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Следовательно, применение технологии упреждающей коррекции ошибок позволяет 

существенно снизить коэффициент ошибок BER и таким образом увеличить бюджет 

мощности сетевой линии. 

Будущие исследования связаны с подбором оптимальных параметров составляющих 

сверточных кодеров и декодеров многопорогового декодирования, исследованием влияния 

устройств перемежения и прокалывания на эффективность декодирования [11 – 13]. 
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ȿɫɟɩɬɟɭ ɬɟɯɧɢɤɚɫɵ ɤɚɮɟɞɪɚɫɵɧɵԙ 1 ɤɭɪɫ ɦɚɝɢɫɬɪɚɧɬɵ ɇԝɪ-ɋԝɥɬɚɧ, Ԕɚɡɚԕɫɬɚɧ 

Ԑɵɥɵɦɢ ɠɟɬɟɤɲіɫі – Ɍ. Ɇɢɪԑɚɥɢԕɵɡɵ 

 

ɉɚɪɚɥɥɟɥɶɞі ɛɚԑɞɚɪɥɚɦɚɥɚɭ ɬɟɪɦɢɧі ɛіɪɧɟɲɟ ɩɪɨɰɟɫɫɨɪɥɵԕ ԕԝɪɵɥԑɵɥɚɪɞɚɧ ɬԝɪɚɬɵɧ 
ɤɨɦɩɶɸɬɟɪɥіɤ ɠԛɣɟɥɟɪɞɟ ɟɫɟɩɬɟɭɥɟɪɞі ԝɣɵɦɞɚɫɬɵɪɭԑɚ ɛɚɣɥɚɧɵɫɬɵ ɤɟԙ ɚɭԕɵɦɞɵ ɛіɥɞіɪɟɞі. 
Ɇԝɧɞɚɣ ɠԛɣɟɥɟɪɝɟ ɤԧɩ ɹɞɪɨɥɵԕ ɩɪɨɰɟɫɫɨɪɥɚɪ, ɨɪɬɚԕ ɠɚɞɵ ɛɚɪ ɤԧɩ ɩɪɨɰɟɫɫɨɪɥɵԕ 
ɦɚɲɢɧɚɥɚɪ, ɛԧɥіɧɝɟɧ ɠɚɞɵ ɧɟɦɟɫɟ ɝɢɛɪɢɞɬіɤ ɚɪɯɢɬɟɤɬɭɪɚɫɵ ɛɚɪ ɠɨԑɚɪɵ ɬɢіɦɞі ɟɫɟɩɬɟɭіɲ 
ɤɥɚɫɬɟɪɥɟɪ ɠɚɬɚɞɵ. 

ɋɨԙԑɵ ɤɟɡɞɟɪі ɩɚɪɚɥɥɟɥɶ ɟɫɟɩɬɟɭɥɟɪɝɟ ɤԧɩ ɤԧԙіɥ ɛԧɥіɧɭɞɟ. Ȼԝɥ ɧɟɝіɡіɧɟɧ ɟɤі ɮɚɤɬɨɪԑɚ 
ɛɚɣɥɚɧɵɫɬɵ. Ȼіɪіɧɲі ɮɚɤɬɨɪ ԑɵɥɵɦɢ ɠԥɧɟ ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɩɪɨɝɪɟɫɬіԙ ɚɪԕɚɫɵɧɞɚ ɩɚɣɞɚ 
ɛɨɥɞɵ, ɧԥɬɢɠɟɫіɧɞɟ ɦɚɬɟɦɚɬɢɤɚɥɵԕ ɦɨɞɟɥɶɞɟɭ ԥɞіɫɬɟɪіɧ ԕɨɥɞɚɧɭɞɵ ɬɚɥɚɩ ɟɬɟɬіɧ ɛіɥіɦɧіԙ 
ɠɚԙɚ ɛɚԑɵɬɬɚɪɵ ɩɚɣɞɚ ɛɨɥɞɵ. Ɇɨɞɟɥɶɞɟɪі ɞɟ ɤԛɪɞɟɥɟɧɟ ɬԛɫɟɞі. ɇԥɬɢɠɟɫіɧɞɟ, ɪɟɫɭɪɫɬɚɪɞɵ 
ԕɚɪԕɵɧɞɵ ɟɫɟɩɬɟɭɥɟɪɝɟ ɞɟɝɟɧ ԕɚɠɟɬɬіɥіɤ ɬԝɪɚԕɬɵ ɬԛɪɞɟ ԧɫіɩ ɤɟɥɟɞі, ɤɟɣɛіɪ ɠɚԑɞɚɣɥɚɪɞɚ 
ɩɚɪɚɥɥɟɥɶɞі ɧɟɦɟɫɟ ɛԧɥіɧɝɟɧ ɟɫɟɩɬɟɭ ԥɞіɫɬɟɪіɧ ԕɨɥɞɚɧɚ ɨɬɵɪɵɩ, ɠɨԑɚɪɵ ԧɧіɦɞі ɠɚɛɞɵԕ 
ɧɟɝіɡіɧɞɟ ԑɚɧɚ ɨɪɵɧɞɚɥɚ ɚɥɚɞɵ. 

Ȼԛɝіɧɝі ɤԛɧɞɟ ɩɚɪɚɥɥɟɥɶɞі ɛɚԑɞɚɪɥɚɦɚɥɚɭɞɵԙ ԕɨɥɞɚɧɵɫԕɚ ɢɟ ɛɨɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹɥɚɪɵ 
ɨɥ MPI ɠԥɧɟ OpenMP ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

MPI ɬɟɯɧɨɥɨɝɢɹɫɵ ɬɢіɦɞі ɠԛɡɟɝɟ ɚɫɵɪɭԑɚ ɛɨɥɚɬɵɧ ɩɪɨɰɟɫɫɨɪɥɚɪ ɚɪɚɫɵɧɞɚ ɛɚɣɥɚɧɵɫ 
ɚɩɩɚɪɚɬɭɪɚɫɵɧɚ ԛɥɤɟɧ ɬɚɥɚɩ ԕɨɣɦɚɫɚ ɞɚ, OpenMP ɬɟɯɧɨɥɨɝɢɹɫɵɧɚ ԕɚɪɚԑɚɧɞɚ ԕɨɥɞɚɧɵɥɭ 
ɠɚԑɵɧɚɧ ԕɢɵɧɵɪɚԕ, ɫɨɧɞɵԕɬɚɧ ɛɚԑɞɚɪɥɚɦɚɭɲɵԑɚ ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩ ɠɨԑɚɪɵ ɛɨɥɚɞɵ. 

Ɉɫɵɧɵԙ ɧɟɝіɡіɧɞɟ OpenMP (SMP-ɫɟɪɜɟɪɥɟɪ) ɬɢіɦɞі ɬԛɪɞɟ іɫɤɟ ɚɫɭɵ ɦԛɦɤіɧ ɛɨɥɚɬɵɧ 
ɚɩɩɚɪɚɬɭɪɚ ԧɬɟ ԕɵɦɛɚɬ ɠԥɧɟ ɠɚԕɫɵ ɟɦɟɫ. MPI (ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɟɫɟɩɬɟɭ ɤɥɚɫɬɟɪɥɟɪіɧіԙ 
ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɠɟɥіɥɟɪіɧ) ɟɧɝіɡɭ ԛɲіɧ ɠɚɪɚɦɞɵ ɚɩɩɚɪɚɬɭɪɚ ԥɥɞɟԕɚɣɞɚ ɚɪɡɚɧ ɠԥɧɟ 
ɲɟɤɬɟɥɦɟɣɞі, ɚɥɚɣɞɚ ԥɥɞɟԕɚɣɞɚ ɬԧɦɟɧ ɬɢіɦɞіɥіɤɤɟ ɢɟ. 

ɋɨԙԑɵ ɠɵɥɞɚɪɵ ɟɫɟɩɬɟɭіɲ ɤɥɚɫɬɟɪɥɟɪɞіԙ ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɠɟɥіɥɟɪі ԕɚɪԕɵɧɞɵ 
ɞɚɦɵɩ, ɫɚɥɵɫɬɵɪɦɚɥɵ ɬԛɪɞɟ ɚɪɡɚɧ ɠԥɧɟ ɤɟԙ ɚɭԕɵɦɞɵ ɛɨɥɵɩ ɤɟɥɟɞі. SMP ɫɟɪɜɟɪɥɟɪі ɦɟɧ 
ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɠɟɥіɥɟɪ ɚɪɚɫɵɧɞɚԑɵ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭɞіԙ ɬɢіɦɞіɥіɝі ɦɟɧ ɫɚɩɚɫɵ 
ɚɪɚɫɵɧɞɚԑɵ ɚɣɵɪɦɚɲɵɥɵԕ ԥɥі ɞɟ ԛɥɤɟɧ, ɞɟɝɟɧɦɟɧ, ɨɥ ɛіɪɧɟɲɟ ɠɵɥ ɛԝɪɵɧ 
ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɠɟɥіɥɟɪɞі ɠɟɬіɥɞіɪɭɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ԥɥɞɟԕɚɣɞɚ ɚɡ ɛɨɥɞɵ. Ԕɚɡіɪɝі 
ɦɚɦɚɧɞɚɧɞɵɪɵɥԑɚɧ ɠɟɥіɥɟɪ ɬіɩɬі 5-10 ɠɵɥ ɛԝɪɵɧ ɛɨɥɦɚԑɚɧ ɤԧɩ ɧԥɪɫɟɧі ɛіɥɟɞі [1]. 

Ɉɫɵԑɚɧ ɨɪɚɣ, ɚɪɚɥɵԕ ɛɚԑɞɚɪɥɚɦɚɥɚɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɬɭɪɚɥɵ ɦԥɫɟɥɟ ɨɪɵɧɞɵ ɛɨɥɵɩ 
ɤԧɪіɧɟɞі, ɛԝɥ ɚɩɩɚɪɚɬɭɪɚɧɵԙ ɟɤі ɤɥɚɫɫɵ ɚɪɚɫɵɧɞɚԑɵ ɚɥɲɚԕɬɵԕɬɵ ɬɨɥɵԕɬɚɣ ɠɚɛɭ ɫԥɬіɧ 
ɤԛɬɩɟɫɬɟɧ, ɛɚԑɞɚɪɥɚɦɚɲɵԑɚ ɨɫɵ ɠɟɬіɥɞіɪɭɥɟɪɞі ɫɟɡіɧɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі.  

Ȼԝɥ ɬɟɯɧɨɥɨɝɢɹ 10 ɠɵɥ ɛԝɪɵɧ Cray ɚɪԕɵɥɵ ɞɚɦɵɞɵ, ɚɥ ɛɚɫɬɚɩԕɵ ɭɚԕɵɬɬɚ ɛɚɫԕɚ 
ɮɢɪɦɚɥɚɪɞɚԑɵ ɤɨɦɩɶɸɬɟɪɥɟɪɞɟ ɟɲԕɚɲɚɧ ɩɚɣɞɚɥɚɧɵɥɦɚԑɚɧ. Ʉԧɩɬɟɝɟɧ ɠɵɥɞɚɪ ɛɨɣɵ 
ɩɪɚɤɬɢɤɚɥɵԕ ɬɟɫɬіɥɟɭɞɟɧ ɫԥɬɬі ԧɬɤɟɧ ɤɥɚɫɬɟɪɥіɤ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɥɟɪɝɟ ɚɪɚɥɵԕ ɩɚɪɚɥɥɟɥɶɞі 
ɛɚԑɞɚɪɥɚɦɚɥɚɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧɞɚԑɵ Cray ɨԕɢԑɚɥɚɪɵ ɤɟԙɟɸɞɟ. 

Ɍɟɯɧɨɥɨɝɢɹ shmem (ɨɪɬɚԕ ɠɚɞ) ɞɟɩ ɚɬɚɥɚɞɵ ɠԥɧɟ MPI ɫɢɹԕɬɵ, ɮɭɧɤɰɢɹɥɚɪɞɵԙ 
ɤіɬɚɩɯɚɧɚɫɵ (ɤіɲі ɛɚԑɞɚɪɥɚɦɚɥɚɪ) ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ȼԝɥ ɬɟɯɧɨɥɨɝɢɹ MPI-ɞɟɧ ɫɬɚɬɢɤɚɥɵԕ (ɛɚԑɞɚɪɥɚɦɚɧɵ іɫɤɟ ԕɨɫɭ ɤɟɡіɧɞɟ) ɩɪɨɰɟɫɬіԙ 
ɬɭɵɧɞɚɭɵɧ, ɫɨɧɞɚɣ-ɚԕ ɨɫɵ ɩɪɨɰɟɫɫ ԛɲіɧ «ԧɡіɧіԙ» ɠԥɧɟ «ɛԧɬɟɧ» ɠɚɞɵ ɚɪɚɫɵɧɞɚԑɵ ɚɣԕɵɧ 
ɚɣɵɪɦɚɲɵɥɵԕɬɵ ɦԝɪɚ ɟɬɬі. 

OpenMP-ɬɟɧ - ɩɪɨɰɟɫɬі ɫɢɧɯɪɨɧɞɚɭɞɵԙ ɧɟɝіɡɝі ɪɟɠɢɦі ɪɟɬіɧɞɟ ɤɟɞɟɪɝі ɫɢɧɯɪɨɧɞɚɭɞɵ 
ɠԥɧɟ ɛɚɪɥɵԕ ɩɪɨɰɟɫɬɟɪɝɟ ԕɨɥɠɟɬіɦɞі ɛɨɥɚɬɵɧ ԕɚɧɞɚɣ ɞɚ ɛіɪ ɛԧɥіɧɟɬіɧ ɠɚɞɵ ɤɟԙіɫɬіɝіɧ ɚɥɞɵ.   

Shmem - ɩɚɪɚɥɥɟɥɶɞі ɛɚԑɞɚɪɥɚɦɚɥɚɭ ɤіɬɚɩɯɚɧɚɥɚɪɵɧɵԙ ɠɢɵɧɵ, ɨɥɚɪ ɤɟɞɟɪɝіɥɟɪі ɚɡ, 
ɛԧɥіɧɝɟɧ ɠɚɞɵɫɵ ɛɚɪ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɥɟɪ ԛɲіɧ RDMA ɩɚɪɚɥɥɟɥɶɞі ԧԙɞɟɭɞіԙ ɛіɪ ɠɚԕɬɵ 
ɢɧɬɟɪɮɟɣɫɬɟɪіɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. 

Shmem-ɞɟɝі ɠɚɞ ɤɟԙіɫɬіɝі ɬԧɦɟɧɞɟɝіɞɟɣ ɨɪɧɚɥɚɫɚɞɵ. 
ȿɝɟɪ ɛɚԑɞɚɪɥɚɦɚɞɚ A ɦɚɫɫɢɜі ɠɚɪɢɹɥɚɧɫɚ, ɨɧɞɚ ԥɪɛіɪ ɩɪɨɰɟɫɬіԙ ԧɡ ɦɚɫɫɢɜі ɛɨɥɚɞɵ 

(MPI ɫɢɹԕɬɵ). Ⱦɟɝɟɧɦɟɧ, ԥɪɛіɪ ɩɪɨɰɟɫɫ «ԕɨɸ» (put ()) ɧɟɦɟɫɟ «ԕɚɛɵɥɞɚɭ» (get ()) 
ɮɭɧɤɰɢɹɥɚɪɵ ɤԧɦɟɝіɦɟɧ ɤɟɡ ɤɟɥɝɟɧ ɛɚɫԕɚ ɩɪɨɰɟɫɬіԙ A ɦɚɫɫɢɜіɧɟ ɬіɤɟɥɟɣ ԕɨɥ ɠɟɬɤіɡɟ ɚɥɚɞɵ. 
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MPI-ɞɟɧ ɚɣɵɪɦɚɲɵɥɵԑɵ, ɞɟɪɟɤɬɟɪɞіԙ «ɦɟɧɲіɤ ɢɟɫіɧɟɧ» «ɠɚɭɚɩ ɛɟɪɭɲіɥіɤ» ɬɭɪɚɥɵ «ɛԧɬɟɧ» 
ɞɟɪɟɤɬɟɪɝɟ ԕɨɥ ɠɟɬɤіɡɭ ɬɚɥɚɩ ɟɬіɥɦɟɣɞі [2]. 

Shmem-ɞɟ MPI-ɦɟɧ (ɠԥɧɟ OpenMP ɫɢɹԕɬɵ) ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɛɚԑɞɚɪɥɚɦɚɦɟɧ ɬɚɥɚɩ 
ɟɬіɥɟɬіɧ ɫɢɧɯɪɨɧɞɚɭ ɞɟɪɟɤɬɟɪ ɚɥɦɚɫɭɵɧɚɧ ɛԧɥɟɤ ԝɣɵɦɞɚɫɬɵɪɵɥɭɵ ɤɟɪɟɤ. Ɉɥ ԛɲіɧ ɤɟɞɟɪɝіɥɟɪ 
ԕɨɥɞɚɧɵɥɚɞɵ. MPI-ɞɟ ɤɟɞɟɪɝі ɫɢɧɯɪɨɧɢɡɚɰɢɹɫɵ ԕɚɪɚɫɬɵɪɵɥɚɞɵ, ɚɥɚɣɞɚ ɨɥ ԕɨɫɵɦɲɚ ɫɢɩɚɬԕɚ 
ɢɟ, ɛɚɪɥɵԕ ɛɚԑɞɚɪɥɚɦɚɥɚɪɞɚ ɩɚɣɞɚɥɚɧɵɥɦɚɣɞɵ. Shmem –ɞɟ OpenMP ɫɢɹԕɬɵ, ɛԝɥ ɫɢɧɯɪɨɧɞɚɭ 
ԥɞіɫі ɧɟɝіɡɝі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Shmem-ɧіԙ ɦɚԙɵɡɞɵ ɟɪɟɤɲɟɥіɝі - ԕɵɫԕɚ ɯɚɛɚɪɥɚɦɚɥɚɪɞɵ ɚɥɦɚɫɭɞɵԙ ɠɨԑɚɪɵ ɬɢіɦɞіɥіɝі 
(ԥɫіɪɟɫɟ ɠɚɡɭ ɤɟɡіɧɞɟ). Ԕɨɫɵɦɲɚɥɚɪɞɵԙ ɤɟɣɛіɪ ɬԛɪɥɟɪіɧɞɟ, ɦɵɫɚɥɵ, ԕԝɪɵɥɵɦɞɚɥɦɚԑɚɧ 
ɬɨɪɥɚɪ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɭɥɟɪɞɟ, ɩɪɨɰɟɫɬɟɪ ɞɟɪɟɤɬɟɪɦɟɧ ɚɥɦɚɫɚɞɵ, ɨɥ ɞɟɪɟɤɬɟɪ ɠɚɞɵɞɚ іɪі 
ɛԧɥіɤɬɟɪɦɟɧ ɟɦɟɫ, ɤԛɪɞɟɥі ɠɨɥɦɟɧ ɠɚɞԕɚ ɛԧɥіɧɝɟɧ ɤԧɩɬɟɝɟɧ ɲɚԑɵɧ ɛԧɥіɤɬɟɪɞɟ ɨɪɧɚɥɚɫɚɞɵ. 
Ɇԝɧɞɚɣ ɠɚԑɞɚɣɥɚɪɞɚ MPI-ɞі ɩɚɣɞɚɥɚɧɭ ɤɟɡіɧɞɟ, ɬɢіɦɞіɥіɤ ԛɲіɧ ɠіɛɟɪɭ ɛɚɪɵɫɵɧɞɚ ɞɟɪɟɤɬɟɪɞі 
іɪі ɩɚɤɟɬɬɟɪɝɟ ɨɪɚɭԑɚ, ɚɥ ԕɚɛɵɥɞɚɭ ɤɟɡіɧɞɟ ɚɲɭԑɚ ɬɭɪɚ ɤɟɥɟɞі. Ⱥɥ Shmem-ɞі ɩɚɣɞɚɥɚɧԑɚɧ ɤɟɡɞɟ 
ɦԝɧɞɚɣ ԕɚɠɟɬɬіɥіɤ ɛɨɥɦɚɣɞɵ: ɞɟɪɟɤɬɟɪɞіԙ ɤіɲɤɟɧɟ ɛԧɥіɤɬɟɪіɧ (ɠɟɤɟ ɧԧɦіɪɥɟɪɝɟ ɞɟɣіɧ) ɛԧɥɟɤ 
«put ()» ɨɩɟɪɚɰɢɹɥɚɪɵ ɚɪԕɵɥɵ ɛіɪɞɟɧ ԕɚɠɟɬɬі ɨɪɵɧԑɚ ɠіɛɟɪɭɝɟ ɛɨɥɚɞɵ. Ɉɫɵɞɚɧ ɬɢіɦɞіɥіɤ іɫ 
ɠԛɡіɧɞɟ ɡɚɪɞɚɩ ɲɟɤɩɟɣɞі, ɚɥ ɛɚԑɞɚɪɥɚɦɚ, ԥɞɟɬɬɟ, ɚɣɬɚɪɥɵԕɬɚɣ ɨԙɚɣɥɚɬɵɥɚɞɵ [3]. 

Shmem ɤіɬɚɩɯɚɧɚɫɵɧ ԛɲ ɬԥɫіɥɦɟɧ ɩɚɣɞɚɥɚɧɭԑɚ ɛɨɥɚɞɵ: 
1. ɀɟɤɟ ɛɚɣɥɚɧɵɫ ɤіɬɚɩɯɚɧɚɫɵ ɪɟɬіɧɞɟ. Ɇȼɋ-ɷɤɫɩɪɟɫɫ, ɫɭɩɟɪɤɨɦɩɶɸɬɟɪіɧɞɟ, ɦɵɫɚɥɵ, 

ɛԛɝіɧɝі ɤԛɧі shmem-express ɤіɬɚɩɯɚɧɚɫɵ – ɛɚɣɥɚɧɵɫɬɵԙ ɠɚɥԑɵɡ ɧɟɝіɡɝі ԕԝɪɚɥɵ. Ɉɫɵ ɦɚɲɢɧɚԑɚ 
ɚɪɧɚɥԑɚɧ MPI іɫɤɟ ɚɫɵɪɭ ԥɡіɪɲɟ ɠɨԕ, ɠԥɧɟ ɠԛɡɟɝɟ ɚɫԕɚɧ ɠɚԑɞɚɣɞɚ ɨɥ shmem ɛɨɣɵɧɲɚ 
ԕԝɪɵɥɚɞɵ. 

2. MPI-ɦɟɧ ɛіɪɥɟɫɟɞі. Ȼԝɥ ԥɞіɫ ɤɟɡіɧɞɟ Cray ɠԥɧɟ SGI ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɥɟɪіɧіԙ 
ɩɚɣɞɚɥɚɧɭɲɵɥɚɪɵɧɚ ԝɫɵɧɵɥɞɵ. Ȼɚԑɞɚɪɥɚɦɚ MPI ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ ɠɚɡɵɥԑɚɧ, ɛіɪɚԕ MPI-ɞɟ 
ɧɚɲɚɪ ɠɚɡɵɥԑɚɧ ɛԧɥіɤɬɟɪі, ɦɵɫɚɥɵ, ԕԝɪɵɥɵɦɞɵԕ ɟɦɟɫ ɬɨɪɥɚɪɦɟɧ ɠԝɦɵɫ іɫɬɟɭ, shmem-ɝɟ 
ɠԛɝіɧɟɞі. MPI-ɝɟ «ɟɧɝіɡіɥɝɟɧ» shmem-ɧіԙ ɠɢɵɧɵɧ іɫɤɟ ɚɫɵɪɭ ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɂɉɆ ɊȺɇ 
ɤɥɚɫɬɟɪɥɟɪіɧɞɟ ԕɨɥ ɠɟɬіɦɞі. 

3. OpenMP-ɦɟɧ ɛіɪɥɟɫɟɞі. Ȼԛɝіɧɞɟ ɞɟɪɥіɤ ɛɚɪɥɵԕ ɟɫɟɩɬɟɭ ɤɥɚɫɬɟɪɥɟɪіɧіԙ ɛɚɪɥɵԑɵ 
ɞɟɪɥіɤ ɤԧɩɹɞɪɨɥɵԕ ɬԛɣіɧɞɟɪ ɧɟɝіɡіɧɞɟ ԕԝɪɵɥɚɞɵ ɠԥɧɟ ɨɥɚɪɞɵԙ ԥɪԕɚɣɫɵɫɵ SMP ɫɟɪɜɟɪі 
ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ⱥɥ ɤɥɚɫɬɟɪ ɬɨɪɚɛɵɧɞɚԑɵ ɩɪɨɰɟɫɫɨɪɥɵԕ ɹɞɪɨɥɚɪɞɵԙ ɫɚɧɵ ɚɡ (2-4) 

ɛɨɥԑɚɧɞɵԕɬɚɧ, ɛɚԑɞɚɪɥɚɦɚɲɵɥɚɪ, ԥɞɟɬɬɟ, ɬɨɪɚɩ ɲɟɝіɧɞɟɝі ɛɚɪɥɵԕ ɹɞɪɨɥɚɪԑɚ ɨɪɬɚԕ ɠɚɞɬɵ 
ɟɥɟɦɟɞі, ԥɪ ɬԛɪɥі ɹɞɪɨɥɚɪɞɚԑɵ ɩɪɨɰɟɫɬɟɪɞіԙ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭіɧ, ԥɪ ɹɞɪɨ ԧɡɝɟ ɹɞɪɨɦɟɧ ɬɟɤ ɬɨɪ 
ɚɪԕɵɥɵ ɛɚɣɥɚɧɵɫԕɚɧ ɫɟɤіɥɞі, ԝɣɵɦɞɚɫɬɵɪɞɵ. Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ԕԝɪɚɦɵɧɞɚ 8, 16, 32 ɠԥɧɟ ɨɞɚɧ 
ɤԧɩ ɩɪɨɰɟɫɫɨɪɥɵԕ ɹɞɪɨɥɚɪɵ ɛɚɪ ɤɥɚɫɬɟɪ ɬԛɣіɧɞɟɪі ԕɚɥɵɩɬɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼԝɥ ɬԛɣіɧ 
іɲіɧɞɟɝі ɩɪɨɰɟɫɫɨɪɥɵԕ ɹɞɪɨɥɚɪɞɵԙ ɛіɪɥɟɫɤɟɧ ɠԝɦɵɫɵɧ ԝɣɵɦɞɚɫɬɵɪɭ ԛɲіɧ OpenMP 
ɩɚɣɞɚɥɚɧɵɥɚɬɵɧ, ɚɥ ɬԛɣіɧɞɟɪɞіԙ ԧɡɚɪɚ ɛіɪ-ɛіɪіɦɟɧ ԥɪɟɤɟɬɬɟɫɬіɝіɧ ԝɣɵɦɞɚɫɬɵɪɭ ԛɲіɧ ɛɚɫԕɚ ɞɚ 
ɬɟɯɧɨɥɨɝɢɹ ԕɨɥɞɚɧɵɥɚɬɵɧ ɝɢɛɪɢɞɬі ɩɚɪɚɥɥɟɥɞі ɛɚԑɞɚɪɥɚɦɚɥɚɪԑɚ ԕɵɡɵԑɭɲɵɥɵԕɬɵ ɤԛɲɟɣɬɟɞі. 
Ɉɫɵ ɭɚԕɵɬԕɚ ɞɟɣіɧ ɛԝɥ «ɛɚɫԕɚ ɬɟɯɧɨɥɨɝɢɹ» ɪɟɬіɧɞɟ ɬɟɤ MPI ɬɟɯɧɨɥɨɝɢɹɫɵ ɧɟɦɟɫɟ ɨɧɵԙ 
ɬɭɵɧɞɵɥɚɪɵ ԑɚɧɚ ɛɨɥɭɵ ɦԛɦɤіɧ ɞɟɩ ɟɫɟɩɬɟɥɞі. Ʉԧɪіɩ ɨɬɵɪԑɚɧɵɦɵɡɞɚɣ, ɛԝɥ ɠɨɥɵ shmem 
ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚԑɵɦɞɵɪɚԕ: ɨɥ ɡɚɦɚɧɚɭɢ ɬɨɪɥɚɪɞɵԙ ɦԛɦɤіɧɞіɤɬɟɪіɧɟ ɤԧɛіɧɟɫɟ ɫԥɣɤɟɫ 
ɤɟɥɭіɦɟɧ ԕɚɬɚɪ, ɆɊІ-ɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ, OpenMP ɛɚԑɞɚɪɥɚɦɚɥɚɭ ɫɬɢɥіɧɟ ɠɚԕɵɧ.  ɋɨɧɵɦɟɧ 
ԕɚɬɚɪ, shmem MPI-ԑɚ ԕɚɪɚԑɚɧɞɚ ɚɣɬɚɪɥɵԕɬɚɣ ԕɚɪɚɩɚɣɵɦ. Ɇԝɧɵԙ ɛԥɪі shmem-ɞі OpenMP-ɞіԙ 
ɠɚɥԑɵɡ SMP ɫɟɪɜɟɪіɧɟɧ SMM ɫɟɪɜɟɪɥɟɪіɧіԙ ɤɥɚɫɬɟɪіɧɟ ɤԧɲɭ ɤɟɡіɧɞɟɝі ɤɟԙɟɣɬіɥіɦɞɟɪіɧіԙ 
ɬɚɛɢԑɢ ɠɢɵɧɬɵԑɵ ɪɟɬіɧɞɟ ԕɚɪɚɫɬɵɪɭԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі.  

MPI ɬԧɪɬ ɧɟɝіɡɝі ɬԝɠɵɪɵɦɞɚɪԑɚ ɧɟɝіɡɞɟɥɝɟɧ: 
• ɏɚɛɚɪɥɚɦɚ ɚɥɦɚɫɭɞɵԙ ɨɩɟɪɚɰɢɹɫɵɧɵԙ ɬԛɪі; 
• ɏɚɛɚɪɥɚɦɚɞɚ ɠіɛɟɪіɥɝɟɧ ɞɟɪɟɤɬɟɪ ɬԛɪі; 
• Ʉɨɦɦɭɧɢɤɚɬɨɪ ɬԛɫіɧіɝі(ɩɪɨɰɟɫɬɟɪ ɬɨɛɵ); 
• ȼɢɪɬɭɚɥɞɵ ɬɨɩɨɥɨɝɢɹ ɬԛɫіɧіɝі. 
OpenMP-ɞіԙ ɧɟɝіɡɝі ɷɥɟɦɟɧɬɬɟɪі: 
• Ⱥԑɵɧɞɚɪɞɵ ɠɚɫɚɭ ԛɲіɧ ԕԝɪɵɥɵɦɞɚɪɵ (parallel ɞɢɪɟɤɬɢɜɚɫɵ); 
• Ⱥԑɵɦɞɚɪ ɚɪɚɫɵɧɞɚԑɵ ɠԝɦɵɫɬɚɪɞɵ ɛԧɥɭ ԕԝɪɵɥɵɦɞɚɪɵ (DO / for ɠԥɧɟ section 

ɞɢɪɟɤɬɢɜɚɥɚɪɵ); 
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• Ⱦɟɪɟɤɬɟɪɦɟɧ ɠԝɦɵɫɬɵ ɛɚɫԕɚɪɭ ԕԝɪɵɥɵɦɞɚɪɵ (shared ɠԥɧɟ private ԝԑɵɦɞɚɪɵ); 
• Ⱥԑɵɧɞɚɪɞɵ ɫɢɧɯɪɨɧɞɚɭ ԕԝɪɵɥɵɦɞɚɪɵ (critical, atomic ɠԥɧɟ barrier ɞɢɪɟɤɬɢɜɚɥɚɪɵ); 
• Ɉɪɵɧɞɚɭ ɭɚԕɵɬɵɧ ԕɨɥɞɚɭ ɤіɬɚɩɯɚɧɚɫɵɧɵԙ ɪԥɫіɦɞɟɪі (ɦɵɫɚɥɵ, omp_get_thread_num); 
• Ԕɨɪɲɚԑɚɧ ɨɪɬɚ ɚɣɧɵɦɚɥɵɥɚɪɵ (ɦɵɫɚɥɵ, OMP_NUM_THREADS). 

Ɉɪɬɚԕ ɠɚɞ ɠԛɣɟɥɟɪіɧɟ MPI ɠԥɧɟ OpenMP ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧ ɫɚɥɵɫɬɵɪɭ 

2-ɩɪɨɰɟɫɫɨɪɥɵԕ ɫɟɪɜɟɪ ԛɲіɧ OpenMP ɠԥɧɟ MPI ɧԝɫԕɚɥɚɪɵɦɟɧ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɝɟ 
ɚɪɧɚɥԑɚɧ ɛɚԑɞɚɪɥɚɦɚɧɵԙ ɤɟɡɟɤɬі ɧԝɫԕɚɫɵɧɵԙ ɨɪɵɧɞɚɥɭ ɭɚԕɵɬɵɧ ɫɚɥɵɫɬɵɪɭ (Ʉɟɫɬɟ 1). 

Ʉɟɫɬɟ 1 

Ɇɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɝɟ ɚɪɧɚɥԑɚɧ ɛɚԑɞɚɪɥɚɦɚɧɵԙ ɤɟɡɟɤɬі ɧԝɫԕɚɫɵɧɵԙ ɨɪɵɧɞɚɥɭ 
ɭɚԕɵɬɵɧ ɫɚɥɵɫɬɵɪɭ. 

ɉɚɪɚɥɥɟɥɶ ɟɫɟɩɬɟɭɥɟɪ ɚɪԕɵɥɵ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɞі ɠɟɞɟɥɞɟɬɭ (Ʉɟɫɬɟ 2). 
Ʉɟɫɬɟ 2 

Ɇɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɞі ɠɟɞɟɥɞɟɬɭ 

 

 
 

4-ɩɪɨɰɟɫɫɨɪɥɵԕ ɫɟɪɜɟɪ ԛɲіɧ OpenMP ɠԥɧɟ MPI ɧԝɫԕɚɥɚɪɵɦɟɧ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɝɟ 
ɚɪɧɚɥԑɚɧ ɛɚԑɞɚɪɥɚɦɚɧɵԙ ɞԥɣɟɤɬі ɧԝɫԕɚɫɵɧɵԙ ɨɪɵɧɞɚɥɭ ɭɚԕɵɬɵɧ ɫɚɥɵɫɬɵɪɭ (Ʉɟɫɬɟ 3). 
 Ʉɟɫɬɟ 3 

 Ɇɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɝɟ ɚɪɧɚɥԑɚɧ ɛɚԑɞɚɪɥɚɦɚɧɵԙ ɞԥɣɟɤɬі ɧԝɫԕɚɫɵɧɵԙ ɨɪɵɧɞɚɥɭ 
ɭɚԕɵɬɵɧ ɫɚɥɵɫɬɵɪɭ 

 

Ɇɚɬɪɢɰɚ 
ɪɟɬі: (N) 

ɍɚԕɵɬ Tɠԛɣɟ 

(ɠԛɣɟɥі ɚɥɝɨɪɢɬɦ) 

OpenMP MPI 

ɍɚԕɵɬ Tɩɚɪ ɀɵɥɞɚɦɞɚɬɭ S ɍɚԕɵɬ T ɀɵɥɞɚɦɞɚɬɭ S 

300 0.36 0.17 2.09 0.32 1.14 

600 6.66 3.78 1.76 5.61 1.19 

900 22.92 12.70 1.80 20.01 1.15 

Ɇɚɬɪɢɰɚ 
ɪɟɬі: (N) 

ɍɚԕɵɬ Tɠԛɣɟ  

(ɠԛɣɟɥі ɚɥɝɨɪɢɬɦ) 

OpenMP MPI 

ɍɚԕɵɬ Tɩɚɪ ɀɵɥɞɚɦɞɚɬɭ S ɍɚԕɵɬ T ɀɵɥɞɚɦɞɚɬɭ S 

300 0.42 0.39 1.08 0.39 1.07 

600 4.69 3.55 1.32 3.85 1.22 

900 16.20 12.05 1.34 14.17 1.14 

1200 38.67 30.00 1.29 33.72 1.15 

1500 76.56 58.20 1.32 60.19 1.27 

1800 150.08 108.42 1.38 154.73 0.97 

2100 258.09 171.75 1.50 177.03 1.46 
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1200 54.53 30.30 1.80 48.19 1.13 

1500 107.91 59.67 1.81 93.27 1.16 

1800 188.61 103.81 1.82 164.45 1.15 

2100 262.09 142.73 1.84 226.45 1.16 

 

ɉɚɪɚɥɥɟɥɶ ɟɫɟɩɬɟɭɥɟɪ ɚɪԕɵɥɵ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɞі ɠɟɞɟɥɞɟɬɭ (Ʉɟɫɬɟ 4). 
Ʉɟɫɬɟ 4 

ɉɚɪɚɥɥɟɥɶ ɟɫɟɩɬɟɭɥɟɪ ɚɪԕɵɥɵ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɞі ɠɟɞɟɥɞɟɬɭ 

 

 
 

Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬіɡіɦі 
1. Barbara, Chapman Using OpenMP – Portable Shared Memory Parallel Programming / 

Barbara Chapman. - Ɇɨɫɤɜɚ: Ɇɢɪ, 2007. - 384 c. 

2. Shokina, Resch, Computational Science and High Performance Computing IV, 2009. – 378 ɫ.   
3. Sterling T., High Performance Computing: Modern Systems and Practices, 2017. – 718 c.  

 

ɍȾɄ 004.42 

ɋȼəɁɖ ɆȿɀȾɍ ɅɘȾɖɆɂ ɑȿɊȿɁ ɉɊɂɅɈɀȿɇɂə ɂɋɉɈɅɖɁɍə 
ɆɈȻɂɅɖɇɕȿ ɈɉȿɊȺɌɈɊɕ ɂ ɂɇɌȿɊɇȿɌ 

 
Ɇɚɪɚɬɨɜ Ⱥɥɢɲɟɪ Ɇɚɪɚɬɨɜɢɱ 

alishalish-777@mail.ru 

ɫɬɭɞɟɧɬ ɩɟɪɜɨɝɨ ɤɭɪɫɚ ɮɚɤɭɥɶɬɟɬɚ ȼɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɭɧɢɜɟɪɫɢɬɟɬɚ ȿɇɍ 

ɢɦ. Ʌ.ɇ.Ƚɭɦɢɥɟɜɚ, ɇɭɪ-ɋɭɥɬɚɧ, Ʉɚɡɚɯɫɬɚɧ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – ɋ.Ʉ. Ⱥɬɚɧɨɜ 

 

Ɉɫɧɨɜɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɨɬɨɜɨɣ ɫɟɬɢ — ɷɬɨ ɫɨɬɨɜɵɟ ɬɟɥɟɮɨɧɵ ɢ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ, 
ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɤɪɵɲɚɯ ɡɞɚɧɢɣ ɢ ɜɵɲɤɚɯ. Ȼɭɞɭɱɢ ɜɤɥɸɱɺɧɧɵɦ, ɫɨɬɨɜɵɣ 
ɬɟɥɟɮɨɧ ɩɪɨɫɥɭɲɢɜɚɟɬ ɷɮɢɪ, ɧɚɯɨɞɹ ɫɢɝɧɚɥ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɬɟɥɟɮɨɧ ɩɨɫɵɥɚɟɬ 
ɫɬɚɧɰɢɢ ɫɜɨɣ ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɣ ɤɨɞ. Ɍɟɥɟɮɨɧ ɢ ɫɬɚɧɰɢɹ ɩɨɞɞɟɪɠɢɜɚɸɬ 
ɩɨɫɬɨɹɧɧɵɣ ɪɚɞɢɨɤɨɧɬɚɤɬ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɛɦɟɧɢɜɚɹɫɶ ɩɚɤɟɬɚɦɢ. ɋɜɹɡɶ ɬɟɥɟɮɨɧɚ ɫɨ ɫɬɚɧɰɢɟɣ 
ɦɨɠɟɬ ɢɞɬɢ ɩɨ ɚɧɚɥɨɝɨɜɨɦɭ ɩɪɨɬɨɤɨɥɭ (AMPS, NAMPS, NMT-450) ɢɥɢ ɩɨ ɰɢɮɪɨɜɨɦɭ 
(DAMPS, CDMA, GSM, UMTS). ȿɫɥɢ ɬɟɥɟɮɨɧ ɜɵɯɨɞɢɬ ɢɡ ɩɨɥɹ ɞɟɣɫɬɜɢɹ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ (ɢɥɢ 
ɤɚɱɟɫɬɜɨ ɪɚɞɢɨɫɢɝɧɚɥɚ ɫɟɪɜɢɫɧɨɣ ɫɨɬɵ ɭɯɭɞɲɚɟɬɫɹ), ɨɧ ɧɚɥɚɠɢɜɚɟɬ ɫɜɹɡɶ ɫ ɞɪɭɝɨɣ  

ɋɨɬɨɜɵɟ ɫɟɬɢ ɦɨɝɭɬ ɫɨɫɬɨɹɬɶ ɢɡ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɪɚɡɧɨɝɨ ɫɬɚɧɞɚɪɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɫɟɬɢ ɢ ɭɥɭɱɲɢɬɶ ɟɺ ɩɨɤɪɵɬɢɟ. 
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