
  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ FlowVision ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʃʦʤʦʥʦʩʦʚ ʠ 

ʃʦʤʦʥʦʩʦʚ-2
* 

ɺ.ʉ. ɸʢʠʤʦʚ, ɸ.ɸ. ʖʱʝʥʢʦ 

ʆʆʆ çʊɽʉʀʉè 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʟʘʜʘʯ ʛʠʜʨʦ- ʛʘʟʦʜʠʥʘ-

ʤʠʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ FlowVision ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʃʦʤʦʥʦʩʦʚ  ʠ ʃʦ-

ʤʦʥʦʩʦʚ-2. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʷʜʝʨ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʟʘʜʘʯʠ, ʠʤʝʶʱʝʡ ʦʢʦʣʦ 0,4ʤʣʥ. ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ, ʘ ʪʘʢʞʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʦ ʧʨʦʮʝʩʩʦʨʘʤ ʟʘʜʘʯʠ ʩ ʯʠʩʣʦʤ ʷʯʝʝʢ ʙʦʣʝʝ 5ʤʣʥ. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʩʫʧʝʨʢʦʤ-

ʧʴʶʪʝʨʦʚ ʃʦʤʦʥʦʩʦʚ ʠ ʃʦʤʦʥʦʩʦʚ-2. ʇʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝ-

ʤʝʥʠ ʥʘ ʧʨʦʮʝʩʩʳ MPI-ʦʙʤʝʥʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʥʘ ʨʘʟʣʠʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʩʩʦ-

ʨʦʚ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨʘ ʃʦʤʦʥʦʩʦʚ-2 ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʠʜʨʦ- ʛʘʟʦʜʠʥʘʤʠʢʠ. 

1. ɺʚʝʜʝʥʠʝ 

ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʝʞʝʜʥʝʚʥʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʚʩʝ 

ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ ʦʙʦʨʫʜʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʦʚ, ʩ ʜʨʫ-

ʛʦʡ ï ʨʘʩʰʠʨʷʝʪʩʷ ʰʠʥʘ ʧʘʤʷʪʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʠʥʪʝʨʢʦʥʥʝʢʪ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ 

(ʪʘʙʣ.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ  ʠʥʞʝʥʝʨʘʤʠ ʢʦʤʧʘʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʥʩʪʘʣʣʷʮʠʝʡ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʦʠʪ ʥʝʣʝʛʢʘʷ ʟʘʜʘʯʘ: ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʨʘʤʢʘʭ ʤʥʦʛʦʧʨʦʮʝʩ-

ʩʦʨʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʊʝʤ ʚʨʝʤʝʥʝʤ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚʳ-

ʯʠʩʣʝʥʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʱʥʦʩʪʝʡ ʩʫʧʝʨʢʦʤʧʴʁ-

ʪʝʨʦʚ ʷʚʣʷʶʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦ- ʛʘʟʦʜʠʥʘʤʠʢʠ.  ʉʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ CFD-ʢʦʜʦʚ ʩʧʨʦʩ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚʩʝʛʜʘ ʙʫʜʝʪ ʘʢʪʫʘʣʴʥʳʤ. 

ʉʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʜʘʚʥʦ ʚʳʰʝʣ ʟʘ ʧʨʝʜʝʣʳ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʵʪʦʤʫ ʩʢʦ-

ʨʦʩʪʴ ʩʯʝʪʘ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʢʦʨʷʪʴ ʨʘʩʯʝʪ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʷʜʝʨ ʠ ʧʨʦʮʝʩʩʦʨʦʚ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ ʠ ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʤʷʪʠ, ʠʥʪʝʨʢʦʥ-

ʥʝʢʪʘ ʠ ʫʤʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʴʩʷ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʝʪʦʚ ʪʝʩʪʦ-

ʚʳʭ ʟʘʜʘʯ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ (ʇʂ) FlowVision  ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ʃʦʤʦʥʦʩʦʚ-2 -  ʦʜ-

ʥʦʤ ʠʟ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚ ʤʠʨʝ ʠ ʧʝʨʚʦʤ ʚ ʤʠʨʝ, ʠʩʧʦʣʴʟʫʶʱʝʤ ʪʦʧʦʣʦʛʠʶ Flattened 

Butterfly ʥʘ Infiniband. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʩʫʧʝʨ-

ʢʦʤʧʴʶʪʝʨʝ ʃʦʤʦʥʦʩʦʚ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

                                                      
*
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦ-

ʥʦʩʦʚʘ 



ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨ ʃʦʤʦʥʦʩʦʚ (ʨʘʟʜʝʣ gpu) ʃʦʤʦʥʦʩʦʚ-2 (ʨʘʟʜʝʣ compute) 

ʇʨʦʮʝʩʩʦʨ 
Intel(R) Xeon(R) CPU           

E5630  @ 2.53GHz 

Intel(R) Xeon(R) CPU E5-2680 

v2 @ 2.80GHz 

ʂʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʷʜʝʨ 

ʧʨʦʮʝʩʩʦʨʘ 
4 10 

ʂʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʷʜʝʨ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Hyper-

Threading (HT) 

8 20 

ʂʵ-hʧʘʤʷʪʴ, ʄɹ 12 25 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʤʷʪʠ, ɻʙ/ʩ 
25,6 59,7 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ ʥʘ 

ʫʟʝʣ 
2 1 

ʊʦʧʦʣʦʛʠʷ, ʠʥʪʝʨʢʦʥʥʝʢʪ QDR InfiniBand 
Flattened Butterfly ʥʘ 

InfiniBand 

2.1 ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʭʦʣʦʜ-

ʥʦʡ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ ʚ ʩʤʝʩʠʪʝʣʝ (ʨʠʩ.1).  ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.  

 

ʈʠʩ.1. ɿʘʜʘʯʘ ʩʤʝʰʠʚʘʥʠʷ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʩʤʝʩʠʪʝʣʝ 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ ʩʤʝʰʠʚʘʥʠʷ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ʩʤʝʩʠʪʝʣʝ 

ʇʦʩʪʘʥʦʚʢʘ ʊʨʝʭʤʝʨʥʘʷ 

ʄʦʜʝʣʠʨʫʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ 
ʊʝʧʣʦʧʝʨʝʥʦʩ (ʢʦʥʚʝʢʮʠʷ ʠ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ), ʜʚʠʞʝʥʠʝ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ 

ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʰʪ. 
ʄʘʣʘʷ ʨʘʟʤʝʨʥʦʩʪʴ:  410108; ʙʦʣʴʰʘʷ ʨʘʟʤʝʨ-

ʥʦʩʪʴ:  5172649 

ɸʜʘʧʪʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʦʪʩʫʪʩʪʚʫʝʪ 

 
ɼʣʷ ʥʘʠʣʫʯʰʝʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʧʨʦʮʝʩʩʦʨʘʤ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ 

ʨʘʚʥʦʤʝʨʥʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʣʦʢʘʣʴʥʳʝ ʩʛʫʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʪʢʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʷʯʝʝʢ ʦʢʦʣʦ 5,2 ʤʣʥ. ʧʦ 15 ʧʨʦʮʝʩʩʦʨʘʤ, ʘ ʥʘ 

ʨʠʩ.3 ï ʧʦ ʛʠʧʝʨʷʯʝʡʢʘʤ ʜʣʷ ʨʝʞʠʤʘ ʟʘʧʫʩʢʘ ʥʘ 15 ʧʨʦʮʝʩʩʦʨʦʚ ʧʦ 20 ʥʠʪʝʡ. ɺ ʩʨʝʜʥʝʤ, ʥʘ ʦʜ-

ʥʫ ʥʠʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʧʦ 12 ʛʠʧʝʨʯ̫ʝʝʢ.   


