʦʚ 

ʠʟʚʝʩʪʥʳʤʠ ʢʦʤʧʠʣʷʪʦʨʘʤʠ 

·ȳɆɑɎɝɎɋ (ɔɘɗəɘɗɘɈɎɋ) Ɉ ɖɆɍɑɎɝɓɡɛ ɐɔɒɕɎɑɥɘɔɖɆɛ 
ɆɈɘɔɒɆɘɎɝɋɗɐɎɛ ɗɖɋɊɗɘɈ, ɈɡɕɔɑɓɥɤɟɎɛ ɕɖɋɔɇɖɆɍɔɈɆɓɎɥ 
ɕɖɔɉɖɆɒɒ, ɗɕɔɗɔɇɗɘɈəɤɟɎɋ ɈɋɐɘɔɖɎɍɆɜɎɎ.  

·ȦɓɆɑɎɍ Ȩ. ȧɖɆɉɎɑɋɈɗɐɔɉɔ Ɏ ȴ. ȾɘɋɏɓɇɋɖɉɆ 



· 1) ȸɖɎɈɎɆɑɢɓɔ ɈɋɐɘɔɖɎɍəɋɒɡɏ ɜɎɐɑ 

· For (int i = 0; i < SIZE; ++i)  

· {  A[i] = B[i] + C[i]; }  

· 2) ȶɆɍɖɋɍɆɓɎɋ 

· For (int i = 0; i < SIZE; ++i)  

· {  A[i] = B[i] + C[i];   

· D[i+2] = D[i+1] + D[i]; }  

· 3) ȵɋɖɋɗɘɆɓɔɈɐɆ ɔɕɋɖɆɘɔɖɔɈ Ɏ ɖɆɍɖɋɍɆɓɎɋ 

· for (i=0; i<SIZE; i=i+1)  

· {  A[i] = B[i] + C[i];  

·  C[i+1] = D[i] + E[i];}  

· 4) ȨɈɋɊɋɓɎɋ Ɉɖɋɒɋɓɓɡɛ ɒɆɗɗɎɈɔɈ 

· For (i = 0; I < SIZE; i++)  

· {  A[i] = B[i] + C[i];   

· C[i] = A[i+1] + B[i];}  

· 5) ȶɆɗɘɥɉɎɈɆɓɎɋ ɗɐɆɑɥɖɔɈ 

· For (i = 0; I < SIZE; i++)  

· {  A[i] = B[i]+C;  

·  C = A[i+1]+B[i];}  

· 6) ȵɔɈɡɞɋɓɎɋ ɖɆɍɒɋɖɓɔɗɘɎ ɒɆɗɗɎɈɆ  

· For (i = 0; i < SIZE; i++)  

· {  A[i] = B[i] + C[j];   

· C[j] = A[i+1] + B[i];}  

· 7) ȶɋɐəɖɖɋɓɘɓɡɏ ɜɎɐɑ  

· For (int i = 0; i < SIZE; ++i)  

· {  A [ i] = A[ i-4] + A[ i-8];}  

· 8) ȶɋɐəɖɖɋɓɘɓɡɏ ɜɎɐɑ  

· For (int i = 0; i < SIZE; ++i)  

· {  A[i] = A[i -1] + A[i -2]; }  



ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʚʝʢʪʦʨʠʟʘʮʠʶ ʚʨʫʯʥʫʶ 

·       For (i = 0; I < SIZE; i++)               //ʮʠʢʣ 4 

·      {  A[i] = B[i] + C[i];   

·       C[i] = A[i+1] + B[i];}  

 

·       For (i = 0; I < SIZE; i++)  

·       {T[i] = A[i+1]                // ʚʚʝʜʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ 

·        A[i] = B[i] + C[i];   

·       C[i] = T[i] + B[i];}  

 

·       For (i = 0; I < SIZE; i++) // ʨʝʟʫʣʴʪʘʪ ʨʘʟʙʠʝʥʠʷ ʮʠʢʣʘ 

·      {T[i] = A[i+1] };  

·       For (i = 0; I < SIZE; i++)  

·       {A[i] = B[i] + C[i]};    

·        For (i = 0; I < SIZE; i++)  

·       {C[i] = T[i] + B[i];}  



ʅʝʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ 

ʘʣʛʦʨʠʪʤ ʌʣʦʡʜʘ (ʘ ʚʨʫʯʥʫʶ ï ʤʦʞʥʦ!). 

· FOR K=1 TO N DO  

· FOR I=1 TO N DO  

· FOR J=1 TO N DO  

· IF A(I,J)>A(I,K)+A(K,J) THEN  

 

· A(I,J)=A(I,K)+A(K,J)  

 

·ȮɓɚɔɖɒɆɜɎɔɓɓɡɋ ɍɆɈɎɗɎɒɔɗɘɎ ɓɋ ɕɔɍɈɔɑɥɤɘ ɖɆɗɕɆɖɆɑɑɋɑɎɈɆɘɢ 
ɜɎɐɑ.  

·ȳɔ ɍɆɈɎɗɎɒɔɗɘɎ ɖɋɆɑɎɍəɤɘɗɥ ɕɖɎ I=K ɎɑɎ J=K . ʇʨʠ ʣʶʙʦʤ ʠʟ ʵʪʠʭ 
ʨʘʚʝʥʩʪʚ ɑɔɉɎɝɋɗɐɔɋ ɈɡɖɆɌɋɓɎɋ əɗɑɔɈɓɔɉɔ ɔɕɋɖɆɘɔɖɆ 0>A(I,J) . 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ɑɔɌɓɔ, ɋɗɑɎ ɣɑɋɒɋɓɘɡ ɒɆɘɖɎɜɡ 
ɕɔɑɔɌɎɘɋɑɢɓɡ, ɓɔ ɘɔɉɊɆ Ɏ ɍɆɈɎɗɎɒɔɗɘɋɏ ɓɋɘ. ȫɗɑɎ 
ɕɖɔɉɖɆɒɒɎɗɘ ɍɓɆɋɘ, ɝɘɔ ɋɉɔ ɒɆɘɖɎɜɆ ɓɋɔɘɖɎɜɆɘɋɑɢɓɆ, ɘɔ ɔɓ 
ɒɔɌɋɘ ɖɆɗɕɆɖɆɑɑɋɑɎɈɆɘɢ. 



ʕʚʦʣʶʮʠʷ ʚʳʯʠʩʣʝʥʠʡ. 

·ȹɒɓɔɌɋɓɎɋ ɝɎɗɋɑ ɓɆ ɗɔɈɖɋɒɋɓɓɡɛ 
ɕɖɔɜɋɗɗɔɖɆɛ Ɉɡɕɔɑɓɥɋɘɗɥ ɕɖɎɒɋɖɓɔ Ɉ 15 
ɖɆɍ ɇɡɗɘɖɋɋ, ɝɋɒ ɗɔɒɓɔɌɎɘɋɑɎ ɝɎɘɆɤɘɗɥ 
Ɏɍ ɕɆɒɥɘɎ. 

 

·Ȧ 50 ɑɋɘ ɓɆɍɆɊ ɇɡɑɔ ɓɆɔɇɔɖɔɘ! 

 

·ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʥʝ ʫʩʧʝʚʘʝʪ ʧʦʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʠ ʜʣʷ 1 ʷʜʨʘ.  



Memory Contention (cont #2)  

Graham, S.L., Snir, M., and Patterson, C.A., 2005: Getting Up To Speed: The 

Future Of Supercomputing.  National Academies Press, 289p.  

ʉʣʘʡʜ ʧʨʝʟʝʥʪʘʮʠʠ ʜʦʢʣʘʜʘ ʀ.ɹʝʨʤʫʩʘ (ʄʝʣʴʙʫʨʥ, ɸʚʩʪʨʘʣʠʷ) 

About requirements to the compilers, some examples of optimisation 
technique and efficient usage of the modern HPC systems   



ȳɔɈɡɋ ɆɖɛɎɘɋɐɘəɖɡ ɘɖɋɇəɤɘ ɓɔɈɡɛ 
ɔɕɘɎɒɎɍɎɖɔɈɆɓɓɡɛ ɕɖɔɉɖɆɒɒ 

 X(i+2) = X(i+2)+5  
ƷɍɆɒɋɓɥɘɢ ɗɑɋɊəɤɟɎɒ ɐɔɊɔɒ?  
 K = i+2  
 X(k) = X(k)+5   

 
ƷȭɆɒɋɓɆ əɒɋɓɢɞɆɋɘ ɐɔɑɎɝɋɗɘɈɔ ɔɕɋɖɆɜɎɏ, ɓɔ ɈɈɔɊɎɘ 
ɓɔɈəɤ ɕɋɖɋɒɋɓɓəɤ  k. ȫɗɑɎ Ɋɑɥ ɣɘɔɏ ɕɋɖɋɒɋɓɓɔɏ 
ɓɋɘ ɗɈɔɇɔɊɓɔɉɔ ɖɋɉɎɗɘɖɆ, ɘɔ ɓɆɊɔ ɔɇɖɆɟɆɘɢɗɥ ɐ 
ɕɆɒɥɘɎ Ɏ ɘɋɖɥɘɢ ɇɡɗɘɖɔɊɋɏɗɘɈɎɋ.  
 

ƷȸɆɐɆɥ ɍɆɒɋɓɆ ɊɆɈɆɑɆ əɗɐɔɖɋɓɎɋ ɓɆ ɗɘɆɖɡɛ 
ɕɖɔɜɋɗɗɔɖɆɛ, ɎɗɕɔɑɢɍɔɈɆɑɆɗɢ Ɉ ɗɘɆɖɡɛ ɕɆɐɋɘɆɛ 
ɕɖɎɐɑɆɊɓɡɛ ɕɖɔɉɖɆɒɒ Ɏ ɔɊɓɔɍɓɆɝɓɔ ɊɆɈɆɑɆ 
əɗɐɔɖɋɓɎɋ. ʉʝʡʯʘʩ ʟʘʤʝʥʘ ʤʦʞʝʪ ʜʘʪʴ ʟʘʤʝʜʣʝʥʠʝ. 



ȷɐɆɑɥɖɓɔɋ ɕɖɔɎɍɈɋɊɋɓɎɋ ɈɋɐɘɔɖɔɈ.  

· x = a 1*b 1  + a 2*b 2 + é + an*b n 

 

·ȦɖɎɚɒɋɘɎɝɋɗɐɎɛ ɔɕɋɖɆɜɎɏ ɗɘɔɑɢɐɔ Ɍɋ, 
ɗɐɔɑɢɐɔ ɔɇɖɆɟɋɓɎɏ ɐ ɕɆɒɥɘɎ.  

 

·ȫɗɑɎ Ɉɖɋɒɥ ɝɘɋɓɎɥ ɊɆɓɓɡɛ Ɉ 15 ɖɆɍ 
Ɋɔɑɢɞɋ ɈɖɋɒɋɓɎ əɒɓɔɌɋɓɎɥ, ɘɔ  

·ȵɖɔɜɋɗɗɔɖ ɍɆɉɖəɌɋɓ ɓɆ 1/ 15 
ɒɔɟɓɔɗɘɎ.  



ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʪʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ? 

· x = a 1*b 1  + a 2*b 2 + é + an*b n 

 

·ɺʳʯʠʩʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1 / 15  ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʄʳ ʤʦʞʝʤ ʵʪʫ 
ʜʦʣʶ ʚ ʨʘʟʳ ʫʤʝʥʴʰʠʪʴ, ʥʦ ʦʩʪʘʥʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ  1 4/ 15   ʚʨʝʤʝʥʠ ʥʘ ʯʪʝʥʠʝ 

ʜʘʥʥʳʭ 

·ʉʥʘʯʘʣʘ ʛʦʪʦʚʠʪʴ ʜʘʥʥʳʝ (ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʦʙʨʘʱʝʥʠʷ ʢ ʧʘʤʷʪʠ (ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ!), ʘ 

ʟʘʪʝʤ ï ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʪʴ.  



ʇʨʦʩʪʘʷ ʠʝʨʘʨʭʠʷ ʧʘʤʷʪʠ 

ʩʦʟʜʘʝʪ ʥʝʧʨʦʩʪʳʝ ʧʨʦʙʣʝʤʳ 

ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʘ 

ʨʝʛʠ

ʩʪʨʳ 
ɹʳʩʪʨʘʷ 

ʧʘʤʷʪʴ 

ɹʦʣʴʰʘʷ  

 

ʧʘʤʷʪʴ 



ȵɋɖɋɒɓɔɌɋɓɎɋ ɒɆɘɖɎɜ.  

· do i = 1, n  

· do j = 1, n  

· do k = 1, n  

· X(i,j) = X(i,j)+A(i,k)*B(k,j).  

 

·ȫɗɑɎ Ɉ ɐɣɞ ɕɔɒɋɟɆɤɘɗɥ Ɉɗɋ ɘɖɎ ɒɆɘɖɎɜɡ, ɘɔ ɓɋɘ ɕɖɔɇɑɋɒ, 

ɕɖɔɜɋɗɗɔɖ Ɏɗɕɔɑɢɍəɋɘ 3*n2 ɊɆɓɓɡɛ Ɏ Ɉɡɕɔɑɓɥɋɘ n3 

əɒɓɔɌɋɓɎɏ. ȲɆɑɔ ɔɇɖɆɟɋɓɎɏ ɐ ɕɆɒɥɘɎ Ɏ ɒɓɔɉɔ ɔɕɋɖɆɜɎɏ! 

 

·ȫɗɑɎ Ɉ ɐɣɞ ɕɔɒɋɟɆɤɘɗɥ ɘɔɑɢɐɔ ɗɘɖɔɐɆ ɒɆɘɖɎɜɡ A  Ɏ 
ɗɘɔɑɇɋɜ B, ɘɔ ɕɖɔɜɋɗɗɔɖ Ɉɡɕɔɑɓɥɋɘ ɗɐɆɑɥɖɓɡɋ 
ɕɖɔɎɍɈɋɊɋɓɎɥ Ɏ ɓɋɊɔɉɖəɌɋɓ.  



ȧɑɔɝɓɡɏ ɈɎɊ ɒɆɘɖɎɜɡ 

·  



ȧɑɔɝɓɔɋ ɕɋɖɋɒɓɔɌɋɓɎɋ ɒɆɘɖɎɜ  

· f = n/m  

·do i1 = 1, f  

·do j1 = 1, f  

·do k1 = 1, f  

·    do i = 1, m  

·    do j = 1, m  

·    do k = 1, m  

·XX(i1,j1)(i,j) =  

·  XX(i1,j1)(i,j) + AA(i1,k1)(i,k) * BB(k1,j1)(k,j)  

·  

·Ȩ ɇɡɗɘɖɔɏ ɕɆɒɥɘɎ ɊɔɑɌɓɡ ɕɔɒɋɟɆɘɢɗɥ 3 
ɇɑɔɐɆ: 3*m 2  ɊɆɓɓɡɛ Ɏ m 3 ɔɕɋɖɆɜɎɏ 



ȷȱȮɅȳȮȫ ȪȱɅ ȷȴȶȸȮȶȴȨȰȮ 

  ʇʨʠ ʩʣʠʷʥʠʠ 2 ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ 
ʢʘʞʜʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʦʜʥʘ ʟʘʧʠʩʴ ʚ 

ʧʘʤʷʪʴ.ʇʨʦʮʝʩʩʦʨ ʥʝʜʦʛʨʫʞʝʥ.   



ɿʘʜʘʯʘ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ, 

ʢʦʪʦʨʳʡ ʥʝ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʵʰ.  

ȲɆɗɗɎɈ ɖɆɍɇɎɈɆɋɒ ɓɆ ɝɆɗɘɎ, ɐɆɌɊɆɥ Ɏɍ 
ɐɔɘɔɖɡɛ ɕɔɒɋɟɆɋɘɗɥ Ɉ ɇɡɗɘɖɔɏ ɕɆɒɥɘɎ Ɏ 
ɗɔɖɘɎɖəɋɒ. ȭɆɘɋɒ ɕɖɎɒɋɓɥɋɒ ɒɓɔɌɋɗɘɈɋɓɓɔɋ 
ɗɑɎɥɓɎɋ. 



ȲȳȴȬȫȷȸȨȫȳȳȴȫ ȷȱȮɅȳȮȫ 

 ʇʨʠ ʤʥʦʞʝʩʪʚʝʥʥʦʤ ʩʣʠʷʥʠʠ ʚ ʙʳʩʪʨʦʡ ʧʘʤʷʪʠ  ʤʠʥʠʤʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 
ʢʘʞʜʦʛʦ ʤʘʩʩʠʚʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʜʝʨʝʚʦ). ʏʪʝʥʠʡ/ʟʘʧʠʩʝʡ  

ʙʦʣʴʰʦʡ ʧʘʤʷʪʠ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʠ ʩʦʨʪʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʘ ʥʝ ʚ log(k), 

ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʩʠʚʦʚ, ʢʘʢ ʧʨʠ ʧʦʧʘʨʥʦʤ ʩʣʠʷʥʠʠ)  



ʇʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʩʘʤ 

ʨʘʟʙʠʚʘʪʴ ʟʘʜʘʯʫ ʥʘ ʧʦʜʟʘʜʘʯʠ 

ȵɖɎ ɕɋɖɋɛɔɊɋ ɐ ɇɑɔɝɓɔɒə ɕɋɖɋɒɓɔɌɋɓɎɤ ɒɆɘɖɎɜ 
ɒɋɓɥɋɘɗɥ ɕɔɖɥɊɔɐ ɈɡɕɔɑɓɋɓɎɥ ɗɑɔɌɋɓɎɏ ɕɖɎ 
ɈɡɝɎɗɑɋɓɎɎ ɗəɒɒɡ (ɗɐɆɑɥɖɓɔɉɔ ɕɖɔɎɍɈɋɊɋɓɎɥ). 
Ƀɘɔ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɎɍɒɋɓɋɓɎɤ ɕɔɉɖɋɞɓɔɗɘɎ 
ɔɐɖəɉɑɋɓɎɏ ɝɎɗɋɑ ɗ ɕɑɆɈɆɤɟɋɏ ɍɆɕɥɘɔɏ Ɏ ɐ 
ɕɋɖɋɕɔɑɓɋɓɎɤ.  

ʠʥʘʯʝ, ʵʪʦ ʩʜʝʣʘʝʪ ʢʦʤʧʠʣʷʪʦʨ, 

ʧʨʠʯʝʤ ʥʝʦʧʪʠʤʘʣʴʥʦ 



ʄʦʜʫʣʴ ʙʦʣʴʰʦʡ ʧʘʤʷʪʠ 

 *  
ʤʦʜʫʣʴ ʙʳʩʪʨʦʡ ʧʘʤʷʪʠ 

* 
ʤʦʜʫʣʴ ʦʯʝʥʴ ʙʳʩʪʨʦʡ ʧʘʤʷʪʠ 

ʨʝʛʠʩ

ʪʨ r

ɹʳʩʪʨʘʷ 

ʧʘʤʷʪʴ 

ɹʦʣʴʰʘʷ  

 

ʧʘʤʷʪʴ 

ʆʯʝʥʴ 

ɹʳʩʪʨʘʷ 

ʧʘʤʷʪʴ 



ȳɋɗɐɔɑɢɐɔ əɖɔɈɓɋɏ ɇɑɔɝɓɔɗɘɎ (ʧʦʜʟʘʜʘʯ) 

· do i1 = 1, f  

·do j1 = 1, f  

·do k1 = 1, f  

·    do i = 1, m  

·    do j = 1, m  

·    do k = 1, m  

·        do ii = 1, d  

·        do jj = 1, d  

·        do kk = 1, d  

·XX(i1,j1)(i,j)(ii,jj) = é  

·ȧɑɔɐɎ ɒɔɉəɘ ɇɡɘɢ ɕɖɥɒɔəɉɔɑɢɓɡɒɎ (ɓɋ 
ɐɈɆɊɖɆɘɓɡɒɎ).  



ȧɑɔɝɓɔɋ ɖɆɗɕɖɋɊɋɑɋɓɎɋ ɒɆɗɗɎɈɔɈ 
-  ɊɔɕɔɑɓɋɓɎɋ ɐ ɇɑɔɝɓɔɒə ɐɔɊə! 

·ȪɆɓɓɡɋ ɕɋɖɋɗɡɑɆɤɘɗɥ Ɉ ɐɣɞ ɕɆɒɥɘɢ ɐɣɞ-
ɑɎɓɋɏɐɆɒɎ, ɐɔɘɔɖɡɋ ɇɔɑɢɞɋ ɗɘɆɓɊɆɖɘɓɡɛ 
ɝɎɗɋɑ. 

·Ƀɑɋɒɋɓɘɡ ɇɑɔɐɔɈ ɊɔɑɌɓɡ ɇɡɘɢ Ɉ ɕɆɒɥɘɎ  
ɖɥɊɔɒ, ɝɘɔɇɡ ɗɔɈɒɋɗɘɓɔ ɕɔɕɆɗɘɢ Ɉ ɐɣɞ.  

 

·ȭɆɒɋɘɎɒ, ɝɘɔ ɐɔɒɕɎɑɥɘɔɖɡ Ɏɗɕɔɑɢɍəɤɘ 
ɗɘɆɓɊɆɖɘɡ ɕɖɎ ɖɆɍɒɋɟɋɓɎɎ ɒɆɘɖɎɜ: 
ȺȴȶȸȶȦȳ ɖɆɍɒɋɟɆɋɘ ɕɔ ɗɘɔɑɇɜɆɒ, Ɇ ȷɎ Ɏ 
ȵɆɗɐɆɑɢ ï ɕɔ ɗɘɖɔɐɆɒ 



ȧɑɔɝɓʦʝ ɖɆɍɒɋɟɋɓɎɋ ɒɆɘɖɎɜɡ 

Ɉ ɔɕɋɖɆɘɎɈɓɔɏ ɕɆɒɥɘɎ 

·  



ȷɘɆɓɊɆɖɘɡ ɗɊɋɖɌɎɈɆɤɘ 
ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ? 

·ȷəɟɋɗɘɈəɤɘ ɗɘɆɓɊɆɖɘɡ ɖɆɗɕɖɋɊɋɑɋɓɎɥ 
ɊɆɓɓɡɛ Ɉ ɔɕɋɖɆɘɎɈɓɔɏ ɕɆɒɥɘɎ Ɋɑɥ 
ɐɔɒɕɎɑɥɘɔɖɔɈ. ȳɆɕɖɎɒɋɖ, ɐɔɒɕɎɑɥɘɔɖ 
ɥɍɡɐɆ ȺȴȶȸȶȦȳ ɖɆɍɒɋɟɆɋɘ ɒɆɘɖɎɜɡ Ɉ 
ɔɕɋɖɆɘɎɈɓɔɏ ɕɆɒɥɘɎ ɕɔ ɗɘɔɑɇɜɆɒ, Ɇ ȷɎ ï 
ɕɔ ɗɘɖɔɐɆɒ. ȳɔ ɕɖɎ ɇɑɔɝɓɔɏ ɔɇɖɆɇɔɘɐɋ 
ɒɆɘɖɎɜ ɌɋɑɆɘɋɑɢɓɔ, ɝɘɔɇɡ ɣɑɋɒɋɓɘɡ 
ɐɆɌɊɔɉɔ ɇɑɔɐɆ (Ɇ ɓɋ ɗɘɖɔɐɎ ɎɑɎ ɗɘɔɑɇɜɆ) 
ɔɐɆɍɡɈɆɑɎɗɢ Ɉ ɕɆɒɥɘɎ ɖɥɊɔɒ. Ȩ ɣɘɔɒ 
ɗɑəɝɆɋ ɗɘɆɓɊɆɖɘɓɔɋ ɖɆɗɕɖɋɊɋɑɋɓɎɋ 
ɒɆɗɗɎɈɆ ɒɔɌɋɘ ɗɔɍɊɆɈɆɘɢ ɐɣɞ-ɕɖɔɒɆɛɎ 
ɕɖɎ ɔɇɖɆɟɋɓɎɎ ɐ ɓɋɒə.  



ȶɋɐɔɖɊɡ ɈɡɛɔɊɥɘ ɍɆ ɖɆɒɐɎ 
ɗɘɆɓɊɆɖɘɔɈ 

·-  ȶɋɐɔɖɊ ɇɡɗɘɖɔɊɋɏɗɘɈɎɥ ɕɋɖɋɒɓɔɌɋɓɎɥ 
ɒɆɘɖɎɜ Kazushige Goto , ɆɈɘɔɖɆ ɕɆɐɋɘɆ GotoBLAS , 
ɕɖɋɈɍɔɏɊɋɓ Ɉ ɕɆɐɋɘɋ PLASMA  ȪɌɋɐɆ ȪɔɓɉɆɖɖɡ. 
Ƀɘɔ əɊɆɑɔɗɢ ɊɔɗɘɎɝɢ ɍɆ ɗɝɋɘ ɓɋɗɘɆɓɊɆɖɘɓɡɛ 
ɇɑɔɝɓɡɛ ɖɆɍɒɋɟɋɓɎɏ ɊɆɓɓɡɛ ɕɖɎ ɗɔɇɑɤɊɋɓɎɎ 
ɕɖɎɓɜɎɕɆ ɖɆɍɇɎɋɓɎɥ ɍɆɊɆɝ ɓɆ ɕɔɊɍɆɊɆɝɎ ɔɘ 
ɇɡɗɘɖɔɏ ɕɆɒɥɘɎ ɐ ɇɔɑɢɞɔɏ.  

·ȫɟɋ ɇɔɑɋɋ ɇɡɗɘɖɆɥ ɕɖɔɉɖɆɒɒɆ Ɏɗɕɔɑɢɍəɋɘ 
ɊɈɔɏɓɔɏ ɇɑɔɝɓɡɏ ɐɔɊ Ɏ ɊɈɔɏɓɔɋ ɇɑɔɝɓɔɋ 
ɖɆɍɒɋɟɋɓɎɋ ɒɆɗɗɎɈɔɈ:   

·http://ops.opsgroup.ru/downloads/dgemm.zip .  

http://e.mail.ru/cgi-bin/link?check=1&refresh=1&cnf=ca7e9f&url=http%3A%2F%2Fops.opsgroup.ru%2Fdownloads%2Fdgemm.zip&msgid=13783648160000000911&x-email=borsteinb%40mail.ru


ȩɖɆɚɎɐ ɗɖɆɈɓɋɓɎɥ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ 
ɆɑɉɔɖɎɘɒɆ OPS Ɏ ɕɆɐɋɘɆ PLASMA  

 



ȴɕɘɎɒɆɑɢɓɡɏ ɆɑɉɔɖɎɘɒ 
ɕɋɖɋɒɓɔɌɋɓɎɥ ɒɆɘɖɎɜ 

·ȴɕɘɎɒɆɑɢɓɡɏ ɆɑɉɔɖɎɘɒ ɕɋɖɋɒɓɔɌɋɓɎɥ ɒɆɘɖɎɜ, 
ɕɔ ɖɋɐɔɒɋɓɊɆɜɎɎ ɥɕɔɓɗɐɔɉɔ ɕɖɔɉɖɆɒɒɎɗɘɆ Goto , 
ɊɔɑɌɋɓ ɚɔɖɒɎɖɔɈɆɘɢɗɥ ɔɘ ɖɋɉɎɗɘɖɔɈ.  

·ȵɖɋɊɕɔɑɔɌɎɒ, ɝɘɔ Ɉ ɕɖɔɜɋɗɗɔɖɋ 8 ɥɊɋɖ Ɏ ɐɆɌɊɔɋ 
ɔɇɖɆɇɆɘɡɈɆɋɘ Ɉɋɐɘɔɖɡ ɗ ɝɋɘɡɖɢɒɥ ɐɔɔɖɊɎɓɆɘɆɒɎ 
= 32 əɒɓɔɌɋɓɎɥ ɔɊɓɔɈɖɋɒɋɓɓɔ. ȸɔɉɊɆ Ɉ 
ɖɋɉɎɗɘɖɡ ɊɔɑɌɓɡ ɍɆɉɖəɌɆɘɢɗɥ 4 ɝɎɗɑɆ ɔɊɓɔɏ 
ɒɆɘɖɎɜɡ (A) Ɏ 8 ɝɎɗɋɑ Ɋɖəɉɔɏ ɒɆɘɖɎɜɡ (B) : 
4*8=32  

·ȮɗɛɔɊɥ Ɏɍ ɔɇɠɋɒɆ ɗɆɒɔɏ ɇɡɗɘɖɔɏ L1 ɐɣɞ-ɕɆɒɥɘɎ 
ɚɔɖɒɎɖəɤɘɗɥ ɇɑɔɐɎ ɒɆɘɖɎɜɡ A, ɎɒɋɤɟɎɋ ɕɔ 4 
ɗɘɖɔɐɎ, Ɏ ɇɑɔɐɎ ɒɆɘɖɎɜɡ B, ɎɒɋɤɟɎɋ ɕɔ 8 
ɗɘɔɑɇɜɔɈ. ȭɆɘɋɒ ɚɔɖɒɎɖəɤɘɗɥ ɇɑɔɐɎ ɊɖəɉɎɛ 
əɖɔɈɓɋɏ, ɎɗɛɔɊɥ Ɏɍ ɔɇɠɋɒɔɈ ɕɆɒɥɘɎ ɊɖəɉɎɛ 
əɖɔɈɓɋɏ.   

·ȨɎɊɎɒɔ, ɗɘɆɓɊɆɖɘɓɡɋ ɕɖɔɜɋɗɗɔɖɡ ɕɔɊɗɘɖɔɋɓɡ 
ɕɔɊ ɍɆɊɆɝɎ LinPack, ɐɔɘɔɖɡɋ ɣɐɈɎɈɆɑɋɓɘɓɡ 
ɕɋɖɋɒɓɔɌɋɓɎɤ ɒɆɘɖɎɜ.  



ʇʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʘ ʜʝʣʠʪʩʷ ʥʘ ʯʘʩʪʠ ʧʦʜ ʧʘʤʷʪʴ ʠ 

ʚʳʯʠʩʣʠʪʝʣʠ. ʂʘʢ ʨʘʟʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦ? ï ɼʣʷ 

ʨʘʟʥʳʭ ʟʘʜʘʯ ʧʦ ʨʘʟʥʦʤʫ 

 



ȵɔɊ ɐɆɐɎɋ ɍɆɊɆɝɎ ɊɋɑɎɘɗɥ ɕɑɔɟɆɊɢ 
ɐɖɎɗɘɆɑɑɆ ɒɆɗɗɔɈɡɛ ɕɖɔɜɋɗɗɔɖɔɈ?  

·  ȨɎɊɎɒɔ, ɗɘɆɓɊɆɖɘɓɡɋ ɕɖɔɜɋɗɗɔɖɡ 
ɕɔɊɗɘɖɔɋɓɡ ɕɔɊ ɍɆɊɆɝɎ LinPack, ɐɔɘɔɖɡɋ 
ɣɐɈɎɈɆɑɋɓɘɓɡ ɕɋɖɋɒɓɔɌɋɓɎɤ ɒɆɘɖɎɜ.  

·ȫɗɑɎ ə ȨɆɗ ɍɆɊɆɝɆ Ɋɖəɉɔɉɔ ɘɎɕɆ, ɝɋɒ  
ɕɋɖɋɒɓɔɌɋɓɎɋ ɒɆɘɖɎɜ ï ɘɔ ɓəɌɋɓ Ɋɖəɉɔɏ 
ɕɖɔɜɋɗɗɔɖ ɎɑɎ əɗɐɔɖɎɘɋɑɢ (GPU, ȵȱȮȷ,é). 



ȴɕɘɎɒɆɑɢɓɔɋ ɖɆɗɕɔɑɔɌɋɓɎɋ  
ɕɔɑɋɏ Ɉ ɘɆɇɑɎɜɆɛ  

·ȶɥɊɔɒ ɖɆɗɕɔɑɆɉɆɤɘɗɥ ɘɋ ɕɔɑɥ, ɐɔɘɔɖɡɋ ɝɆɗɘɔ Ɉɒɋɗɘɋ 
ɈɗɘɖɋɝɆɤɘɗɥ Ɉ ɈɡɍɔɈɆɛ ɕɖɔɉɖɆɒɒɡ   



Ȩ ɖɆɗɕɖɋɊɋɑɋɓɓɔɏ ɕɆɒɥɘɎ ɗɆɒɆɥ 
ɊɔɑɉɆɥ ɔɕɋɖɆɜɎɥ ï ɕɋɖɋɗɡɑɐɆ ɊɆɓɓɡɛ 

·ȶɆɍɒɋɟɋɓɎɥ ɗ ɕɋɖɋɐɖɡɘɎɥɒɎ ɒɎɓɎɒɎɍɎɖəɤɘ 
ɐɔɑɎɝɋɗɘɈɔ ɒɋɌɕɖɔɜɋɗɗɔɖɓɡɛ ɕɋɖɋɗɡɑɔɐ 



ȶɆɍɒɋɟɋɓɎɥ ɗ ɕɋɖɋɐɖɡɘɎɥɒɎ 
ɒɎɓɎɒɎɍɎɖəɤɘ ɐɔɑɎɝɋɗɘɈɔ 
ɒɋɌɕɖɔɜɋɗɗɔɖɓɡɛ ɕɋɖɋɗɡɑɔɐ 

·Ȫɑɥ ɎɘɋɖɆɜɎɔɓɓɔɉɔ əɒɓɔɌɋɓɎɥ ɑɋɓɘɔɝɓɔɏ 
ɒɆɘɖɎɜɡ ɓɆ Ɉɋɐɘɔɖ (ɎɘɋɖɆɜɎɏ: 10, ɖɆɍɒɋɖ 
ɈɋɐɘɔɖɆ: 65536, ɞɎɖɎɓɆ ɑɋɓɘɡ: 513) 
ɖɆɍɒɋɟɋɓɎɋ ɊɆɓɓɡɛ ɗ ɕɋɖɋɐɖɡɘɎɋɒ ɕɔɐɆɍɡɈɆɋɘ 
ɈɡɎɉɖɡɞ ɇɡɗɘɖɔɊɋɏɗɘɈɎɥ ɓɆ 22-24%.  

·Ȫɑɥ ɒɋɘɔɊɆ ɅɐɔɇɎ ɖɋɞɋɓɎɥ ɘɖɋɛɒɋɖɓɔɏ ɍɆɊɆɝɎ 
ȪɎɖɎɛɑɋ Ɋɑɥ əɖɆɈɓɋɓɎɥ ȱɆɕɑɆɗɆ (ɖɆɍɒɋɖɓɔɗɘɢ 
ɗɋɘɐɎ: 500*500*500, ɐɔɑɎɝɋɗɘɈɔ ɎɘɋɖɆɜɎɏ -  
2000) ɖɆɍɒɋɟɋɓɎɋ ɊɆɓɓɡɛ ɗ ɕɋɖɋɐɖɡɘɎɋɒ 
ɕɔɐɆɍɡɈɆɋɘ ɈɡɎɉɖɡɞ ɇɡɗɘɖɔɊɋɏɗɘɈɎɥ Ɉ ɊɈɆ 
ɖɆɍɆ.  
 



ȶɆɍɒɋɟɋɓɎɋ ɔɇɡɝɓɔɋ Ɏ ɗ ɕɋɖɋɐɖɡɘɎɋɒ 

 

    

  



LU -ɖɆɍɑɔɌɋɓɎɋ ɒɆɘɖɎɜɡ ʩ 

ʜʠʘʛʦʥʘʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ  

(ʃ. ɻʝʨʚʠʯ) 

d  ȧɑɔɝɓɡɏ ɐɔɊ ȧɑɔɝɓɡɏ ɐɔɊ + 
ɖɆɗɕɖɋɊɋɑɋɓɎɋ 
ɒɆɗɗɎɈɔɈ 

ȵɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗ
ɘɢ 

40  518  416  26%  

LƴǘŜƭϯ tŜƴǘƛǳƳϯ tǊƻŎŜǎǎƻǊ 9ролл όнa /ŀŎƘŜΣ нΦсл DIȊΣ улл aIȊ C{.ύ 
 
N = 1000 

ȷɘɆɓɊɆɖɘɓɡɏ 
ɆɑɉɔɖɎɘɒ 

ȵɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ 

1395  235%  



ȭɆɊɆɝɆ ȪɎɖɎɛɑɋ. ȮɘɋɖɆɜɎɔɓɓɡɏ 
ɇɑɔɝɓɡɏ ɕɆɖɆɑɑɋɑɢɓɡɏ ɒɋɘɔɊ 
ɅɐɔɇɎ. (ʃ. ɻʝʨʚʠʯ) 

d  ȧɑɔɝɓɡɏ ɐɔɊ ȧɑɔɝɓɡɏ ɐɔɊ + 
ɖɆɗɕɖɋɊɋɑɋɓɎɋ 
ɒɆɗɗɎɈɔɈ 

ȵɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗ
ɘɢ 

40  164  133  23%  

LƴǘŜƭϯ tŜƴǘƛǳƳϯ tǊƻŎŜǎǎƻǊ 9ролл όнa /ŀŎƘŜΣ нΦсл DIȊΣ улл aIȊ C{.ύ 
 
N = 4000 

ȷɘɆɓɊɆɖɘɓɡɏ 
ɆɑɉɔɖɎɘɒ 

ȵɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ 

379  184%  



ȮɋɖɆɖɛɎɎ ɆɖɛɎɘɋɐɘəɖɡ ï 
ɎɋɖɆɖɛɎɥ ɕɔɊɍɆɊɆɝ 

 



ȶɆɍɇɎɋɓɎɋ ɍɆɊɆɝɎ ɓɆ ɕɔɊɍɆɊɆɝɎ 

·-  ɕɔɊɍɆɊɆɝɎ ɊɔɑɌɓɡ ɚɔɖɒɎɖɔɈɆɘɢɗɥ 
ɘɆɐ, ɝɘɔɇɡ Ɉ ɇɡɗɘɖɔɏ ɕɆɒɥɘɎ ɒɆɑɔɉɔ 
ɔɇɠɋɒɆ ɕɔɒɋɟɆɑɎɗɢ ɊɆɓɓɡɋ, ɗ ɐɔɘɔɖɡɒɎ 
Ɉɡɕɔɑɓɥɋɘɗɥ ɒɓɔɉɔ ɔɕɋɖɆɜɎɏ;  

·-  ɐɆɌɊɆɥ ɕɔɊɍɆɊɆɝɆ ɊɔɑɌɓɆ ɇɡɘɢ 
ɒɆɐɗɎɒɆɑɢɓɔ ɔɕɘɎɒɎɍɎɖɔɈɆɓɆ Ɋɑɥ ɗɈɔɋɉɔ 
əɖɔɈɓɥ ɎɋɖɆɖɛɎɎ. 

·-  ɕɔɊɍɆɊɆɝ ɊɔɑɌɓɔ ɇɡɘɢ ɒɆɑɔ 

 

  



ȶɆɍɇɎɋɓɎɋ ɍɆɊɆɝɎ ɓɆ ɕɔɊɍɆɊɆɝɎ:  
ɔɘ ɖɋɉɎɗɘɖɔɈ ɐ ɇɔɑɢɞɔɏ ɕɆɒɥɘɎ  

· -ȷɆɒɡɋ ɣɚɚɋɐɘɎɈɓɡɋ ɆɑɉɔɖɎɘɒɡ ɕɋɖɋɒɓɔɌɋɓɎɥ ɒɆɘɖɎɜ 
Ɏɗɕɔɑɢɍəɤɘ ɒɋɘɔɊɎɐə register packing K. Goto , ɕɖɎ 
ɈɡɊɋɑɋɓɎɋ ɎɋɖɆɖɛɎɎ ɕɔɊɍɆɊɆɝ ɓɆɝɎɓɆɋɘɗɥ ɔɘ ɖɋɉɎɗɘɖɔɈ ɐ 
çȴɝɋɓɢ ɇɡɗɘɖɔɏ ɕɆɒɥɘɎè, ɍɆɘɋɒ ɐ çȧɡɗɘɖɔɏ ɕɆɒɥɘɎè Ɏ ɘ.Ɋ.  

·ɃɘɆ ɒɋɘɔɊɎɐɆ ɒɔɌɋɘ ɕɖɎɒɋɓɥɘɢɗɥ Ɏ ɐ ɊɖəɉɎɒ ɍɆɊɆɝɆɒ.  

·ȷəɘɢ ɒɋɘɔɊɎɐɎ Ɉ ɘɔɒ, ɝɘɔ ɕɔɊɍɆɊɆɝɆ, ɐɔɘɔɖɆɥ ɕɔɕɆɊɆɋɘ ɓɆ 
ɈɡɝɎɗɑɎɘɋɑɢɓɔɋ ɥɊɖɔ ɗ ɈɋɐɘɔɖɎɍɆɘɔɖɔɒ ɊɔɑɌɓɆ ɇɡɘɢ 
ɒɆɐɗɎɒɆɑɢɓɔ ɣɚɚɋɐɘɎɈɓɆ, ɈɡɌɎɒɆɘɢ ɒɆɐɗɎɒɆɑɢɓəɤ 
ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ.  

·ȭɆɘɋɒ ɚɔɖɒɎɖəɤɘɗɥ ɕɔɊɍɆɊɆɝɎ ɗɑɋɊəɤɟɋɉɔ əɖɔɈɓɥ 
ɎɋɖɆɖɛɎɎ 

·ȫɗɑɎ ɋɗɘɢ ɓɋɔɇɛɔɊɎɒɔɗɘɢ ɕɎɗɆɘɢ ɕɋɖɋɓɔɗɎɒəɤ ɕɖɔɉɖɆɒɒə, 
ɘɔ ɖɆɍɇɎɋɓɎɋ ɓɆ ɕɔɊɍɆɊɆɝɎ ɗɑɋɊəɋɘ ɓɆɝɎɓɆɘɢ ɗ ɘɔɉɔ əɖɔɈɓɥ 
ɎɋɖɆɖɛɎɎ, ɐɔɘɔɖɡɏ Ɋɔɗɘəɕɋɓ ɈɡɗɔɐɔəɖɔɈɓɋɈɔɒə 
ɕɖɔɉɖɆɒɒɎɖɔɈɆɓɎɤ. 



ɺɡɖɆɈɓɎɈɆɓɎɋ ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɋɏ. 

ɼʝʩʷʪʠʢʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ (Ȭ. Ȧɇə-ȻɆɑɎɑ)  

˨͙ͤ͡

͊ 

ͫͭͪͦ͟ 

ˤ͔ͪͣΎ Σ ͫ 

ˢ͎͙ͦͪͭͣ͡ 

͙̆ͪ΄͔͎͋ͪ͊ 

ό͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ

·͚ύ 

ˢ͎͙ͦͪͭͣ͡ 

˹͙͒ͣ͊ͤ͊͡-ˤͯͤ΄͊ 

ό͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ

·͚ύ 

ˢ͎͙ͦͪͭͣ͡ ͫ 

͙ͦͨͭͣΦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘

ͣ ͨ͊ͣΎ͙ͭ 

ό͔ͨ͊ͪ͊͡͡͡Έͤ·͚

) 

ˣͦ͡;ͤ·͚ 

͎͙͊ͦͪͭͣ͡ ͫ 

͙ͦͨͭͣΦ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘

͔ͣ ͨ͊ͣΎ͙ͭ  

ό͔ͨ͊ͪ͊͡͡͡Έͤ·

͚ύ 

ˣͦ͡;ͤ·͚ 

͎͙͊ͦͪͭͣ͡ 

ό͔ͨ͊ͪ͊͡͡͡Έͤ·

͚ύ 

2753 

2517 
0.39 0.17 0.29 0.16 0.12 

8376 

7488 
3.34 1.30 1.23 0.75 0.50 

16752 

14976 
12.6 4.99 3.38 2.2 1.45 

13401

6 

11980

8 

661.9 
͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ 

ͨ͊ͣΎ͙ͭ 
135.3 88.9 47.7 

26803

2 

23961

6 

2015.7 
͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ 

ͨ͊ͣΎ͙ͭ 
639 362.7 171.1 



ȼɋɓɆ ɈɔɕɖɔɗɆ 

·-  ɕɆɖɆɑɑɋɑɢɓɡɏ ɐɔɊ, ɎɗɕɔɑɢɍəɤɟɎɏ  
ɖɆɍɒɋɟɋɓɎɥ ɊɆɓɓɡɛ ɗ ɕɋɖɋɐɖɡɘɎɥɒɎ, 
Ɏɒɋɋɘ ɔɇɠɋɒ ɈɊɈɔɋ ɇɔɑɢɞɋ, ɝɋɒ 
çɔɇɡɝɓɡɏè ɕɆɖɆɑɑɋɑɢɓɡɏ ɐɔɊ;  

·-  ɔɇɠɋɒ ɐɔɊɆ ɕɖɔɉɖɆɒɒɡ ɖɋɐɔɖɊɓɔɉɔ ɕɔ 
ɇɡɗɘɖɔɊɋɏɗɘɈɎɤ ɕɋɖɋɒɓɔɌɋɓɎɤ ɒɆɘɖɎɜ Ɉ 
100 ɖɆɍ ɇɔɑɢɞɋ ɔɇɡɝɓɔɏ 
ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɏ ɕɖɔɉɖɆɒɒɡ.  

 

·ȼɋɓɆ ɊɔɗɘɎɌɋɓɎɥ ɇɡɗɘɖɔɊɋɏɗɘɈɎɥ: 
ɇɔɑɢɞɎɋ ɍɆɘɖɆɘɡ ɈɖɋɒɋɓɎ, ɈɡɗɔɐɆɥ 
ɐɈɆɑɎɚɎɐɆɜɎɥ ɖɆɍɖɆɇɔɘɝɎɐɔɈ. 



ȳɋɐɔɘɔɖɡɋ ɝɋɖɘɡ ɣɚɚɋɐɘɎɈɓɔɉɔ 
ȵȴ 

·ȷɔɔɘɈɋɘɗɘɈɎɋ ɔɕɎɗɆɓɎɥ ɎɋɖɆɖɛɎɎ 
ɕɔɊɍɆɊɆɝ ɎɋɖɆɖɛɎɎ ɆɖɛɎɘɋɐɘəɖɡ ɌɋɑɋɍɆ  

 

·ȷɘɖəɐɘəɖɡ Ɏ ɖɆɗɕɖɋɊɋɑɋɓɎɋ ɊɆɓɓɡɛ 
ɔɖɎɋɓɘɎɖɔɈɆɓɡ ɓɆ ɒɎɓɎɒɎɍɆɜɎɤ 
ɔɇɖɆɟɋɓɎɏ ɕɖɔɉɖɆɒɒɡ ɐ ɕɆɒɥɘɎ 

 

·ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɓɔɈɡɛ ɎɓɗɘɖəɒɋɓɘɔɈ 
ɆɈɘɔɒɆɘɎɍɆɜɎɎ ɖɆɍɖɆɇɔɘɐɎ ɇɡɗɘɖɡɛ 
ɕɖɔɉɖɆɒɒ.  



Ƚɋɖɘɡ ɕɋɖɗɕɋɐɘɎɈɓɡɛ ɎɓɗɘɖəɒɋɓɘɔɈ 
ɆɈɘɔɒɆɘɎɝɋɗɐɔɏ ɔɕɘɎɒɎɍɆɜɎɎ 

ɕɖɔɉɖɆɒɒ 

·ȪɎɆɑɔɉɔɈɡɏ ɖɋɌɎɒ ɐɔɒɕɎɑɥɜɎɎ Ɋɑɥ 
ɔɕɖɋɊɋɑɋɓɎɥ ɎɓɚɔɖɒɆɜɎɔɓɓɡɛ 
ɍɆɈɎɗɎɒɔɗɘɋɏ.  

·ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɖɋɞɋɘɝɆɘɡɛ ɉɖɆɚɔɈ Ɋɑɥ 
ɔɊɓɔɈɖɋɒɋɓɓɔɉɔ ɕɋɖɋɛɔɊɆ ɐ ɇɑɔɝɓɔɒə 
ɐɔɊə Ɏ ɖɆɗɕɆɖɆɑɑɋɑɎɈɆɓɎɤ.  

 

·ȩɖəɕɕɆ ȴȶȷ ɖɆɇɔɘɆɋɘ ɓɆɊ ɣɘɎɒ! 



ʆʧʪʠʤʠʟʠʨʫʶʱʘʷ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʱʘʷ ʩʠʩʪʝʤʘ 



ɺʝʙ-ʘʚʪʦʨʘʩʧʘʨʘʣʣʝʣʠʚʘʪʝʣʴ. ʄʝʥʶ 



ɺʝʙ-ʘʚʪʦʨʘʩʧʘʨʘʣʣʝʣʠʚʘʪʝʣʴ.  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ 



ʈɋɞɋɘɝɆɘɡɏ ɉɖɆɚ ɕɔɗɘɖɔɋɓ ɗ ɕɔɒɔɟɢɤ ȴȶȷ.  

DO 99 i = 1, N  

DO 99 j = 1, M                                                                                  
99  X(i+j) = A(i,j)*X(i+j - 1)+B(i,j)   

 

 

 

 

 

 

 

 

 

 

 

 

·ȵɖɎ ɖɆɍɇɎɋɓɎɎ ɕɖɔɉɖɆɒɒɡ ɓɆ ɊɈɆ ɕɔɘɔɐɆ ɇɆɖɢɋɖɡ ɓəɌɓɡ 
ɓɆ ɐɆɌɊɔɏ ɎɘɋɖɆɜɎɎ ɜɎɐɑɆ ɗɔ ɗɝɋɘɝɎɐɔɒ j. 



ȮɗɘɔɖɎɥ ɖɋɞɋɘɝɆɘɡɛ ɉɖɆɚɔɈ 
·ʈʝʰʝʪʯʘʪʳʝ ʛʨʘʬʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦ, ʜʣʷ 
ʠʣʣʶʩʪʨʘʮʠʠ ʠʜʝʡ ʚ ʤʝʪʦʜʝ ʛʠʧʝʨʧʣʦʩʢʦʩʪʝʡ ʃ. ʃʘʤʧʦʨʪʘ, ʚ 
ʤʝʪʦʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ɺ. ɺʘʣʴʢʦʚʩʢʦʛʦ ʠ ʤʥʦʛʠʭ ʫ ʜʨʫʛʠʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

·ʊʨʘʜʠʮʠʦʥʥʳʝ ʬʦʨʤʳ ʭʨʘʥʝʥʠʷ ʛʨʘʬʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 
ʩʤʝʞʥʦʩʪʝʡ ʠʣʠ ʚ ʚʠʜʝ ʩʧʠʩʢʘ ʜʫʛ ʥʝ ʵʬʬʝʢʪʠʚʥʳ: ʧʨʦʯʪʝʥʠʝ 
ʪʘʢʦʛʦ ʛʨʘʬʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʦ ʢʦʪʦʨʦʡ ʵʪʦʪ ʛʨʘʬ 
ʧʦʩʪʨʦʝʥ.  

·ɺ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʙʳʣ ʩʜʝʣʘʥ ʧʨʦʨʳʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ɺ.ɺ. 
ɺʦʝʚʦʜʠʥ ʠ P. Feautrier ʥʘʫʯʠʣʠʩʴ ʭʨʘʥʠʪʴ ʵʪʦʪ ʛʨʘʬ ʚ ʚʠʜʝ 
ʬʫʥʢʮʠʡ, ʠ ʨʘʟʨʘʙʦʪʘʣʠ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ. ʋ  
P. Feautrier ʬʫʥʢʮʠʷ ʩʪʨʦʠʪʩʷ ʜʣʷ ʧʨʦʛʨʘʤʤ ʠʟ ʣʠʥʝʡʥʦʛʦ ʢʣʘʩʩʘ 
ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʳʝ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʥʳʝ ʦʧʝʨʘʪʦʨʳ. ʋ ɺ.ɺ. ɺʦʝʚʦʜʠʥʘ ʬʫʥʢʮʠʷ 
ʷʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʠ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ 
ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʦʛʨʘʤʤ ʣʠʥʝʡʥʦʛʦ ʢʣʘʩʩʘ.  



ȨɎɍəɆɑɎɍɆɜɎɥ ɣɑɋɒɋɓɘɆɖɓɔɉɔ ɖɋɞɋɘɝɆɘɔɉɔ ɉɖɆɚɆ Ɋɑɥ 
ɈɡɊɋɑɋɓɓɔɏ ɕɆɖɡ ɈɛɔɌɊɋɓɎɏ ɕɋɖɋɒɋɓɓɔɏ Ɉ ȴȶȷ. Ȩ 
ɗɕɋɜɎɆɑɢɓɔɒ ɔɐɓɋ ɕɖɋɊɗɘɆɈɑɋɓɡ ɚəɓɐɜɎɎ, ɔɕɎɗɡɈɆɤɟɎɋ 
ɖɋɞɋɘɝɆɘɡɏ ɉɖɆɚ.  

 



3D -ɈɎɍəɆɑɎɍɆɜɎɥ ɖɋɞɋɘɝɆɘɔɉɔ ɉɖɆɚɆ Ɉ ȴȶȷ. 

 



ȵɖɎɒɋɖ ɕɔɗɘɖɔɋɓɎɥ ɚəɓɐɜɎɏ 
ɚɆɐɘɔɖ ɉɖɆɚɆ Ɉ ȴȶȷ 



ȴɕɘɎɒɎɍɆɜɎɥ:  
ɕɆɒɥɘɢ Ɏ ɕɆɖɆɑɑɋɑɢɓɔɗɘɢ 

·ȵɔɐɆ ɕɖɎɊɋɘ ɓɔɈɔɋ ɕɔɐɔɑɋɓɎɋ 
ɎɓɗɘɖəɒɋɓɘɔɈ-ɐɔɒɕɎɑɥɘɔɖɔɈ, ɔɇ 
ɔɕɘɎɒɎɍɆɜɎɎ ɗɑɋɊəɋɘ ɇɋɗɕɔɐɔɎɘɢɗɥ 
ɗɆɒɔɒə.  



ʉʦ-ʦʩʥʦʚʘʪʝʣʶ ʗʥʜʝʢʩʘ  

ʀʣʴʝ ʉʝʛʘʣʦʚʠʯʫ ʧʦʩʚʷʱʘʝʪʩʷ 

·ȫɒə ɇɡɑɔ ɘɔɑɢɐɔ 48 Ɏ ɓɋɗɘɆɑɔ ɣɘɎɒ ɑɋɘɔɒ.  

 

·ȹɗɕɋɞɓɡɏ ɕɖɔɉɖɆɒɒɎɗɘ ɑɤɇɥɟɎɏ Ɋɋɘɋɏ 
Ɉɋɗɋɑɡɏ ɝɋɑɔɈɋɐ 


