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ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʇʨʦʙʣʝʤʘ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʡ ʦʪʨʘʩʣʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʘʢʦ ʢʘʢ 

ʧʨʘʚʠʣʦ, ʯʝʤ ʩʣʦʞʥʝʝ ʫʩʪʨʦʝʥ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨ, ʪʝʤ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦʝ 

ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ɼʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ 

çcHARISMaè ʅʀʋ ɺʐʕ ʙʦʨʴʙʘ ʩ ʧʨʦʩʪʘʠʚʘʶʱʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʧʦʨʦʞʜʘʶʱʠʤʠ ʠʭ ʟʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʜʦʩʪʠʛʘʝʪ ʪʳʩʷʯʠ ʯʝʣʦʚʝʢ, ʘ ʯʝʨʝʟ ʦʯʝʨʝʜʴ 

ʧʣʘʥʠʨʦʚʱʠʢʘ ʧʨʦʭʦʜʷʪ ʩʦʪʥʠ ʪʳʩʷʯ ʟʘʜʘʯ, ʠʟ-ʟʘ ʯʝʛʦ ʟʘʛʨʫʟʢʘ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʥʝʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 100%. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʤʦʯʴ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʠ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʧʨʝʜʝʣʷʪʴ 

ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʩʧʝʨʪʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʜʘʯʝ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʤʝʪʨʠʢ ʩʤʦʞʝʪ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʵʬʬʝʢʪʠʚʥʫʶ ʟʘʜʘʯʫ.  

ʎʝʣʠ, ʟʘʜʘʯʠ, ʧʣʘʥʠʨʫʝʤʳʡ ʠ ʬʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ 

ʎʝʣʴ ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʜʘʯ çHPC 

TaskMasterè 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʙʠʨʘʪʴ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CPU, GPU, ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʬʘʡʣʦʚʦʡ 

ʩʠʩʪʝʤʳ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʭ 

 ʈʘʟʨʘʙʦʪʘʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʨʘʟʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ 

ʢ ʟʘʜʘʯʘʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʜʣʷ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ 



 ʈʘʟʨʘʙʦʪʘʪʴ ʢʣʘʩʩ çʠʥʜʠʢʘʪʦʨʳ ʧʨʦʙʣʝʤè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʥʠʟʢʦʝ/ʯʨʝʟʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ 

 ʈʘʟʨʘʙʦʪʘʪʴ ʢʣʘʩʩ çʪʝʛʠè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʧʨʠʩʚʘʠʚʘʪʴ ʪʝʛʠ ʟʘʜʘʯʘʤ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʩʚʦʡʩʪʚ 

 ʈʘʟʨʘʙʦʪʘʪʴ ʢʣʘʩʩ çʚʳʚʦʜʳè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ 

çʠʥʜʠʢʘʪʦʨʦʚè ʠ çʪʝʛʦʚè ʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʣʠ ʨʘʙʦʪʘʣʘ ʟʘʜʘʯʘ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʶ 

 ʈʘʟʨʘʙʦʪʘʪʴ ʢʣʘʩʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟ ʨʘʙʦʪʳ 

 ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ email ʦʧʦʚʝʱʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ  

 ʇʦʜʛʦʪʦʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʫʙʣʠʢʘʮʠʡ ʦ ʩʠʩʪʝʤʝ HPC TaskMaster 

 ʇʦʜʛʦʪʦʚʠʪʴ ʦʪʢʨʳʪʳʡ ʨʝʧʦʟʠʪʦʨʠʡ ʧʨʦʝʢʪʘ ʜʣʷ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ 

ʇʣʘʥʠʨʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ï ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʜʘʯ çHPC 

TaskMasterè ʟʘʧʫʱʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ çcHARISMaè, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʵʬʬʝʢʪʠʚʥʳʝ 

ʟʘʜʘʯʠ, ʩʦʙʠʨʘʝʪ ʧʦ ʥʠʤ ʩʪʘʪʠʩʪʠʢʫ ʠ ʫʚʝʜʦʤʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʙ ʠʭ 

ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ 

ʌʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʘ çHPC TaskMasterè ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʟʘʧʫʱʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʟʘʜʘʯ ʙʳʣʘ ʩʦʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʤʝʩʷʮʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʩʫʣʴʪʘʮʠʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʘʠʙʦʣʝʝ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʥʝʵʬʬʝʢʪʠʚʥʫʶ ʟʘʛʨʫʟʢʫ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʥʘ 5%. 



ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʘʢ çʥʝʵʬʬʝʢʪʠʚʥʦʡè ʟʘʜʘʶʪʩʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ çcHARISMaè ʚ ʧʘʥʝʣʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ çHPC TaskMasterè. 

ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʚʝʣʘʩ ɹʚ ʟʘʢʨʳʪʦʤ GIT ʨʝʧʦʟʠʪʦʨʠʠ. 

ʆʪʜʝʣʴʥʳʡ open-source ʨʝʧʦʟʠʪʦʨʠʡ ʧʨʦʝʢʪʘ ʩ ʪʝʩʪʦʚʳʤ ʜʘʪʘʩʝʪʦʤ ʜʦʩʪʫʧʝʥ 

ʜʣʷ ʚʩʝʭ ʞʝʣʘʶʱʠʭ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʂʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ 

ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ çHPC TaskMasterè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 

1: 

 

ʈʠʩʫʥʦʢ 1 - ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 



ʀʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ: 

1. ʇʣʘʥʠʨʦʚʱʠʢ ʟʘʜʘʯ Slurm 

2. ɹʘʟʘ ʜʘʥʥʳʭ MariaDB 

3. ɹʘʟʘ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ InfluxDB 

4. ʉʙʦʨʱʠʢ ʤʝʪʨʠʢ Telegraf 

5. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʪʨʠʢ Grafana 

6. Python 3.5+, Django ʠ ʦʩʪʘʣʴʥʳʝ ʪʨʝʙʫʝʤʳʝ ʧʘʢʝʪʳ 

7. ɹʘʟʘ ʜʘʥʥʳʭ Redis 

ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʜʘʯʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʙʠʨʘʝʪʩʷ ʩ ʧʣʘʥʠʨʦʚʱʠʢʘ 

ʟʘʜʘʯ Slurm, ʢʦʪʦʨʳʡ ʚʳʛʨʫʞʘʝʪ ʝʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ MySQL. ʊʘʢʞʝ, ʦʪʜʝʣʴʥʳʡ 

ʧʣʘʛʠʥ Slurm ʚʳʛʨʫʞʘʝʪ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʟʘʜʘʯʘʤ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ InfluxDB. ʊʘʢʞʝ, ʩʙʦʨ ʤʝʪʨʠʢ ʧʦ ʫʪʠʣʠʟʘʮʠʠ CPU ʠ 

GPU ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʜʝʤʦʥʘ Telegraf, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʢʘʞʜʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ. Telegraf ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ 

ʫʪʠʣʠʟʘʮʠʶ ʧʦ ʢʘʞʜʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʷʜʨʫ CPU ʠ GPU. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʝʪʨʠʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ Grafana. ɿʘ 

ʩʯʝʪ API, ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. 

 

ʀʥʜʠʢʘʪʦʨʳ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʟʘʜʘʯʝʡ, ʚ 

HPC TaskMaster ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥ ʩʣʝʜʫʶʱʠʡ ʢʣʘʩʩ ï ʠʥʜʠʢʘʪʦʨ. ʉʧʠʩʦʢ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʘ 1. 

 

 



ʊʘʙʣʠʮʘ 1 - ʠʥʜʠʢʘʪʦʨʳ ʩʠʩʪʝʤʳ 

Ο ˚́̈̃́̎̉̆ ̉̎̅̉̋́̓̏̑́ ː̗̜̑́̎̉ ̠̏̐̑̆̅̆̌̆̎̉ 
̉̎̅̉̋́̓̏̑̏̃ 

˟̉̐ ̉̎̅̉̋́̓̏̑́ 

1 ˚̠̉̈̋́ ̠̠̒̑̆̅̎ ̈́̄̑̔̈̋́ ̠̅̑́ CPU 0ɀ30% ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̎̉̇̎̆̊ ̗̜̄̑́̎̉ 

2 ˚̠̉̈̋́ ̠̠̒̑̆̅̎ ̈́̄̑̔̈̋́ ̖̃̒̆ CPU 0ɀ60% ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̎̉̇̎̆̊ ̗̜̄̑́̎̉ 

3 ˚̠̉̈̋́ ̠̠̒̑̆̅̎ ̈ ́̄̑̔̈̋́ GPU 0ɀ20% ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̎̉̇̎̆̊ ̗̜̄̑́̎̉ 

4 ˚̉̈̋̏̆ ̠̠̒̑̆̅̎ ̈́̄̑̔̈̋́ VRAM 0ɀ10% ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̎̉̇̎̆̊ ̗̜̄̑́̎̉ 

5 ˚̠̉̈̋́ ̠̠̒̑̆̅̎ ̈́̄̑̔̈̋́ RAM 0ɀ1 ː  ˎ ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̎̉̇̎̆̊ ̗̜̄̑́̎̉ 

6 ˏ̜̠̒̏̋́ ̎́̄̑̔̈̋́ ̎́ SSD (̘̓̆̎̉̆Ɋ 350ɀυππ ˙ˎȾ̒ ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̖̃̆̑̎̆̊ ̗̜̄̑́̎̉  

7 ˏ̜̠̒̏̋́ ̎́̄̑̔̈̋́ ̎́ SSD ɉ̝̈́̐̉̒Ɋ 350ɀυππ ˙ˎȾ̒ ˕̎̅̉̋́̓̏̑ ̠̅̌ 
̖̃̆̑̎̆̊ ̗̜̄̑́̎̉  

 

¶ ʀʥʜʠʢʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʧʨʦʙʣʝʤ ʩ ʨʝʩʫʨʩʘʤʠ 

ʟʘʜʘʯʠ; 

¶ ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʝʨʠʠ ʜʣʷ ʠʥʜʠʢʘʪʦʨʦʚ; 

¶ ʀʥʜʠʢʘʪʦʨ ʭʨʘʥʠʪ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʙʣʝʤʳ ʦʪ 0 ʜʦ 1 ʩ ʜʚʦʠʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢ ʨʘʟʥʠʮʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ; 

¶ ʅʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʛʨʘʥʠʮʳ ʠʥʜʠʢʘʪʦʨʘ ʦʙʷʟʘʪʝʣʴʥʳʝ ʜʣʷ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʨʝʚʳʰʝʥʠʝ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʜʘʝʪ ʫʨʦʚʝʥʴ 

ʠʥʜʠʢʘʪʦʨʘ ʨʘʚʥʳʤ 1; 

¶ ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʠʥʜʠʢʘʪʦʨʦʚ ï ʠʥʜʠʢʘʪʦʨ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮ. ɼʣʷ ʠʥʜʠʢʘʪʦʨʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʟʥʘʯʝʥʠʷ ʥʠʞʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʙʫʜʫʪ ʧʨʠʨʘʚʥʝʥʳ ʢ 0, ʘ ʜʣʷ ʠʥʜʠʢʘʪʦʨʘ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ, ʟʥʘʯʝʥʠʷ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʙʫʜʫʪ 

ʧʨʠʨʘʚʥʝʥʳ ʢ 1. 

 

 

 

 



 

 

 

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ ʧʘʥʝʣʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 2. 

 

ʈʠʩʫʥʦʢ 2 - ʧʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʘ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʜʠʢʘʪʦʨʦʚ 

1. ʅʘʣʠʯʠʝ ʠʥʜʠʢʘʪʦʨʘ ʩʨʘʟʫ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʙʣʝʤʝ ʩ ʫʪʠʣʠʟʘʮʠʝʡ 

ʨʝʩʫʨʩʦʚ ʟʘʜʘʯʝʡ; 

2. ʃʝʛʢʦ ʜʦʙʘʚʠʪʴ ʥʦʚʳʡ ʠʥʜʠʢʘʪʦʨ ʚ ʩʠʩʪʝʤʫ. 

ʅʝʜʦʩʪʘʪʢʠ ʠʥʜʠʢʘʪʦʨʦʚ 

1. ʅʝ ʚʩʝʛʜʘ ʥʘʣʠʯʠʝ ʠʥʜʠʢʘʪʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ 

ʥʝʵʬʬʝʢʪʠʚʥʘ; 

2. ɺʩʣʝʜʩʪʚʠʝ ʧʫʥʢʪʘ ʚʳʰʝ, ʥʝʣʴʟʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʜʦʤʣʷʪʴ/ʩʥʠʤʘʪʴ 

ʟʘʜʘʯʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʝʟ 100% ʛʘʨʘʥʪʠʠ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʜʘʯʠ; 

ɼʣʷ ʜʦʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʠʥʜʠʢʘʪʦʨʦʚ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʢʣʘʩʩ ï ʪʝʛʠ. 



ʊʝʛʠ 

ʊʝʛʠ ʟʘʜʘʯ ï ʤʝʪʢʠ, ʧʝʨʝʜʘʶʱʠʝ ʦʜʥʦ ʠʟ ʩʚʦʡʩʪʚ ʟʘʜʘʯʠ. ʊʝʛʘʤʠ ʤʦʞʥʦ 

ʦʙʦʟʥʘʯʠʪʴ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʪʠʧ ʟʘʜʘʯʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʦʰʠʙʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʜʠʢʘʪʦʨʦʚ, ʪʝʛʠ ʥʝ ʭʨʘʥʷʪ ʚ ʩʝʙʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ. 

ʊʝʛʠ ʥʫʞʥʳ, ʯʪʦʙʳ ʜʝʣʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʳʚʦʜʳ ʦ ʨʘʙʦʪʝ ʟʘʜʘʯʠ. ʉ ʧʦʤʦʱʴʶ 

ʪʝʛʦʚ ʤʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʠʩʪʝʤʫ ʚʳʚʦʜʦʚ. 

ʉʧʠʩʦʢ ʪʝʛʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤʦʡ, ʧʨʝʜʦʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 2 - ʪʝʛʠ ʩʠʩʪʝʤʳ 

Ο ˚́̈̃́̎̉̆ ̓̆̄́ ˗̑̉̓̆̑̉̉ ̘̠̎́̈̎́̆̎̉ ̓̆̄́ ˗̏̍̍̆̎̓́̑̉̊ 
1 ˝́̈̂́̌́̎̒̉̑̏̃̋́ ̑̆̒̔̑̒̏̃ ˚̆̑́̃̎̏̍̆̑̎̏̆ ̜̃̅̆̌̆̎̉̆ 

̑̆̒̔̑̒̏̃ ̎́ ̝̖̎̆̒̋̏̌̋̉ ̖̔̈̌́ 
˜̑̉ ̝̎̆̐̑́̃̉̌̎̏̍ 
̜̃̅̆̌̆̎̉̉ 
̑̆̒̔̑̒̏̃ ̠̅̌ 
̘̈́̅́̉ ̞̓̉ 
̜̑̆̒̔̑̒ ̍̏̄̔̓ 
̜̝̂̓ 
̜̑́̒̐̑̆̅̆̌̆̎ 
̎̆̑́̃̎̏̍̆̑̎̏ 
̍̆̇̅̔ 
̝̎̆̒̋̏̌̋̉̍̉ 
̔̈̌́̍̉ȟ ̘̓̏ 
̐̑̉̃̆̅̆̓ ̋ 
̟̒̎̉̇̆̎̉ 
̞̆̋̓̉̃̎̏̒̓̉̕̕ 

2 ˔̘́̅́́ ̜̠̝̃̐̏̌̎̌́̒ ̝̙̅̏̌̆ 
χ ̅̎̆̊ 

ˑ̝̝̌̉̓̆̌̎̏̒̓ ̘̈́̅́̉ ̂̏̌̆̆ χ 
̅̎̆̊ 

ˑ̝̜̌̉̓̆̌̎̆ 
̘̈́̅́̉ ̟̓̑̆̂̔̓ 
̂̏̌̆̆ 
̝̐̑̉̒̓́̌̎̏̄̏ 
̠̃̎̉̍́̎̉ȟ ̓Ȣ  ̍̏̄̔̓ 
̜̝̂̓ ̜̜̃̈̃́̎ 
̘̜̑̔̎̍ 
̜̃̅̆̌̆̎̉̆̍ 
̑̆̒̔̑̒̏̃ ̉̌̉ 
̝̎̆̐̑́̃̉̌̎̏ 
̟̑́̂̏̓́̆̊̚ 
̐̑̏̄̑́̍̍̏̊ 

3 ˔̘́̅́́ ̙̈́̃̆̑̆̎́ ̒ ̙̏̉̂̋̏̊ ˔̘́̅́́ ̙̈́̃̆̑̆̎́ ̒ ̏̅̎̉̍ ̉̈ 
̜̖́̃́̑̉̊̎ ̒̓́̓̔̒̏̃ 

˚̘́̌̉̉̆ 
́̃́̑̉̊̎̏̄̏ 
̒̓́̓̔̒́ 
̝̒̃̉̅̆̓̆̌̒̓̃̔̆̓ 
̏̂ ̙̏̉̂̋̆ 

4 ˔̘́̅́́ ̈́̐̔̆̎́̚ ̎́ ρ ̠̅̑̆ ˑ̠̌ ̘̈́̅́̉ ̜̃̅̆̌̆̎̏ ρ ̠̅̑̏ ˑ̜́̎̎̊ ̓̆̄ 
̘̐̑̆̅̎́̈̎́̆̎ ̠̅̌ 
̝̗̉̌̓̑́̉̉̕ ̘̈́̅́ 
̒ ρ ̠̅̑̏̍ 

5 ˟̉̐ ̘̈́̅́̉ - salloc ˔̘́̅́́ ̈́̐̔̆̎́̚ ̘̆̑̆̈ 
salloc/ srun 

ˤ́̒̓̏ 
̝̐̏̌̈̏̃́̓̆̌̉ 



̝̟̉̒̐̏̌̈̔̉̆̚ 
salloc ̜̠̟̃̅̆̌̓ 
̜̑̆̒̔̑̒ ̉ ̎̆ 
̝̟̉̒̐̏̌̈̔̓ ̖̉ 
̝̙̟̂̏̌̔ ̘̝́̒̓ 
̃̑̆̍̆̎̉/̎̆ 
̙̟̈́̃̆̑́̓ ̘̈́̅́̔ 
̐̏ ̘̟̏̋̏̎́̎̉ 
̘̑́̒̆̓̏̃ 

6 ˟̉̐ ̘̈́̅́̉ ɀ Jupyter Notebook 
̉ ̅̑ 

˛̐̑̆̅̆̌̆̎̉̆ ̓̉̐́ ̘̈́̅́̉ ̐̏ 
̟̘̜̋̌̆̃̍ ̒̌̏̃́̍ 

ˑ̜́̎̎̊ ̓̆̄ 
̠̏̑̍̉̑̔̆̓̒̕ ̐̏ 
̟̘̜̋̌̆̃̍ ̒̌̏̃́̍ȟ 
̐̏̉̒̋ ̜̖̋̏̓̏̑ 
̠̃̆̅̆̓̒ ̃ 
̎́̈̃́̎̉̉ȟ ̃ ̒̓̑̏̋̆ 
̈́̐̔̒̋́ȟ ̃ 
̠̉̒̐̏̌̎̆̍̏̍ 
̒̋̑̉̐̓̆ 

 

ʌʦʨʤʘ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʪʝʛʘ ʚ ʧʘʥʝʣʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʈʠʩʫʥʦʢ 3. 

 

ʈʠʩʫʥʦʢ 3 - ʧʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʛʘ 

 



ʊʘʢ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʠ ʪʝʛʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʨʘʙʦʪʝ ʟʘʜʘʯʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜʩʠʩʪʝʤʘ ʚʳʚʦʜʦʚ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ, ʵʬʬʝʢʪʠʚʥʦ ʣʠ ʨʘʙʦʪʘʣʘ ʟʘʜʘʯʘ, 

ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ.  

 

ɺʳʚʦʜʳ 

ɺʳʚʦʜ ï ʵʪʦ ʬʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʟʘʜʘʯʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʶʱʠʭʩʷ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʪʝʛʦʚ. 

ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 4. 

 

ʈʠʩʫʥʦʢ 4 - ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʦʚ 

 

Å ʅʘ ʚʭʦʜʝ ʝʩʪʴ N ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ (ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʯ ʥʘ ʢʣʘʩʪʝʨʝ).  

Å ʇʦ ʥʠʤ ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʪʨʠʢʠ (ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʤʘʢʩʠʤʫʤʳ ʠ 

ʤʠʥʠʤʫʤʳ ʠ ʪ.ʜ.) 

Å ɼʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʚʝʢʪʦʨ ʤʝʪʨʠʢ 

Å ɺʝʢʪʦʨ ʤʝʪʨʠʢ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʜʘʝʪ ʦʜʠʥ ʠʥʜʠʢʘʪʦʨ ʩ ʫʢʘʟʘʥʠʝʤ ʝʛʦ ʚʝʩʘ (ʦʪ 0 ʜʦ 1) 

Å ʉʦʙʠʨʘʝʤ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʡ ʚ ʚʝʢʪʦʨ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʟʘʜʘʯʠ 

(ʥʘʧʨʠʤʝʨ, çʄʘʣʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠè).  



Å ɼʘʣʝʝ ʚʝʢʪʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʙʫʣʝʚʳʤ ʬʫʥʢʮʠʷʤ. ʅʘ 

ʚʳʭʦʜʝ ʧʦʣʫʯʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʟʘʜʘʯʝ (ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ: 

çʅʝʵʬʬʝʢʪʠʚʥʳʡ ʟʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʝ jupyter-notebookè) 

 

 

 

 

 

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ 

ʅʘ ʈʠʩʫʥʦʢ 5 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʚʳʚʦʜʘ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʟʘʜʘʯʝʡ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʟʘʧʫʩʢʘ. 

 

ʈʠʩʫʥʦʢ 5 - ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʚʦʜʘ 

 

ʇʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ ʦʙ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʈʠʩʫʥʦʢ 6. 



 

ʈʠʩʫʥʦʢ 6 - ʧʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ 

ʇʨʠʦʨʠʪʝʪ ʚʳʚʦʜʦʚ 

ɺ ʊʘʙʣʠʮʘ 3 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʳʚʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ 

HPC TaskMaster. ɺʳʚʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʫʩʣʦʚʠʡ. 

ʇʘʨʘʤʝʪʨʳ ʚʳʚʦʜʦʚ ʚ ʪʘʙʣʠʮʝ ʧʦʜʦʙʨʘʥʳ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠ ʥʘʩʪʨʦʝʥʳ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ çcHARISMaè.   

ʊʘʙʣʠʮʘ 3 - ʚʳʚʦʜʳ ʩʠʩʪʝʤʳ 

ʇʨʠʦ

ʨʠʪʝʪ 
ʅʘʟʚʘʥʠʝ 

ʀʥʜʠʢʘʪʦʨʳ, ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʊʝʛʠ 

ʅʠʟʢʦ

ʝ 

ʩʨʝʜʥʝ

ʝ 

ʠʩʧʦʣʴ

ʟʦʚʘʥʠ

ʝ CPU 

ʅʠʟʢʦ

ʝ 

ʩʨʝʜʥʝ

ʝ 

ʠʩʧʦʣʴ

ʟʦʚʘʥʠ

ʝ ʷʜʝʨ 

CPU 

ʅʠʟʢʦ

ʝ 

ʩʨʝʜʥʝ

ʝ 

ʠʩʧʦʣʴ

ʟʦʚʘʥʠ

ʝ GPU 

ʅʠʟʢ

ʘʷ 

ʩʨʝʜ

ʥʝʝ 

ʠʩʧʦ

ʣʴʟʦʚ

ʘʥʠʝ 

ʚʠʜʝ

ʦʧʘʤ

ʷʪʠ 

Sal

loc 

Jupy

ter 

Note

book 

ɿʘʚʝ

ʨʰʝ

ʥʘ ʩ 

ʦʰʠ

ʙʢʦʡ 

ɼʣʠʣʘ

ʩʴ 

ʤʝʥʝʝ 

10 

ʩʝʢʫʥ

ʜ 

ɺʳʜʝʣ

ʝʥʦ 

ʤʝʥʴ

ʰʝ 

ʷʜʝʨ 

CPU 

ʯʝʤ 

GPU 

11 

ʅʝʵʬʬʝʢʪ

ʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚ

ʘʥʠʝ salloc 

0.9-1 0.9-1 0.9-1 - T F F F F 



22 

ʅʝʵʬʬʝʢʪ

ʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚ

ʘʥʠʝ 

Jupyter 

Notebook 

0.5-1 0.5-1 0.5-1 - F T F F F 

33 

ʆʰʠʙʢʘ ʚ 

ʧʘʨʘʤʝʪʨʘ

ʭ ʟʘʧʫʩʢʘ 

ʟʘʜʘʯʠ 

- - - - F F T T F 

44 

ʅʝʧʨʘʚʠʣʴ

ʥʳʡ 

ʟʘʧʫʩʢ 

GPU 

ʟʘʜʘʯʠ 

- - 0-1 0-1 F F F F T 

55 

ɿʘʜʘʯʘ ʥʝ 

ʠʩʧʦʣʴʟʫʝ

ʪ GPU 

- - 0.9-1 0.9-1 F F F F F 

66 

ɿʘʜʘʯʘ ʥʝ 

ʠʩʧʦʣʴʟʫʝ

ʪ CPU 

0.9-1 0.9-1 - - F F F F F 

77 

ɿʘʜʘʯʘ 

ʥʝʵʬʬʝʢʪʠ

ʚʥʦ 

ʠʩʧʦʣʴʟʫʝ

ʪ ʦʜʥʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ 

ʷʜʝʨ CPU 

- 0-1 - - F F ðF ðF ðF 

 

ʋʚʝʜʦʤʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʟʘʜʘʯʘʭ 

ʀʤʝʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʟʘʜʘʯ, 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʠ ʠʭ ʩʥʷʪʠʝ 

ʩ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ. 

ʅʦʚʳʡ ʤʦʜʫʣʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʘʢʪʠʚʥʳʝ ʟʘʜʘʯʠ ʥʘ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ʠ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʧʘʥʝʣʠ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪ ʣʠʙʦ ʧʨʦʩʪʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʟʘʜʘʯʝ, ʣʠʙʦ ʩʥʠʤʘʝʪ ʟʘʜʘʯʫ ʠ ʫʚʝʜʦʤʣʷʝʪ ʦʙ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. 



ʉʪʘʪʠʩʪʠʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ɼʣʷ çHPC TaskMasterè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ 

ʩʦʙʠʨʘʪʴ ʠ ʦʪʨʘʞʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʛʜʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʦʮʝʥʪ ʵʬʬʝʢʪʠʚʥʳʭ 

ʟʘʜʘʯ, ʧʨʦʮʝʥʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ CPU ʠ GPU; 

¶ ʂʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʟʘʜʘʯ ʧʦ ʤʝʩʷʮʘʤ. ɺ ʩʚʦʜʢʝ ʧʨʠʚʦʜʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ 

ʟʘʜʘʯʠ ʠ ʟʘʜʘʯʠ, ʫ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʙʣʝʤʘ; 

¶ ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ CPU ʠ GPU, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣ ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦ; 

¶ ʕʬʬʝʢʪʠʚʥʦʝ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ. ɼʘʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʙʦʡ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʪ. ʢ. ʠʤʝʥʥʦ ʧʦ ʥʝʡ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʚʳʜʝʣʷʝʤʳʝ ʝʤʫ ʨʝʩʫʨʩʳ; 

ʇʨʠʤʝʨ ʩʦʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʛʦʜ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 7. 

 

ʈʠʩʫʥʦʢ 7 - ʧʨʠʤʝʨ ʩʪʘʪʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ 



ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʢʦʥʩʫʣʴʪʘʮʠʷʭ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ï ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʙʳʩʪʨʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ:  

¶ ʩ ʢʘʢʠʤ ʪʠʧʦʤ ʟʘʜʘʯ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʦʟʥʠʢʘʶʪ ʥʘʠʙʦʣʴʰʠʝ 

ʪʨʫʜʥʦʩʪʠ; 

¶ ʢʘʢ ʤʥʦʛʦ ʤʘʰʠʥʥʳʭ ʯʘʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʥʠʤʘʝʪ ʠ ʩʢʦʣʴʢʦ ʠʟ ʥʠʭ 

ʧʨʦʩʪʘʠʚʘʝʪ; 

¶ ʢʘʢ ʘʢʪʠʚʥʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʨʝʩʫʨʩʳ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ; 

¶ ʢʘʢʦʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʨʝʥʜ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ï 

ʩʪʘʣ ʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʧʦʩʣʝ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʠʣʠ ʥʝʪ; 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çUserStatè. ɼʘʥʥʳʡ ʢʣʘʩʩ ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʦʜʠʥ ʢʘʣʝʥʜʘʨʥʳʡ ʤʝʩʷʮ: 

¶ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ 

¶ ʂʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʜʘʯ (ʟʘʜʘʯ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʚʳʚʦʜʘ ʦ 

ʧʨʦʙʣʝʤʝ) 

¶ ʂʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʜʘʯ ʚ % 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʦʰʠʙʢʦʡ ʚ ʧʘʨʘʤʝʪʨʘʭ ʟʘʧʫʩʢʘ 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ srun/salloc 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʥʠʟʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CPU 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʥʠʟʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPU 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Jupyter 

Notebook 

¶ ʂʦʣʠʯʝʩʪʚʦ ʥʝʧʘʨʘʣʣʝʣʴʥʳʭ ʟʘʜʘʯ 

¶ ʂʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʧʨʦʙʣʝʤʳ 

¶ ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ CPU 



¶ ʂʦʣʠʯʝʩʪʚʦ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ CPU 

¶ ʂʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ CPU ʚ % 

¶ ɺʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨ CPU 

¶ ɺʨʝʤʷ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨ CPU ʚ ʩʝʢʫʥʜʘʭ 

¶ ʕʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʨʝʤʷ CPU ʚ % 

¶ ʂʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ GPU 

¶ ʂʦʣʠʯʝʩʪʚʦ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ GPU 

¶ ʂʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʷʜʝʨ GPU ʚ % 

¶ ɺʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨ GPU 

¶ ɺʨʝʤʷ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨ GPU ʚ ʩʝʢʫʥʜʘʭ 

¶ ʕʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚʨʝʤʷ GPU ʚ % 

ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʭʨʘʥʷʪ ʛʦʪʦʚʳʝ ʟʥʘʯʝʥʠʷ, 

ʦʙʨʘʱʝʥʠʷ ʢ ɹɼ ʟʘʥʠʤʘʶʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠ ʦʪʨʠʩʦʚʢʘ ʛʨʘʬʠʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʪ. ʢ. ʩʠʩʪʝʤʝ ʥʝ ʧʨʠʭʦʜʠʪʩʷ ʢʘʞʜʳʡ ʨʘʟ 

ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ. 

 

ɸʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʦʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʝʜʦʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 8. 

 

ʈʠʩʫʥʦʢ 8 - ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

 



ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʛʨʘʬʠʢʦʚ ʜʣʷ ʟʘʜʘʯʠ ʚ Grafana ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʈʠʩʫʥʦʢ 9. 

 

ʈʠʩʫʥʦʢ 9 - ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʢʦʚ ʚ Grafana 

 

ɸʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 10. 

 

ʈʠʩʫʥʦʢ 10 - ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʚʦʜʘ 

 

ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ email ʫʚʝʜʦʤʣʝʥʠʡ ʦ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʟʘʜʘʯʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 11. 



 

ʈʠʩʫʥʦʢ 11 - ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ email ʫʚʝʜʦʤʣʝʥʠʡ 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʙʳʣʘ ʩʦʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʟʘ ʧʦʩʣʝʜʥʠʡ ʢʚʘʨʪʘʣ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʜʣʷ ʧʦʤʦʱʠ ʩ ʧʨʘʚʠʣʴʥʳʤ 

ʟʘʧʫʩʢʦʤ ʟʘʜʘʯ. ɿʘ ʩʯʝʪ ʜʘʥʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ ʫʜʘʣʦʩʴ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 

ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 100000 ʤʘʰʠʥʥʳʭ ʯʘʩʦʚ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʥʘ 3,5% ʙʦʣʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʦʩʚʦʙʦʜʠʣʦʩʴ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ. ɼʘʣʴʥʝʡʰʠʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦʟʚʦʣʷʪ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʝʱʝ ʥʘ 

3%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʵʢʦʥʦʤʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ, ʦʩʚʦʙʦʞʜʘʷ ʝʛʦ 

ʜʣʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʋ ɺʐʕ. 












