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ɺɺɽɼɽʅʀɽ 

 

1. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ. ʄʝʪʜʠʯʝʩʠʝ ʫʢʘʟʘʥʠʷ ʢ 

ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 09.04.02 çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠè. ʇʦʩʦʙʠʝ ʦʭʚʘʪʳʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʦʨʠʠ ʦʙʫʯʝʥʠʷ ʤʘʰʠʥ (ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

machine learning).  

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʥʘʫʢʠ ʠ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ï ʧʦʣʫʯʝʥʠʝ ʧʨʘʚʠʣʴʥʳʭ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʦ ʙʫʜʫʱʝʤ ʧʦʚʝʜʝʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʭ 

ʧʨʦʰʣʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʄʥʦʛʠʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʥʘʤ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʳ 

ʤʝʭʘʥʠʟʤʳ ʧʦʨʦʞʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʞʝ ʠʟʚʝʩʪʥʘʷ ʥʘʤ ʠʥʬʦʨʤʘʮʠʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ, ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʧʦʩʪʫʧʘʶʱʠʝ ʢ ʥʘʤ ʜʘʥʥʳʝ. ʂʘʢ ʛʦʚʦʨʷʪ, ʤʳ ʧʦʣʫʯʘʝʤ ʜʘʥʥʳʝ ʠʟ çʯʝʨʥʦʛʦ 

ʷʱʠʢʘè. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʠʯʝʛʦ ʥʝ ʦʩʪʘʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ ʠʟʫʯʘʪʴ ʜʦʩʪʫʧʥʫʶ 

ʥʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʳʪʘʪʴʩʷ ʩʪʨʦʠʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʥʘʰʫ ʩʭʝʤʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʇʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦhʣʳʝ ʜʘʥʥʳʝ ʠʣʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʭʝʤʳ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (Machine Learning). ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʯʨʝʟʚʳʯʘʡʥʦ 

ʰʠʨʦʢʘʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ.  
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 1. ʊɽʍʅʆʃʆɻʀʀ PYTHON 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠ ʤʘʰʠʥʥʦʤʫ 

ʦʙʫʯʝʥʠʶ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ Python; 

ï ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʟʘʛʨʫʟʢʠ ʠ ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʘ ʷʟʳʢʝ 

Python; 

ï ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʙʠʙʣʠʦʪʝʢ Python ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʙʘʟʦʚʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʷʟʳʢʘ Python, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ: [1-5]. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ): MS Visual Studio 2013 

ʠ ʚʳʰʝ; ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Java, ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python (Anaconda). 

 

ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 
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ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʫʥʢʪʳ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ. 

 

ʋʯʝʙʥʘʷ ʟʘʜʘʯʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

(ʜʦʧʫʩʪʠʤ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ ʚʳʙʨʘʥ ʥʘʙʦʨ ʜʘʥʥʳʭ 

ʦʙ ʠʨʠʩʘʭ ʌʠʰʝʨʘ. ʕʪʦ, ʧʦʞʘʣʫʡ, ʩʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩ ʢʦʪʦʨʦʛʦ 

ʤʥʦʛʠʝ ʥʘʯʠʥʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɼʘʥʥʳʝ ʦ 150 ʵʢʟʝʤʧʣʷʨʘʭ ʠʨʠʩʘ (ʨʠʩ. 1.1), ʧʦ 50 ʵʢʟʝʤʧʣʷʨʦʚ 

ʠʟ ʪʨʸʭ ʚʠʜʦʚ ï ʀʨʠʩ ʱʝʪʠʥʠʩʪʳʡ (Iris setosa), ʀʨʠʩ ʚʠʨʛʠʥʩʢʠʡ (Iris virginica) 

ʠ ʀʨʠʩ ʨʘʟʥʦʮʚʝʪʥʳʡ (Iris versicolor). ɼʣʷ ʢʘʞʜʦʛʦ ʵʢʟʝʤʧʣʷʨʘ ʠʟʤʝʨʷʣʠʩʴ 

ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʚ ʩʘʥʪʠʤʝʪʨʘʭ): 

1) ʜʣʠʥʘ ʥʘʨʫʞʥʦʡ ʜʦʣʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ (sepal length); 

2) ʰʠʨʠʥʘ ʥʘʨʫʞʥʦʡ ʜʦʣʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ (sepal width); 

3) ʜʣʠʥʘ ʚʥʫʪʨʝʥʥʝʡ ʜʦʣʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ (petal length); 

4) ʰʠʨʠʥʘ ʚʥʫʪʨʝʥʥʝʡ ʜʦʣʠ ʦʢʦʣʦʮʚʝʪʥʠʢʘ (petal width). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʧʨʘʚʠʣʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʠʜ ʨʘʩʪʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ 

ʟʘʜʘʯʘ ʤʥʦʛʦʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʪʨʠ ʢʣʘʩʩʘ ï ʪʨʠ ʚʠʜʘ 

ʠʨʠʩʘ. 
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ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1.1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʳʭ ʠʨʠʩʦʚ: ʘ) Iris setosa; ʙ) Iris 

virginica; ʚ) Iris versicolor 

 

1. ʅʝʦʙʭʦʜʠʤʦ ʩʢʘʯʘʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʠʟ ʨʝʧʦʟʠʪʦʨʠʷ Center for 

Machine Learning and Intelligent Systems (ʥʝʦʙʭʦʜʠʤ ʪʦʣʴʢʦ ʦʜʠʥ ʪʝʢʩʪʦʚʳʡ 

ʬʘʡʣ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ): http://archive.ics.uci.edu/ml/datasets/Iris. 

ʌʘʡʣ Iris.data ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1.2): 

 
ʈʠʩʫʥʦʢ 1.2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʥʥʳʭ ʬʘʡʣʘ Iris.data 

 

2. ʀʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʙʦʨʦʚ ï ʥʝʨʘʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ. ʇʦʵʪʦʤʫ 

ʟʘʧʫʩʪʠʤ Jupyter Notebook ʠ ʥʘʯʥʝʤ ʨʘʙʦʪʘʪʴ ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʥʘʙʦʨʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ Python. ʀʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ genfromtxt() ʠʟ ʧʘʢʝʪʘ scipy. 

http://archive.ics.uci.edu/ml/datasets/Iris
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ʈʠʩʫʥʦʢ 1.3 ï ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʬʘʡʣʘ Iris.data 

 

ʄʝʪʦʜ genfromtxt() ʚʦʟʚʨʘʱʘʝʪ ʤʘʩʩʠʚ numpy (ʪʠʧ numpy.ndarray). 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʷʪʳʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʠʪ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ numpy.NaN (ʦʙʲʷʩʥʠʪʝ ï ʧʦʯʝʤʫ?). 

3. ʇʨʦʠʟʚʦʜʠʪʴ ʚʳʚʦʜ ʚʩʝʛʦ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ï ʥʝʨʘʮʠʦʥʘʣʴʥʳʡ 

ʧʫʪʴ. ɺ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʧʦʵʪʦʤʫ 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʚʳʙʦʨʢʫ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʙʟʦʨʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ (ʨʠʩ. 1.4). 

 
ʈʠʩʫʥʦʢ 1.4 ï ʅʘʯʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ Iris.data 
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ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ data ï ʵʪʦ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ 

ʨʘʟʤʝʨʦʤ 150x5, ʠʣʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ ʨʘʟʤʝʨʦʤ 5 ʵʣʝʤʝʥʪʦʚ. 

4. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝ-ʪʘʢʠ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ 

ʧʷʪʦʛʦ ʩʪʦʣʙʮʘ. ɼʣʷ ʵʪʦʛʦ ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʡ ʧʦʜʭʦʜ (ʨʠʩ. 1.5): 

 
ʈʠʩʫʥʦʢ 1.5 ï ɿʘʛʨʫʟʢʘ ʜʘʥʳʭ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʤʘʩʩʠʚ 

 

ʉʨʘʟʫ ʞʝ ʞʝʣʘʪʝʣʴʥʦ (ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ Python) 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʪʠʧʦʚ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥ ʝʱʝ 

ʦʜʠʥ ʚʘʨʠʘʥʪ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʚ ʤʘʩʩʠʚ numpy.ndarray. 

 
ʈʠʩʫʥʦʢ 1.6 ï ɿʘʛʨʫʟʢʘ ʜʘʥʳʭ ʚ ʤʘʩʩʠʚ ʩ ʪʠʧʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

 

ʇʦʷʩʥʠʪʝ ʨʘʟʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʣʠʩʪʠʥʛʦʚ. 

 

5. ɹʳʣʦ ʟʘʛʨʫʞʝʥʦ 150 ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ, ʥʦ ʜʘʞʝ ʧʨʠ ʪʘʢʦʡ 

ʤʘʣʝʥʴʢʦʡ ʚʳʙʦʨʢʝ ʥʝʚʦʟʤʦʞʥʦ ʯʪʦ-ʣʠʙʦ ʩʢʘʟʘʪʴ ʦ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ɼʣʷ 
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ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʙʭʦʜʠʤʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʟʘʛʨʫʞʝʥʥʳʝ ʜʘʥʥʳʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ï ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʚʠʟʫʘʣʠʟʘʮʠʶ 

(ʨʠʩ. 1.7). ʅʦ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʩ 

ʵʣʝʤʝʥʪʘʤʠ 4-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʵʪʦʤʫ ʩʪʨʦʠʪʩʷ ʥʝ ʛʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʦʪʜʝʣʴʥʳʝ ʧʨʦʝʢʮʠʠ. 

6. ʋʞʝ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʨʠʩ. 1.7 ʚʠʜʥʦ, ʯʪʦ ʪʠʧ 

ʠʨʠʩʦʚ Setosa ʭʦʨʦʰʦ ʦʪʜʝʣʷʝʪʩʷ. ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʠʟʥʘʢʦʚ (óSepal Widthô, óSepal Lengthô) ʅʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʩʪʦʣʴʢʦ ʛʨʘʬʠʢʦʚ, ʩʢʦʣʴʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʀʟʤʝʥʠʤ ʷʯʝʡʢʫ In[72] ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʩʪʠʥʛʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 1.8. 
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ʈʠʩʫʥʦʢ 1.7 ï ʇʨʦʩʪʝʡʰʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ 
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ʈʠʩʫʥʦʢ 1.8 ï ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʝʡʰʝʛʦ ʛʨʘʬʠʢʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʮʠʡ ʜʘʥʥʳʭ 

 

ɺʳʚʦʜ ʜʘʥʥʦʛʦ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.9. 

 
ʈʠʩʫʥʦʢ 1.9 ï ɺʳʚʦʜ ʛʨʘʬʠʢʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʮʠʡ 

ʜʘʥʥʳʭ 
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ʀʟ ʛʨʘʬʠʢʦʚ 1.9 ʫʞʝ ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ Setosa ʭʦʨʦʱʦ 

ʦʪʜʝʣʠʤʦ, ʘ ʤʥʦʞʝʩʪʚʘ Versicolor ʠ Verginica ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʘ, 

ʨʘʟʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ. 

ʇʦʩʪʨʦʡʪʝ ʜʨʫʛʠʝ ʧʨʦʝʢʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʉʢʦʣʴʢʦ ʚʩʝʛʦ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʮʠʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ? 

 

ɺʘʞʥʳʝ ʟʘʤʝʯʘʥʠʷ 

1. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ ʠ çʧʦʥʷʪʥʦʩʪʴè ʜʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʥʝ ʜʦʣʞʝʥ ʜʝʣʘʪʴ ʧʦʩʧʝʰʥʳʭ 

ʚʳʚʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʙʳ ʦʰʠʙʦʯʥʦ ʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʨʠʩ. 1.9 ʦ ʪʦʤ, ʯʪʦ 

ʠʨʠʩʳ Setosa ʪʝ, ʫ ʢʦʪʦʨʳʭ petal width ʤʝʥʝʝ 0,75). ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʮʝʣʴ 

ʧʝʨʚʠʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ï ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʧʨʠʨʦʜʝ ʜʘʥʥʳʭ, ʘ ʥʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʪ.ʧ. 

1. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python, Java ʠʣʠ C#. ʇʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩʪʫʜʝʥʪ ʤʦʞʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ 

(ʧʨʠ ʵʪʦʤ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʢʨʠʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ). 

2. ʇʨʠ ʚʳʙʦʨʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (data set) ʥʘ ʨʝʩʫʨʩʘʭ [9, 10] ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʩ ʜʨʫʛʠʤʠ ʩʪʫʜʝʥʪʘʤʠ ʛʨʫʧʧʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʪʘʢ 

ʢʘʢ ʨʘʙʦʪʘ ʥʘʜ ʦʜʠʥʘʢʦʚʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʥʝʜʦʧʫʩʪʠʤʘ. 

3. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʫʨʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Python (ʙʠʙʣʠʦʪʝʢʠ, ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʇʦʜʙʝʨʠʪʝ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [9, 10] ʠ ʩʦʛʣʘʩʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ 

ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʘʪʠʢʦʡ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʇʨʦʚʝʜʠʪʝ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʙʦʨʝ ʜʘʥʥʳʭ: 
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2.1. ʆʧʠʩʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʷʩʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʣʫʯʰʝ ʧʦʥʷʪʴ 

ʧʨʠʨʦʜʫ ʜʘʥʥʳʭ. ʅʘʟʥʘʯʝʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, 

ʨʝʰʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ). ʆʧʠʩʘʥʠʝ 

ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʠ ʝʛʦ ʪʠʧ. 

2.2. ʌʦʨʤʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ: ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʥʘʙʦʨʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʟʥʘʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʱʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ 

ʧʨʦʯʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʝʜʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʧʨʦʚʝʜʷ 

ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ. 

2.3. ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ 

ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʝʢʮʠʷʤ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
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1. ʂʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʧʝʮʠʘʣʠʩʪʘ Data Science? 

2. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ Python ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ? ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʞʜʦʡ ʙʠʙʣʠʦʪʝʢʝ. 

3. ʇʦʯʝʤʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʙʠʙʣʠʦʪʝʢʠ Python? 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1-3, 9, 10]. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 2. ɹʀɹʃʀʆʊɽʂʀ DATA SCIENCE 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʥʘʫʯʠʪʴʩʷ ʚʳʙʠʨʘʪʴ ʙʠʙʣʠʦʪʝʢʠ ʠ 

ʠʥʩʪʫʤʝʥʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʙʤʙʣʠʦʪʝʢ 

Data Science; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʙʠʙʣʠʦʪʝʢ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʫʩʪʘʥʦʚʢʠ, ʧʦʜʢʣʶʯʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʥʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʢʫʪʦʚ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʠʯʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦ ʩ ʷʟʳʢʦʤ Python, ʥʦ ʢʨʫʛ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʛʦʨʘʟʜʦ ʰʠʨʝ. ʈʘʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʚ ʨʘʟʨʝʟʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ JavaScript 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʝʩʴ ʣʠ ʚʳ ʨʘʟʨʘʙʦʪʯʠʢʦʤ JavaScript, ʢʦʪʦʨʳʡ 

ʭʦʯʝʪ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʣʠ ʩʧʝʮʠʘʣʠʩʪʦʤ ʧʦ ʤʘʰʠʥʥʦʤʫ 

ʦʙʫʯʝʥʠʶ, ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ JavaScript, ʵʪʠ ʧʣʘʪʬʦʨʤʳ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʤʦʛʫʪ ʟʘʠʥʪʨʠʛʦʚʘʪʴ ʚʘʩ. ʍʦʪʷ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʨʝʜ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, JavaScript ʥʝ ʦʩʪʘʣʩʷ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʙʣʠʦʪʝʢ. 
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ʈʘʟʨʘʙʦʪʯʠʢʠ JavaScript ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʙʨʘʫʟʝʨʝ. 

TensorFlow.js 

TensorFlow.js ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʥʦʩʪʴʶ ʟʘʧʫʩʢʘʪʴ ʧʨʦʛʨʘʤʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʙʨʘʫʟʝʨʝ. ʕʪʦ ʥʘʩʣʝʜʥʠʢ Deeplearn.js, ʢʦʪʦʨʳʡ ʙʦʣʴʰʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ. 

TensorFlow.js ʫʣʫʯʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ Deeplearn.js ʠ ʜʘʝʪ ʚʘʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʨʘʫʟʝʨ ʜʣʷ deep learning. ʉ ʧʦʤʦʱʴʶ 

ʙʠʙʣʠʦʪʝʢʠ ʚʳ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʝ 

API-ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʝʣʝʡ ʩ ʥʫʣʷ 

ʧʨʷʤʦ ʚ ʙʨʘʫʟʝʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʜʣʘʛʘʝʪ ʧʦʜʜʝʨʞʢʫ 

WebGL ʠ Node.js. ɽʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ, 

ʢʦʪʦʨʳʝ ʚʳ ʭʦʪʠʪʝ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚ ʙʨʘʫʟʝʨ, TensorFlow.js ʧʦʟʚʦʣʠʪ ʚʘʤ ʵʪʦ 

ʩʜʝʣʘʪʴ. ɺʳ ʪʘʢʞʝ ʤʦʞʝʪʝ ʧʝʨʝʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ, ʥʝ ʚʳʭʦʜʷ ʠʟ 

ʙʨʘʫʟʝʨʘ. 

Machine learning tools 

ɹʠʙʣʠʦʪʝʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʙʦʨʥʠʢ ʨʝʩʫʨʩʦʝʤʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʙʨʘʫʟʝʨʝ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʢʫ ʥʝʩʢʦʣʴʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʙʫʯʝʥʠʝ ʙʝʟ ʫʯʠʪʝʣʷ, ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ANN), ʤʘʪʝʤʘʪʠʢʫ ʠ ʨʝʛʨʝʩʩʠʶ. ɽʩʣʠ ʚʳ 

ʥʘʯʠʥʘʝʪʝ ʠʟʫʯʘʪʴ Python ʠ ʠʱʝʪʝ ʯʪʦ-ʪʦ ʧʦʭʦʞʝʝ ʥʘ Scikit-learn ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʙʨʘʫʟʝʨʝ JavaScript, ʵʪʦʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʝʪ 

ʧʦʤʦʯʴ ʚʘʤ. 

Keras.js 

Keras.js ï ʧʦʧʫʣʷʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʙʨʘʫʟʝʨʝ. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ 

ʧʦʜʜʝʨʞʢʫ ʨʝʞʠʤʘ GPU ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WebGL. ɽʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʤʦʜʝʣʠ ʚ 

Node.js, ʚʳ ʙʫʜʝʪʝ ʟʘʧʫʩʢʘʪʴ ʠʭ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʧʨʦʮʝʩʩʦʨʘ. Keras.js ʪʘʢʞʝ 
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ʧʨʝʜʣʘʛʘʝʪ ʧʦʜʜʝʨʞʢʫ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʦʡ 

ʩʝʨʚʝʨʥʦʡ ʩʨʝʜʳ, ʪʘʢʦʡ ʢʘʢ Microsoft Cognitive Toolkit (CNTK). ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʤʦʜʝʣʝʡ Keras, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʚʝʨʥʫʪʳ ʚ ʙʨʘʫʟʝʨʝ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, 

ʚʢʣʶʯʘʶʪ Inception v3 (ʦʙʫʯʝʥʠʝ ʧʦ ImageNet), 50-ʩʣʦʡʥʫʶ ʩʝʪʴ (ʦʙʫʯʝʥʠʝ ʧʦ 

ImageNet) ʠ ʦʙʫʯʝʥʠʝ ʧʦ MNIST. 

Brain.js 

ʂʦʥʮʝʧʮʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʯʝʥʴ ʩʣʦʞʥʳ, ʯʪʦ ʤʦʞʝʪ ʦʪʙʠʪʴ ʫ 

ʣʶʜʝʡ ʞʝʣʘʥʠʝ ʥʘʯʘʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʊʝʭʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʞʘʨʛʦʥʳ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʚ ʟʘʤʝʰʘʪʝʣʴʩʪʚʦ ʥʦʚʠʯʢʦʚ. ɺʦʪ ʟʜʝʩʴ Brain.js 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ. ʕʪʦ ʩʨʝʜʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

JavaScript, ʢʦʪʦʨʘʷ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʟʘʧʫʩʢʘ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ɽʩʣʠ ʚʳ ʷʚʣʷʝʪʝʩʴ ʨʘʟʨʘʙʦʪʯʠʢʦʤ JavaScript ʠ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝ ʟʥʘʢʦʤʳ ʩ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, Brain.js ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʚʘʰʫ ʢʨʠʚʫʶ 

ʦʙʫʯʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ Node.js ʠʣʠ ʚ ʙʨʘʫʟʝʨʝ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʷʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ Brain.js, ʚʢʣʶʯʘʶʪ ʩʝʪʠ Ellman ʠ ʩʝʪʠ Gated Recurrent Units. 

STDLib 

STDLib ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʣʦʞʝʥʠʡ JavaScript ʠ Node.js. ɽʩʣʠ ʚʳ ʠʱʝʪʝ ʙʠʙʣʠʦʪʝʢʫ, ʢʦʪʦʨʘʷ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʦʜʜʝʨʞʢʫ ʚ ʙʨʘʫʟʝʨʝ ʜʣʷ ʥʘʫʯʥʳʭ ʠ ʯʠʩʣʦʚʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, STDLib ʤʦʞʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʘʰʠ ʧʦʪʨʝʙʥʦʩʪʠ. 

ɹʠʙʣʠʦʪʝʢʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʦʙʰʠʨʥʳʤʠ ʠ ʧʨʦʜʚʠʥʫʪʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʚʘʤ ʚ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʳ ʪʘʢʞʝ ʤʦʞʝʪʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʨʘʩʰʠʨʝʥʥʳʝ ʫʪʠʣʠʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʙʠʙʣʠʦʪʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʚʘʤ ʥʫʞʥʘ ʩʨʝʜʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʚʳ ʥʘʡʜʝʪʝ STDLib ʩʪʦʷʱʝʡ. 
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ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ Python 

ɹʠʙʣʠʦʪʝʢʘ NumPy. NumPy ï ʵʪʦ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʥʘ 

python ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʥʦʛʦʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʤʘʪʨʠʮ ʩ ʧʦʤʦʱʴʶ 

ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʦʯʝʥʴ 

ʧʦʣʝʟʥʦ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʪʘʢʠʝ ʢʘʢ TensorFlow, 

ʠʩʧʦʣʴʟʫʶʪ NumPy ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ Tensors. 

SciPy. SciPy ï ʵʪʦ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʨʝʜʠ ʵʥʪʫʟʠʘʩʪʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʫʣʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʢʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʙʠʙʣʠʦʪʝʢʦʡ SciPy ʠ ʩʪʝʢʦʤ SciPy. SciPy ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʩʪʝʢ SciPy. SciPy ʪʘʢʞʝ ʦʯʝʥʴ ʧʦʣʝʟʝʥ 

ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

Skikit-learn. Skikit-learn ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʙʠʙʣʠʦʪʝʢ ML ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ML. ʆʥʘ ʧʦʩʪʨʦʝʥʘ ʧʦʚʝʨʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʙʠʙʣʠʦʪʝʢ Python, ʘ ʠʤʝʥʥʦ, NumPy ʠ SciPy. Scikit-learn ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ. Scikit-learn ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. 

Pandas. Pandas ï ʵʪʦ ʧʦʧʫʣʷʨʥʘʷ Python ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʆʥʘ ʥʝ ʠʤʝʝʪ ʧʨʷʤʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ. ʂʘʢ ʤʳ ʟʥʘʝʤ, 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥ ʜʦ ʦʙʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ Pandas 

ʦʯʝʥʴ ʧʨʠʛʦʜʠʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ. ɹʠʙʣʠʦʪʝʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ 

ʚʩʪʨʦʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ, ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ. 

Keras. Keras ï ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

Python. ʕʪʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ API ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ 

ʧʦʚʝʨʭ TensorFlow, CNTK ʠʣʠ Theano. ʆʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʧʨʦʮʝʩʩʦʨʝ, 

ʪʘʢ ʠ ʥʘ GPU. Keras ð ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ data scientist, 
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ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʩʪʨʦʠʪʴ ʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚ Keras ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ 

ʧʨʦʪʦʪʠʧʳ. 

 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ R 

ɹʠʙʣʠʦʪʝʢʘ Dplyr. Dplyr ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʤʠ ʚ R. Dplyr ʬʘʢʪʠʯʝʩʢʠ ʧʦʩʪʨʦʝʥ ʚʦʢʨʫʛ ʵʪʠʭ 5 ʬʫʥʢʮʠʡ. ʕʪʠ ʬʫʥʢʮʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʚʳ ʦʙʳʯʥʦ 

ʜʝʣʘʝʪʝ. ɺʳ ʤʦʞʝʪʝ ʨʘʙʦʪʘʪʴ ʢʘʢ ʩ ʣʦʢʘʣʴʥʳʤʠ ʬʨʝʡʤʘʤʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʩ 

ʪʘʙʣʠʮʘʤʠ ʫʜʘʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

Ggplot2. Ggplot2 ï ʦʜʥʘ ʠʟ ʣʫʯʰʠʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʚ R. ɹʠʙʣʠʦʪʝʢʘ ggplot2 ʨʝʘʣʠʟʫʝʪ çʛʨʘʤʤʘʪʠʢʫ ʛʨʘʬʠʢʠè (Wilkinson, 2005). 

ʕʪʦʪ ʧʦʜʭʦʜ ʜʘʝʪ ʥʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʡ ʧʫʪʝʤ 

ʚʳʨʘʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʨʠʙʫʪʘʤʠ ʜʘʥʥʳʭ ʠ ʠʭ ʛʨʘʬʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ. Ggplot2 ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ. 

MLR. ʕʪʦʪ ʧʘʢʝʪ ʘʙʩʦʣʶʪʥʦ ʥʝʚʝʨʦʷʪʝʥ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʥʝʤ ʩʦʙʨʘʥʳ ʧʦʯʪʠ ʚʩʝ ʚʘʞʥʳʝ ʠ ʧʦʣʝʟʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɽʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʝʛʨʝʩʩʠʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʤʫʣʴʪʠʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʘʥʘʣʠʟʘ ʚʳʞʠʚʘʝʤʦʩʪʠ. ɽʩʪʴ ʪʘʢʞʝ ʤʝʪʦʜʳ ʬʠʣʴʪʨʘ ʠ ʦʙʝʨʪʢʠ ʜʣʷ ʚʳʙʦʨʘ 

ʬʫʥʢʮʠʠ. ʊʘʢʞʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʟʜʝʩʴ ʦʧʝʨʘʮʠʡ ʤʦʞʥʦ 

ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ. 

Caret. Caret ʦʪʚʝʯʘʝʪ ʟʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʨʝʛʨʝʩʩʠʶ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ train, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʠʚʳʢʥʫʪʴ, 

ʦʮʝʥʠʚ, ʠʩʧʦʣʴʟʫʷ ʧʦʚʪʦʨʥʫʶ ʚʳʙʦʨʢʫ, ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ 

ʤʦʜʝʣʠ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʋ Caret ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʧʳʪʘʶʪʩʷ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʮʝʥʢʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ 

ʬʫʥʢʮʠʡ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. ʆʜʠʥ ʵʪʦʪ ʧʘʢʝʪ ð ʵʪʦ ʚʩʝ, ʯʪʦ ʚʘʤ ʥʫʞʥʦ ʟʥʘʪʴ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʨʦʙʣʝʤʳ ʩ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ. ʆʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ 
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ʦʙʫʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʜʨʫʛʠʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʜʝʣʝʥʠʝ 

ʜʘʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʚʳʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʮʝʥʢʘ ʚʘʞʥʦʩʪʠ 

ʧʝʨʝʤʝʥʥʳʭ. 

Esquisse. ʕʪʦʪ ʧʘʢʝʪ ʧʨʠʥʝʩ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ Tableau ʚ R. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʫʣʫʯʰʝʥʠʝ ggplot2. ʕʪʦʪ ʧʣʘʛʠʥ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʘʥʥʳʝ, ʚʠʟʫʘʣʠʟʠʨʫʷ ʠʭ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ggplot2. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʠʩʦʚʘʪʴ ʛʠʩʪʦʛʨʘʤʤʳ, ʢʨʠʚʳʝ, ʪʦʯʝʯʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʛʠʩʪʦʛʨʘʤʤʳ, 

ʘ ʟʘʪʝʤ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʛʨʘʬʠʢ ʠʣʠ ʧʦʣʫʯʠʪʴ ʢʦʜ, ʛʝʥʝʨʠʨʫʶʱʠʡ ʛʨʘʬʠʢ. 

 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ PHP 

RubixML. ɺʳʩʦʢʦʫʨʦʚʥʝʚʘʷ ʙʠʙʣʠʦʪʝʢʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ 

PHP. ʋʜʦʙʥʳʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ API ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. 

ʄʦʜʫʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʦʱʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. ʆʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ ʢʦʜ ʠ ʙʝʩʧʣʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʷʭ. 

PHP-OPENCV. OpenCV ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʡ, ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. PHP-

OPENCV ï ʵʪʦ ʤʦʜʫʣʴ-ʦʙʝʨʪʢʘ ʜʣʷ OpenCV. 

PHP-ML. PHP-ML ï ʙʠʙʣʠʦʪʝʢʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ PHP. ʇʦ 

ʫʤʦʣʯʘʥʠʶ PHP-ML ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʨʝʛʨʝʩʩʠʷ. ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ 

ʠʟʫʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʥʘʙʦʨ ʜʘʥʥʳʭ Iris, Wine ʠ Glass. 

Google Cloud Machine Learning. Google ML ï ʵʪʦ ʫʧʨʘʚʣʷʝʤʳʡ ʩʝʨʚʠʩ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʠ ʚʥʝʜʨʷʪʴ ʤʦʜʝʣʠ ML ʚ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ. ʆʥ ʧʨʝʜʣʘʛʘʝʪ ʢʦʥʚʝʡʝʨ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ. ʊʦ ʝʩʪʴ ʦʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ, 

ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʦʪ ʩʘʤʳʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʩʙʦʨ ʠ ʦʯʠʩʪʢʘ ʜʘʥʥʳʭ, 

ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚ ʙʦʣʴʰʦʤ 

ʤʘʩʰʪʘʙʝ. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʛʠʙʢʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʣʫʛʠ ʩʦʚʤʝʩʪʥʦ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʳ ʤʦʞʝʪʝ ʚʟʷʪʴ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʫʞʙʳ Cloud ML ʜʣʷ ʝʝ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʦʙʣʘʢʝ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʷʟʳʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ PHP. 

Tesseract for PHP. Tesseract ï ʵʪʦ ʤʝʭʘʥʠʟʤ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʩʠʤʚʦʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʙʝʩʧʣʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʚʳʧʫʱʝʥʥʦʝ ʧʦ ʣʠʮʝʥʟʠʠ Apache License ʚʝʨʩʠʠ 2.0. ʉʧʦʥʩʦʨʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ Google ʩ 2006 ʛʦʜʘ. ɺ 2006 ʛʦʜʫ Tesseract ʩʯʠʪʘʣʩʷ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʪʦʯʥʳʭ ʜʦʩʪʫʧʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʪʝʢʩʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ʚ PHP ʜʦʩʪʫʧʘ ʦʙʝʨʪʢʘ ʧʦʜ ʵʪʫ 

ʙʠʙʣʠʦʪʝʢʫ. 

 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ Java 

Weka. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ Weka ï ʚʳʙʦʨ ʥʦʤʝʨ ʦʜʠʥ ʜʣʷ Java 

ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. Weka 3 ï ʧʦʣʥʦʩʪʴʶ ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʥʘ 

ʦʩʥʦʚʝ Java, ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

Weka ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥʘ ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʘʷ, 

ʧʦʨʪʘʪʠʚʥʘʷ ʠ ʧʨʦʩʪʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʣʘʛʦʜʘʨʷ ʛʨʘʬʠʯʝʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ. 

çʉʠʣʘ Weka ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʠʣʦʞʝʥʠʷ, 

ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʠʟʚʣʝʯʴ ʠʟ 

ʵʪʦʛʦ ʧʦʣʴʟʫ, ʥʦ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʠʟʚʣʝʯʝʥʠʝ ʧʨʘʚʠʣ 

ʘʩʩʦʮʠʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʚʳʙʦʨ ʬʫʥʢʮʠʡ ʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʘʥʦʤʘʣʠʡè, ï ʟʘʷʚʠʣ ʧʨʦʬʝʩʩʦʨ ʕʡʙʝ ʌʨʘʥʢ, ʩʦʪʨʫʜʥʠʢ 

ʇʨʦʬʝʩʩʦʨ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʘʡʢʘʪʦ ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ. 

ʂʦʣʣʝʢʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ Weka ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʠʣʠ ʚʳʟʚʘʥʘ ʠʟ ʚʘʰʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦʛʦ Java ʢʦʜʘ. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʜʘʥʥʳʭ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʚʠʟʫʘʣʠʟʘʮʠʶ, ʨʝʛʨʝʩʩʠʶ ʠ ʚʳʙʦʨ 

ʬʫʥʢʮʠʡ. 
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Massive Online Analysis (MOA). MOA ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ Java, ʦʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩ 

Weka ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʂʦʣʣʝʢʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ MOA ʧʦʣʝʟʥʘ ʜʣʷ ʨʝʛʨʝʩʩʠʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʙʨʦʩʦʚ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ. MOA ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ ʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʘʥʥʳʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). 

MOA ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʧʦʪʦʢʘʭ 

ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʥʘ ʥʘʮʝʣʝʥʘ ʥʘ ʵʢʦʥʦʤʠʶ ʚʨʝʤʝʥʠ ʠ 

ʧʘʤʷʪʠ. MOA ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʪʘʣʦʥʥʫʶ ʩʨʝʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʝʩʢʦʣʴʢʦ 

ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʦʪʦʢʦʚ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ; ʩʦʭʨʘʥʷʝʤʳʝ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʧʦʪʦʢʦʚ 

ʜʘʥʥʳʭ (ʨʝʘʣʴʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ) ʜʣʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʥʘʙʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

Deeplearning4j. ʉʦʦʙʱʝʩʪʚʦ JAXenter ʦʪʤʝʪʠʣʦ, ʯʪʦ Deeplearning4j ʦʜʠʥ 

ʠʟ ʩʘʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʵʢʦʩʠʩʪʝʤʳ Java. Deeplearning4j ï ʵʪʦ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʥʘ Java ʠ Scala. ʎʝʣʴ ʧʨʦʜʫʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʲʝʜʠʥʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʙʠʟʥʝʩ ʟʘʜʘʯ. 

Deeplearning4j ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʥʘ Java, Scala ʠ Clojure, ʨʘʙʦʪʘʶʱʠʭ ʥʘʜ Hadoop, ʤʘʩʩʠʚʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩ ʦʛʨʦʤʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʟʘʜʘʯʠ ʠʣʠ ʟʘʜʘʥʠʷ. ɻʣʫʙʦʢʠʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʛʣʫʙʦʢʦʝ 

ʦʙʫʯʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ 

ʤʘʰʠʥʥʦʤʫ ʦʙʫʯʝʥʠʶ. ɺʩʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ Deeplearning4j ʦʯʝʥʴ ʧʦʣʝʟʝʥ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʰʘʙʣʦʥʦʚ ʠ ʥʘʩʪʨʦʝʥʠʡ ʚ ʨʝʯʠ, ʟʚʫʢʝ ʠ ʪʝʢʩʪʝ. ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʚ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʬʠʥʘʥʩʦʚʳʝ ʪʨʘʥʟʘʢʮʠʠ. 

MALLET. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʦʩʥʦʚʥʦʤ ʕʥʜʨʶ ʄʘʢʂʘʣʣʫʤʦʤ ʠ 

ʩʪʫʜʝʥʪʘʤʠ ʠʟ UMASS ʠ UPenn, MALLET ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʟʳʢʘ ʚ 

ʪʝʢʩʪʝ. ʕʪʦʪ ʧʘʢʝʪ ʥʘ ʦʩʥʦʚʝ Java ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʢʣʘʩʪʝʨʠʟʘʮʠʶ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʜʦʢʫʤʝʥʪʦʚ, ʠʟʚʣʝʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ ʧʨʠʣʦʞʝʥʠʷ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʢ ʪʝʢʩʪʫ. 

MALLET ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʦʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʦʢʫʤʝʥʪʦʚ, ʪʘʢʠʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʢʩʪʘ. 

ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʣʛʦʨʠʪʤʦʚ (ʚʢʣʶʯʘʷ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤʳ 

ɹʘʡʝʩʘ, ʜʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠ ʵʥʪʨʦʧʠʶ) ʠ ʢʦʜ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. ʊʘʢʞʝ MALLET ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʤʘʨʢʠʨʦʚʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʤ. 

ELKI. ʉʨʝʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ KDD-ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ Index 

Structures (ʩʦʢʨʘʱʝʥʥʦ ELKI), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʣʷ Java. ELKI ʬʦʢʫʩʠʨʫʝʪʩʷ 

ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʜʯʝʨʢʠʚʘʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʤʝʪʦʜʳ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʘʥʘʣʠʟʝ, ʠʥʜʝʢʩʘʭ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʙʥʘʨʫʞʝʥʠʠ ʚʳʙʨʦʩʦʚ. ELKI 

ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʮʝʥʠʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʨʘʟʜʝʣʷʷ ʠʭ. ʕʪʘ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʦʡ ʩʨʝʜʠ ʜʨʫʛʠʭ ʩʨʝʜ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

Weta ʠʣʠ Rapidminer. ELKI ʪʘʢʞʝ ʜʦʧʫʩʢʘʝʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, 

ʬʦʨʤʘʪʳ ʬʘʡʣʦʚ ʠʣʠ ʤʝʨʳ ʨʘʩʩʪʦʷʥʠʷ ʠʣʠ ʧʦʜʦʙʠʷ. 

 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ C# 

ML.NET. ML.NET ï ʵʪʦ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʨʝʜʘ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 
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ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ .NET. ML.NET ʧʦʟʚʦʣʷʝʪ .NET ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʚʥʝʜʨʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʩʚʦʠ ʧʨʠʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ .NET, ʜʘʞʝ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ML ʚ ʥʝʤ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʚʳʡ 

ʧʨʦʝʢʪ API-ʠʥʪʝʨʬʝʡʩʦʚ .NET ʜʣʷ ʤʦʜʝʣʝʡ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʦʜʝʣʠ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʪʦʡ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʥʥʳʝ ML ʩʪʨʫʢʪʫʨ. 

TensorFlowSharp. API ʧʦʢʨʳʚʘʝʪ ʚʝʩʴ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ API TensorFlow, 

ʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʜʨʫʛʠʤʠ ʷʟʳʢʦʚʳʤʠ ʩʨʝʜʘʤʠ. ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʚʢʣʶʯʘʝʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ API, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʚ Python, ʧʦʵʪʦʤʫ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʠʭ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʦʧʝʨʘʮʠʡ ʟʘʪʨʫʜʥʝʥʦ. 

ɺʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ ʧʨʦʪʦʪʠʧʳ, ʠʩʧʦʣʴʟʫʷ TensorFlow ʠʣʠ Keras ʚ 

Python, ʟʘʪʝʤ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʛʨʘʬʠʢʠ ʠʣʠ ʦʙʫʯʝʥʥʳʝ ʤʦʜʝʣʠ, ʘ ʟʘʪʝʤ 

ʟʘʛʨʫʞʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ .NET ʩ ʧʦʤʦʱʴʶ TensorFlowSharp ʠ ʧʝʨʝʜʘʚʘʪʴ ʩʚʦʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠʣʠ ʟʘʧʫʩʢʘ. 

Accord.NET. Accord.NET ï ʵʪʦ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ 

.NET. ʌʨʝʡʤʚʦʨʢ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ, ʜʦʩʪʫʧʥʳʭ ʚ ʠʩʭʦʜʥʦʤ ʢʦʜʝ, ʘ 

ʪʘʢʞʝ ʯʝʨʝʟ ʠʩʧʦʣʥʷʝʤʳʝ ʫʩʪʘʥʦʚʱʠʢʠ ʠ ʧʘʢʝʪʳ NuGet. ʆʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʯʠʩʣʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʘʣʛʝʙʨʫ, ʯʠʩʣʦʚʫʶ 

ʦʧʪʠʤʠʟʘʮʠʶ, ʩʪʘʪʠʩʪʠʢʫ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ, ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ 

(ʪʘʢʠʝ ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʝʢʪ ʙʳʣ 

ʩʦʟʜʘʥ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ AForge.NET Framework, ʥʦ ʩ ʪʝʭ ʧʦʨ ʦʥ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ AForge.NET. ʅʦʚʳʝ ʚʝʨʩʠʠ ʦʙʲʝʜʠʥʠʣʠ ʦʙʝ ʧʣʘʪʬʦʨʤʳ ʧʦʜ 

ʠʤʝʥʝʤ Accord.NET. 

Microsoft Azure ML Studio. ʕʪʦʪ ʩʝʨʚʠʩ ʠʩʧʦʣʴʟʫʝʪ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ 

ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. Microsoft ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʘʢ ʧʣʘʪʥʫʶ, ʪʘʢ ʠ 

ʙʝʩʧʣʘʪʥʫʶ ʚʝʨʩʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʪʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 
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(ʩʚʦʠʤʠ ʠ ʩʦʟʜʘʥʥʳʤʠ ʩʪʦʨʦʥʥʠʤʠ ʢʦʤʧʘʥʠʷʤʠ). ʊʝʩʪʠʨʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ 

ʤʦʞʥʦ ʯʝʨʝʟ ʘʥʦʥʠʤʥʳʡ ʧʨʦʬʠʣʴ, ʘ ʤʦʜʝʣʠ ʧʨʝʚʨʘʱʘʪʴ ʚ API ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʜʨʫʛʠʤ ʩʝʨʚʠʩʘʤ. ɺ ʙʝʩʧʣʘʪʥʦʡ ʚʝʨʩʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʥʦ 10 ɻʙ, ʯʪʦʙʳ 

ʩʦʭʨʘʥʷʪʴ ʜʘʥʠ.ɿʘʚʜʷʢʳ ʵʪʦʤ ʬʨʝʡʤʚʦʨʢʘ ʩʦʟʜʘʥ, ʥʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ 

How-Old (ʦʧʨʝʜʝʣʷʝʪ ʧʦʣ ʠ ʚʦʟʨʘʩʪ ʧʦ ʬʦʪʦʛʨʘʬʠʠ). 

Amazon Machine Learning. ʆʜʠʥ ʠʟ ʬʨʝʡʤʚʦʨʢʦʚ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʡ 

ʨʘʙʦʪʘʝʪ ʩ ʦʙʣʘʯʥʳʤʠ ʜʘʥʥʳʤʠ ʩ Amazon S3, Redshift ʠ RDS. ʆʥ ʩʦʟʜʘʝʪ 

ʤʦʜʝʣʠ ʙʠʥʘʨʥʦʡ ʠ ʤʫʣʴʪʠʢʣʘʩʦʚʦʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ 

ʨʝʛʨʝʩʩʠʶ. ʅʦ ʩʝʨʚʠʩ ʩʜʝʣʘʥ ʠʤʝʥʥʦ ʧʦʜ Amazon, ʟʥʘʯʠʪ ð ʤʦʜʝʣʠ ʥʝ 

ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʠ ʥʝ ʠʤʧʦʨʪʠʨʫʶʪʩʷ. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python 

(Anaconda). 

 

ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 
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1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ɺʳʧʦʣʥʠʪʴ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ, ʥʘʩʪʨʦʡʢʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʙʠʙʣʠʦʪʝʢ Python ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

3. ɺʳʙʨʘʪʴ ʠ ʧʨʦʜʝʤʦʩʪʨʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʇʦʜʙʝʨʠʪʝ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [5-7] ʠ ʩʦʛʣʘʩʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʘʪʠʢʦʡ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʆʙʦʩʥʫʡʪʝ ʚʳʙʦʨ ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʝʡʰʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ). 

3. ʇʨʦʜʝʤʦʩʪʨʠʨʫʡʪʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʠʙʣʠʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʠ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ .NET Framework? 

2. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ Python? 

3. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ Java? 

4. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ JavaScript? 

5. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ PHP? 

6. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʱʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʪʝʢʝ 

ʪʝʭʥʦʣʦʛʠʡ R? 

7. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ NumPy. 

8. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ Pandas. 

9. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢ Keras ʠ TensorFlow. 

10. ʆʧʠʰʠʪʝ ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ Skikit-learn. 

11. ʏʝʤ ʩʭʦʞʠ ʠ ʯʝʤ ʦʪʣʠʯʘʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ TensorFlow ʠ PyTorch? 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1, 2, 5-7].  



28 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 3. ʇɽʈɺʀʏʅʓʁ ɸʅɸʃʀɿ ɼɸʅʅʓʍ 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ matplotlib, seaborn; 

ïʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʛʨʘʬʠʢʦʚ ʙʠʙʣʠʦʪʝʢʠ matplotlib; 

ïʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʛʨʘʬʠʢʦʚ ʙʠʙʣʠʦʪʝʢʠ seaborn; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʚʠʟʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ 

ʜʘʥʥʳʭ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʙʘʟʦʚʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʷʟʳʢʘ Python, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ: [1-5]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʨʝʧʦʟʠʪʘʨʠʶ [5] ʩ ʠʩʭʦʜʥʳʤʠ ʢʦʜʘʤʠ. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ): MS Visual Studio 2015 

ʠ ʚʳʰʝ; ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Java, ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python (Anaconda) ʩ 

ʙʠʙʣʠʦʪʝʢʘʤʠ matplotlib, seaborn, numpy. 

 

ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 



29 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʫʥʢʪʳ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ. 

 

ʋʯʝʙʥʘʷ ʟʘʜʘʯʘ 

ɺʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ çʇʨʝʜʩʢʘʟʘʥʠʝ ʫʭʦʜʘ ʢʣʠʝʥʪʘè. 

ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʅʘʙʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʥʥʳʝ ʦʙ ʘʢʪʠʚʥʦʩʪʠ 

ʢʣʠʝʥʪʘʦʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʢʦʤʧʘʥʠʠ (ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ ʨʘʟʛʦʚʦʨʦʚ, 

ʚʠʜʝʦʟʚʦʥʢʦʚ, ʥʦʯʥʳʝ ʠ ʜʥʝʚʥʳʝ ʨʘʟʛʦʚʦʨʳ ʠ ʧʨʦʯʠʝ). ʅʘʙʦʨ ʜʘʥʥʳʭ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, ʤʦʜʝʣʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (CNN, kNN, Logic tree). ʅʘʙʦʨ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ 

ʨʝʧʦʟʠʪʦʨʠʠ [5] ʠʣʠ ʥʘ ʧʦʨʪʘʣʝ Kaggle [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʥʘʙʦʨʝ. ɿʘʛʨʫʟʠʤ 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ pandas ʠ ʚʳʚʝʜʝʤ ʧʨʠʟʥʘʢʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

(ʨʠʩʫʥʦʢ 2.1). 
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ʈʠʩʫʥʦʢ 2.1 ï ɿʘʛʨʫʟʢʘ ʜʘʥʥʳʭʠ ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʝʚʠʯʥʳʡ ʘʥʘʣʠʟ ʧʨʠʟʥʘʢʦʚ 

 

ʅʘʙʦʨ ʜʘʥʥʳʭ telecom_churn.csv ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ info() ʢʣʘʩʩʘ 

DataFrame (ʨʠʩʫʥʦʢ 2.2). 

 
ʈʠʩʫʥʦʢ 2.2 ï ʀʥʬʦʨʤʘʠʷ ʦ ʧʨʠʟʥʘʢʘʭ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

ɻʨʘʬʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ, ʜʝʣʷʪ ʥʝ ʧʦ ʙʠʙʣʠʦʪʝʢʘʤ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʦʥʠ ʩʪʨʦʷʪʩʷ, ʘ ʧʦ ʪʠʧʘʤ ʧʨʠʟʥʘʢʦʚ, ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʛʨʘʬʠʢʠ. 

 

6.1.1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 
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ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʦʛʦ ʢʦʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʟʥʘʢʘ 

ʧʦʜʭʦʜʠʪ ʦʙʳʯʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚʦ ʚʩʝʭ ʙʠʙʣʠʦʪʝʢʘʭ 

(ʨʠʩʫʥʦʢ 2.3). 

 
ʈʠʩʫʥʦʢ 2.3 ï ʀʥʬʦʨʤʘʠʷ ʦ ʧʨʠʟʥʘʢʘʭ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ ʚʳʟʳʚʘʝʪʩʷ ʤʝʪʦʜ hist() ʢʣʘʩʩʘ DataFtrame. 

ʅʘ ʩʦʘʤʦʤ ʜʝʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʟ ʙʠʙʣʠʦʪʝʢʠ matplotlib. ʄʝʪʦʜ hist() 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ 

(ʨʠʩʫʥʦʢ 2.4). ʇʨʠ ʵʪʦʤ ʥʝʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʠʛʥʦʨʠʨʫʶʪʩʷ. 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ hist() ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʟʥʘʢʦʚ 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʪʠʧ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ matplotlib 

(ʨʠʩʫʥʦʢ 2.5). ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.3, ʪʦ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ (ʨʠʩʫʥʦʢ 2.6). 

 
ʈʠʩʫʥʦʢ 2.5 ï ʇʦʩʪʨʦʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ matplotlib 
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ʈʠʩʫʥʦʢ 2.6 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ matplotlib ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʘ 

 

ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʛʨʘʬʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ï ʵʪʦ çʷʱʠʝ ʩ ʫʩʘʤʠè (boxplot). ʅʘ ʨʠʩʫʥʢʝ 2.7 ʧʦʢʘʟʘʥ ʢʦʜ ʠ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʛʨʘʬʠʢ. ɼʣʷ ʘʥʘʣʠʟʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʟʥʘʢʦʚ ʛʨʘʬʠʢʠ boxplot 

ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳ. ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʜ ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʬʠʢʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʧʷʪʠ ʰʪʘʪʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ ʜʥʝʚʥʳʭ ʟʚʦʥʢʦʚ. 

 
ʈʠʩʫʥʦʢ 2.7 ï ɻʨʘʬʠʢ çʷʱʠʢ ʩ ʫʩʘʤʠè ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ 
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ʈʠʩʫʥʦʢ 2.8 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ boxplot ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʟʥʘʢʘ ʜʣʷ ʧʷʪʠ ʰʪʘʪʦʚ 

 

ɻʨʘʬʠʢ boxplot ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʦʙʢʠ, ʫʩʦʚ ʠ ʪʦʯʝʢ. ʂʦʨʦʙʢʘ ʧʦʢʘʟʳʚʘʝʪ 

ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 25% ( ʧʝʨʚʘʷ 

ʢʚʘʨʪʠʣʴ, ὗρ) ʠ 75% (ὗσ) ʧʝʨʮʝʥʪʠʣʠ. ʏʝʨʪʘ ʚʥʫʪʨʠ ʢʦʨʦʙʢʠ ʦʙʦʟʥʘʯʘʝʪ 

ʤʝʜʠʘʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ median() ʚ 

pandas ʠ numpy). ʋʩʳ ʦʪʦʙʨʘʞʘʶʪ ʚʝʩʴ ʨʘʟʙʨʦʩ ʪʦʯʝʢ ʢʨʦʤʝ ʚʳʙʨʦʩʦʚ, ʪʦ ʝʩʪʴ 

ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʧʨʦʤʝʞʫʪʦʢ 

(ὗρ ρȟυϽὍὗὙ, ὗσ ρȟυϽὍὗὙ), ʛʜʝ ὍὗὙὗσ ὗρ ï ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʡ 

ʨʘʟʤʘʭ. ʊʦʯʢʘʤʠ ʥʘ ʛʨʘʬʠʢʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʚʳʙʨʦʩʳ (outliers), ʪʦ ʝʩʪʴ ʪʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʢ ʟʥʘʯʝʥʠʡ, ʟʘʜʘʥʥʳʡ ʫʩʘʤʠ 

ʛʨʘʬʠʢʘ (ʨʠʩʫʥʦʢ 2.9). 
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ʈʠʩʫʥʦʢ 2.9 ï ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʠʢʘ ʪʠʧʘ çʷʱʠʢ ʩ ʫʩʘʤʠè 

 

6.1.2. ʂʘʪʝʛʦʨʠʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʊʠʧʠʯʥʳʤ ʢʘʪʝʛʦʨʠʘʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ çʐʪʘʪè (State). ʇʦʜ ʢʘʪʝʛʦʨʠʘʣʴʥʳʡ ʧʨʠʟʥʘʢ ʧʦʜʭʦʜʠʪ ʪʘʢʞʝ 

çʆʪʢʘʟè (Churn) (ʭʦʪʷ ʦʥ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ). ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʪʠʧʘ countplot() ʠʟ ʙʠʙʣʠʦʪʝʢʠ seaborn, ʢʦʪʦʨʳʝ ʩʪʨʦʷʪ ʛʠʩʪʦʛʨʘʤʤʳ, 

ʥʦ ʥʝ ʧʦ ʩʳʨʳʤ ʜʘʥʥʳʤ, ʘ ʧʦ ʨʘʩʯʠʪʘʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʠʟʥʘʢʘ. 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.10 ï ɻʨʘʬʠʢ countplot: ʘ) ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʘ 

Churn; ʙ) ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʷʪʠ ʧʦʧʫʣʷʨʥʳʭ ʰʪʘʪʦʚ 
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6.1.3. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʟʥʘʢʘʤ (ʨʠʩʫʥʢʠ 2.4, 2.8). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʩʨʘʚʥʝʥʠʝʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ ʢʣʠʝʥʪʦʚ. ʋʧʨʦʱʝʥʥʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʵʪʦ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʜʩʪʨʦʢʫ çchargeè ʚ ʠʤʝʥʠ ʧʦʢʘʟʘʪʝʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʜ ʜʣʷ ʦʪʙʦʨʘ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

 
ʈʠʩʫʥʦʢ 2.11 ï ʆʪʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʪʨʘʪʘʤʠ ʢʣʠʝʥʪʦʚ 

 

ʇʦʩʣʝ ʦʪʙʦʨʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʳ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ (ʨʠʩʫʥʦʢ 2.12). 

 
ʈʠʩʫʥʦʢ 2.12 ï ɼʠʘʛʨʘʤʤʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ 

 

ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʥʘʙʦʨ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 2.13). ʅʘ ʜʠʘʛʘʥʘʣʴʥʳʭ ʛʨʘʬʠʢʘʭ 

ʨʠʩʫʥʢʘ 2.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʧʨʠʟʥʘʢʘ, 

ʥʘ ʚʥʝʜʠʘʛʘʥʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ï ʧʦʧʘʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2.13 ï ʇʦʧʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ 

 

ʄʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʶʦʣʝʝ ʩʣʦʞʥʳʝ ʛʨʘʬʠʢʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ 

ʜʦʙʘʚʠʪʴ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ, ʮʝʣʝʚʦʡ ʧʨʠʟʥʘʢ Churn (ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʘʟʦʚ) ʠ ʨʘʩʢʨʘʩʠʪʴ ʨʘʟʥʳʝ ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʧʘʨʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ, ʥʦ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʦʜʤʥʦʞʝʩʪʚ ʦʪʢʘʟʦʚ 

(ʨʠʩʫʥʦʢ 2.14). 

ɼʦ ʩʠʭ ʧʦʨ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ seaborn, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ pandas (ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʦʨʘʱʘʷʩʴ ʢ ʙʠʙʣʠʦʪʝʢʝ 

matplotlib). ɹʠʙʣʠʦʪʝʢʘ matplotlib ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʘʷ 

ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ python. 
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ʈʠʩʫʥʦʢ 2.14 ï ʇʦʧʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ 

ʦʪʢʘʟʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʠʢʘ scatter 

ʙʠʙʣʠʦʪʝʢʠ matplotlib, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʚʳʚʦʜʘ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ. 
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ʈʠʩʫʥʦʢ 2.15 ï ɻʨʘʬʠʢ scatter ʙʠʙʣʠʦʪʝʢʠ matplotlib 

 

ʅʘ ʨʠʩʫʥʢʝ 2.16 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʙʦʣʝʝ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʘʬʠʢʘ. 

 
ʈʠʩʫʥʦʢ 2.16 ï ʅʘʩʪʨʦʡʢʘ ʛʨʘʬʠʢʘ: ʮʚʝʪ ʪʦʯʢʠ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ 
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ɻʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 2.16 ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʦʪʜʝʣʴʥʳʤʠ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ, 

ʫʢʘʟʳʚʘʷ ʧʘʨʘʤʝʪʨʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ (ʨʠʩʫʥʦʢ 2.17). 

 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.17 ï ʇʦʩʪʨʦʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʩ ʣʝʛʝʥʜʦʡ; ʘ) 

ʠʩʭʦʜʥʳʡ ʢʦʜ; ʙ) ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

 

ɺ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠʟʥʘʢʦʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɺ 

ʧʘʢʝʪʝ Pandas ʠʤʝʝʪʩʷ ʚʩʪʨʦʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʵʪʦʛʦ ï ʤʝʪʦʜ corr () ʢʣʘʩʩʘ 

DataFrame. ʅʘ ʨʠʩʫʥʢʝ 2.18 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʚʳʚʦʜʘ ʵʪʦʡ ʬʫʥʢʮʠʠ. 

 
ʈʠʩʫʥʦʢ 2.18 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨ ρχρχ. ʕʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ 

(ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʟʤʝʨʳ ʤʘʪʨʠʮ ʢʦʨʨʝʣʷʮʠʠ ʠʤʝʶʪ 

ʧʦʨʷʜʢʠ ρπ ρπ ʠ ʙʦʣʝʝ), ʥʦ ʜʘʞʝ ʜʣʷ ʤʘʪʨʠʮʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʙʦʨʘ 
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ʜʘʥʥʳʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʨʨʝʣʷʮʠʶ ʧʨʠʟʥʘʢʦʚ ʚʨʫʯʥʫʶ ï ʪʨʫʜʦʝʤʢʘʷ 

ʟʘʜʘʯʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʨʠʧʪʳ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʙʦʣʴʰʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ. ʅʦ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʪʠʧ 

ʛʨʘʬʠʢʘ ï heatmap (ʨʠʩʫʥʦʢ 2.19). 

 
ʈʠʩʫʥʦʢ 2.19 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʨʘʬʠʢʘ ʪʠʧʘ heatmap 

 

ʂʦʨʨʝʣʠʨʫʶʱʠʝ ʧʨʠʟʥʘʢʠ ʦʙʳʯʥʦ ʫʜʘʣʷʶʪʩʷ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

 

ɺʘʞʥʳʝ ʟʘʤʝʯʘʥʠʷ 

1. ʉʪʘʪʴʷ ʦ ʪʠʧʘʭ ʛʨʘʬʠʢʦʚ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ: 

https://medium.com/open-machine-learning-course/open-machine-learning-course-

topic-2-visual-data-analysis-in-python-846b989675cd 

2. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʡʪʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python, Java ʠʣʠ C#. ʇʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩʪʫʜʝʥʪ ʤʦʞʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ 

(ʧʨʠ ʵʪʦʤ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʢʨʠʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ). 

https://medium.com/open-machine-learning-course/open-machine-learning-course-topic-2-visual-data-analysis-in-python-846b989675cd
https://medium.com/open-machine-learning-course/open-machine-learning-course-topic-2-visual-data-analysis-in-python-846b989675cd


42 

2. ʇʨʠ ʚʳʙʦʨʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (data set) ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʩ ʜʨʫʛʠʤʠ ʩʪʫʜʝʥʪʘʤʠ ʛʨʫʧʧʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʪʘʢ 

ʢʘʢ ʨʘʙʦʪʘ ʥʘʜ ʦʜʠʥʘʢʦʚʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʥʝʜʦʧʫʩʪʠʤʘ. 

3. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʫʨʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Python (ʙʠʙʣʠʦʪʝʢʠ, ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʇʦʜʙʝʨʠʪʝ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʠ ʩʦʛʣʘʩʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʘʪʠʢʦʡ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʇʨʦʚʝʜʠʪʝ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ 

ʫʜʝʣʠʪʴ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʘʩʧʨʝʝʜʝʣʝʥʠʡ ʧʨʠʟʥʘʢʦʚ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʩʚʟʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʇʦʩʪʨʦʝʥʠʝ 

ʛʨʘʬʠʢʦʚ ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʦʝʢʮʠʷʤ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ʛʨʘʬʠʢʦʚ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʧʝʮʠʘʣʠʩʪʘ Data Science? 

2. ʂʘʢʠʝ ʙʠʙʣʠʦʪʝʢʠ Python ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ? ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʞʜʦʡ ʙʠʙʣʠʦʪʝʢʝ. 

3. ʇʦʯʝʤʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʙʠʙʣʠʦʪʝʢʠ Python? 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1-4]. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 4. ʃʀʅɽʁʅʓɽ ʄʆɼɽʃʀ: ʄɽʊʆɼ 

ɹʃʀɾɸʁʐʀʍ ʉʆʉɽɼɽʁ 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʠʟʫʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ Python ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʤʝʪʨʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 

ï ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʨʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ; 

ï ʦʩʚʦʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʡ kNN-ʤʝʪʦʜʘ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʪʝʦʨʠʝʡ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʨʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1-5]. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʨʝʧʦʟʠʪʘʨʠʶ [5] ʩ 

ʠʩʭʦʜʥʳʤʠ ʢʦʜʘʤʠ. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ): MS Visual Studio 2015 

ʠ ʚʳʰʝ; ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Java, ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python (Anaconda). 
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ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʫʥʢʪʳ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ. 

 

ʋʯʝʙʥʘʷ ʟʘʜʘʯʘ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʠʨʠʩʘʭ ʌʠʰʝʨʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʙʣʠʦʪʝʢʠ pandas. Pandas ï ʵʪʦ ʙʠʙʣʠʦʪʝʢʘ Python, ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ, ʩ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʶʪ 

ʩʧʝʮʠʘʣʠʩʪʳ Data Science, ʯʘʩʪʦ ʭʨʘʥʷʪʩʷ ʚ ʪʘʙʣʠʯʥʦʤ ʬʦʨʤʘʪʝ (.csv, .tsv, 

.xlsx, é). ʉ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Pandas ʜʘʥʥʳʝ ʫʜʦʙʥʦ ʟʘʛʨʫʞʘʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ SQL-ʧʦʜʦʙʥʳʭ ʟʘʧʨʦʩʦʚ. Pandas 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ 

ʚ ʩʚʷʟʢʝ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ Matplotlib ʠ Seaborn.  

ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ ʚ Pandas ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʳ Series ʠ 

DataFrame. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʤʝʨʥʳʡ ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʡ 

ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʥʝʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ. ɺʪʦʨʦʡ ï ʵʪʦ ʜʚʫʭʤʝʨʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʘʙʣʠʮʫ, ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʢʦʪʦʨʦʡ 
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ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦʜʥʦʛʦ ʪʠʧʘ. ʄʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʝʸ ʢʘʢ ʩʣʦʚʘʨʴ ʦʙʲʝʢʪʦʚ 

ʪʠʧʘ Series. ʉʪʨʫʢʪʫʨʘ DataFrame ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ: ʩʪʨʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʦʚʳʤ ʦʧʠʩʘʥʠʷʤ ʦʪʜʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʘ ʩʪʦʣʙʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʘʤ. 

1. ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʜ ʚ Python Notebook ʜʣʷ ʟʘʛʨʫʟʢʠ 

ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

 
ʈʠʩʫʥʦʢ 3.1 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ pandas ʜʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ 

 

ʉʣʫʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʘʩʴ ʢʘʢ ʰʘʧʢʘ ʪʘʙʣʠʮʳ (ʥʘʟʚʘʥʠʝ ʩʪʦʣʙʮʦʚ). ɼʘʥʥʫʶ 

ʥʝʪʦʯʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʨʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 3.2). ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʩʪʦʣʙʮʳ ʧʦʣʫʯʘʪ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʟʚʘʥʠʡ ʩʪʦʣʙʮʦʚ. 

 
ʈʠʩʫʥʦʢ 3.2 ï ɼʦʙʘʚʣʝʥʠʝ ʰʘʧʢʠ DataFrame ʧʦ ʫʤʦʣʯʘʥʠʶ 

 

ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʪʘʢʞʝ ʤʦʞʝʪ ʜʘʪʴ ʩʠʤʚʦʣʴʥʳʝ ʠʤʝʥʘ ʩʪʦʣʙʮʘʤ ʧʨʠ 

ʟʘʛʨʫʟʢʝ (ʨʠʩ. 3.3). 
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ʈʠʩʫʥʦʢ 3.3 ï ɼʦʙʘʚʣʝʥʠʝ ʰʘʧʢʠ DataFrame ʩ ʩʠʤʚʦʣʴʥʳʤʠ ʠʤʝʥʘʤʠ 

ʩʪʦʣʙʮʦʚ 

 

2. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡʳ 

ʥʘʙʦʨ ʜʘʥʥʳʭ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʢʫ seaborn 

(ʨʠʩ. 3.4). 

 
ʈʠʩʫʥʦʢ 3.4 ï ɼʦʙʘʚʣʝʥʠʝ ʰʘʧʢʠ DataFrame ʧʦ ʫʤʦʣʯʘʥʠʶ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʛʨʘʬʠʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʧʦʧʘʨʥʦ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʨʠʩ. 3.5). 
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ʈʠʩʫʥʦʢ 3.5 ï ʇʦʧʘʨʥʦʝ ʧʨʠʟʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʨʠʩʦʚ 

 

ʅʘ ʛʨʘʬʠʢʝ ʧʦʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʤʚʦʣʴʥʦʛʦ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʦʣʙʮʦʚ ï ʛʨʘʬʠʢ ʣʝʛʯʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ. ʆʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʥʝ 

ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ, ʥʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʦʜʛʨʘʬʠʢʘʭ 

ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʨʘʟʜʝʣʝʥʳ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʜʛʨʘʬʠʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʜʠʘʛʘʥʘʣʠ. ʇʦʜʫʤʘʡʪʝ, ʯʪʦ ʦʥʠ ʦʪʦʙʨʘʞʘʶʪ? 

3. ɼʣʷ ʧʨʠʜʘʥʠʷ ʦʪʜʝʣʴʥʳʤ ʢʣʘʩʩʘʤ ʩʚʦʠʭ ʮʚʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʪʴ, ʧʦ ʢʘʢʦʤʫ ʧʨʠʟʥʘʢʫ ʨʘʟʜʝʣʷʶʪʩʷ ʪʦʯʢʠ (ʨʠʩ. 3.6). 

 



49 

ʈʠʩʫʥʦʢ 3.6 ï ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʠʟʥʘʢʘ ʦʪʜʝʣʴʥʳʭ 

ʢʣʘʩʩʦʚ 

 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.7. 

 
ʈʠʩʫʥʦʢ 3.7 ï ʇʦʧʘʨʥʦʝ ʧʨʠʟʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʨʠʩʦʚ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʥʘ ʢʣʘʩʩʳ 

 

ʄʦʞʥʦ ʠʟʤʝʥʠʪʴ ʤʘʨʢʝʨʳ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʜ: sb.pairplot(d, hue='answer', markers=["o", "s", "D"]). 

4. ʇʝʨʝʡʜʝʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʤʝʪʨʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ: 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʥʦʚʦʝ ʧʨʠʟʥʘʢʦʚʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ (ʦʙʲʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ), ʘ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʦʩʠʪ ʥʦʚʳʡ ʦʙʲʝʢʪ ʢ 

ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ ʠʨʠʩʦʚ. 
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5. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʮʠʡ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʙʠʙʣʠʦʪʝʢʦʡ scikit ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ (ʨʠʩ. 3.8). 

 
ʈʠʩʫʥʦʢ 3.8 ï ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ scikit 

 

ɼʣʷ ʧʨʝʣʩʪʘʚʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ X_test ʧʦʧʨʦʙʫʡʪʝ ʧʦʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʠ ʧʨʦʩʣʝʜʠʪʝ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʢʣʘʩʩʘ. 

 

6. ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʠ ʚʳʜʘʝʪ ʦʪʚʝʪ ʜʣʷ ʥʦʚʳʭ (ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʝ) ʦʙʲʝʢʪʦʚ. ʅʦ, ʘʥʘʣʠʟʠʨʫʷ ʢʦʜ ʥʘ ʨʠʩ. 3.8, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ: 

ï ʚ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ K=3, 

ʚʳʙʦʨ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʥʦ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʤʝʥʥʦ 

ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʜʦʣʞʝʥ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴʩʷ; 

ï ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ, ʥʝʪ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ʀʩʧʨʘʚʠʤ ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 
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7. ɿʘʡʤʝʤʩʷ ʦʙʦʩʥʦʚʘʥʠʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ɼʣʷ ʵʪʦʛʦ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ 

ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ hold-out (ʨʠʩ. 3.9). 

 
ʈʠʩʫʥʦʢ 3.9 ï ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʠʢʠ hold-out 

 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʧʨʦʙʫʡʪʝ ʧʦʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʩʝʜʝʡ ʠ ʨʘʩʤʦʪʨʠʪʝ ʠʟʤʝʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʣʘʩʠʬʠʢʘʪʦʨʘ. 

 

8. ɽʱʝ ʦʜʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ï cross validation (CV) error. ʅʘ ʨʠʩ. 3.10 

ʧʦʢʘʟʘʥ ʘʣʛʦʨʠʪʤ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ CV ʠ ʧʨʦʮʝʜʫʨʘ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʝʜʝʡ ʚ ʘʣʛʦʨʠʪʤʝ kNN ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʦʡ ʦʮʝʥʢʠ. 
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ʈʠʩʫʥʦʢ 3.10 ï ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨʳ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʦʩʥʦʚʝ cross validation error 

 

ɺʳʚʦʜ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.11. 

 
ʈʠʩʫʥʦʢ 3.11 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ 

cross validation error 
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ɺʘʞʥʳʝ ʟʘʤʝʯʘʥʠʷ 

1. ʇʨʠ ʚʳʙʦʨʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (data set) ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʩ ʜʨʫʛʠʤʠ ʩʪʫʜʝʥʪʘʤʠ ʛʨʫʧʧʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩ 

ʮʝʣʴʶ ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʚʳʙʦʨʘ ʦʜʠʥʘʢʦʚʳʭ ʚʘʨʠʘʥʪʦʚ. 

2. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʫʨʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Python (ʙʠʙʣʠʦʪʝʢʠ, ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

3. ʇʨʠ ʚʳʙʦʨʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʝʤ 

ʥʘʙʦʨʘʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʦʜʝʨʞʘʪ ʥʝ ʙʦʣʝʝ 5 

ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʙʲʝʢʪ; ʚʩʝ ʧʨʠʟʥʘʢʠ ï ʯʠʩʣʦʚʳʝ; ʞʝʣʘʪʝʣʴʥʦ ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʦʧʫʩʢʦʚ ʚ ʜʘʥʥʳʭ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʉʪʫʜʝʥʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʠ 

ʩʦʛʣʘʩʫʝʪ ʩʚʦʡ ʚʳʙʦʨ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

2. ɺʳʧʦʣʥʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʟʘʜʘʯʠ: 

2.1 ʇʦʩʪʨʦʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʟʘʜʘʥʠʝʤ K (ʢʦʣʠʯʝʩʪʚʘ ʙʣʠʞʘʡʰʠʭ 

ʩʦʩʝʜʝʡ) ʧʦʣʴʟʦʚʘʪʝʣʝʤ; 

2.2 ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ hold-out ʜʣʷ ʨʘʟʣʠʯʥʭ ʟʥʘʯʝʥʠʡ K, ʘ ʪʘʢʞʝ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʜʦʣʝʡ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʠʨʫʶʱʝʡ ʧʦʜʚʳʙʦʨʦʢ; 

2.3 ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ cross validation ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ K, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ fold (ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʤʥʦʞʝʩʪʚ ʧʨʠ ʢʨʦʩʩ-

ʚʘʣʠʜʘʮʠʠ). 

2.4 ɺʳʯʠʩʣʠʪʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ K. ʆʙʦʩʥʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʡʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 
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ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʇʦʷʩʥʠʪʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʤʝʪʨʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʤʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ, ʤʝʪʦʜ k ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

2. ʇʦʷʩʥʠʪʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ ʵʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ kNN. 

3. ʇʦʷʩʥʠʪʝ ʧʨʠʥʮʠʧ ʚʳʙʦʨʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʝʜʥʠʭ ʦʙʲʝʢʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʮʝʣʝʚʦʛʦ ʦʙʲʝʢʪʘ ʢ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤʫ ʢʣʘʩʩʫ. 

4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʤʝʪʦʜ ʧʘʨʟʝʥʦʚʩʢʦʛʦ ʦʢʥʘ? 

5. ʇʦʷʩʥʠʪʝ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

6. ʅʘʟʦʚʠʪʝ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʠʨʫʶʪ ʚ ʤʝʪʦʜʘʭ kNN? 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1-5].  
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 5. ʃʀʅɽʁʅʓɽ ʄʆɼɽʃʀ: 

ʈɽɻʈɽʉʉʀʗ 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʦʩʚʦʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʤʦʜʝʣʷʤʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʠʠ ʚ 

ʟʘʜʘʯʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

ï ʦʩʚʦʝʥʠʝ ʤʝʪʜʠʢ ʨʘʙʦʪʳ ʩ ʣʠʥʝʡʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚ python; 

ï ʦʩʚʦʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʨʝʛʨʝʩʩʠʠ; 

ï ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʪʝʦʨʠʝʡ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʩʣʝʜʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ: [1-5]. 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ): MS Visual Studio 2013 

ʠ ʚʳʰʝ; ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ Java, ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python (Anaconda). 

 

ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 
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ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʋʯʝʙʥʘʷ ʟʘʜʘʯʘ 

ɺ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ ʨʝʟʙʝʨʝʤ ʧʨʦʙʣʝʤʫ çʇʨʦʛʥʦʟ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʩʪʘʪʴʠ ʥʘ ʍʘʙʨʝè (https://habrahabr.ru). ʇʦʜʨʦʙʥʦʩʪʠ 

(https://inclass.kaggle.com/c/howpop-habrahabr-favs). 

ʌʘʡʣ howpop_test.csv ʩʦʜʝʨʞʠʪ ʪʝʩʪʦʚʳʝ ʦʙʲʝʢʪʳ. ʌʘʡʣ 

howpop_train.csv ʩʦʜʝʨʞʠʪ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʫ. ʎʝʣʝʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ï 

favs_lognorm. ʌʘʡʣʳ howpop_test.jsonlines ʠ howpop_train.jsonlines ʩʦʜʝʨʞʘʪ 

ʧʦʣʥʳʝ ʦʧʠʩʘʥʠʷ ʩʪʘʪʝʡ ʚ ʬʦʨʤʘʪʝ JSON. ʎʝʣʝʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ï favs_lognorm. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ howpop_train.jsonlines ï ʬʘʡʣ ʩ 

ʨʘʟʤʝʨʦʤ 4 ɻɹ.  

ʇʝʨʝʭʦʜʠʤ ʢ ʨʝʰʝʥʠʶ: 

1. ʇʦʜʢʣʶʯʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʙʠʙʣʠʦʪʝʢʠ: 

 
ʈʠʩʫʥʦʢ 6.1 ï ʂʦʜ ʧʦʜʢʣʶʯʝʥʠʷ ʙʠʙʣʠʦʪʝʢ ʚ jupyter notebook 

 

2. ʇʨʦʚʝʜʝʤ ʧʝʨʚʠʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʠʤ 

ʟʘʛʨʫʟʢʫ ʜʘʥʥʳʭ (ʨʠʩ. 6.2). ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʦʢ ʥʝ ʜʘʝʪ ʦʩʤʳʩʣʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ, ʚʳʚʦʜ 

ʪʷʞʝʣʦ ʯʠʪʘʝʪʩʷ. ʊʨʘʥʩʬʦʨʤʠʨʫʝʤ ʚʳʚʦʜ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 6.3): ʚ 

ʤʝʪʦʜʝ head() ʙʫʜʝʤ ʚʳʚʦʜʠʪʴ ʦʜʥʫ ʩʪʨʦʢʫ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʥʠʨʫʝʤ ʚʳʚʦʜ. 

https://habrahabr.ru/
https://inclass.kaggle.com/c/howpop-habrahabr-favs
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ʈʠʩʫʥʦʢ 6.2 ï ʇʦʣʫʯʝʥʠʝ ʰʘʧʢʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

 
ʈʠʩʫʥʦʢ 6.3 ï ʇʦʣʫʯʝʥʠʝ ʯʠʪʘʝʤʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ jupyter 

notebook 

 

ɺʳʚʦʜ ʜʣʷ ʜʘʥʥʦʛʦ ʢʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6.4. 
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ʈʠʩʫʥʦʢ 6.4 ï ʉʪʦʣʙʮʳ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

 

3. ʆʧʨʝʜʝʣʠʤ ʨʘʟʤʝʨ ʚʳʙʦʨʦʢ: 

 
ʈʠʩʫʥʦʢ 6.5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʪʝʩʪʦʚʦʛʦ ʠ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʦʚ 

 

4. ʇʦʣʫʯʠʤ ʦʙʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʬʨʝʡʤʫ: 
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ʈʠʩʫʥʦʢ 6.6 ï ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ 

 

5. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʫʧʦʨʷʜʦʯʝʥʳ ʜʘʥʥʳʝ ʚ train_df ʧʦ 

ʚʨʝʤʝʥʥʦʡ ʦʩʠ (ʧʦ published). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʢʦʜ (ʨʠʩ. 6.7). ɼʘʥʥʳʝ 

ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʧʦʣʶ published (ʨʠʩ. 6.8). 

 
ʈʠʩʫʥʦʢ 6.7 ï ʂʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʷ published 
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ʈʠʩʫʥʦʢ 6.8 ï ɻʨʘʬʠʢ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʨʷʜʫ published 

 

6. ʇʨʦʜʦʣʞʠʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʠʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ pandas.DataFrame.corr(). ɺʳʟʚʘʚ ʨʝʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʠ 

ʧʦ ʫʤʦʣʯʘʥʠʶ train_df.corr(), ʧʦʣʫʯʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ. 

 
ʈʠʩʫʥʦʢ 6.8 ï ʄʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʨʠʟʥʘʢʦʚ train_df 

 

ʇʦ ʜʘʥʥʦʡ ʤʘʪʨʠʮʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʨʧʠʟʥʘʢʠ 

(ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʴʰʝ 0.9). ʀʩʢʘʪʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʘʪʨʠʮʝ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʧʦʚʣʝʯʝʪ 

ʦʰʠʙʢʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ʢʦʨʨʝʣʷʮʠʠ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʠʜʝ: 

 
ʈʠʩʫʥʦʢ 6.9 ï ʄʘʪʨʠʮʘ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʧʨʠʟʥʘʢʦʚ train_df 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʤ, ʯʪʦ ʧʨʠʟʥʘʢʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʥʝʟʘʚʠʩʠʤʳ. 

 

7. ʇʨʦʚʝʜʝʤ ʝʱʝ ʦʜʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ: ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʛʦʜʘʤ (ʨʠʩ. 6.10). 

 
ʈʠʩʫʥʦʢ 6.10 ï ʂʦʜ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʛʦʜʘʤ 
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ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʛʦʜʘʤ 

ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ: 

 
ʈʠʩʫʥʦʢ 6.11 ï ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʛʦʜʘʤ 

 

8. ʇʝʨʚʠʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʟʘʚʝʨʰʝʥʦ. ʇʝʨʝʡʜʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ ʦʙʫʯʝʥʠʷ. ʈʘʟʜʝʣʠʤ ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʠ ʪʝʩʪʦʚʫʶ ʧʦʜʚʳʙʦʨʢʠ, ʘ ʪʘʢʞʝ ʦʪʙʝʨʝʤ ʧʨʠʟʥʘʢʠ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 6.12 ï ʂʦʜ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʚʳʙʦʨʦʢ 

 

9. ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʥʪʝʥʪʘ (ʩʦʜʝʨʞʠʤʦʛʦ ʬʘʡʣʦʚ howpop_* .jsonlines) 

ʪʩʧʦʣʴʟʫʝʤ TfidfVectorizer ʠʟ ʧʘʢʝʪʘ sklearn. TF-IDF (ʦʪ ʘʥʛʣ. TF ï term 

frequency, IDF ï inverse document frequency) ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʝʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʢʫʤʝʥʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʯʘʩʪʴʶ ʢʦʣʣʝʢʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʠʣʠ ʢʦʨʧʫʩʘ. ɺʝʩ ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʚʘ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʣʠʯʝʩʪʚʫ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʪʦʛʦ ʩʣʦʚʘ ʚ ʜʦʢʫʤʝʥʪʝ, ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʘʩʪʦʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʣʦʚʘ ʚ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʘʭ ʢʦʣʣʝʢʮʠʠ. 

TfidfVectorizer ʧʨʝʦʙʨʘʟʫʝʪ ʪʝʢʩʪʳ ʚ ʤʘʪʨʠʮʫ TF-IDF ʧʨʠʟʥʘʢʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ TfidfVectorizer ʚ sklearn: 

ï min_df ï ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʚʘʨʷ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ, 

ʯʝʤ ʫʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʛʥʦʨʠʨʫʶʪʩʷ; 

ï max_df ï ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʚʘʨʷ ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, 

ʯʝʤ ʫʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʠʛʥʦʨʠʨʫʶʪʩʷ; 

ï analyzer ï ʦʧʨʝʜʝʣʷʝʪ, ʩʪʨʦʷʪʩʷ ʣʠ ʧʨʠʟʥʘʢʠ ʧʦ ʩʣʦʚʘʤ ʠʣʠ ʧʦ 

ʩʠʤʚʦʣʘʤ (ʙʫʢʚʘʤ); 

ï ngram_range ï ʦʧʨʝʜʝʣʷʝʪ, ʬʦʨʤʠʨʫʶʪʩʷ ʣʠ ʧʨʠʟʥʘʢʠ ʪʦʣʴʢʦ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʩʣʦʚ ʠʣʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʚ (ʚ ʩʣʫʯʘʝ ʩ analyzer='char' ʟʘʜʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʢʘʟʘʪʴ analyzer='word' ʠ 

ngram_range=(1,3),ʪʦ ʧʨʠʟʥʘʢʠ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʣʦʚ, ʠʟ 

ʧʘʨ ʩʣʦʚ ʠ ʠʟ ʪʨʦʝʢ ʩʣʦʚ; 

ï stop_words ï ʩʣʦʚʘ, ʢʦʪʦʨʳʝ ʠʛʥʦʨʠʨʫʶʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʨʠʮʳ. 

ʉʦʟʜʘʜʠʤ ʦʙʲʝʢʪ TfidfVectorizer ʠ ʦʙʫʯʠʤ ʝʛʦ ʥʘ ʜʘʥʥʳʭ: 

 
ʈʠʩʫʥʦʢ 6.13 ï ʉʦʟʜʘʥʠʝ TfidfVectorizer 
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ʇʦʣʫʯʠʣʠ ʪʨʠ ʩʣʦʚʘʨʷ ʠ ʪʨʠ ʤʘʪʨʠʮʳ TF-IDF. ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʩʣʦʚʘʨʷʤ 

ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʦʣʶ vocabulary_ ʦʙʲʝʢʪʘ TfidfVectorizer. ʂ ʵʪʦʤʫ 

ʚʨʝʤʝʥʠ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʫʯʝʥ ï ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʟʚʘʥ ʤʝʪʦʜ 

fit_transform(). 

 
ʈʠʩʫʥʦʢ 6.14 ï ʌʦʨʤʘʪ ʩʣʦʚʘʨʷ TfidfVectorizer 

 

ɼʘʥʥʳʝ ʚ ʩʣʦʚʘʨʝ ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʝ {'ʪʝʨʤʠʥ': ʠʥʜʝʢʩ ʧʨʠʟʥʘʢʘ,...}. 

 

10. ʇʦʩʪʨʦʠʤ TF-IDF-ʤʘʪʨʠʮʳ ʜʣʷ ʵʪʠʭ ʞʝ ʧʨʠʟʥʘʢʦʚ, ʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ analyzer='char' (ʨʠʩ. 6.15). 
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ʈʠʩʫʥʦʢ 6.15 ï ʇʦʩʪʨʦʝʥʠʝ TfidfVectorizer ʩ ʧʘʨʘʤʝʪʨʦʤ analyzer='char' 

 

11. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʦʩʪʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

DictVectorizer ʠʟ sklearn. ʇʨʠʟʥʘʢʠ ['author', 'flow', 'domain'] ʠʤʝʶʪ 

ʢʘʪʝʛʦʨʠʘʣʴʥʫʶ ʧʨʠʨʦʜʫ, ʜʣʷ ʥʠʭ TfidfVectorizer ʥʝʧʨʠʤʝʥʠʤ. 

 
ʈʠʩʫʥʦʢ 6.16 ï ʇʦʩʪʨʦʝʥʠʝ DictVectorizer ʜʣʷ ʢʘʪʝʛʦʨʠʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

 

12. ɺʳʧʦʣʥʠʤ ʦʙʲʝʜʠʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʨʠʮ: 

 
ʈʠʩʫʥʦʢ 6.17 ï ʆʙʲʝʜʠʥʝʥʠʝ IDF-ʤʘʪʨʠʮ  

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʦʧʫʩʪʠʤʘ ʥʘʜ 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ (ʧʦʷʩʥʠʪʝ ʧʦʯʝʤʫ). 
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13. ɼʣʷ ʦʙʫʯʝʥʠʷ ʚʳʙʨʘʥʘ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ ʩ L2-

ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ. 

 
ʈʠʩʫʥʦʢ 6.18 ï ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ alpha=0.1  

 

14. ɺʳʧʦʣʥʠʤ ʦʙʫʯʝʥʠʝ ʝʱʝ ʦʜʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʦʚʝʨʠʤ ʦʰʠʙʢʠ: 

 
ʈʠʩʫʥʦʢ 6.19 ï ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ alpha=1 

 

 

 

15.  
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ɺʘʞʥʳʝ ʟʘʤʝʯʘʥʠʷ 

1. ʇʨʠ ʚʳʙʦʨʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (data set) ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʛʣʘʩʦʚʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʩ ʜʨʫʛʠʤʠ ʩʪʫʜʝʥʪʘʤʠ ʛʨʫʧʧʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʩ 

ʮʝʣʴʶ ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʚʳʙʦʨʘ ʦʜʠʥʘʢʦʚʳʭ ʚʘʨʠʘʥʪʦʚ. 

2. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʫʨʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Python (ʙʠʙʣʠʦʪʝʢʠ, ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ) ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʉʪʫʜʝʥʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [3, 4] ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʣʦʛʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʦʛʣʘʩʫʝʪ ʩʚʦʡ ʚʳʙʦʨ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. 

2. ɺʳʧʦʣʥʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʟʘʜʘʯʠ: 

2.1 ʇʦʩʪʨʦʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʟʘʜʘʥʠʝʤ max_depth 

(ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ) ʠ max_features (ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ) ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʫʩʪʘʥʦʚʠʪʴ ʣʶʙʳʝ); ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ 

ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʦʚ (ʚ ʬʦʨʤʘʪʝ .png) 

2.2 ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ cross validation (MSE) ʜʣʷ ʨʘʟʣʠʯʥʭ ʟʥʘʯʝʥʠʡ 

max_depth (ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ); 

2.3 ɺʳʯʠʩʣʝʥʠʝ ʦʮʝʥʢʠ cross validation (MSE) ʜʣʷ ʨʘʟʣʠʯʥʭ ʟʥʘʯʝʥʠʡ 

max_features (ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ); 

2.4 ɺʳʯʠʩʣʠʪʝ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ max_depth ʠ max_features. 

ʆʙʦʩʥʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʡʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ.  

2.5 ɺʳʚʝʜʠʪʝ ʜʝʨʝʚʦ ʚ ʬʦʨʤʘʪʝ .png; 

2.6 ɺʳʚʝʜʠʪʝ ʨʝʰʘʶʱʠʝ ʛʨʘʥʠʮʳ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 
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ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʠʝ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ? 

2. ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʠʥʝʡʤʦʡ ʤʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

3. ʇʦʷʩʥʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʮʠʧʳ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʩʪʘʭʦʩʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ. 

4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ? 

5. ʏʪʦ ʪʘʢʦʝ çʣʠʥʝʡʥʦ ʨʘʟʜʝʣʠʤʘʷ ʚʳʙʦʨʢʘè? 

6. ʇʦʷʩʥʠʪʝ ʥʘʟʥʘʯʝʥʠʝ ʷʜʝʨ ʠ ʩʧʨʷʤʣʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʣʠʥʝʡʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1ï5].  
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 6. ʆʉʅʆɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɹʀɹʃʀʆʊɽʂʀ PYTORCH 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʠʙʣʠʦʪʝʢʠ 

PyTorch. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʠʙʣʠʦʪʝʢʠ PyTorch; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ, ʤʘʪʨʠʯʥʳʭ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʪʝʥʟʦʨʘʤʠ; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʧʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʨʝʡʤʚʦʨʢʦʚ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʨʝʡʤʚʦʨʢʘʭ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʳ ʬʨʝʡʤʚʦʨʢʘ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ PyTorch. 

ʂʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʠʩʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, 

ʨʝʰʘʶʱʫʶ ʦʧʨʝʜʝʣʸʥʥʫʶ ʟʘʜʘʯʫ, ʙʫʜʴ ʪʦ ʢʘʢʘʷ-ʥʠʙʫʜʴ ʧʨʦʩʪʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʯʝʛʦ-ʣʠʙʦ ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝ ʣʠʮ ʣʶʜʝʡ ʥʘ ʚʠʜʝʦ. ɺʩʸ, ʢʦʥʝʯʥʦ, 

ʚʩʝʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘ ʫʞʝ ʧʦʪʦʤ ʨʝʘʣʠʟʫʶʪʩʷ ʤʦʜʝʣʠ ʠ 

ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʆʜʥʘʢʦ ʩʧʝʮʠʘʣʠʩʪʳ ʙʳʩʪʨʦ ʧʦʥʷʣʠ, ʯʪʦ ʧʠʩʘʪʴ ʩʚʦʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʢʘʞʜʳʡ ʨʘʟ ʩ ʥʫʣʷ ʜʦʣʛʦ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʦ, ʧʦʵʪʦʤʫ ʧʨʠʜʫʤʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʬʨʝʡʤʚʦʨʢʠ ï ʤʦʜʫʣʠ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʬʫʥʢʮʠʦʥʘʣ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ ʨʝʰʘʪʴ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ, ʠ ʫʞʝ ʩ ʧʦʤʦʱʴʶ ʵʪʠʭ ʩʨʝʜʩʪʚ 

ʧʠʩʘʪʴ ʨʝʰʝʥʠʷ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʟʘʜʘʯʘʤ. 
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ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʝʤʚʦʨʢʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʪʦʤ, ʢʘʢʦʚ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʚʳʯʠʩʣʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʚ Caffe ʠ Caffe2 ʚʳ ʧʠʰʝʪʝ ʢʦʜ, ʧʦ ʩʫʪʠ, ʩʦʩʪʘʚʣʷʷ ʝʛʦ ʠʟ ʛʦʪʦʚʳʭ 

çʢʫʩʦʯʢʦʚè, ʢʘʢ ʚ Lego, ʚ TensorFlow ʠ Theano ʚʳ ʩʥʘʯʘʣʘ ʦʙʲʷʚʣʷʝʪʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʛʨʘʬ, ʧʦʪʦʤ ʢʦʤʧʠʣʠʨʫʝʪʝ ʝʛʦ ʠ ʟʘʧʫʩʢʘʝʪʝ (sees.run()), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ Torch ʠ PyTorch ʚʳ ʧʠʰʝʪʝ ʧʦʯʪʠ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʥʘ NumPy, ʘ 

ʛʨʘʬ ʚʳʯʠʩʣʝʥʠʡ ʩʦʟʜʘʸʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʘʧʫʩʢʝ (ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʦ 

ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ, ʧʦʪʦʤ ʦʥ çʨʘʟʨʫʰʘʝʪʩʷè). Keras ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʩʪʨʦʠʪʴ 

ʙʣʦʢʠ, ʪʘʢ ʠ ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʩʚʦʡ ʛʨʘʬ: 

 
ʈʠʩʫʥʦʢ 6.1 ï ʉʭʝʤʘ ʙʣʦʯʥʦʡ ʢʦʤʧʘʥʦʚʢʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʬʨʝʡʤʚʦʨʢʘʭ 

 

ʉʠʥʪʘʢʩʠʩ PyTorch 

ʆʩʦʙʝʥʥʦʩʪʠ PyTorch: 

ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʛʨʘʬ ʚʳʯʠʩʣʝʥʠʡ; 

ï ʫʜʦʙʥʳʝ ʤʦʜʫʣʠ torch.nn ʠ torchvision ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʥʝʡʨʦʩʝʪʦʢ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʫʩʠʣʠʷʤʠ; 

ï ʚ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯʘʭ ʜʘʞʝ ʙʳʩʪʨʝʝ TensorFlow (ʥʦ ʥʝ ʚʦ ʚʩʝʭ); 

ï ʣʝʛʢʦ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ GPU. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ PyTorch ʥʝʦʙʭʦʜʠʤʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʤʦʜʫʣʴ: 

import torch 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚ PyTorch ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʩ ʚʝʢʪʦʨʘʤʠ. 

ʊʝʥʟʦʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʡ ʚʝʢʪʦʨ, ʪʦ ʝʩʪʴ ʝʩʪʴ: 
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x = np.array([1,2,3]) - ʚʝʢʪʦʨ = ʪʝʥʟʦʨ ʨʘʟʤʝʨʥʦʩʪʠ 1 (ʪʦ ʝʩʪʴ (1,)) 

y = np.array([[1, 2, 3], [4, 5, 6]]) - ʤʘʪʨʠʮʘ = ʪʝʥʟʦʨ ʨʘʟʤʝʨʥʦʩʪʠ 2 (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʥʟʦʨ (2, 3)) 

z = np.array([[[1, 2, 3], [4, 5, 6], [7, 8, 9]], 

[[1, 2, 3], [4, 5, 6], [7, 8, 9]], 

[[1, 2, 3], [4, 5, 6], [7, 8, 9]]]) - "ʢʫʙʠʢ" (3, 3, 3) = ʪʝʥʟʦʨ ʨʘʟʤʝʨʥʦʩʪʠ 3 (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ (3, 3, 3)) 

ʇʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ 3-ʤʝʨʥʦʛʦ ʪʝʥʟʦʨʘ ʷʚʣʷʝʪʩʷ ʢʘʨʪʠʥʢʘ ï ʵʪʦ 

çʧʘʨʘʣʣʝʣʝʧʠʧʝʜè ʠʟ ʯʠʩʝʣ, ʫ ʢʦʛʦʪʦʨʦʛʦ ʪʨʠ ʨʘʟʤʝʨʥʦʩʪʠ ï ʚʳʩʦʪʘ, ʰʠʨʠʥʘ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ, ʟʥʘʯʠʪ ʵʪʦ ʪʝʥʟʦʨ ʨʘʟʤʝʨʥʦʩʪʠ 3. ʇʦʥʷʪʠʝ ʪʝʥʟʦʨʘ ʥʫʞʥʦ 

ʧʦʥʠʤʘʪʴ ʧʦʪʦʤʫ, ʯʪʦ ʚ PyTorch ʤʳ ʦʧʝʨʠʨʫʝʤ ʧʝʨʝʤʝʥʥʳʤʠ ʪʠʧʘ torch.Tensor 

(FloatTensor, IntTensor, ByteTensor). 

ʊʠʧʳ ʪʝʥʟʦʨʦʚ ʚ PyTorch: 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʝ ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ, ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʪʝʥʟʦʨʘʤʠ: 

ʉʦʟʜʘʥʠʝ ʪʝʥʟʦʨʘ: 
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ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʥʟʦʨʘ ʯʝʨʝʟ ʫʢʘʟʘʥʠʝ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʦʥ ʟʘʧʦʥʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ 

ʪʝʥʟʦʨʘ ʥʫʣʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴʤʝʪʦʜ zero_( ): 
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ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʪʝʥʟʦʨʘ (ʘʥʘʣʦʛ np.reshape( )). ʄʝʪʦʜ torch.view() 

ʩʦʟʜʘʸʪ ʥʦʚʳʡ ʪʝʥʟʦʨ, ʘ ʥʝ ʠʟʤʝʥʷʝʪ ʩʪʘʨʳʡ. 

 

 

 

ɺ ʙʠʙʣʠʦʪʝʢʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʤʝʥʝ ʪʠʧʘ ʪʝʥʟʦʨʘ: 

 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ .type_as() ʩʦʟʜʘʸʪʩʷ ʥʦʚʳʡ ʪʝʥʟʦʨ (ʩʪʘʨʳʡ 

ʥʝ ʤʝʥʷʝʪʩʷ), ʪʦ ʝʩʪʴ ʵʪʦ ʥʝ in-place ʦʧʝʨʘʮʠʷ. 

ʀʥʜʝʢʩʘʮʠʷ ʚ PyTorch ʘʥʘʣʦʛʠʯʥʘ NumPy: 
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ɸʨʠʬʤʝʪʠʢʘ ʠ ʙʫʣʝʚʳ ʦʧʝʨʘʮʠʠ ʨʘʙʦʪʘʶ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ NumPy, ʥʦ 

ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʦʧʨʝʘʪʦʨʳ +, -, *, /, ʘ ʠʭ ʘʥʘʣʦʛʠ 

 

 

ɺʤʝʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʳʰʝ ʢʦʜʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ: 

 

ɺ PyTorch ʨʝʘʣʠʟʦʚʘʥʳ ʤʘʪʨʠʯʥʳʝ ʦʧʝʨʘʮʠʠ: 
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ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮ (ʪʝʥʟʦʨʘ): 

 

ʉʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ: 

 

ʄʘʪʨʠʯʥʦʝ ʫʤʥʦʞʝʥʠʝ: 
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ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʚ PyTorch ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʥʘ CPU, ʪʘʢ ʠ ʥʘ GPU 

(Graphical Processing Unit) (ʝʩʣʠ ʦʥʘ ʫ ʚʘʩ ʝʩʪʴ). ɺ PyTorch ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʤʝʞʜʫ ʥʠʤʠ ʜʝʣʘʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʝʛʦ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. 

 

 

ʇʝʨʝʤʝʱʘʝʤ ʪʝʥʟʦʨ ʥʘ GPU: 

 

ɺ PyTorch ʥʘ ʦʩʥʦʚʝ ʙʠʙʣʠʣʪʝʢʠ autograd ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ 

ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʛʨʘʬʘ. 

Autograd ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Automatic Gradients (ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʚʟʷʪʠʝ ʛʨʘʜʠʝʥʪʦʚ) ï ʩʦʙʩʪʚʝʥʥʦ, ʠʟ ʥʘʟʚʘʥʠʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʵʪʦ ʤʦʜʫʣʴ PyTorch, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʚʟʷʪʠʝ ʧʨʦʠʟʚʦʜʥʳʭ. PyTorch (ʠ ʣʶʙʦʡ ʬʨʝʡʤʚʦʨʢ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ) ʤʦʞʝʪ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʩʣʦʞʥʦʩʪʠ. 

ʀʤʧʦʨʪʠʨʫʝʤ ʥʫʞʥʳʡ ʢʣʘʩʩ: 
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ʀʜʝʷ ʪʘʢʘʷ: ʦʙʦʨʘʯʠʚʘʝʤ ʪʝʥʟʦʨ ʚ ʢʣʘʩʩ Variable(), ʧʦʣʫʯʘʝʤ ʪʦʞʝ 

ʪʝʥʟʦʨ, ʥʦ ʦʥ ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʯʠʩʣʷʪʴ ʩʝʙʝ ʛʨʘʜʠʝʥʪʳ. ɽʩʣʠ ʘ ï ʪʝʥʟʦʨ, 

ʦʙʸʨʥʫʪʳʡ ʚ Variable(), ʪʦ ʧʨʠ ʚʳʟʦʚʝ a.backward() ʙʝʨʫʪʩʷ ʛʨʘʜʠʝʥʪʳ ʧʦ ʚʩʝʤ 

ʧʝʨʝʤʝʥʥʳʤ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʪʝʥʟʦʨ a. 

ɽʩʣʠ ʚʳ ʠʩʧʦʣʴʟʫʝʪʝ ʚʝʨʩʠʶ pytorch 0.4.0 ʠʣʠ ʙʦʣʝʝ ʥʦʚʫʶ, ʪʦ 

torch.Tensor ʠ torch.Variable ï ʦʜʥʦ ʠ ʪʦ ʞʝ. ʊʦ ʝʩʪʴ ɺʘʤ ʙʦʣʴʰʝ ʥʝ ʥʫʞʥʦ 

ʦʙʦʨʘʯʠʚʘʪʴ ʚ Variable(), ʯʪʦʙʳ ʙʨʘʪʴ ʛʨʘʜʠʝʥʪʳ ï ʦʥʠ ʙʝʨʫʪʩʷ ʠ ʧʦ Tensor() 

(torch.Variable() ï deprecated). 

ʇʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ: 
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ɻʨʘʜʠʝʥʪʳ ʣʝʞʘʪ ʚ ʧʦʣʝ .grad ʫ ʪʝʭ ʪʝʥʟʦʨʦʚ (Variableôʦʚ), ʧʦ ʢʦʪʦʨʳʤ 

ʙʨʘʣʠ ʵʪʠ ʛʨʘʜʠʝʥʪʳ. ɻʨʘʜʠʝʥʪʳ ʥʝ ʣʝʞʘʪ ʚ ʪʦʡ Variable, ʦʪ ʢʦʪʦʨʦʳʡ ʦʥʠ 

ʙʨʘʣʠʩʴ. 

ʇʦʣʫʯʠʪʴ ʪʝʥʟʦʨ ʠʟ Variable() ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ .data: 

 

 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʢʠ (ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ): ʠʥʪʝʨʧʨʝʪʘʪʦʨ Python 

(Anaconda), ʙʠʙʣʠʦʪʝʢʘ PyTorch. 

 

ʋʢʘʟʘʥʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʉʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʅʝ ʩʣʝʜʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʢʫ ʠ ʫʜʘʣʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʦʙ ʵʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʩʘ 

(ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʣʘʙʦʨʘʪʦʨʠʠ). 

 

ʄʝʪʦʜʠʢʘ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʋʯʝʙʥʳʝ ʟʘʜʘʯʠ 

ɿʘʜʘʯʘ 1. ʇʨʦʩʪʝʡʰʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʪʝʥʟʦʨʘʤʠ: 
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1. ʉʦʟʜʘʡʪʝ ʜʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʪʝʥʟʦʨʘ: a ʨʘʟʤʝʨʦʤ (3, 4) ʠ b ʨʘʟʤʝʨʦʤ 

(12,) 

2 ʉʦʟʜʘʡʪʝ ʪʝʥʟʦʨ c, ʷʚʣʷʶʱʠʡʩʷ ʪʝʥʟʦʨʦʤ b, ʥʦ ʨʘʟʤʝʨʘ (2, 2, 3) 

3. ɺʳʚʝʜʠʪʝ ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ a ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘʮʠʠ 

ɿʘʜʘʯʘ 2. ɸʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʪʝʥʟʦʨʘʤʠ 

1. ʉʦʟʜʘʡʪʝ ʜʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʪʝʥʟʦʨʘ: a ʨʘʟʤʝʨʦʤ (5, 2) ʠ b ʨʘʟʤʝʨʦʤ 

(1,10). 

2. ʉʦʟʜʘʡʪʝ ʪʝʥʟʦʨ c, ʷʚʣʷʶʱʠʡʩʷ ʪʝʥʟʦʨʦʤ b, ʥʦ ʨʘʟʤʝʨʘ (5, 2). 

3. ʇʨʦʠʟʚʝʜʠʪʝ ʚʩʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʪʝʥʟʦʨʘʤʠ a ʠ c. 

ɿʘʜʘʯʘ 3. ʌʫʥʢʮʠʠ ʩʨʘʚʥʝʥʠʷ, ʘʛʨʝʛʘʮʠʠ 

ʉʦʟʜʘʡʪʝ ʪʝʥʟʦʨ a ʨʘʟʤʝʨʥʦʩʪʠ (100, 780, 780, 3) (ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʵʪʦ ʢʘʢ 100 ʢʘʨʪʠʥʦʢ ʨʘʟʤʝʨʘ 780ʭ780 ʩ ʪʨʝʤʷ ʮʚʝʪʦʚʳʤʠ 

ʢʘʥʘʣʘʤʠ) ʠ ʚʳʚʝʜʠʪʝ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ ʪʝʥʟʦʨʘ ʢʘʢ ʢʘʨʪʠʥʢʫ (ʩ ʧʦʤʦʱʴʶ 

matplotlib.pyplot). 

ɺʳʚʝʜʠʪʝ ʩʨʝʜʥʝʝ ʵʣʝʤʝʥʪʦʚ ʧʦ 1-ʦʡ ʦʩʠ (ʧʦ ʩʫʪʠ - ʩʨʝʜʥʷʷ ʢʘʨʪʠʥʢʘ ʧʦ 

ʚʩʝʤ ʢʘʨʪʠʥʢʘʤ) ʠ ʧʦ 4-ʦʡ ʦʩʠ (ʧʦ ʩʫʪʠ - ʫʩʨʝʜʥʝʥʠʝ ʢʘʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʡ 

ʢʘʨʪʠʥʢʠ). 

ɿʘʜʘʯʘ 4. ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʅʘʧʠʰʠʪʝ ʬʫʥʢʮʠʶ forward_pass(X, w) (ύ0 ʚʭʦʜʠʪ ʚ ύ) ʜʣʷ ʦʜʥʦʛʦ 

ʥʝʡʨʦʥʘ (ʩ ʩʠʛʤʦʠʜʦʡ) ʩ ʧʦʤʦʱʴʶ PyTorch (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʥʘʧʠʩʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʥʘ NumPy). 

 

ɿʘʜʘʯʘ 5 

1. ʆʙʲʷʚʠʪʝ ʪʝʥʟʦʨ a ʨʘʟʤʝʨʘ (2, 3, 4) ʠ ʪʝʥʟʦʨ b ʨʘʟʤʝʨʘ (1, 8, 3), 

ʠʥʠʮʠʣʠʟʠʨʫʡʪʝ ʠʭ ʩʣʫʯʘʡʥʦ ʨʘʚʥʦʤʝʨʥʦ (.uniform_(), ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʚʳʰʝ). 

2. ʉʦʟʜʘʡʪʝ ʠʭ ʢʦʧʠʠ ʥʘ GPU, ʚʳʚʝʜʠʪʝ ʠʭ ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ. 

3. ɿʘʪʝʤ ʠʟʤʝʥʠʪʝ ʬʦʨʤʫ ʪʝʥʟʦʨʘ b, ʯʪʦʙʳ ʦʥʘ ʩʦʚʧʘʜʘʣʘ ʩ ʬʦʨʤʦʡ 

ʪʝʥʟʦʨʘ a, ʧʦʣʫʯʠʪʝ ʪʝʥʟʦʨ c. 

4. ʇʝʨʝʤʝʩʪʠʪʝ c ʥʘ CPU, ʧʝʨʝʤʝʩʪʠʪʝ a ʥʘ CPU. ʆʙʝʨʥʠʪʝ ʠʭ ʚ Variable() 
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5. ʆʙʲʷʚʠʪʝ ʪʝʥʟʦʨ L = torch.mean((c-a)**2) ʠ ʧʦʩʯʠʪʘʡʪʝ ʛʨʘʜʠʝʥʪ L ʧʦ 

c (ʪʦ ʝʩʪʴ Öὒ/Öὧ) 

6. ʇʦʣʫʯʠʪʝ ʪʝʥʟʦʨ ʠʟ c (ʪʦ ʝʩʪʴ ʩʝʡʯʘʩ c ï ʦʙʲʝʢʪ ʪʠʧʘ Variable(), ʚʘʤ 

ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʥʝʛʦ FloatTensor()) 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝ 

1. ʇʦʜʙʝʨʠʪʝ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʨʝʩʫʨʩʘʭ [5-7] ʠ ʩʦʛʣʘʩʫʡʪʝ ʩʚʦʡ ʚʳʙʦʨ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʘʪʠʢʦʡ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʈʝʰʠʪʝ ʟʘʜʘʯʫ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʚʳʙʨʘʥʥʳʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ PyTorch. 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ ʠ ʝʛʦ ʬʦʨʤʘ 

ʆʪʯʝʪ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1. ʅʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ; ʟʘʜʘʯʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʧʦʜʨʘʟʜʝʣʘ çʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʟʘʜʘʥʠʝè ʩ 

ʧʨʠʚʝʜʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ, ʜʠʘʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

3. ʆʪʚʝʪʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. 

4. ʕʢʨʘʥʥʳʝ ʬʦʨʤʳ (ʢʦʥʩʦʣʴʥʳʡ ʚʳʚʦʜ) ʠ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ 

ʢʦʤʤʝʥʪʘʨʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ʆʪʯʝʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʦʤ ʠ 

ʩʜʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʆʧʠʰʠʪʝ ʦʩʥʦʚʳ ʙʠʙʣʠʦʪʝʢʠ PyTorch. 

2. ʏʪʦ ʪʘʢʦʝ ʪʝʥʟʦʨ? 

3. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʪʝʥʟʦʨʘʤʠ ʠ 

ʤʝʪʦʜʳ PyTorch ï ʠʭ ʘʥʘʣʦʛʠ. 
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4. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʤʘʪʨʠʯʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʪʝʥʟʦʨʘʤʠ PyTorch. 

5. ʆʧʠʰʠʪʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ PyTorch ʧʦ ʚʳʯʠʩʣʝʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʛʨʘʬʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʟʘʱʠʪʝ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: [1ï5]. 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ 7. ʈɸɿʈɸɹʆʊʂɸ ʅɽʁʈʆʅɸ ʅɸ 

PYTORCH 

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ 

 

ʎʝʣʴ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʤʙʣʠʦʪʝʢʠ 

PyTorch. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PyTorch; 

ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʨʦʩʪʝʡʰʝʛʦ ʥʝʡʨʦʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʘʭ 

ʜʘʥʥʳʭ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʆʧʨʝʜʝʣʠʤ ʚʘʞʥʝʡʰʠʝ ʘʩʧʝʢʪʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʨʦʣʴ 

ʚ ʧʦʩʪʨʦʝʥʠʠ ʣʶʙʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʚʩʝ ʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʷʚʥʦ): 

ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʩʘʤʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʩʝʪʠ (ʩʶʜʘ ʚʭʦʜʷʪ ʪʠʧʳ 

ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʫ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ); 

ï ʥʘʯʘʣʴʥʘʷ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʩʦʚ ʢʘʞʜʦʛʦ ʩʣʦʷ; 

ï ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʠ (ʩʶʜʘ ʝʱʸ ʚʭʦʜʠʪ ʤʝʪʦʜ ʠʟʤʝʥʝʥʠʷ 

learning_rate); 

ï ʨʘʟʤʝʨ ʙʘʪʯʝʡ (batch_size); 

ï ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʦʙʫʯʝʥʠʷ (num_epochs); 

ï ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ (loss); 

ï ʪʠʧ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʠ (ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʩʚʦʡ). 

ʂʨʦʤʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʘʩʧʝʢʪʦʚ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʘʤʦʡ ʟʘʜʘʯʝʡ ʠ ʜʘʥʥʳʤʠ: 

ï ʢʘʯʝʩʪʚʦ ʚʳʙʦʨʢʠ (ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ, ʯʠʩʪʦʪʘ, ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ); 

ï ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ. 
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ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ 

(ʚ ʟʘʜʘʯʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ çʗʙʣʦʢʠ ʠ ʛʨʫʰʠè): 

 

 

 

 

ɺ ʤʦʜʫʣʝ torch.nn ʣʝʞʘʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʱʠ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʥʝʡʨʦʥʦʢ, ʘ ʚ ʤʦʜʫʣʝ torch.optim ʣʝʞʘʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʝʱʠ ʜʣʷ ʚʳʙʦʨʘ 

ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʠ: 

 

ɽʩʪʴ ʜʚʘ ʧʫʪʠ ʦʙʲʷʚʣʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ PyTorch: 

ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ (Functional); 

ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ (Sequential). 
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ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʧʫʪʴ (ʦʥ ʯʫʪʴ ʙʦʣʝʝ user-friendly), ʢ ʧʝʨʚʦʤʫ ʧʦʪʦʤ 

ʝʱʸ ʚʝʨʥʸʤʩʷ, ʠ ʧʦʩʪʨʦʠʤ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʜʠʥ ʥʝʡʨʦʥ (ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ, 

ʢʦʪʦʨʳʡ ʤʳ ʨʝʘʣʠʟʦʚʳʚʘʣʠ ʨʘʥʴʰʝ ʩ ʧʦʤʦʱʴʶ Numpy): 

 

ʇʦʢʘ ʯʪʦ ʤʳ ʧʨʦʩʪʦ ʩʦʟʜʘʣʠ ʦʙʲʝʢʪ ʢʣʘʩʩʘ Sequential, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 

ʠʟ ʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʣʦʷ ʨʘʟʤʝʨʥʦʩʪʠ (num_features, 1) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʛʤʦʠʜʳ. ʅʦ ʫʞʝ ʩʝʡʯʘʩ ʝʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢ ʦʙʲʝʢʪʫ 

(ʪʝʥʟʦʨʫ), ʧʨʦʩʪʦ ʚʝʩʘ ʚ ʥʘʯʘʣʝ ʠʥʠʮʠʘʣʠʟʠʨʫʪʩʷ ʩʣʫʯʘʡʥʦ ʠ ʧʨʠ forward_pass 

ʤʳ ʧʦʣʫʯʠʤ ʢʘʢʦʡ-ʪʦ ʦʪʚʝʪ ʧʦʢʘ ʯʪʦ ʥʝʦʙʫʯʝʥʥʦʛʦ ʥʝʡʨʦʥʘ: 

 

ʈʝʘʣʠʟʫʝʤ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʫʯʝʥʥʦʛʦ ʥʝʡʨʦʥʘ: 
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ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʥʠʯʝʛʦ ʧʦʣʝʟʥʦʛʦ. ɼʘʚʘʡʪʝ ʥʘʫʯʠʤ ʥʝʡʨʦʥ ʦʪʣʠʯʘʪʴ 

ʛʨʫʰʠ ʦʪ ʷʙʣʦʢ ʧʦ ʠʭ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠ ʞʝʣʪʠʟʥʝ. ʆʙʝʨʥʸʤ ʜʘʥʥʳʝ ʚ 

torch.Tensor, ʘ ʪʝʥʟʦʨʳ ʚ torch.Variable, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʳʯʠʩʣʷʪʴ 

ʛʨʘʜʠʝʥʪʳ ʧʦ ʚʝʩʘʤ: 

 

ʂʦʜ ʦʙʫʯʝʥʠʷ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʥʘ PyTorch: 

 

 




































































