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ʇʦʧʫʣʷʨʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʠʝʤ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʋʩʧʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʧʦʚʩʝʤʝʩʪʥʦʤʫ 

ʚʥʝʜʨʝʥʠʶ ʦʪʢʨʳʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʢʣʘʩʪʝʨʦʚ, 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʕɺʄ. ʆʯʝʚʠʜʥʦ, ʯʪʦ çʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè 

ï ʵʪʦ ʧʦʥʷʪʠʝ ʦʯʝʥʴ ʰʠʨʦʢʦʝ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʧʧʘʨʘʪʥʳʭ 

ʧʣʘʪʬʦʨʤ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʥʮʝʧʮʠʡ. ɹʝʟʫʩʣʦʚʥʦ, ʚʘʞʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ çʧʘʨʘʣʣʝʣʠʟʤè 

ʚʳʪʝʩʥʷʝʪ çʣʠʥʝʡʥʦʩʪʴè, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤ ʠʭ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʠʭ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ 

ʢʦʥʢʨʝʪʥʳʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ. ʆʭʚʘʪʠʪʴ ʚʩʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʢʘʢ ʘʧʧʘʨʘʪʥʳʝ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʝ) ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʡ ʨʘʙʦʪʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ ʧʦʩʦʙʠʝ 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʚʷʱʝʥʦ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʜʭʦʜʦʤ GPGPU (General 

Purpose on Graphical Processing Unit). ɼʦʩʣʦʚʥʦ ʩʤʳʩʣ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ 

ʧʝʨʝʜʘʪʴ ʢʘʢ çʨʝʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʘʭè. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʦʪʣʘʜʢʠ, ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 
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ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʦ ʚʩʝ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ (GPU). ʊʘʢ 

ʢʘʢ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʳʤ ʚʳʯʠʩʣʝʥʠʷʤ ʥʘ 

ʙʘʟʝ GPU, ʪʦ ʠ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧʦʩʦʙʠʠ 

ʦʛʨʘʥʠʯʝʥ ʪʦʣʴʢʦ ʙʠʙʣʠʦʪʝʢʦʡ CUDA. 

ʈʘʟʚʠʪʠʝ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʘʤ ʢʦʤʧʘʥʠʠ NVIDIA. ɼʘʥʥʘʷ ʢʦʤʧʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪ ʥʝ 

ʪʦʣʴʢʦ ʚʠʜʝʦʢʘʨʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, ʥʦ ʠ ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʠʙʣʠʦʪʝʢʠ, 

ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ GPU-ʚʳʯʠʩʣʠʪʝʣʝʤ. 

ʉʫʱʝʩʪʚʫʶʪ, ʙʝʟʫʩʣʦʚʥʦ, ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʥʠʢʠ ʨʳʥʢʘ, ʧʨʦʠʟʚʦʜʷʱʠʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʬʝʨʳ GPGPU. 

ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʢʘʢ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʠʣʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
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ʈɸɿɼɽʃ 1. ʆʉʅʆɺʓ ʇɸʈɸʃʃɽʃʔʅʓʍ ɺʓʏʀʉʃɽʅʀʁ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ (ɻʇ), ʢʘʢ ʘʧʧʘʨʘʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʩʪʘʣʠ ʥʘʩʪʦʣʴʢʦ ʜʦʩʪʫʧʥʳ, ʯʪʦ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʦʪʨʦʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʜʭʦʜ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

(graphical processing unit, GPU) ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʦʡ, ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʨʝʥʜʝʨʠʥʛʦʤ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ GPGPU (General Purpose Graphical Processing 

Unit).  

ʅʘ ʨʠʩ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ. 

 
ʈʠʩʫʥʦʢ 1.1 ï ʕʚʦʣʶʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1, ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ɻʇ, ʩʚʷʟʘʥʳ ʩ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʢʘʢ OpenGL. DirectX, 

CUDA, OpenCL. 

ʇʦʷʚʣʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʧʠʩʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʜʣʷ ʥʠʭ, ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʷʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚʠʜʝʦʢʘʨʪ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʥʜʝʨʠʥʛʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ 

OpenGL ʠʣʠ DirectX. 
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ʅʦ ʩʪʘʥʜʘʨʪʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ API, ʪʘʢʠʝ ʢʘʢ OpenGL ʠ DirectX, ʜʦʣʛʦʝ 

ʚʨʝʤʷ ʦʩʪʘʚʘʣʠʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ɻʇ. ʇʨʦʛʨʘʤʤʠʩʪʳ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʧʨʠʤʝʥʷʪʴ ʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜ: 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʙʱʠʝ ʟʘʜʘʯʠ (ʥʝ ʩʚʷʟʘʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʢ ʛʨʘʬʠʯʝʩʢʠʤ ʙʠʙʣʠʦʪʝʢʘʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʭ 

ʨʝʰʝʥʠʝ ʚʳʛʣʷʜʝʣʦ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʟʘʜʘʯʠ, ʨʝʱʘʝʤʳʝ ɻʇ (ʥʘʧʨʠʤʝʨ, 

ʨʝʥʜʝʨʠʥʛ). 

ɺ 2007 ʛʦʜʫ ʢʦʨʧʦʨʘʮʠʷ NVIDIA  ʚʳʧʫʩʪʠʣʘ ʧʝʨʚʫʶ ʚʠʜʝʦʢʘʨʪʫ ʩ 

ʧʦʜʜʝʨʞʢʦʡ DirectX 10 ï GeForce 8800 GTX. ʕʪʦ ʙʳʣʘ ʧʝʨʚʘʷ ʚʠʜʝʦʢʘʨʪʘ ʩ 

ʘʨʭʠʪʝʢʪʫʨʦʡ NVIDIA  CUDA. ɼʘʥʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʦʟʚʦʣʷʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ɻʇ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴ ʠ ʧʦʟʚʦʣʷʣʦ ʧʨʝʦʙʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʧʨʠʩʫʱʠʝ ʧʨʝʜʜʳʜʫʱʠʤ ʩʝʤʝʡʩʪʚʘʤ ʚʠʜʝʦʢʘʨʪ. ɻʣʘʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʷʚʣʷʣʦʩʴ: ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʘʪʴ ʦʙʱʠʝ ʟʘʜʘʯʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʥʜʝʨʠʥʛʦʤ 

ʠʟʦʙʨʘʞʝʥʠʡ. 

 

1.1 ʂʦʥʬʠʛʫʨʘʮʠʠ, ʦʩʥʦʚʳʥʥʳʝ ʥʘ ɻʇ ʠ ʎʇ 

 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʢʘʢ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʦʪʦʢʦʚ ʟʘʧʫʱʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʙʦʣʴʰʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ 

ʥʝʟʘʚʠʩʠʤʦ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʠʩʪʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʘʝʪ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ï ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʪʦʙʨʘʟʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʚʝʪʚʠ ʥʘ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʢʦʤʧʴʶʪʝʨʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ ʥʘʙʦʨʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʦʛʜʘ, ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ (ʫʟʣʦʚ ʠʣʠ ʕɺʄ) 
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ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʤʘʣʳʭ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʘʢʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʯʝʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥʳ. ʌʘʢʪʠʯʝʩʢʠ, ʇʘʨʘʣʣʝʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʢʘʢ ʜʠʩʮʠʧʣʠʥʘ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʦʙʣʘʩʪʝʡ: 

ï ʘʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʘʧʧʘʨʘʪʥʘʷ ʦʙʣʘʩʪʴ); 

ï ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ). 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʘ ʩ ʠʟʫʯʝʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, ʘ ʧʘʨʘʣʣʝʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨ.r ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʛʨʘʤʤʠʩʪ 

ʠʤʝʣ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʘʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʜʜʝʨʞʢʫ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʧʦʪʦʢʦʚ. 

ʅʘʠʙʦʣʝ ʨʘʩʧʨʘʩʪʨʘʥʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʕɺʄ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ 

ɻʘʨʚʘʨʜʘ (ʨʠʩ. 1.2), ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: 

ï ʧʘʤʷʪʴ (ʧʘʤʷʪʴ ʢʦʤʘʥʜ ʠ ʧʘʤʷʪʴ ʜʘʥʥʳʭ); 

ï ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ ʠ ʫʨʠʬʤʝʪʠʢʦ-

ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ); 

ï ʠʥʪʝʨʬʝʡʩʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʕɺʄ  

 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʫʢʘʟʘʥ ʥʘ ʨʠʩ. 1.2 ï ʪɻʦ ʯʠʧʩʝʪ ʠʣʠ 

çʣʦʛʠʯʝʩʦʢ ʷʜʨʦè, ʪ.ʝ. ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʎʇ ʩ ʚʥʝʰʥʠʤ 

ʤʠʨʦʤ. 

ʕʪʦ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʳ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʙʠʪ ʜʘʥʥʳʭ 

ʩ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʩʝʪʝʚʳʝ ʢʦʥʪʨʦʣʣʝʨʳ, ʤʳʰʴ, ʢʣʘʚʠʘʪʫʨʘ, 

ʥʘʢʦʧʠʪʝʣʠ USB, ʚʠʜʝʦʢʘʨʪʳ ʠ ʪ.ʧ.) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʯʠʧʩʝʪ. ɺ ʫʩʪʘʨʝʚʰʠʭ 

ʘʧʧʘʨʘʪʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʯʠʧʩʝʪ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ çʩʝʚʝʨʥʳʡ ʤʦʩʪè (ʩʦʝʜʠʥʷʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʩ 

ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʎʇ, ʨʝʛʠʩʪʨʘʤʠ 

ʎʇ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ) ʠ çʶʞʥʳʡ ʤʦʩʪè (ʩʦʝʜʠʥʷʝʪ ʧʨʦʮʝʩʩʦʨ ʠ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ). ʌʫʥʢʮʠʠ çʩʝʚʝʨʥʦʛʦ ʤʦʩʪʘè ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʣʠʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʥʪʝʨʬʝʡʩʘ PCI Express (PCIe). 

ʀʥʪʝʨʬʝʡʩ PCIe ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ. ʂʘʞʜʘʷ ʣʠʥʠʷ PCIe 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʧʦʩʦʙʥʘ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴ 500ʄɹ/ʩ (ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʠʠʠ), ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʣʠʥʠʡ ʚ ʠʥʪʝʨʬʝʡʩʝ ï 1, 4, 8 ʠʣʠ 16. 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʣʠʥʠʡ ʠʥʪʝʨʬʝʡʩʘ PCIe, ʚʠʜʝʦʢʘʨʪʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ 16 ʣʠʥʠʡ ʧʦʣʦʩʳ ʩʣʦʪʘ PCIe. ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ 
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ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 8ɻɹ/ʩ, ʧʦʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ ʥʘ 

ʧʨʘʢʪʠʢʝ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴ ʦʢʦʣʦ 6ɻɹ/ʩ1. 

ʅʘ ʨʠʩ. 1.2 ʪʘʢʞʝ ʧʦʢʘʟʘʥ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ (memory 

controller) ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ, ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ 

ʧʘʤʷʪʠ ʎʇ.  

ɻʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ-ʢʣʠʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʜʠʩʧʣʝʠ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʥʘ ʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ. ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʪʘʢʞʝ ʩ ʨʘʩʯʝʪʦʤ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʣʘʪʝʥʪʥʦʩʪʴ ʧʘʤʷʪʠ ʠ h ʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ 

ʧʘʤʷʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʘʜʘʧʪʝʨʳ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʰʠʨʠʥʫ ʧʨʦʧʫʩʢʘʥʠʷ ʚ 100ɻɹ/ʩ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʜʦʩʪʫʧʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʢ ʧʘʤʷʪʠ ʘʜʘʧʪʝʨʘ. ʂʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ ɻʇ ʚʩʝʛʜʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʩʭʝʤʫ ʧʨʦʮʝʩʩʦʨʘ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʘʨʭʠʪʝʢʪʫʨʫ Opteron ʦʪ ʢʦʤʧʘʥʠʠ AMD ʠ 

Nehalem ʦʪ Intel. ʂʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ (çʩʝʚʝʨʥʳʡ ʤʦʩʪè) ʠʥʪʝʛʨʠʨʦʚʘʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʎʇ (ʨʠʩ. 1.3). ʊʘʢʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠʟʚʘʥʳ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʘʤʷʪʠ. 

                                           

1 PCI 3.0 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʜʚʦʝ ʙʦʣʴʰʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʶ ʩ PCIe 2.0. 
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ʈʠʩʫʥʦʢ 1.3 ï ʎʇ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʘʤʷʪʠ 

 

ɺ ʩʣʫʯʘʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʎʇ1 (ʈʠʩʫʥʦʢ 1.4), ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʢʘʞʜʳʡ ʎʇ ʠʤʝʝʪ ʩʚʦʡ ʚʳʜʝʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʵʰʘ ʧʘʤʷʪʠ (ʵʪʦ ʚʳʟʚʘʥʦ ʦʙʨʘʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʩ çʩʝʚʝʨʥʳʤ ʤʦʩʪʦʤè), ʘʨʭʠʪʝʢʪʫʨʳ 

Opteron ʠ Nehalem ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ HyperTransport (HT) ʠ 

QuickPath Interconnect (QPI) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1.4). 

 

                                           

1 ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʥʘʟʳʘʶʪ çʫʟʣʘʤʠè ʠʣʠ çʩʦʢʢʝʪʘʤʠè. 
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ʈʠʩʫʥʦʢ 1.4 ï ʌʨʭʠʪʝʢʪʫʨʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ 

(NUMA-ʘʨʭʠʪʝʢʪʫʨʘ) 

 

HT ʠ QPI ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʨʬʝʡʩʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʮʝʥʪʨʘʣʴʥʳʝ 

ʧʨʦʮʝʩʩʦʨʘ ʤʝʞʜʫ ʩʦʙʦʡ (ʠʣʠ ʧʨʦʮʝʩʩʦʨ ʠ ʤʠʢʨʦʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ, I/O hubs). ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 

ʧʦʜʜʝʨʞʢʦʡ HT/QPI ʢʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʣʶʙʦʡ 

ʷʯʝʡʢʝ ʧʘʤʷʪʠ, ʥʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʦʩʪʫʧ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʦʘʷ ʬʠʟʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʢʨʠʩʪʘʣʣʝ ʧʨʦʮʝʩʩʦʨʘ. 

ɼʦʩʪʫʧ ʢ çʥʝʣʦʢʘʣʴʥʦʡè ʧʘʤʷʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ HT/QPI, ʧʨʠ 

ʵʪʦʤ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʢʵʰʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʧʨʦʮʝʩʩʦʨ ʩʧʦʩʦʙʝʥ 

ʠʟʚʣʝʢʘʪʴ ʜʘʥʥʳʝ ʢʵʰʠʨʦʚʘʥʥʳʝ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʨʦʤ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʧʨʦʩʦʚ ʢ ʧʘʤʷʪʠ. ʋʧʨʱʝʥʥʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʟʘʢʵʰʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʦʙʨʘʱʝʥʠʷ ʢ çʥʝʣʦʢʘʣʴʥʦʡè ʧʘʤʷʪʠ. ʇʨʠ ʵʪʦʤ ʟʘʧʨʘʰʠʚʘʝʤʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʢʵʰʝ ʎʇ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʠ ʥʝ ʙʫʜʫʪ ʟʘʧʨʦʰʝʥʳ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʨʦʤ. 

ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ Windows ʠ Linux ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤ API ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʤʝʱʘʪʴ 

ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʠ ʩ ʫʯʝʪʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʪ.ʝ. ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʜʦʩʪʫʧ ʧʨʦʮʝʩʩʦʨʘ ʢ ʧʘʤʷʪʠ ʧʨʦʠʩʭʦʜʠʣ ʣʦʢʘʣʴʥʦ. 

ɹʝʟʫʩʣʦʚʥʦ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʧʠʩʘʪʴ ʢʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʫʛʨʦʟʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ çʣʦʞʥʦʛʦ 

ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘè, ʢʦʛʜʘ ʜʚʘ ʧʦʪʦʢʘ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ, 

ʚʳʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ ʢʵʰʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʧʦʩʨʝʜʩʪʚʦʤ 

HT/QPI-ʰʠʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, NUMA API ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ: 

ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ API, 



15 

ʧʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʙʝʞʘʪʴ ʪʨʫʜʥʦʩʪʝʡ çʥʝʣʦʢʘʣʴʥʦʛʦè 

ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʷʚʣʷʝʪʩʷ ʪ.ʥ. ʯʝʨʝʜʦʚʘʥʠʝ ï ʜʦʩʪʫʧ ʢ ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ 

ʢʚʘʥʪʫʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ. ɺ ʩʠʩʪʝʤʘʭ CUDA ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʚ ʩʠʩʪʝʤʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.5: ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ NUMA ʠ ʜʦʩʪʫʧʦʤ ʢ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʦʨʫ ʯʝʨʝʟ 

ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʰʠʥʘ PCIe ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʫʟʣʦʤ (çʙʫʪʳʣʦʯʥʦʝ 

ʛʦʨʣʳʰʢʦè) ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʩʪʝʤ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ PCIe-ʫʩʪʨʦʡʩʪʚ ʧʨʠʤʝʥʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ I/O hub 

(ʨʠʩ. 1.5). 

 
ʈʠʩʫʥʦʢ 1.5 ï ʄʥʦʛʦʧʨʦʮʝʩʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʰʠʥʘʤʠ PCIe 

(NUMA-ʘʨʭʠʪʝʢʪʫʨʘ) 

 

ɺ 2004 ʛʦʜʫ ʢʦʤʧʘʥʠʷ NVIDIA  ʘʥʥʦʥʩʠʨʦʚʘʣʘ ʠʥʪʝʨʬʝʡʩ SLI (Scalable 

Link Interface) ï ʪʝʭʥʦʣʦʛʠʶ ʧʦʟʚʦʣʷʶʱʫʶ ʥʝʩʢʦʣʴʢʠʤ ɻʇ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʦʣʴʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʙʦʪʳ. ʊʦ ʝʩʪʴ ʢ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʚʠʜʝʦʢʘʨʪ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 



16 

ʜʚʘ ʨʘʟʘ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʜʚʫʭ ʚʠʜʝʦʢʘʨʪ (ʨʠʩ. 1.6). ʇʨʠ ʵʪʦʤ ʜʚʝ ʚʠʜʝʦʢʘʨʪʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʦʜʥʘ ʧʣʘʪʘ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 1.6 ï ɸʨʭʠʪʝʢʪʫʨʘ ʩ ʜʚʫʤʷ ʚʠʜʝʦʢʘʨʪʘʤʠ ʚ ʨʝʞʠʤʝ SLI 

 

ʉʫʱʝʩʪʚʫʶʪ ʚʠʜʝʦʢʘʨʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ (ʨʠʩ. 1.7). ʊʘʢʠʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʣʘʪʘʤʠ ʷʚʣʷʶʪʩʷ: GeForce 

9800GX2 (dual-G92), the GeForce GTX 295 (dual-GT200), the GeForce GTX 590 

(dual-GF110) ʠ GeForce GTX 690 (dual-GK104). ɺ ʪʘʢʠʭ ʚʠʜʝʦʢʘʨʪʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʟʜʝʣʷʝʤʘʷ ʤʠʢʨʦʩʭʝʤʘ ʤʦʩʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ɻʇ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʰʠʥʦʡ PCIe. 

 
ʈʠʩʫʥʦʢ 1.7 ï ʄʥʦʛʦʧʨʦʮʝʩʩʦʨʥʘʷ ʚʠʜʝʦʢʘʨʪʘ 

 

ʆʪʜʝʣʴʥʳʝ ɻʇ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ, ʚʤʝʩʪʦ ʵʪʦʛʦ 

ʢʘʞʜʳʡ ɻʇ ʩʦʜʝʨʞʠʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʜʦʩʪʫʧʝ ʢ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ, 

ʬʟʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʩ ʜʘʥʥʳʤ ɻʇ. ɻʨʘʬʠʯʝʩʠʢʝ ʧʨʦʮʝʩʩʦʨʘ ʤʦʛʫʪ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʟʦʚʦʚ ʪʠʧʘ çʪʦʯʢʘ-ʪʦʯʢʘè ʜʣʷ ʢʦʧʠʨʦʚʘʥʠʷ 

ʦʙʣʘʩʪʝʡ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʭʝʤʳ ʤʦʩʪʘ. ɽʩʣʠ ʛʨʘʬʠʯʝʩʢʘʷ 

ʧʣʘʪʘ ʘʨʭʠʪʝʢʪʫʨʳ Fermi ʠʣʠ ʙʦʣʝʝ ʧʦʟʜʥʝʡ, ʪʦ ʢʘʞʜʳʡ ɻʇ ʩʧʦʩʦʙʝʥ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʦʙʣʘʩʪʷʤ ʧʘʤʷʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʜʨʫʛʦʤʫ ɻʇ, ʥʦ ʥʘʭʦʜʷʱʝʡʩʷ 

ʚ ʦʙʱʝʤ ʛʣʦʙʘʣʴʥʦʤ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

SLI ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʘʥʠʠ NVIDIA, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʠʤ 

ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʘʤ (ʦʙʳʯʥʦ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ) ʨʘʙʦʪʘʪʴ 

ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʢʘʢ ʝʜʠʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʦʛʜʘ ʧʨʠʣʦʞʝʥʠʝ ʟʘʛʨʫʞʘʝʪ ʪʝʢʩʪʫʨʳ ʠʣʠ ʜʨʫʛʠʝ 

ʜʘʥʥʳʝ, ʜʨʘʡʚʝʨ NVIDIA  ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʚʩʝʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʨʘʤ; ʙʦʣʴʰʠʩʪʚʦ ʠʥʩʪʨʫʢʮʠʡ ʨʝʥʜʝʨʠʥʛʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʳ ʚʩʝʤ ɻʇ. 

ʊʘʢ ʢʘʢ ʚ ʨʝʞʠʤʝ SLI ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʦʝ 

ʮʝʣʦʝ ʠ ʧʨʠʣʦʞʝʥʠʷ CUDA ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʯʠʢʠ CUDA ʜʦʣʞʥʳ 

ʦʪʢʣʶʯʘʪʴ ʨʝʞʠʤ SLI. 

ʉʣʦʞʥʘʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

PCIe-ʯʠʧʩʝʪʘʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8. 

 
ʈʠʩʫʥʦʢ 1.8 ï ʄʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʝ ʚʠʜʝʦʢʘʨʪʳ ʚ ʩʠʩʪʝʤʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

PCIe-ʰʠʥʘʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ 

 

ʅʘ ʨʠʩ. 1.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʫ ʢ ʧʘʤʷʪʠ ʪʠʧʘ çʪʦʯʢʘ-

ʪʦʯʢʘè ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʚʚʦʜʘ-ʚʳʚʦʜʘ (I/O hubs). 
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1.2 ɸʧʧʘʨʘʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

 

1.2.1 ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ 

ʊʠʧʠʯʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʫʟʝʣ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʥʦʛʦʷʜʝʨʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʇʨʠ ʵʪʦʤ ɻʇ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ï ʚ ʩʠʩʪʝʤʝ ʦʥ ʚʳʩʪʫʧʘʝʪ ʩʦʧʨʦʮʝʩʩʦʨʦʤ ʜʣʷ ʎʇ. ɻʇ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʎʇ ʧʦʩʨʝʜʩʪʚʦʤ PCIe (ʨʠʩ. 1.9). ɺ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʧʨʠʥʷʪʦʡ 

ʚ ʦʙʣʘʩʪʠ ʛʨʘʬʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʥʘʟʳʚʘʝʪʩʷ device 

(çʫʩʪʨʦʡʩʪʚʦè), ʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ï host (çʚʝʜʫʱʠʡ ʫʟʝʣè). 

 
ʈʠʩʫʥʦʢ 1.9 ï ʈʘʟʣʠʯʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʘ ɻʇ ʠ ʎʇ 

 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɻʇ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʝʛʦ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʥʝ ʥʘ ʢʵʰʠʨʦʚʘʥʠʝ ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʨʝʰʝʥʠʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ: ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ, ʚʳʧʦʣʥʷʝʤʘʷ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ 

ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ. ʈʝʰʘʝʤʳʝ ʥʘ ɻʇ ʟʘʜʘʯʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (ʧʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʥʠʤʘʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʧʨʦʛʨʘʤʤʝ ʢ ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘʮʠʡ ʦʙʨʘʱʝʥʠʷ ʢ ʧʘʤʷʪʠ). 
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ʊʘʢ ʢʘʢ ʦʜʥʘ ʠ ʪʘ ʞʝ ʧʨʦʛʨʘʤʤʘ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʘʜ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʥʥʳʭ, ʚ ʣʦʛʠʢʝ ɻʇ ʫʧʨʦʱʝʥʥʦ ʨʝʘʣʠʟʦʚʘʥʳ 

ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʧʦʪʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʣʘʪʝʥʪʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ 

ʥʠʚʝʣʠʨʫʝʪʩʷ ʤʘʩʩʦʚʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ ʚʤʝʩʪʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʢʵʰʘ.  

ʗʜʨʘ ʧʨʦʮʝʩʩʦʨʘ ʨʝʘʣʠʟʫʶʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚ, ʥʦ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ; ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʫʧʥʦʩʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ï ʢʘʢ ʪʦʣʴʢʦ ʠʥʩʪʨʫʢʮʠʷ ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʧʨʦʮʝʩʩʦʨʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩʦʨ 

ʙʫʜʝʪ ʧʨʦʩʪʘʠʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʥʫʞʜʝʥʥʦʛʦ ʦʶʠʜʘʥʠʷ ʜʘʥʥʳʭ ʠʣʠ 

ʠʥʩʪʨʫʢʮʠʡ. ʆʙʨʘʱʝʥʠʝ ʢ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʜʣʷ ʧʨʦʮʝʩʩʦʨʘ ʪʨʝʙʫʝʪ ʤʥʦʛʠʭ 

ʪʘʢʪʦʚ ʨʘʙʦʪʳ, ʧʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʮʠʷ ʎʇ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʠ ʘʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʵʰʝʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʠ ʦʙʲʝʤʘ. 

ʇʨʦʜʫʢʪʳ ʢʦʤʧʘʥʠʠ NVIDIA  ʜʦʩʪʫʧʥʳ ʚ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ ʩʝʤʝʡʩʪʚ: 

1. Tegra. ɻʨʘʬʠʯʝʩʢʠʝ ʧʣʘʪʳ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʣʷ 

ʤʦʙʠʣʴʥʳʭ ʠ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ (ʧʣʘʥʰʝʪʳ, ʩʤʘʨʪʬʦʥʳ). 

2. GeForce. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʦʫʪʙʫʢʦʚ ʠ ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

3. Quadro. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʨʘʬʠʢʦʡ. 

4. Tesla. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.10ï1.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪ. 

 
ʈʠʩʫʥʦʢ 1.10 ï ʇʣʘʪʘ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ Tegra K1  
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ʈʠʩʫʥʦʢ 1.11 ï ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʣʘʪʘ Tesla 

 

 
ʈʠʩʫʥʦʢ 1.12 ï ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʧʣʘʪʘ GeForce 

 

ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʩʝʤʝʡʩʪʚʘʤ, ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʧʦʢʦʣʝʥʠʝ ɻʇ): Tesla, Fermi, Kepler, 

Maxwell, Pascal ʠ Volta.  

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ CUDA-ʩʦʚʤʝʩʪʠʤʳʤʠ 

(ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʨʘʤʤʳ CUDA): 
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1. Tesla, ʚʳʧʫʱʝʥʥʳʝ ʧʦʟʞʝ 2006 ʛʦʜʘ, GeForce 8800 GTX (G80). 

2. Fermi, ʚʳʧʫʱʝʥʥʳʝ ʧʦʟʞʝ 2010, GeForce GTX 480 (GF100). 

3. Kepler, ʚʳʧʫʱʝʥʥʳʝ ʧʦʟʞʝ 2012, GeForce GTX 680 (GK104). 

4. Maxwell, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 2014, GeForce GTX 750 Ti (ʧʝʨʚʦʝ 

ʧʦʢʦʣʝʥʠʝ, GM107), GeForce GTX 980 (ʚʪʦʨʦʝ ʧʦʢʦʣʝʥʠʝ, GM204). 

ɺʩʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ GF100, GK104 ʠ GM204 

ʩʦʜʝʨʞʘʪ ʢʦʜ ASIC, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʨʭʠʪʝʢʪʫʨʫ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ɹʫʢʚʳ çFè, çKè ʠ çMè ʚ ʥʘʟʚʘʥʠʷʭ ʧʨʦʮʝʩʩʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ɻʇ ʢ ʩʝʤʝʡʩʪʚʫ Fermi, Kepler ʠ Maxwell ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ Fermi, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʣʠʥʝʡʢʝ ʧʨʦʜʫʢʪʦʚ 

Tesla, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʷ Fermi, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʢʦʤʧʘʥʠʝʡ NVIDIA  ʚ 2010 ʛʦʜʫ, ̫ ʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ 

ʙʘʟʝ ɻʇ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ Fermi ʧʨʠʤʝʥʝʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ 

ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʩʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʝʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʙʠʦʭʠʤʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʦʙʨʘʙʦʪʢʘ 

ʩʠʥʛʥʘʣʦʚ, ʬʠʥʘʥʩʦʚʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ʊʝʭʥʦʣʦʛʠʷ Kepler, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 2012 ʛʦʜʫ, ʧʨʝʜʣʘʛʘʝʪ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ɻʇ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʦʙʲʝʤʦʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ɻʇ. 

ʇʨʦʜʫʢʪ Tegra K1 ʩʦʜʝʨʞʠʪ ʧʨʦʮʝʩʩʦʨ ʘʨʭʠʪʝʢʪʫʨʳ Kepler ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ 

ʩʠʩʪʝʤ. 

ʊʝʭʥʦʣʦʛʠʷ Maxwell ʷʚʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʦʡ NVIDIA  ʜʣʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ CUDA. ɺ Maxwell ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʜʣʷ ʧʦʪʦʢʦʚʳʭ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ (Streaming Multiprocessor, 

SM), ʢʦʪʦʨʘʷ ʧʦʚʳʩʠʣʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. 

ʋʣʫʯʰʝʥʠʷ ʚ Maxwell, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʣʦʛʠʢʠ, ʙʘʣʘʥʩʠʨʦʚʘʥʠʝʤ 
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ʥʘʛʨʫʟʢʠ, ʯʠʩʣʦʤ ʠʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʟʘ ʪʘʢʪ, ʠ ʜʨʫʛʠʝ ʫʣʫʯʰʝʥʠʷ, 

ʧʦʟʚʦʣʠʣʠ ʧʦʪʦʢʦʚʳʤ ʧʨʦʮʝʩʩʦʨʘʤ Maxwell (SMM) ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʟʦʡʪʠ 

ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʳ Kepler (SMX). Maxwell ʥʘʩʣʝʜʫʝʪ ʠ ʨʘʩʰʠʨʷʝʪ 

ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CUDA, ʝʘʣʠʟʦʚʘʥʥʫʶ ʚ Fermi ʠ Kepler, ʠ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʥʥʠʭ ʘʨʭʠʪʝʢʪʫʨ ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʠʟʤʝʥʝʥʠʡ ʥʘ SMM. 

ɼʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ɻʇ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: 

ï ʯʠʩʣʦ ʷʜʝʨ CUDA; 

ï ʨʘʟʤʝʨ ʧʘʤʷʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ɻʇ: 

ï ʧʠʢʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

ï ʰʠʨʠʥʘ ʰʠʥʳ ʧʘʤʷʪʠ. 

ʇʠʢʦʚʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʵʪʦ ʚʝʣʠʥʠʥʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɻʇ; ʦʙʳʯʥʦ, ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ (ʦʜʠʥʘʨʥʦʡ ʠʣʠ 

ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ) ʚ ʩʝʢʫʥʜʫ. ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ɻʌʣʦʧʩ (1Ŀ109 ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ, GFlops) ʠʣʠ ʊʌʣʦʧʩ 

(1Ŀ1012 ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʚ ʩʝʢʫʥʜʫ, TFlops). ʐʠʨʠʥʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʰʠʥʳ ʧʘʤʷʪʠ ï ɻ ʪʦ ʩʢʦʨʦʩʪʴ ʩ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʯʠʪʳʚʘʪʴʩʷ 

ʠʣʠ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʘʤʷʪʠ. ʐʠʨʠʥʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʘʤʷʪʠ ʦʙʳʯʥʦ ʚʳʨʘʞʘʝʪʩʷʩ 

ʚ ɻʙʘʡʪ/ʩ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʚʠʜʝʦʧʨʦʮʝʩʩʦʨʦʚ. 

ʊʘʙʣʠʮʘ 1.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɻʇ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Tesla K80 Tesla K40 Tesla K20 TESLA K10 

ʂʦʣʠʯʝʩʪʚʦ ɻʇ 2 1 1 2 

ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʦʨʘ GK210 GK110B GK110 GK104s 

ʇʠʢʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ 

2.91 ʊʌʨʦʧʩ 

1.87 ʊʌʣʦʧʩ 

1.43 

ʊʌʣʦʧʩ 
1.17 ʊʌʣʦʧʩ 0.19 ʊʌʣʦʧʩ 
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ʇʠʢʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʦʜʠʥʘʨʥʦʡ ʪʦʯʥʦʩʪʠ 

8.74 ʊʌʣʦʧʩ 

5.6 ʊʌʣʦʧʩ 

4.29 

ʊʌʣʦʧʩ 
3.52 ʊʌʣʦʧʩ 4.58 ʊʌʣʦʧʩ 

ʐʠʨʠʥʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʰʠʥʳ ʧʘʤʷʪʠ  

(ʙʝʟ ECC) 

480 ɻʙʘʡʪ/ʩ  

(240 ʥʘ ɻʇ) 

288 

ɻʙʘʡʪ/ʩ 
208 ɻʙʘʡʪ/ʩ 320 ɻʙʘʡʪ/ʩ 

ʆʙʲʝʤ ʧʘʤʷʪʠ (GDDR5) 

24 ɻɹʘʡʪ  

(12 ɻʙʘʡʪ ʥʘ 

ɻʇ) 

12 ɻɹʘʡʪ 5 ɻɹʘʡʪ 8 ɻɹʘʡʪ 

ʗʜʝʨ CUDA 
4992  

(2496 ʥʘ ɻʇ) 
2880 2496  

 

ɺʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʤ 

ʤʘʩʩʠʚʝ ʧʦʪʦʢʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ (SM). ʇʘʨʘʣʣʝʣʠʟʤ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SM, ʪʠʨʘʞʠʨʦʚʘʥʠʝʤ ʵʪʠʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʙʣʦʢʦʚ. 

 

1.2.2 ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: host ʠ 

device. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ GPU ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

host-ʢʦʜ ʠ device-ʢʦʜ. Host-ʢʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ, ʘ 

device-ʢʦʜ ï ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʇʨʠ ʵʪʦʤ ʠʥʠʮʠʘʣʠʟʘʮʠʷ, ʟʘʧʫʩʢ 

ʧʨʦʛʨʘʤʤ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʨʘʜʠʮʠʦʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʪʦʨʦʥʝ 

host. Host-ʢʦʜ ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʧʫʩʢ, ʫʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʦʢʨʫʞʝʥʠʝʤ, ʢʦʜʦʤ ʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ɻʇ. 

ɺ NVIDIA  ʚʚʝʜʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʨʤʠʥ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴè 

(Compute Capability, CC) ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʩʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʫʩʢʦʨʠʪʝʣʷ. ɺʝʨʩʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʋʩʪʨʦʡʩʪʚʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʩʪʘʨʰʠʤʠ ʨʘʟʨʷʜʘʤʠ ʚ ʥʦʤʝʨʝ ʚʝʨʩʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ɻʇ ʦʜʠʥʘʢʦʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. 
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ʇʝʨʚʳʡ ʢʣʘʩʩ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ NVIDIA , 

ʥʦʩʠʪ ʪʦ ʞʝ ʥʘʠʤʝʥʦʚʘʥʠʝ Tesla, ʯʪʦ ʠ ʩʝʤʝʡʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ 

Tesla. 

ʊʘʙʣʠʮʘ 1.2 ï ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ɺʳʯʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

Tesla K80 3.7 

Tesla K40 3.5 

Tesla K20 3.5 

Tesla K10 3.0 

Tesla C2050/C2070/C2075 2.0 

Tesla C1060 1.3 

GeForce GTX TITAN X 5.2 

GeForce GTX TITAN, TITAN Z 3.5 

GeForce GTX 950/960/970/980/980 Ti 5.2 

GeForce GTX 780/780 Ti 3.5 

GeForce GTX 750/750 Ti 5.0 

GeForce GTX 650/650 Ti 3.0 

Tegra X1 5.3 

Tegra K1 3.2 

Jetson TK1 3.2 

 

Compute Capability ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ SM version. ʕʪʦʪ ʥʦʤʝʨ ʧʦʢʘʟʳʚʘʝʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʅʇ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ. 

Compute Capability ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ X (major version number) 

ʠ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ Y (minor version number), ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦ ʯʠʩʣʦ 

ʚ ʬʦʨʤʘʪʝ X.Y. 

ʋʩʪʨʦʡʩʪʚʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʩʪʘʨʰʠʤʠ ʨʘʟʨʷʜʘʤʠ ï ʫʩʪʨʦʡʩʪʚʘ 

ʦʜʠʥʘʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʋʩʪʨʦʡʩʪʚʘ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ Maxwell ʤʘʨʢʠʨʫʶʪʩʷ 

ʥʦʤʝʨʦʤ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ 5, ʫʩʪʨʦʡʩʪʚʘ Kepler ï 3, Fermi ï 2, Tesla ï 1. 

ʏʘʩʪʥʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ɻʇ ʦʙʦʟʥʘʯʘʶʪʩʷ ʤʣʘʜʰʠʤ ʨʘʟʨʷʜʦʤ 

Compute Capability. ʆʙʱʠʝ ʦʙʦʙʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ ɻʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ Compute Capability ʧʦʢʘʟʘʥʳ ʚ [1]. 
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1.2.3 ɸʨʭʠʪʝʢʪʫʨʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪ: 

1. ɻʣʦʘʣʴʥʘʷ ʧʘʤʷʪʴ. 

2. ʇʦʪʦʢʦʚʳʝ ʧʨʦʮʝʩʩʦʨʘ (Streaming Multiprocessors, SM). 

ʂʘʞʜʳʡ SM, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ (control unit); 

ï ʨʝʛʠʩʪʨʳ (Registers); 

ï ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʪʦʢʘ ʚʳʧʦʣʥʝʥʠʷ (Execution pipelines); 

ï ʢʵʰʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ (Caches). 

ʅʘ ʨʠʩ. 1.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1.13 ï ʉʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

 

ʆʩʥʦʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

1. Host Interface. ɼʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʩʯʠʪʳʚʘʝʪ ʢʦʤʘʥʜʳ (ʟʘʧʫʩʢʘ ʷʜʨʘ ʠ 

ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ) ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʙʣʦʢʫ ɻʇ ʥʘ ʚʳʧʦʣʥʝʥʠʝ. 
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ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʨʝʘʣʠʟʫʝʪ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ host ʠ 

device, ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ. ɺ ʪʝʭʥʦʣʦʛʠʠ CUDA 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

Stream ʠ Event API. 

2. Texture processing cluster 

(TPC) ʠʣʠ graphics processing 

clusters (GPC). TPCs ʠ GPCs 

ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʫʨʦʚʥʝʤ 

ʤʝʞʜʫ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ ʠ 

ʦʪʜʝʣʴʥʳʤʠ ʧʦʪʦʢʦʚʳʤʠ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪ ʚʳʯʠʩʣʝʥʠʷ. ɺ 

ʧʨʦʜʫʢʪʘʭ ʪʠʧʘ Tesla SM 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ TPC, ʢʦʪʦʨʳʡ 

ʩʦʜʝʨʞʠʪ ʢʵʰ ʧʘʤʷʪʴ ʜʣʷ ʪʝʢʩʪʫʨ ʠ 

ʜʚʘ ʠʣʠ ʪʨʠ ʧʦʪʦʢʦʚʳʭ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘ. ɺ ʧʣʘʪʘʭ 

ʩʝʤʝʡʩʪʚʘ Fermi ʧʦʪʦʢʦʚʳʝ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘ ʩʛʨʫʧʧʠʨʦʚʘʥʳ 

ʚ GPC, ʩʦʜʝʨʞʘʱʠʝ ʙʣʦʢ ʨʘʩʪʝʨʠʟʘʮʠʠ ʠ ʯʝʪʳʨʝ ʧʦʪʦʢʦʚʳʭ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘ. 

3. Interconnection network. ʇʨʦʮʝʩʩʦʨʘ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʯʝʪʳʨʝʭ 64-ʙʠʪʥʳʭ ʰʠʥ ʩ ʧʘʤʷʪʴʶ DRAM ï interconnect network.  

4. ʇʨʦʮʝʩʩʦʨ ʨʘʩʪʝʨʠʟʘʮʠʠ (Raster operation processor, ROP). 

ʅʘ ʨʠʩ. 1.14 ʧʦʢʘʟʘʥʦ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ TPC. ɸʨʭʠʪʝʢʪʫʨʘ ɻʇ 

ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ: ʦʪ ʥʝʙʦʣʴʰʠʭ ʜʦ ʢʨʫʧʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʜʝʣʦʚ 

ʧʘʤʷʪʠ. ʇʦʪʦʢʦʚʳʝ ʧʨʦʮʝʩʩʦʨʳ (Streaming processor, SP) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʷʜʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ TPC 
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ʤʥʦʞʝʩʪʚʘ ʣʝʛʢʦʚʝʩʥʳʭ ʧʦʪʦʢʦʚ. ʂʘʞʜʳʡ SP ʩʧʦʩʦʙʝʥ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʩʧʦʣʥʝʥʠʝʤ 96 ʧʦʪʦʢʦʚ. ʂʘʞʜʳʡ SM ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ SP-ʷʜʝʨ, 

ʩʧʝʮʠʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʦʜʫʣʴ (special function units, SFU), ʢʵʰʠ 

ʢʦʤʘʥʜ (I-Cache) ʠ ʜʘʥʥʳʭ (C-Cache), ʤʦʜʫʣʴ ʤʥʦʛʦʧʦʪʦʢʦʚʳʭ ʦʧʝʨʘʮʠʡ 

(multithreaded instruction unit, MT IU, MTU) ʠ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʝʨʰʠʥ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ, ʧʠʢʩʝʣʝʡ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘʭ ʠ, ʥʝʦʩʨʝʜʝʩʪʚʝʥʥʦ, ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʧʦʪʦʢʦʚʳʭ 

ʧʨʦʮʝʩʩʦʨʘʭ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ɻ ʪʠʭ ʞʝ ʤʦʜʫʣʷʭ. 

ʅʘ ʨʠʩ. 1.13 ʠ 1.14 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʪʝʨʦʚ TPC, 

ʩʦʩʪʦʷʱʠʭ ʠʭ ʜʚʫʭ SM, ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʢʩʪʫʨʥʫʶ ʧʘʤʷʪʴ ʠ ʢʵʰ 

ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ L1. ʊʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʜʣʷ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘ ʚ ʚʠʜʝ ʢʦʦʜʠʥʘʪ ʢʘʨʪʳ ʪʝʢʩʪʫʨ. ʂʵʰ ʪʝʢʩʪʫʨ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ ʧʘʤʷʪʠ ʪʝʢʩʪʫʨ. ʄʘʩʩʠʚ ʧʨʦʮʝʩʩʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʝʪ 

ʪʘʢʞʝ ʩ ʨʘʩʪʨʦʚʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ (ROP), ʢʵʰʘʤʠ ʪʝʢʩʪʫʨ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ DRAM, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʧʦʩʨʝʜʩʪʚʦʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ interconnection network. 

ʇʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʦʙʲʤʘ ʧʘʤʷʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʜʦʙʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʝʥ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʧʣʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʥʦʚʳʭ 

ʩʝʛʤʝʥʪʦʚ ʨʳʥʢʘ. TPC-ʢʣʘʩʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ ʚʳʯʠʩʣʠʪʝʣʝʡ ʠ 

ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ (geometry 

controller), ʢʦʥʪʨʦʣʣʝʨ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ (SM controller, SMC), ʜʚʘ 

ʧʦʪʦʢʦʚʳʭ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʘ ʠ ʙʣʦʢ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʷ. 

SMC ʦʙʨʘʙʘʪʳʚʘʝʪ ʪʨʠ ʪʠʧʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʤʠʪʠʚʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ: 

ʚʝʨʰʠʥʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʤʠʪʠʚʳ ʠ ʧʠʢʩʝʣʠ. 
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1.3 ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ GPU 

 

1.3.1 ʋʨʦʚʥʠ CUDA API 

CUDA ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʠ ʤʦʜʝʣʴ  ʁʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʇʘʨʘʣʣʝʣʴʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʘ NVIDIA ʜʣʷ ʨʝʰʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CUDA, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ GPU ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʩʪʠʣʝ, ʧʨʠʤʝʥʷʝʤʦʤ 

ʪʨʘʜʠʮʠʦʥʥʦ ʥʘ CPU. 

ʇʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ CUDA ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢ, 

ʜʠʨʝʢʪʠʚ ʢʦʤʧʠʣʷʪʦʨʘ, ʠʥʪʝʨʬʝʡʩ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʜʣʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ C, C++, 

Fortran ʠ Python (ʨʠʩ. 1.15). ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CUDA C. 

 
ʈʠʩʫʥʦʢ 1.15 ï ʗʟʳʢʠ, ʙʠʙʣʠʦʪʝʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʧʣʘʪʬʦʨʤʳ CUDA 

 

CUDA C ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ANSI C ʠ ʩʦʜʝʨʞʠʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. CUDA C ï ʵʪʦ ʧʨʦʩʪʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʘʤʷʪʴʶ ʠ ʧʨʦʯʠʤʠ ʘʩʧʝʢʪʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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CUDA ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʥʦʩʠʪʴ ʧʨʦʛʨʘʤʤʳ ʥʘ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʘ ʩʦ 

ʤʥʦʞʝʩʪʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ; ʧʨʠ ʵʪʦʤ ʧʦʜʭʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ 

ʧʦʨʦʛʦʤ ʚʭʦʞʜʝʥʠʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʟʥʘʢʦʤʳʭ ʩ ʷʟʳʢʦʤ C. 

ʅʘ ʨʠʩ. 1.16 ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 

CUDA: ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʦʞʝʥʠʡ ʜʦ ʜʨʘʡʚʝʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʴʶ ɻʇ. ɺʩʝ ʧʨʠʣʦʞʝʥʠʷ, ʠʩʢʣʶʯʘʷ ʪʝ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʚ ʨʝʞʠʤʝ ʷʜʨʘ, ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʥʝʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ.  

 
ʈʠʩʫʥʦʢ 1.16 ï ʋʨʦʚʥʠ ʧʨʠʣʦʞʝʥʠʡ CUDA 
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ɹʠʙʣʠʦʪʝʢʠ CUDA, ʪʘʢʠʝ ʢʘʢ cuBLAS, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʩʘʤʦʤ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ CUDA (CUDA runtime) ʠʣʠ API ʜʨʘʡʚʝʨʘ 

(driver API). CUDA runtime ʷʚʣʷʝʪʩʷ ʙʠʙʣʠʦʪʝʢʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ C++/GPU. ʂʦʛʜʘ ʢʦʤʧʠʣʷʪʦʨ nvcc ʧʨʦʠʟʚʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʬʘʡʣʘ .cu ʥʘ ʯʘʩʪʠ (host ʠ device ʢʦʜʳ), host-ʢʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʛʝʥʝʨʠʨʫʝʪ ʚʳʟʦʚʳ ʢ CUDA runtime (ʥʘʧʨʠʤʝʨ ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ, 

ʦʙʦʟʥʘʯʘʝʤʦʡ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʢʦʙʢʘʤʠ <<< >>>). 

ʋʨʦʚʝʥʴ CUDA driver API, ʩʣʝʜʫʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ CUDA user 

mode driver, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ API, ʜʦʩʪʫʧʥʳʡ 

ʨʘʭʨʘʙʦʪʯʠʢʫ ʧʨʠʣʦʞʝʥʠʡ. ʌʫʥʢʮʠʠ ʫʨʦʚʥʝʡ driver API ʠ CUDA runtime 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʨʝʬʠʢʩʘʤʠ cu*() ʠ cuda*()  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʥʦʛʠʝ ʬʫʥʢʮʠʠ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʠʤʝʥʘ ʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʝʬʠʢʩʘʤʠ. 

ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʥʘʠʝʤ API ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʟʥʠʮʘ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʘʤʷʪʴ ʠ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʧʦʪʦʢʦʚ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ 

ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʦʙʘ API 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʝ: ʧʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʥʠʭ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʥʝ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʠʟ ʨʘʟʥʳʭ API. 

 

1.3.2 ʉʪʨʫʢʪʫʨʘ CUDA-ʧʨʦʛʨʘʤʤʳ 

ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ CUDA ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ; ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʜʦʙʘʚʠʪʴ ʨʷʜ ʠʥʩʪʨʫʢʮʠʡ, ʨʘʩʰʠʨʷʶʱʠʭ ʢʦʜ ʥʘ ʷʟʳʢʝ C. 

ɻʝʪʝʨʦʛʝʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʜʦʧʦʣʥʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʠʪʝʣʷʤʠ (ʢʘʞʜʳʡ ʩʦ ʩʚʦʝʡ ʧʘʤʷʪʴʶ). 

ʇʨʦʛʨʘʤʤʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʠ ʨʘʟʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʥʷʪʠʷ: 

ï Host (CPU ʠ ʧʘʤʷʪʴ); 

ï Device (GPU ʠ ʛʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ʘʜʘʧʪʝʨʘ). 

ʇʨʦʛʨʘʤʤʘ CUDA ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: 
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ï host-ʢʦʜ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ CPU; 

ï device-ʢʦʜ, ʚʳʧʦʣʥʷʝʤʳʡ ʥʘ GPU. 

ʂʦʤʧʠʣʷʪʦʨ CUDA nvcc ʦʪʜʝʣʷʝʪ device-ʢʦʜ ʦʪ ʢʦʜʘ host ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ. ʅʘ ʨʠʩ. 1.17 ʧʦʢʘʟʘʥʦ, ʯʪʦ host-ʢʦʜ ï ʵʪʦ ʦʙʳʯʥʠʡ ʢʦʜ 

C, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʢʦʤʧʠʣʷʪʦʨʦʤ C. Device-ʢʦʜ ʥʘʧʠʩʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʰʠʨʝʥʠʡ ʷʟʳʢʘ C ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʚʳʟʦʚʦʚ ʷʜʨʘ. 

Device-ʢʦʜ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ nvcc. 

 
ʈʠʩʫʥʦʢ 1.17 ï ʈʘʟʜʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ 

 

ʂʦʤʧʠʣʷʪʦʨ nvcc ʦʩʥʦʚʘʥ ʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ LLVM . ʇʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠʣʠ ʨʘʩʰʠʨʷʪʴ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ GPU ʠʩʧʦʣʴʟʫʷ CUDA Compilier SDK. 

GPU ʥʝ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ (ʚʦʟʤʦʞʥʦ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʙʫʜʝʪ ʧʨʝʦʜʦʣʝʥʦ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ) ʠ ʪʨʝʙʫʝʤʳʝ ʜʘʥʥʳʝ ʢʦʧʠʨʫʶʪʩʷ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʘʤʷʪʴ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʝʨʘ. ʊʘʢʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚʩʝʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʟʦʚʦʤ 

ʩʧʝʮʠʘʣʴʥʦʡ host-ʬʫʥʢʮʠʠ. ʂʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩ host ʥʘ device ï ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʘʷ ʦʧʝʨʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʘʭ CUDA. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPU ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʢʦʧʠʨʦʚʘʥʳ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʩ device ʥʘ host. 

 



32 

1.4 ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

 

1.4.1 OpenCL 

ʂʨʦʤʝ NVIDIA  ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʷʪ 

ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ. ɼʦʩʪʠʞʝʥʠʷ ʢʦʤʧʘʥʠʠ AMD ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʭʥʦʣʦʛʠʠ AMD ʙʳʣʠ ʘʥʥʦʥʩʠʨʦʚʘʥʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ CUDA ʦʪ NVIDIA  ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ, ʜʣʷ ʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʨʠʣʞʝʥʠʡ ʠ ʙʠʙʣʠʦʪʝʢ. 

ʊʝʭʥʦʣʦʛʠʠ OpenCL ʠ DirectCompute ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʤ 

ʧʦʩʦʙʠʠ, ʥʦ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʳʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ CUDA. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʤʧʘʥʠʷ NVIDIA  ʟʘʥʠʤʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʝʢʪʦʨ ʨʳʥʢʘ, ʥʦ ʥʘ ʵʪʦʤ ʨʳʥʢʝ ʫ ʥʝʝ ʝʩʪʴ ʢʦʥʢʫʨʝʥʪʳ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʞʝʣʘʪʝʣʴʥʦ ʚʳʧʫʩʢʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʩʯʠʪʘʥʥʳʝ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʜʦʣʶ ʨʳʥʢʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʤʘʩʩʦʚʦʤ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤ ʨʳʥʢʝ. ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʝʨʝʥʥʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʘʣʴʪʝʨʥʘʪʠʚʳ CUDA, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʢʘʢ ʧʣʘʪʳ NVIDIA , 

ʪʘʢ ʠ ʚʠʜʝʦʘʜʘʧʪʝʨʳ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

OpenCL ï ʵʪʦ ʦʪʢʨʳʪʳʡ ʩʪʘʥʜʘʨʪ ʠ ʙʝʩʧʣʘʪʥʦʝ ʨʝʰʝʥʠʝ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʢʦʤʧʘʥʠʷʤʠ NVIDIA , AMD ʠ ʧʨ. ɹʨʝʥʜ OpenCL 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʘʥʠʠ Apple. ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʯʠʪʘʥʘ ʥʘ GPU, CPU ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʨʘʡʚʝʨ 

OpenCL. 

ʃʶʙʦʡ ʧʨʦʛʨʘʤʤʠʩʪ, ʟʥʘʢʦʤʳʡ ʩ CUDA ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

OpenCL ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ, ï ʦʙʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʚ ʩʚʦʝʡ 

ʦʩʥʦʚʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, OpenCL ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CUDA. 
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1.4.2 ʊʝʭʥʦʣʦʛʠʷ DirectCompute 

DirectCompute ï ʵʪʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʪ Microsoft. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʩʝʤʝʡʩʪʚʘ Windows, ʠ ʟʘʜʝʡʩʪʚʫʝʪ DirectX 11 API. ʊʝʭʥʦʣʦʛʠʷ DirectX 11 API 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʨʳʚʦʤ ʜʣʷ ʚʩʝʛʦ ʩʝʢʪʦʨʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʛʨʘʬʠʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʟʘ ʩʯʝʪ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʤʦʜʝʣʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʝʜʠʥʦʛʦ API ʜʣʷ ʚʩʝʭ ʚʠʜʝʦʢʘʨʪ ʚʩʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

(ʚʤʝʩʪʦ ʥʘʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʨʘʡʚʝʨʦʚ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ). 

DirectX 11 ï ʵʪʦ ʧʦʩʣʝʜʥʠʡ ʩʪʘʥʜʘʨʪ, ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʣʝʜʥʠʤʠ 

ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʝʤʝʡʩʪʚʘ Windows. ʇʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʨʝʥ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʫʧʥʦ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ɽʩʣʠ ʚʳ ʟʥʘʢʦʤʳ ʩ CUDA ʠ DirectCompute, ʪʦ ʚʘʤ ʥʝ ʩʦʩʪʘʚʠʪ 

ʪʨʫʜʘ ʧʦʨʪʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ CUDA ʥʘ ʧʣʘʪʬʦʨʤʫ DirectCompute. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ Microsoft ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʫʜʫʯʠ ʩʠʩʪʝʤʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ Windows, ʪʝʭʥʦʣʦʛʠʷ 

DirectCompute ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ UNIX-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʙʦʣʞʘʶʪ ʜʦʤʠʥʠʨʦʚʘʪʴ. 

Microsoft ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ C++ AMP, ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʙʠʙʣʠʦʪʝʢʫ ʜʣʷ STL, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʟʥʘʢʦʤʳʭ ʩ C++ STL. 

 

1.4.3 ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ CPU 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʨʘʩʰʠʨʝʥʠʷʤʠ ʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʮʝʥʪʨʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʷʚʣʷʶʪʩʷ MPI, OpenMP ʠ Pthreads. ɼʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʘʭ Linux. ɼʣʷ 

ʠʩʧʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ Windows ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ (ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʨʪʠʨʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢ Unix). 
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1. MPI  (Message Passing Interface). ʀʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ï 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʧʝʨʠʨʫʝʪ ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 

ʢʨʫʧʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʮʝʥʪʨʘʭ. ʋʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ MPI-ʢʣʘʩʪʝʨʘ 

ʪʨʝʙʫʝʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʚʳʢʦʚ ʘʜʤʠʥʠʩʪʨʠʦʚʘʥʠʷ. 

ʇʘʨʘʣʣʝʣʠʟʤ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʪʝʥ, ʪʳʩʷʯ ʧʦʪʦʢʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʝʪʝʚʳʭ ʫʟʣʘʭ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ 

(Ethernet, ʯʘʱʝ SCI ʠʣʠ InfinityBand). MPI ï ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʧʨʘʚʜʚʥʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʢʣʘʩʪʝʨʘ, ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʦʛʦ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ. 

2. OpenMP (Open Multi -Processing). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʧʘʨʘʣʣʝʣʠʟʤʘ ʚʥʫʪʨʠ ʫʟʣʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʙʦʪʘ 

ʜʘʥʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʟʣʦʤ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʨʝʢʪʠʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪ ʙʣʦʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʪ.ʥ. ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ). 

ʂʦʤʧʠʣʷʪʦʨ ʨʘʟʙʠʚʘʝʪ ʚʩʶ ʧʨʦʛʨʘʤʤʫ ʥʘ N ʯʘʩʪʝʡ (ʧʦ ʯʠʩʣʫ ʷʜʝʨ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ). ʇʦʜʜʝʨʞʢʘ OpenMP ʚʩʪʨʦʝʥʘ ʚʦ ʤʥʦʛʠʝ 

ʢʦʤʧʠʣʷʪʦʨʳ, ʚʢʣʶʯʘʷ NVCC, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʭʥʦʣʦʛʠʠ CUDA. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʕɺʄ. ʏʘʩʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʧʫʩʢʥʘʷ ʩʧʩʦʙʥʦʩʪʴ ʰʠʥʳ ʧʘʤʷʪʠ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʟʘʜʝʡʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʷʜʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. 

3. Pthreads. ɼʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ Linux. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ OpenMP, 

ʪʝʭʥʦʣʦʛʠʷ Pthreads ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʦʪʦʢʠ, ʘ ʥʝ ʥʘ ʧʨʦʮʝʩʩʳ, ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʥʘ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʫʟʣʘ. ʅʦ, ʚ ʦʪʣʠʯʠʠʠ ʦʪ OpenMP, ʧʨʦʛʨʘʤʤʠʩʪ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʩʨʝʜʩʪʚʘʤ 
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ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʢʦʨʨʝʢʪʥʦ. 

4. ZeroMQ (0MQ). ɽʱʝ ʦʜʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʟʘʩʣʫʞʠʚʘʶʱʘʷ ʫʧʦʤʠʥʘʥʠʷ. 

ʕʪʦ ʙʠʙʣʠʦʪʝʢʘ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʪʦʢʠ, ʧʨʦʮʝʩʩʳ ʠ ʩʝʪʝʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʝʜʠʥʳʡ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʡ API. ɼʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʘ Linux. ʊʘʢ ʠ ʥʘ Windows. ʊʝʭʥʦʣʦʛʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʝʜʧʦʣʧʛʘʝʪ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʝ. 

5. Hadoop. ʇʦʧʫʣʷʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ (ʪʝʭʥʦʣʦʛʠʠ Big Data). Hadoop ï ʵʪʦ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʘʥʷʝʤʘʷ ʚʝʨʩʠʷ ʬʨʝʡʤʚʦʨʢʘ Google MapReduce. ɹʝʟʫʩʣʦʚʥʦ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ Linux. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʘʪʴ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ; 

ʧʨʦʛʨʘʤʤʠʩʪ ʨʘʟʙʠʚʘʝʪ ʚʝʩʴ ʦʙʲʝʤ ʜʘʥʥʳʭ (ʧʨʦʮʝʜʫʨʘ Map) ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʚʝʪʚʝʡ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʩʳʣʘʪʴ ʯʘʩʪʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʚʝʩʴ 

ʦʙʲʝʤ ʜʘʥʥʳʭ ʩʨʘʟʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʦʪʥʠ, ʪʳʩʷʯʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʧʦʨʮʠʡ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʝʪʝʚʳʭ ʫʟʣʘʭ ʢʣʘʩʪʝʨʘ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʝʜʠʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʦʡ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʰʘʛ Reduce, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪ ʩʦ ʚʩʝʭ 

ʫʟʣʚʦ ʠ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʶ. ʈʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥ ʥʘ ʦʜʥʦʤ ʠʟ ʫʟʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʚ ʥʝʢʦʪʦʨʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥʘʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ CUDA. ʅʘ ʪʝʢʱʠʡ ʤʦʤʝʥʪ CUDA ï ʵʪʦ ʩʘʤʳʡ 

ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʜʝʨʞʢʠ, ʦʪʣʘʜʢʠ ʧʨʠʣʦʞʝʥʠʡ. ɽʩʣʠ ʚʘʰʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʣʠʯʥʦ ʦʪ ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ NVIDIA, ʪʦ ʥʘʠʣʫʯʰʝʡ 

ʩʪʨʘʪʝʛʠʝʡ ʙʫʜʝʪ ʥʘʧʠʩʘʥʠʝ CUDA-ʧʨʦʛʨʘʤʤʳ, ʘ ʟʘʪʝʤ, ʝʝ ʧʦʨʪʠʨʦʚʘʥʠʝ ʥʘ 

ʜʨʫʛʠʝ API. ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʤʝʝʥʦ CUDA. 

ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʨʘʙʦʪʘʝʪ GPU ʠ CUDA ʧʦʟʚʦʣʠʪ ʧʨʦʛʨʘʤʤʠʩʪʫ 

ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʥʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ API ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʫʪʴ ʦʪ ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ CPU ʜʦ ʩʝʨʴʝʟʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ GPU ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʝʥ. ɼʘʞʝ ʝʩʣʠ ʚʳ ʥʝ 

ʩʦʙʠʨʘʝʪʝʩʴ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʶ CUDA ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʥʠʤʘʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʛʫʪ ʧʨʠʛʦʜʠʪʴʩʷ ʚ ʣʶʙʦʡ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʚʳ ʙʫʜʝʪʝ ʦʩʚʘʠʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʫʞʝ ʩʝʡʯʘʩ. 

ʆʜʥʦʧʦʪʦʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʩʪʘʣʠ 

ʩʫʱʝʩʪʚʦʚʘʪʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʘʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ, ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʥʘʚʳʢʘʤʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦʙʳ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʨʘʥʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʘ ʠʟʤʝʥʷʶʪ ʦʙʣʠʢ ʀʊ-ʠʥʜʫʩʪʨʠʠ. ʌʘʢʪʠʯʝʩʢʠ, 

ʚʩʷ ʤʦʱʴ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʣʶʯʝʥʘ ʚ ʥʘʩʪʦʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, 

ʙʣʘʛʦʜʘʨʷ GPU. ʈʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝ ʥʫʞʥʦ ʙʦʣʴʰʝ ʦʞʠʜʘʪʴ ʚ ʦʯʝʨʝʜʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʮʝʥʪʨʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʪʨʘʪʠʪʴ 5000ï10000 ʜʦʣʣʘʨʦʚ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʝʙʝ ʧʦʩʪʦʷʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʫ ʥʘ ʚʘʰʝʤ ʩʪʦʣʝ. 

ʇʨʠʤʝʥʝʥʠʝ GPU ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʦʙʝʩʧʝʯʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʨʳʚ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʦʩʪʫʧʥʦʩʪʠ 

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʘʞʜʦʛʦ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʆʙʲʷʩʥʠʪʝ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʨʭʠʪʝʢʪʫʨʦʡ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

2. ʂʘʢʠʝ ʚʳʜʳ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳ 

ʟʥʘʝʪʝ? 
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3. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʵʚʦʣʶʮʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. 

4. ʏʪʦ ʟʥʘʯʠʪ ʪʝʨʤʠʥ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (Compute 

Capability)è? 

5. ʆʧʠʰʠʪ ʪʠʧʠʯʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ GPU. ʂʘʢʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ? ʂʘʢʦʚʦ ʠʭ ʥʘʟʥʘʯʝʥʠʝ? 

6. ʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʰʘʛʠ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

CUDA. 

7. ʂʘʢʠʝ ʫʨʦʚʥʠ CUDA API ʩʫʱʝʩʪʚʫʶʪ?  

8. ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ API: runtime API ʠ driver API? 

9. ʆʧʠʰʠʪʝ ʚʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʏʪʦ ʚʳ ʜʫʤʘʝʪʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʵʪʠʭ 

ʨʝʰʝʥʠʡ? 



38 

ʈɸɿɼɽʃ 2. ʂʆʅʎɽʇʎʀʗ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ʅɸ GPU 

 

ʂʦʤʧʘʥʠʷ NVIDIA  ʧʨʝʜʩʪʘʚʠʣʘ ʠʥʪʝʨʝʩʥʫʶ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ SIMD (single instruction, multiple 

data), ʥʘʟʳʚʘʝʤʫʶ SPMD (single program, multiple data). ʕʪʘ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ 

ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʎʝʥʪʨʘʣʴʥʦʡ ʠʜʝʝʡ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʪʦʢ; ʧʦʪʦʢ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʜʦʙʝʥ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʠʪʠ ʚ ʢʫʩʢʝ ʪʢʘʥʠ. ɺ CUDA ʧʦʪʦʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʣʦʛʠʯʝʩʢʠʝ 

ʙʣʦʢʠ, ʥʘʟʳʚʘʝʤʳʝ warp, block, ʠʣʠ grid. 

ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ GPU ʦʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʜʣʷ CPU ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʜʦʩʪʫʧʝʥ ʧʨʦʛʨʘʤʤʠʩʪʫ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ GPU. ʇʦʥʠʤʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ GPU ʠ 

ʧʨʠʥʮʠʧʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ 

ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʩ ʪʳʩʷʯʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʪʘʢʞʝ ʧʨʦʩʪʦ 

ʢʘʢ ʠ ʧʨʦʩʪʳʝ ʦʜʥʦʧʦʪʦʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

CUDA ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʠʝʨʘʨʭʠʠ ʧʘʤʷʪʠ ʠ ʠʝʨʘʨʭʠʠ ʧʦʪʦʢʦʚ; ʵʪʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʠʩʪʘ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʠ 

ʧʘʤʷʪʴʶ. 

 

2.1 ʐʘʙʣʦʥʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

 

ʄʥʦʞʝʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʷ ʢʘʢ ʫʩʪʦʷʚʰʠʝʩʷ ʰʘʙʣʦʥʳ 

(ʧʘʪʪʝʨʥʳ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʘʪʪʝʨʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤ ʦʧʳʪ, ʯʪʦʙʳ ʠʭ ʚʳʷʚʠʪʴ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʪʝʨʤʠʥʘʭ 

ʧʘʪʪʝʨʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴʩʷ ʦʪ ʩʘʤʦʡ ʧʨʦʴʣʝʤʳ ʠ 

ʘʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ. ʚʦʟʤʦʞʥʦ, ʫʞʝ ʦʧʨʦʙʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ɺʤʝʩʪʝ ʩ ʧʘʨʘʣʣʝʣʠʟʤʦʤ ʚ ʧʨʦʛʨʘʤʤʘʭ ʩʪʘʣʘ ʧʦʷʚʣʷʪʴʩʷ ʥʝʦʧʨʘʚʜʚʥʥʘʷ 

ʩʣʦʞʥʦʩʪʴ ʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʛʨʘʤʤʠʩʪʘʭ, ʢʦʪʦʨʳʡ ʤʳʩʣʷʪ ʚ 
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ʪʝʨʤʠʥʘʭ ʧʘʨʘʣʣʝʣʠʟʤʘ ʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ. 

ʇʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʧʦʤʥʠʪʴ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʢʦʛʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʜʣʷ GPU. 

 

2.1.1 ʇʘʪʪʝʨʥ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʮʠʢʣʘʭ 

ʂʘʞʜʳʡ ʨʘʟʨʘʙʦʪʯʠʢ ʟʥʘʢʦʤ ʩ ʮʠʢʣʘʤʠ. ʎʠʢʣʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʠʥʪʘʢʩʠʩʫ ʠ ʩʚʦʝʤʫ ʜʝʡʩʪʚʠʶ ʚ ʧʨʦʛʨʘʤʤʘʭ (for, doéwhile, while, foreach), ʘ 

ʪʘʢʞʝ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʪʝʨʘʮʠʷʤʠ ʮʠʢʣʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʪʝʨʘʮʠʡ ï ɻ ʪʦ ʷʚʣʝʥʠʝ, ʢʦʛʜʘ ʦʜʥʘ ʠʪʝʨʘʮʠʷ ʮʠʢʣʘ ʟʘʚʠʩʠʪ 

ʦʪ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʳʜʫʱʠʭ. ʇʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʩʪʨʝʤʠʪʴʩʷ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʪʘʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʣʦʞʥʦʩʪʴ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɽʩʣʠ ʥʝ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʠʪʝʨʘʮʠʡ, ʪʦ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʈʝʟʫʣʴʪʘʪ ʠʟ ʙʣʦʢʘ 0 ʟʘʪʝʤ ʧʝʨʝʜʘʝʪʩʷ ʙʣʦʢʫ 1, ʟʘʪʝʤ ʙʣʦʢʫ 2, ʠ 

ʪ.ʜ. 

ʇʘʪʪʝʨʥ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʪʝʨʘʮʠʷʭ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ 

ʧʘʪʪʝʨʥʦʚ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʠʪʝʨʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʦʛʨʘʤʤʠʩʪʫ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʠʪʴ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʤʝʞʜʫ ʜʦʩʪʫʧʥʳʤʠ 

ʚʳʯʠʩʣʠʪʝʣʷʤʠ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʷʤʠ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨʩʦʚ ʚʳʯʠʩʣʠʪʝʣʷ (ʨʝʛʠʩʪʨʳ ʠ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʥʘ GPU; 

ʢʵʰʠ L1, L2, L3 ʥʘ CPU). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʷʤʠ ï ʦʩʥʦʚʥʘʷ 

ʪʨʫʜʥʦʩʪʴ ʠ ʯʘʩʪʦ ʠʤʝʥʥʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ (bottleneck) ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ. 

ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʫʧʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ. ɼʣʷ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CPU ï ɻ ʪʦ 

ʯʠʩʣʦ ʜʦʩʪʫʧʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʦʪʦʢʦʚ (ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ). ɼʣʷ GPU ï 

ʯʠʩʣʦ ʧʦʪʦʢʦʚʳʭ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ (SM), ʫʤʥʦʞʝʥʥʦʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ ʦʜʥʦʛʦ SM. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʦʧʝʨʠʨʫʝʤ ʣʦʛʠʯʝʩʢʠʤʠ, ʘ ʥʝ 
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ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠʥʪʝʣ ʩʧʦʩʦʙʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʜʥʦʤ ʷʜʨʝ CPU (ʪ.ʥ. 

hyperthreading). ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʘ ʟʘʧʫʩʢʘʶʪ ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʥʘ 

ʦʪʜʝʣʴʥʦʤ SM, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʫʯʠʪʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ SM ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʢʘʞʜʳʤ SM. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʜʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʚʳʯʠʩʣʠʪʝʣʝ 

ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ 

ʪʝʨʤʠʥʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʝʘʣʴʥʳʭ ʨʘʙʦʪ ʵʪʦ ʦʟʥʘʯʘʝʪ: ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʪʦʷʥʥʦ 

ʚʳʧʦʣʥʷʝʪ ʢʘʢʠʝ-ʣʠʙʦ ʦʧʝʨʘʮʠʠ ʧʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʞʠʜʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ 

ʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʵʪʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʣʝʟʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʛʨʫʟʢʠ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʚʝʨʩʠʡ GPU. 

ʏʪʦ ʢʘʩʘʝʪʩʷ CPU, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʧʨʠʯʝʤ ʧʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʝʡ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʝʚ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʯʘʩʪʦʤʫ ʧʝʨʝʢʣʶʯʝʥʠʶ ʢʦʥʪʝʢʩʪʘ ʧʨʠʣʦʞʝʥʠʝʤ ʠʣʠ ʦʧʨʝʘʮʠʦʥʥʦʡ ʠʩʩʪʝʤʦʡ. 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʵʰʝʡ ʠ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʘʤʷʪʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʷʜʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ CPU, ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ GPU ʚ ʦʙʣʘʩʪʠ ʧʘʨʘʣʣʝʣʠʟʤʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʘ GPU, ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ 

ʨʘʟʙʠʚʘʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘ ʥʝʙʦʣʴʰʠʝ ʙʣʦʢʠ. ʇʨʦʛʨʘʤʤʠʪ ʪʘʢʞʝ ʜʦʣʞʝʥ 

ʫʯʠʪʳʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʮʠʢʣʳ ʩ ʮʝʣʴʶ ʠʭ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ. 

ʅʘ CPU ʦʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʚʥʝʰʥʠʭ 

ʮʠʢʣʦʚ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʦʛʨʘʥʠʯʝʥʦ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʝʤʣʝʤʦ, 

ʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʪʝʨʘʮʠʡ. 

ʅʘ GPU ʚʥʫʪʨʝʥʠʡ ʮʠʢʣ ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʛʨʫʧʧʳ ʧʦʪʦʢʦʚ ʚ 

ʦʜʥʦʤ ʙʣʦʢʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʠʪʝʨʘʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʛʨʫʧʧʳ ʧʦʪʦʢʦʚ, ʢʦʪʨʳʝ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʙʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʦʙʣʘʩʪʷʤ 
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ʧʘʤʷʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʣʦʢʘʣʴʥʦʩʪʠ ï ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʚ CUDA. 

ʃʶʙʦʡ ʚʥʝʰʥʠʡ ʮʠʢʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʙʣʦʢ ʧʦʪʦʢʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʮʠʢʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ʬʦʨʤʫ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʚʥʝʰʥʠʝ ʮʠʢʣʳ. ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʠʪʝʨʘʮʠʡ ʚʜʦʣʴ ʦʩʠ ʧʠʢʩʝʣʝʡ X (ʚʥʫʪʨʝʥʥʠʡ ʮʠʢʣ) 

ʠ ʚʜʦʣʴ ʦʩʠ ʧʠʢʩʝʣʝʡ Y (ʚʥʝʰʥʠʡ ʮʠʢʣ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʠʢʣ, ʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʤʘʪʨʠʮʘ ʧʠʢʩʝʣʝʡ ï ʵʪʦ ʦʜʥʦʤʝʨʥʳʡ 

ʤʘʩʩʠʚ. ʊʦʛʜʘ ʠʪʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘʜ ʦʜʥʦʪʠʧʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ-

ʧʠʢʩʝʣʷʤʠ. 

 

2.1.2 ʇʘʪʪʝʨʥ Fork/join 

ʇʘʪʪʝʨʥ fork/join ï ʵʪʦ ʦʙʱʝʧʨʠʥʷʪʳʡ ʰʘʙʣʦʥ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʂʨʘʪʢʦ, ʵʪʦʪ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʪʦʣʴʢʦ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʦʢ ʧʨʦʛʨʘʤʤʳ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʮʝʩʩʦʨʘʤ. ɺ ʵʪʦʡ ʪʦʯʢʝ 

ʧʨʦʛʨʘʤʤʘ çʨʘʩʭʦʜʠʪʩʷè ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ (ʧʨʦʮʝʩʩʦʚ). 

ɺʳʧʦʣʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʠ ʟʘʪʝʤ, ʧʦ 

ʟʘʚʝʨʰʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʡ çʚʝʪʦʢè ʧʨʦʛʨʘʤʤʳ. 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ OpenMP, ʛʜʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʫʯʘʩʢʠ ʧʨʦʛʨʘʤʤʳ ʤʘʨʢʠʨʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʜʠʨʝʢʪʠʚʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʦʢʘʟʘʥʘ ʦʯʝʨʝʜʴ ʠʟ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ. ɺ ʜʘʥʥʦʤ 

ʧʨʠʤʝʨʝ ʥʘʤ ʜʦʩʪʫʧʥʦ ʪʨʠ ʚʳʯʠʩʣʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, CPU ʠʣʠ ʷʜʨʘ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ fork/join ʚʩʷ ʠʩʭʦʜʥʘʷ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʪʨʠ (ʧʦ ʯʠʩʣʫ ʚʳʯʠʩʣʠʪʝʣʝʡ) ʥʝʟʘʚʠʩʠʤʳʭ.  
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ʈʠʩʫʥʦʢ 2.1 ï Fork/join pattern 

 

ʂʘʞʜʘʷ ʦʯʝʨʝʜʴ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ, ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʦʯʝʨʝʜʠ. ʆʙʳʯʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʧʥʥʦʛʦ ʧʘʪʪʝʨʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʘʥʠʝʤ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʘʟʙʠʝʥʠʷ ʜʘʥʥʳʭ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʜ ʠʥʠʮʠʠʨʫʝʪ ʟʘʧʫʩʢ 

N ʧʦʪʦʢʦʚ ʠ ʨʘʟʜʝʣʠʪ ʠʩʭʦʜʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʥʘ ʨʘʚʥʳʝ ʯʘʩʪʠ ʤʝʞʜʫ N 

ʧʦʪʦʢʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ fork/join ʚʦʟʤʦʞʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʩʝ 

ʧʦʪʦʢʠ ʨʘʚʥʦ ʥʘʛʨʫʞʝʥʳ ʠ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʟʘʥʠʤʘʝʪ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ, ʥʦ 

ʯʘʱʝ ʚʩʝʛʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ 

ʦʪʣʠʯʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ CPU ʧʨʦʛʨʘʤʤʠʩʪʳ ʠ ʨʘʟʣʠʯʥʳʝ ʤʥʦʛʦʧʦʪʦʯʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʠʩʧʦʣʴʟʫʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, 

ʜʦʩʪʫʧʥʳʭ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʦʮʝʩʩʦʚ. ʇʦʪʦʢʠ CPU ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ 

ʪʷʞʝʣʦʚʝʩʥʳʤʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʳʩʦʢʠʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʩʦʟʜʘʥʠʝ, 

ʫʥʠʯʪʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ. ɺ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢʘʭ ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʭʘʥʠʟʤ ʧʫʣʘ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʷʪʴ 

ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʪʷʞʝʣʦʚʝʩʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʤ ʟʘʜʘʯʠ ʠʟ ʝʜʠʥʦʡ 

ʦʯʝʨʝʜʠ. 

ʅʘ GPU ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʪʨʫʜʥʦʩʪʠ: ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʜʝʩʷʪʢʠ, ʘ 

ʪʳʩʷʯʠ (ʩʦʪʥʠ ʪʳʩʷʯ) ʧʦʪʦʢʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʫʣʘ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʘʷ 
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ʨʘʟʚʠʪʘ ʜʦ ʫʨʦʚʥʷ ʧʫʣʘ ʙʣʦʢʦʚ ʧʦʪʦʢʦʚ. GPU ʠʤʝʝʪ ʧʨʝʜʝʣ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʙʣʦʢʦʚ ʧʦʪʦʢʦʚ. ʂʘʞʜʳʡ ʙʣʦʢ ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʦʪʦʢʦʚ. ʆʙʘ ʧʘʨʘʤʝʪʨʘ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʧʫʩʢʘʝʤʳʭ ʙʣʦʢʦʚ, ï ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʢʦʣʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ GPU. 

ʇʘʪʪʝʨʥ fork/join ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʟʘʨʘʥʝʝ ʥʝ ʫʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʝʧʝʥʴ ʧʘʨʘʣʣʝʣʠʟʤʘ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʦʙʭʦʜ ʛʨʘʬʘ ʚ ʛʣʫʙʠʥʫ, ʢʦʛʜʘ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʩʣʝʜʫʶʱʝʡ ʚʝʨʰʠʥʳ ʘʣʛʦʨʠʪʤ ʚʩʪʨʝʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʩʭʦʜʷʱʠʭ 

ʨʝʙʝʨ ʠ ʘʣʛʦʨʠʪʤʫ ʪʨʝʙʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʦʚʳʭ 

ʧʦʪʦʢʦʚ ʜʣʷ ʧʨʦʭʦʜʘ ʧʦ ʚʥʦʚʴ ʥʘʡʜʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʂʦʛʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʫʪʴ ʧʨʦʡʜʝʥ, ʧʦʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʯʪʦʞʝʥ (ʚʦʟʚʨʘʱʝʥ ʚ ʧʫʣ 

ʧʦʪʦʢʦʚ). 

ɼʘʥʥʳʡ ʧʘʪʪʝʨʥ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʘ GPU, ʪʘʢ ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʧʨʠ ʟʘʧʫʩʢʝ ʬʫʥʢʮʠʠ ʷʜʨʘ ʷʚʥʦ ʧʨʠʥʠʤʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʙʣʦʢʦʚ ʠ ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ï ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʫʱʝʥʳ ʫʩʪʨʦʡʩʪʚʦʤ (device), ʘ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ host. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʜʝʥʠʝ 

fork/join ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ GPU ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʟʦʚʦʚ 

ʷʜʨʘ (ʬʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʥʘ GPU), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪ ʥʦʚʳʡ 

ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʥʪʝʢʩʪ. ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʠʣʠ ʦʧʦʚʝʱʝʥʠʝ host ʦ ʟʘʧʫʩʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʷʜʝʨ ʥʘ device. ɼʘʥʥʦʝ 

ʨʝʰʝʥʠʝ ʨʘʙʦʪʘʝʪ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʦ, ʪ.ʢ. GPU ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʩʪʘʪʠʯʝʩʢʠʡ ʧʘʨʘʣʣʝʣʠʟʤ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ Kepler ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ 

ʢʦʥʮʝʧʮʠʷ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʣʣʝʣʠʟʤ. 

ɺʥʫʪʨʠ ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ ʧʦʪʦʢʦʚ ʥʘ GPU ʜʦʩʪʫʧʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʲʝʤʦʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʜʘʥʥʳʭ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʧʦʪʦʢʦʚ. 
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2.1.3 ʇʘʪʪʝʨʥ Tiling/grids 

ʇʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ CUDA ʧʨʠ ʨʝʰʝʥʠʠ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ 

ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʯʠʢ ʨʘʟʙʠʣ ʧʨʦʙʣʝʤʫ ʥʘ ʤʥʦʞʝʩʪʚʦ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʯʠʭ ʧʦʜʭʦʜʦʚ ʪʘʢʞʝ ʨʝʰʘʝʪ 

ʧʦʜʦʙʥʫʶ ʟʘʜʘʯʫ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ. ɼʘʞʝ ʚ ʦʛʨʦʤʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ 

ʮʝʥʪʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʘ, 

ʤʦʜʝʣʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʪʳʩʷʯʠ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʦʪʜʝʣʴʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ, ʦʜʥʦʤ ʠʟ ʪʳʩʷʯ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʤ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ. ɼʘʥʥʳʡ ʚʠʜ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʪ.ʢ. 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ. 

ʉʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ GPU ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʜʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʂʘʞʜʳʡ SM 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʟʘʧʫʩʢʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʙʣʦʢʦʚ ʧʦʪʦʢʦʚ, ʦʙʳʯʥʦ 256 ʠʣʠ 512 ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ. ʅʘʙʦʨ SM ʟʘʢʣʶʯʝʥ ʚ 

GPU ʠ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʜʝʣʷʝʤʫʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ. ʉʦʚʤʝʩʪʥʦ, 

ʝʜʠʥʩʪʚʝʥʥʳʡ GPU ʩʧʦʩʦʙʝʥ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʩ ʧʠʢʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 3 ʊʌʣʦʧʩ (GTX680). 

ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʝʜʦʩʪʠʞʠʤʘ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʘʧʠʩʘʥʥʳʭ ʧʨʦʛʨʘʤʤ. ʇʠʢʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʘʢʠʝ ʦʙʲʝʢʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʢʘʢ ʜʦʩʪʫʧ ʢ 

ʧʘʤʷʪʠ, ʥʘ ʢʦʪʦʨʳʡ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ɼʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʣʶʙʦʡ 

ʧʣʘʪʬʦʨʤʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʦʨʦʰʝʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʠ ʧʦʥʠʤʘʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ï 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ (concurrency) ʠ ʨʘʟʤʝʱʝʥʠʝ ʜʘʥʥʳʭ (locality). 

ʇʨʦʙʣʝʤʘ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʜʘʯʘʭ. ɼʣʷ ʪʝʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʢʦʜʦʤ, ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʣʣʝʣʠʟʤ ʚ ʟʘʜʘʯʝ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʫʜʥʦ. Tiling-ʤʦʜʝʣʴ ï ʵʪʦ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 
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ɺʳʯʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ: 

ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʩʝʪʦʯʥʦʝ ʧʦʢʨʳʪʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʪʨʝʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʙ ï ʥʘʙʦʨ ʙʣʦʢʦʚ, 

ʧʦʢʨʳʚʘʶʱʠʭ ʪʨʸʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʜʘʯʠ. 

ʊʝʭʥʦʣʦʛʠʷ CUDA ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʚʫʤʝʨʥʦʡ 

ʩʝʪʢʠ. ɼʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ. 

ʈʘʟʨʘʙʦʪʯʠʢ ʣʠʥʝʡʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪ ʨʘʙʦʪʳ ʚʥʫʪʨʠ ʙʣʦʢʘ ʠ ʦʙʣʘʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʣʦʢʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ CUDA. 

ʈʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʥʘʟʥʘʯʠʪʴ ʜʦ 16 ʙʣʦʢʦʚ ʥʘ ʦʜʠʥ SM, ʠ ʦʧʝʨʠʨʦʚʘʪʴ 

16 SMs (ʚʩʝʛʦ ʜʦ 32 SM ʥʘ GPU); ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʜʦ 256 ʠʣʠ ʙʦʣʝʝ ʙʣʦʢʦʚ 

ï ʵʪʦ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʅʘ ʧʨʘʢʪʠʢʝ, ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʦʛʨʘʥʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʙʣʦʢʝ ʜʦʷ 128, 256 ʠʣʠ 512, ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜ, 

ʧʦʟʚʦʣʠʪʴ ʫʧʨʘʚʣʷʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʙʣʦʢʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ. 

 

2.1.4 ʇʘʪʪʝʨʥ çʨʘʟʜʝʣʷʡ ʠ ʚʣʘʩʪʚʫʡè (divide and conquer) 

ʇʘʪʪʝʨʥ divide-and-conquer ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʥʝʙʦʣʴʰʠʝ ʩʝʢʮʠʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ. ɺʳʧʦʣʥʷʝʤʳʝ ʩʦʚʤʝʩʪʥʦ, ʦʪʜʝʣʴʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʩʝʢʮʠʠ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʛʦʨʘʟʜʦ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ. ʆʙʳʯʥʦ ʚ  r ʤʦʞʝʪʝ 

ʥʘʙʣʶʜʘʪʴ ʧʨʠʥʮʠʧ divide-and-conquer ʚ ʨʝʢʫʨʩʠʠ. ɸʣʛʦʨʠʪʤ ʙʳʩʪʨʦʡ 

ʩʦʨʪʠʨʦʚʢʠ ï ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʵʪʦʛʦ. ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦ ʨʘʟʙʠʚʘʝʪ 

ʠʩʭʦʜʥʫʶ ʚʳʙʦʨʢʫ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʜ ʦʧʦʨʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʠ ʧʦʩʣʝ ʦʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʦʛʜʘ ʚ ʠʪʦʛʝ ʨʘʟʙʠʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʦʥʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʠ ʧʝʨʝʩʪʘʚʣʷʶʪʩʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʢʫʨʩʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʠʪʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʱʝ ʧʦʨʪʠʨʫʶʪʩʷ ʥʘ GPU, 

ʪʘʢ ʢʘʢ ʦʥʠ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʣʷ GPU tiling-ʤʦʜʝʣʠ. 
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2.2 ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

 

2.2.1 ʇʦʪʦʢʠ 

ʇʦʪʦʢ ï ʵʪʦ ʦʩʥʦʚʥʘʷ ʝʜʠʥʠʮʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ C, C++, C# ʜʦʣʞʥʳ ʙʳʪʴ ʟʥʘʢʦʤʳ ʩ ʜʘʥʥʦʡ ʘʙʩʪʨʘʢʮʠʝʡ, ʝʩʣʠ 

ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʥʦʛʦʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʅʦ 

ʜʘʞʝ ʝʩʣʠ ʚʳ ʥʠʢʦʛʜʘ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʤʥʦʛʦʷʜʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʫʞ 

ʪʦʯʥʦ ʧʠʩʘʣʠ ʢʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʜʚʫʭ-, ʯʝʪʳʨʝʭ- ʠ ʚʦʩʴʤʠʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʦʙʨʝʪʘʝʪ ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʛʨʘʤʦʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʦʙʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʩʠʩʪʝʤʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, 

ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʪʘʢ ʢʘʢ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʘʧʧʘʨʘʪʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʝʡ. 

ɹʝʟʫʩʣʦʚʥʦ, ʚʳ ʜʦʣʞʥʳ ʙʳʣʠ ʩʣʳʰʘʪʴ ʦ ʢʣʘʩʪʝʨʘʭ ʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʘʨʘʣʣʝʣʠʟʤʘ ʧʫʪʝʤ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʫʟʣʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʳʩʷʯ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʝʨʚʝʨʦʚ, ʧʨʠʜʷ ʥʘ ʩʤʝʥʫ ʢʣʘʩʪʝʨʘʤ ʠʟ ʤʘʩʩʦʚʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʦʱʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʠ ʥʝʜʦʩʪʫʧʥʦ ʤʘʩʩʦʚʦʡ 

ʘʫʜʠʪʦʨʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʇʝʨʝʩʪʨʦʠʪʴ ʩʚʦʝ ʩʦʟʥʘʥʠʝ ʥʘ ʤʳʰʣʝʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ɻʦʨʘʟʜʦ ʧʨʦʱʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʷʚʠʣʠʩʴ ʚ ʵʧʦʭʫ, ʢʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʫʚʝʣʠʯʠʚʘʣʘ ʩʢʦʨʦʩʪʴ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʢʘʞʜʳʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ɺ ʨʘʟʨʘʙʦʪʢʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʵʪʦ ʚʨʝʤʷ ʥʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɼʝʩʷʪʠʣʝʪʠʝ 

ʥʘʟʘʜ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ, ʠ ʩʝʡʯʘʩ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʤʳʩʣʠʪʴ ʚ ʪʝʨʤʠʥʘʭ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʇʘʨʘʣʣʝʣʠʟʤ ʥʘ CPU ʧʨʝʜʧʦʣʧʛʧʝʪ ʟʘʧʫʩʢ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ ʥʘ 

ʝʜʠʥʩʪʚʝʥʥʦʤ CPU. ʕʪʦ ʧʘʨʘʣʣʝʣʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʟʘʜʘʯʘʭ. ʇʨʦʛʨʘʤʤʳ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, 

ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʚʠʜʝʦ, ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʣʣʝʣʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʘʥʥʳʭ. ʆʥʠ 

ʨʘʟʜʝʣʷʶʪ ʟʘʜʘʯʫ ʥʘ N ʯʘʩʪʝʡ, ʛʜʝ ʢʘʞʜʘʷ ʯʘʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʜʥʦʤ ʠʟ N 

ʜʦʩʪʫʧʥʳʭ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʦʙʨʘʙʦʪʢʫ ʦʜʥʦʛʦ 

ʢʘʜʨʘ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʠ 

ʥʝʟʘʚʠʩʠʤʦ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ ʚ ʩʝʛʤʝʥʪ ʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʧʦʩʝʛʤʝʥʪʥʦ. 

ʅʘ GPU ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʭʦʞʠʡ ʧʦʜʭʦʜ ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ 

ʩʢʦʨʦʩʪʴ ʨʝʥʜʝʨʠʥʛʘ 3D-ʩʮʝʥʳ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʯʝʤ ʦʜʥʦʛʦ GPU. ʄʦʞʥʦ ʧʝʨʝʩʳʣʘʪʴ ʦʪʜʝʣʴʥʳʝ ʬʨʝʡʤʳ ʥʘ ʢʘʞʜʳʡ GPU ʠʣʠ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʦʜʥʦʛʦ ʢʘʜʨʘ ʥʘ ʨʘʟʥʳʭ GPU. 

ɺ ʩʠʩʪʝʤʘʭ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʱʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ ʯʘʩʪʦ 

ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʙʣʝʤʘ ʧʨʦʩʪʦ ʨʝʰʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ CPU. ʉ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʩʪʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, ʧʦʜʦʙʥʦ GPU, ʚʳʨʦʚʥʷʪʴ ʥʘʛʨʫʟʢʫ 

ʧʨʦʩʪʦ, ʥʦ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

CPU ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʣʷ ʟʘʧʫʩʢʘ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. GPU ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʚʳʧʦʣʥʷʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʟʘʜʘʯ. CPU ʭʦʨʦʰʦ ʨʝʰʘʝʪ ʟʘʜʘʯʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. GPU ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʙʠʪʳ ʥʘ ʪʳʩʷʯʠ ʣʝʛʢʦʚʝʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʮʝʥʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʦʧʪʠʤʘʣʴʥʦ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʣʦʞʝʥʠʡ ʰʠʨʦʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, GPU ʠ CPU ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʦʪʦʢʠ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ. 

ɺ CPU ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʷʜʨʘ, ʥʦ ʵʪʘ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʩʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʣʶʙʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ 
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ʧʦʚʝʜʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʦ ʙʳʩʪʨʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʥʪʝʢʩʪʘ. ʇʝʨʝʢʣʶʯʝʥʠʝ 

ʢʦʥʪʝʢʩʪʘ ï ʦʯʝʥʴ ʟʘʪʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʦʚ ʧʨʦʮʝʩʩʦʨʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, GPU, 

ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʥʪʝʢʩʪ, ʥʦ ʦʙʣʘʜʘʝʪ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʨʝʛʠʩʪʨʦʚ, ʘ ʤʥʦʞʝʩʪʚʦʤ ʙʘʥʢʦʚ ʨʝʛʠʩʪʨʦʚ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʢʦʥʪʝʢʩʪʘ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʤʝʥʳ ʙʘʥʢʘ ʨʝʛʠʩʪʨʦʚ, ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ ʯʝʤ 

ʨʝʘʣʠʟʘʮʠʷ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʛʠʩʪʨʦʚ ʚ RAM. 

ʉʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ CPU ʠ GPU, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʦʧʝʨʘʮʠʷʤʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ 

ʦʙʨʘʱʝʥʠʷʤʠ ʢ ʧʘʤʷʪʠ. CPU ʨʝʘʣʠʟʫʝʪ ʜʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʯʝʨʝʟ ʩʤʝʥʫ 

ʢʦʥʪʝʢʩʪʘ. 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʜʘʯ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʠʥʝ ʧʦʪʦʢʘ ʨʘʙʦʪʘ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ. ɽʩʣʠ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦʙʳ ʜʝʨʞʘʪʴ ʧʨʦʮʝʩʩʦʨ ʟʘʥʷʪʳʤ, ʦʥ ʙʫʜʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʘʠʚʘʪʴ. ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʤʝʣʢʠʭ ʟʘʜʘʯ, ʢʘʞʜʘʷ 

ʙʣʦʢʠʨʦʚʢʘ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʩʤʝʥʫ ʢʦʥʪʝʢʩʪʘ, 

ʧʨʦʮʝʩʩʦʨ ʙʫʜʝʪ ʪʨʘʪʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʢʦʥʪʝʢʩʪʘ ʠ ʦʯʝʥʴ ʤʘʣʦ ʚʨʝʤʝʥʠ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ. ʇʦʣʠʪʠʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ ʨʝʘʣʠʟʫʶʪʩʷ ʯʘʩʪʦ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʘʥʠʷ 

ʚʨʝʤʝʥʠ, ʜʝʣʷ ʚʨʝʤʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʦʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʦʮʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʳʡ ʢʦʥʪʝʢʩʪ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʤʝʥʴʰʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʙʳʩʪʨʦ ʧʘʜʘʪʴ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ 

ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʩʪʨʫʢʮʠʡ ʧʝʨʝʭʦʜʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʦʡ. ʄʦʜʝʣʴ GPU ʦʩʥʦʚʘʥʘ ʥʘ ʧʘʨʘʣʣʝʣʠʟʤʝ ʜʘʥʥʳʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʥʘ ʥʫʞʜʘʝʪʩʷ ʚ ʪʳʩʷʯʠ ʧʦʪʦʢʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ. ʄʦʜʝʣʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʟʘʛʨʫʟʢʫ ʚʩʝʭ 

ʚʳʯʠʩʣʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ ʧʨʦʛʨʘʤʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʮʠʶ 

ʚʳʙʦʨʢʠ ʠʟ ʧʘʤʷʪʠ ʠʣʠ ʦʞʠʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ, ʪʦ ʧʦʪʦʢʦʚʳʝ 
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ʧʨʦʮʝʩʩʦʨʘ ʧʨʦʩʪʦ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʜʨʫʛʦʡ ʧʦʪʦʢ ʢʦʤʘʥʜ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʝʨʥʫʪʴʩʷ ʢ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʤʫ ʧʦʪʦʢʫ ʧʦʟʞʝ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʪʣʠʯʠʡ GPU ʠ CPU ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʦʨʦʚ ʥʘ ʢʘʞʜʦʤ ʫʩʪʨʦʡʩʪʚʝ. CPU ï ʵʪʦ ʜʚʫʭ- ʠʣʠ ʯʝʪʳʨʝʭʷʜʝʨʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʘʜʘʧʪʝʨʘ ʘʨʭʠʪʝʢʪʫʨʳ Fermi ʩʦʜʝʨʞʘʪ 

16 ʧʦʪʦʢʦʚʳʭ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʛʦʨʘʟʶʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ ʚʥʫʪʨʠ. CPU ʚʳʧʦʣʥʷʶʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʠʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʦʧʝʨʘʮʠʶ ʥʘʜ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʥʥʳʭ ʟʘ 

ʪʘʢʪ. GPU ʨʘʙʦʪʘʝʪ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ 32 ʚʳʯʠʩʣʝʥʠʷ ʦʜʥʠʤ SM ʟʘ ʪʘʢʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʯʝʪʳʨʝʭʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʤʥʦʛʦʷʜʝʨʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤ ʯʝʪʳʨʝʭʷʜʝʨʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ. 

ɹʝʟʫʩʣʦʚʥʦ, ʯʪʦ CPU ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʝ ʜʦʩʪʫʧʥʳʝ 

ʷʜʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ MMX , SSE ʠ AVX. ʅʦ GPU ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʘʤʷʪʴ 

ʙʣʠʟʢʫʶ ʢ SM, ʥʘʟʳʚʘʝʤʫʶ çʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴè (shared memory). ʅʘ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚʥʫʪʨʠ GPU. 

 

2.2.2 ʄʦʜʝʣʴ ʠʩʧʦʣʥʝʥʠʷ ʠ ʷʜʨʦ CUDA 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʥʝʥʠʷ CUDA ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʚʘʞʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʇʝʨʚʦʝ: ʛʨʫʧʧʳ ʠʟ N ʧʦʪʦʢʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ (SP) ʨʘʙʦʪʘʶʪ ʚ ʩʠʥʭʨʦʥʥʦʤ 

ʨʝʞʠʤʝ (ʨʠʩ. 2.2), ʪ.ʝ. ʩʠʥʭʨʦʥʥʦ ʚʳʧʦʣʥʷʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘʜ 

ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʘʥʥʳʭ. 

 
ʈʠʩʫʥʦʢ 2.2 ï ʉʠʥʭʨʦʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ 
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ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʨʝʛʠʩʪʨʦʚʦʡ 

ʧʘʤʷʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʫʶ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʢʦʥʪʝʢʩʪʦʚ, ʧʦʵʪʦʤʫ GPU ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʪʦʢʦʚ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ, ʯʪʦ ʢʦʥʢʨʝʪʥʦ ʦʟʥʘʯʘʝʪ ʪʝʨʤʠʥ çʩʠʥʭʨʦʥʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡè. ʂʘʞʜʘʷ ʠʥʩʪʨʫʢʮʠʷ ʚ ʦʯʝʨʝʜʠ ʢʦʤʘʥʜ ʧʝʨʝʩʳʣʘʝʪʩʷ 

ʥʘ ʦʪʜʝʣʴʥʳʡ SP ʚʥʫʪʨʠ SM. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ SM ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʦʪʜʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʩ N ʷʜʨʘʤʠ (SP). 

ʆʙʳʯʥʳʡ ʧʨʦʮʝʩʩʦʨ ʧʦʣʫʯʘʝʪ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ ʢʦʤʘʥʜ ʜʣʷ ʢʘʞʜʦʛʦ 

ʷʜʨʘ. ʄʦʜʝʣʴ GPU SPMD ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʧʨʘʚʢʫ ʦʪʜʝʣʴʥʳʭ ʠʥʩʪʨʫʢʮʠʡ 

ʢʘʞʜʦʤʫ ʠʟ N ʣʦʛʠʯʝʩʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʚʥʘʷ 1/N ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʳʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʚʝʢʪʦʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ 

ʠʣʠ SIMD-ʘʨʭʠʪʝʢʪʫʨʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚʦ ʤʥʦʛʠʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ: 

 

ʕʪʦ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ, ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʜʝʢʩʫ i. ʎʠʢʣ for 

ʨʝʘʣʠʟʫʝʪ 128 ʠʪʝʨʘʮʠʡ (ʦʪ 0 ʜʦ 127). ɺ ʪʝʨʤʠʥʦʣʦʛʠʠ CUDA ʨʘʟʨʘʙʦʪʯʠʢ 

ʤʦʞʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʠʢʣ ʚ 128 ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʧʦʣʥʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʨʦʢʫ: 

 

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʠʪʝʨʘʮʠʷʤʠ ʮʠʢʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 
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ʧʨʦʛʨʘʤʤʳ ʢ ʧʘʨʘʣʣʝʣʴʥʦʤʫ ʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ. ʕʪʦ ʧʘʨʘʣʣʝʣʠʟʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʮʠʢʣʘʭ, ʠ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʧʦʧʫʣʷʨʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʩʰʠʨʝʥʠʡ OpenMP. 

ʅʘ ʯʝʪʳʨʝʭʷʜʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʚʦʟʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʚ 

ʯʝʪʳʨʝ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʘ, ʢʦʛʜʘ ʷʜʨʦ ʧʨʦʮʝʩʩʦʨʘ 1 ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥʜʝʢʩʳ 0-31, 

ʷʜʨʦ 2 ï 32-63, ʷʜʨʦ 3 ï 64-95, ʷʜʨʦ 4 ï 96-127. ʅʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʦʨʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʪ ʪʘʢʫʶ ʪʨʘʥʩʣʷʮʠʶ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʜʠʨʝʢʪʠʚʘʤʠ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

ʂʦʤʧʠʣʷʪʦʨʳ Intel ʜʦʩʪʠʛʣʠ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʩʧʝʭʦʚ. 

ʊʘʢʠʝ ʢʦʤʧʠʣʷʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʩʪʨʦʝʥʥʳʭ SSE-ʢʦʤʘʥʜ ʜʣʷ 

ʚʝʢʪʦʨʠʟʘʮʠʠ ʮʠʢʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʜʚʘ ʫʨʦʚʥʷ 

ʧʘʨʘʣʣʝʣʠʟʤʘ, ʯʪʦ ʥʝ ʦʯʝʥʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʠʷ GPU. 

ɺ ʪʝʭʥʦʣʦʛʠʠ CUDA ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʘ ʚ ʦʪʜʝʣʴʥʳʝ ʧʦʪʦʢʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʠ ʷʜʨʘ (kernel, kernel function), ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʪʦʣʴʢʦ ʥʘ GPU ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʥʘ CPU. 

ɺ CUDA ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ CPU. ʂʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʠʟʚʝʩʪʠ ʚʳʩʦʢʦ ʠʥʪʝʥʩʠʚʥʳʝ ʚʳʯʠʩʣʝʥʠʷ CPU ʧʝʨʝʢʣʘʜʳʚʘʝʪ ʠʭ 

ʚʳʧʦʣʥʝʥʠʝ ʥʘ GPU, ʯʪʦʙʳ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʱʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, GPU ʚʳʩʪʫʧʘʝʪ ʩʚʦʝʦʙʨʘʟʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʦʧʨʦʮʝʩʩʦʨʦʤ ʜʣʷ 

CPU. ʈʘʥʴʰʝ ʩʘʤʠ CPU ʧʨʝʜʧʦʣʘʛʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʦʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ʇʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʘʛʘʣʠ ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ 

ʯʠʩʣʘʤʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʨʘʙʦʪʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ ʥʘ ʤʘʰʠʥʘʭ, 

ʦʩʥʘʱʝʥʥʳʭ ʪʘʢʠʤʠ ʩʦʧʨʦʮʝʩʩʦʨʘʤʠ. ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʘʢʪʫʘʣʴʥʘ ʠ ʚ ʩʣʫʯʘʝ 

ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ GPU, ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʩʦʢʦ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʨʦʛʨʘʤʤʘʭ. 

ʌʫʥʢʮʠʷ ʷʜʨʘ, ʬʘʢʪʠʯʝʩʢʠ, ʷʚʣʷʝʪʩʷ ʪʝʣʦʤ ʮʠʢʣʘ, ʥʦ ʥʝ ʩʦʜʝʨʞʠʪ 

ʥʠʢʘʢʦʛʦ ʮʠʢʣʘ, ʠʪʝʨʘʮʠʡ. ʌʫʥʢʮʠʷ ʷʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɺ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʮʠʢʣ ʠ ʫʧʨʘʚʣʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʮʠʢʣʘ i. ʊʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʧʨʝʬʠʢʩ __global__ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʠ; ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʢʦʤʧʠʣʷʪʦʨʫ, ʯʪʦ ʩʣʝʜʫʝʪ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ ʜʣʷ GPU, 

ʘ ʥʝ ʜʣʷ CPU, ʠ ʯʪʦ ʜʘʥʥʳʡ ʢʦʜ ʷʚʣʷʝʪʩʷ ʚʠʜʠʤʳʤ ʠʟ CPU-ʢʦʜʘ. 

CPU ʠ GPU ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʨʘʟʥʳʤ ʦʪʜʝʣʴʥʳʤ ʘʜʨʝʩʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʫʧ ʠʟ GPU-ʢʦʜʘ ʢ ʧʘʨʘʤʝʪʨʘʤ ʬʫʥʢʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ CPU-ʢʦʜʝ ʠ ʥʘʦʙʦʨʦʪ. ɼʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʟʞʝ. ʄʘʩʩʠʚʳ, ʦʙʲʷʚʣʝʥʥʳʝ ʚ CPU-ʢʦʜʝ ʥʝ ʚʠʜʠʤʳ ʚ GPU-

ʢʦʜʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪ ʧʘʤʷʪʴ ʥʘ GPU, 

ʩʢʦʧʠʨʦʚʘʪʴ ʤʘʩʩʠʚʳ a, b, ʠ c ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ CPU ʚ ʧʘʤʷʪʴ GPU, ʟʘʪʝʤ 

ʧʝʨʝʜʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ ʘʜʨʝʩʘ ʧʘʤʷʪʠ GPU, ʧʦ ʢʦʪʦʨʳʤ 

ʨʘʟʤʝʱʝʥʳ ʪʨʝʙʫʝʤʳʝ ʤʘʩʩʠʚʳ. ʇʦʩʣʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʩʝʭ ʚʳʯʠʩʣʝʥʠʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʧʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ GPU ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ CPU. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦʟʞʝ. 

ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʩʪʦʣʢʥʫʣʠʩʴ ʚ ʬʫʥʢʮʠʠ ʷʜʨʘ ï ʵʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʜʝʢʩʘ ʮʠʢʣʘ i. ʄʳ ʙʫʜʝʤ ʟʘʧʫʩʢʘʪʴ 128 ʵʢʟʝʤʧʣʷʨʦʚ ʬʫʥʢʮʠʠ 

ʷʜʨʘ ʥʘ 128 ʧʦʪʦʢʘʭ, ʥʦ ʚʩʝ ʦʥʠ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʤʘʩʩʠʚʦʚ. CUDA ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʤʠ ʧʦʪʦʢʠ ʯʝʨʝʟ 

ʫʢʘʟʘʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ. ʕʪʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʭʦʞ 

ʥʘ ʪʝʭʥʦʣʦʛʠʶ, ʧʨʠʤʝʥʷʝʤʫʶ ʚ MPI-ʧʨʦʛʨʘʤʤʘʭ, ʢʦʛʜʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʪʦʢʘ 

ʤʦʞʥʦ ʫʟʥʘʪʴ ʩʧʝʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʪʦʢʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉʣʫʞʝʙʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʪʠʧʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘʟʳʚʘʝʪʩʷ threadIdx. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʢʦʜ ʬʫʥʢʮʠʠ ʷʜʨʘ: 

 



53 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʪʦʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʙʣʦʢʠ ʧʦ 32 ʧʦʪʦʢʘ ʚ ʢʘʞʜʦʡ. ɺ 

ʧʨʝʜʝʣʘʭ ʪʘʢʦʡ ʛʨʫʧʧʳ ʧʦʪʦʢʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ, ʘ ʩʘʤʠ ʛʨʫʧʧʳ ʥʘʟʳʚʘʶʪʩʷ 

ʚʘʨʧʘʤʠ (warp). ʊʦ ʝʩʪʴ warp ï ʵʪʦ ʛʨʫʧʧʘ ʠʟ 32 ʧʦʪʦʢʦʚ, ʧʦʣʫʚʘʨʧ (half warp) 

ï ʵʪʦ ʛʨʫʧʧʘ ʠʟ 16 ʧʦʪʦʢʦʚ. 

ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ 128 ʧʦʪʦʢʦʚ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʴʤʷ warp ʧʦ 32 

ʧʦʪʦʢʘ ʚ ʢʘʞʜʦʤ. ʇʝʨʚʳʡ ʵʪʘʧ ʚʳʯʠʩʣʝʥʠʡ: ʚʝʩʴ ʥʘʙʦʨ ʧʦʪʦʢʦʚ ʥʘʯʠʥʘʝʪ 

ʚʧrʦʣʥʝʥʠʝ, ʢʘʞʜʳʡ ʧʦʪʦʢ ʧʦʣʫʯʘʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ 

ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʜʨʝʩʫ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ GPU 

(ʨʠʩ. 2.3). ʉʣʝʜʫʶʱʘʷ ʠʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʷʝʪ ʫʤʥʦʞʝʥʠʝ ʠ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʙʘ ʦʧʝʨʘʥʜʘ, ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʝʥʠʝ ʧʦʪʦʢʘ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʇʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʦʜʠʥ ʧʦʪʦʢ, ʘ ʚʩʝ 32 ʧʦʪʦʢʘ ʚʘʨʧʘ, 

ʧʨʠ ʵʪʦʤ GPU ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʜʨʫʛʠʭ ʚʘʨʧʦʚ. 

 
ʈʠʩʫʥʦʢ 2.3 ï ʕʪʘʧ 0 

 

ʅʘ ʨʠʩ. 2.4 ʚʠʜʥʦ, ʯʪʦ ʢʦʛʜʘ warp 1 ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ, warp 1 

ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ. GPU ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʨʘʤʤʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʤʦʜʝʣʴʶ ʧʦʢʘ ʚʩʝ warp ʥʝ ʧʝʨʝʜʫʪ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ 

(ʨʠʩ. 2.5).  
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ʈʠʩʫʥʦʢ 2.4 ï Cycle 1 

 

ɿʘʧʨʘʰʠʚʘʷ ʜʘʥʥʳʝ ʠʟ ʧʘʤʷʪʠ, GPU ʠʟʚʣʝʢʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʙʣʦʢʘʤʠ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʦʙʱʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

(ʚʨʝʤʷ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ ʢ ʧʘʤʷʪʠ), ʩʚʷʟʘʥʥʦʝ ʩ ʘʧʧʘʨʘʪʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ GPU. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʟʘʧʨʦʩʘʭ, ʧʘʤʷʪʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʳʙʦʨʢʫ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʮʝʣʦʡ ʛʨʫʧʧʳ ʧʦʪʦʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʲʝʤ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʝʩʴ warp. 

ɺʩʝ ʧʦʪʦʢʠ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʨʘʟʙʣʦʢʠʨʦʚʘʥʳ ʠ 

ʛʦʪʦʚʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ. 

 
ʈʠʩʫʥʦʢ 2.5 ï Scheduling cycle 8 

 

ɺʳʧʦʣʥʠʚ ʚʩʝ ʚʘʨʧʳ, GPU ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʦʢʦʥʯʘʥʠʷ 

ʟʘʧʨʦʩʘ ʢ ʧʘʤʷʪʠ. ɿʘʪʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʚʦʟʚʨʘʱʝʥ 

ʟʘʧʨʦʰʝʥʥʳʡ ʙʣʦʢ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ. ʇʨʠ ʵʪʦʤ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʦʟʚʨʘʱʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʣʦʢʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʝʨʚʳʤʠ ʙʳʣʠ ʚʦʟʚʨʘʱʝʥʳ ʜʘʥʥʳʝ ʧʦ ʘʜʨʝʩʘʤ 0-31. 

ʊʦʛʜʘ warp 1 ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʠ ʪʘʢ ʢʘʢ ʚ ʵʪʦʪ ʤʦʤʥʝʪ 
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ʦʪʩʫʪʩʪʚʫʝʪ ʠʩʧʦʣʥʷʶʱʠʝʩʷ ʚʘʨʧʳ, ʪʦ warp 1 ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʝʞʠʤ ʚʳʧʦʣʥʝʥʠʷ. ʇʦʩʪʝʧʝʥʥʦ ʚʩʝ ʟʘʧʨʦʩʳ ʢ ʧʤʷʪʠ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʠ 

ʚʩʝ ʚʘʨʧʳ ʧʝʨʝʜʫʪ ʚ ʨʝʞʠʤ ʛʦʪʦʚʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʧʫʩʢ ʷʜʨʘ. CUDA 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʰʠʨʝʥʠʝ ʷʟʳʢʘ C ʠʩʧʦʣʴʟʫʷ ʚʳʟʦʚʳ ʷʜʨʘ. ʗʜʨʦ ï ʵʪʦ ʪʦʣʴʢʦ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʬʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʝʤʦʡ ʥʘ GPU. ɼʣʷ ʚʳʟʦʚʘ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʡ ʩʠʥʪʘʢʩʠʩ: 

kernel_function<<<num_blocks, num_threads>>>(param1, param2, .) 

ɺʳʟʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝʜʘʯʫ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʘʤ 

ʠʥʪʝʨʝʩʥʳ ʜʚʘ ʠʟ ʥʠʭ: num_blocks ʠ num_threads. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʢʦʥʩʪʘʥʪʳ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʳʝ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ. 

ʇʘʨʘʤʝʪʨ num_threads ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, ʟʘʧʫʩʢʘʝʤʳʭ ʜʣʷ 

ʠʩʧʦʣʥʝʥʠʷ ʷʜʨʘ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʵʪʦ ʯʠʩʣʦ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʠʪʝʨʘʮʠʡ 

ʮʠʢʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ: 512 ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ ʥʘ 

ʫʩʪʘʨʝʚʰʠʭ ʚʝʨʩʠʷʭ GPU ʠ 1024 ï ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʜʘʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʥʦ ʚ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ï ʵʪʦ ʦʜʥʦ 

ʠʟ ʩʘʤʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚʳʟʦʚʘ ʷʜʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʯʝʨʝʟ ʨʝʛʠʩʪʨʳ ʠʣʠ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ ï 

ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʠʩʪʨʦʚ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʚʳʜʝʣʷʝʪʩʷ ʨʝʛʠʩʪʨ ʥʘ ʢʘʞʜʳʡ ʧʘʨʘʤʝʪʨ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ 

128 ʧʦʪʦʢʦʚ ʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʚ ʬʫʥʢʮʠʠ ʷʜʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʳ ʜʦʣʞʥʳ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ 3 Ĭ 128 = 384 ʨʝʛʠʩʪʨʘ. ʂʘʞʝʪʩʷ, ʯʪʦ ʵʪʦ ʩʣʠʰʢʦʤ 

ʨʘʩʪʦʯʠʪʝʣʴʥʦ, ʥʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ GPU ʨʘʩʧʦʣʘʛʘʝʪ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 

8192 ʨʝʛʠʩʪʨʘʤʠ ʚ ʢʘʞʜʦʤ SM (ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʴʰʝ ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ). 

ʊʦ ʝʩʪʴ ʧʨʠ 128 ʧʦʪʦʢʘʭ ʧʦʣʫʯʠʤ 64 ʥʘ ʢʘʞʜʳʡ ʧʦʪʦʢ (8192 ʨʝʛʠʩʪʨʦʚ ʥʘ 128 

ʧʦʪʦʢʦʚ). 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʟʘʧʫʩʢ ʦʜʥʦʛʦ ʙʣʦʢʘ ʠʟ 128 ʧʦʪʦʢʦʚ ï ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ, ʜʘʞʝ ʝʩʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 64 ʨʝʛʠʩʪʨʘ. ʂʘʢ ʪʦʣʴʢʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʟʘʧʨʦʩ ʢ ʧʘʤʷʪʠ, SM ʙʫʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʩʪʘʠʚʘʪʴ. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦ 
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ʠʥʪʝʥʩʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 64 ʨʝʛʠʩʪʨʦʚ ʥʘ ʧʦʪʦʢ ʙʫʜʝʪ 

ʦʧʨʘʚʜʘʥʦ. ʅʘ ʧʨʘʢʪʠʢʝ, ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ SM ʜʣʷ 

ʠʟʙʝʛʘʥʠʷ ʧʨʦʩʪʦʝʚ. 

 

2.2.3 ɹʣʦʢʠ ʠ ʩʝʪʢʠ 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ 512 ʧʦʪʦʢʦʚ ï ʵʪʦ ʦʯʝʥʴ ʤʘʣʦ ʜʣʷ GPU. ʕʪʦ ʯʠʩʣʦ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʝʡ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʦʛʨʦʤʥʳʤ ʜʣʷ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠʟ ʤʠʨʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʦ ʥʘ GPU ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪʩʷ 

ʪʳʩʷʯʠ, ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʛʨʫʟʠʪʴ 

ʫʩʪʨʦʡʩʪʚʦ. 

ʄʳ ʫʞʝ ʥʘʯʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʳʟʦʚʘ ʷʜʨʘ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʧʦʜʨʘʟʜʝʣʘʭ ʦ ʧʦʪʦʢʘʭ. ʇʘʨʘʤʝʪʨ num_blocks ï ʵʪʦ ʧʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʢʦʙʢʘʭ <<< >>>: 

kernel_function<<<num_blocks, num_threads>>>(param1, param2,...) 

ɽʩʣʠ ʠʟʤʝʥʠʪʴ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʩ 1 ʥʘ 2, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, 

ʟʘʧʫʩʢʘʝʤʳʭ ʥʘ GPU ʫʜʚʦʠʪʩʷ: 

some_kernel_func<<< 2, 128 >>>(a, b, c); 

ʊʘʢʦʡ ʚʳʟʦʚ ʧʨʠʚʝʜʝʪ ʢ ʟʘʧʫʩʢʫ ʬʫʥʢʮʠʠ ʷʜʨʘ some_kernel_func ʥʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ 2 Ĭ 128 = 256. ʕʪʦ, ʦʜʥʘʢʦ, ʫʩʣʦʞʥʷʝʪ 

ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ thread_idx, ʬʘʢʪʠʯʝʩʢʠ ʧʦʟʠʮʠʠ ʠʥʜʝʢʩʘ ʤʘʩʩʠʚʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʜ: 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʜʨʦ ʙʫʜʝʪ ʟʘʧʫʱʝʥʦ ʢʘʢ ʩʝʪʢʘ (grid), ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʙʣʦʢʦʚ (block), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʙʠʪʳ ʥʘ ʧʦʪʦʢʠ (thread). ʇʦʪʦʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʚʘʨʧʳ ʧʦ 32 ʧʦʪʦʢʘ, ʠ ʢʘʞʜʘʷ ʥʠʪʴ ʚ 

warp ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʦʩʘ. 

ʌʘʢʪʠʯʝʢʩʢʠ, ʥʝ ʧʦʪʦʢ, ʘ warp ̫ ʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ 

ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘ GPU. ʂʦʛʜʘ ʟʘʧʫʩʢʘʝʪʩʷ ʩʝʪʢʘ ʠʟ ʙʣʦʢʦʚ, ʚʩʝ ʙʣʦʢʠ 
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ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʞʜʫ SM. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʣʦʢ ʨʘʩʧʨʝʜʝʣʝʥ, ʧʦʪʦʢʠ ʚ ʙʣʦʢʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ warp. Warp ʩʦʩʪʦʠʪ ʠʟ 32 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʚʩʝ ʥʠʪʠ ʚ warp ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʝʞʠʤʝ çSingle Instruction Multiple 

Threadè (SIMT), ʪʦ ʝʩʪʴ ʚʩʝ ʧʦʪʦʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʫ ʠ ʪʫ ʞʝ ʠʥʩʪʨʫʢʮʠʶ, ʠ 

ʢʘʞʜʳʡ ʧʦʪʦʢ ʚʳʧʦʣʥʷʝʪ ʵʪʫ ʦʧʝʨʘʮʠʶ ʥʘʜ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʅʘ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ GPU. 

 
ʈʠʩʫʥʦʢ 2.6 ï ʃʦʛʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ 

 

ɹʣʦʢʠ ʧʦʪʦʢʦʚ ʥʝʟʘʚʠʩʠʤʦ ʨʘʟʤʝʱʘʶʪʩʷ ʧʦ SM, ʧʨʠ ʵʪʦʤ ʧʦʪʦʢʠ ʦʜʥʦʛʦ 

ʙʣʦʢʘ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ SM. ʈʠʩ. 2.7 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 2D-ʩʝʪʢʫ 

ʙʣʦʢʦʚ (8WĬ6H), ʢʘʞʜʳʡ ʙʣʦʢ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 2D-ʩʝʪʢʫ ʧʦʪʦʢʦʚ 

(8WĬ8H). 

 
ʈʠʩʫʥʦʢ 2.7 ï 2D-ʩʝʪʢʘ ʙʣʦʢʦʚ ʠ ʙʣʦʢ ʥʠʪʝʡ 

 

ʅʘ ʨʠʩ. 2.8 ʧʦʢʘʟʘʥʘ 3D-ʩʝʪʢʘ ʙʣʦʢʦʚ (8WĬ6HĬ6D), ʩʦʩʪʦʷʱʘʷ ʠʟ 3D-

ʙʣʦʢʦʚ ʩ ʧʦʪʦʢʘʤʠ (8WĬ8H Ĭ4D). 
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ʈʠʩʫʥʦʢ 2.8 ï 3D-ʩʝʪʢʘ ʙʣʦʢʦʚ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ 3D-ʙʣʦʢʠ 

 

ʉʝʪʢʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 65535 Ĭ 65535 ʙʣʦʢʦʚ (ʜʣʷ SM ʚʝʨʩʠʠ 1.x) ʠʣʠ 

65535 Ĭ 65535 Ĭ 65535 ʙʣʦʢʦʚ (ʜʣʷ SM ʚʝʨʩʠʠ 2.x). ʂʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 512 ʠʣʠ 1024, ʠ ʧʦʪʦʢʠ ʚʥʫʪʨʠ ʙʣʦʢʘ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. 

ɹʣʦʢʠ ʚʥʫʪʨʠ ʩʝʪʢʠ ʙʫʜʫʪ ʦʪʥʝʩʝʥʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʢ ʨʘʟʥʳʤ SM ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ; ʦʜʠʥ SM ʤʦʞʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʧʦʪʦʢʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʘʨʧʦʚ ʠ ʙʣʦʢʦʚ. 

ʇʣʘʥʠʨʦʚʱʠʢʠ ʚʘʨʧʦʚ ʧʦʜʛʨʫʞʘʶʪ ʥʦʚʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʤʝʨʝ ʛʦʪʦʚʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 

 

2.3 ʄʦʜʝʣʴ ʧʘʤʷʪʠ CUDA 

 

ɼʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ CUDA ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʷʤʠ 

ʨʘʟʨʘʙʦʪʯʠʢʘ. ʆʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ (host-ʧʘʤʷʪʴ) ï ʵʪʦ ʧʘʤʷʪʴ ʩ ʢʦʪʦʨʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ CPU. CUDA ʧʨʝʜʦʩʪʘʚʣʷʝʪ API ʜʣʷ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ host-

ʧʘʤʷʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʧʘʤʷʪʴ GPU. Device-ʧʘʤʷʪʴ ï ʵʪʦ 

ʧʘʤʷʪʴ ʬʠʟʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ GPU, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʦʪʜʝʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʘʤʷʪʠ; ʠ, ʢʘʢ ʟʥʘʝʪ ʢʘʞʜʳʡ ʥʘʯʠʥʘʶʱʠʡ 
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ʨʘʟʨʘʙʦʪʯʠʢ CUDA, ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʧʠʨʦʚʘʥʳ ʚ ʷʚʥʦʤ ʚʠʜʝ ʤʝʞʜʫ 

host ʠ device ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ GPU. 

ʇʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ (device-ʧʘʤʷʪʴ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʠ ʦʧʨʦʱʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ: 

1. ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ (global memory) ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʩʪʘʪʠʯʝʩʢʠ 

ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ʫʢʘʟʘʪʝʣʠ ʚ ʬʫʥʢʮʠʷʭ 

ʷʜʨʘ. 

2. ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ (constant memory) ï ʵʪʦ is read-only ʧʘʤʷʪʴ, 

ʜʦʩʪʫʧʥʘʷ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʢʦʤʘʥʜʳ, ʠʥʠʮʠʠʨʫʶʱʠʝ ʟʘʧʨʦʩʳ ʥʘ ʯʪʝʥʠʝ, 

ʢʦʪʦʨʳʝ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʵʰʝʡ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʦʪʦʢʦʚ. 

3. ʃʦʢʘʣʴʥʘʷ ʧʘʤʷʪʴ (local memory) ï ʧʘʤʷʪʴ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʩʪʝʢʘ: 

ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʨʝʛʠʩʪʨʘʭ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠʣʠ ʚʦʟʚʨʘʱʘʶʪ ʘʜʨʝʩʘ ʜʣʷ ʬʫʥʢʮʠʡ. 

4. ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ (texture memory) ï ʧʘʤʷʪʴ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʪʝʢʩʪʫʨ ʯʝʨʝʟ ʢʦʤʘʥʜʳ ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʦʩʦʙʣʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʢʵʰʠʨʦʚʘʥʠʷ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ.  

5. ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ (shared memory) ï ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ GPU, ʪʠʧ 

ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʬʠʟʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʘ ʩ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʴʶ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ, ʵʪʦʪ ʪʠʧ ʧʘʤʷʪʠ ʨʘʟʤʝʱʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʯʠʧʝ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʙʣʦʢʘ. ʌʠʟʠʯʝʩʢʠ, ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʚʩʪʨʦʝʥʘ ʚ SM. 

6. ʈʝʛʠʩʪʨʘ (registers). 

ʂʘʞʜʳʡ ʪʠʧ ʧʘʤʷʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʣʘʪʝʥʪʥʦʩʪʴʶ (ʪʘʙʣʠʮʘ 2.1). ʉʘʤʦʡ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʧʘʤʷʪʴʶ 

ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʦʚʘʷ, ʨʘʟʤʝʱʝʥʥʘʷ ʚʥʫʪʨʠ GPU. ɿʘʪʝʤ ʩʣʝʜʫʶʪ: ʨʘʟʜʝʣʷʝʤʘʷ 

ʧʘʤʷʪʴ, ʫʧʨʘʚʣʷʝʤʳʡ ʢʵʰ L1, ʢʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ, ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ, 

ʛʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ. 

 



60 

ʊʘʙʣʠʮʘ 2.1 ï ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʘʤʷʪʴʠ 

ʊʠʧ ʧʘʤʷʪʠ ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʃʘʪʝʥʪʥʦʩʪʴ 

Registers ~ 8 TB/s 1 cycle 

Shared memory ~ 1.5 TB/s 1 to 32 cycle 

Texture memory ~ 200 MB/s ~ 400 to 600 cycles 

Constant memory ~ 200 MB/s ~ 400 to 600 cycles 

Global memory ~ 200 MB/s ~ 400 to 600 cycles 

 

ʅʘ ʨʠʩ. 2.9 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʘʤʷʪʠ 

ʚʥʫʪʨʠ GPU. 

 
ʈʠʩʫʥʦʢ 2.9 ï ʄʦʜʝʣʴ ʧʘʤʷʪʠ CUDA 

 

ʂʘʞʜʳʡ ʚʠʜ ʧʘʤʷʪʠ ʦʙʣʘʜʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʦʙʲʝʤ, ʚʨʝʤʷ 

ʞʠʟʥʠ, ʥʘʣʠʯʠʝ ʢʵʰʠʨʦʚʘʥʠʷ. ʂʘʞʜʳʡ ʧʦʪʦʢ ʷʜʨʘ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. ʂʘʞʜʳʡ ʙʣʦʢ ʧʦʪʦʢʦʚ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ, ʜʦʩʪʫʧʥʦʡ ʢʘʞʜʦʤʫ ʧʦʪʦʢʫ ʙʣʦʢʘ; ʩʦʜʝʨʞʠʤʦʝ shared 

memory ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʙʣʦʢʘ. ɺʩʝ ʧʦʪʦʢʠ ʠʤʝʶʪ ʜʦʩʪʫʧ 
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ʢ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʧʘʤʷʪʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ 

ʨʝʞʠʤʝ read-only ʠ ʜʦʩʪʫʧʥʳʝ ʚʩʝʤ ʧʦʪʦʢʘʤ: ʢʦʥʩʪʘʥʪʥʘʷ ʠ ʪʝʢʩʪʫʨʥʘʷ. ʆʙʘ 

ʚʠʜʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ. ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ʦʙʣʘʜʘʝʪ 

ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʘʜʨʝʩʘʮʠʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʰʘʙʣʦʥʦʚ 

ʜʘʥʥʳʭ. ʉʦʜʝʨʞʠʤʦʝ ʛʣʦʙʘʣʴʥʦʡ, ʢʦʥʩʪʘʥʪʥʦʡ ʠ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ʇʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʪʠʧʦʚ ʠʝʨʘʨʭʠʠ ʧʘʤʷʪʠ ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ CUDA-ʧʨʠʣʦʞʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ 2.2 

ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʘʤʷʪʠ. 

 

ʊʘʙʣʠʮʘ 2.2 ï ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʘʤʷʪʠ GPU 

ʊʠʧ ʧʘʤʷʪʠ ʅʘ 

ʯʠʧʝ 

ʂʵʰʠʨʫʝʪʩʷ ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ 

ɼʦʩʪʫʧʥʦʩʪʴ ɺʨʝʤʷ 

ʞʠʟʥʠ 

Registers ɼʘ ʅʝʪ R/W 1 ʧʦʪʦʢ Thread 

Local memory ʅʝʪ ɼʘ* R/W 1 ʧʦʪʦʢ Thread 

Shared memory ɼʘ ʅʝʪ R/W ɺʩʝ ʧʦʪʦʢʠ ʙʣʦʢʘ Block 

Global memory ʅʝʪ ɼʘ* R/W ɺʩʝ ʧʦʪʦʢʠ ʠ host Host 

Constant memory ʅʝʪ ɼʘ R ɺʩʝ ʧʦʪʦʢʠ ʠ host Host 

Texture memory ʅʝʪ ɼʘ R ɺʩʝ ʧʦʪʦʢʠ ʠ host Host 

* ï ʢʵʰʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʝʨʩʠʷʭ ʩ compute capability ʫʨʦʚʥʷ 2.x. 

 

ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʦʙʲʷʚʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʘʨʠʘʥʪʳ 

ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʘʙʣʠʮʘ 2.3 ï ʆʙʲʷʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ CUDA 

ʂʚʘʣʠʬʠʢʘʪʦʨ ʀʤʷ ʧʝʨʝʤʝʥʥʦʡ ʇʘʤʷʪʴ ɼʦʩʪʫʧ ɺʨʝʤʷ ʞʠʟʥʠ 

 float var  Register ʇʦʪʦʢ ʇʦʪʦʢ 

 float var[100] Local ʇʦʪʦʢ ʇʦʪʦʢ 

__shared__ *  Shared ɹʣʦʢ ɹʣʦʢ 

__device__ *  Global ɺʩʝ ʧʦʪʦʢʠ ʠ host ʇʨʠʣʦʞʝʥʠʝ 

__constant__ *  Constant ɺʩʝ ʧʦʪʦʢʠ ʠ host ʇʨʠʣʦʞʝʥʠʝ 

* ï ʦʙʲʷʚʣʝʥʠʝ ʩʢʘʣʷʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʤʘʩʩʠʚʘ 

 

2.3.1 ʈʝʛʠʩʪʨʳ 

ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʘʜʨʝʩʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ GPU ʷʚʣʷʶʪʩʷ ʨʝʛʠʨʳ. ɺ 

ʨʝʛʠʩʪʨʦʚʦʡ ʧʘʤʷʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ, ʦʙʲʷʚʣʝʥʥʳʝ ʚ 

ʬʫʥʢʮʠʠ ʷʜʨʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʢʚʘʣʠʬʠʢʘʪʦʨʦʚ. ʄʘʩʩʠʚʳ, ʦʙʲʷʚʣʝʥʥʳʝ ʪʘʢʠʤ 
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ʦʙʨʘʟʦʤ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʨʝʛʠʩʪʨʦʚʫʶ ʧʘʤʷʪʴ, ʥʦ ʪʦʣʴʢʦ ʝʩʣʠ ʠʥʜʝʢʩ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʘʤ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ. 

ʈʝʛʠʩʪʨʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʩʢʨʳʪʳʤʠ ʚʥʫʪʨʠ ʜʘʥʥʦʛʦ ʧʦʪʦʢʘ. 

ʗʜʨʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪ ʨʝʛʠʩʪʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʧʦʪʦʢʘ. ɺʨʝʤʷ ʞʠʟʥʠ 

ʨʝʛʠʩʪʨʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʷʜʨʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ 

ʷʜʨʘ, ʧʨʦʛʨʘʤʤʠʩʪ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʧʝʨʝʤʝʥʥʳʤ ʨʝʛʠʩʪʨʦʚ. 

ʂʘʞʜʳʡ GPU ʦʙʣʘʜʘʝʪ ʪʳʩʷʯʘʤʠ ʨʝʛʠʩʪʨʦʚ ʚ ʢʘʞʜʦʤ SM. SM ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʤʥʦʛʦʧʦʪʦʯʥʦʝ ʷʜʨʦ CPU. ʎʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ 2, 4 ʠʣʠ 8 ʷʜʝʨ, ʘ GPU ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ SM. 

ʇʨʦʮʝʩʩʦʨʳ ʩʝʨʠʠ Fermi GF100 ʩʦʜʝʨʞʘʪ 16 SM. ʇʨʦʮʝʩʩʦʨʳ ʩʝʨʠʠ GT200 

ʦʙʣʘʜʘʶʪ 32 SM. ʉʝʨʠʷ G80 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦ 16 SM. 

ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʪʨʘʥʥʳʤ, ʯʪʦ ʥʦʚʳʝ ʧʨʦʮʝʩʩʦʨʳ ʩʝʨʠʠ 

Fermi ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ SM ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ. ʅʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ SM ʚ ʧʨʦʮʝʩʩʦʨʝ 

Fermi ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ SP (ʧʦʪʦʢʦʚʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ). 

ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ SP ʚ ʷʜʨʝ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʜʥʦ ʷʜʨʦ. 

ʆʙʳʯʥʳʡ ʧʨʦʮʝʩʩʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʜʠʥ ʠʣʠ ʜʚʘ ʘʧʧʘʨʘʪʥʳʭ ʧʦʪʦʢʘ ʥʘ ʷʜʨʦ. 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʦʪ 8 ʜʦ 192 ʧʦʪʦʢʦʚʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ (SP) ʥʘ ʢʘʞʜʦʝ ʷʜʨʦ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʢʘʞʜʳʡ SM ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʪʘʢʦʛʦ ʞʝ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʦʪʦʢʦʚ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʪʦʢʠ ʥʘ GPU ʷʚʣʷʶʪʩʷ ʢʦʥʚʝʡʝʨʥʳʤʠ, ʢʦʥʪʝʢʩʪʥʦ 

ʧʝʨʝʢʣʶʯʘʝʤʳʤ ʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʥʝʩʢʦʣʴʢʠʤʠ SM, ʪʦ ʝʩʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʧʦʣʥʷʝʤʳʭ ʧʦʪʦʢʦʚ ʥʘ ʚʩʝʭ SM ʢʦʥʢʨʝʪʥʦʛʦ GPU ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ. 

ʈʘʙʦʪʘ ʩ ʨʝʛʠʩʪʨʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʥʘ GPU ʠ CPU. CPU 

ʧʨʠʤʝʥʷʝʪ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ ʨʝʛʠʩʪʨʦʚ ʠ ʩʪʝʢʘ ʧʨʠ ʨʘʙʦʪʝ ʩ 
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ʨʝʛʠʩʪʨʦʚʦʡ ʧʘʤʷʪʴʶ. ɼʣʷ ʟʘʧʫʩʢʘ ʥʦʚʦʡ ʟʘʜʘʯʠ ʥʘ CPU ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʥʪʝʢʩʪʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʭʨʘʥʝʥʠʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʝʢʩʪʘ ʚ ʨʝʛʠʩʪʨʦʚʦʡ ʧʘʤʷʪʠ ʚ ʬʦʨʤʘʪʝ 

ʩʪʝʢʘ; ʧʦʩʣʝ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʫ ʩʦʩʪʦʷʥʠʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʟ ʩʪʝʢʘ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʟʘʥʷʪʴ ʦʢʦʣʦ ʩʪʘ ʪʘʢʪʦʚ CPU. ʇʨʠ 

ʙʦʣʴʰʦʡ ʟʘʛʨʫʟʢʝ CPU, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʙʫʜʝʪ 

ʪʨʘʪʠʪʴʩʷ ʥʘ ʦʧʝʨʘʮʠʠ ʩ ʢʦʥʪʝʢʩʪʦʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʨʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʘʜʘʝʪ, ʪʘʢ ʢʘʢ ʚʩʝ ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʩʷ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. 

ɺ GPU ʩʠʪʫʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ. GPU ʠʩʧʦʣʴʟʫʝʪ ʧʦʪʦʢʠ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʣʘʪʝʥʪʥʦʩʪʴ ʧʘʤʷʪʠ ʠ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʧʨʦʩʦʚ 

ʢ ʧʘʤʷʪʠ, ʧʦʵʪʦʤʫ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʥʘ GPU ʧʨʠʚʦʜʠʪ ʢ ʜʦʣʛʠʤ 

ʧʨʦʩʪʦʷʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʥʫʞʜʝʥ ʦʞʠʜʘʪʴ ʟʘʚʝʨʰʝʥʠʷ 

ʪʨʘʥʟʘʢʮʠʡ ʩ ʧʘʤʷʪʴʶ. GPU ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʨʝʛʠʩʪʨʦʚ, ʥʦ 

ʚʤʝʩʪʦ ʵʪʦʛʦ ʢʘʞʜʦʤʫ ʧʦʪʦʢʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʚʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʥʘʙʦʨ 

ʨʝʛʠʩʪʨʦʚ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʤʝʥʠʪʴ ʢʦʥʪʝʢʩʪ, ʥʘ GPU ʧʦʜʦʙʥʳʡ 

ʧʨʦʮʝʩʩ ʥʝ ʚʣʝʯʝʪ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ: ʧʨʦʩʪʦ ʦʙʥʦʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʢ 

ʪʝʢʫʱʝʤʫ ʥʘʙʦʨʫ ʨʝʛʠʩʪʨʦʚ. 

ʂʘʞʜʳʡ SM ʚʳʧʦʣʥʷʝʪ ʥʘʙʦʨ ʙʣʦʢʦʚ. ʇʨʠ ʵʪʦʤ ʙʣʦʢ ʥʘ ʫʨʦʚʥʝ 

ʦʪʜʝʣʴʥʦʛʦ SM ï ʛʨʫʧʧʘ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʚʘʨʧʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʦʚ 

ʥʘ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ ʷʜʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ. ɺʩʝ ʙʣʦʢʠ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʠʩʪʨʦʚ ʚ ʙʣʦʢʝ ʬʠʢʩʠʨʦʚʘʥʥʦ ʠ 

ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, GPU ʤʦʞʝʪ ʚʳʜʝʣʠʪʴ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ 

ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʠʩʭʦʜʷ ʠʟ ʘʧʧʘʨʘʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

 

2.3.2 ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ 

ʆʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ï ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʦʪʦʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʙʣʦʢʘ. ʌʠʟʠʯʝʩʢʠ, shared memory ʨʝʘʣʠʟʦʚʘʥʘ ʢʘʢ 

ʚʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ SM, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʤʝʜʣʝʥʥʝʝ ʯʝʤ ʨʝʛʠʩʪʨʦʚʘʷ, 
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ʥʦ ʚ 10 ʨʘʟ ʙʳʩʪʨʝʝ ʯʝʤ ʛʣʦʙʘʣʴʥʘʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʘʥʥʳʡ ʚʠʜ ʧʘʤʷʪʠ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʷʜʨʘʤ CUDA. 

ʇʝʨʝʤʝʥʥʳʝ, ʦʙʲʷʚʣʝʥʥʳʝ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ __shared__ ʨʘʟʤʝʱʘʶʪʩʷ ʚ 

ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. 

ʊʘʢ ʢʘʢ ʬʠʟʠʯʝʩʢʠ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʨʘʟʤʝʱʝʥʘ ʥʘ ʯʠʧʝ, ʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʝʥʴʰʝʡ 

ʣʘʪʝʥʪʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʴʶ. ʆʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʦʙʥʦ ʢʵʰʫ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʚ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ 

CPU, ʥʦ ʩ ʦʪʣʠʯʠʝʤ ï ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ. 

ʂʘʞʜʳʡ SM ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʧʦʪʦʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʪʦʨʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʚʠʜ ʧʘʤʷʪʠ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʝʝ 

ʥʝʭʚʘʪʢʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ warp. 

ɺʳʜʝʣʝʥʠʝ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʩʪʠ ʷʜʨʘ, 

ʥʦ ʝʝ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʚʷʟʘʥ ʩ ʙʣʦʢʦʤ ʧʦʪʦʢʦʚ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ 

ʙʣʦʢʘ, ʚʳʜʝʣʝʥʥʘʷ ʝʤʫ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʦʩʚʦʙʦʞʜʘʝʪʩʷ, ʠ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʠ ʜʨʫʛʠʭ ʙʣʦʢʦʚ. 

ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʤʝʞʧʦʪʦʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʪʦʢʠ ʙʣʦʢʘ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. ɼʦʩʪʫʧ ʢ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʟʦʚʦʚ CUDA. 

 

2.3.3 ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ 

ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ï ʵʪʦ ʬʦʨʤʘ ʚʠʨʪʫʘʣʴʥʦʡ ʘʜʨʝʩʘʮʠʠ ʛʣʦʙʘʣʴʥʦʡ 

ʧʘʤʷʪʠ. ʌʘʢʪʠʯʝʩʢʠ, ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʙʣʦʢʘ ʥʘ GPU ʜʣʷ 

ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɼʘʥʥʳʡ ʚʠʜ ʧʘʤʷʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʚʫʤʷ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʢʵʰʠʨʫʝʪʩʷ, ʘ ʚʦ-ʚʪʦʨʳʭ, 
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ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʜʜʝʨʞʢʘ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʨʘʩʩʳʣʢʠ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʜʘʥʥʳʭ ʢʦ ʚʩʝʤ ʧʦʪʦʢʘʤ ʚʘʨʧʘ.  

ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ï ɻ ʪʦ ʧʘʤʷʪʴ ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʨʝʞʠʤʝ read only. 

ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ ʢʘʢ read only 

ʠʣʠ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʵʪʘʧʝ ʚʳʧʦʣʥʝʥʠʷ, ʥʦ ʩ ʜʦʩʪʫʧʦʤ ʚ ʨʝʞʠʤʝ read only ʠʟ host-

ʢʦʜʘ. ʈʘʟʤʝʨ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʦʛʨʘʥʠʯʝʥ 64 ʂʙʘʡʪ. 

ɼʣʷ ʦʙʲʷʚʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʠ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʚ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ __constant__. 

 

2.3.4 ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ 

ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ ʧʘʤʷʪʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ. 

ʊʝʨʤʠʥ çʛʣʦʙʘʣʴʥʘʷè ʩʚʷʟʘʥ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʧʘʤʷʪʠ ʜʦʩʪʫʧʝʥ 

ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ host, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ device, ʢʘʢ ʥʘ ʟʘʧʠʩʴ, ʪʘʢ ʠ ʥʘ ʯʪʝʥʠʝ. ɺ 

ʧʨʠʥʮʠʧʝ, ʢ ʥʝʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʣʶʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʰʠʥʳ 

PCI-E. ɻʨʘʬʠʯʝʩʢʠʡ ʘʜʘʧʪʝʨ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʙʝʟ 

ʫʯʘʩʪʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʅʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʚʝʨʩʠʠ CUDA 4.x, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʝʱʝ ʥʝ ʚʩʝʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ʇʘʤʷʪʴ GPU ʜʦʩʪʫʧʥʘ ʠʟ host-ʢʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ 

ʤʝʪʦʜʦʚ: 

1. ʗʚʥʳʡ ʜʦʩʪʫʧ ʩ ʙʣʦʢʠʨʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ. 

2. ʗʚʥʳʡ ʜʦʩʪʫʧ ʩ ʥʝʙʣʦʢʠʨʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ. 

3. ʅʝʷʚʥʦ, ʠʩʧʦʣʴʟʫʷ ʢʦʧʠʨʦʚʘʥʠʝ zero memory. 

ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ, ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʣʘʪʝʥʪʥʦʩʪʴ ʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘ GPU. 

ʅʘʠʤʝʥʦʚʘʥʠʝ çʛʣʦʙʘʣʴʥʘʷè ʩʚʷʟʘʥʦ ʩ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʦʙʲʝʤʦʤ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʘʤʷʪʠ. ʇʘʤʷʪʴ ʜʦʩʪʫʧʥʘ ʣʶʙʦʤʫ SM ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 

ʇʝʨʝʤʝʥʥʳʝ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʚʣʝʥʳ ʩʪʘʪʠʯʝʩʢʠ ʠʣʠ 

ʜʠʥʘʤʠʯʝʩʢʠ. ɼʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʦʙʲʷʚʣʝʥʠʷ ʚ ʠʤʝʥʠ ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʤʦʜʠʬʠʢʘʪʦʨ __device__. 
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ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʠʟ host-ʢʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ cudaMalloc() ʠ ʦʩʚʦʙʦʞʜʝʥʘ ʬʫʥʢʮʠʝʡ cudaFree(). ʋʢʘʟʘʪʝʣʠ ʥʘ 

ʚʳʜʝʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʟʘʪʝʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʥʘ device 

ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ ʷʜʨʘ. 

ɺʳʜʝʣʝʥʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʜʦʩʪʫʧʥʘ ʚʩʝʤ ʧʦʪʦʢʘʤ ʷʜʨʘ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ global memory ʩʦ ʩʪʦʨʦʥʳ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʦʪʦʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ 

ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʙʣʦʢʘ, ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʵʣʝʤʝʥʪ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʧʳʪʘʶʪʩʷ ʠʟʤʝʥʠʪʴ ʧʦʪʦʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʣʦʢʘʭ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʝʪ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ ʧʨʦʛʨʘʤʤʝ. 

ɻʣʦʙʘʣʴʥʘʷ ʧʘʤʷʪʴ, ʬʠʟʠʯʝʩʢʠ, ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʧʣʘʪʝ ʘʜʘʧʪʝʨʘ. ʇʨʠ 

ʜʦʩʪʫʧʝ ʢ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʘʥʟʘʢʮʠʠ ʧʦ 32 ʙʘʡʪ, 64 ʙʘʡʪ ʠʣʠ 

128 ʙʘʡʪ. ʊʦ ʝʩʪʴ ʟʘʧʨʦʩʳ ʢ ʧʘʤʷʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʨʦʚʥʝʥʳ ʧʦ ʫʢʘʟʘʥʥʳʤ 

ʨʘʟʤʝʨʘʤ ʙʣʦʢʦʚ; ʧʝʨʚʳʡ ʘʜʨʝʩ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʜʘʥʥʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʢʨʘʪʝʥ 

32, 64 ʠʣʠ 128 ʙʘʡʪʘʤ. ʊʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʪʨʘʥʟʘʢʮʠʡ ʢ 

ʧʘʤʷʪʠ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʦʛʜʘ warp 

ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʶ ʟʘʛʨʫʟʢʠ/ʚʳʛʨʫʟʢʠ ʜʘʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ, 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: 

1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʦʢʦʚ ʚʳʨʧʘ. 

2. ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʯʝʤ ʙʦʣʴʰʝ ʪʨʘʥʟʘʢʮʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠ 

ʟʘʧʨʦʩʝ ʢ ʧʘʤʷʪʠ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʩʧʦʣʝʟʥʦʡ ʧʝʨʝʜʘʯʠ ʙʘʡʪʦʚ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʧʘʜʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʧʨʦʩʘ ʢ ʧʘʤʷʪʠ ʦʪ ʚʘʨʧʘ, ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʳʭ ʥʘ 

ʵʪʦ ʪʨʘʥʟʘʢʮʠʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʫʩʪʨʦʡʩʪʚʘ ï ʠʥʜʝʢʩʦʤ compute capability. ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʩ 
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ʠʥʜʝʢʩʦʤ compute capability 1.0 ʠʣʠ 1.1 ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʫʧʘ ʢ 

ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʪʨʦʛʠʤʠ. ɼʣʷ ʧʨʦʮʝʩʩʦʨʦʚ ʩ compute 

capability ʙʦʣʝʝ 1.1, ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʪʘʢʠʝ ʞʝʩʪʢʠʝ, ʪʘʢ ʢʘʢ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟ 

ʢʵʰʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʢʵʰʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ 

ʪʨʘʥʟʘʢʮʠʡ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

 

2.3.5 ʃʦʢʘʣʴʥʘʷ ʧʘʤʷʪʴ 

ʃʦʢʘʣʴʥʘʷ ʧʘʤʷʪʴ ʩʦʜʝʨʞʠʪ ʩʪʝʢ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʚ ʷʜʨʝ CUDA. 

ɼʘʥʥʳʡ ʚʠʜ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

1. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʚʦʠʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ, ʪʦ ʝʩʪʴ, 

ʩʦʛʣʘʰʝʥʠ ̫ʦ ʚʳʟʦʚʘʭ. 

2. ɼʣʷ çʩʣʠʚʘʥʠʷè ʜʘʥʥʳʭ ʠʟ ʨʝʛʠʩʪʨʦʚ. 

3. ɼʣʷ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ, ʠʥʜʝʢʩʳ ʢʦʪʦʨʳʭ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʤʧʠʣʷʪʦʨʦʤ. 

ɺ ʨʘʥʥʠʭ ʨʝʘʣʠʟʘʮʠʷʭ CUDA ʣʶʙʦʝ ʦʙʨʘʱʝʥʠʝ ʢ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ 

ʚʳʟʳʚʘʣʦ ʩʠʪʫʘʮʠʶ çʧʦʮʝʣʫʡ ʩʤʝʨʪʠè (ʩʙʦʡ ʨʘʙʦʪʳ ʕɺʄ, ʧʨʠʚʦʜʷʱʠʡ, 

ʬʘʢʪʠʯʝʩʢʠ, ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ). ɿʘʤʝʜʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ local memory ʙʳʣʦ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, ʯʪʦ ʚʩʝ ʩʠʣʳ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʳʣʠ ʥʘʮʝʣʝʥʳ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʯʘʱʝ ʚʩʝʛʦ 

ʧʫʪʝʤ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʵʰʘ L1 

ʚ ʧʨʦʮʝʩʩʦʨʘʭ ʩʝʤʝʡʩʪʚʘ Fermi, ʵʪʠ ʧʨʦʙʣʝʤʳ ʩʪʘʣʠ ʥʝ ʪʘʢʠʤʠ ʘʢʪʫʘʣʴʥʳʤʠ, 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʨʘʬʠʢ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʙʨʘʱʝʥʠʷʤʠ ʢ ʢʵʰʫ ʣʦʢʘʣʴʥʦʡ 

ʧʘʤʷʪʠ L1. 

ʇʝʨʝʤʝʥʥʳʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʷʜʨʝ, ʥʦ ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʤʝʱʝʥʳ ʚ ʨʝʛʠʩʪʨʘʭ çʩʣʠʚʘʶʪʩʷè ʚ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ. ʉʣʫʯʘʠ, ʢʦʛʜʘ 

ʢʦʤʧʠʣʷʪʦʨ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʝʪ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʜʘʥʥʳʭ: 

1. ʃʦʢʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ʩ ʠʥʜʝʢʩʘʤʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʚʦ ʚʨʝʤʷ ʢʦʤʧʠʣʷʮʠʠ. 
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2. ʄʘʩʩʠʚʳ ʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʤʝʩʪʘ ʚ 

ʨʝʛʠʩʪʨʦʚʦʡ ʧʘʤʷʪʠ. 

3. ʃʶʙʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʚ ʨʝʛʠʩʪʨʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ (ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ). 

ʅʘʟʚʘʥʠʝ çʣʦʢʘʣʴʥʘʷ ʧʘʤʷʪʴè ʤʦʞʝʪ ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ɼʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ çʩʣʠʣʠè ʚ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ, ʨʘʟʤʝʱʘʶʪʩʷ, ʬʘʢʪʠʯʝʩʢʠ, ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʣʘʪʝʥʪʥʦʩʪʴʶ ʠ 

ʥʠʟʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɼʣʷ ʫʩʪʨʦʡʩʪʚ ʩ compute capability ʚʳʰʝ 

2.0, ʜʘʥʥʳʝ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ ʢʵʰʠʨʦʚʘʥʳ ʚ ʢʵʰʝ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ SM ʠ ʢʵʰʝ 

ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ device. 

 

2.3.6 ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ 

ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ï ʵʪʦ ʯʘʩʪʴ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʢʵʰʠʨʫʝʪʩʷ 

ʚ SM ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʞʠʤʦʤ ʜʦʩʪʫʧʘ read only. ʂʵʰ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʘʧʧʘʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ 

ʠʥʪʝʨʧʦʣʷʮʠʶ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʧʨʦʮʝʩʩʘ 

ʩʯʠʪʳʚʘʥʠʷ. 

ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 2D-ʢʘʨʪʘʤʠ, ʪʘʢ ʯʪʦ 

ʧʦʪʦʢʠ ʚ ʚʘʨʧʘʭ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘʧʨʦʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 2D-ʣʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʧʦʜʦʙʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ, ʠ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʪʁ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʫʪʝʤ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʝʱʝ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʣʦʙʘʣʴʥʦʡ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʠʝ ʧʘʪʪʝʨʥʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳ ʟʥʘʝʪʝ? 
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2. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ: ʩʝʪʢʘ, ʙʣʦʢ, 

ʧʦʪʦʢ ʠ ʚʘʨʧ. 

3. ʏʪʦ ʪʘʢʦʝ ʷʜʨʦ ʚ ʧʨʦʛʨʘʤʤʝ ʥʘ GPU? 

4. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʘʨʧʝ? 

5. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʛʨʘʤʤʠʩʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʠ 

ʧʦʪʦʢʦʚ ʚ ʧʨʦʛʨʘʤʤʝ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ. 

6. ʂʘʢʠʝ ʪʠʧʳ ʧʘʤʷʪʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʘʤʷʪʠ CUDA? 

ʂʘʢʦʡ ʪʠʧ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ? ʅʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ? ʂʘʢʦʡ ʪʠʧ 

ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ? 

7. ʂʘʢʠʝ ʠʟ ʚʠʜʦʚ ʧʘʤʷʪʠ ʬʠʟʠʯʝʩʢʠ ʨʘʟʤʝʱʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʯʠʧʝ GPU? 
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ʈɸɿɼɽʃ 3. ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʃʆɾɽʅʀʁ CUDA  

 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʧʨʦʱʝʥʥʦ, ʪʦ ʜʣʷ ʥʘʧʠʩʘʥʠʷ CUDA-ʧʨʠʣʦʞʝʥʠʷ 

ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʉʦʟʜʘʪʴ ʬʘʡʣ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .cu. 

2. ɺʳʧʦʣʥʠʪʴ ʢʦʤʧʠʣʷʮʠʶ ʧʨʦʛʨʘʤʤ rʩ ʧʦʤʦʱʴʶ nvcc-ʢʦʤʧʠʣʷʪʦʨʘ 

CUDA.  

3. ɿʘʧʫʩʪʠʪ ɹʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʦʜ ʷʜʨʘ ʜʣʷ GPU. 

ʆʙʳʯʥʦ, ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ CUDA ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʥʘ GPU. 

2. ʂʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʘʤʷʪʴ GPU. 

3. ɺʳʟʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ ʜʣʷ ʟʘʧʫʩʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

4. ʂʦʧʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʠʟ ʧʘʤʷʪʠ GPU ʚ ʦʧʝʨʘʪʠʚʥʫʶ 

ʧʘʤʷʪʴ. 

5. ʆʩʚʦʙʦʞʜʝʥʠʝ ʚʳʜʝʣʝʥʥʦʡ ʧʘʤʷʪʠ. 

NVIDIA  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ C ʠ C++ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ GPU-ʧʨʦʛʨʘʤʤ, ʚʢʣʶʯʘʷ ʩʣʝʜʫʶʱʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ: 

ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ NVIDIA  Nsight; 

ï ʦʪʣʘʜʯʠʢ CUDA-GDB; 

ï ʩʨʝʜʩʪʚʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

(ʧʨʦʬʘʡʣʠʥʛʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʠ ʚʠʟʫʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ; 

ï ʘʥʘʣʠʟʘʪʦʨ ʧʘʤʷʪʠ CUDA-MEMCHECK; 

ï ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ GPU. 

 

3.1 ʈʘʩʰʠʨʝʥʠʷ ʷʟʳʢʘ C 

 

ʇʨʠʣʦʞʝʥʠʷ CUDA ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʷʟʳʢʘʭ C, C++ ʠ 

ʢʦʤʧʠʣʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ nvcc. ʀʥʩʪʨʫʤʝʥʪ nvcc ï ʵʪʦ ʜʨʘʡʚʝʨ 
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ʢʦʤʧʠʣʷʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ CUDA-ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʠʩʭʦʜʥʦʛʦ 

ʢʦʜʘ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ CUDA. ʂʦʤʧʠʣʷʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ: ʢʦʤʧʠʣʷʮʠʷ, ʩʙʦʨʢʘ, ʟʘʧʫʩʢ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʡ ʢʦʤʘʥʜʳ ʠ ʪ.ʧ. 

ʅʘ ʨʠʩ. 3.1 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʠʤʝʥʝʥʠʷ 

nvcc: ʧʨʠʣʦʞʝʥʠʷ CUDA runtime ʠ ʧʨʠʣʦʞʝʥʠʷ CUDA driver API. 

 

 

a) ʙ) 

ʈʠʩʫʥʦʢ 3.1 ï ʉʪʨʘʪʝʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ nvcc: a ï CUDA Runtime: ʙ ï Driver 

API 

 

ɼʣʷ ʩʝʨʴʝʟʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, nvcc ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʮʝʣʝʡ ʢʦʤʧʠʣʷʮʠʠ ʢʦʜʘ CUDA ʠ ʫʧʘʢʦʚʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʝʜʠʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪʩʷ ʠʟ ʜʨʫʛʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ nvcc: 

1. ʂʦʤʧʠʣʷʪʦʨ nvcc ʨʘʙʦʪʘʝʪ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʠʣʷʪʦʨʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ CUDA ʥʝ 
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ʟʘʜʫʤʳʚʘʶʪʩʷ ʧʦʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʦʤʧʠʣʷʪʦʨ. ʅʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʥʥʦ CUDA-ʢʦʜʘ 

ʥʠʯʪʦʞʥʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʜʝʨʞʢʠ CUDA ʥʝ ʷʚʣʷʝʪʩʷ 

ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʢʦʤʧʠʣʷʪʦʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ. 

2. ʂʦʤʧʠʣʷʪʦʨ nvcc ʚʥʦʩʠʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʨʝʜʫ ʢʦʤʧʠʣʷʮʠʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʦʚʤʝʩʪʠʤʳ ʩʦ ʦʢʨʫʞʝʥʠʝʤ ʩʙʦʨʢʠ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 

ʧʨʠʣʦʞʝʥʠʡ. 

3. ʂʦʤʧʠʣʷʪʦʨ nvcc çʟʘʛʨʷʟʥʷʝʪè ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ 

ʚʩʪʨʦʝʥʥʳʤʠ ʪʠʧʘʤʠ (ʥʘʧʨʠʤʝʨ, int2, float3 ʠ ʪ.ʧ.) ʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, __popc()). ʊʦʣʴʢʦ ʧʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ CUDA 

ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʝʥʥʠʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʧʨʦʛʨʘʤʤʝ 

ʦʧʮʠʦʥʘʣʴʥʦ ʢʘʢ ʟʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ sm_*_intrinsics.h. 

ɺʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ CUDA, ʢʦʤʧʠʣʷʪʦʨ nvcc ʚʩʪʨʘʠʚʘʝʪ 

GPU-ʢʦʜ ʚ ʩʪʨʦʢʦʚʳʝ ʣʠʪʝʨʘʣʳ ʚ ʚʳʭʦʜʥʦʤ ʠʩʧʦʣʥʷʝʤʦʤ ʬʘʡʣʝ. ɽʩʣʠ 

ʚʢʣʶʯʝʥʘ ʦʧʮʠʷ ʢʦʤʧʠʣʷʮʠʠ --fatbin, ʪʦ ʠʩʧʦʣʥʷʝʤʳʡ ʬʘʡʣ ʙʫʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʠʢʨʦʢʦʜ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

GPU, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʠʢʨʦʢʦʜʘ ʜʨʘʡʚʝʨ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʢʦʤʧʠʣʠʨʦʚʘʪʴ PTX ʚ ʤʠʢʨʦʢʦʜ. 

ʂʘʢ ʜʨʘʡʚʝʨ ʢʦʤʧʠʣʷʪʦʨʘ, nvcc ʥʝ ʜʝʣʘʝʪ ʥʠʯʝʛʦ ʢʨʦʤʝ ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʳ 

ʩʙʦʨʢʠ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ (ʥʘʧʨʠʤʝʨ, ptxas). ɺʩʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ CUDA-ʢʦʜʘ. 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʝʨʝʯʠʩʣʝʥʳ ʨʘʩʰʠʨʝʥʠʷ ʬʘʡʣʦʚ, ʧʦʥʷʪʥʳʝ ʢʦʤʧʠʣʷʪʦʨʫ 

nvcc, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʠʣʷʪʦʨʘ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʨʝʘʣʠʟʫʝʤʦʝ 

nvcc ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ. 

ʊʘʙʣʠʮʘ 3.1 ï ʈʘʩʰʠʨʝʥʠʷ ʬʘʡʣʦʚ nvcc 

ʈʘʩʰʠʨʝʥʠʝ ʬʘʡʣʦʚ ʇʦʚʝʜʝʥʠʝ ʢʦʤʧʠʣʷʪʦʨʘ 

.c/.cc/.cpp/.cxx ʇʨʝʧʨʦʮʝʩʩʠʥʛ, ʢʦʤʧʠʣʷʮʠʷ, ʩʙʦʨʢʘ 

.cu ʆʙʲʝʜʠʥʝʥʠʝ host- ʠ device-ʢʦʜʘ, ʦʪʜʝʣʴʥʘʷ 

ʢʦʤʧʠʣʷʮʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʜʦʚ 
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.o(bj) ʉʙʦʨʢʘ 

.ptx PTX-ʩʙʦʨʢʘ ʚ cubin 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ CUDA ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʰʠʨʝʥʠʷ ʷʟʳʢʘ C: 

1. ʄʦʜʠʬʠʢʘʪʦʨʳ ʬʫʥʢʮʠʡ, ʫʢʘʟʳʚʘʶʱʠʝ ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʬʫʥʢʮʠʷ: ʥʘ 

host ʠʣʠ device, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟ ʢʘʢʦʡ ʯʘʩʪʠ ʢʦʜʘ ʵʪʠ ʬʫʥʢʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʟʚʘʥʳ. 

2. ʄʦʜʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚ ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ 

GPU ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʧʝʨʝʤʝʥʥʘʷ. ʇʨʠ ʦʙʲʷʚʣʝʥʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚ device-ʢʦʜʝ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ï __device__, __shared__ 

ʠʣʠ __constant__, ï ʧʝʨʝʤʝʥʥʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʨʝʛʠʩʪʨʘʭ. ʅʦ ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʚ ʣʦʢʘʣʴʥʦʡ 

ʧʘʤʷʪʠ (ʪ.ʥ. çʧʨʦʩʘʯʠʚʘʥʠʝè). 

3. ɺʩʪʨʦʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʜʦʩʪʫʧ ʢ ʨʘʟʤʝʨʥʦʩʪʠ 

ʩʝʪʦʢ ʠ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʢ ʠʥʜʝʢʩʘʤ ʙʣʦʢʦʚ ʠ ʧʦʪʦʢʦʚ. 

4. ʀʥʩʪʨʫʤʝʥʪʳ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʷʜʨʘ. ʃʶʙʦʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʩ 

ʤʦʜʠʬʠʢʘʪʦʨʦʤ __global__ ʜʦʣʞʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʟʘʧʫʩʢʘ ʜʣʷ ʜʘʥʥʦʛʦ ʚʳʟʦʚʘ. ʇʦʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ ʠ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʷʜʨʘ. 

5. ʉʪʘʥʜʘʨʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʬʫʥʢʮʠʠ. 

 

3.1.1 ʄʦʜʠʬʠʢʘʪʦʨʳ ʬʫʥʢʮʠʡ 

ʄʦʜʠʬʠʢʘʪʦʨ __device__ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ï ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ device: 

ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʪʦʣʴʢʦ ʩ device. 

ʄʦʜʠʬʠʢʘʪʦʨ __global__ ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʶ ʢʘʢ ʷʜʨʦ. ʊʘʢʘʷ ʬʫʥʢʮʠʷ: 

ï ʠʩʧʦʣʥʷʝʪʩʷ ʥʘ device; 

ï ʚʳʟʳʚʘʝʪʩʷ ʩ host; 
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ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʩ device ʜʣʷ GPU ʩ compute capability ʚʳʰʝ 3.x. 

ʌʫʥʢʮʠʠ, ʦʪʤʝʯʝʥʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʦʤ __global__ ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ 

void ʚ ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʚʦʟʚʨʘʪʘ. 

ʃʶʙʦʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ __global__ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʢʘʟʘʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʧʫʩʢʘ. ɺʳʟʦʚ ʷʜʨʘ ʘʩʠʥʭʨʦʥʥʳʡ, ʪ.ʝ. ʧʨʦʛʨʘʤʤʘ ʧʨʦʜʦʣʞʠʪ 

ʩʚʦʝ ʚʳʧʦʣʥʝʥʠʝ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʦʢʦʥʯʘʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʷʜʨʘ. 

ʄʦʜʠʬʠʢʘʪʦʨ __host__ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ: 

ï ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ host; 

ï ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʪʦʣʴʢʦ ʩ host. 

ʆʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ ʢʘʢ __host__ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʙʲʷʚʣʝʥʠʶ ʬʫʥʢʮʠʠ 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ʂʚʘʣʠʬʠʢʘʪʦʨʳ __global__ ʠ __host__ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ __device__ ʠ __host__ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ ʢʦʤʧʠʣʠʨʫʝʪʩʷ 

ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ: ʜʣʷ host ʠ ʜʣʷ device. 

ʊʘʙʣʠʮʳ 3.2 ʦʙʦʙʱʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʜʠʬʠʢʘʪʦʨʘʭ ʬʫʥʢʮʠʡ. 

ʊʘʙʣʠʮʘ 3.2 ï ʄʦʜʠʬʠʢʘʪʦʨʳ ʬʫʥʢʮʠʡ 

ʄʦʜʠʬʠʢʘʪʦʨ ɻʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʆʪʢʫʜʘ ʚʳʟʳʚʘʝʪʩʷ 

__device__ Device Device 

__global__ Device Host 

__host__ Host Host 

 

3.1.2 ʄʦʜʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ 

ʄʦʜʠʬʠʢʘʪʦʨ __device__ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʤʝʥʥʫʶ, ʢʦʪʦʨʘʷ ʨʘʟʤʝʱʝʥʘ 

ʥʘ device. ʇʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ __device__ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʨʫʛʠʝ 

ʤʦʜʠʬʠʢʘʪʦʨʳ. ɽʩʣʠ ʧʨʦʯʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʪʘʢʘʷ 

ʧʝʨʝʤʝʥʥʘʷ: 

ï ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ; 

ï ʚʨʝʤʷ ʞʠʟʥʠ ʧʝʨʝʤʝʥʥʦʡ ʪʘʢʦʝ ʞʝ ʢʘʢ ʫ ʧʨʠʣʦʞʝʥʠʷ; 

ï ʧʝʨʝʤʝʥʥʘʷ ʜʦʩʪʫʧʥʘ ʠʟ ʚʩʝʭ ʧʦʪʦʢʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ grid, ʘ ʪʘʢʞʝ ʠʟ 

host-ʢʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʡ ʙʠʙʣʠʦʪʝʢʠ (cudaGetSymbolAddress() 

/ cudaGetSymbolSize() / cudaMemcpyToSymbol() / cudaMemcpyFromSymbol()). 
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ʄʦʜʠʬʠʢʘʪʦʨ __constant__, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩ __device__, ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ: 

ï ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ; 

ï ʚʨʝʤʷ ʞʠʟʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ; 

ï ʜʦʩʪʫʧʥʘ ʠʟ ʚʩʝʭ ʧʦʪʦʢʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ grid, ʘ ʪʘʢʞʝ ʠʟ host-ʢʦʜʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʡ ʙʠʙʣʠʦʪʝʢʠ (cudaGetSymbolAddress() / 

cudaGetSymbolSize() / cudaMemcpyToSymbol() / cudaMemcpyFromSymbol()). 

ʄʦʜʠʬʠʢʘʪʦʨ __shared__ (ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ __device__) 

ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʤʝʥʥʫʶ, ʢʦʪʦʨʘʷ: 

ï ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʙʣʦʢʘ ʧʦʪʦʢʦʚ; 

ï ʚʨʝʤʷ ʞʠʟʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʣʦʢʘ; 

ï ʜʦʩʪʫʧʥʦ ʪʦʣʴʢʦ ʜʣʷ ʥʠʪʝʡ ʚʥʫʪʨʠ ʙʣʦʢʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʝʨʝʤʝʥʥʳʝ-ʤʘʩʩʠʚʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ 

__shared__: 

extern __shared__ float shared[ ]; 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨ ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʚʳʧʦʣʥʝʥʠʷ; 

ʪʘʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘʯʠʥʘʶʪʩʷ ʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʜʨʝʩʘ ʚ ʧʘʤʷʪʠ, ʪʦ ʝʩʪʴ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʠʚʝ ʜʦʣʞʥʦ ʙʳʪ ʨʝʘʣʠʟʦʚʘʥʦ ʷʚʥʦ. 

ʄʦʜʠʬʠʢʘʪʦʨ __managed__ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥ 

ʩʦʚʤʝʩʪʥʦ ʩ __device__. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ: 

ï ʧʝʨʝʤʝʥʥʘʷ ʜʦʩʪʫʧʥʘ ʢʘʢ ʩ host, ʪʘʢ ʠ ʩ device; 

ï ʚʨʝʤʷ ʞʠʟʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 

 

3.1.3 ɺʩʪʨʦʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʪʠʧʳ 

ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪ ʚʝʢʪʦʨʘ, ʧʦʩʪʦʷʥʥʳʝ ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ 

int ʠ float. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚʝʢʪʦʨʘ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʜʥʦ-, ʜʚʫʭ-, ʪʨʝʭ- ʠʣʠ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʚʝʢʪʦʨʘ. ɼʦʩʪʫʧ ʢ ʢʦʤʧʦʥʝʥʪʘʤ 

ʚʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʣʷ ʩʪʨʫʢʪʫʨʳ: x, y, z ʠ w. 

ɺʩʝ ʚʝʢʪʦʨʥʳʝ ʪʠʧʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʚʠʜʘ 

make_<type name>. ʅʘʧʨʠʤʝʨ: 



76 

int2 my_var = make_int2 (1, 100); 

ɺ ʜʘʥʥʦʤ ʢʦʜʝ ʩʦʟʜʘʝʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʚʝʢʪʦʨ ʪʠʧʘ int2 ʩ 

ʟʥʘʯʝʥʠʷʤʠ (x, y) = (1, 100). 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʤʝʨʦʤ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ. ʅʦ ʵʪʦ ʧʨʘʚʠʣʦ ʜʝʡʩʪʚʫʝʪ ʥʝ ʚʩʝʛʜʘ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʊʘʙʣʠʮʘ 3.3 ï ɺʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ʚ deviceïʢʦʜʝ 

ɺʝʢʪʦʨʥʳʡ ʪʠʧ ɺʳʨʘʚʥʠʚʘʥʠʝ 

char1, uchar1 1 

char2, uchar2 2 

char3, uchar3 1 

char4, uchar4 4 

short1, ushort1 2 

short2, ushort2 4 

short3, ushort3 2 

short4, ushort4 8 

int1, uint1 4 

int2, uint2 8 

int3, uint3 4 

int4, uint4 16 

long1, ulong1 4, ʝʩʣʠ sizeof(long) = sizeof(int);  

8, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

long2, ulong2 8, ʝʩʣʠ sizeof(long) = sizeof(int); 

16, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

long3, ulong3 4, ʝʩʣʠ sizeof(long) = sizeof(int); 

8, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. 

long4, ulong4 16 

longlong1, ulonglong1 8 

longlong2, ulonglong2 16 

float1 4 

float2 8 

float3 4 

float4 16 

double1 8 

double2 16 

 

ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʪʠʧʦʚ ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʦʧʝʨʘʮʠʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. 
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ɺ CUDA ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʪʠʧ dim3. ʕʪʦʪ ʪʠʧ, ʬʘʢʪʠʯʝʩʢʠ, ʦʩʥʦʚʘʥ 

ʥʘ uint3 ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ ʩʝʪʦʢ ʠ ʙʣʦʢʦʚ ʧʦʪʦʢʦʚ. 

ʂʦʛʜʘ ʦʙʲʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ ʪʠʧʘ dim3, ʣʶʙʦʡ ʥʝ 

ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʝ 1. 

 

3.1.3 ɺʩʪʨʦʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ɺʩʪʨʦʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʪʘʙʣʠʮʘ 3.4) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ ʩʝʪʦʢ ʠ ʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʠʥʜʝʢʩʘʤ ʙʣʦʢʦʚ ʠ 

ʧʦʪʦʢʦʚ. ʕʪʠ ʧʝʨʝʤʝʥʥʳʝ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʚ ʬʫʥʢʮʠʷʭ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ 

device. 

ʊʘʙʣʠʮʘ 3.4 ï ɺʩʪʨʦʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʇʝʨʝʤʝʥʥʘʷ ʆʧʠʩʘʥʠʝ 

gridDim ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ dim3, ʩʦʜʝʨʞʠʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ 

blockIdx ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ uint3, ʩʦʜʝʨʞʠʪ ʠʥʜʝʢʩ ʙʣʦʢʘ ʚ ʩʝʪʢʝ 

blockDim ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ dim3, ʩʦʜʝʨʞʠʪ ʨʘʟʤʝʨʥʦʩʪʴ ʙʣʦʢʘ 

threadIdx ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ uint3, ʩʦʜʝʨʞʠʪ ʠʥʜʝʢʩ ʧʦʪʦʢʘ ʚ ʙʣʦʢʝ 

warpSize ʇʝʨʝʤʝʥʥʘʷ ʪʠʧʘ int, ʩʦʜʝʨʞʠʪ ʨʘʟʤʝʨ ʚʘʨʧʘ 

 

3.1.4 ʂʦʥʬʠʛʫʨʘʮʠʷ ʷʜʨʘ 

ʂʘʞʜʳʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʟʘʧʫʩʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʢʘʟʘʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʩʝʪʢʠ ʠ ʙʣʦʢʦʚ. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʫʢʘʟʘʥʠʷ ʚʳʨʘʞʝʥʠʷ ʚʠʜʘ <<< Dg, Db, Ns, S >>> ʧʦʩʣʝ 

ʠʤʝʥʠ ʬʫʥʢʮʠʠ ʠ ʧʝʨʝʜ ʩʧʠʩʢʦʤ ʧʘʨʘʤʝʪʨʦʚ: 

1. ʇʘʨʘʤʝʪʨ Dg ʪʠʧʘ dim3 ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ, ʪ.ʝ. ʯʠʩʣʦ Dg.x 

Ĭ Dg.y Ĭ Dg.z ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʧʫʱʝʥʳ. 

2. ʇʘʨʘʤʝʪʨ Db ʪʠʧʘ dim3 ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʙʣʦʢʘ, ʪ.ʝ. ʯʠʩʣʦ Db.x 

Ĭ Db.y Ĭ Db.z ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʟʘʧʫʱʝʥʳ ʚ 

ʢʘʞʜʦʤ ʙʣʦʢʝ. 

3. ʧʘʨʘʤʝʪʨ Ns ʪʠʧʘ size_t ʧʦʢʘʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʚ ʙʘʡʪʘʭ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ; ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʘʨʘʤʝʪʨ Ns ʨʘʚʝʥ 0. 
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4. ʇʘʨʘʤʝʪʨ S ʪʠʧʘ cudaStream_t ʟʘʜʘʝʪ ʧʦʪʦʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ 

ʜʘʥʥʳʤ ʚʳʟʦʚʦʤ ʷʜʨʘ; ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʘʨʘʤʝʪʨ S ʨʘʚʝʥ 0. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʧʫʩʢʘ ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.2. 

 
ʈʠʩʫʥʦʢ 3.2 ï ʂʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠ ʟʘʧʫʩʢ ʷʜʨʘ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʘʨʛʫʤʝʥʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʜʦ ʧʝʨʝʜʘʯʠ 

ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ. ɺʳʟʦʚ ʬʫʥʢʮʠʠ ʟʘʚʝʨʰʠʪʩʷ ʩ 

ʦʰʠʙʢʦʡ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʘʨʘʤʝʪʨʳ Dg ʠʣʠ Db ʙʦʣʴʰʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ GPU. ɿʘʚʝʨʰʝʥʠʝ ʚ 

ʦʰʠʙʢʦʡ ʧʨʦʠʟʦʡʜʝʪ ʪʘʢʞʝ ʝʩʣʠ Ns ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʦʛʦ ʦʙʲʝʤʘ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ (ʟʘ ʚʳʯʝʪʦʤ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ). 

 

3.1.5 ʉʪʘʥʜʘʨʪʥʳʝ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ CUDA 

ʂ ʜʘʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ C, C++, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ device-

ʢʦʜʝ (ʢʘʢ ʠ ʚ host-ʢʦʜʝ), ʘ ʪʘʢʞʝ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʜʦʩʪʫʧʥʳʝ ʪʦʣʴʢʦ 

ʚ device-ʢʦʜʝ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ (Intrinsic Functions) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʚ device-ʢʦʜʝ. ɺʩʝ ʚʥʫʪʨʝʥʥʠʝ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʥʝʝ ʪʦʯʥʳʝ, ʥʦ 

ʙʦʣʝʝ ʙʳʩʪʨʳʝ ʘʥʘʣʦʛʠ ʬʫʥʢʮʠʡ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. ʆʥʠ ʠʤʝʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʠʤʝʥʘ, ʪʦʣʴʢʦ ʩʥʘʙʞʝʥʥʳʝ ʧʨʝʬʠʢʩʦʤ __ (ʥʘʧʨʠʤʝʨ, __sinf(x)). 
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Intrinsic-ʬʫʥʢʮʠʠ ʙʳʩʪʨʝʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʝʨʘʮʠʡ GPU. ʆʧʮʠʷ ʢʦʤʧʠʣʷʪʦʨʘ -use_fast_math ʟʘʩʪʘʚʣʷʝʪ nvcc 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʠʢʝ ʬʫʥʢʮʠʠ ʢ ʠʟ ʩʦʙʩʪʚʝʥʥʳʤ 

ʘʥʘʣʦʛʘʤ (ʪʘʙʣʠʮʘ 3.5). 

ʇʦʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ʚ ʧʨʦʛʨʘʤʤʘʭ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ 

ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ: ʵʪʦ ʦʧʨʘʚʜʘʥʦ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʷʭ ʢʦʛʜʘ ʢʨʠʪʠʯʥʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ. 

 

ʊʘʙʣʠʮʘ 3.5 ï ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʆʧʝʨʘʪʦʨ/ʬʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

__fadd_[rn, rz, ru,rd] (ʭ, ʫ) ʉʫʤʤʠʨʦʚʘʥʠʝ 

__fmul_[rn, rz, ru,rd] (ʭ, ʫ) ʋʤʥʦʞʝʥʛʠʝ 

__fmaf_[rn, rz, rU,rd] (ʭ, ʫ, z ) ὼ ώ ᾀ 
__frcp_[rn, rz, ru,rd] (ʭ) ρȾὼ 
__fsqrt_[rn, rz, ru,rd] (x) Ѝὼ 
__fdiv_[rn, rz, ru,rd] (ʭ, ʫ) ὼȾώ 
__fdividef (ʭ, ʫ) ὼȾώ, but if  ς ώ ς , then 0 

__expf (ʭ) Ὡ 

__ʝʭʨ10f (ʭ) ρπ 

__logf (ʭ) ÌÏÇὼ 

__log2f (ʭ) ÌÏÇὼ 

__log10f (ʭ) ÌÏÇὼ 

__sinf (ʭ) ÓÉÎὼ 

__cosf (ʭ) ÃÏÓὼ 

__sincosf (ʭ, sptr, cptr) ÓÐÔÒÓÉÎὼȟÃÐÔÒÃÏÓὼ 

__tanf (ʭ) ÔÁÎὼ 

__powf (ʭ, ʫ) ὼ  

 

ɼʣʷ ʨʷʜʘ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʪʨʝʙʫʝʤʳʡ ʩʧʦʩʦʙ ʦʢʨʫʛʣʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʧʦʩʦʙ ʟʘʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʫʬʬʠʢʩʦʚ: 

ï _rn ï ʦʢʨʫʛʣʝʥʠʝ ʢ ʙʣʠʞʘʡʰʝʤʫ; 

ï _rz ï ʦʢʨʫʛʣʝʥʠʝ ʢ ʥʫʣʶ; 

ï _ru ï ʦʢʨʫʛʣʝʥʠʝ ʚʚʝʨʭ; 

ï _rd ï ʦʢʨʫʛʣʝʥʠʝ ʚʥʠʟ. 
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SM ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʥʘʜ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ: 

ï ʩʫʤʤʠʨʦʚʘʥʠʝ ʩ  

The SMs have the full complement of 32-bit integer operations: 

ï ʩʣʦʞʝʥʠʝ, ʥʠʢʦʛʜʘ ʥʝ ʧʝʨʝʚʦʜʠʤʦʝ ʚ ʢʦʤʘʥʜʫ FMAD; 

ï ʫʤʥʦʞʝʥʠʝ, ʥʠʢʦrʜʘ ʥʝ ʧʝʨʝʚʦʜʠʤʦʝ ʚ ʢʦʤʘʥʜʫ FMAD; 

ï ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʜʝʣʝʥʠʝ; 

ï ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ; 

ï ʫʩʣʦʚʥʳʝ ʦʧʝʨʘʮʠʠ; 

ï ʦʧʝʨʘʮʠʠ ʢʦʥʚʝʨʪʘʮʠʠ; 

ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, SIMD-ʢʦʤʘʥʜʳ). 

ʋʤʥʦʞʝʥʠʝ ʯʠʩʝʣ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘ GPU 

ʩʝʤʝʡʩʪʚʘ Tesla ʠ Fermi. Tasle ʠʩʧʦʣʴʟʫʝʪ 24-ʴʠʪʥʳʡ ʫʤʥʦʞʠʪʝʣʴ, ʪʦʛʜʘ ʢʘʢ 

Fermi ʟʘʜʝʡʩʪʚʫʝʪ 32 ʙʠʪʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʥʦʝ 32-ʙʠʪʥʦʝ ʫʤʥʦʞʝʥʠʝ ʥʘ SM 

1.x ʪʨʝʙʫʝʪ 4 ʠʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Tesla GPU, ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʠʛʨʳʰ ʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ 24-ʙʠʪʥʦʛʦ 

ʫʤʥʦʞʠʪʝʣʷ. ɺ ʪʘʙʣʠʮʝ 3.6 ʧʦʢʘʟʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʪʠʧʘ int. 

ʊʘʙʣʠʮʘ 3.6 ï ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ 

Intrinsic Description 

__[u]mul24 (x, y) ɺʳʯʠʩʣʷʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʣʘʜʰʠʭ 24 ʙʠʪ 

ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭ ʠ ʫ, ʚʦʟʚʨʘʱʘʝʪ 

ʤʣʘʜʰʠʝ 32 ʙʠʪʘ ʨʝʟʫʣʴʪʘʪʘ. ʉʪʘʨʰʠʝ 8 ʙʠʪ 

ʘʨʛʫʤʝʥʪʦʚ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

__[u]mulhi (x, y) ɺʦʟʚʨʘʱʘʝʪ ʩʪʘʨʰʠʝ 32 ʙʠʪʘ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʥʜʦʚ x ʠ y. 

__[u]mul64hi (x, y) ɺʳʯʠʩʣʷʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ 64-ʙʠʪʦʚʳʭ ʮʝʣʳʭ ʯʠʩʝʣ ʠ 

ʚʦʟʚʨʘʱʘʝʪ ʤʣʘʜʰʠʝ 64 ʙʠʪʘ ʵʪʦrʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʢʦʤʧʠʣʷʪʦʨ CUDA ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʙʦʨ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʜʣʷ ʙʠʪʦʚʳʭ ʤʘʥʠʧʫʣʷʮʠʡ. 

ɺʣʠʷʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʷʚʣʝʥʠʝʤ 

ʜʣʷ GPU; ʘʥʘʣʦʛʠʯʥʳʝ ʘʩʧʝʢʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘ 
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ʜʨʫʛʠʭ ʧʣʘʪʬʦʨʤʘʭ. ʅʦ ʚ CUDA ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʫʥʠʢʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ: 

1. ɼʦʙʘʚʣʝʥʘ ʧʦʜʜʝʨʞʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ host-device ʜʣʷ ʯʠʩʝʣ 

ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ. 

2. ɼʦʙʘʚʣʝʥʳ ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʜʣʷ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʩ ʯʠʩʣʘʤʠ 

ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ. 

3. ɼʦʧʫʩʢʘʶʪʩʷ ʧʦʪʝʨʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ çʘʛʨʝʩʩʠʚʥʦʡè 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʥʘʜ ʯʠʩʣʘʤʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ ʢʦʤʧʠʣʷʪʦʨʦʤ 

CUDA. 

ʆʙʳʯʥʦ, ʝʩʣʠ ʚʘʰʝ ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʘ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʯʠʩʝʣ ʦʜʠʥʘʨʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʪʘʙʣʠʮʝ 3.7 ʦʙʦʙʱʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʧʝʨʘʮʠʷʭ ʥʘʜ ʯʠʩʣʘʤʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

 

ʊʘʙʣʠʮʘ 3.7 ï ɼʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʩ 

ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ 

ʊʠʧ ʜʘʥʥʳʭ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʊʦʯʥʦʩʪʴ ʂʦʨʨʝʢʪʥʦʩʪʴ 

ɺʝʱʝʩʪʚʝʥʥʳʝ 

ʯʠʩʣʘ ʦʜʠʥʘʨʥʦʡ 

ʪʦʯʥʦʩʪʠ 

ʋʣʫʯʰʝʥʥʘʷ ʍʦʨʦʰʘʷ; 

ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʣʴʢʦ 32 ʙʠʪʘ 

ɹʝʟ ʠʟʤʝʥʝʥʠʡ; 

ʥʝʪ ʟʘʱʠʪʳ ʦʪ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʥʝʙʝʟʦʧʘʩʥʳʭ 

ʜʦʩʪʫʧʦʚ 

ɺʝʱʝʩʪʚʝʥʥʳʝ 

ʯʠʩʣʘ ʜʚʦʡʥʦʡ 

ʪʦʯʥʦʩʪʠ 

ʍʦʨʦʰʘʷ; ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʜʚʦʝ 

ʫʚʝʣʠʯʝʥʥʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ ʯʠʩʝʣ, 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ 

GPU ʠ ʙʦʣʝʝ 

ʰʠʨʦʢʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ʟʥʘʯʝʥʠʡ, 

ʥʘʜ ʢʦʪʦʨʳʤʠ 

ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʧʝʨʘʮʠʷ 

ʋʣʫʯʰʝʥʥʘʷ; 

ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ, ʘ 

ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʘ ̫

ʪʦʯʥʦʩʪʴ 

ʙʣʘʛʦʜʘʨʷ 64 

ʙʠʪʘʤ ʥʘ 

ʟʥʘʯʝʥʠʝ 

ɹʝʟ ʠʟʤʝʥʝʥʠʡ; 

ʥʝʪ ʟʘʱʠʪʳ ʦʪ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʥʝʙʝʟʦʧʘʩʥʳʭ 

ʜʦʩʪʫʧʦʚ 
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ʉʪʘʥʜʘʨʪʥʳʝ ʠ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.ʁ ʉʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʥʫʶ ʧʦʜʜʝʨʞʢʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪ ʪʫ ʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʥʦ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʩʪʨʫʢʮʠʡ, 

ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CUDA ʜʣʷ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʬʠʥʘʥʩʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭ ʰʘʛʦʚ: 

1. ʇʦʨʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʩ CPU ʥʘ CUDA. 

2. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʨʪʠʨʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ 

ʫʩʪʘʨʝʚʰʠʭ ʚʝʨʩʠʷʭ CUDA. 

ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦ ʫʩʪʦʡʯʠʚʳʭ ʬʫʥʢʮʠʡ CUDA, 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʥʘ GPU ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ CPU ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ CPU. ʀʟ-ʟʘ 

ʧʨʠʩʫʱʠʭ ʥʝʪʦʯʥʦʩʪʝʡ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʢʘʢ ʥʘ host, ʪʘʢ ʠ ʥʘ 

device, ʨʘʟʨʘʙʦʪʯʠʢʫ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ɺ ʪʘʙʣʠʮʝ 3.8 ʦʪʦʙʨʘʞʝʥʘ ʦʙʦʙʱʸʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʘʥʜʘʨʪʥʳʭ ʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʷʭ. 
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ʊʘʙʣʠʮʘ 3.8 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ 

ʊʠʧ ʬʫʥʢʮʠʠ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥ

ʦʩʪʴ 

ʊʦʯʥʦʩʪʴ ʂʦʨʨʝʢʪʥʦʩʪʴ 

ʉʪʘʥʜʘʨʪʥʳʝ 

ʬʫʥʢʮʠʠ 

ʍʦʨʦʰʘ;̫ 

ʩʪʘʥʜʘʨʪʥʳʝ 

ʬʫʥʢʮʠʠ ʦʙʳʯʥʦ 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ 

ʚʦ ʤʥʦʞʝʩʪʚʦ 

ʜʨʫʛʠʭ 

ʠʥʩʪʨʫʢʮʠʡ. 

ʋʣʫʯʰʝʥʥʘʷ; 

ʩʪʘʥʜʘʨʪʥʳʝ 

ʬʫʥʢʮʠʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʙʫʜʫʪ ʙʦʣʝʝ 

ʪʦʯʥʳʤʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʫʢʦʚʦʜʩʪʚʦʤ 

CUDA-

ʨʘʟʨʘʙʦʪʯʠʢʘ) 

ɹʝʟ ʠʟʤʝʥʝʥʠʡ; 

ʥʝʪ ʟʘʱʠʪʳ ʦʪ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʥʝʙʝʟʦʧʘʩʥʳʭ 

ʜʦʩʪʫʧʦʚ 

ʉʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ 

ʋʣʫʯʰʝʥʥʘʷ; 

ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ 

ʨʦʜʥʦʡ ʥʘʙʦʨ 

ʠʥʩʪʨʫʢʮʠʡ 

GPU, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʤʘʥʜ. 

ʍʦʨʦʰʘʷ; 

ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʚʳʯʠʩʣʝʥʠʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ 

ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʩʪʨʫʢʮʠʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ 

ʢʦʤʘʥʜʫ. 

ɹʝʟ ʠʟʤʝʥʝʥʠʡ; 

ʥʝʪ ʟʘʱʠʪʳ ʦʪ 

ʤʥʦʛʦʧʦʪʦʯʥʳʭ 

ʥʝʙʝʟʦʧʘʩʥʳʭ 

ʜʦʩʪʫʧʦʚ 

 

3.1.6 ɸʪʦʤʘʨʥʳʝ ʦʧʝʨʘʮʠʠ 

ɸʪʦʤʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʪʁ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʥʦ ʚ 

ʧʦʪʦʢʦʙʝʟʦʧʘʩʥʦʡ ʤʘʥʝʨʝ. ʂʦʛʜʘ ʧʦʪʦʢ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʘʝʪ ʘʪʦʤʘʨʥʫʶ 

ʦʧʝʨʘʮʠʶ ʥʘʜ ʧʝʨʝʤʝʥʥʦʡ, ʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ, 

ʫʩʧʝʰʥʦ ʣʠ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʣʠ ʩ ʵʪʦʡ ʞʝ ʧʝʨʝʤʝʥʥʦʡ). ʊʘʢ ʢʘʢ ʘʪʦʤʘʨʥʳʝ 

ʦʧʝʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʪʦʢʦʙʝʟʦʧʘʩʥʳʤʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ 

ʯʪʝʥʠʷ-ʟʘʧʠʩʠ ʠ ʠʟʤʝʥʷʪʴ ʜʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤ ʧʦʪʦʢʘʤ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ ʜʘʥʥʳʭ. 
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ɻʘʨʘʥʪʠʨʦʚʘʥʠʝ ʘʪʦʤʘʨʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ-ʟʘʧʠʩʠ ʠ ʠʟʤʝʥʝʥʠʷ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʨʝʜʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʘʨʘʣʣʝʣʠʟʤʘ, ʢʘʢ GPU. CUDA 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʦʧʝʨʘʮʠʶ ʯʪʝʥʠ-̫

ʤʦʜʠʬʠʢʘʮʠʠ-ʟʘʧʠʩʠ ʥʘʜ 32-ʙʠʪʥʳʤʠ ʠʣʠ 64-ʙʠʪʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. 

ʂʘʢ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʠʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ʨʝʘʣʠʟʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʣʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠʣʠ 

ʚʯrʠʪʘʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʪʠʧʘ ʬʫʥʢʮʠʡ, ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ, 

ʘʪʦʤʘʨʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤ ʧʦʚʝʜʝʥʠʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʘ 

ʜʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʧʦʪʦʢʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʅʘ ʨʠʩ. 3.3 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʜ ʧʨʦʩʪʦʛʦ ʷʜʨʘ. 

 
ʈʠʩʫʥʦʢ 3.3 ï ʆʧʨʝʜʝʣʝʥʠʝ ʷʜʨʘ 

 

ɺ ʜʘʥʥʦʤ ʢʦʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʦʙʣʘʩʪʠ, ʟʘʪʝʤ ʟʥʘʯʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1, ʧʦʩʣʝ ʯʝʛʦ ʫʚʝʣʠʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ 

ʪʦʪ ʞʝ ʘʜʨʝʩ ʧʘʤʷʪʠ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʢʦʜʝ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʦʪʦʢʘ ʠ ʚʩʝ ʧʦʪʦʢʠ ʙʫʜʫʪ ʥʝʠʟʤʝʥʥʦ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʘʜʨʝʩʫ ʧʘʤʷʪʠ. ɽʩʣʠ ʦʜʠʥ ʙʣʦʢ ʠʟ 32 ʧʦʪʦʢʦʚ 

ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʵʪʦ ʷʜʨʦ, ʪʦ ʢʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʳ ʧʦʣʫʯʠʤ ʚ ʠʪʦʛʝ? ʄʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʠʪʦʛʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʯʠʩʣʦ 32: ʢʘʞʜʳʡ ʠʟ 32 ʧʦʪʦʢʦʚ ʜʦʙʘʚʠʪʴ 

1. ʅʦ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ undefined. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʦʜʠʥ ʧʦʪʦʢ ʧʳʪʘʝʪʩʷ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ 

ʘʜʨʝʩʫ ʧʘʤʷʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠʣʠ ʢ 

ʥʝʙʝʟʦʧʘʩʥʦʤʫ ʜʦʩʪʫʧʫ ʢ ʧʘʤʷʪʠ. ʂʦʥʢʫʨʝʥʮʠʷ ʟʘ ʜʘʥʥʳʝ, ʬʘʢʪʠʯʝʩʢʠ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʥʝʟʘʚʠʩʠʤʳ ʧʦʪʦʢʘ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ 

ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʫʯʘʩʪʢʫ ʧʘʤʷʪʠ, ʧʨʠ ʵʪʦʤ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʠʟ ʧʦʪʦʢʦʚ 
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ʧʳʪʘʝʪʩʷ ʠʟʤʝʥʠʪʴ ʵʣʝʤʝʥʪ ʜʘʥʥʳʭ. ʅʝʪ ʥʠʢʘʢʠʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʟ ʧʦʪʦʢʦʚ çʚʳʠʛʨʘʝʪè ʚ ʵʪʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʊʘʢʦʝ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʦʯʝʥʴ ʩʣʦʞʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʠ 

ʠʩʧʨʘʚʠʪʴ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʣʦʞʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʘʪʦʤʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ɸʪʦʤʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʯʘʩʪʴ CUDA API 

ʚ ʚʠʜʝ ʬʫʥʢʮʠʡ. ʅʘʧʨʠʤʝʨ: 

int atomicAdd(int *M, int V); 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʪʦʤʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʷʚʣʷʶʪʩʷ ʙʠʥʘʨʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ï 

ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʝʡʩʪʚʠʝ ʥʘʜ ʜʚʫʤʷ ʦʧʝʨʘʥʜʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʘʜʨʝʩ ʧʘʤʷʪʠ M, ʚʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ï ʟʥʘʯʝʥʠʝ 

V. ʆʧʝʨʘʮʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʩ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʝʡ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʜ 

ʟʥʘʯʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʧʦ ʘʜʨʝʩʫ M ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ V, ʟʘʪʝʤ 

ʨʝʟʫʣʴʪʘʪ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦ ʪʦʤʫ ʞʝ ʘʜʨʝʩʫ M. 

ɺʩʝ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʙʠʪʦʚʳʝ ʠ ʬʫʥʢʮʠʠ ʧʝʨʝʩʪʘʥʦʚʢʠ. ɸʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ʨʝʘʣʠʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʦʧʝʨʘʮʠʠ. 

ɸʪʦʤʘʨʥʳʝ ʙʠʪʦʚʳʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʶʪ ʧʦʙʠʪʦʚʳʝ ʜʝʡʩʪʚʠʷ ʥʘʜ 

ʮʝʣʝʚʳʤʠ ʜʘʥʥʳʤʠ ʠ ʚʢʣʶʯʘʶʪ çʧʦʙʠʪʦʚʦʝ ʀè, çʧʦʙʠʪʦʚʦʝ ʀʃʀè ʠ 

çʧʦʙʠʪʦʚʦʝ ʠʩʢʣʶʯʘʶʱʝʝ ʀʃʀè. ɸʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʳʤʠ ʠʣʠ ʙʝʟʫʩʣʦʚʥʳʤʠ: ʚʩʝ ʦʥʠ ʟʘʤʝʥʷʶʪ ʟʥʘʯʝʥʠʝ ʷʯʝʡʢʠ 

ʧʘʤʷʪʠ ʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ. ɸʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʩʝʛʜʘ 

ʚʦʟʚʨʘʱʘʶʪ ʟʥʘʯʝʥʠʝ ï ʜʘʥʥʳʝ ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʱʠʝʩʷ ʧʦ ʮʝʣʝʚʦʤʫ ʘʜʨʝʩʫ; 

ʚʦʟʚʨʘʪ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʧʝʭʘ ʦʧʝʨʘʮʠʠ. 

ʌʫʥʢʮʠʷ atomicExch ʧʨʦʠʟʚʦʜʠʪ ʙʝʟʫʩʣʦʚʥʦʝ ʟʘʤʝʱʝʥʠʝ.  

ʌʫʥʢʮʠʷ atomicCAS ʯʠʪʘʝʪ ʩʪʘʨʦʝ 32- ʠʣʠ 64-ʙʠʪʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦ 

ʧʝʨʝʜʘʥʥʦʤʫ ʘʜʨʝʩʫ ʠ ʩʨʘʚʥʠʚʘʝʪ ʝʛʦ ʩʦ ʚʪʦʨʳʤ ʧʘʨʘʤʝʪʨʦʤ. ɺ ʩʣʫʯʘʝ 

ʩʦʚʧʘʜʝʥʠʷ ʧʦ ʧʝʨʝʜʘʥʥʦʤʫ ʘʜʨʝʩʫ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, 

ʠʥʘʯʝ ʟʥʘʯʝʥʠʝ ʧʦ ʘʜʨʝʩʫ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺʦʟʚʨʘʱʘʝʪʩʷ ʚʩʝrʜʘ ʩʪʘʨʦʝ 

ʧʨʦʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 
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ɺʝʨʥʝʤʩʷ ʢ ʥʘʰʝʤʫ ʧʨʠʤʝʨʫ. ʅʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʧʠʩʘʪʴ ʬʫʥʢʮʠʷʶ 

ʷʜʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ atomicAdd. 

ʅʘ ʨʠʩ. 3.4 ʧʦʢʘʟʘʥ ʠʟʤʝʥʝʥʥʳʡ ʢʦʜ ʷʜʨʘ. 

 
ʈʠʩʫʥʦʢ 3.4 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ 

 

ʅʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʩʝʤ ʧʦʪʦʢʘʤ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʦʠʟʚʝʩʪʠ ʦʧʝʨʘʮʠʠ ʠʥʢʨʝʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʧʦʪʦʢʦʚ ʚʳʧʦʣʥʠʣʠ ʦʧʝʨʘʮʠʶ ʫʩʧʝʰʥʦ. ʊʦʛʜʘ ʷʜʨʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʚʠʜʝ: 

 
ʈʠʩʫʥʦʢ 3.5 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʷʜʨʘ 

 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʢʘʞʜʳʡ ʧʦʪʦʢ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ: ʷʚʣʷʝʪʩʷ ʣʠ 

ʩʦʙʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ʜʘʥʥʳʭ ʧʦʪʦʢʘ ʙʦʣʴʰʝ ʯʝʤ ʮʝʣʝʚʦʝ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ 

ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʣʘʛ. ɺ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʯʝʚʠʜʝʥ 

ʥʝʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʢ ʧʝʨʝʤʝʥʥʦʡ-ʬʣʘʛʫ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʦʤʘʨʥʦʡ 

ʬʫʥʢʮʠʠ atomicExch ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʥʝʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ: 

int atomicExch(int *M, int V); 

ʌʫʥʢʮʠʷ atomicExch ʙʝʟʫʩʣʦʚʥʦ ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ, ʭʨʘʥʷʱʝʝʩʷ ʚ M ʥʘ 

ʟʥʘʯʝʥʠʝ V, ʠ ʚʦʟʚʨʘʱʘʝʪ ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ. ʇʝʨʝʧʠʩʘʚ ʬʫʥʢʮʠʶ ʷʜʨʘ ʧʨʦʚʝʨʢʠ 

ʬʣʘʛʘ check_threshold(é), ʠʩʧʦʣʴʟʫʷ atomicExch, ʠʩʢʣʶʯʘʝʪʩʷ ʥʝʙʝʟʦʧʘʩʥʳʡ 

ʜʦʩʪʫʧ ʧ ʢ ʧʘʤʷʪʠ (ʨʠʩ. 3.6). 

 
ʈʠʩʫʥʦʢ 3.6 ï ʌʫʥʢʮʠʷ ʷʜʨʘ ʩ ʘʪʦʤʘʨʥʦʡ ʬʫʥʢʮʠʝʡ 
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ɺ ʪʘʙʣʠʮʝ 3.9 ʧʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʦʧʝʨʘʮʠʡ ʜʣʷ ʢʦʪʦʨʳʭ CUDA 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ. 

ʊʘʙʣʠʮʘ 3.9 ï ɺʩʪʨʦʝʥʥʳʝ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ CUDA 

ʆʧʝʨʘʮʠʷ ʌʫʥʢʮʠʷ ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ ʪʠʧʳ 

ʉʫʤʤʠʨʦʚʘʥʠʝ atomicAdd int, unsigned int, unsigned long long int, 

float 

ɺʳʯʠʪʘʥʠʝ atomicSub int, unsigned int 

ɹʝʟʫʩʣʦʚʥʘʷ 

ʧʝʨʝʩʪʘʥʦʚʢʘ 

atomicExch int, unsigned int, unsigned long long int, 

float 

ʄʠʥʠʤʫʤ atomicMin int, unsigned int, unsigned long long int 

ʄʘʢʩʠʤʫʤ atomicMax int, unsigned int, unsigned long long int 

ʀʥʢʨʝʤʝʥʪ atomicInc unsigned int 

ɼʝʢʨʝʤʝʥʪ atomicDec unsigned int 

ʉʨʘʚʥʝʥʠʝ ʩ 

ʧʝʨʝʩʪʘʥʦʚʢʦʡ 

atomicCAS int, unsigned int, unsigned long long int 

ʃʦʛʠʯʝʩʢʦʝ ʀ atomicAnd int, unsigned int, unsigned long long int 

ʃʦʛʠʯʝʩʢʦʝ ʀʃʀ atomicOr int, unsigned int, unsigned long long int 

ʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀ atomicXor int, unsigned int, unsigned long long int 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʪʦʤʘʨʥʳʝ ʬʫʥʢʮʠʠ ʧʦʣʝʟʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʚ ʩʣʫʯʘʝ ʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

While atomic functions are very useful and absolutely necessary in some 

applications, they may come with a steep performance cost. There are a number of 

contributing factors to this: 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʘʪʦʤʘʨʥʳʭ ʬʫʥʢʮʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.9. 

ʊʘʙʣʠʮʘ 3.9 ï ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʬʫʥʢʮʠʡ 

CUDA 

ʊʠʧ ʦʧʝʨʘʮʠʠ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʊʦʯʥʦʩʪʴ ʂʦʨʨʝʢʪʥʦʩʪʴ 

ɸʪʦʤʘʨʥʳʝ 

ʦʧʝʨʘʮʠʠ 

ʅʠʟʢʘʷ, ʘʪʦʤʘʨʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʦʣʴʰʠʤʠ 

ʥʘʢʣʘʜʥʳʤʠ 

ʨʘʩʭʦʜʘʤʠ 

ʅʝ ʚʣʠʷʝʪ ʥʘ 

ʪʦʯʥʦʩʪʴ 

ɻʘʨʘʥʪʠʨʦʚʘʥʘ 

ʧʨʠ 

ʢʦʥʢʫʨʝʥʪʥʦʤ 

ʜʦʩʪʫʧʝ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʪʦʢʦʚ 
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ʅʝʙʝʟʦʧʘʩʥʳʡ 

ʜʦʩʪʫʧ 

Better, unsafe 

accesses show the 

same performance as 

any other global 

memory access. 

ʅʝ ʚʣʠʷʝʪ ʥʘ 

ʪʦʯʥʦʩʪʴ 

ʂʦʨʨʝʢʪʥʦʩʪʴ 

ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ 

 

 

3.2 ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʝʢʩʪʝ ʠ ʩʚʦʡʩʪʚʘʭ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʘʜʘʧʪʝʨʘ 

 

NVIDIA  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʪʦʨʳʭ ʧʨʦʛʨʘʤʤʠʩʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʘʰʠʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ 

ʫʩʪʨʦʡʩʪʚʘʤʠ CUDA. ʆʯʝʥʴ ʚʘʞʥʦ ʫʤʝʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʘʢ 

ʢʘʢ ʵʪʦ ʧʦʤʦʞʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʷʜʨʦ 

ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ. 

ʋʩʪʨʦʡʩʪʚʦ device ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʛʨʘʬʠʯʝʩʢʦʤʫ 

ʘʜʘʧʪʝʨʫ. ɺʦ ʚʨʝʤʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ CUDA, ʜʨʘʡʚʝʨ CUDA ʥʫʤʝʨʫʝʪ ʚʩʝ 

ʜʦʩʪʫʧʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʦʟʜʘʝʪ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 

ʠʤʝʥʘ ʫʩʪʨʦʡʩʪʚ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʋʟʥʘʪʴ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ CUDA ʜʦʩʪʫʧʥʦ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ 

ʚʳʟʚʘʚ ʬʫʥʢʮʠʶ cuDeviceGetCount() ʠʣʠ cudaGetDeviceCount(). ʇʦʩʣʝ ʵʪʦʛʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʦʧʠʩʘʥʠʶ ʫʩʪʨʦʡʩʪʚ ʯʝʨʝʟ ʠʭ ʠʥʜʝʢʩʳ (0é 

DeviceCount-1). 

ʇʨʠʣʦʞʝʥʠʷ CUDA runtime ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

cudaGetDeviceProperties(), ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ cudaDeviceProp. 

ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʪʨʦʡʩʪʚʝ 

(ʪʘʙʣʠʮʘ 3.10). 

ʊʘʙʣʠʮʘ 3.10 ï ʇʦʣʷ ʩʪʨʫʢʪʫʨʳ cudaDeviceProp 

ʇʦʣʝ ʆʧʠʩʘʥʠʝ 

char name[256] ASCII-ʩʪʨʦʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʠʤʷ ʫʩʪʨʦʡʩʪʚʘ 

size_t totalGlobalMem ɼʦʩʪʫʧʥʳʡ ʦʙʲʝʤ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʚ 

ʙʘʡʪʘʭ 

size_t sharedMemPerBlock ʆʙʲʝʤ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʚ ʙʘʡʪʘʭ 
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int regsPerBlock ʏʠʩʣʦ 32-ʙʠʪʥʳʭ ʨʝʛʠʩʪʨʦʚ ʥʘ ʙʣʦʢ 

int warpSize ʈʘʟʤʝʨ ʚʘʨʧʘ 

size_t memPitch ʄʘʢʩʠʤʘʣʴʥʳʡ ʰʘʛ (pitch), ʨʘʟʨʝʰʝʥʥʳʡ 

ʜʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʚ ʧʘʤʷʪʠ (ʚ ʙʘʡʪʘʭ) 

int maxThreadsPerBlock ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʦʜʥʦʤ 

ʙʣʦʢʝ 

int maxThreadsDim[3] ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚʜʦʣʴ 

ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʙʣʦʢʘ 

int maxGridSize[3] ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʚʜʦʣʴ 

ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʝʪʢʠ 

int clockRate ʏʘʩʪʦʪʘ ʧʨʦʮʝʩʩʦʨʘ ʚ ʢʠʣʦʛʝʨʮʘʭ 

size_t totalConstMem ʆʙʲʝʤ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ 

int major ʉʪʘʨʰʘʷ ʯʘʩʪʴ ʫʨʦʚʥʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ (compute capability) 

ʫʩʪʨʦʡʩʪʚʘ 

int minor ʄʣʘʜʰʘʷ ʯʘʩʪʴ ʫʨʦʚʥʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ 

size_t textureAlignment ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʫʩʪʨʦʡʩʪʚʦʤ ʢ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʪʝʢʩʪʫʨ 

int deviceOverlap ɹʫʣʝʚʩʢʠʡ ʬʣʘʛ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʤʦʞʝʪ ʣʠ 

ʫʩʪʨʦʡʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʶ cudaMemcpy() ʠ ʷʜʨʦ 

int multiProcessorCount ʂʦʣʠʯʝʩʪʚʦ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʦʚ ʚ 

ʫʩʪʨʦʡʩʪʚʝ 

int kernelExecTimeoutEnabled ɹʫʣʝʚʩʢʠʡ ʬʣʘʛ, ʧʦʢʘʟʳʚʘʶʱʠʡ, 

ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʨʝʤʷ 

ʠʩʧʦʣʥʝʥʠʷ ʷʜʝʨ ʫʩʪʨʦʡʩʪʚʦʤ 

int integrated ɹʫʣʝʚʩʢʠʡ ʬʣʘʛ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʷʚʣʷʝʪʩʷ 

ʣʠ ʫʩʪʨʦʡʩʪʚʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ GPU (ʪʦ 

ʝʩʪʴ ʯʘʩʪʴʶ ʥʘʙʦʨʘ ʤʠʢʨʦʩʭʝʤ, ʘ ʥʝ 

ʜʠʩʢʨʝʪʥʳʤ GPU) 

int canMapHostMemory ɹʫʣʝʚʩʢʠʡ ʬʣʘʛ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʤʦʞʝʪ ʣʠ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʘʪʴ ʧʘʤʷʪʴ CPU ʥʘ 

ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ CUDA-ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʟʦʚʦʚ cudaHostAlloc / 

cudaHostGetDevicePointer 

int computeMode ʈʝʞʠʤ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

int maxTexture1D ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʨʘʟʤʝʨ 

ʦʜʥʦʤʝʨʥʳʭ ʪʝʢʩʪʫʨ 

int maxTexture2D[2] ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʨʘʟʤʝʨ 

(ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ) ʜʣʷ ʤʘʩʩʠʚʘ 

ʜʚʫʭʤʝʨʥʳʭ ʪʝʢʩʪʫʨ 
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int maxTexture3D[3] ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʨʘʟʤʝʨ 

(ʧʦ ʢʘʞʜʦʤʫ ʠʟʤʝʨʝʥʠʶ) ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ 

ʪʝʢʩʪʫʨ 

int concurrentKernels ɹʫʣʝʚʩʢʠʡ ʬʣʘʛ, ʧʦʢʘʟʳʚʘʶʱʠʡ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʠ ʫʩʪʨʦʡʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʷʜʝʨ ʚ ʦʜʥʦʤ ʢʦʥʪʝʢʩʪʝ 

int ECCEnabled ʇʦʜʜʝʨʞʠʚʘʝʪ ʣʠ ʫʩʪʨʦʡʩʪʚʦ ECC 

 

ʅʘ ʨʠʩ. 3.7 ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʨʝʘʣʠʟʫʶʱʠʡ ʦʧʨʦʩ ʫʩʪʨʦʡʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ 3.7 ï ʆʧʨʦʩ ʫʩʪʨʦʡʩʪʚʘ CUDA 

 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.8. 
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ʈʠʩʫʥʦʢ 3.8 ï ʉʥʠʤʦʢ ʵʢʨʘʥʘ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʫʩʪʨʦʡʩʪʚʝ 

 

ɺ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʯʝʩʢʠʭ ʘʜʘʧʪʝʨʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʳʯʠʩʣʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

(ʨʠʩ. 3.9). 

 
ʈʠʩʫʥʦʢ 3.9 ï ʄʝʪʦʜ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ 

 

3.3 ʆʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CUDA 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤ CUDA ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʩʣʝʜʫʶʱʠʭ 

ʰʘʛʦʚ: 

1. ʂʦʧʠʨʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚ ʧʘʤʷʪʴ GPU. 

2. ɺʳʟʦʚ ʷʜʨʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʠ GPU. 
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3. ʂʦʧʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠʟ ʧʘʤʷʪʠ GPU ʚ ʧʘʤʷʪʴ CPU. 

 

3.3.1 ʋʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ 

ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ CUDA ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: host ʠ device. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʚʳʯʠʩʣʠʪʝʣʴ ʠʤʝʝʪ 

ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʧʘʤʷʪʴ. ʌʫʥʢʮʠʷ ʷʜʨʘ ʨʘʙʦʪʘʶʪ ʠʟ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ 

(device). ʊʝʭʥʦʣʦʛʠʷ CUDA ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʤʷʪʴʶ. ɺ ʪʘʙʣʠʮʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ, 

ʧʨʠʤʝʥʠʤʳʤʠ ʥʘ device, ʠ ʬʫʥʢʮʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʘ host. 

ʊʘʙʣʠʮʘ 3.11 ï ʌʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʘʤʷʪʴʶ 

C-ʬʫʥʢʮʠʠ CUDA-ʬʫʥʢʮʠʠ 

malloc  cudaMalloc 

memcpy  cudaMemcpy 

memset cudaMemset 

free cudaFree 

 

ʌʫʥʢʮʠʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ï cudaMalloc: 

cudaError_t cudaMalloc (void** devPtr, size_t size), 

ʇʘʨʘʤʝʪʨʳ: devPtr ï ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ; size ï ʟʘʧʨʘʰʠʚʘʝʤʳʡ 

ʨʘʟʤʝʨ ʚ ʧʘʤʷʪʠ. ɿʥʘʯʝʥʠʷ ʚʦʟʚʨʘʪʘ: cudaSuccess, cudaErrorMemoryAllocation. 

ɼʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ cudaMemcpy: 

cudaError_t cudaMemcpy (void* dst, 

const void* src, 

size_t count, 

cudaMemcpyKind kind) 

ʧʘʨʘʤʝʪʨʳ: dst ï ʘʜʨʝʩ ʧʘʤʷʪʠ ʧʨʠʝʤʥʠʢʘ; src ï ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ; count ï 

ʨʘʟʤʝʨ ʢʦʧʠʨʫʝʤʦʛʦ ʙʣʦʢʘ ʚ ʙʘʡʪʘʭ; kind ï ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʦʧʠʨʦʚʘʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʚʦʟʚʨʘʪʘ: cudaSuccess, cudaErrorInvalidValue, 

cudaErrorInvalidDevicePointer, cudaErrorInvalidMemcpyDirection. 
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ɼʣʷ ʧʘʨʘʤʝʪʨʘ kind ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ: 

ς cudaMemcpyHostToHost; 

ς cudaMemcpyHostToDevice; 

ς cudaMemcpyDeviceToHost; 

ς cudaMemcpyDeviceToDevice. 

ʌʫʥʢʮʠʷ cudaMemcpy ʷʚʣʷʝʪʩʷ ʙʣʦʢʠʨʫʶʱʝʡ ï ʦʥʘ ʥʝ ʧʝʨʝʜʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʢʘ ʥʝ ʙʫʜʝʥ ʚʦʟʚʨʘʱʝʥ ʨʝʟʫʣʴʪʘʪ. 

 

3.3.3 ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʬʫʥʢʮʠʡ CUDA 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ, ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʩʪʫʶ ʦʧʝʨʘʮʠʶ ï ʩʣʦʞʝʥʠʝ 

ʚʝʢʪʦʨʦʚ. ʉʭʝʤʘ, ʢʦʪʦʨʘʷ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.10. 

 
ʈʠʩʫʥʦʢ 3.10 ï ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʣʦʞʝʥʠʝ ʤʘʩʩʠʚʦʚ 

 

ʀʩʭʦʜʥʳʡ ʢʦʜ (ʨʠʩ. 3.11). 
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ʈʠʩʫʥʦʢ 3.11 ï ʌʫʥʢʮʠʷ main() 

 

ʅʘ ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʘʩʩʠʚʘ. 

 
ʈʠʩʫʥʦʢ 3.12 ï ʌʫʥʢʮʠʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʘʩʩʠʚʘ 

 

ʌʫʥʢʮʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʘʷ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʥʘ host. 

 
ʈʠʩʫʥʦʢ 3.13 ï ʌʫʥʢʮʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ (host-ʬʫʥʢʮʠʷ) 

 

ʊʝʧʝʨʴ ʚʳʧʦʣʥʠʤ ʨʝʬʘʢʪʦʨʠʥʛ ʥʘʰʝʛʦ ʢʦʜʘ ʜʣʷ ʧʝʨʝʥʦʩʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ GPU: 

1. ʀʩʧʦʣʴʟʫʷ cudaMalloc(é) ʚʳʜʝʣʠʤ ʧʘʤʷʪʴ ʥʘ GPU. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ cudaMemcpy ʩ ʧʘʨʘʤʝʪʨʦʤ 

cudaMemcpyHostToDevice ʚʳʧʦʣʥʠʤ ʢʦʧʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

(ʤʘʩʩʠʚʦʚ) ʩ host ʥʘ device. 

3. ʇʦʩʣʝ ʢʦʧʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʠʤ ʬʫʥʢʮʠʶ ʷʜʨʘ, 

ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʠʪ ʧʦʵʣʝʤʝʥʪʥʦʝ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʮʠʢʣʦʚ. 

4. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ cudaMemcpy ʩ ʧʘʨʘʤʝʪʨʦʤ 

cudaMemcpyDeviceToHost ʚʳʧʦʣʥʠʤ ʢʦʧʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

(ʤʘʩʩʠʚʦʚ) ʩ device ʥʘ host.  

5. ɺ ʟʘʢʣʶʯʝʥʠʠ, ʠʩʧʦʣʴʟʫʶ cudaFree ʦʩʚʦʙʦʜʠʤ ʧʘʤʷʪʴ GPU. 
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ʇʦʩʣʝ ʨʝʬʘʢʪʦʨʠʥʛʘ ʬʫʥʢʮʠʷ main() ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

 
ʈʠʩʫʥʦʢ 3.14 ï ʌʫʥʢʮʠʷ main() ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʥʘ GPU 

 

ʅʦʚʘʷ ʬʫʥʢʮʠʷ ʩʫʤʤʠʨʦʚʘʥʠʷ (ʷʜʨʦ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.15. 
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ʈʠʩʫʥʦʢ 3.15 ï ʌʫʥʢʮʠʷ ʷʜʨʘ 

 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ3.16. 

 
ʈʠʩʫʥʦʢ 3.16 ï ɺʳʚʦʜ ʧʨʠʦʣʞʝʥʠʷ 

 

ʅʘ ʨʠʩ. 3.17 ʧʦʢʘʟʘʥ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʩʦʜʝʨʞʘʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ 

ʜʣʷ ʟʘʤʝʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 3.17 ï ɿʘʤʝʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʝʥʠʷ 

ʚʝʢʪʦʨʦʚ 

 

ʅʘ ʨʠʩ. 3.18 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʥʠʤʦʢ ʵʢʨʘʥʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʩ ʟʘʤʝʨʘʤʠ 

ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 3.18 ï ɺʳʚʦʜ ʧʨʦʛʨʘʤʤʳ (ʚʨʝʤʷ ʨʘʙʦʪʳ ʫʢʘʟʘʥʦ ʚ ʪʘʢʪʘʭ) 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʚʝʨʩʠʷ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

CUDA-ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʠʤ ʤʦʜʠʬʠʢʘʮʠʶ ʬʫʥʢʮʠʠ ʷʜʨʘ (ʟʘʜʝʡʩʪʚʫʝʤ 

ʙʣʦʢʠ ʠ ʧʦʪʦʢʠ). 

 
ʈʠʩʫʥʦʢ 3.19 ï ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʷʜʨʦ 

 

ʊʝʧʝʨʴ ʠʟʤʝʥʠʤ ʬʫʥʢʮʠʶ main() ʠ ʧʨʦʚʝʜʝʤ ʩʝʨʠʶ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ: 

 
é 

 
é 

 

ʈʠʩʫʥʦʢ 3.20 ï ʅʦʚʘʷ ʬʫʥʢʮʠʷ main() 

 

ɺ ʪʘʙʣʠʮʝ 3.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ (ʚ 

ʪʘʢʪʘʭ) ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʤʘʩʩʠʚʦʚ. 
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ʊʘʙʣʠʮʘ 3.12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʈʘʟʤʝʨ 

ʤʘʩʩʠʚʘ 

ɺʨʝʤʷ CPU, ʪʘʢʪ ɺʨʝʤʷ GPU, ʪʘʢʪ ʋʩʢʦʨʝʥʠʝ 

1024 9 1047 0,008596 

2048 17 1301 0,013067 

4096 34 969 0,035088 

8192 68 1061 0,064090 

16384 134 1073 0,124884 

32768 262 1371 0,191101 

65536 534 1264 0,422468 

131072 1223 1540 0,794156 

262144 2124 1713 1,239930 

524288 4400 2410 1,825726 

1048576 8767 2789 3,143421 

2097152 17571 2777 6,327332 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʨʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʤʝʥʪʦʚ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (ʥʘ GPU ʠ CPU) ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ. 

 
ʈʠʩʫʥʦʢ 3.21 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʚʝʢʪʦʨʦʚ 
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ɸʥʘʣʦʛʠʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʫʩʢʦʨʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3.27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʘʶʪ ʩ ʧʘʤʷʪʴʶ device? 

2. ʆʧʠʰʠʪʝ ʧʨʦʩʪʝʡʰʠʝ ʧʨʘʢʪʠʢʠ (CUDA-ʨʘʪʪʝʨʥʳ) ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ CUDA-ʧʨʠʣʦʞʝʥʠʡ. 

3. ʂʘʢʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʬʫʥʢʮʠʡ ʚʳ ʟʥʘʝʪʝ? 

4. ʆʧʠʰʠʪʝ ʚʩʪʨʦʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʪʠʧʳ CUDA. 

5. ʇʦʷʩʥʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʚʩʪʨʦʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ CUDA. 

6. ʏʪʦ ʪʘʢʦʝ ʷʜʨʦ (ʬʫʥʢʮʠʷ ʷʜʨʘ)? 

7. ʂʘʢ ʟʘʧʫʩʪʠʪʴ ʤʥʦʞʝʩʪʚʦ ʙʣʦʢʦʚ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʪʦʢʦʤ? ʂʘʢ 

ʟʘʧʫʩʪʠʪʴ ʝʜʠʥʩʪʚʝʥʥʳʡ ʙʣʦʢ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʦʪʦʢʦʚ? 

8. ʏʪʦ ʪʘʢʦʝ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ? ʆʧʠʰʠʪʝ ʥʝʩʢʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ. 

9. ʂʘʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʦʰʠʙʦʢ ʩʫʱʝʩʪʚʫʶʪ ʚ CUDA? 

10. ʂʘʢʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ ʩʫʱʝʩʪʚʫʶʪ ʚ CUDA? ʇʦʷʩʥʠʪʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈɸɿɼɽʃ 4. ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʇʆʊʆʂʆɺ 

 

ɸ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʩʪʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ 

CUDA ʉ ʠ ʨʘʟʦʙʨʘʣʠʩʴ, ʢʘʢ ʧʠʰʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜ, ʠʩʧʦʣʥʷʝʤʳʡ GPU. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʪʦʤ, ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʧʦʣʥʷʝʤʳʝ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʦʛʜʘ ʢʘʞʜʳʡ 

ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʚʳʯʠʩʣʠʪʴ ʩʚʦʡ ʨʝʟʫʣʴʪʘʪ ʠ ʟʘʚʝʨʰʠʪʴ ʚʳʧʦʣʥʝʥʠʝ, ʥʝ 

ʟʘʙʦʪʷʩʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʜʝʣʘʶʪ ʜʨʫʛʠʝ. ɼʘʞʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ 

ʘʣʛʦʨʠʪʤʘʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʧʦʣʥʷʝʤʳʝ ʵʢʟʝʤʧʣʷʨʳ ʢʦʜʘ ʜʦʣʞʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʠ ʢʦʦʧʝʨʠʨʦʚʘʪʴʩʷ. ʅʦ ʧʦʢʘ ʤʳ ʝʱʝ ʥʠ ʩʣʦʚʘ ʥʝ ʩʢʘʟʘʣʠ ʦ 

ʤʝʭʘʥʠʟʤʘʭ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʷʟʳʢʝ CUDA ʉ.  

 

4.1 ʈʘʟʜʝʣʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʣʦʢʦʚ 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʦ, ʢʘʢ ʥʘ GPU ʠʩʧʦʣʥʷʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʩʦʦʙʱʘʣʠ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA ʦ ʪʦʤ, 

ʩʢʦʣʴʢʦ ʥʫʞʥʦ ʟʘʧʫʩʪʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʷʜʨʘ. ʕʪʠ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʵʢʟʝʤʧʣʷʨʳ ʤʳ ʥʘʟʚʘʣʠ ʙʣʦʢʘʤʠ. 

ʀʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ CUDA ʧʦʟʚʦʣʷʝʪ ʨʘʩʱʝʧʠʪʴ ʙʣʦʢʠ ʥʘ ʥʠʪʠ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʟʘʧʫʩʢʝ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʣʦʢʦʚ ʤʳ ʫʢʘʟʳʚʘʣʠ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʝʨʚʦʤ ʘʨʛʫʤʝʥʪʝ ʚʥʫʪʨʠ ʫʛʣʦʚʳʭ ʩʢʦʙʦʢ. ʊʘʢ, ʚ ʟʘʜʘʯʝ ʦ 

ʩʣʦʞʝʥʠʠ ʚʝʢʪʦʨʦʚ ʤʳ ʟʘʧʫʩʢʘʣʠ ʧʦ ʦʜʥʦʤʫ ʙʣʦʢʫ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚʝʢʪʦʨʘ ʨʘʟʤʝʨʦʤ N: 

add<<<N,1>>>( dev_a, dev_b, dev_c ); 

ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ʚ ʫʛʣʦʚʳʭ ʩʢʦʙʢʘʭ ʛʦʚʦʨʠʪ, ʩʢʦʣʴʢʦ ʥʠʪʝʡ ʩʦʟʜʘʪʴ ʜʣʷ 

ʢʘʞʜʦʛʦ ʙʣʦʢʘ. ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʟʘʧʫʩʢʘʣʠ ʙʣʦʢʠ ʚʩʝʛʦ ʩ ʦʜʥʦʡ ʥʠʪʴʶ. ɺ 

ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ ʩʠʪʫʘʮʠʷ ʚʳʛʣʷʜʝʣʘ ʪʘʢ: 

N blocks x 1 thread/block = N parallel threads 
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ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʚʤʝʩʪʦ ʵʪʦʛʦ ʟʘʧʫʩʪʠʪʴ N/2 ʙʣʦʢʦʚ ʩ ʜʚʫʤʷ ʥʠʪʷʤʠ ʚ 

ʙʣʦʢʝ, N/4 ʙʣʦʢʦʚ ʩ ʯʝʪʳʨʴʤʷ ʥʠʪʷʤʠ ʢʘʞʜʳʡ ʠ ʪ. ʜ. ɺʝʨʥʝʤʩʷ ʢ ʟʘʜʘʯʝ ʦ 

ʩʣʦʞʝʥʠʠ ʚʝʢʪʦʨʦʚ, ʚʦʦʨʫʞʠʚʰʠʩʴ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ 

CUDA ʉ. 

ʄʳ ʩʦʙʠʨʘʝʤʩʷ ʨʝʰʠʪʴ ʪʫ ʞʝ ʟʘʜʘʯʫ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʪʦ ʝʩʪʴ, 

ʠʤʝʷ ʜʚʘ ʚʝʢʪʦʨʘ ʥʘ ʚʭʦʜʝ, ʧʦʣʫʯʠʪʴ ʪʨʝʪʠʡ ʚʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʠʭ ʩʫʤʤʫ. ʅʦ 

ʥʘ ʵʪʦʪ ʨʘʟ ʚʤʝʩʪʦ ʙʣʦʢʦʚ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʠʪʷʤʠ. 

ɺʦʟʤʦʞʥʦ, ʚʘʤ ʥʝ ʧʦʥʷʪʥʦ, ʢʘʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʠʪʝʡ ʚʤʝʩʪʦ ʙʣʦʢʦʚ. ʇʦʢʘ ʥʠʢʘʢʠʭ ʜʦʩʪʦʡʥʳʭ ʦʙʩʫʞʜʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʥʝ 

ʚʠʜʥʦ. ʆʜʥʘʢʦ ʧʘʨʘʣʣʝʣʴʥʳʝ ʥʠʪʠ ʚʥʫʪʨʠ ʙʣʦʢʘ ʤʦʛʫʪ ʜʝʣʘʪʴ ʪʘʢʠʝ ʚʝʱʠ, 

ʢʦʪʦʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳʤ ʙʣʦʢʘʤ ʥʝ ʧʦʜ ʩʠʣʫ. 

ʅʘʯʥʝʤ ʩ ʜʚʫʭ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʘʥʴʰʝ ʤʳ ʟʘʧʫʩʢʘʣʠ N 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʦʜʥʦʡ ʥʠʪʴʶ ʚ ʢʘʞʜʦʤ: 

add<<<N,1>>>( dev _ a, dev _ b, dev _ c ); 

ʘ ʪʝʧʝʨʴ ʟʘʧʫʩʪʠʤ N ʥʠʪʝʡ ʚ ʦʜʥʦʤ ʙʣʦʢʝ: 

add<<<1,N>>>( dev _ a, dev _ b, dev _ c ); 

ʀʟʤʝʥʠʪʴ ʧʨʠʜʝʪʩʷ ʪʦʣʴʢʦ ʩʧʦʩʦʙ ʠʥʜʝʢʩʘʮʠʠ ʜʘʥʥʳʭ. ʈʘʥʴʰʝ ʚʭʦʜʥʳʝ 

ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʥʜʝʢʩʠʨʦʚʘʣʠʩʴ ʚ ʷʜʨʝ ʩ ʧʦʤʦʱʴʶ ʥʦʤʝʨʘ ʙʣʦʢʘ. 

int tid = blockIdx.x; 

ʊʝʧʝʨʴ ʞʝ, ʧʦʩʢʦʣʴʢʫ ʙʣʦʢ ʚʩʝʛʦ ʦʜʠʥ, ʠʥʜʝʢʩʠʨʦʚʘʪʴ ʥʫʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʥʦʤʝʨʘ ʥʠʪʠ. 

int tid = threadIdx.x; 

ʀ ʵʪʦ ʚʩʝ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʥʠʪʷʤʠ. ɼʣʷ ʧʦʣʥʦʪʳ 

ʧʨʠʚʝʜʝʤ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʮʝʣʠʢʦʤ, ʚʳʜʝʣʠʚ ʠʟʤʝʥʝʥʥʳʝ ʩʪʨʦʢʠ ʧʦʣʫʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ (ʨʠʩ. 4.1). 
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ʈʠʩʫʥʦʢ 4.1 ï ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʦʪʦʢʦʚ 

 

ʄʳ ʫʧʦʤʷʥʫʣʠ ʦʙ ʘʧʧʘʨʘʪʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʚ 

ʦʜʥʦʡ ʩʝʪʢʝ - 65 535 ʧʦ ʢʘʞʜʦʤʫ ʠʟʤʝʨʝʥʠʶ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʦʜʥʦʤ ʙʣʦʢʝ. ʊʦʯʥʝʝ, ʦʥʦ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 

ʚʝʣʠʯʠʥʳ ʚ ʧʦʣʝ maxThreadsPerBlock ʚ ʩʪʨʫʢʪʫʨʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʚʦʡʩʪʚʘ 

ʫʩʪʨʦʡʩʪʚʘ (ʩʤ. ʛʣʘʚʫ 3). ɼʣʷ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʙʣʦʢʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 512. ʀ ʢʘʢ ʞʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʜʭʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʥʠʪʝʡ ʜʣʷ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʜʣʠʥʥʝʝ 512? ɼʣʷ ʵʪʦʛʦ 

ʧʦʥʘʜʦʙʠʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʥʠʪʝʡ ʠ ʙʣʦʢʦʚ. 

ʂʘʢ ʠ ʨʘʥʴʰʝ, ʤʳ ʜʦʣʞʥʳ ʙʫʜʝʤ ʚʥʝʩʪʠ ʜʚʘ ʠʟʤʝʥʝʥʠʷ: ʩʧʦʩʦʙ 

ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ ʚʥʫʪʨʠ ʷʜʨʘ ʠ ʟʘʧʫʩʢ ʩʘʤʦʛʦ ʷʜʨʘ. ʂʦʛʜʘ ʠʤʝʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʙʣʦʢʦʚ ʠ ʥʠʪʝʡ, ʠʥʜʝʢʩʘʮʠʷ ʥʘʧʦʤʠʥʘʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ 

ʧʝʨʝʭʦʜʘ ʦʪ ʜʚʫʤʝʨʥʦʛʦ ʠʥʜʝʢʩʘ ʢ ʣʠʥʝʡʥʦʤʫ. 

 
ʈʠʩʫʥʦʢ 4.2 ï ɺʳʯʠʩʣʝʥʠʝ ʥʦʤʝʨʘ ʥʠʪʠ 

 

ɿʜʝʩʴ ʤʳ ʧʦʣʴʟʫʝʤʩʷ ʝʱʝ ʦʜʥʦʡ ʚʩʪʨʦʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, blockDim. ʆʥʘ 

ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʙʣʦʢʘʭ ʠ ʩʦʜʝʨʞʠʪ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚʜʦʣʴ ʢʘʞʜʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʙʣʦʢʘ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʨʘʙʦʪʘʝʤ ʩ ʦʜʥʦʤʝʨʥʳʤ ʙʣʦʢʦʤ, ʪʦ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ blockDim. ʭ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʧʦʭʦʞʘʷ 

ʧʝʨʝʤʝʥʥʘʷ gridDim, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʠʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʚʜʦʣʴ ʢʘʞʜʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʩʝʪʢʠ. ʇʨʘʚʜʘ, ʧʝʨʝʤʝʥʥʘʷ gridDim ʜʚʫʤʝʨʥʘʷ, a blockDim ï 

ʪʨʝʭʤʝʨʥʘʷ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʠʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ CUDA ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ 

ʜʚʫʤʝʨʥʫ  ʁʩʝʪʢʫ ʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ 
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ʤʘʩʩʠʚ ʥʠʪʝʡ. ʎʝʣʘʷ ʢʫʯʘ ʠʟʤʝʨʝʥʠʡ, ʠ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʚʘʤ 

ʧʦʥʘʜʦʙʷʪʩʷ, ʥʦ ʝʩʣʠ ʯʪʦ ï ʦʥʠ ʢ ʚʘʰʠʤ ʫʩʣʫʛʘʤ. 

ɺʳʯʠʩʣʝʥʠʝ ʠʥʜʝʢʩʘ ʚ ʣʠʥʝʡʥʦʤ ʤʘʩʩʠʚʝ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ 

ʬʦʨʤʫʣʝ ʠʥʪʫʠʪʠʚʥʦ ʦʯʝʚʠʜʥʦ. ɽʩʣʠ ʚʘʤ ʪʘʢ ʥʝ ʢʘʞʝʪʩʷ, ʪʦ ʧʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, 

ʯʪʦ ʥʘʙʦʨ ʙʣʦʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʥʠʪʠ, ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʘʢ 

ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʧʠʢʩʝʣʝʡ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.3. 

 
ʈʠʩʫʥʦʢ 4.3 ï ɼʚʫʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʙʣʦʢʦʚ ʠ ʥʠʪʝʡ 

 

ɽʩʣʠ ʥʠʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʦʣʙʮʳ, ʘ ʙʣʦʢʘʤ - ʩʪʨʦʢʠ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʜʝʢʩʘ ʢʦʥʢʨʝʪʥʦʡ ʥʠʪʠ ʥʫʞʥʦ ʫʤʥʦʞʠʪʴ ʥʦʤʝʨ ʙʣʦʢʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ 

ʚ ʦʜʥʦʤ ʙʣʦʢʝ ʠ ʧʨʠʙʘʚʠʪʴ ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ ʥʦʤʝʨ ʥʠʪʠ ʚ ʙʣʦʢʝ. ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʚ ʟʘʜʘʯʝ ʦ ʬʨʘʢʪʘʣʝ ɼʞʫʣʠʷ ʤʳ ʚʳʯʠʩʣʷʣʠ ʩʤʝʱʝʥʠʝ ʦʪ ʥʘʯʘʣʘ ʙʫʬʝʨʘ, ʟʥʘʷ 

ʜʚʫʤʝʨʥʳʡ ʠʥʜʝʢʩ ʧʠʢʩʝʣʷ: 

int offset = x + y * DIM; 

ɸ ʪʝʧʝʨʴ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ DIM ï ʨʘʟʤʝʨʥʦʩʪʴ ʙʣʦʢʘ (ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʥʠʪʷʭ), ʫ ï ʥʦʤʝʨ ʙʣʦʢʘ, ʘʭ- ʥʦʤʝʨ ʥʠʪʠ ʚ ʙʣʦʢʝ. ɺʦʪ ʠ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʠʥʜʝʢʩʘ ʥʠʪʠ: 

tid = threadIdx.x + blockIdx.x * blockDim.x. 

ɺʪʦʨʦʝ ʠʟʤʝʥʝʥʠʝ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʚ ʢʦʜ ʩʘʤʦʛʦ ʷʜʨʘ. ʅʘʤ, ʢʘʢ ʠ ʨʘʥʴʰʝ, 

ʥʫʞʥʦ ʟʘʧʫʩʪʠʪʴ N ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʝʡ, ʪʦʣʴʢʦ ʪʝʧʝʨʴ ʤʳ ʭʦʪʠʤ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʠʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʙʣʦʢʘʤ, ʯʪʦʙʳ ʥʝ ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ ʦʛʨʘʥʠʯʝʥʠʷ 

512 ʥʠʪʝʡ ʥʘ ʙʣʦʢ. ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ï ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʪʴ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʙʣʦʢʝ, ʥʘʧʨʠʤʝʨ 128. ʊʦʛʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

N ʥʠʪʝʡ ʥʫʞʥʦ ʙʫʜʝʪ ʟʘʧʫʩʪʠʪʴ N/128 ʙʣʦʢʦʚ. 
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ɹʝʜʘ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʜʝʣʝʥʠʷ N/128 ʷʚʣʷʝʪʩʷ 

ʮʝʣʦʝ ʯʠʩʣʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ N ʨʘʚʥʦ 127, ʪʦ N/128 ʨʘʚʥʦ ʥʫʣʶ, ʘ ʟʘʧʫʩʪʠʚ 

0 ʥʠʪʝʡ, ʤʳ ʥʠʯʝʛʦ ʥʝ ʚʳʯʠʩʣʠʤ. ɼʘ ʠ ʚʦʦʙʱʝ, ʝʩʣʠ N ʥʝ ʢʨʘʪʥʦ 128, ʪʦ ʤʳ 

ʟʘʧʫʩʪʠʤ ʩʣʠʰʢʦʤ ʤʘʣʦ ʥʠʪʝʡ. ʕʪʦ ʧʣʦʭʦ. ʍʦʪʝʣʦʩʴ ʙʳ, ʯʪʦʙʳ ʯʘʩʪʥʦʝ 

ʦʪʜʝʣʝʥʠʷ ʦʢʨʫʛʣʷʣʦʩʴ ʩ ʠʟʙʳʪʢʦʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʬʫʥʢʮʠʠ ceil() ʩʫʱʝʩʪʚʫʝʪ 

ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʠʝʤ: ʚʳʯʠʩʣʷʪʴ ʥʝ N/128, a (N+127)/128. ʄʦʞʝʪʝ ʧʦʚʝʨʠʪʴ ʥʘʤ 

ʥʘ ʩʣʦʚʦ, ʯʪʦ ʵʪʘ ʬʦʨʤʫʣʘ ʜʘʝʪ ʥʘʠʤʝʥʴʰʝʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʙʦʣʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ 

ʯʘʩʪʥʦʤʫ ʦʪ ʜʝʣʝʥʠʷ N ʥʘ 128. ʀʣʠ ʧʦʪʨʘʪʴʪʝ ʤʠʥʫʪʢʫ ʥʘ ʪʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ 

ʚ ʵʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʨʝʰʠʣʠ, ʯʪʦ ʚ ʙʣʦʢʝ ʙʫʜʝʪ 128 ʥʠʪʝʡ, ʪʦ 

ʟʘʧʫʩʢʘʪʴ ʷʜʨʦ ʥʫʞʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ʈʠʩʫʥʦʢ 4.4 ï ɿʘʧʫʩʢ çʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦè ʷʜʨʘ 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʙʫʜʝʪ ʟʘʧʫʱʝʥʦ ʟʘʚʝʜʦʤʦ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʠ ʜʘʞʝ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʝʩʣʠ N ʥʝ ʢʨʘʪʥʦ 128. ʅʦ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʣʝʛʢʦ ʨʝʰʘʝʪʩʷ, ʠ ʥʘʰʝ ʷʜʨʦ ʫʞʝ ʧʦʟʘʙʦʪʠʣʦʩʴ ʦʙ ʵʪʦʤ. ʅʘʤ ʥʫʞʥʦ 

ʣʠʰʴ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʠʥʜʝʢʩ ʥʠʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ N, ï ʪʦʣʴʢʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣ ̫ʜʦʩʪʫʧʘ ʢ ʤʘʩʩʠʚʘʤ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

 
ʈʠʩʫʥʦʢ 4.5 ï ʇʨʦʚʝʨʢʘ ʠʥʜʝʢʩʘ ʤʘʩʩʠʚʘ 

 

ʊʝʧʝʨʴ ʝʩʣʠ ʠʥʜʝʢʩ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘ ʢʦʥʮʦʤ ʤʘʩʩʠʚʘ ï ʘ ʪʘʢ ʙʫʜʝʪ ʚʩʝʛʜʘ, 

ʢʦʛʜʘ ʜʣʠʥʘ ʤʘʩʩʠʚʘ ʥʝ ʢʨʘʪʥʘ 128, ï ʤʳ ʥʝ ʧʨʦʠʟʚʦʜʠʤ ʥʠʢʘʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʀ, ʯʪʦ ʝʱʝ ʚʘʞʥʝʝ, ʥʝ ʧʳʪʘʝʤʩʷ ʯʠʪʘʪʴ ʠʣʠ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʚ ʦʙʣʘʩʪʴ 

ʧʘʤʷʪʠ ʚʥʝ ʤʘʩʩʠʚʦʚ. 

ʄʳ ʥʝ ʙʳʣʠ ʜʦ ʢʦʥʮʘ ʦʪʢʨʦʚʝʥʥʳ, ʢʦʛʜʘ ʧʝʨʚʳʡ ʨʘʟ ʦʙʩʫʞʜʘʣʠ ʟʘʧʫʩʢ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ GPU. ʇʦʤʠʤʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ, 
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ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʘʧʧʘʨʘʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ (ʭʦʪʷ ʠ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʣʠʙʝʨʘʣʴʥʦʝ). ʂʘʢ ʤʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ, ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ ʚʜʦʣʴ 

ʣʶʙʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʝʪʢʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 65,535. 

ʅʦ ʪʦʛʜʘ ʚ ʧʦʩʣʝʜʥʝʡ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ. ɽʩʣʠ ʟʘʧʫʩʢʘʪʴ N/128 ʙʣʦʢʦʚ, ʪʦ ʤʳ ʩʪʦʣʢʥʝʤʩʷ ʩ ʦʰʠʙʢʦʡ, ʢʦʛʜʘ 

ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʚʝʢʪʦʨʝ ʦʢʘʞʝʪʩʷ ʙʦʣʴʰʝ 65 535 * 128 = 8 388 480. 

ɺʨʦʜʝ ʙʳ ʙʦʣʴʰʦʝ ʯʠʩʣʦ, ʥʦ ʧʨʠ ʥʳʥʝʰʥʠʭ ʦʙʲʝʤʘʭ ʧʘʤʷʪʠ ʦʪ 1 ʜʦ 4 ɻʙ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ ʣʝʛʢʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʭʨʘʥʝʥʠʝʤ 

ʜʘʥʥʳʭ, ʩʦʚʦʢʫʧʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ 8 

ʤʠʣʣʠʦʥʦʚ ʵʣʝʤʝʥʪʦʚ. 

ʂ ʩʯʘʩʪʴʶ, ʝʩʪʴ ʦʯʝʥʴ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ. ɼʣʷ ʥʘʯʘʣʘ ʠʟʤʝʥʠʤ ʷʜʨʦ: 

 
ʈʠʩʫʥʦʢ 4.6 ï ʀʟʤʝʥʝʥʥʦʝ ʷʜʨʦ 

 

ɿʜʝʩʴ ʤʳ ʪʦʞʝ ʦʙʭʦʜʠʣʠ ʜʘʥʥʳʝ ʚ ʮʠʢʣʝ while. ʄʳ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʚ 

ʚʝʨʩʠʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ CPU ʠʣʠ ʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʠʥʜʝʢʩ ʤʘʩʩʠʚʘ ʩʣʝʜʦʚʘʣʦ 

ʙʳ ʫʚʝʣʠʯʠʚʘʪʴ ʥʝ ʥʘ 1, ʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ. ʊʦʪ ʞʝ ʧʨʠʥʮʠʧ ʤʳ 

ʩʝʡʯʘʩ ʧʨʠʤʝʥʠʤ ʚ ʚʝʨʩʠʠ ʜʣʷ GPU. 

ɺ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ GPU ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʝ ʥʠʪʠ ʢʘʢ ʧʨʦʮʝʩʩʦʨʳ. ʍʦʪʷ ʚ ʨʝʘʣʴʥʦʤ GPU ʧʨʦʮʝʩʩʦʨʥʳʭ 

ʙʣʦʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ (ʠʣʠ ʙʦʣʴʰʝ), ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʢʘʞʜʘʷ ʥʠʪʴ 

ʣʦʛʠʯʝʩʢʠ ʠʩʧʦʣʥʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʧʣʘʥʠʨʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʨʫʯʘʝʤ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʆʪʜʝʣʝʥʠʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʦʪ ʠʩʪʠʥʥʦʛʦ ʩʧʦʩʦʙʘ ʘʧʧʘʨʘʪʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ï ʙʨʝʤʷ, ʢʦʪʦʨʦʝ CUDA ʩʥʠʤʘʝʪ ʩ ʧʣʝʯ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʀ ʵʪʦ 
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ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʘʥʥʘ ʥʝʙʝʩʥʘʷ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ 

NVIDIA  ʢʦʣʠʯʝʩʪʚʦ ɸʃʋ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 8 ʜʦ 480. 

ʊʝʧʝʨʴ, ʨʘʟʦʙʨʘʚʰʠʩʴ ʩ ʧʨʠʥʮʠʧʦʤ, ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ ʨʝʘʣʠʟʘʮʠʠ, ʤʳ 

ʜʦʣʞʥʳ ʪʦʣʴʢʦ ʧʦʥʷʪʴ, ʢʘʢ ʚʳʯʠʩʣʠʪʴ ʥʘʯʘʣʴʥʳʡ ʠʥʜʝʢʩ ʢʘʞʜʦʡ ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʩʧʦʣʥʷʝʤʦʡ ʥʠʪʠ ʠ ʥʘ ʩʢʦʣʴʢʦ ʝʛʦ ʫʚʝʣʠʯʠʚʘʪʴ ʚ ʮʠʢʣʝ. ʄʳ ʭʦʪʠʤ, ʯʪʦʙʳ 

ʢʘʞʜʘʷ ʥʠʪʴ ʥʘʯʠʥʘʣʘ ʨʘʙʦʪʫ ʩ ʨʘʟʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ 

ʣʠʥʝʘʨʠʟʦʚʘʪʴ ʧʘʨʫ (ʥʦʤʝʨ ʙʣʦʢʘ, ʥʦʤʝʨ ʥʠʪʠ). ʅʘʯʘʣʴʥʳʡ ʠʥʜʝʢʩ ʜʣʷ ʢʘʞʜʦʡ 

ʥʠʪʠ ʙʫʜʝʤ ʚʳʯʠʩʣʷʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

int tid = threadIdx.x + blockIdx.x * blockDim.x; 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʠʪʴ ʟʘʢʦʥʯʠʪ ʨʘʙʦʪʘʪʴ ʩ ʪʝʢʫʱʠʤ ʠʥʜʝʢʩʦʤ, ʤʳ ʜʦʣʞʥʳ 

ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʥʠʪʝʡ, ʟʘʧʫʱʝʥʥʳʭ ʚ ʩʝʪʢʝ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʠʩʣʘ ʙʣʦʢʦʚ ʥʘ ʯʠʩʣʦ ʥʠʪʝʡ ʚ ʦʜʥʦʤ ʙʣʦʢʝ, ʪʦ ʝʩʪʴ blockDim.ʭ 

* gridDim.ʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʘʱʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢ: 

tid += blockDim.x * gridDim.x; 

ʄʳ ʧʦʯʪʠ ʫ ʮʝʣʠ! ʆʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʧʦʜʧʨʘʚʠʪʴ ʢʦʜ ʟʘʧʫʩʢʘ: 

add<<<(N+127)/128,128>>>( dev_a, dev_b, dev_c ) will fail when 

ɺʳʟʦʚ <<<(N+127)/128,128>>>(dev_a, dev_b, dev_c) ʟʘʚʝʨʰʠʪʩʷ 

ʦʰʠʙʢʦʡ, ʝʩʣʠ (N+127)/128 ʙʦʣʴʰʝ 65 535. ʏʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʝ 

ʟʘʧʫʩʢʘʪʴ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʙʣʦʢʦʚ, ʥʫʞʥʦ ʣʠʰʴ ʟʘʨʘʥʝʝ ʚʳʙʨʘʪʴ ʨʘʟʫʤʥʦʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ. ʅʫ ʠ ʯʪʦʙʳ ʥʝ ʚʚʦʜʠʪʴ ʣʠʰʥʠʭ ʯʠʩʝʣ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ 128 ʙʣʦʢʦʚ 

ʧʦ 128 ʥʠʪʝʡ ʚ ʢʘʞʜʦʤ. 

add<<<128,128>>>( dev _ a, dev _ b, dev _ c ); 

ʄʦʞʝʪʝ ʚʟʷʪʴ ʣʶʙʳʝ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ, ʣʠʰʴ ʙʳ ʦʥʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʦʟʞʝ ʤʳ ʦʙʩʫʜʠʤ ʚʣʠʷʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʳʙʦʨʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʧʦʢʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 128 ʙʣʦʢʦʚ ʧʦ 128 

ʥʠʪʝʡ ʜʦʩʪʘʪʦʯʥʦ. ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʩʢʣʘʜʳʚʘʪʴ ʚʝʢʪʦʨʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ 

ʠ ʦʛʨʘʥʠʯʝʥʳ ʣʠʰʴ ʦʙʲʝʤʦʤ ʧʘʤʷʪʠ, ʜʦʩʪʫʧʥʦʡ GPU. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʦʣʥʳʡ 

ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ: 
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ʈʠʩʫʥʦʢ 4.7 ï ʉʣʦʞʝʥʠʝ ʤʘʩʩʠʚʦʚ (128 ʧʦʪʦʢʦʚ ʚ ʙʣʦʢʝ and 128 ʙʣʦʢʦʚ) 

 

4.2 ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

 

ɼʦ ʩʠʭ ʧʦʨ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʙʫʜʠʪʝʣʴʥʳʤ ʤʦʪʠʚʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʙʣʦʢʦʚ 

ʥʘ ʥʠʪʠ ʙʳʣʦ ʩʪʨʝʤʣʝʥʠʝ ʦʙʦʡʪʠ ʘʧʧʘʨʘʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʙʣʦʢʦʚ. ʕʪʦ ʜʦʚʦʣʴʥʦ ʩʣʘʙʘʷ ʤʦʪʠʚʘʮʠʷ, ʧʦʪʦʤʫ 

ʯʪʦ ʠʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ CUDA ʤʦʛʣʘ ʙʳ ʠ ʩʘʤʘ ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ʅʦ 

ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ. 

ʗʟʢr CUDA ʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚ ʨʘʩʧʦʨʷʞʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ. ʉ ʵʪʦʡ ʦʙʣʘʩʪʴʶ ʧʘʤʷʪʠ ʩʚʷʟʘʥʦ ʝʱʝ ʦʜʥʦ 

ʨʘʩʰʠʨʝʥʠʝ ʷʟʢrʘ ʉ, ʙʣʠʟʢʦʝ ʢ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ __device__ ʠ __global__. 

ɽʩʣʠ ʚ ʦʙʲʷʚʣʝʥʠʝ ʣʶʙʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʦʙʘʚʠʪʴ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ __shared__, ʪʦ 

ʵʪʘ ʧʝʨʝʤʝʥʥʘʷ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ.  

ʈʘʜʳ, ʯʪʦ ʚʳ ʩʧʨʦʩʠʣʠ. ʂʦʤʧʠʣʷʪʦʨ CUDA ʉ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʝʨʝʤʝʥʥʳʝ 

ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʠʥʘʯʝ, ʯʝʤ ʦʙʳʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʆʥ ʩʦʟʜʘʝʪ ʢʦʧʠʶ 

ʪʘʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ, ʟʘʧʫʩʢʘʝʤʦʤ ʥʘ GPU. ɺʩʝ ʥʠʪʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʜʥʦʤ ʙʣʦʢʝ, ʨʘʟʜʝʣʷʶʪ ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ, ʥʦ ʥʝ ʤʦʛʫʪ ʥʠ 

ʫʚʠʜʝʪʴ, ʥʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʝʝ ʢʦʧʠʠ, ʚʠʜʠʤʳʝ ʚ ʜʨʫʛʠʭ ʙʣʦʢʘʭ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʧʨʝʢʨʘʩʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʦʧʝʨʘʮʠʠ ʥʠʪʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʦʜʥʦʤ ʙʣʦʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʬʝʨʳ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʬʠʟʠʯʝʩʢʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʘʤʦʤ GPU, ʘ ʥʝ ʚ DRAM (ʜʠʥʘʤʠʯʝʩʢʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʚʳʙʦʨʢʦʡ) ʚʥʝ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʧʨʠ 

ʜʦʩʪʫʧʝ ʢ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʜʦʩʪʫʧʝ ʢ 
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ʦʙʳʯʥʳʤ ʙʫʬʝʨʘʤ, ʪʦ ʝʩʪʴ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ ʠʛʨʘʝʪ ʨʦʣʴ ʚʥʫʪʨʠʙʣʦʯʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʵʰʘ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʜʦʣʞʥʳ ʚʘʩ ʚʜʦʭʥʦʚʣʷʪʴ. 

ʅʘʩ ʦʥʠ ʪʦʞʝ ʚʜʦʭʥʦʚʣʷʶʪ. ʅʦ ʥʠʯʪʦ ʚ ʞʠʟʥʠ ʥʝ ʜʘʝʪʩʷ ʙʝʩʧʣʘʪʥʦ, ʠ 

ʤʝʞʥʠʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ, ʯʪʦʙʳ ʥʠʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ, ʪʦ ʥʝʦʙʭʦʜʠʤ ʠ ʤʝʭʘʥʠʟʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʥʠʪʴ ɸ ʟʘʧʠʩʳʚʘʝʪ ʢʘʢʦʝ-ʪʦ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ, ʘ ʥʠʪʴ ɺ ʜʦʣʞʥʘ 

ʯʪʦ-ʪʦ ʩ ʵʪʠʤ ʟʥʘʯʝʥʠʝʤ ʩʜʝʣʘʪʴ, ʪʦ ʥʠʪʴ ɺ ʥʝ ʜʦʣʞʥʘ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʙʦʪʝ, 

ʧʦʢʘ ʥʠʪʴ ɸ ʥʝ ʩʜʝʣʘʣʘ ʩʚʦʝ ʜʝʣʦ. ɹʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦʟʥʠʢʣʘ ʙʳ çʛʦʥʢʘè 

(race condition), ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʦʢʘʟʘʣʘʩʴ ʙʳ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʵʪʠ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʅʘʧʨʠʤʝʨ, ʫʤʥʦʞʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 4.1. 

ὼȟὼȟὼȟὼ ẗώȟώȟώȟώ ὼẗώ ὼẗώ ὼẗώ ὼẗώ (4.1) 

ʅʘʚʝʨʥʦʝ, ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʧʨʠʤʝʥʠʪʴ, ʚʘʤ ʫʞʝ 

ʧʦʥʷʪʝʥ. ʇʝʨʚʳʡ ʰʘʛ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʩʣʦʞʝʥʠʠ ʚʝʢʪʦʨʦʚ. 

ʂʘʞʜʘʷ ʥʠʪʴ ʧʝʨʝʤʥʦʞʘʝʪ ʧʘʨʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪ 

ʢ ʩʣʝʜʫʶʱʝʡ ʧʘʨʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʜʘʥʘ ʩʫʤʤʘ 

ʧʦʧʘʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʪʦ ʢʘʞʜʘʷ ʥʠʪʴ ʩʦʭʨʘʥʷʝʪ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʪʝʭ 

ʧʘʨ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʣʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʯʝʨʝʜʥʦʡ ʧʘʨʳ ʠʥʜʝʢʩ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʦʙʱʝʤʫ ʯʠʩʣʫ ʥʠʪʝʡ, ʪʘʢ ʯʪʦ ʥʠ ʦʜʠʥ 

ʵʣʝʤʝʥʪ ʥʝ ʙʫʜʝʪ ʧʨʦʧʫʱʝʥ ʠ ʥʠ ʦʜʠʥ ʥʝ ʙʫʜʝʪ ʦʙʨʘʙʦʪʘʥ ʜʚʘʞʜʳ. ɺʦʪ ʢʘʢ 

ʚʳʛʣʷʜʠʪ ʢʦʜ ʧʝʨʚʦʛʦ ʰʘʛʘ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ: 
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ʈʠʩʫʥʦʢ 4.8 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ 

 

ʂʘʢ ʚʠʜʠʪʝ, ʤʳ ʦʙʲʷʚʠʣʠ ʙʫʬʝʨ ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʩ ʠʤʝʥʝʤ cache. ɺ 

ʵʪʦʤ ʙʫʬʝʨʝ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʯʘʩʪʠʯʥʘʷ ʩʫʤʤʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʜʘʥʥʦʡ ʥʠʪʴʶ. 

ɺʩʢʦʨʝ ʤʳ ʫʚʠʜʠʤ, ʧʦʯʝʤʫ ʤʳ ʪʘʢ ʧʦʩʪʫʧʠʣʠ, ʘ ʧʦʢʘ ʨʘʩʩʤʦʪʨʠʤ ʩʘʤ 

ʤʝʭʘʥʠʟʤ. ʆʙʲʷʚʠʪʴ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʜʝʣʷʝʤʦʡ 

ʧʘʤʷʪʠ, ʦʯʝʥʴ ʧʨʦʩʪʦ; ʪʦʯʥʦ ʪʘʢ ʞʝ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʉ ʚʳ ʛʦʚʦʨʠʪʝ, ʯʪʦ 

ʧʝʨʝʤʝʥʥʘʷ ʜʦʣʞʥʘ ʙʳʪʴ static ʠʣʠ volatile: 

__shared__ float cache[threadsPerBlock]; 

ʄʳ ʦʙʲʷʚʣʷʝʤ ʤʘʩʩʠʚ ʨʘʟʤʝʨʦʤ threadsPerBlock, ʪʘʢ ʯʪʦʙʳ ʫ ʢʘʞʜʦʡ 

ʥʠʪʠ ʚ ʙʣʦʢʝ ʙʳʣʦ ʩʚʦʝ ʤʝʩʪʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʅʘʧʦʤʥʠʤ, 

ʯʪʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʤʳ ʧʨʠʥʠʤʘʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ ʥʠʪʠ, 

ʠʩʧʦʣʥʷʶʱʠʝ ʷʜʨʦ, ʪʦ ʝʩʪʴ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʷʣʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

threadsPerBlock ʥʘ ʦʙʱʝʝ ʯʠʩʣʦ ʙʣʦʢʦʚ. ʅʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʤʧʠʣʷʪʦʨ ʩʘʤ ʩʦʟʜʘʝʪ 

ʢʦʧʠʠ ʨʘʟʜʝʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʪʦ ʥʘʤ ʥʫʞʥʦ ʚʳʜʝʣʠʪʴ 

ʣʠʰʴ ʩʪʦʣʴʢʦ ʧʘʤʷʪʠ, ʯʪʦʙʳ ʫ ʢʘʞʜʦʡ ʥʠʪʠ ʚ ʙʣʦʢʝ ʙʳʣ ʩʚʦʡ ʵʣʝʤʝʥʪ. 

ɺʳʜʝʣʠʚ ʨʘʟʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ, ʤʳ ʚʳʯʠʩʣʷʝʤ ʠʥʜʝʢʩʳ ʵʣʝʤʝʥʪʦʚ 

ʜʘʥʥʳʭ ï ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʥʴʰʝ: 

 

ʇʦʨʷʜʦʢ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ tid ʫʞʝ ʥʘʤ ʟʥʘʢʦʤ; ʪʨʝʙʫʝʪʩʷ 

ʦʙʲʝʜʠʥʠʪʴ ʠʥʜʝʢʩʳ ʙʣʦʢʘ ʠ ʥʠʪʠ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʣʦʩʴ ʛʣʦʙʘʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʦʪ ʥʘʯʘʣʘ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʤʝʱʝʥʠʷ ʦʪ ʥʘʯʘʣʘ ʢʵʰʘ ʚ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʦ ʠʥʜʝʢʩ ʥʠʪʠ. ɽʱʝ ʨʘʟ ʧʦʚʪʦʨʠʤ, ʯʪʦ 
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ʠʥʜʝʢʩ ʙʣʦʢʘ ʚ ʵʪʦʤ ʩʤʝʱʝʥʠʠ ʥʝ ʫʯʘʩʪʚʫʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʙʣʦʢʘ 

ʠʤʝʝʪʩʷ ʩʚʦʷ ʯʘʩʪʥʘʷ ʢʦʧʠʷ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. 

ʆʙʣʘʩʪʴ ʧʘʤʷʪʠ, ʚʳʜʝʣʝʥʥʘʷ ʧʦʜ ʢʵʰ, ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ, ʯʪʦʙʳ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ, ʥʝ 

ʦʧʘʩʘʷʩʴ, ʯʪʦ ʪʘʤ ʥʘʭʦʜʷʪʩʷ ʙʝʩʩʤʳʩʣʝʥʥʳʝ ʜʘʥʥʳʝ: 

cache[cacheIndex] = temp; 

ʄʦʞʝʪ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ; ʪʘʢ 

ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʜʣʠʥʘ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʥʝ ʢʨʘʪʥʘ ʯʠʩʣʫ ʥʠʪʝʡ ʚ ʙʣʦʢʝ. ɺ 

ʧʦʜʦʙʥʦʤ ʩʣʫʯʘʝ ʚ ʧʦʩʣʝʜʥʝʤ ʙʣʦʢʝ ʦʢʘʞʫʪʩʷ ʥʠʪʠ, ʢʦʪʦâʨʳʤ ʥʝʯʝʛʦ ʜʝʣʘʪʴ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʥʠʯʝʛʦ ʠ ʥʝ ʟʘʧʠʰʫʪ ʚ ʢʵʰ. 

ʂʘʞʜʳʡ ʧʦʪʦʢ ʚʳʯʠʩʣʷʝʪ ʯʘʩʪʠʯʥʫʶ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ a ʠ b. ɼʦʡʜʷ ʜʦ ʢʦʥʮʘ ʤʘʩʩʠʚʘ, ʥʠʪʴ 

ʩʦʭʨʘʥʷʝʪ ʚʳʯʠʩʣʝʥʥʫʶ ʩʫʤʤʫ ʚ ʢʵʰʝ. 

 
ʈʠʩʫʥʦʢ 4.9 ï ʉʦʭʨʘʥʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʫʤʤ 

 

ʊʝʧʝʨʴ ʤʳ ʜʦʣʞʥʳ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʚʩʝ ʟʥʘʯʝʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʤʘʩʩʠʚʝ cache. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢʘʢʠʝ-ʪʦ ʥʠʪʠ ʧʨʦʯʠʪʘʣʠ ʵʪʠ 

ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʵʪʦ ʦʧʘʩʥʘʷ ʩʠʪʫʘʮʠʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʢʘʢ-ʪʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʩʝ ʦʧʝʨʘʮʠʠ ʟʘʧʠʩʠ ʚ ʨʘʟʜʝʣʷʝʤʳʡ ʤʘʩʩʠʚ cache[] 

ʟʘʚʝʨʰʘʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʢʪʦ-ʪʦ ʧʦʧʳʪʘʝʪʩʷ ʝʛʦ ʧʨʦʯʠʪʘʪʴ. ʂ ʩʯʘʩʪʴʶ, ʪʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʩʫʱʝʩʪʚʫʝʪ: 

__syncthreads(); 

ʕʪʦʪ ʚʳʟʦʚ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʥʠʪʠ ʚ ʙʣʦʢʝ ʟʘʢʦʥʯʘʪ ʚʳʧʦʣʥʷʪʴ 

ʢʦʤʘʥʜʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ __syncthreads(), ʜʦ ʪʦʛʦ ʢʘʢ ʘʧʧʘʨʘʪʫʨʘ ʨʘʟʨʝʰʠʪ 

ʚʳʧʦʣʥʠʪʴ ʝʣʝ- ʜʫʶʱʫʶ ʢʦʤʘʥʜʫ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʥʠʪʠ. ʊʝʧʝʨʴ ʤʳ ʟʥʘʝʤ, ʯʪʦ 



113 

ʢʦʛʜʘ ʧʝʨʚʘʷ ʥʠʪʴ ʚʳʧʦʣʥʠʪ ʧʝʨʚʫʶ ʢʦʤʘʥʜʫ ʧʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʢ 

__syncthreads(), ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʥʠʪʠ ʪʘʢʞʝ ʜʦʰʣʠ ʜʦ __syncthreads(). 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʚʨʝʤʝʥʥʳʡ ʢʵʰ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʟʘʧʦʣʥʝʥ, ʤʳ ʤʦʞʝʤ 

ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʤ ʟʥʘʯʝʥʠʷ. ʇʨʦʮʝʜʫʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʠʟ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʦʣʫʯʘʝʪʩʷ ʤʘʩʩʠʚ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, 

ʥʘʟʳʚʘʝʪʩʷ ʨʝʜʫʢʮʠʝʡ. ʈʝʜʫʢʮʠʷ ʪʘʢ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʯʪʦ ʜʣʷ ʥʝʝ ʙʳʣʦ ʧʨʠʜʫʤʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ. 

ʅʘʠʚʥʳʡ ʩʧʦʩʦʙ ʚʳʧʦʣʥʠʪʴ ʨʝʜʫʢʮʠʶ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʚʳʜʝʣʠʪʴ ʦʜʥʫ ʥʠʪʴ, ʢʦʪʦʨʘʷ ʦʙʦʡʜʝʪ ʤʘʩʩʠʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ ʠ ʚʳʯʠʩʣʠʪ 

ʝʛʦ ʩʫʤʤʫ. ʕʪʦ ʟʘʡʤʝʪ ʚʨʝʤʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʜʣʠʥʝ ʤʘʩʩʠʚʘ. ʅʦ ʧʦʩʢʦʣʴʢʫ 

ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʩʦʪʥʠ ʥʠʪʝʡ, ʪʦ ʨʝʜʫʢʮʠʶ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʟʘ ʚʨʝʤʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʣʦʛʘʨʠʬʤʫ ʜʣʠʥʳ ʤʘʩʩʠʚʘ. 

ʇʦʥʘʯʘʣʫ ʧʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʢʦʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʟʘʧʫʪʘʥʥʳʤ, ʧʦʵʪʦʤʫ 

ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʧʦ ʯʘʩʪʷʤ. 

ʀʜʝʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʥʠʪʴ ʩʢʣʘʜʳʚʘʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʤʘʩʩʠʚʝ cache[], ʠ ʧʦʤʝʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʥʦʚʘ ʚ cache[]. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʜʚʘ 

ʵʣʝʤʝʥʪʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʠʥ, ʪʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʜʘʥʥʦʛʦ ʰʘʛʘ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʠʚʝ ʫʤʝʥʴʰʠʪʩʷ ʚʜʚʦʝ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʪʘ ʞʝ ʦʧʝʨʘʮʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʩʪʘʚʰʝʡʩʷ ʧʦʣʦʚʠʥʝ. ʇʨʦʜʦʣʞʘʷ ʚ ʪʦʤ ʞʝ ʜʫʭʝ, ʤʳ ʟʘ 

log2(threadsPerBlock) ʰʘʛʦʚ ʚʳʯʠʩʣʠʤ ʩʫʤʤʫ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ cache[]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʣʦʢ ʩʦʜʝʨʞʠʪ 256 ʥʠʪʝʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʜʫʮʠʨʦʚʘʥʠʷ 256 

ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ cache[] ʚ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʩʫʤʤʫ, ʧʦʪʨʝʙʫʶʪʩʷ 8 

ʠʪʝʨʘʮʠʡ. 

ʂʦʜ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʈʠʩʫʥʦʢ 4.10 ï ʈʝʘʣʠʟʘʮʠʠ ʨʝʜʫʢʮʠʠ 

 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ i ʙʫʜʝʪ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ threadsPerBlock. ʄʳ ʭʦʪʠʤ, 

ʯʪʦʙʳ ʨʘʙʦʪʘʣʠ ʣʠʰʴ ʥʠʪʠ ʩ ʠʥʜʝʢʩʘʤʠ, ʤʝʥʴʰʠʤʠ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʵʪʦʤʫ 

ʩʢʣʘʜʳʚʘʝʤ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ cache[], ʪʦʣʴʢʦ ʝʩʣʠ ʠʥʜʝʢʩ ʥʠʪʠ ʤʝʥʴʰʝ i, ʪʦ 

ʝʩʪʴ ʩʣʦʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ if  (cachelndex < i). ʂʘʞʜʘʷ ʥʠʪʴ ʙʝʨʝʪ 

ʠʟ ʤʘʩʩʠʚʘ cache[] ʜʚʘ ʵʣʝʤʝʥʪʘ - ʠʥʜʝʢʩ ʧʝʨʚʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʝʝ ʠʥʜʝʢʩʦʤ, ʘ 

ʠʥʜʝʢʩ ʚʪʦʨʦʛʦ ʩʤʝʱʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʠʥʜʝʢʩʘ ʥʘ i, ï ʚʳʯʠʩʣʷʝʪ ʠʭ ʩʫʤʤʫ ʠ 

ʧʦʤʝʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʪʥʦ ʚ cache[]. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʢʵʰʝ ʙʳʣʦ ʚʦʩʝʤʴ 

ʵʣʝʤʝʥʪʦʚ, ʪʦʛʜʘ i ʨʘʚʥʦ 4. ʅʘ ʨʠʩ. 4.11 ʧʦʢʘʟʘʥ ʦʜʠʥ ʰʘʛ ʨʝʜʫʢʮʠʠ. 

 
ʈʠʩʫʥʦʢ 4.11 ï ʆʜʠʥ ʰʘʛ ʨʝʜʫʢʮʠʠ 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʰʘʛ ʟʘʚʝʨʰʝʥ, ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʪʦʡ ʞʝ ʩʠʪʫʘʮʠʝʡ, ʯʪʦ 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʧʘʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. ʇʨʝʞʜʝ ʯʝʤ ʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ, ʪʦʣʴʢʦ 

ʯʪʦ ʧʦʤʝʱʝʥʥʳʝ ʚ cache[], ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʩʝ ʥʠʪʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʣʠ ʯʪʦ-ʪʦ ʟʘʧʠʩʘʪʴ ʚ cache[], ʩʜʝʣʘʣʠ ʵʪʦ. ɺʳʟʦʚ __syncthreads() 

ʧʦʩʣʝ ʧʨʠʩʚʘʠʚʘʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʝʥʦ. 

ʇʦ ʚʳʭʦʜʝ ʠʟ ʮʠʢʣʘ while ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʦʩʪʘʝʪʩʷ ʚʩʝʛʦ ʦʜʥʦ ʯʠʩʣʦ. ʆʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʚʦʤ ʵʣʝʤʝʥʪʝ ʤʘʩʩʠʚʘ cache[] ʠ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʧʦʧʘʨʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʥʠʪʷʤʠ ʠʟ ʵʪʦʛʦ ʙʣʦʢʘ. ʄʳ ʩʦʭʨʘʥʷʝʤ ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʠ ʟʘʚʝʨʰʘʝʤ ʷʜʨʦ: 

 

ʇʦʯʝʤʫ ʟʘʧʠʩʴ ʚ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ ʧʨʦʠʟʚʦʜʠʪ ʪʦʣʴʢʦ ʥʠʪʴ, ʜʣʷ 

ʢʦʪʦʨʦʡ cachelndex == 0? ʊʘʢ ʚʝʜʴ ʯʠʩʣʦ ʪʦʣʴʢʦ ʦʜʥʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ 
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ʩʦʭʨʘʥʝʥʠʷ ʭʚʘʪʠʪ ʠ ʦʜʥʦʡ ʥʠʪʠ. ʂʦʥʝʯʥʦ, ʤʳ ʤʦʛʣʠ ʙʳ ʚʳʧʦʣʥʠʪʴ ʵʪʫ 

ʦʧʝʨʘʮʠʶ ʚ ʢʘʞʜʦʡ ʥʠʪʠ, ʠ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʣʘ ʙʳ ʧʨʘʚʠʣʴʥʦ, ʥʦ ʵʪʦ ʣʠʰʴ 

ʩʦʟʜʘʝʪ ʥʝʥʫʞʥʳʡ ʪʨʘʬʠʢ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʤʳ 

ʚʳʙʨʘʣʠ ʥʠʪʴ ʩ ʠʥʜʝʢʩʦʤ 0, ʭʦʪʷ ʤʦʛʣʠ ʙʳ ʚʟʷʪʴ ʣʶʙʫʶ ʜʨʫʛʫʶ. ʅʘʢʦʥʝʮ, 

ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʙʣʦʢ ʟʘʧʠʩʳʚʘʝʪ ʨʦʚʥʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʚ ʛʣʦʙʘʣʴʥʳʡ ʤʘʩʩʠʚ 

ʩ[], ʥʠʯʪʦ ʥʝ ʤʝʰʘʝʪ ʟʘʧʠʩʘʪʴ ʝʛʦ ʚ ʵʣʝʤʝʥʪ ʩ ʠʥʜʝʢʩʦʤ blockldx. 

ʊʝʧʝʨʴ ʫ ʥʘʩ ʠʤʝʝʪʩʷ ʤʘʩʩʠʚ ʩ[], ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʯʘʩʪʠʯʥʘʷ ʩʫʤʤʘ, ʚʳʯʠʩʣʝʥʥʘʷ ʦʜʥʠʤ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʅʘ ʧʦʩʣʝʜʥʝʤ 

ʰʘʛʝ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʳ ʜʦʣʞʥʳ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʵʪʠ 

ʵʣʝʤʝʥʪʳ. ʅʦ ʭʦʪʷ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʱʝ ʥʝ ʚʳʯʠʩʣʝʥʦ ʜʦ ʢʦʥʮʘ, ʤʳ ʚ 

ʵʪʦʪ ʤʦʤʝʥʪ ʚʳʭʦʜʠʤ ʠʟ ʷʜʨʘ ʠ ʚʦʟʚʨʘʱʘʝʤ ʫʧʨʘʚʣʝʥʠʝ CPU. ʇʦʯʝʤʫ ʞʝ ʤʳ 

ʪʘʢ ʧʦʩʪʫʧʘʝʤ? 

ɺʳʰʝ ʤʳ ʩʢʘʟʘʣʠ, ʯʪʦ ʦʧʝʨʘʮʠʷ, ʧʦʜʦʙʥʘʷ ʩʢʘʣʷʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ, 

ʥʘʟʳʚʘʝʪʩʷ ʨʝʜʫʢʮʠʝʡ. ʉʤʳʩʣ ʥʘʟʚʘʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ 

ʤʝʥʴʰʝ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ, ʯʝʤ ʥʘ ʚʭʦʜʝ. ɺ ʩʣʫʯʘʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ ʨʦʚʥʦ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʤʝʨʘ ʚʭʦʜʥʳʭ 

ʚʝʢʪʦʨʦʚ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʘʩʩʠʚʥʦ-ʧʘʨʘʣʣʝʣʴʥʘʷ ʤʘʰʠʥʘ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ 

GPU, ʙʫʜʝʪ ʧʨʦʩʪʦ ʚʧʫʩʪʫʶ ʪʨʘʪʠʪʴ ʨʝʩʫʨʩʳ, ʚʳʧʦʣʥʷʷ ʧʦʩʣʝʜʥʠʡ ʰʘʛ 

ʨʝʜʫʢʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʨʘʟʤʝʨ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʩʣʠʰʢʦʤ ʤʘʣ; 

ʪʨʫʜʥʦʚʘʪʦ ʟʘʥʷʪʴ 480 ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʣʦʞʝʥʠʝʤ 32 ʯʠʩʝʣ! 

ʇʦʵʪʦʤʫ ʤʳ ʚʦʟʚʨʘʱʘʝʤ ʫʧʨʘʚʣʝʥʠʝ CPU, ʦʩʪʘʚʣʷʷ ʝʤʫ ʧʦʩʣʝʜʥʠʡ ʰʘʛ 

ʚʳâʯʠʩʣʝʥʠʷ - ʩʫʤʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʩ[]. ɺ ʙʦʣʝʝ ʩʝʨʴʝʟʥʦʤ 

ʧʨʠʣʦʞʝâʥʠʠ GPU ʤʦʛ ʙʳ ʥʘʯʘʪʴ ʚʳʯʠʩʣʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ ʟʘʥʷʪʴʩʷ ʝʱʝ ʯʝʤ-ʥʠʙʫʜʴ ʧʦʣʝʟʥʳʤ. ʅʦ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ 

ʨʘʙʦʪʘ GPU ʟʘʢʦʥʯʝʥʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʤʳ ʥʘʨʫʰʠʣʠ ʪʨʘʜʠʮʠʶ ʠ ʩʨʘʟʫ 

ʧʝʨʝʰʣʠ ʢ ʷʜʨʫ. ʅʘʜʝʝʤʩʷ, ʯʪʦ ʫ ʚʘʩ ʥʝ ʚʦʟʥʠʢʣʦ ʪʨʫʜʥʦʩʪʝʡ ʩ ʧʦʥʠʤʘʥʠʝʤ 

ʪʦʡ ʯʘʩʪʠ ʪʝʣʘ main(), ʢʦʪʦʨʘʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʚʳʟʦʚʫ ʷʜʨʘ, ʚʝʜʴ ʦʥʘ ʪʘʢ ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ʤʳ ʚʠʜʝʣʠ ʨʘʥʴʰʝ. 
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ʈʠʩʫʥʦʢ 4.12 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ main() 

 

ʂʨʘʪʢʦ ʦʧʠhʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʵʪʦʤ ʢʦʜʝ: 

1. ɺʳʜʝʣʠʪʴ ʧʘʤʷʪʴ CPU ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʘʩʩʠʚʦʚ ï ʜʚʫʭ ʚʭʦʜʥʳʭ ʠ 

ʦʜʥʦʛʦ ʚʳʭʦʜʥʦʛʦ. 

2. ɿʘʧʦʣʥʠʪʴ ʚʭʦʜʥʳʝ ʤʘʩʩʠʚʳ a[] ʠ b[], ʟʘʪʝʤ ʩʢʦʧʠʨʦʚʘʪʴ ʠʭ ʚ ʧʘʤʷʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cudaMemcpy(). 
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3. ɺʳʟʚʘʪʴ ʷʜʨʦ, ʚʳʯʠʩʣʷʶʱʝʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʟʘʜʘʚ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʙʣʦʢʝ ʠ ʙʣʦʢʦʚ ʚ ʩʝʪʢʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʢʦʜʘ ʫʞʝ ʩʪʘʣʘ ʦʙʱʠʤ ʤʝʩʪʦʤ, 

ʤʳ ʚʩʝ ʞʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʯʠʩʣʘ ʟʘʧʫʩʢʘʝʤʳʭ ʙʣʦʢʦʚ. ʄʳ 

ʛʦʚʦʨʠʣʠ ʦ ʪʦʤ, ʯʪʦ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʨʝʜʫʢʮʠʠ ʠ ʯʪʦ 

ʢʘʞʜʳʡ ʟʘʧʫʱʝʥʥʳʡ ʙʣʦʢ ʚʳʯʠʩʣʷʝʪ ʯʘʩʪʠʯʥʫʶ ʩʫʤʤʫ. ɼʣʠʥʘ ʩʧʠʩʢʘ 

ʯʘʩʪʠʯʥʳʭ ʩʫʤʤ ʜʦʣʞʥʘ ʙʳʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʯʪʦʙʳ ʥʝ 

ʧʝʨʝʛʨʫʞʘʪʴ CPU, ʘ ʩ ʜʨʫʛʦʡ ï ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ, ʯʪʦʙʳ ʟʘʥʷʪʴ ʨʘʙʦʪʦʡ ʜʘʞʝ 

ʩʘʤʳʡ ʙʳʩʪʨʳʡ GPU. ʄʳ ʚʳʙʨʘʣʠ 32 ʙʣʦʢʘ, ʭʦʪʷ ʵʪʦ ʪʦʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʠ 

ʜʨʫʛʦʤ ʚʳʙʦʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʢʘʢ ʧʦʚʳʩʠʪʴʩʷ, ʪʘʢ ʠ ʩʥʠʟʠʪʴʩʷ - ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ CPU ʠ GPU. 

ʅʦ ʯʪʦ, ʝʩʣʠ ʚʭʦʜʥʦʡ ʩʧʠʩʦʢ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʠ 32 ʙʣʦʢʘ ʧʦ 256 ʥʠʪʝʡ ʚ 

ʢʘʞʜʦʤ ï ʩʣʠʰʢʦʤ ʤʥʦʛʦ? ɽʩʣʠ ʠʤʝʝʪʩʷ N ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ, ʪʦ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʥʘʜʦʙʠʪʩʷ ʪʦʣʴʢʦ N ʥʠʪʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʳ ʜʦʣʞʥʳ ʚʳʙʨʘʪʴ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ, ʢʨʘʪʥʦʝ threadsPerBlock, 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ N. ʉ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʝʡ ʤʳ ʫʞʝ 

ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʠ ʩʣʦʞʝʥʠʠ ʚʝʢʪʦʨʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (N+(threadsPerBlock-1)) / threadsPerBlock. ʕʪʦ ʚʝʩʴʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ 

ʟʘʧʦʤʥʠʪʴ ʝʛʦ, ʜʘʞʝ ʝʩʣʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʚʳ ʧʠʰʝʪʝ ʧʨʦʛʨʘʤʤʳ, ʥʝ 

ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʢ CUDA ʉ. 

ʀʪʘʢ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʫʩʢʘʝʤʳʭ ʙʣʦʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʤʠʥʠʤʫʤʫ ʠʟ 

ʜʚʫʭ ʯʠʩʝʣ: 32 ʠ (N+(threadsPerBlock-1)) / threadsPerBlock. 

 

ʊʝʧʝʨʴ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʥʷʪʥʦ, ʦʪʢʫʜʘ ʚʟʷʣʩʷ ʢʦʜ ʚ ʬʫʥʢʮʠʠ nain(). ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʷʜʨʘ ʥʘʤ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʯʘʩʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʦ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʧʠʨʦʚʘʪʴ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʘʤʷʪʴ CPU. ʏʪʦ ʤʳ ʠ 

ʜʝʣʘʝʤ. 
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ʈʠʩʫʥʦʢ 4.13 ï ʂʦʧʠʨʦʚʘʥʠʝ ʩ GPU ʥʘ CPU 

 

ʀ ʥʘʢʦʥʝʮ, ʤʳ ʧʨʦʚʝʨʷʝʤ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʩʚʦʙʦʞʜʘʝʤ 

ʧʘʤʷʪʴ, ʚr ʜʝʣʝʥʥʫʶ ʥʘ GPU ʠ CPU. ʇʨʦʚʝʨʠʪʴ ʨʝʟʫʣʴʪʘʪ ʧʨʦʩʪʦ, ʧʦʪʦʤʫ ʯʪʦ 

ʤʳ ʟʘʧʦʣʥʠʣʠ ʚʭʦʜʥʳʝ ʤʘʩʩʠʚʳ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ɽʩʣʠ 

ʧʦʤʥʠʪʝ, ʚ ʤʘʩʩʠʚ ʘ[] ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʮʝʣʳʝ ʯʠʩʣʘ ʦʪ 0 ʜʦ 

N-1 and b[ ] ï ʵʪʦ ʧʨʦʩʪʦ 2*a[ ]. 

 

ʅʘʰʝ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʚʥʦ ʫʜʚʦʝʥʥʦʡ ʩʫʤʤʝ ʢʚʘʜʨʘʪʦʚ ʮʝʣʳʭ 

ʯʠʩʝʣ ʦʪ 0 ʜʦ N-1. ʇʨʠʚʝʜʝʤ ʛʦʪʦʚʫʶ ʬʦʨʤʫʣʫ, ʠ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʪʝʣʘ 

main(): 

 
ʈʠʩʫʥʦʢ 4.14 ï ʆʩʚʦʙʦʞʜʝʥʠʝ ʧʘʤʷʪʠ 
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4.3 ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ 

 

4.3.1 ʆʩʥʦʚʳ ʨʘʙʦʪʳ ʩ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʴʶ 

ɺʳʰʝ ʤʳ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ GPU ʦʙʣʘʜʘʶʪ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʀʤʝʥʥʦ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʥʘʜ CPU ʚ ʧʣʘʥʝ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʠʚʣʝʢʣʦ ʠʥʪʝʨʝʩ ʢ 

GPU ʢʘʢ ʢ ʩʨʝʜʩʪʚʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʩʦʪʝʥ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʫʟʢʠʤ ʤʝʩʪʦʤ GPU ʯʘʩʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʩ ʧʘʤʷʪʴʶ. ɺ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ ʪʘʢ ʤʥʦʛʦ ɸʃʋ, ʯʪʦ ʠʥʦʛʜʘ ʤʳ ʧʨʦʩʪʦ ʥʝ ʫʩʧʝʚʘʝʤ 

ʧʦʜʘʚʘʪʴ ʠʤ ʜʘʥʥʳʝ ʚ ʪʝʤʧʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʦʪʨʝʪʴ ʩʨʝʜʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ 

ʠ ʧʘʤʷʪʴʶ. 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʚʠʜʝʣʠ ʧʨʦʛʨʘʤʤʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʣʦʙʘʣʴʥʘʷ 

ʠ ʨʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ. ʅʦ ʷʟʳʢ CUDA ʉ ʧʦʜʜʝʨʞʠʚʘʝʪ ʝʱʝ ʦʜʠʥ ʚʠʜ ʧʘʤʷʪʠ ï 

ʢʦʥʩʪʘʥʪʥʫʶ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʩʘʤʦʛʦ ʥʘʟʚʘʥʠʷ, ʢʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ʩʣʫʞʠʪ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʥʝʥʠʷ ʷʜʨʘ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ NVIDIA  ʧʨʝʜʦʩʪʘʚʣʷʝʪ 64 ʂʙ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ, ʨʘʙʦʪʘ ʩ 

ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʦʚʘʥʘ ʠʥʘʯʝ, ʯʝʤ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʴʶ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʚʤʝʩʪʦ ʛʣʦʙʘʣʴʥʦʡ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʨʘʬʠʢ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʠ ʧʨʦʮʝʩʩʦʨʦʤ. 

 

4.3.2 ʆʩʥʦʚʳ ʤʝʪʦʜʘ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʩʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ. ʅʦ ʩʥʘʯʘʣʘ ʨʘʩʩʢʘʞʝʤ 

ʦʙ ʦʩʥʦʚʘʭ ʵʪʦʛʦ ʤʝʪʦʜʘ.  

ʀʜʝʷ ʧʨʦʩʪʘ. ɺʳʙʠʨʘʝʤ ʥʘ ʩʮʝʥʝ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʝʤ 

ʚʦʦʙʨʘʞʘʝʤʫʶ ʢʘʤʝʨʫ. ɺ ʵʪʦʡ ʫʧʨʦʱʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʝ ʠʤʝʝʪʩʷ ʜʘʪʯʠʢ 

ʩʚʝʪʘ, ʧʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʤʳ ʜʦʣʞʥʳ ʨʝʰʠʪʴ, ʢʘʢʦʡ ʩʚʝʪ 
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ʧʦʧʘʜʘʝʪ ʚ ʵʪʦʪ ʜʘʪʯʠʢ. ʂʘʞʜʳʡ ʧʠʢʩʝʣʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʙʫʜʝʪ 

ʠʤʝʪʴ ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ ʣʫʯʘ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʜʘʪʯʠʢ ʚ ʢʘʤʝʨʝ. 

ʇʦʩʢʦʣʴʢʫ ʩʚʝʪ, ʧʘʜʘʶʱʠʡ ʥʘ ʪʦʯʢʫ ʜʘʪʯʠʢʘ, ʤʦʞʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʣʶʙʦʛʦ 

ʤʝʩʪʘ ʥʘ ʩʮʝʥʝ, ʧʨʦʱʝ ʨʝʰʘʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʊʦ ʝʩʪʴ, ʚʤʝʩʪʦ ʪʦʛʦ 

ʯʪʦʙʳ ʧʳʪʘʪʴʩʷ ʧʦʥʷʪʴ, ʢʘʢʦʡ ʣʫʯ ʦʩʚʝʱʘʝʪ ʜʘʥʥʳʡ ʧʠʢʩʝʣʴ, ʤʳ ʧʨʦʚʝʜʝʤ 

ʚʦʦʙʨʘʞʘʝʤʳʡ ʣʫʯ ʠʟ ʧʠʢʩʝʣʷ ʥʘ ʩʮʝʥʫ. ʊʦʛʜʘ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʠʛʨʘʝʪ ʨʦʣʴ 

ʛʣʘʟʘ, çʩʤʦʪʨʷʱʝʛʦè ʥʘ ʩʮʝʥʫ. ʅʘ ʨʠʩ. 4.15 ʧʦʢʘʟʘʥʳ ʣʫʯʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ 

ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ. 

 
ʈʠʩʫʥʦʢ 4.15 ï ʉʭʝʤʘ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ, ʢʘʢʦʡ ʮʚʝʪ çʚʠʜʠʪè ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ, ʤʳ ʧʨʦʚʦʜʠʤ 

ʣʫʯ ʠʟ ʵʪʦʛʦ ʧʠʢʩʝʣʷ ʯʝʨʝʟ ʩʮʝʥʫ, ʧʦʢʘ ʥʝ ʫʧʨʝʤʩʷ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʦʙʲʝʢʪ. 

ʊʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ, ʯʪʦ ʧʠʢʩʝʣʴ ʚʠʜʠʪ ʵʪʦʪ ʦʙʲʝʢʪ, ʠ ʤʦʞʝʤ ʥʘʟʥʘʯʠʪʴ ʝʤʫ 

ʮʚʝʪ, ʠʩʭʦʜʷ ʠʟ ʮʚʝʪʘ ʦʙʲʝʢʪʘ. ɺʳʯʠʩʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʨʘʩʩʠʨʦʚʢʠ 

ʣʫʯʘ, ʚ ʦʩʥʦʚʥʦʤ ʩʚʦʜʷʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʧʝʨʝʩʝʯʝʥʠʡ ʵʪʦʛʦ ʣʫʯʘ ʩ ʦʙʲʝʢʪʘʤʠ 

ʥʘ ʩʮʝʥʝ. 

ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʷʭ ʪʨʘʩʩʠʨʦʚʢʠ ʙʣʝʩʪʷʱʠʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ 

ʦʪʨʘʞʘʪʴ, ʘ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ï ʧʨʝʣʦʤʣʷʪʴ ʣʫʯʠ ʩʚʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʣʫʯʠ, ʪʨʝʪʠʯʥʳʝ ʣʫʯʠ ʠ ʪ. ʜ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʦʜʥʘ ʠʟ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʘ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ ʢʘʢ ʨʘʟ ʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʦʯʝʥʴ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʘʟʦʚʫʶ ʩʭʝʤʫ, ʘ ʟʘʪʝʤ ʚʢʣʶʯʘʪʴ ʚ 
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ʘʣʛʦʨʠʪʤ ʪʨʘʩʩʠʨʦʚʢʠ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʞʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

4.3.3 ʊʨʘʩʩʠʨʦʚʢʘ ʣʫʯʝʡ ʥʘ GPU 

ʇʦʩʢʦʣʴʢʫ API ʪʠʧʘ OpenGL ʠ DirectX ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ, ʪʦ ʤʳ ʨʝʘʣʠʟʫʝʤ ʧʨʦʩʪʝʡʰʠʡ ʪʨʘʩʩʠʨʦʚʱʠʢ ʮʝʣʠʢʦʤ ʥʘ 

CUDA ʉ. ʄʳ ʥʝ ʙʫʜʝʤ ʥʠʯʝʛʦ ʫʩʣʦʞʥʷʪʴ, ʘ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʚʦʧʨʦʩʝ ʦ 

ʨʘʙʦʪʝ ʩ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʴʶ, ʧʦʵʪʦʤʫ ʝʩʣʠ ʚʳ ʦʞʠʜʘʝʪʝ ʫʚʠʜʝʪʴ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʥʜʝʨʠʥʛʘ, ʪʦ ʙʫʜʝʪʝ 

ʨʘʟʦʯʘʨʦʚʘʥʳ. ʅʘʰ ʪʨʘʩʩʠʨʦʚʱʠʢ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʦʣʴʢʦ ʩʮʝʥʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʬʝʨ, ʘ ʢʘʤʝʨʘ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʩʠ z ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ 

ʩʪʦʨʦʥʫ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʤ ʦʩʚʝʱʝʥʠʝ 

ʩʮʝʥʳ, ʯʪʦʙʳ ʥʝ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʚʪʦʨʠʯʥʳʤʠ ʣʫʯʘʤʠ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ 

ʚʳʯʠʩʣʷʪʴ ʵʬʬʝʢʪʳ ʦʩʚʝʱʝʥʠʷ, ʤʳ ʥʘʟʥʘʯʠʤ ʢʘʞʜʦʡ ʩʬʝʨʝ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʮʚʝʪ 

ʠ ʙʫʜʝʤ ʚʳʙʠʨʘʪʴ ʝʛʦ ʦʪʪʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ. 

ʊʨʘʩʩʠʨʦʚʱʠʢ ʧʨʦʚʦʜʠʪ ʣʫʯ ʠʟ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠ ʩʤʦʪʨʠʪ, ʢʘʢʠʝ ʩʬʝʨʳ 

ʵʪʦʪ ʣʫʯ ʧʝʨʝʩʝʢʘʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʚʳʯʠʩʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʘʞʜʦʛʦ 

ʧʝʨʝʩʝʯʝʥʠʷ. ɽʩʣʠ ʣʫʯ ʧʝʨʝʩʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʬʝʨ, ʪʦ ʚʠʜʠʤʦʡ ʩʯʠʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʙʣʠʞʘʡʰʘʷ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʥʘʰ çʪʨʘʩʩʠʨʦʚʱʠʢ ʣʫʯʝʡè ʚʩʝʛʦ ʣʠʰʴ 

ʩʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʢʘʤʝʨʘ ʥʝ ʚʠʜʠʪ. 

ʉʬʝʨʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʝʝ 

ʮʝʥʪʨ (ʭ, ʫ, z), ʨʘʜʠʫʩ ʠ ʮʚʝʪ (r, g, b). 
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ʈʠʩʫʥʦʢ 4.16 ï ɿʘʜʘʥʠʝ ʩʬʝʨʳ 

 

ɺ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ ʪʘʢʞʝ ʤʝʪʦʜ hit(float ox, float oy, float *n). ʆʥ 

ʦʧʨʝʜʝʣʷʝʪ, ʧʝʨʝʩʝʢʘʝʪ ʣʠ ʜʘʥʥʫʶ ʩʬʝʨʫ ʣʫʯ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʧʠʢʩʝʣʷ (ʦʭ, ʦʫ). 

ɽʩʣʠ ʜʘ, ʪʦ ʤʝʪʦʜ ʚʳʯʠʩʣʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʤʝʨʳ ʜʦ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ. ʕʪʦ 

ʥʫʞʥʦ ʟʥʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʙʣʠʞʘʡʰʫʶ ʩʬʝʨʫ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʣʫʯ 

ʧʝʨʝʩʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʬʝʨ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʘ ʩʬʝʨʘ ʙʫʜʝʪ ʚʠʜʥʘ. 

ʌʫʥʢʮʠʷ main() ʫʩʪʨʦʝʥʘ ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʨʠʤʝʨʘʭ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

 



123 

 
ʈʠʩʫʥʦʢ 4.17 ï ʌʫʥʢʮʠʷ main() ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

 

ʄʳ ʚʳʜʝʣʷʝʤ ʧʘʤʷʪʴ ʜʣʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ - ʤʘʩʩʠʚʘ ʩʬʝʨ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʮʝʥʫ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʜʘʥʥʳʝ ʥʫʞʥʳ GPU, ʥʦ ʛʝʥʝʨʠʨʫʶʪʩʷ 

CPU, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʧʘʤʷʪʴ ʠ ʥʘ GPU, ʠ ʥʘ CPU, ʦʙʨʘʪʠʚʰʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ cudaMalloc() ʠ malloc(). ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʚʳʜʝʣʷʝʤ ʧʘʤʷʪʴ ʜʣʷ 

ʨʘʩʪʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʟʘʧʦʣʥʷʪʴ ʜʘʥʥʳʤʠ ʦ ʧʠʢʩʝʣʷʭ ʧʦ 

ʤʝʨʝ ʪʨʘʩʩʠʨʦʚʢʠ ʩʬʝʨ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʧʘʤʷʪʴ ʚʳʜʝʣʝʥʘ, ʤʳ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʛʝʥʝʨʠʨʫʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ, ʮʚʝʪʘ ʠ ʨʘʜʠʫʩʳ ʩʬʝʨ: 

 
ʈʠʩʫʥʦʢ 4.18 ï ɺʳʜʝʣʝʥʠʝ ʠ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ 

 

ʉʝʡʯʘʩ ʧʨʦʛʨʘʤʤʘ ʛʝʥʝʨʠʨʫʝʪ ʤʘʩʩʠʚ ʠʟ 20 ʩʣʫʯʘʡʥʳʭ ʩʬʝʨ, ʥʦ ʵʪʘ 

ʢʦʥʩʪʘʥʪʘ ʟʘʜʘʥʘ ʚ ʜʠʨʝʢʪʠʚʝ #define ʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʟʤʝʥʝʥʘ. ɿʘʪʝʤ 
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ʤʘʩʩʠʚ ʩʬʝʨ ʢʦʧʠʨʫʝʪʩʷ ʚ ʧʘʤʷʪʴ GPU ʩ ʧʦʤʦʱʴʶ cudaMemcpy(), ʧʦʩʣʝ ʯʝʛʦ 

ʚʨʝʤʝʥʥʳʡ ʙʫʬʝʨ ʦʩʚʦʙʦʞʜʘʝʪʩʷ. 

 

ʊʝʧʝʨʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʤʷʪʠ GPU, ʧʘʤʷʪʴ ʜʣʷ ʚʳʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʚʳʜʝʣʝʥʘ, ʠ ʤʳ ʤʦʞʝʤ ʟʘʧʫʩʢʘʪʴ ʷʜʨʦ. 

 

ʉʘʤʦ ʷʜʨʦ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʯʫʪʴ ʧʦʟʞʝ, ʘ ʧʦʢʘ ʧʨʠʤʠʪʝ ʥʘ ʚʝʨʫ, ʯʪʦ ʦʥʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʨʘʩʩʠʨʫʝʪ ʩʮʝʥʫ ʠ ʛʝʥʝʨʠʨʫʝʪ ʮʚʝʪʘ ʧʠʢʩʝʣʝʡ. ʅʘʧʦʩʣʝʜʦʢ ʤʳ 

ʢʦʧʠʨʫʝʤ ʚʳʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʴ CPU ʠ ʦʪʦʙʨʘʞʘʝʤ ʠʭ. ʀ, ʨʘʟʫʤʝʝʪʩʷ, 

ʦʩʚʦʙʦʞʜʘʝʤ ʚʩʶ ʚʳʜʝʣʝʥʥʫʶ ʧʘʤʷʪʴ. 

 
ʈʠʩʫʥʦʢ 4.19 ï ʂʦʧʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ GPU 

 

ɺʩʝ ʵʪʦ ʚʘʤ ʫʞʝ ʧʨʠʚʳʯʥʦ ʠ ʟʥʘʢʦʤʦ. ʆʜʥʘʢʦ ʢʘʢ ʚʩʝ-ʪʘʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʪʨʘʩʩʠʨʦʚʢʘ ʣʫʯʘ? ʇʦʩʢʦʣʴʢʫ ʤʳ ʚʳʙʨʘʣʠ ʦʯʝʥʴ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʪʨʘʩʩʠʨʦʚʢʠ, 

ʪʦ ʚ ʢʦʜʝ ʷʜʨʘ ʨʘʟʦʙʨʘʪʴʩʷ ʩʦʚʩʝʤ ʥʝʩʣʦʞʥʦ. ʂʘʞʜʘʷ ʥʠʪʴ ʛʝʥʝʨʠʨʫʝʪ ʦʜʠʥ 

ʧʠʢʩʝʣʴ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʳ, ʢʘʢ ʦʙʳʯʥʦ, ʥʘʯʠʥʘʝʤ ʩ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (ʭ,ʫ) ʧʠʢʩʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʠʪʠ, ʠ ʝʛʦ ʩʤʝʱʝʥʠʷ 
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ʦʪ ʥʘʯʘʣʘ ʙʫʬʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʩʜʚʠʛʘʝʤ ʪʦʯʢʫ (ʭ, ʫ) ʥʘ DIM/2, ʯʪʦʙʳ ʦʩʴ z 

ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʮʝʥʪʨ ʠʟʦʙʨʘʞʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 4.20 ï ʆʪʦʙʨʘʞʝʥʠʝ bitmap 

 

ʊʘʢ ʢʘʢ ʜʣʷ ʢʘʞʜʦʛʦ ʣʫʯʘ ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʩʦ ʚʩʝʤʠ 

ʩʬʝʨʘʤʠ, ʪʦ ʤʳ ʦʙʭʦʜʠʤ ʤʘʩʩʠʚ ʩʬʝʨ ʠ ʧʨʦʠʟʚʦʜʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 4.21 ï Intersection checking 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʘʤʳʝ ʠʥʪʝʨʝʩʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʮʠʢʣʘ 

for. ʄʳ ʧʝʨʝʙʠʨʘʝʤ ʚʩʝ ʩʬʝʨʳ ʠ ʜʣʷ ʢʘʞʜʦʡ ʚʳʟʳʚʘʝʤ ʤʝʪʦʜ hit(), ʯʪʦʙʳ 

ʫʟʥʘʪʴ, çʚʠʜʠʪè ʣʠ ʣʫʯ ʵʪʫ ʩʬʝʨʫ. ɽʩʣʠ ʜʘ, ʪʦ ʤʳ ʩʤʦʪʨʠʤ, ʨʘʩʧʦʣʦʞʝʥʘ ʣʠ 

ʜʘʥʥʘʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʙʣʠʞʝ ʢ ʢʘʤʝʨʝ, ʯʝʤ ʧʦʩʣʝʜʥʷʷ ʫʚʠʜʝʥʥʘʷ. ɽʩʣʠ ʜʘ, 

ʪʦ ʤʳ ʟʘʧʦʤʠʥʘâʝʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʦʚʦʡ ʙʣʠʞʘʡʰʝʡ ʩʬʝʨʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʘʧʦʤʠʥʘʝʪʩʷ ʮʚʝʪ ʵʪʦʡ ʩʬʝʨʳ, ʯʪʦʙʳ ʧʦ ʚʳʭʦʜʝ ʠʟ ʮʠʢʣʘ ʥʠʪʴ ʟʥʘʣʘ ʮʚʝʪ 

ʩʬʝʨʳ, ʙʣʠʞʘʡʰʝʡ ʢ ʢʘʤʝʨʝ. ʇʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʦʪ ʮʚʝʪ çʚʠʜʠʪè ʣʫʯ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʥʘʰʝʛʦ ʧʠʢʩʝʣʷ, ʤʳ ʩʯʠʪʘʝʤ ʝʛʦ ʮʚʝʪʦʤ ʩʘʤʦʛʦ ʧʠʢʩʝʣʷ ʠ 

ʩʦʭʨʘʥʷʝʤ ʟʥʘʯʝʥʠʝ ʚ ʙʫʬʝʨʝ ʨʝʟʫʣʴʪʠʨʫʶâʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʩʦ ʚʩʝʤʠ ʩʬʝʨʘʤʠ ʧʨʦʚʝʨʝʥʦ, ʤʳ ʤʦʞʝʤ 

ʟʘʧʠʩʘʪʴ ʪʝʢʫʱʠʡ ʮʚʝʪ ʚ ʚʳʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʣʫʯ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʥʠ ʦʜʥʫ ʩʬʝʨʫ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʘ 

ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʛ, b ʠ ʜ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ 

ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʣʠ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʥʫʣʷʤʠ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʠʪʩʷ ʯʝʨʥʳʡ ʬʦʥ. 

ɽʩʣʠ ʭʦʪʠʪʝ, ʯʪʦʙʳ ʬʦʥ ʙʳʣ ʜʨʫʛʦʛʦ ʮʚʝʪʘ, ʠʟʤʝʥʠʪʝ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘ 

ʨʠʩ. 4.22 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʢʘʨʪʠʥʢʠ, ʧʦʣʫʯʘʶʱʝʡʩʷ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 20 ʩʬʝʨ 

ʥʘ ʯʝʨʥʦʤ ʬʦʥʝ. 

 
ʈʠʩʫʥʦʢ 4.22 ï ʈʝʟʫʣʴʪʘʪ ʚʠʟʫʘʣʠʟʘʮʠʠ 

 

ʄʳ ʛʝʥʝʨʠʨʦʚʘʣʠ ʧʦʟʠʮʠʠ, ʮʚʝʪʘ ʠ ʨʘʜʠʫʩʳ ʩʬʝʨ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, 

ʪʘʢ ʯʪʦ ʥʝ ʚʧʘʜʘʡʪʝ ʚ ʧʘʥʠʢʫ, ʝʩʣʠ ʫ ʚʘʩ ʧʦʣʫʯʠʪʩʷ ʜʨʫʛʘʷ ʢʘʨʪʠʥʢʘ. 

 

4.3.4 ʊʨʘʩʩʠʨʦʚʢʘ ʣʫʯʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ 

ɺʳ, ʢʦʥʝʯʥʦ, ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ 

ʢʦʥʩʪʘʥʪʥʘʷ ʧʘâʤʷʪʴ ʥʠʛʜʝ ʥʝ ʫʧʦʤʠʥʘʣʘʩʴ. ʊʝʧʝʨʴ ʫʣʫʯʰʠʤ ʧʨʦʛʨʘʤʤʫ, 
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ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʨʝâʠʤʫʱʝʩʪʚʘʤʠ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ ʥʝʣʴʟʷ ʤʦʜʠâʬʠʮʠʨʦʚʘʪʴ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʥʝʯʥʦ, ʥʝʚʦʟʤʦʞʥʦ. ɸ ʢʦʣʴ ʩʢʦʨʦ ʚ ʵʪʦʤ 

ʧʨʠʤʝʨʝ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʤʘʩʩʠʚ ʩʬʝʨ, ʪʦ ʩʦʤʥʝʥʠʡ ʚ ʪʦʤ, 

ʯʪʦ ʠʤʝʥʥʦ ʧʦʤʝʩʪʠʪʴ ʚ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ, ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ɼʣʷ ʦʙʲʷʚʣʝʥʠʷ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʦʡ ʞʝ ʤʝʭʘʥʠʟʤ, 

ʢʘʢ ʜʣʷ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ. ʄʳ ʧʨʦʩʪʦ ʜʦʙʘʚʣʷʝʤ ʚ ʥʘʯʘʣʦ ʦʙʲʷʚʣʝʥʠʷ: 

Sphere *s; 

ʤʦʜʠʬʠʢʘʪʦʨ __constant__ ʧʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ: 

__constant__ Sphere s[SPHERES]; 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʚʝʨʩʠʠ ʧʨʠʤʝʨʘ ʤʳ ʦʙʲʷʚʠʣʠ ʫʢʘʟʘʪʝʣʴ, ʘ ʟʘʪʝʤ 

ʩ ʧʦʤʦʱʴʶ cudaMalloc() ʚʳʜʝʣʠʣʠ ʜʣʷ ʥʝʛʦ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ GPU. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ ʤʳ ʠʟʤʝʥʠʣʠ ʦʙʲʷʚʣʝʥʠʝ ʪʘʢ, ʯʪʦ ʧʘʤʷʪʴ 

ʚʳʜʝʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠ. ʊʝʧʝʨʴ ʚʳʟʳʚʘʪʴ cudaMalloc() ʠ cudaFree() ʜʣʷ 

ʤʘʩʩʠʚʘ ʩʬʝʨ ʥʝ ʥʫʞʥʦ, ʟʘʪʦ ʨʘʟʤʝʨ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʚʝʩʪʝʥ ʥʘ 

ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ. ɺʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʵʪʦ ʧʨʠʝʤʣʝʤʘʷ ʧʣʘʪʘ ʟʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ. ʅʦ ʧʨʝʞʜʝ ʯʝʤ ʛʦʚʦʨʠʪʴ ʦ 

ʜʦʩʪʠʛʥʫʪʦʤ ʚʳʠʛʨʳʰʝ, ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʠʣʘʩʴ ʥʘʰʘ ʬʫʥʢʮʠʷ main(): 

 



128 

 

 
ʈʠʩʫʥʦʢ 4.23 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ main() 

 

ʀʟʤʝʥʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʝʡ main(), ʥʝʤʥʦʛʦ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʪʝʧʝʨʴ ʥʝʪ ʥʫʞʜʳ ʚʳʟʳʚʘʪʴ cudaMalloc() ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ ʧʦʜ ʤʘʩʩʠʚ ʩʬʝʨ. ɺʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʜʝʣʝʥʘ ʧʦʣʫʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ: 

 

ʕʪʦʪ ʩʧʝʮʠʘʣʴʥʳʡ ʚʘʨʠʘʥʪ cudaMemcpyO ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʢʦʧʠʨʦʚʘʥʠʠ ʠʟ ʧʘʤʷʪʠ CPU ʚ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ GPU. ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ cudaMemcpyToSymbol() ʠ cudaMemcpyO ʩ ʧʘʨʘʤʝʪʨʦʤ 

cudaMemcpyHostToDevice ʟʘâʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ cudaMemcpyToSymbolO 

ʢʦʧʠʨʫʝʪ ʚ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ, a cudaMemcpy() ï ʚ ʛʣʦʙʘʣʴʥʫʶ. 
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ɽʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʤʦʜʠʬʠʢʘʪʦʨʘ __constant__ ʠ ʜʚʫʭ ʠʟʤʝʥʝʥʠʡ main(), ʪʦ 

ʚʝʨʩʠʠ ʩ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʴʶ ʠ ʙʝʟ ʥʝʝ ʠʜʝʥʪʠʯʥʳ. 

 

4.3.5 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ 

ɺʢʣʶʯʠʚ ʚ ʦʙʲʷʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨ __constant__, ʤʳ ʟʘʧʨʝʱʘʝʤ 

ʚʩʷʢʫʶ ʟʘʧʠʩʴ ʚ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ. ʅʦ ʚ ʦʙʤʝʥ ʥʘ ʪʘʢʦʝ ʩʘʤʦʦʛʨʘʥʠʯʝʥʠʝ ʤʳ 

ʦʞʠʜʘʝʤ ʯʪʦ-ʪʦ ʧʦʣʫʯʠʪʴ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʯʪʝʥʠʝ ʠʟ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʠ 

ʧʨʦʮʝʩʩʦʨʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʪʝʥʠʝʤ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ. ʊʦʤʫ ʝʩʪʴ ʜʚʝ 

ʧʨʠʯʠʥʳ: 

1. ʆʜʥʦ ʯʪʝʥʠʝ ʠʟ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ (broadcast) 

ʜʨʫâʛʠʤ çʙʣʠʟʢʠʤè ʥʠʪʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʜʦ 15 ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ. 

2. ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ʢʵʰʠʨʫʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ 

ʯʪʝʥʠʷ ʠʟ ʪʦʛʦ ʞʝ ʘʜʨʝʩʘ ʥʝ ʧʦʨʦʞʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʏʪʦ ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ ʩʣʦʚʦʤ ʙʣʠʟʢʠʝ? ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, 

ʥʘʤ ʧʨʠʜʝʪʩʷ ʨʘʩʩʢʘʟʘʪʴ ʦ ʧʦʥʷʪʠʠ ʚapna (warp). ɼʣʷ ʪʝʭ ʯʠʪʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʣʫʯʰʝ ʟʥʘʢʦʤʳ ʩ ʬʠʣʴʤʦʤ çʉʪʘʨ ʪʨʝʢè, ʯʝʤ ʩ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ, 

ʩʢʘʞʝʤ, ʯʪʦ ʩʣʦʚʦ warp ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʩʤʦʩʝ. ɺ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʪʠʤ 

ʩʣʦʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʛʨʫʧʧʘ ʩʧʨʷʜʝʥʥʳʭ ʚʤʝʩʪʝ ʥʠʪʝʡ (ʦʩʥʦʚʘ), ʠʟ ʢʦʪʦʨʳʭ 

ʪʢʝʪʩʷ ʪʢʘʥʴ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ CUDA ʚʘʨʧʦʤ (ʜʦʩʣʦʚʥʦ ï ʢʘʥʘʪ) ʥʘʟʳʚʘʝʪʩʷ 

ʛʨʫʧʧʘ ʠʟ 32 çʩʧʨʷʜʝʥʥʳʭè ʥʠʪʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʥʷʶʪʩʷ ʩʠʥʭʨʦʥʥʦ. ʂʘʞʜʘʷ 

ʥʠʪʴ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʦʜʥʦʤʫ ʚʘʨʧʫ, ʢ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʩʧʦʣʥʷʝʪ ʦʜʥʫ 

ʠ ʪʫ ʞʝ ʢʦʤʘʥʜʫ ʥʘʜ ʨʘʟʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʠ ʯʪʝʥʠʠ ʠʟ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʦʙʦʨʫʜʦʚʘʥʠʝ NVIDIA  ʤʦʞʝʪ 

ʪʨʘʥʩʣʠʨʦâʚʘʪʴ ʧʨʦʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʮʝʣʳʡ ʧʦʣʫʚʘʨʧ. ʇʦʣʫʚʘʨʧʦʤ 

ʥʘʟʳʚʘʝʪʩʷ ʛʨʫʧʧʘ ʠʟ 16 ʥʠʪʝʡ - ʧʦʣʦʚʠʥʘ 32-ʥʠʪʝʚʦʛʦ ʚʘʨʧʘ. ɽʩʣʠ ʢʘʞʜʘʷ ʥʠʪʴ 

ʚ ʧʦʣʫʚʘʨʧʝ ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʜʨʝʩʘ ʚ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ, ʪʦ GPU ʚʳʜʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʟʘʧʨʦʩ ʥʘ ʯʪʝʥʠʝ, ʘ ʟʘʪʝʤ ʧʝʨʝʜʘʝʪ 
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ʧʨʦʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʢʘʞʜʦʡ ʥʠʪʠ. ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʯʘʩʪʦ ʯʠʪʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ, ʪʦ ʪʨʘʬʠʢ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 16 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʪʝʥʠʝʤ 

ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ (ʧʨʠʤʝʨʥʦ 6%). 

ʅʦ ʵʢʦʥʦʤʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 94%-ʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʪʨʘʬʠʢʘ ʤʝʞʜʫ 

ʧʨʦâʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ! ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʦʦʙʝʱʘʣʠ, ʯʪʦ ʧʘʤʷʪʴ ʥʝ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʢʵʰʠʨʦʚʘʪʴ ʢʦʥʩʪʘʥʪʥʳʝ ʜʘʥʥʳʝ ʚ GPU. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʜʘʥʥʳʝ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʘʜʨʝʩʫ ʚ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ ʦʜʠʥ ʨʘʟ ʧʨʦâʯʠʪʘʥʳ, ʥʠʪʠ ʠʟ ʜʨʫʛʠʭ ʧʦʣʫʚʘʨʧʦʚ, ʯʠʪʘʶʱʠʝ ʪʦʪ ʞʝ 

ʘʜʨʝʩ, ʦʙʥʘʨʫʞʘʪ ʜʘʥʥʳʝ ʚ ʢʵʰʝ, ʧʦʵʪʦʤʫ ʧʦʚʪʦʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʧʘʤʷʪʠ ʥʝ 

ʧʨʦʠʟʦʡʜʝʪ.  

ɺ ʧʨʠʤʝʨʝ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ ʢʘʞʜʘʷ ʟʘʧʫʱʝʥʥʘʷ ʥʠʪʴ ʯʠʪʘʝʪ 

ʧʘʨʘʤʝʪʨʳ ʩʬʝâʨʳ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ, ʧʝʨʝʩʝʢʘʝʪ ʣʠ ʝʝ ʣʫʯ. ʇʦʩʣʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʜʘʥâʥʳʭ ʦ ʩʬʝʨʘʭ ʚ ʢʦʥʩʪʘʥʪʥʫʶ ʧʘʤʷʪʴ ʘʧʧʘʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ 

ʦʪʧʨʘʚʠʪʴ ʣʠʰʴ ʦʜʠʥ ʟʘʧʨʦʩ ʥʘ ʯʪʝʥʠʝ ʠʟ ʧʘʤʷʪʠ. ɿʘʪʝʤ ʜʘʥʥʳʝ ʢʵʰʠʨʫʶʪʩʷ, 

ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʥʠʪʠ ʥʝ ʧʦʨʦʞʜʘʶʪ ʪʨʘʬʠʢʘ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʨʠʯʠʥ: 

1. ʅʠʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ ʞʝ ʧʦʣʫʚʘʨʧʝ ʠ ʫʞʝ ʧʦʣʫʯʠʣʘ ʜʘʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʪʨʘʥʩʣʷʮʠʠ. 

2. ʅʠʪʴ ʥʘʰʣʘ ʜʘʥʥʳʝ ʚ ʢʵʰʝ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʴʶ ʝʩʪʴ ʠ ʥʝʛʘʪʠʚʥʳʡ 

ʵʬʬʝʢʪ. ʊʨʘʥʩʣʷʮʠʷ ʥʘ ʧʦʣʫʚʘʨʧ ï ɻ ʪʦ ʧʘʣʢʘ ʦ ʜʚʫʭ ʢʦʥʮʘʭ. ʆʥʘ ʤʦʞʝʪ ʟʜʦʨʦʚʦ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʝʩʣʠ ʚʩʝ 16 ʥʠʪʝʡ ʯʠʪʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʘʜʨʝʩ. 

ʅʦ ʝʩʣʠ ʥʠʪʠ ʦʙʨʘʱʘʶʪʩʷ ʢ ʨʘʟʥʳʤ ʘʜʨʝʩʘʤ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʝʣʝ çʰʝʚʝʣʠʪʩʷè. 

ʇʣʘʪʦʡ ʟʘ ʪʨʘʥʩʣʷʮʠʶ ʦʜʥʦʡ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʥʘ 16 ʥʠʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ 16 ʥʠʪʝʡ ʤʦʛʫʪ ʧʦʤʝʱʘʪʴ ʥʘ ʰʠʥʫ ʪʦʣʴʢʦ 

ʦʜʠʥ ʟʘʧʨʦʩ ʯʪʝʥʠʷ. ɿʥʘʯʠʪ, ʝʩʣʠ 16 ʥʠʪʷʤ ʚ ʧʦʣʫʚʘʨʧʝ ʥʫʞʥʦ ʧʨʦʯʠʪʘʪʴ 

ʨʘʟʥʳʝ ʜʘʥʥʳʝ ʠʟ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ, ʪʦ ʵʪʠ ʥʠʪʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʯʝʨʝʜʴ, 

ʠ ʥʘ ʦʪʧʨʘʚʢʫ ʟʘʧʨʦʩʘ ʥʘ ʯʪʝʥʠʝ ʫʭʦʜʠʪ ʚ 16 ʨʘʟ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʙʳ ʥʠʪʠ 

ʯʠʪʘʣʠ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʪʦ ʚʩʝ ʟʘʧʨʦʩʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʪʧʨʘʚʠʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʦʧʠʩʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʯʪʝʥʠʝ ʠʟ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʦʢʘʞʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʟ ʛʣʦʙʘʣʴʥʦʡ. 
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4.4 ʀʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

 

ʇʦʥʠʤʘʷ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʢʘʢ ʧʦʟʠʪʠʚʥʳʝ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, 

ʚʳ ʚʩʝ ʞʝ ʨʝʰʘʝʪʝ ʠʟʤʝʥʠʪʴ ʪʨʘʩʩʠʨʦʚʱʠʢ ʣʫʯʝʡ ʠ ʧʝʨʝʡʪʠ ʥʘ ʢʦʥʩʪʘʥʪʥʫʶ 

ʧʘʤʷʪʴ. ʂʘʢ ʫʟʥʘʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʦʰʣʦ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʛʨʘʤʤʳ? ʆʜʥʘ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʤʝʪʨʠʢ ʪʨʝʙʫʝʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: ʢʘʢʘʷ 

ʚʝʨʩʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʙʳʩʪʨʝʝ? ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʡʤʝʨʦʤ CPU 

ʠʣʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʵʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʘʜʝʨʞʢʠ ʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʨʦʜʦʡ ʠʩâʪʦʯʥʠʢʘ (ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ 

ʆʉ, ʜʦʩʪʫʧʥʦʩʪʴ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʘʡʤʝʨʦʚ CPU ʠ ʪ. ʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘ GPU 

ʠʩʧʦʣʥʷʝʪ ʷʜʨʦ, ʥʘ CPU ʤʦʛʫʪ ʘʩʠʥʭʨʦʥʥʦ ʧʨʦâʠʟʚʦʜʠʪʴʩʷ ʜʨʫʛʠʝ 

ʚʳʯʠʩʣʝʥʠʷ. ʀʟʤʝʨʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ CPU ʠʣʠ ʚ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ɸ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʟʘʪʨʘʯʠʚʘʝʪ GPU, ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ API ʩʦ-

ʙʳʪʠʡ CUDA. 

ɺ CUDA ʩʦʙʳʪʠʝʤ (event) ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʤʝʪʢʘ GPU, 

ʟʘʧʦʤʥʝʥʥʘʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ GPU 

ʩʪʘʚʠʪ ʵʪʫ ʤʝʪʢʫ ʩʘʤ, ʪʦ ʤʳ ʦʙʭʦʜʠʤ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʚʨʝʤʝʥʠ GPU ʩ ʧʦʤʦʱʴʶ ʪʘʡʤʝʨʦʚ CPU. API ʥʝʩʣʦʞʝʥ - ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʨʝʤʝʥʥʦʡ ʤʝʪʢʠ ʥʫʞʥʦ ʧʨʦʜʝʣʘʪʴ ʜʚʘ ʰʘʛʘ: ʩʦʟʜʘʪʴ ʩʦʙʳʪʠʝ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʦʙʳʪʠʝ. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʯʘʣʝ ʥʝʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʠʡ ʧʨʦʛʨʘʤʤʳ ʤʳ ʧʨʦʩʠʤ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ ʦʪʤʝʪʠʪʴ ʪʝʢʫʱʝʝ 

ʚʨʝʤʷ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʩʦʟʜʘʝʪʩʷ, ʘ ʧʦʪʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʦʙʳʪʠʝ: 

 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʷ ʥʘʯʘʣʘ ʬʫʥʢʮʠʠ 

cudaEventRecord() ʧʝʨʝʜʘʝʪʩʷ ʚʪʦʨʦʡ ʘʨʛʫʤʝʥʪ. ɺ ʧʨʠʤʝʨʝ ʚʳʰʝ ʦʥ ʨʘʚʝʥ 0. 

ʊʦʯâʥʳʡ ʩʤʳʩʣ ʵʪʦʛʦ ʘʨʛʫʤʝʥʪʘ ʥʘʤ ʩʝʡʯʘʩ ʥʝ ʚʘʞʝʥ, ʧʦʵʪʦʤʫ ʥʝ ʩʪʘʥʝʤ 
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ʨʘʩʢʨʳʚʘʪʴ ʵʪʫ ʪʘʡʥʫ, ʧʦʢʘ ʥʝ ʨʘʟʚʦʨʦʰʠʤ ʩʣʝʜʫʶʱʠʡ ʤʫʨʘʚʝʡʥʠʢ. ɽʩʣʠ ʚʘʩ 

ʪʝʨʟʘʝʪ ʥʝʫʝʤʥʦʝ ʣʶʙʦʧʳʪʩʪʚʦ, ʪʦ ʩʦʦʙʱʠʤ, ʯʪʦ ʚʝʨʥʝʤʩʷ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 

ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʪʦʢʦʚ (stream). 

ʏʪʦʙʳ ʠʟʤʝʨʠʪʴ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʙʣʦʢʘ ʢʦʜʘ, ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʩʦʙʳʪʠʷ 

ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ. ʄʳ ʧʨʦʩʠʤ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ CUDA ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʚʨʝʤʷ ʥʘâʯʘʣʘ, ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʢʘʢʠʝ-ʪʦ ʜʝʡʩʪʚʠʷ ʥʘ GPU, ʘ ʧʦ ʟʘʚʝʨʰʝʥʠʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦâʚʘʪʴ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ: 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʪʘʢʦʤ ʭʨʦʥʦʤʝʪʨʘʞʝ ʢʦʜʘ, ʠʩʧʦʣʥʷʝʤʦʛʦ GPU, ʝʱʝ 

ʦʩʪʘ-; ʝʪʩʷ ʦʜʥʘ ʧʨʦʙʣʝʤʘ. ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʝʝ, ʥʫʞʥʘ ʚʩʝʛʦ ʦʜʥʘ ʩʪʨʦʯʢʘ, ʥʦ 

ʥʝ ʦʙʦʡâʪʠʩʴ ʙʝʟ ʧʦʷʩʥʝʥʠʡ. ʐʪʫʢʘ ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʦʙʨʘʱʝʥʠʷ ʢ 

ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝâʜʝ CUDA ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚʳʧʦʣʥʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʦ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʫʩʢʝ ʷʜʨʘ ʪʨʘʩʩʠʨʦʚʱʠʢʘ ʣʫʯʝʡ GPU ʥʘʯʠʥʘʝʪ ʠʩʧʦʣʥʷʪʴ 

ʥʘʰ ʢʦʜ, ʥʦ CPU ʧʨʦʜʦʣʞʘʝʪ ʚʳâʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ ʧʨʦʛʨʘʤʤʳ, ʥʝ 

ʜʦʞʠʜʘʷʩʴ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ GPU. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʪʦ 

ʧʨʝʢʨʘʩʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʥʘ GPU ʠ CPU ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʚʦʪ ʭʨʦʥʦʤʝʪʨʘʞ ʦʩʣʦʞʥʷʝʪʩʷ. 

ʆʙʨʘʱʝʥʠʷ ʢ ʬʫʥʢʮʠʠ cudaEventRecordO ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʙʝ ʢʘʢ 

ʟʘâʧʨʦʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪʩʷ ʚ ʦʯʝʨʝʜʴ. ʕʪʦ 

ʦʟʥʘʯʘâʝʪ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʷ ʧʨʦʠʟʦʡʜʝʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ GPU 

ʧʦʢʦʥʯʠʪ ʩʦ ʚʩʝʤʠ ʟʘʜʘʥʠʷʤʠ, ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʚ ʦʯʝʨʝʜʴ ʨʘʥʴʰʝ 

cudaEventRecordO. ɽʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʙʳʪʠʷ ʦʢʦʥʯʘʥʠʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʦ ʵʪʦ ʢʘʢ ʨʘʟ ʪʦ, ʯʪʦ ʥʫʞʥʦ. ʆʜʥʘʢʦ ʤʳ ʥʝ 

ʤʦʞʝʤ ʙʝʟʦʧʘʩʥʦ ʧʨʦʯʠʪʘʪʴ ʟʥʘʯʝâʥʠʝ ʩʦʙʳʪʠʷ, ʧʦʢʘ GPU ʥʝ ʟʘʢʦʥʯʠʪ ʚʩʝ 
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ʧʨʝʜʳʜʫʱʠʝ ʟʘʜʘʥʠʷ. ʂ ʩʯʘʩʪʴʶ, ʠʤʝʝʪʩʷ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʟʘʩʪʘʚʠʪʴ GPU 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴʩʷ ʩ ʩʦʙʳʪʠʝʤ - ʚʳʟʦʚ ʬʫʥʢʮʠʠ cudaEventSynchronize(): 

 

ʊʝʤ ʩʘʤʳʤ ʤʳ ʧʦʧʨʦʩʠʣʠ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ ʥʝ ʧʨʠʩʪʫʧʘʪʴ ʢ 

ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʝ, ʧʦʢʘ GPU ʥʝ ʜʦʩʪʠʛʥʝʪ ʩʦʙʳʪʠʷ ʦʢʦʥʯʘʥʠʷ. ʇʦʩʣʝ ʪʦʛʦ 

ʢʘʢ ʬʫʥʢʮʠʷ cudaEventSynch ronize() ʚʝʨʥʝʪ ʫʧʨʘʚʣʝʥʠʝ, ʝʩʪʴ ʫʚʝʨʝʥʥʦʩʪʴ, ʯʪʦ 

ʚʩʷ ʨʘʙʦʪʘ ʜʦ ʩʦʙʳʪʠʷ ʦʢʦʥʯʘʥʠʷ ʫʞʝ ʟʘʚʝʨʰʝʥʘ, ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʙʝʟ 

ʦʧʘʩʢʠ ʧʨʦʯʠʪʘʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ ʩʦʙʳʪʠʷ CUDA ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʘʤʦʤ GPU, ʪʦ ʦʥʠ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ 

ʭʨʦʥʦʤʝʪʨʘʞʘ ʩʤʝʰʘʥʥʦʛʦ ʢʦʜʘ, ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʘʢ GPU, ʪʘʢ ʠ CPU. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʠ ʧʦʧʳʪʢʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʳʪʠʷ CUDA ʜʣʷ ʯʝʛʦ-ʥʠʙʫʜʴ, ʢʨʦʤʝ 

ʚʳʧʦʣʥʝʥʠʷ ʷʜʨʘ ʠ ʢʦʧʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʥʝʥʘʜʝʞʥʳ. 

ɼʣʷ ʭʨʦʥʦʤʝʪʨʘʞʘ ʥʘʰʝʛʦ ʪʨʘʩʩʠʨʦʚʱʠʢʘ ʣʫʯʝʡ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʩʦʙʳʪʠʷ 

ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ, ʢʘʢ ʙʳʣʦ ʪʦʣʴʢʦ ʯʪʦ ʦʧʠʩʘʥʦ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ 

ʭʨʦʥʦʤʝʪʨʠʨʫʝʤʘʷ ʚʝʨʩʠʷ ʪʨʘʩʩʠʨʦʚʱʠʢʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪʥʦʡ 

ʧʘʤʷʪʠ (ʨʠʩʫʥʦʢ 4.24). 
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ʈʠʩʫʥʦʢ 4.24 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʜʚʝ ʥʦʚʳʝ ʬʫʥʢʮʠʠ: cudaEventElapsedTime() ʠ 

cudaEvent- DestroyO. ʌʫʥʢʮʠʷ cudaEveritElapsedTimeO ʧʨʦʩʪʦ ʚʳʯʠʩʣʷʝʪ 

ʚʨʝʤʷ ʚ ʤʠʣʣʠʩʝâʢʫʥʜʘʭ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʥʝʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ. ʈʝʟʫʣʴʪʘʪ ʚʦʟʚʨʘʱʘâʝʪʩʷ ʚ ʚʠʜʝ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʘʜʨʝʩ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʜʘʥ ʚ ʧʝʨʚʦʤ ʘʨʛʫʤʝʥʪʝ. 

ʂʦʛʜʘ ʩʦʙʳʪʠʝ, ʩʦʟʜʘʥʥʦʝ ʬʫʥʢʮʠʝʡ cudaEventCreate(), ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʥʫʞâʥʳʤ, ʝʛʦ ʩʣʝʜʫʝʪ ʫʥʠʯʪʦʞʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cudaEventDestroy(). 

ʇʨʠʯʠʥʘ ʪʦʯʥʦ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʧʨʠ ʚʳʟʦʚʝ free() ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʘʤʷʪʠ, 

ʚʳʜʝʣʝʥʥʦʡ mallocQ, ʧʦʵʪʦʤʫ ʥʝ ʙʫʜʝʤ ʦʙʲʷʩʥʷʪʴ, ʧʦʯʝʤʫ ʪʘʢ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʢʘʞʜʳʡ ʚʳʟʦʚ cudaEventCreate() ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʳʟʦʚʦʤ cudaEventDestroy(). 

ʇʦʤʠʤʦ ʛʣʦʙʘʣʴʥʦʡ ʠ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ, ʦʙʦʨʫʜʦʚʘʥʠʝ NVIDIA  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʧʘʤʷʪʠ. ʂʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ ʦʙʨʝʤʝʥʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʦʙʘʣʴâʥʦʡ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʩʦʛʣʘʩʠʚʰʠʩʴ ʦʛʨʘʥʠʯʠʪʴ 

ʩʝʙʷ, ʤʳ ʤʦʞʝʤ ʚʳʠʛʨʘʪʴ ʥ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʊʦʯʥʝʝ, ʚʳʠʛʨʳʰ 

ʧʦʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʚʩʝ ʧʦʪʦʢʠ ʚ ʦʜʥʦʤ ʥʘʨʧʝ ʜʦʣʞʥʳ ʦʙʨʘʱʘʪʴʩʷ ʢ ʦʜʥʠʤ ʠ ʪʝʤ 

ʞʝ ʜʘʥʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ. ɽʩʣʠ ʦʙâʨʘʱʝʥʠʷ ʢ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ 

ʫʩʪʨʦʝʥʳ ʠʤʝʥʥʦ ʪʘʢ, ʪʦ ʪʨʘʬʠʢ ʤʝʞʜʫ ʧʘʤʷʪʴʶ ʠ ʧʨʦʮʝʩʩʦʨʦʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʪʨʘʥʩʣʷʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʥʘ ʧʦʣʫʚʘʨʧ ʠ ʟʘ ʩʯʝʪ ʢʵʰʘ 

ʧʘʤʷʪʠ ʥʘ ʢʨʠʩʪʘʣʣʝ. ɼʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʫʟʢʠʤ ʤʝâʩʪʦʤ ʚʦ ʤʥʦʛʠʭ 

ʘʣʛʦʨʠʪʤʘʭ, ʧʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʤʝʭʘʥʠʟʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʣʫʯʰʠʪʴ ʩʠʪʫʘʮʠʶ 

ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʳʤ. 

ʄʳ ʪʘʢʞʝ ʥʘʫʯʠʣʠʩʴ ʧʨʠʤʝʥʷʪʴ ʩʦʙʳʪʠʷ CUDA ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ ʚ ʢʦʥʢʨʝʪʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʘ 
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GPU. ʄʳ ʚʠʜʝâʣʠ, ʢʘʢ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ CPU ʠ GPU ʧʦ ʪʘʢʠʤ ʩʦʙʳʪʠʷʤ ʠ 

ʢʘʢ ʚʳʯʠʩʣʠʪʴ ʧʨʦâʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ. ʇʦʧʫʪʥʦ ʤʳ 

ʩʨʘʚʥʠʣʠ ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʚʫʭ ʚʝʨʩʠʡ ʪʨʘʩʩʠʨʦʚʱʠʢʘ ʣʫʯʝʡ ʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴâʟʦʚʘʥʠʝ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʜʘʝʪ ʦʱʫʪʠʤʳʡ 

ʚʳʠʛʨʳʰ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ ʚ ʨʘʟʜʝʣʷʝʤʦʡ ʧʘʤʷʪʠ? 

2. ʆʧʠʰʠʪʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʘʤʷʪʠ CUDA. 

3. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʷʜʨʘ CUDA. 

4. ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʦʪʦʢʦʚ? 

5. ʏʪʦ ʪʘʢʦʝ ʚʘʨʧ? ʉʢʦʣʴʢʦ ʧʦʪʦʢʦʚ ʚ ʚʘʨʧʝ? 

6. ʉʢʦʣʴʢʦ ʙʣʦʢʦʚ ʚ ʩʝʪʢʝ? 

7. ʆʧʠʰʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʴʶ. 

8. ʆʙʲʷʩʥʠʪʝ, ʢʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʫ ʟʘʤʝʨʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ CUDA-ʧʨʠʣʦʞʝʥʠʠ. 
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CHAPTER 5. TEXTURE  MEMORY  

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ ʤʳ ʚʠʜʝʣʠ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʧʘʤʷʪʠ ʤʦʞʝʪ 

ʟʘʤʝʪʥʦ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʧʨʠʣʦʞʝʥʠʷ. ʄʳ ʪʘʢʞʝ ʥʘʫʯʠʣʠʩʴ ʠʟʤʝʨʷʪʴ 

ʚʳʠʛʨʳʰ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʧʦʢʘʞʝʤ, ʢʘʢ ʚʳʜʝʣʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʩʪʫʨʥʫʶ 

ʧʘʤʷʪʴ. ʕʪʦ ʝʱʝ ʦʜʠʥ ʚʠʜ ʧʘʤʷʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ ʠ 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʪʨʘʬʠʢ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʜʦʩʪʫʧʘ. ʍʦʪʷ 

ʠʟʥʘʯʘʣʴʥʦ ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʝʝ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ GPU. 

 

5.1 Texture memory basics 

 

ɺ ʧʨʦʛʨʘʤʤʘʭ ʥʘ CUDA ʉ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʦʜʠʥ ʚʠʜ ʜʦʩʪʫʧʥʦʡ 

ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ ʧʘʤʷʪʠ. ʍʦʪʷ NVIDIA  ʧʨʦʝʢʪʠʨʦʚʘʣʘ ʪʝʢʩʪʫʨʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʥʚʝʡʝʨʦʚ ʨʝʥʜʝʨʠʥʛʘ OpenGL ʠ 

DirectX, ʫ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ, ʜʝʣʘʶʱʠʝ ʝʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʦʙʱʝʤ. 

ʂʘʢ ʠ ʢʦʥʩʪʘʥʪʥʘʷ ʧʘʤʷʪʴ, ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ʢʵʰʠʨʫʝʪʩʷ ʥʘ ʢʨʠʩʪʘʣʣʝ, 

ʧʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʚʥʝʰʥʝʤʫ DRAM. ɽʩʣʠ ʙʳʪʴ ʪʦʯʥʳʤ, ʪʝʢʩʪʫʨʥʳʝ ʢʵʰʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʴʥʦʩʪʴʶ. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʠʪʴ ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʝʪ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʘʜʨʝʩʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ çʨʷʜʦʤè ʩ ʘʜʨʝʩʘʤʠ, ʢ ʢʦʪʦʨʳʤ 

ʦʙʨʘʱʘʶʪʩʷ ʙʣʠʟʢʠʝ ʥʠʪʠ (ʨʠʩ. 6.1). 
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ʈʠʩʫʥʦʢ 5.1 ï ʆʪʦʙʨʘʞʝʥʠʝ ʧʦʪʦʢʦʚ ʥʘ ʜʚʫʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʧʘʤʷʪʠ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʠʬʤʝʪʠʢʠ, ʯʝʪʳʨʝ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ ʘʜʨʝʩʘ ʥʝ 

ʷʚʣʷʶʪʩʷ ʩʦʩʝʜʥʠʤʠ, ʧʦʵʪʦʤʫ ʥʝ ʙʫʜʫʪ ʢʵʰʠʨʦʚʘʪʴʩʷ ʚʤʝʩʪʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʳ ʢʵʰʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ CPU. ʅʦ 

ʪʝʢʩʪʫʨʥʳʝ ʢʵʰʠ GPU ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʫʧʘ ʚ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʷʭ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ ʚʤʝʩʪʦ ʛʣʦʙʘʣʴʥʦʡ ʤʦʞʝʪ 

ʜʘʪʴ ʚʳʠʛʨʳʰ. ɸ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ ʚʦʚʩʝ 

ʥʝ ʷʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ. 

 

5.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ 

 

ʌʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ɺ 

ʥʠʭ ʥʘʜʦ ʥʘʭʦʜʠʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ï ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʨʝʚʦʣʶʮʠʠ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʩʜʝʣʘʚʰʝʡ ʚʦʟʤʦʞʥʳʤ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ, - 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʠʛʨʘʪʴ ʩʪʦʣʴ ʚʘʞʥʫʶ ʨʦʣʴ. ʄʥʦʛʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʣʝʛʢʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ, ʠ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʦʯʝʥʴ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʨʦʜʘ. 

 

5.2.1 ʄʦʜʝʣʴ ʪʝʧʣʦʦʙʤʝʥʘ 

ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʪʝʢʩʪʫʨʥʫʶ ʧʘʤʷʪʴ, ʤʳ ʧʦʩʪʨʦʠʤ ʧʨʦʩʪʫʶ ʜʚʫʤʝʨʥʫʶ ʤʦʜʝʣʴ 

ʪʝʧʣʦʦʙʤʝʥʘ. ɼʣʷ ʥʘʯʘʣʘ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʢʦʤʥʘʪʘ, 

ʢʦʪʦʨʫʶ ʤʳ ʨʘʟʦʙʴʝʤ ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʷʯʝʡʢʠ. ɺʥʫʪʨʠ ʩʝʪʢʠ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʨʘʩʧʦʣʦʞʝʥʳ çʥʘʛʨʝʚʘʪʝʣʠè ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʠʩ. 5.2 ʧʦʢʘʟʘʥ 

ʧʨʠʤʝʨ ʪʘʢʦʡ ʩʝʪʢʠ. 
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ʈʠʩʫʥʦʢ 5.2 ï ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ ʩ çʥʘʛʨʝʚʘʪʝʣʷʤʠè ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʀʤʝʷ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ ʠ ʟʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʤʳ 

ʭʦʪʠʤ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʫʟʥʘʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʩʦ ʚʨʝʤʝʥʝʤ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʷʯʝʡʢʠ ʩ ʥʘʛʨʝʚʘʪʝʣʷʤʠ ʩʦʭʨʘʥʷʶʪ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦ çʧʝʨʝʥʦʩʠʪʩʷè ʠʟ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʚ ʩʦʩʝʜʥʠʝ. ɽʩʣʠ 

ʩʦʩʝʜʥʷʷ ʷʯʝʡʢʘ ʪʝʧʣʝʝ ʜʘʥʥʦʡ, ʪʦ ʜʘʥʥʘʷ ʷʯʝʡʢʘ ʥʘʛʨʝʚʘʝʪʩʷ. ʅʘʦʙʦʨʦʪ, ʝʩʣʠ 

ʩʦʩʝʜʥʷʷ ʷʯʝʡʢʘ ʭʦʣʦʜʥʝʝ ʜʘʥʥʦʡ, ʪʦ ʜʘʥʥʘʷ ʷʯʝʡʢʘ ʦʩʪʳʚʘʝʪ. ʅʘ ʨʠʩ. 5.3 

ʠʟʦʙʨʘʞʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʪʝʧʣʦʦʙʤʝʥʘ. 

 
ʈʠʩʫʥʦʢ 5.3 ï ʅʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ (ʠʟ ʪʝʧʣʳʭ ʷʯʝʝʢ ʚ ʭʦʣʦʜʥʳʝ) 

 

ɺ ʥʘʰʝʡ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʘ ʥʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʘʢ ʩʫʤʤʘ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʝʝ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʝʝ 

ʩʦʩʝʜʝʡ, ʪʦ ʝʩʪʴ ʧʦ ʬʦʨʤʫʣʝ 5.1. 

Ὕ Ὕ ὯϽὝ Ὕ  (5.1) 

 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʧʦʩʪʦʷʥʥʘʷ ʢ ʦʧʠʩʳʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ. ʇʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢ ʩʠʩʪʝʤʘ ʙʳʩʪʨʦ ʧʝʨʝʡʜʝʪ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʝʨʝʩʪʘʥʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʘ ʧʨʠ ʤʘʣʳʭ ʛʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʜʦʣʴʰʝ. ʊʘʢ ʢʘʢ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ 
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ʯʝʪʳʨʝʭ ʩʦʩʝʜʝʡ (ʚʝʨʭʥʠʡ, ʥʠʞʥʠʡ, ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ), ʘ ʢ ʠ Ὕ  ʧʦʩʪʦʷʥʥʳ, ʪʦ 

ʵʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὕ Ὕ ὯϽὝ Ὕ Ὕ Ὕ τϽὝ  (5.2) 

ʂʘʢ ʠ ʚ ʟʘʜʘʯʝ ʦ ʪʨʘʩʩʠʨʦʚʢʝ ʣʫʯʝʡ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ, ʵʪʘ ʤʦʜʝʣʴ ʥʝ 

ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʝʤʳʤ ʤʦʜʝʣʷʤ (ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʜʘʞʝ ʦʪʜʘʣʝʥʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ). 

ʄʳ ʜʦ ʧʨʝʜʝʣʘ ʚʩʝ ʫʧʨʦʩʪʠʣʠ, ʯʪʦʙʳ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʧʨʠʤʝʥʷʝʤʦʡ 

ʪʝʭʥʠʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʀʤʝʷ ʵʪʦ ʚ ʚʠʜʫ, ʧʦʩʤʦʪʨʠʤ ʚʩʝ ʞʝ, ʢʘʢ ʧʦ 

ʬʦʨʤʫʣʝ 5.2 ʧʨʦʠʟʚʦʜʷʪʩʷ ʚʳʯʠʩʣʝʥʠʷ ʥʘ GPU. 

ɼʝʪʘʣʠ ʢʘʞʜʦʛʦ ʰʘʛʘ ʤʳ ʦʙʩʫʜʠʤ ʯʫʪʴ ʥʠʞʝ, ʘ ʚ ʮʝʣʦʤ ʧʨʦʮʝʜʫʨʘ 

ʦʙʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʀʤʝʷ ʩʝʪʢʫ ʚʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʥʝʝ ʷʯʝʡʢʠ ʩ 

ʥʘʛʨʝʚʘʪʝʣʷʤʠ. ʊʝʤ ʩʘʤʳʤ ʤʳ ʩʦʪʨʝʤ ʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʷʯʝʡʢʘʭ, ʫʜʦʚʣʝʪʚʦʨʠʚ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ 

ʪʝʤʧʝʨʘʪʫʨʳ çʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʷʯʝʝʢè. ʂʦʧʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʬʫʥʢʮʠʠ 

copy_const_kernel (). 

2. ʀʤʝʷ ʩʝʪʢʫ ʚʭʦʜʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʯʠʩʣʠʪʴ ʚʳʭʦʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʬʦʨʤʫʣʝ 5.2. ʕʪʘ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʬʫʥʢʮʠʠ blend_kernel(). 

3. ʆʙʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʙʫʬʝʨʳ, ʧʦʜʛʦʪʦʚʠʚ ʚʩʝ ʜʣʷ 

ʩʣʝʜʫʁ ʱʝʛʦ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʝʧʝʨʴ ʚʳʭʦʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʰʘʛʝ 2, ʩʪʘʥʦʚʷʪʩʷ ʚʭʦʜʥʳʤʠ ʜʣʷ ʰʘʛʘ 1 ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʳ ʫʞʝ 

ʩʛʝʥʝâʨʠʨʦʚʘʣʠ ʩʝʪʢʫ ʢʦʥʩʪʘʥʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʷʯʝʝʢ ʚ ʵʪʦʡ ʩʝʪʢʝ ʩʦʜʝʨʞʘʪ 

ʥʫʣʠ, ʥʦ ʚ ʥʝâʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ; ʵʪʦ ʥʘʛʨʝʚʘʪʝʣʠ. ɹʫʬʝʨ 

ʢʦʥʩʪʘʥʪ ʥʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʯʠʪʳʚʘʝʪʩʷ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʩʪʨʦʝʥʦ ʪʘʢ, ʯʪʦ ʥʦʚʳʡ ʰʘʛ ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʚʳʭʦʜʥʦʡ ʩʝʪʢʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. ɿʘʪʝʤ ʤʳ ʢʦʧʠʨʫʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʝʢ ʩ ʥʘʛʨʝʚʘʪʝʣʷʤʠ ʚ ʵʪʫ ʩʝʪʢʫ, ʟʘʪʠʨʘʷ ʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʳʝ 
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ʟʥʘʯʝʥʠʷ. ʊʘʢ ʜʝʣʘʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʧʦ ʫʩʣʦʚʠʶ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʝʡ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʂʦʧʠʨʦʚʘʥʠʝ ʩʝʪʢʠ ʢʦʥʩʪʘʥʪ ʚʦ ʚʭʦʜʥʫʶ ʩʝʪʢʫ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʷʜʨʦʤ: 

 
ʈʠʩʫʥʦʢ 5.4 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʷʜʨʘ ʜʣʷ ʢʦʧʠʨʦʚʘʥʠʷ 

 

ʇʝʨʚʳʝ ʪʨʠ ʩʪʨʦʢʠ ʥʘʤ ʫʞʝ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʨʦʢʘʭ 

ʧʘʨʘ ʠʥʜʝʢʩʦʚ threadldx ʠ blockldx ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʦʨʜʠʥʘʪʳ (ʭ,ʫ). ɺ ʪʨʝʪʴʝʡ 

ʩʪʨʦʢʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʦʪ ʥʘʯʘʣʘ ʙʫʬʝʨʦʚ ʢʦʥʩʪʘʥʪ ʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʚʳʜʝâʣʝʥʥʦʡ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʩʪʨʦʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʧʠʨʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘʪʝʣʝʡ ʠʟ ʤʘʩʩʠʚʘ cptr[] ʚʦ ʚʭʦʜʥʫʶ ʩʝʪʢʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ 

ʤʘʩʩʠʚʝ iptr[]. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʥʝʢʦʪʦʨʦʡ ʷʯʝʡʢʝ ʢʦʧʠʨʫʝʪʩʷ, 

ʪʦʣʴʢʦ ʝʩʣʠ ʦʥʘ ʥʝ ʨʘʚʥʘ ʥʫʣʶ. ʊʝʤ ʩʘʤʳʤ ʤʳ ʩʦʭʨʘʥʷʝʤ ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʟʥʘʯʝâʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʷʯʝʡʢʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ 

ʥʘʛʨʝʚʘʪʝʣʝʡ. ʕʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ cptr[], ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʯʝʡʢʘʤ ʩ 

ʥʘʛʨʝʚʘʪʝʣʷʤʠ, ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ, ʧʦʵʪʦʤʫ ʪʝʤ-ʧʝʨʘʪʫʨʘ ʚ ʥʠʭ ʦʩʪʘʝʪʩʷ 

ʦʜʠʥʘʢʦʚʦʡ ʥʘ ʚʩʝʭ ʰʘʛʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʐʘʛ 2 ʘʣʛʦʨʠʪʤʘ ʩʘʤʳʡ ʪʨʫʜʦʝʤʢʠʡ. ʏʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʦʙʥʦʚʣʝʥʠʝ, ʤʳ 

ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʜʣʷ ʦʙʩʯʝʪʘ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʦʪʜʝʣʴʥʫʶ ʥʠʪʴ. ʆʥʘ ʙʫʜʝʪ 

ʩʯʠʪʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ çʩʚʦʝʡè ʷʯʝʡʢʠ ʠ ʝʝ ʩʦʩʝʜʝʡ ʠ ʚʳʯʠʩʣʷʪʴ ʥʦʚʦʝ 

ʟʥʘʯʝʥʠʝ. ʊʝʭʥʠʢʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʡ, ʯʪʦ ʤʳ ʚʠʜʝʣʠ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʧʨʠʤʝʨʘʭ. 
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ʈʠʩʫʥʦʢ 5.5 ï ʌʫʥʢʮʠʷ ʷʜʨʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ 

 

ʅʘʯʘʣʦ ʪʦʯʥʦ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʦ ʚʤʝʩʪʦ 

ʮʚʝʪʘ ʧʠʢʩʝʣʷ ʥʠʪʴ ʚʳʯʠʩʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʷʯʝʡʢʠ. ʀ ʪʝʤ ʥʝ ʤʝʥʝʝ ʠʥʜʝʢʩʳ 

threadldx ʠ blockldx ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚʩʝ ʚ ʪʝ ʞʝ ʭ, ʫ ʠ offset. ɺʳ, ʥʘʚʝʨʥʦʝ, 

ʤʦʞʝʪʝ ʦʪʙʘʨʘʙʘʥʠʪʴ ʵʪʠ ʩʪʨʦʢʠ ʜʘʞʝ ʚʦ ʩʥʝ (ʭʦʪʷ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʜʝʣʘʪʴ ʵʪʦʛʦ 

ʚʘʤ ʥʝ ʧʨʠʜʝʪʩʷ). 

ɼʘʣʝʝ ʤʳ ʚʳʯʠʩʣʷʝʤ ʩʤʝʱʝʥʠʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ, ʯʪʦʙʳ 

ʟʘʪʝʤ ʧʨʦʯʝʩʪʴ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʭ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʧʦʥʘʜʦʙʷʪʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʥʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʢʫʱʝʡ ʷʯʝʡʢʝ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ï 

ʛʨʘʥʠʯʥʳʝ ʷʯʝʡʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʥʜʝʢʩʳ ʩʣʝʜʫʝʪ ʧʦʜʢʦʨʨʝʢʪʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʥʝ 

ʚʳʡʪʠ ʟʘ ʛʨʘʥʠʮʳ ʩʝʪʢʠ. ʀ ʚ ʧʦʩʣʝʜʥʝʡ, ʚʳʜʝʣʝʥʥʦʡ ʩʪʨʦʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚʳʯʠʩʣʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ 5.2. 

 

5.2.2 ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ɺ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ ʤʳ ʠʥʠʮʠʘʣʠʟʠʨʫʝʤ ʩʝʪʢʫ, ʘ ʟʘʪʝʤ 

ʦʪʦʙʨʘʞʘʝʤ ʘʥʠʤʠʨʦʚʘʥʥʫʶ ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʢʦʜ: 
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ʈʠʩʫʥʦʢ 5.6 ï ʀʩʭʦʜʥʳʡ host-ʢʦʜ 

 

ʄʳ ʚʢʣʶʯʠʣʠ ʚ ʢʦʜ ʭʨʦʥʦʤʝʪʨʘʞ ʥʘ ʙʘʟʝ ʩʦʙʳʪʠʡ, ʢʘʢ ʚ ʟʘʜʘʯʝ ʦ 

ʪʨʘʩʩʠʨʦʚʢʝ ʣʫʯʝʡ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ. ʅʘʟʥʘʯʝʥʠʝ ʭʨʦʥʦʤʝʪʨʘʞʘ ʪʦ ʞʝ, ʯʪʦ 

ʠ ʨʘʥʴʰʝ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʫʩʢʦʨʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ, 

ʪʦ ʩʨʘʟʫ ʧʦʟʘʙʦʪʠʣʠʩʴ ʦ ʤʝʭʘʥʠʟʤʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʯʪʦʙʳ 

ʫʙʝʜʠʪʴʩʷ ʚ ʫʩʧʝʭʝ ʩʚʦʝʛʦ ʥʘʯʠʥʘʥʠʷ. 

ʂʘʨʢʘʩ ʘʥʠʤʘʮʠʠ ʚʳʟʳʚʘʝʪ ʬʫʥʢʮʠʶ anim_gpu() ʚ ʢʘʞʜʦʤ ʢʘʜʨʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʝʡ ʧʝʨʝʜʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʩʪʨʫʢʪʫʨʫ DataBlock ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʫʞʝ ʧʨʦʰʝʜʰʠʭ ʪʘʢʪʦʚ ʘʥʠʤʘʮʠʠ. ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʘʭ ʘʥʠʤʘʮʠʠ 

ʚʳʰʝ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʙʣʦʢʠ ʠʟ 256 ʥʠʪʝʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʚ ʩʝʪʢʫ 16 ʭ 16. ʅʘ 

ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʮʠʢʣʘ for ʚ ʬʫʥʢʮʠʠ anim_gpu() ʚʳʯʠʩʣʷʝʪʩʷ ʦʜʠʥ 

ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʘ DataBlock ʩʦʜʝʨʞʠʪ 

ʙʫʬʝʨ ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ ʧʦʩʣʝʜʥʝʛʦ 

ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʦʥʘ ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʚʩʝ ʩʦʩʪʦʷʥʠʝ ʘʥʠʤʘâʮʠʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, anim_gpu() ʚʦʦʙʱʝ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʡ ticks. 
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ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʦʜʥʦʤ ʢʘʜʨʝ ʤʳ ʚʳʧʦʣʥʷʝʤ 90 ʰʘʛʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʝ ʢʘʢʦʝ-ʪʦ ʚʦʣʰʝʙʥʦʝ ʯʠʩʣʦ, ʘ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʫʤʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʛʨʫʞʘʪʴ ʨʘʩʪʨ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠ ʚʳʯʠʩʣʝʥʠʝʤ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʰʘʛʦʚ ʚ ʦʜʥʦʤ ʢʘʜʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʨʳʚʠʩʪʦʡ ʘʥʠʤʘʮʠʠ. 

ɽʩʣʠ ʚʘʩ ʙʦʣʴʰʝ ʠʥʪʝʨʝʩʫʝʪ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʢʘʞʜʦʛʦ ʰʘʛʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʝʤ ʘʥʠʤʘʮʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʪʦ ʤʦʞʝʪʝ ʠʟʤʝʥʠʪʴ ʪʝʣʦ 

ʬʫʥʢʮʠʠ ʪʘʢ, ʯʪʦʙʳ ʚ ʢʘʞʜʦʤ ʢʘʜʨʝ ʚʳʯʠʩʣʷʣʩʷ ʨʦʚʥʦ ʦʜʠʥ ʰʘʛ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ 90 ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʢʘʜʨʘ ʬʫʥʢʮʠʷ anim_gpu() ʛʦʪʦʚʘ ʩʢʦʧʠʨʦʚʘʪʴ ʨʘʩʪʨʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʝʛʦ ʢʘʜʨʘ ʥʘʟʘʜ ʚ ʧʘʤʷʪʴ CPU. ʇʦʩʢʦʣʴʢʫ ʮʠʢʣ for ʦʩʪʘʚʠʣ 

ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʙʫʬʝʨʳ ʧʝʨʝʩʪʘʚʣʝʥʥʳʤʠ, ʤʳ ʧʝʨʝʜʘʝʤ ʩʣʝʜʫʶʱʝʤʫ 

ʷʜʨʫ ʚʭʦʜʥʦʡ ʙʫʬʝʨ, ʢʦʪʦʨʳʡ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪ, 

ʧʦʣʫʯʠʚʰʠʡʩʷ ʧʦʩʣʝ 90-ʛʦ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʳ ʧʨʝʦʙʨʘʟʫʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʷʜʨʘ f loat_to_color(), ʘ ʟʘʪʝʤ ʢʦʧʠʨʫʝʤ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʧʘʤʷʪʴ CPU, ʚʳʟʳʚʘʷ ʬʫʥʢʮʠʶ cudaMemcpy 

() ʩ ʧʘʨʘʤʝʪʨʦʤ cudaMemcpyDeviceToHost. ʅʘʢʦʥʝʮ, ʯʪʦʙʳ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʳ ʦʙʤʝʥʠʚʘʝʤ 

ʚʭʦʜʥʦʡ ʙʫʬʝʨ ʩ ʚʳʭʦʜʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʡ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʚʭʦʜʥʦʛʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 5.7 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ main() 

 

ʅʘ ʨʠʩ. 5.8 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʨʪʠʥʘ ʪʝʧʣʦʦʙʤʝʥʘ. ʅʘ 

ʨʠʩʫʥʢʝ ʚʠʜʥʳ ʥʝʢʦʪʦʨʳʝ ʥʘʛʨʝʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʚʳʛʣʷʜʷʪ ʢʘʢ ʦʩʪʨʦʚʢʠ 

ʨʘʟʤʝʨʦʤ ʚ ʧʠʢʩʝʣʴ, ʥʘʨʫʰʘʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ. 

 
ʈʠʩʫʥʦʢ 5.8 ï ʉʥʠʤʦʢ ʵʢʨʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ 
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5.2.3 ʇʨʠʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ 

ɼʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʚ ʘʣʛʦʨʠʪʤʝ ʧʝʨʝʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʴʥʦʩʪʴʶ. ɺʳʰʝ ʤʳ ʛʦʚʦʨʠʣʠ, ʯʪʦ 

ʠʤʝʥʥʦ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠ ʙʳʣʘ ʧʨʠʜʫʤʘʥʘ ʪʝʢʩʪʫʨʥʘʷ 

ʧʘʤʷʪʴ. ʅʦ, ʧʨʝʞʜʝ ʯʝʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʴʶ, ʥʘʜʦ ʧʦʥʷʪʴ 

ʤʝʭʘʥʠʟʤ ʝʝ ʨʘʙʦʪʳ. 

ʉʥʘʯʘʣʘ ʤʳ ʜʦʣʞʥʳ ʦʙʲʷʚʠʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢʘʢ ʩʩʳʣʢʠ ʥʘ ʪʝʢʩʪʫʨʳ. 

ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʪʝʢʩʪʫʨʳ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ 

ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

ʉʣʝʜʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ GPU ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʙʫʬʝʨʦʚ ʤʳ ʜʦʣʞʥʳ ʧʨʠʚʷʟʘʪʴ ʵʪʠ ʩʩʳʣʢʠ ʢ 

ʙʫʬʝʨʘʤ ʚ ʧʘʤʷʪʠ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cudaBindTexture(). ʊʝʤ ʩʘʤʳʤ ʤʳ 

ʩʦʦʙʱʘʝʤ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA ʜʚʝ ʚʝʱʠ. 

ï ʯʪʦ ʩʦʙʠʨʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʢʘʟʘʥʥʳʡ ʙʫʬʝʨ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʫʨʳ; 

ï ʯʪʦ ʩʦʙʠʨʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʢʘʟʘʥʥʫʶ ʩʩʳʣʢʫ ʚ ʢʘʯʝʩʪʚʝ çʠʤʝʥʠè 

ʪʝʢʩʪʫʨʳ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʩʣʝ ʪʨʝʭ ʦʧʝʨʘʮʠʡ 

ʚʳʜʝʣʝâʥʠʷ ʧʘʤʷʪʠ ʤʳ ʧʨʠʚʷʟʳʚʘʝʤ ʢʦ ʚʩʝʤ ʪʨʝʤ ʦʙʣʘʩʪʷʤ ʨʘʥʝʝ 

ʦʙʲʷʚʣʝʥʥʳʝ ʩʩʳʣʢʠ (texConstSrc, texln ʠ texOut). 
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ʈʠʩʫʥʦʢ 5.9 ï ɹʠʥʜʠʥʛ ʪʝʢʩʪʫʨ 

 

ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʪʝʢʩʪʫʨʳ ʧʦʣʥʦʩʪʴʶ ʥʘʩʪʨʦʝʥʳ, ʠ ʤʳ ʛʦʪʦʚʳ ʟʘʧʫʩʪʠʪʴ 

ʷʜʨʦ. ʆʜʥʘʢʦ ʧʨʠ ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʫʨ ʚʥʫʪʨʠ ̫ ʜʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʳʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ GPU, ʯʪʦ ʟʘʧʨʦʩʳ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʪʝʢʩʪʫʨʥʳʡ ʙʣʦʢ, ʘ ʥʝ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʫʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʯʪʝʥʠʷ ʠʟ ʙʫʬʝʨʦʚ ʦʙʳʯʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʫʞʝ ʥʝ ʛʦʜʷʪʩʷ; ʥʫʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ blend_kernel (), ʪʘʢ ʯʪʦʙʳ ʜʣʷ ʯʪʝʥʠʷ ʠʟ ʧʘʤʷʪʠ ʚʳʟʳʚʘʣʘʩʴ 

ʬʫʥʢʮʠʷ tex1Dfetch(). 

ʄʝʞʜʫ ʛʣʦʙʘʣʴʥʦʡ ʠ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʷʤʠ ʠʤʝʝʪʩʷ ʠ ʝʱʝ ʦʜʥʦ ʨʘʟʣʠʯʠʝ, 

ʚʳʥʫʞʜʘʶʱʝʝ ʧʨʦʜʝʣʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ. ʍʦʪʷ tex1Dfetch() 

ʚʳʛʣʷʜʠʪ ʢʘʢ ʚʳʟʦʚ ʬʫʥʢʮʠʠ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʝʝ ʢʦʜ ʛʝʥʝʨʠʨʫʝʪ ʢʦʤʧʠʣʷʪʦʨ. ɸ 

ʧʦʩʢʦʣʴʢʫ ʩʩʳʣʢʠ ʥʘ ʪʝʢʩʪʫʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʲʷʚʣʝʥʳ ʛʣʦʙʘʣʴʥʦ ʚ ʦʙʣʘʩʪʠ 

ʚʠʜʠʤʦʩʪʠ ʬʘʡʣʘ, ʪʦ ʤʳ ʙʦʣʴʰʝ ʥʝ ʤʦʞʝʤ ʧʝʨʝʜʘʚʘʪʴ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ 

ʙʫʬʝʨʳ ʚ ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ blend_kernel(), ʧʦʪʦʤʫ ʯʪʦ ʝʱʝ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ 

ʢʦʤʧʠʣʷʪʦʨ ʜʦʣʞʝʥ ʟʥʘʪʴ, ʢ ʢʘʢʠʤ ʪʝʢʩʪʫʨʘʤ ʙʫʜʝʪ ʦʙʨʘʱʘʪʴʩʷ tex1Dfetch(). 

ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʜʘʚʘʪʴ ʫʢʘʟʘʪʝʣʠ ʥʘ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʙʫʬʝʨʳ, ʤʳ 

ʪʝʧʝʨʴ ʧʝʨʝʜʘʝʤ blend_kernel() ʙʫʣʝʚʩʢʠʡ ʬʣʘʛ dstOut, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢʦʡ ʙʫʬʝʨ ʚʭʦʜʥʦʡ, ʘ ʢʘʢʦʡ ï ʚʳʭʦʜʥʦʡ. ʅʠʞʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʜʝ 

blend_kernel() ʚʳʜʝʣʝʥʳ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ: 
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ʈʠʩʫʥʦʢ 5.10 ï ʌʫʥʢʮʠʷ ʷʜʨʘ 

 

ʗʜʨʦ copy_const_kernel() ʯʠʪʘʝʪ ʠʟ ʙʫʬʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʷʪʩʷ ʧʦʟʠʮʠʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʣʘʪʴ ʘʥʘʣʦʛʠʯʥʦʝ 

ʠʟʤʝʥʝʥʠʝ, ʯʪʦʙʳ ʯʪʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ ʪʝʢʩʪʫʨʥʦʡ, ʘ ʥʝ ʛʣʦʙʘʣʴʥʦʡ 

ʧʘʤʷʪʠ: 
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ʈʠʩʫʥʦʢ 5.11 ï ʈʝʘʣʠʟʘʮʠʷ ʷʜʨʘ ʢʦʧʠʨʦʚʘʥʠʷ 

 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ blend_kernel() ʪʝʧʝʨʴ ʧʨʠʥʠʤʘʝʪ ʬʣʘʛ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʥʘʟʥʘʯʝʥʠʝ ʙʫʬʝʨʦʚ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʩʧʨʘʚʣʝʥʠʝ ʚ 

ʬʫʥʢʮʠʶ anim_gpu(). ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʩʘʤʠ ʙʫʬʝʨʳ, ʤʳ 

ʤʝʥʷʝʤ ʟʥʘʯʝʥʠʝ ʬʣʘʛʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ï dstOut = !dstOut ï ʧʦʩʣʝ ʢʘʞʜʦʡ 

ʩʝʨʠʠ ʚʳʟʦʚʦʚ: 
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ʈʠʩʫʥʦʢ 5.12 ï ʈʝʘʣʠʟʘʮʠʷ ʘʥʠʤʘʮʠʠ 

 

ʀ ʧʦʩʣʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʢʘʩʘʝʪʩʷ ʦʯʠʩʪʢʠ ʚ ʢʦʥʮʝ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. 

ʄʳ ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʩʚʦʙʦʞʜʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʙʫʬʝʨʳ, ʥʦ ʠ ʦʪʚʷʟʘʪʴ 

ʪʝʢʩʪʫʨʳ: 

 
ʈʠʩʫʥʦʢ 5.13 ï ʀʩʭʦʜʥʳʡ ʢʦʜ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʪʝʢʩʪʫʨ 
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5.2.4 ɼʚʫʤʝʨʥʘʷ ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ 

ʈʘʥʝʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʧʦ ʧʨʠʨʦʜʝ ʩʚʦʝʡ ʜʚʫʤʝʨʥʳ, 

ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʤʝʨʥʳʝ ʙʣʦʢʠ ʠ ʩʝʪʢʠ. ʊʦ ʞʝ ʩʘʤʦʝ 

ʚʝʨʥʦ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ. ɽʩʪʴ ʤʥʦʛʦ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʦʣʝʟʥʦ 

ʠʤʝʪʴ ʜʚʫʤʝʨʥʫʶ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ; ʜʣʷ ʯʝʣʦʚʝʢʘ, ʟʥʘʢʦʤʦʛʦ ʩ ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʉ, ʵʪʦ ʥʝʫʜʠʚʠʪʝʣʴʥʦ. ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʤʦʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ 

ʪʝʢʩʪʫʨ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʟʤʝʥʠʤ ʦʙʲʷʚʣʝʥʠʝ ʩʩʳʣʦʢ ʥʘ ʪʝʢʩʪʫʨʳ. ɽʩʣʠ ʥʝ ʫʢʘʟʘʥʦ 

ʧʨʦʪʠʚʥʦʝ, ʩʩʳʣʢʠ ʥʘ ʪʝʢʩʪʫʨʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʦʜʥʦʤʝʨʥʳ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʠʤ 

ʘʨʛʫʤʝʥʪ 2, ʟʘʜʘʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ. 

 

ʋʧʨʦʱʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʜʚʫʤʝʨʥʳʝ ʪʝʢʩʪʫʨʳ, ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʬʫʥʢʮʠʠ blend_kernel(). ʅʘʤ ʧʨʠʜʝʪʩʷ ʟʘʤʝʥʠʪʴ ʦʙʨʘʱʝʥʠʷ ʢ tex1Dfetch() ʦʙ-

ʨʘʱʝʥʠʷʤʠ ʢ tex2D(), ʟʘʪʦ ʙʦʣʴʰʝ ʥʝ ʥʫʞʥʘ ʧʝʨʝʤʝʥʥʘʷ offset, ʢʦʪʦʨʘʷ ʧʨʠʤʝ-

ʥʷʣʘʩʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʩʤʝʱʝʥʠʡ top, left, right ʠ bottom. 

ɼʚʫʤʝʨʥʫʶ ʪʝʢʩʪʫʨʫ ʤʳ ʤʦʞʝʤ ʘʜʨʝʩʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ 

ʢʦʦʨʜʠʥʘʪ ʭ ʠ ʫ. 

ɼʘʣʝʝ. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʥʘ tex2D() ʫʞʝ ʥʝ ʥʫʞʥʦ ʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʚʳʭʦʜʝ 

ʟʘ ʛʨʘâʥʠʮʳ ʤʘʩʩʠʚʘ. ɽʩʣʠ ʭ ʠʣʠ ʫ ʤʝʥʴʰʝ ʥʫʣʷ, ʪʦ tex2D() ʚʝʨʥʝʪ ʟʥʘʯʝʥʠʝ, 

ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʧʦʟʠʮʠʠ, ʫ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʦʨʜʠʥʘʪʘ ʨʘʚʥʘ ʥʫʣʶ. 

ɸʥʘʣʦʛʠʯʥʦ ʝʩʣʠ ʢʘʢʘʷ-ʪʦ ʢʦʦʨʜʠʥʘʪʘ ʙʦʣʴʰʝ ʰʠʨʠʥʳ, ʪʦ tex2D() ʚʝʨʥʝʪ 

ʟʥʘʯʝʥʠʝ ʚ ʧʦʟʠʮʠʠ, ʩʦâʦʪʚʝʪʩʪʚʫʶʱʝʡ ʰʠʨʠʥʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʰʝʤ 

ʧʨʠʣʦʞʝʥʠʠ ʵʪʦ ʧʦʚʝʜʝʥʠʝ ʠʜʝâʘʣʴʥʦ, ʥʦ ʚ ʜʨʫʛʠʭ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʦ. ʇʦʩʣʝ ʚʩʝʭ ʫʧʨʦʱʝʥʠʡ ʢʦʜ ʷʜʨʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʷʩʥʳʤ ʠ 

ʢʦʤʧʘʢʪʥʳʤ. 
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ʈʠʩʫʥʦʢ 5.14 ï ʌʫʥʢʮʠʷ ʷʜʨʘ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʪʝʢʩʪʫʨʳ 

 

ʊʘʢ ʢʘʢ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʦʙʨʘʱʝʥʠʷ ʢ tex1Dfetch() ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ 

ʦʙʨʘʱʝʥʠʷ ʢ tex2D(), ʪʦ ʤʳ ʚʥʦʩʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʚ ʷʜʨʦ 

copy_const_kernel(). ʂʘʢ ʠ ʚ blend_kernel(), ʙʦʣʴʰʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʱʝʥʠʝ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʪʝʢʩʪʫʨʳ, ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʘʤʠʭ ʢʦʦʨʜʠʥʘʪ ʭ ʠ ʫ: 

 
ʈʠʩʫʥʦʢ 5.15 ï ʈʝʬʘʢʪʦʨʠʥʛ ʢʦʜʘ copy_const_kernel() 
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ʇʦʩʣʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʣʝʞʠʪ ʚ ʪʦʤ ʞʝ ʨʫʩʣʝ, ʯʪʦ ʠ ʧʨʝʜʳʜʫʱʠʝ. ʊʦʯʥʝʝ, 

ʚ ʬʫʥʢʮʠʠ main() ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʧʨʠʚʷʟʢʫ, ʩʦʦʙʱʠʚ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ, 

ʯʪʦ ʙʫʬʝʨ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʫʤʝʨʥʫʶ, ʘ ʥʝ ʦʜʥʦʤʝʨʥʫʶ ʪʝʢʩʪʫʨʫ: 

 
ʈʠʩʫʥʦʢ 5.16 ï ʈʝʬʘʢʪʦʨʠʥʛ ʬʫʥʢʮʠʠ main() 

 

ʂʘʢ ʠ ʚ ʚʝʨʩʠʷʭ ʙʝʟ ʪʝʢʩʪʫʨ ʠ ʩ ʦʜʥʦʤʝʨʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʤʳ ʚʥʘʯʘʣʝ 

ʚʳʜʝʣʷʝʤ ʧʘʤʷʪʴ ʜʣʷ ʚʭʦʜʥʳʭ ʤʘʩʩʠʚʦʚ. ʆʪ ʦʜʥʦʤʝʨʥʦʡ ʚʝʨʩʠʠ ʵʪʦʪ ʢʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʚʷʟʢʠ ʜʚʫʤʝʨʥʳʭ ʪʝʢʩʪʫʨ ʠʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ 

CUDA ʪʨʝʙʫʝʪ ʧʝʨʝʜʘʯʠ cudaChannelFormatDesc ʧʨʠ ʧʨʠʚʷʟʢʝ ʪʝʢʩʪʫʨ. ɺ 

ʣʠʩʪʠʥʛʝ ʚʳʰʝ ʠʤʝʝʪʩʷ ʦʙʲʷʚʣʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʘ ʬʦʨʤʘʪʘ ʢʘʥʘʣʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʫʢʘʟʘʪʴ ʣʠʰʴ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ 

ʜʝʩʢʨʠʧʪʦʨ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

cudaBindTexture2D() ʤʳ ʧʨʠʚʷʟʳʚʘʝʤ ʚʩʝ ʪʨʠ ʚʭʦʜʥʳʭ ʙʫʬʝʨʘ ʢʘʢ ʜʚʫʤʝʨʥʳʝ 

ʪʝʢʩʪʫʨʳ, ʧʝʨʝʜʘʚʘʷ ʨʘʟʤʝʨʳ ʪʝʢʩʪʫʨʳ (DIM ʭ DIM) ʠ ʜʝʩʢʨʠʧʪʦʨ ʬʦʨʤʘʪʘ 

ʢʘʥʘʣʘ (desc). ɹʦʣʴʰʝ ʥʠʯʝʛʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʍʦʪʷ ʜʣʷ ʧʨʠʚʷʟʢʠ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʪʝʢʩʪʫʨ ʥʫʞʥʳ ʨʘʟʥʳʝ 

ʬʫʥʢʮʠʠ, ʜʣʷ ʦʪʚʷʟʳʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʬʫʥʢʮʠʷ 

cudallnbindTexture(). ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʷ ʦʯʠʩʪʢʠ ʦʩʪʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. 



156 

ʋ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʜʚʫʤʝʨʥʳʤʠ 

ʪʝʢʩʪʫʨʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʫ 

ʚʝʨʩʠʠ ʩ ʦʜʥʦʤʝʨʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ. ʇʦʵʪʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʝ ʦ ʚʳʙʦʨʝ ʦʜʥʦʤʝʨʥʦʡ ʠʣʠ ʜʚʫʤʝʨʥʦʡ ʪʝʢʩʪʫʨʳ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ɺ ʥʘʰʝʤ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʤʝʥʝʥʠʝ 

ʜʚʫʤʝʨʥʳʭ ʪʝʢʩʪʫʨ ʧʦʟʚʦʣʠʣʦ ʥʝʤʥʦʛʦ ʫʧʨʦʩʪʠʪʴ ʢʦʜ, ʧʦʪʦʤʫ ʯʪʦ ʩʘʤʘ 

ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʜʚʫʤʝʨʥʘ. ʅʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢ ʙʳʚʘʝʪ ʥʝ ʚʩʝʛʜʘ, 

ʧʦʵʪʦʤʫ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʧʦʜʭʦʜʠʪʴ ʢ ʚʦʧʨʦʩʫ ʦ ʚʳʙʦʨʝ ʨʘʟʤʝʨʥʦʩʪʠ 

ʪʝʢʩʪʫʨʳ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʥʩʪʘʥʪʥʦʡ ʧʘʤʷʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ 

ʦʪʯʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʳ ʢʵʰʠʨʦʚʘʥʠʝʤ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʦʨʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʟʘʤʝʪʥʦ ʚ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʴʥʦʩʪʴʶ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. ʄʳ 

ʪʘʢʞʝ ʚʠʜʝʣʠ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʤʝʨʥʳʝ ʪʝʢʩʪʫʨʳ ʩ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʙʣʦʢʘ ʠʣʠ ʩʝʪʢʠ, ʨʘʟʤʝʨʥʦʩʪʴ ʪʝʢʩʪʫʨʳ ʚʳʙʠʨʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʩʦʦʙʨʘʞʝʥʠʡ ʫʜʦʙʩʪʚʘ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʚʫʤʝʨʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʢʦʜ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʤʥʦʛʦ ʯʠʱʝ, ʘ ʚʳʭʦʜ ʟʘ ʛʨʘʥʠʮʳ ʤʘʩʩʠʚʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʪʦ ʚ ʟʘʜʘʯʝ ʦ ʪʝʧʣʦʦʙʤʝʥʝ ʤʳ, ʧʦʞʘʣʫʡ, ʦʩʪʘʥʦʚʠʣʠʩʴ ʙʳ ʥʘ 

ʜʚʫʤʝʨʥʳʭ ʪʝʢʩʪʫʨʘʭ. ʅʦ, ʢʘʢ ʚʳ ʚʠʜʝʣʠ, ʦʙʘ ʚʘʨʠʘʥʪʘ ʨʘʙʦʪʘʶʪ ʦʜʠʥʘʢʦʚʦ 

ʭʦʨʦʰʦ. 

ʊʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ ʤʦʛʣʘ ʙʳ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʝʩʣʠ ʙʳ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʚʝʨʪʘʮʠʠ 8- ʠ 16-ʨʘʟʨʷʜʥʳʭ ʮʝʣʳʭ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ɺ ʟʘʜʘʯʝ ʦ ʪʝʧʣʦʦʙʤʝʥʝ ʥʠ ʪʦ, ʥʠ ʜʨʫʛʦʝ ʥʘʤ ʥʝ 

ʧʦʥʘʜʦʙʠʣʦʩʴ, ʥʦ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʤ ʤʝʭʘʥʠʟʤʘʤ ʥʝʩʣʦʞʥʦ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʵʰʠʨʫʝʪʩʷ ʣʠ ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ? 

2. ɻʜʝ ʬʠʟʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʘ ʪʝʢʩʪʫʨʥʘʷ ʧʘʤʷʪʴ? 

3. ʂʘʢ ʫʟʥʘʪʴ ʪʦʯʥʳʡ ʨʘʟʤʝʨ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ? 

4. ʇʦʷʩʥʠʪʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʦʜʝʣʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ. 

5. ʏʪʦ ʦʟʥʘʯʘʝʪ ʪʝʨʤʠʥ çʙʠʥʜʠʥʛ ʪʝʢʩʪʫʨʳè? 

6. ʇʦʷʩʥʠʪʝ ʤʝʭʘʥʠʟʤ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ. 

7. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʢʩʪʫʨʥʦʡ ʧʘʤʷʪʠ ʦʧʨʘʚʜʘʥʦ, ʘ ʚ 

ʢʘʢʠʭ ʙʝʩʧʦʣʝʟʥʦ? 
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ʈɸɿɼɽʃ 6. ʀʅʊɽʈʆʇɽʈɸɹɽʃʔʅʆʉʊʔ ʂʆʄʇʔʖʊɽʈʅʆʁ 

ɻʈɸʌʀʂʀ 

 

ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʩʦʙʠʝ ʧʦʩʚʷʱʝʥʦ ʚʳʯʠʩʣʝʥʠʷʤ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʦ ʤʳ ʠʛʥʦʨʠʨʫʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ GPU ʩʦʜʝʨʞʘʪ ʠ ʨʷʜ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʚʦʠʤ ʫʩʧʝʭʦʤ GPU ʦʙʷʟʘʥʳ ʫʤʝʥʠʶ ʨʝʰʘʪʴ 

ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʨʝʥʜʝʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ ʧʨʦʯʠʤ 

ʯʘʩʪʷʤ ʩʠʩʪʝʤʳ ʟʘʥʠʤʘʪʴʩʷ ʜʨʫʛʠʤʠ ʜʝʣʘʤʠ. ʅʦ ʪʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ 

ʚʦʧʨʦʩ: ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ GPU ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ ʠ ʚʳʯʠʩʣʝʥʠʡ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʝ? ʏʪʦ, ʝʩʣʠ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ? ʀʣʠ ʝʩʣʠ ʤʳ ʭʦʪʠʤ 

ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʦʤʫ ʢʘʜʨʫ? 

ʀʣʠ ʧʦʜʚʝʨʛʥʫʪʴ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ? 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʚʳʯʠʩʣʝʥʠʷʤʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʨʝʥʜʝʨʠʥʛʦʤ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʥʦ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ ʪʝʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦ 

ʢʦʪʦʨʳʭ ʚʳ ʫʞʝ ʟʥʘʝʪʝ. ʇʨʠʣʦʞʝʥʠʷ ʥʘ ʷʟʳʢʝ CUDA ʝʩʪʝʩʪʚʝʥʥʦ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʦʙʝʠʤʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʨʝʥʜʝʨʠʥʛʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: OpenGL ʠ DirectX. ɺ ʵʪʦʡ ʛʣʘʚʝ ʤʳ ʧʦʛʦʚʦʨʠʤ ʦ ʪʦʤ, ʢʘʢ 

ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ 

API ʢʘʢ ʚ ʩʝʪʠ, ʪʘʢ ʠ ʚ ʧʝʯʘʪʥʦʤ ʚʠʜʝ, ʥʦ ʵʪʘ ʪʝʤʘʪʠʢʘ ʜʘʣʝʢʦ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ 

ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ. ʄʳ ʣʠʰʴ ʭʦʪʝʣʠ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʷʟʳʢ CUDA ʉ ʠ ʚʢʣʶʯʝʥʥʳʝ 

ʚ ʥʝʛʦ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʠʥʪʝʛʨʘʮʠʶ ʩ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ. ɽʩʣʠ ʚʳ ʥʝ ʟʥʘʢʦʤʳ ʩ OpenGL ʠʣʠ DirectX, ʪʦ ʚʨʷʜ ʣʠ 

ʧʦʯʝʨʧʥʝʪʝ ʯʪʦ-ʪʦ ʧʦʣʝʟʥʦʝ ʠʟ ʵʪʦʛʦ ʨʘʟʜʝʣʘ, ʢʨʦʤʝ ʤʝʭʘʥʠʟʤʘ 

ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ.  
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6.1 ʀʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʛʨʘʬʠʢʠ 

 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʛʨʘʬʠʢʦʡ ʠ CUDA 

ʉ ʤʳ ʥʘʧʠʰʝʤ ʧʨʦʛʨʘʤʤʫ, ʨʘʙʦʪʘʶʱʫʶ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʷʜʨʦ ʥʘ 

CUDA ʉ ʛʝʥʝʨʠʨʫʝʪ ʜʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʪʠ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʜʨʘʡʚʝʨʫ OpenGL ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʤʳ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʥʦʛʠʤʠ ʠʟ ʪʝʭ ʩʨʝʜʩʪʚ CUDA ʉ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʤʠ ʚʳʟʦʚʘʤʠ OpenGL ʠ GLUT. 

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʤʳ ʚʢʣʶʯʘʝʤ ʟʘʛʦʣʦʚʦʯʥʳʝ ʬʘʡʣʳ GLUT ʠ CUDA, ʚ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ ʠ ʧʝʨʝʯʠʩʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʦʢʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʨʠʩʦʚʘʪʴ. ʇʨʠ ʨʘʟʤʝʨʝ 

512x512 ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ. 

 
ʈʠʩʫʥʦʢ 6.1 ï ʇʦʜʢʣʶʯʝʥʠʝ OpenGL 

 

ɼʘʣʝʝ ʤʳ ʦʙʲʷʚʣʷʝʤ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʭʨʘʥʠʪʴʩʷ ʦʧʠʩʘʪʝʣʠ ʜʘʥʥʳʭ, ʦʙʱʠʭ ʜʣʷ OpenGL ʠ CUDA. ʂʘʢ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʤʳ ʩʢʦʨʦ ʧʦʢʘʞʝʤ, ʘ ʧʦʢʘ ʠʤʝʡʪʝ ʚ ʚʠʜʫ, ʯʪʦ ʵʪʦ ʨʘʟʥʳʝ 

ʦʧʠʩʘʪʝʣʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʙʫʬʝʨʘ. ɼʚʝ ʧʝʨʝʤʝʥʥʳʝ ʥʫʞʥʳ ʧʦʪʦʤʫ, ʯʪʦ ʚ 

OpenGL ʠ CUDA ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ çʠʤʝʥʘè ʦʜʥʦʛʦ ʙʫʬʝʨʘ. ʇʝʨʝʤʝʥʥʘʷ 

bufferObj ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ OpenGL-ʠʤʝʥʠ ʜʘʥʥʳʭ, ʘ ʧʝʨʝʤʝʥʥʘʷ resource - ʚ 

ʨʦʣʠ CUDA ʉ-ʠʤʝʥʠ. 

 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢ ʩʘʤʦʤʫ ʧʨʠʣʦʞʝʥʠʶ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ, ʥʘ ʢʘʢʦʤ CUDA-ʫʩʪʨʦʡʩʪʚʝ ʦʥʦ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʥʝʩʣʦʞʥʘ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʚʩʝʛʦ ʦʜʠʥ GPU ʩ ʧʦʜʜʝʨʞʢʦʡ 

CUDA. ʆʜʥʘʢʦ ʚʩʝ ʯʘʱʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʥʝʩʢʦʣʴʢʦ 
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ʪʘʢʠʭ GPU, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʙʨʘʪʴ ʢʦʥʢʨʝʪʥʳʡ 

ʧʨʦʮʝʩʩʦʨ. ʂ ʩʯʘʩʪʴʶ, ʚ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ CUDA ʪʘʢʦʝ ʩʨʝʜʩʪʚʦ ʫʞʝ 

ʚʩʪʨʦʝʥʦ. 

 
ʈʠʩʫʥʦʢ 6.2 ï ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ 

 

ɺʳ, ʚʦʟʤʦʞʥʦ, ʧʦʤʥʠʪʝ ʦʙʩʫʞʜʝʥʠʝ ʬʫʥʢʮʠʠ cudaChooseDeviceO, ʥʦ 

ʧʦʩʢʦʣʴʢʫ ʪʦʛʜʘ ʵʪʦ ʙʳʣ ʚʪʦʨʦʩʪʝʧʝʥʥʳʡ ʚʦʧʨʦʩ, ʪʦ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʝʝ ʩʥʦʚʘ. 

ʇʦʢʘʟʘʥʥʳʡ ʚʳʰʝ ʢʦʜ ʧʨʦʩʠʪ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ ʚʳʙʨʘʪʴ ʣʶʙʦʡ GPU ʩ 

ʫʨʦʚʥʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 1.0 ʠʣʠ ʚʳʰʝ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ 

ʩʦʟʜʘʝʪʩʷ ʠ ʦʙʥʫʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ cudaDeviceProp, ʘ ʟʘʪʝʤ ʚ ʥʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʦʤʝʨʘ ʩʪʘʨʰʝʛʦ ʠ ʤʣʘʜʰʝʛʦ ʫʨʦʚʥʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ (1 ʠ 0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʬʫʥʢʮʠʠ 

cudaChooseDeviceO, ʢʦʪʦʨʘʷ ʧʨʦʩʠʪ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ ʚʳʙʨʘʪʴ GPU, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʟʘʜʘʥʥʳʤ ʠ ʩʪʨʫʢʪʫʨʝ cudaDeviceProp. ɺ 

ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʤʳ ʧʦʜʨʦʙʥʝʝ ʦʙʩʫʜʠʤ, ʯʪʦ ʪʘʢʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ GPU, ʘ ʧʦʢʘ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʬʫʥʢʮʠʠ GPU ʧʦʜʜʝʨʞʠʚʘʝʪ. ɼʣʷ ʚʩʝʭ GPU ʩ ʧʦʜʜʝʨʞʢʦʡ 

CUDA ʫʨʦʚʝʥʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝ ʤʝʥʴʰʝ 1.0, ʧʦʵʪʦʤʫ ʢʦʜ, 

ʧʦʢʘʟʘʥʥʳʡ ʚʳʰʝ, ʧʨʦʩʪʦ ʚʳʙʝʨʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʦʜʜʝʨʞʢʦʡ 

CUDA ʠ ʚʝʨʥʝʪ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʧʝʨʝʤʝʥʥʦʡ dev. ʅʝʪ ʥʠʢʘʢʦʡ ʛʘʨʘʥʪʠʠ, 

ʯʪʦ ʵʪʦ ʩʘʤʳʡ ʣʫʯʰʠʡ ʠʣʠ ʩʘʤʳʡ ʙʳʩʪʨʳʡ GPU, ʢʘʢ ʠ ʛʘʨʘʥʪʠʠ ʪʦʛʦ, ʯʪʦ ʧʨʠ 

ʩʤʝʥʝ ʚʝʨʩʠʠ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA ʙʫʜʝʪ ʚʳʙʠʨʘʪʴʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

GPU. 

ɽʩʣʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ ʫʩʪʨʦʡʩʪʚʘ ʩʪʦʣʴ ʥʠʯʪʦʞʝʥ, ʪʦ ʟʘʯʝʤ 

ʚʦʦʙʱʝ ʵʪʦ ʥʫʞʥʦ ï ʟʘʧʦʣʥʷʪʴ ʩʪʨʫʢʪʫʨʫ cudaDeviceProp ʠ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʶ 
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cudaChooseDevice() ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʫʩʪʨʦʡʩʪʚʘ? ʍʦʨʦʰʠʝ 

ʚʦʧʨʦʩʳ. ɸ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʩʪʨʦʡʩʪʚʘ ʥʫʞʥʦ ʟʥʘʪʴ, ʯʪʦʙʳ 

ʩʦʦʙʱʠʪʴ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA, ʯʪʦ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ CUDA ʠ OpenGL. ɼʣʷ ʵʪʦʛʦ ʤʳ ʚʳʟʳʚʘʝʤ ʬʫʥʢʮʠʶ 

cudaGLSetGLDevice(), ʧʝʨʝʜʘʚʘʷ ʝʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʦʪ cudaChooseDevice(): 

HANDLE_ERROR(cudaGLSetGLDevice(dev)); 

ɿʘʚʝʨʰʠʚ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA, ʤʳ ʤʦʞʝʤ 

ʧʝʨʝʡʪʠ ʢ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʨʘʡʚʝʨʘ OpenGL, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʡ ʠʟ ʙʠʙʣʠʦʪʝʢʠ GL Utility  Toolkit (GLUT). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʱʝʥʠʡ ʟʥʘʢʦʤʘ ʣʶʙʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ GLUT: 

 
ʈʠʩʫʥʦʢ 6.3 ï ʀʥʠʮʠʘʣʠʟʘʮʠʷ OpenGL 

 

ʀʪʘʢ, ʤʳ ʧʦʜʛʦʪʦʚʠʣʠ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ CUDA ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʜʨʘʡʚʝʨʦʤ OpenGL, ʚʳʟʚʘʚ ʬʫʥʢʮʠʶ cudaGLSetGLDevice(). ɿʘʪʝʤ ʤʳ 

ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʣʠ ʙʠʙʣʠʦʪʝʢʫ GLUT ʠ ʩʦʟʜʘʣʠ ʦʢʥʦ ʩ ʠʤʝʥʝʤ çbitmapè, ʚ 

ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ. ʊʝʧʝʨʴ ʚʩʝ ʛʦʪʦʚʦ ʢ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩ 

OpenGL. 

ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʷʜʨʦʤ CUDA ʉ ʠ 

ʨʝʥʜʝʨʠʥʛʦʤ OpenGL ʷʚʣʷʶʪʩʷ ʨʘʟʜʝʣʷʝʤʳʝ ʙʫʬʝʨʳ ʜʘʥʥʳʭ. ʏʪʦʙʳ ʧʝʨʝʜʘʪʴ 

ʜʘʥʥʳʝ ʦʪ OpenGL ʢ CUDA ʠ ʦʙʨʘʪʥʦ, ʤʳ ʜʦʣʞʥʳ ʩʥʘʯʘʣʘ ʩʦʟʜʘʪʴ ʙʫʬʝʨ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʦʠʤʠ API. ʇʨʦʮʝʜʫʨʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʟʜʘʥʠʷ 

ʧʠʢʩʝʣʴʥʦʛʦ ʙʫʬʝʨʘ ʚ OpenGL ʠ ʩʦʭʨʘʥʝʥʠʷ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚ ʛʣʦʙʘʣʴʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ bufferObj ʪʠʧʘ GLuint: 
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ɽʩʣʠ ʚʘʤ ʥʠʢʦʛʜʘ ʥʝ ʜʦʚʦʜʠʣʦʩʴ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪ ʧʠʢʩʝʣʴʥʦʛʦ ʙʫʬʝʨʘ 

(ʈɺʆ) ʚ OpenGL, ʪʦ ʩʢʘʞʝʤ, ʯʪʦ ʦʙʳʯʥʦ ʵʪʘ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʨʠ 

ʧʨʠʝʤʘ. ʉʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ glGenBuffers() ʛʝʥʝʨʠʨʫʝʪʩʷ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʙʫʬʝʨʘ. ɿʘʪʝʤ ʵʪʦʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʠʢʩʝʣʴʥʳʤ 

ʙʫʬʝʨʦʤ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ glBindBuffer(). ʀ ʥʘʢʦʥʝʮ, ʤʳ ʧʨʦʩʠʤ ʜʨʘʡʚʝʨ 

OpenGL ʚʳʜʝʣʠʪʴ ʜʣʷ ʥʘʩ ʙʫʬʝʨ, ʚʳʟʳʚʘʷ ʬʫʥʢʮʠʶ glBufferData(). ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʳ ʟʘʧʨʦʩʠʣʠ ʙʫʬʝʨ ʜʣʷ ʭʨʘʥʝʥʠʷ DIM ʭ DIM 32-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ ʠ 

ʫʢʘʟʘʣʠ ʢʦʥʩʪʘʥʪʫ GL_DYNAMIC _DRAW_ARB, ʢʦʪʦʨʘʷ ʛʦʚʦʨʠʪ, ʯʪʦ ʵʪʦʪ 

ʙʫʬʝʨ ʙʫʜʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ. ʇʦʩʢʦʣʴʢʫ ʥʠʢʘʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʚ ʙʫʬʝʨ ʫ ʥʘʩ ʥʝʪ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ 

ʘʨʛʫʤʝʥʪʘ glBufferData() ʧʝʨʝʜʘʝʪʩʷ NULL. 

ʊʝʧʝʨʴ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʩ ʛʨʘʬʠʢʦʡ ʦʩʪʘʣʦʩʴ ʪʦʣʴʢʦ 

ʩʦʦʙʱʠʪʴ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA ʦ ʪʦʤ, ʯʪʦ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʨʘʟʜʝʣʷʪʴ 

ʙʫʬʝʨ OpenGL, ʥʘ ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʧʝʨʝʤʝʥʥʘʷ buffʝrObj, ʩ CUDA. ɼʣʷ 

ʵʪʦʛʦ buffʝrObj ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ CUDA ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʩʫʨʩ. 

 
ʈʠʩʫʥʦʢ 6.4 ï ʆʪʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ 

 

ʏʪʦʙʳ ʫʚʝʜʦʤʠʪʴ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ CUDA ʦ ʥʘʰʝʤ ʥʘʤʝʨʝʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʠʢʩʝʣʴʥʳʡ ʙʫʬʝʨ bufferObj ʢʘʢ ʚ OpenGL, ʪʘʢ ʠ ʚ CUDA, ʤʳ 

ʚʳʟʳʚʘʝʤ ʬʫʥʢʮʠʶ cudaGraphicsGLRegisterBuffer(). ʀʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ 

ʚʦʟʚʨʘʱʘʝʪ ʧʦʥʷʪʥʳʡ CUDA ʦʧʠʩʘʪʝʣʴ ʙʫʬʝʨʘ ʚ ʧʝʨʝʤʝʥʥʦʡ resource. ʕʪʦʪ 

ʦʧʠʩʘʪʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʩʳʣʢʠ ʥʘ bufferObj ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʦʙʨʘʱʝʥʠʷʭ ʢ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA. 
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ʌʣʘʛ cudaGraphicsMapFlagsNone ʛʦʚʦʨʠʪ, ʯʪʦ ʥʠʢʘʢʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʙʫʬʝʨʘ ʤʳ ʥʝ ʦʧʨʝʜʝʣʷʝʤ. ɽʩʣʠ ʙʳ ʤʳ ʭʦʪʝʣʠ ʩʜʝʣʘʪʴ ʙʫʬʝʨ 

ʜʦʩʪʫʧʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʯʪʝʥʠʷ, ʪʦ ʤʦʛʣʠ ʙʳ ʟʘʜʘʪʴ ʬʣʘʛ 

cudaGraphicsMapFlagsReadOnly. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʬʣʘʛ 

cudaGraphicsMapFlagsWriteDiscard, ʢʦʪʦʨʳʡ ʛʦʚʦʨʠʪ, ʯʪʦ ʧʨʝʜʳʜʫʱʝʝ 

ʩʦʜʝʨʞʠʤʦʝ ʙʫʬʝʨʘ ʩʣʝʜʫʝʪ ʦʪʙʨʦʩʠʪʴ; ʧʨʠ ʵʪʦʤ ʙʫʬʝʨ, ʧʦ ʩʫʱʝʩʪʚʫ, 

ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʟʘʧʠʩʠ. ʕʪʠ ʥʝʦʙʷʟʘʪʝʣʴʥʳʝ ʬʣʘʛʠ 

ʧʦʟʚʦʣʷʶʪ CUDA ʠ ʜʨʘʡʚʝʨʫ OpenGL ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʙʫʬʝʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʦʩʪʫʧʦʤ. 

ɺʳʟʦʚ glBufferDataO ʟʘʧʨʘʰʠʚʘʝʪ ʫ ʜʨʘʡʚʝʨʘ OpenGL ʙʫʬʝʨ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ DIM ʭ DIM 32-ʨʘʟʨʷʜʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʨʘʱʝʥʠʷʭ ʢ OpenGL ʤʳ ʙʫʜʝʤ ʩʩʳʣʘʪʴʩʷ ʥʘ ʵʪʦʪ ʙʫʬʝʨ ʧʦ ʝʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ buffʝrObj, ʘ ʧʨʠ ʦʙʨʘʱʝʥʠʷʭ ʢ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA ï 

ʧʦ ʫʢʘʟʘʪʝʣʶ recource. ʊʘʢ ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʯʠʪʘʪʴ ʠ ʧʠʩʘʪʴ ʚ ʵʪʦʪ ʙʫʬʝʨ 

ʠʟ ʷʜʝʨ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ CUDA ʉ, ʪʦ ʦʜʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʅʫʞʝʥ ʝʱʝ ʬʘʢʪʠʯʝʩʢʠʡ ʘʜʨʝʩ ʚ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʝʨʝʜʘʪʴ ʷʜʨʫ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʧʨʦʩʠʤ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ 

CUDA ʦʪʦʙʨʘʟʠʪʴ ʨʘʟʜʝʣʷʝʤʳʡ ʨʝʩʫʨʩ ʚ ʩʚʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʜʘʪʴ 

ʥʘʤ ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʪʦʙʨʘʞʝʥʥʳʡ ʨʝʩʫʨʩ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ devPtr ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʦʙʳʯʥʳʡ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʭʨʘʥʷʱʠʝʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʩʪʦʯʥʠʢʘ ʧʠʢʩʝʣʝʡ ʜʣʷ OpenGL. ʇʦʩʣʝ ʚʩʝʭ ʵʪʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʫʭʠʱʨʝʥʠʡ ʬʫʥʢʮʠʷ main() ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʫ. ʉʥʘʯʘʣʘ ʤʳ 

ʟʘʧʫʩʢʘʝʤ ʷʜʨʦ, ʧʝʨʝʜʘʚʘʷ ʝʤʫ ʫʢʘʟʘʪʝʣʴ ʥʘ ʨʘʟʜʝʣʷʝʤʳʡ ʙʫʬʝʨ. ʕʪʦ ʷʜʨʦ, ʢʦʜ 

ʢʦʪʦʨʦʛʦ ʤʳ ʝʱʝ ʥʝ ʧʨʠʚʦʜʠʣʠ, ʛʝʥʝʨʠʨʫʝʪ ʜʘʥʥʳʝ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʪʝʤ ʤʳ ʦʪʢʣʶʯʘʝʤ ʨʘʟʜʝʣʷʝʤʳʡ ʨʝʩʫʨʩ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʝʣʘʪʴ ʧʝʨʝʜ ʨʝʥʜʝʨʠʥʛʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʝʞʜʫ CUDA ʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʯʘʩʪʷʤʠ ʧʨʦʛʨʘʤʤʳ. ʊʦʯʥʝʝ, ʤʳ 

ʛʘʨʘʥʪʠʨʫʝʤ, ʯʪʦ ʚʩʝ ʦʧʝʨʘʮʠʠ, ʥʘʯʘʪʳʝ CUDA ʧʝʨʝʜ ʦʙʨʘʱʝʥʠʝʤ ʢ 

cudaGraphicsllnmapResources(), ʟʘʚʝʨʰʘʶʪʩʷ ʝʱʝ ʜʦ ʧʝʨʚʦʛʦ ʚʳʟʦʚʘ 
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ʛʨʘʬʠʯʝʩʢʦʛʦ API. ʄʳ ʨʝʛʠʩʪʨʠʨʫʝʤ ʚ GLUT ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʢʣʘʚʠʘʪʫʨʳ ʠ ʜʠʩʧʣʝʷ (key_func ʠ draw_func) ʠ ʧʝʨʝʜʘʝʤ ʫʧʨʘʚʣʝʥʠʝ ʮʠʢʣʫ 

ʨʝʥʜʝʨʠʥʛʘ GLUT, ʚʳʟʳʚʘʷ glutMainLoop() 

 

ʌʫʥʢʮʠʷ ʷʜʨʘ ʧʨʠʥʠʤʘʝʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʛʝʥʝʨʠʨʫʝʪ 

ʜʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʅʠʞʝ ʧʦʢʘʟʘʥʦ ʷʜʨʦ, ʫʩʪʨʦʝʥʥʦʝ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʠʤʝʨʝ 

ʘʥʠʤʘʮʠʠ ʚʦʣʥ (ʈʠʩʫʥʦʢ 6.5). 

 
ʈʠʩʫʥʦʢ 6.5 ï ʌʫʥʢʮʠʷ ʷʜʨʘ ʘʥʠʤʘʮʠʠ ʚʦʣʥ 

 

ɿʜʝʩʴ ʤʳ ʚʩʪʨʝʯʘʝʤ ʤʥʦʛʦ ʫʞʝ ʟʥʘʢʦʤʳʭ ʧʨʠʝʤʦʚ. ʉʧʦʩʦʙ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʜʝʢʩʦʚ ʙʣʦʢʘ ʠ ʧʦʪʦʢʘ ʚ ʢʦʦʨʜʠʥʘʪʳ ʭ, ʫ ʠ ʣʠʥʝʡʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ. ɿʘʪʝʤ ʤʳ ʧʨʦʠʟʚʦʜʠʤ ʙʦʣʝʝ-ʤʝʥʝʝ 
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ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʮʚʝʪʘ ʧʠʢʩʝʣʷ ʚ ʧʦʟʠʮʠʠ (ʭ, ʫ) ʠ ʩʦʭʨʘʥʷʝʤ 

ʨʝʟʫʣʴʪʘʪ ʚ ʧʘʤʷʪʠ. ɼʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ GPU ʤʳ 

ʩʥʦʚʘ ʠʩʧʦʣʴʟʫʝʤ CUDA ʉ. ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ OpenGL ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ ʙʝʟ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ CPU. 

ʅʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ CUDA ʙʫʬʝʨ ʩ 

ʧʦʤʦʱʴʶ OpenGL? ʅʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ ʩʪʨʦʢʫ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠʟ ʢʦʜʘ ʚ 

main(): 

glBindBuffer(GL_PIXEL_UNPACK_BUFFER_ARB, bufferObj); 

ɿʜʝʩʴ ʤʳ ʩʚʷʟʘʣʠ ʨʘʟʜʝʣʷʝʤʳʡ ʙʫʬʝʨ, ʥʘʟʥʘʯʠʚ ʝʛʦ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʢʩʝʣʝʡ ʜʣʷ ʜʨʘʡʚʝʨʘ OpenGL, ʯʪʦʙʳ ʧʦʩʣʝʜʫʶʱʠʝ ʚʳʟʦʚʳ glDrawPixelsQ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʛʦ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ. ʀ ʪʝʧʝʨʴ ʚʳʟʦʚʘ glDrawPixels() 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʷʜʨʦʤ CUDA ʉ. 

ʉʪʘʣʦ ʙʳʪʴ, ʬʫʥʢʮʠʠ draw_ f unc() ʦʩʪʘʝʪʩʷ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

 

ɺʦʟʤʦʞʥʦ, ʚʘʤ ʚʩʪʨʝʯʘʣʠʩʴ ʦʙʨʘʱʝʥʠʷ ʢ glDrawPixels(), ʚ ʢʦʪʦʨʳʭ 

ʧʦʩʣʝʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʧʝʨʝʜʘʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʙʫʬʝʨ. ɼʨʘʡʚʝʨ OpenGL ʙʫʜʝʪ 

ʢʦʧʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʵʪʦʛʦ ʙʫʬʝʨʘ, ʝʩʣʠ ʥʠʢʘʢʦʡ ʜʨʫʛʦʡ ʙʫʬʝʨ ʥʝ ʙʳʣ 

ʥʘʟʥʘʯʝʥ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʫʪʝʤ ʚʳʟʦʚʘ glBindBuffer() ʩ ʘʨʛʫʤʝʥʪʦʤ 

GL_PIXEL_UNPACK_BUFFER_ARB. ʅʦ ʧʦʩʢʦʣʴʢʫ ʥʘʰʠ ʜʘʥʥʳʝ ʫʞʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʤʷʪʠ GPU ʠ ʤʳ ʩʚʷʟʘʣʠ ʨʘʟʜʝʣʷʝʤʳʡ ʙʫʬʝʨ, ʥʘʟʥʘʯʠʚ ʝʛʦ 

ʠʩʪʦʯʥʠʢʦʤ, ʪʦ ʧʦʩʣʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʩʤʝʱʝʥʠʝ ʦʪ 

ʥʘʯʘʣʘ ʙʫʬʝʨʘ. ʊʘʢ ʢʘʢ ʤʳ ʭʦʪʠʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʙʫʬʝʨ, ʪʦ ʩʤʝʱʝʥʠʝ 

ʨʘʚʥʦ 0. ʇʦʩʣʝʜʥʠʡ ʢʫʩʦʯʝʢ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʪʘʠʪ ʚ ʩʝʙʝ ʥʠʯʝʛʦ ʠʥʪʝʨʝʩʥʦʛʦ; 

ʧʨʦʩʪʦ ʤʳ ʨʝʰʠʣʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʧʦʩʦʙ ʚʳʡʪʠ ʠʟ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʤʳ ʥʘʧʠʩʘʣʠ ʬʫʥʢʮʠʶ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ key_func(), ʢʦʪʦʨʘʷ 

ʨʝʘʛʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʢʣʘʚʠʰʫ Esc ʠ ʧʨʠ ʝʝ ʥʘʞʘʪʠʠ ʧʨʦʠʟʚʦʜʠʪ ʦʯʠʩʪʢʫ ʠ 

ʚʳʭʦʜ: 
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ʈʠʩʫʥʦʢ 6.6 ï ʌʫʥʢʮʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʦʙʨʘʙʦʪʢʫ ʩʦʙʳʪʠʡ ʢʣʘʚʠʘʪʫʨʳ 

 

ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʨʠʩʫʝʪ ʢʘʨʪʠʥʢʫ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʯʝʨʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ 

(ʦʪʪʝʥʢʘ NVIDIA) ʮʚʝʪʦʚ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ 6.7. 

 
ʈʠʩʫʥʦʢ 6.7 ï ʉʥʠʤʦʢ ʵʢʨʘʥʘ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

 

 

6.2 ɸʥʠʤʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ GPU 

 

ʅʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʫʧʦʤʠʥʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʘʥʠʤʘʮʠʠ 

ʚʦʣʥ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪ CPUAnimBitmap ʠ ʧʝʨʝʜʘʚʘʣʘ ʝʤʫ 

ʬʫʥʢʮʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʢʘʞʜʦʛʦ ʢʘʜʨʘ (ʈʠʩʫʥʦʢ 6.8). 



167 

 
ʈʠʩʫʥʦʢ 6.8 ï ʇʨʦʛʨʘʤʤʘ ʘʥʠʤʘʮʠʠ ʚʦʣʥ (host-ʢʦʜ) 

 

ʄʳ ʥʘʤʝʨʝʚʘʝʤʩʷ ʧʨʠʤʝʥʠʪʴ ʪʝʭʥʠʢʫ, ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʦʜʨʘʟʜʝʣʝ, ʢ ʩʦʟʜʘʥʠʶ ʩʪʨʫʢʪʫʨʳ GPUAnimBitmap. ʆʥʘ ʩʣʫʞʠʪ ʪʝʤ ʞʝ 

ʮʝʣʷʤ, ʯʪʦ CPUAnimBitmap, ʥʦ ʚ ʥʦʚʦʡ ʚʝʨʩʠʠ CUDA ʠ OpenGL ʙʫʜʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ CPU. ʂʦʛʜʘ ʤʳ ʚʩʝ ʩʜʝʣʘʝʤ, ʬʫʥʢʮʠʷ 

main() ʦʢʘʞʝʪʩʷ ʩʦʚʩʝʤ ʧʨʦʩʪʦʡ: 

 
ʈʠʩʫʥʦʢ 6.9 ï ʈʝʬʘʢʪʦʨʠʥʛ main() 

 

ʇʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ GPUAnimBitmap ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʳʟʦʚʳ ʪʝʭ ʞʝ ʬʫʥʢʮʠʡ, ʯʪʦ ʚ ʧʦʜʨʘʟʜʝʣʝ 6.1. ʅʦ ʪʝʧʝʨʴ ʵʪʠ ʚʳʟʦʚʳ 

ʘʙʩʪʨʘʛʠʨʦʚʘʥʳ ʚ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʝ GPUAnimBitmap, ʧʦʵʪʦʤʫ ʢʦʜ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʨʦʚ (ʠ, ʚʦʟʤʦʞʥʦ, ʚʘʰʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ) 

ʩʪʘʥʝʪ ʯʠʱʝ: 
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ʈʠʩʫʥʦʢ 6.10 ï ʉʪʨʫʢʪʫʨʘ GPUAnimBitmap  

 

ʄʳ ʟʥʘʝʤ, ʯʪʦ ʚ OpenGL ʠ ʚ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʳʝ ʠʤʝʥʘ ʜʣʷ ʙʫʬʝʨʘ ʚ ʧʘʤʷʪʠ GPU ʠ ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢ ʯʝʤʫ 

ʤʳ ʦʙʨʘʱʘʝʤʩʷ, ʥʫʞʥʦ ʫʢʘʟʳʚʘʪʴ ʪʦ ʠʣʠ ʠʥʦʝ ʠʤʷ. ʇʦʵʪʦʤʫ ʚ ʩʪʨʫʢʪʫʨʝ 

ʭʨʘʥʷʪʩʷ ʦʙʘ ʠʤʝʥʠ: bufferObj ʜʣʷ OpenGL ʠ resource ʜʣʷ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ 

CUDA. ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʘʤʝʨʝʚʘʝʤʩʷ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʜʣʷ ʥʝʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ. 

ʏʪʦʙʳ ʢʣʠʝʥʪʳ GPUAnimBitmap ʤʦʛʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʙʨʘʪʥʳʝ 

ʚʳʟʦʚʳ, ʥʘʤ ʥʝʦʙʭʦʜʠʤ ʫʢʘʟʘʪʝʣʴ ʪʠʧʘ void* ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ; ʤʳ ʭʨʘʥʠʤ ʝʛʦ ʚ ʧʦʣʝ dataBlock. ʅʘʰʝʤʫ ʢʣʘʩʩʫ ɻ ʪʠ 

ʜʘʥʥʳʝ ʙʝʟʨʘʟʣʠʯʥʳ, ʦʥ ʧʨʦʩʪʦ ʧʝʨʝʜʘʝʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʥʠʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʬʫʥʢʮʠʷʤ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ. ʋʢʘʟʘʪʝʣʠ ʥʘ ʩʘʤʠ ʬʫʥʢʮʠʠ 

ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʭʨʘʥʷʪʩʷ ʚ ʧʦʣʷʭ fAnim, animExit ʠ clickDrag. ʌʫʥʢʮʠʷ 

fAnim() ʚʳʟʳʚʘʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʦʙʨʘʱʝʥʠʠ ʢ glutIdleFunc() ʠ ʦʪʚʝʯʘʝʪ ʟʘ 

ʧʦʨʦʞʜʝʥʠʝ ʜʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʛʦ ʚ ʢʘʜʨʘʭ ʘʥʠʤʘʮʠʠ. 

ʌʫʥʢʮʠʷ animExit() ʚʳʟʳʚʘʝʪʩʷ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʘʥʠʤʘʮʠʠ. ʀʤʝʥʥʦ ʚ 

ʥʝʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʜ ʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ 

ʚʳʧʦʣʥʠʪʴ, ʢʦʛʜʘ ʘʥʠʤʘʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ. ʅʘʢʦʥʝʮ, ʥʝʦʙʷʟʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ 

clickDragO ʨʝʘʣʠʟʫʝʪ ʨʝʘʢʮʠʶ ʥʘ ʩʦʙʳʪʠʷ ʱʝʣʯʢʘ ʠ ʙʫʢʩʠʨʦʚʢʠ ʤʳʰʴʶ. ɽʩʣʠ 

ʢʣʠʝʥʪ ʟʘʨʝʛʠʩʪʨʠʨʫʝʪ ʵʪʫ ʬʫʥʢʮʠʶ, ʪʦ ʦʥʘ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʩʦʙʳʪʠʷ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ʤʳʰʠ, ʙʫʢʩʠʨʦʚʢʠ ʠ ʦʪʧʫʩʢʘʥʠʷ ʢʥʦʧʢʠ. ʇʦʟʠʮʠʷ, ʚ 

ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʙʳʣʘ ʥʘʞʘʪʘ ʢʥʦʧʢʘ ʤʳʰʠ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʦʣʷʭ (dragStartX, 

dragStartY), ʯʪʦʙʳ ʢʣʠʝʥʪʫ ʤʦʞʥʦ ʙʳʣʦ ʧʝʨʝʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ 
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ʪʦʯʢʠ ʙʫʢʩʠʨʦʚʢʠ ʚ ʤʦʤʝʥʪ ʦʪʧʫʩʢʘʥʠʷ ʢʥʦʧʢʠ ʤʳʰʠ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʤʦʞʥʦ ʧʦʨʘʟʠʪʴ ʩʚʦʠʭ ʜʨʫʟʝʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʘʥʠʤʘʮʠʝʡ. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷ GPUAnimBitmap ʦʯʝʥʴ ʧʦʭʦʞʘ ʥʘ ʪʦ, ʯʪʦ ʤʳ ʚʠʜʝʣʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ. ʉʦʭʨʘʥʠʚ ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʳ, ʤʳ 

ʟʘʧʨʘʰʠʚʘʝʤ ʫ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA ʧʦʜʭʦʜʷʱʝʝ ʫʩʪʨʦʡʩʪʚʦ: 

 
ʈʠʩʫʥʦʢ 6.11 ï ʀʥʠʮʠʘʣʠʟʘʮʠʷ GPUAnimBitmap  

 

ʆʪʳʩʢʘʚ ʩʦʚʤʝʩʪʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʤʳ ʜʝʣʘʝʤ ʦʯʝʥʴ ʚʘʞʥʳʡ ʚʳʟʦʚ 

ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA, cudaGLSetGLDevice(), ʫʚʝʜʦʤʣʷʷ ʝʝ ʦ ʪʦʤ, ʯʪʦ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ OpenGL: 

cudaGLSetGLDevice(dev); 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʧʦʣʴʟʫʝʤʩʷ ʙʠʙʣʠʦʪʝʢʦʡ GLUT ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʨʝʜʳ 

ʦʢʦʥʥʦʛʦ ʨʝʥʜʝʨʠʥʛʘ, ʪʦ ʜʦʣʞʥʳ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ GLUT. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ 

ʥʝʫʜʦʙʥʦ ʜʣʷ ʥʘʩ, ʧʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ glutlnit() ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʘʨʛʫʤʝʥʪʳ 

ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʢʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢ ʢʘʢ ʥʘʤ ʧʝʨʝʜʘʚʘʪʴ 

ʥʝʯʝʛʦ, ʪʦ ʙʳʣʦ ʙʳ ʨʘʟʫʤʥʦ ʫʢʘʟʘʪʴ ʧʨʦʩʪʦ NULL. ʋʚʳ, ʚ ʥʝʢʦʪʦʨʳʭ ʚʝʨʩʠʷʭ 

GLUT ʝʩʪʴ ʦʰʠʙʢʘ, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʧʦʧʳʪʢʘ ʧʝʨʝʜʘʪʴ NULL ʧʨʠʚʦʜʠʪ ʢ 

ʘʚʘʨʠʡʥʦʤʫ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʛʨʘʤʤʳ. ʇʦʵʪʦʤʫ ʤʳ ʦʙʤʘʥʳʚʘʝʤ GLUT, 

ʧʝʨʝʜʘʚʘʷ ʝʡ ʬʠʢʪʠʚʥʳʡ ʘʨʛʫʤʝʥʪ, ʠ ʪʦʛʜʘ ʚʩʝ ʩʪʘʥʦʚʠʪʩʷ ʭʦʨʦʰʦ. 
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ʀʥʠʮʠʘʣʠʟʘʮʠʷ GLUT ʧʨʦʜʦʣʞʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ. 

ʄʳ ʩʦʟʜʘʝʤ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ, ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʝʛʦ ʟʘʛʦʣʦʚʢʘ ʫʢʘʟʳʚʘʝʤ ʩʪʨʦʢʫ çbitmapè. ɽʩʣʠ ʭʦʪʠʪʝ, ʤʦʞʝʪʝ ʥʘʟʚʘʪʴ ʝʛʦ ʢʘʢ-

ʪʦ ʠʥʘʯʝ. 

 

ɼʘʣʝʝ ʤʳ ʟʘʧʨʘʰʠʚʘʝʤ ʫ ʜʨʘʡʚʝʨʘ OpenGL ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʙʫʬʝʨʘ, 

ʢʦʪʦʨʳʡ ʩʨʘʟʫ ʞʝ ʩʚʷʟʳʚʘʝʤ ʚ ʨʝʞʠʤʝ GL_PIXEL_UNPACK_BUFFER_ARB, 

ʯʪʦʙʳ ʙʫʜʫʱʠʝ ʦʙʨʘʱʝâʥʠʷ ʢ glDrawPixels() ʨʠʩʦʚʘʣʠ ʚ ʥʘʰʝʤ ʦʙʱʝʤ ʙʫʬʝʨʝ: 

 

ʀ ʧʦʩʣʝʜʥʝʝ, ʥʦ ʦʪʥʶʜʴ ʥʝ ʩʘʤʦʝ ʤʘʣʦʚʘʞʥʦʝ ʜʝʡʩʪʚʠʝ ï ʟʘʧʨʦʩ ʢ 

ʜʨʘʡʚʝʨʫ OpenGL ʦ ʚʳʜʝʣʝʥʠʠ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ GPU. ʇʦʣʫʯʠʚ ʙʫʬʝʨ, ʤʳ 

ʩʦʦʙʱʘʝʤ ʦ ʥʝʤ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ CUDA, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʚ bufferObj ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cudaGraphicsGLRegisterBuffer(). 

 

ʀʪʘʢ, ʩʪʨʫʢʪʫʨʘ GPUAnimBitmap ʥʘʩʪʨʦʝʥʘ, ʠ ʦʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʧʦʥʷʪʴ, 

ʢʘʢ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʥʜʝʨʠʥʛ. ʆʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʥʫʪʨʠ ʬʫʥʢʮʠʠ 

glutIdleFunction(). ʆʥʘ ʜʝʣʘʝʪ ʪʨʠ ʚʝʱʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʪʦʙʨʘʞʘʝʪ ʨʘʟʜʝʣʷʝʤʳʡ 

ʙʫʬʝʨ ʚ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ GPU ʠ ʧʦʣʫʯʘʝʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʥʝʛʦ (ʨʠʩ. 6.12). 
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ʈʠʩʫʥʦʢ 6.12 ï ɹʠʥʜʠʥʛ ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

 

ɺʦ-ʚʪʦʨʳʭ, ʚʳʟʳʚʘʝʪ ʟʘʜʘʥʥʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʫʥʢʮʠʶ fAnim(), 

ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʧʫʩʢʘʝʪ ʷʜʨʦ ʥʘ CUDA ʉ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʙʫʬʝʨʘ 

ʧʦ ʘʜʨʝʩʫ devPtr ʜʘʥʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

ʀ ʥʘʢʦʥʝʮ, ʚʳʢʣʶʯʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʙʫʬʝʨʘ ʥʘ ʧʘʤʷʪʴ GPU, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʨʘʡʚʝʨʫ OpenGL ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʫʬʝʨ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ. ʈʝʥʜʝʨʠʥʛ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʦʙʨʘʱʝʥʠʝʤ ʢ ʬʫʥʢʮʠʠ glutPostRedisplay(). 

 

ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ GPUAnimBitmap ʩʦʜʝʨʞʠʪ ʭʦʪʷ ʠ ʚʘʞʥʳʡ, 

ʥʦ ʥʝ ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʢʦʜ. ɽʩʣʠ ʦʥ 

ʚʘʩ ʠʥʪʝʨʝʩʫʝʪ, ʥʝ ʩʪʝʩʥʷʡʪʝʩʴ, ʠʟʫʯʘʡʪʝ. ʅʦ ʝʩʣʠ ʫ ʚʘʩ ʥʝʪ ʥʘ ʵʪʦ ʚʨʝʤʝʥʠ ʠʣʠ 

ʞʝʣʘʥʠʷ, ʪʦ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʦʩʪʘʪʦʢ 

GPUAnimBitmap. 

ʊʝʧʝʨʴ, ʠʤʝʷ ʚʝʨʩʠʶ CPUAnimBitmap ʜʣʷ GPU, ʤʳ ʤʦʞʝʤ ʧʝʨʝʜʝʣʘʪʴ 

ʧʨʦʛʨʘʤʤʫ ʘʥʠʤʘʮʠʠ ʚʦʣʥ, ʪʘʢ ʯʪʦʙʳ ʦʥʘ ʨʘʙʦʪʘʣʘ ʮʝʣʠʢʦʤ ʥʘ GPU. ɼʣʷ 
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ʥʘʯʘʣʘ ʚʢʣʶʯʠʤ ʬʘʡʣ gpu_anim.h, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

GPUAnimBitmap. ʀ ʷʜʨʦ, ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʨʘʥʝʝ: 

 
ʈʠʩʫʥʦʢ 6.13 ï ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʷʜʨʦ 

 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʜʝʣʝʥʦ ʧʦʣʫʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. ʆʥʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʧʦʪʦʤʫ ʯʪʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ OpenGL ʨʘʟʜʝʣʷʝʤʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ çʜʨʫʞʝʩʪʚʝʥʥʳʤʠ ʢ ʛʨʘʬʠʢʝè. ʇʦʩʢʦʣʴʢʫ ʧʨʠ 

ʨʝʥʜʝʨʠʥʛʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʩʩʠʚʳ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʢʨʘʩʥʳʡ/ʟʝʣʝʥʳʡ/ʩʠʥʠʡ/ʘʣʴʬʘ-ʢʘʥʘʣ), ʪʦ 

ʙʫʬʝʨ ʙʦʣʴʰʝ ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚʦʤ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ unsigned char, ʢʘʢ ʨʘʥʴʰʝ. 

ɺ ʥʝʤ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴʩʷ ʵʣʝʤʝʥʪʳ ʪʠʧʘ uchar4. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʤʳ ʠ ʚ ʛʣʘʚʝ 5 

ʨʘʙʦʪʘʣʠ ʩ ʙʫʬʝʨʦʤ ʢʘʢ ʩ ʤʘʩʩʠʚʦʤ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʪʦʤʫ 

ʯʪʦ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʫ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ ptr[offset*4+k], 

ʛʜʝ ʢ ï ʥʦʤʝʨ ʢʦʤʧʦʥʝʥʪʳ ʦʪ 0 ʜʦ 3. ʅʦ ʪʝʧʝʨʴ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʧʨʠʨʦʜʘ 

ʜʘʥʥʳʭ ʩʜʝʣʘʥʘ ʷʚʥʦʡ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʢ ʪʠʧʫ uchar4. 

ʇʦʩʢʦʣʴʢʫ ʫ ʥʘʩ ʫʞʝ ʝʩʪʴ ʥʘʧʠʩʘʥʥʘʷ ʥʘ CUDA ʉ ʬʫʥʢʮʠʷ kernel (), 

ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʜʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘʧʠʩʘʪʴ 

ʬʫʥʢʮʠʶ ʘʥʠʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴʩʷ ʠʟ ʬʫʥʢʮʠʠ idle_func(), 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ ʩʪʨʫʢʪʫʨʝ GPUAnimBitmap. ɺ ʥʘʰʝʤ ʧʨʠʣʦʞʝʥʠʠ ʥʘ ʜʦʣʶ 

ʵʪʦʡ ʬʫʥʢʮʠʠ ʦʩʪʘʝʪʩʷ ʟʘʧʫʩʢ ʷʜʨʘ: 

 
ʈʠʩʫʥʦʢ 6.14 ï ɺʳʟʦʚ ʬʫʥʢʮʠʠ ʷʜʨʘ 

 

ɺʦʪ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʚʩʝ, ʚʝʜʴ ʪʨʫʜʥʘʷ ʨʘʙʦʪʘ ʜʝʣʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

GPUAnimBitmap. ʏʪʦʙʳ ʚʩʝ ʟʘʢʨʫʪʠʣʦʩʴ, ʤʳ ʜʦʣʞʥʳ ʪʦʣʴʢʦ ʩʦʟʜʘʪʴ 

ʵʢʟʝʤʧʣʷʨ GPUAnimBitmap ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ ʘʥʠʤʘʮʠʠ 

generate_frame() ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ. 

 
ʈʠʩʫʥʦʢ 6.15 ï ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ main() 

 

6.3 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ 

 

6.3.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ CPUAnimBitmap ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ ʢʨʦʝʪʩʷ ʚ 

ʚʳʟʦʚʝ ʬʫʥʢʮʠʠ glDrawPixels().. 

 

ɺ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʠʟ ʵʪʦʡ ʛʣʘʚʳ ʤʳ ʫʧʦʤʷʥʫʣʠ ʦ ʪʦʤ, ʯʪʦ ʚʘʤ, 

ʚʦʟʤʦʞʥʦ, ʚʩʪʨʝʯʘʣʠʩʴ ʦʙʨʘʱʝʥʠʷ ʢ glDrawPixels() ʩ ʫʢʘʟʘʪʝʣʝʤ ʥʘ ʙʫʬʝʨ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʝʛʦ ʘʨʛʫʤʝʥʪʘ. ʅʫ ʘ ʝʩʣʠ ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ, ʪʦ ʚʩʪʨʝʪʷʪʩʷ 

ʪʝʧʝʨʴ. ʕʪʦʪ ʚʳʟʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʬʫʥʢʮʠʠ Draw() ʚ ʩʪʨʫʢʪʫʨʝ 
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CPUAnimBitmap ʠ ʟʘʧʫʩʢʘʝʪ ʢʦʧʠʨʦʚʘʥʠʝ ʙʫʬʝʨʘ bitmap->pixels ʠʟ ʧʘʤʷʪʠ 

CPU ʚ ʧʘʤʷʪʴ GPU. ɼʣʷ ʵʪʦʛʦ CPU ʚ ʢʘʞʜʦʤ ʢʘʜʨʝ ʜʦʣʞʝʥ ʧʨʠʦʩʪʘʥʦʚʠʪʴ 

ʪʝʢʫʱʫʶ ʨʘʙʦʪʫ ʠ ʥʘʯʘʪʴ ʢʦʧʠʨʦʚʘʥʠʝ ʥʘ GPU, ʯʪʦ ʪʨʝʙʫʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʝʞʜʫ CPU ʠ GPU ʠ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʜʝʨʞʢʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʜʘʯʠ ʧʦ ʰʠʥʝ PCI Express. ʇʦʩʢʦʣʴʢʫ 

ʬʫʥʢʮʠʷ glDrawPixels() ʦʞʠʜʘʝʪ ʧʦʣʫʯʠʪʴ ʚ ʧʦʩʣʝʜʥʝʤ ʘʨʛʫʤʝʥʪʝ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʧʘʤʷʪʴ CPU, ʪʦ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʛʝʥʝʨʘʮʠʠ ʦʜʥʦʛʦ ʢʘʜʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʷʜʨʝ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʣʘ ʩʢʦʧʠʨʦʚʘʪʴ ʵʪʦʪ ʢʘʜʨ ʠʟ ʧʘʤʷʪʠ GPU ʚ ʧʘʤʷʪʴ 

CPU ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ cudaMemcpy(). 

 
ʈʠʩʫʥʦʢ 6.16 ï ʇʝʨʝʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʩ device ʥʘ host 

 

ɺʩʝ ʚʤʝʩʪʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʚʝʨʩʠʷ ʧʨʦʛʨʘʤʤʳ 

ʘʥʠʤʘʮʠʠ ʚʦʣʥ ʥʘ GPU ʙʳʣʘ, ʤʷʛʢʦ ʛʦʚʦʨʷ, ʜʫʨʘʮʢʦʡ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

CUDA ʉ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ, ʥʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ 

ʚʳʯʠʩʣʝʥʠʡ ʢʦʧʠʨʦʚʘʣʠ ʟʘʧʦʣʥʝʥʥʳʡ ʙʫʬʝʨ ʥʘ CPU, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʢʦʧʠʨʦʚʘʣ ʝʛʦ ʦʙʨʘʪʥʦ ʥʘ GPU ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩ ʦʪʜʝʣʷʣʠ ʩʦʚʝʨʰʝʥʥʦ ʣʠʰʥʠʝ 

ʦʧʝʨʘʮʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ CPU ʠ ʫʩʪʨʦʡʩʪʚʦʤ. ʊʝʧʝʨʴ ʜʘʚʘʡʪʝ 

ʚʝʨʥʝʤʩʷ ʢ ʩʯʝʪʥʦʡ ʟʘʜʘʯʝ ʘʥʠʤʘʮʠʠ ʠ ʧʦʩʤʦʪʨʠʤ, ʫʜʘʩʪʩʷ ʣʠ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ ʩʯʝʪ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʩ ʛʨʘʬʠʢʦʡ. 

ɺʩʧʦʤʥʠʪʝ, ʯʪʦ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ ʪʦʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ CPUAnimBitmap ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʝʧʝʨʴ ʤʳ ʤʦʜʠʬʠʮʠʨʫʝʤ ʵʪʫ 

ʧʨʦʛʨʘʤʤʫ, ʧʨʠʤʝʥʠʚ ʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ GPUAnimBitmap, ʠ ʧʦʛʣʷʜʠʤ, ʢʘʢ ʵʪʦ 
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ʦʪʨʘʟʠʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʝ ʘʥʠʤʘʮʠʠ ʚʦʣʥ, 

GPUAnimBitmap ʧʦʯʪʠ ʙʝʟ ʫʩʠʣʠʡ ʤʦʞʥʦ ʧʦʜʩʪʘʚʠʪʴ ʚʤʝʩʪʦ 

CPUAnimBitmap, ʥʫʞʥʦ ʣʠʰʴ ʧʦʤʝʥʷʪʴ ʪʠʧ unsigned char ʥʘ uchar4. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʩʠʛʥʘʪʫʨʫ ʬʫʥʢʮʠʠ ʘʥʠʤʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 6.17 ï ʈʝʘʣʠʟʘʮʠʷ ʘʥʠʤʘʮʠʠ ʥʘ device 

 

ʇʦʩʢʦʣʴʢʫ ʷʜʨʦ float_to_coloʛ() ï ʝʜʠʥʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ output Bitmap, ʪʦʣʴʢʦ ʦʥʘ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ ʥʘ ʪʠʧ uchar4. ɺ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ ʤʳ ʩʯʠʪʘʣʠ ʝʝ 

ʦʙʳʯʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʠ ʪʘʢʦʚʦʡ ʦʥʘ ʠ ʦʩʪʘʥʝʪʩʷ. ʆʜʥʘʢʦ ʤʳ 
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ʨʝʰʠʣʠ ʧʝʨʝʛʨʫʟʠʪʴ ʝʝ. ʂʘʢ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ kernel() ʚ ʚʝʨʩʠʷʭ ʘʥʠʤʘʮʠʠ ʨʷʙʠ 

ʜʣʷ CPU ʠ ʜʣʷ GPU. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʷʜʝʨ float_to_color() 

ʦʧʫʱʝʥʘ. 

ʇʦʤʠʤʦ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ, ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ï ʟʘʤʝʥʘ 

ʩʪʨʫʢʪʫʨʳ CPUAnimBitmap ʩʪʨʫʢʪʫʨʦʡ GPUAnimBitmap ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʘʥʠʤʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 6.18 ï ʈʝʘʣʠʟʘʮʠʷ main() (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPUAnimBitmap) 

 

ɽʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʫʣʫʯʰʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ, ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʦʥʘ ʥʝ ʥʘʩʪʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ. ɺʘʞʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ: ʢʘʢ ʤʳ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʥʝʩʣʠ 

ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʥʘ GPU? ʆʪʢʘʟ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʚ ʧʘʤʷʪʴ 

CPU ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʦ ʠʜʝʝ, ʜʦʣʞʝʥ ʙʳ ʟʘʤʝʪʥʦ ʫʣʫʯʰʠʪʴ ʩʠʪʫʘʮʠʶ. 

ʅʦ ʢʘʢ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ? ʈʘʥʴʰʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʦʜʥʦʛʦ 

ʢʘʜʨʘ ʫʭʦʜʠʣʦ ʧʨʠʤʝʨʥʦ 25,3 ʤʩ ʥʘ ʪʝʩʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʢʘʨʪʦʡ GeForce 

GTX 285. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʤʳ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ ʩ 

ʛʨʘʬʠʢʦʡ, ʵʪʦ ʚʨʝʤʷ ʫʧʘʣʦ ʥʘ 15% ʜʦ 21,6 ʤʩ ʥʘ ʢʘʜʨ. ʉʪʘʣʦ ʙʳʪʴ, ʮʠʢʣ 

ʨʝʥʜʝʨʠʥʛʘ ʩʪʘʣ ʥʘ 15%. ʙʳʩʪʨʝʝ, ʠ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʚʣʝʢʘʪʴ CPU 

ʢʘʞʜʳʡ ʨʘʟ, ʢʘʢ ʤʳ ʭʦʪʠʤ ʦʪʦʙʨʘʟʠʪʴ ʢʘʜʨ. 
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6.3.2 ʀʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ DirectX 

ɺ ʧʨʠʤʝʨʘʭ ʚʳʰʝ ʨʝʯʴ ʰʣʘ ʪʦʣʴʢʦ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ 

ʨʝʥʜʝʨʠʥʛʘ OpenGL, ʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ DirectX ʤʘʣʦ ʯʝʤ ʦʪʣʠʯʘʝʪʩʷ. ʄʳ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʝʤ ʪʠʧ cudaGraphicsResource ʜʣʷ ʩʩʳʣʢʠ ʥʘ ʙʫʬʝʨʳ, 

ʨʘʟʜʝʣʷʝʤʳʝ DirectX ʠ CUDA, ʠ ʜʦʣʞʥʳ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʠ 

cudaGraphicsMapResources() ʠ cudaGra phicsResourceGetMappedPointer() ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʥʷʪʥʳʭ CUDA ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʨʘʟʜʝʣʷʝʤʳʝ ʨʝʩʫʨʩʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʟʦʚʳ OpenGL ʩ ʣʝʛʢʦʩʪʴʶ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʚ ʚʳʟʦʚʳ 

DirectX. ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ cudaGLSetGLDevice() ʤʳ ʚʳʟʳʚʘʝʤ 

cudaD3D9SetDi rect3DDevice(), ʢʦʛʜʘ ʭʦʪʠʤ ʥʘʩʪʨʦʠʪʴ ʫʩʪʨʦʡʩʪʚʦ CUDA ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Direct3D 9.0. ɸʥʘʣʦʛʠʯʥʦ cudaD3D10SetDirect3DDevice() 

ʥʘʩʪʨʘʠʚʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Direct3D 10, a 

cudaD3D11SetDirect3DDevice() ï ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Direct3D 11. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩ DirectX ʨʝʢʦʤʝʥʜʫʝʤ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ API, 

ʦʙʨʘʪʠʚʰʠʩʴ ʢ ʨʫʢʦʚʦʜʩʪʚʫ NVIDIA  CUDA Programming Guide, ʠ ʠʟʫʯʠʪʴ 

ʧʨʠʤʝʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ DirectX, ʠʤʝʶʱʠʝʩʷ ʚ ʢʦʤʧʣʝʢʪʝ GPU Computing 

SDK 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩ r

 

1. ʂʘʢʦʚʘ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ? 

2. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʥʘ ʧʨʘʢʪʠʢʝ? 

3. ʇʦʷʩʥʠʪʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʴ. 

4. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʠʟ ʧʨʘʢʪʠʢʠ, ʛʜʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ. 

5. ʄʦʞʥʦ ʣʠ ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʘʜʘʧʪʝʨʘʤʠ? 

  



179 

ʈɸɿɼɽʃ 7. ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀɽ ɺ ʉʀʉʊɽʄɸʍ ʉ 

ʅɽʉʂʆʃʔʂʀʄʀ GPU 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʩʪʝʤʳ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʦʨʘʤʠ, ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʂʦʥʝʯʥʦ, ʩʠʩʪʝʤʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ GPU ʧʦʭʦʞʠ ʥʘ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ CPU ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ 

ʧʦʢʘ ʥʝ ʩʪʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʘʢʦʡ ʩʠʩʪʝʤʦʡ 

ʩʦʚʩʝʤ ʥʝʩʣʦʞʥʦ. ʅʘʧʨʠʤʝʨ, ʥʘ ʢʘʨʪʝ GeForce GTX 295 ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ 

GPU, ʘ ʢʘʨʪʘ Tesla S1070 ʩʦʜʝʨʞʠʪ ʘʞ ʯʝʪʳʨʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘ ʩ 

ʧʦʜʜʝʨʞʢʦʡ CUDA. ʉʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʧʦʩʣʝʜʥʠʭ ʥʘʙʦʨʦʚ ʤʠʢʨʦʩʭʝʤ NVIDIA  

ʩʦʜʝʨʞʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ GPU ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA ʥʘ ʤʘʪʝʨʠʥʩʢʦʡ ʧʣʘʪʝ. 

ɼʦʙʘʚʴʪʝ ʜʠʩʢʨʝʪʥʳʡ NVIDIA  GPU ʚ ʦʜʠʥ ʠʟ ʩʣʦʪʦʚ PCI Express - ʠ ʚʳ 

ʧʦʣʫʯʠʪʝ ʩʠʩʪʝʤʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ GPU. ɺʩʝ ʵʪʠ ʩʮʝʥʘʨʠʠ ʚʦʚʩʝ ʥʝ ʚʳʛʣʷʜʷʪ 

ʥʘʜʫʤʘʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʥʘʫʯʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʙʣʘʛʦ ʨʝʩʫʨʩʳ 

ʩʠʩʪʝʤʳ, ʦʩʥʘʱʝʥʥʦʡ ʥʝʩʢʦʣʴʢʠʤʠ GPU. 

 

7.1 ʅʫʣʴ-ʢʦʧʠʨʫʝʤʘʷ ʧʘʤʷʪʴ 

 

ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʟʘʢʨʝʧʣʝʥʠʝ ʧʘʤʷʪʠ CPU, ʛʘʨʘʥʪʠʨʫʶʱʝʝ, ʯʪʦ ʙʫʬʝʨ 

ʚ ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʥʝ ʙʫʜʝʪ ʚʳʛʨʫʞʝʥ ʥʘ ʜʠʩʢ. ɽʩʣʠ ʧʦʤʥʠʪʝ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʪʘʢʦʡ ʧʘʤʷʪʠ ʚʳʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ cudaHostAllocO ʩ ʧʘʨʘʤʝʪʨʦʤ 

cudaHostAllocDefault. ʄʳ ʦʙʝʱʘʣʠ ʧʦʢʘʟʘʪʴ ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ 

ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʘʤʷʪʠ. ɽʩʣʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʠʯʠʥʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʚʳ ʧʨʦʜʦʣʞʘʝʪʝ ʯʠʪʘʪʴ ʢʥʠʛʫ, ʪʦ ʨʘʜʫʡʪʝʩʴ - ʦʞʠʜʘʥʠʶ ʧʨʠʰʝʣ 

ʢʦʥʝʮ. ɺʤʝʩʪʦ cudaHostAllocDefault ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʬʣʘʛ 

cudaHostAllocMapped. ɺʳʜʝʣʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʘʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʚ ʪʦʤ ʞʝ ʩʤʳʩʣʝ, ʯʪʦ ʠ ʨʘʥʴʰʝ, ʪʦ ʝʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠ 

ʚʳʛʨʫʞʝʥʘ, ʥʠ ʧʝʨʝʤʝʱʝʥʘ ʚ ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ. ʅʦ, ʧʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʤʝʞʜʫ CPU ʠ GPU, ʵʪʦʪ ʚʠʜ ʧʘʤʷʪʠ CPU ʧʦʟʚʦʣʷʝʪ ʥʘʨʫʰʠʪʴ 

ʦʜʥʦ ʠʟ ʧʨʘʚʠʣ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ: ʢ ʪʘʢʦʡ ʧʘʤʷʪʠ ʨʘʟʨʝʰʝʥ ʧʨʷʤʦʡ 
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ʜʦʩʪʫʧ ʠʟ ʷʜʝʨ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ CUDA ʉ. ʇʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʦʧʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ ʥʘ GPU ʠ ʦʙʨʘʪʥʦ, ʪʘʢʘʷ ʧʘʤʷʪʴ ʥʘʟʳʚʘʝʪʩʷ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ (zero-

copy). 

 

7.1.1 ɺʳʯʠʩʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ 

ʆʙʳʯʥʦ GPU ʦʙʨʘʱʘʝʪʩʷ ʪʦʣʴʢʦ ʢ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ, a CPU ï ʪʦʣʴʢʦ ʢ 

ʧʘʤʷʪʠ CPU. ʅʦ ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʧʦʣʝʟʥʦ ʥʘʨʫʰʠʪʴ ʵʪʠ ʧʨʘʚʠʣʘ. ʏʪʦʙʳ ʧʦʥʷʪʴ, 

ʢʦʛʜʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦʟʚʦʣʠʪʴ GPU ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʧʘʤʷʪʴʶ CPU, 

ʚʝʨʥʝʤʩʷ ʢ ʥʘʰʝʤʫ ʣʶʙʠʤʦʤʫ ʧʨʠʤʝʨʫ ʨʝʜʫʢʮʠʠ: ʚʳʯʠʩʣʝʥʠʶ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ. ʈʘʥʝʝ ʤʳ ʢʦʧʠʨʦʚʘʣʠ ʦʙʘ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʘ ʚ ʧʘʤʷʪʴ 

GPU, ʧʨʦʜʝʣʘʣʠ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʪʝʤ ʩʢʦʧʠʨʦʚʘʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚ ʧʘʤʷʪʴ CPU ʠ ʟʘʚʝʨʰʠʣʠ ʚʳʯʠʩʣʝʥʠʝ ʫʞʝ ʥʘ CPU. 

ɺ ʥʦʚʦʡ ʚʝʨʩʠʠ ʤʳ ʦʙʦʡʜʝʤʩʷ ʙʝʟ ʢʦʧʠʨʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʚ 

ʧʘʤʷʪʴ GPU, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʴʶ, ʯʪʦʙʳ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʜʘʥʥʳʤ ʥʘʧʨʷʤʫʶ ʠʟ GPU. ʇʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʫʩʪʨʦʝʥʘ ʪʘʢ ʞʝ, 

ʢʘʢ ʪʝʩʪ ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʘʤʷʪʠ. ʊʦʯʥʝʝ, ʤʳ ʥʘʧʠʰʝʤ ʜʚʝ ʬʫʥʢʮʠʠ; ʦʜʥʘ, 

ʵʪʘʣʦʥʥʘʷ, ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʘʤʷʪʴʶ CPU, ʘ ʜʨʫʛʘʷ ï ʚʳʧʦʣʥʷʪʴ 

ʨʝʜʫʢʮʠʶ ʥʘ GPU ʩ ʭʨʘʥʝʥʠʝʤ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ ʚ ʥʫʣʴ-

ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ. ʉʥʘʯʘʣʘ ʧʨʠʚʝʜʝʤ ʚʝʨʩʠʶ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʧʘʤʷʪʠ CPU. ʅʘʯʠʥʘʝʤ, ʢʘʢ ʦʙʳʯʥʦ, ʩ ʩʦʟʜʘʥʠʷ 

ʩʦʙʳʪʠʡ ʭʨʦʥʦʤʝʪʨʘʞʘ, ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ 

ʠ ʟʘʧʦʣʥʝʥʠʷ ʚʭʦʜʥʳʭ ʙʫʬʝʨʦʚ ʜʘʥʥʳʤʠ. 
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ʈʠʩʫʥʦʢ 7.1 ï ʉʦʟʜʘʥʠʝ ʩʦʙʳʪʠʡ ʭʨʦʥʦʤʝʪʨʘʞʘ 

 

ɺʳʜʝʣʠʚ ʧʘʤʷʪʴ ʠ ʟʘʧʦʣʥʠʚ ʝʝ ʜʘʥʥʳʤʠ, ʤʳ ʤʦʞʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ 

ʚʳʯʠʩʣʝʥʠʷʤ. ɿʘʧʫʩʢʘʝʤ ʪʘʡʤʝʨ, ʢʦʧʠʨʫʝʤ ʚʭʦʜʥʳʝ ʙʫʬʝʨʳ ʚ ʧʘʤʷʪʴ CPU, 

ʟʘʧʫʩʢʘʝʤ ʷʜʨʦ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʢʦʧʠʨʫʝʤ ʯʘʩʪʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʟʘʜ ʚ ʧʘʤʷʪʴ CPU. 

 
ʈʠʩʫʥʦʢ 7.2 ï ʂʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠ ʟʘʧʫʩʢ ʷʜʨʘ 

 

ʊʝʧʝʨʴ ʥʫʞʥʦ ʟʘʢʦʥʯʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ CPU. ʅʦ ʩʥʘʯʘʣʘ ʦʩʪʘʥʦʚʠʤ 

ʪʘʡʤʝʨ, ʧʦʪʦʤʫ ʯʪʦ ʤʳ ʭʦʪʠʤ ʠʟʤʝʨʷʪʴ ʪʦʣʴʢʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ GPU: 
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ʅʘʢʦʥʝʮ, ʩʫʤʤʠʨʫʝʤ ʯʘʩʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʩʚʦʙʦʞʜʘʝʤ ʚʭʦʜʥʳʝ ʠ 

ʚʳʭʦʜʥʳʝ ʙʫʬʝʨʳ. 

 
ʈʠʩʫʥʦʢ 7.3 ï Memory free 

 

ɺʝʨʩʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ ʙʫʜʝʪ ʦʯʝʥʴ ʧʦʭʦʞʘ, 

ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ. ʂʘʢ ʠ ʨʘʥʴʰʝ, ʥʘʯʠʥʘʝʤ ʩ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ ʜʣʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ ʠ ʟʘʧʦʣʥʝʥʠʷ ʚʭʦʜʥʳʭ ʙʫʬʝʨʦʚ 

ʜʘʥʥʳʤʠ: 
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ʈʠʩʫʥʦʢ 7.4 ï ʇʦʨʷʜʦʢ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ 

 

ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʶ cudaHostAlloc(), ʥʦ ʪʝʧʝʨʴ ʟʘʜʘʥʳ ʬʣʘʛʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ ʫʤʘʣʯʠʚʘʝʤʦʛʦ. ʌʣʘʛ 

cudaHostAllocMapped ʛʦʚʦʨʠʪ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʝ, ʯʪʦ ʤʳ ʩʦʙʠʨʘʝʤʩʷ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʵʪʦʤʫ ʙʫʬʝʨʫ ʠʟ GPU. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʤʝʥʥʦ ʵʪʦʪ ʬʣʘʛ ʜʝʣʘʝʪ 

ʚʳʜʝʣʝʥʥʫʶ ʜʣʷ ʙʫʬʝʨʘ ʧʘʤʷʪʴ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ. ɼʣʷ ʦʙʦʠʭ ʚʭʦʜʥʳʭ 

ʙʫʬʝʨʦʚ ʤʳ ʟʘʜʘʝʤ ʪʘʢʞʝ ʬʣʘʛ cudaHostAllocWriteCombined. ʆʥ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʠʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ ʜʦʣʞʥʘ ʫʩʪʘʥʦʚʠʪʴ ʜʣʷ ʵʪʦʛʦ ʙʫʬʝʨʘ ʨʝʞʠʤ ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʟʘʧʠʩʠ (write-combined) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʵʰʘ CPU. ʕʪʦʪ ʬʣʘʛ ʥʝ ʠʟʤʝʥʷʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʙʫʬʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʯʠʪʘʝʪ ʪʦʣʴʢʦ GPU. 

ʆʜʥʘʢʦ ʧʘʤʷʪʴ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʨʝʞʠʤʝ ʦʙʲʝʜʠʥʝʥʥʦʡ ʟʘʧʠʩʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʝ ʯʠʪʘʝʪ ʪʘʢʞʝ CPU, ʧʦʵʪʦʤʫ, 

ʧʨʠʥʠʤʘʷ ʪʘʢʦʝ ʨʝʰʝʥʠʝ, ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʫʡʪʝ, ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ 

ʙʫʜʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʧʘʤʷʪʠ. 
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ʇʦʩʢʦʣʴʢʫ ʧʘʤʷʪʴ CPU ʚʳʜʝʣʝʥʘ ʩ ʬʣʘʛʦʤ cudaHostAllocMapped, ʪʦ 

GPU ʤʦâʞʝʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʡ ʙʫʬʝʨʘʤ. ʆʜʥʘʢʦ ʚʠʨʪʫʘʣʴʥʳʝ 

ʘʜʨʝʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ GPU ʠ CPU ʨʘʟʣʠʯʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʘʜʨʝʩʘ ʙʫʬʝʨʦʚ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ GPU ʠ CPU ʨʘʟʣʠʯʥʳ. ʌʫʥʢʮʠʷ cudaHostAlloc() ʚʦʟʚʨʘʱʘʝʪ 

ʫʢʘʟʘʪʝʣʴ ʥʘ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ ʚ ʪʝʨʤʠʥʘʭ CPU, ʘ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʢʘʟʘʪʝʣʴ ʥʘ 

ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʚ ʪʝʨʤʠʥʘʭ GPU, ʥʫʞʥʦ ʚʳʟʚʘʪʴ ʬʫʥʢʮʠʶ 

cudaHostGetDevicePointerQ. ʕʪʠ ʫʢʘʟʘʪʝʣʠ ʧʝʨʝʜʘʶʪʩʷ ʷʜʨʫ, ʠ ʟʘʪʝʤ GPU 

ʠʩʧʦʣʴʟʫʝʪ ʠʭ ʜʣʷ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʚ ʧʘʤʷʪʴ CPU: 

 

ʀʤʝʷ ʫʢʘʟʘʪʝʣʠ ʫʩʪʨʦʡʩʪʚʘ, ʤʳ ʤʦʞʝʤ ʟʘʧʫʩʪʠʪʴ ʪʘʡʤʝʨ ʠ ʥʘʯʘʪʴ 

ʠʩʧʦʣʥʝʥʠʝ ʷʜʨʘ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʫʢʘʟʘʪʝʣʠ dev_a, dev_b ʠ dev_partial_c ʘʜʨʝʩʫʶʪ 

ʧʘʤʷʪʴ CPU, ʷʜʨʫ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʫʢʘʟʘʪʝʣʷʤʠ ʥʘ ʧʘʤʷʪʴ GPU - ʙʣʘʛʦʜʘʨʷ 

ʦʙʨʘʱʝâʥʠʷʤ ʢ cudaHostGetDevicePointer(). ʊʘʢ ʢʘʢ ʯʘʩʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʫʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʤʷʪʠ CPU, ʪʦ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʶ cudaMemcpyO ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ CPU ʠ GPU 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʢ ʬʫʥʢʮʠʠ cudaThreadSynchronize(). 

ʉʦʜʝʨʞʠʤʦʝ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ 

ʷʜʨʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʵʪʦ ʩʦʜʝʨʞʠʤʦʝ ʠʟʤʝʥʷʪʴ. ʇʦʩʣʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʝʩʪʴ 

ʛʘʨʘʥʪʠʷ, ʯʪʦ ʷʜʨʦ ʟʘʚʝʨʰʠʣʦʩʴ ʠ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʳʡ ʙʫʬʝʨ ʩʦʜʝʨʞʠʪ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʦʩʪʘʥʦʚʠʪʴ ʪʘʡʤʝʨ ʠ ʜʦâʚʝʩʪʠ 

ʚʳʯʠʩʣʝʥʠʷ ʜʦ ʢʦʥʮʘ ʥʘ CPU, ʢʘʢ ʜʝʣʘʣʠ ʠ ʧʨʝʞʜʝ. 
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ʈʠʩʫʥʦʢ 7.5 ï ɿʘʚʝʨʰʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 

ʆʩʪʘʣʦʩʴ ʪʦʣʴʢʦ ʦʯʠʩʪʠʪʴ ʧʘʤʷʪʴ: 

 
ʈʠʩʫʥʦʢ 7.6 ï ʆʩʚʦʙʦʞʜʝʥʠʝ ʧʘʤʷʪʠ 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʣʘʛʦʚ, ʧʝʨʝʜʘʥʥʳʭ ʧʨʠ ʚʳʟʦʚʝ 

cudaHostAlloc(), ʦʩʚʦʙʦʞʜʝʥʠʝ ʧʘʤʷʪʠ ʚʩʝʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʠʥʘʢʦʚʦ ï 

ʦʙʨʘʱʝʥʠʝʤ ʢ cudaFreeHost ().. 

ʊʝʧʝʨʴ ʧʦʩʤʦʪʨʠʤ, ʢʘʢ main() ʩʚʷʟʳʚʘʝʪ ʚʩʝ ʵʪʦ ʚʦʝʜʠʥʦ. ʇʨʝʞʜʝ ʚʩʝʛʦ 

ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʣʠ ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʝ ʧʘʤʷʪʠ CPU. 

ɼʝʣʘʝʪʩʷ ʵʪʦ ʪʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʧʨʦʚʝʨʢʝ ʧʦʜʜʝʨʞʢʠ ʧʝʨʝʢʨʳʪʠʷ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʛʣʘʚʝ, ï ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʢ cudaGetDeviceProperties(). 
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ʈʠʩʫʥʦʢ 7.7 ï ʆʧʨʦʩ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ canMapHostMemory 

 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʫʣʴ-ʢʦʧʠʨʦʚʘʥʠʝ, ʧʨʠ-

ʚʦʜʠʤ ʠʩʧʦʣʥʷʶʱʫʶ ʩʨʝʜʫ ʚ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʘ ʩʤʦʞʝʪ ʚʳʜʝʣʷʪʴ ʥʫʣʴ- 

ʢʦʧʠʨʫʝʤʳʝ ʙʫʬʝʨʳ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʳʟʚʘʪʴ ʬʫʥʢʮʠʶ cudaSetDeviceFlags() 

ʩ ʬʣʘʛʦʤ cudaDeviceMapHost, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʨʘʟʨʝʰʠʪʴ ʫʩʪʨʦʡʩʪʚʫ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʘʤʷʪʠ CPU: 

HANDLE_ERROR(cudaSetDeviceFlags(cudaDeviceMapHost)); 

ɺʦʪ ʠ ʚʝʩʴ ʢʦʜ main(). ɿʘʧʫʩʢʘʝʤ ʦʙʘ ʪʝʩʪʘ, ʧʝʯʘʪʘʝʤ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ 

ʠ ʚʳʭʦʜʠʤ: 

 
ʈʠʩʫʥʦʢ 7.8 ï ʈʝʘʣʠʟʘʮʠʷ main() 

 

ʉʘʤʦ ʷʜʨʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 7.9: 
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ʈʠʩʫʥʦʢ 7.9 ï ʂʦʜ ʬʫʥʢʮʠʠ ʷʜʨʘ 

 

7.1.2 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʫʣʴ-ʢʦʧʠʨʦʚʘʥʠʷ 

ʂʘʢʦʛʦ ʚʳʠʛʨʳʰʘ ʦʞʠʜʘʪʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ? 

ʆʪʚʝʪ ʨʘʟʣʠʯʝʥ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ GPU. ɼʠʩʢʨʝʪʥʳʤ 

ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʩ ʩʦʙʩʪʚʝʥʥʳʤ DRAM; ʦʙʳʯʥʦ ʦʥ 

ʥʘʭʦʜʠʪʩʷ ʥʝ ʥʘ ʦʜʥʦʡ ʧʣʘʪʝ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳ 

ʫʩʪʘʥʦʚʠʣʠ ʚ ʩʚʦʡ ʇʂ ʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫ, ʪʦ ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʥʝʡ GPU 

ʜʠʩʢʨʝʪʥʳʡ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ, 

ʚʩʪʨʦʝʥʥʳʝ ʚ ʩʠʩʪʝʤʥʳʡ ʥʘʙʦʨ ʤʠʢʨʦʩʭʝʤ; ʦʙʳʯʥʦ ʦʥʠ ʨʘʟʜʝʣʷʶʪ ʩʠʩʪʝʤʥʫʶ 

ʧʘʤʷʪʴ ʩ CPU. ɺʦ ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʤʝʜʠʘ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ (ʄʉʈ) NVIDIA  nForce, ʫʞʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ 
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GPU ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA. ʇʦʤʠʤʦ nForce, ʚʩʝ ʥʝʪʙʫʢʠ, ʥʦʫʪʙʫʢʠ ʠ 

ʥʘʩʪʦʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʥʘ ʙʘʟʝ ʥʦʚʦʡ ʧʣʘʪʬʦʨʤʳ NVIDIA  ION ʩʦʜʝʨʞʘʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ GPU ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ GPU 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ ʚʩʝʛʜʘ ʜʘʝʪ ʚʳʠʛʨʳʰ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʘ 

ʧʘʤʷʪʴ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʬʠʟʠʯʝʩʢʠ ʨʘʟʜʝʣʷʝʪʩʷ ʩ CPU. ʆʙʲʷʚʣʝʥʠʝ ʙʫʬʝʨʘ 

ʥʫʣʴ-ʢʦʧʠʨʫʝʤʳʤ ʧʨʦʩʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʟʙʳʪʦʯʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. 

ʅʦ ʥʝ ʟʘʙʳʚʘʡʪʝ, ʯʪʦ ʙʝʩʧʣʘʪʥʳʭ ʟʘʚʪʨʘʢʦʚ ʥʝ ʙʳʚʘʝʪ, ʠ ʥʘ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʫʶ 

ʧʘʤʷʪʴ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʪʝ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʯʪʦ ʥʘ ʣʶʙʫʶ ʟʘʢʨʝʧʣʝʥʥʫʶ 

ʧʘʤʷʪʴ: ʚʩʷʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʦʪʲʝʜʘʝʪ ʢʫʩʦʯʝʢ ʜʦʩʪʫʧʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, 

ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʙʫʬʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʦʚʥʦ 

ʦʜʠʥ ʨʘʟ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʥʘ ʜʠʩʢʨʝʪʥʦʤ 

GPU. ʇʦʩʢʦʣʴʢʫ GPU ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʩʢʨʳʚʘʪʴ 

ʟʘʜʝʨʞʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ, ʪʦ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʚ 

ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ ʧʦ ʰʠʥʝ PCI Express, ʯʪʦ ʜʘʝʪ 

ʟʘʤʝʪʥʳʡ ʚʳʠʛʨʳʰ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʦ ʪʘʢ ʢʘʢ ʜʦʩʪʫʧ ʢ ʥʫʣ-ɹ

ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ ʥʝ ʢʵʰʠʨʫʝʪʩʷ ʚ GPU, ʪʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʯʪʝʥʠʠ ʠʟ 

ʪʘʢʦʡ ʧʘʤʷʪʠ ʤʳ ʙʫʜʝʤ ʫʧʣʘʯʠʚʘʪʴ ʙʦʣʴʰʦʡ ʰʪʨʘʬ, ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʠʟʙʝʞʘʪʴ, ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʩʢʦʧʠʨʦʚʘʚ ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʴ GPU. 

ʂʘʢ ʫʟʥʘʪʴ, ʷʚʣʷʝʪʩʷ GPU ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʠʣʠ ʜʠʩʢʨʝʪʥʳʤ? ʄʦʞʥʦ, 

ʢʦʥʝʯʥʦ, ʦʪʢʨʳʪʴ ʢʦʤʧʴʶʪʝʨ ʠ ʧʦʩʤʦʪʨʝʪʴ, ʥʦ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʪʘʢʦʝ ʨʝʰʝʥʠʝ 

ʚʨʷʜ ʣʠ ʛʦʜʠʪʩʷ. ɺʧʨʦʯʝʤ, ʪʠʧ GPU ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʦʧʨʦʩʠʚ ʦʜʥʦ ʠʟ ʧʦʣʝʡ 

ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ ʚʦʟʚʨʘʱʘʝʪ ʬʫʥʢʮʠʷ cudaGetDeviceProperties(), ʘ ʠʤʝʥʥʦ 

ʧʦʣʝ integrated, ʨʘʚʥʦʝ true, ʝʩʣʠ GPU ʠʥʪʝʛʨʠʨʦʚʘʥ, ʠ false ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ çʯʠʪʘʝʪ ʠ/ʠʣʠ ʧʠʰʝʪ ʨʦʚʥʦ ʦʜʠʥ ʨʘʟè, ʪʦ ʥʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʤʳ ʩʤʦʞʝʤ ʧʦʨʘʜʦʚʘʪʴʩʷ ʫʩʢʦʨʝʥʠʶ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʫʣʴ-

ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʠ. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʩʢʦʨʝʥʠʝ ʝʩʪʴ. ʅʘ GeForce GTX 285 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 45%, ʩ 98,1 ʜʦ 52,1 ʤʩ. ʅʘ GeForce GTX 
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280 ʫʩʢʦʨʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 34%: ʩ 143,9 ʜʦ 94,7 ʤʩ. ʇʦʥʷʪʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ GPU ʨʘʟʥʷʪʩʷ ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʠʥʳ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ PCI Express ʜʣʷ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ 

ʤʠʢʨʦʩʭʝʤ. 

 

7.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ GPU 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʩʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ 

ʙʳʚʘʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʠ ʜʠʩʢʨʝʪʥʳʤʠ, ʧʨʠʯʝʤ ʧʝʨʚʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʩʠʩʪʝʤʥʦʛʦ ʥʘʙʦʨʘ ʤʠʢʨʦʩʭʝʤ, ʘ ʧʦʩʣʝʜʥʠʝ ʦʙʳʯʥʦ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʧʣʘʪʝ 

ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʩʣʦʪ ʰʠʥʳ PCI Express. ɺʩʝ ʙʦʣʴʰʝ ʩʠʩʪʝʤ 

ʚʢʣʶʯʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʠ ʜʠʩʢʨʝʪʥʳʝ GPU, ʪʦ ʝʩʪʴ 

ʦʩʥʘʱʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA. ʂʦʤʧʘʥʠʷ 

NVIDIA  ʧʨʦʜʘʝʪ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ ʢʘʨʪʫ GeForce GTX 295, ʢʦʪʦʨʳʝ 

ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʦʜʥʦʛʦ GPU. ʊʘʢ, GeForce GTX 295 ʬʠʟʠʯʝʩʢʠ 

ʟʘʥʠʤʘʝʪ ʦʜʠʥ ʩʣʦʪ ʨʘʩʰʠʨʝʥʠʷ, ʥʦ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ CUDA ʚʳʛʣʷʜʠʪ ʢʘʢ ʜʚʘ 

ʨʘʟʥʳʭ GPU. ɼʘ ʠ ʩʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʩʪʘʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚ ʩʣʦʪʳ PCI Express, ʩʦʝʜʠʥʷʷ ʠʭ ʤʦʩʪʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ NVIDIA  ʪʝʭʥʦʣʦʛʠʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʦʝʜʠʥʝʥʠʡ 

(scalable link interface ï SLI). ɺʚʠʜʫ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʨʝʜʢʦʩʪʴʶ 

ʧʨʠʣʦʞʝʥʠʷ CUDA, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʠʩʪʝʤʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʦʨʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʠʣʦʞʝʥʠʡ CUDA ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʨʘʙʦʪʳ, ʙʳʣʦ ʙʳ ʟʘʤʝʯʘʪʝʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ CUDA-ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʏʪʦʙʳ ʥʝ ʠʟʫʯʘʪʴ ʥʦʚʳʡ ʧʨʠʤʝʨ, ʜʘʚʘʡʪʝ ʧʝʨʝʨʘʙʦʪʘʝʤ ʧʨʦʛʨʘʤʤʫ 

ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʘʢ ʯʪʦʙʳ ʦʥʘ ʤʦʛʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ GPU. ɸ ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʩʝʙʝ ʞʠʟʥʴ, ʩʦʙʝʨʝʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 



190 

ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʘʥʥʳʝ ʚ ʦʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʦʯʝʤʫ ʵʪʦ 

ʫʧʨʦʱʘʝʪ ʞʠʟʥʴ, ʚʳ ʧʦʡʤʝʪʝ ʦʯʝʥʴ ʩʢʦʨʦ. 

 
ʈʠʩʫʥʦʢ 7.10 ï ʆʧʨʝʜʝʣʝʥʠʝ DataStruct 

 

ʄʳ ʧʦʤʝʩʪʠʣʠ ʚ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʨʘʟʤʝʨ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʠ 

ʫʢʘʟʘʪʝʣʠ ʥʘ ʦʙʘ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʘ, a ʠ b. ɺ ʧʦʩʣʝʜʥʝʤ ʧʦʣʝ ʭʨʘʥʠʪʩʷ ʚʝʣʠʯʠʥʘ 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ a ʠ b. 

ʏʪʦʙʳ ʟʘʜʝʡʩʪʚʦʚʘʪʴ N GPU, ʥʝʧʣʦʭʦ ʙʳ ʟʥʘʪʴ, ʯʝʤʫ ʨʘʚʥʦ N. ʇʦʵʪʦʤʫ 

ʚ ʥʘʯʘʣʝ ʧʨʦʛʨʘʤʤʳ ʤʳ ʦʙʨʘʱʘʝʤʩʷ ʢ ʬʫʥʢʮʠʠ cudaGetDeviceCountO, ʢʦʪʦʨʘʷ 

ʩʦʦʙʱʘʝʪ, ʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA ʠʤʝʝʪʩʷ ʚ ʩʠʩʪʝʤʝ. 

 
ʈʠʩʫʥʦʢ 7.11 ï ʆʧʨʦʩ ʫʩʪʨʦʡʩʪʚ 

 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ GPU, ʪʦ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʚʩʝʛʦ ʦʜʥʦʛʦ CUDA-ʫʩʪʨʦʡʩʪʚʘ ʤʳ 

ʧʨʦʩʪʦ ʚʳʭʦʜʠʤ (ʭʦʪʷ ʵʪʦ ʥʠʢʘʢʘʷ ʥʝ ʦʰʠʙʢʘ). ʇʦʥʷʪʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʨʝʢʦʤʝʥʜʫʝʤʳʤ. ʇʨʦʩʪʦʪʳ ʨʘʜʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʭʦʜʥʳʭ 

ʚʝʢʪʦʨʦʚ ʤʳ ʚʳʜʝʣʷʝʤ ʦʙʣʘʩʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʧʘʤʷʪʠ CPU ʠ ʟʘʧʦʣʥʷʝʤ ʝʝ 

ʜʘʥʥʳʤʠ ʪʘʢ ʞʝ, ʢʘʢ ʨʘʥʴʰʝ. 
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To keep things as simple as possible, weôll allocate standard host memory for 

our inputs and fill them with data exactly how weôve done in the past. 

 
ʈʠʩʫʥʦʢ 7.12 ï ɻʝʥʝʨʘʮʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʳ ʛʦʪʦʚʳ ʟʘʥʷʪʴʩʷ ʢʦʜʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

GPU. ʍʠ-ʪʨʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ API ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʢʘʞʜʳʡ GPU ʫʧʨʘʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʧʦʪʦʢʦʤ CPU. ʊʘʢ ʢʘʢ ʨʘʥʴʰʝ ʤʳ 

ʨʘʙʦʪʘʣʠ ʩ ʦʜʥʠʤ GPU, ʪʦ ʥʘ ʵʪʦʡ ʪʦʥʢʦʩʪʠ ʥʝ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʚʥʠʤʘʥʠʝ. ʍʦʪʷ 

ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ GPU, ʙʦʣʴʰʝʝ 1, ʤʳ ʜʣʷ ʧʨʦʩʪʦʪʳ 

ʙʫʜʝʤ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ: 

 
ʈʠʩʫʥʦʢ 7.13 ï ɿʘʧʦʣʥʝʥʠʝ ʩʪʨʫʢʪʫʨ DataStruct 

 

ɼʘʣʝʝ ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʝʨʝʤʝʥʥʫʶ ʪʠʧʘ DataStruct ʧʝʨʝʜʘʝʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ start_thread() ʚʤʝʩʪʝ ʩ ʫʢʘʟʘʪʝʣʝʤ ʥʘ ʬʫʥʢʮʠʶ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʥʷʪʴʩʷ ʚʦ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʤ ʧʦʪʦʢʝ; ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ ʦʥʘ 

ʥʘʟʳʚʘʝʪʩʷ routine(). ʌʫʥʢʮʠʷ start_thread() ʩʦʟʜʘʝʪ ʧʦʪʦʢ ʠ ʚʳʟʳʚʘʝʪ ʚ ʥʝʤ 

ʫʢʘʟʘʥʥʫʶ ʬʫʥʢʮʠʶ, ʧʝʨʝʜʘʚʘʷ ʝʡ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʘʨʛʫʤʝʥʪʘ 

ʩʪʨʫʢʪʫʨʫ DataStruct, ʧʦʣʫʯʝʥʥʫʶ ʦʪ ʚʳʟʳʚʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ. ɺʪʦʨʦʡ ʨʘʟ 
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ʬʫʥʢʮʠʷ routine() ʚʳʟʳʚʘʝʪʩʷ ʠʟ ʛʣʘʚʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʛʨʘʤʤʳ (ʩʪʘʣʦ ʙʳʪʴ, ʤʳ 

ʩʦʟʜʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ). 

 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʜʚʠʛʘʪʴʩʷ ʜʘʣʴʰʝ, ʛʣʘʚʥʳʡ ʧʦʪʦʢ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʝʥ 

ʜʦʞʜʘʪʴʩʷ ʟʘʚʝʨʰʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ, ʜʣʷ ʯʝʛʦ ʚʳʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

end_thread(). 

 

ʇʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʪʦʯʢʝ main() ʦʙʘ ʧʦʪʦʢʘ ʟʘʚʝʨʰʠʣʠʩʴ, ʤʦʞʥʦ ʙʝʟ 

ʦʧʘʩʢʠ ʦʩʚʦʙʦʜʠʪʴ ʙʦʣʝʝ ʥʝ ʥʫʞʥʫʶ ʧʘʤʷʪʴ ʠ ʚʳʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪ. 

 
ʈʠʩʫʥʦʢ 7.14 ï ʇʝʯʘʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʩʚʦʙʦʞʜʝʥʠʝ ʟʘʥʷʪʳʭ ʨʝʩʫʨʩʦʚ 

 

ɺ ʢʘʞʜʦʤ ʧʦʪʦʢʝ ʚʳʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ cudaSetDevice() (ʨʠʩ. 7.15), ʥʦ 

ʧʝʨʝʜʘʶʪʩʷ ʝʡ ʨʘʟʥʳʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʢʘʞʜʳʡ ʧʦʪʦʢ 

ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʦ ʩʚʦʠʤ GPU. ʋ ʵʪʠʭ GPU ʤʦʞʝʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʢʘʨʪʳ GeForce GTX 295 ʩ ʜʚʫʤʷ GPU, ʠʣʠ 

ʨʘʟʣʠʯʥʘʷ ï ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʠ 

ʜʠʩʢʨʝʪʥʳʡ GPU. ʅʘʰʝʤʫ ʧʨʠʣʦʞʝʥʠʶ ʵʪʠ ʜʝʪʘʣʠ ʥʝ ʚʘʞʥʳ, ʭʦʪʷ ʚʘʤ ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʦʡ, ʝʩʣʠ ʷʜʨʦ ʥʫʞʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʣʠ ʝʩʣʠ ʚʘʩ ʦʙʫʨʝʚʘʝʪ ʞʝʣʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʨʘʟʥʳʝ GPU, ʠʤʝʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ. ɽʩʣʠ GPU 

ʨʘʟʣʠʯʥʳ, ʪʦ ʧʨʠʜʝʪʩʷ ʨʘʟʙʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʯʘʩʪʠ ʪʘʢ, ʯʪʦʙʳ ʚʩʝ GPU ʙʳʣʠ 

ʟʘʥʷʪʳ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ. 
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ʈʠʩʫʥʦʢ 7.15 ï ʋʩʪʘʥʦʚʢʘ ʪʝʢʫʱʝʛʦ ʢʦʥʪʝʢʩʪʘ 

 

ʄʳ ʚʳʜʝʣʷʝʤ ʚ ʧʘʤʷʪʠ GPU ʙʫʬʝʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʧʠʡ ʚʭʦʜʥʳʭ 

ʚʝʢʪʦʨʦʚ ʠ ʯʘʩʪʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ cudaMemcpy() 

ʢʦʧʠʨʫʝʤ ʚʭʦʜʥʳʝ ʚʝʢʪʦʨʳ (ʨʠʩ. 7.16). 

 
ʈʠʩʫʥʦʢ 7.16 ï ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʠ ʢʦʧʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ 

 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʷʜʨʦ dot(), ʩʢʦʧʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘ host, ʟʘʚʝʨʰʠʚ ʚʳʯʠʩʣʝʥʠʷ (ʨʠʩ. 7.17). 

 
ʈʠʩʫʥʦʢ 7.17 ï ɺʳʟʦʚ ʷʜʨʘ ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  
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ʂʘʢ ʦʙʳʯʥʦ, ʦʩʚʦʙʦʞʜʘʝʤ ʧʘʤʷʪʴ GPU ʠ ʚʦʟʚʨʘʱʘʝʤ ʚʳʯʠʩʣʝʥʥʦʝ 

ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ ʧʦʣʝ returnValue ʩʪʨʫʢʪʫʨʳ DataStruct (ʨʠʩ. 7.18). 

 
ʈʠʩʫʥʦʢ 7.18 ï ʆʩʚʦʙʦʞʜʝʥʠʝ ʧʘʤʷʪʠ 

 

ʂʘʢ ʚʠʜʠʪʝ, ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʜʝʪʘʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ, ʪʦ ʨʘʙʦʪʘ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ GPU ʥʝ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʩ ʦʜʥʠʤ. ɸ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʰʝʛʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʠ ʠʩʧʦʣʥʝʥʠʷ ʚ ʥʝʤ ʬʫʥʢʮʠʠ 

ʟʘʜʘʯʘ ʝʱʝ ʫʧʨʦʱʘʝʪʩʷ. ɽʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʦʞʝʪʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ. 

ʊʦʣʴʢʦ ʥʝ ʟʘʙʳʚʘʡʪʝ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ GPU ʥʫʞʝʥ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ. 

 

7.3 ʇʝʨʝʥʦʩʠʤʘʷ ʟʘʢʨʝʧʣʝʥʥʘʷ ʧʘʤʷʪʴ 

 

ɽʱʝ ʦʜʥʘ ʚʘʞʥʘʷ ʜʝʪʘʣʴ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʨʘʙʦʪʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ GPU, ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʘʤʷʪʠ. ʄʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʥʘʟʳʚʘʝʪʩʷ ʧʘʤʷʪʴ CPU, ʩʪʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʚ ʬʠʟʠʯʝʩʢʦʡ 

ʧʘʤʷʪʠ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʠ ʚʳʛʨʫʞʝʥʳ ʥʘ ʜʠʩʢ, ʥʠ ʧʝʨʝʤʝʱʝʥʳ. 

ʅʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʢʨʝʧʣʝʥʥʦʡ ʪʦʣʴʢʦ ʦʜʥʦʤʫ 

ʧʦʪʦʢʫ CPU. ʊʦ ʝʩʪʴ ʦʥʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡ ʚ ʧʘʤʷʪʠ, ʝʩʣʠ ʝʝ 

ʟʘʢʨʝʧʠʣ ʣʶʙʦʡ ʧʦʪʦʢ, ʥʦ ʢʘʟʘʪʴʩʷ ʟʘʢʨʝʧʣʝʥʥʦʡ ʦʥʘ ʙʫʜʝʪ ʣʠʰʴ ʪʦʤʫ ʧʦʪʦʢʫ, 

ʢʦʪʦʨʳʡ ʝʝ ʚʳʜʝʣʠʣ. ɽʩʣʠ ʫʢʘʟʘʪʝʣʴ ʥʘ ʵʪʫ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ ʨʘʟʜʝʣʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʙʫʜʫʪ ʚʠʜʝʪʴ ʝʝ ʢʘʢ ʩʪʘʥʜʘʨʪʥʫʶ 

ʩʪʨʘʥʠʯʥʫʶ ʧʘʤʷʪʴ. 

ʋ ʵʪʦʛʦ ʧʦʚʝʜʝʥʠʷ ʝʩʪʴ ʧʦʙʦʯʥʳʡ ʵʬʬʝʢʪ: ʝʩʣʠ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʳʜʝʣʷʣ ʟʘʢʨʝʧʣʝʥʥʳʡ ʙʫʬʝʨ, ʧʦʧʳʪʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʥʝʛʦ cudaMemcpyO, 

ʪʦ ʢʦʧʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 
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ʩʪʘʥʜʘʨʪʥʦʡ ʩʪʨʘʥʠʯʥʦʡ ʧʘʤʷʪʠ. ʆʥʘ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. ʍʫʞʝ ʪʦʛʦ, ʝʩʣʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʧʦʧʳʪʘʝʪʩʷ ʧʦʩʪʘʚʠʪʴ ʚʳʟʦʚ cudaMemcpyAsync() ʚ 

ʦʯʝʨʝʜʴ ʧʦʪʦʢʘ CUDA, ʪʦ ʧʨʦʠʟʦʡʜʝʪ ʦʰʠʙʢʘ, ʪʘʢ ʢʘʢ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ 

ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʟʘʢʨʝʧʣʝʥʥʳʡ ʙʫʬʝʨ. ɸ ʧʦʩʢʦʣʴʢʫ ʧʦʪʦʢʫ, ʥʝ 

ʚʳʜʝʣʷʚʰʝʤʫ ʙʫʬʝʨ, ʦʥ ʢʘʞʝʪʩʷ ʥʝʟʘʢʨʝʧʣʝʥʥʳʤ, ʪʦ ʧʦʧʳʪʢʘ ʩ ʪʨʝʩʢʦʤ 

ʧʨʦʚʘʣʠʚʘʝʪʩʷ. ɼʘʞʝ ʥʘ ʙʫʜʫʱʝʝ ʥʝʪ ʥʘʜʝʞʜʳ! 

ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ. ɿʘʢʨʝʧʣʝʥʥʫʶ ʧʘʤʷʪʴ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʢʘʢ ʧʝʨʝʥʦʩʠʤʫʶ (portable); ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʡ ʨʘʟʨʝʰʝʥʦ 

ʤʠʛʨʠʨʦʚʘʪʴ ʠʟ ʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʜʨʫʛʦʡ, ʠ ʢʘʞʜʳʡ ʧʦʪʦʢ ʙʫʜʝʪ ʩʯʠʪʘʪʴ ʙʫʬʝʨ 

ʟʘʢʨʝʧʣʝʥʥʳʤ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʘʰʠʤ ʩʪʘʨʳʤ ʥʘʜʝʞʥʳʤ ʜʨʫʛʦʤ, 

ʬʫʥʢʮʠʝʡ cudaHostAlloc(), ʥʦ ʩ ʥʦʚʳʤ ʬʣʘʛʦʤ: cudaHostAllocPortable. ʕʪʦʪ 

ʬʣʘʛ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ, ʥʘʧʨʠʤʝʨ 

cudaHostAllocWriteCombined ʠ cudaHostAllocMapped. ʉʪʘʣʦ ʙʳʪʴ, ʙʫʬʝʨ ʚ 

ʧʘʤʷʪʠ CPU ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʥʦʩʠʤʳʤ, ʥʫʣʴ-ʢʦʧʠʨʫʝʤʳʤ ʠ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ 

ʟʘʧʠʩʠ ï ʚ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ. 

ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʥʦʩʠʤʦʡ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʧʘʤʷʪʠ, ʤʳ ʥʝʤʥʦʛʦ ʜʦʨʘʙʦʪʘʝʤ ʧʨʦʛʨʘʤʤʫ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ. ɺ ʦʩʥʦʚʫ ʙʫʜʝʪ ʧʦʣʦʞʝʥʘ ʚʝʨʩʠʷ ʩ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʴʶ, 

ʪʘʢ ʯʪʦ ʧʦʣʫʯʠʪʩʷ ʚʘʨʠʘʥʪ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ GPU ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʫʣʴ-ʢʦʧʠʨʦʚʘʥʠʷ. ʂʘʢ ʚʩʶʜʫ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʠʤʝʶʪʩʷ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʘ GPU ʩ ʧʦʜʜʝʨʞʢʦʡ CUDA ʠ ʦʙʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʩ ʥʫʣʴ-ʢʦʧʠʨʫʝʤʳʤʠ ʙʫʬʝʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 7.19 ï ʆʧʨʦʩ ʫʩʪʨʦʡʩʪʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 

cudaMapHostMemory 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʘʭ ʤʳ ʚ ʵʪʦʤ ʤʝʩʪʝ ʧʨʠʩʪʫʧʘʣʠ ʢ ʚʳʜʝʣʝʥʠʶ 

ʧʘʤʷʪʠ CPU ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ. ʅʦ ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ 

ʧʝʨʝʥʦʩʠʤʫʶ ʟʘʢʨʝʧʣʝʥʥʫʶ ʧʘʤʷʪʴ, ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ CUDA-

ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʤ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʨʘʙʦʪʘʪʴ. ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʘʤʝʨʝʚʘʝʤʩʷ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʱʝ ʠ ʥʫʣʴ-ʢʦʧʠʨʦʚʘʥʠʝʤ, ʪʦ ʚʩʣʝʜ ʟʘ ʚʳʟʦʚʦʤ 

cudaSetDevice() ʦʙʨʘʱʘʝʤʩʷ ʢ ʬʫʥʢʮʠʠ cudaSetDeviceFlags(). 

 
ʈʠʩʫʥʦʢ 7.20 ï ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ 

 

ʈʘʥʝʝ ʤʳ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ cudaSetDevice(), ʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ 

ʧʘʤʷʪʠ ʠ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʦʚ. ʆʜʥʘʢʦ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʟʘʢʨʝʧʣʝʥʥʫʶ ʧʘʤʷʪʴ ʩ 
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ʧʦʤʦʱʴʶ cudaHostAlloc(), ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ, ʦʙʨʘʪʠʚʰʠʩʴ ʢ cudaSetDevice(). ʊʘʢʞʝ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʥʦʚʳʡ ʬʣʘʛ, cudaHostAllocPortable, ʧʝʨʝʜʘʝʪʩʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʘʤʷʪʠ ʜʣʷ 

ʦʙʦʠʭ ʙʫʬʝʨʦʚ. ʊʘʢ ʢʘʢ ʧʘʤʷʪʴ ʚʳʜʝʣʷʣʘʩʴ ʧʦʩʣʝ ʚʳʟʦʚʘ cudaSet Device (0), ʪʦ 

ʣʠʰʴ CUDA-ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʦʤʝʨʦʤ 0 ʩʯʠʪʘʣʦ ʙʳ ʵʪʠ ʙʫʬʝʨʳ ʟʘʢʨʝʧʣʝʥʥʳʤʠ - 

ʝʩʣʠ ʙʳ ʤʳ ʚʜʦʙʘʚʦʢ ʥʝ ʫʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʝʱʝ ʠ ʧʝʨʝʥʦʩʠʤʳʝ. 

We continue the application as we have in the past, generating data for our 

input vectors and preparing our DataStruct structures as we did in the multi-GPU 

program. 

ɿʘʪʝʤ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʠ ʚ ʦʙʦʠʭ ʧʦʪʦʢʘʭ ʚʳʟʚʘʪʴ 

ʬʫʥʢʮʠʶ routine(), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʪʦʤ ʠ ʜʨʫʛʦʤ 

ʫʩʪʨʦʡʩʪʚʝ: 

 

ʇʦʩʢʦʣʴʢʫ ʧʘʤʷʪʴ CPU ʚʳʜʝʣʷʣʘʩʴ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʦʡ CUDA, ʜʣʷ ʝʝ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʫʞʥʦ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʶ cudaFreeHost(), ʘ ʥʝ free(). ʀ ʵʪʦ ʚʩʝ, 

ʯʪʦ ʝʩʪʴ ʚ ʬʫʥʢʮʠʠ main(). 

ʏʪʦʙʳ ʧʦʜʜʝʨʞʘʪʴ ʨʘʙʦʪʫ ʩ ʧʝʨʝʥʦʩʠʤʦʡ ʟʘʢʨʝʧʣʝʥʥʦʡ ʠ ʥʫʣʴ-

ʢʦʧʠʨʫʝʤʦʡ ʧʘʤʷʪʴʶ ʚ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ GPU, ʥʫʞʥʦ ʚʥʝʩʪʠ 

ʜʚʘ ʚʘʞʥʳʭ ʠʟʤʝʥʝʥʠʷ ʚ ʬʫʥʢʮʠʶ routine(). ʇʝʨʚʦʝ ʜʦʚʦʣʴʥʦ ʪʦʥʢʦʝ, ʠ ʫʞ 

ʠʥʪʫʠʪʠʚʥʦ ʦʯʝʚʠʜʥʳʤ ʝʛʦ ʪʦʯʥʦ ʥʝ ʥʘʟʦʚʝʰʴ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʚʝʨʩʠʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ GPU ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʚʟrʚrʘʪʴ cudaSetDevice() ʚ ʬʫʥʢʮʠʠ routine(); ʵʪʦ ʛʘʨʘʥʪʠʨʦʚʘʣʦ, ʯʪʦ ʢʘʞʜʳʡ 

ʧʦʪʦʢ ʫʧʨʘʚʣʷʝʪ ʩʚʦʠʤ GPU. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ ʤʳ ʫʞʝ 

ʚʳʟʳʚʘʣʠ cudaSetDevice() ʚ ʛʣʘʚʥʦʤ ʧʦʪʦʢʝ. ʕʪʦ ʙʳʣʦ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʚʳʜʝʣʠʪʴ ʟʘʢʨʝʧʣʝʥʥʫʶ ʧʘʤʷʪʴ ʚ main(). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʪʘʣʦʩʴ ʚʳʟʚʘʪʴ 

cudaSetDevice() ʠ cudaSetDeviceFlags() ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʥʠ ʝʱʝ ʥʝ ʚʳʟʳʚʘʣʠʩʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʧʨʦʚʝʨʷʝʤ, devicelD ʥʝ ʨʘʚʥʦ 

ʥʫʣʶ. ʂʦʜ ʚʳʛʣʷʜʝʣ ʙʳ ʧʨʦʱʝ, ʝʩʣʠ ʙʳ ʤʳ ʧʦʚʪʦʨʠʣʠ ʚʳʟʦʚʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ 
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ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ 0, ʥʦ ʵʪʦ ʙʳʣʦ ʙʳ ʦʰʠʙʢʦʡ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ 

ʦʜʠʥ ʨʘʟ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʦ ʚ ʥʝʢʦʪʦʨʦʤ ʧʦʪʦʢʝ, ʝʱʝ ʨʘʟ ʚʳʟʳʚʘʪʴ ʚ ʥʝʤ 

ʬʫʥʢʮʠʶ cudaSetDevice() ʥʝʣʴʟʷ, ʜʘʞʝ ʝʩʣʠ ʧʝʨʝʜʘʪʴ ʝʡ ʪʦʪ ʞʝ ʩʘʤʳʡ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʩʪʨʦʡʩʪʚʘ. ɺʳʜʝʣʝʥʥʦʝ ʦʧʝʨʘʪʦʨ if  ʢʘʢ ʨʘʟ ʠ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʵʪʦʡ ʥʝʧʨʠʷʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʧʦʣʥʷʶʱʝʡ ʩʨʝʜʳ CUDA. 

ʊʝʧʝʨʴ ʧʝʨʝʡʜʝʤ ʢʦ ʚʪʦʨʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚ ʬʫʥʢʮʠʠ routine(). 

ɺʳʜʝʣʝʥʥʘʷ ʧʘʤʷʪʴ CPU ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʥʦʩʠʤʘʷ ʠ ʟʘʢʨʝʧʣʝʥʥʘʷ, ʥʦ ʠ 

ʥʫʣʴ- ʢʦʧʠʨʫʝʤʘʷ, ʧʦʪʦʤʫ ʯʪʦ ʤʳ ʭʦʪʠʤ ʦʙʨʘʱʘʪʴʩʷ ʢ ʙʫʬʝʨʘʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʦʜʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ GPU. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʟʳʚʘʪʴ 

cudaMemcpy(), ʢʘʢ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ GPU, 

ʫʞʝ ʥʝ ʥʫʞʥʦ, ʟʘʪʦ ʥʘʜʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ 

cudaHostGetDevicePointer(), ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʢʘʟʘʪʝʣʠ ʥʘ ʧʘʤʷʪʴ CPU, 

ʦʪʦʙʨʘʞʝʥʥʳʝ ʥʘ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʯʘʩʪʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʪʘʥʜʘʨʪʥʫʶ ʧʘʤʷʪʴ GPU 

(ʨʠʩ. 7.21). ʂʘʢ ʦʙʳʯʥʦ, ʵʪʘ ʧʘʤʷʪʴ ʚʳʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ cudaMalloc().  

 
ʈʠʩʫʥʦʢ 7.21 ï ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʥʘ device 

 

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ CPU, ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʦʜʥʠʤ ʦʙʨʘʱʝʥʠʝʤ ʢ ʬʫʥʢʮʠʠ cudaHostAlloc(). ʉ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʬʣʘʛʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʜʝʣʝʥʥʫʶ ʧʘʤʷʪʴ ʥʫʣʴ-

ʢʦʧʠʨʫʝʤʦʡ, ʧʝʨʝʥʦʩʠʤʦʡ ʠʣʠ ʩ ʦʙʲʝʜʠʥʝʥʥʦʡ ʟʘʧʠʩʴʶ ï ʚ ʣʶʙʦʤ ʩʦʯʝʪʘʥʠʠ. 

ʅʫʣʴ-ʢʦʧʠʨʫʝʤʘʷ ʧʘʤʷʪʴ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʷʚʥʦʛʦ 
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ʢʦʧʠʨʦʚʘʥʠʷ ʚ ʧʘʤʷʪʴ GPU ʠ ʦʙʨʘʪʥʦ; ʵʪʦʪ ʧʨʠʝʤ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʙr ʩʪʨʦʜʝʡʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʧʨʠʣʦʞʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ 

ʧʦʜʜʝʨʞʢʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʳ ʥʘʫʯʠʣʠʩʴ ʨʘʙʦʪʘʪʴ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ GPU ʚ ʦʜʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʚʳʯʠʩʣʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʅʘʢʦʥʝʮ, ʤʳ ʚʠʜʝʣʠ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ GPU ʤʦʛʫʪ ʨʘʟʜʝʣʷʪʴ ʦʜʥʫ ʦʙʣʘʩʪʴ 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʘʤʷʪʠ, ʝʩʣʠ ʦʥʘ ʚʳʜʝʣʝʥʘ ʢʘʢ ʧʝʨʝʥʦʩʠʤʘʷ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʝʥʦʩʠʤʘʷ ʟʘʢʨʝʧʣʝʥʥʘʷ ʧʘʤʷʪʴ, ʥʝʩʢʦʣʴʢʦ GPU ʠ 

ʥʫʣʴ-ʢʦʧʠʨʫʝʤʳʝ ʙʫʬʝʨʳ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʘʩʴ çʨʘʟʦʛʥʘʥʥʘʷè ʚʝʨʩʠʷ 

ʧʨʦʛʨʘʤʤʳ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʉʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʠ ʦʚʣʘʜʝʥʠʝ 

ʵʪʠʤʠ ʧʨʠʝʤʘʤʠ ʧʦʟʚʦʣʠʪ ʚʘʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʤʦʱʴ ʠʤʝʶʱʝʡʩʷ ʧʣʘʪʬʦʨʤʳ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ GPU? 

2. ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ GPU? 

3. ʏʪʦ ʪʘʢʦʝ ʥʫʣʴ-ʢʦʧʠʨʦʚʘʥʠʝ? 

4. ʇʦʷʩʥʠʪʝ ʪʝʨʤʠʥ çʧʝʨʝʥʦʩʠʤʘʷ ʧʘʤʷʪʴè. 

5. ʇʦʷʩʥʠʪʝ ʪʝʨʤʠʥ çʟʘʢʨʝʧʣʷʝʤʘʷ ʧʘʤʷʪʴè. 
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ʈɸɿɼɽʃ 8. ɼɽʃɽɻɸʊʓ, ʉʆɹʓʊʀʗ ʀ ʃʗʄɹɼɸ-ɺʓʈɸɾɽʅʀʗ 

 

ɼʝʣʝʛʘʪʳ (delegate) ï ʵʪʦ ʚʝʨʩʠʠ .NET ʘʜʨʝʩʦʚ ʤʝʪʦʜʦʚ. ɺ C++ 

ʩʫʱʝʩʪʚʫʶʪ ʫʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʡ ï ʵʪʦ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʫʢʘʟʘʪʝʣʠ ʥʘ ʦʙʣʘʩʪʴ ʚ 

ʧʘʤʷʪʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʠʢʘʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʠʧʦʚ. ʆʧʨʝʜʝʣʠʪʴ, ʥʘ ʯʪʦ 

ʠʤʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʪʘʢʦʡ ʫʢʘʟʘʪʝʣʴ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʧʨʦʛʨʘʤʤʠʩʪʘ. ʊʘʢʞʝ ʥʝ 

ʠʟʚʝʩʪʥʳ ʪʘʢʠʝ ʚʝʱʠ, ʢʘʢ ʪʠʧʳ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʠʧ ʚʦʟʚʨʘʪʘ. ɺ .NET ʜʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʦʚʘʥ ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʯʝ; ʟʜʝʩʴ ʜʝʣʝʛʘʪʳ ï ʵʪʦ ʙʝʟʦʧʘʩʥʳʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʠʧʦʚ ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʪʠʧʳ ʚʦʟʚʨʘʪʘ ʠ ʪʠʧʳ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʣʘʩʩ ʜʝʣʝʛʘʪʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʩʩʳʣʢʫ ʥʝ ʪʦʣʴʢʦ ʥʘ ʢʘʢʦʡ-ʪʦ 

ʦʜʠʥ ʤʝʪʦʜ, ʥʦ ʪʘʢʞʝ ʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. 

ʃʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ (lambda expression) ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʜʝʣʝʛʘʪʘʤʠ. 

ʂʦʛʜʘ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʪʠʧ ʜʝʣʝʛʘʪʘ, ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ, ʥʘ ʢʦʪʦʨʳʡ ʩʩʳʣʘʝʪʩʷ ʜʝʣʝʛʘʪ. 

 

8.1. ɼʝʣʝʛʘʪʳ. 

 

ɼʝʣʝʛʘʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʤʝʪʦʜ 

ʜʨʫʛʦʤʫ ʤʝʪʦʜʫ. ɹr ʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʝʪʩʷ ʦʙʨʘʱʝʥʠʝ ʢ 

ʜʨʫʛʦʤʫ ʤʝʪʦʜʫ, ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢ ʢʘʢʦʤʫ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ, ʘ ʧʦʪʦʤʫ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʝʜʘʥʘ ʧʝʨʚʦʤʫ ʤʝʪʦʜʫ ʚ ʚʠʜʝ 

ʧʘʨʘʤʝʪʨʘ. 

ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʦʡʩʪʚʝʥʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ: 

1. ɿʘʧʫʩʢ ʧʦʪʦʢʦʚ ʠ ʟʘʜʘʯ. ɺ C# ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʦʙʱʠʪʴ 

ʢʦʤʧʠʣʷʪʦʨʫ, ʯʪʦ ʥʫʞʥʦ ʟʘʧʫʩʪʠʪʴ ʥʝʢʦʪʦʨʫʶ ʥʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʩʧʦʣʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʪʦʡ, ʯʪʦ ʨʘʙʦʪʘʝʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʊʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ (thread), ʘ ʝʛʦ ʟʘʧʫʩʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Start ʦʜʥʦʛʦ ʠʟ ʙʘʟʦʚʳʭ ʢʣʘʩʩʦʚ ï System.Threading.Thread. 

ɽʩʣʠ ʢʦʤʧʴʶʪʝʨʫ ʩʦʦʙʱʘʝʪʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʫʩʢʘ ʥʦʚʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ, ʪʦ ʪʘʢʞʝ ʥʫʞʥʦ ʩʦʦʙʱʠʪʴ, ʦʪʢʫʜʘ ʠʤʝʥʥʦ ʝʝ 

ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ, ʪ.ʝ. ʚʳʟʦʚ ʢʘʢʦʛʦ ʤʝʪʦʜʘ ʜʦʣʞʝʥ ʝʝ ʟʘʧʫʩʢʘʪʴ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʤʝʪʦʜ Thread.Start ( ) ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ 

ʤʝʪʦʜ, ʧʦʜʣʝʞʘʱʠʡ ʚʳʟʦʚʫ ʧʦʪʦʢʦʤ.  

2. ʆʙʦʙʱʝʥʥʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʢʣʘʩʩʳ. ʄʥʦʛʠʝ ʙʠʙʣʠʦʪʝʢʠ ʩʦʜʝʨʞʘʪ ʢʦʜ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤʠ ï ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ ʠʭ ʥʘʧʠʩʘʥʠʠ ʚʳ ʪʦʯʥʦ 

ʟʥʘʝʪʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʧʦʜʟʘʜʘʯʫ, ʦ ʢʦʪʦʨʦʡ ʟʥʘʝʪ ʪʦʣʴʢʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʢʣʠʝʥʪʩʢʠʡ ʢʦʜ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʵʪʫ ʙʠʙʣʠʦʪʝʢʫ. ʅʘʧʨʠʤʝʨ, ʪʨʝʙʫʝʪʩʷ ʥʘʧʠʩʘʪʴ ʢʣʘʩʩ, 

ʧʨʠʥʠʤʘʶʱʠʡ ʤʘʩʩʠʚ ʦʙʲʝʢʪʦʚ ʠ ʩʦʨʪʠʨʫʶʱʠʡ ʠʭ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. ʏʘʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʩʦʨʪʠʨʦʚʢʠ ʜʦʣʞʥʦ ʙʳʪʴ  ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʦʙʲʝʢʪʦʚ 

ʠʟ ʤʘʩʩʠʚʘ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʟ ʥʠʭ ʥʫʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʧʝʨʚʳʤ. ɽʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʣʘʩʩʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ ʣʶʙʳʝ ʦʙʲʝʢʪʳ, ʪʦ ʦʥ 

ʥʝ ʤʦʞʝʪ ʟʥʘʪʴ ʟʘʨʘʥʝʝ, ʢʘʢ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʩʨʘʚʥʝʥʠʷ. ʊʦʣʴʢʦ ʢʣʠʝʥʪʩʢʠʡ 

ʢʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʣʘʩʩ, ʤʦʞʝʪ ʩʦʦʙʱʠʪʴ ʝʤʫ, ʢʘʢ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ 

ʩʨʘʚʥʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʤʘʩʩʠʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʦʨʪʠʨʦʚʘʪʴ. 

ʂʣʠʝʥʪʩʢʠʡ ʢʦʜ ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ ʚʘʰʝʤʫ ʢʣʘʩʩʫ ʧʦʜʨʦʙʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʛʦ, ʢʘʢʦʡ ʤʝʪʦʜ ʚʳʟʚʘʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʨʘʚʥʝʥʠʷ.  

3. ʉʦʙʳʪʠʷ. ɻʣʘʚʥʘʷ ʠʜʝʷ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ 

ʠʤʝʪʴ ʜʝʣʦ ʩ ʢʦʜʦʤ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʠʥʬʦʨʤʠʨʦʚʘʥ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʢʘʢʠʭ-ʪʦ ʩʦʙʳʪʠʡ. ɺ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʣʥʦ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʡ. ʂʦʛʜʘ ʩʦʙʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʠʩʧʦʣʥʷʶʱʘʷ ʩʨʝʜʘ ʜʦʣʞʥʘ ʟʥʘʪʴ, ʢʘʢʦʡ ʤʝʪʦʜ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ. ʕʪʦ 

ʜʝʣʘʝʪʩʷ ʧʝʨʝʜʘʯʝʡ ʤʝʪʦʜʫ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʤʫ ʩʦʙʳʪʠʷ, ʧʘʨʘʤʝʪʨʘ-ʜʝʣʝʛʘʪʘ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʣʘʩʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʣʝʛʘʪʘ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʨʘʥʝʝ ʦʙʲʷʚʠʪʴ. ʉʠʥʪʘʢʩʠʩ ʦʙʲʷʚʣʝʥʠʷ ʜʝʣʝʛʘʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

])([___delegate ʧʘʨʘʤʝʪʨʳʜʝʣʝʛʘʪʘʪʠʧʘʀʤʷʚʦʟʚʨʘʪʘʪʠʧ >< . 

ʅʘʧʨʠʤʝʨ: 
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ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʣʝʛʘʪ, ʵʢʟʝʤʧʣʷʨ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪ 

ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʪʠʧʘ int ʠ ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ ʪʠʧʘ void. 

ɽʱʝ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʦʙʲʷʚʣʝʥʠʷ ʜʝʣʝʛʘʪʦʚ: 

 

ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ ʦʙʲʷʚʣʝʥʠʠ ʜʝʣʝʛʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ delegate ʬʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ. 

ɼʝʣʝʛʘʪʳ ʩʦʟʜʘʶʪʩʷ ʢʘʢ ʢʣʘʩʩʳ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʦʪ System.MulticastDelegate. 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʢʦʙʦʢ ʢ ʵʢʟʝʤʧʣʷʨʫ ʜʝʣʝʛʘʪʘ ʵʪʦ ʚʩʝ ʨʘʚʥʦ ʯʪʦ ʚʳʟʦʚ 

ʤʝʪʦʜʘ Invoke ( ), ʪʦ ʝʩʪʴ ʩʣʝʜʫʶʱʠʝ ʩʨʦʢʠ ʚʳʧʦʣʥʷʶʪ ʦʜʥʦ ʠ ʪʦʞʝ ʜʝʡʩʪʚʠʝ: 

firstStringMethod ( );  

firstStringMethod.Invoke ( ); 

ʏʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʢʦʜ, ʚ ʢʘʞʜʦʤ ʤʝʩʪʝ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʵʢʟʝʤʧʣʷʨ ʜʝʣʝʛʘʪʘ, 

ʤʦʞʥʦ ʧʨʦʩʪʦ ʧʝʨʝʜʘʪʴ ʠʤʷ ʘʜʨʝʩʘ. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʚʳʚʝʜʝʥʠʝʤ ʜʝʣʝʛʘʪʘ 

(delegate inference). ʕʪʦ ʩʨʝʜʩʪʚʦ ʉ# ʨʘʙʦʪʘʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʤʧʠʣʷʪʦʨ 

ʩʧʦʩʦʙʝʥ ʨʘʟʨʝʰʠʪʴ ʵʢʟʝʤʧʣʷʨ ʜʝʣʝʛʘʪʘ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʠʧ. ɺ ʧʨʝʜʳʜʫʱʝʤ 

ʧʨʠʤʝʨʝ ʧʝʨʝʤʝʥʥʘʷ firstStringMethod ʪʠʧʘ GetAsString ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ 

ʥʦʚʳʤ ʵʢʟʝʤʧʣʷʨʦʤ ʜʝʣʝʛʘʪʘ GetAsString: 

GetAString firstStringMethod = new GetAString(x.ToString);  
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ʉʜʝʣʘʪʴ ʪʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ, ʧʨʦʩʪʦ ʧʝʨʝʜʘʚ ʧʝʨʝʤʝʥʥʦʡ 

firstStringMethod ʠʤʷ ʤʝʪʦʜʘ ʚ ʧʝʨʝʤʝʥʥʦʡ ʭ:  

GetAString firstStringMethod = x.ToString;  

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʦʤʧʠʣʷʪʦʨ ʉ# ʩʦʟʜʘʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʦʜ. ʂʦʤʧʠʣʷʪʦʨ 

ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʪʠʧ ʜʝʣʝʛʘʪʘ ʪʨʝʙʫʝʪʩʷ firstStringMethod, ʧʦʵʪʦʤʫ ʩʦʟʜʘʝʪ 

ʵʢʟʝʤʧʣʷʨ ʜʝʣʝʛʘʪʘ ʪʠʧʘ GetAString ʠ ʧʝʨʝʜʘʝʪ ʢʦʥʩʪʨʫʢʪʦʨʫ ʘʜʨʝʩ ʤʝʪʦʜʘ ʚ 

ʦʙʲʝʢʪʝ ʭ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʦʧʠʩʳʚʘʪʴ ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʤʝʥʠ ʤʝʪʦʜʘ 

ʥʝʜʦʧʫʩʪʠʤʦ. 

ʕʢʟʝʤʧʣʷʨ ʜʝʣʝʛʘʪʘ ʤʦʞʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʣʶʙʦʡ ʤʝʪʦʜ ð ʫʨʦʚʥʷ 

ʵʢʟʝʤʧʣʷʨʘ ʠʣʠ ʩʪʘʪʠʯʝʩʢʠʡ ï ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʣʶʙʦʛʦ ʪʠʧʘ, ʝʩʣʠ ʩʠʛʥʘʪʫʨʘ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʛʥʘʪʫʨʦʡ ʜʝʣʝʛʘʪʘ. 

 

8.2 ɼʝʣʝʛʘʪʳ Action<T> ʠ Func<T> ʙʠʙʣʠʦʪʝʢʠ .NET Framework. 

 

ɺʤʝʩʪʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʜʝʣʝʛʘʪʘ ʩ ʢʘʞʜʳʤ ʪʠʧʦʤ ʧʘʨʘʤʝʪʨʘ ʠ 

ʚʦʟʚʨʘʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʣʝʛʘʪʳ ɼʝʣʝʛʘʪʳ Action<T> ʠ Func<T>. 

ʆʙʦʙʱʝʥʥʳʡ ʜʝʣʝʛʘʪ ɼʝʣʝʛʘʪʳ Action<T> ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʩʳʣʢʠ ʥʘ ʤʝʪʦʜ, 

ʚʦʟʚʨʘʱʘʶʱʠʡ ʤʱʰʚ. ʕʪʦʪ ʢʣʘʩʩ ʜʝʣʝʛʘʪʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ, ʪʘʢ ʯʪʦ ʝʤʫ ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʦ 16 ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʘʨʘʤʝʪʨʦʚ.  

ʂʣʘʩʩ Action ʙʝʟ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʟʦʚʘ 

ʤʝʪʦʜʦʚ ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ, Action<in ʊ> ï ʜʣʷ ʚʳʟʦʚʘ ʤʝʪʦʜʘ ʩ ʦʜʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ, Action<in Tl, in T2> ï ʜʣʷ ʚʳʟʦʚʘ ʤʝʪʦʜʘ ʩ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

Action<in Tl, in T2, in T3, in T4, in T5, in T6, in T7, in T8> ï ʜʣʷ ʚʳʟʦʚʘ ʤʝʪʦʜʘ 

ʩ ʚʦʩʝʤʴʶ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɼʝʣʝʛʘʪʳ Func<T> ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 

Func<T> ʧʦʟʚʦʣʷʝʪ ʚʳʟʳʚʘʪʴ ʤʝʪʦʜʳ ʩ ʪʠʧʦʤ ʚʦʟʚʨʘʪʘ. ʇʦʜʦʙʥʦ Action<T>, 

Func<T> ʦʧʨʝʜʝʣʝʥ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʦ 16 ʪʠʧʦʚ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʪʠʧʘ ʚʦʟʚʨʘʪʘ.  
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Func<out Tresult> ï ʪʠʧ ʜʝʣʝʛʘʪʘ ʜʣʷ ʚʳʟʦʚʘ ʤʝʪʦʜʘ ʩ ʪʠʧʦʤ ʚʦʟʚʨʘʪʘ, ʥʦ 

ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ, Func<int Tl, out TResult> ï ʜʣʷ ʤʝʪʦʜʘ ʩ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, a 

Func<in Tl, in T2, in T3, in T4, out TResult> ï ʜʣʷ ʤʝʪʦʜʘ ʩ ʯʝʪʳʨʴʤʷ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

 

8.3 ɻʨʫʧʧʦʚʳʝ ʜʝʣʝʛʘʪʳ. 

 

ɺʳʟʦʚ ʜʝʣʝʛʘʪʘ ʦʟʥʘʯʘʝʪ ʚʳʟʦʚ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʥ ʚ ʜʝʣʝʛʘʪ. ʅʦ 

ʝʩʣʠ ʥʫʞʥʦ ʙʳʣʦ ʚʳʟʚʘʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʝʪʦʜʘ, ʪʦ ʧʨʠʭʦʜʠʪʩʷ ʯʝʨʝʟ ʜʝʣʝʛʘʪ 

ʜʝʣʘʪʴ ʵʪʦ ʷʚʥʦ ï ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʩʪʘʚʠʪʴ 

ʜʝʣʝʛʘʪ ʩʪʘʪʴ ʦʙʦʣʦʯʢʦʡ ʜʣʷ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʤʝʪʦʜʘ. ʊʘʢʠʝ ʜʝʣʝʛʘʪʳ 

ʥʘʟʳʚʘʶʪʩʷ ʛʨʫʧʧʦʚʳʤʠ (multicast delegate). ʂʦʛʜʘ ʚʳʟʳʚʘʝʪʩʷ ʪʘʢʦʡ ʜʝʣʝʛʘʪ, 

ʦʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʟʳʚʘʝʪ ʚʩʝ ʤʝʪʦʜʳ ʧʦ ʧʦʨʷʜʢʫ. ʏʪʦʙʳ ʵʪʦ ʠʤʝʣʦ ʩʤʳʩʣ, 

ʩʠʛʥʘʪʫʨʘ ʜʝʣʝʛʘʪʘ ʜʦʣʞʥʘ ʚʦʟʚʨʘʱʘʪʴ void (ʠʥʘʯʝ ʢʫʜʘ ʜʦʣʞʥʳ ʧʦʧʘʜʘʪʴ 

ʚʦʟʚʨʘʱʘʝʤʳʝ ʟʥʘʯʝʥʠʷ?) ʠ ʬʘʢʪʠʯʝʩʢʠ, ʢʦʛʜʘ ʢʦʤʧʠʣʷʪʦʨ ʚʠʜʠʪ ʜʝʣʝʛʘʪ ʩ 

ʪʠʧʦʤ ʚʦʟʚʨʘʪʘ void, ʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ 

ʛʨʫʧʧʦʚʦʡ ʜʝʣʝʛʘʪ. ʉ ʪʠʧʦʤ ʚʦʟʚʨʘʪʘ void ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʣʝʛʘʪ 

Action<double>: 

Action<double> operations = MathOperations.MultiplyByTwo;  

operations += MathOperations.Square; 

ɻʨʫʧʧʦʚʳʝ ʜʝʣʝʛʘʪʳ ʨʘʩʧʦʟʥʘʶʪ ʦʧʝʨʘʮʠʠ + ʠ +=. ʅʘʧʨʠʤʝʨ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Action<double> operationl = new MathOperations.MultiplyByTwo;  

Action<double> operation2 = new MathOperations.Square;  

Action<double> operations = operationl + operation2; 
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8.4. ɸʥʦʥʠʤʥʳʝ ʤʝʪʦʜʳ. 

 

ɼʣʷ ʨʘʙʦʪʳ ʜʝʣʝʛʘʪʘ ʜʦʣʞʝʥ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʪʴ ʤʝʪʦʜ (ʪ.ʝ. ʜʝʣʝʛʘʪ 

ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʪʦʡ ʞʝ ʩʠʛʥʘʪʫʨʦʡ, ʯʪʦ ʠ ʤʝʪʦʜʳ, ʩ ʢʦʪʦʨʳʤʠ ʦʥ ʜʦʣʞʝʥ 

ʨʘʙʦʪʘʪʴ). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʣʝʛʘʪʦʚ ï ʩ 

ʘʥʦʥʠʤʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɸʥʦʥʠʤʥʳʡ ʤʝʪʦʜ ï ʵʪʦ ʙʣʦʢ ʢʦʜʘ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʜʝʣʝʛʘʪʘ.  

ʉʠʥʪʘʢʩʠʩ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʣʝʛʘʪʘ ʩ ʘʥʦʥʠʤʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʆʪʣʠʯʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʟʝʤʧʣʷʨʘ ʵʪʦʛʦ ʜʝʣʝʛʘʪʘ. ɺ ʩʣʝʜʫʶʱʝʤ 

ʦʯʝʥʴ ʧʨʦʩʪʦʤ ʢʦʥʩʦʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʜʝʣʝʛʘʪ ʩ 

ʘʥʦʥʠʤʥʳʤ ʤʝʪʦʜʦʤ: 

 

ɼʝʣʝʛʘʪ Func<string, string> ʧʨʠʥʠʤʘʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʪʨʦʢʦʚʳʡ 

ʧʘʨʘʤʝʪʨ ʠ ʚʦʟʚʨʘʱʘʝʪ ʩʪʨʦʢʫ. anonDel ï ʧʝʨʝʤʝʥʥʘʷ ʵʪʦʛʦ ʪʠʧʘ ʜʝʣʝʛʘʪʘ. 

ɺʤʝʩʪʦ ʧʨʠʩʚʘʠʚʘʥʠʷ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʤʝʥʠ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʩʪʦʡ ʙʣʦʢ ʢʦʜʘ, ʧʨʝʜʚʘʨʝʥʥʳʡ ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ delegate, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʩʪʨʦʢʦʚʳʡ ʧʘʨʘʤʝʪʨ.  

ɺ ʙʣʦʢʝ ʢʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʦʢʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʫʨʦʚʥʷ ʤʝʪʦʜʘ mid, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʚʥʝ ʘʥʦʥʠʤʥʦʛʦ ʤʝʪʦʜʘ ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʧʝʨʝʜʘʥʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ. ɿʘʪʝʤ ʢʦʜ ʚʦʟʚʨʘʱʘʝʪ ʩʪʨʦʢʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʂʦʛʜʘ ʚʳʟʳʚʘʝʪʩʷ 

ʜʝʣʝʛʘʪ, ʝʤʫ ʧʝʨʝʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨ-ʩʪʨʦʢʘ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩʪʨʦʢʘ ʜʣʷ ʚʳʚʦʜʘ ʥʘ 

ʢʦʥʩʦʣʠ. 

ɺʳʛʦʜʘ ʦʪ ʘʥʦʥʠʤʥʳʭ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʘ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʜʘ, ʢʦʪʦʨʳʡ 

ʥʫʞʥʦ ʧʠʩʘʪʴ. ʆʧʨʝʜʝʣʷʪʴ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʝʣʝʛʘʪʦʤ, 
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ʥʝ ʪʨʝʙʫʝʪʩʷ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʝʣʝʛʘʪʘ ʜʣʷ ʩʦʙʳʪʠʷ. 

 

8.5. ʃʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ. 

 

ʅʘʯʠʥʘʷ ʩ ʉ# 3.0, ʜʦʩʪʫʧʝʥ ʥʦʚʳʡ ʩʠʥʪʘʢʩʠʩ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʜʘ ʜʝʣʝʛʘʪʘʤ, ʥʘʟʳʚʘʝʤʳʡ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷʤʠ (lambda expression). 

ʃʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʝʟʜʝ, ʛʜʝ ʝʩʪʴ ʧʘʨʘʤʝʪʨ ʪʠʧʘ 

ʜʝʣʝʛʘʪʘ. ʅʠʞʝ ʧʦʢʘʟʘʥ ʧʨʝʜʳʜʫʱʠʡ ʧʨʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʣʠʩʴ 

ʘʥʦʥʠʤʥʳʝ ʤʝʪʦʜʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʦʜʠʥ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʝʛʦ ʠʤʝʥʠ. ɺ 

ʩʣʝʜʫʶʱʝʤ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ ʧʦ ʠʤʝʥʠ s. ʇʦʩʢʦʣʴʢʫ 

ʪʠʧ ʜʝʣʝʛʘʪʘ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨ string, ʪʦ s ʠʤʝʝʪ ʪʠʧ string. ʈʝʘʣʠʟʘʮʠʷ 

ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ String.Format () ʜʣʷ ʚʦʟʚʨʘʪʘ ʩʪʨʦʢʠ, ʢʦʪʦʨʘʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʚʳʚʦʜʠʪʩʷ ʥʘ ʢʦʥʩʦʣʴ ʧʨʠ ʚʳʟʦʚʝ ʜʝʣʝʛʘʪʘ ï ʠʟʤʝʥʝʥʠʝ ʨʝʛʠʩʪʨʘ ʪʝʢʩʪʦʚʦʡ 

ʩʪʨʦʢʠ çTESTè:  
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ɽʩʣʠ ʜʝʣʝʛʘʪ ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʠʤʝʥʘ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʚʥʫʪʨʠ ʩʢʦʙʦʢ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʭ ʠ ʫ 

ʪʠʧʘ double, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʣʝʛʘʪʦʤ Func<double, double, double>:  

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʢ ʠʤʝʥʘʤ ʧʝʨʝʤʝʥʥʳʭ ʚʥʫʪʨʠ ʩʢʦʙʦʢ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ 

ʪʠʧʳ ʧʘʨʘʤʝʪʨʦʚ:  

 

ɽʩʣʠ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʙʣʦʢ 

ʤʝʪʦʜʘ ʩ ʬʠʛʫʨʥʳʤʠ ʩʢʦʙʢʘʤʠ ʠ ʦʧʝʨʘʪʦʨʦʤ return ʥʝ ʪʨʝʙʫʶʪʩʷ. ʂʦʤʧʠʣʷʪʦʨ 

ʜʦʙʘʚʣʷʝʪ return ʥʝʷʚʥʳʤ ʦʙʨʘʟʦʤ:  

 

ʄʦʞʥʦ ʜʦʙʘʚʠʪʴ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ, ʦʧʝʨʘʪʦʨ return ʠ ʪʦʯʢʫ ʩ ʟʘʧʷʪʦʡ. 

ʇʨʦʩʪʦ ʦʙʳʯʥʦ ʣʝʛʯʝ ʯʠʪʘʪʴ ʢʦʜ ʙʝʟ ʥʠʭ:  

 

ʅʦ ʝʩʣʠ ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʚ ʨʝʘʣʠʟʘʮʠʶ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʦʧʝʨʘʪʦʨʦʚ, ʪʦ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ʠ ʦʧʝʨʘʪʦʨ return ʦʙʷʟʘʪʝʣʴʥʳ:  
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8.6. ʉʦʙʳʪʠʷ. 

 

ʉʦʙʳʪʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʜʝʣʝʛʘʪʘʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʤ ʤʝʭʘʥʠʟʤ 

ʧʫʙʣʠʢʘʮʠʠ ʠ ʧʦʜʧʠʩʢʠ. ɺ ʢʘʨʢʘʩʝ .NET ʩʦʙʳʪʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʚʩʶʜʫ. ɺ 

ʧʨʠʣʦʞʝʥʠʷʭ Windows ʢʣʘʩʩ Button ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʙʳʪʠʝ Click. ʕʪʦʪ ʪʠʧ 

ʩʦʙʳʪʠʷ ʷʚʣʷʝʪʩʷ ʜʝʣʝʛʘʪʦʤ. ʄʝʪʦʜ-ʦʙʨʘʙʦʪʯʠʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʙʳʪʠʝʤ Click, 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʜʘʥʥʳʤʠ ʚ ʪʠʧʝ ʜʝʣʝʛʘʪʘ. 

ɺ ʧʨʠʤʝʨʝ ʢʦʜʘ, ʧʦʢʘʟʘʥʥʦʤ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʩʦʙʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢʣʘʩʩʦʚ CarDealer ʠ Consumer. ɺ ʢʣʘʩʩʝ CarDealer 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ. ʂʣʘʩʩ Consumer ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʥʘ ʵʪʦ ʩʦʙʳʪʠʝ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʷʚʣʝʥʠʠ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʘʩʩ 

CarInfoEventArgs, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʝʨʝʜʘʯʫ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʩʩʫ, 

ʧʨʦʩʣʫʰʠʚʘʶʱʝʤʫ ʩʦʙʳʪʠʝ (ʢʣʘʩʩʫ-ʧʦʜʧʠʩʯʠʢʫ): 

 

ʂʣʘʩʩ CarDealer ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʫʙʣʠʢʘʮʠʶ ʩʦʙʳʪʠʷ: 
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ʂʣʘʩʩ CarDealer ʠʥʠʮʠʠʨʫʝʪ ʩʦʙʳʪʠʝ NewCarInfo ʚ ʤʝʪʦʜʝ NewCar, ʧʨʠ 

ʵʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʝʪʩʷ, ʯʪʦʙʳ ʩʦʙʳʪʠʝ ʩʫʱʝʩʪʚʦʚʘʣʦ (ʪʦ ʝʩʪʴ ʥʝ 

ʨʘʚʥʷʣʦʩʴ null). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʜʝ ʚʳʟʦʚʘ NewCarInfo ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʚʩʝʭ ʦʙʨʘʙʦʪʯʠʢʦʚ, ʧʦʜʧʠʩʘʥʥʳʭ ʥʘ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ. 

ʉʠʩʪʝʤʘ ʩʦʙʳʪʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʷ ʢʘʢ ʩʘʤʦʛʦ ʩʦʙʳʪʠʷ ʪʘʢ ʠ 

ʢʣʘʩʩʘ-ʩʣʫʰʘʪʝʣʷ ʩʦʙʳʪʠʡ. ɼʘʥʥʫʶ ʨʦʣʴ ʨʝʘʣʠʟʦʚʳʚʘʝʪ ʢʣʘʩʩ Consumer. ʕʪʦʪ 

ʢʣʘʩʩ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʥʘ ʩʦʙʳʪʠʝ NewCarInfo ʢʣʘʩʩʘ CarDealer ʠ ʚʳʧʦʣʥʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʜʝʣʝʛʘʪʘ EventHandler<CarInfoEventArgs>, ʦʧʨʝʜʝʣʷʷ ʧʘʨʘʤʝʪʨʳ 

ʪʠʧʘ object ʠ CarlnfoEventArgs ʚ ʦʙʨʘʙʦʪʯʠʢʝ ʩʦʙʳʪʠʷ NewCarIsHere: 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʩʦʙʳʪʠʡ ʨʘʙʦʪʘʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʘʩʩʦʤ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʩʦʙʳʪʠʝ, ʠ ʢʣʘʩʩʦʤ-ʩʣʫʰʘʪʝʣʝʤ, ʪʦ 

ʝʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʧʠʩʢʫ ʥʘ ʩʦʙʳʪʠʝ: 
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ʇʦʜʧʠʩʢʘ ʥʘ ʩʦʙʳʪʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʪʦʨʘ +=, 

ʫʜʘʣʝʥʠʝ ʧʦʜʧʠʩʢʠ ʥʘ ʩʦʙʳʪʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ -=. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

 

1. ʏʪʦ ʪʘʢʦʝ ʩʦʙʳʪʠʝ? 

2. ʂʘʢʠʝ ʨʦʣʠ ʚʳʧʦʣʥʷʶʪ ʢʣʘʩʩʳ ʚ ʩʦʙʳʪʠʡʥʦʤ ʤʝʭʘʥʠʟʤʝ? 

3. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʦʙʳʪʠʝ? 

4. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʳʪʠʡ. 

5. ʂʘʢʠʝ ʩʦʙʳʪʠʷ ʙʠʙʣʠʦʪʝʢʠ .NET Framework ʚʳ ʟʘʥʝʪʝ? 
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ʈɸɿɼɽʃ 9. ʇʆʊʆʂʀ, ɿɸɼɸʏʀ, ʉʀʅʍʈʆʅʀɿɸʎʀʗ 

 

9.1 ʇʦʥʷʪʠʝ ʧʦʪʦʢʘ. 

 

ʇʦʪʦʢ (thread) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʛʨʘʤʤʝ. ʆʙʳʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉ# ʠʤʝʣʠ ʪʦʣʴʢʦ ʦʜʥʫ ʪʦʯʢʫ 

ʚʭʦʜʘ, ʨʦʣʴ ʢʦʪʦʨʦʡ ʠʩʧʦʣʥʷʣ ʤʝʪʦʜ Main ( ). ɺʳʧʦʣʥʝʥʠʝ ʥʘʯʠʥʘʣʦʩʴ ʩ 

ʧʝʨʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚ ʤʝʪʦʜʝ Main ( ) ʠ ʧʨʦʜʦʣʞʘʣʦʩʴ ʜʦ ʚʳʭʦʜʘ ʠʟ ʥʝʛʦ.  

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʛʨʘʤʤ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʦʜʥʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʜʘʯ, ʥʦ 

ʟʘʯʘʩʪʫʶ ʧʨʦʛʨʘʤʤʘʤ ʪʨʝʙʫʝʪʩʷ ʨʝʰʘʪʴ ʙʦʣʝʝ ʦʜʥʦʡ ʟʘʜʘʯʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʦʪʦʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʢ ʜʣʷ ʢʣʠʝʥʪʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʩʝʨʚʝʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʂ ʧʨʠʤʝʨʫ, ʚʦ ʚʨʝʤʷ ʚʚʦʜʘ ʢʘʢʦʛʦ-ʪʦ ʢʦʜʘ ʉ# ʚ ʦʢʥʝ ʨʝʜʘʢʪʦʨʘ 

Visual Studio ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʥʘ ʧʨʝʜʤʝʪ ʨʘʟʣʠʯʥʳʭ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ. ʕʪʦʪ ʘʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʬʦʥʦʚʳʤ ʧʦʪʦʢʦʤ. ʊʦ ʞʝ 

ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʩʨʝʜʩʪʚʝ ʧʨʦʚʝʨʢʠ ʦʨʬʦʛʨʘʬʠʠ ʚ Microsoft Word. ʆʜʠʥ 

ʧʦʪʦʢ ʦʞʠʜʘʝʪ ʚʚʦʜʘ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʜʨʫʛʦʡ ʚ ʵʪʦ ʚʨʝʤʷ ʚʳʧʦʣʥʷʝʪ ʚ 

ʬʦʥʦʚʦʤ ʨʝʞʠʤʝ ʥʝʢʦʪʦʨʳʡ ʘʥʘʣʠʟ. ʊʨʝʪʠʡ ʧʦʪʦʢ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ 

ʟʘʧʠʩʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʚʦ ʚʨʝʤʝʥʥʳʡ ʬʘʡʣ, ʘ ʯʝʪʚʝʨʪʳʡ ï ʟʘʛʨʫʞʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʀʥʪʝʨʥʝʪʘ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʩʝʨʚʝʨʝ, ʦʜʠʥ ʧʦʪʦʢ ʚʩʝʛʜʘ 

ʦʞʠʜʘʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʧʨʦʩʘ ʦʪ ʢʣʠʝʥʪʘ ʠ ʧʦʪʦʤʫ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ-

ʩʣʫʰʘʪʝʣʝʤ (listener thread). ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʟʘʧʨʦʩʘ ʦʥ ʩʨʘʟʫ ʞʝ ʧʝʨʝʩʳʣʘʝʪ 

ʝʛʦ ʦʪʜʝʣʴʥʦʤʫ ʨʘʙʦʯʝʤʫ ʧʦʪʦʢʫ (worker thread), ʢʦʪʦʨʳʡ ʜʘʣʴʰʝ ʩʘʤ 

ʧʨʦʜʦʣʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʣʠʝʥʪʦʤ. ʇʦʪʦʢ-ʩʣʫʰʘʪʝʣʴ ʧʦʩʣʝ ʵʪʦʛʦ 

ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʚʦʠʤ ʦʙʷʟʘʥʥʦʩʪʷʤ ʧʦ ʦʞʠʜʘʥʠʶ 

ʧʦʩʪʫʧʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʟʘʧʨʦʩʘ ʦʪ ʦʯʝʨʝʜʥʦʛʦ ʢʣʠʝʥʪʘ. 

ʂʘʞʜʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʦʥʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ, 

ʬʘʡʣʦʚʳʝ ʜʝʩʢʨʠʧʪʦʨʳ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʷʜʨʘ, ʠʤʝʝʪ ʚʳʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʧʘʤʷʪʠ ʠ ʩʦʜʝʨʞʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʧʦʪʦʢ. ʇʦʪʦʢʠ 
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ʧʣʘʥʠʨʫʶʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. ʋ ʣʶʙʦʛʦ ʧʦʪʦʢʘ 

ʠʤʝʝʪʩʷ ʧʨʠʦʨʠʪʝʪ, ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʤʝʩʪʦ ʚ ʧʨʦʛʨʘʤʤʝ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ, ʠ ʩʪʝʢ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʧʦʪʦʢʘ. ʉʪʝʢ ʫ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʚʳʛʣʷʜʠʪ ʧʦ-ʩʚʦʝʤʫ, ʥʦ ʧʘʤʷʪʴ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠ ʢʫʯʘ ʨʘʟʜʝʣʷʶʪʩʷ ʩʨʝʜʠ ʚʩʝʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʪʦʢʘʤ ʚʥʫʪʨʠ 

ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʩʪʨʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 

ʧʦʪʦʢʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʱʘʶʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʠʨʪʫʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

ʆʜʥʘʢʦ ʵʪʦ ʪʘʢʞʝ ʠ ʫʩʣʦʞʥʷʝʪ ʜʝʣʦ, ʧʦʩʢʦʣʴʢʫ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʥʦʞʝʩʪʚʫ ʧʦʪʦʢʦʚ ʠʟʤʝʥʷʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ. ʇʨʦʮʝʩʩ ʦʪʚʝʯʘʝʪ 

ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʚʠʨʪʫʘʣʴʥʘʷ ʧʘʤʷʪʴ ʠ 

ʜʝʩʢʨʠʧʪʦʨʳ Windows, ʠ ʩʦʜʝʨʞʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʧʦʪʦʢ. ʅʘʣʠʯʠʝ ʭʦʪʷ ʙʳ 

ʦʜʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʳ. 

 

9.2. ɸʩʠʥʭʨʦʥʥʳʝ ʜʝʣʝʛʘʪʳ. 

 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʝʣʝʛʘʪʘ ʠ ʝʛʦ ʚʳʟʦʚ ʘʩʠʥʭʨʦʥʥʳʤ ʦʙʨʘʟʦʤ. ʂʣʘʩʩ Delegate ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʳʟʦʚʘ ʤʝʪʦʜʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʢʣʘʩʩ Delegate ʩʦʟʜʘʝʪ ʦʪʜʝʣʴʥʳʡ ʧʦʪʦʢ. 

ʏʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʚ ʜʝʡʩʪʚʠʠ ʥʘ ʘʩʠʥʭʨʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʣʝʛʘʪʦʚ, 

ʩʥʘʯʘʣʘ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʤʝʪʦʜ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ. ʅʘʧʨʠʤʝʨ, ʥʠʞʝ ʧʦʢʘʟʘʥ ʤʝʪʦʜ TakesAWhile (), ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ 

ʚʳʟʦʚʫ Thread.Sleep () ʚʳʧʦʣʥʷʝʪʩʷ ʤʠʥʠʤʫʤ ʩʪʦʣʴʢʦ ʚʨʝʤʝʥʠ, ʩʢʦʣʴʢʦ ʚ 

ʤʠʣʣʠʩʝʢʫʥʜʘʭ ʟʘʜʘʥʦ ʚʦ ʚʪʦʨʦʤ ʘʨʛʫʤʝʥʪʝ. 
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ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʟʦʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʟ ʜʝʣʝʛʘʪʘ, ʧʦʥʘʜʦʙʠʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʜʝʣʝʛʘʪʘ ʩ ʪʝʤ ʜʝ ʩʘʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ ʚʦʟʚʨʘʱʘʝʤʳʤ ʪʠʧʦʤ: 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʝʤʳ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʳʟʦʚʘ 

ʜʘʥʥʦʛʦ ʜʝʣʝʛʘʪʘ ʠ ʚʦʟʚʨʘʪʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʝʤʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʦʩ ʠ ʧʨʦʚʝʨʢʘ, ʟʘʚʝʨʰʠʣ ʣʠ ʜʝʣʝʛʘʪ 

ʩʚʦʶ ʨʘʙʦʪʫ. ʉʦʟʜʘʥʥʳʡ ʢʣʘʩʩ delegate ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜ BeginInvoke ( ), ʚ 

ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʤʝʩʪʝ ʩ 

ʪʠʧʦʤ ʜʝʣʝʛʘʪʘ. ʄʝʪʦʜ Beginlnvoke ( ) ʚʩʝʛʜʘ ʠʤʝʝʪ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʘ ʪʠʧʘ AsyncCallback ʠ object, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʦʟʞʝ. 

ʉʝʡʯʘʩ ʛʣʘʚʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʚʨʘʱʘʝʤʳʡ ʪʠʧ ʤʝʪʦʜʘ ï 

IAsyncResult. ʉ ʧʦʤʦʱʴʶ IAsyncResult ʤʦʞʥʦ ʠʟʚʣʝʢʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʝʣʝʛʘʪʝ ʠ ʧʨʦʚʝʨʷʪʴ, ʟʘʚʝʨʰʠʣ ʣʠ ʦʥ ʩʚʦʶ ʨʘʙʦʪʫ, ʯʪʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ 

ʧʨʠʤʝʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʦʡʩʪʚʘ IsCompleted. ʎʠʢʣ while ʧʨʦʜʦʣʞʘʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʛʣʘʚʥʦʤ ʧʦʪʦʢʝ ʧʨʦʛʨʘʤʤʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʝʣʝʛʘʪ ʥʝ 

ʟʘʚʝʨʰʠʪ ʨʘʙʦʪʫ. 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʛʣʘʚʥʳʡ ʧʦʪʦʢ ʠ 

ʧʦʪʦʢ ʜʝʣʝʛʘʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʧʦʪʦʢʘ 

ʜʝʣʝʛʘʪʘ ʛʣʘʚʥʳʡ ʧʦʪʦʢ ʧʨʝʢʨʘʱʘʝʪ ʧʨʦʭʦʜ ʧʦ ʮʠʢʣʫ. ɽʩʣʠ ʛʣʘʚʥʳʡ ʧʦʪʦʢ 
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ʟʘʚʝʨʰʘʝʪ ʚʳʧʦʣʥʝʥʠʝ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʜʝʣʝʛʘʪʘ, ʧʦʪʦʢ 

ʜʝʣʝʛʘʪʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʦʞʠʜʘʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʦʪ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʝʣʝʛʘʪʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʝʩʢʨʠʧʪʦʨʘ ʦʞʠʜʘʥʠʷ (wait handle), ʢʦʪʦʨʳʡ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ IAsyncResult. 

ʇʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʵʪʦʤʫ ʜʝʩʢʨʠʧʪʦʨʫ ʦʞʠʜʘʥʠʷ ʤʦʞʥʦ ʯʝʨʝʟ ʩʚʦʡʩʪʚʦ 

AsyncWaitHandle. ʕʪʦ ʩʚʦʡʩʪʚʦ ʚʦʟʚʨʘʱʘʝʪ ʦʙʲʝʢʪ ʪʠʧʘ WaitHandle, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʞʠʜʘʥʠʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ 

ʧʦʪʦʢʦʤ ʜʝʣʝʛʘʪʘ. ʄʝʪʦʜ WaitOne ( ) ʧʨʠʥʠʤʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʥʘʯʝʥʠʝ ʪʘʡʤ-ʘʫʪʘ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʫʢʘʟʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʟʜʝʩʴ ʧʨʠʤʝʨʝ 

ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 50 ʤʠʣʣʠʩʝʢʫʥʜ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʡʤ-ʘʫʪʘ 

ʤʝʪʦʜ WaitOne ( ) ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʝ false, ʠ ʧʨʦʭʦʜ ʧʦ ʮʠʢʣʫ while 

ʧʨʦʜʦʣʞʘʝʪʩʷ. ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʜʦ ʪʘʡʤ-ʘʫʪʘ ʜʝʣʦ ʥʝ ʜʦʭʦʜʠʪ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʭʦʜ ʠʟ ʮʠʢʣʘ while ʩ ʧʦʤʦʱʴʶ break ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

ʤʝʪʦʜʦʤ Endlnvoke ( ). ɺ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ ʨʝʟʫʣʴʪʘʪ ʚʳʛʣʷʜʠʪ 

ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ, ʦʪʣʠʯʘʝʪʩʷ ʣʠʰʴ ʩʧʦʩʦʙ 

ʨʝʘʣʠʟʘʮʠʠ ʦʞʠʜʘʥʠʷ. 

 

ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʜʣʷ ʦʞʠʜʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ ʜʝʣʝʛʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ (asynchronous 
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callback). ʉ ʧʦʤʦʱʴʶ ʪʨʝʪʴʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʤʝʪʦʜʝ BeginInvoke ʤʦʞʥʦ 

ʧʝʨʝʜʘʪʴ ʤʝʪʦʜ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʣʝʛʘʪʘ AsyncCallback. 

ɼʝʣʝʛʘʪ AsyncCallback ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨ IAsnycResult ʠ 

ʚʦʟʚʨʘʱʘʝʤʳʡ ʪʠʧ void. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʟʜʝʩʴ ʧʨʠʤʝʨʝ ʪʨʝʪʴʝʤʫ 

ʧʘʨʘʤʝʪʨʫ ʥʘʟʥʘʯʘʝʪʩʷ ʘʜʨʝʩ ʤʝʪʦʜʘ TakesAWhileCompleted, ʢʦʪʦʨʳʡ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʣʝʛʘʪʘ AsyncCallback. ɺ ʧʦʩʣʝʜʥʝʤ ʧʘʨʘʤʝʪʨʝ 

ʤʝʪʦʜʫ Beginlnvoke ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ ʦʙʲʝʢʪ, ʢ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʜʦʩʪʫʧ ʠʟ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ. ɿʜʝʩʴ ʫʜʦʙʥʦ ʧʝʨʝʜʘʪʴ ʵʢʟʝʤʧʣʷʨ ʩʘʤʦʛʦ 

ʜʝʣʝʛʘʪʘ, ʪʘʢ ʯʪʦ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʩʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʘʩʠʥʭʨʦʥʥʦʛʦ ʤʝʪʦʜʘ. 

 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʜʝʣʝʛʘʪʘ TakesAWhileDelegate ʩʨʘʟʫ ʞʝ 

ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ TakesAWhileCompleted ( ). ʆʞʠʜʘʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚʥʫʪʨʠ 

ʛʣʘʚʥʦʛʦ ʧʦʪʦʢʘ ʥʝʪ ʥʠʢʘʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɿʘʚʝʨʰʘʪʴ ʛʣʘʚʥʳʡ ʧʦʪʦʢ ʧʝʨʝʜ 

ʟʘʚʝʨʰʝʥʠʝʤ ʨʘʙʦʪʳ ʧʦʪʦʢʦʚ ʜʝʣʝʛʘʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʷʟʘʪʝʣʴʥʦ, ʝʩʣʠ 

ʪʦʣʴʢʦ ʦʩʪʘʥʦʚʢʘ ʨʘʙʦʪʳ ʧʦʪʦʢʦʚ ʜʝʣʝʛʘʪʦʚ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ 

ʛʣʘʚʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤʳ. 
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ʄʝʪʦʜ TakesAWhileCompleted ( ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʠʧʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʚʦʟʚʨʘʪʘ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʚ ʜʝʣʝʛʘʪʝ AsyncCallback. ʇʦʩʣʝʜʥʠʡ ʧʘʨʘʤʝʪʨ, 

ʧʝʨʝʜʘʚʘʝʤʳʡ ʚ Beginlnvoke ( ), ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʯʠʪʘʥ ʩ ʧʦʤʦʱʴʶ 

ar.AsyncState, ʘ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʚʳʟʦʚʦʤ ʚ TakesAWhileDelegate ʤʝʪʦʜʘ 

Endlnvoke. 

ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ ʦʪʜʝʣʴʥʳʡ ʤʝʪʦʜ ʠ ʧʝʨʝʜʘʚʘʪʴ ʝʛʦ ʤʝʪʦʜʫ 

Beginlnvoke ( ), ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʝʤ. ʇʘʨʘʤʝʪʨ ar 

ʠʤʝʝʪ ʪʠʧ IAsyncResult. ɺ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʩʚʘʠʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʥʝʤʫ ʧʘʨʘʤʝʪʨʫ ʤʝʪʦʜʘ Beginlnvoke ( ), ʧʦʪʦʤʫ ʯʪʦ ʣʷʤʙʜʘ-

ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʧʝʨʝʤʝʥʥʦʡ d1, ʥʘʭʦʜʷʱʝʡʩʷ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʥʪʝʢʩʪʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʦ ʙʣʦʢ ʨʝʘʣʠʟʘʮʠʠ ʣʷʤʙʜʘ-

ʚʳʨʘʞʝʥʠʷ ʚʩʝ ʨʘʚʥʦ ʜʦʣʞʝʥ ʚʳʟʳʚʘʪʴʩʷ ʠʟ ʧʦʪʦʢʘ ʜʝʣʝʛʘʪʘ, ʯʪʦ ʤʦʞʝʪ ʠ ʥʝ 

ʙʳʪʴ ʦʯʝʚʠʜʥʳʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʪʦʜʘ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ: 

 

ʄʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʝʤʳ, ʦʧʠʩʘʥʥʳʝ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʝʣʝʛʘʪʦʚ ï ʦʧʨʦʩ, ʜʝʩʢʨʠʧʪʦʨʳ ʦʞʠʜʘʥʠʷ ʠ ʘʩʠʥʭʨʦʥʥʳʝ ʚʳʟʦʚʳ = ʜʦʩʪʫʧʥʳ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʜʝʣʝʛʘʪʦʚ. ʕʪʘ ʞʝ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʥʘʟʳʚʘʝʪʩʷ ʰʘʙʣʦʥʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʚʳʟʦʚʘ (asynchronous pattern), ʚʩʪʨʝʯʘʝʪʩʷ 

ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʩʪʘʭ .NET Framework. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

BeginGetResponse ( ) ʢʣʘʩʩʘ HttpWebRequest ʤʦʞʥʦ ʘʩʠʥʭʨʦʥʥʦ ʦʪʧʨʘʚʣʷʪʴ 

HTTP-ʟʘʧʨʦʩʳ, ʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ BeginExecuteReader ( ) ʢʣʘʩʩʘ 

SqlCommand ï ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ʇʘʨʘʤʝʪʨʳ ʧʦʭʦʞʠ ʥʘ ʪʝ, ʯʪʦ ʤʦʞʥʦ 
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ʧʝʨʝʜʘʚʘʪʴ ʚ ʤʝʪʦʜʝ Beginlnvoke ( ) ʜʝʣʝʛʘʪʘ, ʘ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʛʣʷʜʷʪ ʪʦʯʥʦ ʪʘʢ ʞʝ. 

 

9.3. ʂʣʘʩʩ Thread. 

 

ʉ ʧʦʤʦʱʴʶ ʢʣʘʩʩʘ Thread ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʧʦʪʦʢʠ, ʥʦ ʠ 

ʫʧʨʘʚʣʷʪʴ ʠʤʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʢʦʜ ʧʨʦʩʪʦʛʦ ʧʨʠʤʝʨʘ ʩʦʟʜʘʥʠʷ ʠ ʟʘʧʫʩʢʘ 

ʥʦʚʦʛʦ ʧʦʪʦʢʘ.  

 

ɺ ʵʪʦʤ ʢʦʜʝ ʢʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ Thread ʧʝʨʝʛʨʫʞʝʥ ʜʣʷ ʧʨʠʝʤʘ ʜʝʣʝʛʘʪʘ 

ʪʠʧʘ ThreadStart ʠʣʠ ParameterizedThreadStart. ɼʝʣʝʛʘʪ ThreadStart ʦʧʨʝʜʝʣʷʝʪ 

ʤʝʪʦʜ ʩ ʪʠʧʦʤ ʚʦʟʚʨʘʪʘ void, ʥʝ ʧʨʠʥʠʤʘʶʱʠʡ ʘʨʛʫʤʝʥʪʳ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ 

ʦʙʲʝʢʪʘ Thread ʧʦʪʦʢ ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Start ( ).  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʠʟ ʜʚʫʭ ʧʦʪʦʢʦʚ:  

This is the main thread.  

Running in a thread.  

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʧʦʨʷʜʦʢ ʚʳʚʦʜʘ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʚʳʧʦʣʥʝʥʠʝ ʧʦʪʦʢʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʢʘʞʜʳʡ ʨʘʟ ʦʯʝʨʝʜʥʦʩʪʴ ʧʦʪʦʢʦʚ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. 

ʈʘʥʝʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʜʝʣʝʛʘʪʦʤ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʷʤʙʜʘ-ʚʳʨʘʞʝʥʠʝ. ɽʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʩ ʢʣʘʩʩʦʤ 

Thread, ʧʝʨʝʜʘʚʘʷ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ ʧʦʪʦʢʘ ʢʦʥʩʪʨʫʢʪʦʨʫ Thread: 
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ʊʝʧʝʨʴ ʚ ʚʳʚʦʜʝ ʧʨʦʛʨʘʤʤʳ ʙʫʜʝʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʦʪʦʢʘ:  

ɻʣʘʚʥʳʡ ʧʦʪʦʢ, id: 1. 

ɺʳʧʦʣʥʷʝʪʩʷ ʚ ʧʦʪʦʢʝ, id: 3. 

 

9.4. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦʪʦʢʘʤ. 

 

ʇʝʨʝʜʘʚʘʪʴ ʧʦʪʦʢʫ ʢʘʢʠʝ-ʪʦ ʜʘʥʥʳʝ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʚ 

ʢʦʥʩʪʨʫʢʪʦʨʝ Thread ʩ ʧʦʤʦʱʴʶ ʜʝʣʝʛʘʪʘ ParameterizedThreadStart ʣʠʙʦ ʟʘ 

ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʘʩʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʘ ʧʦʪʦʢʘ ʢʘʢ ʤʝʪʦʜʘ 

ʵʢʟʝʤʧʣʷʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʵʢʟʝʤʧʣʷʨʘ ʧʝʨʝʜ 

ʟʘʧʫʩʢʦʤ ʧʦʪʦʢʘ. 

ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦʪʦʢʫ ʥʝʦʙʭʦʜʠʤ ʢʘʢʦʡ-ʪʦ ʢʣʘʩʩ ʠʣʠ ʩʪʨʫʢʪʫʨʘ, 

ʛʜʝ ʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʦʭʨʘʥʠʪʴ ʜʘʥʥʳʝ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ Data, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʪʨʦʢʫ, ʥʦ ʚ ʧʨʠʥʮʠʧʝ 

ʧʝʨʝʜʘʚʘʪʴ ʤʦʞʥʦ ʣʶʙʦʡ ʦʙʲʝʢʪ: 

 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʝʣʝʛʘʪʘ ParameterizedThreadStart ʪʦʯʢʘ ʚʭʦʜʘ ʚ 

ʧʦʪʦʢ ʜʦʣʞʥʘ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʧʘʨʘʤʝʪʨ ʪʠʧʘ object ʠ ʚʦʟʚʨʘʱʘʪʴ void. 

ʆʙʲʝʢʪ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʥʫʞʥʦʤʫ ʪʠʧʫ. ʅʘʧʨʠʤʝʨ, ʥʠʞʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ 

ʚʳʚʝʩʪʠ ʥʘ ʢʦʥʩʦʣʴ ʩʦʦʙʱʝʥʠʝ: 
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ɺ ʢʦʥʩʪʨʫʢʪʦʨʝ ʢʣʘʩʩʘ Thread ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʥʦʚʫʶ ʪʦʯʢʫ ʚʭʦʜʘ 

ThreadMainWithParameters ʠ ʚʳʟʚʘʪʴ ʤʝʪʦʜ Start ( ), ʧʝʨʝʜʘʚ ʝʤʫ 

ʧʝʨʝʤʝʥʥʫʶ d: 

 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʦʚʦʤʫ ʧʦʪʦʢʫ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ (ʥʘʧʨʠʤʝʨ, MyThread) ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʦʣʷʤʠ, ʘ ʪʘʢʞʝ 

ʛʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʪʦʢʘ ʢʘʢ ʤʝʪʦʜʘ ʵʢʟʝʤʧʣʷʨʘ ʵʪʦʛʦ ʢʣʘʩʩʘ: 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪ ʢʣʘʩʩʘ MyThread ʠ ʧʝʨʝʜʘʪʴ ʝʛʦ ʠ 

ʤʝʪʦʜ ThreadMain ( ) ʢʦʥʩʪʨʫʢʪʦʨʫ ʢʣʘʩʩʘ Thread. ʇʦʪʦʢ ʩʤʦʞʝʪ ʧʦʣʫʯʘʪʴ 

ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ:  
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9.5. ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ. 

 

ʇʦʪʦʢ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʟʦʚʘ ʤʝʪʦʜʘ Start ( ) ʦʙʲʝʢʪʘ Thread. ʆʜʥʘʢʦ 

ʧʦʩʣʝ ʚʳʟʦʚʘ ʤʝʪʦʜʘ Start ( ) ʥʦʚʳʡ ʧʦʪʦʢ ʚʩʝ ʝʱʝ ʧʨʝʙʳʚʘʝʪ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

Running, ʘ ʚ ʩʦʩʪʦʷʥʠʠ Unstarted. ɺ ʩʦʩʪʦʷʥʠʝ Running ʧʦʪʦʢ ʧʝʨʝʭʦʜʠʪ ʩʨʘʟʫ 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʪʦʢʦʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʝʨʝʪ ʝʛʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʦʪʦʢʘ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ 

ʩʚʦʡʩʪʚʦ Thread.ThreadState. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Thread.Sleep( ) ʧʦʪʦʢ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʩʦʩʪʦʷʥʠʝ 

WaitSleepJoin ʠ ʧʨʠ ʵʪʦʤ ʫʢʘʟʘʪʴ, ʯʝʨʝʟ ʢʘʢʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʪʦʢ 

ʜʦʣʞʝʥ ʚʦʟʦʙʥʦʚʠʪʴ ʨʘʙʦʪʫ.  

ʏʪʦʙʳ ʦʩʪʘʥʦʚʠʪʴ ʧʦʪʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʤʝʪʦʜ Thread.Abort( ). 

ʇʨʠ ʚʳʟʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʪʦʢʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ 

ʪʠʧʘ ThreadAbortException. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʜʣʷ ʵʪʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʦʙʨʘʙʦʪʯʠʢ, ʧʝʨʝʜ ʟʘʚʝʨʰʝʥʠʝʤ ʧʦʪʦʢ ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʦʯʠʩʪʢʝ. ʏʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʧʦʪʦʢʘ ʧʦʩʣʝ ʚʳʜʘʯʠ 

ʠʩʢʣʶʯʝʥʠʷ ThreadAbortException, ʩʣʝʜʫʝʪ ʚʳʟʚʘʪʴ ʤʝʪʦʜ 

Thread.ResetAbort( ). ʉʦʩʪʦʷʥʠʝ ʧʦʪʦʢʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʟʘʧʨʦʩ ʥʘ ʥʝʤʝʜʣʝʥʥʦʝ 

ʧʨʝʢʨʘʱʝʥʠʝ, ʠʟʤʝʥʷʝʪʩʷ ʩ AbortRequested ʥʘ Aborted, ʝʩʣʠ ʧʦʪʦʢ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪ ʩʙʨʦʩ.  

ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʞʠʜʘʪʴʩʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʧʦʪʦʢʘ, ʤʦʞʥʦ 

ʚʳʟʚʘʪʴ ʤʝʪʦʜ Thread.Join( ). ʕʪʦʪ ʤʝʪʦʜ ʙʣʦʢʠʨʫʝʪ ʪʝʢʫʱʠʡ ʧʦʪʦʢ ʠ 

ʧʝʨʝʚʦʜʠʪ ʝʛʦ ʚ ʩʦʩʪʦʷʥʠʝ WaitSleepJoin ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʡ ʢ ʥʝʤʫ ʧʦʪʦʢ. 

ʉʦʟʜʘʥʠʝ ʧʦʪʦʢʦʚ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʨʦʪʢʠʝ 

ʟʘʜʘʯʠ, ʧʦʜʣʝʞʘʱʠʝ ʚʳʧʦʣʥʝʥʠʶ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʧʦʪʦʢʦʚ ʟʘʨʘʥʝʝ ʠ 

ʟʘʪʝʤ ʧʨʦʩʪʦ ʦʪʧʨʘʚʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʧʨʦʩʳ, ʢʦʛʜʘ ʥʘʩʪʫʧʘʝʪ ʦʯʝʨʝʜʴ 

ʜʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ɹʳʣʦ ʙʳ ʥʝʧʣʦʭʦ, ʝʩʣʠ ʙʳ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʧʦʪʦʢʦʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʦʪʦʢʘʭ ʠ ʫʤʝʥʴʰʘʣʦʩʴ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʩʚʦʙʦʞʜʝʥʠʠ ʨʝʩʫʨʩʦʚ. ʉʦʟʜʘʚʘʪʴ 
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ʧʦʜʦʙʥʳʡ ʩʧʠʩʦʢ ʧʦʪʦʢʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ ʧʦʥʘʜʦʙʠʪʩʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʘʢʠʤ ʩʧʠʩʢʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʣʘʩʩ ThreadPool, ʢʦʪʦʨʳʡ ʧʦ ʤʝʨʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʘʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʚ ʧʫʣʝ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ. ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʦʢʦʚ ʚ ʧʫʣʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ɺ ʩʣʫʯʘʝ ʜʚʫʷʜʝʨʥʦʛʦ ʎʇ ʦʥʦ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 1023 ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ ʠ 1000 ʧʦʪʦʢʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ.  

ʄʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʟʘʧʫʩʢʘʪʴʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʫʣʘ, ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ, 

ʜʦʩʪʫʧʥʳʭ ʚ ʧʫʣʝ. ɽʩʣʠ ʦʩʪʘʣʠʩʴ ʢʘʢʠʝ-ʪʦ ʧʦʜʣʝʞʘʱʠʝ ʦʙʨʘʙʦʪʢʝ ʟʘʜʘʥʠʷ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʦʢʦʚ ʚ ʧʫʣʝ ʫʞʝ ʜʦʩʪʠʛʥʫʪʦ, ʪʦ ʙʦʣʝʝ ʥʦʚʳʝ 

ʟʘʜʘʥʠʷ ʙʫʜʫʪ ʧʦʤʝʱʘʪʴʩʷ ʚ ʦʯʝʨʝʜʴ ʠ ʪʘʤ ʦʞʠʜʘʪʴ, ʧʦʢʘ ʢʘʢʦʡ-ʪʦ ʠʟ ʧʦʪʦʢʦʚ 

ʟʘʚʝʨʰʠʪ ʩʚʦʶ ʨʘʙʦʪʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʠʣʦʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʯʠʪʘʝʪʩʷ ʠ 

ʚʳʚʦʜʠʪʩʷ ʥʘ ʢʦʥʩʦʣʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʯʠʭ 

ʧʦʪʦʢʦʚ ʠ ʧʦʪʦʢʦʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ. ɿʘʪʝʤ ʚ ʮʠʢʣʝ for ʤʝʪʦʜ JobForAThread ( ) 

ʥʘʟʥʘʯʘʝʪʩʷ ʧʦʪʦʢʫ ʠʟ ʧʫʣʘ ʧʦʪʦʢʦʚ ʟʘ ʩʯʝʪ ʚʳʟʦʚʘ ʤʝʪʦʜʘ 

ThreadPool.QueueUserWorkltem( ) ʠ ʧʝʨʝʜʘʯʠ ʜʝʣʝʛʘʪʘ ʪʠʧʘ WaitCallback. ʇʫʣ 

ʧʦʪʦʢʦʚ ʧʦʣʫʯʘʝʪ ʵʪʦʪ ʟʘʧʨʦʩ ʠ ʚʳʙʠʨʘʝʪ ʠʟ ʧʫʣʘ ʦʜʠʥ ʠʟ ʧʦʪʦʢʦʚ ʜʣʷ ʚʳʟʦʚʘ 

ʤʝʪʦʜʘ. ɽʩʣʠ ʧʫʣ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʥ ʩʦʟʜʘʝʪʩʷ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʧʝʨʚʳʡ ʧʦʪʦʢ. 

ɽʩʣʠ ʞʝ ʧʫʣ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʥʝʤ ʠʤʝʝʪʩʷ ʦʜʠʥ ʩʚʦʙʦʜʥʳʡ ʧʦʪʦʢ, ʟʘʜʘʥʠʝ 

ʧʝʨʝʘʜʨʝʩʦʚʳʚʘʝʪʩʷ ʵʪʦʤʫ ʧʦʪʦʢʫ. 
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ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʵʪʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʪʝʢʫʱʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 1023 ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ. ʇʷʪʴ ʟʘʜʘʥʠʡ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʜʚʫʤʷ ʧʦʪʦʢʘʤʠ ʠʟ ʧʫʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ 

ʠʟʤʝʥʠʪʴ ʚʨʝʤʷ ʙʝʟʜʝʡʩʪʚʠʷ ʜʣʷ ʟʘʜʘʥʠʡ ʠ ʩʘʤʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʣʝʞʘʱʠʭ 

ʦʙʨʘʙʦʪʢʝ ʟʘʜʘʥʠʡ, ʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. 

ʇʫʣʳ ʧʦʪʦʢʦʚ ʦʯʝʥʴ ʧʨʦʩʪʳ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʦʛʨʘʥʠʯʝʥʠʡ: 

1. ɺʩʝ ʧʦʪʦʢʠ ʚ ʧʫʣʝ ʧʦʪʦʢʦʚ ʷʚʣʷʶʪʩʷ ʬʦʥʦʚʳʤʠ. ɺ ʩʣʫʯʘʝ ʟʘʚʝʨʰʝʥʠʷ 

ʨʘʙʦʪʳ ʚʩʝʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʘ ʚʩʝʭ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ 

ʪʦʞʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʜʝʣʘʪʴ ʧʦʪʦʢ ʠʟ ʧʫʣʘ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʝ ʫʜʘʩʪʩʷ. 

2. ʅʝʣʴʟʷ ʠʟʤʝʥʷʪʴ ʧʨʠʦʨʠʪʝʪ ʠʣʠ ʠʤʷ ʥʘʭʦʜʷʱʝʛʦ ʚ ʧʫʣʝ ʧʦʪʦʢʘ.  

3. ɺʩʝ ʧʦʪʦʢʠ ʚ ʧʫʣʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʪʦʢʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ 

ʘʧʘʨʪʘʤʝʥʪʘ (multithreaded apartment ï ʄʊɸ), ʘ ʤʥʦʛʠʝ ʉʆʄ-ʦʙʲʝʢʪʳ ʪʨʝʙʫʶʪ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʘʧʘʨʪʘʤʝʥʪʘ (single-threaded apartment 

ï STA).  

4. ʇʦʪʦʢʠ ʚ ʧʫʣʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʦʣʴʢʦ ʢʦʨʦʪʢʠʭ ʟʘʜʘʯ. ɽʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʪʦʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣ ʚʩʝ ʚʨʝʤʷ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢ 

ʩʨʝʜʩʪʚʘ ʧʨʦʚʝʨʢʠ ʦʨʬʦʛʨʘʬʠʠ ʚ Word), ʝʛʦ ʩʣʝʜʫʝʪ ʩʦʟʜʘʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʢʣʘʩʩʘ Thread. 

 

9.6. ɿʘʜʘʯʠ. 

 

ɺ ʩʦʩʪʘʚ .NET 4 ʚʭʦʜʠʪ ʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ 

System.Threading.Tasks, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʪʩʷ ʢʣʘʩʩʳ ʜʣʷ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦʪʦʢʦʚ. ɺʥʫʪʨʠ ʵʪʠʭ ʢʣʘʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ThreadPool. 

ʇʦʜ ʟʘʜʘʯʝʡ (task) ʧʦʥʠʤʘʶʪ ʝʜʠʥʠʮʫ ʧʦʜʣʝʞʘʱʝʡ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪʳ. ʕʪʘ 

ʝʜʠʥʠʮʘ ʨʘʙʦʪʳ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʧʦʪʦʢʝ, ʥʦ ʤʦʞʝʪ ʪʘʢʞʝ 

ʟʘʧʫʩʢʘʪʴʩʷ ʚ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʤʘʥʝʨʝ, ʦʞʠʜʘʷ ʚʳʟʳʚʘʶʱʝʛʦ ʧʦʪʦʢʘ. ɺ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʟʘʜʘʯʠ ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʘʙʩʪʨʘʢʮʠʠ ʠ 

ʪʘʢʞʝ ʧʦʷʚʣʷʝʪʩʷ ʤʘʩʩʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʝʞʘʱʠʤʠ ʚ ʦʩʥʦʚʝ 

ʧʦʪʦʢʘʤʠ.  

ɿʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʚ ʧʣʘʥʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʜʦʣʞʝʥʠʝ 

ʨʘʙʦʪʳ, ʪ.ʝ. ʪʦ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ. 

ʕʪʦ ʧʨʦʜʦʣʞʝʥʠʝ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʩʧʝʰʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ. ɿʘʜʘʯʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ. ʅʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʘʷ ʨʦʜʠʪʝʣʴʩʢʘʷ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʜʦʯʝʨʥʠʭ ʟʘʜʘʯ ʠ ʪʝʤ ʩʘʤʳʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʟʜʘʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʦʪʤʝʥʘ 

ʚʳʧʦʣʥʝʥʠʷ ʨʦʜʠʪʝʣʴʩʢʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʠ ʢ ʦʪʤʝʥʝ ʚʩʝʭ ʝʝ ʜʦʯʝʨʥʠʭ 

ʟʘʜʘʯ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʢʣʘʩʩ TaskFactory, ʣʠʙʦ 

ʢʦʥʩʪʨʫʢʪʦʨ ʢʣʘʩʩʘ Task ʠ ʤʝʪʦʜ Start ( ). ʂʦʥʩʪʨʫʢʪʦʨ Task ʧʨʦʩʪʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʛʠʙʢʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʟʘʜʘʯʠ.  
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ʇʨʠ ʟʘʧʫʩʢʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʵʢʟʝʤʧʣʷʨ ʢʣʘʩʩʘ Task ʠ ʥʘʟʥʘʯʠʪʴ 

ʚʳʧʦʣʥʷʝʤʳʡ ʢʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʣʝʛʘʪʘ Action ʠʣʠ Action<object> (ʪʦ 

ʝʩʪʴ ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ ʣʠʙʦ ʩ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʠʧʘ object), ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ 

ʵʪʦ ʜʝʣʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʢʣʘʩʩʘ Tread. 

ɺ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜ ʙʝʟ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʚ ʢʦʜʝ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʢʦʥʩʦʣʴ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʟʘʜʘʯʠ. 

 

ɿʘʧʫʩʢʘ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ 

ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʵʢʟʝʤʧʣʷʨʘ TaskFactory ʩ ʧʝʨʝʜʘʯʝʡ ʤʝʪʦʜʘ 

TaskMethod ʚ StartNew( ) ʠ ʥʝʤʝʜʣʝʥʥʳʤ ʟʘʧʫʩʢʦʤ ʟʘʜʘʯʠ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʘ ʢʣʘʩʩʘ Task. ʂʦʛʜʘ ʩʦʟʜʘʝʪʩʷ 

ʵʢʟʝʤʧʣʷʨ ʦʙʲʝʢʪʘ Task, ʟʘʜʘʯʘ ʥʝʤʝʜʣʝʥʥʦ ʥʝ ʟʘʧʫʩʢʘʝʪʩʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʝʡ 

ʩʥʘʯʘʣʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʪʘʪʫʩ Created (ʉʦʟʜʘʥʘ). ʇʦʩʣʝ ʵʪʦʛʦ ʦʥʘ ʟʘʧʫʩʢʘʝʪʩʷ 

ʚʳʟʦʚʦʤ ʤʝʪʦʜʘ Start( ) ʢʣʘʩʩʘ Task. ʄʦʞʥʦ ʪʘʢʞʝ ʚʳʟʚʘʪʴ ʤʝʪʦʜ 

RunSynchronously( ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʪʦʞʝ ʟʘʧʫʩʪʠʪʩʷ, ʥʦ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʪʝʢʫʱʝʤ ʧʦʪʦʢʝ ʚʳʟʚʘʚʰʝʛʦ ʝʝ ʢʦʜʘ, ʠ ʵʪʦʪ ʢʦʜ ʜʦʣʞʝʥ ʙʫʜʝʪ 

ʜʦʞʜʘʪʴʩʷ ʦʢʦʥʯʘʥʠʷ ʝʝ ʚʳʧʦʣʥʝʥʠʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʟʘʜʘʯʘ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʘʩʠʥʭʨʦʥʥʦ. 

 

ʂʦʥʩʪʨʫʢʪʦʨʫ Task ʠ ʤʝʪʦʜʫ StartNew( ) ʢʣʘʩʩʘ TaskFactory ʤʦʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʠʷ TaskCreationOptions. ɿʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ 
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ʟʥʘʯʝʥʠʷ LongRunning, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʱʠʢ ʟʘʜʘʯ 

ʦ ʪʦʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʦʥ ʤʦʛ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʠʪʴ ʜʣʷ ʥʝʝ ʥʦʚʳʡ ʧʦʪʦʢ.  

ɽʩʣʠ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʨʦʜʠʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʤʝʥʷʪʴʩʷ ʚ ʩʣʫʯʘʝ ʦʪʤʝʥʳ ʵʪʦʡ ʨʦʜʠʪʝʣʴʩʢʦʡ ʟʘʜʘʯʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ AttachToParent. ʋʩʪʘʥʘʚʣʠʚʘʷ ʟʥʘʯʝʥʠʝ 

PreferFairness, ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʧʣʘʥʠʨʦʚʱʠʢʫ, ʯʪʦ ʦʥ ʩʥʘʯʘʣʘ ʜʦʣʞʝʥ ʙʨʘʪʴ 

ʟʘʜʘʯʠ, ʦʞʠʜʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʪʘʢ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ 

ʟʘʜʘʯʘ ʩʦʟʜʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʨʫʛʦʡ ʟʘʜʘʯʠ. ɽʩʣʠ ʟʘʜʘʯʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʯʝʨʥʠʭ 

ʟʘʜʘʯ, ʪʦ ʵʪʠ ʜʦʯʝʨʥʠʝ ʟʘʜʘʯʠ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʟʘʜʘʯʘʤʠ. ʆʥʠ ʥʝ ʜʦʞʠʜʘʶʪʩʷ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʚ 

ʦʯʝʨʝʜʠ ʧʫʣʘ ʧʦʪʦʢʦʚ. ɽʩʣʠ ʪʘʢʠʝ ʟʘʜʘʯʠ ʜʦʣʞʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ 

ʨʘʚʥʦʧʨʘʚʥʦ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʧʦʥʘʜʦʙʠʪʩʷ ʫʩʪʘʥʦʚʠʪʴ 

ʟʥʘʯʝʥʠʝ PreferFairness. 

 

9.7. ʊʘʡʤʝʨʳ. 

 

ɺ .NET Framework ʜʦʩʪʫʧʥʦ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ Timer, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʟʦʚʘ ʤʝʪʦʜʦʚ ʧʦ ʠʩʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ.  

ɺ ʪʘʙʣ. 12.1 ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʢʣʘʩʩʳ ʪʘʡʤʝʨʦʚ, ʫʢʘʟʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠʤʝʥ, ʢ ʢʦʪʦʨʳʤ ʦʥʠ ʦʪʥʦʩʷʪʩʷ, ʠ ʢʨʘʪʢʦ ʦʧʠʩʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʥʠ ʦʙʣʘʜʘʶʪ. 

 

ʊʘʙʣʠʮʘ 12.1 ï ʂʣʘʩʩʳ Timer. 
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ʇʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ ʆʧʠʩʘʥʠʝ 

System.Threading ʂʣʘʩʩ Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Threading  

ʧʨʝʜʣʘʛʘʝʪ ʢʣʶʯʝʚʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺ ʝʛʦ ʢʦʥʩʪʨʫʢʪʦʨʝ 

ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʝʣʝʛʘʪ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʚʳʟʳʚʘʪʴʩʷ ʯʝʨʝʟ ʫʢʘʟʳʚʘʝʤʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 

System.Timers ʂʣʘʩʩ Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Timers ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ, 

ʧʦʪʦʤʫ ʯʪʦ ʫʥʘʩʣʝʜʦʚʘʥ ʦʪ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʩʘ Component. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʝʛʦ 

ʤʦʞʥʦ ʧʝʨʝʪʘʩʢʠʚʘʪʴ ʠʟ ʦʢʥʘ Toolbox 

(ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ) ʚ ʦʙʣʘʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʨʚʝʨʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, Windows-ʩʣʫʞʙʳ. ʕʪʦʪ ʢʣʘʩʩ 

Timer ʠʩʧʦʣʴʟʫʝʪ ʢʣʘʩʩ 

System.Threading.Timer, ʥʦ ʚʤʝʩʪʦ 

ʜʝʣʝʛʘʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤ ʥʘ 

ʦʩʥʦʚʝ ʩʦʙʳʪʠʡ. 
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ʇʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ ʆʧʠʩʘʥʠʝ 

System.Windows.Forms ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʦʚ 

Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Threading ʠ System.Timers ʤʝʪʦʜʳ 

ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʠʣʠ ʩʦʙʳʪʠʡ 

ʠʥʠʮʠʠʨʫʶʪʩʷ ʥʝ ʠʟ ʚʳʟʳʚʘʶʱʝʛʦ, ʘ ʠʟ 

ʜʨʫʛʦʛʦ ʧʦʪʦʢʘ. ʕʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ 

Windows Forms ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʧʦʪʦʢʫ 

ʩʦʟʜʘʪʝʣʷ. ʆʙʨʘʪʥʳʡ ʚʳʟʦʚ ʚ ʵʪʦʪ ʧʦʪʦʢ 

ʢʘʢ ʨʘʟ ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʣʘʩʩ 

Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Windows.Forms. 

Systern.Web.UI ʂʣʘʩʩ Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Web.UI ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ 

Ajax ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ 

ʚʝʙ-ʩʪʨʘʥʠʮʘʤʠ. 

System.Windows.Threading ʂʣʘʩʩ DispatcherTimer ʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

System.Windows.Threading ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

WPF-ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʧʦʪʦʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ. 

 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʘ System.Threading.Timer ʧʦʜʣʝʞʘʱʠʡ 

ʚʳʟʦʚʫ ʤʝʪʦʜ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʨʷʤʦ ʚ ʧʝʨʚʦʤ ʧʘʨʘʤʝʪʨʝ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ʕʪʦʪ ʤʝʪʦʜ ʜʦʣʞʝʥ ʦʙʷʟʘʪʝʣʴʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʣʝʛʘʪʘ 

TimerCallback, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚʦʟʚʨʘʱʘʝʤʳʤ ʪʠʧʦʤ ʜʦʣʞʝʥ ʙʳʪʴ void, ʘ 

ʪʠʧʦʤ ʧʘʨʘʤʝʪʨʘ ï object. ɺʦ ʚʪʦʨʦʤ ʧʘʨʘʤʝʪʨʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʣʶʙʦʡ 

ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʩ ʘʨʛʫʤʝʥʪʦʤ ʦʙʲʝʢʪʘ ʚ ʤʝʪʦʜʝ 

ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʢʪ Event, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 
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ʦʪʧʨʘʚʣʷʪʴ ʚʳʟʳʚʘʶʱʝʤʫ ʢʣʘʩʩʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʨʝʪʴʝʛʦ ʧʘʨʘʤʝʪʨʘ ʫʢʘʟʳʚʘʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʤʝʪʦʜ 

ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʜʦʣʞʝʥ ʚʳʟʳʚʘʪʴʩʷ ʚ ʧʝʨʚʳʡ ʨʘʟ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʠ 

ʧʦʩʣʝʜʥʝʛʦ ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ 

ʜʦʣʞʝʥ ʚʳʟʳʚʘʪʴʩʷ ʧʦʚʪʦʨʥʦ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʘʡʤʝʨ ʩʨʘʙʦʪʘʣ 

ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʚ ʯʝʪʚʝʨʪʦʤ ʧʘʨʘʤʝʪʨʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ -1. ɼʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʘ Timer ʩʣʫʞʠʪ ʤʝʪʦʜ 

Change( ). 

 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʘ Timer ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Timers 

ʚ ʢʦʥʩʪʨʫʢʪʦʨʝ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ. ʄʝʪʦʜ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴʩʷ ʧʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʙʳʪʠʷ Elapsed. ʕʪʦ ʩʦʙʳʪʠʝ ʪʨʝʙʫʝʪ ʫʢʘʟʘʥʠʷ ʜʝʣʝʛʘʪʘ ʪʠʧʘ 

ElapsedEventHandler, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʫʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

object ʠ ElapsedEventsArgs, ʢʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʦʜʘ ʚ 

TimeAction. ʉʚʦʡʩʪʚʦ AutoReset ʫʢʘʟʳʚʘʝʪ, ʜʦʣʞʝʥ ʣʠ ʪʘʡʤʝʨ ʩʨʘʙʘʪʳʚʘʪʴ 

ʧʦʚʪʦʨʥʦ.  

ɺ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʟʥʘʯʝʥʠʷ false ʪʘʡʤʝʨ ʙʫʜʝʪ 

ʩʨʘʙʘʪʳʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. ɺʳʟʦʚ ʤʝʪʦʜʘ Start ʧʦʟʚʦʣʷʝʪ ʪʘʡʤʝʨʫ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʙʳʪʠʷ. ɺʤʝʩʪʦ ʚʳʟʦʚʘ ʤʝʪʦʜʘ Start ʤʦʞʥʦ ʧʨʦʩʪʦ ʫʩʪʘʥʦʚʠʪʴ 

ʜʣʷ ʩʚʦʡʩʪʚʘ Enabled ʟʥʘʯʝʥʠʝ true. ʄʝʪʦʜ Start( ) ʙʦʣʴʰʝ ʥʠʯʝʛʦ ʥʝ ʜʝʣʘʝʪ. 
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ʄʝʪʦʜ Stop( ) ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʩʚʦʡʩʪʚʘ Enabled ʟʥʘʯʝʥʠʷ false ʠ ʪʝʤ 

ʩʘʤʳʤ ʢ ʦʩʪʘʥʦʚʫ ʪʘʡʤʝʨʘ. 

 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

 

1. ʏʪʦ ʪʘʢʦʝ ʧʦʪʦʢ? ʂʘʢʠʝ ʢʣʘʩʩʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʙʠʙʣʠʦʪʝʢʝ 

.NET Framework ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʪʦʢʘʤʠ? 

2. ʏʪʦ ʪʘʢʦʝ ʟʘʜʘʯʘ? ʏʪʦ ʪʘʢʦʝ ʧʫʣ? 

3. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʡʤʝʨʳ? ɿʘʯʝʤ ʢʣʘʩʩʳ ʪʘʡʤʝʨʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠʤʝʥ? 

4. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʯ ʠ 

ʧʦʪʦʢʦʚ? ʆʧʠʰʠʪʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

CUDA ï ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ 

NVIDIA ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ 

ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʘʨʭʠʪʝʢʪʫʨʘ CUDA ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʨʘʤʤʠʩʪʫ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʥʝʚʝʨʦʷʪʥʫʶ ʤʦʱʴ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʥʘʫʯʥʳʝ, 

ʠʥʞʝʥʝʨʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɺ ʧʦʩʦʙʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʢʘʢ, ʟʘʜʝʡʩʪʚʦʚʘʚ ʤʦʱʴ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ (GPU), ʠʤʝʶʱʝʛʦʩʷ ʚ ʚʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʮʝʣʝʡ. ʍʦʪʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ GPU ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʛʨʘʬʠʢʠ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ, ʧʦʟʞʝ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʚ ʜʨʫʛʠʭ, 

ʩʪʦʣʴ ʞʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, 

ʪʝʭʥʠʢʠ, ʬʠʥʘʥʩʦʚʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʜʨ. ʇʨʦʛʨʘʤʤʳ ʜʣʷ GPU, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ 

ʟʘʜʘʯʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʬʠʢʦʡ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ (general purpose).  

ʇʦʩʦʙʠʝ ï ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ ʨʘʙʦʪʘʶʱʠʭ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʫʩʢʦʨʠʪʝʣʠ, ʜʣʷ ʫʯʘʱʠʭʩʷ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. ʇʦʩʦʙʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʧʨʠʣʦʞʝʥʠʡ, ʘʚʪʦʨʘʤ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʘʤ, 

ʠʟʫʯʘʶʱʠʤ ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ. 
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

ʉʧʠʩʦʢ ʦʩʥʦʚʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
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2. ɹʦʨʝʩʢʦʚ, ɸ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ GPU. ɸʨʭʠʪʝʢʪʫʨʘ 
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336 ʩ. 
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