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ʙʠʦʤʝʜʠʮʠʥʩʢʪʦ ʠʥʞʝʥʝʨʩʪʚʦ

ɼʦʙʨʠ ʧʨʘʢʪʠʢʠ ʟʘ ʧʘʨʪʥʴʦʨʩʪʚʦ ʥʘ ʀʀʂʊ-ɹɸʅ ʩ ɸʄɽʊ ʆʆɼ

ʚʧʨʠʣʦʞʝʥʠʷ ʥʘ  HPC/HPDA/AI



ˢ˸˩́ ˻˻˨

ü ʆʪ ʦʩʥʦʚʘʚʘʥʝʪʦ ʩʠ ʧʨʝʟ 1995 ʛ. ɸʄɽʊ ʆʆɼ ʨʘʟʚʘ ʤʦʜʝʨʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʦʙʣʘʩʪʪʘ 
ʥʘ ʤʝʜʠʮʠʥʩʢʘʪʘ ʪʝʭʥʠʢʘ ʠ ʝʣʝʢʪʨʦʥʠʢʘ. 

ü ʌʠʨʤʘʪʘ ʝ ʥʘʜʝʞʜʝʥ ʠ ʞʝʣʘʥ ʧʘʨʪʥʴʦʨ ʥʘ ʩʚʝʪʦʚʥʠʷ ʧʘʟʘʨ.

ü ʇʘʨʪʥʴʦʨʩʪʚʦʪʦ ʥʘ ʀʀʂʊ-ɹɸʅ ʩ ɸʄɽʊ ʆʆɼ  ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 
ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʠ ʪʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚʲʨʭʫ ʚʠʩʦʧʨʦʠʟʚʦʜʠʪʝʣʥʠ 
ʠʟʯʠʩʣʠʪʝʣʥʠ ʢʦʤʧʣʝʢʩʠ.

ü ʇʨʦʜʫʢʪʠʪʝ, ʨʘʟʨʘʙʦʪʚʘʥʠ ʠ/ʠʣʠ ʨʘʟʚʠʚʘʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʩʲʚʤʝʩʥʠ ʧʨʦʝʢʪʠ ʚʢʣʶʯʚʘʪ:

- ʋʤʥʠ ʝʣʝʢʪʨʦʭʠʨʫʨʛʠʯʥʠ ʠʥʩʪʨʦʤʝʥʪʠ: ʉʲʚʤʝʩʪʥʦ ʩ ʪʝʭʥʠʢʠ ʟʘ ʦʙʨʘʟʥʘ 
ʜʠʘʛʥʦʩʪʠʢʘ, ʘʢʪʠʚʝʥ ʝʣʝʢʪʨʦʜ ʩʝ ʚʲʚʝʞʜʘ ʚ ʮʝʥʪʲʨʘ ʥʘ ʪʫʤʦʨʘ ʠ 
ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʠʨʘʥʘ ʝʥʝʨʛʠʷ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ 
ʬʠʟʠʦʣʦʛʠʯʝʥ ʨʘʟʪʚʦʨ, ʩʝ ʧʦʩʪʠʛʘ ʪʝʨʤʠʯʥʘ ʜʝʥʘʪʫʨʘʣʠʟʘʮʠʷ ʥʘ 
ʮʝʣʝʚʠʷ ʦʙʝʤ.

- ʌʠʟʠʦʪʝʨʘʧʠʷ:  ʇʦʨʪʘʪʠʚʝʥ ʘʧʘʨʘʪ ʦʪʩʪʨʘʥʷʚʘ ʢʲʨʣʝʞʠ ʠ ʧʠʷʚʠʮʠ ʧʦ ʭʦʨʘ ʠʣʠ 

ʜʦʤʘʰʥʠ ʣʶʙʠʤʮʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʩʦʢʦʯʝʩʪʦʪʥʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʠʤʧʫʣʩʠ, ʙʝʟ ʜʦʧʠʨ 

ʜʦ ʪʷʣʦʪʦ ʥʘ ʧʘʨʘʟʠʪʘ.

ü ɸʄɽʊ ʆʆɼ ʝʘʩʦʮʠʠʨʘʥ ʠʥʜʫʩʪʨʠʘʣʝʥ ʧʘʨʪʥʴʦʨ ʚ ʎɺʇ ʧʦ ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʀʂʊ, 

ʬʠʥʘʥʩʠʨʘʥ ʧʦ ʜʦʛʦʚʦʨ BG05M2OP001-1.001-0003 ʥʘ ʆʇ ʅʆʀʈ. 

ü ɸʄɽʊ ʆʆɼ ʝ ʧʘʨʪʥʴʦʨ ʚ ʦʨʛʘʥʠʟʠʨʘʥʘʪʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʶʥʠñ13th International 

Conference on Large-Scale Scientific Computationsò.



˾͙͊͒ͦ;͔ͫͭͦͭͤ͊ ͭͯͣͦͪͤ͊ ͊͋͊͡ͼ͙Ύ

ü ʈʘʜʠʦʯʝʩʪʦʪʥʘʪʘ ʘʙʣʘʮʠʷ ʫʥʠʱʦʞʘʚʘ ʥʝʞʝʣʘʥʘʪʘ ʪʲʢʘʥ ʯʨʝʟ ʥʘʛʨʷʚʘʥʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʨʦʪʠʯʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʪʦʢ ʧʦʜʘʚʘʥ ʯʨʝʟ ʩʦʥʜʘ (ʠʛʣʘ).

ü ɿʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʦʜʝʣʘ, ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʦʙʣʘʩʪʪʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ 

ʪʲʢʘʥʠ ʩʘ ʠʟʚʣʝʯʝʥʠ ʦʪ  3D ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ.

ü ɿʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʯʘʩʪʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʚʘʱʠ 

ʧʨʦʮʝʩʠʪʝ ʥʘ ʘʙʣʘʮʠʷ ʩʝ ʧʨʠʣʘʛʘ ʤʝʪʦʜ ʥʘ ʢʨʘʡʥʠʪʝ ʝʣʝʤʝʥʪʠ ʧʨʠ ʥʝʩʪʨʫʢʪʫʨʠʨʘʥʘ 

ʪʝʪʨʘʝʜʨʘʣʥʘ ʤʨʝʞʘ ʠ ʘʜʘʧʪʠʚʥʘ ʩʪʲʧʢʘ ʧʦ ʚʨʝʤʝʪʦ.

ü ʊʘʢʘ ʧʦʣʫʯʝʥʠʷʪ ʢʦʤʧʶʪʲʨʝʥ ʤʦʜʝʣ ʠʤʘ ʜʦ O(109) ʥʝʠʟʚʝʩʪʥʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ 

ʧʨʦʤʝʥʣʠʚʠ ʠ O(104)ʩʪʲʧʢʠ ʧʦ ʚʨʝʤʝʪʦ. ɿʘʜʘʯʠ ʩ ʪʘʢʘʚʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʣʦʞʥʦʩʪ 

ʠʟʠʩʢʚʘʪ ʩʫʧʝʨʢʦʤʧʶʪʲʨʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ.



ˣ͔ͦͤͭ͊ͭͤͦ͘͟͟ ͦͭͫͭͪ͊ͤΎ͍͔͊ͤ ͤ͊ ͟Ά͔͙ͪ͗͡

ü ʇʦʨʪʘʪʠʚʥʠʷʪ ʘʧʘʨʘʪ ʟʘ ʦʪʩʪʨʘʥʷʚʘ ʢʲʨʣʝʞʠ, ʧʠʷʚʠʮʠ ʠ ʜʨ. ʢʨʲʚʦʩʤʫʯʝʱʠ 
ʝʢʪʦʧʘʨʘʟʠʪʠ ʧʦ ʭʦʨʘ ʠʣʠ ʜʦʤʘʰʥʠ ʣʶʙʠʤʮʠ ʚʲʟʜʝʡʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʩʦʢʦʯʝʩʪʦʪʥʠ 
ʝʣʝʢʪʨʠʯʝʩʢʠ ʠʤʧʫʣʩʠ.

ü ʉ̡ ʱʝʩʪʚʝʥʦ ʝ, ʯʝ ʬʠʟʠʦʪʝʨʘʧʝʚʪʠʯʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʙʝʟ ʜʦʧʠʨ ʜʦ ʪʷʣʦʪʦ 
ʥʘ ʧʘʨʘʟʠʪʘ, ʩ ʢʦʝʪʦ ʩʝ ʠʟʙʷʛʚʘ ʦʧʘʩʪʥʦʩʪʪʘ ʦʪ ʟʘʨʘʟʷʚʘʥʝ ʩ ʠʟʭʚʲʨʣʝʥʠ ʦʪ ʥʝʛʦ 
ʪʝʯʥʦʩʪʠ.

ü ʇʨʝʜʤʝʪ ʥʘ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʝ ʘʥʘʣʠʟʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʪʦ ʧʦʣʝ ʚ ʟʦʥʘʪʘ ʥʘ 
ʚʲʟʜʝʡʩʪʚʠʝ.

ü ʇʨʦʮʝʩʲʪ ʩʝ ʦʧʠʩʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʠʩʪʝʤʘ ʦʪ ʯʘʩʪʥʠ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ.

ü ɿʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʠʪʝ ʫʨʘʚʥʝʥʠʷ ʩʝ ʧʨʠʣʘʛʘ ʤʝʪʦʜ ʥʘ ʢʨʘʡʥʠʪʝ 
ʝʣʝʤʝʥʪʠ ʧʨʠ ʥʝʩʪʨʫʢʪʫʨʠʨʘʥʘ ʪʝʪʨʘʝʜʨʘʣʥʘ ʤʨʝʞʘ.

ü ʀʟʯʠʩʣʠʪʝʣʥʘʪʘ ʦʙʣʘʩʪ ʠʤʘ ʩʣʦʞʥʘ ʤʥʦʛʦʩʣʦʡʥʘ 
ʛʝʦʤʝʪʨʠʷ, ʢʦʷʪʦ ʚʢʣʶʯʚʘ ʪʲʥʲʢ ʬʠʣʤ ʥʘ ʧʦʞʝʥʠʷ ʛʝʣ 
ʠ ʩʣʦʝʚʝʪʝ ʥʘ ʢʦʞʘʪʘ.

ü ʀʟʯʠʩʣʠʪʝʣʥʘʪʘ ʩʣʦʞʥʦʩʪ ʥʘ ʟʘʜʘʯʘʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ 
ʛʦʣʷʤʘʪʘ ʤʨʝʞʦʚʘ ʠ ʢʦʝʬʠʮʠʝʥʪʥʘ ʘʥʠʟʦʪʨʦʧʠʷ.



˸͔͙͊ͭͣ͊ͭ;͔͙ͫ͟ ͙ ͦͣͨ͟ΌͭΆ͔ͪͤ ͔ͣͦ͒͡

ʄʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʠ ʢʦʤʧʶʪʲʨʝʥ ʤʦʜʝʣ ʚʢʣʶʯʚʘ:

ü ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʥʘ ʯʘʩʪʥʠʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ. ɿʘ ʮʝʣʪʘ ʩʝ 
ʧʨʠʣʘʛʘ ʤʝʪʦʜ ʥʘ ʢʨʘʡʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚʲʨʭʫ ʥʝʩʪʫʢʪʫʨʠʨʘʥʠ ʪʝʪʨʘʝʜʨʘʣʥʠ ʤʨʝʞʠ.

ü ɼʠʩʢʨʝʪʠʟʘʠʮʷ ʥʘ ʯʘʩʪʥʠʪʝ ʜʠʬʝʨʝʥʮʠʘʣʥʠ ʫʨʘʚʥʝʥʠʷ ʧʦ ʚʨʝʤʝʪʦ. ɿʘ ʮʝʣʪʘ ʩʘ 
ʨʘʟʨʘʙʦʪʝʥʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʘʜʘʧʪʠʚʥʘ ʩʪʲʧʢʘ ʧʦ ʚʨʝʝʤʪʦ.

ü ɻʝʥʝʨʘʮʠʷ ʥʘ  ʪʨʠʤʝʨʥʠ ʪʝʪʨʘʝʨʜʘʣʥʠ ʤʨʝʞʠ ʩ ʘʜʘʧʪʠʚʥʦ ʩʛʲʩʪʷʚʘʥʝ ʚ ʟʦʥʠʪʝ ʥʘ 
ʘʢʪʠʚʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.

ü ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʤʦʜʝʣʘ. ɿʘ ʮʝʣʪʘ ʩʝ ʧʨʠʣʘʛʘ 
ʦʧʪʠʤʠʟʘʮʠʷ ʧʦ ʤʝʪʦʜʘ ʥʘ ʥʘʡ-ʤʘʣʢʠʪʝ ʢʚʘʜʨʘʪʠ.

ü ʀʪʝʨʘʮʠʦʥʥʠ ʤʝʪʦʜʠ ʩ ʦʪʠʤʘʣʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ 
ʩʣʦʞʥʦʩʪ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʤʥʦʛʦ ʛʦʣʝʤʠ (ʜʦ 
108-109ʥʝʠʟʚʝʩʪʥʠ) ʩʠʩʪʝʤʠ ʦʪ ʣʝʥʝʡʥʠ 
ʫʨʘʚʥʝʥʠʷ ʩ ʨʘʟʨʝʜʝʥʠ ʤʘʪʨʠʮʠ.

ü ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʚ ʪ.ʯ. ʠʟʦʣʠʥʠʠ 
ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʦʣʝʪʘ ʠ 
ʠʟʚʣʠʯʘʥʝ ʥʘ ʠʥʪʝʛʨʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʛʦʣʝʤʠ 
ʤʘʩʠʚʠ ʜʘʥʥʠ.



˽͔͊ͪ͊ͤ͊͡͡ ͔͙ͪ͊͊͘͡ͼ͙Ύ

ʇʘʨʘʣʝʣʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʚʢʣʶʯʚʘ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ 
ʧʘʨʘʣʝʣʥʠ ʩʦʬʪʫʝʨʥʠ ʧʘʢʝʪʠ ʩʲʩ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ, ʚ ʪ.ʯ.:

ü Netgen: ɺʠʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʝʥ ʩʦʬʪʫʝʨʝʥ ʧʘʢʝʪ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʦʜʘ ʥʘ ʢʨʘʡʥʠʪʝ 
ʝʣʝʤʝʥʪʠ.ɺ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʩʦʬʪʫʝʨʥʠ ʨʝʰʝʥʠʷ ʝ ʠʟʧʦʣʟʚʘʥ ʤʦʜʫʣʘ ʟʘ ʛʝʥʝʨʘʮʠʷ ʥʘ 
ʪʨʠʤʝʨʥʠ ʤʨʝʞʠ. ʇʘʨʘʣʝʣʥʦʪʦ ʷʜʨʦ ʝ ʥʘʧʠʩʘʥʦ ʥʘ C++ô

ü ParMETIS: ʇʘʨʘʣʝʣʥʦ ʨʘʟʜʝʣʷʥʝ ʥʘ ʛʨʘʬʠ ʠ ʧʨʝʥʘʨʝʞʜʘʥʝ ʥʘ ʥʦʤʝʨʘʮʠʷʪʘ ʩ ʮʝʣ 
ʤʠʥʠʤʠʟʘʮʠʷ ʥʘ ʟʘʧʲʣʚʘʥʝʪʦ ʥʘ ʨʘʟʨʝʜʠ ʤʘʪʨʠʮʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 
ʠʟʢʣʶʯʚʘʥʝ. ɺ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʩʦʬʪʫʝʨʥʠ ʨʝʰʝʥʠʷ ʧʘʢʝʪʲʪ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʟʜʝʣʷʥʝ 
ʥʘ ʦʙʣʘʩʪʪʘ ʥʘ ʧʦʜʦʙʣʘʩʪʠ.

ü Hypre: ʉʦʬʪʫʝʨʥʘ ʙʠʙʣʠʦʪʝʢʘ ʟʘ ʩʢʘʣʠʨʫʝʤʘ 
ʧʘʨʘʣʝʣʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʦʜʘ ʥʘ ʩʧʨʝʛʥʘʪʠʷ 
ʛʨʘʜʠʝʥʪ ʩ ʧʨʝʦʙʫʩʣʘʚʷʥʝ. ʈʘʟʨʘʙʦʪʝʥ ʝ ʠ ʩʝ 
ʧʦʜʜʲʨʞʘ ʦʪ ʅʘʮʠʦʥʘʣʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʃʦʨʘʥʩ 
ʃʠʚʲʨʤʦʨ.

ü BoomerAMG: ʏʘʩʪ ʦʪ Hypre, ʨʝʘʣʠʟʠʨʘʱ ʦʧʪʠʤʘʣʝʥ 
ʘʣʛʝʙʨʠʯʝʥ ʤʫʣʪʠʛʨʠʜ ʧʨʝʦʙʫʩʣʦʚʠʪʝʣ.

ü ParaView: ʇʘʨʘʣʝʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʘʥʘʣʠʟ ʠ 
ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʤʥʦʛʦʤʝʨʥʠ ʜʘʥʥʠ.



˽͔͔͊ͪ͊ͤ͡͡ ͙͘;͙͙͔͔ͫͭͤ͡͡ ͔ͣͦ͒͡

ü ʇʘʨʘʣʝʣʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʠʟʧʦʣʟʚʘ ʠʟʯʠʩʣʠʪʝʣʝʥ ʤʦʜʝʣ ʩ ʨʘʟʧʨʝʜʝʣʝʥʘ ʧʘʤʝʪ. ʊʘʢʘ ʝ 
ʚʲʟʤʦʞʥʦ ʜʘ ʙʲʜʘʪ ʨʝʰʘʚʘʥʠ ʟʘʜʘʯʠ ʩ O(109) ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ. 

ü ʉ̡ ʚʨʝʤʝʥʥʠʪʝ ʩʫʧʝʨʢʦʤʧʶʪʨʠ, ʚ ʪ.ʯ. ʩʫʧʝʨʢʦʤʧʶʪʲʨ ɸʚʠʪʦʭʦʣ, ʩʘ ʩ ʨʘʟʧʨʝʜʝʣʝʥʘ 
ʧʘʤʝʪ.

ü ʂʦʤʫʥʠʢʘʮʠʠʪʝ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ MPI.

ü ʈʝʘʣʠʟʠʨʘʥʠʪʝ ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʩʘ ʩʠʣʥʦ ʩʚʲʨʟʘʥʠ, ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʢʣʶʯʦʚʘʪʘ 
ʨʦʣʷ ʥʘ ʢʦʤʫʥʠʢʘʮʠʠʪʝ.

ü ʇʦʢʘʟʘʥʦ ʝ, ʯʝ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʣʘʩ ʟʘʜʘʯʠ 1Dʠ2D ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʦʙʣʘʩʪʪʘ ʚʦʜʠ ʜʦ 
ʩʠʣʥʦ ʦʛʨʘʥʠʯʝʥ ʧʘʨʘʣʝʣʠʟʲʤ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ ʧʨʠ 1D ʨʘʟʜʝʣʷʥʝ, ʧʘʨʘʣʝʣʥʘʪʘ 
ʝʬʝʢʪʠʚʥʦʩʪ ɽʈʤʦʞʝ ʜʘ ʧʘʜʥʝ ʧʦʜ 1%.

ü ʊʫʢ ʝ ʚʘʞʥʦ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʟʘ ʠʥʞʝʥʝʨʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʨʝʰʘʚʘʪ 
ʩʠʩʪʝʤʠ ʩ ʨʘʟʨʝʜʝʥʠ ʤʘʪʨʠʮʠ, ʧʨʦʠʟʥʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʫʧʝʨʢʦʤʧʶʪʨʠʪʝ ʝ 
ʩʲʱʝʩʪʚʝʥʦ ʧʦ-ʥʠʩʢʘ ʦʪ ʧʠʢʦʚʘʪʘ. 

ʊʦʚʘ ʨʘʟʙʠʨʘ ʩʝ ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʘʢʠʚʘ ʟʘʜʘʯʠ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʝʰʝʚʘʪ!

ü ʇʘʨʘʤʝʪʨʠ ʥʘ ʨʝʰʘʚʘʥʠʪʝ ʟʘʜʘʯʠ:

- ʙʨʦʡ ʥʘ ʥʝʠʟʚʝʩʪʥʠʪʝ ʚ ʩʚʲʨʘʟʥʠʪʝ ʩʠʩʪʝʤʠ: ʜʦ   1 117 913 088

- ʙʨʦʡ ʥʘ ʧʨʦʮʝʩʦʨʠʪʝ ʠʣʠ CPU ʷʜʨʘʪʘ: ʜʦ   1 024

- ʜʦʩʪʠʛʘʥʘ ʤʘʢʩʠʤʘʣʥʘ ʧʘʨʘʣʝʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ:ʥʘʜ 100%



˽͙͍͙͔ͪͦͦ͒ͭͤͦͫͭ͘͡ ͙ ͔ͺ͔͙͍ͭͤͦͫͭ͟ ͤ͊ ͔ͫͯͨͪͦͣͨ͟Ό͙͔ͭͪͭ

LINPACK:  ʊʝʩʪʲʪ ʝ ʪʨʘʜʠʮʠʦʥʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ TOP500 - ʢʣʘʩʘʮʠʷ ʥʘ 
ʧʲʨʚʠʪʝ 500 ʩʫʧʝʨʢʦʤʧʶʪʨʠ ʚ ʩʚʝʪʘ. ʇʦʜʨʝʞʜʘʥʝʪʦ ʩʝ ʧʨʘʚʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ 
ʨʝʰʘʚʘʥʝ ʩʠʩʪʝʤʘ ʦʪ ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ ʩ ʧʣʲʪʥʘ ʤʘʪʨʠʮʘ. 

ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʣʝʩʥʦ ʩʲʧʦʩʪʘʚʠʤʘ ʦʮʝʥʢʘ ʥʘ ʧʦʩʪʠʛʥʘʪʘʪʘ ʟʘ ʪʦʟʠ ʪʝʩʪ 
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ  Rmax, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʠʢʦʚʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ Rpeak. 

ɿʘ ʧʲʨʚʠʪʝ 10 ʩʫʧʝʨʢʦʤʧʶʪʲʨʘ ʦʪ TOP500 ʧʦʣʫʯʘʚʘʤʝ ʩʣʝʜʥʠʪʝ ʫʩʨʝʜʥʝʥʝʥʠ   

ʝʬʝʢʪʠʚʥʦʩʪʠ: 

ʶʥʠ 2019: Rmax/Rpeak = 71%

ʶʥʠ 2020: Rmax/Rpeak = 73%

ɸʚʠʪʦʭʦʣ: Rmax/Rpeak = 64%. 

ʄʦʞʝʤ ʜʘ ʥʘʧʨʘʚʠʤ ʠʟʚʦʜʘ ʯʝ LINPACK ʝʬʝʢʪʠʚʥʦʩʪʠʪʝ ʩʘ ʩʲʧʦʩʪʘʚʠʤʠ.

HPCG: ʊʝʩʪʲʪ ʝ ʘʣʪʝʨʥʘʪʠʚʝʥ ʧʦʜʭʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʠʪʝʨʘʮʠʦʥʥʦ ʨʝʰʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʩ ʨʘʟʨʝʜʝʥʠ ʤʘʪʨʠʮʠ ʧʦ ʤʝʪʦʜʘ ʥʘ ʩʧʨʝʛʥʘʪʠʷ 
ʛʨʘʜʠʝʥʪ. ʊʘʢʘ ʩʘ ʧʦʣʫʯʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʪʠʪʝ HPCG ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʥʦʚʠ ʫʩʨʝʜʥʝʥʠ 
ʝʬʝʢʪʠʚʥʦʩʪʠ:

ʶʥʠ 2019: HPCG/Rpeak = 2.59%

ʶʥʠ 2020: HPCG/Rpeak = 2.23%

ʅʝ ʝ ʠʟʥʝʥʘʜʚʘʱʦ, ʯʝ HPCG ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʝ ʩʲʱʝʩʪʚʝʥʦ ʧʦ-ʤʘʣʢʘ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ, 
ʜʦʙʨʝ ʝ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʪʷ ʝ ʧʦ-ʧʨʝʜʩʪʘʚʠʪʝʣʥʘ.



˴͊͟ ͍͙͡Ύ͔ ͫͦ͗ͤͦͫͭͭ͊͡ ͤ͊ ͔ͣͦ͒͊͡ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡

ü ˽ͪͦͼ͔ͫΆͭ ͤ͊ ͭͯͣͦͪͤ͊ͭ͊ ͊͋͊͡ͼ͙Ύ ͔ ͫΆ΅͔͍͔ͫͭͤͦ ͙͔͔ͭͪͣͪͤ ͙ ͔ͤͫͭ͊ͼ͙͔ͦͤ͊ͪͤΦ

ü ˸͔ͦ͒͡Άͭ ͍͟͡Ό;͍͊ ͔͔͙ͭͪ͟͡;͔ͫͦ͟ ͔ͨͦ͡Σ ͔ͨͪͤͦͫ ͤ͊ ͣ͊ͫ͊ ͙ ͙ͭͦͨͤ͊͡Σ ͔ͭ;͔͙͔ͤ ͍ ͔ͨͦͪͫͭ͊ ͔ͫͪ͒͊Σ 
ͪ͊ͪͯ͘΄͍͔͊͊ͤ ͤ͊ ͔͙ͭ͟͟͡ ͙ ͒ͪΦ

ü ˮ͘;͙͙͔ͫͭͤ͊ͭ͊͡͡ ͦ͋͊ͫͭ͡ ͔ ͙ͫͤͦ͡ ͔͔ͤ͒ͤͦͪͦ͒ͤ͊Σ ͔ͦͭͦ͟ ͎ͤ͊͊͊͡ ͙͍͔ͨͦ͊ͤͭͦ͘͘͡ ͤ͊ ͙ͫͤͦ͡ 
͔͙ͤͫͭͪͯͭͯͪͪ͊ͤ͊͟ ͙͎ͭͪ͊ͤͯ͊͡ͼ͙ΎΦ

ü ˤ ͙ͭ͊͋͡ͼ͊ͭ͊ ͫ V1͙ V4.6ͫ͊ ͦͤ͊͘;͔͙ͤ ͫΆ͍͔ͦͭͭͤͦ ͔͙͔ͦ͋ͣͭ ͤ͊ ͔ͺ͔͙͍ͭͤ͊͟ ͊͋͊͡ͼ͙ΎΣ ͍ ͙ͦͭͦ͟ ͔͙͔ͭͭ͟͟͡ ͫ͊ 
ͪ͊ͪͯ͘΄͔͙ͤ ͫ ͍͔ͪͦΎͭͤͦͫͭ сс҈ ͙ фф҈Φ

˸͔ͦ͒͡ V1[cm3] ˽ͪͦͣΎͤ V͊4.6[cm3] ˽ͪͦͣΎͤ͊

˹͔ͦ ͭ;͙ͭ͊ͼ͙ͪͯ͊͟͡ͼ͙Ύͭ͊ ͤ͊ ͪ͟Ά͍ͭ͊ 20.7 14.0

˻ͭ;͙ͭ͊ ͼ͙ͪͯ͊͟͡ͼ͙Ύ ͍ ͨͦͪͭ͊ͤ͊͡ ͍͔ͤ͊10.8 191% 6.7 209%

˻ͭ;͙ͭ͊ ͨͦͪͭ͊ͤ͊͡ ͍͔ͤ͊ ͙ ͙͊ͨ͟͡Ύͪͤ͊ ͔ͣͪ͗͊7.8 265% 5.3 284%



˽Άͤ͊͡ ͔ͨ͊ͪ͊ͤ͊͡͡ ͙͔ͫ͊ͪͯͣͦͫͭ͟͡ 

ü˿͙͙ͣͯͪ͊ͤ͡ ͔ ͨͪͦͼ͔ͫ ͤ͊ с ͙ͣͤͯͭͤ͊ ͙ͪ͊͒ͦ;͔ͫͭͦͭͤ͊ ͊͋͊͡ͼ͙Ύ ͫ ͙͋ͨͦ͡Ύͪͤ͊ ͫͦͤ͒͊Φ

ü˭͊ ͪ͊ͺ͙͙͙ͤͪ͊ͤΎ ͔ͣͦ͒͡ ͫ͊ ͙͍͙ͨͦ͊ͤ͘͘͡ у ͨΆ͙ͭ ͍͔ͨͦ;͔ ͨͪͦͼ͔͙ͫͦͪ ͙ͨͪ у ͨΆ͙ͭ ͍͔ͨͦ;͔ 
͔͔͙ͫͭͨͤ ͤ͊ ͍ͫͦ͋ͦ͒͊ N ͤ ͊ ͍ͫΎ͊͟ ͫͭΆͨ͊͟ ͨͦ ͍͔͔ͪͣͭͦΦ

üˤ ͫΆ΅ͦͭͦ ͍͔͔ͪͣ ͙͔ͣ͊ͣ п ͨΆ͙ͭ ͍͔ͨͦ;͔ ͫͭΆ͙ͨ͟ ͨͦ ͍͔͔ͪͣͭͦΣ ͊ͭͦ͟ ͔ͨ͊ͪ͊ͤͦͭͦ͡͡ ͍͔͔ͪͣ ͔ 
ͫ͊ͣͦ оΦру ͨΆ͙ͭ ͨͦ-͎ͦ͡ΎͣͦΦ

ü˿͔͍͔͒ͦ͊ͭͤͦ͡͡ ͊͘ ͨΆͤ͊ͭ͊͡ ͔ͨ͊ͪ͊ͤ͊͡͡ ͔ͺ͔͙͍ͭͤͦͫͭ͟ ͨͦͯ͡;͍͔͊͊ͣ Etotal = 111%.

N p ҟt[s] Nit T[s]

2 183 424 128 5 642 1 723

17 467 392 1 024 1.25 1 610 6 170



ˤΆ͙ͣͦ͗ͤͦͫͭ͘ ͙ ͔͙͍͙͔͍ͨͪ͒͊ͭͫͭ͊͘͟͡

ü ʅʦʚʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʩʫʧʝʨʢʦʤʧʶʪʲʨʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʩʝʦʙʭʚʘʪʥʘʪʘ ʪʝʥʜʝʥʮʠʷ ʟʘ ʨʘʙʦʪʘ ʚ ʩʨʝʜʘ  ʥʘ 
ʛʦʣʝʤʠ ʜʘʥʥʠ (Big Data).

ü ʊʦʚʘ ʦʧʨʝʜʝʣʷ ʠ ʧʨʠʦʨʠʪʝʪʥʘʪʘ ʨʦʣʷ ʥʘ ʩʠʥʝʨʛʠʷʪʘ ʤʝʞʜʫ ʩʫʧʝʨʢʦʤʧʶʪʲʨʥʠ 
ʩʠʤʫʣʘʮʠʠ ʠ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʩʨʝʜʘ ʥʘ ʛʦʣʝʤʠ ʜʘʥʥʠ.

ʇʨʠʤʝʨʠ: 

ü ɺ ʩʦʥʜʠʪʝ (ʠʛʣʠʪʝ) ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ ʟʘ ʨʘʜʠʦʯʝʩʪʦʪʥʘ  ʯʝʨʥʦʜʨʦʙʥʘ ʪʫʤʦʨʥʘ 
ʘʙʣʘʮʠʷ ʩʝ ʠʥʪʝʛʨʠʨʘʪ ʚʩʝ ʧʦʚʝʯʝ ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʧʦʜʘʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ 
ʟʘ ʨʝʜʠʮʘ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʪʠʯʘʱʠʪʝ ʧʨʦʮʝʩʠ, ʚ ʪ.ʯ. ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʝʣʣʝʢʪʨʠʯʝʩʢʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʘʧʘʨʘʪʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʦʙʨʘʟʥʘ ʜʠʘʛʥʦʩʪʠʢʘ 
ʩʲʟʜʘʚʘʪ ʦʛʨʦʤʥʠ ʘʨʭʠʚʠ ʦʪ ʤʝʜʠʮʠʥʩʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ʪʝʟʠ 
ʛʦʣʝʤʠ ʜʘʥʥʠʩʘ ʥʝʦʙʭʦʜʠʤʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘHPDA/AI.

ü ʈʘʩʪʷʱʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʛ ʥʘ ʩʫʧʝʨʢʦʤʧʶʪʲʨʥʠʪʝ ʩʠʩʪʝʤʠ ʧʨʘʚʷʪ ʚʲʟʤʦʞʥʦ 
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʢʦʥʮʝʧʮʠʠʷʪʘ ʟʘ Ăʄʦʜʝʣʠʨʘʥʝ, ʩʠʤʫʣʘʮʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷñ ï
ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʦʩʥʦʚʘ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ Ăʮʠʬʨʦʚ ʙʣʠʟʥʘʢñ.

ü ʅʘʯʘʣʦ ʥʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʪʝʟʠ ʚʲʟʤʞʥʦʩʪʠ ʝ ʧʦʩʪʘʚʝʥʦ ʩʲʩ ʩʲʚʤʝʩʪʥʘʪʘ ʨʘʙʦʪʘ ʧʦ 
ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʘ ʩʦʬʪʫʝʨʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 
ʨʘʜʠʦʯʝʩʪʦʪʥʘʪʘ ʯʝʨʥʦʜʨʦʙʥʘ ʪʫʤʦʨʥʘ ʘʙʣʘʮʠʷ. ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʝ ʨʘʙʦʪʘʪʘ ʚ 
ʨʝʘʣʥʦ ʚʨʝʤʝ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʘʥʥʠ ʟʘ ʢʦʥʢʨʝʪʥʠʷ ʧʘʮʠʝʥʪ. 


