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ʇʝʨʝʜʤʦʚʘ 

ɺ ʪʝʭʥʽʮʽ, ʝʢʦʥʦʤʽʮʽ, ʤʝʜʠʮʠʥʽ, ʙʽʦʣʦʛʽʾ, ʧʦʣʽʪʠʮʽ, ʩʧʦʨʪʽ ʪʘ ʚ ʽʥʰʠʭ 

ʦʙʣʘʩʪʷʭ ʥʘʢʦʧʠʯʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʙʘʛʘʪʦ-

ʬʘʢʪʦʨʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ɿʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʦʚʘʥʠʭ ʙʘʛʘʪʦ-

ʬʘʢʪʦʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʟʘʣʝʞʥʦʩʪʝʡ ʟʜʽʡʩʥʶʶʪʴ ʫ 2 ʝʪʘʧʠ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ï ʝʪʘʧʽ ʩʪʨʫʢʪʫʨʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʦʨʤʘʣʽʟʫʶʪʴ ʚʭ̔ʜʥʽ ʪʘ 

ʚʠʭʽʜʥʽ ʟʤʽʥʥ ̔ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ï ʝʪʘʧʽ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʘʣʘʰʪʦʚʫʶʪʴ 

ʤʦʜʝʣʴ, ʟʤʽʥʶʶʯʠ ʾʾ ʧʘʨʘʤʝʪʨʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʚʝʜʽʥʢʘ ʤʦʜʝʣʽ 

ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʦʧʠʩʫʚʘʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʎʝʡ ʝʪʘʧ ʥʘʡʙʽʣʴʰ 

ʬʦʨʤʘʣʽʟʦʚʘʥʠʡ ʽ, ʟʘʟʚʠʯʘʡ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽʟ 

ʤʽʥʽʤʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʥʝʚô̫ʟʢʠ ʜʣʷ ʦʙôʻʢʪʽʚ ʟ ʥʝʧʝʨʝʨʚʥʠʤ 

ʚʠʭʦʜʦʤ, ʯʠ ʨʽʚʥʷ ʙʝʟʧʦʤʠʣʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʦʙôʻʢʪʽʚ ʟ ʜʠʩʢʨʝʪʥʠʤ 

ʚʠʭʦʜʦʤ. ʄʘʩʰʪʘʙʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʥʘʷʚʥʽʩʪʴ ʚ ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʝʯʠʩʣʦʚʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʧʫʩʢʽʚ ʦʙʫʤʦʚʣʶʻ ʟʘʣʫʯʝʥʥ ̫

ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʙʨʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ 

ʚʝʣʠʢʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʢʫʨʝʥʪʥʠʭ ʪʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʴ ʪʘ ʽʥʪʝʨʥʝʪ-ʨʝ-

ʩʫʨʩʽʚ ʟ ʪʝʦʨʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʴʦʛʦʜʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʥʘʫʢʦʚʽ 

ʟʥʘʥʥʷ, ʷʢʽ ʙʫʣʠ ʙ ʢʦʨʠʩʥʠʤʠ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɹʽʣʴʰʽʩʪʴ ʢʥʠʞʦʢ ʟ ʪʝʦʨʽʾ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʢʮʝʥʪʦʚʘʥʦ ʥʘ ʩʪʨʦʛʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ. ʇʨʠ ʮʴʦʤʫ 

ʚ ʥʠʭ ʤʘʡʞʝ ʥʝ ʟʛʘʜʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʘʢʝʪʠ, ʚ ʷʢʠʭ ʘʚʪʦʤʘ-

ʪʠʟʦʚʘʥʦ ʙʽʣʴʰʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʽʜʝʥ-

ʪʠʬʽʢʘʮʽʾ ʟʘ ʪʘʢʠʤʠ ʢʥʠʞʢʘʤʠ ʩʪʫʜʝʥʪ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʙʨʽ ʪʝʦʨʝʪʠʯʥʽ 

ʟʥʘʥʥʷ ʽ ʥʘʚʽʪʴ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʤʦʞʝ ʚʠʨʽʰʠʪʠ ʧʨʦʩʪʽ (ʽʛʨʘʰʢʦʚʽ) ʟʘʜʘʯʽ. ɸʣʝ 

ʙʫʜʝ ʤʘʡʞʝ ʙʝʟʧʦʨʘʜʥʠʤ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʫ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ ï ʙʦ ʚʽʥ ʥʝ ʪʽʣʴʢʠ ʥʝ ʚʦʣʦʜʽʻ ʩʫʯʘʩʥʠʤ 
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ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ, ʘʣʝ ʥʝ ʟʥʘʻ ʥʽ ʧʨʦ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ, ʥʽ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ. ʉʧʨʦʙʠ ʞ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʧʘʢʝʪʽʚ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʢʽʥʯʫʶʪʴʩʷ ʦʪʨʠʤʘʥʥʷʤ ʥʘʚʠʢʽʚ ʟ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ, ʤʘʪʨʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ ʯʠ ʧʦʙʫʜʦʚʠ 

ʪʨʴʦʭʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ. 

ʇʽʜ ʯʘʩ ʥʘʧʠʩʘʥʥʷ ʧʦʩʽʙʥʠʢʘ ʘʚʪʦʨʠ ʥʘʤʘʛʘʣʠʩʷ ʥʝ ʪʽʣʴʢʠ ʚʠʢʣʘʩʪʠ 

ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʘʣʝ ʽ ʧʦʢʘʟʘʪʠ ʷʢ ʚʠʨʽʰʫʚʘʪʠ ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ ʽʜʝʥ-

ʪʠʬʽʢʘʮʽʾ ʟ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ï ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ 

MATLAB 7. ʇʦʩ̔ʙʥʠʢ ʩʢʣʘʜʘʻʪʩɹʷ ʟ ʯʦʪʠʨʴʦʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʷʚʣʷʻ ʥʝʚʝʣʠʢʝ ʟʘʢʽʥʯʝʥʝ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ. ʑʝ ʨʦʢʽʚ 15 ʥʘʟʘʜ 

ʢʦʞʥʘ ʟ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʶ ʚʽʜʧʦʚʽʜʘʣʘ ʧʨʠʥʘʡʤʥʽ 

ʢʫʨʩʦʚʽʡ ʨʦʙʦʪ,̔ ʘʣʝ ʩʴʦʛʦʜʥʽ ʙʘʛʘʪʦ ʤʘʪʝʤʘʪʠʯʥʦʾ ʨʫʪʠʥʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʝʨʰʠʭ ʜʚʦʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯʘʭ ʟ ʨʝʧʦʟʠʪʦʨʽʶ ʟ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʂʘʣʽʬʦʨʥʽʡʩʴ-

ʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ɯʨʚʽʥʽ. ʎʽ ʟʘʜʘʯʽ ʩʪʘʣʠ ʜʝ-ʬʘʢʪʦ ʤʽʞʥʘʨʦʜʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ. ɺ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ 

ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʷʪʠ ʚʣʘʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦʩʪʽ 

ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʷʢʽ ʦʧʫʙʣʽʢʫʚʘʣʠ ʢʦʥʢʫʨʝʥʪʠ ʚ ʩʚʦʾʭ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ. 

ʇʦʩʽʙʥʠʢ ʩʢʣʘʜʘʶʪʴ 4 ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʨʽʟʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦʩʪʝʡ: ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʝʨʝʚ ʨʽʰʝʥʴ, 

ʥʝʯʽʪʢʠʭ ʙʘʟ ʟʥʘʥʴ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʍʦʯʘ ʧʝʨʰʘ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʟ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝ ʩʪʦʩʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʚʦʥʘ 

ʚʢʣʶʯʝʥʘ ʜʦ ʧʦʩʽʙʥʠʢʫ ʷʢ ʪʘʢʘ, ʱʦ ʜʘʻ ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʟ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʘʭ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʪʫʜʝʥʪʠ 

ʚʦʣʦʜʽʶʪʴ ʢʣʶʯʦʚʠʤʠ ʥʘʚʠʢʘʤʠ ʨʦʙʦʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB. 

ɼʣʷ ʥʦʚʘʯʢʽʚ ʨʝʢʦʤʝʥʜʫʻʤʦ ʢʦʤʧʘʢʪʥʠʡ ʧʦʩʽʙʥʠʢ [11]. ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʧʦʩʽʙʥʠʢʘ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʫ ʣʽʪʝʨʘʪʫʨʫ: ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ1 ï [6, 

7, 11, 28]; ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ2 ï [1ï4, 12, 25, 28]; ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʨʦʙʦʪʠ ˉ3 ï [13ï15, 18ï22]; ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ4 ï [5, 8, 9, 13, 15, 

16, 24, 26, 27]. ʎʶ ʣʽʪʝʨʘʪʫʨʫ ʨʝʢʦʤʝʥʜʫʻʤʦ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ. ʋʩʷ ʣʽʪʝʨʘʪʫʨʘ ʜʦʩʪʫʧʥʘ ʚ ʽʥʪʝʨʥʝʪʽ. 

ʇʦ ʚʠʢʦʥʘʥʥʶ ʢʦʞʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʦʬʦʨʤʠʪʠ ʟʚʽʪ, 

ʚ ʷʢʦʤʫ ʦʢʨʽʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʥʝʦʙʭʽʜʥʦ ʥʘʚʝʩʪʠ ʣʽʩʪʠʥʛʠ ʫʩʽʭ ʧʨʦʛʨʘʤ ʪʘ ʦʩʥʦʚʥʽ ʛʨʘʬʽʯʥʽ ʚʽʢʥʘ. ɺ ʟʚʽʪʽ 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʚʠʩʥʦʚʢʘʤ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. 
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1.  ɺʠʟʥʘʯʝʥʥʷ  ʦʧʪʠʤʘʣʴʥʦʾ   

ʨʝʛʨʝʩʽʡʥʦʾ  ʤʦʜʝʣʽ 

ʄʝʪʘ ï ʚʽʜʥʘʡʪʠ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʦʧʠʰʝ 

ʟʘʣʝʞʥʽʩʪʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʊʝʦʨʝʪʠʯʥʽ  ʚʽʜʦʤʦʩʪʽ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʟ n  ʚʭʦʜʘʤʠ )...,,,( 21 nxxxX=  ʪʘ ʦʜʥʠʤ 

ʚʠʭʦʜʦʤ y. ɺʚʘʞʘʻʪʴʩʷ ʚʽʜʦʤʦʶ ʣʠʰʝ ʚʠʙʽʨʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʮʶ ʟʘʣʝʞʥʽʩʪʴ: 

),( jj yX ,  Mj ,1= , (1)  

ʜʝ  M  ï ʜʦʚʞʠʥʘ ʚʠʙʽʨʢʠ; 

)...,,,( 21 jnjjj xxxX = . 

ʋ ʚʠʙʽʨʮʽ (1) ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʘ ʟʤʽʥʥʽ ʧʨʠʡʤʘʶʪʴ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʥʘʡʪʠ ʪʝʦʨʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ )(Xfy= , ʷʢʘ ʥʘʡʢʨʘʱʝ 

ʦʧʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʻ ʩʝʨʝʜʥʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʥʝʚôʷʟʢʘ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʥʝʚôʷʟʢʘ ʤʦʜʝʣʽ )(Xfy=  ʥʘ ʚʠʙʽʨʮʽ 

(1) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

( )ä
=

-=
Mj

jj Xfy
M

RMSE
,1

2
)(

1
. (2)  

ɺ ʤʦʜʝʣʴ )(Xfy=  ʚʭʦʜʷʪʴ ʢʦʝʬʽʮʽʻʥʪʠ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʧʽʜʙʠʨʘʶʪʴ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʦɦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʚôʷʟʢʫ (2). ʊʘʢʘ ʧʨʦʮʝʜʫʨʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ. ɺʽʜʧʦʚʽʜʥʦ, 
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ʟʘʣʝʞʥʽʩʪʴ )(Xfy=  ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʛʨʝʩʽʻʶ. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ, ʷʢʱʦ ʟʘʣʝʞʥʽʩʪʴ )(Xfy=  ʻ ʣʽʥʽʡʥʦʶ: 

ä
=

+=
ni

ii xaay
,1

0 , 
(3)  

ʜʝ  naaa ...,,, 10  ï ʢʦʝʬʽʮʽʻʥʪʠ. 

ʇʨʠʢʣʘʜ ʣʽʥʽʡʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ 

ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʰʚʠʜʢʦʩʪʽ 60 ʤʠʣʴ ʟʘ ʛʦʜ. (y) ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ (x) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʘʥʠʤʠ 

ʟʘʜʘʯʽ Auto MPG ʟ ʨʝʧʦʟʠʪʦʨʽʶ [23]. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʢʣʘʜ ʣʽʥʽʡʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʪʘʢʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

î
î
î

í

î
î
î

ì

ë

=
µ

µ

=
µ

µ

=
µ

µ

0

0

0

1

0

na

RMSE

a

RMSE

a

RMSE

@

. 

ɼʣʷ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʠʧʘʜʢʫ ï ʜʣʷ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʢʦʝʬʽʮʽʻʥʪʠ 0a  ʪʘ 1a  ʟʘʣʝʞʥʦʩʪʽ xaay 10+=  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ: 
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xxx

yxxy
a

Ö-

Ö-
=

2
1 , 

xaya 10 -= , 

ʜʝ  ä
=

=
Mj

jx
M

x
,1

1
; 

ä
=

=
Mj

jy
M

y
,1

1
; 

ä
=

=
Mj

jx
M

x
,1

22 1
; 

ä
=

Ö=
Mj

jj yx
M

xy
,1

1
. 

ɸʥʘʣʽʪʠʯʥʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʷʢʠʭ ʽʥʰʠʭ ʨʝʛʨʝʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʘʣʝ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʙʫʜʫʪʴ ʛʨʦʤʽʟʜʢʠʤʠ. ʂʦʤʧʘʢʪʥʠʡ 

ʟʘʧʠʩ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʤʘʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʨʽʚʥʷʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʨʝʛʨʝʩʽʡʥʝ ʨʽʚʥʷʥʥʷ nnxaxaxaay ++++= ...22110 . 

ʅʝʭʘʡ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʟʤʽʥʥʠʭ ʻ ʪʘʢʠʤʠ: ( )*** ...,,,
21 nxxx . ʊʦʜʽ ʨʦʟ-

ʨʘʭʫʥʦʢ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʪʘʢʽʡ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 

( )

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

³=

n

n

a

a

a

a

xxxy

@
2

1

0

*** ...,,,,1
21

. (4)  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (4) ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ (1), ʦʪʨʠʤʫʻʤʦ: 

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

³

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

=

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

n
MnMM

n

n

M
a

a

a

a

xxx

xxx

xxx

y

y

y

@
>

@

>

>

@ 2

1

0

21

22221

11211

2

1

1

1

1

. (5)  
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ɺʠʨʽʰʫʶʯʠ ʨʽʚʥʷʥʥʷ (5), ʟʥʘʭʦʜʠʤʦ ʥʝʚʽʜʦʤʽ ʨʝʛʨʝʩʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: 

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

=

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

MMMM

n

n

n

y

y

y

xxx

xxx

xxx

a

a

a

a

@

>

@

>

>

@

2

1

221

22221

11211

2

1

0

\

1

1

1

. (6)  

ʇʦ ʘʥʘʣʦʛʽʾ ʟ (6) ʤʦʞʥʘ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ ʦʧʠʩʘʪʠ ʧʨʦʮʝʜʫʨʫ 

ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʙʘʛʘʪʴʦʭ ʧʦʧʫʣʷʨʥʠʭ ʥʝʣʽʥʽʡʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʦʜʝʣʽ 
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2

322110 1
xxaxaxaxaay ++++= , ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ɼʣʷ ʩʢʣʘʜʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʈʝʛʨʝʩʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʫʩʽʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʧʝʨʝʜ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʦʤʦ ʩʪʨʫʢʪʫʨʫ 

ʤʦʜʝʣʽ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ ʟ ʜʝʷʢʠʭ ʧʨʠʯʠʥ ʚʽʜʦʤʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʻ 

ʣʽʥʽʡʥʦʶ, ʯʠ ʢʚʘʜʨʘʪʠʯʥʦʶ, ʯʠ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʪʦʱʦ. 

ʗʢʱʦ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʘ, ʪʦ ʜʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʩʪʦʩʫʻʤʦ ʧʨʠʥʮʠʧ ʟʦʚʥʽʰʥʴʦʛʦ ʜʦʧʦʚʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʘʥʽ ʨʦʟʽʙôʻʤʦ ʥʘ 2 ʚʠʙʽʨʢʠ ï ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʫ. ɼʘʣʽ ʟʛʝʥʝʨʫʻʤʦ 

ʤʥʦʞʠʥʫ ʤʦʜʝʣʝʡ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ï ʣʽʥʽʡʥʽ, ʢʚʘʜʨʘʪʠʯʥʽ, ʢʫʙʽʯʥʽ 

ʪʦʱʦ. ɿʘ ʥʘʚʯʘʣʴʥʦʶ ʚʠʙʽʨʢʦʶ ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ-ʢʘʥʜʠʜʘʪʫ ʚʠʟʥʘʯʠʤʦ 

ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʞʥʫ ʤʦʜʝʣʴ ʧʝʨʝʚʽʨʠʤʦ 

ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ. ʅʘʡʢʨʘʱʦʶ ʦʙʝʨʝʤʦ ʤʦʜʝʣʴ, ʜʣʷ ʷʢʦʾ ʢʨʠʪʝʨʽʡ (2) ʥʘ 

ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ ʻ ʤʽʥʽʤʘʣʴʥʠʤ.  

ʆʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʫʩʢʣʘʜʥʝʥʥʶ ʤʦʜʝʣʽ. ʅʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ ʟʜʘʻʪʴʩʷ, ʱʦ ʯʠʤ ʩʢʣʘʜʥʽʰʘ ʤʦʜʝʣʴ, ʪʠʤ ʚʦʥʘ ʪʦʯʥʽʰʘ. ʊʦʙʪʦ, 
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ʢʫʙʽʯʥʘ ʤʦʜʝʣʴ, ʙʫʜʝ ʪʦʯʥʽʰʘ ʟʘ ʢʚʘʜʨʘʪʠʯʥʫ, ʘ ʢʚʘʜʨʘʪʠʯʥʘ ï ʟʘ ʣʽʥʽʡʥʫ. 

ʗʢʱʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʥʝʚô̫ ʟʢʠ (2) ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʚʽʜ 

ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʛʨʝʩʽʡʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʪʦ ʚʦʥʘ ʙʫʜʝ ʤʦʥʦʪʦʥʥʦ ʩʧʘʜʘʥʦ ʁ(ʨʠʩ. 2). ʂʦʣʠ ʢʽʣʴʢʽʩʪʴ 

ʨʝʛʨʝʩʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʦʜʝʣʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ M  ʥʝʚôʷʟʢʘ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʽʨʮʽ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʦʶ. ɸʣʝ ʷʢʱʦ ʧʝʨʝʚʽʨʠʪʠ ʦʪʨʠʤʘʥʽ ʤʦʜʝʣʽ ʥʘ 

ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ, ʪʦ ʟʘʟʚʠʯʘʡ ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ 

ʤʦʜʝʣʽ ʥʝʚôʷʟʢʘ ʩʧʦʯʘʪʢʫ ʟʤʝʥʰʫʪ̒ʴʩʷ, ʘ ʧʦʪʽʤ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ. ʅʘ ʨʠʩ. 2 

ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʟ ʯʦʪʠʨʤʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʇʦʜʘʣʴʰʝ 

ʫʩʢʣʘʜʥʝʥʥʷ ʤʦʜʝʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʛʝʥʝʨʘʣʽʟʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʪʝʥʜʝʥʮʽʶ ʚ ʜʘʥʠʭ, ʤʦʜʝʣʴ 

ʧʦʯʠʥʘʻ ʦʧʠʩʫʚʘʪʠ ʰʫʤ. 

 

ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝʚôʷʟʢʠ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ 

ɿʘʚʜʘʥʥʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ 

ɺ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʚʦʬʘʢʪʦʨʥʘ ʨʝʛʨʝʩʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ),( 21 xxfy=  ʜʣʷ ʦʜʥʽʻʾ ʽʟ ʟʘʜʘʯ ʨʝʧʦʟʠʪʦʨʽʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʂʘʣʽʬʦʨʥʽʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ ɯʨʚʽʥʽ [23]. ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʪʘʢʠʭ ʟʘʚʜʘʥʴ. 

1. ʉʬʦʨʤʫʣʶʚʘʪʠ ʟʤʽʩʪʦʚʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʟʛʽʜʥʦ ʚʘʨʽʘʥʪʫ ʟ 

ʪʘʙʣ. 1. 

2. ʈʦʟʙʠʪʠ ʜʘʥʽ ʥʘ ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʾʭ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ. 
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3. ɿʦʙʨʘʟʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʫ ʬʦʨʤʽ ʦʜʥʦʬʘʢʪʦʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ. 

4. ɺʽʜʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʰʝʩʪʠ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʩʝʨʝʜ ʷʢʠʭ 2 

ʤʦʜʝʣʽ ʩʣʽʜ ʟʛʝʥʝʨʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ. ʆʙʦʚôʷʟʢʦʚʠʤʠ ʻ ʪʘʢʽ 4 ʤʦʜʝʣʽ: 

22110 xaxaay ++= ; 

21322110 xxaxaxaay +++= ; 

2
24

2
322110 1

xaxaxaxaay ++++= ; 

215
2
24

2
322110 1

xxaxaxaxaxaay +++++= . 

5. ʆʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʩʚʽʡ ʚʠʙʽʨ. 

ɺʽʟʫʘʣʽʟʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʝʛʨʝʩʽʡʥʫ ʤʦʜʝʣʴ ʨʘʟʦʤ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ. 

6. ʇʦʨʽʚʥʷʪʠ ʚʣʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʽʥʰʠʭ ʥʘʫʢʦʚʮʽʚ ʽʟ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʞʝ ʟʘʜʘʯʽ.  

ʊʘʙʣʠʮʘ 1 ï ɺʘʨʽʘʥʪʠ ʟʘʚʜʘʥʥʷ 

ɺʘʨʽʘʥʪ ɿʘʜʘʯʘ ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ 

1 Auto MPG horsepower 

acceleration 

2 Auto MPG displacement 

year 

3 Auto MPG displacement 

horsepower 

4 Auto MPG horsepower 

year 

5 Auto MPG weight 

acceleration 

6 Housing NOX  

LSTAT 

7 Housing RM  

PTRATIO 

8 Housing PTRATIO  

LSTAT 

9 Housing B 

LSTAT 
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ɺʘʨʽʘʥʪ ɿʘʜʘʯʘ ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ 

10 Wine Quality (Red) pH 

alcohol 

11 Wine Quality (Red) fixed acidity 

alcohol 

12 Wine Quality (White) sulphates  

alcohol 

13 Wine Quality (White) pH  

alcohol 

14 Yacht Hydrodynamics Length-displacement ratio 

Froude number 

15 Yacht Hydrodynamics Froude number 

Longitudinal position of the center of 

buoyancy 

16 SkillCraft1 Master Table LeagueIndex 

ComplexUnitsMade 

17 SkillCraft1 Master Table ComplexUnitsMade 

Age 

18 SkillCraft1 Master Table HoursPerWeek  

MinimapRightClicks 

19 SkillCraft1 Master Table APM: Action per minute 

SelectByHotkeys 

20 Physicochemical Properties 

of Protein Tertiary Structure 

Total surface area 

Fractional area of exposed non polar 

residue 

21 Physicochemical Properties 

of Protein Tertiary Structure 

Total surface area 

Fractional area of exposed non polar 

part of residue 

22 Physicochemical Properties 

of Protein Tertiary Structure 

Non polar exposed area 

Secondary structure penalty 

23 Physicochemical Properties 

of Protein Tertiary Structure 

Fractional area of exposed non polar 

residue 

Secondary structure penalty. 
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ɺʘʨʽʘʥʪ ɿʘʜʘʯʘ ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ 

24 Physicochemical Properties 

of Protein Tertiary Structure 

Fractional area of exposed non polar 

part of residue 

Secondary structure penalty 

 

ʇʨʠʢʣʘʜ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ Auto MPG ʧʨʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʣʠʚʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʆʧʠʩ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʟʘ ʘʜʨʝʩʦʶ 

http://archive.ics.uci.edu/ml/datasets/Auto+MPG. ʇʘʣʠʚʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ (y ) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʤʠʣʴ, ʷʢʽ ʤʦʞʥʘ ʧʨʦʾʭʘʪʠ ʥʘ ʦʜʥʦʤʫ ʛʘʣʦʥʽ ʧʘʣʠʚʘ 

(MPG ï miles per gallon). ɹʘʟʘ ʜʘʥʠʭ Auto MPG ʩʬʦʨʤʦʚʘʥʦ ʟʘ 392 

ʤʦʜʝʣʷʤʠ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʦʞʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʦʙʽʣʷ ʦʧʠʩʘʥʘ ʪʘʢʠʤʠ 

ʘʪʨʠʙʫʪʘʤʠ: ʢʽʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ, ʦʙôʻʤ ʜʚʠʛʫʥʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʤʘʩʘ 

ʘʚʪʦʤʦʙʽʣʷ, ʯʘʩ ʨʦʟʛʦʥʫ ʜʦ ʰʚʠʜʢʦʩʪʽ 60 ʤʠʣʴ ʥʘ ʛʦʜ., ʨʽʢ ʚʠʧʫʩʢʫ ʤʦʜʝʣʽ, 

ʚʠʨʦʙʥʠʢ ʪʘ ʥʘʟʚʘ ʤʦʜʝʣʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʤʦ ʜʣʷ ʟʘʣʝʞʥʦʩʪʽ 

ʧʘʣʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (y) ʚʽʜ ʤʘʩʠ ʘʚʪʦʤʦʙʽʣʷ (1x ) ʪʘ ʨʦʢʫ ʚʠʧʫʩʢʫ (2x ). 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʨʦʟʽʙôʻʤʦ ʥʘ ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ. 

ɺ ʥʘʚʯʘʣʴʥʫ ʚʢʣʶʯʠʤʦ ʥʝʧʘʨʥʽ ʨʷʜʢʠ ʜʘʥʠʭ, ʘ ʚ ʪʝʩʪʦʚʫ ï ʧʘʨʥʽ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʚʠʙʽʨʦʢ ʨʦʟʨʘʭʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ 

(mean) ʪʘ ʜʠʩʧʝʨʩʽʶ (std) ʜʘʥʠʭ ʟʘ ʢʦʞʥʦʶ ʟʤʽʥʥʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ 

(ʪʘʙʣ. 2) ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ, ʪʦʤʫ ʚʚʘʞʘʻʤʦ ʾʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʤʠ. 

ɺʽʟʫʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʫʻ ʮʝʡ ʚʠʩʥʦʚʦʢ ʨʠʩ. 3. 

3. ʆʜʥʦʬʘʢʪʦʨʥʽ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 4) ʚʢʘʟʫʶʪʴ ʥʘ ʩʠʣʴʥʫ ʪʝʥʜʝʥʮʽʶ 

ʟʤʝʥʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ ʘʚʪʦʤʦʙʽʣʷ ʪʘ 

ʩʣʘʙʢʫ ʪʝʥʜʝʥʮʽʶ ʟʨʦʩʪʘʥʥʷ ʾʾ ʜʣʷ ʙʽʣʴʰ ʥʦʚʠʭ ʤʦʜʝʣʝʡ. 

ʊʘʙʣʠʮʘ 2 ï ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʜʘʥʠʭ 

ɺʠʙʽʨʢʘ )mean(1x  )(mean 2x  )(meany  )(std 1x  )(std 2x  )(std y  

ʅʘʚʯʘʣʴʥʘ 2989.6 75.97 23.42 828.2 3.67 7.88 

ʊʝʩʪʦʚʘ 2965.6 75.98 23.47 872 3.69 7.75 

http://archive.ics.uci.edu/ml/datasets/Auto+MPG
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ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʦʜʽʣ ʜʘʥʠʭ ʚ ʥʘʚʯʘʣʴʥʽʡ ʪʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʢʘʭ 

 

ʈʠʩʫʥʦʢ 4 ï ʆʜʥʦʬʘʢʪʦʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

4. ɿʥʘʡʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ 

ʧʨʦʛʨʘʤʠ: 
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%---------- ----------------------------------------------------  

%ɼʚʦʬʘʢʪʦʨʥʠʡ ʣʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʟʘʜʘʯʽ Auto  MPG.  

%--------------------------------------------------------------  

%ɿʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ: 

[data, input_name] = loadgas;  

vars =[4 6 7];  

%ʌʦʨʤʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʦʢ: 

tr_set = data(1:2:end, vars);  

test_set = data(2:2:end, vars);  

%ɼʦʚʞʠʥʘ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ: 

M_tr=length(tr_set);  

disp ('ʃʽʥʽʡʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ:')  

X_tr=[ones(M_tr,1) tr_set(:,1) tr_set(:,2)];  

Y_tr=tr_set(:,3);  

A=X_tr \ Y_tr     

%ʈʦʟʨʘʭʫʥʦʢ ʥʝʚ'ʷʟʢʠ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ: 

pred_tr=X_tr*A;  

RMSE_tr=norm(Y_tr - pred_tr)/sqrt(M_tr)  

%ʈʦʟʨʘʭʫʥʦʢ ʥʝʚ'ʷʟʢʠ ʥʘ ʪʝʩʪʦʚʽʡ ʚʠʙʽʨʮʽ: 

M_test=length(test_set);  

X_test=[ones(M_test,1) test_set(:,1) test_set(:,2)];  

Y_test=test_set(:,3);  

pred_test= X_test*A;  

RMSE_test=norm(Y_test - pred_test)/sqrt(M_test)  

%ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ:  

subplot(2 ,3,1)  

plot(Y_tr, pred_tr, 'ko' , 'markersize' , 5)  

hold on 

plot([5 50],[5 50], 'r - ' , 'linewidth' , 1)  

xlabel( 'ɽʢʩʧʝʨʠʤʝʥʪ')  

ylabel( 'ʊʝʦʨʽʷ')  

RMSE_str=num2str(RMSE_tr, 3);  

t itle([ 'ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, RMSE_t_r=', RMSE_str])  

subplot(2,3,2)  

plot(Y_test, pred_test, 'ko' , 'markersize' , 5)  

hold on 

plot([5 50],[5 50], 'r - ' , 'linewidth' , 1)  

xlabel( 'ɽʢʩʧʝʨʠʤʝʥʪ')  

ylabel( 'ʊʝʦʨʽʷ')  

RMSE_str=num2str(RMSE_test, 3);  

title([ 'ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, RMSE_t_e_s_t=' , RMSE_str])  

 

ʇʽʩʣʷ ʥʝʟʥʘʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʠ ʟʥʘʡʜʝʤʦ ʱʝ 5 ʽʥʰʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ. ʋʩʽ ʤʦʜʝʣʽ ʟʚʝʜʝʤʦ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʠ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

 ̄ ʄʦʜʝʣʴ 
trRMSE  testRMSE  

1 21 779.0007.037.15 xxy +--=  3.5 3.34 

2 2121 0005.0296.2034.005.129 xxxxy +++-=  3.2 3.19 

3 
2
2

2
21 058.0096.7023.0336.51

1
xxxxy ++--=  3 2.88 

4 
21

2
2

2
21

0003.00382.0

0258.4001.0 166.7
1

xxx

xxxy

-+

++--=
 2.95 2.91 

5 2
1

84.0
60519

62.16 x
x

y ++-=  3.12 3.01 

6 
2121

2
2

2
21

163581.3830003.0

054.305.1404018.0 5359.5
1

xxxx

xxxxy

---

--+++=
 2.83 2.96 

 

5. ɿ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʚʽʜ 3 ʜʦ 8 

ʢʦʝʬʽʮʽʻʥʪʽʚ. ʅʘʡʢʨʘʱʘ ʪʦʯʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʙʝʟ ʚʟʘʻʤʦʜʽʾ ʟʤʽʥʥʠʭ, ʱʦ ʤʘʻ 5 ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʥʘʡʛʽʨʰʘ ï ʜʣʷ ʣʽʥʽʡʥʦʾ 

ʤʦʜʝʣʽ ʟ ʪʨʴʦʤʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʇʦʨʽʚʥʶʶʯʠ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ. 5) ʙʘʯʠʤʦ, ʱʦ ʜʣʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ 

ʭʘʨʘʢʪʝʨʥʝ ʟʘʥʠʞʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʫʞʝ 

ʚʠʩʦʢʦʶ ʪʘ ʟ ʜʫʞʝ ʥʠʟʴʢʦʶ ʧʘʣʠʚʥʦʶ ʝʬʝʢʪʠʚʥʩ̔ʪʁ. ɼʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʘʢʽ ʝʬʝʢʪʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ï ʥʝʚôʷʟʢʘ ʤʘʡʞʝ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʘ ʧʦʤʽʞ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʨʽʟʥʦʶ ʧʘʣʠʚʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. 
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ʈʠʩʫʥʦʢ 5 ï ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʣʠʚʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ  

ʇʦʚʝʨʭʥʷ ʦʙʨʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʘ ʪʘʢʦʞ ʚʽʜʭʠʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 6. ɿ ʥʴʦʛʦ 

ʚʠʜʥʦ, ʱʦ ʤʦʜʝʣʴ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʟʜʦʨʦʚʦʤʫ ʛʣʫʟʜʫ ï ʚʦʥʘ ʥʝ ʤʽʩʪʠʪʴ ʛʦʨʙʽʚ 

ʯʠ ʧʨʦʚʘʣʽʚ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʟʤʽʩʪʦʚʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʠʩ. 6 

ʟʘʩʪʦʩʦʚʘʥʦ ʬʫʥʢʮʽʾ surf , plot3  ʪʘ scatter3 . 
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ʈʠʩʫʥʦʢ 6 ï ʇʦʚʝʨʭʥʷ ñʚʭʦʜʠ ï ʚʠʭʽʜò ʥʘʡʢʨʘʱʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʪʘ ʾʾ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ 

6. ɺ ʪʘʙʣ. 4 ʧʦʨʽʚʥʶʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʟ ʪʨʴʦʤʘ ʢʦʥʢʫʨʝʥʪʥʠʤʠ 

ʤʦʜʝʣʷʤʠ. ʎʷ ʪʘʙʣʠʮʷ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʟʘ ʪʦʯʥʽʩʪʶ 

ʥʝʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ ʦʜʥʽʡ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʠʭ ʧʨʘʚʠʣ 

ʄʘʤʜʘʥʽ, ʘʣʝ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʟʥʘʯʥʦ ʾʾ ʧʝʨʝʚʘʞʘʻ. 

ʊʘʙʣʠʮʘ 4 ï ʇʦʨʽʚʥʷʥʥʷ ʟ ʢʦʥʢʫʨʝʥʪʘʤʠ 

ʄʦʜʝʣʴ ʂʽʣʴʢʽʩʪʴ 

ʚʭʦʜʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ 
trRMSE  testRMSE  ɯʥʪʝʨʧʨʝʪʘ-

ʙʝʣʴʥʽʩʪʴ 

ɺʣʘʩʥʘ 

ʢʚʘʜʨʘʪʠʯʥʘ 
2 5 3 2.88 ɺʠʩʦʢʘ 

ʃʽʥʽʡʥʘ [22] 6 7 3.45 3.44 ɺʠʩʦʢʘ 

ʅʝʯʽʪʢʘ 

ʤʦʜʝʣʴ 

ʉʫʛʝʥʦ [22] 

2 20 2.67 2.98 ʅʠʟʴʢʘ 

ʅʝʯʽʪʢʘ ʤʦ-

ʜʝʣʴ ʄʘʤ-

ʜʘʥʽ [22] 

2 11 2.8 2.88 ɺʠʩʦʢʘ 

 




























































































































































































