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˃ʷ˂ˇˌ ɲɳʃΣ ʰˊ˔ʽˁʱ ˋˍˇ ʆɳɹ ɶˉʶʾˊˇˎ ˁʰʽ ʰˉˈ ˍˇ˄ ʁˁˍ˗ʲˊʽˇ ˍˇˎ нлму ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɹ˖ʰ˄˄ʾ˄˖˄Φ 

ɮˉˈ ˍˇ˄ ɾʱʿˇ ˍˇˎ нлнпΣ ˁʰˍʷ˔ʶʽ ʻʷˋʹ ɼʰʻʹʴʹˍʺ ɮΩ ɰʰʻ˃ʾʵʰˌ ˋˍˇ ʆ˃ʺ˃ʰ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˁʰʽ 

ʆʹ˂ʶˉʽˁˇʽ˄˖˄ʽ˗˄ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ɹ˖ʰ˄˄ʾ˄˖˄ ˋˍʹ˄ ɯˊˍʰ ˃ʶ ʴ˄˖ˋˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ζʅˎ˄ʵˎʰˋˍʽˁˇʾ 

ɮ˂ʴˈˊʽʻ˃ˇʽ ˁʰʽ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʶ ʷ˃˒ʰˋʹ ˋˍˇ˄ ʋˊˇ˄ˇˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈηΦ ʆʰ ˃ʰʻʺ˃ʰˍʰ ˉˇˎ 

ʵʽʵʱˋˁʶʽ ʶʾ˄ʰʽ ζɮ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʶ ˍʹ /ҌҌηΣ ζɮ˂ʴˈˊʽʻ˃ˇʽ ˁʰʽ 

ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰηΣ ζɮˊ˔ʷˌ ɱ˂˖ˋˋ˗˄ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏη ˁʰʽ ζɳˉʽ˔ʶʽˊʹˋʽʰˁʺ ɴˊʶˎ˄ʰηΦ ʃʰˊʱ˂˂ʹ˂ʰ 

ʶʾ˄ʰʽ ʅˎ˄ʶˊʴʰʸˈ˃ʶ˄ˇ ɳˁˉʰʽʵʶˎˍʽˁˈ ʃˊˇˋ˖ˉʽˁˈ όʅɳʃύ ˍˇˎ ɳ˂˂ʹ˄ʽˁˇˏ ɮ˄ˇʽˁˍˇˏ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˈˉˇˎ 

ʷ˔ʶʽ ʵʽʵʱ˅ʶʽ ˍʹ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ tȅǘƘƻƴ ˁʰʽ ʷ˔ʶʽ ˍˇ ˊˈ˂ˇ ˍˇˎ ˋˎ˄ˍˇ˄ʽˋˍʺ ˁʰʽ ˃ʷ˂ˇˎˌ ʅɳʃ 

ˋˍʹ ɸʶ˃ʰˍʽˁʺ ɳ˄ˈˍʹˍʰ ζʃ˂ʹˊˇ˒ˇˊʽʰˁʱ ʅˎˋˍʺ˃ʰˍʰ ɶ˂ʶˁˍˊˇ˄ʽˁʺˌ ɲʽʰˁˎʲʷˊ˄ʹˋʹˌηΦ ɳˉʽˉ˂ʷˇ˄Σ ʶʾ˄ʰʽ 

ʶˉʽ˃ˇˊ˒˖ˍʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ ɼʷ˄ˍˊˇˎ ɲʹ˃ˈˋʽʰ ɲʽˇʾˁʹˋʹˌ ˁʰʽ ɮˎˍˇʵʽˇʾˁʹˋʹˌ ˈˉˇˎ ˁʰʽ ʵʽʵʱˋˁʶʽ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˋ˔ʶˍʽˁʱ ˃ʶ tȅǘƘƻƴΣ ɮ˄ʱ˂ˎˋʹ ɲʶʵˇ˃ʷ˄˖˄Σ ɰʱˋʶʽˌ ɲʶʵˇ˃ʷ˄˖˄ ˁʰʽ {v[Φ ʁ ˁΦ ɱˁˈʴˁˇˌ 

ʶʽʵʽˁʶˏʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʵʽˋʶˉʾ˂ˎˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋˎ˄ʵˎʰˋˍʽˁʺˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˁʰʽ ˋˍʹ˄ 

ʶˉʾ˂ˎˋʺ ˍˇˎˌ ˃ʶ ˍʶ˔˄ʽˁʷˌ ˃ʰʻʹ˃ʰˍʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ʶˎˊʶˍʽˁ˗˄ ˁʰʽ ˃ʶˍʰʶˎˊʶˍʽˁ˗˄ 

ˉˊˇˋʶʴʴʾˋʶ˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ʵʽʰʻʷˍʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʶ˃ˉʶʽˊʾʰ ˋˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʵʽʰ˒ˈˊ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ 

˔ˊˇ˄ˇˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ όˉˊˇˋ˖ˉʽˁˇˏΣ ˃ʹ˔ʰ˄˗˄Σ ʴˊʰ˃˃˗˄ ˉʰˊʰʴ˖ʴʺˌ ˁΦʰΦύ ˃ʶ ʵˎ˄ʰ˃ʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ʷ˔ʶʽ ʵʽʰˁˊʽʻʶʾ ˋʶ ʵʽʶʻ˄ʶʾˌ ʵʽʰʴ˖˄ʽˋ˃ˇˏˌ ˔ˊˇ˄ˇˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ ɴ˔ʶʽ 

ʵʹ˃ˇˋʽʶˏˋʶʽ ʶˊʴʰˋʾʶˌ ˋ ʁʵʽʶʻ˄ʺ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊ̔̌ ʵʽˁʱ ˎ˕ʹ˂ʺˌ ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˈˉ˖ˌ ˍ ̌European 

Journal Of Operational Research (Elsevier), ˍ ̌Annals of Operations Research (Springer), ˍ ̌Future 

Generation Computer Systems (Elsevier), ˍ ̌Journal of Scheduling (Springer), ˍ ̌Cryptography and 

Communications (Springer) ˁh ʽ ɦ ˂˂ʰ. ¢ƻ  ʶˊʶˎ˄ʹˍʽˁˈ ˍˇˎ ʷˊʴˇ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱΣ ˁʶ˒ʱ˂ʰʽʰ 

ʲʽʲ˂ʾ˖˄ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˋˎ˄ʷʵˊʽʰ ʷ˔ʶʽ ˂ʱʲʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ʰˊʽʻ˃ˈ ʶˍʶˊˇʰ˄ʰ˒ˇˊ˗˄ 

όƘǘǘǇǎΥκκǎŎƘƻƭŀǊΦƎƻƻƎƭŜΦƎǊκŎƛǘŀǘƛƻƴǎΚǳǎŜǊҐƛb·ψтLǎ!!!!WύΦ ɳʾ˄ʰʽ ˍʰˁˍʽˁˈˌ ˁˊʽˍʺˌ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ 

ˉʶˊʽˇʵʽˁʱΣ ˋˎ˄ʷʵˊʽʰ ˁʰʽ ˋʶ ʰ˅ʽˇ˂ˇʴʺˋʶʽˌ ʷˊʴ˖˄Φ ɳʾ˄ʰʽ ˃ʷ˂ˇˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ʶˉʽˍˊˇˉ˗˄ ˋˎ˄ʶʵˊʾ˖˄ 

ˁʰʽ ˉʶˊʽˇʵʽˁ˗˄Φ ɴ˔ʶʽ ˋˎ˃˃ʶˍʱˋ˔ʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ɳˎˊ˖ˉʰʿˁ˗˄ ˁʰʽ ɳʻ˄ʽˁ˗˄ ʷˊʴ˖˄Φ ɳʾ˄ʰʽ ˋˎ˄-



 

ix 
 

ˋˎʴʴˊʰ˒ʷʰˌ ˍˇˎ ʲʽʲ˂ʾˇˎ ζɾʽʰ ˋˏʴ˔ˊˇ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˋˍʹ ʴ˂˗ˋˋʰ /η ˉˇˎ ʶʾ˄ʰʽ ʶ˂ʶˏʻʶˊʰ ʵʽʰʻʷˋʽ˃ˇ 

˃ʷˋ˖ ˍʹˌ ʵˊʱˋʹˌ ɮˁʰʵʹ˃ʰʿˁʷˌ ʶˁʵˈˋʶʽˌ ɼɮɽɽɹʃʁʅΦ 

 

ɲˊΦ ɱʶ˗ˊʴʽˇˌ ɾʰˁˊʺˌ 

ʁ ˁˇˌ ɱʶ˗ˊʴʽˇˌ ɾʰˁˊʺˌ ʴʶ˄˄ʺʻʹˁʶ ˍˇ мфтм ˋˍˇ ʋʷˊ˒ˇˊ˄ˍ ˍʹˌ ɱʶˊ˃ʰ˄ʾʰˌ  ˃ʶʴʱ˂˖ˋʶ ˁʰʽ ʸʶʽ ˋˍʹ˄ 

ɼʰˍʶˊʾ˄ʹΦ ɮˉˈ ˍˇ˄ ɹˇˏ˂ʽˇ ˍˇˎ нлнн ʶʾ˄ʰʽ ɲʽʶˎʻˎ˄ˍʺˌ ˍʹˌ ɲʽʶˏʻˎ˄ˋʹˌ ɲʶˎˍʶˊˇʲʱʻ˃ʽʰˌ ɳˁˉʰʾʵʶˎˋʹˌ 

ʃʽʶˊʾʰˌΦ  

ɴ˔ʶʽ ˋˉˇˎʵʱˋʶʽ ɾʰʻʹ˃ʰˍʽˁʱΣ ʃ˂ʹˊˇ˒ˇˊʽˁʺ ˁʰʽ ʁʽˁˇ˄ˇ˃ʽˁʷˌ ɳˉʽˋˍʺ˃ʶˌΦ ɴ˔ʶʽ ˃ʶˍʰˉˍˎ˔ʽʰˁʷˌ 

ˋˉˇˎʵʷˌΥ ʰύ ˋˍʹ˄ ɳˁˉʰʾʵʶˎˋʹΣ ʲύ ˋˍʹ˄ ɸʶ˖ˊʹˍʽˁʺ ʃ˂ʹˊˇ˒ˇˊʽˁʺ ˁʰʽ ʅˎˋˍʺ˃ʰˍʰ ɮˎˍˇ˃ʱˍˇˎ ɳ˂ʷʴ˔ˇˎΣ 

ʴύ ˋˍʰ ʃ˂ʹˊˇ˒ˇˊʽʰˁʱ ʅˎˋˍʺ˃ʰˍʰ ˁʰʽ ʵύ ˋˍʹ˄ ɳˉʽˋˍʺ˃ʹ ˍˇˎ ɲʽʰʵʽˁˍˏˇˎΦ ɶ ʵʽʵʰˁˍˇˊʽˁʺ ˍˇˎ ʵʽʰˍˊʽʲʺ 

ʷ˔ʶʽ ʻʷ˃ʰΥ ζɼˊˎˉˍˇʴˊʰ˒ʾʰ ˃ʶ ʋʱˇˌη ˋˍˇ ˍ˃ʺ˃ʰ ɾʰʻʹ˃ʰˍʽˁ˗˄ ˍˇˎ ɮʃɸΦ ɴ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽ ʵˏˇ 

˃ʶˍʰʵʽʵʰˁˍˇˊʽˁʷˌ ʷˊʶˎ˄ʶˌ ʰύ ˋˍˇ ˍ˃ʺ˃ʰ ɾʰʻʹ˃ʰˍʽˁ˗˄ ˍˇˎ ɮʃɸ  ˃ʶ ʻʷ˃ʰΥ ζɮ˄ʱˉˍˎ˅ʹ ɿʷ˖˄ 

ʅˍʰˍʽˋˍʽˁ˗˄ ˁʰʽ ʇˉˇ˂ˇʴʽˋˍʽˁ˗˄ ɳˊʴʰ˂ʶʾ˖˄ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɲʽˁˍˏ˖˄η ό5ŜǾŜƭƻpment of new statistical 

ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǘƻƻƭǎ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ƴŜǘǿƻǊƪǎύ ˁʰʽ ʲύ ˋˍˇ ˍ˃ʺ˃ʰ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍˇˎ ɮʃɸ ˃ʶ 

ʻʷ˃ʰΥ ζɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ʁʽˁˇˋˎˋˍʺ˃ʰˍˇˌ ˍˇˎ ɮ˄ˇʽ˔ˍˇˏ ɼ˗ʵʽˁʰηΦ  

ɶ ʵʽʵʰˁˍʽˁʺ ˍˇˎ ʶ˃ˉʶʽˊʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʰʻʺ˃ʰˍʰ ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˁʰʽ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ˍˈˋˇ ˋˍʹ˄ 

ʵʶˎˍʶˊˇʲʱʻ˃ʽʰ ˈˋˇ ˁʰʽ ˋˍʹ˄ ˍˊʽˍˇʲʱʻ˃ʽʰ ʶˁˉʰʾʵʶˎˋʹΦ ɴ˔ʶʽ ʵʽʵʱ˅ʶʽ ʶˉʾ ˋʶʽˊʱ ʶˍ˗˄ ˃ʰʻʺ˃ʰˍʰ 

ˉˊˇˉˍˎ˔ʽʰˁˇˏ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ ʶˉʽˉʷʵˇˎΦ  

ʆʰ ʶˊʶˎ˄ʹˍʽˁʱ ˍˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶΥ ζɲʾˁˍˎʰ ˁʰʽ ʃˇ˂ˏˉ˂ˇˁʰ ˋˎˋˍʺ˃ʰˍʰηΣ 

ζɼˊˎˉˍˇʴˊʰ˒ʾʰ ˁʰʽ ʅˍʶʴʰ˄ˇʴˊʰ˒ʾʰηΣ ζɲˎ˄ʰ˃ʽˁʱ ʅˎˋˍʺ˃ʰˍʰ ˁʰʽ ɿʶˎˊ˖˄ʽˁʱ ɲʾˁˍˎʰη ˁʰʽ ζɱ˂˗ˋˋʶˌ 

ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏηΦ ɳʾ˄ʰʽ ˋˎʴʴˊʰ˒ʷʰˌ т ʲʽʲ˂ʾ˖˄ ˁʰʽ ʶ˄ˈˌ ˋˎ˂˂ˇʴʽˁˇˏ ˍˈ˃ˇˎΦ ɴ˔ʶʽ ˉ˂ʺʻˇˌ 

ʵʹ˃ˇˋʽʶˏˋʶ˖˄ ˍˈˋˇ ˋʶ ˅ʷ˄ʰ ˈˋˇ ˁʰʽ ˋʶ ʶ˂˂ʹ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˁʰʽ ˋˎ˄ʷʵˊʽʰΦ ɮˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍˇ˄ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʰˉˈ ˍˇ мфур ˁʰʽ ʷ˔ʶʽ ʶˎ˔ʷˊʶʽʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋʶ ˉˇ˂˂ʷˌ ʴ˂˗ˋˋʶˌ ˈˉ˖ˌΥ /Σ /ҌҌΣ 

WŀǾŀΣ tȅǘƘƻƴΣ ±ƛǎǳŀƭ .ŀǎƛŎΣ !ǎǎŜƳōƭȅ ˁ˂ˉΦ  

ɳˊʴʱˋˍʹˁʶ ˋˍˇ˄ ʽʵʽ˖ˍʽˁˈ ˍˇ˃ʷʰ ʴʽʰ мл ˔ˊˈ˄ʽʰΦ ɮˉˈ ˍˇ нллн ʶˊʴʱʸʶˍʰʽ ˖ˌ ʶˁˉʰʽʵʶˎˍʽˁˈˌ ˋˍˇ ɲʹ˃ˈˋʽˇ 

ʅ˔ˇ˂ʶʾˇΣ ʵʽʶˍʷ˂ʶˋʶ ʴʽʰ с ˔ˊˈ˄ʽʰ ˎˉˇʵʽʶˎʻˎ˄ˍʺˌ ˋˍˇ оˇ ɱɳɽ ɼʰˍʶˊʾ˄ʹˌ ˁʰʽ ʴʽʰ р ˔ˊˈ˄ʽʰ ɲʽʶˎʻˎ˄ˍʺˌ 

ˋˍˇ пˇ ɱɳɽΦ 

 

ɲˊΦ ɲʹ˃ʺˍˊʽˇˌ ɼʰˊʰˉʽˉʷˊʹˌ 

ʁ ɲʹ˃ʺˍˊʽˇˌ ɼʰˊʰˉʽˉʷˊʹˌ ʶʾ˄ʰʽ ʵʽʵʱˋˁ˖˄ ˋˍʹ ʅ˔ˇ˂ʺ ɸʶˍʽˁ˗˄ ɳˉʽˋˍʹ˃˗˄ ˁʰʽ ʆʶ˔˄ˇ˂ˇʴʾʰˌ ˍˇˎ 

ɲʽʶʻ˄ˇˏˌ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˍʹˌ ɳ˂˂ʱʵˇˌ όɲɹΦʃɮΦɳΦύΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʷ˂ˇˌ ˍˇˎ ˋˎ˄ʶˊʴʰʸˈ˃ʶ˄ˇˎ 



 

x 
 

ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ ˋˍˇ ɳ˂˂ʹ˄ʽˁˈ ɮ˄ˇʽˁˍˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˁʰʽ ˋˍˇ ɳʻ˄ʽˁˈ ɼʷ˄ˍˊˇ ɲʹ˃ˈˋʽʰˌ 

ɲʽˇʾˁʹˋʹˌ ˁʰʽ ɮˎˍˇʵʽˇʾˁʹˋʹˌΦ   

ɶ ʶˊʶˎ˄ʹˍʽˁʺ ˍˇˎ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʰ ˁʱˍ˖ʻʽ ˉʶʵʾʰΥ 

¶ ˋˍʹ˄ ɮ˄ˍʽˋˍˇʾ˔ʽˋʹ ʁ˄ˍˇˍʺˍ˖˄ ό9ƴǘƛǘȅ wŜƻǎƭǳǘƛƻƴύΣ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʰ˂ʴˇˊʾʻ˃˖˄ 

ˇ˃ˇʽˈˍʹˍʰˌΣ ʵˇ˃˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˋ˔ʹ˃ʱˍ˖˄ ˉˊˇˋʶʴʴʽˋˍʽˁˇˏ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˁʰʽ ʶˉʶˁˍʱˋʽ˃˖˄ 

όˁʰˍʰ˄ʶ˃ʹ˃ʷ˄˖˄ύ ˂ˏˋʶ˖˄ ˉˇˎ ʰ˅ʽˇˉˇʽˇˏ˄ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ʽˁʷˌ ˍˎ˔ʰʽˇˉˇʾʹˋʹˌΣ 

¶ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˂ʶ˅ʽˁˇʴˊʰ˒ʽˁ˗˄ ʰ˂˂ʱ ˁʰʽ ˋʹ˃ʰˋʽˇ˂ˇʴʽˁ˗˄ ˇ˃ˇʽˇˍʺˍ˖˄Σ ˃ʶ ˔ˊʺˋʹ ˃ʶʴʱ˂˖˄ 

ʴ˂˖ˋˋʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ό[[aǎύΣ 

¶ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʶʻˈʵ˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˁʰʽ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌ ˋʶ ʶˍʶˊˇʴʶ˄ʺ ˉʶʵʾʰΣ 

ˈˉ˖ˌ ʹ ʽʰˍˊʽˁʺ ʵʽʱʴ˄˖ˋʹΣ ʹ ˉˊˈʲ˂ʶ˕ʹ ˋˍʹ˄ ʽʰˍˊʽˁʺ ʵʽʰ˂ˇʴʺ ʰˋʻʶ˄˗˄Σ ʹ ˉˊˈʲ˂ʶ˕ʹ 

ˉˇʵˇˋ˒ʰʽˊʽˁ˗˄ ʴʶʴˇ˄ˈˍ˖˄ ˁʰʽ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˒ˇʽˍʹˍ˗˄ ˃ʶ [a{ǎ 

(Learning Management Systems). 

ɳʾ˄ʰʽ ˁʱˍˇ˔ˇˌ ʵʽʵʰˁˍˇˊʽˁˇˏ ʵʽˉ˂˗˃ʰˍˇˌ ʰˉˈ ˍˇ ɳ˂˂ʹ˄ʽˁˈ ɮ˄ˇʽˁˍˈ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˁʰʽ ˃ʶˍʰˉˍˎ˔ʽʰˁˇˏ 

ˍʾˍ˂ˇˎ όa{Ŏύ ʰˉˈ ˍˇ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¸ƻǊƪ όɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇύΦ ɶ ʵʽʵʰˁˍˇˊʽˁʺ ˍˇˎ ʵʽʰˍˊʽʲʺ 

ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˋˍˇ IEEE Intelligent Informatics Bulletin ̱ ˇ˄ ɮˏʴˇˎˋˍˇ ˍˇˎ нлмтΦ 

ɴ˔ʶʽ ˋˎ˃˃ʶˍʷ˔ʶʽ ʶ˄ʶˊʴʱ ˋˍʹ˄ ʷˊʶˎ˄ʰ ˋˍˇˎˌ ˍˇ˃ʶʾˌ ˍʹˌ ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɴ˔ʶʽ 

ʵʹ˃ˇˋʽʶˏˋʶʽ ʶˁˍʶ˄˗ˌ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉʶˊʽˇʵʽˁʱ ˎ˕ʹ˂ʺˌ ʰˉʺ˔ʹˋʹˌΣ ˈˉ˖ˌ ˍʰ TKDE, DMKD, KAIS, 

TIFS, Inf. Systems, KBS ˁʰʽ DPDBΣ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˉˊʰˁˍʽˁʱ ˃ʶʴʱ˂˖˄ ʵʽʶʻ˄˗˄ ˋˎ˄ʶʵˊʾ˖˄Σ ˈˉ˖ˌ ˍʰ 

PVLDB, ICDE, ICDM ˁ ʰʽ EDBT. 

 

ɲˊΦ ɳ˃˃ʰ˄ˇˎʺ˂ ɵˇˏ˂ʽʰˌ 

h ɳ˃˃ʰ˄ˇˎʺ˂ ɵˇˏ˂ʽʰˌ ʶʾ˄ʰʽ ɾʷ˂ˇˌ ɳΦɲɹΦʃΦ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ɿˇˋʹ˂ʶˎˍʽˁʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ ˁʰʽ 

ɼʰˉˇʵʽˋˍˊʽʰˁˇˏ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ɮʻʹ˄˗˄ ˃ʶ ʴ˄˖ˋˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʃ˂ʹˊˇ˒ˇˊʽˁʺ ˍʹˌ ʇʴʶʾʰˌΦ ɳʾ˄ʰʽ 

ɲʽˉ˂˖˃ʰˍˇˏ˔ˇˌ ɶ˂ʶˁˍˊˇ˂ˈʴˇˌ ɾʹ˔ʰ˄ʽˁˈˌ ˁʰʽ ɾʹ˔ʰ˄ʽˁˈˌ ʇˉˇ˂ˇʴʽˋˍ˗˄ ɳɾʃ ˃ʶ ɲʽʵʰˁˍˇˊʽˁˈ 

ɲʾ̄˂ ˖˃ʰ ˋˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍ˖˄ ɳˎ˒ˎ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ ˁʰʽ 

ɳ˅ˈˊˎ˅ʹ ɲʶʵˇ˃ʷ˄˖˄ ʇʴʶʾʰˌΣ ʰˉˈ ˍˇ ʆ˃ʺ˃ʰ ɶ˂ʶˁˍˊˇ˂ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ ˁʰʽ ɾʹ˔ʰ˄ʽˁ˗˄ ʇˉˇ˂ˇʴʽˋˍ˗˄ 

όɳɾʃύ ˁʰʽ ˍʹ˄ ɹʰˍˊʽˁʺ ʅ˔ˇ˂ʺ όʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ʃʰˍˊ˗˄ύΦ ɶ ˁˏˊʽʰ ʷˊʶˎ˄ʰ ˍˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʽˌ 

ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˁʰʽ ʶˉʽˁˇʽ˄˖˄ʽ˗˄ ˋˍʹ˄ ʇʴʶʾʰ ˁʰʽ ˍʹ˄ ʶˁˉʰʾʵʶˎˋʹΦ ɴ˔ʶʽ ʵʽʰˍʶ˂ʷˋʶʽ 

ʰ˄ʰ˂ˎˍʺˌ ˁʰʽ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺˌΣ ʵʽʰ˔ʶʽˊʽˋˍʺˌ ˉ˂ʺʻˇˎˌ ˉ˂ʹˊˇ˒ˇˊʽʰˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ 

ˉ˂ʰˍ˒ˇˊ˃˗˄ ʵʽʰʵʽˁˍˏˇˎ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ ˋˍˇ˄ ˍˇ˃ʷʰ ʶˁˉʰʾʵʶˎˋʹˌΣ ˁʰˍʱˊˍʽˋʹˌ ˁʰʽ ˎʴʶʾʰˌΣ ˇʽ ˇˉˇʾʶˌ 

ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˃ʶ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˈˉ˖ˌ tItΣ W{tΣ !{tΣ I¢a[рΣ ·I¢a[Σ WŀǾŀ{ŎǊƛǇǘΣ WƻƻƳƭŀΣ 



 

xi 
 

²ƻǊŘǇǊŜǎǎΦ ɶ ʵʽʵʰˁˍʽˁʺ ʶ˃ˉʶʽˊʾʰ ˍˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΣ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄Σ ˃ʰʻʺ˃ʰˍʰ ʲʽˇʿʰˍˊʽˁʺˌ 

ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍʹˌ ˎʴʶʾʰˌΣ ʲʽˇˋˍʰˍʽˋˍʽˁʺˌΣ ʶˁˉʰʽʵʶˎˍʽˁʺˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΣ ʰ˄ʱˉˍˎ˅ʹˌ 

ʽˋˍˇˋʶ˂ʾʵ˖˄ ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʵʽʰʵʽˁˍˏˇˎΣ ʵʶ˅ʽˈˍʹˍʶˌ ʆʃɳ ˁʰʽ ʴʽʰ ˋˍʹ˄ ɳʻ˄ʽˁʺ ʅ˔ˇ˂ʺ ɲʹ˃ˈˋʽʰˌ 

ɲʽˇʾˁʹˋʹˌ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʵʽˇʾˁʹˋʹˌ ʷˊʴ˖˄Φ ɳˉʽˉ˂ʷˇ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʵʹ˃ˈˋʽʰˌ ʵʽˇʾˁʹˋʹˌ ʷ˔ʶʽ 

˃ʶʴʱ˂ʹ ʶ˃ˉʶʽˊʾʰ ˋʶ ʻʷ˃ʰˍʰ ʶˊʴʰ˂ʶʾ˖˄ ʰ˄ʰʵʽˇˊʴʱ˄˖ˋʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʵʹ˃ˇˋʾ˖˄ ˎˉʹˊʶˋʽ˗˄Σ 

ʰ˄ˇʽˁˍ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʵʹ˃ˇˋʾ˖˄ ʵʽʰʲˇˎ˂ʶˏˋʶ˖˄Σ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˉˇʻʶˍʹˊʾ˖˄ ˁʰʽ ˉˇ˂ʽˍʽˁ˗˄ ʰ˄ˇʽˁˍʺˌ 

ʵʽʰˁˎʲʷˊ˄ʹˋʹˌΦ ɴ˔ʶʽ ʵʽʰˍʶ˂ʷˋʶʽ ˉˊˇʿˋˍʱ˃ʶ˄ˇˌ ˋˍˇ ˍ˃ʺ˃ʰ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍˇˎ ɳʻ˄ʽˁˇˏ ɼʷ˄ˍˊˇˎ 

ɲʹ˃ˈˋʽʰˌ ɲʽˇʾˁʹˋʹˌΣ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈˌ ˋˎ˄ʶˊʴʱˍʹˌ ˍˇˎ ʆɳɹ ɮʻʺ˄ʰˌΣ ʶ˄˗ ʷ˔ʶʽ ˋˎ˃˃ʶˍʱˋ˔ʶʽ ˋʶ ˉ˂ʺʻˇˌ 

ʶˎˊ˖ˉʰʿˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ˍʹˌ ˎʴʶʾʰˌΣ ˍʹ˂ʶ ς ʽʰˍˊʽˁʺˌΣ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ 

ʶˁˉʰʾʵʶˎˋʹˌΣ ˍʹ˂ʶ - ʶˁˉʰʾʵʶˎˋʹˌ ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˒ˇˊʶʾˌΦ ʅʺ˃ʶˊʰ ʶʾ˄ʰʽ ˃ʷ˂ˇˌ ɳɲɹʃ ˍˇˎ ʶˊʴʰˋˍʹˊʾˇˎ 

ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍʹˌ ʇʴʶʾʰˌ ˋˍˇ ʆ˃ʺ˃ʰ ˄ˇˋʹ˂ʶˎˍʽˁʺˌ ˍˇˎ ɳɼʃɮΦ 

 

 



 

1 
 

ɼɳʊɮɽɮɹʁ мΥ ɳɹʅɮɱʍɱɶ ʅʆɶɿ PYTHON 

I tȅǘƘƻƴ ʶʾ˄ʰʽ ˃ʽʰ ʽˋ˔ˎˊʺ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ʶˏˁˇ˂ʹ ʴʽʰ ʶʽˋʰʴ˖ʴʺ ˋˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ 

ʴʽʰ ˍˇ˄ ʰˊ˔ʱˊʽˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˁʰʽ ˃ʶ ˉˊˇ˔˖ˊʹ˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʴʽʰ ˍˇ˄ ʷ˃ˉʶʽˊˇ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˁʶˎʱˋʶʽ ˃ʶ ˍʹ˄ tȅǘƘƻƴ ʶˉʰʴʴʶ˂˃ʰˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɳʾ˄ʰʽ ˃ʽʰ 

ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʷˌ όƻōƧŜŎǘ ƻǊƛŜƴǘŜŘύ ˎˉˈʵʶʽʴ˃ʰ ʴʽʰ 

ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˒ʰˊ˃ˇʴ˗˄Σ ʵʽʰʻʷˍʶʽ ʷˍˇʽ˃ʹ ˋʹ˃ʰ˄ˍʽˁʺ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˋˍʹ˄ ˍˎˉʽˁʺ ʲʽʲ˂ʽˇʻʺˁʹ ˍʹˌ 

όǎǘŀƴŘŀǊŘ ƭƛōǊŀǊȅύ ˉˇˎ ʷˊ˔ʶˍʰʽ ˉˊˇʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˃ʶ ˍʹ ʴ˂˗ˋˋʰΣ ʶ˄ʽˋ˔ˏʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˃ʶ ʷ˄ʰ 

ˉ˂ˇˏˋʽˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ʶ˅˖ˍʶˊʽˁ˗˄ ʲʽʲ˂ʽˇʻʹˁ˗˄Σ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʵʽʰʵˊʰˋˍʽˁʱ 

όƛƴǘŜǊŀŎǘƛǾŜƭȅύΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʴˊʺʴˇˊʹ ʵˇˁʽ˃ʺ ˁ˗ʵʽˁʰΦ  

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʽʰ  ʶʽˋʰʴ˖ʴʺ ˋʶ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʴ˂˗ˋˋʰˌ 

ˈˉ˖ˌ ʹ ˋˏ˄ˍʰ˅ʹ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ˍʹˌ tȅǘƘƻƴΣ ˇʽ ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄Σ ˇʽ ʶ˄ˍˇ˂ʷˌ ʶ˂ʷʴ˔ˇˎ ˊˇʺˌ ʶˁˍʷ˂ʶˋʹˌΣ ˇʽ 

ˋˎ˄ʰˊˍʺˋʶʽˌΣ ˇ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʶ ˍʹ˄ tȅǘƘƻƴ  ˁʰʽ ʱ˂˂ʰΦ ʅˍˇ ˔˗ˊˇ ˍʹˌ 

ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Σ ʹ tȅǘƘƻƴ ʵʽʰˍʹˊʶʾ ˁˎˊʾʰˊ˔ʹ ʻʷˋʹ ˂ˈʴ˖ ˍʹˌ ʰˉ˂ˈˍʹˍʱˌ ˍʹˌ ˁʰʽ ˍ˖˄ ˉˇ˂˂˗˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄ ˉˇˎ ʵʽʰʻʷˍʶʽ ˁʰʽ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˉˊˇ˔˖ˊʹ˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ʶˉʾˉʶʵʰ 

ˍʹˌ ˉʶˊʽʴˊʰ˒ʽˁʺˌ ʰ˄ʰ˂ˎˍʽˁʺˌ όŘŜǎŎǊƛǇǘƛǾŜ ŀƴŀƭȅǘƛŎǎύΣ ˍʹˌ ˉˊˇʴ˄˖ˋˍʽˁʺˌ ʰ˄ʰ˂ˎˍʽˁʺˌ όǇǊŜŘƛŎǘƛǾŜ 

ŀƴŀƭȅǘƛŎǎύ ʰ˂˂ʱ ˁʰʽ ˍʹˌ ˁʰʻˇʵʹʴʹˍʽˁʺˌ ʰ˄ʰ˂ˎˍʽˁʺˌ όǇǊŜǎŎǊƛǇǘƛǾŜ ŀƴŀƭȅǘƛŎǎύΦ 

1.1. ɱʶ˄ʽˁʱ ʴʽʰ ˍʹ˄ tȅǘƘƻƴ 

ɶ ʰˊ˔ʽˁʺ ʽʵʷʰ ˍʹˌ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ tȅǘƘƻƴ ˋˎ˄ʶ˂ʺ˒ʻʹ ʰˉˈ ˍˇ˄ ʁ˂˂ʰ˄ʵˈ ʶˉʽˋˍʺ˃ˇ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍ˗˄ DǳƛŘƻ Ǿŀƴ wƻǎǎǳƳ ˍˇ мфуфΣ ʶ˄˗ ʹ ˉˊ˗ˍʹ ʷˁʵˇˋʺ ˍʹˌ ˁˎˁ˂ˇ˒ˈˊʹˋʶ ˍˇ мффмΦ ɴˁˍˇˍʶ ʹ 

tȅǘƘƻƴ ʷ˔ʶʽ ʶ˅ʶ˂ʽ˔ʻʶʾ ˊʰʴʵʰʾʰ ʷˍˋʽ ˗ˋˍʶ όˋˍʽˌ ʰˊ˔ʷˌ ˍˇˎ нлнс ˉˇˎ ʴˊʱ˒ˍʹˁʶ ˍˇ ˉʰˊˈ˄ ˋˏʴʴˊʰ˃˃ʰύ 

˄ʰ ʰˉˇˍʶ˂ʶʾ ˁʰˍʱ ʴʶ˄ʽˁʺ ˇ˃ˇ˂ˇʴʾʰ ˍʹ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ʶ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ʵʹ˃ˇˍʽˁˈˍʹˍʰΣ 

˃ʽʰ ʵʽʱˁˊʽˋʹ ˉˇˎ ʵʽʰˍʹˊʶʾ ʶʵ˗ ˁʰʽ ʰˊˁʶˍʱ ˔ˊˈ˄ʽʰΦ ʋ˖ˊʾˌ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˃ʶ ʰˁˊʾʲʶʽʰΣ 

ʶˁˍʽ˃ʱˍʰʽ ˈˍʽ ʹ tȅǘƘƻƴ ʺˍʰ˄ ʺʵʹ ˁˎˊʾʰˊ˔ʹ ʰˉˈ ˉ˂ʶˎˊʱˌ ʰˉˇʵˇ˔ʺˌ ʴʽʰ ʰˊ˔ʱˊʽˇˎˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʷˌΣ 

ʴʽʰ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ʵʶʵˇ˃ʷ˄˖˄ όŘŀǘŀ ǎŎƛŜƴǘƛǎǘǎύ ˁʰʽ ʴʽʰ ʰˁʰʵʹ˃ʰʿˁˇˏˌ ˔ˊʺˋˍʶˌ ʰˉˈ ˍˇ нлму-нлмфΦ  ʅˍʹ˄ 

ɳʽˁˈ˄ʰ 1 ˒ ʰʾ˄ʶˍʰʽ ʹ ˁʰˍʱˍʰ˅ʹ ˍʹˌ tȅǘƘƻƴ ˋˍʹ˄ ˉˊ˗ˍʹ ʻʷˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˃ʶˍˊʺˋʶʽˌ ˍˇˎ ¢Lh.9 ƛƴŘŜȄ ˍˇ˄ ˒ʶʲˊˇˎʱˊʽˇ ˍˇˎ нлнсΦ ɮ˄ʰʸʹˍ˗˄ˍʰˌ ˍˇˎˌ ˂ˈʴˇˎˌ ʴʽʰ 

ˍˇˎˌ ˇˉˇʾˇˎˌ ʹ tȅǘƘƻƴ ˉʰˊˇˎˋʽʱʸʶʽ ˍˈˋˇ ˎ˕ʹ˂ʺ ʵʹ˃ˇˍʽˁˈˍʹˍʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʽ˔˄ʶˎʻˇˏ˄ ˇʽ 

ʰˁˈ˂ˇˎʻˇʽΥ 

¶ ɳʾ˄ʰʽ ʵ˖ˊʶʱ˄ ˁʰʽ ʶˏˁˇ˂ʰ ʵʽʰʻʷˋʽ˃ʹ ˋʶ ˈ˂ˇˎˌ όˉΦ˔ΦΣ ²ƛƴŘƻǿǎΣ aŀŎh{Σ [ƛƴǳȄΣ ˁΦ˂ˉΦύΦ 

¶ ɲʽʰʻʷˍʶʽ ʵʽʶˊ˃ʹ˄ʶˎˍʺ ʶ˄ˍˇ˂˗˄ ˁʰʽ ˋʹ˃ʶʽ˖˃ʰˍʱˊʽʰ όƧǳǇȅǘŜǊ ƴƻǘŜōƻƻƪǎύ ʴʽʰ ʱ˃ʶˋʹ ʶˁˍʷ˂ʶˋʹ 

ˍ˃ʹ˃ʱˍ˖˄ ˁ˗ʵʽˁʰΦ 



 

2 
 

¶ ɮˊˁʶˍʺ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʹ˄ ʾʵʽʰ ˍʹ˄ ʴ˂˗ˋˋʰΣ ʶʾ˄ʰʽ ʵʹ˂ʰʵʺ ˈˉ˖ˌ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˃ʽʰ άōŀǘǘŜǊƛŜǎ ƛƴŎƭǳŘŜŘέ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ 

¶ ɳʾ˄ʰʽ ʰ˄ˇʽˁˍˇˏ ˁ˗ʵʽˁʰ όƻǇŜƴ ǎƻǳǊŎŜύΦ 

¶ ɲʽʰʻʷˍʶʽ ʵ˖ˊʶʱ˄ ˃ʶʴʱ˂ˇ ˉ˂ʺʻˇˌ ʲʽʲ˂ʽˇʻʹˁ˗˄ όˉΦ˔ΦΣ ƴǳƳǇȅΣ ǇŀƴŘŀǎΣ ƳŀǘǇƭƻǘƭƛōΣ ǎŎƛƪƛǘ-learn, 

ǇȅǘƻǊŎƘ ˁΦʰΦύ ˉˇˎ ʶʾ˄ʰʽ ʶˏˁˇ˂ˇ ˄ʰ ʶʴˁʰʻʾˋˍʰ˄ˍʰʽ ˁʰʽ ˄ʰ ʰˉʶʴˁʰʻʾˋˍʰ˄ˍʰʽΦ 

¶ ʆh ˉˊˇʴˊʱ˃˃ʰˍʰ ˋʶ tȅǘƘƻƴ ʶʾ˄ʰʽ ˋˏ˄ˍˇ˃ʰ ˁʰʽ ʶˏˁˇ˂ʰ ʰ˄ʰʴ˄˗ˋʽ˃ʰΣ ˋʶ ʲʰʻ˃ˈ ˃ʱ˂ʽˋˍʰ ˉˇˎ 

ˋˎ˔˄ʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ ζʶˁˍʶ˂ʷˋʽ˃ˇˌ ˕ʶˎʵˇˁ˗ʵʽˁʰˌηΦ 

¶ ɶ ˁˇʽ˄ˈˍʹˍʰ ˍʹˌ tȅǘƘƻƴ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˎˉˇˋˍʹˊʽˁˍʽˁʺ ˁʰʽ ˎˉʱˊ˔ʶʽ ˉ˂ʹʻ˗ˊʰ ʵʽʰʻʷˋʽ˃ˇˎ 

ˎ˂ʽˁˇˏ ʴʽʰ ʶˁ˃ʱʻʹˋʹ ˍʹˌ tȅǘƘƻƴΦ 

 

ɳʽˁˈ˄ʰ 1 ς ɲʶʾˁˍʹˌ ʵʹ˃ˇˍʽˁˈˍʹˍʰˌ ʴ˂˖ˋˋ˗˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ¢Lh.9 ƛƴŘŜȄΣ ʴʽʰ ˍˇ˄ ʊʶʲˊˇˎʱˊʽˇ ˍˇˎ нлнсΣ 
https://www.tiobe.com/tiobe-index/  

 

ʆˇ ˈ˄ˇ˃ʰ ˍʹˌ tȅǘƘƻƴ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍʹ˄ ˁ˖˃ʽˁʺ ˋʶʽˊʱ άaƻƴǘȅ tȅǘƘƻƴΩǎ CƭȅƛƴƎ /ƛǊŎǳǎέ ˍˇˎ ../ ˍʹˌ 

ʰʴʴ˂ʽˁʺˌ ˍʹ˂ʶˈˊʰˋʹˌ ˁʰʽ ʰˉˇˍʷ˂ʶˋʶ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ !./Φ     

I tȅǘƘƻƴ ʶʾ˄ʰʽ ˃ʽʰ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ˉˇ˂˂ʰˉ˂ʱ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʱ 

ˎˉˇʵʶʾʴ˃ʰˍʰ όǇǊƻƎǊŀƳƳƛƴƎ ǇŀǊŀŘƛƎƳǎύΣ ˈˉ˖ˌ ˍˇ˄ ʵʽʰʵʽˁʰˋʽʰˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ ˍˇ˄ 

ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ ʰ˂˂ʱ ʰˁˈ˃ʰ ˁʰʽ ˋʶ ˁʱˉˇʽˇ ʲʰʻ˃ˈ ˍˇ˄ ˋˎ˄ʰˊˍʹˋʽʰˁˈ 

https://www.tiobe.com/tiobe-index/
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ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˈˉ˖ˌ ʹ / ˁʰʽ ʹ /ҌҌ ˉˇˎ ʶʾ˄ʰʽ 

˃ʶˍʰʴ˂˖ˍˍʽʸˈ˃ʶ˄ʶˌ ˁʰʽ ˉʰˊʱʴˇˎ˄ ʶʴʴʶ˄ʺ όƴŀǘƛǾŜύ ˁ˗ʵʽˁʰ ˃ʹ˔ʰ˄ʺˌΣ ʹ tȅǘƘƻƴ όˋˍʹ˄ ˁˏˊʽʰ ˎ˂ˇˉˇʾʹˋʺ 

ˍʹˌΣ ˍʹ˄ /tȅǘƘƻƴύ ʰˁˇ˂ˇˎʻʶʾ ˎʲˊʽʵʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶˁˍʷ˂ʶˋʹˌΣ ˃ʶˍʰʴ˂˗ˍˍʽˋʹˌ ˁʰʽ ʵʽʶˊ˃ʹ˄ʶʾʰˌΦ ɴˍˋʽΣ ʶ˄˗ 

ˋˍʹ / ˇ ˃ʶˍʰʴ˂˖ˍˍʽˋˍʺˌ όˉΦ˔ΦΣ ƎŎŎύ ˃ʶˍʰˍˊʷˉʶʽ ˍˇ˄ ˉʹʴʰʾˇ ˁ˗ʵʽˁʰ ˋʶ ʵˎʰʵʽˁˈ ʶˁˍʶ˂ʷˋʽ˃ˇ ˁ˗ʵʽˁʰ ˃ʷˋ˖ 

ˍ˖˄ ˒ʱˋʶ˖˄ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˃ʶˍʰʴ˂˗ˍˍʽˋʹˌ ˁʰʽ ˋˏ˄ʵʶˋʹˌΣ ˋˍʹ˄ tȅǘƘƻƴ ˇ ˉʹʴʰʾˇˌ ˁ˗ʵʽˁʰˌ 

˃ʶˍʰʴ˂˖ˍˍʾʸʶˍʰʽ ʰˊ˔ʽˁʱ ˋʶ ʶ˄ʵʽʱ˃ʶˋʹ ˃ˇˊ˒ʺ ōȅǘŜŎƻŘŜ όʰˊ˔ʶʾʰ ΦǇȅŎύ ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʶʽˁˇ˄ʽˁʺ 

˃ʹ˔ʰ˄ʺ ˍʹˌ tȅǘƘƻƴ όPython Virtual Machine - PVM). ʆˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʰˎˍˈ ˉˊˇˋ˒ʷˊʶʽ ʰˎ˅ʹ˃ʷ˄ʹ 

˒ˇˊʹˍˈˍʹˍʰ ˁʰʽ ʶˎʶ˂ʽ˅ʾʰΣ ʰ˄ ˁʰʽ ʹ ʶˁˍʷ˂ʶˋʹ ˃ʷˋ˖ ʶʽˁˇ˄ʽˁʺˌ ˃ʹ˔ʰ˄ʺˌ ˋˎ˄ʶˉʱʴʶˍʰʽ ˋˎ˄ʺʻ˖ˌ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈʵˇˋʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʴ˂˗ˋˋʶˌ ˉˇˎ ˃ʶˍʰʴ˂˖ˍˍʾʸˇ˄ˍʰʽ ʰˉʶˎʻʶʾʰˌ ˋʶ ʶʴʴʶ˄ʺ ˁ˗ʵʽˁʰ 

˃ʹ˔ʰ˄ʺˌΦ ɳˉʾˋʹˌΣ ʹ tȅǘƘƻƴ ʶʾ˄ʰʽ ˃ʽʰ ʴ˂˗ˋˋʰ ˃ʶ ʵˎ˄ʰ˃ʽˁˇˏˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇ 

ˍˏˉˇˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺˌ ʵʶ˄ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰΣ ʰ˂˂ʱ 

ʰ˄ʰʴ˄˖ˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˁʱʻʶ ˒ˇˊʱ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍʹ ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰ˂˂ʱʸʶʽ 

ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ɴ˄ʰ ʰˁˈ˃ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍʹˌ tȅǘƘƻƴ ʶʾ˄ʰʽ ˈˍʽ 

ʵʽʰʻʷˍʶʽ ζˋˎ˂˂ʷˁˍʹ ʰˉˇˊˊʽ˃ʱˍ˖˄η όƎŀǊōŀƎŜ ŎƻƭƭŜŎǘƻǊύΣ ˈˉ˖ˌ ˁʰʽ ʱ˂˂ʶˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ 

όˉΦ˔ΦΣ WŀǾŀύΣ ˉˇˎ ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˄ʰ ˁʰˍʰˋˍʺˋʶʽ ˅ʰ˄ʱ ʵʽʰʻʷˋʽ˃ʹ ˍʹ ˃˄ʺ˃ʹ ˉˇˎ ʶʾ˔ʶ ʵʶˋ˃ʶˎʻʶʾ ʰˉˈ 

˃ʶˍʰʲ˂ʹˍʷˌ ʰ˂˂ʱ ʵʶ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˉ˂ʷˇ˄Φ ɶ ˏˉʰˊ˅ʹ ˍˇˎ ƎŀǊōŀƎŜ ŎƻƭƭŜŎǘƻǊ ʰˉʰ˂ʱˋˋʶʽ ˍˇ˄ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ʰˉˈ ˍʹ˄ ʶˎʻˏ˄ʹ ˍʹˌ ˔ʶʽˊˇˁʾ˄ʹˍʹˌ ʵʷˋ˃ʶˎˋʹˌ ˁʰʽ ʰˉˇʵʷˋ˃ʶˎˋʹˌ ˃˄ʺ˃ʹˌ ˁʰʽ 

ʵ̔ ʶˎˁˇ˂ˏ˄ʶʽ ˍʹ ˋˎʴʴˊʰ˒ʺ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ 

1.1.1. ɲʽʰ˄ˇ˃ʷˌ ˁʰʽ ʶˁʵˈˋʶʽˌ ˍʹˌ tȅǘƘƻƴ 

ɶ ˁˏˊʽʰ ʵʽʰ˄ˇ˃ʺ ˍʹˌ tȅǘƘƻƴ ʶʾ˄ʰʽ ʹ /tȅǘƘƻƴΣ ʰ˂˂ʱ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ʵʽʰ˄ˇ˃ʷˌ ˈˉ˖ˌ ʹ tȅtȅ ʹ ˇˉˇʾʰ 

ʵʽʰʻʷˍʶʽ Wǳǎǘ-In-¢ƛƳŜ όWL¢ύ ˃ʶˍʰʴ˂˖ˍˍʽˋˍʺ ʴʽʰ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʰˉˈʵˇˋʹΣ ʹ WȅǘƘƻƴ ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˉʱ˄˖ 

ˋˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍʹˌ WŀǾŀ όW±aύΣ ˁʰʽ ʹ LǊƻƴtȅǘƘƻƴ ˉˇˎ ˋˍˇ˔ʶˏʶʽ ˋˍˇ ̌ ʽˁˇˋˏˋˍʹ˃ʰ ˍˇˎ Φb9¢Σ ˁʰʻʶ˃ʾʰ 

˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˎ˂ˇˉˇʾʹˋʹˌ ˁʰʽ ˉʶʵʾʰ ʶ˒ʰˊ˃ˇʴʺˌΦ  

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ʶˁʵˈˋʶʽˌ ˍʹˌ ʴ˂˗ˋˋʰˌΣ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ ˎˉʺˊ˔ʶ ʹ ʷˁʵˇˋʹ нΣ ˉˇˎ ˈ˃˖ˌ ʷ˒ˍʰˋʶ ˋˍˇ 

˂ʶʴˈ˃ʶ˄ˇ ζˍʷ˂ˇˌ ʸ˖ʺˌη ˋˍʹ˄ мʹ ɹʰ˄ˇˎʰˊʾˇˎ ˍˇˎ нлнл ˃ʶ ˍʶ˂ʶˎˍʰʾʰ ʶˉʽ˃ʷˊˇˎˌ ʷˁʵˇˋʹ ˄ʰ ʶʾ˄ʰʽ ʹ 

нΦтΦмуΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˎˉʱˊ˅ʶʽ ʷˁʵˇˋʹ нΦу ˍʹˌ tȅǘƘƻƴΦ ɶ ʷˁʵˇˋʹ ˍʹˌ ʴ˂˗ˋˋʰˌ 

ˉˇˎ ʶ˅ʶ˂ʾˋˋʶˍʰʽ ˁʰʽ ˋˎ˄ʾˋˍʰˍʰʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ʹ ʷˁʵˇˋʹ о ˉˇˎ ˍˇ˄ ʊʶʲˊˇˎʱˊʽˇ ˍˇˎ нлнс 

ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ʷˁʵˇˋʹ оΦмпΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2Φ ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ʹ 

tȅǘƘƻƴ н ˉʰˊˇˎˋʽʱʸʶʽ ʰˋˎ˃ʲʰˍˈˍʹˍʶˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʹ˄ tȅǘƘƻƴ о ˇʽ ˇˉˇʾʶˌ ˁ ʰʻʽˋˍˇˏ˄ ̄ ˊˇʴˊʱ˃˃ʰˍʰ 

ˉˇˎ ʶʾ˄ʰʽ ʴˊʰ˃˃ʷ˄ʰ ˋʶ ˃ʽʰ ʰˉˈ ˍʽˌ ʵˏˇ ʶˁʵˈˋʶʽˌ, ˃ʹ ʶˁˍʶ˂ʷˋʽ˃ʰ ˋˍʹ˄ ʱ˂˂ʹ ʷˁʵˇˋʹΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ 

˃ʶˊʽʱ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ʶˁʵˈˋʶʽˌ ˍʹˌ tȅǘƘƻƴ оΣ ˉΦ˔Φ оΦмпΣ оΦмоΣ оΦмн ˁΦˇΦˁΦ ʷ˔ˇˎ˄ ˋˎ˃ʲʰˍˈˍʹˍʰ ˉˊˇˌ ˍʰ 

ˉʾˋ˖ όōŀŎƪǿŀǊŘǎ ŎƻƳǇŀǘƛōƛƭƛǘȅύ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˁ˗ʵʽˁʰˌ ˇ ˇˉˇʾˇˌ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ʴʽʰ ˃ʽʰ 

ˉʰ˂ʰʽˈˍʶˊʹ ʷˁʵˇˋʹ ˍʹˌ tȅǘƘƻƴ о ˃ˉˇˊʶʾΣ ˁʰˍʱ ˁʰ˄ˈ˄ʰΣ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾ ˁʰʽ ˋʶ ˄ʶˈˍʶˊʹ ʷˁʵˇˋʹ ˔˖ˊʾˌ 
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˄ʰ ʰˉʰʽˍˇˏ˄ˍʰʽ ˍˊˇˉˇˉˇʽʺˋʶʽˌΣ ʶˁˍˈˌ ʶʱ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˊʹˍʱ ʰˉˇˋˎˊʻʶʾ 

ʺ ˔ʰˊʰˁˍʹˊʽˋˍʶʾ ˖ˌ ŘŜǇǊŜŎŀǘŜŘ όˁʰˍʹˊʴʹ˃ʷ˄ʶˌύΦ 

 
ɳʽˁˈ˄ʰ 2 ς ɳˁʵˈˋʶʽˌ ˍʹˌ tȅǘƘƻƴΣ https://devguide.python.org/versions/  

1.1.2. ɳɹ ˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ 

ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶʴˁʰˍʰˋˍʰʻʶʾ ʹ tȅǘƘƻƴ ˋʶ ʷ˄ʰ ˎˉˇ˂ˇʴʽˋˍʽˁˈ 

ˋˏˋˍʹ˃ʰΣ ʶ˄˗ ˋʶ ˉˇ˂˂ʱ ˋˎˋˍʺ˃ʰˍʰΣ ˈˉ˖ˌ ˋʶ ʵʽʱ˒ˇˊʶˌ ʵʽʰ˄ˇ˃ʷˌ [ƛƴǳȄΣ ʹ tȅǘƘƻƴ ʶʾ˄ʰʽ ʺʵʹ 

ˉˊˇʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹΦ ɴ˄ʰˌ ʰˉ˂ˈˌ ˍˊˈˉˇˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ʶʾ˄ʰʽ ʹ ˂ʺ˕ʹ ˍˇˎ ʶˉʾˋʹ˃ˇˎ ʰˊ˔ʶʾˇˎ 

ʶʴˁʰˍʱˋˍʰˋʹˌ ʰˉˈ ˍˇ˄ ʽˋˍˈˍˇˉˇ ˍˇˎ Python Software Foundation όǇȅǘƘƻƴΦƻǊƎύ ˁʰʽ ʹ ʶˁˍʷ˂ʶˋʺ ˍˇˎΣ 

ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʰ ʲʺ˃ʰˍʰ ˍˇˎ ˇʵʹʴˇˏ ʶʴˁʰˍʱˋˍʰˋʹˌ ʴʽʰ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˂ʶʽˍˇˎˊʴʽˁˈ ˋˏˋˍʹ˃ʰ 

ό²ƛƴŘƻǿǎΣ ƳŀŎh{ ʺ [ƛƴǳȄύΦ 

1.1.3. ɾʶˍʱ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ 

ɾʶˍʱ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄Υ  

¶ To REPL (Read Evaluate Print Loop) ̱ ʹˌ tȅǘƘƻƴ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˁ˂ʹʻʶʾ ʰˉˈ ˍʹ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄ 

ˉ˂ʹˁˍˊˇ˂ˇʴ˗˄ˍʰˌ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǇȅǘƘƻƴ ʺ ǇȅǘƘƻƴо ʺ Ǉȅ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹΦ 

¶ ¢ˇ Python IDLE shell ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʰ˂˂ʹ˂ˇʶˉʽʵˊʰˋˍʽˁʺ ʶˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂˗˄ tȅǘƘƻƴΣ ˍʹ˄ 

ʶ˃˒ʱ˄ʽˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʰ˂˂ʱ ˁʰʽ ˍʹ ˋˎʴʴˊʰ˒ʺ ʶˁˍʷ˂ʶˋʹ ˁʰʽ ʰˉˇˋ˒ʰ˂˃ʱˍ˖ˋʹ 

ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˋʶ tȅǘƘƻƴΦ ʅˍʰ ²ƛƴŘƻǿǎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ʶ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ 

ʶʽˁˇ˄ʾʵʽˇ ˋ˔ʶˍʽˁʺˌ ʶ˒ʰˊ˃ˇʴʺˌΦ 

ʍˋˍˈˋˇΣ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ˇʽ ˍˊˈˉˇʽ ˋˎʴʴˊʰ˒ʺˌ ˁʰʽ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ˋʶ tȅǘƘƻƴ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 

ʲˇ˂ʽˁˈˍʶˊˇʽ ʴʽʰ ˋˎʴʴˊʰ˒ʺ ˁʰʽ ʶˁˍʷ˂ʶˋʹ ʰˉˇˋˉʰˋ˃ʱˍ˖˄ ˁ˗ʵʽˁʰ ʺ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ʶ˒ʰˊ˃ˇʴ˗˄Φ 

ʁˊʽˋ˃ʷ˄ˇʽ ˍʷˍˇʽˇʽ ˍˊˈˉˇʽ ʶʾ˄ʰʽ ˍʰ WǳǇȅǘŜǊ bƻǘŜōƻƻƪǎ ˁʰʽ ˍʰ L59ǎ όLƴǘŜƎrated Development 

9ƴǾƛǊƻƴƳŜƴǘǎύΣ ˈˉ˖ˌ ˍˇ ±ƛǎǳŀƭ {ǘǳŘƛƻ /ƻŘŜ ˉˇˎ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ  

https://devguide.python.org/versions/
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1.1.4. ʆˇ w9t[ ˍʹˌ tȅǘƘƻƴ 

ʂˉ˖ˌ ʺʵʹ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ʶ˒ˈˋˇ˄ ʷ˔ʶʽ ˉˊˇʹʴʹʻʶʾ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴΣ ˍˇ w9t[ ˃ˉˇˊʶʾ ˄ʰ 

˅ʶˁʽ˄ʺˋʶʽ ʰˉ˂ʱ ˉ˂ʹˍˊˇ˂ˇʴ˗˄ˍʰˌ ˋˍʹ˄ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǇȅǘƘƻƴΦ ʆˈˍʶΣ ʻʰ ʶ˃˒ʰ˄ʽˋˍʶʾ ʷ˄ʰ 

ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˍˇˎ ˔ˊʺˋˍʹ ˃ʶ ˍʹ˄ tȅǘƘƻƴ ˉʰˊˈ˃ˇʽˇ ˃ʶ ˍʹ˄ ɳʽˁˈ˄ʰ 3Φ ʅˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ 

ʰˎˍˈ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶʽˋʱʴʶʽ ʶ˄ˍˇ˂ʷˌ ˋˍʹ˄ ˉˊˇˍˊˇˉʺ ҔҔҔ ˁʰʽ ˄ʰ ˂ʱʲʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˈˉ˖ˌ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˒ʰʾ˄ʶˍʰʽ ˃ʶ ˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 3. 

 
ɳʽˁˈ˄ʰ 3 ς ʆˇ ˉʶˊʽʲʱ˂˂ˇ˄ w9t[Σ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʶ˄ˍˇ˂˗˄Φ 

ʆʰ ʰˊ˔ʽˁʱ w9t[ ˋʹ˃ʰʾ˄ˇˎ˄Υ 

¶ Read ς ˂ ʺ˕ʹ ʶʽˋˈʵˇˎ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΣ ʵʹ˂ʰʵʺ ʶʽˋʰʴ˖ʴʺ ǇȅǘƘƻƴ ˁ˗ʵʽˁʰ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ˍˇ˄ ˔ˊʺˋˍʹΦ 

¶ Evaluate ς h ˉˇˍʾ˃ʹˋʹ ˁ˗ʵʽˁʰΦ 

¶ Print ς ʁ ˁˍˏˉ˖ˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

¶ Loop ς ʁ ˉʰ˄ʱ˂ʹ˕ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˃ʷ˔ˊʽ ˄ʰ ʴʾ˄ʶʽ ʷ˅ˇʵˇˌ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ    

ʆˇ w9t[ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ʴʽʰ ʴˊʺʴˇˊˇ ˉʶʽˊʰ˃ʰˍʽˋ˃ˈΣ ʰˉˇˋ˒ʰ˂˃ʱˍ˖ˋʹ ˁ˗ʵʽˁʰΣ ʵˇˁʽ˃ʺ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄Σ ˁ˂ʺˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ʲˇʺʻʶʽʰˌΣ ˉΦ˔Φ ҔҔҔ ƘŜƭǇόǎǘǊύ ˁʰʽ ʱ˂˂ʰΦ ɳʽʵʽˁˈˍʶˊʰΣ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 

ʱ˃ʶˋʹ ʶˁˍʷ˂ʶˋʹ ˁ˗ʵʽˁʰΣ ˔˖ˊʾˌ ʰ˄ʱʴˁʹ ˄ʰ ʴˊʰ˒ʶʾ ˉ˂ʺˊʶˌ ˉˊˈʴˊʰ˃˃ʰ όǎŎǊƛǇǘύΦ ɶ ˉ˂ˇʺʴʹˋʹ ˋˍˇ 

ʽˋˍˇˊʽˁˈ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʰ ʲʶ˂ʱˁʽʰ ˉʱ˄˖ ˁʰʽ ˁʱˍ˖ ˍˇˎ ˉ˂ʹˁˍˊˇ˂ˇʴʾˇˎΣ ʶ˄˗ ʶˉʽˍˊʷˉʶˍʰʽ 

ʰ˂˂ʱ ˁʰʽ ʵʽʶˎˁˇ˂ˏ˄ʶˍʰʽ ʹ ʶʽˋʰʴ˖ʴʺ ʶ˄ˍˇ˂˗˄ ˉˇ˂˂ʰˉ˂˗˄ ʴˊʰ˃˃˗˄Φ ɶ ʷ˅ˇʵˇˌ ʰˉˈ ˍˇ w9t[ ʴʾ˄ʶˍʰʽ 

ˉ˂ʹˁˍˊˇ˂ˇʴ˗˄ˍʰˌ ŜȄƛǘόύ ʺ ˃ʶ /ǘǊƭҌ5Φ ɮˉˈ ˍʹ˄ ʷˁʵˇˋʹ оΦмо ˍʹˌ tȅǘƘƻƴ ˍˇ w9t[ ʵʽʰʻʷˍʶʽ ǎȅƴǘŀȄ 

ƘƛƎƘƭƛƎƘǘƛƴƎ  ˁʰʽ ʹ ʷ˅ˇʵˇˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˉ˂ʹˁˍˊˇ˂ˇʴ˗˄ˍʰˌ ŜȄƛǘΣ ˔˖ˊʾˌ ˉʰˊʶ˄ʻʷˋʶʽˌΦ 

1.1.5. ʅˎʴʴˊʰ˒ʺ ˁʰʽ ʶˁˍʷ˂ʶˋʹ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˃ʶ ˍˇ L5[9 

ʆˇ L5[9 όLƴǘŜƎǊŀǘŜŘ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ [ŜŀǊƴƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘύ ʰˉˇˍʶ˂ʶʾ ˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄ 

ʰ˄ʱˉˍˎ˅ʹˌ ˉˇˎ ˋˎ˄ˇʵʶˏʶʽ ˍʹ˄ ʶˉʾˋʹ˃ʹ ʵʽʰ˄ˇ˃ʺ ˍʹˌ tȅǘƘƻƴΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ʰˉ˂ˈ ˁʰʽ ʶ˂ʰ˒ˊˏ 

ʶˊʴʰ˂ʶʾˇΣ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ˇ ˁˎˊʾ˖ˌ ˋˍʹ ʵʽʵʰˋˁʰ˂ʾʰ ˁʰʽ ˋˍʹ˄ ʶ˅ˇʽˁʶʾ˖ˋʹ ʰˊ˔ʱˊʽ˖˄ ˔ˊʹˋˍ˗˄ ˃ʶ ˍʹ 

ʴ˂˗ˋˋʰΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʰʵˊʰˋˍʽˁˈ ˁʷ˂ˎ˒ˇˌ όw9t[ύ ʴʽʰ ʱ˃ʶˋʹ ʶˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂˗˄Σ ʲʰˋʽˁˈ 

ʶˉʶ˅ʶˊʴʰˋˍʺ ˁ˗ʵʽˁʰ ˃ʶ ʶˉʽˋʺ˃ʰ˄ˋʹ ˋˏ˄ˍʰ˅ʹˌ ˁʰʽ ʰˎˍˈ˃ʰˍʹ ˋˍˇʾ˔ʽˋʹΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍˇʽ˔ʶʽ˗ʵʶʽˌ 
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ʵˎ˄ʰˍˈˍʹˍʶˌ ʶˁˍʷ˂ʶˋʹˌ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˇˏ ˋ˒ʰ˂˃ʱˍ˖˄ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ʶ˄ʽʰʾˇ ʴˊʰ˒ʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɮ˄ ˁʰʽ 

ʵʶ˄ ʵʽʰʻʷˍʶʽ ˍʰ ˉˊˇʹʴ˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶˉʰʴʴʶ˂˃ʰˍʽˁ˗˄ L59 ˁʰʽ ʵʶ˄ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ʴʽʰ ˃ʶʴʱ˂ʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʰˉˇˍʶ˂ʶʾ ˉˊʰˁˍʽˁʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍʰ ˉˊ˗ˍʰ ʲʺ˃ʰˍʰ ˋˍʹ˄ tȅǘƘƻƴΣ ˁʰʻ˗ˌ 

˂ʶʽˍˇˎˊʴʶʾ ˔˖ˊʾˌ ˋˏ˄ʻʶˍʹ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˁʰʽ ˉʰˊʷ˔ʶʽ ʱ˃ʶˋʹ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹ ˋˍˇ˄ ˔ˊʺˋˍʹΦ 

ɱʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˄ʷˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˋˍˇ L5[9Σ ʰˉˈ ˍˇ ˉʰˊʱʻˎˊˇ ˍˇˎ L5[9 {ƘŜƭƭ ʶˉʽ˂ʷʴʶˍʰʽ ʹ 

ʶ˄ˍˇ˂ʺ CƛƭŜ Ҧ bŜǿ CƛƭŜΣ ʹ ˇˉˇʾʰ ʰ˄ˇʾʴʶʽ ʷ˄ʰ ˄ʷˇ ˉʰˊʱʻˎˊˇ ʶˉʶ˅ʶˊʴʰˋˍʺ ˁ˗ʵʽˁʰΦ ʅˍˇ ˉʰˊʱʻˎˊˇ ʰˎˍˈ 

ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉ˂ʹˁˍˊˇ˂ˇʴʺˋʶʽ ˍˇ˄ ˉʹʴʰʾˇ ˁ˗ʵʽˁʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 

ɱʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ʶ˄ˍˇ˂ʺ wǳƴ Ҧ wǳƴ aƻŘǳƭŜ όʺ ˍˇ ˉ˂ʺˁˍˊˇ CрύΦ ɼʰˍʱ 

ˍʹ˄ ˉˊ˗ˍʹ ʶˁˍʷ˂ʶˋʹΣ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʸʹˍʱ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍˇˎ ʰˊ˔ʶʾˇˎ ˃ʶ ʷ˄ʰ ˈ˄ˇ˃ʰΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ 

ǘŜǎǘΦǇȅΦ ɾʶˍʱ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˃ʶˍʰʴ˂˖ˍˍʾʸʶˍʰʽ ˋʶ ōȅǘŜŎƻŘŜ ˁʰʽ ʶˁˍʶ˂ʶʾˍʰʽΣ ʶ˄˗ ʹ 

ʷ˅ˇʵˇˌ ˁʰʽ ˍˎ˔ˈ˄ ˃ʹ˄ˏ˃ʰˍʰ ˋ˒ʰ˂˃ʱˍ˖˄ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʱʻˎˊˇ ˍˇˎ L5[9 {ƘŜƭƭΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ 

ʰˎˍˈΣ ˇ ʶˉʶ˅ʶˊʴʰˋˍʺˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˎʴʴˊʰ˒ʺ ˍˇˎ ˁ˗ʵʽˁʰ ˁʰʽ ˍˇ {ƘŜƭƭ ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˁʰʽ 

ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

 
ɳʽˁˈ˄ʰ 4 ς ʆˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˎʴʴˊʰ˒ʺˌ ˁʰʽ ʶˁˍʷ˂ʶˋʹˌ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ L5[9Φ 

1.1.6. ʅˎʴʴˊʰ˒ʺ ˁʰʽ ʶˁˍʷ˂ʶˋʹ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˋˍˇ ±{/ƻŘŜ 

ʆˇ ±ƛǎǳŀƭ {ǘǳŘƛƻ /ƻŘŜ ό±{ /ƻŘŜύ ʶʾ˄ʰʽ ʷ˄ʰˌ ˋˏʴ˔ˊˇ˄ˇˌΣ ʶ˂ʰ˒ˊˏˌ ʰ˂˂ʱ ʽʵʽʰʾˍʶˊʰ ʽˋ˔ˎˊˈˌ ʶˉʶ˅ʶˊʴʰˋˍʺˌ 

ˁ˗ʵʽˁʰ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʰˉˈ ˍʹ aƛŎǊƻǎƻŦǘΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʰ˄ʱˉˍˎ˅ʹ ˂ˇʴʽˋ˃ʽˁˇˏ ˋʶ ˉ˂ʺʻˇˌ 

ʴ˂˖ˋˋ˗˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˁʰʽ ʵʽʰˁˊʾ˄ʶˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʶˁˍʰˋʽ˃ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʶ˄ˋ˖˃ʱˍ˖ˋʹ 

ˉˊˇʹʴ˃ʷ˄˖˄ ʶˊʴʰ˂ʶʾ˖˄ ˉˇˎ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱˉˍˎ˅ʹˌΦ 

ɾʶˍʰ˅ˏ ˍ˖˄ ʲʰˋʽˁ˗˄ ʵˎ˄ʰˍˇˍʺˍ˖˄ ˍˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʹ ʶˉʽˋʺ˃ʰ˄ˋʹ ˋˏ˄ˍʰ˅ʹˌ όǎȅƴǘŀȄ 

ƘƛƎƘƭƛƎƘǘƛƴƎύΣ ʹ ʰˎˍˈ˃ʰˍʹ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˁ˗ʵʽˁʰ όLƴǘŜƭƭƛ{ŜƴǎŜύΣ ˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˍʶˊ˃ʰˍʽˁˈ 

όƛƴǘŜƎǊŀǘŜŘ ǘŜǊƳƛƴŀƭύΣ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇˋ˒ʰ˂˃ʱˍ˖ˋʹˌ όŘŜōǳƎƎƛƴƎύΣ ʹ ˉ˂ˇʺʴʹˋʹ ˋˍˇ˄ ˁ˗ʵʽˁʰ ˁʰʽ ʹ 
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ʵʽʰ˔ʶʾˊʽˋʹ ʷˊʴ˖˄Φ ɾʷˋ˖ ʶˉʶˁˍʱˋʶ˖˄ όŜȄǘŜƴǎƛƻƴǎύΣ ˍˇ ±{ /ƻŘŜ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˉ˂ʺˊʶˌ 

ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ʱˉˍˎ˅ʹˌ όL59ύΣ ˃ʶ ˎˉˇˋˍʺˊʽ˅ʹ ʴʽʰ DƛǘΣ ʽʵʶʰˍʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ tȅǘƘƻƴΣ 

ƭƛƴǘŜǊǎΣ ʶˊʴʰ˂ʶʾʰ ˃ˇˊ˒ˇˉˇʾʹˋʹˌ ˁʰʽ ˋˍʰˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˁ˗ʵʽˁʰΣ ʵˇˁʽ˃ʷˌ όǘŜǎǘƛƴƎ ŦǊŀƳŜǿƻǊƪǎύ ˁʰʽ 

ˉˇ˂˂ʱ ʱ˂˂ʰΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˈˋˇ ˋˍʹ˄ ʶˁˉʰʾʵʶˎˋʹ ˈˋˇ ˁʰʽ ˋʶ ʶˉʰʴʴʶ˂˃ʰˍʽˁʱ 

ʷˊʴʰΣ ʰˉˈ ˃ʽˁˊʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ʷ˖ˌ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ ˋˎˋˍʺ˃ʰˍʰ ˂ˇʴʽˋ˃ʽˁˇˏ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ 

ˋˎ˄ʶˊʴʰˍʽˁʱΦ 

ʆˇ ±{ /ƻŘŜ ʶʾ˄ʰʽ ʵ˖ˊʶʱ˄ ˁʰʽ ʵʽʰˍʾʻʶˍʰʽ ʴʽʰ ²ƛƴŘƻǿǎΣ [ƛƴǳȄ ˁʰʽ ƳŀŎh{Φ ɶ ʶʴˁʰˍʱˋˍʰˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʶˏˁˇ˂ʰ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʽˌ ˇʵʹʴʾʶˌ ˍʹˌ ʶˉʾˋʹ˃ʹˌ ʽˋˍˇˋʶ˂ʾʵʰˌ ˍˇˎΦ ɾʶˍʱ ˍʹ˄ 

ʶʴˁʰˍʱˋˍʰˋʹΣ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˇʾ˅ʶʽ ʷ˄ʰ˄ ˒ʱˁʶ˂ˇ ʷˊʴˇˎ ˃ʷˋ˖ ˍʹˌ ʶˉʽ˂ˇʴʺˌ CƛƭŜ Ҧ hpen Folder. 

ʁ ˒ʱˁʶ˂ˇˌ ʰˎˍˈˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʰˊ˔ʶʾʰ ˉˇˎ ʻʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˄ ˁʰʽ ʻʰ ʶˁˍʶ˂ʶˋˍˇˏ˄ϊ ʰ˄ ʶʾ˄ʰʽ ˁʶ˄ˈˌΣ 

˃ˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˄ʷʰ ʰˊ˔ʶʾʰ ˁ˗ʵʽˁʰ ˃ʷˋʰ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ʷ˔ʶʽ 

ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʷ˄ʰˌ ˒ʱˁʶ˂ˇˌΣ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʶʴʶʾ ˁʰʽ ˄ʰ ʰ˄ˇʾ˅ʶʽ ˋˍˇ ±{ /ƻŘŜΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ˍʹ˄ 

ʶˉʽ˂ˇʴʺ CƛƭŜ Ҧ bŜǿ CƛƭŜΣ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˄ʷˇ ʰˊ˔ʶʾˇΣ ˉΦ˔Φ ǘŜǎǘΦǇȅΦ ɾʶˍʱ ˍʹ ˋˎʴʴˊʰ˒ʺ ˍˇˎ ˁ˗ʵʽˁʰ 

ˁʰʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍˇˎ ʰˊ˔ʶʾˇˎΣ ʹ ʶˁˍʷ˂ʶˋʹ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶʾˍʶ ˃ʷˋ˖ ˍʹˌ ʶˉʽ˂ˇʴʺˌ 

wǳƴ Ҧ wǳƴ ²ƛǘƘƻǳǘ 5ŜōǳƎƎƛƴƎΣ ʶʾˍʶ ˃ʷˋ˖ ˍˇˎ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˎ ˍʶˊ˃ʰˍʽˁˇˏ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǇȅǘƘƻƴ 

test.py. 

ɼʰˍʱ ˍʹ˄ ˉˊ˗ˍʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˊ˔ʶʾˇˎ tȅǘƘƻƴ όʵʹ˂ʰʵʺ ʰˊ˔ʶʾˇˎ ˃ʶ ˁʰˍʱ˂ʹ˅ʹ ΦǇȅύΣ ˍˇ ±{ /ƻŘŜ ʶ˄ˍˇˉʾʸʶʽ 

ˍˇ˄ ˍˏˉˇ ˍˇˎ ʰˊ˔ʶʾˇˎ ˁʰʽ ˉˊˇˍʶʾ˄ʶʽ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ ʶˉʾˋʹ˃ʹˌ ʶˉʷˁˍʰˋʹˌ tȅǘƘƻƴΦ ɶ ʰˉˇʵˇ˔ʺ ˍʹˌ 

ˉˊˈˍʰˋʹˌ ʰˎˍʺˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˂ʶʽˍˇˎˊʴʽ˗˄ ˈˉ˖ˌ ʶˁˍʷ˂ʶˋʹΣ ŘŜōǳƎƎƛƴƎΣ 

ʰˎˍˈ˃ʰˍʹ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˁʰʽ ʶˉʽ˂ˇʴʺ ʵʽʶˊ˃ʹ˄ʶˎˍʺ όtȅǘƘƻƴ ƛƴǘŜǊǇǊŜǘŜǊύΦ ɳˉʽˉ˂ʷˇ˄Σ ʶʾ˄ʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ 

ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ʹ ˊˏʻ˃ʽˋʹ CƛƭŜ Ҧ !ǳǘƻ {ŀǾŜΣ ˗ˋˍʶ ˍˇ ʰˊ˔ʶʾˇ ˄ʰ ʰˉˇʻʹˁʶˏʶˍʰʽ ʰˎˍˈ˃ʰˍʰ ˉˊʽ˄ ʰˉˈ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʰˉˇ˒ʶˏʴʶˍʰʽ ʹ ʶˁˍʷ˂ʶˋʹ ˉʰ˂ʰʽˈˍʶˊʹˌ ʷˁʵˇˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ ʵʶ˄ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ˄ ˇʻˈ˄ʹΦ 

ʆˇ ±ƛǎǳŀƭ {ǘǳŘƛƻ /ƻŘŜ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʰˊ˔ʶʾ˖˄ WǳǇȅǘŜǊ bƻǘŜōƻƻƪ όΦƛǇȅƴōύ ˃ʷˋ˖ ˍʹˌ 

ʶʴˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ʶˉʷˁˍʰˋʹˌ WǳǇȅǘŜǊΦ ɾʶˍʱ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ʶˉʶˁˍʱˋʶ˖˄Σ ˍʰ ʰˊ˔ʶʾʰ 

ΦƛǇȅƴō ʰ˄ˇʾʴˇˎ˄ ˋʶ ʵʽʰʵˊʰˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˉʰˊˈ˃ˇʽˇ ˃ʶ ʰˎˍˈ ˍˇˎ ˁ˂ʰˋʽˁˇˏ Wǳpyter Notebook, 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˁ˗ʵʽˁʰ ʰ˄ʱ ˁʶ˂ʾ όŎŜƭƭύΣ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʴˊʰ˒ʹ˃ʱˍ˖˄ ˁʰʽ 

ˉʽ˄ʱˁ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˁʶʽ˃ʷ˄ˇˎ ˋʶ ˃ˇˊ˒ʺ aŀǊƪŘƻǿƴΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 5Σ ˍˇ ±{ /ƻŘŜ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ʶ˄ʽʰʾˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˄ʱˉˍˎ˅ʹˌ ˍˈˋˇ ʴʽʰ ʰˊ˔ʶʾʰ 

tȅǘƘƻƴ όΦǇȅύ ˈˋˇ ˁʰʽ ʴʽʰ ʵʽʰʵˊʰˋˍʽˁʱ ƴƻǘŜōƻƻƪǎΣ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˍˇ˄ 

ˉʶʽˊʰ˃ʰˍʽˋ˃ˈ ˁʰʽ ˍʹ ʵʽʵʰˋˁʰ˂ʾʰΦ 
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ɳʽˁˈ˄ʰ 5 ς ɳˁˍʷ˂ʶˋʹ ʰˊ˔ʶʾˇˎ ˁ˗ʵʽˁʰ ΦǇȅ ˁʰʽ ʰˊ˔ʶʾˇˎ ˋʹ˃ʶʽ˖˃ʰˍʰˊʾˇˎ ΦƛǇȅƴō ˋˍˇ ±ƛǎǳŀƭ {ǘǳŘƛƻ /ƻŘŜΦ  

1.1.7. ʅˎʴʴˊʰ˒ʺ ˁʰʽ ʶˁˍʷ˂ʶˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˁ˗ʵʽˁʰ ˋˍˇ DƻƻƎƭŜ /ƻƭŀō 

ʆˇ DƻƻƎƭŜ /ƻƭŀō ό/ƻƭŀōƻǊŀǘƻǊȅύ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʵʽʰʵʽˁˍˎʰˁʺ ˉ˂ʰˍ˒ˈˊ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ tȅǘƘƻƴΣ ʹ 

ˇˉˇʾʰ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˒ʽ˂ˇˋˇ˒ʾʰ ˍ˖˄ WǳǇȅǘŜǊ bƻǘŜōƻƻƪǎ ˁʰʽ ˂ʶʽˍˇˎˊʴʶʾ ʶ˅ ˇ˂ˇˁ˂ʺˊˇˎ ˃ʷˋ˖ 

˒ˎ˂˂ˇ˃ʶˍˊʹˍʺΦ ɲʶ˄ ʰˉʰʽˍʶʾ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ ˋˍˇ˄ ˍˇˉʽˁˈ ˎˉˇ˂ˇʴʽˋˍʺΣ ˁʰʻ˗ˌ ʹ ʶˁˍʷ˂ʶˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏˌ ˉˈˊˇˎˌ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ DƻƻƎƭŜ ʶ˄˗  ʴʽʰ ˍʹ ˔ˊʺˋʹ ˍˇˎ 

ʰˉʰʽˍʶʾˍʰʽ ˂ˇʴʰˊʽʰˋ˃ˈˌ DƻƻƎƭŜΦ ʆˇ /ƻƭŀō ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˊˇʶʴˁʰˍʶˋˍʹ˃ʷ˄ʶˌ ʲʽʲ˂ʽˇʻʺˁʶˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˋˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹΣ ˈˉ˖ˌ bǳƳtȅΣ 

ǇŀƴŘŀǎΣ ƳŀǘǇƭƻǘƭƛōΣ ¢ŜƴǎƻǊCƭƻǿ ˁʰʽ tȅ¢ƻǊŎƘΣ ʶ˄˗ ˉʰˊʷ˔ʶʽ ˁʰʽ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˅ʽˇˉˇʾʹˋʹˌ ʶˉʽˍʰ˔ˎ˄ˍ˗˄Σ 

ˈˉ˖ˌ Dt¦ǎ ˁʰʽ ¢t¦ǎΣ ʴʽʰ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ˎˉˇ˂ˇʴʽˋ˃˗˄Φ ʃʰˊʱ˂˂ʹ˂ʰΣ ˎˉˇˋˍʹˊʾʸʶʽ ˋˎ˄ʶˊʴʰˍʽˁʺ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΣ ˃ʶ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʰˊ˔ʶʾ˖˄ ˋˍˇ DƻƻƎƭŜ 5ǊƛǾŜΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍˇ 

ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʶˁˉʰʽʵʶˎˍʽˁʷˌ ˁʰʽ ʶˊʶˎ˄ʹˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˄ʷˇˎ ˋʹ˃ʶʽ˖˃ʰˍʰˊʾˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʶʾˋˇʵˇ ˋˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ ˍˇˎ /ƻƭŀō 

(https://colab.research.google.com/ύ ˁʰʽ ʶˉʽ˂ˇʴʺ ˄ʷˇˎ ƴƻǘŜōƻƻƪΦ ʆˇ ʷʴʴˊʰ˒ˇ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˁʶ˂ʽʱ όŎŜƭƭǎύΣ ˋˍʰ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʴˊʰ˒ʶʾ ʶʾˍʶ ˁ˗ʵʽˁʰˌ tȅǘƘƻƴ ʶʾˍʶ ʶˉʶ˅ʹʴʹ˃ʰˍʽˁˈ 

ˁʶʾ˃ʶ˄ˇ ˋʶ ˃ˇˊ˒ʺ aŀǊƪŘƻǿƴΦ ɼʱʻʶ ˁʶ˂ʾ ʶˁˍʶ˂ʶʾˍʰʽ ʰˎˍˈ˄ˇ˃ʰΣ ˃ʶ ˍˇ ˁˇˎ˃ˉʾ ʶˁˍʷ˂ʶˋʹˌ ʺ ˃ʶ ˍˇ˄ 

ˋˎ˄ʵˎʰˋ˃ˈ {ƘƛŦǘҌ9ƴǘŜǊΣ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʰ˃ʷˋ˖ˌ ʰˉˈ ˁʱˍ˖Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˋˍʰʵʽʰˁʺ 

ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʷ˂ʶʴ˔ˇ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ʷ˄ʰ ˋʹ˃ʶʽ˖˃ʰˍʱˊʽˇ ˃ˉˇˊʶʾ ˄ʰ 

ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ˁ˗ʵʽˁʰˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾ ˍˎ˔ʰʾʰ млл ˋʹ˃ʶʾʰ ˋˍˇ ʵʽˋɻ ʽʱˋˍʰˍˇ ˔˗ˊˇΣ ˁʰʽ ˉʰˊʱʴʶʽ 

ʴˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˋʶ ˃ˇˊ˒ʺ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ʵʽʰˋˉˇˊʱˌΦ ɶ ˋ˔ʶʵʾʰˋʹ ˍˇˎ ʴˊʰ˒ʺ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʰˉʶˎʻʶʾʰˌ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ƳŀǘǇƭƻǘƭƛō όɳʽˁˈ˄ʰ 6ύΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ʺʵʹ ʵʽʰʻʷˋʽ˃ʹ 

ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˔˖ˊʾˌ ˉˊˈˋʻʶˍʶˌ ʶ˄ˍˇ˂ʷˌ ʶʴˁʰˍʱˋˍʰˋʹˌΦ  

https://colab.research.google.com/
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ɳʽˁˈ˄ʰ 6 ς ɲʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʴˊʰ˒ʺ˃ʰˍˇˌ ʵʽʰˋˉˇˊʱˌ ˋˍˇ DƻƻƎƭŜ /ƻƭŀōΦ  

1.2. ɳʴˁʰˍʱˋˍʰˋʹ ʲʽʲ˂ʽˇʻʹˁ˗˄ 

ɶ tȅǘƘƻƴ ʵʽʰʻʷˍʶʽ ʷ˄ʰ ˉ˂ˇˏˋʽˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ʲʽʲ˂ʽˇʻʹˁ˗˄ όƭƛōǊŀǊƛŜǎκǇŀŎƪŀƎŜǎύ ˉˇˎ ʶˉʶˁˍʶʾ˄ˇˎ˄ 

ˋʹ˃ʰ˄ˍʽˁʱ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʷˌ ˍʹˌΣ ʽʵʽʰʾˍʶˊʰ ˋˍˇ˄ ˔˗ˊˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ʶʴˁʰˍʱˋˍʰˋʹ 

ʲʽʲ˂ʽˇʻʹˁ˗˄ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ʵʽʰ˔ʶʽˊʽˋˍʺ ˉʰˁʷˍ˖˄ ˁʰʽ ˇ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ˇˌ ʵʽʰ˔ʶʽˊʽˋˍʺˌ ˉʰˁʷˍ˖˄ 

ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ ˍˇ ǇƛǇ ˉˇˎ ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍˇ tȅtL όtȅǘƘƻƴ tŀŎƪŀƎŜ LƴŘŜȄ - tȅtLύΦ ¢ƻ tȅtƛ ʶʾ˄ʰʽ ˍˇ 

ʶˉʾˋʹ˃ˇ ˁʶ˄ˍˊʽˁˈ ʰˉˇʻʶˍʺˊʽˇ ˔ʽ˂ʽʱʵ˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˍʹˌ tȅǘƘƻƴ ˈˉ˖ˌ ˍˇ ƴǳƳǇȅ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁˇˏˌ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΣ ˍˇ ǇŀƴŘŀǎ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˍˇ ƳŀǘǇƭƻǘƭƛō ʴʽʰ ˇˉˍʽˁˇˉˇʾʹˋʹΣ ˍˇ ǎŎƛƪƛǘ-ƭŜŀǊƴ ʴʽʰ 

ʰ˄ʱˉˍˎ˅ʹ ʶ˒ʰˊ˃ˇʴ˗˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˁΦʰΦ 

ɱʽʰ ˄ʰ ʶʴˁʰˍʰˋˍʰʻʶʾ ˃ʽʰ ʲʽʲ˂ʽˇʻʺˁʹ ʰˊˁʶʾΣ ʰˉˈ ˍʹ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄Σ ˄ʰ ʵˇʻʶʾ ʹ ʶ˄ˍˇ˂ʺΥ 

pip install ɞɜɞɛŬ_ˊŬəɏŰɞɡ 

ʅˎ˄ʾˋˍʰˍʰʽ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʶˌ ˋʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉˇ˂˂ʷˌ ʶˁʵˈˋʶʽˌ tȅǘƘƻƴ ʹ ˔ˊʺˋʹ ˍˇˎ 

ʵʽʰˁˈˉˍʹ -Ƴ ˖ˌ ʶ˅ʺˌΥ 



 

10 
 

pip install -m ɞɜɞɛŬ_ˊŬəɏŰɞɡ 

ˉˇˎ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ ǇƛǇ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ʷˁʵˇˋʹ ˍʹˌ tȅǘƘƻƴΦ ɴˍˋʽ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʴʽʰ 

˄ʰ ʶʴˁʰˍʰˋˍʰʻʶʾ ʹ ʲʽʲ˂ʽˇʻʺˁʹ ǇŀƴŘŀǎ ˃ˉˇˊʶʾ ˄ʰ ʵˇʻʶʾ ʹ ʰˁˈ˂ˇˎʻʹ ʶ˄ˍˇ˂ʺΥ 

pip install - m pandas  

ɮ˄ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍˈ ˄ʰ ʶʴˁʰˍʰˋˍʰʻʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʷˁʵˇˋʹ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌΣ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ 

˃ʽʰ ʶ˄ˍˇ˂ʺ ˍʹˌ ˃ˇˊ˒ʺˌΥ 

pip install - m pandas ==2.2.0  

1.2.1. ɹʵʶʰˍʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˃ʶ ˍˇ ǾŜƴǾ 

ɶ ʶʴˁʰˍʱˋˍʰˋʹ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˋˍʹ ʲʰˋʽˁʺ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ ˁʰ˂ʺ ˉˊʰˁˍʽˁʺ  ʵʽˈˍʽ 

˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˋˎʴˁˊˇˏˋʶʽˌ ʶˁʵˈˋʶ˖˄ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʷˊʴ˖˄ όǇǊƻƧŜŎǘǎύΣ ˄ʰ ʶˉʹˊʶʱˋʶʽ 

ʱ˂˂ʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʹ˄ ʾʵʽʰ ʶʴˁʰˍʱˋˍʰˋʹ ˁʰʽ ˄ʰ ʵˎˋˁˇ˂ʷ˕ʶʽ ˍʹ˄ 

ʰ˄ʰˉʰˊʰʴ˖ʴʽ˃ˈˍʹˍʰ ˁʰʽ ˍʹ ˋˎ˄ˍʺˊʹˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΦ ʅˎ˄ʶˉ˗ˌΣ ˋˎ˄ʽˋˍʱˍʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ˔ˊʺˋʹ 

ˍ˖˄ ˂ʶʴˈ˃ʶ˄˖˄ ʽʵʶʰˍ˗˄ ˉʶˊʽʲʰ˂˂ˈ˄ˍ˖˄ όǾƛǊǘǳŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎύΣ ˗ˋˍʶ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ʶˉʽˉ˂ʷˇ˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄ ˄ʰ ˃ʹ˄ ʶˉʽʲʰˊˏ˄ʶʽ ˍʹ ʲʰˋʽˁʺ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ ʴ˂˗ˋˋʰˌ ˁʰʽ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˔ˊʺˋʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʶˁʵˈˋʶ˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʰˉʰʽˍˇˏ˄ˍʰʽ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ʷˊʴʰΦ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˄ʷˇˎ ʽʵʶʰˍˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʾ˄ʶˍʰʽ ˋʶ ʷ˄ʰ˄ ˒ʱˁʶ˂ˇ όˁʰˍʱ˂ˇʴˇύ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ʰˊ˔ʶʾ˖˄ ˃ʶ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ʶ˄ˍˇ˂ʺΣ ʹ ˇˉˇʾʰ ʶˁˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʹ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄Υ 

python - m venv myenv  

ɶ ʶ˄ˍˇ˂ʺ ʰˎˍʺ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˎˉˇˁʰˍʱ˂ˇʴˇ ˃ʶ ˈ˄ˇ˃ʰ ƳȅŜƴǾ ˋˍˇ˄ ˍˊʷ˔ˇ˄ˍʰ ˒ʱˁʶ˂ˇ όˍˇ ˈ˄ˇ˃ʰ 

ƳȅŜƴǾ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈύΣ ˇ ˇˉˇʾˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ʰˉˇ˃ˇ˄˖˃ʷ˄ʹ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ 

tȅǘƘƻƴ ˁʰʽ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄Φ 

ɶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ʽʵʶʰˍˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʾ˄ʶˍʰʽΥ 

¶ ʅˍʰ ²ƛƴŘƻǿǎΥ 

myenv\ Scripts \ activate  

¶ ʅˍˇ [ƛƴǳȄ ˁʰʽ ˋˍˇ ƳŀŎh{Υ 

source myenv/bin/activate  

ɾʶˍʱ ˍʹ˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹΣ ʹ ˉˊˇˍˊˇˉʺ όǇǊƻƳǇǘύ ˍʹˌ ʴˊʰ˃˃ʺˌ ʶ˄ˍˇ˂˗˄ ʶ˃˒ʰ˄ʾʸʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ʽʵʶʰˍˇˏ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˃ʷˋʰ ˋʶ ˉʰˊʶ˄ʻʷˋʶʽˌ όˉΦ˔Φ όƳȅŜƴǾύύΣ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˈˍʽ ˇʽ ʶ˄ˍˇ˂ʷˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ 

ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˋˍˇ ʰˉˇ˃ˇ˄˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɶ ʶʴˁʰˍʱˋˍʰˋʹ ʶ˅˖ˍʶˊʽˁ˗˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˃ˉˇˊʶʾ ˉ˂ʷˇ˄ 
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˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋˍˇ ʽʵʶʰˍˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʷˋ˖ ˍˇˎ ǇƛǇΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˇʽ ʰˁˈ˂ˇˎʻʶˌ ʶ˄ˍˇ˂ʷˌ 

ʶʴˁʰʻʽˋˍˇˏ˄ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ǇŀƴŘŀǎ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˍʹ˄ ʷˁʵˇˋʺ ˍʹˌΥ 

pip install pandas  

python - c "import pandas; print(pandas.__version__)"  

 

I ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ʽʵʶʰˍˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʴʾ˄ʶˍʰʽ ʵʾ˄ˇ˄ˍʰˌ ˋˍʹ ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄ ˍʹ˄ ʶ˄ˍˇ˂ʺ 

deactivate. 

ɳˁˍˈˌ ʰˉˈ ˍˇ ʶˊʴʰ˂ʶʾˇ ǾŜƴǾΣ ˉˇˎ ˎˉʱˊ˔ʶʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˋˍʹ˄ tȅǘƘƻƴ ʰˉˈ ˍʹ˄ ʷˁʵˇˋʹ оΦоΣ ˎˉʱˊ˔ˇˎ˄ 

ˁʰʽ ʱ˂˂ˇʽ ˍˊˈˉˇʽ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹˌ ʽʵʶʰˍ˗˄ ˉʶˊʽʲʰ˂˂ˈ˄ˍ˖˄Σ ˈˉ˖ˌ ˍˇ uv ˁʰʽ ˍˇ ŎƻƴŘŀΦ ʆˇ 

ǳǾ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋˏʴ˔ˊˇ˄ˇΣ ʽʵʽʰʾˍʶˊʰ ʴˊʺʴˇˊˇ ʶˊʴʰ˂ʶʾˇ ʵʽʰ˔ʶʾˊʽˋʹˌ ˉʶˊʽʲʰ˂˂ˈ˄ˍ˖˄ ˁʰʽ ʶ˅ʰˊˍʺˋʶ˖˄Σ 

ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʶʾ ʰˉˇ˃ˇ˄˖˃ʷ˄ʰ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˁʰʽ ˄ʰ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˉʰˁʷˍʰ ˃ʶ ʷ˃˒ʰˋʹ 

ˋˍʹ˄ ʰˉˈʵˇˋʹ ˁʰʽ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʽ˃ˈˍʹˍʰΦ ʆˇ ŎƻƴŘŀΣ ʰˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ʶʾ˄ʰʽ ʷ˄ʰ ʶˎˊˏˍʶˊˇ 

ˋˏˋˍʹ˃ʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˉʰˁʷˍ˖˄ ˁʰʽ ˉʶˊʽʲʰ˂˂ˈ˄ˍ˖˄ ˉˇˎ ʵʶ˄ ˉʶˊʽˇˊʾʸʶˍʰʽ ˃ˈ˄ˇ ˋˍʹ˄ tȅǘƘƻƴΣ ʰ˂˂ʱ 

˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ʲʽʲ˂ʽˇʻʺˁʶˌ ʴˊʰ˃˃ʷ˄ʶˌ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ʴ˂˗ˋˋʶˌ όˉΦ˔Φ /Σ /ҌҌύΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍˇ 

ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ ʵʹ˃ˇ˒ʽ˂ʷˌ ˋʶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

1.3. ɰʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ˍʹˌ tȅǘƘƻƴ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ˇ ˍˊˈˉˇˌ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʹ tȅǘƘƻƴ ˉˊˇˋʶʴʴʾʸʶʽ ʲʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˈˉ˖ˌ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˇʽ ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄Σ ˇʽ ˍʶ˂ʶˋˍʷˌΣ ˇʽ ʶˁ˒ˊʱˋʶʽˌ ˁʰʽ ʹ 

ʶʾˋˇʵˇˌκʷ˅ˇʵˇˌΦ 

1.3.1. ɾʶˍʰʲ˂ʹˍʷˌ 

ʅˍʹ˄ tȅǘƘƻƴ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺ ʶʾ˄ʰʽ ʷ˄ʰ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˈ όˈ˄ˇ˃ʰύ ˉˇˎ ʵʶˋ˃ʶˏʶˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˋʶ ʷ˄ʰ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˃˄ʺ˃ʹˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ʴ˂˗ˋˋʶˌ ˃ʶ ˋˍʰˍʽˁˇˏˌ ˍˏˉˇˎˌ όǎǘŀǘƛŎ ǘȅǇƛƴƎύ ˈˉ˖ˌ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ʹ /Σ ʹ /ҌҌ ˁʰʽ ʹ WŀǾŀΣ ʹ tȅǘƘƻƴ ʰˁˇ˂ˇˎʻʶʾ ˍˇ ŘȅƴŀƳƛŎ ǘȅǇƛƴƎ όʶ˒ʰˊ˃ˇʴʺ ʵˎ˄ʰ˃ʽˁ˗˄ 

ˍˏˉ˖˄ύΣ ˉˊʱʴ˃ʰ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇ ˍˏˉˇˌ ʵʶ˄ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʰ˂˂ʱ ˃ʶ ˍˇ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˋˍˇ ˇˉˇʾˇ ʰˎˍʺ ʰ˄ʰ˒ʷˊʶˍʰʽΦ ɶ ʰ˄ʱʻʶˋʹ ˍʽ˃ʺˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ ҐΣ ˇ 

ˇˉˇʾˇˌ ʵʹ˃ʽˇˎˊʴʶʾ ʺ ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˍʹ ʵʷˋ˃ʶˎˋʹ ˍˇˎ ˇ˄ˈ˃ʰˍˇˌ ˋʶ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΣ ˔˖ˊʾˌ ˄ʰ ʰˉʰʽˍʶʾˍʰʽ 

ˊʹˍʺ ʵʺ˂˖ˋʹ ˍˏˉˇˎΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ ʾʵʽˇ ˈ˄ˇ˃ʰ ˃ˉˇˊʶʾ ʵʽʰʵˇ˔ʽˁʱ ˄ʰ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ʰˁʷˊʰʽˇΣ ˋʶ 

ʵʶˁʰʵʽˁˈ ʺ ˋʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰˉˇˍˎˉ˗˄ʶʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˒ˏˋʹ ˍʹˌ ʴ˂˗ˋˋʰˌΦ  

ʅˍˇ ʰˁˈ˂ˇˎʻˇ ʰˉˈˋˉʰˋ˃ʰ ˁ˗ʵʽˁʰ όɼΦ 1.3.1ύΣ ˋˍˇ w9t[Σ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ˃ʶˍʰʲ˂ʹˍʺ Ȅ ʰˊ˔ʽˁʱ 

ˉˊˇˋʵʷ˄ʶˍʰʽ όʴʾ˄ʶˍʰʽ ōƻǳƴŘύ ˋʶ ˃ʽʰ ʰˁʷˊʰʽʰ ˍʽ˃ʺΣ ˃ʶˍʱ ˋʶ ˃ʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˁʰʽ ˍʷ˂ˇˌ ˋʶ ʷ˄ʰ˄ 

ʰˊʽʻ˃ˈ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ƛŘόύ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʰˎˍˈˍʹˍʰ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˉˇˎ 

ʵʷ˔ʶˍʰʽ ˖ˌ ˈˊʽˋ˃ʰΣ ʶ˄˗ ʹ ǘȅǇŜόύ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ˍˏˉˇ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ 
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>>> x = 1729  

>>> id(x), type(x)  

(2290839803824, <class 'int'>)  

>>> x = "Use python!"  

>>> id(x), type(x)  

(2290841288240, <class 'str'>)  

>>> x = 1.618  

>>> id(x), type(x)  

(2290826590992, <class 'float'>)  

ɼΦ 1.3.1 ς ʃˊˈˋʵʶˋʹ ˃ʶˍʰʲ˂ʹˍʺˌ ˋʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍˏˉ˖˄Φ  

ʆʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ʰˉˈ ʴˊʱ˃˃ʰˍʰ ό˂ʰˍʽ˄ʽˁˇˏˌ ˔ʰˊʰˁˍʺˊʶˌ ¦ƴƛŎƻŘŜύΣ ˕ʹ˒ʾʰ 

ˁʰʽ ˍˇ˄ ˔ʰˊʰˁˍʺˊʰ ˎˉˇʴˊʱ˃˃ʽˋʹˌ όψύΦ ʇˉʱˊ˔ʶʽ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˉʶʸ˗˄ ˁʰʽ ˁʶ˒ʰ˂ʰʾ˖˄ ˔ʰˊʰˁˍʺˊ˖˄ 

(case-ǎŜƴǎƛǘƛǾŜύΣ ʶˉˇ˃ʷ˄˖ˌ ˍʰ ˇ˄ˈ˃ʰˍʰ ǾŀƭǳŜΣ ±ŀƭǳŜ ˁʰʽ ±![¦9 ʻʶ˖ˊˇˏ˄ˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱΦ  ɳˉʾˋʹˌΣ ˍʰ 

ˇ˄ˈ˃ʰˍʰ ˃ʶˍʰʲ˂ʹˍ˗˄ όˁʰʽ ʴʶ˄ʽˁˈˍʶˊʰ ˍʰ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʱΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍʰ ˇ˄ˈ˃ʰˍʰ 

ˋˎ˄ʰˊˍʺˋʶ˖˄ύ ʵʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ʰˊ˔ʾʸˇˎ˄ ʰˉˈ ˕ʹ˒ʾˇ ˁʰʽ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʰˎˍʾʸˇ˄ˍʰʽ ˃ʶ 

ʵʶˋ˃ʶˎ˃ʷ˄ʶˌ ˂ʷ˅ʶʽˌ όƪŜȅǿƻǊŘǎύΦ ʁʽ ʵʶˋ˃ʶˎ˃ʷ˄ʶˌ ˂ʷ˅ʶʽˌ ˍʹˌ tȅǘƘƻƴ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ 

and        as         assert     async      await      break 

case       class      continue   def        del        elif 

else       except     False      finally    for        from 

global     if         import     in         is         lambda 

match      None       nonlocal   not        or         pass 

raise      return     True       try        while      with 

yield                                                  

ʃʾ˄ʰˁʰˌ 1 ς ʁʽ ор ʵʶˋ˃ʶˎ˃ʷ˄ʶˌ ˂ʷ˅ʶʽˌ ˍʹˌ tȅǘƘƻƴ ˋˍʹ˄ ʷˁʵˇˋʹ оΦмп όˉˊˇˋˍʷʻʹˁʰ˄ н ʵʶˋ˃ʶˎ˃ʷ˄ʶˌ ˂ʷ˅ʶʽˌ ˋˍʹ˄ tȅǘƘƻƴ оΦмлΣ 
ʹ ƳŀǘŎƘ ˁʰʽ ʹ ŎŀǎŜύΦ  

1.3.2. ʆˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄ 

ɶ ɳʽˁˈ˄ʰ 7 ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˍˏˉ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ tȅǘƘƻƴΣ ˇʽ 

ˇˉˇʾʶˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ˉʷ˄ˍʶ ˁˏˊʽʶˌ ˇ˃ʱʵʶˌΥ bǳƳŜǊƛŎΣ .ƻƻƭŜŀƴΣ {ŜǉǳŜƴŎŜΣ 5ƛŎǘƛƻƴŀǊȅ ˁʰʽ {ŜǘΦ ʁʽ 

ʰˊʽʻ˃ʹˍʽˁˇʾ ˍˏˉˇʽ όbǳƳŜǊƛŎύ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇ˄ ʰˁʷˊʰʽˇ όˉΦ˔Φ пнύΣ ˍˇ˄ ʰˊʽʻ˃ˈ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ 

όˉΦ˔Φ оΦмпύ ˁʰʽ ˍˇ˄ ˃ʽʴʰʵʽˁˈ ʰˊʽʻ˃ˈ όˉΦ˔Φ мΦр Ҍ нΦоƧύΣ ˃ʶ ˇ˄ˇ˃ʰˋʾʶˌ ƛƴǘΣ Ŧƭƻŀǘ ˁʰʽ ŎƻƳǇƭŜȄ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʁ 

ˍˏˉˇˌ ōƻƻƭΣ ˇ ˇˉˇʾˇˌ ʰˉˇˍʶ˂ʶʾ ˎˉˇˁ˂ʱˋʹ ˍˇˎ ƛƴǘΣ ʰ˄ʰˉʰˊʽˋˍʱ ˍʽˌ ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌ ¢ǊǳŜ ˁʰʽ CŀƭǎŜΦ 

ʁʽ ʰˁˇ˂ˇˎʻʾʶˌ ό{ŜǉǳŜƴŎŜύ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ʵˇ˃ʷˌ ƭƛǎǘ όˉΦ˔Φ ώмΣ нΣ оΣ оϐύΣ ǎǘǊ όˉΦ˔Φ ϦƘŜƭƭƻϦύ ˁʰʽ ǘǳǇƭŜ 

όˉΦ˔Φ όмΣ нΣ оΣ оύύΣ ˇʽ ˇˉˇʾʶˌ ʰˉˇʻʹˁʶˏˇˎ˄ ʵʽʰˍʶˍʰʴ˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰΦ ʆʰ ˂ʶ˅ʽˁʱ ό5ƛŎǘƛƻƴŀǊȅύΣ ˍ˖˄ ˇˉˇʾ˖˄ 

ˇ ˍˏˉˇˌ ʶʾ˄ʰʽ ŘƛŎǘ όˉΦ˔Φ ϑмлмΥ ϦaŀǘƘǎϦΣ млнΥ ϦtǊƻƎǊŀƳƳƛƴƎϦϒύΣ ʰˉˇʻʹˁʶˏˇˎ˄ ʸʶˏʴʹ ˁ˂ʶʽʵʽˇˏς̱ ʽ˃ʺˌΣ 

ʶ˄˗ ˍʰ ˋˏ˄ˇ˂ʰ ό{ŜǘύΣ ˍˏˉˇˎ ǎŜǘ όˉΦ˔Φ ϑмΣ нΣ оϒύΣ ʰˉˇˍʶ˂ˇˏ˄ ˃ʹ ʵʽʰˍʶˍʰʴ˃ʷ˄ʰ ˋˏ˄ˇ˂ʰ ˃ˇ˄ʰʵʽˁ˗˄ 

ˋˍˇʽ˔ʶʾ˖˄Φ 
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ɳʽˁˈ˄ʰ 7 ς ɰʰˋʽˁˇʾ ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ tȅǘƘƻƴΦ  

 

1.3.2.1 ʅˎ˃ʲˇ˂ˇˋʶʽˊʷˌ 

ɴ˄ʰˌ ˍˏˉˇˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ʶʾ˄ʰʽ ˇ ˍˏˉˇˌ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ ɾʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 

ˇˊʾʸʶˍʰʽ ˃ʶ ˃ˇ˄ʱ όϥΦΦΦϥύ ʺ ʵʽˉ˂ʱ ʶʽˋʰʴ˖ʴʽˁʱ όϦΦΦΦϦύΣ ʶ˄˗ ʴʽʰ ˁʶʾ˃ʶ˄ˇ ˉˇ˂˂˗˄ ˋʶʽˊ˗˄ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˍˊʽˉ˂ʱ ʶʽˋʰʴ˖ʴʽˁʱ όϥϥϥΦΦΦϥϥϥ ʺ ϦϦϦΦΦΦϦϦϦύΦ ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ 

ʰˁˇ˂ˇˎʻʾʶˌ ˔ʰˊʰˁˍʺˊ˖˄ ¦ƴƛŎƻŘŜΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ˔ʰˊʰˁˍʺˊ˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ 

ʰ˂˒ʱʲʹˍʰΣ ˁʰʻ˗ˌ ˁʰʽ ʶʽʵʽˁʱ ˋˏ˃ʲˇ˂ʰΦ  

ɼʱʻʶ ˔ʰˊʰˁˍʺˊʰˌ ˃ʽʰˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋˉʶ˂ʰˋˍʶʾ ˃ʷˋ˖ ʵʶʽˁˍˇʵˈˍʹˋʹˌ όƛƴŘŜȄƛƴƎύΣ ˃ʶ 

ʰˊʾʻ˃ʹˋʹ ˉˇˎ ˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ ˃ʹʵʷ˄Φ ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ʶʾ˄ʰʽ ʰ˃ʶˍʱʲ˂ʹˍʶˌ όƛƳƳǳǘŀōƭŜύΣ ˉˊʱʴ˃ʰ ˉˇˎ 

ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍˇˎˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˍˊˇˉˇˉˇʽʹʻʶʾ ˃ʶˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎˌΦ 

ʁˉˇʽʰʵʺˉˇˍʶ ˉˊʱ˅ʹ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ˍʽˌ ʰ˂˂ʱʸʶʽΣ ˈˉ˖ˌ ʹ ˋˎ˄ʷ˄˖ˋʹ όҌύ ʺ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ όϝύΣ ʵʹ˃ʽˇˎˊʴʶʾ 

ʷ˄ʰ ˄ʷˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˏˉˇˎ ǎǘǊΦ  

ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ʵʽʰʻʷˍˇˎ˄ ˉ˂ʹʻ˗ˊʰ ˃ʶʻˈʵ˖˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽΥ ǳǇǇŜǊόύΣ ƭƻǿŜǊόύΣ ǎǘǊƛǇόύΣ ǊŜǇƭŀŎŜόύ ˁʰʽ 

ǎǇƭƛǘόύΣ ˇʽ ˇˉˇʾʶˌ ʶˉʽˍˊʷˉˇˎ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˁʶʽ˃ʷ˄ˇˎ ˔˖ˊʾˌ ˄ʰ ʰ˂˂ˇʽ˗˄ʶˍʰʽ ʹ ʰˊ˔ʽˁʺ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ tȅǘƘƻƴ ˎˉˇˋˍʹˊʾʸʶʽ ˋˏʴ˔ˊˇ˄ˇˎˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˃ˇˊ˒ˇˉˇʾʹˋʹˌ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄Σ ˈˉ˖ˌ ˍʰ Ŧ-ǎǘǊƛƴƎǎ όˉΦ˔Φ ŦϦʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ϑȄϒϦύΣ ˍʹ ˃ʷʻˇʵˇ ŦƻǊƳŀǘόύ ˁʰʽ ˍˇ˄ 

ˉʰ˂ʰʽˈˍʶˊˇ ˍʶ˂ʶˋˍʺ ҈Φ ʁʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ʰˎˍˇʾ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍʽ˃˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˃ʷˋʰ 

ˋʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˃ʶ ʶˎʷ˂ʽˁˍˇ ˁʰʽ ʶˏˁˇ˂ʰ ʰ˄ʰʴ˄˗ˋʽ˃ˇ ˍˊˈˉˇΦ 

Data types

Numeric

int 
42

float
3.14

complex
1.5 + 2.3j

bool (ˎ ˉˇˁ˂ʱˋʹ
ˍˇˎ int)

True, False
Sequence

list
[1,2,3,3]

str
"hello"

tuple
(1,2,3,3)

dict
{101:"Maths", 

102:"Programming"
}

set
{1,2,3}
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1.3.2.1.1 ɲʶʽˁˍˇʵˈˍʹˋʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ 

ʅˍʹ˄ tȅǘƘƻƴΣ ˁʱʻʶ ˔ʰˊʰˁˍʺˊʰˌ ˃ʽʰˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ʵʽʰʻʷˍʶʽ ʷ˄ʰ˄ ʵʶʾˁˍʹ όƛƴŘŜȄύΣ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ 

˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋˉʶ˂ʰˋˍʶʾ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΦ ɶ ʵʶʽˁˍˇʵˈˍʹˋʹ ˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ л ʴʽʰ ˍˇ˄ ˉˊ˗ˍˇ ˔ʰˊʰˁˍʺˊʰ 

όʰˊʽˋˍʶˊʱύ ˁʰʽ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ м ʴʽʰ ˁʱʻʶ ʶˉˈ˃ʶ˄ˇ ˔ʰˊʰˁˍʺˊʰ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˍʹ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΥ 

s = "this is a test" 

ˇ ˔ʰˊʰˁˍʺˊʰˌ ϥǘϥ ˋˍʹ ʻʷˋʹ л ʶʾ˄ʰʽ ˇ ˉˊ˗ˍˇˌ ˔ʰˊʰˁˍʺˊʰˌΣ ʶ˄˗ ˇ ˍʶ˂ʶˎˍʰʾˇˌ ˔ʰˊʰˁˍʺˊʰˌ ϥǘϥ ʲˊʾˋˁʶˍʰʽ 

ˋˍʹ ʻʷˋʹ моΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ tȅǘƘƻƴ ˎˉˇˋˍʹˊʾʸʶʽ ˁʰʽ ʰˊ˄ʹˍʽˁʺ ʵʶʽˁˍˇʵˈˍʹˋʹ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ 

ʃʾ˄ʰˁʰˌ 2Φ ɱʽʰ ˍʹ˄ ʰˊ˄ʹˍʽˁʺ ʵʶʽˁˍˇʵˈˍʹˋʹΣ ʹ ˃ʷˍˊʹˋʹ ˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΥ ˇ 

ˍʶ˂ʶˎˍʰʾˇˌ ˔ʰˊʰˁˍʺˊʰˌ ʷ˔ʶʽ ʵʶʾˁˍʹ -мΣ ˇ ˉˊˇˍʶ˂ʶˎˍʰʾˇˌ -н ˁΦˇΦˁΦ 

t h i s   i s 
 

a 
 

t e s t 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

-14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 

ʃʾ˄ʰˁʰˌ 2 ς ɲʶʽˁˍˇʵˈˍʹˋʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ϦǘƘƛǎ ƛǎ ŀ ǘŜǎǘϦΦ  

1.3.2.1.2 ʆʶ˃ʰ˔ʽˋ˃ˈˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ 

ʁ ˍʶ˃ʰ˔ʽˋ˃ˈˌ όǎƭƛŎƛƴƎύ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʶ˄ˈˌ ˍ˃ʺ˃ʰˍˇˌ ˃ʽʰˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ˃ʶ ˍʹ ˋˏ˄ˍʰ˅ʹΥ 

s[Ŭɟɢɐ:Űɏɚɞɠ:ɓɐɛŬ] 

ˈˉˇˎΥ 

¶ ʰˊ˔ʺ όǎǘŀǊǘύΥ ˇ ʵʶʾˁˍʹˌ ʰˉˈ ˍˇ˄ ˇˉˇʾˇ ˅ʶˁʽ˄ʱ ˍˇ ˍ˃ʺ˃ʰ όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽύΣ 

¶ ˍʷ˂ˇˌ όŜƴŘύΥ ˇ ʵʶʾˁˍʹˌ ˋˍˇ˄ ˇˉˇʾˇ ˋˍʰ˃ʰˍʱ ˍˇ ˍ˃ʺ˃ʰ όʵʶ˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽύΣ 

¶ ʲʺ˃ʰ όǎǘŜǇύΥ ˍˇ ʵʽʱˋˍʹ˃ʰ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˃ʶˍʰ˅ˏ ˔ʰˊʰˁˍʺˊ˖˄Φ 

ʂ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ʶʾ˄ʰʽ ˉˊˇʰʽˊʶˍʽˁʱΥ 

¶ ɮ˄ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ʹ ʰˊ˔ʺΣ ʻʶ˖ˊʶʾˍʰʽ ʹ ʰˊ˔ʺ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

¶ ɮ˄ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ˍˇ ˍʷ˂ˇˌΣ ʻʶ˖ˊʶʾˍʰʽ ˍˇ ˍʷ˂ˇˌ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

¶ ɮ˄ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ˍˇ ʲʺ˃ʰΣ ʻʶ˖ˊʶʾˍʰʽ ʾˋˇ ˃ʶ мΦ 

ɾʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʰˍʺˊʹˋʹ ʶʾ˄ʰʽ ˈˍʽ ˍˇ ˍ˃ʺ˃ʰ ǎώǎǘŀǊǘΥŜƴŘϐ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ ˔ʰˊʰˁˍʺˊʰ ˋˍʹ ʻʷˋʹ 

ǎǘŀǊǘΣ ʰ˂˂ʱ ˈ˔ʽ ˍˇ˄ ˔ʰˊʰˁˍʺˊʰ ˋˍʹ ʻʷˋʹ ŜƴŘΦ ɲʹ˂ʰʵʺΣ ˍˇ ŜƴŘ ʶʾ˄ʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁˈ όŜȄŎƭǳǎƛǾŜύΦ ɶ 

ʵˎ˄ʰˍˈˍʹˍʰ ˁʰʻˇˊʽˋ˃ˇˏ ʲʺ˃ʰˍˇˌ ʶˉʽˍˊʷˉʶʽΣ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄Σ ˍʹ˄ ʰ˄ˍʽˋˍˊˇ˒ʺ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ όǎώΥΥ-

мϐύΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˔ʰˊʰˁˍʺˊ˖˄ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇʵʽˁˈˍʹˍʰΦ ɾʽʰ ˋˏ˄ˇ˕ʹ ˍ˖˄ 

ʵˎ˄ʰˍˇˍʺˍ˖˄ ˍˇˎ ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄  ʃʾ˄ʰˁʰˌ 3. 



 

15 
 

ʆʶ˃ʰ˔ʽˋ˃ˈˌ ɳˊ˃ʹ˄ʶʾʰ ʃʰˊʱʵʶʽʴ˃ʰ 

s[start:end:step]  ʆ˃ʺ˃ʰ ˍʹˌ ǎ ʰˉˈ ˍˇ˄ ʵʶʾˁˍʹ ǎǘŀǊǘ 
˃ʷ˔ˊʽ ˁʰʽ ˍˇ˄ ʵʶʾˁˍʹ  ŜƴŘ-1 

s[5:7] Ą 'is'  

s[start:]  ʆ˃ʺ˃ʰ ˍʹˌ ǎ ʰˉˈ ˍˇ˄ ʵʶʾˁˍʹ ǎǘŀǊǘ 
˃ʷ˔ˊʽ ˍˇ ˍʷ˂ˇˌ 

s[8:] Ą 'a test'  

s[:end]  ʆ˃ʺ˃ʰ ˍʹˌ ǎ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˃ʷ˔ˊʽ 
˃ʷ˔ˊʽ ˁʰʽ ˍˇ˄ ʵʶʾˁˍʹ  ŜƴŘ-1 

s[:4] Ą 'this'  

s[:]  ɮ˄ˍʽʴˊʰ˒ʺ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ s[:] Ą 'this is a test'  

s[:: - 1]  ɽʺ˕ʹ ʰ˄ˍʾˋˍˊˇ˒ʺˌ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ 

s[:: - 1] Ą 'tset a si sihtô 

ʃʾ˄ʰˁʰˌ 3 ς ɲˎ˄ʰˍˈˍʹˍʶˌ ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄Σ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˃ʶ ˍʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ǎҐϥǘƘƛǎ ƛǎ ŀ ǘŜǎǘϥΦ 

  

1.3.2.1.3 ʅˎ˄ʰˊˍʺˋʶʽˌ ˁʰʽ ˃ʷʻˇʵˇʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄  

ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όƻōƧŜŎǘǎύΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʵʽʰʻʷˍˇˎ˄ 

ˉ˂ʹʻ˗ˊʰ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ ʴʶ˄ʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌΣ ˈˉ˖ˌ ʹ ƭŜƴόύ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˔ʰˊʰˁˍʺˊ˖˄ 

˃ʽʰˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˁʶ˄˗˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ǎ Ґ ϦtȅǘƘƻƴϦΣ ˍˈˍʶ ʹ 

ƭŜƴόǎύ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʽ˃ʺ сΦ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˃ʶˊʽʱΣ ˇʽ ˃ʷʻˇʵˇʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˁʰ˂ˇˏ˄ˍʰʽ ˃ʶ ˍʹ ˋˏ˄ˍʰ˅ʹ ǎΦ˃ʷʻˇʵˇˌόύ ˁʰʽ ʵʶ˄ 

ˍˊˇˉˇˉˇʽˇˏ˄ ˍʹ˄ ʰˊ˔ʽˁʺ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ʰ˂˂ʱ ʶˉʽˋˍˊʷ˒ˇˎ˄ ˃ʽʰ ˄ʷʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ ɾʶˍʰ˅ˏ ˍ˖˄ 

ʲʰˋʽˁ˗˄ ˃ʶʻˈʵ˖˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˃ˇˊ˒ʺˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˇʽ ǳǇǇŜǊόύ ˁʰʽ 

ƭƻǿŜǊόύ ʴʽʰ ˃ʶˍʰˍˊˇˉʺ ˋʶ ˁʶ˒ʰ˂ʰʾʰ ˁʰʽ ˉʶʸʱ ʴˊʱ˃˃ʰˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ŎŀǇƛǘŀƭƛȊŜόύΣ ǘƛǘƭŜόύ 

ˁʰʽ ǎǿŀǇŎŀǎŜόύ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ ˃ˇˊ˒ˇˉˇʾʹˋʹˌ ˁʶʽ˃ʷ˄ˇˎΦ  

ɱʽʰ ʰ˄ʰʸʺˍʹˋʹ ˃ʷˋʰ ˋʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˃ʷʻˇʵˇʽ ŦƛƴŘόύΣ ƛƴŘŜȄόύ ˁʰʽ ŎƻǳƴǘόύΦ ɶ 

ŦƛƴŘόǎǳōύ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ ʻʷˋʹ ˍʹˌ ˉˊ˗ˍʹˌ ʶ˃˒ʱ˄ʽˋʹˌ ˃ʽʰˌ ˎˉˇˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ʺ -м ʰ˄ ʵʶ˄ ʲˊʶʻʶʾΣ ʶ˄˗ 

ʹ ƛƴŘŜȄόǎǳōύ ˂ʶʽˍˇˎˊʴʶʾ ˉʰˊˈ˃ˇʽʰ ʰ˂˂ʱ ˉˊˇˁʰ˂ʶʾ ˍʶˊ˃ʰˍʽˋ˃ˈ ʶˁˍʷ˂ʶˋʹˌ ˃ʶ ˃ʺ˄ˎ˃ʰ ˋ˒ʱ˂˃ʰˍˇˌ ʰ˄ 

ˍˇ ˋˍˇʽ˔ʶʾˇ ʵʶ˄ ˎˉʱˊ˔ʶʽΦ ɶ Ŏƻǳƴǘόǎǳōύ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶ˃˒ʰ˄ʾˋʶ˖˄ ˃ʽʰˌ 

ˎˉˇˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

ɶ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ǊŜǇƭŀŎŜόƻƭŘΣ ƴŜǿΣ ŎƻǳƴǘύΣ ˈˉˇˎ 

ˉˊˇʰʽˊʶˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ ˇ ˃ʷʴʽˋˍˇˌ ʰˊʽʻ˃ˈˌ ʰ˄ˍʽˁʰˍʰˋˍʱˋʶ˖˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ 

Ϧʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌϦΦǊŜǇƭŀŎŜόϦʰϦΣ Ϧ-Ϧύ ʶˉʽˋˍˊʷ˒ʶʽ Ϧʃˊˇʴˊ-˃ -˃ˍʽˋ˃ˈˌϦΦ 

ɱʽʰ ʵʽʰ˔˖ˊʽˋ˃ˈ ˁʰʽ ˋˏ˄ʻʶˋʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ǎǇƭƛǘόύ ˁʰʽ ƧƻƛƴόύΦ ɶ ǎǇƭƛǘόύ 

ʵʽʰ˔˖ˊʾʸʶʽ ˃ʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˋʶ ˂ʾˋˍʰ ˃ʶ ʲʱˋʹ ˃ʽʰ ʱ˂˂ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʰ ˉˇˎ ʷ˔ʶʽ ˍˇ ˊˈ˂ˇ ˍˇˎ 
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ʵʽʰ˔˖ˊʽˋˍʺΣ ʶ˄˗ ʹ Ƨƻƛƴόύ ʶ˄˗˄ʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ ˂ʾˋˍʰˌ ˋʶ ˃ʾʰ ʶ˄ʽʰʾʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ 

ϦʰΣʲΣʴϦΦǎǇƭƛǘόϦΣϦύ ʶˉʽˋˍˊʷ˒ʶʽ ώϥʰϥΣ ϥʲϥΣ ϥʴϥϐΣ ʶ˄˗ ʹ Ϧ ϦΦƧƻƛƴόώϦɶϦΣ ϦtȅǘƘƻƴϦΣ Ϧʶʾ˄ʰʽϦΣ ϦʵʽʰˋˁʶʵʰˋˍʽˁʺϦϐύ 

ʶˉʽˋˍˊʷ˒ʶʽ Ϧɶ tȅǘƘƻƴ ʶʾ˄ʰʽ ʵʽʰˋˁʶʵʰˋˍʽˁʺ". 

ɳˉʽˉ˂ʷˇ˄Σ ˎˉʱˊ˔ˇˎ˄ ˃ʷʻˇʵˇʽ ʶ˂ʷʴ˔ˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˈˉ˖ˌ ƛǎŀƭǇƘŀόύΣ ƛǎŘƛƎƛǘόύΣ ƛǎŀƭƴǳƳόύΣ ƛǎǎǇŀŎŜόύΣ 

ˁʰʻ˗ˌ ˁʰʽ ǎǘŀǊǘǎǿƛǘƘόύ ˁʰʽ ŜƴŘǎǿƛǘƘόύ ʴʽʰ ʷ˂ʶʴ˔ˇ ˉˊˇʻʷ˃ʰˍˇˌ ˁʰʽ ʶˉʽʻʷ˃ʰˍˇˌΦ ɱʽʰ ʰ˒ʰʾˊʶˋʹ ˁʶ˄˗˄ ʺ 

ʱ˂˂˖˄ ˔ʰˊʰˁˍʺˊ˖˄ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˁʰʽ ˍˇ ˍʷ˂ˇˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ǎǘǊƛǇόύΣ ƭǎǘǊƛǇόύ ˁʰʽ ǊǎǘǊƛǇόύΦ 

ʆʷ˂ˇˌΣ ʹ ˃ˇˊ˒ˇˉˇʾʹˋʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ Ŧ-ǎǘǊƛƴƎǎ όˉΦ˔Φ ŦϦϑƴŀƳŜϒ ˁʰʽ ϑŀƎŜϒϦύ ʺ ˃ʶ ˍʹ 

˃ʷʻˇʵˇ ŦƻǊƳŀǘόύΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ʵˎ˄ʰ˃ʽˁʺ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍʽ˃˗˄ ˃ʷˋʰ ˋʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌΦ 

1.3.3. ʆʶ˂ʶˋˍʷˌ 

ʁʽ ˍʶ˂ʶˋˍʷˌ όƻǇŜǊŀǘƻǊǎύ ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ ˋˏ˃ʲˇ˂ʰ ʺ ˂ʷ˅ʶʽˌ-ˁ˂ʶʽʵʽʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍˇ˄ 

ˋˎ˄ʵˎʰˋ˃ˈ ˍʽ˃˗˄Φ ɼʱʻʶ ˍʶ˂ʶˋˍʺˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˇˊʾˋ˃ʰˍʰ όƻǇŜǊŀƴŘǎύ ˁʰʽ 

ˉʰˊʱʴʶʽ ʷ˄ʰ ʰˉˇˍʷ˂ʶˋ˃ʰΦ ʁʽ ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ˍʶ˂ʶˋˍ˗˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇˎˌ ʰˊʽʻ˃ʹˍʽˁˇˏˌ όҌΣ -, 

ϝΣ κΣ κκΣ ҈Σ ϝϝύΣ ˍˇˎˌ ˋˎʴˁˊʽˍʽˁˇˏˌ όҐҐΣ ΗҐΣ ғΣ ҔΣ ғҐΣ ҔҐύΣ ˍˇˎˌ ˂ˇʴʽˁˇˏˌ όŀƴŘΣ ƻǊΣ ƴƻǘύΣ ˍˇˎˌ ˍʶ˂ʶˋˍʷˌ 

ʰ˄ʱʻʶˋʹˌ όҐΣ ҌҐΣ -ҐΣ ˁΦʱΦύΣ ˁʰʻ˗ˌ ˁʰʽ ʶʽʵʽˁˇˏˌ ˍʶ˂ʶˋˍʷˌ ˈˉ˖ˌ ˇ ˍʶ˂ʶˋˍʺˌ ˋˎ˃˃ʶˍˇ˔ʺˌ όƛƴΣ ƴƻǘ ƛƴύ ˁʰʽ ˇ 

ˍʶ˂ʶˋˍʺˌ ˍʰˎˍˈˍʹˍʰˌ όƛǎΣ ƛǎ ƴƻǘύΦ ɾʽʰ ʰˁˈ˃ʰ ˁʰˍʹʴˇˊʾʰ ˍʶ˂ʶˋˍ˗˄ ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʵˎʰʵʽˁˇʾ ˍʶ˂ʶˋˍʷˌ 

όōƛǘǿƛǎŜ ƻǇŜǊŀǘƻǊǎύΣ ˇʽ ˇˉˇʾˇʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ʰˁʷˊʰʽˇˎˌ ʰˊʽʻ˃ˇˏˌ ˁʰʽ ˂ʶʽˍˇˎˊʴˇˏ˄ ˉʱ˄˖ ˋˍʹ 

ʵˎʰʵʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʺ ˍˇˎˌΦ ʅʶ ʰˎˍˇˏˌ ʰ˄ʺˁˇˎ˄ ˇʽ ϧ όōƛǘǿƛǎŜ !b5ύΣ μ όōƛǘǿƛǎŜ hwύΣ ϣ όōƛǘǿƛǎŜ ·hwύΣ 

~ όōƛǘǿƛǎŜ bh¢ύΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˍʶ˂ʶˋˍʷˌ ˃ʶˍʰˍˈˉʽˋʹˌ ғғ όʰˊʽˋˍʶˊʺ ˃ʶˍʰˍˈˉʽˋʹύ ˁʰʽ ҔҔ όʵʶ˅ʽʱ 

˃ʶˍʰˍˈˉʽˋʹύΦ ʁʽ ˍʶ˂ʶˋˍʷˌ ʰˎˍˇʾ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʴʽʰ 

˂ˈʴˇˎˌ ʰˉˈʵˇˋʹˌΦ 

1.3.4. ɳˁ˒ˊʱˋʶʽˌ 

ɴˁ˒ˊʰˋʹ όŜȄǇǊŜǎǎƛƻƴύ ʶʾ˄ʰʽ ˁʱʻʶ ˋˎ˄ˍʰˁˍʽˁʺ ʵˇ˃ʺ ˉˇˎ ʰˉˇˍʽ˃ʱˍʰʽ ˁʰʽ ˉʰˊʱʴʶʽ ˃ʽʰ ˍʽ˃ʺΦ ʁʽ 

ʶˁ˒ˊʱˋʶʽˌ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˋˍʰʻʶˊʷˌ όˉΦ˔Φ пнΣ ϦƘŜƭƭƻϦύΣ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˍʶ˂ʶˋˍʷˌ 

όʰˊʽʻ˃ʹˍʽˁˇˏˌΣ ˋˎʴˁˊʽˍʽˁˇˏˌΣ ˂ˇʴʽˁˇˏˌύΣ ˁ˂ʺˋʶʽˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ʺ ˋˎ˄ʵˎʰˋ˃ˈ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄Φ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ˉʰˊʱˋˍʰˋʹ о ϝ Ȅ Ҍ р ʰˉˇˍʶ˂ʶʾ ʰˊʽʻ˃ʹˍʽˁʺ ʷˁ˒ˊʰˋʹΣ ʶ˄˗ ʹ Ȅ Ҕ мл ŀƴŘ ȅ ΗҐ л ʰˉˇˍʶ˂ʶʾ 

˂ˇʴʽˁʺ ʷˁ˒ˊʰˋʹ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˍʽ˃ʺ ˍˏˉˇˎ ōƻƻƭΦ ʁʽ ʶˁ˒ˊʱˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ 

ˇˉˇˎʵʺˉˇˍʶ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˍʽ˃ʺΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋʶ ʰ˄ʰʻʷˋʶʽˌΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʶˁ˒ˊʱˋʶ˖˄ 

ʰˁˇ˂ˇˎʻʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˁʰ˄ˈ˄ʶˌ ˉˊˇˍʶˊʰʽˈˍʹˍʰˌ ˁʰʽ ˉˊˇˋʶˍʰʽˊʽˋˍʽˁˈˍʹˍʰˌ ˍʶ˂ʶˋˍ˗˄ όƻǇŜǊŀǘƻǊ 

ǇǊŜŎŜŘŜƴŎŜ ˁʰʽ ŀǎǎƻŎƛŀǘƛǾƛǘȅύΣ ˇʽ ˇˉˇʾˇʽ ˁʰʻˇˊʾʸˇˎ˄ ˍʹ ˋʶʽˊʱ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˈˍʰ˄ ˋˎ˄ˎˉʱˊ˔ˇˎ˄ 

ˉˇ˂˂ʰˉ˂ˇʾ ˍʶ˂ʶˋˍʷˌΦ  

ʅˍˇ ʰˁˈ˂ˇˎʻˇ ʰˉˈˋˉʰˋ˃ʰ ˁ˗ʵʽˁʰ όɼΦ 1.3.2ύΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ w9t[ ˃ʶˊʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ 

ʶˁ˒ˊʱˋʶ˖˄Φ 
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>>> # ȷɟɘɗɛɖŰɘəɏɠ ŮəűɟɎůŮɘɠ 

>>> 2 + 3 * 4  

14 

>>> 10 // 3  

3 

>>> # ȿɞɔɘəɏɠ ŮəűɟɎůŮɘɠ 

>>> 7 > 5  

True  

>>> not (3 == 3)  

False  

>>> # ȺəűɟɎůŮɘɠ ɛŮ ɛŮŰŬɓɚɖŰɏɠ 

>>> x = 10  

>>> x += 1  

>>> x  

11 

>>> # ȺəűɟɎůŮɘɠ ɛŮ ůɡɛɓɞɚɞůŮɘɟɏɠ 

>>> "Hello " + "world!"  

'Hello world!'  

>>> "Hello " * 3  

'Hello Hello Hello '  

ɼΦ 1.3.2 ς ɮˊʽʻ˃ʹˍʽˁʷˌ ˁʰʽ ʱ˂˂ʶˌ ʶˁ˒ˊʱˋʶʽˌΦ 

1.3.5. ɳʾˋˇʵˇˌκʷ˅ˇʵˇˌ 

ɶ ʶʾˋˇʵˇˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ƛƴǇǳǘόύΣ ʹ ˇˉˇʾʰ ʵʽʰʲʱʸʶʽ 

ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʹ˄ ˍˎˉʽˁʺ ʶʾˋˇʵˇ όǎǘŀƴŘŀǊŘ ƛƴǇǳǘύΣ ˋˎ˄ʺʻ˖ˌ ʰˉˈ ˍˇ ˉ˂ʹˁˍˊˇ˂ˈʴʽˇΣ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ 

ˍʽ˃ʺ ˍˏˉˇˎ ǎǘǊΦ ɶ ƛƴǇǳǘόύ ˃ˉˇˊʶʾ ˄ʰ ʵʶ˔ʻʶʾ ˉˊˇʰʽˊʶˍʽˁʱ ʷ˄ʰ ˃ʺ˄ˎ˃ʰ ˉˊˇˍˊˇˉʺˌΣ ˉΦ˔Φ ƴŀƳŜ Ґ 

ƛƴǇǳǘόϦɲ˗ˋʶ ˈ˄ˇ˃ʰΥ ϦύΦ ɳˉʶʽʵʺ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΣ ʰˉʰʽˍʶʾˍʰʽ ˊʹˍʺ ˃ʶˍʰˍˊˇˉʺ ˈˍʰ˄ 

ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ʰˊʽʻ˃ʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˈˉ˖ˌ ŀƎŜ Ґ ƛƴǘόƛƴǇǳǘόϦɲ˗ˋʶ ʹ˂ʽˁʾʰΥ ϦύύΦ  

ɶ ʷ˅ˇʵˇˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǇǊƛƴǘόύΣ ʹ ˇˉˇʾʰ ʶ˃˒ʰ˄ʾʸʶʽ ʵʶʵˇ˃ʷ˄ʰ ˋˍʹ˄ ˇʻˈ˄ʹΦ ɶ 

ǇǊƛƴǘόύ ˃ˉˇˊʶʾ ˄ʰ ʵʶ˔ʻʶʾ ˉˇ˂˂ʰˉ˂ʱ ˇˊʾˋ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʰ ˃ʶ ˍˇ˄ ˁʶ˄ˈ 

˔ʰˊʰˁˍʺˊʰΣ ʶ˄˗ ˉʰˊʷ˔ʶʽ ˁʰʽ ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌ ǎŜǇ όʵʽʰ˔˖ˊʽˋˍʽˁˈ ˃ʶˍʰ˅ˏ ˇˊʽˋ˃ʱˍ˖˄ύ ˁʰʽ ŜƴŘ 

ό˔ʰˊʰˁˍʺˊʰˌ ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˍʹˌ ʴˊʰ˃˃ʺˌύΦ ɶ ǇǊƛƴǘόύ ˃ʶˍʰˍˊʷˉʶʽ ʰˎˍˈ˃ʰˍʰ ˍʰ ˇˊʾˋ˃ʰˍʰ ˋʶ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˉˊʽ˄ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍˏˉ˖ˋʹ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˍˏˉ˖˄ ˔˖ˊʾˌ ˊʹˍʺ ˃ʶˍʰˍˊˇˉʺΦ 

ʅˍˇ ʰˁˈ˂ˇˎʻˇ ʰˉˈˋˉʰˋ˃ʰ ˁ˗ʵʽˁʰ όɼΦ 1.3.3ύΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ w9t[ ˃ʶˊʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˔ˊʺˋʹˌ 

ˍ˖˄ ƛƴǇǳǘόύ ˁʰʽ ǇǊƛƴǘόύΦ 

>>> name = input("ȹɩůŮ ɧɜɞɛŬ: ") 

ȹɩůŮ ɧɜɞɛŬ: Ɂɑəɞɠ 

>>> name  

' Ɂɑəɞɠ'  

>>> name = input()  

Ɂɑəɞɠ 

>>> name  

' Ɂɑəɞɠ'  

>>> name = input(" ȹɩůŮ ɧɜɞɛŬ: ")  

ȹɩůŮ ɧɜɞɛŬ: Ɂɑəɞɠ 

>>> name  

' Ɂɑəɞɠ'  
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>>> age = int(input(" ȹɩůŮ ɖɚɘəɑŬ: "))  

ȹɩůŮ ɖɚɘəɑŬ: 20  

>>> age  

20 

>>> print("2025", "12", "31", sep=" - ")  

2025 - 12- 31 

>>> print("Loading", end="...")  

Loading...>>> print("OK")  

OK 

ɼΦ 1.3.3 ς ɳʾˋˇʵˇˌ ˁʰʽ ʷ˅ˇʵˇˌ ˍʽ˃˗˄Φ 

1.4. ɳ˄ˍˇ˂ʷˌ ʶˉʽ˂ˇʴʺˌ ˁʰʽ ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ʁʽ ʲʰˋʽˁʷˌ ʵˇ˃ʷˌ ʶ˂ʷʴ˔ˇˎ ˊˇʺˌ ʶ˄ˈˌ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ʶˉʽ˂ˇʴʺˌ όŎƻƴŘƛǘƛƻƴŀƭ 

ǎǘŀǘŜƳŜƴǘǎύ ˁʰʽ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ όǊŜǇŜǘƛǘƛƻƴ ǎǘŀǘŜƳŜƴǘǎύΦ ʅˍʹ˄ tȅǘƘƻƴ ˇʽ ʶ˄ˍˇ˂ʷˌ ʶˉʽ˂ˇʴʺˌ 

ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˃ʷˋ˖ ˍʹˌ ʵˇ˃ʺˌ ƛŦ κ ŜƭƛŦ κ ŜƭǎŜΣ ˍʹˌ ʷˁ˒ˊʰˋʹˌ ʶˉʽ˂ˇʴʺˌ όŎƻƴŘƛǘƛƻƴŀƭ ŜȄǇǊŜǎǎƛƻƴ ʺ ǘŜǊƴŀǊȅ 

ƻǇŜǊŀǘƻǊύ ˍʹˌ ˃ˇˊ˒ʺˌ Ȅ ƛŦ ŎƻƴŘƛǘƛƻƴ ŜƭǎŜ ȅΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ƳŀǘŎƘΣ ʹ ˇˉˇʾʰ ʶʽˋʺ˔ʻʹ ˋˍʹ˄ ʷˁʵˇˋʹ 

оΦмл ˁʰʽ ˎˉˇˋˍʹˊʾʸʶʽ ʵˇ˃ʽˁʺ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ˉˊˇˍˏˉ˖˄ όǎǘǊǳŎǘǳǊŀƭ ǇŀǘǘŜǊƴ ƳŀǘŎƘƛƴƎύΦ 

ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˇʽ ʲʰˋʽˁʷˌ ʶ˄ˍˇ˂ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ʶʾ˄ʰʽ ʹ ǿƘƛƭŜΣ ʹ ˇˉˇʾʰ ʶˁˍʶ˂ʶʾ ʶˉʰ˄ʰ˂ʹˉˍʽˁʱ ʷ˄ʰ ˍ˃ʺ˃ʰ 

ˁ˗ʵʽˁʰ ˈˋˇ ˃ʽʰ ˋˎ˄ʻʺˁʹ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˂ʹʻʺˌΣ ˁʰʽ ʹ ŦƻǊΣ ʹ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ 

ʶˉʰ˄ʱ˂ʹ˕ʹ ˉʱ˄˖ ˋʶ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ ʰˁˇ˂ˇˎʻʾʰˌ ʺ ʴʶ˄ʽˁˈˍʶˊʰ ʶ˄ˈˌ ʶˉʰ˄ʰ˂ʺ˕ʽ˃ˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ 

(iterable). 

1.4.1. ɶ ʶ˄ˍˇ˂ʺ ʶˉʽ˂ˇʴʺˌ ƛŦ 

ɶ ʶ˄ˍˇ˂ʺ ʶˉʽ˂ˇʴʺˌ ƛŦ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ 

ʰˉˇˍʾ˃ʹˋʹˌ ˃ʽʰˌ ˂ˇʴʽˁʺˌ ˋˎ˄ʻʺˁʹˌΦ ɮ˄ ʹ ˋˎ˄ʻʺˁʹ ʰˉˇˍʽ˃ʹʻʶʾ ˖ˌ ¢ǊǳŜΣ ˍˈˍʶ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ 

˃ˉ˂ˇˁ ˁ˗ʵʽˁʰΣ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉʰˊʰ˂ʶʾˉʶˍʰʽΦ ʅˍʹ˄ tȅǘƘƻƴΣ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ʶʾ˄ʰʽ ˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ʶ˄ˍˇ˂ʷˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ʾʵʽˇ ʶˉʾˉʶʵˇ ʶˋˇ˔ʺˌ όƛƴŘŜƴǘŀǘƛƻƴύ ˁʰʽ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˖ˌ ʶ˄ʽʰʾʰ ˂ˇʴʽˁʺ 

ʶ˄ˈˍʹˍʰΦ ʅˎ˄ʶˉ˗ˌΣ ˇʽ ʶˋˇ˔ʷˌ ˋˍʹ˄ tȅǘƘƻƴ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ʰˉ˂˗ˌ ˋˍˇʽ˔ʶʾˇ ˃ˇˊ˒ˇˉˇʾʹˋʹˌ ʰ˂˂ʱ ʶʾ˄ʰʽ 

˃ʷˊˇˌ ˍʹˌ ˋˏ˄ˍʰ˅ʹˌ ˍʹˌ ʴ˂˗ˋˋʰˌΦ 

ɶ ʴʶ˄ʽˁʺ ˋˏ˄ˍʰ˅ʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ƛŦ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΥ 

if <ůɡɜɗɐəɖ1>:  

 <ɛˊɚɞə ŮɜŰɞɚɩɜ 1> 

elif <ůɡɜɗɐəɖ2>: 

 <ɛˊɚɞə ŮɜŰɞɚɩɜ 2> 

...  

else:  

 <ɛˊɚɞə ŮɜŰɞɚɩɜ n> 

 

ɶ ʶˁˍʷ˂ʶˋʹ ˅ʶˁʽ˄ʱ ˃ʶ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ғˋˎ˄ʻʺˁʹмҔΦ ɮ˄ ʹ ˋˎ˄ʻʺˁʹ ʰˉˇˍʽ˃ʹʻʶʾ ˖ˌ ¢ǊǳŜΣ ʶˁˍʶ˂ʶʾˍʰʽ 

ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ˁʰʽ ʹ ʵˇ˃ʺ ˍʶˊ˃ʰˍʾʸʶˍʰʽΣ ˔˖ˊʾˌ ˄ʰ ʶ˂ʶʴ˔ʻˇˏ˄ ˇʽ ˎˉˈ˂ˇʽˉʶˌ ˋˎ˄ʻʺˁʶˌΦ 

ɮ˄ ʰˉˇˍʽ˃ʹʻʶʾ ˖ˌ CŀƭǎŜΣ ʹ ˊˇʺ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˋˎ˄ʻʺˁʹ ŜƭƛŦΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ 
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ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ʵʽʰʵˇ˔ʽˁʱ ˃ʷ˔ˊʽ ˄ʰ ʲˊʶʻʶʾ ˋˎ˄ʻʺˁʹ ˉˇˎ ʶʾ˄ʰʽ ʰ˂ʹʻʺˌ ʺ ˄ʰ ʶ˅ʰ˄ˍ˂ʹʻˇˏ˄ ˈ˂ʶˌ ˇʽ 

ʶ˄ʰ˂˂ʰˁˍʽˁʷˌΦ ɶ ˏˉʰˊ˅ʹ ˍˇˎ ŜƭƛŦ όˋˎ˄ˍˇ˃ˇʴˊʰ˒ʾʰ ˍˇˎ else ifύ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˉˇ˂˂ʰˉ˂˗˄Σ 

ʰ˃ˇʽʲʰʾʰ ʰˉˇˁ˂ʶʽˈ˃ʶ˄˖˄ ˋˎ˄ʻʹˁ˗˄Σ ʶ˄˗ ˍˇ ŜƭǎŜ ʶʾ˄ʰʽ ˉˊˇʰʽˊʶˍʽˁˈ ˁʰʽ ʶˁˍʶ˂ʶʾˍʰʽ ˃ˈ˄ˇ ʰ˄ ˁʰ˃ʾʰ ʰˉˈ 

ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ʵʶ˄ ʶʾ˄ʰʽ ʰ˂ʹʻʺˌΦ ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ˉˇ˂ˏ ʷ˄ʰ ˃ˉ˂ˇˁ 

ʶ˄ˍˇ˂˗˄ ʰˉˈ ˇ˂ˈˁ˂ʹˊʹ ˍʹ ʵˇ˃ʺΦ ʂˉ˖ˌ ̫ ˔ʶʽ ʺʵʹ ˍˇ˄ʽˋˍʶʾ ʹ ˋ˖ˋˍʺ ˔ˊʺˋʹ ˍʹˌ ʶˋˇ˔ʺˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹΣ 

ˁʰʻ˗ˌ ˁʰʻˇˊʾʸʶʽ ˉˇʽʰ ʶ˄ˍˇ˂ʺ ʰ˄ʺˁʶʽ ˋʶ ˁʱʻʶ ˃ˉ˂ˇˁΦ 

ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ʶ˄ˍˇ˂ʺ ƛŦ ʶʾ˄ʰʽ ˇ ˁ˗ʵʽˁʰˌ ɼΦ 1.4.1 ˇ ˇˉˇʾˇˌ ʵʷ˔ʶˍʰʽ ʷ˄ʰ˄ 

ʰˁʷˊʰʽˇ ʲʰʻ˃ˈ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶʽ ˍˇ˄ ˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˍʹˌ ʶˉʾʵˇˋʹˌ όɮˉˇˍˎ˔ʾʰΣ ɳˉʽˍˎ˔ʾʰΣ 

ɯˊʽˋˍʰύΦ ɮ˄ ˇ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ ˍʹ˄ ˍʽ˃ʺ мт ˍˈˍʶ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽ ˍˇ ˃ʺ˄ˎ˃ʰ ζɳˉʽˍˎ˔ʾʰηΦ ɱʽʰ ˁʱʻʶ ˉʽʻʰ˄ʺ 

ˍʽ˃ʺ ˉˇˎ ʵʾ˄ʶʽ ˇ ˔ˊʺˋˍʹˌ ʶˁˍʶ˂ʶʾˍʰʽ ˃ˈ˄ˇ ˍˇ ˉˊ˗ˍˇ ˃ˉ˂ˇˁ ˍˇˎ ˇˉˇʾˇˎ ʹ ˋˎ˄ʻʺˁʹ ʰˉˇˍʽ˃ʱˍʰʽ ˖ˌ ¢ǊǳŜΦ 

grade = int ( input ( "ȺɘůɎɔŮŰŮ ɓŬɗɛɧ (0 - 20): " ))  

 

if  grade < 0 or  grade > 20 :  

    print ( "ɀɖ ɏɔəɡɟɖ Űɘɛɐ ɓŬɗɛɞɨ" )  

elif  grade < 10 :  

    print ( "ȷˊɞŰɡɢɑŬ" )  

elif  grade < 18 :  

    print ( "ȺˊɘŰɡɢɑŬ" )  

else :  

    print ( "ȯɟɘůŰŬ" )  
ɼΦ 1.4.1 ς ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ƛŦΧŜƭƛŦΧŜƭǎŜΥΦ 

ɾʽʰ ʶ˄ˍˇ˂ʺ ƛŦ ˃ˉˇˊʶʾ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˃ʷˋʰ ˋˍˇ ˃ˉ˂ˇˁ ˃ʽʰˌ ʱ˂˂ʹˌ ʶ˄ˍˇ˂ʺˌ ƛŦΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ 

ˉˊˇˁˏˉˍˇˎ˄ ˍʰ ˂ʶʴˈ˃ʶ˄ʰ ʶ˃˒˖˂ʶˎ˃ʷ˄ʰ ƛŦ όƴŜǎǘŜŘ ƛŦύΣ ˍʰ ˇˉˇʾʰ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ ʵʽʰʵˇ˔ʽˁʺ ʺ ʽʶˊʰˊ˔ʽˁʺ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˋˎ˄ʻʹˁ˗˄Φ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.2Σ ˈˉˇˎ ˃ʷˋʰ ˋˍʹ˄ ƛŦ ˉˇˎ 

ʶ˅ʶˍʱʸʶʽ ʰ˄ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ ˃ʹʵʶ˄ˈˌΣ ˎˉʱˊ˔ʶʽ ˃ʽʰ ʵʶˏˍʶˊʹ ƛŦ ˉˇˎ ʶ˅ʶˍʱʸʶʽ ˍʹ˄ 

ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎΦ ɴˍˋʽ ʰ˄ ʶʽˋʰ˔ʻʶʾ ʻʶˊ˃ˇˁˊʰˋʾʰ рϲ/ ˁʰʽ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎ орƪƳκƘ ˍˈˍʶ ʻʰ 

ʶ˃˒ʰ˄ʽˋˍʶʾ ˍˇ ˃ʺ˄ˎ˃ʰ ζɶ ʷ˄ˍʰˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶʾ˄ʰʽ ˎ˕ʹ˂ʺΦηΦ 

temperature = float ( input ("ȺɘůɎɔŮŰŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ (ÁC): "))  

wind_speed = float ( input ("ȺɘůɎɔŮŰŮ Űɖɜ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ (km/h): "))  

if  temperature > 0:  

    print ("ȼ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ Űɞ ɛɖŭɏɜ.")  

    if  wind_speed < 30 :  

        print ("Ƀɘ ůɡɜɗɐəŮɠ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɡˊŬɑɗɟɘŬ ŭɟŬůŰɖɟɘɧŰɖŰŬ.")  

    else :  

        print ("ȼ ɏɜŰŬůɖ Űɞɡ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɡɣɖɚɐ.")  

else :  

    print ("ȼ ɗŮɟɛɞəɟŬůɑŬ ŮɑɜŬɘ ˊɞɚɨ ɢŬɛɖɚɐ.")  

ɼΦ 1.4.2 ς ʃʰˊʱʵʶʽʴ˃ʰ ˁ˗ʵʽˁʰ ˃ʶ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ƛŦΦ 

1.4.2. ʆˊʽʰʵʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ƛŦ 

ʁ ˍˊʽʰʵʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ƛŦ ʶˉʽˍˊʷˉʶʽ ˍʹ ˋˎʴʴˊʰ˒ʺ ˃ʽʰˌ ʰˉ˂ʺˌ ʵˇ˃ʺˌ ʶˉʽ˂ˇʴʺˌ ˋʶ ˃ʾʰ ˃ˈ˄ˇ ʴˊʰ˃˃ʺΣ 

ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˃ʾʰ ˍʽ˃ʺ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʽʰˌ ˋˎ˄ʻʺˁʹˌΦ ɶ ʴʶ˄ʽˁʺ ˃ˇˊ˒ʺ ˍˇˎ ʶʾ˄ʰʽΥ 
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<Űɘɛɐ1> if <ůɡɜɗɐəɖ> else <Űɘɛɐ2> 

ɮ˄ ʹ ˋˎ˄ʻʺˁʹ ʰˉˇˍʽ˃ʹʻʶʾ ˖ˌ ¢ǊǳŜΣ ʹ ʷˁ˒ˊʰˋʹ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ғˍʽ˃ʺмҔΣ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ 

ғˍʽ˃ʺнҔΦ ʁ ˍˊʽʰʵʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˈˍʰ˄ ʹ ʶˉʽ˂ˇʴʺ ʰ˒ˇˊʱ ʰˉ˂ʷˌ ˍʽ˃ʷˌ ˁʰʽ ˈ˔ʽ 

ˇ˂ˈˁ˂ʹˊʰ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄Σ ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋʶ ˉʽˇ ˋˎ˄ˇˉˍʽˁˈ ˁʰʽ ʰ˄ʰʴ˄˗ˋʽ˃ˇ ˁ ˗ʵʽˁʰΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.3 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ ˍˊʽʰʵʽˁˇˏ ˍʶ˂ʶˋˍʺΦ ʁ ˔ˊʺˋˍʹˌ 

ʶʽˋʱʴʶʽ ʷ˄ʰ˄ ʰˁʷˊʰʽˇ ˁʰʽ ˃ʶ ˃ʽʰ ʴˊʰ˃˃ʺ ˁ˗ʵʽˁʰ ʰˉˇʵʾʵʶˍʰʽ ˁʰˍʱ˂˂ʹ˂ʰ ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ζɯˊˍʽˇˌη ʺ 

ζʃʶˊʽˍˍˈˌη ˋˍʹ ˃ʶˍʰʲ˂ʹˍʺ ǊŜǎǳƭǘΦ   

x = int ( input ("ȺɘůɎɔŮŰŮ ɏɜŬɜ Ŭɟɘɗɛɧ: "))  

result = "ȯɟŰɘɞɠ"  if  x % 2 == 0 else  "ɄŮɟɘŰŰɧɠ"  

print ( result )  
ɼΦ 1.4.3 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍˇ˄ ˍˊʽʰʵʽˁˈ ˍʶ˂ʶˋˍʺ ƛŦΦ  

1.4.3.  ɶ ʶ˄ˍˇ˂ʺ ƳŀǘŎƘ 

ɶ ʶ˄ˍˇ˂ʺ ƳŀǘŎƘΣ ˎ˂ˇˉˇʽʶʾ ˍˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˍʹˌ ˂ʶʴˈ˃ʶ˄ʹˌ ʵˇ˃ʽˁʺˌ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ˉˊˇˍˏˉ˖˄ όǎǘǊǳŎǘǳǊŀƭ 

ǇŀǘǘŜǊƴ ƳŀǘŎƘƛƴƎύΦ ɳˉʽˍˊʷˉʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˃ʽʰˌ ˍʽ˃ʺˌ ʷ˄ʰ˄ˍʽ ˉˇ˂˂ʰˉ˂˗˄ ˉˊˇˍˏˉ˖˄ όǇŀǘǘŜǊƴǎύ ˁʰʽ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ˈˍʰ˄ ʶ˄ˍˇˉʽˋˍʶʾ ˍʰˏˍʽˋʹΦ ɶ ʲʰˋʽˁʺ ˋˏ˄ˍʰ˅ʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 

ˍʹ ˂ʷ˅ʹ-ˁ˂ʶʽʵʾ ƳŀǘŎƘΣ ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ʹ ʰˉˈ ˍʹ˄ ˉˊˇˌ ʶ˅ʷˍʰˋʹ ʷˁ˒ˊʰˋʹΣ ˁʰʽ ʵʽʰʵˇ˔ʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ŎŀǎŜΣ ˁʰʻʶ˃ʾʰ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˇˊʾʸʶʽ ʷ˄ʰ ˉˊˈˍˎˉˇΦ ɶ ʵˇ˃ʺ ƳŀǘŎƘ ˃ˇʽʱʸʶʽ ˍˇ ǎǿƛǘŎƘ ʱ˂˂˖˄ ʴ˂˖ˋˋ˗˄Σ 

ʰ˂˂ʱ ʶʾ˄ʰʽ ˉʽˇ ʽˋ˔ˎˊʺΣ ˁʰʻ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶʽ ˈ˔ʽ ˃ˈ˄ˇ ʰˉ˂ʷˌ ˍʽ˃ʷˌ ʰ˂˂ʱ ˁʰʽ ʵˇ˃ʷˌ 

ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ ˉ˂ʶʽʱʵʶˌ ʺ ˂ʾˋˍʶˌΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.4 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ʰˉ˂ʺ ˔ˊʺˋʹ ˍʹˌ ƳŀǘŎƘ ˈˉˇˎ ʹ ˃ʶˍʰʲ˂ʹˍʺ Řŀȅ ˋˎʴˁˊʾ˄ʶˍʰʽ 

ʵʽʰʵˇ˔ʽˁʱ ˃ʶ ˍʰ ˉˊˈˍˎˉʰ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ʵʶ˅ʽʱ ʰˉˈ ˁʱʻʶ ŎŀǎŜΦ ʆˇ ˋˏ˃ʲˇ˂ˇ μ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʷ˄˖ˋʹ 

ˉˇ˂˂ʰˉ˂˗˄ ˍʽ˃˗˄ ˋˍˇ ʾʵʽˇ ˉˊˈˍˎˉˇΣ ʶ˄˗ ˍˇ ψ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ όǿƛƭŘŎŀǊŘύΣ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʹˌ ŜƭǎŜ ˋʶ ˃ʽʰ ʵˇ˃ʺ ƛŦΦ ʅˎ˄ʶˉ˗ˌ ʰ˄ ˇ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ ˍʹ˄ ˍʽ˃ʺ ζʃʷ˃ˉˍʹη ʻʰ ʶ˃˒ʰ˄ʽˋˍʶʾ 

ˍˇ ˃ʺ˄ˎ˃ʰ ζɳ˄ʵʽʱ˃ʶˋʹ ʹ˃ʷˊʰηΦ 

day = input ( "ȺɘůɎɔŮŰŮ ɖɛɏɟŬ: " )  

match day :  

    case "ȹŮɡŰɏɟŬ":  

        print ("ȷɟɢɐ ŮɓŭɞɛɎŭŬɠ")  

    case "ɆɎɓɓŬŰɞ" |  "ȾɡɟɘŬəɐ":  

        print ("ɆŬɓɓŬŰɞəɨɟɘŬəɞ")  

    case _ :  

        print ("ȺɜŭɘɎɛŮůɖ ɖɛɏɟŬ")  

ɼΦ 1.4.4 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ˉˊˇˍˏˉ˖˄ ƳŀǘŎƘΦ  

1.4.4. ɳ˄ˍˇ˂ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ 

ʁʽ ʶ˄ˍˇ˂ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˃ˉ˂ˇˁ ˁ˗ʵʽˁʰ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ˒ˇˊʷˌΦ 

ʁʽ ʵˏˇ ʵˇ˃ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ ʹ ʶ˄ˍˇ˂ʺ ǿƘƛƭŜ ˁʰʽ ʹ ʶ˄ˍˇ˂ʺ ŦƻǊΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ʹ tȅǘƘƻƴ 

ˉʰˊʷ˔ʶʽ ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌΣ ˈˉ˖ˌ ƭƛǎǘ ŎƻƳǇǊŜƘŜƴǎƛƻƴǎΣ ʴʶ˄˄ʺˍˊʽʶˌ όƎŜƴŜǊŀǘƻǊǎύ ˁʰʽ 
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ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ όƳŀǇόύΣ ŦƛƭǘŜǊόύΣ ǎǳƳόύ ˁΦʱΦύΣ ˇʽ ˇˉˇʾʶˌ ˋˎ˔˄ʱ ʶˉʽˍˊʷˉˇˎ˄ ˉʽˇ ˋˎ˄ˇˉˍʽˁˈ 

ˁʰʽ ˋʰ˒ʺ ˁ˗ʵʽˁʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ʰ˄ ˁʰʽ ˇʽ ʶ˄ˍˇ˂ʷˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ʰˉˇˍʶ˂ˇˏ˄ ʻʶ˃ʶ˂ʽ˗ʵʶˌ ʶˊʴʰ˂ʶʾˇΣ ˁʰ˂ˈ 

ʶʾ˄ʰʽ ˄ʰ ʶ˅ʶˍʱʸʶˍʰʽ ʰ˄ ˎˉʱˊ˔ʶʽ ˉʽˇ ˁʰˍʱ˂˂ʹ˂ʹ ʺ ˉʽˇ ʶˁ˒ˊʰˋˍʽˁʺ ˂ˏˋʹ ̄ ˊʽ˄ ʰˉˈ ˍʹ ˊʹˍʺ ˔ˊʺˋʹ ˍˇˎˌΦ 

1.4.4.1 ɶ ʶ˄ˍˇ˂ʺ ǿƘƛƭŜ 

ɶ ʶ˄ˍˇ˂ʺ ǿƘƛƭŜ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ˈˋˇ ˃ʽʰ ˂ˇʴʽˁʺ 

ˋˎ˄ʻʺˁʹ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˂ʹʻʺˌ ό¢ǊǳŜύΦ ɶ ˋˎ˄ʻʺˁʹ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˉˊʽ˄ ʰˉˈ ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˁʰʽΣ ˈˍʰ˄ 

ʰˉˇˍʽ˃ʹʻʶʾ ˖ˌ CŀƭǎŜΣ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍʶˊ˃ʰˍʾʸʶˍʰʽΦ ɶ ǿƘƛƭŜ ˃ˉˇˊʶʾ ˉˊˇʰʽˊʶˍʽˁʱ ˄ʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ˍˇ 

ŜƭǎŜΣ ˍˇ ˃ˉ˂ˇˁ ˍˇˎ ˇˉˇʾˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˈˍʰ˄ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˁʰ˄ˇ˄ʽˁʱΣ ʵʹ˂ʰʵʺ ˔˖ˊʾˌ ˄ʰ 

ʵʽʰˁˇˉʶʾ ˃ʷˋ˖ ʶ˄ˍˇ˂ʺˌ ōǊŜŀƪΦ 

ɶ ˋˏ˄ˍʰ˅ʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ǿƘƛƭŜ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 

while <ůɡɜɗɐəɖ>: 

    <ɛˊɚɞə ŮɜŰɞɚɩɜ> 

[else:  

    <ɛˊɚɞə ŮɜŰɞɚɩɜ>] 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦр ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˔ˊʺˋʹˌ ˍʹˌ ǿƘƛƭŜΦ ʁ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ ʷ˄ʰ˄ ʻʶˍʽˁˈ 

ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈ ˁʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ʰˁʶˊʰʾ˖˄ ʰˉˈ ˍˇ м ˃ʷ˔ˊʽ ˁʰʽ 

ˍʹ˄ ˍʽ˃ʺ ʰˎˍʺΦ ɶ ˃ʶˍʰʲ˂ʹˍʺ ǘƻǘŀƭ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ʰʻˊˇʽˋˍʺˌ όŀŎŎǳƳǳƭŀǘƻǊύΣ ̀ ˍˇ˄ ˇˉˇʾˇ ˉˊˇˋˍʾʻʶˍʰʽ ˋʶ 

ˁʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ʹ ˍˊʷ˔ˇˎˋʰ ˍʽ˃ʺ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ƛΦ ɶ ˃ʶˍʰʲ˂ʹˍʺ ƛ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ м ˋʶ ˁʱʻʶ ʲʺ˃ʰΣ 

˃ʷ˔ˊʽ ʹ ˋˎ˄ʻʺˁʹ ƛ ғҐ ƴ ˄ʰ ʴʾ˄ʶʽ ˕ʶˎʵʺˌΦ ɼʰʻ˗ˌ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˁʰ˄ˇ˄ʽˁʱΣ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ 

˃ˉ˂ˇˁ ˍʹˌ ŜƭǎŜΣ ˍˇ ˇˉˇʾˇ ʶ˃˒ʰ˄ʾʸʶʽ ˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

n = int ( input ("ȺɘůɎɔŮŰŮ ɏɜŬɜ ɗŮŰɘəɧ ŬəɏɟŬɘɞ: "))  

i = 1 

total = 0 

while  i <= n:  

    total += i  

    i += 1 

else:  

    print ( "ɇɞ ɎɗɟɞɘůɛŬ ŮɑɜŬɘ:" ,  total )  

ɼΦ 1.4.5 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǿƘƛƭŜΦ  

1.4.4.2 ɶ ʶ˄ˍˇ˂ʺ ŦƻǊ 

ɶ ʶ˄ˍˇ˂ʺ ŦƻǊ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ʵʽʰˍˊʷ˔ˇ˄ˍʰˌ ˍʰ 

ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ ʶˉʰ˄ʰ˂ʺ˕ʽ˃ˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ όƛǘŜǊŀōƭŜύΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ˃ʽʰ ˂ʾˋˍʰΣ ˃ʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ʺ ˍˇ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ǊŀƴƎŜόύΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ ǿƘƛƭŜΣ ʹ ˇˉˇʾʰ ʲʰˋʾʸʶˍʰʽ ˋʶ ˂ˇʴʽˁʺ ˋˎ˄ʻʺˁʹΣ 

ʹ ŦƻǊ ʵʽʰˍˊʷ˔ʶʽ ʵʽʰʵˇ˔ʽˁʱ ˍʰ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ ʰˁˇ˂ˇˎʻʾʰˌ ˃ʷ˔ˊʽ ˄ʰ ʶ˅ʰ˄ˍ˂ʹʻˇˏ˄Φ ʂˉ˖ˌ ˁʰʽ ʹ ǿƘƛƭŜΣ 

˃ˉˇˊʶʾ ˉˊˇʰʽˊʶˍʽˁʱ ˄ʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ŜƭǎŜΣ ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˈˍʰ˄ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ 

ˁʰ˄ˇ˄ʽˁʱΣ ʵʹ˂ʰʵʺ ˔˖ˊʾˌ ˄ʰ ʵʽʰˁˇˉʶʾ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ōǊŜŀƪΦ 

ɶ ˋˏ˄ˍʰ˅ʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ŦƻǊ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 



 

22 
 

for < ɛŮŰŬɓɚɖŰɐ> in <iterable>:  

    <ɛˊɚɞə ŮɜŰɞɚɩɜ> 

[else:  

    <ɛˊɚɞə ŮɜŰɞɚɩɜ>] 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦс ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˔ˊʺˋʹˌ ˍʹˌ ŦƻǊΦ ʁ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ ʷ˄ʰ˄ ʻʶˍʽˁˈ 

ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈ ˁʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ʰˁʶˊʰʾ˖˄ ʰˉˈ ˍˇ м ˃ʷ˔ˊʽ ˁʰʽ 

ˍʹ˄ ˍʽ˃ʺ ʰˎˍʺΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǊŀƴƎŜόύ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʰˁˇ˂ˇˎʻʾʰˌ 

ˍʽ˃˗˄Φ ɼʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ʹ ˃ʶˍʰʲ˂ʹˍʺ ƛ ˂ʰ˃ʲʱ˄ʶʽ ʵʽʰʵˇ˔ʽˁʱ ˍʽˌ ˍʽ˃ʷˌ ʰˉˈ ˍˇ м ʷ˖ˌ ˁʰʽ 

ˍˇ ƴΦ ɾʶˍʱ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌΣ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ˃ˉ˂ˇˁ ˍʹˌ ŜƭǎŜΣ ˍˇ ˇˉˇʾˇ ʶ˃˒ʰ˄ʾʸʶʽ ˍˇ 

ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

n = int ( input ("ȺɘůɎɔŮŰŮ ɏɜŬɜ ɗŮŰɘəɧ ŬəɏɟŬɘɞ: "))  

total = 0 

for  i in  range ( 1,  n + 1):  

    total += i  

else :  

    print ( "ɇɞ ɎɗɟɞɘůɛŬ ŮɑɜŬɘ:" ,  total )  
ɼΦ 1.4.6 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʹ ŦƻǊΦ  

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǊŀƴƎŜόύ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ʵʶ˄ ʵʹ˃ʽˇˎˊʴʶʾ ˂ʾˋˍʰΣ ʰ˂˂ʱ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ 

ˍˏˉˇˎ ǊŀƴƎŜΣ ˍˇ ˇˉˇʾˇ ˉʰˊʱʴʶʽ ʵʽʰʵˇ˔ʽˁʷˌ ˍʽ˃ʷˌ ˈˍʰ˄ ˔ˊʶʽʱʸʶˍʰʽ όƭŀȊȅ ŜǾŀƭǳŀǘƛƻƴύΦ ɶ ʲʰˋʽˁʺ ˃ˇˊ˒ʺ 

ʶʾ˄ʰʽ ǊŀƴƎŜόǎǘƻǇύΣ ˉˇˎ ˉʰˊʱʴʶʽ ˍʽ˃ʷˌ ʰˉˈ ˍˇ л ʷ˖ˌ ˍˇ ǎǘƻǇ - мΦ ɾˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˖ˌ 

ǊŀƴƎŜόǎǘŀǊǘΣ ǎǘƻǇύ ʺ ǊŀƴƎŜόǎǘŀǊǘΣ ǎǘƻǇΣ ǎǘŜǇύΣ ˈˉˇˎ ˍˇ ǎǘŀǊǘ ʶʾ˄ʰʽ ʹ ʰˊ˔ʽˁʺ ˍʽ˃ʺΣ ˍˇ ǎǘƻǇ ˍˇ ʱ˄˖ ˈˊʽˇ ό˃ʹ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ˇύ ˁʰʽ ˍˇ ǎǘŜǇ ˍˇ ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ǊŀƴƎŜόмΣ сύ ˉʰˊʱʴʶʽ ˍʽˌ 

ˍʽ˃ʷˌ м ʷ˖ˌ рΣ ʶ˄˗ ʹ ǊŀƴƎŜόлΣ млΣ нύ ˉʰˊʱʴʶʽ ˍˇˎˌ ʱˊˍʽˇˎˌ ʰˊʽʻ˃ˇˏˌ ʰˉˈ ˍˇ л ʷ˖ˌ ˍˇ уΦ 

1.4.4.3 ʁʽ ʶ˄ˍˇ˂ʷˌ ōǊŜŀƪ ˁʰʽ ŎƻƴǘƛƴǳŜ 

ʁʽ ʶ˄ˍˇ˂ʷˌ break  ˁ ʰʽ continue  ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˊˇʺˌ ʶˁˍʷ˂ʶˋʹˌ ˃ʷˋʰ ˋʶ ʵˇ˃ʷˌ 

ʶˉʰ˄ʱ˂ʹ˕ʹˌ όwhile  ˁʰʽ for ύΦ ɶ break  ʵʽʰˁˈˉˍʶʽ ʱ˃ʶˋʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˁʰʽ ʹ ˊˇʺ 

˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˉˊ˗ˍʹ ʶ˄ˍˇ˂ʺ ˃ʶˍʱ ˍˇ ˃ˉ˂ˇˁ ˍʹˌΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˃ʶˊʽʱΣ ʹ continue  ɻ ʶ˄ ˍʶˊ˃ʰˍʾʸʶʽ 

ˍʹ˄ ʶˉʰ˄ʱ˂ʹ˕ʹΣ ʰ˂˂ʱ ˉʰˊʰ˂ʶʾˉʶʽ ˍˇ ˎˉˈ˂ˇʽˉˇ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˁʰʽ 

ˉˊˇ˔˖ˊʱ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶˉʰ˄ʱ˂ʹ˕ʹΦ ʁʽ ʶ˄ˍˇ˂ʷˌ ʰˎˍʷˌ ʶˉʽˍˊʷˉˇˎ˄ ʶˎʷ˂ʽˁˍˇ ʷ˂ʶʴ˔ˇ ˍʹˌ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.7 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ōǊŜŀƪ ˁʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.8 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ŎƻƴǘƛƴǳŜΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ōǊŜŀƪ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ 

ˍʶˊ˃ʰˍʾʸʶˍʰʽ ˃ˈ˂ʽˌ ʹ ˃ʶˍʰʲ˂ʹˍʺ ƛ ˂ʱʲʶʽ ˍʹ˄ ˍʽ˃ʺ рΦ ʁʽ ˍʽ˃ʷˌ м ʷ˖ˌ п ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽΣ ʰ˂˂ʱ ˇʽ ˎˉˈ˂ˇʽˉʶˌ 

ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˉˇˎ ʻʰ ʶ˃˒ʱ˄ʽʸʰ˄ ˍʽˌ ʶ˄ʰˉˇ˃ʶʾ˄ʰˋʶˌ ˍʽ˃ʷˌ ʵʶ˄ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˂ˈʴ˖ ˍʹˌ ōǊŜŀƪΦ ʅˍˇ 

ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ŎƻƴǘƛƴǳŜ ˈˍʰ˄ ʹ ˍʽ˃ʺ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ƛ ʶʾ˄ʰʽ ʱˊˍʽʰΣ ʹ ŎƻƴǘƛƴǳŜ ˉʰˊʰ˂ʶʾˉʶʽ ˍʹ˄ 

ʶ˄ˍˇ˂ʺ ǇǊƛƴǘ ˁʰʽ ʹ ʶˉʰ˄ʱ˂ʹ˕ʹ ˋˎ˄ʶ˔ʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˍʽ˃ʺΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˃ˈ˄ˇ 

ˇʽ ˉʶˊʽˍˍˇʾ ʰˊʽʻ˃ˇʾ ʰˉˈ ˍˇ м ʷ˖ˌ ˍˇ рΦ 
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for  i in  range ( 1,  10):  

    if  i == 5:  

        break  

    print ( i )  
ɼΦ 1.4.7 ς ʃʰˊʱʵʶʽʴ˃ʰ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˃ʶ ōǊŜŀƪΦ  

for  i in  range ( 1,  6):  

    if  i % 2 == 0:  

        continue  

    print ( i )  

ɼΦ 1.4.8 ς ʃʰˊʱʵʶʽʴ˃ʰ ʶˉʰ˄ʱ˂ʹ˕ʹˌ ˃ʶ ŎƻƴǘƛƴǳŜΦ 

1.5. ʅˎ˄ʰˊˍʺˋʶʽˌ 

ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ όŦǳƴŎǘƛƻƴǎύ ʶʾ˄ʰʽ ˍ˃ʺ˃ʰˍʰ ˁ˗ʵʽˁʰ ˋˍʰ ˇˉˇʾʰ ʷ˔ʶʽ ʰˉˇʵˇʻʶʾ ʷ˄ʰ ˈ˄ˇ˃ʰΦ ʁˊʾʸˇ˄ˍʰʽ ˋʶ 

ʷ˄ʰ ˋʹ˃ʶʾˇ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰ˂ˇˏ˄ˍʰʽΣ ˃ʶ ˍˇ ˈ˄ˇ˃ʰ ˉˇˎ ˍˇˎˌ ʷ˔ʶʽ ʰˉˇʵˇʻʶʾΣ ʰˉˈ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʹ˃ʶʾʰ ˈˉˇˎ ʶʾ˄ʰʽ ˇˊʰˍʷˌ όˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ʶ˃ʲʷ˂ʶʽʰˌ ς ǎŎƻǇŜύΦ ɶ ˁ˂ʺˋʹ ˁʰʽΣ 

ˋˎ˄ʶˉ˗ˌΣ ʹ ʶˁˍʷ˂ʶˋʹ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˇ˄ˈ˃ʰˍˈˌ ˍʹˌ ʰˁˇ˂ˇˎʻˇˏ˃ʶ˄ˇˎ ʰˉˈ 

ˉʰˊʶ˄ʻʷˋʶʽˌΦ ɾʽʰ ˋˎ˄ʱˊˍʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʵʷ˔ʶˍʰʽ ʶʽˋˈʵˇˎˌ όʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˁʰʽ ˁʰ˃ʾʰύΣ ˄ʰ ʶˁˍʶ˂ʶʾ 

ʶ˄ˍˇ˂ʷˌ ˁʰʽ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ όʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ˁʰʽ ˁʰ˄ʷ˄ʰύ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ǊŜǘǳǊƴΦ 

ɶ ʴʶ˄ʽˁʺ ˃ˇˊ˒ʺ ˍˇˎ ˇˊʽˋ˃ˇˏ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ  

def ɧɜɞɛŬ_ůɡɜɎɟŰɖůɖɠ(ɚɑůŰŬ_ˊŬɟŬɛɏŰɟɤɜ): 

    ŮɜŰɞɚɏɠ 

    [return ŬˊɞŰɏɚŮůɛŬ] 

ɶ ˔ˊʺˋʹ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˁʰʻʽˋˍʱ ˍʹ ˋˎʴʴˊʰ˒ʺΣ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹΣ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹ ˁʰʽ ˍʹ ʵʽˈˊʻ˖ˋʹ ˍˇˎ 

ˁ˗ʵʽˁʰ ˉˇˎ ʶˉʽ˂ˏʶʽ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʶˎˁˇ˂ˈˍʶˊʹΦ ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ ˈˍʽ ʷ˄ʰ ˋˏ˄ʻʶˍˇ ˉˊˈʲ˂ʹ˃ʰ 

ʵʽʰˋˉʱˍʰʽ ˋʶ ˃ʽˁˊˈˍʶˊʰ ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˄ʶ˔ʽˋˍʶʾ ʷ˖ˌ ˈˍˇˎ ˍʰ 

ʶˉʽ˃ʷˊˇˎˌ ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰ ʴʾ˄ˇˎ˄ ʶˉʰˊˁ˗ˌ ʰˉ˂ʱ ˗ˋˍʶ ˄ʰ ʶˉʽ˂ˎʻˇˏ˄ ʱ˃ʶˋʰΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ 

ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ ˋˎˋˍʹ˃ʰˍʽˁʺ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˁʰʽ ʶˉʾ˂ˎˋʹ ʰˁˈ˃ʹ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˋˏ˄ʻʶˍ˖˄ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄Φ ɴ˄ʰ ˉʰˊʱˉ˂ʶˎˊˇ ˈ˒ʶ˂ˇˌ ʶʾ˄ʰʽ ˈˍʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˇʽ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ 

ʵʽˇˊʻ˗ˋʶʽˌ  ˁʰʽ ʰ˂˂ʰʴʷˌ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˋʶ ˃ʽˁˊˈˍʶˊʰ ˍ˃ʺ˃ʰˍʰ ˁ˗ʵʽˁʰ ˁʰʽ ʰˎˍˈ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍˇ ʷˊʴˇ 

ˍˇˎ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.5.1 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʰˉ˂˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Φ ɶ ˋˎ˄ʱˊˍʹˋʹ 

ǇǊƛƴǘψƎǊŜŜǘƛƴƎόύΣ ʵʷ˔ʶˍʰʽ ˖ˌ ʶʾˋˇʵˇ ˃ʽʰ ˍʽ˃ʺ ˉˇˎ ˉˊˇˇˊʾʸʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˈ˄ˇ˃ʰ ʶ˄ˈˌ ʰˍˈ˃ˇˎΣ ˉʶˊʽʷ˔ʶʽ 

ˋˍˇ ˋ˗˃ʰ ˍʹˌ ˃ʽʰ ʶ˄ˍˇ˂ʺ ʶˁˍˏˉ˖ˋʹˌ ˃ʹ˄ˏ˃ʰˍˇˌ ˁʰʽ ʵʶ˄ ˉʶˊʽʷ˔ʶʽ ʶ˄ˍˇ˂ʺ ǊŜǘǳǊƴΦ ɶ ˋˎ˄ʱˊˍʹˋʹ 

calŎǳƭŀǘŜψŀǊŜŀόύ ʵʷ˔ʶˍʰʽ ˖ˌ ʶʾˋˇʵˇ ʵˏˇ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˃ʺˁˇˌ ˁʰʽ ˍˇ ˉ˂ʱˍˇˌ ʶ˄ˈˌ 

ˇˊʻˇʴ˖˄ʾˇˎΣ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ʶ˃ʲʰʵˈ˄ ˍˇˎ ˇˊʻˇʴ˖˄ʾˇˎ ˁʰʽ ˍˇ ʶˉʽˋˍˊʷ˒ʶʽΦ ʁʽ ˁ˂ʺˋʶʽˌ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

ʰˁˇ˂ˇˎʻˇˏ˄ ˍˇˎ ˇˊʽˋ˃ˇˏ ˍˇˎˌΦ ɱʽʰ ˍʹ˄ ǇǊƛƴǘψƎǊŜŜǘƛƴƎόύΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ˁ˂ʺˋʹ ˍʹˌ ʲˊʾˋˁʶˍʰʽ 

ˋˍˇ ʵʶ˅ʾ ˃ʷ˂ˇˌ ʰ˄ʱʻʶˋʹˌ ˋʶ ˃ʶˍʰʲ˂ʹˍʺΣ ʹ ˍʽ˃ʺ ˉˇˎ ʻʰ ˂ʱʲʶʽ ʹ ˃ʶˍʰʲ˂ʹˍʺ ʻʰ ʶʾ˄ʰʽ bƻƴŜΣ ʵʽˈˍʽ ʵʶ˄ 

ʷ˔ʶʽ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ˊʹˍʺ ʶ˄ˍˇ˂ʺ ǊŜǘǳǊƴ ˋˍʹ˄ ǇǊƛƴǘψƎǊŜŜǘƛƴƎόύ ˁʰˍʱ ˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌΦ 
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# ɆɡɜɎɟŰɖůɖ ˊɞɡ ŭŮɜ ŮˊɘůŰɟɏűŮɘ Űɘɛɐ 

def  print_greeting ( name):  

    print (f"ũŮɘŬ ůɞɡ {name}!" )  

 

 

# ɆɡɜɎɟŰɖůɖ ˊɞɡ ŮˊɘůŰɟɏűŮɘ ɛɘŬ Űɘɛɐ 

def  calculate_area ( length ,  width ):  

    area = length *  width  

    return  area  

 

 

# Ⱦɚɐůɖ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ŭŮɜ ŮˊɘůŰɟɏűŮɘ Űɘɛɐ 

print_greeting ("ɀŬɟɑŬ")   # ũŮɘŬ ůɞɡ ɀŬɟɑŬ! 

 

# Ⱦɚɐůɖ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ŭŮɜ ŮˊɘůŰɟɏűŮɘ Űɘɛɐ əŬɘ ŬɜɎɗŮůɖ ůŮ ɛŮŰŬɓɚɖŰɐ 

result = print_greeting ( "Ⱥɚɏɜɖ" )   # ũŮɘŬ ůɞɡ Ⱥɚɏɜɖ!  

print ( "ȷˊɞŰɏɚŮůɛŬ:" ,  result )   # ȷˊɞŰɏɚŮůɛŬ: None  

 

# Ⱦɚɐůɖ ůɡɜɎɟŰɖůɖɠ calculate_area()  

area = calculate_area ( 4.5 ,  3.2 )  

print ( f" ɇɞ ŮɛɓŬŭɧɜ ŮɑɜŬɘ: { area } Ű. ɛ." )   # ɇɞ ŮɛɓŬŭɧɜ ŮɑɜŬɘ: 14.4 Ű. ɛ.  

ɼΦ 1.5.1 ς ʁˊʽˋ˃ˇʾ ˁʰʽ ˁ˂ʺˋʶʽˌ ˋˎ˄ʰˊˍʺˋʶ˖˄Φ   

1.5.1. ʃʰˊʱ˃ʶˍˊˇʽ ˁʰʽ ˇˊʾˋ˃ʰˍʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

ɾʽʰ ˋˎ˄ʱˊˍʹˋʹ ˋˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʵʷ˔ʶˍʰʽ ˁʰ˃ʾʰΣ ˃ʽʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ 

όǇŀǊŀƳŜǘŜǊǎύ ˉˇˎ ˇ ˋˁˇˉˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˖ˌ ʶʾˋˇʵˇʽ ˍʽ˃˗˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 

ˋˍˇ ˋ˗˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʰˉʰʽˍˇˏ˃ʶ˄ʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ˁʰˍʱ 

ˍʹ˄ ˁ˂ʺˋʹ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ˇʽ ˍʽ˃ʷˌ ˉˇˎ ʵʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˇˊʾˋ˃ʰˍʰ 

(arguments). 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.2ʹ ˋˎ˄ʱˊˍʹˋʹ ŎŜƭŎǎƛǳǎψŦŀƘǊŜƴƘŜƛǘόύ ˃ʶˍʰˍˊʷˉʶʽ ˃ʽʰ ʻʶˊ˃ˇˁˊʰˋʾʰ 

ʰˉˈ ʲʰʻ˃ˇˏˌ ɼʶ˂ˋʾˇˎ ˋʶ ʲʰʻ˃ˇˏˌ ʊʱˊʶ˄ʰʽˍΦ ʅˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ʹ ˃ʶˍʰʲ˂ʹˍʺ ŎŜƭŎƛǳǎ ʶʾ˄ʰʽ 

ˉʰˊʱ˃ʶˍˊˇˌ ʶ˄˗ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˃ʶˍʰʲ˂ʹˍʺ Ŏ ʶʾ˄ʰʽ ʷ˄ʰ ˈˊʽˋ˃ʰ ˉˇˎ ˉʶˊ˄ʱ ˋˍʹ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʱ ˍʹ˄ 

ˁ˂ʺˋʹ ˍʹˌΦ ɳˉʾˋʹˌ ˈˊʽˋ˃ʰ ʶʾ˄ʰʽ ˁʰʽ ʹ ˋˍʰʻʶˊʱ млл ˉˇˎ ˉʶˊ˄ʱ ˁʰˍʱ ˍʹ ʵʶˏˍʶˊʹ ˁ˂ʺˋʹ ˍʹˌ 

ˋˎ˄ʱˊˍʹˋʹˌΦ 

# Ƀɟɘůɛɧɠ ůɡɜɎɟŰɖůɖɠ ɛŮ 1 ˊŬɟɎɛŮŰɟɞ 

def  celsius_to_fahrenheit ( celsius ):  

    fahrenheit = ( celsius *  9 /  5)  + 32 

    return  fahrenheit  

 

 

c = 0.0   # ŪŮɟɛɞəɟŬůɑŬ ůŮ ɓŬɗɛɞɨɠ ȾŮɚůɑɞɡ 

# ȾɚɐůŮɘɠ ůɡɜɎɟŰɖůɖɠ 

temp1 = celsius_to_fahrenheit ( c )   # ȳɟɘůɛŬ: 0 

temp2 = celsius_to_fahrenheit ( 100 )   # ȳɟɘůɛŬ: 100  

print (f"0ÁC = {temp1}ÁF")   # 0ÁC = 32.0ÁF 

print (f"100ÁC = {temp2}ÁF")   # 100ÁC = 212.0ÁF 

ɼΦ 1.5.2 ς ʅˎ˄ʱˊˍʹˋʹ ˃ʶˍʰˍˊˇˉʺˌ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ʰˉˈ ʲʰʻ˃ˇˏˌ ɼʶ˂ˋʾˇˎ ˋʶ ʲʰʻ˃ˇˏˌ ʊʱˊʶ˄ʰʽˍΦ 
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1.5.2. ɳˉʽˋˍˊˇ˒ʺ ʰˉˇˍʶ˂ʶ̀ ˃ʱˍ˖˄ ʰˉˈ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˍʹ˄ tȅǘƘƻƴ ˉʱ˄ˍʰ ʶˉʽˋˍˊʷ˒ˇˎ˄ ˃ʽʰ ˍʽ˃ʺΦ ʂˉ˖ˌ ʺʵʹ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ʰ˄ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ 

ʵʶ˄ ʶˉʽˋˍˊʷ˒ʶʽ ˊʹˍʱ ˁʱˉˇʽʰ ˍʽ˃ʺΣ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǊŜǘǳǊƴΣ ˍˈˍʶ ʶˉʽˋˍˊʷ˒ʶʽ bƻƴŜΦ ɳˉʾˋʹˌΣ ʶʾ˄ʰʽ 

ˋˎ˄ʹʻʽˋ˃ʷ˄ˇ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ м ˍʽ˃ʷˌΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.5.3 ̍ ˉˇˎ ʹ ˋˎ˄ʱˊˍʹˋʹ ŎƛǊŎƭŜψǇǊƻǇŜǊǘƛŜǎόύ ʶˉʽˋˍˊʷ˒ʶʽ ˍˊʶʽˌ ˍʽ˃ʷˌΦ 

import  math  

 

 

def  circle_properties ( radius ):  

    area = math . pi  *  radius ** 2 

    circumference = 2 *  math . pi  *  radius  

    diameter = 2 *  radius  

    return  diameter, circumference , area  

 

 

diam, circum, area = circle_properties ( 5)  

print ( f" ȹɘɎɛŮŰɟɞɠ: { diam :.2f}" )  # ȹɘɎɛŮŰɟɞɠ: 10.00  

print ( f" ɄŮɟɑɛŮŰɟɞɠ: { circum :.2f}" )  # ɄŮɟɑɛŮŰɟɞɠ: 31.42  

print ( f" ȺɛɓŬŭɧɜ: { area :.2f}" )  # ȺɛɓŬŭɧɜ: 78.54  

ɼΦ 1.5.3 ς ʅˎ˄ʱˊˍʹˋʹ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ о ˍʽ˃ʷˌΦ 

1.5.3. ʁˊʾˋ˃ʰˍʰ ʻʷˋʹˌ ˁʰʽ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰ 

ʅˍʹ˄ tȅǘƘƻƴ ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ˍˊˈˉˇʽ ζˉʶˊʱˋ˃ʰˍˇˌη ˇˊʽˋ˃ʱˍ˖˄ ˁʰˍʱ ˍʹ˄ ˁ˂ʺˋʹ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌΥ 

¶ ʁˊʾˋ˃ʰˍʰ ʻʷˋʹˌ όǇƻǎƛǘƛƻƴŀƭ ŀǊƎǳƳŜƴǘǎύΥ ʆʰ ˇˊʾˋ˃ʰˍʰ ʰ˄ˍʽˋˍˇʽ˔ʾʸˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ 

ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˃ʶ ʲʱˋʹ ˍʹ ˋʶʽˊʱ ʶ˃˒ʱ˄ʽˋʺˌ ˍˇˎˌΦ ʆˇ ˉˊ˗ˍˇ ˈˊʽˋ˃ʰ ʰ˄ˍʽˋˍˇʽ˔ʾʸʶˍʰʽ ˋˍʹ˄ 

ˉˊ˗ˍʹ ˉʰˊʱ˃ʶˍˊˇΣ ˍˇ ʵʶˏˍʶˊˇ ˋˍʹ ʵʶˏˍʶˊʹ ˁΦˇΦˁΦ 

¶ ʁˊʾˋ˃ʰˍʰ ˂ʷ˅ʶ˖˄-ˁ˂ʶʽʵʽ˗˄ όƪŜȅǿƻǊŘ ŀǊƎǳƳŜƴǘǎύΣ ʺ ʰ˂˂ʽ˗ˌ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰ 

(named arguments): ɼʱʻʶ ˈˊʽˋ˃ʰ ʵʹ˂˗˄ʶˍʰʽ ˊʹˍʱ ˃ʶ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ˉʰˊʰ˃ʷˍˊˇˎ 

όˉΦ˔Φ ƭŜƴƎǘƘҐмлύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ ˋʶʽˊʱ ʶ˃˒ʱ˄ʽˋʹˌ ˍ˖˄ ˇˊʽˋ˃ʱˍ˖˄ ˋˍʹ˄ ˁ˂ʺˋʹ ʵʶ˄ 

ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʺ ˍˇˎˌΦ 

ʁʽ ʵˏˇ ˍˊˈˉˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ʵˎʰˋˍˇˏ˄ ˋˍʹ˄ ʾʵʽʰ ˁ˂ʺˋʹ ˋˎ˄ʱˊˍʹˋʹˌΣ ˎˉˈ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ˍʰ 

ˇˊʾˋ˃ʰˍʰ ʻʷˋʹˌ ˉˊˇʹʴˇˏ˄ˍʰʽ ˍ˖˄ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄˖˄ ˇˊʽˋ˃ʱˍ˖˄Φ ʅˍˇ ˁ˗ʵʽˁʰ ɼΦ 1.5.4 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˁ˂ʺˋʶ˖˄ ˋˎ˄ʱˊˍʹˋʹˌ ˃ʶ ˇˊʾˋ˃ʰˍ ʻʷˋʹˌ ˁʰʽ ˃ʶ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰΦ 

def  calculate_rectangle_area ( length ,  width ):  

    return  length *  width  

 

 

r1 = calculate_rectangle_area ( 10 ,  20)   # ɞɟɑůɛŬŰŬ ɗɏůɖɠ 

r2 = calculate_rectangle_area ( length =10 ,  width =20)   # ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

r3 = calculate_rectangle_area ( width =20 ,  length =10)   # ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

r4 = calculate_rectangle_area (  

    10 ,  width =10 

)   # ůɡɜŭɡŬůɛɧɠ ɞɟɘůɛɎŰɤɜ ɗɏůɖɠ əŬɘ ɞɜɞɛŬŰɘůɛɏɜɤɜ ɞɟɘůɛɎŰɤɜ 

print ( f"{ r1 =}, { r2 =}, { r3 =}, { r4 =}" )   # r1=200, r2=200, r3=200, r4=100  

ɼΦ 1.5.4 ς ʁˊʾˋ˃ʰˍʰ ʻʷˋʹˌ ˁʰʽ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰΦ 
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ɮ˄ ˁʰˍʱ ˍʹ˄ ˁ˂ʺˋʹ ˉˊˇʹʴʹʻˇˏ˄ ˍ˖˄ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄˖˄ ˇˊʽˋ˃ʱˍ˖˄Σ ˇˊʾˋ˃ʰˍʰ ʻʷˋʹˌΣ ˍˈˍʶ ˉˊˇˁʰ˂ʶʾˍʰʽ 

ˋ˒ʱ˂˃ʰ ά{ȅƴǘŀȄ9ǊǊƻǊΥ Ǉƻǎƛǘƛƻƴŀƭ ŀǊƎǳƳŜƴǘ Ŧƻƭƭƻǿǎ ƪŜȅǿƻǊŘ ŀǊƎǳƳŜƴǘέΦ ɮˎˍˈ ʻʰ ˋˎ˄ʷʲʰʽ˄ʶ ˋˍˇ 

ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ ʶˉʽ˔ʶʽˊˇˏˍʰ˄ ˃ʽʰ ˁ˂ʺˋʹ ˍʹˌ ˃ˇˊ˒ʺˌΥ 

calculate_rectangle_area(length=10, 20). 

1.5.4. ʃˊˇʰʽˊʶˍʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ 

ɼʰˍʱ ˍʹ˄ ˁ˂ʺˋʹ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˃ˉˇˊˇˏ˄ ʶʾˍʶ ˄ʰ ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʷˌ ˄ʰ 

ˋˎ˃ˉ˂ʹˊ˖ʻˇˏ˄Σ ʶʾˍʶ ˄ʰ ʶʾ˄ʰʽ ˉˊˇʰʽˊʶˍʽˁʷˌΦ ɱʽʰ ˁʱʻʶ ˉˊˇʰʽˊʶˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇ ˇˊʾʸʶˍʰʽ ˃ʽʰ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺ όŘŜŦŀǳƭǘ ǾŀƭǳŜύ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰ˄ ʵʶ˄ ʵˇʻʶʾ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʽ˃ʺ ˇˊʾˋ˃ʰˍˇˌΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.5 ́  ˋˎ˄ʱˊˍʹˋʹ ŎŀƭŎǳƭŀǘŜψƛƴǘŜǊŜǎǘόύ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ˉˇˋˈ ˍ˖˄ ˍˈˁ˖˄ 

ʴʽʰ ʷ˄ʰ ˁʶ˒ʱ˂ʰʽˇ όǇǊƛƴŎƛǇŀƭύΣ ʶˉʽˍˈˁʽˇ όǊŀǘŜύΣ ʷˍʹ ˍˇˁʽˋ˃ˇˏ όǘƛƳŜύ ˁʰʽ ʰˊʽʻ˃ˈˌ ʰ˄ʰˍˇˁʽˋ˃˗˄ ʰ˄ʱ ʷˍˇˌ 

όŎƻƳǇƻǳƴŘψŦǊŜǉǳŜƴŎȅύΦ ʂ˂ʶˌ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽΣ ˉ˂ʹ˄ ˍʹˌ ˉˊ˗ˍʹˌΣ ʶʾ˄ʰʽ ˉˊˇʰʽˊʶˍʽˁʷˌ ˁʰʽ ˇʽ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˍˇˎˌ ˇˊʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʶˉʽˁʶ˒ʰ˂ʾʵʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ˁ˂ʹʻʶʾ ˃ʶ ˈˊʽˋ˃ʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎΣ ʶ˄˗ ʰ˄ ˍʰ ʱ˂˂ʰ ˇˊʾˋ˃ʰˍʰ ʵʶ˄ ˂ʱʲˇˎ˄ ˍʽ˃ʺ 

ˁʰˍʱ ˍʹ˄ ˁ˂ʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ʻʰ ˋˎ˃ˉ˂ʹˊ˖ʻˇˏ˄ ˃ʶ ˍʽˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌΦ   

def  calculate_interest ( principal ,  rate =0.05 ,  time =1,  compound_frequency =1):  

    amount = principal *  ( 1 + rate /  compound_frequency )  **  

( compound_frequency *  time )  

    interest = amount -  principal  

    return  round ( interest ,  2)  

 

 

# default Űɘɛɏɠ: ŮˊɘŰɧəɘɞ 5%, 1 ɏŰɞɠ, ŮŰɐůɘŬ ŮűŬɟɛɞɔɐ ŮˊɘŰɞəɑɞɡ 

interest1 = calculate_interest ( 1000 )  

print ( f" ɇɧəɞɘ: { interest1 }ú")   # ɇɧəɞɘ: 50.0ú 

 

# ɄɟɞůŬɟɛɞůɛɏɜŮɠ Űɘɛɏɠ: ŮˊɘŰɧəɘɞ 8%, 2 ɏŰɖ, ŮŰɐůɘŬ ŮűŬɟɛɞɔɐ ŮˊɘŰɞəɑɞɡ 

interest2 = calculate_interest ( 1000 ,  rate =0.08 ,  time =2)  

print ( f" ɇɧəɞɘ: { interest2 }ú")   # ɇɧəɞɘ: 166.4ú 

ɼΦ 1.5.5 ς ʅˎ˄ʱˊˍʹˋʹ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˇˊʽˋ˃ʱˍ˖˄Φ  

1.5.5. ʅˎ˄ʰˊˍʺˋʶʽˌ ˃ʶ ˃ʶˍʰʲ˂ʹˍˈ ˉ˂ʺʻˇˌ ˇˊʽˋ˃ʱˍ˖˄ 

ʅˍʹ˄ tȅǘƘƻƴ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˃ʶ ˃ʶˍʰʲ˂ʹˍˈ ˉ˂ʺʻˇˌ ˇˊʽˋ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʶˏˁˇ˂ʹ ˎˉˈʻʶˋʹΦ ʆʰ 

ˇˊʾˋ˃ʰˍʰ ˃ʶˍʰʲ˂ʹˍˇˏ ˉ˂ʺʻˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶʾˍʶ ˇˊʾˋ˃ʰˍʰ ʻʷˋʹˌ όŀǊƎǎύ ʶʾˍʶ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ 

ˇˊʾˋ˃ʰˍʰ  όƪǿŀǊƎǎύΦ ʅˍʹ˄ ˉˊ˗ˍʹ ˉʶˊʾˉˍ˖ˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ˍʶ˂ʶˋˍʺˌ ϝΣ ʶ˄˗ ˋˍʹ ʵʶˏˍʶˊʹ ˇ 

ˍʶ˂ʶˋˍʺˌ ϝϝΦ ɸʰ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˍʰ ˋˎ˄ʹʻʽˋ˃ʷ˄ʰ ˇ˄ˈ˃ʰˍʰ ʴʽʰ ˍʰ ˃ʶˍʰʲ˂ʹˍˇˏ ˉ˂ʺʻˇˎˌ 

ˇˊʾˋ˃ʰˍʰ ʻʷˋʹˌ ʶʾ˄ʰʽ ŀǊƎǎΣ ʶ˄˗ ʴʽʰ ˍʰ ˃ʶˍʰʲ˂ʹˍˇˏ ˉ˂ʺʻˇˎˌ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰ ʶʾ˄ʰʽ ƪǿŀǊƎǎΦ 

ʍˋˍˈˋˇΣ ˍʰ ˇ˄ˈ˃ʰˍʰ ŀǊƎǎ ˁʰʽ ƪǿŀǊƎǎ ʶʾ˄ʰʽ ʰˉ˂ʷˌ ˋˎ˃ʲʱˋʶʽˌ ˁʰʽ ˃ ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʱ˂˂ʰ 

ˇ˄ˈ˃ʰˍʰ ˋˍʹ ʻʷˋʹ ˍˇˎˌΦ 
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1.5.5.1 ʁˊʾˋ˃ʰˍʰ ˍˏˉˇˎ ϝŀǊƎǎ 

ɶ ˔ˊʺˋʹ ϝŀǊƎǎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˎʷ˂ʽˁˍʹ ˔ˊʺˋʹ ˇˊʽˋ˃ʱˍ˖˄ ʻʷˋʹˌ ˉˇˎ ˍˇ ˉ˂ʺʻˇˌ ˍˇˎˌ ʵʶ˄ ʷ˔ʶʽ 

ˉˊˇˁʰʻˇˊʽˋˍʶʾ ˋˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍˇ ˁ˗ʵʽˁʰ ɼΦ 1.5.6Σ ʹ ˋˎ˄ʱˊˍʹˋʹ 

ƳȅψŦǳƴŎǘƛƻƴόύ ˃ˉˇˊʶʾ ˄ʰ ˁ˂ʹʻʶʾ ˃ʶ ˇˉˇʽˇʵʺˉˇˍʶ ˉ˂ʺʻˇˌ ˇˊʽˋ˃ʱˍ˖˄Σ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʽˌ ˁ˂ʺˋʶʽˌ 

ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌΦ 

def  my_function (* args ):  

    print ( f" ȺɚɐűɗɖůŬɜ { len ( args ) } ɞɟɑůɛŬŰŬ" )  

    for  i ,  arg in  enumerate ( args ):  

        print ( f" ȳɟɘůɛŬ { i }: { arg }" ,  end=" " )  

    print ( " \ n" )  

 

 

my_function ()   # 0 ɞɟɑůɛŬŰŬ 

my_function ( 1)   # 1 ɧɟɘůɛŬ 

my_function ( 1,  2,  3)   # 3 ɞɟɑůɛŬŰŬ 

my_function ( "a" ,  "b" ,  "c" ,  "d" )   # 4 ɞɟɑůɛŬŰŬ 

ɼΦ 1.5.6 ς ʅˎ˄ʱˊˍʹˋʹ ˃ʶ ˈˊʽˋ˃ʰ ˍˏˉˇˎ ϝŀǊƎǎΦ  

ɶ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʻʰ ˉʰˊʱ˅ʶʽ ˍʹ˄ ʷ˅ˇʵˇ ɳΦ 1. 

ȺɚɐűɗɖůŬɜ 0 ɞɟɑůɛŬŰŬ 

 

 

ȺɚɐűɗɖůŬɜ 1 ɞɟɑůɛŬŰŬ 

ȳɟɘůɛŬ 0: 1 

 

ȺɚɐűɗɖůŬɜ 3 ɞɟɑůɛŬŰŬ 

ȳɟɘůɛŬ 0: 1 ȳɟɘůɛŬ 1: 2 ȳɟɘůɛŬ 2: 3 

 

ȺɚɐűɗɖůŬɜ 4 ɞɟɑůɛŬŰŬ 

ȳɟɘůɛŬ 0: a ȳɟɘůɛŬ 1: b ȳɟɘůɛŬ 2: c ȳɟɘůɛŬ 3: d 

ɳΦ 1 ς ɴ˅ˇʵˇˌ ˁ˂ʺˋʶ˖˄ ˋˎ˄ʱˊˍʹˋʹˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ˃ʶˍʰʲ˂ʹˍˈ ˉ˂ʺʻˇˌ ˇˊʽˋ˃ʱˍ˖˄Φ  

1.5.5.2 ʁˊʾˋ˃ʰˍʰ ˍˏˉˇˎ ϝϝƪǿŀǊƎǎ 

ɶ ˔ˊʺˋʹ ϝϝƪǿŀǊƎǎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˎʷ˂ʽˁˍʹ ˔ˊʺˋʹ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄˖˄ ˇˊʽˋ˃ʱˍ˖˄ ˉˇˎ ʵʶ˄ ʷ˔ˇˎ˄ 

ˉˊˇˁʰʻˇˊʽˋˍʶʾ ˋˍˇ˄ ˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΦ ʆˇ ƪǿŀǊƎǎ ʶʾ˄ʰʽ ʷ˄ʰ ˂ʶ˅ʽˁˈ ˁʰʽ ʷ˄ʰ ˂ʶ˅ʽˁˈ ʰˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ ʸʶˏʴʹ ˍʹˌ ˃ˇˊ˒ʺ ζˁ˂ʶʽʵʾΥ ˍʽ˃ʺηΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.7 ́  ˋˎ˄ʱˊˍʹˋʹ ƳȅψŦǳƴŎǘƛƻƴόύ 

˃ˉˇˊʶʾ ˄ʰ ˁ˂ʹʻʶʾ ˃ʶ ˁʰ˄ʷ˄ʰΣ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰ ˉˇˎ ʻʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ʸʶˏʴʹ 

ζˁ˂ʶʽʵʾΥ ˍʽ˃ʺη ˋˍˇ ƪǿŀǊƎǎΦ 

def  my_function (** kwargs ):  

    print (f"ȺɚɐűɗɖůŬɜ {len ( kwargs )} ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ")  

    for  key ,  value in  kwargs . items ():  

        print ( f"{ key }: { value }" )  

 

 

my_function ()   # 0 ɞɟɑůɛŬŰŬ 

my_function ( name="Ɂɑəɞɠ")   # 1 ɞɜɞɛŬŰɘůɛɏɜɞ ɧɟɘůɛŬ 

my_function ( name="ɀŬɟɑŬ" ,  age=30)   # 2 ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

my_function ( city ="ȽɤɎɜɜɘɜŬ" ,  country ="GR" ,  population =115000 )   # 3 ɞɜ. ɞɟ.  

ɼΦ 1.5.7 ς ʅˎ˄ʱˊˍʹˋʹ ˃ʶ ˇˊʾˋ˃ʰˍʰ ˍˏˉˇˎ ϝϝƪǿŀǊƎǎΦ  
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ɶ ʷ˅ˇʵˇˌ ˉˇˎ ʻʰ ˉʰˊʰ˔ʻʶʾ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʻʰ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 

ȺɚɐűɗɖůŬɜ 0 ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

ȺɚɐűɗɖůŬɜ 1 ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

name: Ɂɑəɞɠ 

ȺɚɐűɗɖůŬɜ 2 ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

name: ɀŬɟɑŬ 

age: 30  

ȺɚɐűɗɖůŬɜ 3 ɞɜɞɛŬŰɘůɛɏɜŬ ɞɟɑůɛŬŰŬ 

city: ȽɤɎɜɜɘɜŬ 

country: GR  

population: 115000  

ɳΦ 2 ς ɴ˅ˇʵˇˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.7.  

1.5.5.3 ɼʰ˄ˈ˄ʶˌ ʴʽʰ ˋˎ˄ʵˎʰˋ˃ˈ ŀǊƎǎΣ ƪǿŀǊƎǎΣ ϝŀǊƎǎ ˁʰʽ ϝϝƪǿŀǊƎǎ 

ʇˉʱˊ˔ˇˎ˄ ˁʰ˄ˈ˄ʶˌ ˉˇˎ ˇ ʵʽʶˊ˃ʹ˄ʶˎˍʺˌ ˍʹˌ tȅǘƘƻƴ ʶ˂ʷʴ˔ʶʽ ˈˍʽ ˍʹˊˇˏ˄ˍʰʽΣ ˈˍʰ˄ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ 

ˇˊʾˋ˃ʰˍʰ ʻʷˋʹˌΣ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰΣ ϝŀǊƎǎ ˁʰʽ ϝϝƪǿŀǊƎǎ ˉˇˎ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻˇʽΥ  

ɼʰˍʱ ˍˇ˄ ˇˊʽˋ˃ˈ ˋˎ˄ʰˊˍʺˋʶ˖˄Υ 

¶ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ϝϝƪǿŀǊƎǎΣ ʰ˄ ˎˉʱˊ˔ˇˎ˄Σ ˉˊʷˉʶʽ ˉʱ˄ˍʰ ˄ʰ ʶʾ˄ʰʽ ˍʶ˂ʶˎˍʰʾˇʽΦ 

ɼʰˍʱ ˍʹ˄ ˁ˂ʺˋʹ ˋˎ˄ʰˊˍʺˋʶ˖˄Υ 

¶ ʆʰ ˇˊʽˋ˃ʰˍʰ ʻʷˋʹˌ όŀǊƎǎύ ˉˊʷˉʶʽ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˉˊʽ˄ ˍʰ ˇ˄ˇ˃ʰˍʽˋ˃ʷ˄ʰ ˇˊʾˋ˃ʰˍʰ όƪǿŀǊƎǎύΦ 

¶ ʅʶ ˋˎ˄ʰˊˍʺˋʶʽˌ ˃ʶ ˉʰˊʰ˃ʷˍˊˇˎˌ ˃ʶˍʱ ˍˇ ϝŀǊƎǎΣ ˍʰ ˇˊʾˋ˃ʰˍʰ ˉˇˎ ˍˇˎˌ ʵʾ˄ˇˎ˄ ˍʽ˃ʷˌ ˉˊʷˉʶʽ ˄ʰ 

ʶʾ˄ʰʽ ƪǿŀǊƎǎΦ 

ʁ ˁ˗ʵʽˁʰˌ ɼ. 1.5.8 ʶˉʽʵʶʽˁ˄ˏʶʽ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˁʰ˄ˈ˄ʶˌΣ ʷ˔ˇ˄ˍʰˌ ˍˇˉˇʻʶˍʺˋʶʽ ˋʶ ˋ˔ˈ˂ʽʰ ˍʽˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇˎ ˇ ʵʽʶˊ˃ʹ˄ʶˎˍʺˌ ʻʰ ʶ˄ˍˈˉʽʸʶ ˈˍʽ ˁʱˉˇʽˇˌ ˁʰ˄ˈ˄ʰˌ ʻʰ ˉʰˊʰʲʽʱʸˇ˄ˍʰ˄Φ 

# def f1(**kwargs, x): # SyntaxError: invalid syntax  

#   print(f"{kwargs=}, {x=}")  

 

 

def  f2 ( x ,  y ):  

    print ( f"{ x=}, { y=}" )  

 

 

f2 ( 1,  2)   # x=1, y=2  

f2 ( x=1,  y=2)   # x=1, y=2  

f2 ( 1,  y=2)   # x=1, y=2  

# f2(1, x=2) # TypeError: f2() got multiple values for argument 'x'  

# f2(x=1, 2) # SyntaxError: positional argument follows keyword argument  

 

 

def  f3 ( x ,  * args ,  y ,  ** kwargs ):  

    print ( f"{ x=}, { args =}, { y=}, { kwargs =}" )  

 

 

f3 ( 1,  2,  3,  y=4,  z=5,  w=6)   # x=1, args=(2, 3), y=4,  

                            # kwargs={'z': 5, 'w': 6}  

# f3(1, 2, 3, 4, z=5, w=6)  # TypeError: f3() missing 1 required  
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                            # keyword - only argument: 'y'  

ɼ. 1.5.8 ς ʅˎ˄ʰˊˍʺˋʶʽˌ ˃ʶ ˋˎ˄ʵˎʰˋ˃ˈ ˇˊʽˋ˃ʱˍ˖˄ ʻʷˋʹˌΣ ϝŀǊƎǎΣ ϝϝƪǿŀǊƎǎΦ  

1.5.6. ʅˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˍʶˁ˃ʹˊʾ˖ˋʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 

ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˍʶˁ˃ʹˊʾ˖ˋʹˌ όŘƻŎǎǘǊƛƴƎǎύ ʶʾ˄ʰʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌΣ ˋˎ˄ʺʻ˖ˌ ˉˇ˂˂˗˄ ʴˊʰ˃˃˗˄Σ ˇʽ 

ˇˉˇʾʶˌ ˉʶˊʽˁ˂ʶʾˇ˄ˍʰʽ ˋʶ ˍˊʽˉ˂ʱ ʶʽˋʰʴ˖ʴʽˁʱ ˁʰʽ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˍˇˎ ˋ˗˃ʰˍˇˌ ˃ʽʰˌ 

ˋˎ˄ʱˊˍʹˋʹˌΣ ʰ˃ʷˋ˖ˌ ˃ʶˍʱ ˍʹ ʴˊʰ˃˃ʺ ˇˊʽˋ˃ˇˏ ˍʹˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʱˌ 

ˍʹˌΦ ɶ ˔ˊʺˋʹ ŘƻŎǎǘǊƛƴƎ ʵʶ˄ ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʺΣ ˖ˋˍˈˋˇ ʻʶ˖ˊʶʾˍʰʽ ˁʰ˂ʺ ˉˊʰˁˍʽˁʺ ˍʶˁ˃ʹˊʾ˖ˋʹˌΦ 

ɳ˒ˈˋˇ˄ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ŘƻŎǎǘǊƛƴƎΣ ʹ ʷˁ˒ˊʰˋʹ ғˈ˄ˇ˃ʰψˋˎ˄ʱˊˍʹˋʹˌҔΦψψŘƻŎψψ 

ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˁʶʾ˃ʶ˄ˇ ˍʹˌ ˍʶˁ˃ʹˊʾ˖ˋʺˌ ˍʹˌΦ ʆˇ ψψŘƻŎψψ ʰˉˇˍʶ˂ʶʾ ˉʰˊʱʵʶʽʴ˃ʰ άŘǳƴŘŜǊέ όŘƻǳōƭŜ 

ǳƴŘŜǊǎŎƻǊŜύΣ ʵʹ˂ʰʵʺ ʶʽʵʽˁˇˏ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁˇˏ ˉˇˎ ʰˊ˔ʾʸʶʽ ˁʰʽ ˍʶ˂ʶʽ˗˄ʶʽ ˃ʶ ʵˏˇ ˁʱˍ˖ ˉʰˏ˂ʶˌΦ 

ɳˉʽˉ˂ʷˇ˄Σ ʹ ˁ˂ʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ƘŜƭǇόύ ˃ʶ ˈˊʽˋ˃ʰ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʶ˃˒ʰ˄ʾʸʶʽ ˍˇ ŘƻŎǎǘǊƛƴƎ 

ˋˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˋˏˋˍʹ˃ʰ ʲˇʺʻʶʽʰˌ ˍʹˌ tȅǘƘƻƴΦ ɶ ʷ˅ˇʵˇˌ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʲˇʺʻʶʽʰˌ ʴʾ˄ʶˍʰʽ ˃ʶ 

ˍʹ˄ ˉʾʶˋʹ ˍˇˎ ˉ˂ʺˁˍˊˇˎ ǉΣ ʰ˄ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍʹˌ ʲˇʺʻʶʽʰˌ ˎˉʶˊʲʰʾ˄ʶʽ ˍʹ˄ ˃ʽʰ ˇʻˈ˄ʹ ˋʶ ˃ʺˁˇˌΦ ʅˍˇ 

ʰˁˈ˂ˇˎʻˇ ʰˉˈˋˉʰˋ˃ʰ ˁ˗ʵʽˁʰ ˒ʰʾ˄ʶˍʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ŘƻŎǎǘǊƛƴƎ ʴʽʰ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǎǉǊǘόύ ʰˉˈ 

ˍˇ ƳƻŘǳƭŜ ƳŀǘƘ ˍʹˌ ˍˎˉʽˁʺˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌΣ ˈˉ˖ˌ ˃ˉˇˊʶʾ ˄ʰ ˂ʹ˒ʻʶʾ ʰˉˈ ˍˇ w9t[ όɼ. 1.5.9). 

>>> import math  

>>> math.sqrt.__doc__  

'Return the square root of x.'  

>>> help(math.sqrt)  

Help on built - in function sqrt in module math:  

 

sqrt(x, /)  

    Return the square root of x.  

ɼ. 1.5.9 ς ɳ˃˒ʱ˄ʽˋʹ docstrings ̀ ˎ˄ʰˊˍʺˋʶ˖˄.  

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.10  ́ ˋˎ˄ʱˊˍʹˋʹ calculate_area() ʵʽʰʻʷˍʶʽ docstring ˉˇˎ 

ʶˁˍˎˉ˗˄ʶˍʰʽ ˃  ʁ̱ ʹ˄ ʁ ˄ˍˇ˂ʺ print(calculate_area.__doc__). 

import  math  

 

 

def  calculate_area ( radius ):  

    """  

    Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ŮɛɓŬŭɞɨ Ůɜɧɠ əɨəɚɞɡ ŭŮŭɞɛɏɜɖɠ Űɖɠ ŬəŰɑɜŬɠ Űɞɡ. 

 

    Parameters:  

    radius (float): ȼ ŬəŰɑɜŬ Űɞɡ əɨəɚɞɡ.  

 

    Returns:  

    float: ɇɞ ŮɛɓŬŭɧɜ Űɞɡ əɨəɚɞɡ. 

    """  

    return  math . pi  *  radius ** 2 

 

 

print ( calculate_area . __doc__ )  

ɼΦ 1.5.10 ς ʁˊʽˋ˃ˈˌ ŘƻŎǎǘǊƛƴƎ ˋˎ˄ʱˊˍʹˋʹˌ ˁʰʽ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎΦ 



 

30 
 

ɼʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˁ˗ʵʽˁʰΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ŎŀƭŎǳƭŀǘŜψŀǊŜŀόύ ʵʶ˄ ˁʰ˂ʶʾˍʰʽΣ ʰ˂˂ʱ 

ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʹ ʷ˅ˇʵˇˌ ɳΦ 3Σ ˉˇˎ ʶʾ˄ʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ψψŘƻŎψψΣ ˈˉ˖ˌ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ʴʽʰ 

ˍʹ ˋˎ˄ʱˊˍʹˋʹΦ 

    Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ŮɛɓŬŭɞɨ Ůɜɧɠ əɨəɚɞɡ ŭŮŭɞɛɏɜɖɠ Űɖɠ ŬəŰɑɜŬɠ Űɞɡ. 

 

    Parameters:  

    radius (float): ȼ ŬəŰɑɜŬ Űɞɡ əɨəɚɞɡ.  

 

    Returns:  

    float: ɇɞ ŮɛɓŬŭɧɜ Űɞɡ əɨəɚɞɡ. 
ɳΦ 3 ς ɳ˃˒ʱ˄ʽˋʹ ˍˇˎ ŘƻŎǎǘǊƛƴƎ ʴʽʰ ˍʹ ˋˎ˄ʰʱˊˍʹˋʹ ŎŀƭŎǳƭŀǘŜψŀǊŜŀόύΦ 

1.5.7. ɶ ʶ˄ˍˇ˂ʺ Ǉŀǎǎ 

ɼʰˍʱ ˍʹ ˋˎʴʴˊʰ˒ʺ ʶ˄ˈˌ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʽ˔˄ʶˎʻʶʾ ʹ ʰ˄ʱʴˁʹ ˏˉʰˊ˅ʹˌ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ 

ʰ˂˂ʱ ˄ʰ ˃ʹ˄ ʶˉʽ˂ʶʴʶʾ ʹ ˋˎʴʴˊʰ˒ʺ ˍˇˎ ˋ˗˃ʰˍˈˌ ˍʹˌ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˍʽʴ˃ʺΦ ʆˈˍʶΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ʵʽʰˍʹˊʹʻʶʾ ʹ ˋˎ˄ˍʰˁˍʽˁʺ ˇˊʻˈˍʹˍʰ ˍˇˎ ˁ˗ʵʽˁʰΣ ʴˊʱ˒ʶˍʰʽ ˁʰ˄ˇ˄ʽˁʱ ʹ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ όʶˉʽˁʶ˒ʰ˂ʾʵʰύ 

ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˉˈ ˍʹ˄ ˂ʷ˅ʹ Ǉŀǎǎ ʺ ˍˊʶʽˌ ˍʶ˂ʶʾʶˌ ΦΦΦΣ ʰˁˊʽʲ˗ˌ ʴʽʰ ˄ʰ ˎˉˇʵʹ˂˖ʻʶʾ 

ˈˍʽ ˍˇ ˋ˗˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʻʰ ˋˎ˃ˉ˂ʹˊ˖ʻʶʾ ʰˊʴˈˍʶˊʰΦ ɶ ʶ˄ˍˇ˂ʺ Ǉŀǎǎ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʹ 

ˋˎʴʴˊʰ˒ʺ ˍˇˎ ζˋˁʶ˂ʶˍˇˏη ʶ˄ˈˌ ˁ˗ʵʽˁʰΦ ɳˉʾˋʹˌΣ ˍƻ Ǉŀǎǎ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍʹ ʻʷˋʹ ʶ˄ˈˌ 

˃ˉ˂ˇˁ ˁ˗ʵʽˁʰ ˋˍʽˌ ƛŦΣ ŦƻǊΣ ǿƘƛƭŜ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ ʰˊʴˈˍʶˊʰΦ  

ʁ ˁ˗ʵʽˁʰˌ ɼΦ 1.5.11Σ ˉʶˊʽʷ˔ʶʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˔ˊʺˋʹˌ ˍˇˎ ǇŀǎǎΦ 

def  foo ():  

    pass  

 

 

def  bar ( a_parameter ,  another_parameter ):   

    ...  

 

 

foo ()  

bar ( 1,  2)  

age = 26 

if  age >= 18 :  

    pass   # ŪŬ ɡɚɞˊɞɘɖɗŮɑ ŬɟɔɧŰŮɟŬ 

else :  

    print ("ȷɜɐɚɘəɞɠ")  

ɼΦ 1.5.11 ς ʅˎ˄ʰˊˍʺˋʶʽˌ ˃ʶ ˁʶ˄ˈ ˃ˉ˂ˇˁ ˁ˗ʵʽˁʰΣ ˃ʶ Χ ˁʰʽ ˃ʶ ǇŀǎǎΦ 

1.5.8. ʅˎ˄ʰˊˍʺˋʶʽˌ ˃ʷˋʰ ˋʶ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ɶ tȅǘƘƻƴ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˇˊʽˋ˃ˇˏ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ˃ʷˋʰ ˋˍˇ ˋ˗˃ʰ ˃ʽʰˌ ʱ˂˂ʹˌ ˋˎ˄ʱˊˍʹˋʹˌΦ 

ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ˉˇˎ ˇˊʾʸʶˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˃ʽʰˌ ʱ˂˂ʹˌ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ʶ˃˒˖˂ʶˎ˃ʷ˄ʹ όƴŜǎǘŜŘ ŦǳƴŎǘƛƻƴύ ʺ ʶˋ˖ˍʶˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹ όƛƴƴŜǊ ŦǳƴŎǘƛƻƴύΦ ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

˖ˌ ʲˇʹʻʹˍʽˁˈˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌΣ ˈˍʰ˄ ʶˉʽʻˎ˃ˇˏ˃ʶ ˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ˁ˗ʵʽˁʰˌ ˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˇˊʰˍˈˌ ʶˁˍˈˌ 

ˍʹˌ ˉʶˊʽˁ˂ʶʾˇˎˋʰˌ όʶ˅˖ˍʶˊʽˁʺˌύ ˋˎ˄ʱˊˍʹˋʹˌΣ ʰ˂˂ʱ ˄ʰ ʰ˅ʽˇˉˇʽʶʾˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʰˉˈ ʰˎˍʺΦ ʁʽ 



 

31 
 

ʶˋ˖ˍʶˊʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ʷ˔ˇˎ˄ ˉˊˈˋʲʰˋʹ ˋʶ ˃ʶˍʰʲ˂ʹˍʷˌ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ʶ˃ʲʷ˂ʶʽʰˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 

ʶˉʽˍˊʷˉʶʽ ˍʹ ˋˎ˄ʶˊʴʰˋʾʰ ˍˇˎˌ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˍˇ ˇˉˇʾˇ ˇˊʾʸˇ˄ˍʰʽΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ʶˋ˖ˍʶˊʽˁʺ 

ˋˎ˄ʱˊˍʹˋʹ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʶˁ ˄ʷˇˎ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˁʰ˂ʶʾˍʰʽ ʹ ʶ˅˖ˍʶˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹΦ ɶ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ʰˎˍʺ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˃ʽʰ ˉˊˇ˔˖ˊʹ˃ʷ˄ʹ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʺ ʷ˄˄ˇʽʰΣ ʴ˄˖ˋˍʺ ˖ˌ ˁ˂ʶʽˋˍˈˍʹˍʰ όŎƭƻǎǳǊŜύΣ 

ˈˉˇˎ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ζʻˎ˃ʱˍʰʽη ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʷˋʰ ˋˍˇ ˇˉˇʾˇ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.12 ʹ ˋˎ˄ʱˊˍʹˋʹ ǘƻǘŀƭψǇǊƛŎŜόύ ˉʶˊʽʷ˔ʶʽ ˃ʽʰ ʱ˂˂ʹ ˋˎ˄ʱˊˍʹˋʹΣ ˍʹ 

ˋˎ˄ʱˊˍʹˋʹ ǘŀȄόύ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ǘŀȄόύ ʶʾ˄ʰʽ 

ζˁˊˎ˃˃ʷ˄ʹη ʰˉˈ ˍˇ ˎˉˈ˂ˇʽˉˇ ˉˊˈʴˊʰ˃˃ʰ ˁʰʽ ˉˊˈˋʲʰˋʹ ˋʶ ʰˎˍʺ ʵʾ˄ʶˍʰʽ ˃ˈ˄ˇ ʶ˄ˍˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 

total_price(). 

def  total_price ( base_price ,  tax_rate ):  

    # ŮůɤŰŮɟɘəɐ ůɡɜɎɟŰɖůɖ: ɡˊɞɚɞɔɑɕŮɘ Űɞ űɧɟɞ 

    def  tax ( amount ):  

        return  amount *  tax_rate  

 

    # əɚɐůɖ ŮůɤŰŮɟɘəɐɠ ůɡɜɎɟŰɖůɖɠ 

    tax_amount = tax ( base_price )  

    return  base_price + tax_amount  

 

 

print ( total_price ( 100 ,  0.24 ))   # 124.0  

print ( total_price ( 50 ,  0.10 ))   # 55.0  

ɼΦ 1.5.12 ς ʁˊʽˋ˃ˈˌ ˋˎ˄ʱˊˍʹˋʹˌ ˃ʷˋʰ ˋʶ ˋˎ˄ʱˊˍʹˋʹΦ  

1.5.9. ɳ˃ʲʷ˂ʶʽʰ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ʁ ˈˊˇˌ ʶ˃ʲʷ˂ʶʽʰ όǎŎƻǇŜύ ˃ʶˍʰʲ˂ʹˍʺˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˍ˃ʺ˃ʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˋˍˇ ˇˉˇʾˇ ˃ʽʰ 

˃ʶˍʰʲ˂ʹˍʺ ʶʾ˄ʰʽ ˇˊʰˍʺ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋˉʶ˂ʰˋˍʶʾ ˃ʶ ˍˇ ˈ˄ˇ˃ʱ ˍʹˌΦ ʅˍʹ˄ tȅǘƘƻƴ ˎˉˇˋˍʹˊʾʸʶˍʰʽ ʹ 

ˍˇˉʽˁʺ ʶ˃ʲʷ˂ʶʽʰΣ ʹ ˁʰʻˇ˂ʽˁʺ ʶ˃ʲʷ˂ʶʽʰ ˁʰʽ ʹ ˃ʹ-ˍˇˉʽˁʺ ʶ˃ʲʷ˂ʶʽʰΦ 

1.5.9.1 ʆˇˉʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʁʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˃ʷˋʰ ˋʶ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ʷ˔ˇˎ˄ ˍˇˉʽˁʺ ʶ˃ʲʷ˂ʶʽʰΣ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ 

ˍˇˉʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˃ˈ˄ˇ ˃ʷˋʰ ˋˍʹ ˋˎ˄ʱˊˍʹˋʹΦ ɮ˄ ʴʾ˄ʶʽ ʰˉˈˉʶʽˊʰ 

ʰ˄ʰ˒ˇˊʱˌ ˋʶ ˃ʽʰ ˍˇˉʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ʶˁˍˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ˍˈˍʶ ʻʰ ˉˊˇˁ˂ʹʻʶʾ ʶ˅ʰʾˊʶˋʹ bŀƳŜ9ǊǊƻǊ 

ˁʰʽ ʹ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʻʰ ʵʽʰˁˇˉʶʾΣ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰˌ ˃ʺ˄ˎ˃ʰ ˋ˒ʱ˂˃ʰˍˇˌ ˈˍʽ ˍˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˈ˄ˇ˃ʰ ˃ʶˍʰʲ˂ʹˍʺˌ ʵʶ˄ ʷ˔ʶʽ ˇˊʽˋˍʶʾ όƴƻǘ ŘŜŦƛƴŜŘύΦ  

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.5.13 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˉˇˎ ʹ ˃ʶˍʰʲ˂ʹˍʺ ƳŜǎǎŀƎŜ ʶʾ˄ʰʽ ˍˇˉʽˁʺ ʴʽʰ 

ˍʹ ˋˎ˄ʱˊˍʹˋʹ ƎǊŜŜǘόύΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʶ˄ˍˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΣ ʰ˂˂ʱ 

ˇˉˇʽʰʵʺˉˇˍʶ ʰˉˈˉʶʽˊʰ ʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ʶˁˍˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʻʰ ʶˉʽˋˍˊʷ˕ʶʽ ˃ʺ˄ˎ˃ʰ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ 

ʻ  ẖ ʶˊ˃ʰˍʾˋʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 

def  greet ():  

    message = "Hello, world!"   # Űɞˊɘəɐ ɛŮŰŬɓɚɖŰɐ  
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    print ( message )   # Űɞˊɘəɐ ɛŮŰŬɓɚɖŰɐ 

 

 

greet ()   # ok  

print ( message )   # Error: NameError: name 'message' is not defined  

ɼΦ 1.5.13 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍˇˉʽˁʺ ˃ʶˍʰʲ˂ʹˍʺΦ  

1.5.9.2 ɼʰʻˇ˂ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʁʽ ˁʰʻˇ˂ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ όƎƭƻōŀƭ ǾŀǊƛŀōƭŜǎύ ʵʹ˂˗˄ˇ˄ˍʰʽ ʶˁˍˈˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˁʰʽ ʶʾ˄ʰʽΣ ˁʰˍʰˊ˔ʺ˄Σ 

ˉˊˇˋˉʶ˂ʱˋʽ˃ʶˌ ʰˉˈ ˇˉˇʽˇʵʺˉˇˍʶ ˋʹ˃ʶʾˇ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˍˈˋˇ ʶ˄ˍˈˌ ˈˋˇ ˁʰʽ ʶˁˍˈˌ 

ˋˎ˄ʰˊˍʺˋʶ˖˄Φ ʍˋˍˈˋˇΣ ʰ˄ ʶˉʽ˔ʶʽˊʹʻʶʾ ˍˊˇˉˇˉˇʾʹˋʹ ˍʹˌ ˍʽ˃ʺˌ ˃ʽʰˌ ˁʰʻˇ˂ʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˃ʷˋʰ ˋʶ 

˃ʽʰ ˋˎ˄ʱˊˍʹˋʹΣ ˍˈˍʶ ʹ ˃ʶˍʰʲ˂ʹˍʺ ˉˊʷˉʶʽ ˄ʰ ʵʹ˂˖ʻʶʾ ˊʹˍʱ ˖ˌ Ǝƭƻōŀƭ ˃ʷˋʰ ˋˍˇ ˋ˗˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌΦ 

ɱʶ˄ʽˁʱΣ ˃ʷˋʰ ˋʶ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˇʽ ˁʰʻˇ˂ʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰʴ˄˖ˋˍˇˏ˄Σ ʰ˂˂ʱ ʵʶ˄ 

˃ˉˇˊˇˏ˄ ˄ʰ ˍˊˇˉˇˉˇʽʹʻˇˏ˄Σ ʶˁˍˈˌ ʰ˄ ʵʹ˂˖ʻˇˏ˄ ˖ˌ ƎƭƻōŀƭΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.14Σ ʹ ŜȄŎƘŀƴƎŜψǊŀǘŜ ʶʾ˄ʰʽ ˁʰʻˇ˂ʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ʶʾ˄ʰʽ ˇˊʰˍʺ 

ˍˈˋˇ ˋˍʹ ˋˎ˄ʱˊˍʹˋʹ ŎƻƴǾŜǊǘψǘƻψǳǎŘόύ ˈˋˇ ˁʰʽ ˋˍʹ ˋˎ˄ʱˊˍʹˋʹ ǳǇŘŀǘŜψǊŀǘŜόύΦ ʍˋˍˈˋˇΣ ʴʽʰ ˄ʰ ˃ˉˇˊʶʾ 

ʹ ˋˎ˄ʱˊˍʹˋʹ ǳǇŘŀǘŜψǊŀǘŜόύ ˄ʰ ˍˊˇˉˇˉˇʽʶʾ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ŜȄŎƘŀƴƎŜψǊŀǘŜΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˎˉʱˊ˔ʶʽ ʹ 

ʵʺ˂˖ˋʹ ˃ʷˋʰ ˋˍʹ ˋˎ˄ʱˊˍʹˋʹ ˈˍʽ ʹ ˃ʶˍʰʲ˂ʹˍʺ ŜȄŎƘŀƴƎŜψǊŀǘŜ ʶʾ˄ʰʽ ƎƭƻōŀƭΦ ɮ˄ ʵʶ˄ ˎˉʺˊ˔ʶ ʰˎˍʺ ʹ 

ʵʺ˂˖ˋʹ ˍˈˍʶ ʹ ŜȄŎƘŀƴƎŜψǊŀǘŜ ʶ˄ˍˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ǳǇŘŀǘŜψǊŀǘŜόύ ʻʰ ʺˍʰ˄ ˃ʽʰ ˄ʷʰ ˍˇˉʽˁʺ 

˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˄ʱʻʶˋʹ ˍʽ˃ʺˌ ˋʶ ʰˎˍʺ ʵʶ˄ ʻʰ ʶˉʹˊʷʰʸʶ ˍʹ˄ ˁʰʻˇ˂ʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ 

exchange_rate. 

# əŬɗɞɚɘəɐ ɛŮŰŬɓɚɖŰɐ 

exchange_rate = 1.15   # EUR - > USD 

 

 

def  convert_to_usd ( amount_eur ):  

    return  amount_eur *  exchange_rate  

 

 

def  update_rate ( new_rate ):  

    global  exchange_rate  # ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢŮɘ 

    exchange_rate = new_rate  

 

 

print ( f"{ convert_to_usd ( 50) :.2f}" )  # 57.50  

update_rate ( 1.2 )  

print ( f"{ convert_to_usd ( 50) :.2f}" )  # 60.00  

ɼΦ 1.5.14 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˁʰʻˇ˂ʽˁʺ ˃ʶˍʰʲ˂ʹˍʺΦ  

1.5.9.3 ɾ -́ˍˇˉʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʁʽ ˃ʹ ˍˇˉʽˁʷˌ όƴƻƴƭƻŎŀƭύ ˃ʶˍʰʲ˂ʹˍʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ 

ʶˋ˖ˍʶˊʽˁʷˌ όʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌύ ˋˎ˄ʰˊˍʺˋʶʽˌΦ ʂˍʰ˄ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺ ˃ʷˋʰ ˋʶ ˃ʽʰ ʶˋ˖ˍʶˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹ 

ʵʹ˂˖ʻʶʾ ˃ʶ ˍʹ ˂ʷ˅ʹ-ˁ˂ʶʽʵʾ ƴƻƴƭƻŎŀƭΣ ˍˈˍʶ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ˃ʶˍʰʲ˂ʹˍʺ ˃ʶ ˍˇ ʾʵʽˇ ˈ˄ˇ˃ʰ ˉˇˎ ʷ˔ʶʽ ˇˊʽˋˍʶʾ 

ˋˍʹ˄ ˉ˂ʹˋʽʷˋˍʶˊʹ ˉʶˊʽˁ˂ʶʾˇˎˋʰ ˋˎ˄ʱˊˍʹˋʹ όˁʰʽ ˈ˔ʽ ˋˍˇ ˁʰʻˇ˂ʽˁˈ ʶˉʾˉʶʵˇύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ 

ʶˋ˖ˍʶˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˃ˉˇˊʶʾ ˈ˔ʽ ˃ˈ˄ˇ ˄ʰ ʰ˄ʰʴ˄˗ˋʶʽ ʰ˂˂ʱ ˁʰʽ ˄ʰ ˍˊˇˉˇˉˇʽʺˋʶʽ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ 
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˃ʶˍʰʲ˂ʹˍʺˌ ʰˎˍʺˌΦ ʁʽ ˃ʹ ˍˇˉʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌ ˈˍʰ˄ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺ ˉˇˎ ˇˊʾʸʶˍʰʽ ˋʶ ˃ʽʰ 

ˉʶˊʽˁ˂ʶʾˇˎˋʰ ˋˎ˄ʱˊˍʹˋʹ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍˈ ˄ʰ ʶ˄ʹ˃ʶˊ˗˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˁ˗ʵʽˁʰ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ 

ˋˎ˄ʱˊˍʹˋʹˌΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ʋʋʋ ˇˊʾʸʶˍʰʽ ʹ ˍˇˉʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ǘƻǘŀƭ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ǎƘƻǇǇƛƴƎψŎŀǊǘόύΦ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ʹ ˃ʶˍʰʲ˂ʹˍʺ ǘƻǘŀƭ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ʹ˃ʶˊ˗˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˋˎ˄ʱˊˍʹˋʹ 

ŀŘŘψƛǘŜƳǎόύΣ ʵʹ˂˗˄ʶˍʰʽ ˖ˌ ƴƻƴƭƻŎŀƭΦ  

def  shopping_cart ():  

    total = 0  # ŮɝɤŰŮɟɘəɐ ɛŮŰŬɓɚɖŰɐ ɔɘŬ Űɖɜ add_items()  

 

    def  add_items ( prices ):  

        nonlocal  total  # ŮˊɘŰɟɏˊŮɘ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ total 

        for  price in  prices :  

            total += price  

            print ( f"+ { price }, ɜɏɞ ůɨɜɞɚɞ { total }" )  

 

    add_items ([ 10 ,  25 ,  5])  

    print ( f" ɇŮɚɘəɧ ůɨɜɞɚɞ: { total }" )  

 

 

shopping_cart ()  

ɼΦ 1.5.15 ς ʃʰˊʰʵʶʽʴ˃ʰ ˃ʶ ˃ʹ-ˍˇˉʽˁʺ ˃ʶˍʰʲ˂ʹˍʺΦ 

ɶ ʷ˅ˇʵˇˌ ɳΦ 4 ɻ ʶʾ˔˄ʶʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌΦ 

+ 10, ɜɏɞ ůɨɜɞɚɞ 10 

+ 25, ɜɏɞ ůɨɜɞɚɞ 35 

+ 5, ɜɏɞ ůɨɜɞɚɞ 40 

ɇŮɚɘəɧ ůɨɜɞɚɞ: 40 

ɳΦ 4 ς ɶ ʷ˅ˇʵˇˌ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.5.15 

1.5.10. ɽʱ˃ʵʰ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ɾʽʰ ˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹ ʺ ʰ˄˗˄ˎ˃ʹ ˋˎ˄ʱˊˍʹˋʹ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˋˍʹ˄ ˇˉˇʾʰ ʵʶ˄ ʰˉˇʵʾʵʶˍʰʽ 

ˈ˄ˇ˃ʰ ˉˇˎ ˇˊʾʸʶˍʰʽ ˃ʶ ˍʹ ˂ʷ˅ʹ-ˁ˂ʶʽʵʾ ƭŀƳōŘŀΣ ˃ʶ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ˋˏ˄ˍʰ˅ʹΥ 

lambda ɞɟɑůɛŬŰŬ: ɏəűɟŬůɖ 

ɶ ˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ʵʷ˔ʶˍʰʽ ˁʰ˄ʷ˄ʰΣ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˇˊʾˋ˃ʰˍʰ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ʷˁ˒ˊʰˋʹˌ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˍʹ˄ ʱ˄˖ ˁʰʽ ˁʱˍ˖ ˍʶ˂ʶʾʰΦ ʆˇ ˋ˗˃ʰ ˍʹˌ 

ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋʶ ˃ʾʰ ʷˁ˒ˊʰˋʹ όˁʰʽ ˈ˔ʽ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ʶ˄ˍˇ˂ʷˌύΦ ʅˎ˄ʶˉ˗ˌΣ ˇʽ ˂ʱ˃ʵʰ 

ˋˎ˄ʰˊˍʺˋʶʽˌ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ʴʽʰ ˋˏ˄ˍˇ˃ʶˌ ˁʰʽ ʰˉ˂ʷˌ ˂ʶʽˍˇˎˊʴʾʶˌΦ ʂˍʰ˄ ʹ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ˂ˇʴʽˁʺ ʶʾ˄ʰʽ ˉʽˇ 

ˋˏ˄ʻʶˍʹΣ ʶʾ˄ʰʽ ˉˊˇˍʽ˃ˈˍʶˊˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ˁʰ˄ˇ˄ʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˉˇˎ ˇˊʾʸʶˍʰʽ ˃ʶ ŘŜŦΣ ˗ˋˍʶ 

ˇ ˁ˗ʵʽˁʰˌ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ ʶˎʰ˄ʱʴ˄˖ˋˍˇˌ ˁʰʽ ˋʰ˒ʺˌΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.5.16Σ ˇˊʾʸʶˍʰʽ ʹ ˉʰˊʰʵˇˋʽʰˁʺ ˋˎ˄ʱˊˍʹˋʹ ǎǉǳŀǊŜόύ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˍʶˍˊʱʴ˖˄ˇ 

ˍˇˎ ˇˊʾˋ˃ʰˍˇˌ ˍʹˌ ˁʰʻ˗ˌ ˁʰʽ ˃ʽʰ ʽˋˇʵˏ˄ʰ˃ʹ ˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹΣ ʵˏˇ ˒ˇˊʷˌΦ ʅˍʹ˄ ˉˊ˗ˍʹ ˒ˇˊʱ ʹ 

˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹ ˁʰ˂ʶʾˍʰʽ ˃ʶ ˈˊʽˋ˃ʰ ˍʹ˄ ˍʽ˃ʺ р ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍʹ ˃ʶˍʰʲ˂ʹˍʺ ŀΣ ʶ˄˗ 
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ˍʹ ʵʶˏˍʶˊʹ ˒ˇˊʱ ʹ ˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍʹ ˃ʶˍʰʲ˂ʹˍʺ Ŧ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˁ˂ʺˋʹ ˍʹˌ ˃ʶ 

ˈˊʽˋ˃ʰ ˍʹ˄ ˍʽ˃ʺ р ʴʾ˄ʶˍʰʽ ʰˉ˂ʱ ʴˊʱ˒ˇ˄ˍʰˌ ŦόрύΦ 

def  square ( x ):  

    return  x** 2 

 

 

print ( square ( 5))   # 25  

a = ( lambda  x :  x** 2)( 5)  

print ( a)   # 25  

f = lambda  x :  x** 2 

print ( f ( 5))   # 25  

ɼΦ 1.5.16 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˂ʱ˃ʵʰ ˋˎ˄ʰˊˍʺˋʶʽˌΦ  

ʁʽ ˂ʱ˃ʵʰ ˋˎ˄ʰˊˍʺˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˔˄ʱ ˖ˌ ˇˊʾˋ˃ʰˍʰ ˋʶ ˁ˂ʺˋʶʽˌ ʱ˂˂˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Σ 

ʽʵʽʰʾˍʶˊʰ ˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ʹ ˉʰˊˇ˔ʺ ˃ʽʰˌ ˋˏ˄ˍˇ˃ʹˌΣ ˉˊˇˋ˖ˊʽ˄ʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˔˖ˊʾˌ ˍʹ˄ ʰ˄ʱʴˁʹ 

ˇˊʽˋ˃ˇˏ ˍʹˌ ˃ʶ ŘŜŦΦ ɮˎˍˈ ʶʾ˄ʰʽ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇ ˄ʰ ˋˎ˃ʲʰʾ˄ʶʽ ˋʶ ˋˎ˄ʰˊˍʺˋʶʽˌ ʰ˄˗ˍʶˊʹˌ ˍʱ˅ʹˌ όƘƛƎƘŜǊ-

ƻǊŘŜǊ ŦǳƴŎǘƛƻƴǎύΣ ʵʹ˂ʰʵʺ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉˇˎ ʵʷ˔ˇ˄ˍʰʽ ʱ˂˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˖ˌ ˉʰˊʰ˃ʷˍˊˇˎˌΣ ˈˉ˖ˌ ˇʽ 

ǎƻǊǘŜŘόύΣ ƳƛƴόύΣ ƳŀȄόύ ˃ʶ ˈˊʽˋ˃ʰ ƪŜȅΦ ʅʶ ˍʷˍˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʹ ˔ˊʺˋʹ ˂ʱ˃ʵʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ ʶˉʽˍˊʷˉʶʽ 

ˍˇ˄ ʶˉʽˍˈˉˇˎ ˇˊʽˋ˃ˈ ˍʹˌ ˂ˇʴʽˁʺˌ ˉˇˎ ʻʰ ʶ˒ʰˊ˃ˇˋˍʶʾΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ˁ˗ʵʽˁʰ ˉʽˇ ˋˎ˄ˇˉˍʽˁˈ ˁʰʽ 

ʶˁ˒ˊʰˋˍʽˁˈΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ǎƻǊǘŜŘόŀƭƛǎǘΣ ƪŜȅҐƭŀƳōŘŀ ȄΥ Ȅώмϐύ ˍʰ˅ʽ˄ˇ˃ʶʾ ˍʹ ˂ʾˋˍʰ ŀƭƛǎǘ ˃ʶ ʲʱˋʹ ˍˇ 

ʵʶˏˍʶˊˇ ˋˍˇʽ˔ʶʾˇ ˁʱʻʶ ˎˉˇ-ʵˇ˃ʺˌΣ ˔˖ˊʾˌ ˄ʰ ʰˉʰʽˍʶʾˍʰʽ ˅ʶ˔˖ˊʽˋˍˈˌ ˇˊʽˋ˃ˈˌ ʲˇʹʻʹˍʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌΣ 

ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ ʰˁˈ˂ˇˎʻˇ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍˇ w9t[ όɼΦ 1.5.17). 

>>> students = [(" ɀŬɟɑŬ", 8.5), (" Ɂɑəɞɠ", 9.2), (" Ⱥɚɏɜɖ", 7.8)]  

>>> sorted(students)  

[(' Ⱥɚɏɜɖ', 7.8), (' ɀŬɟɑŬ', 8.5), (' Ɂɑəɞɠ', 9.2)]  

 

>>> sorted(students, key=lambda x: x[1])  

[('Ⱥɚɏɜɖ', 7.8), ('ɀŬɟɑŬ', 8.5), ('Ɂɑəɞɠ', 9.2)] 

ɼΦ 1.5.17 ς ʃʰˊʱʵʶʽʴ˃ʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ʶ ˈˊʽˋ˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ǎƻǊǘŜŘόύΣ ˃ʽʰ ˂ʱ˃ʵʰ ˋˎ˄ʱˊˍʹˋʹΦ 

ɾʽʰ ʰˁˈ˃ʹ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˔ˊʺˋʹ ˍ˖˄ ˂ʱ˃ʵʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ ʶʾ˄ʰʽ ˋˍʹ ʵʽʰʵˇ˔ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ƳŀǇόύΣ 

ŦƛƭǘŜǊόύ ˁʰʽ ǊŜŘǳŎŜόύΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ƳŀǇόύ ˁʰʽ ŦƛƭǘŜǊόύ ʶʾ˄ʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ όōǳƛƭǘ-in) 

ˋˎ˄ʰˊˍʺˋʶʽˌ ˍʹˌ tȅǘƘƻƴΣ ʶ˄˗ ʹ ǊŜŘǳŎŜόύ ˇˊʾʸʶˍʰʽ ˋˍˇ ƳƻŘǳƭŜ ŦǳƴŎǘƻƻƭǎ ˍʹˌ ˍˎˉʽˁʺˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ˁʰʽ 

ʰˉʰʽˍʶʾ ˊʹˍʺ ʶʽˋʰʴ˖ʴʺ όƛƳǇƻǊǘύ ˉˊʽ˄ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍʹˌΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.5.18 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˋˍʰʵʽʰˁʺˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ ƳŀǇόύΣ ŦƛƭǘŜǊόύ ˁʰʽ ǊŜŘǳŎŜόύΥ ʹ ƳŀǇόύ ˃ʶˍʰˋ˔ʹ˃ʰˍʾʸʶʽ ˃ʽʰ ˂ʾˋˍʰ 

ˍʽ˃˗˄ ˋʶ ˃ʽʰ ˄ʷʰ ˂ʾˋˍʰΣ ʹ ŦƛƭǘŜǊόύ ʶˉʽ˂ʷʴʶʽ ˇˊʽˋ˃ʷ˄ʰ ʰˉˈ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˁʰʽ ʹ ǊŜŘǳŎŜόύ ˋˎ˄ʵˎʱʸʶʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ˃ʾʰ ˍʶ˂ʽˁʺ ˍʽ˃ʺΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ 

ʰʻˊˇʾˋ˃ʰˍˇˌ ˍ˖˄ ʱˊˍʽ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍʹˌ ˂ʾˋˍʰˌ ƴǳƳǎΦ ʁʽ ˂ʶʽˍˇˎˊʴʾʶˌ ʰˎˍʷˌ ˃ˉˇˊˇˏ˄Σ ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʶ˄ˍˇ˂ʺ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˄ʰ ˋˎ˄ʵˎʰˋˍˇˏ˄ ˋʶ ˃ʾʰ ʶ˄ʽʰʾʰ ʷˁ˒ˊʰˋʹΦ 

from  functools import  reduce  

 

nums = [ 1,  2,  3,  4,  5,  6]  
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# map: ɡˊɞɚɞɔɘůɛɧɠ ŰŮŰɟŬɔɩɜɞɡ əɎɗŮ Űɘɛɐɠ 

squared = list ( map( lambda  x :  x** 2,  nums))  

print ("ɇŮŰɟɎɔɤɜŬ:",  squared )   # ɇŮŰɟɎɔɤɜŬ: [1, 4, 9, 16, 25, 36] 

 

# filter: ŭɘŬŰɐɟɖůɖ ɛɧɜɞ Űɤɜ ˊŮɟɘŰŰɩɜ Űɘɛɩɜ 

evens = list ( filter ( lambda  x :  x % 2 == 0,  squared ))  

print ("ȯɟŰɘɞɘ Ŭɟɘɗɛɞɑ:",  evens )   # ȯɟŰɘɞɘ Ŭɟɘɗɛɞɑ: [4, 16, 36] 

 

# reduce: ɎɗɟɞɘůɛŬ Űɘɛɩɜ 

total = reduce ( lambda  x ,  y :  x + y ,  evens )  

print ("Ɇɨɜɞɚɞ:",  total )   # Ɇɨɜɞɚɞ: 56 

 

 

print (  

    "Ɇɨɜɞɚɞ:",  

    reduce ( lambda  x ,  y :  x + y ,  filter ( lambda  x :  x % 2 == 0,   

                                      map( lambda  x :  x** 2,  nums))),  

)  # Ɇɨɜɞɚɞ: 56 

ɼΦ 1.5.18 ς ʃʰˊʱʵʶʽʴ˃ʰ ƳŀǇΣ ŦƛƭǘŜǊΣ ǊŜŘǳŎŜΦ   

1.6. ɲˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ 

ɶ tȅǘƘƻƴ ˉʰˊʷ˔ʶʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ʲʰˋʽˁʷˌ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰˉˇʵˇˍʽˁʺ 

ˇˊʴʱ˄˖ˋʹ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹ ˋˎ˂˂ˇʴ˗˄ ˍʽ˃˗˄Φ ʁʽ ˁˎˊʽˈˍʶˊʶˌ ʶʾ˄ʰʽ ʹ ˂ʾˋˍʰ όƭƛǎǘύΣ ʹ ˉ˂ʶʽʱʵʰ όǘǳǇƭŜύΣ ˍˇ 

˂ʶ˅ʽˁˈ όŘƛŎǘύ ˁʰʽ ˍˇ ˋˏ˄ˇ˂ˇ όǎŜǘύΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ tȅǘƘƻƴ ʵʽʰʻʷˍʶʽ ˁʰʽ ʱ˂˂ʶˌ ʵˇ˃ʷˌΣ ˈˉ˖ˌ ˍˇ ŦǊƻȊŜƴǎŜǘΣ ˍˇ 

ˇˉˇʾˇ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˃ʹ-˃ʶˍʰ˂˂ʱ˅ʽ˃ʹ ʶˁʵˇ˔ʺ ˍˇˎ ˋˎ˄ˈ˂ˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇˎˌ ˍˏˉˇˎˌ ʰˉˈ 

ˍʹ˄ ˍˎˉʽˁʺ ʲʽʲ˂ʽˇʻʺˁʹ όˉΦ˔Φ ŎƻƭƭŜŎǘƛƻƴǎΦŘŜǉǳŜΣ ŘŜŦŀǳƭǘŘƛŎǘύΣ ˉˇˎ ʶˉʶˁˍʶʾ˄ˇˎ˄ ˍʽˌ ʲʰˋʽˁʷˌ 

˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ 

1.6.1. ɽʾˋˍʶˌ 

ʁʽ ˂ʾˋˍʶˌ όƭƛǎǘǎύ ʶʾ˄ʰʽ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ʶˍʶˊˇʴʶ˄ʺ ˋˍˇʽ˔ʶʾʰΣ ˍʰ ˇˉˇʾʰ 

ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ˃ʶ ˁˈ˃˃ʰˍʰ ˁʰʽ ˉʶˊʽˁ˂ʶʾˇ˄ˍʰʽ ˋʶ ʰʴˁˏ˂ʶˌ ώ ϐΦ ɮˉˇˍʶ˂ˇˏ˄ ˍˊˇˉˇˉˇʽʺˋʹ˃ʶˌ ʺ ʰ˂˂ʽ˗ˌ 

˃ʶˍʰ˂˂ʱ˅ʽ˃ʶˌ όƳǳǘŀōƭŜύ ʵˇ˃ʷˌΣ ˁʰʻ˗ˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˍˊˇˉˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ʶʾˍʶ ˃ʶ ˉˊˇˋʻʺˁʹ ʺ ʰ˒ʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾ˖˄ ʶʾˍʶ ˃ʶ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˎˉʰˊ˔ˈ˄ˍ˖˄ ˍʽ˃˗˄Φ 

ʁʽ ˂ʾˋˍʶˌ ʰ˄ʺˁˇˎ˄ ˋˍʽˌ ʰˁˇ˂ˇˎʻʾʶˌ όǎŜǉǳŜƴŎŜǎύΣ ˋˎ˄ʶˉ˗ˌ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎˌ ʶʾ˄ʰʽ ʵʽʰˍʶˍʰʴ˃ʷ˄ʰ 

όƻǊŘŜǊŜŘύ ˁʰʽ ʹ ˉˊˈˋʲʰˋʹ ˋʶ ʰˎˍʱ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ʻʷˋʹˌ ˍˇˎˌ όʵʶʾˁˍʹύΣ ˃ʶ ʰˊʾʻ˃ʹˋʹ ˉˇˎ ˅ʶˁʽ˄ʱ 

ʰˉˈ ˍˇ лΦ 

ʅˍˇ ʰˁˈ˂ˇˎʻˇ ˉʰˊʱʵʶʽʴ˃ʰ ˋˍˇ w9t[ όɼΦ 1.6.1ύ ˇˊʾʸʶˍʰʽ ˃ʽʰ ˂ʾˋˍʰ ˃ʶ ʶˍʶˊˇʴʶ˄ʺ ˋˍˇʽ˔ʶʾʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˉˊˇˋˉʷ˂ʰˋʹ ˍˇˎ нˇˎ ̀ ˍˇʽ˔ʶʾˇˎ ˁʰʽ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍˇˎ оˇˎ ̀ ˍˇʽ˔ʶʾˇˎ ˍʹˌ ˂ʾˋˍʰˌΦ 

>>> a_list = [1, 3.14, "Java", True]  

>>> a_list[1]  

3.14  

 

>>> a_list[2] = "Python"  

>>> a_list  
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[1, 3.14, 'Python', True]  

ɼΦ 1.6.1 ς ɲʹ˃ʽˇˎˊʴʾʰ ˂ʾˋˍʰˌ ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹ ʶ˄ˈˌ ˋˍˇʽ˔ʶʾˇˎ ˍʹˌΦ 

1.6.1.1 ʆʶ˃ʰ˔ʽˋ˃ˈˌ ˂ʽˋˍ˗˄ 

ʁʽ ˂ʾˋˍʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˍʶ˃ʰ˔ʾʸˇ˄ˍʰʽ ˈˉ˖ˌ ˁʰʽ ˇʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˋˏ˄ˍʰ˅ʹ ˍʹˌ 

˃ˇˊ˒ʺˌ ώǎǘŀǊǘΥŜƴŘΥǎǘŜǇϐ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ˂ʾˋˍʰˌΦ ʁ ʵʶʾˁˍʹˌ ǎǘŀǊǘ ʵʹ˂˗˄ʶʽ ˍʹ ʻʷˋʹ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʰˊ˔ʾʸʶʽ 

ˇ ˍʶ˃ʰ˔ʽˋ˃ˈˌ όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽύΣ ˇ ŜƴŘ ˍʹ ʻʷˋʹ ˋˍʹ˄ ˇˉˇʾʰ ˋˍʰ˃ʰˍʱ όʵʶ˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽύΣ 

ʶ˄˗ ˍˇ ǎǘŜǇ ˁʰʻˇˊʾʸʶʽ ˍˇ ʲʺ˃ʰ ˃ʶˍʰˁʾ˄ʹˋʹˌΦ ɮ˄ ˁʱˉˇʽʰ ʰˉˈ ˍʰ ˍˊʾʰ ˃ʷˊʹ ˉʰˊʰ˂ʶʽ˒ʻˇˏ˄Σ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˍʽ˃ʷˌ όʰˊ˔ʺ ˂ʾˋˍʰˌΣ ˍʷ˂ˇˌ ˂ʾˋˍʰˌ ˁʰʽ ʲʺ˃ʰ м ʰ˄ˍʾˋˍˇʽ˔ʰύΦ ʁ 

ˍʶ˃ʰ˔ʽˋ˃ˈˌ ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷʰ ˂ʾˋˍʰ ˔˖ˊʾˌ ˄ʰ ˍˊˇˉˇˉˇʽʶʾ ˍʹ˄ ʰˊ˔ʽˁʺΦ 

ɮˁˇ˂ˇˎʻˇˏ˄ ˃ʶˊʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍˇ w9t[ όɼΦ 1.6.2ύ ˉˇˎ ʶˉʽʵʶʽˁ˄ˏˇˎ˄ ʵˎ˄ʰˍˈˍʹˍʶˌ ˉˇˎ ʵʾ˄ˇ˄ˍʰʽ 

˃ʶ ˍˇ˄ ˍʶ˃ʰ˔ʽˋ˃ˈ ˂ʽˋˍ˗˄Φ  

>>> a = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]  

 

>>> a[2:6]  

[2, 3, 4, 5]            # ůŰɞɘɢŮɑŬ Ŭˊɧ ɗɏůɖ 2 ɏɤɠ 5 

 

>>> a[:4]  

[0, 1, 2, 3]            # Ŭˊɧ Űɖɜ Ŭɟɢɐ ɏɤɠ ɗɏůɖ 3 

 

>>> a[5:]  

[5, 6, 7, 8, 9]         # Ŭˊɧ ɗɏůɖ 5 ɏɤɠ Űɞ Űɏɚɞɠ 

 

>>> a[::2]  

[0, 2, 4, 6, 8]         # əɎɗŮ ŭŮɨŰŮɟɞ ůŰɞɘɢŮɑɞ 

 

>>> a[:: - 1]  

[9, 8, 7, 6, 5, 4, 3, 2, 1, 0]  # ŬɜŰɘůŰɟɞűɐ ɚɑůŰŬɠ 

ɼΦ 1.6.2 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˂ʾˋˍʰˌΦ  

1.6.1.2 ʆʶ˂ʶˋˍʷˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˂ʾˋˍʶˌ ˁʰʽ ʹ ʶ˄ˍˇ˂ʺ ŘŜƭ 

ʁʽ ˍʶ˂ʶˋˍʷˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ˂ʾˋˍʶˌ ʶʾ˄ʰʽ ˇʽΥ ҌΣ ϝΣ ƛƴΣ ƴƻǘ ƛƴΣ ҐҐΣ ΗҐΣ ғΣ ғҐΣ ҔΣ ҔҐΣ ҐΣ ҌҐΣ 

ϝҐΣ ώ ϐΣ ώΥϐΦ ʁ ˍʶ˂ʶˋˍʺˌ Ҍ ˉˊˇˁʰ˂ʶʾ ˋˎ˄ʷ˄˖ˋʹ ʵˏˇ ˂ʽˋˍ˗˄ ˋʶ ˃ʾʰ ˄ʷʰ ˂ʾˋˍʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˁʰʽ 

ˍ˖˄ ʵˏˇΦ ʁ ˍʶ˂ʶˋˍʺˌ ϝ ʵʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ˄ʷʰ ˂ʾˋˍʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˃ʽʰˌ ˂ʾˋˍʰˌ 

ˈˋʶˌ ˒ˇˊʷˌ ˇˊʾʸʶʽ ʷ˄ʰˌ ʰˁʷˊʰʽˇˌ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʺˌΦ ʁʽ ˍʶ˂ʶˋˍʷˌ ƛƴ ˁʰʽ ƴƻǘ ƛƴ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ 

ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˎ˃˃ʶˍˇ˔ʺˌ ʶ˄ˈˌ ˋˍˇʽ˔ʶʾˇˎ ˋʶ ˃ʽʰ ˂ʾˋˍʰΣ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˂ˇʴʽˁʺ ˍʽ˃ʺ ό¢ǊǳŜ ʺ CŀƭǎŜύΦ ʁʽ 

ˍʶ˂ʶˋˍʷˌ ˋˏʴˁˊʽˋʹˌ ҐҐ ˁʰʽ ΗҐ ʶ˂ʷʴ˔ˇˎ˄ ʰ˄ ʵˏˇ ˂ʾˋˍʶˌ ʶʾ˄ʰʽ ʾˋʶˌ ʺ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʰ 

ˋˍˇʽ˔ʶʾʰ ˍˇˎˌ ˃ʶ ʲʱˋʹ ˍʹ ˋʶʽˊʱ ʶ˃˒ʱ˄ʽˋʹˌΣ ʶ˄˗ ˇʽ ғΣ ғҐΣ Ҕ ˁʰʽ ҔҐ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ˂ʶ˅ʽˁˇʴˊʰ˒ʽˁʺ 

ˋˏʴˁˊʽˋʹ ˋˍˇʽ˔ʶʾˇ ˉˊˇˌ ˋˍˇʽ˔ʶʾˇΦ ʁ ˍʶ˂ʶˋˍʺˌ Ґ ʰ˄ʰʻʷˍʶʽ ˃ʽʰ ˂ʾˋˍʰ ˋʶ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺΣ ɻ ʹ˃ʽˇˎˊʴ˗˄ˍʰˌ 

˄ʷʰ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ʾʵʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ ʁʽ ˍʶ˂ʶˋˍʷˌ ʶˉʰˎ˅ʹ˃ʷ˄ʹˌ ʰ˄ʱʻʶˋʹˌ ҌҐ ˁʰʽ ϝҐ ˍˊˇˉˇˉˇʽˇˏ˄ ˍʹ 

˂ʾˋˍʰ ʶˉʽˍˈˉˇˎ όƛƴ ǇƭŀŎŜύΣ ʶˉʶˁˍʶʾ˄ˇ˄ˍʱˌ ˍʹ ˃ʶ ˄ʷʰ ˋˍˇʽ˔ʶʾʰ ʺ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍʹˌ 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʰ ˋˏ˃ʲˇ˂ʰ ώ ϐ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˉˊˈˋʲʰˋʹ ˋʶ ˋˍˇʽ˔ʶʾˇ ˃ʷˋ˖ ʵʶʾˁˍʹΣ ʶ˄˗ ʹ ˋˏ˄ˍʰ˅ʹ 
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ώΥϐ όˍʶ˃ʰ˔ʽˋ˃ˈˌΣ ǎƭƛŎƛƴƎύ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎˉˇ˂ʾˋˍʰˌ ʺ ʰ˄ˍʽʴˊʱ˒ˇˎ ˃ʷˊˇˎˌ ʺ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ 

˂ʾˋˍʰˌΦ  

ɳˉʾˋʹˌΣ ˎˉʱˊ˔ʶʽ ˁʰʽ ʹ ʶ˄ˍˇ˂ʺ ŘŜƭ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ʵʽʰʴˊʰ˒ʺ ˋˍˇʽ˔ʶʾˇˎ ʺ ˍ˃ʺ˃ʰˍˇˌ ˂ʾˋˍʰˌ 

˃ʶ ʲʱˋʹ ˃ʽʰ ʻʷˋʹ ʺ ʷ˄ʰ ʶˏˊˇˌ ʻʷˋʶ˖˄Φ ʃʰˊʰʵʶʾʴ˃ʰˍʰΣ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ w9t[ όɼΦ 1.6.3ύΣ ˍ˖˄ ˉʰˊʰˉʱ˄˖ 

ˍʶ˂ʶˋˍ˗˄ ˁʰʽ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ŘŜƭ ʰˁˇ˂ˇˎʻˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

>>> a = [1, 2, 3]; b = [4, 5]  

>>> a + b  

[1, 2, 3, 4, 5]          # ůɡɜɏɜɤůɖ 

 

>>> a * 2  

[1, 2, 3, 1, 2, 3]       # ŮˊŬɜɎɚɖɣɖ 

 

>>> 2 in a, 10 not in a  

(True, True)             # ɏɚŮɔɢɞɠ ůɡɛɛŮŰɞɢɐɠ 

 

>>> a == [1,2,3], a != b  

(True, True)             # ɘůɧŰɖŰŬ / ŬɜɘůɧŰɖŰŬ 

 

>>> [1,2] < [1,3]  

True                     # ɚŮɝɘəɞɔɟŬűɘəɐ ůɨɔəɟɘůɖ 

 

>>> c = a; c is a  

True                     # ŬɜɎɗŮůɖ: ɑŭɘŬ ŬɜŬűɞɟɎ 

 

>>> a += [4]; a  

[1, 2, 3, 4]             # ŮˊɏəŰŬůɖ ŮˊɘŰɧˊɞɡ 

 

>>> a *= 2; a  

[1, 2, 3, 4, 1, 2, 3, 4] # ŮˊŬɜɎɚɖɣɖ ŮˊɘŰɧˊɞɡ 

 

>>> a[0], a[1:4], a[:]  

(1, [2, 3, 4], [1, 2, 3, 4, 1, 2, 3, 4])  # ŭŮɑəŰɖɠ / ŰŮɛŬɢɘůɛɧɠ 

 

>>> del a[0]; a  

[2, 3, 4, 1, 2, 3, 4]    # ŭɘŬɔɟŬűɐ ůŰɞɘɢŮɑɞɡ 

 

>>> del a[1:3]; a  

[2, 1, 2, 3, 4]          # ŭɘŬɔɟŬűɐ ůŰɞɘɢŮɑɤɜ 

ɼΦ 1.6.3 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ  ʶ˒ʰˊ˃ˇʴʺˌ ˍʶ˂ʶˋˍ˗˄ ˋʶ ˂ʾˋˍʶˌΦ 

1.6.1.3 ɾʷʻˇʵˇʽ ˂ʽˋˍ˗˄ 

ʁʽ ˂ʾˋˍʶˌ ˋˍʹ˄ tȅǘƘƻƴ ʵʽʰʻʷˍˇˎ˄ ˉ˂ʹʻ˗ˊʰ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ 

ˍˊˇˉˇˉˇʾʹˋʺ ˍˇˎˌ ʶˉʽˍˈˉˇˎ όƛƴ ǇƭŀŎŜύΦ ɶ ŀǇǇŜƴŘόȄύ ˉˊˇˋʻʷˍʶʽ ʷ˄ʰ ˄ʷˇ ˋˍˇʽ˔ʶʾˇ Ȅ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ 

˂ʾˋˍʰˌΣ ʶ˄˗ ʹ ƛƴǎŜǊǘόƛΣ Ȅύ ʶʽˋʱʴʶʽ ˍˇ ˋˍˇʽ˔ʶʾˇ Ȅ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʻʷˋʹ ƛΦ ɶ ŜȄǘŜƴŘόōύ ʶˉʶˁˍʶʾ˄ʶʽ ˍʹ ˂ʾˋˍʰ 

ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ ʱ˂˂ʹˌ ˂ʾˋˍʰˌ ōΦ ɱʽʰ ʰ˒ʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾ˖˄ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ  ʹ ǊŜƳƻǾŜόȄύΣ ˉˇˎ ʵʽʰʴˊʱ˒ʶʽ ˍʹ˄ ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎ ȄΣ ˁʰʽ ʹ ǇƻǇόώƛϐύΣ 

ˉˇˎ ʰ˒ʰʽˊʶʾ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˋˍˇʽ˔ʶʾˇ ˋˍʹ ʻʷˋʹ ƛ όʺ ˍˇ ˍʶ˂ʶˎˍʰʾˇ ʰ˄ ʵʶ˄ ʵˇʻʶʾ ʻʷˋʹύΦ ɶ ŎƭŜŀǊόύ 

ʵʽʰʴˊʱ˒ʶʽ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˂ʾˋˍʰˌΦ ɱʽʰ ʰ˄ʰʵʽʱˍʰ˅ʹ ˋˍˇʽ˔ʶʾ˖˄ ʵʽʰˍʾʻʶ˄ˍʰʽ ˇʽ ǎƻǊǘόύ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

ό˃ʶ ˉˊˇʰʽˊʶˍʽˁʱ ˇˊʾˋ˃ʰˍʰ ƪŜȅ ˁʰʽ ǊŜǾŜǊǎŜύ ˁʰʽ ǊŜǾŜǊǎŜόύ ʴʽʰ ʰ˄ˍʽˋˍˊˇ˒ʺ ˍʹˌ ˋʶʽˊʱˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ 
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˂ʾˋˍʰˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ƛƴŘŜȄόȄύ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ ʻʷˋʹ ˍʹˌ ˉˊ˗ˍʹˌ ʶ˃˒ʱ˄ʽˋʹˌ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎ ȄΣ ʹ ŎƻǳƴǘόȄύ 

˃ʶˍˊʱ ˉˈˋʶˌ ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ʹ ŎƻǇȅόύ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˊʹ˔ˈ ʰ˄ˍʾʴˊʰ˒ˇ όǎƘŀƭƭƻǿ 

ŎƻǇȅύ ˍʹˌ ˂ʾˋˍʰˌΦ ʁʽ ˃ʷʻˇʵˇʽ ʰˎˍʷˌ ˁʰ˂ˏˉˍˇˎ˄ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰ˄ʱʴˁʶˌ ʵˎ˄ʰ˃ʽˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌ 

˂ʽˋˍ˗˄ ˋˍʹ˄ ˉˊʱ˅ʹΦ 

ɮˁˇ˂ˇˎʻˇˏ˄ ˃ʶˊʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ όύ ˋˍˇ w9t[ ˔ˊʺˋʹˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˃ʶʻˈʵ˖˄Φ 

>>> a = [3, 1, 4]  

 

>>> a.append(5); a  

[3, 1, 4, 5]                  # ˊɟɞůɗɐəɖ ůŰɞɘɢŮɑɞɡ ůŰɞ Űɏɚɞɠ 

 

>>> a.insert(1, 10); a  

[3, 10, 1, 4, 5]              # ŮɘůŬɔɤɔɐ ůŰɞɘɢŮɑɞɡ ůŰɖ ɗɏůɖ 1 

 

>>> a.extend([7, 8]); a  

[3, 10, 1, 4, 5, 7, 8]        # ŮˊɏəŰŬůɖ ɛŮ Ɏɚɚɖ ɚɑůŰŬ 

 

>>> a.remove(10); a  

[3, 1, 4, 5, 7, 8]            # ŭɘŬɔɟŬűɐ ˊɟɩŰɖɠ ŮɛűɎɜɘůɖɠ ůŰɞɘɢŮɑɞɡ 

 

>>> a.pop(); a  

(8, [3, 1, 4, 5, 7])          # ŬűŬɑɟŮůɖ əŬɘ ŮˊɘůŰɟɞűɐ ŰŮɚŮɡŰŬɑɞɡ ůŰɞɘɢŮɑɞɡ 

 

>>> a.pop(1); a  

(1, [3, 4, 5, 7])             # ŬűŬɑɟŮůɖ əŬɘ ŮˊɘůŰɟɞűɐ ůŰɞɘɢŮɑɞɡ ůŰɖ ɗɏůɖ 1 

 

>>> a.count(3)  

1                             # ˊɚɐɗɞɠ ŮɛűŬɜɑůŮɤɜ ůŰɞɘɢŮɑɞɡ 

 

>>> a.index(5)  

2                             # ɗɏůɖ ˊɟɩŰɖɠ ŮɛűɎɜɘůɖɠ ůŰɞɘɢŮɑɞɡ 

 

>>> b = a.copy(); b is a  

False                         # ŭɖɛɘɞɡɟɔɑŬ ŮˊɘűŬɜŮɘŬəɞɨ ŬɜŰɘɔɟɎűɞɡ 

 

>>> a.sort(); a  

[3, 4, 5, 7]                  # ŰŬɝɘɜɧɛɖůɖ ŬɨɝɞɡůŬ 

 

>>> a.sort(reverse=True); a  

[7, 5, 4, 3]                  # ŰŬɝɘɜɧɛɖůɖ űɗɑɜɞɡůŬ 

 

>>> a.reverse(); a  

[3, 4, 5, 7]                  # ŬɜŰɘůŰɟɞűɐ ůŮɘɟɎɠ ůŰɞɘɢŮɑɤɜ 

 

>>> a.clear(); a  

[]                            # ŭɘŬɔɟŬűɐ ɧɚɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ 

ɼΦ 1.6.4 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʵʽʰ˒ˈˊ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˂ʾˋˍʶˌΦ  

1.6.1.4 ɲʽʱˋ˔ʽˋʹ ˂ʾˋˍʰˌ 

ɶ ʵʽʱˋ˔ʽˋʹ όƛǘŜǊŀǘƛƻƴύ ˃ʽʰˌ ˂ʾˋˍʰˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶʾˍʶ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ǿƘƛƭŜ ʶʾˍʶ ˃ʶ ˔ˊʺˋʹ 

ˍʹˌ ŦƻǊΣ ˃ʶ ˍʹ ʵʶˏˍʶˊʹ ˄ʰ ʻʶ˖ˊʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˉˊˇˍʽ˃ˈˍʶˊʹ ˂ˈʴ˖ ʰˉ˂ˇˏˋˍʶˊʹˌ ˁʰʽ ˉʽˇ ʶˁ˒ˊʰˋˍʽˁʺˌ 

ˋˏ˄ˍʰ˅ʹˌΦ ɾʶ ˍʹ ŦƻǊ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˃ʶ ʵʽʰʵˇ˔ʽˁʱ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˂ʾˋˍʰˌ ˔˖ˊʾˌ ˄ʰ 

ʵʽʰ˔ʶʽˊʽʸˈ˃ʰˋˍʶ ˊʹˍʱ ʵʶʾˁˍʶˌ ʻʷˋʹˌΦ ʂˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˉˊˈˋʲʰˋʹ ˍˈˋˇ ˋˍˇ ˋˍˇʽ˔ʶʾˇ ˈˋˇ 
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ˁʰʽ ˋˍʹ ʻʷˋʹ ˍˇˎΣ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ʶʾ˄ʰʽ ʹ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹ ˋˎ˄ʱˊˍʹˋʹ ŜƴǳƳŜǊŀǘŜόύΣ ʹ ˇˉˇʾʰ 

ʶˉʽˋˍˊʷ˒ʶʽ ʸʶˏʴʹ ˍʹˌ ˃ˇˊ˒ʺˌ όʵʶʾˁˍʹˌΣ ˋˍˇʽ˔ʶʾˇύΣ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ ˋˎʴʴˊʰ˒ʺ ˁʰʻʰˊˇˏ ˁʰʽ 

ʰ˄ʰʴ˄˗ˋʽ˃ˇˎ ˁ˗ʵʽˁʰ ˁʰˍʱ ˍʹ ʵʽʱˋ˔ʽˋʹ ˍʹˌ ˂ʾˋˍʰˌΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.6.5 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˉˇˎ ˃ʽʰ ˂ʾˋˍʰ ʵʽʰˋ˔ʾʸʶˍʰʽ ˃ʶ ˍʷˋˋʶˊʽˌ 

ˍˊˈˉˇˎˌΣ ˃ʶ ˍˇˎˌ ʵˏˇ ˍʶ˂ʶˎˍʰʾˇˎˌ ˄ʰ ʶʾ˄ʰʽ ʰˎˍˇʾ ˉˇˎ ˉˊˇˍʽ˃˗˄ˍʰʽ ˋˎ˄ʺʻ˖ˌΦ 

numbers = [ 10 ,  20 ,  30 ]  

 

i = 0 

while  i < len ( numbers ):  

    print ( numbers [ i ],  end=" " )  

    i += 1 

 

print ();  print ( " - "  *  8)  

for  i in  range ( len ( numbers )):  

    print ( numbers [ i ],  end=" " )  

 

print ();  print ( " - "  *  8)  

for  num in  numbers :  

    print ( num,  end=" " )  

 

print ();  print ( " - "  *  8)  

for  index ,  num in  enumerate ( numbers ):  

    print ( f" Ūɏůɖ { index }:{ num}" ,  end=" " )  
 ɼΦ 1.6.5 ς ɲʽʱˋ˔ʽˋʹ ˂ʾˋˍʰˌ ˃ʶ п ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˊˈˉˇˎˌΦ  

ɶ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉʰˊʰˉʱ˄˖ ˁ˗ʵʽˁʰ ʻʰ ˉʰˊʱ˅ʶʽ ˍʹ˄ ʷ˅ˇʵˇ ʋʋʋ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾΥ 

10 20 30  

--------  

10 20 30  

--------  

10 20 30  

--------  

Ūɏůɖ 0:10 Ūɏůɖ 1:20 Ūɏůɖ 2:30 

ɳΦ 5 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ɼΦ 1.6.5. 

1.6.1.5 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˂ʾˋˍʰˌ 

ɶ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˃ʽʰˌ ˂ʾˋˍʰˌ ˋˍʹ˄ tȅǘƘƻƴ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶʾˍʶ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǎƻǊǘŜŘόύ 

ʶʾˍʶ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ΦǎƻǊǘόύΦ ɶ ǎƻǊǘŜŘόŀψƭƛǎǘύ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ˄ʷʰ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ˂ʾˋˍʰΣ ˔˖ˊʾˌ ˄ʰ 

˃ʶˍʰʲʱ˂˂ʶʽ ˍʰ ʰˊ˔ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ŀψƭƛǎǘΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍʹ˄ ˁʰʻʽˋˍʱ ˁʰˍʱ˂˂ʹ˂ʹ ˈˍʰ˄ ʶˉʽʻˎ˃ˇˏ˃ʶ ˄ʰ 

ʵʽʰˍʹˊʺˋˇˎ˃ʶ ʰ˄ʰ˂˂ˇʾ˖ˍʹ ˍʹ˄ ʰˊ˔ʽˁʺ ˂ʾˋˍʰΦ ɮ˄ˍʾʻʶˍʰΣ ʹ ˃ʷʻˇʵˇˌ ΦǎƻǊǘόύ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰˉʶˎʻʶʾʰˌ ˋˍʹ 

˂ʾˋˍʰ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˁʰ˂ʶʾˍʰʽ ˁʰʽ ˍʹ˄ ˍʰ˅ʽ˄ˇ˃ʶʾ ʶˉʽˍˈˉˇˎ όƛƴ ǇƭŀŎŜύΣ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˍʹ˄ ˍʽ˃ʺ bƻƴŜΦ ɼʰʽ 

ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʹ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʶʾ˄ʰʽ ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˋʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱΦ 

ɶ ˋʶʽˊʱ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰʲ˂ʹʻʶʾ ˋʶ ˒ʻʾ˄ˇˎˋʰ ˃ʶ ˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ ˉˊˇʰʽˊʶˍʽˁˇˏ ˇˊʾˋ˃ʰˍˇˌ 

ǊŜǾŜǊǎŜҐ¢ǊǳŜΣ ˍˈˋˇ ˋˍʹ ǎƻǊǘŜŘόύ ˈˋˇ ˁʰʽ ˋˍʹ ΦǎƻǊǘόύΦ ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ˉˊˇʰʽˊʶˍʽˁˈ ˈˊʽˋ˃ʰ ƪŜȅ ʶˉʽˍˊʷˉʶʽ 

ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˁˊʽˍʹˊʾˇˎ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˃ʷˋ˖ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ 

˂ʾˋˍʰˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˃ʽʰˌ ˂ʾˋˍʰˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ŀψƭƛǎǘ ˃ʶ ʲʱˋʹ ˍˇ ˃ʺˁˇˌ ˁʱʻʶ 
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ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʹ ʶ˄ˍˇ˂ʺ ŀψƭƛǎǘΦǎƻǊǘόƪŜȅҐƭŜƴύΣ ˗ˋˍʶ ʹ ˋˏʴˁˊʽˋʹ ˄ʰ 

ʲʰˋʽˋˍʶʾ ˋˍʹ˄ ˍʽ˃ʺ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ƭŜƴ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.6.6 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˁ˂ʺˋʶ˖˄ ˍʹˌ ǎƻǊǘŜŘόύ ˁʰʽ ˍʹˌ ΦǎƻǊǘόύΦ 

numbers = [ 3,  1,  4,  2]  

numbers . sort ()   # ŰŬɝɘɜɞɛŮɑ Űɖɜ ɑŭɘŬ Űɖ ɚɑůŰŬ 

print ( numbers )   # [1, 2, 3, 4]  

 

numbers = [ 3,  1,  4,  2]  

print ( sorted ( numbers ))   # [1, 2, 3, 4]  

print ( numbers )   # [3, 1, 4, 2]  

 

words = [ "ɛˊŬɜɎɜŬ" ,  "ŬəŰɘɜɑŭɘɞ" ,  "ɛɐɚɞ" ]  

print ( sorted ( words ,  key =len ))   # [' ɛɐɚɞ', ' ɛˊŬɜɎɜŬ', ' ŬəŰɘɜɑŭɘɞ']  

print ( sorted ( words ,  key =len ,  reverse =True ))   # [' ŬəŰɘɜɑŭɘɞ', ' ɛˊŬɜɎɜŬ', 

' ɛɐɚɞ']  

ɼΦ 1.6.6 ς ɶ ˃ʷʻˇʵˇˌ ǎƻǊǘόύ ˁʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ǎƻǊǘŜŘόύΦ  

1.6.1.6 ɳ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ˂ʾˋˍʶˌ 

ɾʽʰ ˂ʾˋˍʰ ˋˍʹ˄ tȅǘƘƻƴ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʷ˔ʶʽ ˖ˌ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˃ʽʰ ʱ˂˂ʹ ˂ʾˋˍʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ʷˍˋʽ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʶ˃˒˖˂ʶˎ˃ʷ˄˖˄ όƴŜǎǘŜŘύ ʵˇ˃˗˄Φ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʰʻˇˏ˄ 

ˉʾ˄ʰˁʶˌ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ʵʽʰˋˍʱˋʶ˖˄Σ ʰ˂˂ʱ ˁʰʽ ʽʶˊʰˊ˔ʽˁʱ ˇˊʴʰ˄˖˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

ʰ˄ˍʰ˄ʰˁ˂ˇˏ˄ ˒ˎˋʽˁʷˌ ˋ˔ʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˋˍˇʽ˔ʶʾ˖˄Φ ʁʽ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ˂ʾˋˍʶˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʶˌ 

ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ʰˉʰʽˍˇˏ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʺ ʵˇ˃˗˄ ˍˏˉˇˎ ζ˂ʾˋˍʰ ʰˉˈ ˂ʾˋˍʶˌηΦ ɶ 

ˉˊˈˋʲʰˋʹ ˋʶ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʲʰʻˏˍʶˊʰ ʶˉʾˉʶʵʰ ʶ˃˒˖˂ʽʰ˃ˋˇˏ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ 

˔ˊʺˋʹ ʵʽʰʵˇ˔ʽˁ˗˄ ʵʶʽˁˍ˗˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ˃ʽʰ ˂ʾˋˍʰ ˉʶˊʽʷ˔ʶʽ ˎˉˇ˂ʾˋˍʶˌΣ ʹ ʰ˄ʰ˒ˇˊʱ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˍˇʽ˔ʶʾˇ ʰˉʰʽˍʶʾ ˉˊ˗ˍʰ ˍˇ˄ ʵʶʾˁˍʹ ˍʹˌ ˎˉˇ˂ʾˋˍʰˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇ˄ ʵʶʾˁˍʹ ˍˇˎ 

ˋˍˇʽ˔ʶʾˇˎ ˃ʷˋʰ ˋˍʹ˄ ˎˉˇ˂ʾˋˍʰΦ ɾʶ ʰˎˍˈ˄ ˍˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ ʰˁˊʽʲʺˌ ˉˊˇˋˉʷ˂ʰˋʹ 

ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʶˉʾˉʶʵˇ ˍʹˌ ʵˇ˃ʺˌΦ 

ʅˍˇ˄ ʰˁˈ˂ˇˎʻˇ ˁ˗ʵʽˁʰ όɼΦ 1.6.7ύ ˋˍˇ w9t[ ˇˊʾʸʶˍʰʽ ʷ˄ʰˌ ʵʽˋʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌ о Ȅ п ˃ʷˋ˖ ˃ʽʰˌ ˂ʾˋˍʰˌ 

о ˋˍˇʽ˔ʶʾ˖˄ ˈˉˇˎ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʶʾ˄ʰʽ ˃ʽʰ ʱ˂˂ʹ ˂ʾˋˍʰ п ˋˍˇʽ˔ʶʾ˖˄Φ ʁ ˁ˗ʵʽˁʰˌ ˍˊˇˉˇˉˇʽʶʾ ˍˇ 

ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˉʾ˄ʰˁʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˁʱˍ˖ ʵʶ˅ʽʱ ʱˁˊˇ ˍˇˎΣ ʵʹ˂ʰʵʺ ˍˇ ˋˍˇʽ˔ʶʾˇ ˋˍʹ ʴˊʰ˃˃ʺ ˃ʶ 

ʵʶʾˁˍʹ н ˁʰʽ ˋˍʹ ˋˍʺ˂ʹ ˃ʶ ʵʶʾˁˍʹ оΦ 

>>> a = [  

... [1,1,1],  

... [2,2,2],  

... [3,3,3],  

... [4,4,4]  

... ]  

>>> a  

[[1, 1, 1], [2, 2, 2], [3, 3, 3], [4, 4, 4]]  

>>> a[0][0]  

1 

>>> a[2][3] = 99  
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>>> a  

[[1, 1, 1], [2, 2, 2], [3, 3, 3], [4, 4, 99]]  

ɼΦ 1.6.7 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ˂ʾˋˍʶˌ ό˂ʾˋˍʶˌ ˖ˌ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ ˂ʾˋˍʰˌύΦ  

1.6.1.7 ɮ˄ˍʽʴˊʰ˒ʺ ˂ʾˋˍʰˌ 

ɶ ʰ˄ˍʽʴˊʰ˒ʺ ˂ʾˋˍʰˌ ˋˍʹ˄ tȅǘƘƻƴ ʰˉʰʽˍʶʾ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺΦ ɶ ʶ˄ˍˇ˂ʺ ƴŜǿψƭƛǎǘ Ґ ŀψƭƛǎǘ ʵʶ˄ 

ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷˇΣ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʰ˂˂ʱ ʰˉ˂˗ˌ ʷ˄ʰ ˄ʷˇ ˈ˄ˇ˃ʰ ό˕ʶˎʵ˗˄ˎ˃ˇύ 

ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ʾʵʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃˄ʺ˃ʹˌΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇˉˇʽʰʵʺˉˇˍʶ ˃ʶˍʰʲˇ˂ʺ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʷˋ˖ ˍˇˎ ƴŜǿψƭƛǎǘ ʻʰ ʶˉʹˊʶʱˋʶʽ ˁʰʽ ˍˇ ŀψƭƛǎǘΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʵˏˇ ˇ˄ˈ˃ʰˍʰ ʵʶʾ˔˄ˇˎ˄ 

ˋˍʰ ʾʵʽʰ ʵʶʵˇ˃ʷ˄ʰΦ ʃˊˈˁʶʽˍʰʽ ʶˉˇ˃ʷ˄˖ˌ ʴʽʰ ʰ˄ˍʽʴˊʰ˒ʺ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˈ˔ʽ ʴʽʰ ʰ˄ˍʽʴˊʰ˒ʺ 

ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎΦ 

ɱʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˉˊʰʴ˃ʰˍʽˁˈΣ ʰ˂˂ʱ ˊʹ˔ˈ όǎƘŀƭƭƻǿύ ʰ˄ˍʾʴˊʰ˒ˇ ˃ʽʰˌ ˂ʾˋˍʰˌΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʶʾˍʶ ˍʶ˃ʰ˔ʽˋ˃ˈˌ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ ˂ʾˋˍʰˌ ˃ʶ ƴŜǿψƭƛǎǘ Ґ ŀψƭƛǎǘώΥϐ ʶʾˍʶ ʹ ˃ʷʻˇʵˇˌ ƴŜǿψƭƛǎǘ 

Ґ ŀψƭƛǎǘΦŎƻǇȅόύΦ ɼʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˄ʷˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˂ʾˋˍʰˌ ˃ʶ ˍʰ ʾʵʽʰ ˋˍˇʽ˔ʶʾʰΦ 

ʍˋˍˈˋˇΣ ʰ˄ ʹ ˂ʾˋˍʰ ˉʶˊʽʷ˔ʶʽ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ʵˇ˃ʷˌ όˉΦ˔Φ ʱ˂˂ʶˌ ˂ʾˋˍʶˌύΣ ˍˈˍʶ ʰ˄ˍʽʴˊʱ˒ˇ˄ˍʰʽ ˃ˈ˄ˇ ˇʽ 

ʰ˄ʰ˒ˇˊʷˌ ˋˍʰ ʶˋ˖ˍʶˊʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˁʰʽ ˈ˔ʽ ˍʰ ʾʵʽʰ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰʻʽˋˍʱ ˍʹ˄ 

ʰ˄ˍʽʴˊʰ˒ʺ ˊʹ˔ʺ ˁʰʽ ˈ˔ʽ ʲʰʻʽʱ όŘŜŜǇ ŎƻǇy).  

ʂˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ˉ˂ʺˊ˖ˌ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˃ʽʰˌ ˂ʾˋˍʰˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ 

ʶ˃˒˖˂ʶˎ˃ʷ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˍʹˌΣ ˉˊʷˉʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʲʰʻʽʱ ʰ˄ˍʽʴˊʰ˒ʺ όŘŜŜǇ ŎƻǇȅύΦ ɶ ʲʰʻʽʱ 

ʰ˄ˍʽʴˊʰ˒ʺ ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˂ʾˋˍʰˌ ˁʰʽ ʰ˄ʰʵˊˇ˃ʽˁʱ ˄ʷʰ ʰ˄ˍʾʴˊʰ˒ʰ ʴʽʰ ˈ˂ʰ ˍʰ ʶˋ˖ˍʶˊʽˁʱ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽΣ ˗ˋˍʶ ˁʰ˃ʾʰ ˃ʶˍʰʲˇ˂ʺ ˋˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˄ʰ ˃ʹ˄ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰˊ˔ʽˁʺ ʵˇ˃ʺΦ 

ʅˍʹ˄ tȅǘƘƻƴ ʰˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ŘŜŜǇŎƻǇȅόύ ˍˇˎ ƳƻŘǳƭŜ ŎƻǇȅΣ ˖ˌ ʶ˅ʺˌΥ ƛƳǇƻǊǘ ŎƻǇȅ 

ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ƴŜǿψƭƛǎǘ Ґ ŎƻǇȅΦŘŜŜǇŎƻǇȅόŀψƭƛǎǘύΦ ɶ ˔ˊʺˋʹ ʲʰʻʽʱˌ ʰ˄ˍʽʴˊʰ˒ʺˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ 

ˈˍʰ˄ ʹ ˂ʾˋˍʰ ˉʶˊʽʷ˔ʶʽ ʱ˂˂ʶˌ ʵˇ˃ʷˌ ˁʰʽ ʰˉʰʽˍƻˏ˄ˍʰʽ ˉ˂ʺˊʹ ʰ˄ˍʾʴˊʰ˒ʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʁ ˁ˗ʵʽˁʰˌ ɼΦ 1.6.8 ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ʰ˄ˍʽʴˊʰ˒ʺˌ ʰ˄ʰ˒ˇˊʱˌΣ ˊʹ˔ʺˌ ʰ˄ˍʽʴˊʰ˒ʺˌ 

όǎƘŀƭƭƻǿ ŎƻǇȅύ ˁʰʽ ʲʰʻʽʱˌ ʰ˄ˍʽʴˊʰ˒ʺˌ όŘŜŜǇ ŎƻǇȅύ ˋʶ ˂ʾˋˍʶˌΦ ɮˊ˔ʽˁʱΣ ʵʶʾ˔˄ʶʽ ˈˍʽ ʹ ʰˉ˂ʺ ʰ˄ʱʻʶˋʹ 

όƴŜǿψƭƛǎǘ Ґ ŀψƭƛǎǘύ ʵʹ˃ʽˇˎˊʴʶʾ ˕ʶˎʵ˗˄ˎ˃ˇ ˋˍˇ ʾʵʽˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˁʱʻʶ ˃ʶˍʰʲˇ˂ʺ ˄ʰ 

ʶˉʹˊʶʱʸʶʽ ˁʰʽ ˍʽˌ ʵˏˇ ˃ʶˍʰʲ˂ʹˍʷˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ˍʶ˃ʰ˔ʽˋ˃ˈ όŀψƭƛǎǘώΥϐύ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˊʹ˔ʺ 

ʰ˄ˍʽʴˊʰ˒ʺΣ ʹ ˇˉˇʾʰ ˂ʶʽˍˇˎˊʴʶʾ ˋ˖ˋˍʱ ˋʶ ʰˉ˂ʷˌ όŦƭŀǘύ ˂ʾˋˍʶˌΣ ˁʰʻ˗ˌ ˇʽ ʵˏˇ ˂ʾˋˍʶˌ ʴʾ˄ˇ˄ˍʰʽ 

ʰ˄ʶ˅ʱˊˍʹˍʶˌΦ ʍˋˍˈˋˇΣ ˈˍʰ˄ ʹ ˂ʾˋˍʰ ʶʾ˄ʰʽ ʶ˃˒˖˂ʶˎ˃ʷ˄ʹΣ ʹ ˊʹ˔ʺ ʰ˄ˍʽʴˊʰ˒ʺ ʰ˄ˍʽʴˊʱ˒ʶʽ ˃ˈ˄ˇ ˍˇ 

ʶ˅˖ˍʶˊʽˁˈ ʶˉʾˉʶʵˇ ˁʰʽ ˇʽ ʶˋ˖ˍʶˊʽˁʷˌ ˂ʾˋˍʶˌ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˁˇʽ˄ʷˌΣ ˇˉˈˍʶ ˃ʶˍʰʲˇ˂ʷˌ ˋʶ ʰˎˍʷˌ 

ʶˉʹˊʶʱʸˇˎ˄ ˁʰʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˂ʾˋˍʰΦ ʆʷ˂ˇˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ŎƻǇȅΦŘŜŜǇŎƻǇȅόύ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˉ˂ʺˊ˖ˌ 

ʰ˄ʶ˅ʱˊˍʹˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˈ˂˖˄ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˍʹˌ ʵˇ˃ʺˌΣ ˗ˋˍʶ ˁʰ˃ʾʰ ˃ʶˍʰʲˇ˂ʺ ˋˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˄ʰ ˃ʹ˄ 

ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰˊ˔ʽˁʺ ˂ʾˋˍʰΦ 

import  copy  
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a_list = [ 1,  2,  3]  

new_list = a_list  # ȷɜŰɘɔɟŬűɐ ŬɜŬűɞɟɎɠ (alias)  

new_list . append ( 4)  

print ( a_list )   # [1, 2, 3, 4]  => ŮˊɖɟŮɎɕŮŰŬɘ 

print ( new_list )   # [1, 2, 3, 4]  

 

a_list = [ 1,  2,  3]  

new_list = a_list [:]   # Ʌɖɢɐ ŬɜŰɘɔɟŬűɐ (slice)  

new_list . append ( 4)  

print ( a_list )   # [1, 2, 3]     => ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ 

print ( new_list )   # [1, 2, 3, 4]  

 

a_list = [[ 1,  2],  [ 3,  4]]   # ŮɛűɤɚŮɡɛɏɜɖ ɚɑůŰŬ 

new_list = a_list . copy ()   # Ʌɖɢɐ ŬɜŰɘɔɟŬűɐ 

new_list [ 0]. append ( 99)  

print ( a_list )   # [[1, 2, 99], [3, 4]]  => ŮˊɖɟŮɎɕŮŰŬɘ (ŮůɤŰŮɟɘəɐ ɚɑůŰŬ)  

print ( new_list )   # [[1, 2, 99], [3, 4]]  

 

a_list = [[ 1,  2],  [ 3,  4]]  

new_list = copy . deepcopy ( a_list )   # ȸŬɗɘɎ ŬɜŰɘɔɟŬűɐ 

new_list [ 0]. append ( 99)  

print ( a_list )   # [[1, 2], [3, 4]]      => ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ 

print ( new_list )   # [[1, 2, 99], [3, 4]]  
ɼΦ 1.6.8 ς ɮ˄ˍʽʴˊʰ˒ʺ ʰ˄ʰ˒ˇˊʱˌ ǾǎΦ ˊʹ˔ʺ ʰ˄ˍʽʴˊʰ˒ʺ ǾǎΦ ʲʰʻʽʱ ʰ˄ˍʽʴˊʰ˒ʺΦ  

1.6.2. ʃ˂ʶʽʱʵʶˌ 

ʁʽ ˉ˂ʶʽʱʵʶˌ όǘǳǇƭŜǎύ ʶʾ˄ʰʽ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ʶˍʶˊˇʴʶ˄ʺ ˋˍˇʽ˔ʶʾʰΣ ˍʰ ˇˉˇʾʰ 

ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ˃ʶ ˁˈ˃˃ʰˍʰ ˁʰʽ ˉʶˊʽˁ˂ʶʾˇ˄ˍʰʽ ˋʶ ˉʰˊʶ˄ʻʷˋʶʽˌΦ ʅˍʹ˄ ˉˊʱ˅ʹΣ ˇʽ ˉʰˊʶ˄ʻʷˋʶʽˌ ʶʾ˄ʰʽ 

ˉˊˇʰʽˊʶˍʽˁʷˌ ˋʶ ˉˇ˂˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˁʰʻ˗ˌ ʹ ˉ˂ʶʽʱʵʰ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʰ ˁˈ˃˃ʰˍʰ ˁʰʽ ˈ˔ʽ ʰˉˈ ˍʽˌ 

ˉʰˊʶ˄ʻʷˋʶʽˌΦ ʆʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˃ʽʰˌ ˉ˂ʶʽʱʵʰˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˍˊˇˉˇˉˇʽʹʻˇˏ˄ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ʶʾ˄ʰʽ ʵʹ˂ʰʵʺ ƛƳƳǳǘŀōƭŜ ό˃ʹ-ˍˊˇˉˇˉˇʽʺˋʽ˃ʶˌ ʺ ʰ˂˂ʽ˗ˌ ˃ʹ-˃ʶˍʰ˂˂ʱ˅ʽ˃ʶˌ ʵˇ˃ʷˌύΦ 

ʂˉ˖ˌ ˁʰʽ ˇʽ ˂ʾˋˍʶˌΣ ˇʽ ˉ˂ʶʽʱʵʶˌ ʰ˄ʺˁˇˎ˄ ˋˍʽˌ ʰˁˇ˂ˇˎʻʾʶˌ όǎŜǉǳŜƴŎŜǎύΣ ʶˉˇ˃ʷ˄˖ˌ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎˌ 

ʶʾ˄ʰʽ ʵʽʰˍʶˍʰʴ˃ʷ˄ʰ όƻǊŘŜǊŜŘύ ˁʰʽ ʹ ˉˊˈˋʲʰˋʹ ˋʶ ʰˎˍʱ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ʵʶʽˁˍ˗˄ ʻʷˋʹˌ ˃ʶ ʰˊʾʻ˃ʹˋʹ ˉˇˎ 

˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ лΦ 

ɾʽʰ ˂ʾˋˍʰ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˉ˂ʶʽʱʵʰ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǘǳǇƭŜόύΣ ʶ˄˗ ˃ʽʰ ˉ˂ʶʽʱʵʰ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˂ʾˋˍʰ ˃ʶ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ƭƛǎǘόύΦ ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ʰˉʰʽˍʶʾˍʰʽ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˉ˂ʶʽʱʵʰˌ ʶ˄ˈˌ ˋˍˇʽ˔ʶʾˇˎΥ ʹ ʷˁ˒ˊʰˋʹ όмύ ʻʶ˖ˊʶʾˍʰʽ ʰˉ˂˗ˌ ʰˁʷˊʰʽˇˌ ʰˊʽʻ˃ˈˌΣ ʶ˄˗ ʹ όмΣύ ʵʹ˃ʽˇˎˊʴʶʾ 

ˉ˂ʶʽʱʵʰ ʶ˄ˈˌ ˋˍˇʽ˔ʶʾˇˎΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʽˌ ʶˁ˒ˊʱˋʶʽˌ ǘȅǇŜόόмύύ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ғŎƭŀǎǎ ϥƛƴǘϥҔ ˁʰʽ 

ˍʹ˄ ǘȅǇŜόόмΣύύ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ғŎƭŀǎǎ ϥǘǳǇƭŜϥҔΦ ʁʽ ˉ˂ʶʽʱʵʶˌ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˉʽˇ ʰˉˇʵˇˍʽˁʷˌ ʰˉˈ ˍʽˌ ˂ʾˋˍʶˌ 

˖ˌ ˉˊˇˌ ˍʹ ˃˄ʺ˃ʹ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˁʰʽ ˖ˌ ˉˊˇˌ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʶˁˍʷ˂ʶˋʹˌΣ ˂ˈʴ˖ ˍˇˎ ˈˍʽ ʶʾ˄ʰʽ ˃ʹ-

ˍˊˇˉˇˉˇʽʺˋʽ˃ʶˌΦ  

ʂˉ˖ˌ ˁʰʽ ˇʽ ˂ʾˋˍʶˌΣ ˇʽ ˉ˂ʶʽʱʵʶˌ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʶ˃ʰ˔ʽˋ˃ˈ ˁʰʽ ʶ˃˒˖˂ʽʰˋ˃ˈΣ ʵʹ˂ʰʵʺ ˉ˂ʶʽʱʵʶˌ ˃ʶ 

ˋˍˇʽ˔ʶʾʰ ʱ˂˂ʶˌ ˉ˂ʶʽʱʵʶˌΦ ʃˊˇ˒ʰ˄˗ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʶ˃˒˖˂ʶˎ˃ʷ˄˖˄ ʵˇ˃˗˄ ˃ˉˇˊʶʾ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˃ʽʰ ˂ʾˋˍʰ ˄ʰ ˉʶˊʽʷ˔ʶʽ ʶ˃˒˖˂ʶˎ˃ʷ˄ʶˌ ˉ˂ʶʽʱʵʶˌ ˁʰʽ ˍˇ ʰ˄ˍʾˋˍˊˇ˒ˇΦ 
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ʅˍʰ ʰˁˈ˂ˇˎʻʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ όɼΦ 1.6.9ύ ˋˍˇ w9t[ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˇ ˍˊˈˉˇˌ 

˔ʶʽˊʽˋ˃ˇˏ ˉ˂ʶʽʱʵ˖˄ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖Φ 

>>> t = (1, 2, 3)  

>>> t  

(1, 2, 3)                     # ɓŬůɘəɐ ŭɖɛɘɞɡɟɔɑŬ ˊɚŮɘɎŭŬɠ 

 

>>> t = 1, 2, 3  

>>> t  

(1, 2, 3)                     # ɞɘ ˊŬɟŮɜɗɏůŮɘɠ ŮɑɜŬɘ ˊɟɞŬɘɟŮŰɘəɏɠ 

 

>>> t[0], t[2]  

(1, 3)                        # ˊɟɧůɓŬůɖ ɛŮ ŭŮɑəŰɖ ɗɏůɖɠ 

 

>>> t[1:]  

(2, 3)                        # ŰŮɛŬɢɘůɛɧɠ (slicing) 

 

>>> type((1))  

<class 'int'>                 # ŭŮɜ ŮɑɜŬɘ ˊɚŮɘɎŭŬ 

 

>>> type((1,))  

<class 'tuple'>               # ˊɚŮɘɎŭŬ Ůɜɧɠ ůŰɞɘɢŮɑɞɡ 

 

>>> lst = [1, 2, 3]  

>>> tuple(lst)  

(1, 2, 3)                     # ɛŮŰŬŰɟɞˊɐ ɚɑůŰŬɠ ůŮ ˊɚŮɘɎŭŬ 

 

>>> list(t)  

[1, 2, 3]                     # ɛŮŰŬŰɟɞˊɐ ˊɚŮɘɎŭŬɠ ůŮ ɚɑůŰŬ 

 

>>> nested = ((1, 2), (3, 4))  

>>> nested[1][0]  

3                             # ŮɛűɤɚŮɡɛɏɜɖ ˊɚŮɘɎŭŬ əŬɘ ˊɞɚɚŬˊɚɞɑ ŭŮɑəŰŮɠ 

 

>>> mixed = [ (1, 2), (3, 4) ]  

>>> mixed[0]  

(1, 2)                        # ɚɑůŰŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ˊɚŮɘɎŭŮɠ 

 

>>> complex_structure = ( [1, 2], (3, 4) )  

>>> complex_structure  

([1, 2], (3, 4))              # ˊɚŮɘɎŭŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ɚɑůŰŬ əŬɘ ˊɚŮɘɎŭŬ 

ɼΦ 1.6.9 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˃ʶ ˉ˂ʶʽʱʵʶˌΦ 

1.6.3. ɽʶ˅ʽˁʱ 

ʆʰ ˂ʶ˅ʽˁʱ όŘƛŎǘƛƻƴŀǊƛŜǎύ ʶʾ˄ʰʽ ˃ʽʰ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄Σ ˋˍʹ˄ ˇˉˇʾʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ 

ʸʶˏʴʹ ˍʹˌ ˃ˇˊ˒ʺˌ ƪŜȅΥ ǾŀƭǳŜΦ ʆʰ ˁ˂ʶʽʵʽʱ όƪŜȅǎύ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˃ʹ-ˍˊˇˉˇˉˇʽʺˋʽ˃ʶˌ όƛƳƳǳǘŀōƭŜύ ˍʽ˃ʷˌΣ 

ˈˉ˖ˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌΣ ʰˁʷˊʰʽˇʽ ʺ ˉ˂ʶʽʱʵʶˌΣ ʶ˄˗ ˇʽ ˍʽ˃ʷˌ όǾŀƭǳŜǎύ ˃ˉˇˊˇˏ˄ ˄ʰ ʶʾ˄ʰʽ ˇˉˇʽˇˎʵʺˉˇˍʶ 

ˍˏˉˇˎ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˂ʶ˅ʽˁˇˏ ʴʾ˄ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ʰʴˁˎ˂˗˄ ϑ ϒΣ ˃ʷˋʰ ˋˍʽˌ ˇˉˇʾʶˌ 

ˇˊʾʸˇ˄ˍʰʽ ʸʶˏʴʹ ƪŜȅΥ ǾŀƭǳŜ ˔˖ˊʽˋ˃ʷ˄ʰ ˃ʶ ˁˈ˃˃ʰˍʰΦ ɮˉˈ ˍʹ˄ tȅǘƘƻƴ оΦт ˁʰʽ ˃ʶˍʱΣ ˍʰ ˂ʶ˅ʽˁʱ ʵʽʰˍʹˊˇˏ˄ 

ˍʹ ˋʶʽˊʱ ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʵʽʱˋ˔ʽˋʺ ˍˇˎˌ ʰˉˇʵʾʵʶʽ ˍʰ ʸʶˏʴʹ 

˃ʶ ˍʹ ˋʶʽˊʱ ˉˇˎ ˉˊˇˋˍʷʻʹˁʰ˄Φ 
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ʅʶ ʷ˄ʰ ˂ʶ˅ʽˁˈ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʶʻˇˏ˄ ˄ʷʰ ʸʶˏʴʹ ʺ ˄ʰ ˍˊˇˉˇˉˇʽʹʻˇˏ˄ ˎˉʱˊ˔ˇ˄ˍʰ ˃ʷˋ˖ ʰ˄ʱʻʶˋʹˌ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁ˂ʶʽʵʾΣ ʶ˄˗ ʹ ʵʽʰʴˊʰ˒ʺ ʴʾ˄ʶˍʰʽ ʶˉʾˋʹˌ ˃ʶ ʲʱˋʹ ˍˇ ˁ˂ʶʽʵʾΦ ɶ ˉˊˈˋʲʰˋʹ ˋʶ ˃ʽʰ ˍʽ˃ʺ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˁ˂ʶʽʵʽˇˏΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˋˏ˄ˍʰ˅ʹ ˍʹˌ ˃ˇˊ˒ʺˌ 

ŘƛŎǘψƴŀƳŜώƪŜȅϐΦ ʆʰ ˁ˂ʶʽʵʽʱ ʶ˄ˈˌ ˂ʶ˅ʽˁˇˏ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁʱΣ ʶ˄˗ ʰ˄ ʶˉʽ˔ʶʽˊʹʻʶʾ ʹ ʶʽˋʰʴ˖ʴʺ 

ʾʵʽˇˎ ˁ˂ʶʽʵʽˇˏ ʵʶˏˍʶˊʹ ˒ˇˊʱΣ ʹ ˄ʷʰ ˍʽ˃ʺ ʰ˄ˍʽˁʰʻʽˋˍʱ ˍʹ˄ ˎˉʱˊ˔ˇˎˋʰΦ  

ʅˍˇ ˁ˗ʵʽˁʰ ɼΦ 1.6.10 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˔ʶʽˊʽˋ˃ˇˏ ʶ˄ˈˌ ˂ʶ˅ʽˁˇˏ ˋˍˇ w9t[Φ 

>>> d = {"name": " ȯɜɜŬ", "age": 25}  

 

>>> d["name"]  

'ȯɜɜŬ'                          # ˊɟɧůɓŬůɖ ůŮ Űɘɛɐ ɛɏůɤ əɚŮɘŭɘɞɨ 

 

>>> d["age"] = 26  

>>> d  

{'name': 'ȯɜɜŬ', 'age': 26}     # Űɟɞˊɞˊɞɑɖůɖ ɡˊɎɟɢɞɜŰɞɠ ɕŮɨɔɞɡɠ 

 

>>> d["city"] = "ȷɗɐɜŬ" 

>>> d  

{'name': 'ȯɜɜŬ', 'age': 26, 'city': 'ȷɗɐɜŬ'}  # ˊɟɞůɗɐəɖ ɜɏɞɡ ɕŮɨɔɞɡɠ 

 

>>> d["age"] = 30  

>>> d  

{'name': 'ȯɜɜŬ', 'age': 30, 'city': 'ȷɗɐɜŬ'}  # ŬɜŰɘəŬŰɎůŰŬůɖ Űɘɛɐɠ 

 

>>> del d["city"]  

>>> d  

{'name': 'ȯɜɜŬ', 'age': 30}     # ŭɘŬɔɟŬűɐ ɕŮɨɔɞɡɠ ɛŮ ɓɎůɖ Űɞ əɚŮɘŭɑ 

 

>>> d["height"]  

Traceback (most recent call last):  

KeyError: 'height'              # ůűɎɚɛŬ Ŭɜ Űɞ əɚŮɘŭɑ ŭŮɜ ɡˊɎɟɢŮɘ 

ɼΦ 1.6.10 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˃ʶ ˂ʶ˅ʽˁˈΦ  

1.6.3.1 ɾʷʻˇʵˇʽ ʴʽʰ ʵʽʱˋ˔ʽˋʹ ˂ʶ˅ʽˁ˗˄ 

ʁʽ ˃ʷʻˇʵˇʽ ƪŜȅǎόύΣ ǾŀƭǳŜǎόύ ˁʰʽ ƛǘŜƳǎόύ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˈˋʲʰˋʹ ˋˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ʶ˄ˈˌ 

˂ʶ˅ʽˁˇˏ ˃ʶ ˇˊʴʰ˄˖˃ʷ˄ˇ ˍˊˈˉˇΦ ɶ ƪŜȅǎόύ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ˉˊˇʲˇ˂ʺ όǾƛŜǿύ ˃ʶ ˍʰ ˁ˂ʶʽʵʽʱ ˍˇˎ ˂ʶ˅ʽˁˇˏΣ ʹ 

ΦǾŀƭǳŜǎόύ ʶˉʽˋˍˊʷ˒ʶʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍʽˌ ˍʽ˃ʷˌΣ ʶ˄˗ ʹ ƛǘŜƳǎόύ ʶˉʽˋˍˊʷ˒ʶʽ ʸʶˏʴʹ ˍʹˌ ˃ˇˊ˒ʺˌ όƪŜȅΣ ǾŀƭǳŜύ ˖ˌ 

ˉ˂ʶʽʱʵʶˌ ʵˏˇ ˋˍˇʽ˔ʶʾ˖˄Φ ʁʽ ˉˊˇʲˇ˂ʷˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ʵˎ˄ʰ˃ʽˁʷˌΣ ʵʹ˂ʰʵʺ ʰ˄ˍʰ˄ʰˁ˂ˇˏ˄ ˍˎ˔ˈ˄ ˃ʶˍʰʲˇ˂ʷˌ 

ˍˇˎ ˂ʶ˅ʽˁˇˏΦ ɶ ʵʽʱˋ˔ʽˋʹ ʶ˄ˈˌ ˂ʶ˅ʽˁˇˏ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ŦƻǊΣ ʶʾˍʶ ʰˉʶˎʻʶʾʰˌ 

ˉʱ˄˖ ˋˍʰ ˁ˂ʶʽʵʽʱ ʶʾˍʶ ˃ʶ ˔ˊʺˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍʰˎˍˈ˔ˊˇ˄ʹ ˉˊˈˋʲʰˋʹ ˋʶ ˁ˂ʶʽʵʽʱ ˁʰʽ 

ˍʽ˃ʷˌΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʰ ʰˁˈ˂ˇˎʻʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍˇ w9t[ όɼΦ 1.6.11). 

>>> d = {"name": " ȯɜɜŬ", "age": 30}  

 

>>> d.keys()  

dict_keys(['name', 'age'])          # ˊɟɞɓɞɚɐ əɚŮɘŭɘɩɜ 

 

>>> d.values()  

dict_values([' ȯɜɜŬ', 30])           # ˊɟɞɓɞɚɐ Űɘɛɩɜ 
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>>> d.items()  

dict_items([('name', ' ȯɜɜŬ'), ('age', 30)])  # ɕŮɨɔɖ (key, value)  

 

>>> for key in d:  

...     print(key)  

...  

name 

age                                  # ŭɘɎůɢɘůɖ əɚŮɘŭɘɩɜ 

 

>>> for value in d.values():  

...     print(value)  

...  

ȯɜɜŬ 

30                                   # ŭɘɎůɢɘůɖ Űɘɛɩɜ 

 

>>> for key, value in d.items():  

...     print(key, " - >", value)  

...  

name - > ȯɜɜŬ 

age - > 30                            # ŭɘɎůɢɘůɖ ɕŮɡɔɩɜ 

ɼΦ 1.6.11 ς ʃˊˈˋʲʰˋʹ ˋˍʰ ˁ˂ʶʽʵʽʱ ˁʰʽ ˋˍʽˌ ˍʽ˃ʷˌ ˂ʶ˅ʽˁ˗˄ ˁʰʽ ʵʽʱˋ˔ʽˋʹ  ˂ʶ˅ʽˁ˗˄Φ 

1.6.3.2 ɾʷʻˇʵˇʽ ˂ʶ˅ʽˁ˗˄ 

ʁʽ ˃ʷʻˇʵˇʽ ƎŜǘόύΣ ǇƻǇόύΣ ǳǇŘŀǘŜόύ ˁʰʽ ŎƭŜŀǊόύ ˉʰˊʷ˔ˇˎ˄ ʶˉʽˉ˂ʷˇ˄ ʵˎ˄ʰˍˈˍʹˍʶˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˂ʶ˅ʽˁ˗˄Σ 

ʶ˄˗ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ˃ʷʻˇʵˇʽ ˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˂ʶ˅ʽˁʱΦ ɶ ƎŜǘόƪύ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˁ˂ʶʽʵʾ ƪΣ ˔˖ˊʾˌ ˄ʰ ˉˊˇˁʰ˂ʶʾ ˋ˒ʱ˂˃ʰ ʰ˄ ˍˇ ˁ˂ʶʽʵʾ ʵʶ˄ ˎ ˉʱˊ˔ʶʽ ˁʰʻ˗ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ʰˎˍʺ ʶˉʽˋˍˊʷ˒ʶʽ bƻƴŜ όʺ ˉˊˇʰʽˊʶˍʽˁʱ ˃ʽʰ ˍʽ˃ʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʵˇʻʶʾ ˖ˌ ʵʶˏˍʶˊˇ ˈˊʽˋ˃ʰύΦ ɶ ǇƻǇόƪύ 

ʰ˒ʰʽˊʶʾ ˍˇ ʸʶˏʴˇˌ ˃ʶ ˁ˂ʶʽʵʾ ƪ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʽ˃ʺΣ ʶ˄˗ ʰ˄ ˍˇ ˁ˂ʶʽʵʾ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ˉˊˇˁʰ˂ʶʾ YŜȅ9ǊǊƻǊ όʶˁˍˈˌ ʰ˄ ʵˇʻʶʾ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹ ˍʽ˃ʺύΦ ɶ ǳǇŘŀǘŜόŀψŘƛŎǘύ ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˍˇ ˂ʶ˅ʽˁˈ ˃ʶ 

ˍʰ ʸʶˏʴʹ ƪŜȅΥ ǾŀƭǳŜ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ʱ˂˂ˇ ˂ʶ˅ʽˁˈ ʺ ʴʶ˄ʽˁʱ ˋʶ ʷ˄ʰ ʵʽʰˋ˔ʾˋʽ˃ˇ όƛǘŜǊŀōƭŜύ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʸʶˎʴ˗˄Σ ʰ˄ˍʽˁʰʻʽˋˍ˗˄ˍʰˌ ˍˎ˔ˈ˄ ˎˉʱˊ˔ˇ˄ˍʰ ˁ˂ʶʽʵʽʱΦ ʆʷ˂ˇˌΣ ʹ ŎƭŜŀǊόύ ʰ˒ʰʽˊʶʾ ˈ˂ʰ ˍʰ ʸʶˏʴʹ 

ʰˉˈ ˍˇ ˂ʶ˅ʽˁˈΣ ʰ˒ʺ˄ˇ˄ˍʱˌ ˍˇ ˁʶ˄ˈΦ  

ʅˍˇ ˁ˗ʵʽˁʰ ɼΦ 1.6.12 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ w9t[ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˊˈˋʲʰˋʹˌ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˍʽ˃˗˄ ˋʶ 

˂ʶ˅ˁˈ ˃ʶ ʲʱˋʹ  ˍˇ ˁ˂ʶʽʵʾ ˁʰʻ˗ˌ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˍˇˎ ˂ʶ˅ʽˁˇˏ ˃ʶ ˄ʷʰ ʸʶˏʴʹ ˁ˂ʶʽʵʽˇˏ-ˍʽ˃ʺˌΦ 

>>> d = {"name": " ȯɜɜŬ", "age": 30}  

 

>>> d.get("name")  

'ȯɜɜŬ'                         # ŮˊɘůŰɟɞűɐ Űɘɛɐɠ 

 

>>> d.get("city")  

None                           # ŭŮɜ ˊɟɞəŬɚŮɑ ůűɎɚɛŬ 

 

>>> d.get("city", "ȯɔɜɤůŰɞ") 

'ȯɔɜɤůŰɞ'                      # ˊɟɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ 

 

>>> d.pop("age")  

30                             # ŬűŬɑɟŮůɖ əŬɘ ŮˊɘůŰɟɞűɐ Űɘɛɐɠ 

 

>>> d  

{'name': 'ȯɜɜŬ'} 
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>>> d.update({"city": " ȷɗɐɜŬ", "age": 25})  

>>> d  

{'name': ' ȯɜɜŬ', 'city': ' ȷɗɐɜŬ', 'age': 25}  # Ůɜɖɛɏɟɤůɖ/ ˊɟɞůɗɐəɖ 

 

>>> d.clear()  

>>> d  

{}                             # əŮɜɧ ɚŮɝɘəɧ 
ɼΦ 1.6.12 ς ɾʷʻˇʵˇʽ ˂ʶ˅ʽˁ˗˄ ʴʽʰ ˂ʺ˕ʹ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍʽ˃˗˄ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ʶ˄ʹ˃ʷˊ˖ˋʹ ˂ʶ˅ʽˁˇˏ ˃ʶ ˄ʷʰ ʸʶˏʴʹΦ   

1.6.4. ʅˏ˄ˇ˂ʰ 

ʆʰ ˋˏ˄ˇ˂ʰ όǎŜǘǎύ ʶʾ˄ʰʽ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽʷ˔ˇˎ˄ ʶˍʶˊˇʴʶ˄ʺ ˋˍˇʽ˔ʶʾʰΣ ˔˖ˊʾˌ 

ʵʽˉ˂ˈˍˎˉʶˌ ˍʽ˃ʷˌΣ ˍʰ ˇˉˇʾʰ ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ˃ʶ ˁˈ˃˃ʰˍʰ ˁʰʽ ˉʶˊʽˁ˂ʶʾˇ˄ˍʰʽ ˋʶ ʰʴˁˏ˂ʶˌ ϑ ϒΦ ʅʶ ʰ˄ˍʾʻʶˋʹ 

˃ʶ ˍʽˌ ˂ʾˋˍʶˌ ˁʰʽ ˍʽˌ ˉ˂ʶʽʱʵʶˌΣ ˍʰ ˋˏ˄ˇ˂ʰ ʵʶ˄ ʵʽʰˍʹˊˇˏ˄ ʵʽʱˍʰ˅ʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎˌΣ 

ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˉˊˈˋʲʰˋʹ ˃ʷˋ˖ ʵʶʽˁˍ˗˄ ʻʷˋʹˌΦ ʆʰ ˋˏ˄ˇ˂ʰ ʶʾ˄ʰʽ ˍˊˇˉˇˉˇʽʺˋʽ˃ʶˌ 

όƳǳǘŀōƭŜύ ʵˇ˃ʷˌΣ ʵʹ˂ʰʵʺ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˁʰʽ ʰ˒ʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾ˖˄ ˃ʶˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˍˇˎˌΦ 

ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ʰˉʰʽˍʶʾˍʰʽ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˁʶ˄ˇˏ ˋˎ˄ˈ˂ˇˎ ʺ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ˃ʶ ʷ˄ʰ ˃ˈ˄ˇ 

ˋˍˇʽ˔ʶʾˇΦ ɶ ʷˁ˒ˊʰˋʹ ϑ ϒ ʵʶ˄ ʵʹ˃ʽˇˎˊʴʶʾ ˋˏ˄ˇ˂ˇ ʰ˂˂ʱ ˁʶ˄ˈ ˂ʶ˅ʽˁˈΦ ɱʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʶ˄ˇˏ ˋˎ˄ˈ˂ˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ǎŜǘόύΣ ʶ˄˗ ʴʽʰ ˋˏ˄ˇ˂ˇ ˃ʶ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 

ʰʴˁˏ˂ʶˌ ˃ʶ ˍʽ˃ʺΣ ˉΦ˔Φ ϑффϒΦ ɶ ʷˁ˒ˊʰˋʹ ŀ Ґ ǎŜǘόώффϐύ ʵʹ˃ʽˇˎˊʴʶʾ ˍˇ ˋˏ˄ˇ˂ˇ ϑффϒΣ ʶ˄˗ ʹ ŀ Ґ ϑффϒ ʶˉʾˋʹˌ 

ʵʹ˃ʽˇˎˊʴʶʾ ˋˏ˄ˇ˂ˇ ˁʰʽ ˈ˔ʽ ˂ʶ˅ʽˁˈΣ ʶ˄˗ ˂ʶ˅ʽˁˈ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ ˎˉʱˊ˔ˇˎ˄ ʸʶˏʴʹ ˁ˂ʶʽʵʽˇˏ -

ˍʽ˃ʺˌΣ ˉΦ˔Φ ϑффΥ Ϧˍʽ˃ʺϦϒΦ 

1.6.4.1 ɾʷʻˇʵˇʽ ˉˊˇˋʻʺˁʹˌΣ ʵʽʰʴˊʰ˒ʺˌ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˋˎ˄ˈ˂˖˄ 

ʁʽ ʲʰˋʽˁʷˌ ˃ʷʻˇʵˇʽ ˍ˖˄ ˋˎ˄ˈ˂˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ŀŘŘόȄύΣ ʹ ˇˉˇʾʰ ˉˊˇˋʻʷˍʶʽ ˍˇ ˋˍˇʽ˔ʶʾˇ Ȅ ˋˍˇ 

ˋˏ˄ˇ˂ˇ όʰ˄ ˎˉʱˊ˔ʶʽ ʺʵʹΣ ˍˇ ˋˏ˄ˇ˂ˇ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˃ʶˍʱʲ˂ʹˍˇύΣ ˁʰʽ ΦǳǇŘŀǘŜόȄύΣ ˈˉˇˎ ˍˇ ˈˊʽˋ˃ʰ Ȅ ˃ˉˇˊʶʾ 

˄ʰ ʶʾ˄ʰʽ ˂ʾˋˍʰΣ ˉ˂ʶʽʱʵʰΣ ˋˏ˄ˇ˂ˇ ʺ ʴʶ˄ʽˁʱ ˇˉˇʽˇʵʺˉˇˍʶ ʶˉʰ˄ʰ˂ʺ˕ʽ˃ˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ όƛǘŜǊŀōƭŜύΣ ˁʰʽ ˁʱʻʶ 

ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍˇ ˋˏ˄ˇ˂ˇΦ ɱʽʰ ʵʽʰʴˊʰ˒ʺ ˋˍˇʽ˔ʶʾ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ŘƛǎŎŀǊŘόȄύΣ ˉˇˎ 

ʰ˒ʰʽˊʶʾ ˍˇ ˋˍˇʽ˔ʶʾˇ Ȅ ˔˖ˊʾˌ ˄ʰ ˉˊˇˁʰ˂ʶʾ ˋ˒ʱ˂˃ʰ ʰ˄ ʰˎˍˈ ʵʶ˄ ˎˉʱˊ˔ʶʽΣ ˁʰʽ ǊŜƳƻǾŜόȄύΣ ʹ ˇˉˇʾʰ ʶˉʾˋʹˌ 

ʵʽʰʴˊʱ˒ʶʽ ˍˇ ˋˍˇʽ˔ʶʾˇ ʰ˂˂ʱ ˉˊˇˁʰ˂ʶʾ YŜȅ9ǊǊƻǊ ʰ˄ ʵʶ˄ ʲˊʶʻʶʾΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ǇƻǇόύ ʰ˒ʰʽˊʶʾ ˁʰʽ 

ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˍˎ˔ʰʾˇ ˋˍˇʽ˔ʶʾˇ ό˂ˈʴ˖ ʷ˂˂ʶʽ˕ʹˌ ʵʽʱˍʰ˅ʹˌύΣ ʶ˄˗ ʹ ŎƭŜŀǊόύ ʵʽʰʴˊʱ˒ʶʽ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ 

ˍˇˎ ˋˎ˄ˈ˂ˇˎΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˉʰˊʰʵʶʾʴ˃ʰˍʰΣ ˋˍˇ w9t[Σ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ όɼΦ 1.6.13). 

>>> s = {1, 2, 3}  

 

>>> s.add(4); s  

{1, 2, 3, 4}                 # ˊɟɞůɗɐəɖ ůŰɞɘɢŮɑɞɡ 

 

>>> s.add(4); s  

{1, 2, 3, 4}                 # ŭŮɜ ˊɟɞůŰɑɗŮŰŬɘ ŭɘˊɚɧŰɡˊɞ 
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>>> s.update([4, 5, 6]); s  

{1, 2, 3, 4, 5, 6}           # ˊɟɞůɗɐəɖ ˊɞɚɚɩɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ iterable 

 

>>> s.discard(10); s  

{1, 2, 3, 4, 5, 6}           # ŭŮɜ ˊɟɞəŬɚŮɑ ůűɎɚɛŬ Ŭɜ ŭŮɜ ɡˊɎɟɢŮɘ 

 

>>> s.remove(6); s  

{1, 2, 3, 4, 5}              # ŭɘŬɔɟŬűɐ ůŰɞɘɢŮɑɞɡ 

 

>>> s.remove(10)  

Traceback (most recent call last):  

KeyError: 10                 # ůűɎɚɛŬ Ŭɜ Űɞ ůŰɞɘɢŮɑɞ ŭŮɜ ɡˊɎɟɢŮɘ 

 

>>> x = s.pop(); x, s  

(1, {2, 3, 4, 5})            # ŬűŬɑɟŮůɖ əŬɘ ŮˊɘůŰɟɞűɐ ŰɡɢŬɑɞɡ ůŰɞɘɢŮɑɞɡ 

 

>>> s.clear(); s  

set()                        # ŭɘŬɔɟŬűɐ ɧɚɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ 

ɼΦ 1.6.13 ς ɾʷʻˇʵˇʽ ˋˎ˄ˈ˂˖˄Φ 

1.6.4.2 ɾʷʻˇʵˇʽ ˉˊʱ˅ʶ˖˄ ˋˎ˄ˈ˂˖˄ 

ʆʰ ˋˏ˄ˇ˂ʰ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˉˊʱ˅ʶʽˌ ˋˎ˄ˈ˂˖˄Φ ɶ ǳƴƛƻƴόύ ʺ ˇ ˍʶ˂ʶˋˍʺˌ μ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ 

ʷ˄˖ˋʹΣ ʹ ƛƴǘŜǊǎŜŎǘƛƻƴόύ ʺ ϧ ˍʹ˄ ˍˇ˃ʺΣ ʹ ŘƛŦŦŜǊŜƴŎŜόύ ʺ - ˍʹ ʵʽʰ˒ˇˊʱ ˁʰʽ ʹ ǎȅƳƳŜǘǊƛŎψŘƛŦŦŜǊŜƴŎŜόύ ʺ ϣ 

ˍʹ ˋˎ˃˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ʵˏˇ ˋˎ˄ˈ˂˖˄Φ ɶ ʵʽʰ˒ˇˊʱ ʵˏˇ ˋˎ˄ˈ˂˖˄ ɮ ˁʰʽ ɰ ό! ҍ .ύ ʶʾ˄ʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰ˄ʺˁˇˎ˄ ˋˍˇ ɮ ʰ˂˂ʱ ʵʶ˄ ʰ˄ʺˁˇˎ˄ ˋˍˇ ɰΦ ɲʹ˂ʰʵʺΣ ʰ˒ʰʽˊˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ˉˊ˗ˍˇ ˋˏ˄ˇ˂ˇ 

ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ˋˍˇ ʵʶˏˍʶˊˇΦ ɶ ˋˎ˃˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ʵˏˇ ˋˎ˄ˈ˂˖˄ ɮ ˁʰʽ ɰ ʶʾ˄ʰʽ 

ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰ˄ʺˁˇˎ˄ ʶʾˍʶ ˋˍˇ ɮ ʶʾˍʶ ˋˍˇ ɰΣ ʰ˂˂ʱ ˈ˔ʽ ˁʰʽ ˋˍʰ ʵˏˇ ˍʰˎˍˈ˔ˊˇ˄ʰΦ 

ʇˉʱˊ˔ˇˎ˄ ʶˉʾˋʹˌ ˃ʷʻˇʵˇʽ ˋˏʴˁˊʽˋʹˌ ˈˉ˖ˌ ʹ ƛǎǎǳōǎŜǘόύ ˁʰʽ ʹ ƛǎǎǳǇŜǊǎŜǘόύ ʴʽʰ ʷ˂ʶʴ˔ˇ ʰ˄ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

ʶʾ˄ʰʽ ˎˉˇˋˏ˄ˇ˂ˇ ʺ ˎˉʶˊˏ˄ˇ˂ˇ ʶ˄ˈˌ ʱ˂˂ˇˎ ˋˎ˄ˈ˂ˇˎ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ƛǎŘƛǎƧƻƛƴǘόύ ʴʽʰ ʷ˂ʶʴ˔ˇ ʰ˄ 

ʵˏˇ ˋˏ˄ˇ˂ʰ ʶʾ˄ʰʽ ˅ʷ˄ʰΣ ʵʹ˂ʰʵʺ ʵʶ˄ ʷ˔ˇˎ˄ ˁˇʽ˄ʱ ˋˍˇʽ˔ʶʾʰΦ  

ʅˍʰ ʰˁˈ˂ˇˎʻʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍˇ w9t[Σ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˉˊʱ˅ʶʽˌ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ ˋˎ˄ˈ˂˖˄ ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖ όɼΦ 1.6.14). 

>>> A = {1, 2, 3, 4}  

>>> B = {3, 4, 5, 6}  

 

>>> A.union(B)  

{1, 2, 3, 4, 5, 6}          # ɏɜɤůɖ 

 

>>> A | B  

{1, 2, 3, 4, 5, 6}          # ɏɜɤůɖ ɛŮ ŰŮɚŮůŰɐ | 

 

>>> A.intersection(B)  

{3, 4}                      # Űɞɛɐ 

 

>>> A & B  

{3, 4}                      # Űɞɛɐ ɛŮ ŰŮɚŮůŰɐ & 

 

>>> A.difference(B)  

{1, 2}                      # ŭɘŬűɞɟɎ A ī B (ůŰɞ A ŬɚɚɎ ɧɢɘ ůŰɞ B) 
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>>> A -  B 

{1, 2}                      # ŭɘŬűɞɟɎ ɛŮ ŰŮɚŮůŰɐ -  

 

>>> B -  A 

{5, 6}                      # ŭɘŬűɞɟɎ B ī A 

 

>>> A.symmetric_difference(B)  

{1, 2, 5, 6}                # ůɡɛɛŮŰɟɘəɐ ŭɘŬűɞɟɎ 

 

>>> A ^ B  

{1, 2, 5, 6}                # ůɡɛɛŮŰɟɘəɐ ŭɘŬűɞɟɎ ɛŮ ŰŮɚŮůŰɐ ^ 

 

>>> {1, 2}.issubset(A)  

True                        # ɏɚŮɔɢɞɠ ɡˊɞůɡɜɧɚɞɡ 

 

>>> A.issuperset({1, 2})  

True                        # ɏɚŮɔɢɞɠ ɡˊŮɟůɡɜɧɚɞɡ 

 

>>> A.isdisjoint({7, 8})  

True                        # ŭŮɜ ɏɢɞɡɜ əɞɘɜɎ ůŰɞɘɢŮɑŬ 

 

>>> A.isdisjoint(B)  

False                       # ɏɢɞɡɜ əɞɘɜɎ ůŰɞɘɢŮɑŬ (3, 4) 

ɼΦ 1.6.14 ς ʃˊʱ˅ʶʽˌ ˋˎ˄ˈ˂˖˄Φ 

1.6.5. ʅˎ˄ʵˎʰˋ˃ˈˌ ʰˁˇ˂ˇˎʻʽ˗˄ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ȊƛǇόύ ˋˎ˄ʵˎʱʸʶʽ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ʵʽʰˋ˔ʾˋʽ˃ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όƛǘŜǊŀōƭŜǎύΣ ˈˉ˖ˌ ˂ʾˋˍʶˌΣ 

ˉ˂ʶʽʱʵʶˌΣ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˁΦʰΦΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷ˄ʰ ˄ʷˇ ʵʽʰˋ˔ʾˋʽ˃ˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˇˎ ˇˉˇʾˇˎ ˁʱʻʶ 

ˋˍˇʽ˔ʶʾˇ ʶʾ˄ʰʽ ˃ʽʰ ˉ˂ʶʽʱʵʰΦ ɼʱʻʶ ˉ˂ʶʽʱʵʰ ˉʶˊʽʷ˔ʶʽ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʾʵʽʰ ʻʷˋʹ ˋˍʰ 

ʰˊ˔ʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΦ ɶ ȊƛǇόύ ʵʶ˄ ʶˉʽˋˍˊʷ˒ʶʽ ˂ʾˋˍʰ ʰ˂˂ʱ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˏˉˇˎ ƛǘŜǊŀǘƻǊΣ ˍˇ ˇˉˇʾˇ 

˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˂ʾˋˍʰ ˃ʶ ˍʹ ƭƛǎǘόύ ʰ˄ ʰˉʰʽˍʶʾˍʰʽΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˋˍʰ˃ʰˍʱ ˃ˈ˂ʽˌ ʶ˅ʰ˄ˍ˂ʹʻʶʾ 

ˍˇ ˋˎ˄ˍˇ˃ˈˍʶˊˇ ʰˉˈ ˍʰ ʵˇʻʷ˄ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΣ ʵʹ˂ʰʵʺ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ 

ˍˇ ˃ʽˁˊˈˍʶˊˇ ƛǘŜǊŀōƭŜΦ  

ʅˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍˇ w9t[ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ όɼΦ 1.6.15ύ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 

zip(). 

>>> a = [1, 2, 3]  

>>> b = [" Ŭ", " ɓ", " ɔ"]  

 

>>> list(zip(a, b))  

[(1, 'Ŭ'), (2, 'ɓ'), (3, 'ɔ')]   # ůɡɜŭɡŬůɛɧɠ ůŰɞɘɢŮɑɤɜ ɑŭɘŬɠ ɗɏůɖɠ 

 

>>> c = [10, 20]  

>>> list(zip(a, c))  

[(1, 10), (2, 20)]               # ůŰŬɛŬŰɎ ůŰɞ ɛɘəɟɧŰŮɟɞ ɛɐəɞɠ 

 

>>> x = [1, 2, 3]  

>>> y = [" ȷ", " ȸ", " ũ"]  

>>> z = ["x", "y", "z"]  

 

>>> list(zip(x, y, z))  
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[(1, 'ȷ', 'x'), (2, 'ȸ', 'y'), (3, 'ũ', 'z')]  # ůɡɜŭɡŬůɛɧɠ Űɟɘɩɜ ɚɘůŰɩɜ 

ɼΦ 1.6.15 ς ʅˎ˄ʵˎʰˋ˃ˈˌ ˂ʽˋˍ˗˄ ˃ʶ ˍʹ ȊƛǇόύΦ 

1.6.6. ʃʶˊʽ˒ˊʰˋˍʽˁʷˌ ˂ʾˋˍʶˌ 

ɾʽʰ ˉʶˊʽ˒ˊʰˋˍʽˁʺ ˂ʾˋˍʰ όƭƛǎǘ ŎƻƳǇǊŜƘŜƴǎƛƻƴύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˋˎ˃ˉʰʴʺ ˁʰʽ ʶˁ˒ˊʰˋˍʽˁˈ ˍˊˈˉˇ 

ʵʹ˃ʽˇˎˊʴʾʰˌ ˂ʽˋˍ˗˄Σ ʶ˄˗ ʰ˄ˍʾˋˍˇʽ˔ʹ ˋˏ˄ˍʰ˅ʹ ˎˉʱˊ˔ʶʽ ˁʰʽ ʴʽʰ ˋˏ˄ˇ˂ʰ ˁʰʽ ˂ʶ˅ʽˁʱΦ ʅˎ˄ʵˎʱʸʶʽ ʷ˄ʰ˄ 

ʲˊˈ˔ˇ ŦƻǊ ˁʰʽ ˃ʽʰ ʷˁ˒ˊʰˋʹ ˋʶ ˃ʾʰ ˃ˈ˄ˇ ʴˊʰ˃˃ʺ ˁ˗ʵʽˁʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷʰˌ ˂ʾˋˍʰˌ 

˔˖ˊʾˌ ˍʹ ˔ˊʺˋʹ ˉˇ˂˂ʰˉ˂˗˄ ʶ˄ˍˇ˂˗˄Φ ʅˎ˔˄ʱ ˇʽ ˉʶˊʽ˒ˊʰˋˍʽˁʷˌ ˂ʾˋˍʶˌ ʶʾ˄ʰʽ ˉʽˇ ʶˎʰ˄ʱʴ˄˖ˋˍʶˌ ˁʰʽ 

ˍʰ˔ˏˍʶˊʶˌ ˋˍʹ ˋˎʴʴˊʰ˒ʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ˄ ˉʰˊʰʵˇˋʽʰˁˈ ˍˊˈˉˇ ˔ˊʺˋʹˌ ʲˊˈ˔ˇˎ ŦƻǊΦ ɶ ʲʰˋʽˁʺ 

ˋˏ˄ˍʰ˅ʹ ʁ ˄ˈˌ list comprehension ʁ ʾ˄ʰʽ: 

[expression for item in iterable if condition]  

ˈˉˇˎ ŜȄǇǊŜǎǎƛƻƴ ʶʾ˄ʰʽ ʹ ʷˁ˒ˊʰˋʹ ˉˇˎ ˉʰˊʱʴʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˄ʷʰˌ ˂ʾˋˍʰˌΣ ƛǘŜƳ ʹ ˃ʶˍʰʲ˂ʹˍʺ ˉˇˎ 

ʰ˄ʰˉʰˊʽˋˍʱ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌΣ ƛǘŜǊŀōƭŜ ʹ ʵˇ˃ʺ ˉˇˎ ʵʽʰˋ˔ʾʸʶˍʰʽ ˁʰʽ ŎƻƴŘƛǘƛƻƴ ʷ˄ʰ 

ˉˊˇʰʽˊʶˍʽˁˈ ˒ʾ˂ˍˊˇ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˉˇʽʰ ˋˍˇʽ˔ʶʾʰ ʻʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻˇˏ˄Φ ɮ˄ ˍˇ ŎƻƴŘƛǘƛƻƴ ˉʰˊʰ˂ʶʽ˒ʻʶʾΣ 

ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ƛǘŜǊŀōƭŜ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍʹˌ ˄ʷʰˌ ˂ʾˋˍʰˌΦ 

ɮˁˇ˂ˇˎʻˇˏ˄ ˃ʶˊʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍˇ w9t[ όɼΦ 1.6.16ύ ˃ʶ ˉʶˊʽ˒ˊʰˋˍʽˁʷˌ ˂ʾˋˍʶˌΥ 

>>> nums = [1, 2, 3, 4, 5]  

 

>>> [x**2 for x in nums]  

[1, 4, 9, 16, 25]     # ŰŮŰɟɎɔɤɜŬ ɧɚɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ 

 

>>> [x for x in nums if x % 2 == 0]  

[2, 4]                # űɘɚŰɟɎɟɘůɛŬ ɎɟŰɘɤɜ 

 

>>> [x**2 for x in nums if x % 2 == 0]  

[4, 16]               # ůɡɜŭɡŬůɛɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ əŬɘ űɑɚŰɟɞɡ 

ɼΦ 1.6.16 ς ʃʶˊʽ˒ˊʰˋˍʽˁʷˌ ˂ʾˋˍʶˌΦ  

ɮ˄ˍʾˋˍˇʽ˔ʹ ˋˏ˄ˍʰ˅ʹ ˃ʶ ˍʽˌ ˉʶˊʽ˒ˊʰˋˍʽˁʷˌ ˂ʾˋˍʶˌ ˎˉʱˊ˔ʶʽ ˁʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ˈ˂˖˄ ˁʰʽ ˂ʶ˅ʽˁ˗˄Φ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˋˎ˄ˈ˂˖˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰʴˁˏ˂ʶˌ ϑ ϒ ʰ˄ˍʾ ʴʽʰ ώ ϐΣ ʶ˄˗ ʴʽʰ ˍʰ ˂ʶ˅ʽˁʱ ʹ ʷˁ˒ˊʰˋʹ 

ˉˊʷˉʶʽ ˄ʰ ˉʰˊʱʴʶʽ ʸʶˏʴʹ ˍʹˌ ˃ˇˊ˒ʺˌ ƪŜȅΥ ǾŀƭǳŜΦ  ɮˁˇ˂ˇˎʻˇˏ˄ ˉʰˊʰʵʶʾʴ˃ʰˍʰ όɼΦ 1.6.17ύ ˋˍˇ w9t[Υ 

>>> words = ["ɛɐɚɞ", "ɛˊŬɜɎɜŬ", "ŬɢɚɎŭɘ", "ɛɐɚɞ", "ŬɢɚɎŭɘ"] 

>>> {w for w in words}  

{' ɛɐɚɞ', ' ɛˊŬɜɎɜŬ', ' ŬɢɚɎŭɘ'}         # ŬˊɞɛɎəɟɡɜůɖ ŭɘˊɚɞŰɨˊɤɜ 

 

>>> {w[0] for w in words}  

{'ɛ', 'Ŭ'}                            # ŬɟɢɘəɎ ɔɟɎɛɛŬŰŬ (ɛɞɜŬŭɘəɎ) 

 

>>> students = [" ȯɜɜŬ", " Ɂɑəɞɠ", " Ⱥɚɏɜɖ"]  

>>> {name: len(name) for name in students}  

{'ȯɜɜŬ': 4, 'Ɂɑəɞɠ': 5, 'Ⱥɚɏɜɖ': 5}   # ɧɜɞɛŬ -> ɛɐəɞɠ ɞɜɧɛŬŰɞɠ 

 

>>> grades = {" ȯɜɜŬ": 85, " Ɂɑəɞɠ": 72, " Ⱥɚɏɜɖ": 91}  

>>> {name: grade for name, grade in grades.items() if grade >= 80}  

{'ȯɜɜŬ': 85, 'Ⱥɚɏɜɖ': 91}             # űɘɚŰɟɎɟɘůɛŬ ɓɎůŮɘ ɓŬɗɛɞɨ 
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ɼΦ 1.6.17 ς ʃʶˊʽ˒ˊʰˋˍʽˁˈˌ ˍˊˈˉˇˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˂ʶ˅ʽˁ˗˄Φ  

1.7. ʁˊʴʱ˄˖ˋʹ ˁ˗ʵʽˁʰ ˋʶ ˍ˃ʺ˃ʰˍʰ ˁʰʽ ˉʰˁʷˍʰ 

ɶ ˇˊʴʱ˄˖ˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˋʶ ˍ˃ʺ˃ʰˍʰ όƳƻŘǳƭŜǎύ ˁʰʽ ˉʰˁʷˍʰ όǇŀŎƪŀƎŜǎύ ˋˍʹ tȅǘƘƻƴ ʰˉˇˍʶ˂ʶʾ ʲʰˋʽˁʺ 

ˉˊʰˁˍʽˁʺ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶˉʶˁˍʱˋʽ˃˖˄ ˁʰʽ ˋˎ˄ˍʹˊʺˋʽ˃˖˄ ʶ˒ʰˊ˃ˇʴ˗˄Φ ɴ˄ʰ ƳƻŘǳƭŜ ʶˉʽˍˊʷˉʶʽ ˍʹ 

˂ˇʴʽˁʺ ˇ˃ʰʵˇˉˇʾʹˋʹ ˋˎ˄ʰ˒˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Σ ˁ˂ʱˋʶ˖˄ ˁʰʽ ˃ʶˍʰʲ˂ʹˍ˗˄ ˋʶ ˅ʶ˔˖ˊʽˋˍˈ ʰˊ˔ʶʾˇΣ 

ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ˄ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˃ʷˋ˖ ƛƳǇƻǊǘΦ ʆʰ ǇŀŎƪŀƎŜǎΣ ˖ˌ ˋˎ˂˂ˇʴʷˌ ʰˉˈ ƳƻŘǳƭŜǎ 

ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋʶ ʽʶˊʰˊ˔ʽˁʺ ʵˇ˃ʺ ˁʰˍʰ˂ˈʴ˖˄Σ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʶʴʱ˂˖˄ ʷˊʴ˖˄ ˁʰʽ 

ʶˉʽˍˊʷˉˇˎ˄ ˅ʶˁʰʻʰˊˈ ʵʽʰ˔˖ˊʽˋ˃ˈ ˊˈ˂˖˄ ʴʽʰ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˎˉˇˋˎˋˍʺ˃ʰˍʰ ˍ˖˄ ʶ˒ʰˊ˃ˇʴ˗˄Φ ɾʷˋ˖ 

ˍʹˌ ˇˊʴʱ˄˖ˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰ ˋʶ ˍ˃ʺ˃ʰˍʰ ˁʰʽ ˉʰˁʷˍʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˁʰ˂ˏˍʶˊʹ ʰ˄ʰʴ˄˖ˋʽ˃ˈˍʹˍʰΣ 

ʶˎˁˇ˂ˈˍʶˊˇˌ ʷ˂ʶʴ˔ˇˌ όǘŜǎǘƛƴƎύΣ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˋˎ˄ʶˊʴʰˋʾʰ ˋʶ ˇ˃ʰʵʽˁʱ ʷˊʴʰΣ ˁʰʻ˗ˌ ˁʱʻʶ 

ˎˉˇˋˏˋˍʹ˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ʰˎˍˈ˄ˇ˃ʰΦ 

1.7.1. Modules 

ɴ˄ʰ ƳƻŘǳƭŜ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˂˂ˇʴʺ ʰˉˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ tȅǘƘƻƴ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ƛƳǇƻǊǘΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ 

ʰˊ˔ʶʾˇ ΦǇȅ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˂ˇʴʽˁʺ ˇˊʴʱ˄˖ˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˋʶ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ʰ 

ˋˍˇʽ˔ʶʾʰΦ ɴ˄ʰ ƳƻŘǳƭŜ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʷ˔ʶʽ ˋˎ˄ʰˊˍʺˋʶʽˌΣ ˁ˂ʱˋʶʽˌΣ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˁʰʻ˗ˌ ˁʰʽ ʶˁˍʶ˂ʷˋʽ˃ˇ 

ˁ˗ʵʽˁʰ ˉˇˎ ʰˊ˔ʽˁˇˉˇʽʶʾ ˍˇ ƳƻŘǳƭŜΦ 

ʆʰ ƳƻŘǳƭŜǎ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋˍʽˌ ʶ˅ʺˌ ˁʰˍʹʴˇˊʾʶˌΥ 

¶ Built-in modules: ɴ˔ˇˎ˄ ˎ˂ˇˉˇʽʹʻʶʾ ˋʶ / ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ˃ʷˊˇˌ ˍˇˎ ˉˎˊʺ˄ʰ ˍˇˎ ʵʽʶˊ˃ʹ˄ʶˎˍʺ 

ˍʹˌ tȅǘƘƻƴΦ ʃʰˊʷ˔ˇ˄ˍʰʽ ʷˍˇʽ˃ʰ ˉˊˇˌ ˔ˊʺˋʹ ˔˖ˊʾˌ ˄ʰ ʰˉʰʽˍʶʾˍʰʽ ʶʴˁʰˍʱˋˍʰˋʹ ʰˉˈ ˍˇ˄ 

˔ˊʺˋˍʹΦ ʁˊʽˋ˃ʷ˄ʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ōǳƛƭǘ-ƛƴ ƳƻŘǳƭŜǎ ʶʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

o ǎȅǎ Ҧ ˉˊˈˋʲʰˋʹ ˋʶ ˉʰˊʰ˃ʷˍˊˇˎˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʶˌ ˍˇˎ ʵʽʶˊ˃ʹ˄ʶˎˍʺ 

o ƳŀǘƘ Ҧ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 

o ǘƛƳŜ Ҧ ˋˎ˄ʰˊˍʺˋʶʽˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˔ˊˈ˄ˇˎ 

o ƻǎ Ҧ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˃ʶ ˍˇ ˂ʶʽˍˇˎˊʴʽˁˈ ˋˏˋˍʹ˃ʰ 

o ǊŀƴŘƻƳ Ҧ ˉʰˊʰʴ˖ʴʺ ˕ʶˎʵˇˍˎ˔ʰʾ˖˄ ʰˊʽʻ˃˗˄ 

¶ aƻŘǳƭŜǎ ˍˊʾˍ˖˄ ˁʰˍʰˋˁʶˎʰˋˍ˗˄ όǘƘƛǊŘ-party modules): ɲʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍʹ˄ ˍˎˉʽˁʺ 

ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ tȅǘƘƻƴ ˁʰʽ ʶʴˁʰʻʾˋˍʰ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʷˋ˖ ˍˇˎ ǇƛǇΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ 

ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʲʽʲ˂ʽˇʻʺˁʶˌ bǳƳtȅΣ ǇŀƴŘŀǎ ˁʰʽ aŀǘǇƭƻǘƭƛōΣ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˇˊʴʰ˄˖˃ʷ˄ʶˌ ˖ˌ 

ǇŀŎƪŀƎŜǎ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˉˇ˂˂ʰˉ˂ʱ ƳƻŘǳƭŜǎ ˁʰʽ ʶˉʶˁˍʶʾ˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍʹˌ 

ʴ˂˗ˋˋʰˌΦ 
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¶ aƻŘǳƭŜǎ ˇˊʽˋ˃ʷ˄ʰ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ όǳǎŜǊ-defined modules): ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰˊ˔ʶʾʰ ΦǇȅ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴʶʾ ˇ ʾʵʽˇˌ ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺˌ ʴʽʰ ˄ʰ ˇˊʴʰ˄˗ˋʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶʽΦ 

ɳˉʽˍˊʷˉˇˎ˄ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˋʶ ʰ˄ʶ˅ʱˊˍʹˍʰ ˍ˃ʺ˃ʰˍʰΦ 

1.7.1.1 ʋˊʺˋʹ ƳƻŘǳƭŜǎ 

ʅˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ ʰˎˍʺ ʻʰ ˉʶˊʽʴˊʰ˒ʶʾ ʹ ˔ˊʺˋʹ ˋˍʰʻʶˊ˗˄ ˁʰʽ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍˇˎ ƳƻŘǳƭŜ ƳŀǘƘΣ ˖ˌ ʷ˄ʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˍˊˈˉ˖˄ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ 

ˉˊˈˋʲʰˋʹ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ˍ˖˄ ƳƻŘǳƭŜǎΦ 

ɴˋˍ˖ ˈˍʽ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ˋˍʰʻʶˊʱˌ Ǉƛ ˁʰʽ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʹ˃ʽˍˈ˄ˇˎΣ ǎƛƴόύ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 

ˍˇˎ ʹ˃ʽˍˈ˄ˇˎ ˍ˖˄ олϲΣ ʵʹ˂ʰʵʺ ˍˇˎ ˉκсΦ ɱʽʰ ˄ʰ ˁʰˍʰˋˍʶʾ ʰˎˍˈ ʵˎ˄ʰˍˈΣ ʰˉʰʽˍʶʾˍʰʽ ʰˊ˔ʽˁʱ ʹ ʶʽˋʰʴ˖ʴʺ 

ˍˇˎ ƳƻŘǳƭŜ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺΥ 

import math  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ ˉˊˈˋʲʰˋʹ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ƳƻŘǳƭŜ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍˇˎ ƴŀƳŜǎǇŀŎŜ 

ˍˇˎ όƳŀǘƘύΣ ˖ˌ ʶ˅ʺˌΥ 

math.sin(math.pi / 6)  

ɶ ˊʹˍʺ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ƳƻŘǳƭŜ όƳŀǘƘΦǎƛƴΣ ƳŀǘƘΦǇƛύ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ ˋʰ˒ʺ ˉˊˇʷ˂ʶˎˋʹ ˁʱʻʶ 

ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˁʰʽ ʰˉˇˍˊʷˉʶʽ ˉʽʻʰ˄ʷˌ ˋˎʴˁˊˇˏˋʶʽˌ ˇ˄ˇ˃ʱˍ˖˄Φ ɮ˄ ˉʶˊʽˋˋˈˍʶˊʰ ʰˉˈ ʷ˄ʰ ƳƻŘǳƭŜǎ 

ˇˊʾʸˇˎ˄ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʶ ˍˇ ʾʵʽˇ ˈ˄ˇ˃ʰ όˉΦ˔Φ ǎƛƴ ʺ ǇƛύΣ ʹ ˔ˊʺˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ ƳƻŘǳle_name.object_name 

ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˁˊʽʲʺ ˍʰˎˍˇˉˇʾʹˋʹ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ ˋˍˇʽ˔ʶʾˇˎΦ 

ɳʾ˄ʰʽ ʶˉʾˋʹˌ ʵˎ˄ʰˍˈˌ ˇ ˇˊʽˋ˃ˈˌ ˕ʶˎʵ˖˄ˏ˃ˇˎ όŀƭƛŀǎύ ʴʽʰ ʷ˄ʰ ƳƻŘǳƭŜ ˁʰˍʱ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍˇˎΦ ɱʽʰ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ƳƻŘǳƭŜ ƳŀǘƘ ˇ ˇˊʽˋ˃ˈˌ ʶ˄ˈˌ ˕ʶˎʵ˖˄ˏ˃ˇˎ ʴʾ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

import math as m  

m.sin(m.pi / 6)  

ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ˍˇ ˈ˄ˇ˃ʰ ƳŀǘƘ ʰ˄ˍʽˁʰʻʾˋˍʰˍʰʽ ˋˍˇ ˍˊʷ˔ˇ˄ ƴŀƳŜǎǇŀŎŜ ʰˉˈ ˍˇ ˕ʶˎʵ˗˄ˎ˃ˇ ƳΦ ɶ 

ˉˊʰˁˍʽˁʺ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˈˍʰ˄ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ƳƻŘǳƭŜ ʶʾ˄ʰʽ ˃ʶʴʱ˂ˇ ʺ ˈˍʰ˄ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ˃ʷˋʰ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ όˉΦ˔Φ ƛƳǇƻǊǘ ƴǳƳǇȅ ŀǎ ƴǇύΦ 

ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶˉʽ˂ʶˁˍʽˁʺ ʶʽˋʰʴ˖ʴʺ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Υ 

from math import sin, pi  

sin(pi / 6)  

ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ˍʰ ˇ˄ˈ˃ʰˍʰ ǎƛƴ ˁʰʽ Ǉƛ ʶʽˋʱʴˇ˄ˍʰʽ ʰˉʶˎʻʶʾʰˌ ˋˍˇ ˍˊʷ˔ˇ˄ ƴŀƳŜǎǇŀŎŜ ˁʰʽ ˃ˉˇˊˇˏ˄ 

˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˔˖ˊʾˌ ˍˇ ˉˊˈʻʶ˃ʰ ˍˇˎ ƳƻŘǳƭŜΦ ʆʷ˂ˇˌΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ˁʰʽ ʹ ˁʰʻˇ˂ʽˁʺ ʶʽˋʰʴ˖ʴʺΥ 

from math import *  
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ɶ ˍʶ˂ʶˎˍʰʾʰ ˃ˇˊ˒ʺΣ ʰ˄ ˁʰʽ ˋˎ˄ˍʰˁˍʽˁʱ ʷʴˁˎˊʹΣ ʵʶ˄ ˋˎ˄ʽˋˍʱˍʰʽ ˋʶ ˃ʶʴʱ˂ʰ ˉˊˇʴˊʱ˃˃ʰˍʰΣ ʵʽˈˍʽ ʶʽˋʱʴʶʽ 

ˈ˂ʰ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍˇˎ ƳƻŘǳƭŜ ˋˍˇ ˍˊʷ˔ˇ˄ ƴŀƳŜǎǇŀŎŜΣ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˋˎʴˁˊˇˏˋʶ˖˄ ˁʰʽ 

˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ ˋʰ˒ʺ˄ʶʽʰ ˁʰʽ ˍʹ ˋˎ˄ˍʹˊʹˋʽ˃ˈˍʹˍʰ ˍˇˎ ˁ˗ʵʽˁʰΦ 

1.7.1.2 ʃʰˊʱʵʶʽʴ˃ʰ ƳƻŘǳƭŜ ˇˊʽˋ˃ʷ˄ˇˎ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ 

ɴˋˍ˖ ʷ˄ʰ ƳƻŘǳƭŜ ˃ʶ ˈ˄ˇ˃ʰ ƳȅψƳƻŘΦǇȅ όɼΦ 1.7.1ύΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˁʰʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˋˍʽˌ 

ˇˉˇʾʶˌ ʷ˔ˇˎ˄ ʰ˄ʰˍʶʻʶʾ ˍʽ˃ʷˌΦ ʆʰ ˋˍˇʽ˔ʶʾʰ ʰˎˍʱ ʰˉˇˍʶ˂ˇˏ˄ ˍʰ ˂ʶʴˈ˃ʶ˄ʰ ŀǘǘǊƛōǳǘŜǎ ό˔ʰˊʰˁˍʹˊʽˋˍʽˁʱύ 

ˍˇˎ ƳƻŘǳƭŜΣ ʵʹ˂ʰʵʺ ˍʰ ˇ˄ˈ˃ʰˍʰ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˋˍˇ ƴŀƳŜǎǇŀŎŜ ˍˇˎΦ 

"""  

ȰɜŬ Ŭˊɚɧ module ɢɟɐůŰɖ  

"""  

 

PI = 3.14159    

 

def  square ( x ):  

    return  x *  x  

 

def  hello ( name):  

    return  f"Hello, { name}!"  
ɼΦ 1.7.1 ς ʁ ˁ˗ʵʽˁʰˌ ʶ˄ˈˌ ʰˉ˂ˇˏ ƳƻŘǳƭŜΦ  

ʃʷˊʰ ˍ˖˄ ŀǘǘǊƛōǳǘŜǎ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˊʹˍʱ ʰˉˈ ˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺΣ ˁʱʻʶ ƳƻŘǳƭŜ ʵʽʰʻʷˍʶʽ ˁʰʽ 

ˇˊʽˋ˃ʷ˄ʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʰ όōǳƛƭǘ-ƛƴύ ŀǘǘǊƛōǳǘŜǎΣ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋʶ ˈ˂ʰ ˍʰ ƳƻŘǳƭŜǎ ˍʹˌ tȅǘƘƻƴΦ 

ɳ˄ʵʶʽˁˍʽˁʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

¶ ψψŦƛƭŜψψ Ҧ ˉʶˊʽʷ˔ʶʽ ˍˇ ˈ˄ˇ˃ʰ ˁʰʽ ˍʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎ ʰˊ˔ʶʾˇˎ ʰˉˈ ˍˇ ˇˉˇʾˇ ˒ˇˊˍ˗ʻʹˁʶ ˍˇ 

module. 

¶ ψψƴŀƳŜψψ Ҧ ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˍʽ˃ʺ ϦψψƳŀƛƴψψϦ ˈˍʰ˄ ˍˇ ʾʵʽˇ ˍˇ ƳƻŘǳƭŜ ʶˁˍʶ˂ʶʾˍʰʽ ʰˉʶˎʻʶʾʰˌ ˖ˌ 

ˁˏˊʽˇ ˉˊˈʴˊʰ˃˃ʰΦ ʂˍʰ˄ ˈ˃˖ˌ ʴʾ˄ʶˍʰʽ ƛƳǇƻǊǘ ʰˉˈ ʱ˂˂ˇ ˉˊˈʴˊʰ˃˃ʰΣ ˂ʰ˃ʲʱ˄ʶʽ ˖ˌ ˍʽ˃ʺ ˍˇ 

ˈ˄ˇ˃ʰ ˍˇˎ ƳƻŘǳƭŜΦ 

¶ ψψŘƻŎψψ Ҧ ˉʶˊʽʷ˔ʶʽ ˍˇ ŘƻŎǎǘǊƛƴƎ ˍˇˎ ƳƻŘǳƭŜΣ ʵʹ˂ʰʵʺ ˍʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˍʶˁ˃ʹˊʾ˖ˋʹˌ ˉˇˎ 

ʷ˔ʶʽ ˍˇˉˇʻʶˍʹʻʶʾ ˋˍʹ˄ ʰˊ˔ʺ ˍˇˎ ʰˊ˔ʶʾˇˎΦ 

ʆˇ ƳƻŘǳƭŜ ˃ˉˇˊʶʾ ˄ʰ ʶʽˋʰ˔ʻʶʾ όƛƳǇƻǊǘύ ˋʶ ʱ˂˂ʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ˁʰʽ ˍʰ ŀǘǘǊƛōǳǘŜǎ ˍˇˎ ˄ʰ 

ˉˊˇˋˉʶ˂ʰˋˍˇˏ˄ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ˋʹ˃ʶʽˇʴˊʰ˒ʾʰˌ ˍʶ˂ʶʾʰˌ ˈˉ˖ˌ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.7.2 ˉˇˎ ˎˉˇʻʶˍʽˁʱ 

ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇ ƳŀƛƴΦǇȅΣ ˋˍˇ˄ ʾʵʽˇ ˒ʱˁʶ˂ˇ ˃ʶ ˍˇ ʰˊ˔ʶʾˇ ƳȅψƳƻŘΦǇȅΦ 

import  my_mod 

 

print ( my_mod. PI )   # 3.14159  

print ( my_mod. square ( 5))   # 25  

print ( my_mod. hello ( "ɀŬɟɑŬ" ))   # Hello, ɀŬɟɑŬ!  

 

print ( my_mod. __file__ )   # ŮɛűŬɜɑɕŮɘ Űɞ path Űɞɡ my_mod.py  

print ( my_mod. __name__)   # ŮɛűŬɜɑɕŮɘ "my_mod"  

print ( __name__)   # ŮɛűŬɜɑɕŮɘ "__main__"  
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print ( my_mod. __doc__ )   # ŮɛűŬɜɑɕŮɘ Űɞ docstring: " ȰɜŬ Ŭˊɚɧ module ɢɟɐůŰɖ"  

ɼΦ 1.7.2 ς ɳʽˋʰʴ˖ʴʺ ˍˇˎ ƳƻŘǳƭŜ ƳȅψƳƻŘ ˁʰʽ ˁ˂ʺˋʹΦ  

1.7.1.3 ʁ ˊˈ˂ˇˌ ˍˇˎ ψψƴŀƳŜψψ ҐҐ ϦψψƳŀƛƴψψϦ 

ʅˎ˔˄ʱ ˋˍˇ˄ ˁ˗ʵʽˁʰ ˋˎ˄ʰ˄ˍʱˍʰʽ ʹ ʶ˄ˍˇ˂ʺΥ 

if __name__ == "__main__":  

    ...  

ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇʽ ʶ˄ˍˇ˂ʷˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ˃ˉ˂ˇˁ ˍʹˌ ƛŦ ʻʰ ʶˁˍʶ˂ʶˋˍˇˏ˄ ˃ˈ˄ˇ ʰ˄ ˍˇ ʰˊ˔ʶʾˇ 

ˁ˗ʵʽˁʰ ˉˇˎ ˍʽˌ ˉʶˊʽʷ˔ʶʽ ʶʾ˄ʰʽ ʰˎˍˈ ˉˇˎ ˉˊ˖ˍˇʴʶ˄˗ˌ ʶˁˍʶ˂ʶʾˍʰʽΣ ʵʹ˂ʰʵʺ ʵʶ˄ ʴʾ˄ʶˍʰʽ ʰˉ˂ʱ ƛƳǇƻǊǘ ʰˉˈ 

ˁʱˉˇʽˇˇ ʱ˂˂ˇ ʰˊ˔ʶʾˇ ˁ˗ʵʽˁʰ ˉˇˎ ʷ˔ʶʽ ʶˉʽ˂ʶʴʶʾ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾΦ ʆˇ ʰˁˈ˂ˇˎʻˇ ˉʰˊʱʵʶʽʴ˃ʰ 

ʰˉˇˋʰ˒ʹ˄ʾʸʶʽ ˍˇ ˉʰˊʰˉʱ˄˖Φ 

ɴˋˍ˖ ʷ˄ʰ ʰˊ˔ʶʾˇ ˃ʶ ˈ˄ˇ˃ʰ ŀΦǇȅΣ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ʰ˂˂ʱ ˁʰʽ ˁʱˉˇʽˇ ˁ˗ʵʽˁʰ ʶˁˍˈˌ 

ˋˎ˄ʰˊˍʺˋʶ˖˄Σ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.7.3Φ ɮ˄ ˍˇ ŀΦǇȅ ʴʾ˄ʶʽ ƛƳǇƻǊǘ ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ ōΦǇȅ 

όˁ˗ʵʽˁʰˌ ɼΦ 1.7.4ύΣ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍˇ˄ ʾʵʽˇ ˒ʱˁʶ˂ˇ ˃ʶ ˍˇ ŀΦǇȅΣ ˁʰʽ ˍˇ ōΦǇȅ ʶˁˍʶ˂ʶˋˍʶʾ ˍˈˍʶ ʻʰ 

ʶˁˍʶ˂ʶˋˍʶʾ ˇ ˁ˗ʵʽˁʰˌ ʶˁˍˈˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍˇˎ ŀΦǇȅΦ ɮˎˍˈ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˉˇˎ ˋˎ˄ʺʻ˖ˌ 

ʵʶ˄ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍʺΦ  

def  my_function ():  

    print ( "ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ůɡɜɎɟŰɖůɖ Űɞɡ module a!" )  

 

 

for  _ in  range ( 2):  

    print ("ȾɎŰɘ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɧŰŬɜ ŮəŰŮɚŮɑŰŬɘ Űɞ a.py")  

ɼΦ 1.7.3 ς ʁ ˁ˗ʵʽˁʰˌ ˍˇˎ ŀΦǇȅΦ 

import  a 

 

a. my_function ()  

ɼΦ 1.7.4 ς ʁ ˁ˗ʵʽˁʰˌ ˍˇˎ ōΦǇȅ ˁʰ˂ʶʾ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ƳȅψŦǳƴŎǘƛƻƴόύ ˉˇˎ ˇˊʾʸʶˍʰʽ ˋˍˇ ƳƻŘǳƭŜ ŀΦ 

ɶ ʷ˅ˇʵˇˌ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ōΦǇȅ ʻʰ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 

ȾɎŰɘ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɧŰŬɜ ŮəŰŮɚŮɑŰŬɘ Űɞ a.py 

ȾɎŰɘ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɧŰŬɜ ŮəŰŮɚŮɑŰŬɘ Űɞ a.py 

ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ůɡɜɎɟŰɖůɖ Űɞɡ module a! 

ɱʽʰ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ʶˁˍˈˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍˇˎ ŀΦǇȅ ˈˍʰ˄ ʶˁˍʶ˂ʷʽˍʰʽ ˍˇ ōΦǇȅ ʻʰ 

ˉˊʷˉʶʽ ˇ ˁ˗ʵʽˁʰˌ ʶˁˍˈˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍˇˎ ŀΦǇȅ ˄ʰ ˍˇˉˇʻʶˍʹʻʶʾ ˃ʷˋʰ ˋˍˇ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄ ˃ʽʰˌ ʶ˄ˍˇ˂ʺˌ 

ƛŦ ˉˇˎ ʻʰ ʶ˂ʷʴ˔ʶʽ ʰ˄ ʹ ˍʽ˃ʺ ˍʹˌ ʶʽʵʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌ ψψƴŀƳŜψψ ʶʾ˄ʰʽ ʾˋʹ ˃ʶ ϦψψƳŀƛƴψψϦΦ ʅˎ˄ʶˉ˗ˌΣ ʹ 

˄ʷʰ ˃ˇˊ˒ʺ ˍˇˎ ŀΦǇȅ ʻʰ ʶʾ˄ʰʽ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.7.5. 

def  my_function ():  

    print ( "ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ůɡɜɎɟŰɖůɖ Űɞɡ module a!" )  

 

if  __name__ == "__main__" :  

    for  _ in  range ( 2):  

        print ("ȾɎŰɘ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɧŰŬɜ ŮəŰŮɚŮɑŰŬɘ Űɞ a.py")  

ɼΦ 1.7.5 ς ʁ ˁ˗ʵʽˁʰˌ ˍˇˎ ŀΦǇȅ ˃ʶˍʱ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˍˇˎ ʶ˂ʷʴ˔ˇˎ ƛŦ ψψƴŀƳŜψψ ҐҐ ϦψψƳŀƛƴψψϦΦ 
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ɶ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ōΦǇȅ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʻʰ ˉˊˇˁʰ˂ʷˋʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˃ˈ˄ˇ ˍˇˎ ˁ˗ʵʽˁʰ ˍʹˌ 

ˋˎ˄ʱˊˍʹˋʹˌ ƳȅψŦǳƴŎǘƛƻƴόύ ʰˉˈ ˍˇ ƳƻŘǳƭŜ ŀΦ  ɶ ʷ˅ˇʵˇˌ ʻʰ ʶʾ˄ʰʽΥ 

ȷɡŰɐ ŮɑɜŬɘ ɛɘŬ ůɡɜɎɟŰɖůɖ Űɞɡ module a! 

1.7.2. Packages 

ɴ˄ʰ ǇŀŎƪŀƎŜ όˉʰˁʷˍˇύ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˇˊʴʰ˄˖˃ʷ˄ʹ ˋˎ˂˂ˇʴʺ ʰˉˈ ƳƻŘǳƭŜǎ ˁʰʽ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʱ˂˂ʰ 

ˎˉˇˉʰˁʷˍʰ όǎǳōǇŀŎƪŀƎŜǎύΣ ˍʰ ˇˉˇʾʰ ʵˇ˃ˇˏ˄ˍʰʽ ʽʶˊʰˊ˔ʽˁʱ ˃ʷˋʰ ˋʶ ʷ˄ʰ˄ ˁʰˍʱ˂ˇʴˇ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

ʰˊ˔ʶʾ˖˄Φ ɶ ʷ˄˄ˇʽʰ ˍˇˎ ǇŀŎƪŀƎŜ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ˋ˔ʶˍʽˁˇˏ ˁ˗ʵʽˁʰ ˋʶ ʻʶ˃ʰˍʽˁʷˌ ʶ˄ˈˍʹˍʶˌΣ 

ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍˈˋˇ ˍʹ˄ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˈˋˇ ˁʰʽ ˍʹ ˋˎ˄ˍʺˊʹˋʹ ˃ʶʴʱ˂˖˄ ʷˊʴ˖˄ ˂ˇʴʽˋ˃ʽˁˇˏΦ 

ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ˍʰ ǇŀŎƪŀƎŜǎ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ʶʽʵʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ƳƻŘǳƭŜǎΣ ˍʰ ˇˉˇʾʰ ˈ˃˖ˌ 

ʰ˄ʰˉʰˊʾˋˍʰ˄ˍʰʽ ˖ˌ ˒ʱˁʶ˂ˇʽ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʶˉʽ˃ʷˊˇˎˌ ʰˊ˔ʶʾʰ tȅǘƘƻƴΦ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˉʰˁʷˍˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ƴǳƳǇȅΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ǎǳōǇŀŎƪŀƎŜǎ ˈˉ˖ˌ 

ˍʰ ŎƻǊŜΣ ƭƛƴŀƭƎΣ ǊŀƴŘƻƳ ˁΦʰΦ ʆˇ ǎǳōǇŀŎƪŀƎŜ ƴǳƳǇȅΦƭƛƴŀƭƎΣ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˉʶˊʽʷ˔ʶʽ ƳƻŘǳƭŜǎ ˋ˔ʶˍʽˁʱ 

˃ʶ ˉˊʱ˅ʶʽˌ ʴˊʰ˃˃ʽˁʺˌ ʱ˂ʴʶʲˊʰˌΣ ˈˉ˖ˌ ˎˉˇ˂ˇʴʽˋ˃ˈ ʰ˄ˍʽˋˍˊˈ˒ˇˎ ˉʾ˄ʰˁʰΣ ˎˉˇ˂ˇʴʽˋ˃ˈ ʽʵʽˇˍʽ˃˗˄Σ 

ˁΦ˂ˉΦ ɴˍˋʽΣ ʷ˄ʰˌ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ʶʾˍʶ ˄ʰ ʶʽˋʰʴʱʴʶʽ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ǇŀŎƪŀƎŜ όƛƳǇƻǊǘ ƴǳƳǇȅ ŀǎ ƴǇύ ʶʾˍʶ ˄ʰ 

ʶʽˋʰʴʱʴʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ǎǳōǇŀŎƪŀƎŜ όŦǊƻƳ ƴǳƳǇȅ ƛƳǇƻǊǘ ƭƛƴŀƭƎύΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.7.6 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˈˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰˌ 

ˉʾ˄ʰˁʰˌ ὃ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ƴǳƳǇȅΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˅ʽˇˉˇʽʶʾˍʰʽ ˍˇ ǎǳōǇŀŎƪŀƎŜ ƴǳƳǇȅΦƭƛƴŀƭƎ ʴʽʰ ˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰ˄ˍʽˋˍˊˈ˒ˇˎ ˉʾ˄ʰˁʰ ˃ʷˋ˖ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ƭƛƴŀƭƎΦƛƴǾό!ύΦ ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˇ ˍʶ˂ʶˋˍʺˌ Ϫ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʴʽ˄ˇ˃ʷ˄ˇˎ ˉʽ˄ʱˁ˖˄Σ 

ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˈˍʽ ˍˇ ʴʽ˄ˈ˃ʶ˄ˇ ὃẗὃ  ʽˋˇˏˍʰʽ ˃ʶ ˍˇ˄ ˃ˇ˄ʰʵʽʰʾˇ ˉʾ˄ʰˁʰΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ 

ʷ˅ˇʵˇ ɳ. 6Φ ɱʽʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍˇ ƴǳƳǇȅ ʻʰ ˉˊʷˉʶʽ ˉˊ˗ˍʰ ˄ʰ ʶʴˁʰˍʰˋˍʰʻʶʾ ˃ʶ ˍˇ ǇƛǇ όʺ ʱ˂˂ˇύ 

ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʹˁʶ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ Φ 

import  numpy as  np 

from  numpy import  linalg  

 

# Ŭˊɞűɡɔɐ ŮˊɘůŰɖɛɞɜɘəɐɠ ůɖɛŮɘɞɔɟŬűɑŬɠ 

np . set_printoptions ( suppress =True )  

 

A = np . array ([[ 1,  2],  [ 3,  4]])  

print ( "A: \ n" ,  A)  

 

# ɢɟɐůɖ Ŭˊɧ Űɞ subpackage numpy.linalg  

inv_A = linalg . inv ( A)  

print ( "A^ - 1: \ n" ,  inv_A )  

 

I = A @ inv_A  # Űɞ ɔɘɜɧɛŮɜɞ A * A^-1 ɛŮ Űɞɜ ŰŮɚŮůŰɐ @ 

print ( "A x A^ - 1: \ n" ,  I )  
 ɼΦ 1.7.6 ς ʃʰˊʱʵʶʽʴ˃ʰ ˔ˊʺˋʹˌ ˍˇˎ ǇŀŎƪŀƎŜ ƴǳƳǇȅΦ  

A:  
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 [[1 2]  

 [3 4]]  

A^- 1:  

 [[ - 2.   1. ]  

 [ 1.5 - 0.5]]  

A x A^ - 1:  

 [[1. 0.]  

 [0. 1.]]  

ɳ. 6 ς ɴ˅ˇʵˇˌ ˁ ˗ʵʽˁʰ ɼΦ 1.7.6.  

1.7.2.1 ɲʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ǇŀŎƪŀƎŜ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ǇŀŎƪŀƎŜ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ʶʾ˄ʰʽ ˃ʽʰ ˋ˔ʶˍʽˁʺ ʰˉ˂ʺ ʵʽʰʵʽˁʰˋʾʰ ˁʰʽ ʲˇʹʻʱ ˋˍʹ˄ 

ˁʰ˂ˏˍʶˊʹ ˇˊʴʱ˄˖ˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɴ˄ʰ ǇŀŎƪŀƎŜ ʶʾ˄ʰʽ ʷ˄ʰˌ ˒ʱˁʶ˂ˇˌ ˉˇˎ 

ˉʶˊʽʷ˔ʶʽ ʰˊ˔ʶʾʰ ΦǇȅ ˁʰʽΣ ˁʰˍʱ ˁʰ˄ˈ˄ʰΣ ʷ˄ʰ ʰˊ˔ʶʾˇ ψψƛƴƛǘψψΦǇȅΣ ˍˇ ˇˉˇʾˇ ʵʹ˂˗˄ʶʽ ˈˍʽ ˇ ˒ʱˁʶ˂ˇˌ ˉˊʷˉʶʽ 

˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍʶʾ ˖ˌ ˉʰˁʷˍˇΦ ɶ ˔ˊʺˋʹ ǇŀŎƪŀƎŜǎ ʶˉʽˍˊʷˉʶʽ ˍʹ ˂ˇʴʽˁʺ ˇ˃ʰʵˇˉˇʾʹˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ˃ʶ 

ˋˁˇˉˈ ˍʹ ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ˁʰʽ ˋˎ˄ˍʺˊʹˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰΦ  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ʶ˄ˈˌ ǇŀŎƪŀƎŜ ˃ʶ ˈ˄ˇ˃ʰ ƳȅψǇŀŎƪŀƎŜ ˉˇˎ 

ˉʶˊʽʷ˔ʶʽ ʵˏˇ ʰˊ˔ʶʾʰ ΦǇȅΥ ˍˇ ʰˊ˔ʶʾˇ ƳŀǘƘψǳǘƛƭǎΦǇȅ όˁ˗ʵʽˁʰˌ ɼΦ 1.7.7ύ ˁʰʽ ˍˇ ʰˊ˔ʶʾˇ ǘŜȄǘψǳǘƛƭǎΦǇȅ 

όˁ˗ʵʽˁʰˌ ɼΦ 1.7.8ύΦ ʆʰ ʰˊ˔ʶʾʰ ʰˎˍʱ ˎˉʱˊ˔ˇˎ˄ ˋʶ ʷ˄ʰ˄ ˒ʱˁʶ˂ˇ ˃ʶ ˈ˄ˇ˃ʰ ƳȅψǇŀŎƪŀƎŜ ˉˇˎ ʶˉʽˉ˂ʷˇ˄ 

ˉʶˊʽʷ˔ʶʽ ˍˇ ʰˊ˔ʶʾˇ ψψƛƴƛǘψψΦǇȅ ˍˇ ˇˉˇʾˇ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ˁʶ˄ˈΦ ʆˇ ƳȅψǇŀŎƪŀƎŜ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ ƳŀƛƴΦǇȅ όˁ˗ʵʽˁʰˌ ɼΦ 1.7.9ύ ˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʾʵʽˇ ʶˉʾˉʶʵˇ 

˒ʰˁʷ˂˖˄ ˃ʶ ˍˇ˄ ˒ʱˁʶ˂ˇ ƳȅψǇŀŎƪŀƎŜΦ ɶ ʵˇ˃ʺ ˒ʰˁʷ˂˖˄ ˁʰʽ ʰˊ˔ʶʾ˖˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʶʾ˄ʰʽ ʹ 

ʰˁˈ˂ˇˎʻʹΥ 

my_package/  

__init__.py  

math_utils.py  

text_utils.py  

main.py  

 

def  add ( a,  b):  

    return  a + b 

ɼΦ 1.7.7 ς ʆʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ƳŀǘƘψǳǘƛƭǎΦǇȅΦ 

def  whisper ( message ):  

    return  message . lower ()  + "..."  

 ɼΦ 1.7.8 ς ʆʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ǘŜȄǘψǳǘƛƭǎΦǇȅΦ 

from  my_package import  text_utils ,  math_utils  

 

print ( math_utils . add ( 2,  3))   # 5  

print ( text_utils . whisper ( "Hello" ))   # "hello..."  

ɼΦ 1.7.9 ς ʆʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ƳŀƛƴΦǇȅ ˃ʰʸʾ ˃ʶ ˍʹ˄ ʷ˅ˇʵˇ ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍʽˌ ˁ˂ʺˋʶʽˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˖ˌ ˋ˔ˈ˂ʽʰΦ  

ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ʵˇ˃ʺ ʰˊ˔ʶʾ˖˄ ˁʰʽ ˒ʰˁʷ˂˖˄ ʻʰ ˃ˉˇˊˇˏˋʶ ʹ ψψƛƴƛǘψψΦǇȅ ˄ʰ ʷ˔ʶʽ ˍˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˉˇˎ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.7.10Σ ˁʰʽ ʹ ƳŀƛƴΦǇȅ ˄ʰ ʷ˔ʶʽ ˖ˌ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇ˄ ˁ˗ʵʽˁʰ 

ɼΦ 1.7.11Φ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ƳŀƛƴΦǇȅ ʻʰ ʶʾ˄ʰʽ ˁʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇ ʾʵʽˇΦ 

from  . math_utils  import  add  
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from  . text_utils  import  whisper  

ɼΦ 1.7.10 ς ɳ˄ʰ˂˂ʰˁˍʽˁʺ ˎ˂ˇˉˇʾʹˋʹΥ ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ψψƛƴƛǘψψΦǇȅΦ 

import  my_package  

 

print ( my_package . math_utils . add ( 2,  3))   # 5  

print ( my_package . text_utils . whisper ( "Hello" ))  # "hello..."  

ɼΦ 1.7.11 ς ɳ˄ʰ˂˂ʰˁˍʽˁʺ ˎ˂ˇˉˇʾʹˋʹΥ ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˍˇˎ ƳŀƛƴΦǇȅΦ    

1.8. ɮ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ 

ɶ tȅǘƘƻƴ ʶʾ˄ʰʽ ˃ʽʰ ʴ˂˗ˋˋʰ ˉˇ˂˂ʰˉ˂˗˄ ˎˉˇʵʶʽʴ˃ʱˍ˖˄ όƳǳƭǘƛ-ǇŀǊŀŘƛƎƳύΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ 

ˎˉˇˋˍʹˊʾʸʶʽ ˉˇ˂˂ˇˏˌ ˍˊˈˉˇˎˌ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ʰ˄ʱˉˍˎ˅ʹ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Σ 

ʶ˒ʰˊ˃ˇʴ˗˄ ˁʰʽ ˃ʶʴʱ˂˖˄ ˉ˂ʹˊˇ˒ˇˊʽʰˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ ɲˏˇ ʲʰˋʽˁˇʾ ˍˊˈˉˇʽ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ʶ 

ˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽ ˇ ʵʽʰʵʽˁʰˋʽʰˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ όǇǊƻŎŜŘǳǊŀƭ ǇǊƻƎǊŀƳƳƛƴƎύ ˁʰʽ ˇ 

ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ όƻōƧŜŎǘ ƻǊƛŜƴǘŜŘ ǇǊƻƎǊŀƳƳƛƴƎύΦ ʁ ʵʽʰʵʽˁʰˋʽʰˁˈˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˇˊʴʰ˄˗˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˋʶ ʵʽʰʵʽˁʰˋʾʶˌκˋˎ˄ʰˊˍʺˋʶʽˌΦ ʁ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ 

˃ʶ ˍʹ ˋˎʴʴˊʰ˒ʺ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉˇˎ ʶˉʽ˂ˏˇˎ˄ ˃ʽˁˊˈˍʶˊʰ ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰΦ ɾʷˋ˖ ˍʹˌ ʶˉʾ˂ˎˋʹˌ ˍ˖˄ 

˃ʽˁˊˈˍʶˊ˖˄ ˎˉˇˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˁʰʽ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍˇˎˌ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ʶˉʾ˂ˎˋʹ ˃ʶʴʰ˂ˏˍʶˊ˖˄ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˃ʷ˔ˊʽ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ˇ 

ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˇˊʴʰ˄˗˄ʶʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʴˏˊ˖ ʰˉˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όƻōƧŜŎǘǎύ 

ˉˇˎ ˋˎ˄ʵˎʱʸˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋˍˇ˔ʶˏˇ˄ˍʰˌ ˋˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˎ˕ʹ˂ˈˍʶˊˇˎ ʶˉʽˉʷʵˇˎ 

ʰ˒ʰʾˊʶˋʹˌ ʴʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˁʰʽ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ɾʶ ˍˇ˄ ˈˊˇ 

ʰ˒ʰʾˊʶˋʹ όŀōǎǘǊŀŎǘƛƻƴύΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉˈ ˍʽˌ п ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ʶ˄˄ˇʶʾˍʰʽ ʹ ʵʽʰˍʺˊʹˋʹ ˃ˈ˄ˇ ˍ˖˄ ˇˎˋʽʰˋˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 

ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʽ ʹ ʰˉˈˁˊˎ˕ʹ ˍ˖˄ ˃ʹ ʰˉʰˊʰʾˍʹˍ˖˄ ˂ʶˉˍˇ˃ʶˊʶʽ˗˄ ˎ˂ˇˉˇʾʹˋʹˌΦ ʁʽ ʱ˂˂ʶˌ 

ˍˊʶʽˌ ʰˊ˔ʷˌ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʶʾ˄ʰʽ ʹ ʶ˄ʻˎ˂ʱˁ˖ˋʹ όŜƴŎŀǇǎǳƭŀǘƛƻƴύΣ ʹ 

ˁ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰ όƛƴƘŜǊƛǘŀƴŎŜύ ˁʰʽ ˇ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˈˌ όǇƻƭȅƳƻǊǇƘƛǎƳύΣ ˉˇˎ ʻʰ ˉʶˊʽʴˊʰ˒ˇˏ˄ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰΦ  

ʁ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʻʶ˖ˊʶʾˍʰʽ ʴʶ˄ʽˁʱ ˋʺ˃ʶˊʰ ˖ˌ ʷ˄ʰ ʶˉʽˍˎ˔ʹ˃ʷ˄ˇ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁˈ ˎˉˈʵʶʽʴ˃ʰ όǇǊƻƎǊŀƳƳƛƴƎ ǇŀǊŀŘƛƎƳύ ˉˇˎ ˃ʶ ˉˊˇˋʶˁˍʽˁʺ ˁʰʽ ˋ˖ˋˍʺ ʶ˒ʰˊ˃ˇʴʺ 

˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˃ʶʴʱ˂˖˄ ʶ˒ʰˊ˃ˇʴ˗˄ ˉˇˎ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʶˏˁˇ˂ˇ ˄ʰ ʶˉʶˁˍʰʻˇˏ˄ 

ˁʰʽ ˄ʰ ʵʽˇˊʻ˖ʻˇˏ˄ ʶ˄˗ ˇ ˁ˗ʵʽˁʱˌ ˍˇˎˌ ˉʰˊʰ˃ʷ˄ʶʽ ˁʰˍʰ˄ˇʹˍˈˌΦ ɼʰʻ˗ˌ ʹ ˋˏʴ˔ˊˇ˄ʹ ʰ˄ʱˉˍˎ˅ʹ 

˂ˇʴʽˋ˃ʽˁˇˏ ʶ˃ˉ˂ʷˁʶʽ ˇ˃ʱʵʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍ˗˄ ˉˇˎ ʰ˄ʰ˄ʶ˗˄ˇ˄ˍʰʽ ˋˎ˔˄ʱΣ ʹ ˁʰ˂ʺ ʴ˄˗ˋʹ ˍ˖˄ ʰˊ˔˗˄ 

ˍʹˌ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˋ˔ʶʵʾʰˋʹˌ ˁʰʽ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋʶ ˃ʽʰ ʴ˂˗ˋˋʰ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ˍˇ˄ ˎˉˇˋˍʹˊʾʸʶʽ όˉΦ˔ΦΣ WŀǾŀΣ /ҌҌΣ tȅǘƘƻƴύ ʶʾ˄ʰʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˉˊˇʰˉʰʽˍˇˏ˃ʶ˄ˇ 

ʴʽʰ ˍʹ˄ ʷ˄ˍʰ˅ʹ ʶ˄ˈˌ ˄ʷˇˎ ˃ʷ˂ˇˎˌ ˋʶ ˃ʽʰ ˇ˃ʱʵʰ ʰ˄ʱˉˍˎ˅ʹˌ ˂ˇʴʽˋ˃ʽˁˇˏΦ 
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ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ʹ tȅǘƘƻƴ ʶʾ˄ʰʽ ˃ʽʰ ˁʰʻʰˊʱ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺˌ ʴ˂˗ˋˋʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˁʰˍʱ 

ˍʹ˄ ʷ˄˄ˇʽʰ ˈˍʽ ˈ˂ʰ ʶʾ˄ʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.8.1 ̄ ˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˋˍˇ w9t[ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǘȅǇŜόύΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ tȅǘƘƻƴ ˎˉˇˋˍʹˊʾʸʶʽ ˍˇ˄ ʵʽʰʵʽˁʰˋʽʰˁˈ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˁʰʽ ʵʽʰʻʷˍʶʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋˎ˄ʰˊˍʹˋʽʰˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ όˉΦ˔ΦΣ ƭŀƳōŘŀǎΣ 

closures, first-class functions).  

>>> type(1)  

<class 'int'>  

>>> type(' ũŮɘŬ')  

<class 'str'>  

>>> type(sum)  

<class 'builtin_function_or_method'>  

>>> import math  

>>> type(math)  

<class 'module'>  

>>> type(math.sqrt)  

<class 'builtin_function_or_method'>  

ɼΦ 1.8.1 ς ʅˍʹ˄ tȅǘƘƻƴ ˈ˂ʰ ʶʾ˄ʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΦ 

1.8.1. ɼ˂ʱˋʶʽˌ ˁʰʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ 

ɲˏˇ ʲʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʶʾ˄ʰʽ ʹ ʷ˄˄ˇʽʰ ˍʹˌ ˁ˂ʱˋʹˌ ˁʰʽ ʹ 

ʷ˄˄ˇʽʰ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ɾʽʰ ˁ˂ʱˋʹ όŎƭŀǎǎύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰ˒ʹˊʹ˃ʷ˄ˇ ˉˊˈˍˎˉˇ όōƭǳŜǇǊƛƴǘύ ʺ ʷ˄ʰ 

ˁʰ˂ˇˏˉʽ ˃ʶ ʲʱˋʹ ˍˇ ˇˉˇʾˇ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˇ˄ˍˈˍʹˍʶˌΦ ʅˍʹ˄ tȅǘƘƻƴΣ ʹ ˁ˂ʱˋʹ ˇˊʾʸʶʽ ˍʹ 

ʵˇ˃ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ό˔ʰˊʰˁˍʹˊʽˋˍʽˁʱκŀǘǘǊƛōǳǘŜǎύ ˁʰʽ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ό˃ʶʻˈʵˇˎˌκƳŜǘƘƻŘǎύ ˉˇˎ ʻʰ 

ʷ˔ˇˎ˄ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ʻʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ʰˉˈ ʰˎˍʺ˄Φ  

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.8.2 ʹ ˁ˂ʱˋʹ /ŀǊ ˇˊʾʸʶʽ ˍʽ ˋʹ˃ʰʾ˄ʶʽ ζʰˎˍˇˁʾ˄ʹˍˇη ˃ʷˋʰ ˋˍˇ 

ˉˊˈʴˊʰ˃˃ʰΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ 

¶ ʆˊʾʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ʵʾ˄ˇ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΥ ƳŀƪŜΣ ƳƻŘŜƭΣ ȅŜŀǊΦ 

¶ ɴ˄ʰ ʶˉʽˉ˂ʷˇ˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ƻŘƻƳŜǘŜǊΣ ˍˇ ˇˉˇʾˇ ʰˊ˔ʽˁˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˍʽ˃ʺ лΦ 

¶ ɲˏˇ ˃ʶʻˈʵˇˎˌΥ 

o ψψǎǘǊψψΣ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ʰˎˍˇˁʽ˄ʺˍˇˎΦ ɶ ˃ʷʻˇʵˇˌ ψψǎǘǊψψ ʶʾ˄ʰʽ ˃ʽʰ ʶʽʵʽˁʺ 

˃ʷʻˇʵˇˌ όƳŀƎƛŎ ƳŜǘƘƻŘύ ˉˇˎ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˋʶ ˃ˇˊ˒ʺ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ ɳˁˍʶ˂ʶʾˍʰʽ ʰˎˍˈ˃ʰˍʰ ˈˍʰ˄ ˁʰ˂ʶʾˍʰʽ ʹ ǇǊƛƴǘόύ ˉʱ˄˖ ˋʶ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ 

o ǳǇŘŀǘŜψƻŘƻƳŜǘŜǊόƴŜǿψƪƳύΣ ˉˇˎ ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˍʰ ˔ʽ˂ʽˈ˃ʶˍˊʰ ˃ʶ ʷ˂ʶʴ˔ˇ ˗ˋˍʶ ˄ʰ ˃ʹ˄ 

ʶˉʽˍˊʷˉʶˍʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʽ˃ʺˌΦ 

ɶ ʶʽʵʽˁʺ ˃ʷʻˇʵˇˌ ψψƛƴƛǘψψ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ʷ˄ʰˌ ˁʰˍʰˋˁʶˎʰˋˍʺˌ όŎƻƴǎǘǊǳŎǘƻǊύ ˁʰʽ ʶˁˍʶ˂ʶʾˍʰʽ 

ʰˎˍˈ˃ʰˍʰ ˈˍʰ˄ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˄ʷˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˁ˂ʱˋʹˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ 

ʰˊ˔ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ǎŜƭŦ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ʾʵʽˇ ˍˇ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˁʰʽ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉˊˈˋʲʰˋʹ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˍˇˎΦ 
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ɴ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʶʾ˄ʰʽ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋˍʽʴ˃ʽˈˍˎˉˇ όƛƴǎǘŀƴŎŜύ ˃ʽʰˌ ˁ˂ʱˋʹˌΦ ɲʹ˃ʽˇˎˊʴʶʾˍʰʽ 

ˁʰ˂˗˄ˍʰˌ ˍʹ˄ ˁ˂ʱˋʹ ˖ˌ ˋˎ˄ʱˊˍʹˋʹΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺΥ 

a_car = Car("Opel", "Corsa", 2024)  

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˁ˂ʱˋʹˌ /ŀǊΣ ˍˇ ˇˉˇʾˇ ʰ˄ʰˍʾʻʶˍʰʽ ˋˍʹ ˃ʶˍʰʲ˂ʹˍʺ ŀψŎŀǊΦ ʆˇ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˎˍˈ ʷ˔ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎΥ ˃ʱˊˁʰ ϦhǇŜƭϦΣ ˃ˇ˄ˍʷ˂ˇ 

Ϧ/ƻǊǎŀϦΣ ʷˍˇˌ нлнп ˁʰʽ ʰˊ˔ʽˁʱ л ˔ʽ˂ʽˈ˃ʶˍˊʰΦ 

ɶ ʁ ˄ˍˇ˂ʺ: 

print(a_car)  

ˉˊˇˁʰ˂ʶʾ ʷ˃˃ʶˋʰ ˍʹ˄ ˁ˂ʺˋʹ ˍʹˌ ψψǎǘǊψψ ʴʽʰ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ζˁʰˍʱˋˍʰˋʹˌη ˍˇˎ  ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΣ ʶ˄˗ 

ʹ ˁ˂ʺˋʹΥ 

a_car.update_odometer(1000)  

ʶ˄ʹ˃ʶˊ˗˄ʶʽ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ʂˍʰ˄ ʶˉʽ˔ʶʽˊʶʾˍʰʽΥ 

a_car.update_odometer(900)  

ʹ ˃ʷʻˇʵˇˌ ʰˉˇˊˊʾˉˍʶʽ ˍʹ˄ ʰ˂˂ʰʴʺΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʹ ˋˎ˄ʷˉʶʽʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ 

˃ʶʻˈʵˇˎ ǳǇŘŀǘŜψƻŘƻƳŜǘŜǊ ʰˉˇˍʶ˂ʶʾ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˄ʻˎ˂ʱˁ˖ˋʹˌ όŜƴŎŀǇǎǳƭŀǘƛƻƴύ ˁʰʽ ʰˉˈˁˊˎ˕ʹˌ 

ˉ˂ʹˊˇ˒ˇˊʾʰˌ όƛƴŦƻǊƳŀǘƛƻƴ ƘƛŘƛƴƎύΣ ˁʰʻ˗ˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ όˉΦ˔Φ ʹ ˍʽ˃ʺ ˍˇˎ ƻŘƻƳŜǘŜǊύ 

ʵʶ˄ ˍˊˇˉˇˉˇʽˇˏ˄ˍʰʽ ʱ˃ʶˋʰ ʰˉˈ ʶ˅˖ˍʶˊʽˁˈ ˁ˗ʵʽˁʰΣ ʰ˂˂ʱ ˃ˈ˄ˇ ˃ʷˋ˖ ʶ˂ʶʴ˔ˈ˃ʶ˄˖˄ ˃ʶʻˈʵ˖˄ ˍʹˌ 

ˁ˂ʱˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ʶˉʽʲʱ˂˂ˇˎ˄ ˁʰ˄ˈ˄ʶˌ ˁʰʽ ʵʽʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʹ ˋˎ˄ʷˉʶʽʰ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˍʱˋˍʰˋʹˌ 

ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ 

ʅˍʹ˄ ʷ˅ˇʵˇ ɳΦ 7 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰ ˋˎ˄ˇ˂ʽˁʱΦ 

class  Car :  

    def  __init__ ( self ,  make,  model ,  year ):  

        self . make = make 

        self . model  = model  

        self . year  = year  

        self . odometer  = 0 

 

    def  __str__ ( self ):  

        return  f" ȷɡŰɞəɑɜɖŰɞ ɛɎɟəŬɠ { self . make}, ɛɞɜŰɏɚɞɡ { self . model }, 

ɏŰɞɡɠ { self . year } ɛŮ { self . odometer } ɢɘɚɘɧɛŮŰɟŬ."  

 

    def  update_odometer ( self ,  new_km):  

        print (f"ɇɞ ŬɡŰɞəɑɜɖŰɞ ɏɢŮɘ {self . odometer } ɢɘɚɘɧɛŮŰɟŬ. ȺˊɘɢŮɘɟŮɑŰŬɘ 

ɜŬ ŬɚɚɎɝɞɡɜ ůŮ {new_km}." )  

        if  new_km > self . odometer :  

            self . odometer  = new_km 

        else :  

            print ("ȹŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɔɡɟɑůɞɡɜ ˊɑůɤ ŰŬ ɢɘɚɘɧɛŮŰɟŬ.")  
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a_car = Car ( "Opel" ,  "Corsa" ,  2024 )  

print ( a_car )  

a_car . update_odometer ( 1000 )  

print ( a_car )  

a_car . update_odometer ( 900 )  

print ( a_car )  

ɼΦ 1.8.2 ς ɴ˄ʰ ʶʽˋʰʴ˖ʴʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ˇˏˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΥ ʹ ˁ˂ʱˋʹ /ŀǊ ˁʰʽ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ŀψŎŀǊΦ  

ȷɡŰɞəɑɜɖŰɞ ɛɎɟəŬɠ Opel, ɛɞɜŰɏɚɞɡ Corsa, ɏŰɞɡɠ 2024 ɛŮ 0 ɢɘɚɘɧɛŮŰɟŬ. 

ɇɞ ŬɡŰɞəɑɜɖŰɞ ɏɢŮɘ 0 ɢɘɚɘɧɛŮŰɟŬ. ȺˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ŬɚɚɎɝɞɡɜ ůŮ 1000. 

ȷɡŰɞəɑɜɖŰɞ ɛɎɟəŬɠ Opel, ɛɞɜŰɏɚɞɡ Corsa, ɏŰɞɡɠ 2024 ɛŮ 1000 ɢɘɚɘɧɛŮŰɟŬ. 

ɇɞ ŬɡŰɞəɑɜɖŰɞ ɏɢŮɘ 1000 ɢɘɚɘɧɛŮŰɟŬ. ȺˊɘɢŮɘɟŮɑŰŬɘ ɜŬ ŬɚɚɎɝɞɡɜ ůŮ 900. 

ȹŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɔɡɟɑůɞɡɜ ˊɑůɤ ŰŬ ɢɘɚɘɧɛŮŰɟŬ. 

ȷɡŰɞəɑɜɖŰɞ ɛɎɟəŬɠ Opel, ɛɞɜŰɏɚɞɡ Corsa, ɏŰɞɡɠ 2024 ɛŮ 1000 ɢɘɚɘɧɛŮŰɟŬ. 

ɳΦ 7 ς ɴ˅ˇʵˇˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.8.2  

 

1.8.2. ɼ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰ 

ɶ ˁ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˇˊʽˋ˃ˈ ˃ʽʰˌ ˄ʷʰˌ ˁ˂ʱˋʹˌ ˃ʶ ʲʱˋʹ ˃ʽʰ ʺʵʹ ˎˉʱˊ˔ˇˎˋʰΦ ɶ ˄ʷʰ ˁ˂ʱˋʹ 

όˎˉˇˁ˂ʱˋʹ ς ǎǳōŎƭŀǎǎύ ˁ˂ʹˊˇ˄ˇ˃ʶʾ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˍʹˌ ʰˊ˔ʽˁʺˌ ˁ˂ʱˋʹˌ 

όˎˉʶˊˁ˂ʱˋʹ ς ǎǳǇŜǊŎƭŀǎǎύΣ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰˌ ʺ ʶ˅ʶʽʵʽˁʶˏˇ˄ˍʰˌ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍʹˌΦ  

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.8.3 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˁ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰˌ ˃ʶ ʵˏˇ ˁ˂ʱˋʶʽˌΣ ˍʹ˄ 

ˎˉʶˊˁ˂ʱˋʹ .ŀƴƪ!ŎŎƻǳƴǘ ˁʰʽ ˍʹ˄ ˎˉˇˁ˂ʱˋʹ {ŀǾƛƴƎǎ!ŎŎƻǳƴǘΦ ɶ ˁ˂ʱˋʹ .ŀƴƪ!ŎŎƻǳƴǘ ˇˊʾʸʶʽ ˍʰ ʲʰˋʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶ˄ˈˌ ˍˊʰˉʶʸʽˁˇˏ ˂ˇʴʰˊʽʰˋ˃ˇˏΣ ʵʹ˂ʰʵʺ ˍˇ˄ ˁʱˍˇ˔ˇ όƻǿƴŜǊύ ˁʰʽ ˍˇ ˎˉˈ˂ˇʽˉˇ 

(balance). ɶ ˁ˂ʱˋʹ {ŀǾƛƴƎǎ!ŎŎƻǳƴǘ ʵʹ˂˗˄ʶˍʰʽ ˖ˌ ˎˉˇˁ˂ʱˋʹ ˍʹˌ .ŀƴƪ!ŎŎƻǳƴǘΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ 

ˈˍʽ ˁ˂ʹˊˇ˄ˇ˃ʶʾ ˈ˂ʰ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˎˉʶˊˁ˂ʱˋʹˌ ˔˖ˊʾˌ ˄ʰ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˍʰ 

ʶˉʰ˄ʰˉˊˇˋʵʽˇˊʾˋʶʽΦ ʅˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍʹˌ ˎˉˇˁ˂ʱˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ǎǳǇŜǊόύΣ ˗ˋˍʶ 

˄ hˁ˂ʹʻʶʾ ˇ ˁʰˍʰˋˁʶˎʰˋˍʺˌ ˍʹˌ ˎˉʶˊˁ˂ʱˋʹˌ ˁʰʽ ˄ʰ ʰˊ˔ʽˁˇˉˇʽʹʻˇˏ˄ ˍʰ ˁˇʽ˄ʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ 

ɳˉʽˉ˂ʷˇ˄Σ ʹ {ŀǾƛƴƎǎ!ŎŎƻǳƴǘ ʶˉʶˁˍʶʾ˄ʶʽ ˍʹ ʲʰˋʽˁʺ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˍˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

ƛƴǘŜǊŜǎǘψǊŀǘŜ ˁʰʽ ˍʹ ˃ʷʻˇʵˇ ŀǇǇƭȅψƛƴǘŜǊŜǎǘόύΣ ʹ ˇˉˇʾʰ ˎˉˇ˂ˇʴʾʸʶʽ ˁʰʽ ˉˊˇˋʻʷˍʶʽ ˍˇˎˌ ˍˈˁˇˎˌ ˋˍˇ 

ˎˉˈ˂ˇʽˉˇ ˍˇˎ ˂ˇʴʰˊʽʰˋ˃ˇˏΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ʹ ˎˉˇˁ˂ʱˋʹ ʶ˅ʶʽʵʽˁʶˏʶʽ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍʹˌ 

ˎˉʶˊˁ˂ʱˋʹˌΣ ˎ˂ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʶʽʵʽˁˈ ˍˏˉˇ ˍˊʰˉʶʸʽˁˇˏ ˂ˇʴʰˊʽʰˋ˃ˇˏ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ ʰ˄ʰˍˇˁʽˋ˃ˈΦ 

class  BankAccount :  

    def  __init__ ( self ,  owner ,  balance =0):  

        self . owner  = owner  

        self . balance  = balance  

 

 

class  SavingsAccount ( BankAccount ):  

    def  __init__ ( self ,  owner ,  balance =0,  interest_rate =0):  

        super (). __init__ ( owner ,  balance )  

        self . interest_rate  = interest_rate  

 

    def  apply_interest ( self ):  

        self . balance  += self . balance  *  self . interest_rate  
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savings = SavingsAccount ( "ũɘɎɜɜɖɠ ɄŬˊŬŭɧˊɞɡɚɞɠ" ,  3000 ,  0.05 )  

print ( f" ȷɟɢɘəɧ ɡˊɧɚɞɘˊɞ: { savings . balance :.2f} Ůɡɟɩ" )  

 

for  i in  range ( 5):  

    savings . apply_interest ()  

    print (f"ɀŮŰɎ Ŭˊɧ Űɖɜ {i +1}ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: {savings . balance :.2f} 

Ůɡɟɩ")  

 

print (f"ɇŮɚɘəɧ ɡˊɧɚɞɘˊɞ: {savings . balance :.2f} Ůɡɟɩ")  

ɼΦ 1.8.3 ς ʃʰˊʱʵʶʽʴ˃ʰ ˁ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰˌΦ  

ɮˁˇ˂ˇˎʻʶʾ ˋˍʹ˄ ʷ˅ˇʵˇ ɳΦ 8 ̱ ˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰΦ  

ȷɟɢɘəɧ ɡˊɧɚɞɘˊɞ: 3000.00 Ůɡɟɩ 

ɀŮŰɎ Ŭˊɧ Űɖɜ 1ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: 3150.00 Ůɡɟɩ 

ɀŮŰɎ Ŭˊɧ Űɖɜ 2ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: 3307.50 Ůɡɟɩ 

ɀŮŰɎ Ŭˊɧ Űɖɜ 3ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: 3472.88 Ůɡɟɩ 

ɀŮŰɎ Ŭˊɧ Űɖɜ 4ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: 3646.52 Ůɡɟɩ 

ɀŮŰɎ Ŭˊɧ Űɖɜ 5ɖ ŮűŬɟɛɞɔɐ Űɧəɤɜ: 3828.84 Ůɡɟɩ 

ɇŮɚɘəɧ ɡˊɧɚɞɘˊɞ: 3828.84 Ůɡɟɩ 

ɳΦ 8 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ɼΦ 1.8.3.  

1.8.3. ʃˇ˂ˎ˃ˇˊ˒ʽˋ˃ˈˌ 

ʁ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˈˌ όǇƻƭȅƳƻǊǇƘƛǎƳύ ˋˍˇ˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ˇˋˍˊʰ˒ʺ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʶʾ˄ʰʽ ʹ ʽʵʽˈˍʹˍʰ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉʰ˄ˍˇˏ˄ ˋˍˇ ʾʵʽˇ ˃ʺ˄ˎ˃ʰ όʵʹ˂ʰʵʺ 

ˋˍʹ˄ ʾʵʽʰ ˁ˂ʺˋʹ ˃ʶʻˈʵˇˎύ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈΣ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʰˎˍʱ ˍˊˈˉˇΦ ʅˍʹ˄ ˉˊʱ˅ʹ ʰˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ 

ˇ ʾʵʽˇˌ ˁ˗ʵʽˁʰˌΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʶʾ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˍˏˉˇ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ 

ˋˍˇ ˇˉˇʾˇ ʶ˒ʰˊ˃ˈʸʶˍʰʽΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ʋʋʋ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˇˏ ʰˉˈ ˍˇ˄ ˔˗ˊˇ ˍ˖˄ ǾƛŘŜƻ ƎŀƳŜǎΦ 

ʁˊʾʸʶˍʰʽ ʹ ˎˉʶˊˁ˂ʱˋʹ /ƘŀǊŀŎǘŜǊΣ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ˃ʷʻˇʵˇ ŀǘǘŀŎƪόύΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʵʶ˄ 

ˎ˂ˇˉˇʽʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ʰ˂˂ʱ ʻʷˍʶʽ ˍʹ˄ ʰˉʰʾˍʹˋʹ ˄ʰ ˎ˂ˇˉˇʽʹʻʶʾ ό˄ʰ ʴʾ˄ʶʽ ƻǾŜǊǊƛŘŜύ 

ʰˉˈ ˍʽˌ ˎˉˇˁ˂ʱˋʶʽˌΦ ʁʽ ˁ˂ʱˋʶʽˌ ²ŀǊǊƛƻǊ ˁʰʽ !ǊŎƘŜǊ ˁ˂ʹˊˇ˄ˇ˃ˇˏ˄ ʰˉˈ ˍʹ˄ /ƘŀǊŀŎǘŜǊ ˁʰʽ 

ʶˉʰ˄ʰˉˊˇˋʵʽˇˊʾʸˇˎ˄ όˎˉʶˊˁʰ˂ˏˉˍˇˎ˄ύ ˍʹ ˃ʷʻˇʵˇ ŀǘǘŀŎƪόύ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˍˊˈˉˇΥ ˇ ˉˇ˂ʶ˃ʽˋˍʺˌ 

ʶˉʽˍʾʻʶˍʰʽ ˃ʶ ˋˉʰʻʾΣ ʶ˄˗ ˇ ˍˇ˅ˈˍʹˌ ˃ʶ ʲʷ˂ˇˌΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ǇƭŀȅψǘǳǊƴόύ ʵʷ˔ʶˍʰʽ ˃ʽʰ ˂ʾˋˍʰ ʰˉˈ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍˏˉˇˎ /ƘŀǊŀŎǘŜǊ ˁʰʽ ˁʰ˂ʶʾ ʴʽʰ ˁʰʻʷ˄ʰ ˍʹ ˃ʷʻˇʵˇ ŀǘǘŀŎƪόύ ˔˖ˊʾˌ ˄ʰ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʴ˄˖ˊʾʸʶʽ 

ˍˇ˄ ʰˁˊʽʲʺ ˍˏˉˇ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ ʃʰˊˈˍʽ ʹ ˁ˂ʺˋʹ ʶʾ˄ʰʽ ʾʵʽʰ όŎƘŀǊŀŎǘŜǊΦŀǘǘŀŎƪόύύΣ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ όˉˇ˂ʶ˃ʽˋˍʺˌ ʺ ˍˇ˅ˈˍʹˌύΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ 

ˋˍʹ˄ ʷ˅ˇʵˇ ɳΦ 9Σ ˋˍˇ˄ ʾʵʽˇ ζʴˏˊˇ ˉʰʽ˔˄ʽʵʽˇˏη ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʹ˄ˏ˃ʰˍʰ ʶˉʾʻʶˋʹˌΣ 

ʵʶʾ˔˄ˇ˄ˍʰˌ ˈˍʽ ʹ ʾʵʽʰ ʵʽʶˉʰ˒ʺ όƛƴǘǊŜŦŀŎŜύ ˇʵʹʴʶʾ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ 

class  Character :  

    def  __init__ ( self ,  name,  health =100 ):  

        self . name = name 

        self . health  = health  
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    def  attack ( self ):  

        # ȸŬůɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɡˊŮɟəŬɚɡűɗŮɑ (override) 

        raise  NotImplementedError (  

            "ȼ ɛɏɗɞŭɞɠ attack ˊɟɏˊŮɘ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ůŰɘɠ ɡˊɞəɚɎůŮɘɠ." 

        )  

 

 

class  Warrior ( Character ):  

    def  attack ( self ):  

        print ( f"{ self . name} ŮˊɘŰɑɗŮŰŬɘ ɛŮ ůˊŬɗɑ əŬɘ ˊɟɞəŬɚŮɑ 15 ɛɞɜɎŭŮɠ 

ɕɖɛɘɎɠ!")  

 

 

class  Archer ( Character ):  

    def  attack ( self ):  

        print ( f"{ self . name} ɟɑɢɜŮɘ ɏɜŬ ɓɏɚɞɠ əŬɘ ˊɟɞəŬɚŮɑ 12 ɛɞɜɎŭŮɠ 

ɕɖɛɘɎɠ!")  

 

 

def  play_turn ( characters ):  

    print ( "== ũɨɟɞɠ ˊŬɘɢɜɘŭɘɞɨ ==" )  

    for  character in  characters :  

        character . attack ()  

 

 

hero1 = Warrior ( "Valkar" )  

hero2 = Archer ( "Sylvaris" )  

party = [ hero1 ,  hero2 ]  

play_turn ( party )  

ɼΦ 1.8.4 ς ʃʰˊʱʵʶʽʴ˃ʰ ˉˇ˂ˎ˃ˇˊ˒ʽˋ˃ˇˏΦ 

== ũɨɟɞɠ ˊŬɘɢɜɘŭɘɞɨ == 

Valkar ŮˊɘŰɑɗŮŰŬɘ ɛŮ ůˊŬɗɑ əŬɘ ˊɟɞəŬɚŮɑ 15 ɛɞɜɎŭŮɠ ɕɖɛɘɎɠ! 

Sylvaris ɟɑɢɜŮɘ ɏɜŬ ɓɏɚɞɠ əŬɘ ˊɟɞəŬɚŮɑ 12 ɛɞɜɎŭŮɠ ɕɖɛɘɎɠ! 

ɳΦ 9 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ɼΦ 1.8.4.  

1.9. ɮˊ˔ʶʾʰ 

ɼʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˉˊˇˋ˖ˊʽ˄ʱ ˋˍʹ˄ ˁˏˊʽʰ ˃˄ʺ˃ʹ 

ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʺΣ ʵʹ˂ʰʵʺ ˋˍʹ ˃˄ʺ˃ʹ w!aΦ ɶ w!a ʶʾ˄ʰʽ ˉˍʹˍʽˁʺ ˃˄ʺ˃ʹΣ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍʹˌ ˔ʱ˄ʶˍʰʽ ˃ˈ˂ʽˌ ʵʽʰˁˇˉʶʾ ʹ ˍˊˇ˒ˇʵˇˋʾʰ ˊʶˏ˃ʰˍˇˌΦ ɳˉˇ˃ʷ˄˖ˌΣ ʰ˄ ʰˉʰʽˍʶʾˍʰʽ ˃ˈ˄ʽ˃ʹ 

ʰˉˇʻʺˁʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍˈˍʶ ˉˊʷˉʶʽ ˄ʰ ʰˉˇʻʹˁʶˎˍˇˏ˄ ˋʶ ˁʱˉˇʽˇ ˃ʷˋˇ ʵʶˎˍʶˊʶˏˇˎˋʰˌ 

ʰˉˇʻʺˁʶˎˋʹˌΦ ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ʰˊ˔ʶʾ˖˄ όŦƛƭŜǎύΣ ˍʰ ˇˉˇʾʰ ʴˊʱ˒ˇ˄ˍʰʽ ˋʶ ʰˉˇʻʹˁʶˎˍʽˁʱ ˃ʷˋʰ 

ˈˉ˖ˌ ˋʶ ˋˁ˂ʹˊˇˏˌ ʵʾˋˁˇˎˌ όI55 - IŀǊŘ 5ƛǎƪ 5ǊƛǾŜǎύΣ ˋʶ ʵʾˋˁˇˎˌ ˋˍʶˊʶʱˌ ˁʰˍʱˋˍʰˋʹˌ ό{{5 - Solid 

{ǘŀǘŜ 5ǊƛǾŜǎύΣ ˋʶ ˇˉˍʽˁˇˏˌ ʵʾˋˁˇˎˌ ό/5 - /ƻƳǇŀŎǘ 5ƛǎŎǎύ ˁʰʽ ˋʶ ʱ˂˂ʰ ˃ʷˋʰ ʰˉˇʻʺˁʶˎˋʹˌΦ ɳˉʽˉ˂ʷˇ˄Σ 

ˍʰ ʰˊ˔ʶʾʰ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋʶ ʽʶˊʰˊ˔ʽˁʷˌ ʵˇ˃ʷˌ ˒ʰˁʷ˂˖˄ όŘƛǊŜŎǘƻǊƛŜǎύΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʶˏˁˇ˂ʹ 

ˉˊˈˋʲʰˋʹ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

ɶ ʵʽʰ˔ʶʾˊʽˋʹ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ ˋʶ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ʰˁˇ˂ˇˎʻʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʰʵʽˁʰˋʾʰΥ ʰˊ˔ʽˁʱ ˍˇ ʰˊ˔ʶʾˇ 

ˉˊʷˉʶʽ ˄ʰ ʰ˄ˇʽ˔ʻʶʾ όƻǇŜƴύΣ ˁʰʻˇˊʾʸˇ˄ˍʰˌ ˍˇ˄ ˍˊˈˉˇ ˉˊˈˋʲʰˋʹˌΣ ʵʹ˂ʰʵʺ ʰ˄ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ 

ʰ˄ʱʴ˄˖ˋʹ όǊŜŀŘύΣ ʶʴʴˊʰ˒ʺ όǿǊƛǘŜύ ʺ ˉˊˇˋʻʺˁʹ ʵʶʵˇ˃ʷ˄˖˄ όŀǇǇŜƴŘύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˇʽ 
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ʶˉʽʻˎ˃ʹˍʷˌ ʶ˄ʷˊʴʶʽʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˈˉ˖ˌ ʰ˄ʱʴ˄˖ˋʹΣ ʶʴʴˊʰ˒ʺ ʺ ˍˊˇˉˇˉˇʾʹˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ ʆʷ˂ˇˌΣ ˍˇ 

ʰˊ˔ʶʾˇ ˉˊʷˉʶʽ ˄ʰ ˁ˂ʶʾˋʶʽ όŎƭƻǎŜύΣ ˗ˋˍʶ ˄ʰ ʰˉʶ˂ʶˎʻʶˊ˖ʻˇˏ˄ ˇʽ ˉˈˊˇʽ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˄ʰ 

ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ʰˉˇʻʹˁʶˎˍʶʾ ˋ˖ˋˍʱΦ  

1.9.1. ɮˊ˔ʶʾʰ ˁʶʽ˃ʷ˄ˇˎ 

ʆʰ ʰˊ˔ʶʾʰ ˁʶʽ˃ʷ˄ˇˎ όǘŜȄǘ ŦƛƭŜǎύ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ ʰˉ˂ˇˏˋˍʶˊˇ ˁʰʽ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ˇ ˍˏˉˇ ʰˊ˔ʶʾ˖˄Φ ʆˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍˇˎˌ ʶʾ˄ʰʽ ʰ˄ʰʴ˄˗ˋʽ˃ˇ ʰˉˈ ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇʲ˂ʹʻʶʾ ʺ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ 

˃ʶ ʷ˄ʰ˄ ʰˉ˂ˈ ʶˉʶ˅ʶˊʴʰˋˍʺ ˁʶʽ˃ʷ˄ˇˎΣ ˈˉ˖ˌ ˍˇ bƻǘŜǇŀŘΣ ˍˇ bƻǘŜǇŀŘҌҌΣ ˍˇ ±{ /ƻŘŜ ʺ ˇˉˇʽˇʵʺˉˇˍʶ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ʶˊʴʰ˂ʶʾˇΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʷ˄ʰ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˖ˌ ʰˁˇ˂ˇˎʻʾʶˌ 

˔ʰˊʰˁˍʺˊ˖˄Σ ˋˎ˄ʺʻ˖ˌ ˃ʶ ˁʱˉˇʽʰ ˁ˖ʵʽˁˇˉˇʾʹˋʹ όˈˉ˖ˌ ¦¢C-уύΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍʰ ˁʰʻʽˋˍʱ ʶˏˁˇ˂ʰ ˋˍʹ 

˃ʶˍʰ˒ˇˊʱ ˁʰʽ ˋˍʹ˄ ʰ˄ˍʰ˂˂ʰʴʺ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ 

ʅˎ˄ʺʻ˖ˌ ˍʰ ʰˊ˔ʶʾʰ ˁʶʽ˃ʷ˄ˇˎ ʷ˔ˇˎ˄ ʶˉʷˁˍʰˋʹ ΦǘȄǘΣ ˖ˋˍˈˋˇ ˉˇ˂˂ˇʾ ˍˏˉˇʽ ʰˊ˔ʶʾ˖˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˁʰʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʰˊ˔ʶʾʰ 

ˁʶʽ˃ʷ˄ˇˎΣ ˉʰˊˈˍʽ ʷ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʺ ʶˉʷˁˍʰˋʹΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʰˉˇˍʶ˂ˇˏ˄ ˍʰ ʰˊ˔ʶʾʰ /{± ό/ƻƳƳŀ-

SepŀǊŀǘŜŘ ±ŀƭǳŜǎύ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˇˊʴʰ˄˖˃ʷ˄˖˄ ˋʶ ˋˍʺ˂ʶˌ ˍʽ˃˗˄Σ ˍʰ ·a[ ˁʰʽ W{hb 

ʴʽʰ ʵˇ˃ʹ˃ʷ˄ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ¸!a[ ʰˊ˔ʶʾʰ ʴʽʰ ˊˎʻ˃ʾˋʶʽˌ ˁʰʽ 

ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ʶ˒ʰˊ˃ˇʴ˗˄Φ ʃʰˊˈ˂ˇ ˉˇˎ ʹ ʵˇ˃ʺ ˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˉʽˇ ˋˏ˄ʻʶˍʹ ʰˉˈ ʷ˄ʰ ʰˉ˂ˈ 

ΦǘȄǘΣ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍˇˎˌ ˉʰˊʰ˃ʷ˄ʶʽ ʰ˄ʰʴ˄˗ˋʽ˃ˇ ˁʰʽ ʶˉʶ˅ʶˊʴʱˋʽ˃ˇ ˖ˌ ˁʶʾ˃ʶ˄ˇΦ ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ʰˊ˔ʶʾʰ 

ˉʹʴʰʾˇˎ ˁ˗ʵʽˁʰ όǎƻǳǊŎŜ ŎƻŘŜύ ˋʶ ˈ˂ʶˌ ˍʽˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ 

tȅǘƘƻƴΣ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʰˊ˔ʶʾʰ ˁʶʽ˃ʷ˄ˇˎΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍʰ ʰˊ˔ʶʾʰ ˃ʶ ʁ ˉʷˁˍʰˋʹ ΦǇȅ ˉʶˊʽʷ˔ˇˎ˄ ʶ˄ˍˇ˂ʷˌ 

ˁʰʽ ˇˊʽˋ˃ˇˏˌ ˋʶ ˃ˇˊ˒ʺ ʰˉ˂ˇˏ ˁʶʽ˃ʷ˄ˇˎΦ  

1.9.1.1 ɯ˄ˇʽʴ˃ʰ ʰˊ˔ʶʾˇˎ ˁʰʽ ʰ˄ʱʴ˄˖ˋʹ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ 

ʆˇ ʱ˄ˇʽʴ˃ʰ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ƻǇŜƴόύΣ ʹ ˇˉˇʾʰ ʵʷ˔ʶˍʰʽ ˖ˌ ˉˊ˗ˍˇ 

ˈˊʽˋ˃ʰ ˍˇ ˈ˄ˇ˃ʰ όʺ ˍʹ ʵʽʰʵˊˇ˃ʺύ ˍˇˎ ʰˊ˔ʶʾˇˎ ˁʰʽ ˖ˌ ʵʶˏˍʶˊˇ ˈˊʽˋ˃ʰ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

όƳƻŘŜύΦ ɶ ˁ˂ʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˊ˔ʶʾˇˎΣ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʵʽʰʲʰˋˍˇˏ˄ ʺ ˄ʰ ʶʴʴˊʰ˒ˇˏ˄ ʵʶʵˇ˃ʷ˄ʰΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ʶ˄ˍˇ˂ʺ Ŧ Ґ ƻǇŜƴόғˈ˄ˇ˃ʰψʰˊ˔ʶʾˇˎҔΣ ϦǊϦύ 

ʰ˄ˇʾʴʶʽ ˍˇ ʰˊ˔ʶʾˇ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ʰ˄ʱʴ˄˖ˋʹˌΦ ɮ˄ ˍˇ ʰˊ˔ʶʾˇ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʰʽ ʶˉʽ˔ʶʽˊʹʻʶʾ ʱ˄ˇʽʴ˃ʰ ˃ʶ 

ϦǊϦΣ ˉˊˇˁʰ˂ʶʾˍʰʽ ˋ˒ʱ˂˃ʰΦ ɳ˒ˈˋˇ˄ ʰ˄ˇʽ˔ʻʶʾ ˍˇ ʰˊ˔ʶʾˇΣ ˍˇ ʵʽʱʲʰˋ˃ʰ ˍˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˍˇˎ ʴʾ˄ʶˍʰʽ ˃ʶ 

˃ʶʻˈʵˇˎˌ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽΥ ǊŜŀŘόύΣ ǊŜŀŘƭƛƴŜόύ ʺ ǊŜŀŘƭƛƴŜǎόύΦ  

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.9.1Σ ˎˉˇˍʾʻʶˍʰʽ ˈˍʽ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ʰˊ˔ʶʾˇ ƭƻǊŜƳψƛǇǎǳƳΦǘȄǘ1 ˋˍˇ˄ ʾʵʽˇ 

˒ʱˁʶ˂ˇ ˃ʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ʅˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ˁʰˍʰ˃ʷˍˊʹˋʹ ˍ˖˄ ˒˖˄ʹʷ˄ˍ˖˄ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇ ˁʶʾ˃ʶ˄ˇΦ ɱʽʰ 

˄ʰ ˋˎ˃ʲʶʾ ʰˎˍˈ ˇˊʾʸʶˍʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˔ʰˊʰˁˍʺˊ˖˄ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʰ ˒˖˄ʺʶ˄ˍʰ όˉʶʸʱ ˁʰʽ ˁʶ˒ʰ˂ʰʾʰύ 

 
1 ʆˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ʰˊ˔ʶʾˇˎ lorem_ipsum.txt ˃ ˉˇˊʶʾ ˄ʰ ˃ʶˍʰ˒ˇˊˍ˖ʻʶʾ ʰˉˈ ˍˇ https:// www.lipsum.com/.  

https://www.lipsum.com/
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ˁʰʽ ʷ˄ʰˌ ˃ʶˍˊʹˍʺˌΦ ʆˇ ʰˊ˔ʶʾˇ ʰ˄ˇʾʴʶʽ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ϦǊϦΣ ʵʽʰʲʱʸʶˍʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍˇˎ ˁʰʽ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʶˉʰ˄ʱ˂ʹ˕ʹ ʴʽʰ ˁʱʻʶ ˔ʰˊʰˁˍʺˊʰ ˍˇˎ ˁʶʽ˃ʷ˄ˇˎΦ ɳʱ˄ ˇ ˔ʰˊʰˁˍʺˊʰˌ ʰ˄ʺˁʶʽ ˋˍˇ 

ˋˏ˄ˇ˂ˇ ˍ˖˄ ˒˖˄ʹʷ˄ˍ˖˄Σ ˇ ˃ʶˍˊʹˍʺˌ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ʷ˄ʰΦ ɾʶˍʱ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌΣ 

ˍˇ ʰˊ˔ʶʾˇ ˁ˂ʶʾ˄ʶʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ŎƭƻǎŜόύ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

filename = "lorem_ipsum.txt"  

vowels = "aeiouAEIOU"  

count = 0 

 

f = open ( filename ,  "r" )  

for  line in  f . read ():  

    for  char in  line :  

        if  char in  vowels :  

            count += 1 

f . close ()  

 

print ( f" Ʉɚɐɗɞɠ űɤɜɖɏɜŰɤɜ: { count }" )   # Ʉɚɐɗɞɠ űɤɜɖɏɜŰɤɜ: 167  

ɼΦ 1.9.1 ς ɯ˄ˇʽʴ˃ʰ ʰˊ˔ʶʾˇˎ ʴʽʰ ʰ˄ʱʴ˄˖ˋʹΦ  

ɶ ˊʹˍʺ ˁ˂ʺˋʹ ˍʹˌ ŎƭƻǎŜόύ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.9.1 ʁ ˄ʷ˔ʶʽ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˄ʰ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ʺ ˄ʰ ˃ʹ˄ ʶˁˍʶ˂ʶˋˍʶʾ 

ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋ˒ʱ˂˃ʰˍˇˌΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈΣ ʹ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˉˊʰˁˍʽˁʺ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ ˂ʶʴˈ˃ʶ˄ˇˎ 

ŎƻƴǘŜȄǘ ƳŀƴŀƎŜǊ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǿƛǘƘΦ ɶ ˋˏ˄ˍʰ˅ʹ ǿƛǘƘ ƻǇŜƴόŦƛƭŜƴŀƳŜΣ ϦǊϦύ ŀǎ ŦΥ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ 

ʰˊ˔ʶʾˇ ʻʰ ˁ˂ʶʾˋʶʽ ʰˎˍˈ˃ʰˍʰ ˃ˈ˂ʽˌ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˃ˉ˂ˇˁ ˁ˗ʵʽˁʰΣ ʰˁˈ˃ʹ ˁʰʽ ʰ˄ ˉˊˇˁˏ˕ʶʽ 

ʶ˅ʰʾˊʶˋʹ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.9.2Σ ˇ 

˔ʶʽˊʽˋ˃ˈˌ ˍˇˎ ʰˊ˔ʶʾˇˎ ʴʾ˄ʶˍʰʽ ˉʽˇ ʰˋ˒ʰ˂ʺˌΣ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˃ʽʰ ʰˉˈ ˍʽˌ ʲʷ˂ˍʽˋˍʶˌ ˉˊʰˁˍʽˁʷˌ ˍʹˌ 

Python.  

filename = "lorem_ipsum.txt"  

vowels = "aeiouAEIOU"  

count = 0 

 

with  open ( filename ,  "r" )  as  f :  

    for  line in  f . read ():  

        for  char in  line :  

            if  char in  vowels :  

                count += 1 

 

print ( f" Ʉɚɐɗɞɠ űɤɜɖɏɜŰɤɜ: { count }" )   # Ʉɚɐɗɞɠ űɤɜɖɏɜŰɤɜ: 167  

ɼΦ 1.9.2 ς ɯ˄ˇʽʴ˃ʰ ʰˊ˔ʶʾˇˎ ˃ʶ ŎƻƴǘŜȄǘ ƳŀƴŀƎŜǊΦ  

1.9.1.2 ɳʴʴˊʰ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʰˊ˔ʶʾˇ 

ɶ ʶʴʴˊʰ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎ ʰˉˇˍʶ˂ʶʾ ʲʰˋʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˋʶ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ˁʰʻ˗ˌ 

ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˔ˊʺˋʹΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.9.3Σ ˇ ˔ˊʺˋˍʹˌ ˁʰ˂ʶʾˍʰʽ ˄ʰ ʶʽˋʰʴʱʴʶʽ ʷ˄ʰ˄ ʻʶˍʽˁˈ ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈ 

ˁʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰˁˇ˂ˇˎʻʾʰ /ƻƭƭŀǘȊΣ ʰˉˇʻʹˁʶˏˇ˄ˍʱˌ ˍʹ˄ ˋʶ ʰˊ˔ʶʾˇ 

ˁʶʽ˃ʷ˄ˇˎ ˃ʶ ˈ˄ˇ˃ʰ ƻǳǘΦǘȄǘΣ ˃ʾʰ ˍʽ˃ʺ ʰ˄ʱ ʴˊʰ˃˃ʺΦ ɶ ʰˁˇ˂ˇˎʻʾʰ /ƻƭƭŀǘȊ ˉʰˊʱʴʶˍʰʽ ʶˉʰ˄ʰ˂ʹˉˍʽˁʱΥ 

˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ˄ ʵˇʻʷ˄ˍʰ ʻʶˍʽˁˈ ʰˁʷˊʰʽˇ ˁʰʽΣ ʰ˄ ˇ ʰˊʽʻ˃ˈˌ ʶʾ˄ʰʽ ʱˊˍʽˇˌΣ ʵʽʰʽˊʶʾˍʰʽ ʰˁʷˊʰʽʰ ˃ʶ ˍˇ нΣ 

ʶ˄˗ ʰ˄ ʶʾ˄ʰʽ ˉʶˊʽˍˍˈˌΣ ˉˇ˂˂ʰˉ˂ʰˋʽʱʸʶˍʰʽ ˃ʶ ˍˇ о ˁʰʽ ˉˊˇˋˍʾʻʶˍʰʽ ˍˇ мΦ ɶ ʵʽʰʵʽˁʰˋʾʰ 
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ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˄ʰ ˉˊˇˁˏ˕ʶʽ ʹ ˍʽ˃ʺ мΦ ɮˊ˔ʽˁʱΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʵʽʰʲʱʸʶʽ ˍʹ˄ ʶʾˋˇʵˇ ˍˇˎ ˔ˊʺˋˍʹ 

ˁʰʽ ʶ˂ʷʴ˔ʶʽ ʰ˄ ˉˊˈˁʶʽˍʰʽ ˉˊʱʴ˃ʰˍʽ ʴʽʰ ʻʶˍʽˁˈ ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈΦ ʁ ʷ˂ʶʴ˔ˇˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˔ˊʺˋʹ 

ˍʹˌ ˃ʶʻˈʵˇˎ ƛǎŘƛƎƛǘόύ ˁʰʽ ˃ʶ ʶˉʽˉ˂ʷˇ˄ ʷ˂ʶʴ˔ˇ ˈˍʽ ʹ ʰˊʽʻ˃ʹˍʽˁʺ ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ ˃ʹʵʶ˄ˈˌΦ 

ɳʱ˄ ʹ ʶʾˋˇʵˇˌ ʵʶ˄ ʶʾ˄ʰʽ ʷʴˁˎˊʹΣ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʺ˄ˎ˃ʰ ˋ˒ʱ˂˃ʰˍˇˌ ˁʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʵʶ˄ ˉˊˇ˔˖ˊʱ ˋʶ 

ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ʷʴˁˎˊʹˌ ʶʽˋˈʵˇˎΣ ʹ ˍʽ˃ʺ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ʰˁʷˊʰʽˇ ˁʰʽ ʰ˄ˇʾʴʶʽ 

ˍˇ ʰˊ˔ʶʾˇ ƻǳǘΦǘȄǘ ˋʶ ˁʰˍʱˋˍʰˋʹ ʶʴʴˊʰ˒ʺˌ όϦǿϦύΦ ɶ ˔ˊʺˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ϦǿϦ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʰ˄ ˍˇ 

ʰˊ˔ʶʾˇ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʻʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾΣ ʶ˄˗ ʰ˄ ˎˉʱˊ˔ʶʽ ʻʰ ʵʽʰʴˊʰ˒ʶʾ ˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ 

ˍˇˎΦ ʆˇ ʱ˄ˇʽʴ˃ʰ ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ǿƛǘƘ ƻǇŜƴόϦƻǳǘΦǘȄǘϦΣ ϦǿϦύ ŀǎ ŦΥΣ ʹ ˇˉˇʾʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ˍˇ ʰˊ˔ʶʾˇ 

ʻʰ ˁ˂ʶʾˋʶʽ ʰˎˍˈ˃ʰˍʰ ˃ˈ˂ʽˌ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇ ˃ˉ˂ˇˁ ʶ˄ˍˇ˂˗˄Φ ʅʶ ˁʱʻʶ ʲʺ˃ʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ˉʰˊʰʴ˖ʴʺˌ ˍʹˌ ʰˁˇ˂ˇˎʻʾʰˌΣ ʹ ˍˊʷ˔ˇˎˋʰ ˍʽ˃ʺ ˍˇˎ ʰˊʽʻ˃ˇˏ ʴˊʱ˒ʶˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ǿǊƛǘŜόύΣ 

ˋˎ˄ˇʵʶˎˈ˃ʶ˄ʹ ʰˉˈ ˔ʰˊʰˁˍʺˊʰ ʰ˂˂ʰʴʺˌ ʴˊʰ˃˃ʺˌ ό\ƴύΣ ˗ˋˍʶ ˁʱʻʶ ʰˊʽʻ˃ˈˌ ˄ʰ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋʶ 

˅ʶ˔˖ˊʽˋˍʺ ʴˊʰ˃˃ʺΦ 

s = input ("ȺɘůɎɔŮŰŮ ɏɜŬɜ ɗŮŰɘəɧ ŬəɏɟŬɘɞ: ")  

 

if  not  s . strip (). isdigit ()  or  int ( s )  <= 0:  

    print ("ɀɖ ɏɔəɡɟɖ Ůɑůɞŭɞɠ.")  

else :  

    n = int ( s )  

    with  open ( "out.txt" ,  "w" )  as  f :  

        while  True :  

            f . write ( f"{ n} \ n" )  

            if  n == 1:  

                break  

            if  n % 2 == 0:  

                n //=  2 

            else :  

                n = 3 *  n + 1 

    print ( "ȼ ŬəɞɚɞɡɗɑŬ Collatz ɔɟɎűŰɖəŮ ůŰɞ out.txt" )  

ɼΦ 1.9.3 ς ɳʴʴˊʰ˒ʺ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˍʽ˃˗˄ ˋʶ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎΦ  

1.9.2. ɮˊ˔ʶʾʰ /{± 

ʆʰ ʰˊ˔ʶʾʰ /{± ό/ƻƳƳŀ {ŜǇŀǊŀǘŜŘ ±ŀƭǳŜǎύ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ˇˎˌ ˍˊˈˉˇˎˌ 

ʰˉˇʻʺˁʶˎˋʹˌ ʵˇ˃ʹ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˃ˇˊ˒ʺ ˉʾ˄ʰˁʰΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰˊ˔ʶʾʰ ˁʶʽ˃ʷ˄ˇˎ ˋˍʰ ˇˉˇʾʰ 

ˁʱʻʶ ʴˊʰ˃˃ʺ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʾʰ ʶʴʴˊʰ˒ʺ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˉʶʵʾ˖˄ ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶ ˁˈ˃˃ʰ 

όΣύΣ ʰ˄ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ʱ˂˂ˇˌ ˔ʰˊʰˁˍʺˊʰˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏΣ ˈˉ˖ˌ ˍˇ ǘŀō ʺ ˍˇ 

ʶˊ˖ˍʹ˃ʰˍʽˁˈ όΤύΦ ʅˎ˔˄ʱΣ ʰ˂˂ʱ ˈ˔ʽ ˎˉˇ˔ˊʶ˖ˍʽˁʱΣ ʹ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ʰˊ˔ʶʾˇˎ ˉʶˊʽʷ˔ʶʽ ˍʽˌ 

ʶˉʽˁʶ˒ʰ˂ʾʵʶˌ ˍ˖˄ ˋˍʹ˂˗˄Σ ʵʹ˂ʰʵʺ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ 

ɶ ʵʹ˃ˇˍʽˁˈˍʹˍʰ ˍ˖˄ ʰˊ˔ʶʾ˖˄ /{± ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʰˉ˂ˈˍʹˍʱ ˍˇˎˌ ˁʰʽ ˋˍʹ ˋ˔ʶʵˈ˄ ˁʰʻˇ˂ʽˁʺ ˎˉˇˋˍʺˊʽ˅ʺ 

ˍˇˎˌ ʰˉˈ ˂ˇʴʽˋˍʽˁʱ ˒ˏ˂˂ʰ όˈˉ˖ˌ ˍˇ 9ȄŎŜƭύΣ ˋˎˋˍʺ˃ʰˍʰ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˋˍʰˍʽˋˍʽˁʱ ˉʰˁʷˍʰ ˁʰʽ 

ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ ɳʾ˄ʰʽ ʰ˄ʰʴ˄˗ˋʽ˃ʰ ʰˉˈ ˍˇ˄ ʱ˄ʻˊ˖ˉˇΣ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ʶˏˁˇ˂ʰ ˃ʶˍʰ˅ˏ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˁʰʽ ʵʶ˄ ʰˉʰʽˍˇˏ˄ ˋˏ˄ʻʶˍʹ ˎˉˇʵˇ˃ʺ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌΦ ʅˍʹ˄ 
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tȅǘƘƻƴΣ ʹ ʰ˄ʱʴ˄˖ˋʹ ˁʰʽ ʶʴʴˊʰ˒ʺ ʰˊ˔ʶʾ˖˄ /{± ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʶʾˍʶ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ pandasΣ ʹ ˇˉˇʾʰ 

ˉʰˊʷ˔ʶʽ ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ˂ʶʽˍˇˎˊʴʾʶˌΣ ʶʾˍʶ ˃ʶ ˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ƳƻŘǳƭŜ csvΣ ˍˇ ˇˉˇʾˇ ʰ˄ʺˁʶʽ ˋˍʹ˄ 

ˍˎˉʽˁʺ ʲʽʲ˂ʽˇʻʺˁʹ ˁʰʽ ʶʾ˄ʰʽ ʶ˂ʰ˒ˊˏ ˁʰʽ ʰˉˇʵˇˍʽˁˈΦ 

ʆˇ ƳƻŘǳƭŜ ŎǎǾ ˉˊˇˋ˒ʷˊʶʽ ʵˏˇ ʲʰˋʽˁˇˏˌ ˍˊˈˉˇˎˌ ʰ˄ʱʴ˄˖ˋʹˌ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ /{±Υ ˃ʷˋ˖ ˍʹˌ 

ˋˎ˄ʱˊˍʹˋʹˌ ǊŜŀŘŜǊόύ ˁʰʽ ˃ʷˋ˖ ˍʹˌ 5ƛŎǘwŜŀŘŜǊόύΦ ɶ ǊŜŀŘŜǊόύ ʶˉʽˋˍˊʷ˒ʶʽ ˁʱʻʶ ʴˊʰ˃˃ʺ ˖ˌ ˂ʾˋˍʰ ˍʽ˃˗˄Σ 

ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʹ ˋʶʽˊʱ ˍ˖˄ ˋˍʹ˂˗˄ ˈˉ˖ˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇΦ ɮ˄ˍʾʻʶˍʰΣ ʹ 5ƛŎtReader() 

ʶˉʽˋˍˊʷ˒ʶʽ ˁʱʻʶ ʴˊʰ˃˃ʺ ˖ˌ ˂ʶ˅ʽˁˈ όŘƛŎǘƛƻƴŀǊȅύΣ ˈˉˇˎ ˍʰ ˁ˂ʶʽʵʽʱ ʶʾ˄ʰʽ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˋˍʹ˂˗˄Σ ˉˇˎ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ʰˊ˔ʶʾˇˎΣ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ 

ʶʴʴˊʰ˒ʺˌΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˈˍʰ˄ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍʺ ʹ ˉˊˈˋʲʰˋʹ ˋˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ʲʱˋʹ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ˋˍʺ˂ʹˌ ˁʰʽ ˈ˔ʽ ˍʹ ʻʷˋʹ ˍʹˌΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʽʰʲʱʸʶˍʰʽ ʷ˄ʰ ʰˊ˔ʶʾˇ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˍʽ˃˗˄ ʴʽʰ ˍʹ˄ 

˃ʶˍˇ˔ʺ ˍʹˌ ʶˍʰʽˊʶʾʰˌ DƻƻƎƭŜ ˉˇˎ ʰ˒ˇˊˇˏ˄ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ όɳʽˁˈ˄ʰ 8ύΦ ʅˍˇ˄ 

ˁ˗ʵʽˁʰ ɼ. 1.9.4Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ  ǊŜŀŘŜǊόύ ʴʽʰ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹ ˍˇˎ ʰˊ˔ʶʾˇˎ ˁʰʽ ˍʰ ʾʵʽʰ ʵʶʵˇ˃ʷ˄ʰ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˖ˌ ˂ʾˋˍʶˌΣ ˈˉˇˎ ʹ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ʶˉʽˁʶ˒ʰ˂ʾʵʶˌ ˁʰʽ ˇʽ ʶˉˈ˃ʶ˄ʶˌ ˍʽˌ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼ. 1.9.5Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ  5ƛŎǘwŜŀŘŜǊόύΣ ʴʽʰ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹ 

ˍˇˎ ʰˊ˔ʶʾˇˎ ˁʰʽ ˁʱʻʶ ʶʴʴˊʰ˒ʺ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˖ˌ ˂ʶ˅ʽˁˈ ˃ʶ ˉʶʵʾʰ ˈˉ˖ˌ 5ŀǘŜΣ hǇŜƴΣ IƛƎƘΣ [ƻǿΣ /ƭƻǎŜ 

ˁʰʽ ±ƻƭǳƳŜΦ ɼʰʽ ˋˍʽˌ ʵˏˇ ˉˊˇˋʶʴʴʾˋʶʽˌ ʵʽʰʲʱʸˇ˄ˍʰʽ ˁʰʽ ʶˁˍˎˉ˗˄ˇ˄ˍʰʽ ˃ˈ˄ˇ ˇʽ ʵˏˇ ˉˊ˗ˍʶˌ ʴˊʰ˃˃ʷˌ 

ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ̫ ˅ˇʵˇˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ǊŜŀŘŜǊόύ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ʷ˅ˇʵˇ ɳΦ 10 ˁ ʰʽ ʴʽʰ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ 5ƛŎǘwŜŀŘŜǊ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ʷ˅ˇʵˇ ɳΦ 11Φ ɶ ˁʰˍʰ˄ˈʹˋʹ ʰˎˍ˗˄ ˍ˖˄ ʵˏˇ 

ˉˊˇˋʶʴʴʾˋʶ˖˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ ˃ʶʻˈʵˇˎ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ʅʶ ʰˉ˂ʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʹ ǊŜŀŘŜǊόύ ʶʾ˄ʰʽ ʶˉʰˊˁʺˌ ˁʰʽ ˍʰ˔ˏˍʶˊʹΣ ʶ˄˗ ˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ 

ʶˏˁˇ˂ʹ ˉˊˈˋʲʰˋʹ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰ˄ʱ ˈ˄ˇ˃ʰ ˋˍʺ˂ʹˌΣ ʹ 5ƛŎǘwŜŀŘŜǊόύ ˉˊˇˋ˒ʷˊʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʶˎʶ˂ʽ˅ʾʰΦ  

 
ɳʽˁˈ˄ʰ 8 ς ɮˊ˔ʶʾˇ /{±2˃ʶ ˍʽ˃ʷˌ ˍʹˌ ˃ʶˍˇ˔ʺˌ ˍʹˌ ʶˍʰʽˊʶʾʰˌ DƻƻƎƭŜ ʴʽʰ ʷ˄ʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ  

 

import  csv  

 

fn = "Google_Stock_Train (2010 - 2022).csv"  

with  open ( fn ,  newline ='' ,  encoding ="utf - 8" )  as  f :  

    reader = csv . reader ( f )  

 
2 ʆˇ ʰˊ˔ʶʾˇ CSV ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰ˒ˇˊˍ˖ʻʶʾ ʰˉˈ ˍˇ https:// www.kaggle.com/datasets/alirezajavid1999/google-
stock-2010-2023. 

https://www.kaggle.com/datasets/alirezajavid1999/google-stock-2010-2023
https://www.kaggle.com/datasets/alirezajavid1999/google-stock-2010-2023
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    for  i ,  row in  enumerate ( reader ):  

        print ( row )  

        if  i >= 2:  

            break  

ɼ. 1.9.4 ς ɮ˄ʱʴ˄˖ˋʹ  ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʰˊ˔ʶʾˇ /{± ˃ʶ ˍʹ ˃ʷʻˇʵˇ ǊŜŀŘŜǊόύΦ 

 

['Date', 'Open', 'High', 'Low', 'Close', 'Adj Close', 'Volume']  

['2010 - 01- 04', '15.689439', '15.753504', '15.621622', '15.684434', 

'15.684434', '78169752']  

['2010 - 01- 05', '15.695195', '15.711712', '15.554054', '15.615365', 

'15.615365', '120067812']  

ɳΦ 10 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ʰ˄ʱʴ˄˖ˋʹˌ ʰˊ˔ʶʾˇˎ /{± ˃ʶ ˍʹ ˃ʷʻˇʵˇ ǊŜŀŘŜǊόύΦ 

  

import  csv  

 

fn = "Google_Stock_Train (2010 - 2022).csv"  

with  open ( fn ,  newline ="" ,  encoding ="utf - 8" )  as  f :  

    reader = csv . DictReader ( f )  

    for  i ,  row in  enumerate ( reader ):  

        print ( row )  

        if  i >= 1:  

            break  
ɼ. 1.9.5 ς ɮ˄ʱʴ˄˖ˋʹ  ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʰˊ˔ʶʾˇ /{± ˃ʶ ˍʹ ˃ʷʻˇʵˇ 5ƛŎǘwŜŀŘŜǊόύΦ 

 

{'Date': '2010 - 01- 04', 'Open': '15.689439', 'High': '15.753504', 'Low': 

'15.621622', 'Close': '15.684434', 'Adj Close': '15.684434', 'Volume': 

'78169752'}  

{'Date': '2010 - 01- 05', 'Open': '15.695195', 'High': '15.711712', 'Low': 

'15.554054', 'Close': '15.615365', 'Adj Close': '15.615365', 'Volume': 

'120067812'}  

ɳΦ 11 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ʰ˄ʱʴ˄˖ˋʹˌ ʰˊ˔ʶʾˇˎ /{± ˃ʶ ˍʹ ˃ʷʻˇʵˇ 5ƛŎǘwŜŀŘŜǊόύΦ 

 

1.9.3. ɮˊ˔ʶʾʰ 9ȄŎŜƭ 

ʆʰ ʰˊ˔ʶʾʰ 9ȄŎŜƭ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ˇˎˌ ˍˊˈˉˇˎˌ ʰˉˇʻʺˁʶˎˋʹˌ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹˌ 

ʵˇ˃ʹ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʆˇ aƛŎǊƻǎƻŦǘ 9ȄŎŜƭ ˉʰˊʰ˃ʷ˄ʶʽ ʽʵʽʰʾˍʶˊʰ ʵʹ˃ˇ˒ʽ˂ʷˌ ˔ʱˊʹ ˋˍʹ˄ ʶˎˁˇ˂ʾʰ 

˔ˊʺˋʹˌΣ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˃ˇˊ˒ˇˉˇʾʹˋʹˌΣ ˍˇˎˌ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˁʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ 

ˇˉˍʽˁˇˉˇʾʹˋʹˌ ˉˇˎ ˉʰˊʷ˔ʶʽΦ ʍˋˍˈˋˇΣ ˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ʰˎˍˇ˃ʰˍˇˉˇʾʹˋʹ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄˖˄ 

ʶˊʴʰˋʽ˗˄ ʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ ʵʶʵˇ˃ʷ˄˖˄Σ ʹ tȅǘƘƻƴ ˉˊˇˋ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʱ 

ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍʹˌ ʽˋ˔ˏˇˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ʶ ˍʹ ʵˇ˃ʺ ˍ˖˄ ʰˊ˔ʶʾ˖˄ 

Excel. 

ɶ ʰ˄ʱʴ˄˖ˋʹ ˁʰʽ ʹ ʶʴʴˊʰ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʰˊ˔ʶʾʰ 9ȄŎŜƭ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶˏˁˇ˂ʰ ˃ʶ ˍʹ 

ʲʽʲ˂ʽˇʻʺˁʹ ǇŀƴŘŀǎΣ ʹ ˇˉˇʾʰ ˉʰˊʷ˔ʶʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˈˉ˖ˌ ǊŜŀŘψŜȄŎŜƭόύ ˁʰʽ ǘƻψŜȄŎŜƭόύ ʴʽʰ ˍʹ ˃ʶˍʰˍˊˇˉʺ 

ˍ˖˄ ˒ˏ˂˂˖˄ ʶˊʴʰˋʾʰˌ ˋʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ 5ŀǘŀCǊŀƳŜΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ 
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ʶˊʴʰˋʾʶˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ʱ˃ʶˋʹ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ 

ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˁʰʽ ˋˍʰˍʽˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΦ ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ʴʽʰ ˔ʶʽˊʽˋ˃ˈ ʰˊ˔ʶʾ˖˄ ˍˏˉˇˎ ΦȄƭǎȄΣ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʹ ʶ˅˖ˍʶˊʽˁʺ ʲʽʲ˂ʽˇʻʺˁʹ ƻǇŜƴǇȅȄƭΦ ɶ ʲʽʲ˂ʽˇʻʺˁʹ ʰˎˍʺ ʶʾ˄ʰʽ ʶ˂ʰ˒ˊʽʱ ˁʰʽ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ʴʽʰ ʰ˄ʱʴ˄˖ˋʹΣ ʶʴʴˊʰ˒ʺ ˁʰʽ ˍˊˇˉˇˉˇʾʹˋʹ ʰˊ˔ʶʾ˖˄ 9ȄŎŜƭ ό˃ˇˊ˒ʺ 9ȄŎŜƭ нлмл ˁʰʽ 

˃ʶˍʰʴʶ˄ʷˋˍʶˊʹύΦ ɮˉʰʽˍʶʾ ʶʴˁʰˍʱˋˍʰˋʹ ˃ʷˋ˖ ǇƛǇΣ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǇƛǇ ƛƴǎǘŀƭƭ ƻǇŜƴǇȅȄƭΣ ʰ˂˂ʱ ʵʶ˄ 

ˉˊˇːˉˇʻʷˍʶʽ ˄ʰ ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ˇ ˍˇ ʾʵʽˇ ˍˇ 9ȄŎŜƭ ˋˍˇ ˋˏˋˍʹ˃ʰΦ ʆʰ ʲʰˋʽˁʱ ʲʺ˃ʰˍʰ ˔ʶʽˊʽˋ˃ˇˏ ʶ˄ˈˌ 

ʰˊ˔ʶʾˇˎ 9ȄŎŜƭ ˃ʶ ˍʹ˄ ƻǇŜƴǇȅȄƭ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ όмύ ˒ˈˊˍ˖ˋʹ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ ΦȄƭǎȄΣ ˍˇ ˇˉˇʾˇ ˋˍʹ˄ 

ˇˊˇ˂ˇʴʾʰ ˍˇˎ 9ȄŎŜƭ ˇ˄ˇ˃ʱʸʶˍʰʽ ǿƻǊƪōƻƻƪΣ όнύ ˉˊˈˋʲʰˋʹ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˒ˏ˂˂ˇ όǎƘŜŜǘύ ˍˇˎ 

ǿƻǊƪōƻƻƪΣ όоύ ʰ˄ʱʴ˄˖ˋʹΣ ʶʴʴˊʰ˒ʺ ʺ ˍˊˇˉˇˉˇʾʹˋʹ ʶˉʽ˃ʷˊˇˎˌ ˁʶ˂ʽ˗˄ όŎŜƭƭǎύ ˁʰʽ όпύ ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ 

ʰ˂˂ʰʴ˗˄ ˋˍˇ ʰˊ˔ʶʾˇΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʽˍˊʷˉʶʽ ʰˁˊʽʲʺ ʷ˂ʶʴ˔ˇ ˍʹˌ ʵˇ˃ʺˌ ˁʰʽ ˍˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ 

ˍˇˎ ʰˊ˔ʶʾˇˎΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ʵˎ˄ʰˍʺ ˍʹ˄ ʰˎˍˇ˃ʰˍˇˉˇʾʹˋʹ ˉˇ˂ˏˉ˂ˇˁ˖˄ ʶˊʴʰˋʽ˗˄Σ ˈˉ˖ˌ ʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ʰ˄ʰ˒ˇˊ˗˄ ʺ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˉʽ˄ʱˁ˖˄ ˃ʶ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰΦ 

ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.9.6 ʰˊ˔ʽˁʱ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˒ˈˊˍ˖ˋʹ ˍˇˎ 

ʰˊ˔ʶʾˇˎ ƻǊŘŜǊǎΦȄƭǎȄ όɳʽˁˈ˄ʰ 9ύ ˖ˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ǿƻǊƪōƻƻƪ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ˉˊˈˋʲʰˋʹ ˋˍˇ 

˒ˏ˂˂ˇ ˃ʶ ˈ˄ˇ˃ʰ ζhǊŘŜǊǎηΦ ɴˉʶʽˍʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʲʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʰ˄ʱʴ˄˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Υ 

ʶˁˍˎˉ˗˄ʶˍʰʽ ʹ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˒ˏ˂˂ˇˎ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ʶˉʽˁʶ˒ʰ˂ʾʵʶˌ ˍ˖˄ ˋˍʹ˂˗˄ ˁʰʽ ʰ˄ʰˁˍ˗˄ˍʰʽ 

ˍʽ˃ʷˌ ʰˉˈ ˍʰ ˁʶ˂ʽʱ ˍʹˌ ʵʶˏˍʶˊʹˌ ˁʰʽ ˍʹˌ ˍˊʾˍʹˌ ʴˊʰ˃˃ʺˌΣ ˇʽ ˇˉˇʾʶˌ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ 

ˉʰˊʰʴʴʶ˂ʾʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʶʴʴˊʰ˒ʺ ˄ʷ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˃ʽʰˌ ˄ʷʰˌ 

ˉʰˊʰʴʴʶ˂ʾʰˌ ˋˍʹ˄ ˍʷˍʰˊˍʹ ʴˊʰ˃˃ʺΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ˍˊˇˉˇˉˇʾʹˋʹ ˎˉʱˊ˔ˇˎˋʰˌ ˍʽ˃ʺˌ ˃ʶ ˍʹ˄ ʶ˄ʹ˃ʷˊ˖ˋʹ 

ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˃ʽʰˌ ʺʵʹ ˁʰˍʰ˔˖ˊʽˋ˃ʷ˄ʹˌ ˉʰˊʰʴʴʶ˂ʾʰˌΦ ʆʷ˂ˇˌΣ ˇʽ ʰ˂˂ʰʴʷˌ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ ˄ʷˇ 

ʰˊ˔ʶʾˇ όƻǊŘŜǊǎψǳǇŘŀǘŜŘΦȄƭǎȄύΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 10Σ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍˇ ʰˊ˔ʽˁˈ ʰˊ˔ʶʾˇ 

ʰ˃ʶˍʱʲ˂ʹˍˇΦ  

from  openpyxl import  load_workbook  

 

# 1. ūɧɟŰɤůɖ ŬɟɢŮɑɞɡ Excel (Workbook)  

wb = load_workbook ( "orders.xlsx" )  

# 2. ɄɟɧůɓŬůɖ ůŮ űɨɚɚɞ (Sheet) 

sheet = wb[ "Orders" ]  

# 3a. ȷɜɎɔɜɤůɖ əŮɚɘɩɜ 

print ("ɄɟɩŰɖ ůŮɘɟɎ Űɞɡ űɨɚɚɞɡ:")  

for  cell in  sheet [ 1]:   # 1 ɖ ɔɟŬɛɛɐ (header)  

    print ( cell . value ,  end=" \ t" )  

print ( " \ n" )  

# 3b. ȷɜɎɔɜɤůɖ ůɡɔəŮəɟɘɛɏɜɤɜ əŮɚɘɩɜ 

order_id = sheet [ "A2" ]. value  

product = sheet [ "B2" ]. value  

quantity = sheet [ "C2" ]. value  

print ( f"Order ID: { order_id }, Product: { product }, Quantity: { quantity }" )  

# 3c. ȺɔɔɟŬűɐ ůŮ əŮɚɘɎ 

sheet [ "A4" ]  = 102   # ȷɟɘɗɛɧɠ ˊŬɟŬɔɔŮɚɑŬɠ 

sheet [ "B4" ]  = "ȻȷɉȷɅȼ 1 ȾȽȿɃ"  # Ʉɟɞɥɧɜ 

sheet [ "C4" ]  = 1  # ɄɞůɧŰɖŰŬ 

# 3d. Ⱥɜɖɛɏɟɤůɖ əŮɚɘɞɨ 
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sheet [ "C2" ]  = quantity + 2  # Ŭɨɝɖůɖ ˊɞůɧŰɖŰŬɠ ˊŬɟŬɔɔŮɚɑŬɠ 

# 4. ȷˊɞɗɐəŮɡůɖ ŬɚɚŬɔɩɜ 

wb. save ( "orders_updated.xlsx" )  

print ("Ƀɘ ŬɚɚŬɔɏɠ ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞ 'orders_updated.xlsx'.")  

ɼΦ 1.9.6 ς ɮ˄ʱʴ˄˖ˋʹ ʰˊ˔ʶʾˇˎ ŜȄŎŜƭ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˉʰˊʰʴʴʶ˂ʽ˗˄ ˁʰʽ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷˇˎ ʰˊ˔ʶʾˇˎ ŜȄŎŜƭΦ  

 

 
ɳʽˁˈ˄ʰ 9 ς ɮˊ˔ʶʾˇ ŜȄŎŜƭ ʰˉˈ ˍˇ ˇˉˇʾˇ ʴʾ˄ʶˍʰʽ ʹ ʰ˄ʱʴ˄˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ 

 

 
ɳʽˁˈ˄ʰ 10 ς ɮˊ˔ʶʾˇ ŜȄŎŜƭ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 1.9.6. 

1.10. ɰʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ 

ʁʽ ʅ˔ʶˋʽʰˁʷˌ ɰʱˋʶʽˌ ɲʶʵˇ˃ʷ˄˖˄ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˉ˂ʷˇ˄ ʵʽʰʵʶʵˇ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˇˊʴʱ˄˖ˋʹˌ ˁʰʽ 

ʵʽʰ˔ʶʾˊʽˋʹˌ ʵˇ˃ʹ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɳˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˇˊʴʰ˄˖˃ʷ˄ʹ ʰˉˇʻʺˁʶˎˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄Σ ˁʰʻ˗ˌ 

ˁʰʽ ˍʹ ʴˊʺʴˇˊʹ ʰ˄ʱˁˍʹˋʹ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʺ ˍˇˎˌΣ ʰˁˈ˃ʹ ˁʰʽ ˈˍʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʶʴʱ˂ʰ ˋˏ˄ˇ˂ʰ 

ʵʶʵˇ˃ʷ˄˖˄Φ ʅˍˇ ˋ˔ʶˋʽʰˁˈ ˃ˇ˄ˍʷ˂ˇΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ ˉʾ˄ʰˁʶˌ όǘŀōƭŜǎύΣ ˈˉˇˎ ˁʱʻʶ 

ˉʾ˄ʰˁʰˌ ʷ˔ʶʽ ʵʽʰˁˊʽˍˈ ˈ˄ˇ˃ʰ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉʶʵʾʰ όˋˍʺ˂ʶˌύ ˁʰʽ ʶʴʴˊʰ˒ʷˌ όʴˊʰ˃˃ʷˌύΦ ɼʱʻʶ 

ˉʾ˄ʰˁʰˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʷ˄ʰ ˉʶʵʾˇ ʺ ʷ˄ʰ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˉʶʵʾ˖˄ ˉˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ˉˊ˖ˍʶˏˇ˄ ˁ˂ʶʽʵʾ 

όǇǊƛƳŀǊȅ ƪŜȅύΣ ˍˇ ˇˉˇʾˇ ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˃ˇ˄ʰʵʽˁʱ ˁʱʻʶ ʶʴʴˊʰ˒ʺΦ ɶ ˏˉʰˊ˅ʹ ˉˊ˖ˍʶˏˇ˄ˍˇˌ ˁ˂ʶʽʵʽˇˏ 

ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ ˃ˇ˄ʰʵʽˁˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˁʶˊʰʽˈˍʹˍʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʃʰˊʱ˂˂ʹ˂ʰΣ ˇʽ ˉʾ˄ʰˁʶˌ ˃ˉˇˊˇˏ˄ 

˄ʰ ˋˎˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʷˋ˖ ˅ʷ˄˖˄ ˁ˂ʶʽʵʽ˗˄ όŦƻǊŜƛƎƴ ƪŜȅǎύΦ ɴ˄ʰ ˅ʷ˄ˇ ˁ˂ʶʽʵʾ ʶʾ˄ʰʽ ʷ˄ʰ ˉʶʵʾˇ 

ʶ˄ˈˌ ˉʾ˄ʰˁʰ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˉˊ˖ˍʶˏˇ˄ ˁ˂ʶʽʵʾ ʶ˄ˈˌ ʱ˂˂ˇˎ ˉʾ˄ʰˁʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˋ˔ʷˋʶ˖˄ ˁʰʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˋˎ˄ʷˉʶʽʰˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 
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ɶ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˋ˔ʶˋʽʰˁ˗˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍʹˌ ʴ˂˗ˋˋʰˌ {v[ 

ό{ǘǊǳŎǘǳǊŜŘ vǳŜǊȅ [ŀƴƎǳŀƎŜύΣ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ˉˊˈˍˎˉʹ ʴ˂˗ˋˋʰ ʶˊ˖ˍʹ˃ʱˍ˖˄ ʴʽʰ ˋ˔ʶˋʽʰˁʱ 

ˋˎˋˍʺ˃ʰˍʰΦ ɶ {v[ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˎˊʷ˖ˌ ʰˉˈ ˈ˂ʰ ˍʰ ʵʹ˃ˇ˒ʽ˂ʺ ʅˎˋˍʺ˃ʰˍʰ ɲʽʰ˔ʶʾˊʽˋʹˌ ɰʱˋʶ˖˄ 

ɲʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ hǊŀŎƭŜΣ aƛŎǊƻǎƻŦǘ {v[ {ŜǊǾŜǊΣ L.a 5.нΣ tƻǎǘƎǊŜ{v[Σ aȅ{v[Σ aŀǊƛŀ5.Σ 5ǳŎƪ5. ˁʰʽ 

{v[ƛǘŜΦ ɾʷˋ˖ ˍʹˌ {v[ ˉʰˊʷ˔ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁʰʽ ʵʽʰʴˊʰ˒ʺˌ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ 

ˉʽ˄ʱˁ˖˄Σ ʶʽˋʰʴ˖ʴʺˌ ˁʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ʰ˄ʱˁˍʹˋʹˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˃ʶ ʰˉ˂ʱ ʺ 

ˋˏ˄ʻʶˍʰ ʶˊ˖ˍʺ˃ʰˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˎ˄ʵʷˋʶʽˌ όƧƻƛƴǎύ ˃ʶˍʰ˅ˏ ˉˇ˂˂˗˄ ˉʽ˄ʱˁ˖˄Φ 

ɳˉʽˉ˂ʷˇ˄Σ ʹ {v[ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˔ˊʹˋˍ˗˄ ˁʰʽ ˍʹ˄ ʰˉˈʵˇˋʹ ʺ ˍʹ˄ ʰ˄ʱˁ˂ʹˋʹ ʵʽˁʰʽ˖˃ʱˍ˖˄ 

ˉˊˈˋʲʰˋʹˌΣ ˋˍˇʽ˔ʶʾˇ ˁˊʾˋʽ˃ˇ ʴʽʰ ˍʹ˄ ʰˋ˒ʱ˂ʶʽʰ ˁʰʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˇˊʴʰ˄˖˃ʷ˄ʰ 

ˉ˂ʹˊˇ˒ˇˊʽʰˁʱ ˋˎˋˍʺ˃ʰˍʰΦ ʁ ʃʾ˄ʰˁʰˌ 4 ̄ ʶˊʽʷ˔ʶʽ ˃ʽʰ ˋˏ˄ˇ˕ʹ ˋʹ˃ʰ˄ˍʽˁ˗˄ ʶ˄ˍˇ˂˗˄ {v[Φ  

ɳ˄ˍˇ˂ʷˌ ʅˏ˄ˍʰ˅ʹ όʴʶ˄ʽˁʺύ ʃʰˊʱʵʶʽʴ˃ʰ 

ɲʹ˃ʽˇˎˊʴʾʰ ɰʱˋʹˌ CREATE DATABASE ɧɜɞɛŬ; CREATE DATABASE SchoolDB;  

ɲʽʰʴˊʰ˒ʺ ɰʱˋʹˌ DROP DATABASE ɧɜɞɛŬ; DROP DATABASE SchoolDB;  

ɲʹ˃ʽˇˎˊʴʾʰ 
ʃʾ˄ʰˁʰ 

CREATE TABLE ɧɜɞɛŬ_ˊɑɜŬəŬ 

(ůŰɐɚɖ1 Űɨˊɞɠ, ůŰɐɚɖ2 Űɨˊɞɠ, 

...);  

CREATE TABLE Students (ID 

INT, Name VARCHAR(50), Age 

INT);  

ɲʽʰʴˊʰ˒ʺ ʃʾ˄ʰˁʰ DROP TABLE ɧɜɞɛŬ_ˊɑɜŬəŬ; DROP TABLE Students;  

ʆˊˇˉˇˉˇʾʹˋʹ 
ʃʾ˄ʰˁʰ 

ALTER TABLE ɧɜɞɛŬ_ˊɑɜŬəŬ 

ŮɜŰɞɚɐ; 

ALTER TABLE Students ADD 

Email VARCHAR(100);  

ɳʽˋʰʴ˖ʴʺ 
ɳʴʴˊʰ˒ʺˌ 

INSERT INTO ˊɑɜŬəŬɠ 

(ůŰɐɚŮɠ...) VALUES 

(Űɘɛɏɠ...);  

INSERT INTO Students (ID, 

Name, Age) VALUES (1, 

'Maria', 20);  

ɲʽʰʴˊʰ˒ʺ 
ɳʴʴˊʰ˒ʺˌ 

DELETE FROM ˊɑɜŬəŬɠ WHERE 

ůɡɜɗɐəɖ;  

DELETE FROM Students WHERE ID 

= 1;  

ɳ˄ʹ˃ʷˊ˖ˋʹ 
ɳʴʴˊʰ˒ʺˌ 

UPDATE ˊɑɜŬəŬɠ SET ůŰɐɚɖ = 

Űɘɛɐ WHERE ůɡɜɗɐəɖ; 

UPDATE Students SET Age = 21 

WHERE Name = 'Maria';  

ɳˉʽ˂ˇʴʺ 
ɲʶʵˇ˃ʷ˄˖˄ 

SELECT ůŰɐɚŮɠ FROM ˊɑɜŬəŬɠ 

WHERE ůɡɜɗɐəɖ; 

SELECT Name, Age FROM 

Students WHERE Age > 18;  

ɮ˄ʱʻʶˋʹ 
ɲʽˁʰʽ˖˃ʱˍ˖˄ 

GRANT ŭɘəŬɘɩɛŬŰŬ ON 

ɓɎůɖ/ˊɑɜŬəŬɠ TO 

'ɢɟɐůŰɖɠ'@'host'; 

GRANT SELECT, INSERT ON 

SchoolDB.* TO 

'student_user'@'localhost';  

ʃʾ˄ʰˁʰˌ 4 ς ʁˊʽˋ˃ʷ˄ʶˌ ˋʹ˃ʰ˄ˍʽˁʷˌ ʶ˄ˍˇ˂ʷˌ {v[Φ  

 

1.10.1. Sqlite 

ɶ {v[ƛǘŜ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʶ˂ʰ˒ˊˏ όƭƛƎƘǘǿŜƛƎƘǘύ ʅˏˋˍʹ˃ʰ ɲʽʰ˔ʶʾˊʽˋʹˌ ʅ˔ʶˋʽʰˁ˗˄ ɰʱˋʶ˖˄ ɲʶʵˇ˃ʷ˄˖˄Σ ˍˇ 

ˇˉˇʾˇ ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʹ˄ ʰˉ˂ˈˍʹˍʰ ˁʰʽ ˍʹ ˒ˇˊʹˍˈˍʹˍʰΦ ʆˇ ˃ʷʴʶʻˇˌ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ˍʹˌ 

ʶʾ˄ʰʽ ˃ʽˁˊˈ όˋˎ˄ʺʻ˖ˌ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ мa.ύΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˍʹ˄ ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ 

ʶ˒ʰˊ˃ˇʴʷˌ ˃ʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˎˌ ˉˈˊˇˎˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ʱ˂˂ʰ ˋˎˋˍʺ˃ʰˍʰ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 

˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ ˅ʶ˔˖ˊʽˋˍʷˌ ˎˉʹˊʶˋʾʶˌ όǎŜǊǾŜǊ-ōŀǎŜŘύΣ ʹ {v[ƛǘŜ ʵʶ˄ ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷʰ ʵʽʶˊʴʰˋʾʰ ʴʽʰ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ˍʹˌΦ ɳˁˍʶ˂ʶʾˍʰʽ ˃ʷˋʰ ˋˍʹ˄ ʾʵʽʰ ʵʽʶˊʴʰˋʾʰ όǇǊƻŎŜǎǎύ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˉˇˎ 

ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾΣ ˎ˂ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ άǎŜǊǾŜǊƭŜǎǎέ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌΦ ɶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ 
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ʰˉˇʻʹˁʶˏʶˍʰʽ ˋʶ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ʰˊ˔ʶʾˇΣ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ʶˏˁˇ˂ʰ ˄ʰ ˃ʶˍʰ˒ʶˊʻʶʾ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

˂ʶʽˍˇˎˊʴʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˈˉ˖ˌ ²ƛƴŘƻǿǎΣ [ƛƴǳȄ ʺ !ƴŘǊƻƛŘΣ ˔˖ˊʾˌ ʰ˄ʱʴˁʹ ʶʽʵʽˁʺˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ʺ 

ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹˌΦ ɶ {v[ƛǘŜ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʴʽʰ ˁʽ˄ʹˍʷˌ ˋˎˋˁʶˎʷˌ 

ό!ƴŘǊƻƛŘΣ ƛh{ύ ˁʰʽ ˋʶ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ όŜƳōŜŘŘŜŘύ ˋˎˋˍʺ˃ʰˍʰΣ ˁʰʻ˗ˌ ʰˉʰʽˍʶʾ ˃ʹʵʶ˄ʽˁʷˌ ˊˎʻ˃ʾˋʶʽˌ 

όȊŜǊƻ ŎƻƴŦƛƎǳǊŀǘƛƻƴύ ʴʽʰ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽΦ ʃʰˊʱ ˍˇ˄ ʶ˂ʰ˒ˊˏ ˔ʰˊʰˁˍʺˊʰ ˍʹˌΣ ˎˉˇˋˍʹˊʾʸʶʽ 

ˉˊˇ˔˖ˊʹ˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋ˔ʶˋʽʰˁ˗˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ ǘransactions, triggers, indexes 

ˁʰʽ ǾƛŜǿǎΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˎ˕ʹ˂ʺ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ʰ˅ʽˇˉʽˋˍʾʰΦ 

1.10.1.1 ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʹ˄ ǎǉƭƛǘŜ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊˈˋʲʰˋʹˌ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹˌ ˃ʽʰˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ 

{v[ƛǘŜ ˃ʷˋ˖ ˍʹˌ tȅǘƘƻƴΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ƳƻŘǳƭŜ ǎǉƭƛǘŜоΦ ɶ ˉʰˊˇˎˋʾʰˋʹ 

ˇˊʴʰ˄˗˄ʶˍʰʽ ˋʶ ˉʷ˄ˍʶ ʵʽʰʵˇ˔ʽˁʱ ʲʺ˃ʰˍʰ ˉˇˎ ʰ˄ʰʵʶʽˁ˄ˏˇˎ˄ ˍʽˌ ʲʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ 

˃ʶˍʰ˅ˏ ʶ˒ʰˊ˃ˇʴʺˌ ˁʰʽ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɮˊ˔ʽˁʱΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.10.1Σ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˋˏ˄ʵʶˋʹ ˋʶ ʷ˄ʰ ʰˊ˔ʶʾˇ όˉΦ˔Φ 

ǎŎƘƻƻƭΦŘōύ ˃ʷˋ˖ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ǎǉƭƛǘŜоΦŎƻƴƴŜŎǘόύΦ ɳ˒ˈˋˇ˄ ˍˇ ʰˊ˔ʶʾˇ ʵʶ˄ ˎˉʱˊ˔ʶʽΣ ʹ {v[ƛǘŜ ˍˇ ʵʹ˃ʽˇˎˊʴʶʾ 

ʰˎˍˈ˃ʰˍʰΦ  

import  sqlite3  

 

conn = sqlite3 . connect ( "school.db" )  

print ("ȼ ȸɎůɖ ȹŮŭɞɛɏɜɤɜ ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ ůɡɜŭɏɗɖəŮ.")  

conn . close ()  

ɼΦ 1.10.1 ς ɲʹ˃ʽˇˎˊʴʾʰ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ  

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.10.2Σ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˇʽ ˉʾ˄ʰˁʶˌ {¢¦59b¢{ ˁʰʽ Dw!59{Φ ʁ ˉʾ˄ʰˁʰˌ 

{¢¦59b¢{ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˉˊ˖ˍʶˏˇ˄ ˁ˂ʶʽʵʾ όƛŘύ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ˒ˇʽˍʹˍʺΣ ʶ˄˗ ˇ ˉʾ˄ʰˁʰˌ Dw!59{ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʵʽˁˈ ˍˇˎ ˉˊ˖ˍʶˏˇ˄ ˁ˂ʶʽʵʾ όƛŘύ ˁʰʽ ʷ˄ʰ ˅ʷ˄ˇ ˁ˂ʶʽʵʾ όǎǘǳŘŜƴǘψƛŘύ ˉˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ 

ƛŘ ˍˇˎ ˉʾ˄ʰˁʰ {¢¦59b¢{Σ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 11Φ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ʹ 

ˋˎˋ˔ʷˍʽˋʹ ˍ˖˄ ʵˏˇ ˉʽ˄ʱˁ˖˄ ˃ʷˋ˖ ˅ʷ˄ˇˎ ˁ˂ʶʽʵʽˇˏΣ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ ˋ˔ʶˋʽʰˁʺ ʰˁʶˊʰʽˈˍʹˍʰ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄Φ 

import  sqlite3  

 

conn = sqlite3 . connect ( "school.db" )  

cursor = conn . cursor ()  

cursor . execute (  

    """  

CREATE TABLE IF NOT EXISTS STUDENTS (  

    id INTEGER PRIMARY KEY,  

    name TEXT 

)  

"""  

)  

cursor . execute (  

    """  
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CREATE TABLE IF NOT EXISTS GRADES (  

    id INTEGER PRIMARY KEY,  

    student_id INTEGER,  

    course_id TEXT,  

    grade INTEGER,  

    FOREIGN KEY(student_id) REFERENCES STUDENTS(id)  

)  

"""  

)  

conn . commit ()  

conn . close ()  

print ( "Ƀɘ ˊɑɜŬəŮɠ STUDENTS əŬɘ GRADES ŭɖɛɘɞɡɟɔɐɗɖəŬɜ." )  

ɼΦ 1.10.2 ς ɲʹ˃ʽˇˎˊʴʾʰ ˉʽ˄ʱˁ˖˄ ˍʹˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹˌ ˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ  

 

ɳʽˁˈ˄ʰ 11 ς ɶ ˋˎˋ˔ʷˍʽˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍˇ˄ ˉʾ˄ʰˁʰ {¢¦59b¢{ ˁʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ Dw!59{Φ  

ɮˁˇ˂ˇˏʻ˖ˌΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.10.3Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʶʽˋʰʴ˖ʴʺ ʶʴʴˊʰ˒˗˄ ˃ʶ ʶ˄ˍˇ˂ʷˌ Lb{9w¢ Lb¢hΦ 

ɳʽˋʱʴʶˍʰʽ ʷ˄ʰˌ ˒ˇʽˍʹˍʺˌ ˋˍˇ˄ ˉʾ˄ʰˁʰ {¢¦59b¢{ ˁʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʲʰʻ˃ˇ˂ˇʴʾʶˌ ˍˇˎ ˋˍˇ˄ ˉʾ˄ʰˁʰ 

Dw!59{Φ ɶ ˔ˊʺˋʹ ˉʰˊʰ˃ʷˍˊ˖˄ όΚύ ˋˍʰ ʶˊ˖ˍʺ˃ʰˍʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂˗˄ {v[ ˃ʶ ˍʹ˄ 

ʶˉʽʻˎ˃ʹˍʺ ʵʽʰˍˏˉ˖ˋʹΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶʽˋʰʴ˖ʴʺˌ ˍ˖˄ ʶʴʴˊʰ˒˗˄ ˋˍʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˒ʰʾ˄ʶˍʰʽ 

ˋˍʹ˄ ɳʽˁˈ˄ʰ 12. 

import  sqlite3  

 

conn = sqlite3 . connect ( "school.db" )  

cursor = conn . cursor ()  

cursor . execute ( "INSERT INTO STUDENTS (name) VALUES (?)" ,  ( "ȷɜŰɩɜɖɠ" ,))  

cursor . execute (  

    "INSERT INTO GRADES (student_id, course_id, grade) VALUES (?, ?, ?)" ,  

    ( 1,  "CS101" ,  95),  

)  

cursor . execute (  

    "INSERT INTO GRADES (student_id, course_id, grade) VALUES (?, ?, ?)" ,  

    ( 1,  "CS102" ,  88),  

)  

conn . commit ()  

conn . close ()  

print ( "ȺɘůɐɢɗɖůŬɜ ŮɔɔɟŬűɏɠ ůŰɞɡɠ ˊɑɜŬəŮɠ STUDENTS əŬɘ GRADES.")  

ɼΦ 1.10.3 ς ɳʽˋʰʴ˖ʴʺ ʶʴʴˊʰ˒˗˄ ˋˍˇˎˌ ʵˏˇ ˉʾ˄ʰˁʶˌΦ 
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ɳʽˁˈ˄ʰ 12 ς ʁʽ ˉʾ˄ʰˁʶˌ {¢¦59b¢{ ˁʰʽ Dw!59{ ˃ʶˍʱ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʶʴʴˊʰ˒˗˄Φ  

ɴˉʶʽˍʰΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.10.4Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ʶʴʴˊʰ˒ʺˌ ˃ʶ ʶ˄ˍˇ˂ʺ ¦t5!¢9Σ ˈˉˇˎ 

ˍˊˇˉˇˉˇʽʶʾˍʰʽ ʹ ʲʰʻ˃ˇ˂ˇʴʾʰ ʶ˄ˈˌ ˒ˇʽˍʹˍʺ ʴʽʰ ʷ˄ʰ ˃ʱʻʹ˃ʰΣ ʲʱˋʶʽ ˃ʽʰˌ ˋˎ˄ʻʺˁʹˌ ˋˍˇ ²I9w9 ˉˇˎ 

ˋˎ˄ʵˎʱʸʶʽ ˍˇ ǎǘǳŘŜƴǘψƛŘ ˁʰʽ ˍˇ ŎƻǳǊǎŜψƛŘΦ ɶ ʰ˂˂ʰʴʺ ˇˊʽˋˍʽˁˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ŎƻƳƳƛǘόύ ˁʰʽ ˍˇ 

ʰˉˇˍʷ˂ʶˋ˃ʱ ˍʹˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ʶʽˁˈ˄ʰ ɳʽˁˈ˄ʰ 13. 

import  sqlite3  

 

conn = sqlite3 . connect ( "school.db" )  

cursor = conn . cursor ()  

cursor . execute (  

    """UPDATE GRADES SET grade = ?  

WHERE student_id = ? AND course_id = ?""" ,  

    ( 97 ,  1,  "CS101" ),  

)  

conn . commit ()  

conn . close ()  

print ("ȼ ŮɔɔɟŬűɐ ɓŬɗɛɞɚɞɔɑŬɠ ŮɜɖɛŮɟɩɗɖəŮ.")  

ɼΦ 1.10.4 ς ɳ˄ʹ˃ʷˊ˖ˋʹ ʶʴʴˊʰ˒ʺˌ ˋˍˇ˄ ˉʾ˄ʰˁʰ Dw!59{Φ 

  

 
ɳʽˁˈ˄ʰ 13 ς ʁ ˉʾ˄ʰˁʰˌ Dw!59{ ˃ʶˍʱ ˍʹ˄ ʶ˄ʹ˃ʷˊ˖ˋʹ ʲʰʻ˃ˇˏ όƎǊŀŘŜύ ʴʽʰ ˍˇ˄ ˒ˇʽˍʹˍʺ ˃ʶ ǎǘǳŘŜƴǘψƛŘҐм ʴʽʰ ˍˇ ˃ʱʻʹ˃ʰ ˃ʶ 
course_id=CS101.  

ʆʷ˂ˇˌΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼ. 1.10.5Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˄ʱˁˍʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʶ˄ˍˇ˂ʺ {9[9/¢ ˁʰʽ ˔ˊʺˋʹ 

WhLbΣ ˗ˋˍʶ ˄ʰ ˋˎ˄ʵˎʰˋˍˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍ˖˄ ˉʽ˄ʱˁ˖˄ {¢¦59b¢{ ˁʰʽ Dw!59{Φ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ˒ˇʽˍʹˍʺΣ ˍˇ˄ ˁ˖ʵʽˁˈ ˃ʰʻʺ˃ʰˍˇˌ ˁʰʽ ˍˇ˄ ʲʰʻ˃ˈΣ ʶˉʽʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍʹ ʶˎˁˇ˂ʾʰ 

˃ʶ ˍʹ˄ ˇˉˇʾʰ ʶˊ˖ˍʺ˃ʰˍʰ {v[ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˅ʱʴˇˎ˄ ˋˏ˄ʻʶˍʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʰˉˈ ˋˎ˄ʵˎʰˋ˃ˈ ˉˇ˂˂˗˄ 

ˉʽ˄ʱˁ˖˄Φ 

import  sqlite3  

 

conn = sqlite3 . connect ( "school.db" )  

cursor = conn . cursor ()  

cursor . execute (  

    """  

SELECT STUDENTS.name, GRADES.course_id, GRADES.grade  

FROM STUDENTS 

JOIN GRADES ON STUDENTS.id = GRADES.student_id  

"""  

)  

for  row in  cursor . fetchall ():  

    print ( row )  
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conn . close ()  

ɼ. 1.10.5 ς ɮ˄ʱˁ˂ʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʵˏˇ ˉʾ˄ʰˁʶˌΦ 

ɶ ʷ˅ˇʵˇˌ ˍˇˎ ˁ˗ʵʽˁʰ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 

('ȷɜŰɩɜɖɠ', 'CS101', 97) 

('ȷɜŰɩɜɖɠ', 'CS102', 88) 

 

1.11. ɳ˅ʰʽˊʷˋʶʽˌ 

ɼʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˋ˒ʱ˂˃ʰˍʰ όŜǊǊƻǊǎύΣ ˍʰ ˇˉˇʾʰ 

˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˂ʰ˄ʻʰˋ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎΣ ˋʶ ʰˋˎ˃ʲʰˍˈˍʹˍʶˌ ˍˏˉ˖˄Σ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ 

ʰˊ˔ʶʾ˖˄ ʺ ˋʶ ʱ˂˂ʶˌ ʰˉˊˈʲ˂ʶˉˍʶˌ ˁʰˍʰˋˍʱˋʶʽˌΦ ʂˍʰ˄ ˋˎ˃ʲʶʾ ʷ˄ʰ ˋ˒ʱ˂˃ʰΣ ˎˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʶˌ 

ˋˍˊʰˍʹʴʽˁʷˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌΣ ˈˉ˖ˌ ʹ ʰʴ˄ˈʹˋʺ ˍˇˎΣ ˇ ʱ˃ʶˋˇˌ ˍʶˊ˃ʰˍʽˋ˃ˈˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ʹ 

ʶ˃˒ʱ˄ʽˋʹ ˁʰˍʱ˂˂ʹ˂ˇˎ ˃ʹ˄ˏ˃ʰˍˇˌ ˁʰʽ ʹ ˋˎ˄ʷ˔ʽˋʹ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ʺ ʹ ˉˊˇˋˉʱʻʶʽʰ 

ʵʽˈˊʻ˖ˋʹˌκʰ˄ʱˁʰ˃˕ʹˌ ʰˉˈ ˍˇ ˋ˒ʱ˂˃ʰΦ  

ʅˍʽˌ ˋˏʴ˔ˊˇ˄ʶˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ˇ ʲʰˋʽˁˈˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˂ʰʻ˗˄ ʶʾ˄ʰʽ ˇʽ 

ʶ˅ʰʽˊʷˋʶʽˌ όŜȄŎŜǇǘƛƻƴǎύΦ ɾʽʰ ʶ˅ʰʾˊʶˋʹ ˋʹ˃ʰˍˇʵˇˍʶʾ ˈˍʽ ˋˎ˄ʷʲʹ ˃ʽʰ ˃ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˁʰˍʱ ˍʹ˄ 

ʶˁˍʷ˂ʶˋʹΦ ɶ ʵʹ˃ʽˇˎˊʴʾʰ όˉˊˈˁ˂ʹˋʹύ ˃ʽʰˌ ʶ˅ʰʾˊʶˋʹˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ǊŀƛǎŜΣ ʹ ˇˉˇʾʰ ʵʽʰˁˈˉˍʶʽ ˍʹ 

˒ˎˋʽˇ˂ˇʴʽˁʺ ˊˇʺ ʶˁˍʷ˂ʶˋʹˌ ˁʰʽ ˃ʶˍʰ˒ʷˊʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˔ʶʽˊʽˋ˃ˇˏΦ ʅˍʹ˄ 

tȅǘƘƻƴΣ ˇ ˔ʶʽˊʽˋ˃ˈˌ ʶ˅ʰʽˊʷˋʶ˖˄ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ǘǊȅκŜȄŎŜǇǘΦ ɮˎˍˈ ʶˉʽˍˊʷˉʶʽ ˍˇ ʵʽʰ˔˖ˊʽˋ˃ˈ 

ˍˇˎ ˁ˗ʵʽˁʰ ˉˇˎ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ʁ ˅ʰʾˊʶˋʹ ʰˉˈ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇˎ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽΦ ɶ ˋˏ˄ˍʰ˅ʹ 

ˍ˖˄ ʶ˄ˍˇ˂˗˄ ǘǊȅκŜȄŎŜǇǘ ʶʾ˄ʰʽ ʹ ʰˁˈ˂ˇˎʻʹΥ 

try:  

    # ŮɜŰɞɚɏɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŮɝŬɑɟŮůɖ 

except (Exception1, Exception2):  

    # ɢŮɘɟɘůɛɧɠ Űɖɠ ŮɝŬɑɟŮůɖɠ 

else:  

    # ŮəŰŮɚŮɑŰŬɘ Ŭɜ ŭŮɜ ˊɟɞəɚɐɗɖəŮ ŮɝŬɑɟŮůɖ 

finally:  

    # ŮəŰŮɚŮɑŰŬɘ ˊɎɜŰŬ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ Ŭɜ ůɡɜɏɓɖ ŮɝŬɑɟŮůɖ 

ʆˇ ˃ˉ˂ˇˁ ǘǊȅ ˉʶˊʽʷ˔ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇˎ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˋ˒ʱ˂˃ʰΦ ɮ˄ ˋˎ˃ʲʶʾ ʶ˅ʰʾˊʶˋʹΣ 

ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˃ˉ˂ˇˁ ŜȄŎŜǇǘΦ ʆˇ ˃ˉ˂ˇˁ ŜƭǎŜ ʶˁˍʶ˂ʶʾˍʰʽ ˃ˈ˄ˇ ʰ˄ ʵʶ˄ ˉˊˇˁˏ˕ʶʽ ʶ˅ʰʾˊʶˋʹΣ ʶ˄˗ 

ˍˇ Ŧƛƴŀƭƭȅ ʶˁˍʶ˂ʶʾˍʰʽ ˉʱ˄ˍˇˍʶ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ʴʽʰ ˁʰʻʰˊʽˋ˃ˈ ̄ ˈˊ˖˄ όˉΦ˔Φ ˁ˂ʶʾˋʽ˃ˇ ʰˊ˔ʶʾ˖˄ 

ʺ ˋˎ˄ʵʷˋʶ˖˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ύΦ 

ʍˌ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋˏ˂˂ʹ˕ʹˌ ˁʰʽ ˔ʶʽˊʽˋ˃ˇˏ ʶ˅ʰʽˊʷˋʶ˖˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˁ˗ʵʽˁʰˌ ɼΦ 1.11.1 ˉˇˎ 

ʶˉʽ˔ʶʽˊʶʾ ˄ʰ ʰ˄ˇʾ˅ʶʽ ʷ˄ʰ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎ ˍˇˎ ˇˉˇʾˇˎ ˍˇ ˈ˄ˇ˃ʰ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΣ ˄ʰ ʵʽʰʲʱˋʶʽ 

ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʱ ˍˇˎ ˁʰʽ ˄ʰ ˍʰ ʶ˃˒ʰ˄ʾˋʶʽ ˋˍʹ˄ ˇʻˈ˄ʹΦ ʅˍˇ ˃ˉ˂ˇˁ ǘǊȅ ʴʾ˄ʶˍʰʽ ʹ ˉˊˇˋˉʱʻʶʽʰ ʰ˄ˇʾʴ˃ʰˍˇˌ 

ˍˇˎ ʰˊ˔ʶʾˇˎ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ʰ˄ʱʴ˄˖ˋʹˌ ˁʰʽ ʹ ʰ˄ʱʴ˄˖ˋʹ ˍˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˍˇˎΦ ɮ˄ ˍˇ ʰˊ˔ʶʾˇ ʵʶ˄ 

ˎˉʱˊ˔ʶʽΣ ˉˊˇˁʰ˂ʶʾˍʰʽ ʶ˅ʰʾˊʶˋʹ CƛƭŜbƻǘCƻǳƴŘ9ǊǊƻǊΣ ʹ ˇˉˇʾʰ ˋˎ˂˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˃ˉ˂ˇˁ 
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ŜȄŎŜǇǘ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʺ˄ˎ˃ʰ ˋ˒ʱ˂˃ʰˍˇˌΦ ɮ˄ ˍˇ ʰˊ˔ʶʾˇ ˎˉʱˊ˔ʶʽ ʰ˂˂ʱ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˍʰ 

ʰˉʰˊʰʾˍʹˍʰ ʵʽˁʰʽ˗˃ʰˍʰ ˉˊˈˋʲʰˋʹˌΣ ˉˊˇˁʰ˂ʶʾˍʰʽ tŜǊƳƛǎǎƛƻƴ9ǊǊƻǊΣ ʹ ˇˉˇʾʰ ʶˉʾˋʹˌ ˔ʶʽˊʾʸʶˍʰʽ ˃ʶ 

˅ʶ˔˖ˊʽˋˍˈ ˃ʺ˄ˎ˃ʰΦ ʆˇ ˃ˉ˂ˇˁ ŜƭǎŜ ʶˁˍʶ˂ʶʾˍʰʽ ˃ˈ˄ˇ ʶ˒ˈˋˇ˄ ʵʶ˄ ˉˊˇˁˏ˕ʶʽ ˁʰ˃ʾʰ ʶ˅ʰʾˊʶˋʹΣ ʵʹ˂ʰʵʺ 

ˈˍʰ˄ ʹ ʰ˄ʱʴ˄˖ˋʹ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʶˉʽˍˎ˔˗ˌΦ ʆʷ˂ˇˌΣ ˍˇ ˃ˉ˂ˇˁ Ŧƛƴŀƭƭȅ ʶˁˍʶ˂ʶʾˍʰʽ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ 

ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍˇ ʰ˄ ˋˎ˄ʷʲʹ ʶ˅ʰʾˊʶˋʹ ʺ ˈ˔ʽΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˁ˗ʵʽˁʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇˉ˖ˋʵʺˉˇˍʶ όˉΦ˔Φ ʶ˄ʹ˃ʶˊ˖ˍʽˁˈ ˃ʺ˄ˎ˃ʰ ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ˋʶ ʰˎˍˈ ˍˇ ˉʰˊʱʵʶˇʽʴ˃ʰ ʺ 

ʰˉˇʵʷˋ˃ʶˎˋʹ ˉˈˊ˖˄ύΦ 

try :  

    filename = input ( "ȹɩůŮ ɧɜɞɛŬ ŬɟɢŮɑɞɡ: " )  

    f = open ( filename ,  "r" )  

    content = f . read ()  

    print ("ɇɞ ŬɟɢŮɑɞ ŭɘŬɓɎůŰɖəŮ ŮˊɘŰɡɢɩɠ.")  

    f . close ()  

except  FileNotFoundError :  

    print ( "ɆűɎɚɛŬ: ɇɞ ŬɟɢŮɑɞ ŭŮɜ ɓɟɏɗɖəŮ." )  

except  PermissionError :  

    print ("ɆűɎɚɛŬ: ȹŮɜ ɡˊɎɟɢɞɡɜ ŭɘəŬɘɩɛŬŰŬ ˊɟɧůɓŬůɖɠ ůŰɞ ŬɟɢŮɑɞ.")  

else :  

    print ("ȼ ŬɜɎɔɜɤůɖ ɞɚɞəɚɖɟɩɗɖəŮ ɢɤɟɑɠ ůűɎɚɛŬŰŬ.")  

finally :  

    print ("ɇɏɚɞɠ ŭɘŬŭɘəŬůɑŬɠ.")  

ɼΦ 1.11.1 ς ɯ˄ˇʽʴ˃ʰ ʰˊ˔ʶʾˇˎ ˁʶʽ˃ʷ˄ˇˎ ˁʰʽ ʶ˃˒ʱ˄ʽˋʹ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ ˍˇˎΣ ˃ʶ ˔ʶʽˊʽˋ˃ˈ ˉʽʻʰ˄˗˄ ʶ˅ʰʽˊʷˋʶ˖˄Φ 

ʅˎ˄ʶˉ˗ˌΣ ˍʰ ˉʽʻʰ˄ʱ ˋʶ˄ʱˊʽʰ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˃ʲˇˏ˄ ʶʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

1. ʆˇ ʰˊ˔ʶʾˇ ˎˉʱˊ˔ʶʽ ˁʰʽ ʰ˄ˇʾʴʶʽ ˁʰ˄ˇ˄ʽˁʱΥ ɶ ʶʾˋˇʵˇˌ ˍˇˎ ˔ˊʺˋˍʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˎˉʰˊˁˍˈ 

ʰˊ˔ʶʾˇ ˁʰʽ ˎˉʱˊ˔ˇˎ˄ ʵʽˁʰʽ˗˃ʰˍʰ ʰ˄ʱʴ˄˖ˋʹˌ ˍˇˎ ʰˊ˔ʶʾˇˎΦ ʆˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ʰˊ˔ʶʾˇˎ 

ʵʽʰʲʱʸʶˍʰʽ ʶˉʽˍˎ˔˗ˌΣ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ŜƭǎŜΣ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ŦƛƴŀƭƭȅΦ 

2. ʆˇ ʰˊ˔ʶʾˇ ʵʶ˄ ˎˉʱˊ˔ʶʽΥ ɶ ˁ˂ʺˋʹ ˍʹˌ ƻǇŜƴόύ ˉˊˇˁʰ˂ʶʾ CƛƭŜbƻǘCƻǳƴŘ9ǊǊƻǊΦ ɳˁˍʶ˂ʶʾˍʰʽ ˍˇ ˃ˉ˂ˇˁ 

ˁ˗ʵʽˁʰ ˍˇˎ ŜȄŎŜǇǘ CƛƭŜbƻǘCƻǳƴŘ9ǊǊƻǊΣ ˍˇ ŜƭǎŜ ʵʶ˄ ʶˁˍʶ˂ʶʾˍʰʽΣ ˍˇ Ŧƛƴŀƭƭȅ ʶˁˍʶ˂ʶʾˍʰʽΦ 

3. ɲʶ˄ ˎˉʱˊ˔ˇˎ˄ ʵʽˁʰʽ˗˃ʰˍʰ ˉˊˈˋʲʰˋʹˌ ˋˍˇ ʰˊ˔ʶʾˇΥ ɶ ƻǇŜƴόύ ˉˊˇˁʰ˂ʶʾ tŜǊƳƛǎǎƛƻƴ9ǊǊƻǊΦ 

ɳˁˍʶ˂ʶʾˍʰʽ ˍˇ ˃ˉ˂ˇˁ ˁ˗ʵʽˁʰ ˍˇˎ ŜȄŎŜǇǘ tŜǊƳƛǎǎƛƻƴ9ǊǊƻǊΣ ˍˇ ŜƭǎŜ ʵʶ˄ ʶˁˍʶ˂ʶʾˍʰʽΣ ˍˇ Ŧƛƴŀƭƭȅ 

ʶˁˍʶ˂ʶʾˍʰʽΦ 

4. ɲʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˋ˒ʱ˂˃ʰ ˁʰˍʱ ˍʹ˄ ʰ˄ʱʴ˄˖ˋʹ ˍˇˎ ʰˊ˔ʶʾˇˎΣ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ 

ˉˊˈʲ˂ʹ˃ʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʰˊ˔ʶʾ˖˄Υ ʃˊˇˁʰ˂ʶʾˍʰʽ ʷ˄ʰˌ ʱ˂˂ˇˌ ˍˏˉˇˌ ʶ˅ʰʾˊʶˋʹˌ όˉΦ˔Φ h{9ǊǊƻǊύΦ 

ɼʰʻ˗ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʰ˄ˍʾˋˍˇʽ˔ƻ ŜȄŎŜǇǘΣ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˍʶˊ˃ʰˍʾʸʶˍʰʽ ʶ˒ˈˋˇ˄ ˉˊ˗ˍʰ ʶˁˍʶ˂ʶˋˍʶʾ 

ˍˇ ŦƛƴŀƭƭȅΦ 

1.11.1. ɹʶˊʰˊ˔ʾʰ ʶ˅ʰʽˊʷˋʶ˖˄ 

ʅˍʹ˄ tȅǘƘƻƴΣ ˇʽ ʶ˅ʰʽˊʷˋʶʽˌ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ˋˍʽʴ˃ʽˈˍˎˉʰ ˁ˂ʱˋʶ˖˄ ˁʰʽ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋʶ ˃ʽʰ 

ʽʶˊʰˊ˔ʽˁʺ ʵˇ˃ʺ ˁ˂ʹˊˇ˄ˇ˃ʽˁˈˍʹˍʰˌΦ ɶ ʽʶˊʰˊ˔ʾʰ ʰˎˍʺ ʰˁˇ˂ˇˎʻʶʾ ˍʹ ˂ˇʴʽˁʺ ʰˉˈ ˍˇ ʴʶ˄ʽˁˈ ˉˊˇˌ ˍˇ 

ʶʽʵʽˁˈΦ ʅˍʹ˄ ˁˇˊˎ˒ʺ ʲˊʾˋˁʶˍʰʽ ʹ ˁ˂ʱˋʹ .ŀǎŜ9ȄŎŜǇǘƛƻƴΣ ʶ˄˗ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˎ˄ʹʻʽˋ˃ʷ˄ʶˌ ʶ˅ʰʽˊʷˋʶʽˌ 
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ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˁ˂ʹˊˇ˄ˇ˃ˇˏ˄ ʱ˃ʶˋʰ ʺ ʷ˃˃ʶˋʰ ʰˉˈ ˍʹ˄ ˁ˂ʱˋʹ 

9ȄŎŜǇǘƛƻƴΦ ɶ ʽʶˊʰˊ˔ʽˁʺ ˇˊʴʱ˄˖ˋʹ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˇ˃ʰʵˇˉˇʾʹˋʹ ˋˎ˄ʰ˒˗˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˁʱˍ˖ ʰˉˈ ˁˇʽ˄ʷˌ 

ˎˉʶˊˁ˂ʱˋʶʽˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʶ˅ʰʽˊʷˋʶʽˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ʰˊʽʻ˃ʹˍʽˁʱ ˋ˒ʱ˂˃ʰˍʰ ʺ ˃ʶ ˋ˒ʱ˂˃ʰˍʰ 

ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎ ʰˉˇˍʶ˂ˇˏ˄ ʶ˅ʶʽʵʽˁʶˏˋʶʽˌ ʴʶ˄ʽˁˈˍʶˊ˖˄ ˁʰˍʹʴˇˊʽ˗˄Φ ɮˎˍˈ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ˄ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˄ʰ ʶˉʽ˂ʷʴʶʽ ˍˇ ʶˉʾˉʶʵˇ ʴʶ˄ʾˁʶˎˋʹˌ ˃ʶ ˍˇ ˇˉˇʾˇ ʻʰ ˔ʶʽˊʽˋˍʶʾ ʷ˄ʰ ˋ˒ʱ˂˃ʰΥ ʶʾˍʶ 

ˋˎ˂˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˅ʰʾˊʶˋʹ ʶʾˍʶ ˃ʽʰ ʶˎˊˏˍʶˊʹ ˁʰˍʹʴˇˊʾʰΦ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼ. 1.11.2 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ʰˉ˂ˈ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ ˔ˊʺˋʹ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌ 

ʶ˅ʰʽˊʷˋʶ˖˄Φ ʁʽ ½ŜǊƻ5ƛǾƛǎƛƻƴ9ǊǊƻǊ ˁʰʽ ±ŀƭǳŜ9ǊǊƻǊ ʶʾ˄ʰʽ ˉʽˇ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ˁ˂ʱˋʶʽˌ ˉˇˎ ˁ˂ʹˊˇ˄ˇ˃ˇˏ˄ 

ʰˉˈ ˍʹ˄ 9ȄŎŜǇǘƛƻƴΦ ʆˇ ŜȄŎŜǇǘ 9ȄŎŜǇǘƛƻƴ ˋˎ˂˂ʰ˃ʲʱ˄ʶʽ ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ ʶ˅ʰʾˊʶˋʹ ˉˇˎ ʰ˄ʺˁʶʽ ˋˍʹ˄ 

ʾʵʽʰ ʽʶˊʰˊ˔ʾʰ ʰ˂˂ʱ ʵʶ˄ ʷ˔ʶʽ ʺʵʹ ˋˎ˂˂ʹ˒ʻʶʾΦ ɶ ˋʶʽˊʱ ˍ˖˄ ŜȄŎŜǇǘ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺΦ ʁʽ ˉʽˇ ʶʽʵʽˁʷˌ 

ʶ˅ʰʽˊʷˋʶʽˌ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˉˊʽ˄ ʰˉˈ ˍʽˌ ʴʶ˄ʽˁˈˍʶˊʶˌΣ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ζˋˁʶˉʱʸˇ˄ˍʰʽη ʰˉˈ ʰˎˍʷˌΦ 

try :  

    x = int ( input ("ȹɩůŮ ɏɜŬɜ ŬəɏɟŬɘɞ: "))  

    y = 1 /  x  

    print ("ȷˊɞŰɏɚŮůɛŬ:",  y )  

except  ZeroDivisionError :  

    print ( "ɆűɎɚɛŬ: ȹɘŬɑɟŮůɖ ɛŮ Űɞ ɛɖŭɏɜ." )  

except  ValueError :  

    print ("ɆűɎɚɛŬ: ɀɖ ɏɔəɡɟɖ ŬɟɘɗɛɖŰɘəɐ Ůɑůɞŭɞɠ.")  

except  Exception :  

    print ("ũŮɜɘəɧ ůűɎɚɛŬ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ ɘŮɟŬɟɢɑŬ Űɖɠ Exception.")  

finally :  

    print ( "ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ." )  

ɼ. 1.11.2 ς ʃʰˊʱʵʶʽʴ˃ʰ ˔ʶʽˊʽˋ˃ˇˏ ʶ˅ʰʽˊʷˋʶ˖˄ ˃ʶ ʰ˅ʽˇˉˇʾʹˋʹ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌ ˁ˂ʱˋʶ˖˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˋˍʹ˄ tȅǘƘƻƴΦ  

ʁ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺˌ ˃ˉˇˊʶʾ ʶʾˍʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ˍʽˌ ˎˉʱˊ˔ˇˎˋʶˌ ˁ˂ʱˋʶʽˌ ʶ˅ʰʽˊʷˋʶ˖˄ ˉˇˎ ˉʰˊʷ˔ʶʽ 

ʹ tȅǘƘƻƴ ʶʾˍʶ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʵʽˁʷˌ ˍˇˎ ˁ˂ʱˋʶʽˌ ˉˇˎ ˁ˂ʹˊˇ˄ˇ˃ˇˏ˄ ʰˉˈ ˎˉʱˊ˔ˇˎˋʶˌΣ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰˌ 

ʷˍˋʽ ˍˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˔ʶʽˊʽˋ˃ˇˏ ˋ˒ʰ˂˃ʱˍ˖˄ ˃ʶ ˍˊˈˉˇ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇ ˁʱʻʶ ˒ˇˊʱ ˋˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ 

ʶ˒ʰˊ˃ˇʴʺˌΦ 

1.11.2. ʄʹˍʺ ˉˊˈˁ˂ʹˋʹ ʶ˅ʰʽˊʷˋʶ˖˄ ˃ʶ ˍˇ ǊŀƛǎŜ 

ɶ ʶ˄ˍˇ˂ʺ ǊŀƛǎŜ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˊʹˍʺ ˉˊˈˁ˂ʹˋʹ όǊŀƛǎŜύ ˃ʽʰˌ ʶ˅ʰʾˊʶˋʹˌ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˄ˈˌ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ɾʷˋ˖ ˍʹˌ ǊŀƛǎŜΣ ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˁˈ˕ʶʽ ˍʹ ˒ˎˋʽˇ˂ˇʴʽˁʺ ˊˇʺ 

ʶˁˍʷ˂ʶˋʹˌ ˈˍʰ˄ ʵʽʰˉʽˋˍ˖ʻʶʾ ˈˍʽ ˉʰˊʰʲʽʱʸʶˍʰʽ ˁʱˉˇʽʰ ˂ˇʴʽˁʺ ˉˊˇːˉˈʻʶˋʹ ʺ ˈˍʰ˄ ʶ˄ˍˇˉʽˋˍʶʾ ˃ʹ 

ʰˉˇʵʶˁˍʺ ˁʰˍʱˋˍʰˋʹΦ ɶ ʶ˄ˍˇ˂ʺ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʶʾˍʶ ˃ʶ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ʶ˅ʰʽˊʷˋʶʽˌ όˉΦ˔Φ 

±ŀƭǳŜ9ǊǊƻǊΣ ¢ȅǇŜ9ǊǊƻǊύ ʶʾˍʶ ˃ʶ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʶˌ ʶ˅ʰʽˊʷˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ ˇˊʽˋˍʶʾ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ ʅˍˇ 

ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼ. 1.11.3 ˎ ˉʱˊ˔ˇˎ˄ ˁʰʽ ˇʽ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰʻ˗ˌ ˇˊʾʸʶˍʰʽ ˁʰʽ ˉˊˇˁʰ˂ʶʾˍʰʽ 

˃ʽʰ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʶ˅ʰʾˊʶˋʹΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˉˊˈˁ˂ʹˋʹ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˁʰʽ ˍˇ 

˃ʹ˔ʰ˄ʽˋ˃ˈ ˔ʶʽˊʽˋ˃ˇˏ ˍˇˎˌΦ 
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ɮˊ˔ʽˁʱΣ ˇˊʾʸʶˍʰʽ ʹ ˁ˂ʱˋʹ bƻtƻǎƛǘƛǾŜbǳƳōŜǊǎ9ǊǊƻǊΣ ʹ ˇˉˇʾʰ ˁ˂ʹˊˇ˄ˇ˃ʶʾ ʰˉˈ ˍʹ˄ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹ 

ˁ˂ʱˋʹ 9ȄŎŜǇǘƛƻƴΦ ɶ ˁ˂ʱˋʹ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˋʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ʽʰ ʶʽʵʽˁʺ ˂ˇʴʽˁʺ ˋˎ˄ʻʺˁʹ 

ˋ˒ʱ˂˃ʰˍˇˌΥ ˍʹ˄ ʰˉˇˎˋʾʰ ʻʶˍʽˁ˗˄ ʰˊʽʻ˃˗˄ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ 

ʵʽʰ˔˖ˊʾʸʶˍʰʽ ʷ˄ʰ ˋ˒ʱ˂˃ʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ ˂ˇʴʽˁʺˌ ʰˉˈ ʴʶ˄ʽˁʱ ˋ˒ʱ˂˃ʰˍʰΦ ɶ ˋˎ˄ʱˊˍʹˋʹ 

ŀǾŜǊŀƎŜψǇƻǎƛǘƛǾŜόƴǳƳōŜǊǎύ ʵʷ˔ʶˍʰʽ ˖ˌ ˈˊʽˋ˃ʰ ˃ʽʰ ˂ʾˋˍʰ ʰˊʽʻ˃˗˄ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˃ˈ˄ˇ 

ˍ˖˄ ʻʶˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌΦ ʃˊʽ˄ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ʵˏˇ ʷ˂ʶʴ˔ˇʽΥ ʰύ ʰ˄ ʹ ˂ʾˋˍʰ ʶʾ˄ʰʽ 

ˁʶ˄ʺΣ ˇˉˈˍʶ ˉˊˇˁʰ˂ʷʽˍʰʽ ʶ˅ʰʾˊʶˋʹ ±ŀƭǳŜ9ǊǊƻǊΣ ˁʰʻ˗ˌ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˃ʷˋˇˌ ˈˊˇˌ 

˔˖ˊʾˌ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʲύ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˋˍˇʽ˔ʶʾʰ ʰ˂˂ʱ ˁʰ˄ʷ˄ʰ ʵʶ˄ ʶʾ˄ʰʽ ʻʶˍʽˁˈΣ ˉˊˇˁʰ˂ʶʾˍʰʽ ʹ 

ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʶ˅ʰʾˊʶˋʹ bƻtƻǎƛǘƛǾŜbǳƳōŜǊǎ9ǊǊƻǊΣ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʺ˄ˎ˃ʰΦ ɮ˄ ˖ˋˍˈˋˇ ˇʽ 

ˉˊˇːˉˇʻʷˋʶʽˌ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ʻʶˍʽˁ˗˄ ˍʽ˃˗˄Φ 

ʅˍˇ ˁˏˊʽˇ ˍ˃ʺ˃ʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΣ ˇ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ ʰˁʷˊʰʽˇˎˌ ʰˊʽʻ˃ˇˏˌ ˔˖ˊʽˋ˃ʷ˄ˇˎˌ ˃ʶ ˁʶ˄ˈΦ 

ʁʽ ˍʽ˃ʷˌ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ʰˁʷˊʰʽˇˎˌ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ƳŀǇόƛƴǘΣ ΦΦΦύΦ ɶ ˁ˂ʺˋʹ ˍʹˌ ŀǾŜǊŀƎŜψǇƻǎƛǘƛǾŜόύ 

ˍˇˉˇʻʶˍʶʾˍʰʽ ˃ʷˋʰ ˋʶ ˃ˉ˂ˇˁ ǘǊȅΣ ˗ˋˍʶ ˄ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˋˏ˂˂ʹ˕ʹ ˍ˖˄ ˉʽʻʰ˄˗˄ ʶ˅ʰʽˊʷˋʶ˖˄Φ ɮ˄ ʹ 

˃ʶˍʰˍˊˇˉʺ ʰˉˇˍˏ˔ʶʽ όˉΦ˔Φ ˃ʹ ʰˊʽʻ˃ʹˍʽˁʺ ʶʾˋˇʵˇˌύΣ ˋˎ˂˂ʰ˃ʲʱ˄ʶˍʰʽ ʹ  ±ŀƭǳŜ9ǊǊƻǊΦ ɮ˄ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ 

ʻʶˍʽˁˇʾ ʰˊʽʻ˃ˇʾΣ ˋˎ˂˂ʰ˃ʲʱ˄ʶˍʰʽ ʹ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ bƻtƻǎƛǘƛǾŜbǳƳōŜǊǎ9ǊǊƻǊΦ ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˍˇ 

˃ˉ˂ˇˁ Ŧƛƴŀƭƭȅ ʶˁˍʶ˂ʶʾˍʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʱΣ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰˌ ˃ʺ˄ˎ˃ʰ ˍʶˊ˃ʰˍʽˋ˃ˇˏΦ 

class  NoPositiveNumbersError ( Exception ):  

    """ȺɝŬɑɟŮůɖ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ɗŮŰɘəɞɑ Ŭɟɘɗɛɞɑ.""" 

    pass  

 

 

def  average_positive ( numbers ):  

    if  not  numbers :  

        raise  ValueError ( "ȼ ɚɑůŰŬ ŮɑɜŬɘ əŮɜɐ." )  

    positive_nums = [ x for  x in  numbers if  x > 0]  

    if  not  positive_nums :  

        raise  NoPositiveNumbersError (  

            "ȹŮɜ ɡˊɎɟɢɞɡɜ ɗŮŰɘəɞɑ Ŭɟɘɗɛɞɑ ɔɘŬ ɡˊɞɚɞɔɘůɛɧ ɛɏůɞɡ ɧɟɞɡ." 

        )  

    return  sum( positive_nums )  /  len ( positive_nums )  

 

 

try :  

    data = list ( map( int ,  input ("ȹɩůŮ ŬəɏɟŬɘɞɡɠ ɢɤɟɘůɛɏɜɞɡɠ ɛŮ əŮɜɧ: 

" ). split ()))  

    avg = average_positive ( data )  

    print ( "ɀɏůɞɠ ɧɟɞɠ ɗŮŰɘəɩɜ Ŭɟɘɗɛɩɜ:" ,  avg )  

except  ValueError  as  e:  

    print ( "ɆűɎɚɛŬ Ůɘůɧŭɞɡ:" ,  e)  

except  NoPositiveNumbersError as  e:  

    print ( "ɄɟɞůŬɟɛɞůɛɏɜɖ ŮɝŬɑɟŮůɖ:" ,  e)  

finally :  

    print ( "ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ." )  

ɼ. 1.11.3 ς ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˉˊˈˁ˂ʹˋʹ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˁʰʽ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄˖˄ ʶ˅ʰʽˊʷˋʶ˖˄ ˁʰʽ ˃ʶ ˍˇ˄ ˔ʶʽˊʽˋ˃ˈ 
ˍˇˎˌΦ 
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ɮˁˇ˂ˇˎʻˇˏ˄ п ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˁ˗ʵʽˁʰ ɼ. 1.11.3Φ ʅˍˇ ˉˊ˗ˍˇ όɳΦ 12ύ ʹ ʶˁˍʷ˂ʶˋʹ ʵʶ˄ 

ˉˊˇˁʰ˂ʶʾ ˁʰ˃ʾʰ ʶ˅ʰʾˊʶˋʹ ˁʰʽ ʹ ʶˁˍʷ˂ʶˋʹ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˁʰ˄ˇ˄ʽˁʱΦ  

ȹɩůŮ ŬəɏɟŬɘɞɡɠ ɢɤɟɘůɛɏɜɞɡɠ ɛŮ əŮɜɧ: 5 - 3 10 2  

ɀɏůɞɠ ɧɟɞɠ ɗŮŰɘəɩɜ Ŭɟɘɗɛɩɜ: 5.666666666666667 

ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ. 

ɳΦ 12 ς ɼʰ˄ˇ˄ʽˁʺ ˊˇʺ ʶˁˍʷ˂ʶˋʹˌΦ 

ʅˍˇ ʵʶˏˍʶˊˇ ˉʰˊʱʵʶʽʴ˃ʰ ʶˁˍʷ˂ʶˋʹˌ όɳΦ 13ύ ˉˊˇˁʰ˂ʶʾˍʰʽ ±ŀƭǳŜ9ǊǊƻǊ ˁʰʻ˗ˌ ˇ ˔ˊʺˋˍʹˌ ʶʽˋʱʴʶʽ 

ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ʰ˄ˍʾ ʴʽʰ ʰˁʷˊʰʽˇΦ  

ȹɩůŮ ŬəɏɟŬɘɞɡɠ ɢɤɟɘůɛɏɜɞɡɠ ɛŮ əŮɜɧ: 4 7 a 9 

ɆűɎɚɛŬ Ůɘůɧŭɞɡ: invalid literal for int() with base 10: 'a' 

ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ. 

ɳΦ 13 ς ʃˊˈˁ˂ʹˋʹ ʶ˅ʰʾˊʶˋʹˌ ±ŀƭǳŜ9ǊǊƻǊΦ  

ʅˍˇ ˍˊʾˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʶˁˍʷ˂ʶˋʹˌ όɳΦ 14ύ ˉˊˇˁʰ˂ʶʾˍʰʽ ʹ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ʶ˅ʰʾˊʶˋʹ 

bƻtƻǎƛǘƛǾŜbǳƳōŜǊǎ9ǊǊƻǊ ˁʰʻ˗ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʻʶˍʽˁʺ ˍʽ˃ʺ ˋˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʶʽˋʺʴʰʴʶ ˇ ˔ˊʺˋˍʹˌΦ 

ȹɩůŮ ŬəɏɟŬɘɞɡɠ ɢɤɟɘůɛɏɜɞɡɠ ɛŮ əŮɜɧ: - 5 - 2 0 - 8 

ɄɟɞůŬɟɛɞůɛɏɜɖ ŮɝŬɑɟŮůɖ: ȹŮɜ ɡˊɎɟɢɞɡɜ ɗŮŰɘəɞɑ Ŭɟɘɗɛɞɑ ɔɘŬ ɡˊɞɚɞɔɘůɛɧ ɛɏůɞɡ 

ɧɟɞɡ. 

ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ. 

ɳΦ 14 ς ʃˊˈˁ˂ʹˋʹ ˍʹˌ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹˌ ʶ˅ʰʾˊʶˋʹˌ bƻtƻǎƛǘƛǾŜbǳƳōŜǊǎ9ǊǊƻǊΦ 

ʅˍˇ ˍʶ˂ʶˎˍʰʾˇ ˉʰˊʱʵʶʽʴ˃ʰ ʶˁˍʷ˂ʶˋʹˌ όɳΦ 15ύ ˉˊˇˁʰ˂ʶʾˍʰʽ ˊʹˍʱ ±ŀƭǳŜ9ǊǊƻǊ ˁʰʻ˗ˌ ʹ ˂ʾˋˍʰ ˍʽ˃˗˄ ˉˇˎ 

ʶʽˋʱʴʶʽ ˇ ˔ˊʺˋˍʹˌ ʶʾ˄ʰʽ ˁʶ˄ʺΦ 

ȹɩůŮ ŬəɏɟŬɘɞɡɠ ɢɤɟɘůɛɏɜɞɡɠ ɛŮ əŮɜɧ:  

ɆűɎɚɛŬ Ůɘůɧŭɞɡ: ȼ ɚɑůŰŬ ŮɑɜŬɘ əŮɜɐ. 

ɇɏɚɞɠ ŮəŰɏɚŮůɖɠ. 

ɳΦ 15 ς ʄʹˍʺ ˉˊˈˁ˂ʹˋʹ ˍʹˌ ʶ˅ʰʾˊʶˋʹˌ ±ŀƭǳŜ9ǊǊƻǊ ˃ʷˋʰ ʰˉˈ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ŀǾŜǊŀƎŜψǇƻǎƛǘƛǾŜόύΦ  

1.12. ɼʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌ 

ʁʽ ˁʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌ όǊŜƎǳƭŀǊ ŜȄǇǊŜǎǎƛƻƴǎύ ʶʾ˄ʰʽ ʷ˄ʰˌ ˍˎˉʽˁˈˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˉʶˊʽʴˊʰ˒ʺˌ ˃ˇˍʾʲ˖˄ 

όǇŀǘǘŜǊƴǎύ ˋʶ ˁʶʾ˃ʶ˄ˇΦ ɾʽʰ ˁʰ˄ˇ˄ʽˁʺ ʷˁ˒ˊʰˋʹ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʽʰ ʰˁˇ˂ˇˎʻʾʰ ˔ʰˊʰˁˍʺˊ˖˄ ˉˇˎ 

ˇˊʾʸʶʽ ʷ˄ʰ˄ ˁʰ˄ˈ˄ʰ ʰ˄ʰʸʺˍʹˋʹˌΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈΣ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ʺ ˍʹ ˃ʶˍʰˍˊˇˉʺ 

ˍ˃ʹ˃ʱˍ˖˄ ʶ˄ˈˌ ˁʶʽ˃ʷ˄ˇˎ ˉˇˎ ʷ˔ˇˎ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ˇˊ˒ʺΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇʽ ˁʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌ ʴʽʰΥ 

¶ ʰ˄ʰʸʺˍʹˋʹ ˃ˇˍʾʲ˖˄ ˃ʷˋʰ ˋʶ ˁʶʾ˃ʶ˄ˇ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˈ ˈ˂˖˄ ˍ˖˄ ʶ˃˒ʰ˄ʾˋʶ˗˄ ˍˇˎˌΣ 

¶ ʷ˂ʶʴ˔ˇ ʶʴˁˎˊˈˍʹˍʰˌ ˃ˇˊ˒ʺˌ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ŜƳŀƛƭǎΣ ʰˊʽʻ˃ˇʾ ˍʹ˂ʶ˒˗˄ˇˎΣ ˍʰ˔ˎʵˊˇ˃ʽˁˇʾ 

ˁ˗ʵʽˁʶˌύΣ 

¶ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˎˉˇˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˉˇˎ ˍʰʽˊʽʱʸˇˎ˄ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇΣ 

¶ ʵʽʰ˔˖ˊʽˋ˃ˈ ˁʶʽ˃ʷ˄ˇˎ ˃ʶ ʲʱˋʹ ˁʱˉˇʽˇ ˉˊˈˍˎˉˇ ʵʽʰ˔˖ˊʽˋˍʽˁˈΦ 
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ʅˍʹ˄ tȅǘƘƻƴΣ ʹ ˎˉˇˋˍʺˊʽ˅ʹ ʴʽʰ ˁʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ όōǳƛƭǘ-in) 

ƳƻŘǳƭŜ ǊŜΣ ˍˇ ˇˉˇʾˇ ʵʶ˄ ʰˉʰʽˍʶʾ ʶʴˁʰˍʱˋˍʰˋʹ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʰˉ˂˗ˌ ˃ʶ ƛƳǇƻǊǘ ǊŜΦ ʃʰˊˈˍʽ 

ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʲʽʲ˂ʽˇʻʺˁʶˌ ˍˊʾˍ˖˄ ˁʰˍʰˋˁʶˎˋˍ˗˄ όˈˉ˖ˌ ǊŜƎŜȄ ʺ ǊŜнύΣ ˍˇ ǊŜ ˁʰ˂ˏˉˍʶʽ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ 

ˋˎ˄ʺʻʶʽˌ ʰ˄ʱʴˁʶˌΦ 

ʁʽ ʲʰˋʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˍˇˎ ƳƻŘǳƭŜ ǊŜ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

¶ ǊŜΦƳŀǘŎƘόǇŀǘǘŜǊƴΣ ǘŜȄǘύΥ ʶ˂ʷʴ˔ʶʽ ʰ˄ ˍˇ ˁʶʾ˃ʶ˄ˇ ˅ʶˁʽ˄ʱ ˃ʶ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇΦ 

¶ ǊŜΦǎŜŀǊŎƘόǇŀǘǘŜǊƴΣ ǘŜȄǘύΥ ʶ˄ˍˇˉʾʸʶʽ ˍʹ˄ ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ ˃ˇˍʾʲˇˎ ˇˉˇˎʵʺˉˇˍʶ ˃ʷˋʰ ˋˍˇ 

ˁʶʾ˃ʶ˄ˇΦ 

¶ ǊŜΦŦƛƴŘŀƭƭόǇŀǘǘŜǊƴΣ ǘŜȄǘύΥ ʶˉʽˋˍˊʷ˒ʶʽ ˂ʾˋˍʰ ˃ʶ ˈ˂ʶˌ ˍʽˌ ʶ˃˒ʰ˄ʾˋʶʽˌ ˍˇˎ ˃ˇˍʾʲˇˎΦ 

¶ ǊŜΦŦƛƴŘƛǘŜǊόǇŀǘǘŜǊƴΣ ǘŜȄǘύΥ ˂ʶʽˍˇˎˊʴʶʾ ˈˉ˖ˌ ˍˇ ŦƛƴŘŀƭƭΣ ʰ˂˂ʱ ʶˉʽˋˍˊʷ˒ʶʽ ƛǘŜǊŀǘƻǊ ˃ʶ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ 

ƳŀǘŎƘΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʺ ʶˉʶ˅ʶˊʴʰˋʾʰΦ 

¶ ǊŜΦǎǳōόǇŀǘǘŜǊƴΣ ǊŜǇƭΣ ǘŜȄǘύΥ ʰ˄ˍʽˁʰʻʽˋˍʱ ˈ˂ʶˌ ˍʽˌ ʶ˃˒ʰ˄ʾˋʶʽˌ ˍˇˎ ˃ˇˍʾʲˇˎ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ǊŜǇƭΦ 

¶ ǊŜΦǎǇƭƛǘόǇŀǘǘŜǊƴΣ ǘŜȄǘύΥ ʵʽʰ˔˖ˊʾʸʶʽ ˍˇ ˁʶʾ˃ʶ˄ˇ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˃ˇˍʾʲˇ ˖ˌ ʵʽʰ˔˖ˊʽˋˍʽˁˈΦ 

ʅˍˇ˄ ʃʾ˄ʰˁʰˌ 5 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʲʰˋʽˁʱ ˋˏ˃ʲˇ˂ʰ ˍ˖˄ ˁʰ˄ˇ˄ʽˁ˗˄ ʶˁ˒ˊʱˋʶ˖˄ ˁʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰˌ 6 

ˇʽ ˉˇˋˇʵʶʾˁˍʶˌ ˁʰʽ ˇ ˍˊˈˉˇˌ ˇˊʽˋ˃ˇˏ ˇ˃ʱʵ˖˄Φ ʅˍˇ˄ ʃʾ˄ʰˁʰˌ 7 ˁ ʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰˌ 8 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

ˍˊˈˉˇ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˇˊʽˋˍˇˏ˄ ˋˏ˄ˇ˂ʰ ˔ʰˊʰˁˍʺˊ˖˄ ˁʰʽ ˈˊʽʰ ˂ʷ˅ʶ˖˄ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ɾˇˍʾʲˇ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ ɮˉˇˍʷ˂ʶˋ˃ʰ 
.  ʁˉˇʽˇˋʵʺˉˇˍʶ ˔ʰˊʰˁˍʺˊʰˌ 

όʶˁˍˈˌ ƴŜǿƭƛƴŜύ 

re.findall(r"a.c", 

"abc acb a - c a1c")  

['abc', 'a - c', 

'a1c']  

^  ɮˊ˔ʺ ˁʶʽ˃ʷ˄ˇˎ re.search(r"^Hello", 

"Hello World")  

<re.Match object; 

span=(0, 5), 

match='Hello'>  

$ ʆʷ˂ˇˌ ˁʶʽ˃ʷ˄ˇˎ re.search(r"World$", 

"Hello World")  

<re.Match object; 

span=(6, 11), 

match='World'>  

\ d ʌʹ˒ʾˇ re.findall(r" \ d", 

"A1B2")  

['1', '2']  

\ D ɾʹ ˕ʹ˒ʾˇ re.findall(r" \ D", 

"A1B2")  

['A', 'B']  

\ w ʋʰˊʰˁˍʺˊʰˌ ˂ʷ˅ʹˌ όʴˊʱ˃˃ʰ ʺ 
ʰˊʽʻ˃ˈˌ ʺ ˁʱˍ˖ ˉʰˏ˂ʰύ 

re.findall(r" \ w+", 

"Hi_123!")  

 

['Hi_123']  

 

\ W ʂ˔ʽ ˔ʰˊʰˁˍʺˊʰˌ ˂ʷ˅ʹˌ re.findall(r" \ W+", 

"Hi_123!")  

['!']  

\ s  ɼʶ˄ˈ ʵʽʱˋˍʹ˃ʰ re.findall(r" \ s", 

"Hello World")  

[' ']  

 

\ S ʂ˔ʽ ˁʶ˄ˈ ʵʽʱˋˍʹ˃ʰ re.findall(r" \ S+", 

"Hello World")  

['Hello', 

'World']  

 

ʃʾ˄ʰˁʰˌ 5 ς ɼʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌΥ ʲʰˋʽˁʱ ˋˏ˃ʲˇ˂ʰΦ 

 

ɾˇˍʾʲˇ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ ɮˉˇˍʷ˂ʶˋ˃ʰ 
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*  ɾʹʵʷ˄ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ 
ʶ˃˒ʰ˄ʾˋʶʽˌ 

re.findall(r"a*", 

"aaab")  

 

['aaa', '']  

+ ɾʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ 
ʶ˃˒ʰ˄ʾˋʶʽˌ 

re.findall(r"a+", 

"aaab")  

 

['aaa']  

 

? ɾʹʵʷ˄ ʺ ˃ʾʰ ʶ˃˒ʱ˄ʽˋʹ re.findall(r"a?", 

"aaab")  

['a', 'a', 'a', 

'', '']  

{m}  ɮˁˊʽʲ˗ˌ Ƴ ʶ˃˒ʰ˄ʾˋʶʽˌ re.findall(r"a{2}", 

"aaab")  

['aa']  

{m,n}  ɮˉˈ Ƴ ʷ˖ˌ ƴ ʶ˃˒ʰ˄ʾˋʶʽˌ re.findall(r"a{2,3}", 

"aaaa")  

['aaa']  

{m,}  ʆˇˎ˂ʱ˔ʽˋˍˇ˄ Ƴ ʶ˃˒ʰ˄ʾˋʶʽˌ re.findall(r"a{2,}", 

"aaaa")  

['aaaa']  

(...)  ʁ˃ʱʵʰ ʴʽʰ ʰ˄ʰ˒ˇˊʱ re.findall(r"(ab)+", 

"abab")  

['ab']  

ʃʾ˄ʰˁʰˌ 6 ς ɼʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌΥ ˉˇˋˇʵʶʾˁˍʶˌ ˁʰʽ ˇ˃ʱʵʶˌΦ 

 

ɾˇˍʾʲˇ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ ɮˉˇˍʷ˂ʶˋ˃ʰ 
[abc]  

 
ʁˉˇʽˇˋʵʺˉˇˍʶ ˔ʰˊʰˁˍʺˊʰˌ 
ʰˉˈ ʰˎˍˇˏˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 
˃ʷˋʰ ˋˍʽˌ ʰʴˁˏ˂ʶˌ 

re.findall(r"[aeiou]", 

"hello")  

 

['e', 'o']  

 

[^abc]  ʁˉˇʽˇˋʵʺˉˇˍʶ ˔ʰˊʰˁˍʺˊʰˌ 
ʶˁˍˈˌ ʰˉˈ ʰˎˍˇˏˌ ˉˇˎ 
ʲˊʾˋˁˇ˄ˍʰʽ ˃ʷˋʰ ˋˍʽˌ 
ʰʴˁˏ˂ʶˌ 

re.findall(r"[^0 - 9]", 

"A1B2")  

 

['A', 'B']  

 

ʃʾ˄ʰˁʰˌ 7 ς ɼʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌΥ ˋˏ˄ˇ˂ʰ ˔ʰˊʰˁˍʺˊ˖˄Φ 

 

ɾˇˍʾʲˇ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ ɮˉˇˍʷ˂ʶˋ˃ʰ 
\ b ʂˊʽˇ ˂ʷ˅ʹˌ re.findall(r" \ bword \ b", 

"a word wordy")  

['word']  

\ B ɾʹ ˈˊʽˇ ˂ʷ˅ʹˌ re.findall(r" \ Bend", 

"bend send")  

['end', 'end']  

 

ʃʾ˄ʰˁʰˌ 8 ς ɼʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌΥ ˈˊʽʰ ˂ʷ˅ʶ˖˄Φ  

 

1.12.1. ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˁʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌ 

ʍˌ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˔ˊʺˋʹˌ ˁʰ˄ˇ˄ʽˁ˗˄ ʶˁ˒ˊʱˋʶ˖˄ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶ˄ˍˇˉʽˋ˃ˇˏ ˈ˂˖˄ 

ˍ˖˄ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˋʶ ʷ˄ʰ ˁʶʾ˃ʶ˄ˇΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˃ʶ м ʺ н ˕ʹ˒ʾʰ ʴʽʰ 

ˍˇ˄ ʰˊʽʻ˃ˈ ʹ˃ʷˊʰˌ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˃ʺ˄ʰ ˁʰʽ н ʺ п ˕ʹ˒ʾʰ ʴʽʰ ˍˇ ʷˍˇˌ ʶ˄˗ ˍˇ ʵʽʰ˔˖ˊʽˋˍʽˁˈ ʹ˃ʶˊ˗˄Σ 

˃ʺ˄ʰ ˁʰʽ ʷˍˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ζκη ʺ ζΦη ʺ ζ-ηΦ 

ʁ ˁ˗ʵʽˁʰˌ ɼΦ 1.12.1 ʶˉʽ˂ˏʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˇˊʾʸˇ˄ˍʰˌ ʰˊ˔ʽˁʱ ˍˇ ˃ˇˍʾʲˇ \ b\ d{1,2}[./ -

] \ d{1,2}[./ - ](?: \ d{2}| \ d{4}) \ b ʴʽʰ ˍʽˌ ʻʶ˖ˊˇˏ˃ʶ˄ʶˌ ˖ˌ ʰˉˇʵʶˁˍʷˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΦ ʆˇ ʰˊ˔ʽˁˈ 

ˁʰʽ ˍʶ˂ʽˁˈ \ b ˇˊʾʸˇˎ˄ ˈˊʽʰ ˂ʷ˅ʹˌ ˗ˋˍʶ ˄ʰ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˉ˂ʺˊʶʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˁʰʽ ˈ˔ʽ ˍ˃ʺ˃ʰˍʰ 

˃ʶʴʰ˂ˏˍʶˊ˖˄ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄Φ ʆˇ \ d{1,2}  ʵʹ˂˗˄ʶʽ ʷ˄ʰ ʺ ʵˏˇ ˕ʹ˒ʾʰ ʴʽʰ ˍʹ˄ ʹ˃ʷˊʰ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ 
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ʴʽʰ ˍˇ˄ ˃ʺ˄ʰΣ ʶ˄˗ ʹ ˁ˂ʱˋʹ ˔ʰˊʰˁˍʺˊ˖˄ [./ - ]  ʁ ˉʽˍˊʷˉʶʽ ˖ˌ ʵʽʰ˔˖ˊʽˋˍʽˁˈ ʷ˄ʰ ʰˉˈ ˍʰΥ ˍʶ˂ʶʾʰΣ ˁʱʻʶˍˇ 

κ ʺ ˉʰˏ˂ʰ -Φ ʆˇ ˍ˃ʺ˃ʰ (?: \ d{2}| \ d{4})  ʰˉˇˍʶ˂ʶʾ ˃ʹ ʰˉˇʻʹˁʶˎˍʽˁʺ ˇ˃ʱʵʰ ʶˉʽ˂ˇʴʺˌ όƴƻƴ-

ŎŀǇǘǳǊƛƴƎ ƎǊƻǳǇύ ˁʰʽ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˇ ʷˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʶʾˍʶ ʰˉˈ ʵˏˇ ʶʾˍʶ ʰˉˈ ˍʷˋˋʶˊʰ 

˕ʹ˒ʾʰΦ ʅˎ˄ˇ˂ʽˁʱΣ ʹ ʷˁ˒ˊʰˋʹ ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˋˎ˄ˍʰˁˍʽˁʱ ʷʴˁˎˊʶˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˃ʶ ʶˎʶ˂ʽ˅ʾʰ ˋˍʹ ˃ˇˊ˒ʺ 

ʴˊʰ˒ʺˌΣ ˔˖ˊʾˌ ˈ˃˖ˌ ˄ʰ ʶ˂ʷʴ˔ʶʽ ˍʹ ˂ˇʴʽˁʺ ʶʴˁˎˊˈˍʹˍʰ ˍ˖˄ ˍʽ˃˗˄ όˉΦ˔Φ ʶˏˊˇˌ ˃ʺ˄ʰ ʺ ʹ˃ʷˊʰˌύΦ 

import  re  

 

text = """  

ȼ ůɡɜɎɜŰɖůɖ ɗŬ ɔɑɜŮɘ ůŰɘɠ 5- 9-2025 əŬɘ  

ɖ ŮˊɧɛŮɜɖ ůŰɘɠ 12.10.25. ɀɘŬ Ɏɚɚɖ  

Ůˊɘɚɞɔɐ ŮɑɜŬɘ ɞɘ ůɡɜŬɜŰɐůŮɘɠ ɜŬ ɔɑɜɞɡɜ  

1/10/25 əŬɘ 17/10/2025 ŬɜŰɑůŰɞɘɢŬ. 

"""  

date_pattern = r" \ b\ d{1,2}[./ - ] \ d{1,2}[./ - ](?: \ d{2}| \ d{4}) \ b"  

matches = re . findall ( date_pattern ,  text )  

for  i ,  match in  enumerate ( matches ):  

    print ( f" ȺɛűɎɜɘůɖ ɖɛŮɟɞɛɖɜɑŬɠ { i +1}: { match }" )  

ɼΦ 1.12.1 ς ɳ˄ˍˇˉʽˋ˃ˈˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ˇˊ˒ʷˌ ˋʶ ˁʶʾ˃ʶ˄ˇΦ  

 ɶ ʷ˅ˇʵˇˌ ɳΦ 16 h ˉˇˍʶ˂ʶʾ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌΦ 

ȺɛűɎɜɘůɖ ɖɛŮɟɞɛɖɜɑŬɠ 1: 5- 9- 2025  

ȺɛűɎɜɘůɖ ɖɛŮɟɞɛɖɜɑŬɠ 2: 12.10.25 

ȺɛűɎɜɘůɖ ɖɛŮɟɞɛɖɜɑŬɠ 3: 1/10/25 

ȺɛűɎɜɘůɖ ɖɛŮɟɞɛɖɜɑŬɠ 4: 17/10/2025 

ɳΦ 16 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ɼΦ 1.12.1.  

ɾʽʰ ˉʰˊʰ˂˂ʰʴʺ ˍʹˌ ˉʰˊʰˉʱ˄˖ ˂ˏˋʹˌ ʶʾ˄ʰʽ ˇ ˁ˗ʵʽˁʰˌ ɼΦ 1.12.2Σ ˉˇˎ ˃ʶ ˍʹ ˔ˊʺˋʹ ˇ˃ʱʵ˖˄ ʶˉʽˍˊʷˉʶʽ 

ˍʹ ˋˏ˂˂ʹ˕ʹ ˅ʶ˔˖ˊʽˋˍʱ ˍʹˌ ʹ˃ʷˊʰˌΣ ˍˇˎ ˃ʺ˄ʰ ˁʰʽ ˍˇˎ ʷˍˇˌ ʴʽʰ ˍʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˍˇˎ ˁʶʽ˃ʷ˄ˇˎΦ ɶ ʷ˅ˇʵˇˌ 

ɳΦ 17 ʁ ʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΦ 

import  re  

 

text = """  

ȼ ůɡɜɎɜŰɖůɖ ɗŬ ɔɑɜŮɘ ůŰɘɠ 5- 9-2025 əŬɘ  

ɖ ŮˊɧɛŮɜɖ ůŰɘɠ 12.10.25. ɀɘŬ Ɏɚɚɖ  

Ůˊɘɚɞɔɐ ŮɑɜŬɘ ɞɘ ůɡɜŬɜŰɐůŮɘɠ ɜŬ ɔɑɜɞɡɜ  

1/10/25 əŬɘ 17/10/2025 ŬɜŰɑůŰɞɘɢŬ. 

"""  

date_pattern = r" \ b( \ d{1,2})[./ - ]( \ d{1,2})[./ - ]( \ d{2}| \ d{4}) \ b"  

matches = re . findall ( date_pattern ,  text )  

for  day ,  month ,  year in  matches :  

    print ( f" ȼɛɏɟŬ: { day }, ɀɐɜŬɠ: { month }, ȰŰɞɠ: { year }" )  
ɼΦ 1.12.2 ς ɳ˄ˍˇˉʽˋ˃ˈˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ˇˊ˒ʷˌ ˋʶ ˁʶʾ˃ʶ˄ˇΣ ˃ʶ ˔ˊʺˋʹ ˇ˃ʱʵ˖˄Φ 

ȼɛɏɟŬ: 5, ɀɐɜŬɠ: 9, ȰŰɞɠ: 2025 

ȼɛɏɟŬ: 12, ɀɐɜŬɠ: 10, ȰŰɞɠ: 25 

ȼɛɏɟŬ: 1, ɀɐɜŬɠ: 10, ȰŰɞɠ: 25 

ȼɛɏɟŬ: 17, ɀɐɜŬɠ: 10, ȰŰɞɠ: 2025 

ɳΦ 17 ς ɮˉˇˍʷ˂ʶˋ˃ʰ ʶˁˍʷ˂ʶˋʹˌ ˁ˗ʵʽˁʰ ɼΦ 1.12.2 
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1.13. To module sys 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʲʰˋʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ƳƻŘǳƭŜ ǎȅǎ ˍʹˌ tȅǘƘƻƴΣ ˍˇ ˇˉˇʾˇ 

ˉʰˊʷ˔ʶʽ ˉˊˈˋʲʰˋʹ ˋʶ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˁʰʽ ˋʶ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ 

ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˃ʶ ˍˇ ˂ʶʽˍˇˎˊʴʽˁˈ ˋˏˋˍʹ˃ʰΦ 

ʆˇ ƳƻŘǳƭŜ ǎȅǎ ʵʽʰʻʷˍʶʽ ˍˊʾʰ ʲʰˋʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʰ ˊʶˏ˃ʰˍʰ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎΥ 

¶ ǎȅǎΦǎǘŘƛƴΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ˍˎˉʽˁʺ ʶʾˋˇʵˇ όǎǘŀƴŘŀǊŘ ƛƴǇǳǘύΣ 

¶ ǎȅǎΦǎǘŘƻǳǘΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ˍˎˉʽˁʺ ʷ˅ˇʵˇ όǎǘŀƴŘŀǊŘ ƻǳǘǇǳǘύΣ 

¶ ǎȅǎΦǎǘŘŜǊǊΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʷ˅ˇʵˇ ˃ʹ˄ˎ˃ʱˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ όǎǘŀƴŘŀǊŘ ŜǊǊƻǊύΦ 

ʆʰ ˊʶˏ˃ʰˍʰ ʰˎˍʱ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˁʰˍʶˎʻˎ˄ʻˇˏ˄ ʶʾˍʶ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʰˉˈ ˍʹ 

ʴˊʰ˃˃ʺ ʶ˄ˍˇ˂˗˄ ʶʾˍʶ ˃ʷˋʰ ʰˉˈ ˍˇ˄ ʾʵʽˇ ˍˇ˄ ˁ˗ʵʽˁʰΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˂ʱʲʶʽ 

ʶʾˋˇʵˇ ʰˉˈ ʰˊ˔ʶʾˇ ˁʰʽ ˄ʰ ʶ˅ʱʴʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˋ˒ʱ˂˃ʰˍʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˊ˔ʶʾʰ ˃ʶ ʶ˄ˍˇ˂ʺ ˍʹˌ 

˃ˇˊ˒ʺˌΥ 

python my_script.py < 1.in > 1.out 2 > 1.err  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ˍˇ ǎǘŘƛƴ ʰ˄ʰˁʰˍʶˎʻˏ˄ʶˍʰʽ ʰˉˈ ˍˇ ʰˊ˔ʶʾˇ мΦƛƴΣ ˍˇ ǎǘŘƻǳǘ ˋˍˇ ʰˊ˔ʶʾˇ мΦƻǳǘ ˁʰʽ 

ˍˇ ǎǘŘŜǊǊ ˋˍˇ ʰˊ˔ʶʾˇ мΦŜǊǊΦ 

ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ƳƻŘǳƭŜ ǎȅǎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˔ˊʺˋʽ˃ʰ ŀǘǘǊƛōǳǘŜǎΣ ˈˉ˖ˌΥ 

¶ ǎȅǎΦǇŀǘƘΣ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʹ ˂ʾˋˍʰ ˍ˖˄ ˒ʰˁʷ˂˖˄ ˋˍˇˎˌ ˇˉˇʾˇˎˌ ʰ˄ʰʸʹˍʱ ʹ tȅǘƘƻƴ ƳƻŘǳƭŜǎ ˉˊˇˌ 

ʶʽˋʰʴ˖ʴʺ όƛƳǇƻǊǘύΣ 

¶ ǎȅǎΦŀǊƎǾΣ ˉˇˎ ʰˉˇʻʹˁʶˏʶʽ ˍʰ ˇˊʾˋ˃ʰˍʰ ʴˊʰ˃˃ʺˌ ʶ˄ˍˇ˂˗˄Σ 

¶ ǎȅǎΦǾŜǊǎƛƻƴΣ ˉˇˎ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ʴʽʰ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ʷˁʵˇˋʹ ˍʹˌ tȅǘƘƻƴΣ 

¶ ǎȅǎΦǇƭŀǘŦƻǊƳΣ ˉˇˎ ʵʹ˂˗˄ʶʽ ˍˇ ˂ʶʽˍˇˎˊʴʽˁˈ ˋˏˋˍʹ˃ʰ ˋˍˇ ˇˉˇʾˇ ʶˁˍʶ˂ʶʾˍʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ 

ɹʵʽʰʾˍʶˊʹ ˋʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˍˇ ǎȅǎΦŀǊƎǾΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˂ʾˋˍʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊ˗˄ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʰ ˇˊʾˋ˃ʰˍʰ 

˃ʶ ˍʰ ˇˉˇʾʰ ˁ˂ʺʻʹˁʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ʆˇ ˉˊ˗ˍˇ ˋˍˇʽ˔ʶʾˇ όǎȅǎΦŀǊƎǾώлϐύ ʶʾ˄ʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ʾʵʽˇˎ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˉˇˎ ʶˁˍʶ˂ʷʽˍʰʽΣ ʶ˄˗ ˍʰ ˎˉˈ˂ˇʽˉʰ ˋˍˇʽ˔ʶʾʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˇˊʾˋ˃ʰˍʰ ˉˇˎ ʵˈʻʹˁʰ˄ 

ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ ɴˍˋʽΣ ʶʱ˄ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˇ ˁ˗ʵʽˁʰˌ ɼ. 1.13.1Σ ʷ˔ʶʽ ʰˉˇʻʹˁʶˎˍʶʾ ˋʶ ʷ˄ʰ ʰˊ˔ʶʾˇ ˃ʶ 

ˈ˄ˇ˃ʰ ƳȅψǎŎǊƛǇǘΦǇȅ ˁʰʽ ʶˁˍʶ˂ʶˋˍʶʾ ˃ʶ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ʶ˄ˍˇ˂ʺΥ 

python my_script.py ɏɜŬ ŭɨɞ 3 

ˍˈˍʶ ˍˇ ǎȅǎΦŀǊƎǾώлϐ ʻʰ ʶʾ˄ʰʽ ϦƳȅψǎŎǊƛǇǘΦǇȅϦ ˁʰʽ ˍˇ ǎȅǎΦŀǊƎǾώмΥϐ ʻʰ ˉʶˊʽʷ˔ʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ώϦʷ˄ʰϦΣ ϦʵˏˇϦΣ 

"3"]. 

import  sys  
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print ( "ȳɜɞɛŬ script:" ,  sys . argv [ 0])  

print ( "ɃɟɑůɛŬŰŬ:" ,  sys . argv [ 1:])  

ɼ. 1.13.1 ς ʃʶˊʽʶ˔ˈ˃ʶ˄ʰ my_script.py. 

ʆʷ˂ˇˌΣ ˍˇ ǎȅǎΦŜȄƛǘόύ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ʱ˃ʶˋˇ ˍʶˊ˃ʰˍʽˋ˃ˈ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ ɮ˄ ʵˇʻʶʾ ˖ˌ ˈˊʽˋ˃ʰ ʹ ˍʽ˃ʺ 

лΣ ʵʹ˂˗˄ʶˍʰʽ ʶˉʽˍˎ˔ʺˌ ˍʶˊ˃ʰˍʽˋ˃ˈˌΣ ʶ˄˗ ˇˉˇʽʰʵʺˉˇˍʶ ˃ʹ ˃ʹʵʶ˄ʽˁʺ ˍʽ˃ʺ ˎˉˇʵʹ˂˗˄ʶʽ ˁʰˍʱˋˍʰˋʹ 

ˋ˒ʱ˂˃ʰˍˇˌΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˁˇʽ˄˖˄ʶʾ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ʶˁˍʷ˂ʶˋʺˌ ˍˇˎ 

ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎ ˂ʶʽˍˇˎˊʴʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ 

1.14. ɮˋˁʺˋʶʽˌ 

1. ɱˊʱ˕ˍʶ ˁ˗ʵʽˁʰ ˉˇˎ ˄ʰ ʶˁˍˎˉ˗˄ʶʽ ˍˇˎˌ ʰˁʷˊʰʽˇˎˌ ʰˉˈ ˍˇ м ˃ʷ˔ˊʽ ˁʰʽ ˍˇ мллΦ ʂ˃˖ˌΣ ʰ˄ ˇ 

ʰˊʽʻ˃ˈˌ ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ˍˇˎ о ˍˈˍʶ ˄ʰ ʶˁˍˎˉ˗˄ʶʽ CƛȊȊΣ ʰ˄ ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ˍˇˎ р ˍˇ .ǳȊȊΣ 

ʶ˄˗ ʰ˄ ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ˍˇˎ о ˁʰʽ ˍˇˎ р ˍˈˍʶ ˄ʰ ʶˁˍˎˉ˖˄ʶʽ CƛȊȊ.ǳȊȊΦ 

2. ɱˊʱ˕ˍʶ ˁ˗ʵʽˁʰ ˉˇˎ ˄ʰ ʶˉʽ˂ʷʴʶʽ ˍˎ˔ʰʾʰ ʰˊʽʻ˃ˇˏˌ ˃ʶ ˍˇ ǊŀƴŘƻƳΦǳƴƛŦƻǊƳ ˃ʷ˔ˊʽ ˍˇ ʱʻˊˇʽˋ˃ʱ 

ˍˇˎˌ ˄ʰ ʴʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ мΦ ɳˉʰ˄ʰ˂ʱʲʰˍʶ ˍˇ ˉʶʾˊʰ˃ʰ мΦлллΦллл ˒ˇˊʷˌΦ ɼʰˍʱ ˃ʷˋˇ ˈˊˇ 

ˉˈˋʶˌ ˒ˇˊʷˌ ˔ˊʶʽʱˋˍʹˁʶ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ˍʽ˃ʷˌ ʴʽʰ ˄ʰ ˅ʶˉʶˊʱˋʶʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹ˄ ˍʽ˃ʺ мΦ 

ʅˎɹˁˊʾ˄ʰˍʶ ˍˇ˄ ʰˊʽʻ˃ˈ ʰˎˍˈ ˃ʶ ˍˇ ƳŀǘƘΦŜΦ ʇˉʱˊ˔ʶʽ ˁʱˉˇʽˇ ˈ˄ˇ˃ʰ ʴʽʰ ʰˎˍˈ ˍˇ ˉʶʾˊʰ˃ʰΤ 

3. ʆˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˍˊˈˉ˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ƪ ʱˍˇ˃ʰ ʰˉˈ ƴ ʱˍˇ˃ʰ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ 

ˍˏˉˇ 
ὲ
Ὧ

Ȧ

Ȧ Ȧ
Σ ˈˉˇˎ ὲȦ ρz ςz σz ȣ ὲzΦ ɳ˃˒ʰ˄ʾˋˍʶ ˍˇ ˉ˂ʹʻˇˌ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˇ˃ʱʵ˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ ʰˉˈ рл ʱˍˇ˃ʰ ʴʽʰ ˃ʷʴʶʻˇˌ ˇ˃ʱʵʰ ʰˉˈ м ʷ˖ˌ ˁʰʽ рлΦ 

ɲʶʾˍʶ ˋ˔ʶˍʽˁʱ ˍʽˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ƳŀǘƘΦŦŀŎǘƻǊƛŀƭόύ ˁʰʽ ƳŀǘƘΦŎƻƳōόύ ʰˉˈ ˍˇ ǇŀŎƪŀƎŜ ƳŀǘƘ ˍʹˌ 

Python. 

4. ɶ ʰˉˈˋˍʰˋʹ ʰ˄ʱ˃ʶˋʰ ˋʶ н ˍˇˉˇʻʶˋʾʶˌ ˋˍʹ˄ ɱʹ ʵʾ˄ʶˍʰʽ ˃ʶ ʰˁˊʾʲʶʽʰ ʰˉˈ ˍˇ˄ ˍˏˉˇ ˍˇˎ 

IŀǾŜǊǎƛƴŜΦ ʅˍʹ ˋˎʸʺˍʹˋʹ ƘǘǘǇǎΥκκǎǘŀŎƪƻǾŜǊŦƭƻǿΦŎƻƳκǉǳŜǎǘƛƻƴǎκпфмоопфκƘŀǾŜǊǎƛƴŜ-formula-

in-python-bearing-and-distance-between-two-gps-Ǉƻƛƴǘǎ ˋˍˇ ǎǘŀŎƪƻǾŜǊŦƭƻǿ ˃ˉˇˊʶʾˍʶ ˄ʰ 

ʲˊʶʾˍʶ ˃ʽʰ ˁʰ˂ʺ ˎ˂ˇˉˇʾʹˋʹ ˋʶ tȅǘƘƻƴΦ ɳˉʾˋʹˌΣ ˎˉʱˊ˔ˇˎ˄ ǇŀŎƪŀƎŜǎ ˋˍʹ˄ tȅǘƘƻƴΣ ˈˉ˖ˌ ˍˇ 

ƘǘǘǇǎΥκκǇȅǇƛΦƻǊƎκǇǊƻƧŜŎǘκƘŀǾŜǊǎƛƴŜκ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶʴˁʰˍʰˋˍʰʻˇˏ˄ ˃ʶ ˍˇ ǇƛǇ ˁʰʽ ˄ʰ ʴʾ˄ʶʽ 

ʰˉʶˎʻʶʾʰˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʰˉˈˋˍʰˋʹˌ ˃ʶ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˉʰˁʷˍˇˎΦ ʇˉˇ˂ˇʴʾˋˍʶ ˍʹ˄ 

ʰˉˈˋˍʰˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ɮʻʺ˄ʰ ˁʰʽ ˋˍˇ ɰʶˊˇ˂ʾ˄ˇ ˍˈˋˇ ˃ʶ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 

ʰˉˈ ˍˇ ǎǘŀŎƪƻǾŜǊŦƭƻǿ ˈˋˇ ˁʰʽ ˃ʶ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˉʰˁʷˍˇ ƘŀǾŜǊǎƛƴŜ ˁʰʽ ʶˉʽʲʶʲʰʽ˗ˋˍʶ ˈˍʽ 

ʶˉʽˋˍˊʷ˒ˇˎ˄ όˉʶˊʾˉˇˎύ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˋʶ ˔ʽ˂ʽˈ˃ʶˍˊʰΦ 

5. ɱˊʱ˕ˍʶ ˃ʽʰ ˁ˂ʱˋʹ ˃ʶ ˈ˄ˇ˃ʰ tƭŀȅŜǊ ˉˇˎ ˄ʰ ʰ˄ʰˉʰˊʽˋˍʱ ʷ˄ʰ˄ ˉʰʾˁˍʹ ˋʶ ʷ˄ʰ ʲʽ˄ˍʶˇˉʰʽ˔˄ʾʵʽΦ ɶ 

ˁ˂ʱˋʹ ˄ʰ ʷ˔ʶʽ ˖ˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈ˄ˇ˃ʰ όƴŀƳŜύ ˁʰʽ ʸ˖ʷˌ όƭƛǾŜǎύΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʾʰ ˃ʷʻˇʵˇ ˃ʶ 

ˈ˄ˇ˃ʰ ŘƛŜόύ ˉˇˎ ˄ʰ ˃ʶʽ˗˄ʶʽ ˁʰˍʱ ˃ʾʰ ˍʽˌ ʸ˖ʷˌ ˍˇˎ ˉʰʾˁˍʹ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˁʰ˂ʷʽˍʰʽΦ 

ɲ́ ˃ʽˇˎˊʴʺˋˍʶ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˁ˂ʱˋʹˌ tƭŀȅŜǊΣ ˃ʶ ˈ˄ˇ˃ʰ Ϧ[ǳƛƎƛϦ ˁʰʽ о ʸ˖ʷˌΦ ɼʰ˂ʷˋˍʶ н 
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˒ˇˊʷˌ ˍʹ ˃ʷʻˇʵˇ ŘƛŜόύ ˁʰʽ ʶ˃˒ʰ˄ʾˋˍʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ ʃˊˇˋʻʷˋʶˍʶ ˁʰˍʱ˂˂ʹ˂ʶˌ ˃ʶʻˈʵˇˎˌ 

ψψƛƴƛǘψψ ˁʰʽ ψψǎǘǊψψΦ 

6. ɱˊʱ˕ˍʶ ˁ˗ʵʽˁʰ ˉˇˎ ˄ʰ ˋˎ˄ʵʷʶˍʰʽ ˋˍʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ǎǉƭƛǘŜψƳŀǎǘŜǊΦŘō ˉˇˎ ʻʰ ˁʰˍʶʲʱˋʶˍʶ 

ˍˇˉʽˁʱ ʰˉˈ ˍˇ ƘǘǘǇǎΥκκƎƛǘƘǳōΦŎƻƳκōǊŀŘƭŜȅƎǊŀƴǘκǎŀƪƛƭŀ-ǎǉƭƛǘŜоΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ 

ʲʽʲ˂ʽˇʻʺˁʹ ǎǉƭƛǘŜоΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ʻʷˍʶʽ ʶˊ˗ˍʹ˃ʰ ˉˊˇˌ ˍʹ ʲʱˋʹ ˉˇˎ ˄ʰ ʶ˃˒ʰ˄ʾʸʶʽ ʰˉˈ ˍˇ˄ 

ˉʾ˄h ˁʰ ŦƛƭƳ ˈ˂ˇˎˌ ˍˇˎˌ ˍʾˍ˂ˇˎˌ ˍʰʽ˄ʽ˗˄ ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ˃ʶ ˍˇ ʴˊʱ˃˃ʰ ² ˁʰʽ ˉʶˊʽʷ˔ˇˎ˄ ˍʹ ˂ʷ˅ʹ 

{ƘŀǊƪ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎˌΦ ʃʰˊʰˍʺˊʹˋʹΥ ʆˇ {v[ ʶˊ˗ˍʹ˃ʰ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˍʶʻʶʾ ʶʾ˄ʰʽ ˍˇ 

ʰˁˈ˂ˇˎʻˇΥ 

SELECT title, description  

FROM film  

WHERE title like 'W%' AND description LIKE '%Shark%';  

1.15. ɳˊ˖ˍʺˋʶʽˌ ʰˎˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ 

мΦ ɶ ˁˏˊʽʰ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ tȅǘƘƻƴ ˇ˄ˇ˃ʱʸʶˍʰʽΥ 
)h Jython   
)̡ IronPython 
)ɹ PyPy 
ʵύ /tȅǘƘƻƴ    
 

нΦ ɶ tȅǘƘƻƴ ʶʾ˄ʰʽ ʴ˂˗ˋˋʰ ˃ʶΥ 
ʰύ ʅˍʰˍʽˁˇˏˌ ˍˏˉˇˎˌ   
ʲύ ʇˉˇ˔ˊʶ˖ˍʽˁʺ ʵʺ˂˖ˋʹ ˍˏˉˇˎ 
ʴύ ɲˎ˄ʰ˃ʽˁˇˏˌ ˍˏˉˇˎˌ    
ʵύ ʋ˖ˊʾˌ ˍˏˉˇˎˌ 
 

оΦ ʃˇʽʰ ʰˉˈ ˍʽˌ ˉʰˊʰˁʱˍ˖ ɲɳɿ ʶʾ˄ʰʽ ʷʴˁˎˊˇ ˈ˄ˇ˃ʰ ˃ʶˍʰʲ˂ʹˍʺˌΤ 
)h value_1   
)̡ _count 
)ɹ totalSum   
ʵύ мǾŀƭǳŜ    

 
пΦ ʃˇʽʰ ʰˉˈ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˂ʷ˅ʶʽˌ ʶʾ˄ʰʽ ʵʶˋ˃ʶˎ˃ʷ˄ʹ ˋˍʹ˄ tȅǘƘƻƴΥ 

)h function   
)̡ def      
)ɹ endif  
ʵύ ǾŀǊ 
 

рΦ ʃˇʽˇˌ ˍʶ˂ʶˋˍʺˌ ʶ˂ʷʴ˔ʶʽ ˍʰˎˍˈˍʹˍʰ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Τ 
ʰύ ҐҐ   
ʲύ ΗҐ 
ʴύ ƛƴ   
ʵύ ƛǎ     
 

сΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ƛƴǇǳǘόύΤ 
)h int   
)̡ float 
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)ɹ str   
ʵύ ōƻƻƭ 
 

тΦ ʅˍʹ ʵˇ˃ʺ ƛŦκŜƭƛŦκŜƭǎŜ ʶˁˍʶ˂ˇˏ˄ˍʰʽΥ 
ʰύ ʃʱ˄ˍʰ ˈ˂ʰ ˍʰ ˃ˉ˂ˇˁ   
ʲύ ʆˇˎ˂ʱ˔ʽˋˍˇ˄ ʵˏˇ ˃ˉ˂ˇˁ 
ʴύ ʆˇ ˉˇ˂ˏ ʷ˄ʰ ˃ˉ˂ˇˁ   
ʵύ ɼʰ˄ʷ˄ʰ ˃ˉ˂ˇˁ 
 

уΦ ʁ ˍˊʽʰʵʽˁˈˌ ˍʶ˂ʶˋˍʺˌ ƛŦ ʷ˔ʶʽ ˃ˇˊ˒ʺΥ 
)h if condition: x else y   
)̡ condition ? x : y 
)ɹ x else y if condition   
)ɻ x if condition else y   

 
фΦ ʁʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˋˍʹ˄ tȅǘƘƻƴ ʶʾ˄ʰʽΥ 

ʰύ ɾʶˍʰʲ˂ʹˍʷˌ ʵˇ˃ʷˌ   
ʲύ ɾʹ ʵʽʰˍʶˍʰʴ˃ʷ˄ʶˌ 
ʴύ ɮ˃ʶˍʱʲ˂ʹˍʶˌ όƛƳƳǳǘŀōƭŜύ  
ʵύ ɾˈ˄ˇ !{/LL    
 

млΦ ʃˇʽˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʵʾ˄ʶʽ ˍˇ ǎώΥΥ-1]; 
ʰύ ɮ˄ˍʽʴˊʰ˒ʺ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ   
ʲύ ʆ˃ʺ˃ʰ όǎƭƛŎŜύ ˔˖ˊʾˌ ˍˇ ˉˊ˗ˍˇ ˔ʰˊʰˁˍʺˊʰ 
ʴύ ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˔ʰˊʰˁˍʺˊ˖˄   
ʵύ ɮ˄ˍʾˋˍˊˇ˒ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ  
 

ммΦ ʃˇʽʰ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˇʻʹˁʶˏʶʽ ʸʶˏʴʹ ˁ˂ʶʽʵʽˇˏς̱ ʽ˃ʺˌΤ 
)h dict   
)̡ list 
)ɹ tuple   
ʵύ ǎŜǘ 
 

мнΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ʷˁ˒ˊʰˋʹ мл κκ пΤ 
ʰύ нΦр   
ʲύ н   
ʴύ о   
ʵύ п 
 

моΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
s = "abcdef"  

print ( s [ 2: 5])  
)h cde   
)̡ bcde 
)ɹ def   
)ɻ cd 

 
мпΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
d = { 1:  "a" ,  2:  "b" }  

print ( d[ 2])  
)h a   
)̡ b   
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ʴύ н   
ʵύ ʅ˒ʱ˂˃ʰ 
 

мрΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
s = { 1,  2,  2,  3}  

print ( len ( s ))  
)h 3   
ʲύ п 
ʴύ н   
ʵύ ʅ˒ʱ˂˃ʰ 
 

мсΦ ʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΤ 
"hello" . replace ( "l" ,  "x" ,  1)  

)h hexxo   
)̡ hexlo  
)ɹ hexxx   
)ɻ ʅ˒ʱ˂˃ʰ 

 
мтΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
print ( "a,b,c" . split ( "," ))  

)h "a" "b" "c"   
)̡ ['a', 'b', 'c'] 
)ɹ a b c   
)ɻ ('a', 'b', 'c') 

 
18Φ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ƛƴǇǳǘόύΤ 

)h int   
)̡ float 
)ɹ str   
ʵύ ōƻƻƭ 
 

мфΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
def  f ( x ):  

    x += 1 

    return  x  

 

a = 41 

print ( f ( a),  a)  
)h 42 41   
ʲύ пн пн  
ʴύ пм пн   
ʵύ пм пм 
 

нлΦ ʆʽ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽΤ 
def  f ():  

    pass  

 

print ( f ())  
)h 0   
)̡ False 
)ɹ ʅ˒ʱ˂˃ʰ   
ʵύ bƻƴŜ   
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1.15.1. ɮˉʰ˄ˍʺˋʶʽˌ ˋˍʽˌ ʶˊ˖ˍʺˋʶʽˌ ʰˎˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ 

мΦ ʵύ /tȅǘƘƻƴ 

нΦ ʴύ ɲˎ˄ʰ˃ʽˁˇˏˌ ˍˏˉˇˎˌ  

оΦ ʵύ мǾŀƭǳŜ 

пΦ ʲύ ŘŜŦ  

рΦ ʵύ ƛǎ 

сΦ ʴύ ǎǘǊ 

тΦ ʴύ ʆˇ ˉˇ˂ˏ ʷ˄ʰ ˃ˉ˂ˇˁ 

8. ɻ ) x if condition else y 

фΦ ʴύ ɮ˃ʶˍʱʲ˂ʹˍʶˌ όƛƳƳǳǘŀōƭŜύ 

млΦ ʵύ ɮ˄ˍʾˋˍˊˇ˒ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 

11. h ) dict 

12. ̡ ) 2 

13. h ) cde 

14. ̡ ) b 

15. h ) 3 

16. ̡ ) hexlo 

17. ɹ ) a b c 

муΦ ʴύ ǎǘǊ 

мфΦ ʰύ пн пм 

нлΦ ʵύ bƻƴŜ 
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ɼɳʊɮɽɮɹʁ нΥ ɶ ɰɹɰɽɹʁɸɶɼɶ NUMPY 

ɶ ˉʰˊˇˏˋʰ ʶ˄ˈˍʹˍʰ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ ̄ ʰˊˇˎˋʾʰˋʹ ̱ ʹ̩ ʲʽʲ˂ʽˇʻʺˁʹ ̩NumPy ˍʹˌ Python, ˃ ʁʷ˃˒ʰˋʹ ˋˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʶ˒ʰˊ˃ˇʴ˗˄ ˉˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˍˇ 

ˉ˂ʰʾˋʽˇ ʰˎˍˈΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ  ́ʲʽʲ˂ʽˇʻʺˁʹ NumPy, ˍ hʻʶ˃ʶ˂ʽ˗ʵʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ́ .̩, ʶ˄˗ 

ˎˉʱˊ˔ˇˎ˄ ʁ ˄ʵʶʽˁˍʽˁʷˌ ˃ ʽˁˊʷˌ ʁ ˒ʰˊ˃ˇʴʷˌ ̄ ˇˎ h ˄ʰʵʶʽˁ˄ˏˇˎ˄ ̱ ʽˌ ɻ ˎ˄ʰˍˈˍʹˍʶˌ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ NumPy 

ˋʁ ̒ ʷ˃ʰˍʰ ɻ ʽʰ˔ʶʾˊʽˋʹ ̩ɻ ʶʵˇ˃ʷ˄˖˄Φ 

2.1. ɳʽˋʰʴ˖ʴʺ ̀ ˍʹ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ NymPy ʰˉˇˍʶ˂ʶʾ ʲʰˋʽˁʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʶ˒ʰˊ˃ˇʴ˗˄ ʰ˄ʱ˂ˎˋʹˌ 

ʵʶʵˇ˃ʷ˄˖˄ ˋʺ˃ʶˊʰ ˃ ʁ˔ˊʺˋʹ ˍʹˌ ʴ˂˗ˋˋʰˌ Python ʴʽʰ ˈ˂ʶˌ ˍʽˌ ʰ˄ʰʴˁʰʾʶˌ ʶˊʴʰˋʾʶˌ ˈˉ˖ˌ ʰ˄ʱˁˍʹˋʹΣ 

ˋˎ˂˂ˇʴʺΣ ˁʰʻʰˊʽˋ˃ˈ ˁʰʽ ʴʶ˄ʽˁʱ ʵʽʰ˔ʶʾˊʽˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ ɾʷ˔ˊʽ ˍ˗ˊʰ ʶ˅ʶˍʱˋʰ˃ʶ ˍʽˌ ʲʰˋʽˁʷˌ 

ʲʽʲ˂ʽˇʻʺˁʶˌ ˁ ʰʽ ɻ ˇ˃ʷˌ ɻ ʶʵˇ˃ʷ˄˖˄ ̱ ʹˌ Python ό˂ʾˋˍʶˌΣ ˂ ʶ˅ʽˁʱΣ ̄ ˂ʶʽʱʵʶˌ ˁ ΦʰΦύΣ ̌  ̔̌ ˉˇʾʶˌ ̀  ʁ̀ ˎ˄ʵˎʰˋ˃ˈ 

˃ ʁ̱ ʽˌ ɻ ˇ˃ʷˌ ʁ ˂ʷʴ˔ˇˎ ́ ˇʺˌ ̄ ʰˊʷ˔ˇˎ˄ ̀ ˍˇ˄ ̄ ˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ̱  ́ɻ ˎ˄ʰˍˈˍʹˍʰ h ˄ʱˉˍˎ˅ʹˌ h ˅ʽˈˉʽˋˍ˖˄ ˁ ʰʽ 

ʰˉˇʵˇˍʽˁ˗˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ ʁ ̔ʵˇ˃ʷˌ ʰˎˍʷˌ ʶˉʰˊˁˇˏ˄ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʰ˂ʴˇˊʾʻ˃˖˄ ˁʰʽ ˍʹ˄ 

ʶˉʾ˂ˎˋʹ ˁ ʰʻʹ˃ʶˊʽ˄˗˄ ̄ ˊˇʲ˂ʹ˃ʱˍ˖˄ ʁ ˄ˈˌ ʁ ˉʽˋˍʺ˃ˇ˄ʰ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

ʍˋˍˈˋˇΣ ʷ˄ʰ ˁˊʾˋʽ˃ˇ ʸʺˍʹ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʶʾ˄ʰʽ  ̌ˋˎ˄ʵˎʰˋ˃ˈˌ ʰˉ˂ˈˍʹˍʰˌ ˁʰʽ ˍʰ˔ˏˍʹˍʰˌΦ ʅ ʁ

ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʽˁˊʺˌ ˁ˂ʾ˃ʰˁʰˌΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˋ ʁˉˊʱ˅ʶʽˌ ʴˊʰ˃˃ʽˁʺˌ ʱ˂ʴʶʲˊʰˌ ˃ ʁˉʾ˄ʰˁʶˌ 

˃ʽˁˊ˗˄ ʵʽʰˋˍʱˋʶ˖˄Σ  ̌ˍˊˈˉˇˌ ˎ˂ˇˉˇʾʹˋʹˌ ʵʶ˄ ʷ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʶˉʾʵˊʰˋʹΣ ʰˁˈ˃ʹ ˁʰʽ ˂ʽʴˈˍʶˊˇ 

ʲʷ˂ˍʽˋˍʶˌ ˉˊˇˋʶʴʴʾˋʶʽˌΣ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʶˉʰ˄ʰ˂ʹˉˍʽˁˇˏˌ ʲˊˈ˔ˇˎˌΣ ʰˉˇʵʾʵˇˎ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱΦ 

ʂˍʰ˄ ˈ˃˖ˌ ˍ hʵʶʵˇ˃ʷ˄ʰ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋ ʁʶˁʰˍˇ˃˃ˏˊʽʰ ʶʴʴˊʰ˒ʷˌ, ˈˍʰ˄ ʰˉʰʽˍˇˏ˄ˍʰʽ ˉˇ˂ˏˉ˂ˇˁʰ 

ʶˊ˖ˍʺ˃ʰˍʰ ̋  ˎ ˉˇ˂ˇʴʽˋˍʽˁʱ ̀ ʶ˄ʱˊʽʰΣ ̌  ̄ ʰˊʱʴˇ˄ˍʰˌ ̝ ˊˈ˄ˇˌ ʁ ˁˍʷ˂ʶˋʹˌ h ˉˇˁˍʱ ̔ ʵʽʰʾˍʶˊʹ ̡ ʰˊˏˍʹˍʰΦ ʅ ʁ

ʶˉʽ˔ʶʽˊʹˋʽʰˁʱ ̄ ʶˊʽʲʱ˂˂ˇ˄ˍʰ ́  ˁ ʰʻˎˋˍʷˊʹˋʹ ̋  ́  ˎ ˉʶˊˁʰˍʰ˄ʱ˂˖ˋʹ ̄ ˈˊ˖˄ ˃ ˉˇˊʶʾ ˄  h̫ ˔ʶʽ ̀ ʹ˃ʰ˄ˍʽˁˈ 

ˁˈˋˍˇˌΦ 

ɶ ʰ˄ʱʴˁʹ ʴʽʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˋˎ˄ʵˎʱʸˇˎ˄ ˎ˕ʹ˂ʺ ʰˉˈʵˇˋʹ ˃ʰʸʾ ˃ ʁʶˎˁˇ˂ʾʰ ˔ˊʺˋʹˌ ˎˉʺˊ˅ʶ ˉʱ˄ˍʰ 

ˁʰʻˇˊʽˋˍʽˁʺ ˋˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ʴʶ˄ʽˁʱ ˁʰʽ ˋˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʶʽʵʽˁʱΦ ɶ ʵʽʰ˔ʶʾˊʽˋʹ 

˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ ʵʶʵˇ˃ʷ˄˖˄ ˃ ʁˍʰˎˍˈ˔ˊˇ˄ʹ ʰ˄ʱʴˁʹ ʴʽʰ ʶˁˍ̫˂ ʶˋʹ ˋˏ˄ʻʶˍ˖  ˄ˎˉˇ˂ˇʴʽˋ˃˗  ˄ʶʾ˄ʰʽ ˃ʽʰ 

ʰ˄ʱʴˁʹ ˉˇ˂˂˗˄ ʵʶˁʰʶˍʽ˗. ɱʽʰ ʰˎˍˈ˄ ˍˇ˄ ˂ˈʴˇ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ʴ˂˗ˋˋʶˌΣ ˈˉ˖ˌ  ́

Fortran, ˋ˔ʶʵʽʰˋ˃ʷ˄ʶˌ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʴʽʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ɶ ˁˇʽ˄ˈˍʹˍʰ ˍʹˌ Python, 

ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰˌ ʰˎˍʺ˄ ˍʹ˄ ʰˉʰʾˍʹˋʹΣ ʰ˄ʷˉˍˎ˅ʶ ˉʰˁʷˍʰ ˉˇˎ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ʴʽʰ ̱ ʹ˄ ʁ ˉʽˋˍʹ˃ˇ˄ʽˁʺ ̫ ˊʶˎ˄ʰΦ 
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2.2. ɶ ˃ ʶˍʱʲʰˋʹ h ˉˈ ̱ ʽˌ ̡ ʰˋʽˁʷˌ ɻ ˇ˃ʷˌ ̱ ʹˌ Python ̀ ˍ́ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy 

ɴ˄ʰ h ˉˈ ̱  h̔ ˋ˔ˎˊˈˍʶˊʰ ʁ ˊʴʰ˂ʶʾʰ ̀ ʺ˃ʶˊʰ ʁ ʾ˄ʰʽ ́  ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy (Numerical Python) ̱ ʹˌ ɹ ˂˗ˋˋʰˌ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python,  ́ˇˉˇʾ hʰˉˇˍʶ˂ʶʾ ʻʶ˃ʶ˂ʽ˗ʵʶˌ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ʶˉʽˋˍʺ˃ʹ ʰ˄ʱ˂ˎˋʹˌ 

ʵʶʵˇ˃ʷ˄˖˄ ˁ ʰʽ ̱  ́˃ ʹ˔ʰ˄ʽˁʺ ˃ ʱʻʹˋʹΦ ɶ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy ̄ ˊˇˋ˒ʷˊʶʽΥ 

Å ʇ˕ʹ˂ʺ ʰˉˈʵˇˋʹ: ˇ ̔˂ʶʽˍˇˎˊʴʾʶˌ ˋ ʁˉʾ˄ʰˁʶˌ ˃ˉˇˊˇˏ˄ ˄ hʶˁˍʶ˂ʶˋˍˇˏ˄ 10 ʷ˖ˌ 20 ˒ˇˊʷˌ 

ˍʰ˔ˏˍʶˊʰ ̀  ʁ̀ ˏʴˁˊʽˋʹ ˃  ʁˁ ˗ʵʽˁʰ ̄ ˇˎ ̡ ʰˋʾʸʶˍʰʽ ̀  ʁh ˉ˂ˇˏˌ ̡ ˊˈ˔ˇˎˌΦ 

Å ɮˉ˂ˈˍʹˍʰ: ʶˉʽˍˊʷˉʶʽ ˋˍˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺ ˄ hˉʶˊʽʴˊʱ˒ʶʽ ˉˇ˂ˏˉ˂ˇˁˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˃ ʁ

ˋˏ˄ˍˇ˃ˇ ˁ ʰʽ ˁ ʰʻʰˊˈ ˁ ˗ʵʽˁʰΦ 

Å ɲˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ndarray: ʷ˄ʰ˄ ˉˇ˂ˎʵʽʱˋˍʰˍˇ ˉʾ˄ʰˁʰ ˃ ʁ ˉˊˇʹʴ˃ʷ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ 

ʰˉˇʻʺˁʶˎˋʹˌ ˁ ʰʽ ̝ ʶʽˊʽˋ˃ˇˏ h ˊʽʻ˃ʹˍʽˁ˗˄ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

Å ɳˊʴʰ˂ʶʾʰ ʁ ʽˋˈʵˇˎκʶ˅ˈʵˇˎ: ɹ ʽʰ h ˄ʱʴ˄˖ˋʹ ˁ ʰʽ ʁ ʴʴˊʰ˒ʺ ɻ ʶʵˇ˃ʷ˄˖˄ h ˉʶˎʻʶʾʰˌ ̀  ʁ̄ ʾ˄ʰˁʶˌΦ 

Å ɲʽʰˋˏ˄ʵʶˋʹ ˃ ʁC, C++ ˁʰʽ Fortran: ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ʰˉʰʽˍʹˍʽˁ˗˄ 

ʶˊʴʰˋʽ˗˄ ̝ ˖ˊʾˌ ̄ ʶˊʽˍˍʷˌ h ˄ˍʽʴˊʰ˒ʷˌ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ʲʰˋʽˁˇˏˌ ˊˈ˂ˇˎˌ ˍ́  ̩ʲʽʲ˂ʽˇʻʺˁʹˌ NumPy ʶʾ˄ʰʽ ˄ h˂ʶʽˍˇˎˊʴʶʾ ˖  ̩ˁˇʽ˄ˈˌ ˉˎˊʺ˄ʰˌ 

ʰˉˇʻʺˁʶˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ˁʰʽ ʲʽʲ˂ʽˇʻʺˁʶˌΦ ɮˎˍˈ ˁʰʻʽˋˍʱ ˍˇˎˌ 

ˉʾ˄ʰˁʷˌ ˍ́  ̩ˉˇ˂ˏ ˉʽˇ ʰˉˇʵˇˍʽˁˇˏˌ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˇˏˌ ʰˉˈ ˍʽˌ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ʵˇ˃ʷˌ ˍʹˌ 

ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python, ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʶˉʽˍˊʷˉʶʽ ˍ ́ˋˎ˄ʶˊʴʰˋʾʰ ˃ ʁʲʽʲ˂ʽˇʻʺˁʶˌ 

˔ʰ˃ʹ˂ˈˍʶˊˇˎ ʶˉʽˉʷʵˇˎΦ ɾ  ʁ˂ʾʴʰ ˂ˈʴʽʰΣ  ́ʲʽʲ˂ʽˇʻʺˁʹ NumPy ʴʶ˒ˎˊ˗˄ʶʽ ˍ ̌˔ʱˋ˃ʰ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ 
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ʰˉ˂ˈˍʹˍʰ ˍʹˌ Python ˁʰʽ ˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʽˋ˔ˏ ˉˇˎ ʰˉʰʽˍˇˏ˄ ˍ hˋˏʴ˔ˊˇ˄ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰ˄ʱ˂ˎˋʹˌ 

ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy ̡ ˊʾˋˁʶʽ ʁ ˒ʰˊ˃ˇʴʷˌ ̀  ʁɻ ʽʱ˒ˇˊˇˎˌ ̱ ˇ˃ʶʾˌΣ ̀ ˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ʁ ˄ʵʶʽˁˍʽˁʱΥ 

Å ɮ˄ʱ˂ˎˋʹ ɲʶʵˇ˃ʷ˄˖˄: ˉʰˊʷ˔ʶʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ 

ʰˊʽʻ˃ʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍ ̌˃ʽʰ ʶ˅ʰʽˊʶˍʽˁʺ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍˇ˄ ˔ʶʽˊʽˋ˃ˈ ˁʰʽ ˍˇ˄ 

˔ʶʽˊʽˋ˃ˈ ˃ ʶʴʱ˂˖˄ ̀ ˎ˄ˈ˂˖˄ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

Å ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ: ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˁˍʶ˄˗ˌ ˋ ʁ ʶˊʴʰˋʾʶˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ˈˉ˖ˌ 

ʴˊʰ˃˃ʽˁʷˌ h ˂ʴʶʲˊʽˁʷˌ ̄ ˊʱ˅ʶʽˌΣ ˎ ˉˇ˂ˇʴʽˋ˃ˇˏˌ ̄ ʽ˄ʱˁ˖˄ ˁ ʰʽ ̀ ˍʰˍʽˋˍʽˁʺ h ˄ʱ˂ˎˋʹ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

Å ɳˉʶ˅ʶˊʴʰˋʾʰ ɳʽˁˈ˄ʰˌ: ˉˊˇˋ˒ʷˊʶʽ ˃ʽʰ ʽˋ˔ˎˊʺ ʲʱˋʹ ʴʽʰ ʶˊʴʰˋʾʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʶʽˁˈ˄ʰˌΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˈˉ˖ˌ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ʶʽˁˈ˄ʰˌΣ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˁʰʽ ˔ʶʽˊʽˋ˃ˇˏˌ ˋ ʁ

ʶˉʾˉʶʵˇ pixel. 

Å ɳˉʽˋˍʹ˃ˇ˄ʽˁʺ ʇˉˇ˂ˇʴʽˋˍʽˁʺ: ˔ˊʹˋʽ˃ʶˏʶʽ ˖  ̩ʲʰˋʽˁˈ ʶˊʴʰ˂ʶʾˇ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰˌ 

ˉʰˊʷ˔ˇ˄ˍʰˌ ʁ ˊʴʰ˂ʶʾʰ ̀ ˍˇˎˌ ʁ ˊʶˎ˄ʹˍʷˌ ˁ ʰʽ ʁ ˉʽˋˍʺ˃ˇ˄ʶˌ ̱ ˖˄ ̒ ʶˍʽˁ˗˄ ʁ ˉʽˋˍʹ˃˗˄ ˁ ʰʽ ̍ ˔ʽ ˃ ˈ˄ˇΣ 

˃ ʁ̄ ˊˇʹʴ˃ʷ˄ʶˌ ˃ ʰʻʹ˃ʰˍʽˁʷˌ ɻ ˎ˄ʰˍˈˍʹˍʶˌΦ 

Å ʋˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʺ ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ: ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉʰˊʷ˔ˇ˄ˍʰˌ 

ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˃ʰʻʹ˃ʰˍʽˁʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹΣ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʽ˄ʵˏ˄ˇˎ ˁʰʽ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

˔ʰˊˍˇ˒ˎ˂ʰˁʾˇˎΦ 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ʷ˔ʶʽ ʷ˄ʰ ˁˊʾˋʽ˃ˇ ˊˈ˂ˇ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˂ˈʴ˖ ˍʹˌ ʽˁʰ˄ˈˍʹˍʱˌ ˍʹˌ ˄ h

˔ʶʽˊʾʸʶˍʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˃ʶʴʱ˂ʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˄ hʶˁˍʶ˂ʶʾ ˋˏ˄ʻʶˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

ɾˉˇˊʶʾ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ̄ ˇ˂ˎˉˇʾˁʽ˂ʰ ̀  ʁ̫ ˊʴʰ h ˄ʱ˂ˎˋʹ ̩ɻ ʶʵˇ˃ʷ˄˖˄ ̍ ˉ˖ˌ: 

Å ʋʶʽˊʽˋ˃ˈˌ ɲʶʵˇ˃ʷ˄˖˄: ̄ ʰˊʷ˔ʶʽ ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ̄ ʾ˄ʰˁʶˌ ̱ ˇˎ NumPy ʁ ˉʽˍˊʷˉˇˎ˄ ̱ ˇ˄ ʁ ˏˁˇ˂ˇ 

˔ʶʽˊʽˋ˃ˈΣ ˍʹ˄ ˍʶ˃ʰ˔ʽˋ˃ˈ ˁʰʽ ˍʹ˄ ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ̄ ˇ˂ˏˍʽ˃˖˄ ̄ ˂ʹˊˇ˒ˇˊʽ˗˄ h ˉˈ ̀ ˏ˄ʻʶˍʰ ̀ ˏ˄ˇ˂ʰ ɻ ʶʵˇ˃ʷ˄˖˄Φ 

Å ʅˍʰˍʽˋˍʽˁʺ ɮ˄ʱ˂ˎˋʹ: ˉˊˇˋ˒ʷˊʶʽ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ˋˍʰˍʽˋˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Σ ˈˉ˖ˌ ˃ʷˋˇˌ 

ˈˊˇˌΣ ʵʽʱ˃ʶˋˇˌΣ ̱ ˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹΣ ˋˎˋ˔ʷˍʽˋʹ ˁʰʽ ʱ˂˂ʰΣ ʶˉʽˍˊʷˉˇ˄ˍʱˌ ̀ ʰˌ ˄ hʰ˄ʰ˂ˏˇ˄ˍʰʽ ˁ ʰʽ 

˄ h̀ ˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ̱  hɻ ʶʵˇ˃ʷ˄ʰ h ˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱΦ 

Å ɾʰʻʹ˃ʰˍʽˁʷˌ ɽʶʽˍˇˎˊʴʾʶˌ: ˉʰˊʷ˔ʶʽ ˃ʽʰ ˉ˂ˇˏˋʽʰ ˋˎ˂˂ˇʴʺ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄Σ 

ʶˉʽˍˊʷˉˇ˄ˍʱˌ ˄ hʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˉˊʱ˅ʶʽˌ ˋ ʁˉʾ˄ʰˁʶˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱΦ ɮˎˍʷˌ ˇ ̔

˂ʶʽˍˇˎˊʴʾʶˌ ˃ ˉˇˊˇˏ˄ ˄  hʁ ˒ʰˊ˃ˇˋˍˇˏ˄ h ˄ʱ ̀ ˍˇʽ˔ʶʾˇ ̋  ̀  ʁ̌ ˂ˈˁ˂ʹˊˇˎˌ ̄ ʾ˄ʰˁʶˌΦ 
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Å ɳˁˉˇ˃ˉʺ ʃʾ˄ʰˁʰ: ˉʰˊʷ˔ʶʽ ˂ʁ ʽˍˇˎˊʴʾʰ ˃ʶˍʱʵˇˋʹˌ (broadcasting)  ́ˇˉˇʾʰ ʶˉʽˍˊʷˉʶʽ ʷ˃˃ʶˋʶˌ 

˂ʶʽˍˇˎˊʴʾʶˌ ʰ˄ʱ ˋˍˇʽ˔ʶʾˇ ˃ʶˍʰ˅ˏ ˉʽ˄ʱˁ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʴʶʻ˗˄Σ 

ʶ˅ʰ˂ʶʾ˒ˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ˔ˊʺˋʹ ʲˊˈʴ˔˖˄ ˃ ʁˎ˕ʹ˂ˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˁˈˋˍˇˌΣ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ 

ʷˍˋʽ ̱ ʹ˄ ˎ ˉˇ˂ˇʴʽˋˍʽˁʺ h ˉˇʵˇˍʽˁˈˍʹˍʰΦ 

Å ɮˊʽʻ˃ʹˍʽˁʷˌ ʃˊˇˋˇ˃ˇʽ˗ˋʶʽˌ: ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖  ˄ˁʰʽ ˋˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ˋˏ ˄ʻʶˍ˖˄ ˋˎ˄̍ ˂˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˎˉˇʻʷˋʶ˖˄Σ ˍʹ˄ ʶˉʽˁˏˊ˖ˋʹ 

˃ˇ˄ˍʷ˂˖˄ ˁ ʰʽ ̱  ́ɻ ʽʶ˅ʰʴ˖ʴʺ ̄ ʶʽˊʰ˃ʱˍ˖˄Φ 

ɱʽʰ ˍʹ˄ ˔ˊʺˋʹ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ NumPy ˋ ʁˍˇˉʽˁˈ ˎˉˇ˂ˇʴʽˋˍʺΣ ʻ  hˉˊʷˉʶʽ ˉˊ˗ˍʰ ˄ hʶʴˁʰˍʰˋˍʰʻʶʾ ˃ ʁ

ˍʹ˄ ʁ ˄ˍˇ˂ʺ pip ̀  ʁˁ ʱˉˇʽˇ terminal όˍʶˊ˃ʰˍʽˁˈύ (ɼΦ 2.2.1 - ɳʴˁʰˍʱˋˍʰˋʹ ʲʽʲ˂ʽˇʻʺˁʹˌ ƴǳƳǇȅ 

)  ̋ʱ˂˂˖˄ ˍˊˈˉ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ hˉʰˊʷ˔ʶʽ ʰ˄ʱ˂ˇʴʰ ˁʱʻʶ IDE (Integrated Development Envirorment) 

ˉˊˈʴˊʰ˃˃ʰ 

pip  install  numpy 

ɼΦ 2.2.1 - ɳʴˁʰˍʱˋˍʰˋʹ ̡ ʽʲ˂ʽˇʻʺˁʹˌ numpy 

ɾˈ˂ʽˌ ʁ ʴˁʰˍʰˋˍʰʻʶʾΣ ˃ ˉˇˊʶʾˍʶ ˄  hʁ ʽˋʰʴʱʴʶˍʶ ̱  ̌NumPy ̀ ˍˇ Python script ̀ ʰˌ (ɼ. 2.2.2): 

import  numpy as  np 
ɼ. 2.2.2 - ɲʺ˂˖ˋʹ ʁ ʽˋʰʴ˖ʴʺˌ ̱ ʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ Numpy ̀ ˍˇ˄ ˁ ˗ʵʽˁʰ 

ʅˏ˃˒˖˄ʰ ˃  ʁ˃ ʽʰ ɦ ˍˎˉʹ ̀ ˏ˃ʲʰˋʹΣ ʁ ʾ˄ʰʽ ̀ ˏ˄ʹʻʶˌ ̍ ˍʰ˄ ʁ ʽˋʱʴˇˎ˃ʶ ̱  ̡́ ʽʲ˂ʽˇʻʺˁʹ NumPy ̀ ˍˇ˄ ˁ ˗ʵʽˁʰ 

˃ʰˌ ˄ h ʵʾ˄ˇˎ˃ʶ ˍ ̌ ˕ʶˎʵ˗˄ˎ˃ˇ np ʴʽʰ ˄ h ˁʱ˄ˇˎ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ ˉʽˇ ʶˎʰ˄ʱʴ˄˖ˋˍˇ ˁʰʽ 

ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ˇ ʁ ˎˁˇ˂ˈˍʶˊʰΦ 

ɳʱ˄  ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy ʶʾ˄ʰʽ ʺʵʹ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ, ˍˈˍʶ ˃ˉˇˊʶʾ ˄ h˂ʱʲʶˍʶ ˃ʺ˄ˎ˃ʰ ˋˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ 

terminal ̍ ˉ˖ˌ ̀ ˍˇ ɳΦ 2.2.1 - ɾʺ˄ˎ˃ʰ ˋˍˇ ¢ŜǊƳƛƴŀƭ ˈˍʽ ʶʾ˄ʰʽ ʺʵʹ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˁʱˉˇʽʰ ʷˁʵˇˋʹ 

ˈˉˇˎ ɻ ʶʾ˔˄ʶʽ ̍ ˍʽ ʁ ʾ˄ʰʽ ̋ ʵʹ ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ́  ̫ ˁʵˇˋʹ 2.3.5 ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy. 

Requirement  already  satisfied :  numpy in  

c : \ users \ ezoul \ appdata \ local \ programs \ python \ python313 \ lib \ site - packages  

( 2.3.5 )  
ɳΦ 2.2.1 - ɾʺ˄ˎ˃ʰ ̀ ˍˇ Terminal ̍ ˍʽ ʁ ʾ˄ʰʽ ̋ ʵʹ ʁ ʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˁ ʱˉˇʽʰ ̫ ˁʵˇˋʹ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˎˉʱˊ˔ʶʽ ˁʰʽ ˄ʶˈˍʶˊʹ ʵʽʰʻʷˋʽ˃ʹ ʷˁʵˇˋʹ ʻ  hʰˁˇ˂ˇˎʻʶʾˍʰʽ ˁʰʽ ʰˉˈ ˃ʺ˄ˎ˃ʰ 

ˉʰˊˈ˃ˇʽˇ ˃  ʁ̱ ʹˌ ɳΦ 2.2.2 - ɲʽʰʻʶˋʽ˃ˈˍʹˍʰ ˄ʶˈˍʶˊʹˌ ʷˁʵˇˋʹˌ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ bǳƳǇȅɳΦ 2.2.2 

[ notice ]  A new release  of  pip  is  available :  25.2  - > 26.0.1  

[ notice ]  To update ,  run :  python . exe  - m pip  install  -- upgrade  pip  
ɳΦ 2.2.2 - ɲʽʰʻʶˋʽ˃ˈˍʹˍʰ ˄ ʶˈˍʶˊʹˌ ̫ ˁʵˇˋʹˌ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 
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2.3. ʆˏˉˇʽ ̄ ʽ˄ʱˁ˖˄ ˁ ʰʽ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ̄ ʽ˄ʱˁ˖˄ (shape, size) 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʻ  h ʵˇˏ˃ʶ ˍˇˎˌ ˍˏˉˇˎ̩ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ Numpy ˁʰʽ ˍ h

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΦ ʅˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˇ ̔ʷ˄˄ˇʽʶˌ ˁʰʽ ˇ ̔ʵˎ˄ʰˍˈˍʹˍʶˌ ʶʾ˄ʰʽ 

ʵʰ˄ʶʽˋ˃ʷ˄ʶˌ h ˉˈ ̱ ʽˌ h ˄ˍʾˋˍˇʽ˔ʶˌ ̱ ʹˌ ̒ ʶ˖ˊʾʰˌ ̱ ˖˄ ˃ ʰʻʹ˃ʰˍʽˁ˗˄ ɹ ʽʰ ̱ ˇˎˌ ̄ ʾ˄ʰˁʶˌΦ ʇˉʱˊ˔ˇˎ˄ ̍ ˃˖ˌ ˁ ʰʽ 

ʶ˅ʰʽˊʷˋʶʽˌ ̄ ˇˎ ̒  hh ˄ʰ˒ʷˊˇˎ˃ʶ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʰΦ ɴ˄ʰˌ ̄ ʾ˄ʰˁʰˌ ˃ ˇ˄ˇʵʽʱˋˍʰˍˇˌ (1D) ɹ ʽʰ ̱ ʹ˄ ̡ ʽʲ˂ʽˇʻʺˁʹ 

Numpy ˍʹˌ Python ʶʾ˄ʰʽ ˇˎˋʽʰˋˍʽˁʱ ˃ʽʰ ˂ʾˋˍʰ ˍʽ˃˗˄Φ ɱʽʰ ˄ h˃ˉˇˊʶʾ ˁʱˉˇʽˇˌ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ 

ˉʾ˄ʰˁʰ 1D ̒  h̄ ˊʷˉʶʽ ˄  hʁ ʽˋʱʴʶʽ ̀ ˍˇ˄ ˁ ˗ʵʽˁʰ ̱  ̡́ ʽʲ˂ʽˇʻʺˁʹ Numpy ̍ ˉ˖ˌ ˃ ʱʻʰ˃ʶ ̄ ʰˊʰˉʱ˄˖: 

import  numpy as  np #ȺɘůŬɔɤɔɐ ɓɘɓɚɘɞɗɐəɖɠ Numpy 

numbers  = np . array ([ 34 ,  33 ,  29 ,  28 ,  27 ])  # ȹɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ Numpy ɛŮ ɧɜɞɛŬ 

numbers  

print ( numbers )  #Ȱɝɞŭɞɠ:  array([34,  33,  29,  28,  27])  

ɼ. 2.3.1 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ˃ ˇ˄ˇʵʽʱˋˍʰˍˇˎ ̄ ʾ˄ʰˁʰ Numpy 

2.3.1. ɲʽˋʵʽʱˋˍʰˍˇʽ ʃʾ˄ʰˁʶˌ 

ɶ ˃ʰʻʹ˃ʰˍʽˁʺ ʷ˄˄ˇʽʰ ˍˇˎ ʵʽˋʵʽʱˋˍʰˍˇ ˎˉʾ˄ʰˁʰ ʶʾ˄ʰʽ ʷ˄ʰ ˉ˂ʷʴ˃ʰ ˍʽ˃˗˄ ʵʽʰˍʶˍʰʴ˃ʷ˄˖˄ ˋ ʁʴˊʰ˃˃ʷˌ 

ˁʰʽ ˋˍʺ˂ʶˌΦ ɾ  ʁˍ ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy ˃ˉˇˊˇˏ˃ʶ ˄ hʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʷ˄ʰ˄ ʵʽˋʵʽʱˋˍʰˍˇ ˉʾ˄ʰˁʰΣ 

ʻʷˍˇ˄ˍʰˌ ˖  ̩ˈˊʽˋ˃ʰ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ np.array() ˃ʽʰ ˂ʾˋˍʰ ˂ʽˋˍ˗˄, ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍh ˉʰˊhɻ ʶʾʴ˃ʰˍʰ 

ɼΦ 2.3.2 ˁ ʰʽ ɼΦ 2.3.3. 

import  numpy as  np  

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

print ( matrix )  #Ȱɝɞŭɞɠ: [[1,  2,  3],  [4,  5,  6],  [7,  8,  9]]  
ɼΦ 2.3.2 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ɻ ʽ̀ ʵʽʱˋˍʰˍˇˎ ̄ ʾ˄ʰˁʰ Numpy 

import  numpy as  np  

measurements  = np . array ([[ 185 ,  75 ],  [ 170 ,  68 ],  [ 192 ,  82 ],  [ 178 ,  70 ],  [ 175 ,  

77 ]])  

print ( matrix )  #Ȱɝɞŭɞɠ: [[185,  75],  [170,  68],  [192,  82],  [178,  70],  [175,  

77]]  
ɼΦ 2.3.3 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ɻ ʽ̀ ʵʽʱˋˍʰˍˇˎ ̄ ʾ˄ʰˁʰ Numpy, ̌  ̔ɹ ˊʰ˃˃ʷˌ ʁ ʾ˄ʰʽ ɻ ʽʰ˒ˇˊʶˍʽˁˇʾ ɦ ˄ʻˊ˖ˉˇʽ ˁ ʰʽ ̌  ̔̀ ˍʺ˂ʶˌ 
ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ̱  hˏ ˕ʹ ˁʰʽ ˍʰ ʲʱˊʹ ̱ ˇˎˌ 

2.3.2. ʆˊʽˋʵʽʱˋˍʰˍˇʽ ˁ ʰʽ ̄ ʶˊʽˋˋˈˍʶˊ˖˄ ɻ ʽʰˋˍʱˋʶ˖˄ ʃʾ˄ʰˁʶˌ (Tensors) 

ɶ ˃ʰʻʹ˃ʰˍʽˁʺ ʷ˄˄ˇʽʰ ˍˇˎ ˍˊʽˋʵʽʱˋˍʰˍˇˎ ˉʾ˄ʰˁʰ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˂˂ˇʴʺ ʰˉˈ ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ 

ʵʽʰˍʶˍʰʴ˃ʷ˄ˇˎˌ ˋ ʁʶˉʾˉʶʵʰΦ ɴˍˋʽ ˃ ʁˍ ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy, ˉʱ˂ʽ ˃ ʁˍ ́˔ˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ 

np.array() ʷ˄ ʰˌ ˍˊʽˋʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌΣ ʴ˄˖ˋˍˈˌ ˁʰʽ ˖  ̩tensor ˋˍʹ˄ Python, ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˂˂ˇʴʺ ʰˉˈ 

ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ ʵʽʰˍʶˍʰʴ˃ʷ˄ˇˎˌ ˋ ʁʶˉʾˉʶʵʰΦ H ʵʹ˃ʽˇˎˊʴʾ hʶ˄ˈˌ ˍˊʽˋʵʽʱˋˍʰˍˇ ˎˉʾ˄ʰˁʰΣ 

ʴʾ˄ʶˍʰʽ ʻʷˍˇ˄ˍʰˌ ˖  ̩ˈˊʽˋ˃ʰ ˃ʽʰ ˂ʾˋˍʰ ˂ʽˋˍ˗˄ ʰˉˈ ˂ʾ̀ ˍʁ ̩ˋˍʹ ˋˎ˄ʱˊˍʹˋʹ np.array() , ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ 

ˋˍʰ ̄ ʰˊʰʵʶʾʴ˃ʰˍʰ ɼΦ 2.3.4 ˁ ʰʽ ɼΦ 2.3.5 

import  numpy as  np 

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

print ( tensor )  #Ȱɝɞŭɞɠ: [[[1,  2],  [3,  4]],  [[5,  6],  [7,  8]]]  
ɼΦ 2.3.4 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̱ ˊʽˋʵʽʱˋˍʰˍˇˎ ̄ ʾ˄ʰˁʰ Numpy 
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import  numpy as  np 

group_measurements  = np . array ([[[ 185 ,  75 ],  [ 170 ,  68 ],  [ 192 ,  82 ],  [ 178 ,  70 ],  

[ 175 ,  77 ]],  

[[ 180 ,  72 ],  [ 176 ,  78 ],  [ 182 ,  80 ],  [ 174 ,  72 ],  [ 177 ,  69 ]],[[ 188 ,  78 ],  [ 180 ,  

71 ],  [ 182 ,  75 ],  [ 17S,  73 ],  [ 17c ,  70 ]]])  

print ( group_measurements )  

#Ȱɝɞŭɞɠ: [[[185,  75],  [170,  68],  [192,  82],  #[178,70],  [175,  77]],[[180,  

72],  [176,  78],  [182,  80],  [174,  72],  [177,  #69]],  [[188,  78],  [180,  71],  

[182,  75],  [17S,  73],  [17c,  70]]]  
ɼΦ 2.3.5 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̱ ˊʽˋʵʽʱˋˍʰˍˇˎ ̄ ʾ˄ʰˁʰ Numpy. ɼʱʻʶ ʁ ˉʾˉʶʵˇ h ˄ʰˉʰˊʽˋˍʱ ɻ ʽʰ˒ˇˊʶˍʽˁʺ ̌ ˃ʱʵʰΣ ̌  ̔
ʴˊʰ˃˃ʷˌ ̱  hɦ ˍˇ˃ʰΣ ́  ˃ ʽʰ ɻ ʽʱˋˍʰˋʹ ̱  ̌ˏ ˕ˇˌ 

2.3.3. ɳʽʵʽˁˇʾ ʃʾ˄ʰˁʶˌ 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ˉʰˊʷ˔ʶʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ʴʽʰ ˍ ́ʵʹ˃ʽˇˎˊʴʾʰ ʶʽʵʽˁ˗˄ ˉʽ˄ʱˁ˖˄Σ ˗ˋˍʶ ˄ hˁʰ˂ˏ˕ʶʽ 

ˁʰˍʹʴˇˊʾʶˌ ʁ ʽʵʽˁ˗˄ ̄ ʽ˄ʱˁ˖˄ ̌  ̔̌ ˉˇʾˇʽ ˎ ˉʱˊ˔ˇˎ˄ ̀ ˍʹ ̒ ʶ˖ˊʾʰ ̄ ʽ˄ʱˁ˖˄ ̱ ˖˄ ˃ ʰʻʹ˃ʰˍʽˁ˗˄ h ˂˂ʱ ˁ ʰʽ ɹ ʽʰ 

˄ hˁʰ˂ˏ˕ʶʽ ʱ˂˂ʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʷˌ ʰ˄ʱʴˁʶˌΦ ɴˍˋʽ ˎˉʱˊ˔ˇˎ˄ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Numpy ˎˉʱˊ˔ˇˎ˄ ˇ ̔

ˉʰˊʰˁʱˍ˖ ̀ ˎ˄ʰˊˍʺˋʶʽˌ ̄ ˇˎ ɻ ʹ˃ʽˇˎˊʴˇˏ˄ ʁ ʽʵʽˁˇˏˌ ̄ ʾ˄ʰˁʶˌ: 

ω np.zeros(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ ʁ˃ʹʵʶ˄ʽˁʱΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˍʹ˄ ʰˊ˔ʽˁˇˉˇʾʹˋʹ ʶ˄ˈˌ 

ˉʾ˄ʰˁʰ ̄ ˊʽ˄ h ˉˈ ̱ ʹ˄ ̄ ˂ʺˊ˖ˋʺ ̱ ˇˎ ˃  ʁɻ ʶʵˇ˃ʷ˄ʰ (ɼΦ 2.3.6). 

import  numpy as  np 

zeros  = np . zeros (( 3,  3))  

print ( "Zeros: \ n" ,  zeros )  #Zeros:  [[0.  0.  0.],  [0.  0.  0.],  [0.  0.  0.]]  

ɼΦ 2.3.6 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ˃ ʹʵʶ˄ʽˁˇˏ ̄ ʾ˄ʰˁʰ 3x3 

Å np.ones(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ ʁ˃ˇ˄ʱʵʶˌΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˍ ́ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ 

ˉʾ˄ʰˁʰ ˃  ʁ˃ ʽʰ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʹ h ˊ˔ʽˁʺ ̱ ʽ˃ʺ (ɼΦ 2.3.7). 

import  numpy as  np 

ones  = np . ones (( 3,  3))  

print ( "ɄɑɜŬəŬɠ ɛɞɜɎŭɤɜ:" ,  ones )  #ɄɑɜŬəŬɠ ɛɞɜɎŭɤɜ: [1.  1.  1.],  [1.  1.  1.],  

[1.  1.  1.]]  

ɼΦ 2.3.7 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̄ ʾ˄ʰˁʰ ˃ ˇ˄ʱʵ˖˄ 3x3 

Å np.eye(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˃ˇ˄ʰʵʽʰʾˇ  ̋ˍʰˎˍˇˍʽˁˈ ˉʾ˄ʰˁʰΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˉˊʱ˅ʶʽˌ ʴˊʰ˃˃ʽˁʺˌ 

ʱ˂ʴʶʲˊʰˌ (ɼΦ 2.3.8). 

import  numpy as  np 

identity  = np . eye ( 3)  

print ( "ɀɞɜŬŭɘŬɑɞɠ ɄɑɜŬəŬɠ:" ,  identity )  #ɀɞɜŬŭɘŬɑɞɠ ɄɑɜŬəŬɠ: [[1.  0.  0.],  

[0.  1.  0.],  [0.  0.  1.]]  
ɼΦ 2.3.8 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ɾˇ˄ʰʵʽʰʾˇˎ ̄ ʾ˄ʰˁʰ 3x3 

Å np.full(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ ʁ˃ʽʰ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˍ ́

ʵʹ˃ʽˇˎˊʴʾʰ ʁ ˄ˈˌ ̄ ʾ˄ʰˁʰ ˃  ʁ˃ ʽʰ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʹ h ˊ˔ʽˁʺ ̱ ʽ˃ʺ (ɼΦ 2.3.9). 

import  numpy as  np 

full  = np . full (( 3,  3),  7)  

print ("Ʉɚɐɟɖɠ ˊɑɜŬəŬɠ ɧɛɞɘɤɜ Ŭɟɘɗɛɩɜ:",  full )  #Ʉɚɐɟɖɠ ˊɑɜŬəŬɠ ɧɛɞɘɤɜ 

Ŭɟɘɗɛɩɜ: [[7  7 7],  [7  7 7],  [7  7 7]]  
ɼΦ 2.3.9 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ʃ˂ʺˊˇˎˌ ʃʾ˄ʰˁʰ ̌ ˃ˇʾ˖˄ h ˊʽʻ˃˗˄Σ ɻ ʽʰˋˍʱˋʶ˖˄ 3x3 
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Å np.arange(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ ʁˍʽ˃ʷˌ ˋ ʁˁʰ˄ˇ˄ʽˁʺ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˃ʽʰˌ ʰˊ˔ʽˁʺˌ 

ˁʰʽ ˃ʽʰˌ ˍʶ˂ʽˁʺˌ ˍʽ˃ʺˌΦ ɶ ˋˎ˄ʱˊˍʹˋʹ ʶʾ˄ʰʽ ˔́ ʺˋʽ˃ ́ʴʽʰ ˍ ́ʵʹ˃ʽˇˎˊʴʾʰ ʰˁˇ˂ˇˎʻʽ˗˄ ʰˊʽʻ˃˗˄ 

(ɼΦ 2.3.10). 

import  numpy as  np 

arange  = np . arange ( 0,  10 ,  2)  

print ("ȷəɞɚɞɡɗɑŬ:",  arange )  #ȷəɞɚɞɡɗɑŬ: [0  2 4 6 8]  
ɼΦ 2.3.10 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̄ ʾ˄ʰˁʰ ɮˁˇ˂ˇˎʻʾʰˌ h ˊʽʻ˃˗˄ 

Å np.linspace(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ ʁʷ˄ʰ˄ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ˍʽ˃˗˄ ˋ ʁʾˋʹ ʰˉˈˋˍʰˋʹ 

˃ʶˍʰ˅ˏ ˃ʽʰˌ ʰˊ˔ʽˁʺˌ ˁʰʽ ˃ʽʰˌ ˍʶ˂ʽˁʺˌ ˍʽ˃ʺˌΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˍ ́ʵʹ˃ʽˇˎˊʴʾʰ ʽˋʰˉʶ˔ˈ˄ˍ˖˄ 

ʵʽʰˋˍʹ˃ʱˍ˖˄ (ɼΦ 2.3.11). 

import  numpy as  np 

linspace  = np . linspace ( 0,  1,  5)  

print ("ȽůŬˊɏɢɞɜŰŬ ŭɘŬůŰɐɛŬŰŬ:",  linspace )  #ȽůŬˊɏɢɞɜŰŬ ŭɘŬůŰɐɛŬŰŬ: [0.  0.25  

0.5  0.75  1.]  
ɼΦ 2.3.11- ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̄ ʾ˄ʰˁʰ ̱ ʽ˃˗˄ ̀  ʁ̔ ˋʰˉʷ˔ˇ˄ˍʰ ɻ ʽʰˋˍʺ˃ʰˍʰ 

2.3.4. ɰʰˋʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʃʽ˄ʱˁ˖˄ 

ɼʱʻʶ ˉʾ˄ʰˁʰˌ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ Numpy ˍˏˉˇˎ ndarray ʵʽʰʻʷˍʶʽ ˔ˊʺˋʽ˃ʶˌ ʽʵʽˈˍʹˍʶˌ ˈˉ˖ˌ ʰˎˍʷˌ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ̄ ʰˊʰˁʱˍ˖Φ ʅˍˇ˄ ɼΦ 2.3.12 ʁ ˃˒ʰ˄ʾʸʶˍʰʽ ʁ ˄ʵʶʽˁˍʽˁˈ ̄ ʰˊʰʵʶʾʴ˃ʰˍʰ ̝ ˊʺˋʹˌ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹˌ 

ˍ˖˄ ʶˉʽˋˍˊʶ˒ˈ˃ʶ˄˖˄ ˍʽ˃˗˄ ʲʰˋʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʶ˄ʵʶʽˁˍʽˁˇˏ ˉʾ˄ʰˁʰ 2x3 ˃ ʁˍʽ˃ʷˌ [[1, 2, 3], [4, 

5, 6]]. 

Å ndim Ҧ h ˊʽʻ˃ˈˌ ɻ ʽʰˋˍʱˋʶ˖˄ όˉΦ˔Φ 1D, 2D, 3D). 

Å shape Ҧ ̱  ̌̀ ˔ʺ˃ʰ ̱ ˇˎ ̄ ʾ˄ʰˁʰ όˉ˂ʺʻˇˌ ̀ ˍˇʽ˔ʶʾ˖˄ ̀  ʁˁ ʱʻʶ ɻ ʽʱˋˍʰˋʹύΦ 

Å size Ҧ ̱  ̌̀ ˎ˄ˇ˂ʽˁˈ ̄ ˂ʺʻˇˌ ̀ ˍˇʽ˔ʶʾ˖˄Φ 

Å dtype Ҧ ̌  ̱ ˏˉˇˌ ɻ ʶʵˇ˃ʷ˄˖˄ ̱ ˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ όˉΦ˔Φ int32, float64). 

Å itemsize Ҧ ̱  ̌˃ ʷʴʶʻˇˌ ˁ ʱʻʶ ̀ ˍˇʽ˔ʶʾˇˎ ̀  ʁbytes. 

Å nbytes Ҧ ̀ ˎ˄ˇ˂ʽˁˈ ˃ ʷʴʶʻˇˌ ̄ ʾ˄ʰˁʰ ̀  ʁbytes. 

import  numpy as  np 

arr  = np . array ([[ 1,  2,  3],  [ 4,  5,  6]])  

print ( "ɄɑɜŬəŬɠ:" ,  arr )       #ɄɑɜŬəŬɠ:  [[1,  2,  3],  [4,  5,  6]]  

print ( "ȹɘŬůŰɎůŮɘɠ:" ,  arr . ndim )       #ȹɘŬůŰɎůŮɘɠ:  2 

print ( "ɆɢɐɛŬ:" ,  arr . shape )           #ɆɢɐɛŬ:  (2,3)  

print ("ɆɡɜɞɚɘəɎ ůŰɞɘɢŮɑŬ:",  arr . size )   #ɆɡɜɞɚɘəɎ ůŰɞɘɢŮɑŬ: 6 

print ("ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ:",  arr . dtype )    #ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ: int64  (ɐ ŬɜɎɚɞɔŬ 

Űɞ ůɨůŰɖɛŬ) 

print ( "Bytes  ŬɜɎ ůŰɞɘɢŮɑɞ:",  arr . itemsize )  #Bytes  ŬɜɎ ůŰɞɘɢŮɑɞ: 8 

print ("ɆɡɜɞɚɘəɎ bytes:" ,  arr . nbytes )  #ɆɡɜɞɚɘəɎ bytes:  48 
ɼΦ 2.3.12 - ɲʹ˃ʽˇˎˊʴʾʰ ̄ ʾ˄ʰˁʰΣ ˎ ˉˇ˂ˇʴʽˋ˃ˈˌ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̡ ʰˋʽˁ˗˄ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ 

ɾʽʰ ̄ ˇ˂ˏ ̝ ˊʺˋʽ˃ʹ ̀ ˎ˄ʱˊˍʹˋʹ ̄ ˇˎ ˂ ʶʽˍˇˎˊʴʶʾ ̟  ̩̔ ʵʽˈˍʹˍʰ ̱ ˖˄ ̄ ʽ˄ʱˁ˖˄ ʁ ʾ˄ʰʽ ́  ˃ ʶˍʰˍˊˇˉʺ ̄ ʾ˄ʰˁʰ ̀  ʁ

ʰˉ˂ʺ ˂ʾˋˍʰ ˍʽ˃˗˄ (flattened list). ɽʰ˃ʲʱ˄ʶʽ ʷ˄ʰ numpy.ndarray ˁʰʽ ˍ ̌˃ʶˍʰˍˊʷˉʶʽ ˋ ʁ˂ʾˋˍʰ ˍʽ˃˗˄ ɼΦ 

2.3.13. 
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import  numpy as  np 

# ȹɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ NumPy ůŮ ɚɑůŰŬ Űɘɛɩɜ 

A = np . array ([[ 1,  2,  3],  [ 4,  2,  1],  [ 3,  1,  4]])  

#ɀŮŰŬŰɟɞˊɐ ůŮ ɚɑůŰŬ Űɘɛɩɜ (flat)  

values  = A. flatten (). tolist ()  

print ( "ȿɑůŰŬ Űɘɛɩɜ:" ,  values )  #ȿɑůŰŬ Űɘɛɩɜ:  [1,  2,  3,  4,  2,  1,  3,  1,  4]  
ɼΦ 2.3.13 - ɾʶˍʰˍˊˇˉʺ ̄ ʾ˄ʰˁʰ ̀  ʁ˂ʾˋˍʰ ̱ ʽ˃˗˄ 

ʅ ʁˋˏ˄ʵʶˋʹ ˃ ʁˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʽʵʽˈˍʹˍʰ ˁʰʽ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰˌ ˋ ʁˁʱˍʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇ ˋˍˇ˄ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ  ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy ʷ˔ʶʽ ˍʹ˄ ʽʵʽˈˍʹˍʰ ndenumerate ˃ ʁˍʹ˄ ˇˉˇʾʰ ˃ˉˇˊˇˏ˃ʶ ˄ h

˂ʱʲˇˎ˃ʶ ˋ ʁˉˇʽʶˌ ʻʷˋʶʽˌκʵʶʾˁˍʶˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ  ́ˁʱʻʶ ˍʽ˃ʺΦ ɴˍˋʽ ˃ˉˇˊˇˏ˃ʶ ˄ hʲˊˇˏ˃ʶ ˍ ́ʻʷˋ́ ˍʹˌ 

ˁʱʻʶ ̱ ʽ˃ʺˌ (ɼ. 2.3.14). 

import  numpy as  np 

# ȹɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ NumPy ůŮ ɚɑůŰŬ Űɘɛɩɜ 

A = np . array ([[ 1,  2,  3],  [ 4,  2,  1],  [ 3,  1,  4]])  

#ɀŮŰŬŰɟɞˊɐ ůŮ ɚɑůŰŬ Űɘɛɩɜ (flat)  

values  = A. flatten (). tolist ()  

print ( "ȿɑůŰŬ Űɘɛɩɜ:" ,  values )  #ȿɑůŰŬ Űɘɛɩɜ:  [1,  2,  3,  4,  2,  1,  3,  1,  4]  

# 2.  ȺɨɟŮůɖ ɗɏůŮɤɜ əɎɗŮ Űɘɛɐɠ 

positions  = {}  

for  index ,  value  in  np . ndenumerate ( A):  

    if  value  not  in  positions :  

        positions [ value ]  = []  

    positions [ value ]. append ( index )  

print ( " \ nŪɏůŮɘɠ əɎɗŮ Űɘɛɐɠ:" )  

for  val ,  inds  in  positions . items ():  

    print ( f"{ val }:  { inds }" )  

ɼ. 2.3.14 - ʋˊʺˋʹ ̱ ʹˌ ̔ ʵʽˈˍʹˍʰˌ ndenumerate 

ɶ ̫ ˅ˇʵˇˌ ̱ ˇˎ ˁ ˗ʵʽˁʰ ̱ ʹˌ ɼ. 2.3.14 ʁ ʾ˄ʰʽ ́  ̫ ˅ˇʵˇˌ ɳΦ 2.3.1. 

ȿɑůŰŬ Űɘɛɩɜ:  [ 1,  2,  3,  4,  2,  1,  3,  1,  4]  

 

ŪɏůŮɘɠ əɎɗŮ Űɘɛɐɠ:  

1:  [( 0,  0),  ( 1,  2),  ( 2,  1)]  

2:  [( 0,  1),  ( 1,  1)]  

3:  [( 0,  2),  ( 2,  0)]  

4:  [( 1,  0),  ( 2,  2)]  
ɳΦ 2.3.1 - ɸʷˋʶʽˌ ̱ ʽ˃˗˄ ̄ ʾ˄ʰˁʰ 

2.4. ɲˎ˄ʰˍˈˍʹˍʶˌ ɲʽʰ˔ʶʾˊʽˋʹˌ ̄ ʽ˄ʱˁ˖˄ ˃  ʁ̱  ́ɰʽʲ˂ʽˇʻʺˁʹ Numpy 

2.4.1. ɳˎˊʶˍʹˊʾʰˋʹ (Indexing) 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ʶʾ˄ʰʽ ˉʰ˄ʾˋ˔ˎˊˇ ʶˊʴʰ˂ʶʾˇ ˁʰʽ ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʶˌ ʶ ˁ ˍ˖˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄ ̱ ʹˌ ɹ ˂˗ˋˋʰˌ ̄ ˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python, ̄ ʰˊʷ˔ˇ˄ˍʰˌ ̫ ˄ʰ ʁ ˎˊˏ ˒ ʱˋ˃ʰ ɻ ˎ˄ʰˍˇˍʺˍ˖˄ ɹ ʽʰ 

ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ʅ ʁʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʻ  hʵˇˏ˃ʶ ˍʽˌ ʽˋ˔ˎˊʷˌ ˍʶ˔˄ʽˁʷˌ ʶˎˊʶˍʹˊʾʰˋʹ ̩ˁʰʽ 

ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˉˇˎ ˉʰˊʷ˔ʶʽ  ́ʲʽʲ˂ʽˇʻʺˁʹ. ɱʽʰ ˄ hʵˇˏ˃ʶ ʰˎˍʷˌ ˍʽˌ ʷ˄˄ˇʽʶˌ ʻ  hʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʰˉˍʱΣ 

ˁʰʻʹ˃ʶˊʽ˄ʱ ̄ ʰˊʰʵʶʾʴ˃ʰˍʰΦ ʁ ̔́ ʾʸʶˌ ̱ ʹˌ ɻ ʹ˃ʽˇˎˊʴʾʰˌ ʁ ˎˊʶˍʹˊʾʰˋʹˌ ˋˍ́ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy ˃ ˉˇˊˇˏ˄ 

˄ hʁ ˄ˍˇˉʽˋˍˇˏ˄ ̀ ˍʽˌ ζ̱ ʰˉʶʽ˄ʷˌη h ˂˂ʱ ̡ ʰˋʽˁʷˌ h ˊ˔ʷˌ ̱ ˖˄ ˂ ʽˋˍ˗˄ ̱ ʹˌ ɹ ˂˗ˋˋʰˌ Python. ɶ ̄ ˊˈˋʲʰˋʹ ̀  ʁ
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˃ʶ˃ˇ˄˖˃ʷ˄ʰ ̀ ˍˇʽ˔ʶʾʰ ʁ ˄ˈˌ ˉʾ˄ʰˁʰ ʶʾ˄ʰʽ ̱ ˈˋˇ ʰˉ˂ʺ ̍ ˋˇ  ́ˁ˂ʺˋʹ ̱ ˇˎ ʶˎˊʶˍʹˊʾˇˎ ̱ ˇˎˌ ˃ ʁ̱  ́ˋˏ˄ˍʰ˅ʹ 

ˍˏˉˇˎ array [ index ].  ʍ  ̩ˉʰˊʱʵʶʽʴ˃ʰ ʷ˔ˇˎ˄ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʾ˄ʰˁʰ NumPy  ̌ˇˉˇʾˇˌ ˉʶˊʽʷ˔ʶʽ 

ˉˇ˂˂ʰˉ˂ʱ ˊˇ˒ʺ˃ʰˍʰ. ʁ ˁ˗ʵʽˁʰˌ ʴʽʰ ˍ ́ʵʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ʶˁˍˏˉ˖ˋʹ ˈ˂ˇˎ ʰˎˍˇˏ ˍˇˎ ˉʾ˄ʰˁʰ ʶʾ˄ʰʽ ˋˍˇ 

ɼΦ 2.4.1. 

import  numpy as  np 

beverages  = np . array ([ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ,  'Water' ])  

print  ( beverages )  # ȷɡŰɐ ɖ ɔɟŬɛɛɐ ŮɑɜŬɘ ˊɟɞŬɘɟŮŰɘəɐ əŬɘ ŭɑɜŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ 

ŮəŰɨˊɤůɖɠ Űɞɡ ˊɑɜŬəŬ: ['Coffee'  'Tea'  'Milk'  'Juice'  'Water']  
ɼΦ 2.4.1 - ɲʹ˃ʽˇˎˊʴʾʰ ˁ ʰʽ ʁ ˁˍˏˉ˖ˋʹ ̄ ʾ˄ʰˁʰ ˃  ʁ̱ ʽ˃ʷˌ ́ ˇ˒ʺ˃ʰˍʰ 

ɱʽʰ ˄ hʰ˄ʰˁ˂ʹʻʶʾ ˍ ̌ˉˊ˗ˍˇ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ˉʾ˄ʰˁʰΣ ˉˊʷˉʶʽ ˄ hʴʾ˄ʶʽ ˔ˊʺˋʹ ˍˇˎ ʵʶʾˁˍʹ 0 ˁʰʽ ˄ h

ʶˁˍˎˉ˗ˋˇˎ˃ʶ ̱ ʹ˄ ʁ ˉʽˋˍˊʶ˒ˈ˃ʶ˄ʹ ̱ ʽ˃ʺΦ ɴˍˋʽ ̀ ˎ˄ˇ˂ʽˁʱ ̌  ˁ ˗ʵʽˁʰˌ ̒  hʁ ʾ˄ʰʽ ̍ ˉ˖ˌ ʁ ˃˒ʰ˄ʾʸʶˍʰʽ ̀ ˍˇ  

import  numpy as  np 

beverages  = np . array ([ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ,  'Water' ])  

print  ( beverages )  # ȷɡŰɐ ɖ ɔɟŬɛɛɐ ŮɑɜŬɘ ˊɟɞŬɘɟŮŰɘəɐ əŬɘ ŭɑɜŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ 

ŮəŰɨˊɤůɖɠ Űɞɡ ˊɑɜŬəŬ: ['Coffee'  'Tea'  'Milk'  'Juice'  'Water']  

first_beverage  = beverages [ 0]  

print ( first_beverage )  # Coffee  
ɼΦ 2.4.2 - ɲʹ˃ʽˇˎˊʴʾʰ ̄ ʾ˄ʰˁʰ ́ ˇ˒ʹ˃ʱˍ˖˄Σ ̝ ˊʺˋʹ ʁ ˎˊʶˍʹˊʾʰˋʹˌ ʴʽʰ ʁ ˏˊʶˋʹ ̄ ˊ˗ˍˇˎ ̀ ˍˇʽ˔ʶʾˇˎ 

ʅˍʹ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy, ̌  ̔̄ ʾ˄ʰˁʶˌ ˃ ˉˇˊˇˏ˄ ˄  hʁ ˁˍʶʾ˄ˇ˄ˍʰʽ ̀  ʁ̄ ˇ˂˂ʰˉ˂ʷˌ ɻ ʽʰˋˍʱˋʶʽˌΦ ɱʽʰ ˄  h

ʶˉʽ˂ʶʴˇˏ˄ ̀ ˍˇʽ˔ʶʾʰ h ˉˈ h ˎˍˇˏˌ ̱ ˇˎˌ ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ̄ ʾ˄ʰˁʶˌ, ̒  h̄ ˊʷˉʶʽ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˃ ʽ h

˂ʾˋˍʰ ɻ ʶʽˁˍ˗˄ ɻ ʽʰ˔˖ˊʽˋ˃ʷ˄˖˄ ˃  ʁˁ ˈ˃˃ʰΦ ɶ ̡ ʰˋʽˁʺ ̀ ˏ˄ˍʰ˅ʹ ʁ ʾ˄ʰʽ array [ index1 ,  index2 ,  

...].  ɱʽʰ ̄ ʰˊʱʵʶʽʴ˃ʰ ɹ ʽʰ ̫ ˄ʰ˄ ɻ ʽˋʵʽʱˋˍʰˍˇ ̄ ʾ˄ʰˁʰ ̄ ˇˎ h ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ̫ ˄ʰ ˃ ʽˁˊˈ ˃ ʷˊˇˌ ̱ ʹˌ 

ʵʽʱˍʰ˅ʹˌ ̱ ˖˄ ́ ʰ˒ʽ˗˄ ʁ ˄ˈˌ ̄ ʰ˄ˍˇˉ˖˂ʶʾˇˎ (ɼ. 2.4.3), ɹ ʽʰ ˄  hʁ ˉʽ˂ʶʴʶʾ ̱  ̌ζaƛƭƪη h ˉˈ ̱  ̌ɻ ʶˏˍʶˊˇ ́ ʱ˒ʽΣ 

ʻ  h̄ ˊʷˉʶʽ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ̌  ̔ɻ ʶʾˁˍʶˌ 1 ˁ ʰʽ 2, ̍ ˉ˖ˌ ˒ ʰʾ˄ʶˍʰʽ ̀ ˍʹ ɹ ˊʰ˃˃ʺ 6 ̱ ˇˎ ˁ ˗ʵʽˁʰ ɼ. 2.4.3 

import  numpy as  np 

shelf_layout  = np . array ([[ 'Cereals' ,  'Pasta' ,  'Rice' ,  'Beans' ],  

                      [ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ],  

                      [ 'Apple' ,  'Banana' ,  'Mango' ,  'Peach' ]])  

print ( shelf_layout )  

milk_position  = shelf_layout [ 1,  2]  

print ( milk_position )  # Milk  
ɼ. 2.4.3 - ɳˎˊʶˍʹˊʾʰˋʹˌ  ̀  ʁ̄ ˇ˂˂ʷˌ ɻ ʽʰˋˍʱˋʶʽˌ 

ʅˍʹ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʶ˅ʶ˂ʽʴ˃ʷ˄ʶˌ ˍʶ˔˄ʽˁʷˌ ʶˎˊʶˍʹˊʾʰˋʹˌ ˈˉ˖ˌ  ́˂ˇʴʽˁʺ ˁʰʽ  ́

ʰˁʷˊʰʽʹ ʶˎˊʶˍʹˊʾʰˋʹΦ ɶ ˂ˇʴʽˁʺ ʶˎˊʶˍʹˊʾʰˋʹ ʶˉʽˍˊʷˉʶʽ ˄ hʶˉʽ˂ʶʴˇˏ˄ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ ʁ

ʲʱˋʹ ˃ʽʰ ˋˎ˄ʻʺˁʹΦ ɳˉʶˁˍʶʾ˄ˇ˄ˍʰˌ ˍ ̌ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ɼΦ 2.4.2 ˃ ʁˍ hˊˇ˒ʺ˃ʰˍʰ ˉˊˇˋʻʷˍˇˎ˃ʶ ˁʰʽ 

ˉʾ˄ʰˁʰ ˃  ʁ̱ ʽˌ ̱ ʽ˃ʷˌ ̱ ˇˎˌ όˉʾ˄ʰˁʰˌ prices ̀ ˍˇ˄ ɼΦ 2.4.4). ɱʽʰ ˄  hʁ ˄ˍˇˉʽˋˍˇˏ˄ ̱  h́ ˇ˒ʺ˃ʰˍʰ ˃  ʁ̱ ʽ˃ʷˌ ˁ ʱˍ˖ 

ˍˇˎ мϵ ˃ˉˇˊʶʾ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ  ́ʵʺ˂˖ˋʹ ˈˉ˖ˌ ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ʷˁˍʹ ʴˊʰ˃˃ʺ ˍˇˎ 

ˁ˗ʵʽˁʰ ɼΦ 2.4.4. 

import  numpy as  np 

beverages  = np . array ([ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ,  'Water' ])  

#ȷɟɢɘəɞˊɞɑɖůɖ ɇɘɛɩɜ 

prices  = np . array ([ 1.5 ,  1.0 ,  0.5 ,  2.0 ,  0.7 ])  
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#ɅɞűɐɛŬŰŬ ɛŮ ŬˊɞŭŮəŰɏɠ Űɘɛɏɠ 

cheap_beverages  = beverages [ prices  < 1.0 ]   

print ( cheap_beverages )  #['Milk'  'Water']  

ɼΦ 2.4.4 - ʃʰˊʱʵʶʽʴ˃ʰ ˂ ˇʴʽˁʺˌ ʁ ˎˊʶˍʹˊʾʰˋʹˌ 

ɯ˂˂ˇ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˔ˊʺˋʹˌ ˂ˇʴʽˁʺˌ ʶˎˊʶˍʹˊʾʰˋʹˌ ˃ ʁˉˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ ʶʾ˄ʰʽ ˍʹˌ ˃ˇˊ˒ʺˌ 

ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ ɮ ̩ʶˉʶˁˍʶʾ˄ˇˎ˃ʶ ˍ ̌ˉʰˊʱʵʶʽʴ˃ʰ ʵʽʱˍʰ˅ʹˌ ˍ˖˄ ˊʰ˒ʽ˗˄ ʶ˄ˈˌ 

ˉʰ˄ˍˇˉ˖˂ʶʾˇˎ (ɼ. 2.4.3), ̠ ˋˍʶ ˄  hʁ ˄ˍˇˉʽˋˍˇˏ˄ ̱  ẖ ˊˈ˒ʽ˃ʰ ̀ ˍˇ ́ ʱ˒ʽ ̱ ˇˎ ̄ ʰ˄ˍˇˉ˖˂ʶʾˇˎ ̄ ˇˎ ɻ ʶ˄ ̫ ˔ʶʽ 

ˁʱˉˇʽˇˌ ʰ˂˂ʶˊʴʾʰΣ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰ ʷˋˍ˖ ˈˍʽ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʰ˂˂ʶˊʴʾʰ ˋˍʰ 'Mango' ˁʰʽ 

'Peach' (ɼΦ 2.4.5). ɱʽʰ ̱ ʹ˄ ʁ ˉʽ˂ˇʴʺ ̱ ˇˎ 'Apple' ˁ ʰʽ 'Banana' ˃ ˉˇˊʶʾ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ́  ɻ ʺ˂˖ˋʹ ̍ ˉ˖ˌ 

ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ˉʷ˃ˉˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.4.5. ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ 'Apple' ˁʰʽ 

'Banana' ˃ˉˇˊʶʾ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ  ́ʵʺ˂˖ˋʹ ˈˉ˖ˌ ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ʷʲʵˇ˃ʹ ʴˊʰ˃˃ʺ 

ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.4.5. ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ 'Apricot', ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ʶʽΣ ˃ˉˇˊʶʾ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ  ́

ʵʺ˂˖ˋʹ ˈˉ˖ˌ ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ʷ˄ʰˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.4.5. ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ 

'Apple' ˃ˉˇˊʶʾ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ  ́ʵʺ˂˖ˋʹ ˈˉ˖ˌ ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ʶ˄ʵʷˁʰˍʹ ʴˊʰ˃˃ʺ 

ˍˇˎ ˁ ˗ʵʽˁʰ ɼΦ 2.4.5. 

import  numpy as  np 

shelf_layout  = np . array ([[ 'Cereals' ,  'Pasta' ,  'Rice' ,  'Beans' ],  

                      [ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ],  

                      [ 'Apple' ,  'Banana' ,  'Mango' ,  'Peach' ]])  

fruit_positions1  = shelf_layout [ np . isin ( shelf_layout ,  [ 'Apple' ,  'Banana' ])]  

print ( fruit_positions1 )  #Ūɏůɖ űɟɞɨŰɤɜ 1 -  ['Apple'  'Banana']  

fruit_positions2  = shelf_layout [ np . isin ( shelf_layout ,  [ 'Apple' ])]  

print ( fruit_positions2 )  #Ūɏůɖ űɟɞɨŰɤɜ 2 -  ['Apple']  

fruit_positions3  = shelf_layout [ np . isin ( shelf_layout ,  [ 'Apricot' ])]  

print ( fruit_positions3 )  #Ūɏůɖ űɟɞɨŰɤɜ 3 -  []  

fruit_positions4  = shelf_layout [ np . isin ( shelf_layout ,  [ 'Apple' ,  

'Apricot' ])]  

print ( fruit_positions4 )  #Ūɏůɖ űɟɞɨŰɤɜ 4 -  ['Apple']  
ɼΦ 2.4.5 - ɲʶʽˁˍʽˇʵˈˍʹˋʹ ˃  ʁʁ ˏˊʶˋʹ ̀ ˎʴˁʶˁˊʽ˃ʷ˄˖˄ ̱ ʽ˃˗˄ ̀  ʁ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ̄ ʾ˄ʰˁʶˌ 

2.4.2. ɳˎˊʶˍʹˊʾʰˋʹ (Indexing) ς ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ̄ ʶˊʽˉˍ˗ˋʶʽˌ 

ɶ ̝ ˊʺˋʹ ʁ ˎˊʶˍʹˊʾʰˋʹˌ ʷ˔ʶʽ ˁ ʰʽ ɦ ˂˂ʶˌ ʁ ˉʽˉ˂ʷˇ˄ ̄ ˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ʁ ˉʽ˂ˇʴʷˌΣ ̍ ˉ˖ˌ ˃  ʁ̱  ̝́ ˊʺˋʹ h ˁʷˊʰʽ˖˄ 

ʰˊʽʻ˃˗˄Σ ̍ ˉˇˎ ̄ ʰˊʷ˔ʶˍʰʽ ́  ʁ ˉʽ˂ˇʴʺ ̀ ˍˇʽ˔ʶʾ˖˄ h ˉˈ ̫ ˄ʰ˄ ̄ ʾ˄ʰˁʰ ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ̫ ˄ʰ˄ ɦ ˂˂ˇ ̄ ʾ˄ʰˁʰ 

ʵʶʽˁˍ˗˄Φ ɳˉʶˁˍʶʾ˄ˇ˄ˍʰˌ ˍ ̌ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ɼΦ 2.4.2 ˃ ʁˍ hˊˇ˒ʺ˃ʰˍʰ ˉˊˇˋʻʷˍˇˎ˃ʶ ʵʺ˂˖ˋʹ ˈˉ˖ˌ 

ʰˎˍʺ ˃ʶˍʱ ˍ ̌ˋˏ˃ʲˇ˂ˇ = ˋˍʹ˄ ˍˊʾˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.4.6 ˗̀ ˍʶ ˄ hʶ˄ˍˇˉʽˋˍʶʾ ˍ ̌ˉˊ˗ˍˇ ˁʰʽ ˍ ̌

ˍʶ˂ʶˎˍʰʾˇ ́ ˈ˒ʹ˃ʰ. 

import  numpy as  np 

beverages  = np . array ([ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ,  'Water' ])  

selected_beverages  = beverages [[ 0,  - 1]]  

print ( selected_beverages )  # ['Coffee'  'Water']  
ɼΦ 2.4.6 - ɳˎˊʶˍʹˊʾʰˋʹ ˃ ʁ̱  ̝́ ˊʺˋʹ h ˁʷˊʰʽ˖˄ h ˊʽʻ˃˗˄ 

ɱʽʰ ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ̄ ʾ˄ʰˁʶˌΣ ˃ ˉˇˊʶʾ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ́  h ˁʷˊʰʽʹ ʁ ˎˊʶˍʹˊʾʰˋʹ ̄ ʰˊʷ˔ˇ˄ˍʰˌ ̄ ʾ˄ʰˁʶˌ 

ʵʶʽˁˍ˗˄ ʴʽʰ ˁʱʻʶ ʵʽʱˋˍʰˋʹΦ ɮ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍ ̌ ˉʰˊʱʵʶʽʴ˃ʰ ˍʹˌ ʵʽʱˍʰ˅ʹˌ ˍ˖˄ ˊʰ˒ʽ˗˄ ʶ˄ˈˌ 
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ˉʰ˄ˍˇˉ˖˂ʶʾˇˎ (ɼ. 2.4.3) ˗ˋˍʶ ˄ hʲˊˇˏ˃ʶ ʰˎˍʺ ̱  ́˒ˇˊʱ ˍ ̌ˉˊ˗ˍˇ ˍˊˈ˒ʽ˃ˇ ˁʰʽ ˍ ̌ˍʶ˂ʶˎˍʰʾˇ ˊˈ˒ʹ˃ʰ 

ɼΦ 2.4.7. 

import  numpy as  np 

shelf_layout  = np . array ([[ 'Cereals' ,  'Pasta' ,  'Rice' ,  'Beans' ],  

                      [ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ],  

                      [ 'Apple' ,  'Banana' ,  'Mango' ,  'Peach' ]])  

#Select  Items  

selected_items  = [ shelf_layout [ 0][ 0],  shelf_layout [ 2][ 3]]  

print ( selected_items )  # [np.str_('Cereals'),  np.str_('Peach')]  
ɼΦ 2.4.7- ɳˎˊʶˍʹˊʾʰˋʹ ˃  ʁ̱  ̝́ ˊʺˋʹ h ˁʷˊʰʽ˖˄ h ˊʽʻ˃˗˄ ̀  ʁ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˎˌ ̄ ʾ˄ʰˁʶˌ 

2.4.3. ʆʶ˃ʰ˔ʽˋ˃ˈˌ (Slicing) 

ɾʽʰ ɦ ˂˂ʹ ɻ ˎ˄ʰˍˈˍʹˍʰ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy ̀  ʁ̀ ˔ʷˋʹ ˃  ʁ̱ ˇˎˌ ̄ ʾ˄ʰˁʶˌ ʁ ʾ˄ʰʽ ̌  ̱ ʶ˃ʰ˔ʽˋ˃ˈˌ, ̍ ˉˇˎ 

ˇˎˋʽʰˋˍʽˁʱ ʁ ʾ˄ʰʽ ̌  ɻ ʽʰˁˊʽˍˈˌ ̌ ˊʽˋ˃ˈˌ ʁ ˄ˈˌ ̄ ʾ˄ʰˁʰ. ɶ ɦ ˄˖ ˁ ʰʽ ˁ ʱˍ˖ ̱ ʶ˂ʶʾʰ (:) ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ɹ ʽʰ ˄  h

ˇˊʾˋʶʽ ̱ ʹ˄ h ˊ˔ʺΣ ̱  ̱̌ ʷ˂ˇˌ ˁ ʰʽ ̱  ̡̌ ʺ˃ʰ ̱ ʹˌ ̱ ʶ˃ʰ˔ʽˋ˃ˇˏ (array [ start : end : step ]).  ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ h  ˄̄ ˊʷˉʶʽ ˄  hʁ ˅ʰ˔ʻˇˏ˄ ̱  h̄ ˊ˗ˍʰ 3 ́ ˇ˒ʺ˃ʰˍʰ h ˉˈ ̱  ́̀ ʶʽˊʱ ́ ˇ˒ʹ˃ʱˍ˖˄ ˃ ˉˇˊʶʾ ˄  h

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ́  ɻ ʺ˂˖ˋʹ ̍ ˉ˖ˌ h ˎˍʺ ˃ ʶˍʱ ̱  ̌̀ ˏ˃ʲˇ˂ˇ = ̀ ˍʹ˄ ̱ ˊʾˍʹ ɹ ˊʰ˃˃ʺ ̱ ˇˎ ˁ ˗ʵʽˁʰ ɼΦ 2.4.8 

import  numpy as  np 

beverages  = np . array ([ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ,  'Water' ])  

top_3_beverages  = beverages [: 3]  # ȺɝŬɔɤɔɐ Űɤɜ Űɟɘɩɜ ˊɟɩŰɤɜ ɟɞűɖɛɎŰɤɜ Ŭˊɧ Űɞ 

ɟɎűɘ 

print ( top_3_beverages )  # Ȱɝɞŭɞɠ:['Coffee'  'Tea'  'Milk']  
ɼΦ 2.4.8 - ʆʶ˃ʰ˔ʽˋ˃ˈˌ ́ ʰ˒ʽˇˏ ̄ ˊˇʿˈ˄ˍ˖˄ 

ɮˁˈ˃ʹ ˁ ʰʽ ̌  ̔̄ ˇ˂ˎʵʽʱˋˍʰˍˇʽ ̄ ʾ˄ʰˁʶˌ ˃ ˉˇˊˇˏ˄ ˄  ẖ ʶ˃ʰ˔ʽˋˍˇˏ˄ ˁ ʰʻˇˊʾʸˇ˄ˍʰˌ ̱ ʹ˄ ˁ ʱʻʶ ɻ ʽʱˋˍʰˋʹΣ 

ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʹ ˃  ʁˁ ˈ˃˃ʰˍʰ ̀  ʁ˃ ʽʰ ̀ ˏ˄ˍʰ˅ʹ ̱ ʹˌ ˃ ˇˊ˒ʺˌ array [ start1 : end1 : step1 ,  

start2 : end2 : step2 ,  ...] . ʅˍˇ˄ ˁ ˗ʵʽˁʰ ɼΦ 2.4.9Φˉʰˊˇˎˋʽʱʸʶˍʰʽ ̫ ˄ʰˌ ̄ ˇ˂ˎʵʽʱˋˍʰˍˇˌ ̄ ʾ˄ʰˁʰˌ ˃  ʁ

ˍʹ˄ ̄ ˊ˗ˍʹ ɹ ˊʰ˃˃ʺ όˊʱ˒ʽ ̄ ʰ˄ˍˇˉ˖˂ʾˇˎύ ˄  h̄ ʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ̱ ˊˈ˒ʽ˃ʰΣ ̱  ́ɻ ʶˏˍʶˊʹ ́ ˇ˒ʺ˃ʰˍʰ ˁ ʰʽ ̱ ʹ˄ 

ˍˊʾˍʹ ˒ ˊˇˏˍʰΦ ɱʽʰ ̱ ʹ˄ ʁ ˉʽ˂ˇʴʺ ̱ ˇˎ 2ˇˎ ́ ʰ˒ʽˇˏ ˃ ˉˇˊʶʾ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ́  ɻ ʺ˂˖ˋʹ ̍ ˉ˖ˌ h ˎˍʺ ˃ ʶˍʱ 

ˍ ̌̀ ˏ˃ʲˇ˂ˇ = ̀ ˍʹ˄ ̄ ʷ˃ˉˍʹ ɹ ˊʰ˃˃ʺ ̱ ˇˎ ˁ ˗ʵʽˁʰ ɼΦ 2.4.9. 

import  numpy as  np 

shelf_layout  = np . array ([[ 'Cereals' ,  'Pasta' ,  'Rice' ,  'Beans' ],  

                      [ 'Coffee' ,  'Tea' ,  'Milk' ,  'Juice' ],  

                      [ 'Apple' ,  'Banana' ,  'Mango' ,  'Peach' ]])  

second_shelf  = shelf_layout [ 1,  :]  #['Coffee'  'Tea'  'Milk'  'Juice']  

print ( second_shelf )  
ɼΦ 2.4.9 - ʆʶ˃ʰ˔ʽˋ˃ˈˌ ́ ʰ˒ʽˇˏ ̄ ˊˇʿˈ˄ˍ˖˄ ̄ ˇ˂˂˗˄ ɻ ʽʰˋˍʱˋʶ˖˄ 

2.4.4. ɮ˂˂ʰʴʺ ɻ ʽʰˋˍʱˋʶ˖˄ (reshaping) 

ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ NumPy ˃ˉˇˊʶʾ ˄ hʰ˄ʰʵʽʰ˃ˇˊ˒˖ʻʶʾ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍ ́ˋˎ˄ʱˊˍʹˋʹ reshape(). ɳʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ˄ hʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˍ ̌ʴʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄ ˋˍˇ˄ ʰ˄ʰʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇ 

ˉʾ˄ʰˁʰ ˉˊʷˉʶʽ ˄ hʶʾ˄ʰʽ ʾˋˇ ˃ ʁˍ ̌ʴʽ˄ˈ˃ʶ˄ˇ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄ ˋˍˇ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˋ ʁʷ˄ʰ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʷˋˋʶˊʽˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ʷ˅ʽ ˋˍʺ˂ʶˌΣ ʵʹ˂ʰʵʺΣ 4 x 6 = 
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24. ɴ˄ʰˌ h ˄ʰʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇˌ ̄ ʾ˄ʰˁʰˌ ̄ ʶˊʽʷ˔ʶʽ ̱ ˊʶʽˌ ɹ ˊʰ˃˃ʷˌ ˁ ʰʽ ̌ ˁˍ˗ ̀ ˍʺ˂ʶˌΣ ɻ ʹ˂ʰʵʺΣ 3 x 8 = 24 (ɼ. 

2.4.10 - ɮ˂˂ʰʴʺ ɻ ʽʰˋˍʱˋʶ˖˄ (reshaping)). 

import  numpy as  np 

uniform_random  = np . random . rand ( 4,  6)  #ȹɖɛɘɞɡɟɔɑŬ ˊɑɜŬəŬ 4x6  ɛŮ ŰɡɢŬɑɞɡɠ 

Ŭɟɘɗɛɞɨɠ 

print  ( uniform_random )  

uniform_random  = uniform_random . reshape ( 3,  8)  #ȺűŬɟɛɞɔɐ reshape  ůŰɞɜ ˊɑɜŬəŬ 

4x6  ůŮ ˊɑɜŬəŬ 3x8  

print  ( uniform_random )  
ɼ. 2.4.10 - ɮ˂˂ʰʴʺ ɻ ʽʰˋˍʱˋʶ˖˄ (reshaping) 

ɴ˄ʰ h ˁˈ˃ʰ ̄ ʰˊʱʵʶʽʴ˃ʰ ʁ ˒ʰˊ˃ˇʴʺˌ ˍʹˌ reshape() ʁ ˃˒ʰ˄ʾʸʶˍʰʽ ̀ ˍˇ˄ ˁ ˗ʵʽˁʰ ɼΦ 2.4.11. 

import  numpy as  np 

arr  = np . array ([ 1,  2,  3,  4,  5,  6])  

reshaped_arr  = np . reshape ( arr ,  ( 2,  3))  

print ( " \ nReshaped  array: \ n" ,  reshaped_arr )  #[[1  2 3]  [4  5 6]]  

ɼΦ 2.4.11 - ɳˉʽˉ˂ʷˇ˄ ̄ ʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ̱ ʹ˄ h ˂˂ʰʴʺ ʵʽʰˋˍʱˋʶ˖˄ (reshaping) 

2.4.5. ʅˎ˄ʷ˄˖ˋʹ ̄ ʽ˄ʱˁ˖˄ 

ʅ ʁʰˊˁʶˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ˉˇˊʶʾ ˄ hʵʽʰʻʷˍˇˎ˃ʶ ˍ hʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ˋ ʁʵˏˇ 

ˉʾ˄ʰˁʶˌ ˁʰʽ ˄ hʻʷ˂ˇˎ˃ʶ ˄ hˍ hˋˎ˄ʶ˄˗ˋˇˎ˃ʶ ˋ ʁʷ˄ʰ˄Σ ʶʾˍʶ ˁʰˍʱ ʴˊʰ˃˃ʷˌ ʶʾˍʶ ˁʰˍʱ ˋˍʺ˂ʶˌΦ ʅˍʹ 

ˋˎ˄ʷ˄˖ˋʹ ˋ ʁʴˊʰ˃˃ʷˌ ˃ˉˇˊʶʾ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ np . concatenate (( a,  b),  axis =0)   ̋

ʶ˄˄ʰ˂ʰˁˍʽˁʱ np . vstack (( a,  b))  (ɼ. 2.4.12- ʅˎ˄ʷ˄˖ˋʹ ˉʽ˄ʱˁ˖˄ - ˁʱʻʶˍʹɼ. 2.4.12) . ʂˉˇʽʰ 

ʶˉʽ˂ˇʴʺ ˁʰʽ ˄ h˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˍ ̌ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ʾʵʽˇΦ ʅˍʹ ˋˎ˄ʷ˄˖ˋʹ ˋ ʁˋˍʺ˂ʶˌ ˃ˉˇˊʶʾ ˄ h

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ np . concatenate (( a,  b),  axis =1)   ̋ʁ ˄˄ʰ˂ʰˁˍʽˁʱ np . hstack (( a,  b)) , ̄ ʱ˂ʽ 

ˈˉˇʽʰ ʁ ˉʽ˂ˇʴʺ ˁ ʰʽ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ̱  ̌h ˉˇˍʷ˂ʶˋ˃ʰ ʁ ʾ˄ʰʽ ʾ ʵʽˇ (ɼΦ 2.4.13). 

import  numpy as  np 

a = np . array ([[ 1,  2],  [ 3,  4]])  

b = np . array ([[ 5,  6],  [ 7,  8]])  

# Ɇɡɜɏɜɤůɖ əŬŰɎ Űɘɠ ɔɟŬɛɛɏɠ (axis=0)  

ch1  = np . concatenate (( a,  b),  axis =0)  

# ȺɜŬɚɚŬəŰɘəɎ np.vstack((a,  b))  Ÿ əɎɗŮŰɖ ɏɜɤůɖ (ɘůɞŭɨɜŬɛɞ ɛŮ axis=0)  

ch2  = np . vstack (( a,  b))  

print ( ch1 )  

print ( ch2 )  

 #Ȳŭɘɞ ŬˊɞŰɏɚŮůɛŬ ɔɘŬ ŰŬ ch1,  ch2  

 #[[1  2]  

  [3  4]  

  [5  6]  

[7  8]]  
ɼ. 2.4.12- ʅˎ˄ʷ˄˖ˋʹ ̄ ʽ˄ʱˁ˖˄ - ˁ ʱʻʶˍʹ 

import  numpy as  np 

a = np . array ([[ 1,  2],  [ 3,  4]])  

b = np . array ([[ 5,  6],  [ 7,  8]])  

# Ɇɡɜɏɜɤůɖ əŬŰɎ Űɘɠ ɔɟŬɛɛɏɠ (axis= 1)  

ch1  = np . concatenate (( a,  b),  axis =1)  

# ȺɜŬɚɚŬəŰɘəɎ np.hstack((a,  b))  Ÿ ɞɟɘɕɧɜŰɘŬ ɏɜɤůɖ (ɘůɞŭɨɜŬɛɞ ɛŮ axis=1)  

ch2  = np . hstack (( a,  b))  

print ( ch1 )  

print ( ch2 )  
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 #Ȳŭɘɞ ŬˊɞŰɏɚŮůɛŬ ch1,  ch2  

 #[[1  2 5 6]  

    [3  4 7 8]]  

ɼΦ 2.4.13 - ʅˎ˄ʷ˄˖ˋʹ ̄ ʽ˄ʱˁ˖˄ - ̌ ˊʽʸˈ˄ˍʽʰ 

2.4.6. ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ 

ʇˉʱˊ˔ˇˎ˄ ̄ ˇ˂˂ˇʾ ̱ ˊˈˉˇʽ ɻ ʽʰ˔˖ˊʽˋ˃ˇˏ ̄ ʽ˄ʱˁ˖˄ ˃  ʁ̝ ˊʺˋʹ ̱ ˖˄ ̀ ˎ˄ʰˊˍʺˋʶ˖˄ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy. 

ɴˍˋʽ ̫ ˔ˇˎ˃ʶ ɻ ʽʰ˔˖ˊʽˋ˃ˈ ̀  ʁʾ ˋʰ ˃ ʷˊʹ, ˃ ʶ ˔ˊʺˋʹ ˍʹˌ np . split (ɼΦ 2.4.14), ̄ ʽˇ ʶˎʷ˂ʽˁˍˇΣ ʵʽʰ˔˖ˊʽˋ˃ˈ 

ʴʽʰˍʾ ʵʷ˔ʶˍʰʽ ˁʰʽ ˃ʹ ʾˋˇ ʵʽʰ˔˖ˊʽˋ˃ˈΦʵʽʰ˔˖ˊʽˋ˃ˈ ˃ʶ ˔ˊʺˋʹ ˍʹˌ np . array_split (ɼΦ 2.4.15), ˋʶ 

ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ ˁʱʻʶˍˇˌ ʵʽʰ˔˖ˊʽˋ˃ˈˌ όˁʰˍʱ ˋˍʺ˂ʶˌ - ɼ. 2.4.16) ˃ʶ ˔ˊʺˋʹ ˍʹˌ np . vsplit , ̀ ʶ 

ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ ˇˊʽʸˈ˄ˍʽˇˌ ʵʽʰ˔˖ˊʽˋ˃ˈˌ όˁʰˍʱ ʴˊʰ˃˃ʷˌ - ɼ. 2.4.17ύ ˃ʶ ˔ˊʺˋʹ ˍʹˌ np . hsplit , 

ˁʰʽ ˃  ʁ̝ ˊʺˋʹ ʵʶʽˁˍ˗˄ όˉΦ˔Φ np . split ( a,  [ 2,  4]) -  ɼΦ 2.4.18). 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4,  5,  6])  

# ɉɤɟɑɕɞɡɛŮ ůŮ 3 ɑůŬ ɛɏɟɖ 

parts  = np . split ( a,  3)  

print ( parts )  

#[array([1,  2]),  array([3,  4]),  array([5,  6])]  

ɼΦ 2.4.14 - ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ ς ̀  ʁʾ ˋʰ ˃ ʷˊʹ 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4,  5])  

# ɉɤɟɑɕɞɡɛŮ ůŮ 3 ɛɏɟɖ (ŭŮɜ ŮɑɜŬɘ ɑůŬ, ŬɚɚɎ Űɞ əɎɜŮɘ) 

parts  = np . array_split ( a,  3)  

print ( parts )    

#[array([1,  2]),  array([3,  4]),  array([5])]  

ɼΦ 2.4.15 - ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ ς ̀  ʁ˃  ́ʾ ˋʰ ˃ ʷˊʹ 

import  numpy as  np 

b = np . array ([[ 1,  2,  3,  4],  

              [ 5,  6,  7,  8]])  

# ɃɟɘɕɧɜŰɘɞɠ ŭɘŬɢɤɟɘůɛɧɠ (əŬŰɎ ɔɟŬɛɛɏɠ) 

top ,  bottom  = np . vsplit ( b,  2)  

print ( top )  

#[[1  2 3 4]]  

print ( bottom )  

#[[5  6 7 8]]  
ɼ. 2.4.16 - ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ ς ɼʱʻʶˍˇˌ ɻ ʽʰ˔˖ˊʽˋ˃ˈˌ 

import  numpy as  np 

b = np . array ([[ 1,  2,  3,  4],  

              [ 5,  6,  7,  8]])  

# ȾɎɗŮŰɞɠ ŭɘŬɢɤɟɘůɛɧɠ (əŬŰɎ ůŰɐɚŮɠ) 

left ,  right  = np . hsplit ( b,  2)  

print ( left )  

#[[1  2]  

#[5  6]]  

print ( right )  

#[[3  4]  

#[7  8]]  
ɼ. 2.4.17 - ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ - ʁˊʽʸˈ˄ˍʽˇˌ ɻ ʽʰ˔˖ˊʽˋ˃ˈˌ 

import  numpy as  np 

a = np . array ([ 10 ,  20 ,  30 ,  40 ,  50 ,  60 ])  

# ȹɘŬɢɤɟɘůɛɧɠ ůŰɞɡɠ ŭŮɑəŰŮɠ 2 əŬɘ 4 
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parts  = np . split ( a,  [ 2,  4])  

print ( parts )  

#[array([10,  20]),  array([30,  40]),  array([50,  60])]  
ɼΦ 2.4.18 - ɲʽʰ˔˖ˊʽˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ - ɾ  ʁɻ ʶʾˁˍʶˌ (indices) 

2.4.7. ʅˍˇʾʲʰ˅ʹ (Stacking) ̄ ʽ˄ʱˁ˖˄ 

ɶ ˋˍˇʾʲʰ˅ʹ (stacking) ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˗ˋˍʶ ˄ hζˋˍˇʽʲʱʸˇˎ˃ʶη ˉʾ˄ʰˁʶˌ ˃ʰʸʾ 

όˋʰ˄ ˋˍˊ˗ˋʶʽˌ ˉʽ˄ʱˁ˖˄). ɳʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˉˈ ˍ́ ˋˎ˄ʷ˄˖ˋʹ (concatenate), ʴʽʰˍʾ ˃ ʁˍ ́ˋˍˇʾʲʰ˅ʹ 

ˉˊˇˋʻʷˍˇˎ˃ʶ ˄ʷˇ ʱ˅ˇ˄ʰΦ ɴ˔ˇˎ˃ʶ ˋ̱ ˇʾʲʰ˅ʹ ˁʰˍʱ ˃ʺˁˇˌ ˄ʷˇˎ ˇˊʽʸˈ˄ˍʽˇˎ ʱ˅ˇ˄ʰ ˃ʶ ˔ˊʺˋʹ ˍˇˎ 

np . stack (ɼΦ 2.4.19). ɳˉʾˋʹˌ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ axis =1 ˍʹˌ np . stack ˃ˉˇˊˇˏ˃ʶ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ˋˍˇʾʲʰ˅ʹ ˁʰˍʱ ˃ʺˁˇˌ ˄ʷˇˎ ˁʱʻʶˍˇˎ ʱ˅ˇ˄ʰ όɼΦ 2.4.20ύΦ ʇˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ 

ˋˍˇʾʲʰ˅ʹ ˋʶ ʷ˄ʰ˄ ˇˊʽʸˈ˄ˍʽˇ ʱ˅ˇ˄ʰ ˃ʶ ˔ˊʺˋʹ ˍʹˌ np. hstack  (ɼΦ 2.4.21ύΦ ɳ˄˗ ˍʷ˂ˇˌ ʹ np . dstack 

ˋˍˇʽʲʱʸʶʽ ˁʰˍʱ ˍˇ˄ ˍˊʾˍˇ ʱ˅ˇ˄ʰΣ ˋʰ˄ ˋˍˊ˗ˋʶʽˌ ʶʽˁˈ˄ʰˌ όɼ. 2.4.23). 

 

import  numpy as  np 

a = np . array ([ 1,  2,  3])  

b = np . array ([ 4,  5,  6])  

c  = np . stack (( a,  b))  

print ( c )  

#[[1  2 3]  

[4  5 6]]  
ɼΦ 2.4.19 - ʅˍˇʾʲʰ˅ʹ ˁ ʰˍʱ ˃ ʺˁˇˌ ˄ ʷˇˎ ̌ ˊʽʸˈ˄ˍʽˇˎ ɦ ˅ˇ˄ʰ 

import  numpy as  np 

a = np . array ([ 1,  2,  3])  

b = np . array ([ 4,  5,  6])  

d = np . stack (( a,  b),  axis =1)  

print ( d)  

#[[1  4]  

[2  5]  

[3  6]]  
ɼΦ 2.4.20- ʅˍˇʾʲʰ˅ʹ ˁ ʰˍʱ ˃ ʺˁˇˌ ˄ ʷˇˎ ˁ ʱʻʶˍˇˎ ɦ ˅ˇ˄ʰ 

import  numpy as  np 

a = np . array ([ 1,  2,  3])  

b = np . array ([ 4,  5,  6])  

h = np . hstack (( a,  b))  

print ( h)  

#[1  2 3 4 5 6]  

ɼΦ 2.4.21 -ʅˍˇʾʲʰ˅ʹ ̀  ʁ̫ ˄ʰ˄ ̌ ˊʽʸˈ˄ˍʽˇ ɦ ˅ˇ˄ʰ 

import  numpy as  np 

a = np . array ([ 1,  2,  3])  

b = np . array ([ 4,  5,  6])  

h = np . vstack (( a,  b))  

print ( h)  

#[[1  2 3]  

 [4  5 6]]  
ɼ. 2.4.22-ʅˍˇʾʲʰ˅ʹ (stacking) ̄ ʽ˄ʱˁ˖˄ - ̀  ʁˁ ʱʻʶˍˇ ɦ ˅ˇ˄ʰ 

import  numpy as  np 

a = np . array ([ 1,  2,  3])  

b = np . array ([ 4,  5,  6])  
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d = np . dstack (( a,  b))  

print ( d)  

#[[[1  4]  

#[2  5]  

#[3  6]]]  
ɼ. 2.4.23 - ʅˍˇʾʲʰ˅ʹ (stacking) ̄ ʽ˄ʱˁ˖˄ ς ʅ ʁ̡ ʱʻˇˌ (depth) 

2.4.8. ɾʶˍʱʵˇˋʹ (Broadcasting) 

ʆ ̌Broadcasting ̀ ˍʹ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy ʁ ʾ˄ʰʽ ˃ ʽʰ ̔ ˋ˔ˎˊʺ ˂ ʶʽˍˇˎˊʴʾʰ ̄ ˇˎ ˃ ʰˌ ʁ ˉʽˍˊʷˉʶʽ ˄  hʁ ˁˍʶ˂ˇˏ˃ʶ 

ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊʱ˅ʶʽˌ ˋ ʁˉʾ˄ʰˁʶˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʴʶʻ˗˄ ʰˉˊˈˋˁˇˉˍʰΦ ʂˍʰ˄ ʶˁˍʶ˂ʶʾˍʶ 

ˉˊʱ˅ʶʽˌ ˋ ʁˉʾ˄ʰˁʶˌ ˃ ʁʰˋˏ˃ʲʰˍʰ ˋ˔ʺ˃ʰˍʰΣ ˍ ̌ Broadcasting ʶˉʶˁˍʶʾ˄ʶʽ ʰˎˍˈ˃ʰˍʰ ˍˇ˄ ˃ʽˁˊˈˍʶˊˇ 

ˉʾ˄ʰˁʰ ̠ ˋˍʶ ˄  ẖ ʰʽˊʽʱʸʶʽ ˃  ʁ̱  ̌˃ ʷʴʶʻˇˌ ̱ ˇˎ ˃ ʶʴʰ˂ˏˍʶˊˇˎ ̝ ˖ˊʾˌ ˄  hh ˄ˍʽʴˊʱ˒ʶʽ ̀ ˍʹ˄ ̄ ˊʰʴ˃ʰˍʽˁˈˍʹˍʰ 

ˍ hʵʶʵˇ˃ʷ˄ʰΦ ɮˎˍˈ ˁʰʻʽˋˍʱ ˍ ̌Broadcasting ʷ˄ʰ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈ ˁʰʽ ˒ʽ˂ʽˁˈ ˉˊˇˌ ˍ ́˃˄ʺ˃ʹ ˍˊˈˉˇ 

ʴʽʰ ̱ ʹ˄ ʁ ˁˍʷ˂ʶˋʹ ̄ ˊʱ˅ʶ˖˄ h ˄ʱ ̀ ˍˇʽ˔ʶʾˇ ̀  ʁ̄ ʾ˄ʰˁʶˌ ̄ ˇʽˁʾ˂˖˄ ɻ ʽʰˋˍʱˋʶ˖˄Φ 

ɶ NumPy, ʶʾ˄ʰʽ  ́ ʲʽʲ˂ʽˇʻʺˁʹ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˋˍʹ˄ Python, ʷ˔ʶʽ ˁʶˊʵʾˋʶʽ 

ʵʹ˃ˇˍʽˁˈˍʹˍʰ ʶ ˄˃ʷˊʶʽ ˂ˈʴ˖ ˍʷˍˇʽ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Σ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍˇˎ broadcasting. 

ɮˎˍʺ ́  ˂ ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ h ˉ˂ˇˉˇʽʶʾ ̀ ʹ˃ʰ˄ˍʽˁʱ ̱  ́ɻ ʽʰʵʽˁʰˋʾʰ ̝ ʶʽˊʽˋ˃ˇˏ ˃ ʶʴʱ˂˖˄ ̀ ˎ˄ˈ˂˖˄ ɻ ʶʵˇ˃ʷ˄˖˄ 

ˁʰʽ ʶˁˍʷ˂ʶˋʹˌ ˋˏ˄ʻʶˍ˖˄ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ˉˊʱ˅ʶ˖˄Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍˇ˄ ˁ˗ʵʽˁʰ ˉʽˇ ʶˎʰ˄ʱʴ˄˖ˋˍˇ ˁʰʽ 

ˋˎ˄ˇˉˍʽˁˈΦ 

ɶ ˃ʶˍʱʵˇˋʹ ˋˍˇ NumPy ʰˁˇ˂ˇˎʻʶʾ ʵˏˇ ʲʰˋʽˁˇˏˌ ˁʰ˄ˈ˄ʶˌ ʴʽʰ ˄ hʵʽʰˋ˒ʰ˂ʾˋʶʽ ˈˍʽ ʶʾ˄ʰʽ ʵˎ˄ʰˍʷˌ ˇ ̔

˂ʶʽˍˇˎˊʴʾʶˌ ˃ ʶˍʰ˅ˏ ̄ ʽ˄ʱˁ˖˄ ɻ ʽʰ˒ˇˊʶˍʽˁ˗˄ ɻ ʽʰˋˍʱˋʶ˖˄Υ 

1. ʅˎ˃ˉ˂ʺˊ˖ˋʹ ɾʽˁˊˈˍʶˊ˖˄ ʃʽ˄ʱˁ˖˄Υ ɳʱ˄ ˇ ̔ʶ˃ˉ˂ʶˁˈ˃ʶ˄ˇʽ ˉʾ˄ʰˁʶˌ ʷ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˊʽʻ˃ˈ 

ʵʽʰˋˍʱˋʶ˖˄Σ ̱  ̌̀ ˔ʺ˃ʰ ̱ ˇˎ ˃ ʽˁˊˈˍʶˊˇˎ ̄ ʾ˄ʰˁʰ ̀ ˎ˃ˉ˂ʹˊ˗˄ʶˍʰʽ h ˎˍˈ˃ʰˍʰ ˃  ʁ˃ ˇ˄ʱʵʶˌ ̀ ˍʹ˄ h ˊʽˋˍʶˊʺ 

ˍˇˎ ̄ ˂ʶˎˊʱ ˃ ʷ˔ˊʽ ˁ ʰʽ ̌  ̔ɻ ˏˇ ̄ ʾ˄ʰˁʶˌ ˄  h̫ ˔ˇˎ˄ ̱ ˇ˄ ʾ ʵʽˇ h ˊʽʻ˃ˈ ɻ ʽʰˋˍʱˋʶ˖˄Φ 

2. ʆʰʾˊʽʰˋ˃ʰ ʵʽʰˋˍʱˋʶ˖˄Υ ɱʽʰ ˁʱʻʶ ʵʽʱˋˍʰˋʹΣ ʶʱ˄ ˍ h˃ʶʴʷʻʹ ˍ˖˄ ʵˏˇ ˉʽ˄ʱˁ˖˄ ʵʶ˄ ˍʰʽˊʽʱʸˇˎ˄Σ  ̌

ˉʾ˄ʰˁʰˌ ˃ ʁ˃ʷʴʶʻˇˌ 1 ˋ ʁʰˎˍʺ˄ ˍ ́ʵʽʱˋˍʰˋʹ ˍʶ˄ˍ˗˄ʶˍʰʽ ʴʽʰ ˄ hˍʰʽˊʽʱʸʶʽ ˃ ʁˍ ̌˃ʷʴʶʻˇˌ ˍˇˎ ʱ˂˂ˇˎ 

ˉʾ˄ʰˁʰΦ ɮˎˍˈ ˂ ʶʽˍˇˎˊʴʶʾ ˃ ˈ˄ˇ ʁ ʱ˄ ̫ ˄ʰˌ h ˉˈ ̱ ˇˎˌ ̄ ʾ˄ʰˁʶˌ ̫ ˔ʶʽ ˃ ʷʴʶʻˇˌ ɻ ʽʱˋˍʰˋʹˌ 1 ̋  ˁ ʰʽ ̌  ̔ɻ ˏˇ ̫ ˔ˇˎ˄ 

ˍ ̌ʾ ʵʽˇ ˃ ʷʴʶʻˇˌ ̀  ʁh ˎˍʺ˄ ̱  ́ɻ ʽʱˋˍʰˋʹΦ 

ɮˎˍˇʾ ˇ ̔ˁʰ˄ˈ˄ʶˌ ʵʽʰˋ˒ʰ˂ʾʸˇˎ˄ ˈˍʽ  ́˃ʶˍʱʵˇˋʹ ˃ˉˇˊʶʾ ˄ hʶˉʶˁˍʶʾ˄ʶʽ ˍˇˎˌ ˉʾ˄ʰˁʶˌ ˃ ʁˍˊˈˉˇ ˉˇˎ 

ʶˉʽˍˊʷˉʶʽ ̌ ˃ʰ˂ʷˌ ˁ ʰʽ h ˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ˂ ʶʽˍˇˎˊʴʾʶˌ h ˄ʱ ̀ ˍˇʽ˔ʶʾˇΦ ʍˋˍˈˋˇΣ ʁ ʱ˄ ɻ ʶ˄ ̄ ˂ʹˊˇˏ˄ˍʰʽ h ˎˍʷˌ 

ˇ ̔̄ ˊˇːˉˇʻʷˋʶʽˌΣ ̱  ̌NumPy ̒  hʁ ˃˒ʰ˄ʾˋʶʽ ̫ ˄ʰ ValueError. 

ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ Broadcasting  ʰˉˈ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʸ˖ʺ ʶʾ˄ʰʽ  ́ˋˏ ʴˁˊʽˋʹ ʵʽʰ˒ˈˊ˖˄ ˃ʶˍˊʺˋʶ˖˄ 

ʅˁʶ˒ˍʶʾˍʶ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ˈˉˇˎ ʷ˔ˇˎ˃ʶ ˃ʶˍˊʺˋʶʽˌ ˍˊʽ˗˄ ʰˍˈ˃˖˄, ˈˉ˖ˌ ˍ ̌ʈ˕ˇˌ (cm) ˁʰʽ ˍ ̌ɰʱˊˇˌ (kg) 

(ʃʾ˄ʰˁʰˌ 2.4.1 - ɲʶʵˇ˃ʷ˄ʰ ʈ˕ˇˎˌ ˁʰʽ ɰʱˊˇˎˌ 

). 
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Person A 170 72 

Person B 187 83 

Person C 175 68 

ʃʾ˄ʰˁʰˌ 2.4.1 - ɲʶʵˇ˃ʷ˄ʰ ʈ˕ˇˎˌ ˁ ʰʽ ɰʱˊˇˎˌ 

ɾˉˇˊˇˏ˃ʶ ˄ hʰ˄ʰˉʰˊʰˋˍʺˋˇˎ˃ʶ ʰˎˍʱ ˍ hʵʶʵˇ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉʾ˄ʰˁʶˌ NumPy, ˈˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ̀ ˍˇ˄ ɼΦ 2.4.24 - ɼ˗ʵʽˁʰˌ tȅǘƘƻƴ ʴʽʰ ʵʹ˃ʽˇˎˊʴʾʰ ˉʾ˄ʰˁʰ ʇ˕˗˄ ˁʰʽ ɰʰˊ˗˄ Numpy. 

#ɄɑɜŬəŬɠ Ɉɣɩɜ əŬɘ ȸŬɟɩɜ 

import  numpy as  np 

heights  = np . array ([ 170 ,  187 ,  175 ])  

weights  = np . array ([ 72 ,  83 ,  68 ])  

#Ƀɘ ŬəɧɚɞɡɗŮɠ ɔɟŬɛɛɏɠ ŮɑɜŬɘ Ŭˊɚɩɠ ɔɘŬ ůəɞˊɞɨɠ ŮɛűɎɜɘůɖɠ, Ůˊɞɛɏɜɤɠ ɖ 

ˊɟɞůɗɐəɖ Űɞɡɠ ŮɑɜŬɘ ŮɜŰŮɚɩɠ ˊɟɞŬɘɟŮŰɘəɐ 

print ( "Heights:" ,  heights )  #Heights:  [170  187  175]  

print ( "Weights:" ,  weights )  #Weights:  [72  83 68]  
ɼΦ 2.4.24 - ɼ˗ʵʽˁʰˌ Python ɹ ʽʰ ɻ ʹ˃ʽˇˎˊʴʾʰ ̄ ʾ˄ʰˁʰ ʇ˕˗˄ ˁ ʰʽ ɰʰˊ˗˄ Numpy 

ɾˉˇˊˇˏ˃ʶ ˄ hʰ˅ʽˇˉˇʽʺˋˇˎ˃ʶ ˍ ́˃ʶˍʱʵˇˋʹˌ (Broadcasting) ˗ˋˍʶ ˄ hˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍ ̌ɲʶʾˁˍʹ ɾʱʸʰˌ 

ʅ˗˃ʰˍˇˌ όɲɾʅύ ˁʰʽ ʴʽʰ ˍ hˍˊʾʰ ʱˍˇ˃ʰ ˍʰˎˍˈ˔ˊˇ˄ʰΣ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ʰ ˄ˋˍˇ˄ ɼΦ 2.4.24 ˉˊˇˋʻʷˋˇˎ˃ʶ ˍʽˌ 

ʰˁˈ˂ˇˎʻʶˌ ʴˊʰ˃˃ʷˌ ˁ˗ʵʽˁʰ (ɼΦ 2.4.25). ɶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʽʵʽˈˍʹˍʰˌ ˃ʶˍʱʵˇˋʹˌ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ 

NumPy ˁʱ˄ʶʽ ʰˎˍˈ˄ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʰˉ˂ˈΦ ɶ ʷ˅ˇʵˇˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˖  ̩ˍ ̌ˍʶ˂ʶˎˍʰʾˇ ˋ˔ˈ˂ʽˇ ˍˇˎ 

ˁ˗ʵʽˁʰ ɼΦ 2.4.25 h ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ̱ ʽˌ ̱ ʽ˃ʷˌ ɲɾʅ ɹ ʽʰ ̱  hɯˍˇ˃ʰ ɮΣ ɰ ˁ ʰʽ ɱΣ h ˄ˍʾˋˍˇʽ˔ʰΦ 

#Ɉˊɞɚɞɔɘůɛɧɠ ȹŮɑəŰɖ ɀɎɕŬɠ ɆɩɛŬŰɞɠ (BMI)  

heights_meters  = heights  /  100   # ɀŮŰŬŰɟɏˊŮɘ ŰŬ ɨɣɖ Ŭˊɧ ŮəŬŰɞůŰɎ ůŮ ɛɏŰɟŬ 

bmi  = weights  /  ( heights_meters  **  2)   

print ( bmi )  #Ɉˊɞɚɞɔɘůɛɧɠ ȹŮɑəŰɖ ɀɎɕŬɠ ɆɩɛŬŰɞɠ (BMI):  [24.91349481  

23.73530842  22.20408163]  
ɼΦ 2.4.25 - ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɲʶʾˁˍʹ ɾʱʸʰˌ ʅ˗˃ʰˍˇˌ (BMI) 

ʅˍʰ ̄ ˊˇʹʴˇˏ˃ʶ˄ʰ ̄ ʰˊʰʵʶʾʴ˃ʰˍʰΣ ̝ ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˃ ʶˊʽˁʷˌ ̡ ʰˋʽˁʷˌ ̀ ˎ˄ʰˊˍʺˋʶʽˌ NumPy: 

¶ numpy.array(): ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˉʾ˄ʰˁʰ NumPy ʰˉˈ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ ʅˏ˄ˍʰ˅ʹ: 

numpy.array(object, dtype=None, copy=True, order='K', subok=False, ndmin=0) 

¶ numpy.ndarray. truediv (other): ɳˁˍʶ˂ʶʾ ɻ ʽʰʾˊʶˋʹ h ˄ʱ ̀ ˍˇʽ˔ʶʾˇ ˃ ʶˍʰ˅ˏ ɻ ˏˇ ̄ ʽ˄ʱˁ˖˄Φ ʅˏ˄ˍʰ˅ʹ 

: array1. truediv (array2) 

¶ numpy.ndarray. pow (other): ɮ˄ʶʲʱʸʶʽ ˁ ʱʻʶ ̀ ˍˇʽ˔ʶʾˇ ̱ ˇˎ ̄ ʾ˄ʰˁʰ ̀ ˍʹ ɻ ˏ˄ʰ˃ʹ ̱ ˇˎ h ˄ˍʾˋˍˇʽ˔ˇˎ 

ˋˍˇʽ˔ʶʾˇˎ ̀  ʁ̫ ˄ʰ˄ ɦ ˂˂ˇ ̄ ʾ˄ʰˁʰΦ ʅˏ˄ˍʰ˅ʹΥ array1. pow (array2) 
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ɮˎˍʷˌ ˇ ̔ ˂ʶʽˍˇˎˊʴʾʶˌΣ ˈˍʰ˄ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˃ ʁ ˍ ́ ˃ʶˍʱʵˇˋʹˌ (Broadcasting), ʶˉʽˍˊʷˉˇˎ˄ 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˇˏˌ ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ɮ ̩ʶ˅ʶˊʶˎ˄ʺˋˇˎ˃ʶ ˃ʶˊʽˁʱ ʶˉʽˉ˂ʷˇ˄ ˉʰˊʰʵʶʾʴ˃ʰˍʰ 

˃ʶˍʱʵˇˋʹˌ ʴʽʰ ˄ hʵʶʾ˅ˇˎ˃ʶ ˍʹ˄ ʶˎʶ˂ʽ˅ʾʰ ˍʹˌΦ ʅˍˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ (ɼΦ 2.4.26)  ́scalar ˍʽ˃ʺ 5 

˃ʶˍʰʵʾʵʶˍʰʽκʶ˒ʰˊ˃ˈʸʶˍʰʽ όˉˊˈˋʻʶˋʹ ʁ ʵ˗ύ ̀  ʁˁ ʱʻʶ ̀ ˍˇʽ˔ʶʾˇ ̱ ˇˎ arr. 

import  numpy as  np 

arr  = np . array ([ 1,  2,  3])  

scalar  = 5 

result  = arr  + scalar  

print ( result )  

#[6  7 8]  
ɼΦ 2.4.26 - ʃʰˊʱʵʶʽʴ˃ʰ 1: ʃˊˇˋʻʺˁʹ ˃ ʽʰˌ ̡ ʰʻ˃˖ˍʺˌ (scalar) ̱ ʽ˃ʺˌ ̀  ʁ̫ ˄ʰ˄ ̄ ʾ˄ʰˁʰ ̱ ʽ˃˗˄ 

ʅ ʁʰˎˍʺ˄ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ  ̌ˉʾ˄ʰˁʰˌ arr2 ζ˃ ʶˍʰʵʾʵʶˍʰʽη ˗ˋˍʶ ˄ hˍʰʽˊʽʱʸʶʽ ˃ ʁˍ ̌ˋ˔ʺ˃ʰ ˍˇˎ ˉʾ˄ʰˁʰ 

arr1. ʃˊˇˋˇ˔ʺΣ ʵʶ˄ ʴʾ˄ʶˍʰʽ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˉʽ˄ʱˁ˖˄ ˈˉ˖ˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈˌ ˋˍʹ˄ ʱ˂ʴʶʲˊʰ 

ˉʽ˄ʱˁ˖˄Σ ʰ˂˂ʱ ʴʾ˄ʶˍʰʽ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˃ʶˍʰ˅ˏ ˋˍˇʽ˔ʶʾ˖˄ (element-wise) ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋ ʁ

ʰ˄ˍʾˋˍˇʽ˔ʹ ̒ ʷˋʹΦ 

import  numpy as  np 

arr1  = np . array ([[ 1,  2,  3],  [ 4,  5,  6]])  

arr2  = np . array ([ 10 ,  20 ,  30 ])  

result  = arr1  *  arr2  

print ( result )  

#[[  10 40 30]  

#[  40 100  180]]  
ɼΦ 2.4.27 - ʃʰˊʱʵʶʽʴ˃ʰ 2: ζʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌη ̄ ʽ˄ʱˁ˖˄ ˃  ʁɻ ʽʰ˒ˇˊʶˍʽˁʱ ̀ ˔ʺ˃ʰˍʰ 

ʅˍʹ˄ ̄ ʶˊʾˉˍ˖ˋʹ ̄ ˇˎ ̫ ˔ˇˎ˃ʶ ɻ ˏˇ ̄ ʾ˄ʰˁʶˌ ̱ ˖˄ ʾ ʵʽ˖˄ ɻ ʽʰˋˍʱˋʶ˖˄ ̌  ζʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌη ʁ ʾ˄ʰʽ ˃ ʶˍʰ˅ˏ 

ˋˍˇʽ˔ʶʾ˖˄ (element-wise) ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ʾʵʽʰ ʻʷˋʹ. ʅˍʹ˄ ɳʽˁˈ˄ʰ  2.4.1 ς ζʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌη 

ʃʽ˄ʱˁ˖˄ ʾʵʽ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˒ ʰʾ˄ʶˍʰʽ ̌  ̱ ˊˈˉˇˌ ̄ ˇˎ ɹ ʾ˄ʶˍʰʽ ̌  ζˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌη ̍ ˉ˖ˌ ̌ ˊʾʸʶˍʰʽ ̀ ˍʹ 

ʲʽʲ˂ʽˇʻʺˁʹ Numpy. ɳˉʾˋʹˌ  ̌ɼΦ 2.4.28 ʶʾ˄ʰʽ  ̌ʰ˄ˍʾˋˍˇʽ˔ˇˌ ˁ˗ʵʽˁʰˌ ˋ ʁPython ˉˇˎ ˎ˂ˇˉˇʽʶʾ ʰˎˍˇˏ 

ˍˇˎ ̱ ˏˉˇˎ ̱ ˇ˄ ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈΦ 

 

ɳʽˁˈ˄ʰ  2.4.1 ς ζʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌη ʃʽ˄ʱˁ˖˄ ʾ ʵʽ˖˄ ɻ ʽʰˋˍʱˋʶ˖˄ 

import  numpy as  np 
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arr1  = np . array ([[ 1, 2],[ 3, 4]])  

arr2  = np . array ([[ 5, 6],[ 7, 8]])  

print ( np . multiply ( arr1 , arr2 ))  

#[[  5 12]  

#[21  32]]  
ɼΦ 2.4.28 - ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ ʾ ʵʽ˖˄ ɻ ʽʰˋˍʱˋʶ˖˄ 

2.4.9. ʅˎ˄ʺʻʶʽˌ ̄ ʰʴʾʵʶˌ ̱ ʹˌ ˃ ʶˍʱʵˇˋʹˌ (Broadcasting) 

ɳ˄˗  ́˃ʶˍʱʵˇˋʹ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ʹΣ ˃ˉˇˊʶʾ ˄ hˇʵʹʴʺˋʶʽ ˋ ʁˉʽʻʰ˄ʷˌ ˉʰʴʾʵʶˌ ʶʱ˄ ʵʶ˄ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ̀ ˖ˋˍʱΦ ɴˍˋʽ ˃ ʽʰ ̄ ˊ˗ˍʹ ̄ ʰʴʾʵʰ ʁ ʾ˄ʰʽ ̌  ̔h ˋˏ˃ʲʰˍʶˌ ɻ ʽʰˋˍʱˋʶʽˌΦ ɳʱ˄ ̌  ̔̄ ʾ˄ʰˁʶˌ ̫ ˔ˇˎ˄ 

ʰˋˏ˃ʲʰˍʶˌ ɻ ʽʰˋˍʱˋʶʽˌΣ ́  ˃ ʶˍʱʵˇˋʹ ̒  hh ˉˇˍˏ˔ʶʽΣ ɻ ʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ̫ ˄ʰ ValueError . 

import  numpy as  np 

arr1  = np . array ([ 1,  2,  3])  

arr2  = np . array ([ 4,  5])  

result  = arr1  + arr2  
ɼ. 2.4.29 - ʃʾ˄ʰˁʶˌ ̫ ˔ˇˎ˄ h ˋˏ˃ʲʰˍʶˌ ɻ ʽʰˋˍʱˋʶʽˌ 

ValueError                                 Traceback  (most  recent  call  

last)  

/tmp/ipython - input - 949947271.py  in  <cell  line:  0>()  

      2 arr1  = np. array ([ 1,  2,  3])  

      3 arr2  = np. array ([ 4,  5])  

---- > 4 result  = arr1  + arr2  

 

ValueError :  operands  could  not  be broadcast  together  with  shapes  (3,)  

(2,)   

ɳΦ 2.4.1 - ɾʺ˄ˎ˃ʰ ̀ ˒ʱ˂˃ʰˍˇˌ ɹ ʽʰ ̄ ˊʱ˅ʹ ˃ ʶˍʰ˅ˏ ̄ ʽ˄ʱˁ˖˄ ˃  ʁh ˋˏ˃ʲʰˍʶˌ ɻ ʽʰˋˍʱˋʶʽˌ 

ɳˉʾˋʹˌ ʁ ʱ˄ ̌  ̔ɻ ʽʰˋˍʱˋʶʽˌ ̱ ˖˄ ̄ ʽ˄ʱˁ˖˄ ɻ ʶ˄ ʁ ʾ˄ʰʽ ̀ ˖ˋˍʱ ʁ ˎʻˎʴˊʰ˃˃ʽˋ˃ʷ˄ʶˌΣ ́  ˃ ʶˍʱʵˇˋʹ ʁ ˄ʵʷ˔ʶˍʰʽ ˄  h

ʰˉˇ˒ʷˊʶʽ h ˉˇˍʶ˂ʷˋ˃ʰˍʰ ̄ ˇˎ ɻ ʽʰ˒ʷˊˇˎ˄ h ˉˈ ̱  hh ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰΣ ̍ ˉ˖ˌ ̀ ˍˇ ̄ ʰˊʱʵʶʽʴ˃ʰ ̱ ˇˎ ɼΦ 2.4.30 - 

ɾʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʶˍʱʵˇˋʹˌ. ɳʵ˗Σ ˍ ̌arr2 ˃ʶˍʰʵʾʵʶˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ 

ˋʶʽˊ˗˄ ̱ ˇˎ arr1. 

import  numpy as  np 

arr1  = np . array ([[ 1,  2,  3],  [ 4,  5,  6]])  

arr2  = np . array ([[ 10 ],  [ 20 ]])  

result  = arr1  + arr2  

print ( result )  #[[11  12 13]  

    [24  25 26]]  

ɼΦ 2.4.30 - ɾ  ́h ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ h ˉˇˍʶ˂ʷˋ˃ʰˍʰ ʁ ˒ʰˊ˃ˇʴʺˌ ˃ ʶˍʱʵˇˋʹˌ 

2.5. ʅˎ˄ʰˊˍʺˋʶʽˌ, ɮ˂ʴʶʲˊʽˁʷˌ ʃˊʱ˅ʶʽˌ ˁ ʰʽ ɴ˂ʶʴ˔ˇʽ ʅˍˇʽ˔ʶʾ˖˄ ʃʽ˄ʱˁ˖˄ 

2.5.1. ʅˎ˄ʰˊˍʺˋʶʽˌ ̀ ˎ˄ʱʻˊˇʽˋʹˌ 

ʅˍʹ NumPy ˎˉʱˊ˔ˇˎ˄ ˉˇ˂˂ʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌ (aggregation functions) ˉˇˎ ˎˉˇ˂ˇʴʾʸˇˎ˄ 

ˉʶˊʽʴˊʰ˒ʽˁˇˏˌ ˋˍʰˍʽˋˍʽˁˇˏˌ ʵʶʾˁˍʶˌ ˁʶ˄ˍˊʽˁʺˌ ʻʷˋʶʽˌ ˁʰʽ ʵʽʰˋˉˇˊʱˌ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ˋ ʁˉʾ˄ʰˁʶˌΣ 

ʵʶʾˁˍʶˌ ˈˉ˖ˌ ˍ hmax, min, sum, mean ˁΦʰΦ ɶ ˔ˊʺˋʹ ˍ˖˄ ˉʽˇ ʲʰˋʽˁ˗˄ ʰˉˈ ʰˎˍʷˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ 

ɼΦ 2.5.1 

https://localhost:8080/
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import  numpy as  np 

a = np . array ([[ 1,  2,  3],  

              [ 4,  5,  6]])  

print ( "Sum:" ,  np . sum( a))        #ȯɗɟɞɘůɛŬ:  21 

print ( "Min:" ,  np . min ( a))        #ȺɚɎɢɘůŰɞ:  1 

print ( "Max:" ,  np . max( a))        #ɀɏɔɘůŰɞ:  6 

print ( "Mean:" ,  np . mean( a))      #ɀɏůɞɠ ȳɟɞɠ:  3.5  

print ( "Median:" ,  np . median ( a))  #ȹɘɎɛŮůɞɠ:  3.5  

print ( "Std  Dev:" ,  np . std ( a))    #ɇɡˊɘəɐ ȷˊɧəɚɘůɖ:  1.707...  

print ( "Variance:" ,  np . var ( a))   #ȹɘŬəɨɛŬɜůɖ:  2.916...  

ɼΦ 2.5.1 - ʅˎ˄ʰˊˍʺˋʶʽˌ ̀ ˎ˄ʱʻˊˇʽˋʹˌ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 

ɾˉˇˊˇˏ˃ʶ ˄  hˎ ˉˇ˂ˇʴʾˋˇˎ˃ʶ ̱ ʽ˃ʷˌ ˁ ʰˍʱ ɹ ˊʰ˃˃ʷˌ ̋  ˁ ʰˍʱ ̀ ˍʺ˂ʶˌ ˃  ʁ̝ ˊʺˋʹ ̱ ʹˌ ̄ ʰˊʰ˃ʷˍˊˇˎ axis, ̍ ˉ˖ˌ 

˒ʰʾ˄ʶˍʰʽ ̀ ˍˇ ɼΦ 2.5.2. 

import  numpy as  np 

a = np . array ([[ 1,  2,  3],  

              [ 4,  5,  6]])  

print ("ȯɗɟɞɘůɛŬ ŬɜɎ ůŰɐɚɖ:",  np . sum( a,  axis =0))  #ȯɗɟɞɘůɛŬ ŬɜɎ ůŰɐɚɖ: [5  7 

9]  

print ("ȯɗɟɞɘůɛŬ ŬɜɎ ɔɟŬɛɛɐ:",  np . sum( a,  axis =1))  #ȯɗɟɞɘůɛŬ ŬɜɎ ɔɟŬɛɛɐ: [  6 

15]  

print ("ɀɏɔɘůŰɞ ŬɜɎ ůŰɐɚɖ:",  np . max( a,  axis =0))  #ɀɏɔɘůŰɞ ŬɜɎ ůŰɐɚɖ: [4  5 6]  

print ("ȺɚɎɢɘůŰɞ ŬɜɎ ɔɟŬɛɛɐ:",  np . min ( a,  axis =1))  #ȺɚɎɢɘůŰɞ ŬɜɎ ɔɟŬɛɛɐ: [1  

4]  

ɼΦ 2.5.2 - ʅˎ˄ʰˊˍʺˋʶʽˌ ̀ ˎ˄ʱʻˊˇʽˋʹˌ ˁ ʰˍʱ ɦ ˅ˇ˄ʰ 

ʇˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌΣ ˈˉ˖ˌ ˇ ̔ cumsum, cumprod, argmax, argmin ˁʰʽ 

unique. ɶ ̝ ˊʺˋʹ ̱ ˇˎˌ ˒ ʰʾ˄ʶˍʰʽ ̀ ˍˇ˄ ɼΦ 2.5.3 - ɯ˂˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌ. 

import  numpy as  np 

a = np.array([[ 1,  2,  3],  

              [ 4,  5,  6]])  

print ("ɆɤɟŮɡŰɘəɧ ɎɗɟɞɘůɛŬ:",  np.cumsum(a))  #ɆɤɟŮɡŰɘəɧ ɎɗɟɞɘůɛŬ: [  1 3 C 

10 15 21]  

print ("ɆɤɟŮɡŰɘəɧ ɔɘɜɧɛŮɜɞ:",  np.cumprod(a))  #ɆɤɟŮɡŰɘəɧ ɔɘɜɧɛŮɜɞ: [  1 2 

C 24 120  720]  

print ("Ūɏůɖ Űɞɡ ɛɏɔɘůŰɞɡ:",  np.argmax(a))   #Ūɏůɖ Űɞɡ ɛɏɔɘůŰɞɡ (5)  

print ("Ūɏůɖ Űɞɡ ŮɚɎɢɘůŰɞɡ:",  np.argmin(a))   #Ūɏůɖ Űɞɡ ŮɚɎɢɘůŰɞɡ (0)  

print ("ɀɞɜŬŭɘəɏɠ Űɘɛɏɠ:",  np.unique([ 1, 2, 2, 3, 3, 3]))  #ɀɞɜŬŭɘəɏɠ Űɘɛɏɠ: 

[1  2 3]  

ɼΦ 2.5.3 - ɯ˂˂ʶˌ ̀ ˎ˄ʰˊˍʺˋʶʽˌ ̀ ˎ˄ʱʻˊˇʽˋʹˌ 
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ɳʽˁˈ˄ʰ  2.5.1 - ʂ˂ʶˌ ̌  ̔̀ ˎ˄ʰˊˍʺˋʶʽˌ ̀ ˎ˄ʱʻˊˇʽˋʹˌ 

2.5.2. ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʃʽ˄ʱˁ˖˄ 

O ̱ ˊˈˉˇˌ ˎ ˂ˇˉˇʾʹˋʹˌ ̱ ˇˎ h ˂ʴʶʲˊʽˁˇˏ ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˇˏ ̄ ʽ˄ʱˁ˖˄ ˃  ʁ̝ ˊʺˋʹ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 

ˍʹˌ Python ʶʾ˄ʰʽ ˁʱˉ˖ˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄Φ ɮˊ˔ʽˁʱ ʰ ̩ˍˇ˄ ˇˊʾˋˇˎ˃ʶ ˋˏ˃˒˖˄ʰ ˃ ʁˍʹ˄ ʱ˂ʴʶʲˊʰ ˉʽ˄ʱˁ˖˄Φ 

ʁ ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ̄ ʽ˄ʱˁ˖˄ ̀ ˍʹ˄ ɦ ˂ʴʶʲˊʰ ̄ ʽ˄ʱˁ˖˄ ɹ ʾ˄ʶˍʰʽ ̍ ˉ˖ˌ ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ̀ ˍʹ˄ ɳʽˁˈ˄ʰ 2.5.2, 

ʰˉˈ ˍʹ˄ ʶʽˁˈ˄ʰ ʶʾ˄ʰʽ ʶˏˁˇ˂ˇ ˄ hˁʰˍʰ˂ʱʲʶʽ ˁʱˉˇʽˇˌ ˉ˖ˌ ʴʾ˄ʶˍʰʽ  ̌ʰ˂ʴʶʲˊʽˁˈˌ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ 

ˉʽ˄ʱˁ˖˄Φ ɶ ̡ ʽʲ˂ʽˇʻʺˁʹ Numpy ̱ ʹˌ Python ̫ ˔ʶʽ ̱  ́˃ ʷʻˇʵˇ dot () ̱ ˖˄ ̄ ʽ˄ʱˁ˖˄ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 

˗ˋˍʶ ˄  hˎ ˂ˇˉˇʽʶʾ ̱ ˇ˄ h ˂ʴʶʲˊʽˁˈ ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ̄ ʽ˄ʱˁ˖˄Φ ɶ ˎ ˂ˇˉˇʾʹˋʹ ̀  ʁˁ ˗ʵʽˁʰ ˒ ʰʾ˄ʶˍʰʽ ̀ ˍˇ ɼΦ 

2.5.4. 

 

ɳʽˁˈ˄ʰ 2.5.2 - ɮ˂ʴʶʲˊʽˁˈˌ ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʃʽ˄ʱˁ˖˄ 

import  numpy as  np 

A = np . array ([[ 1, 2],[ 3, 4]])  

B = np . array ([[ 5, 6],[ 7, 8]])  
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print ( np . dot ( A, B))  

#[[19  22]  

#[43  50]]  
ɼΦ 2.5.4 - ɮ˂ʴʶʲˊʽˁˈˌ ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʃʽ˄ʱˁ˖˄ ˃  ʁ̝ ˊʺˋʹ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 

ɳˉʾˋʹˌ ˎˉʱˊ˔ʶʽ ˁʰʽ ʱ˂˂ˇˌ ʷ˄ʰˌ ˍˊˈˉˇˌ ʴʽʰ ˄ hʴʾ˄ʶʽ  ̌ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˃ʶˍʰ˅ˏ ʵˏˇ ˉʽ˄ʱˁ˖˄Σ ˃ ʁˍ ́

˔ˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ multiply() (ɼΦ 2.5.5). ʅ ʁʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˇ ̔ʵʽʰˋˍʱˋʶʽˌ ˍ˖˄ ʵˏˇ ˉʽ˄ʱˁ˖˄ 

ˉˊʷˉʶʽ ˄  ẖ ʰʽˊʽʱʸˇˎ˄Φ 

import  numpy as  np 

row1  = [ 10, 12, 13]  

row2  = [ 45, 32, 16]  

row3  = [ 45, 32, 16]  

nums_2d = np.array([row1,  row2,  row3])  

multiply  = np.multiply(nums_2d,  nums_2d)  

print  (multiply)  #[[  100   144   169]  

                    [ 2025  1024   256 ]  

                    [ 2025  1024   256 ]]  

ɼΦ 2.5.5 - ɮ˂ʴʶʲˊʽˁˈˌ ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʃʽ˄ʱˁ˖˄ ˃  ʁ̝ ˊʺˋʹ ̱ ʹˌ ̀ ˎ˄ʱˊˍʹˋʹˌ multiply ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ Numpy 

ʅˍʹ˄ ʱ˂ʴʶʲˊʰ ˉʽ˄ʱˁ˖˄ ˇˊʾʸʶˍʰʽ  ́ʷ˄˄ˇʽʰ ˍˇˎ ʰ˄ʰˋˍˊʷ˕ʽ˃ˇ ˎˉʾ˄ʰˁʰΦ ɱʽʰ ˄ hʴʾ˄ʶʽ  ́ʰ˄ʰˋˍˊˇ˒ʺ ˍˇˎ 

ˉʾ˄ʰˁʰ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍʹ˄ ˇˊʾʸˇˎˋʰ (determinant) ˁʰʽ ˃ʶˍʱ ˉˊˇˋˉʰʻˇˏ˃ʶ ˄ hˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ˄ 

ʰ˄ʱˋˍˊˇ˒ˇ (inverse). ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ ὃ ʶʾ˄ʰʽ ʰ˄ʰˋˍˊʷ˕ʽ˃ˇˌ ʰ ˄ˁʰʽ ˃ˈ˄ˇ ʰ ˄  ́ˇˊʾʸˇˎˋʱ ˍˇˎ det(ὃύґлΦ 

ɾ  ʁ̱  ̡́ ˇʺʻʶʽʰ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ NumPy ̱ ʹˌ Python ˃ ˉˇˊʶʾ ˄  hˎ ˉˇ˂ˇʴʽˋˍʶʾ ̌  h ˄ʱˋˍˊˇ˒ˇˌ ̄ ʾ˄ʰˁʰˌ ˃  ʁ

˔ˊʺˋʹ ̱ ʹˌ numpy.linalg.inv(A), ʁ ˒ˈˋˇ˄ ˎ ˉʱˊ˔ʶʽ ̌  h ˄ʱˋˍˊˇ˒ˇˌ ̄ ʾ˄ʰˁʰˌ. ʁ ˁ ˗ʵʽˁʰˌ ʁ ʾ˄ʰʽ ̀ ˍˇ ɼΦ 2.5.1. 

import  numpy as  np 

# Ƀɟɘůɛɧɠ ˊɑɜŬəŬ 

A = np . array ([[ 2,  1],[ 5,  3]])  

# Ɉˊɞɚɞɔɘůɛɧɠ ɞɟɑɕɞɡůŬɠ 

det_A  = np . linalg . det ( A)  

print ("ɃɟɑɕɞɡůŬ:",  det_A )  

# ȰɚŮɔɢɞɠ Ŭɜ ŮɑɜŬɘ ŬɜŬůŰɟɏɣɘɛɞɠ 

if  det_A  !=  0:  

    print ("Ƀ ˊɑɜŬəŬɠ ŮɑɜŬɘ ŬɜŬůŰɟɏɣɘɛɞɠ.")  

    A_inv  = np . linalg . inv ( A)  

    print ("ŬɜɎůŰɟɞűɞɠ ˊɑɜŬəŬɠ:\ n" ,  A_inv )  

else :   

    print ("Ƀ ˊɑɜŬəŬɠ ȹȺɁ ŮɑɜŬɘ ŬɜŬůŰɟɏɣɘɛɞɠ.")  
ɼΦ 2.5.6 ɮ˄ˍʽˋˍˊʷ˕ʽ˃ˇˌ ˉʾ˄ʰˁʰˌ 

2.5.3. ɲʽʰʾˊʶˋʹ ̄ ʽ˄ʱˁ˖˄ 

ʅˍʹ ̡ ʽʲ˂ʽˇʻʺˁʹ NumPy ́  ζɻ ʽʰʾˊʶˋʹ ̄ ʽ˄ʱˁ˖˄η ɻ ʶ˄ ʁ ʾ˄ʰʽ ̌ ˊʽˋ˃ʷ˄ʹ ˃  ʁ̱ ʹ˄ ˁ ˂ʰˋʽˁʺ ̫ ˄˄ˇʽʰ όˈˉ˖ˌ ̄ Φ˔Φ ́  

ˉˊˈˋʻʶˋʹ ̋  ̌  ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌύΦ ʅˍʹ˄ ɦ ˂ʴʶʲˊʰ ̄ ʽ˄ʱˁ˖˄, ̍ ˍʰ˄ ˂ ʷ˃ʶ ̍ ˍʽ ζɻ ʽʰʽˊˇˏ˃ʶη ̫ ˄ʰ˄ ̄ ʾ˄ʰˁʰ ὃ 

˃ ʁʷ˄ʰ˄ ˉʾ˄ʰˁʰ ὄ, ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʶ˄˄ˇˇˏ˃ʶ ὃ/ὄ  ὃẗὄҍ1 ʵʹ˂ʰʵʺ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˍˇˎ ὃ ˃ ʁ

ˍˇ˄ h ˄ˍʾˋˍˊˇ˒ˇ ̱ ˇˎ ὄ, ʁ ˒ˈˋˇ˄ ̌  ὄ ʁ ʾ˄ʰʽ h ˄ʰˋˍˊʷ˕ʽ˃ˇˌΦ 

ɴˋˍ˖ ˂ˇʽˉˈ˄ ˇʽ ˉʾ˄ʰˁʶˌ  
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ʃˊˇːˉˈʻʶˋʹ ɹ ʽʰ ˄ʰ ʴʾ˄ʶʽ ˇ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ɮ ˃ ʶ ˍˇ˄ ʰ˄ˍʾˋˍˊˇ˒ˇ ˉʾ˄ʰˁʰ ˍˇˎ ɰ ʁ ʾ˄ʰʽ ˇ 

ˉʾ˄ʰˁʰˌ B ˄ʰ ʶʾ˄ʰʽ ʰ˄ʰˋˍˊʷ˕ʽ˃ˇˌ όʵʽʰˁˊʾ˄ˇˎˋʰ ˍˇˎ ɰ - det(B)ґ0)Φ ɳˉʾˋʹˌΣ ˋˍʹ˄ ʴ˂˗ˋˋʰ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Python ˉɦ ˄ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ! Ϫ ƴǇΦƭƛƴŀƭƎΦƛƴǾό.ύ ˁʰʽ ˉˇˍʷ ! κ . ʴʽʰ ʰ˂ʹʻʽ˄ʺ 

ʵʽʰʾˊʶˋʹ ˉʽ˄ʱˁ˖˄ όɼΦ 2.5.7). 

import  numpy as  np 

 

# Ƀɟɘůɛɧɠ ˊɘɜɎəɤɜ 

A = np . array ([[ 1,  2],  

              [ 3,  4]])  

 

B = np . array ([[ 2,  0],  

              [ 1,  3]])  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ŬɜŰɘůŰɟɧűɞɡ Űɞɡ B 

B_inv  = np . linalg . inv ( B)  #ɈˊɞɚɞɔɑɕŮɘ Űɞɜ ŬɜŰɑůŰɟɞűɞ B^(- 1)  

print ( "ȷɜŰɑůŰɟɞűɞɠ B^( - 1):" )  

print ( B_inv )  

 

# ȹɘŬɑɟŮůɖ: A / B ſ A @ B^( - 1)  A / B ɛŮ / ȾɎɜŮɘ ůŰɞɘɢŮɘɞəŮɜŰɟɘəɐ ŭɘŬɑɟŮůɖ ð 

ŭŮɜ ŮɑɜŬɘ ŭɘŬɑɟŮůɖ ˊɘɜɎəɤɜ! 

result  = A @ B_inv  #ȺəŰŮɚŮɑ ˊɞɚɚŬˊɚŬůɘŬůɛɧ ˊɘɜɎəɤɜ (ɧɢɘ ůŰɞɘɢŮɘɞəŮɜŰɟɘəɧ) 

print ( " \ nȷˊɞŰɏɚŮůɛŬ A / B = A @ B^( - 1):" )  

print ( result )  

#ȷɜŰɑůŰɟɞűɞɠ B- 1:  

#[[ 0.5         0.        ]  

$ [ - 0.16666667  0.33333333]]  

 

#ȷˊɞŰɏɚŮůɛŬ A / B = A @ B - 1:  

#[[ 0.16666667  0.66666667]  

$ [ 0.83333333  1.33333333]]  

ɼΦ 2.5.7 ʃˇ˂˂ʰˉ˂ʰˋʽʰ˃ˈˌ ˉʾ˄ʰˁʰ ˃ʶ ʰ˄ˍʾˋˍˊˇ˒ˇ ʵʶˏˍʶˊˇˎ ˉʾ˄ʰˁʰ 

2.5.4. ɰʰˋʽˁˇʾ ʆʶ˂ʶˋˍʷˌ - ʅˏʴˁˊʽˋʹ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ʽ˄ʱˁ˖˄ 

ɶ ˋˍˇʽ˔ʶʽ˗ʵʹˌ (element-wise) ˂ˇʴʽˁʺ ˋˏʴˁˊʽˋʹ ˋˍˇʽ˔ʶʾ˖˄ ˉʽ˄ʱˁ˖˄ ʷ˄ʰ ˉˊˇˌ ʷ˄ʰ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ 

NumPy ɹ ʾ˄ʶˍʰʽ ˃  ʁ̱ ʶ˂ʶˋˍʷˌ ̋  ˃  ʁ̀ ˎ˄ʰˊˍʺˋʶʽˌΦ ʅˍˇ˄ ˁ ˗ʵʽˁʰ ɼΦ 2.5.8 ʁ ʾ˄ʰʽ ˃  ʁ̱ ʶ˂ʶˋˍʷˌ ̀ ˏʴˁˊʽˋʹˌΦ 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4])  

b = np . array ([ 1,  0,  4,  4])  

a == b # [  True  False  False  True]  

a !=  b # [False  True  True  False]  

a < b # [False  False  True  False]  

a >= b # [  True  True  False  True]  

ɼΦ 2.5.8 - ɽˇʴʽˁʺ ̀ ˏʴˁˊʽˋʹ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ʽ˄ʱˁ˖˄ 

ɳ˄ʰ˂˂ʰˁˍʽˁʱ  ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy ˃ʰˌ ʵʾ˄ʶʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˈˉ˖ˌ  ́ equal, not_equal, greater, 

greater_equal, less, less_equal, ˈˉˇˎ ʶ˄ʶˊʴˇˏ˄ ˖  ̩ ʽ̀ ˇʵˏ˄ʰ˃ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˃ ʁˍˇˎˌ ˂ˇʴʽˁˇˏˌ 
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ˍʶ˂ʶˋˍʷˌΦ ʁ ˁ˗ʵʽˁʰˌ ˔ˊʺˋʹˌ ˍˇˎˌ ˁʰʽ ˍ hʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʵʾ˄ˇˎ˄ ˋ ʁʶ˄ʵʶʽˁˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ 

˒ʰʾ˄ˇ˄ˍʰʽ ̀ ˍˇ˄ ɼΦ 2.5.9. 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4])  

b = np . array ([ 1,  0,  4,  4])  

np . equal ( a,  b)  # a==b  -  array([  True,  False,  False,  True])  

np . not_equal ( a,  b)  # a!b  -  array([False,  True,  True,  False])  

np . greater ( a,  b)  # a > b -  array([False,  True,  False,  False])  

np . greater_equal ( a,  b)  # a >= b -  array([  True,  True,  False,  True])  

np . less ( a,  b)  # a < b -  array([False,  False,  True,  False])  

np . less_equal ( a,  b)  # a <= b -  array([  True,  False,  True,  True])  
ɼΦ 2.5.9 - ʅˎ˄ʰˊˍʺˋʶʽˌ ̀ ˏʴˁˊʽˋʹˌ ̄ ʽ˄ʱˁ˖˄ 

ɳʱ˄ ʻʷ˂ˇˎ˃ʶ ˄ hˋˎɹˁˊʾ˄ ˇˎ˃ʶ ˋˍˇʽ˔ʶʾ hˉʽ˄ʱˁ˖˄ ˋˍˇʽ˔ʶʾˇ ˉˊˇˌ ˋˍˇʽ˔ʶʾˇ ʰ˂˂ʱ ˃ ʁʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ʵʽʰˋˍʱˋʶʽˌΣ ˍˈˍʶ  ́ʵˎ˄ʰˍˈˍʹˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˃ʶˍʱʵˇˋʹˌ (broadcasting) ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ 

Numpy ˉʱ˂ʽ ˃ˉˇˊʶʾ ˄ h˃ʰˌ ʵʽʶˎˁˇ˂ˏ˄ʶʽ (ɼΦ 2.5.10, ʴˊʰ˃˃ʷˌ ˁ˗ʵʽˁʰ 4-5), ʶ˄˗ ˋˏʴˁˊʽˋʹ ˃ˉˇˊʶʾ ˄ h

ʴʾ˄ʶʽ ˁ ʰʽ ˃  ʁ̫ ˄ʰ˄ h ˊʽʻ˃ˈ (scalar - ɼΦ 2.5.10, ɹ ˊʰ˃˃ʷˌ ˁ ˗ʵʽˁʰ 6-7). 

import  numpy as  np 

A = np . array ([[ 1, 2, 3],  [ 4, 5, 6]])  

v  = np . array ([ 1, 2, 3])  

A == v  # ůɡɔəɟɑɜŮɘ əɎɗŮ ɔɟŬɛɛɐ ɛŮ Űɞ v  (broadcast)  -  array([[  True,  True,  

True],  #[False,  False,  False]])  

A > 3 # ůɡɔəɟɑɜŮɘ ɛŮ scalar  -  array([[False,  False,  False],  

       #[  True,   True,   True]])  
ɼΦ 2.5.10 - ʅˏʴˁˊʽˋʹ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ʽ˄ʱˁ˖˄ ˃  ʁɻ ʽʰ˒ˇˊʶˍʽˁʷˌ ɻ ʽʰˋˍʱˋʶʽˌ 

2.5.5. ʅˏʴˁˊʽˋʹ ̄ ʽ˄ʱˁ˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ˊˇˌ ̀ ˍˇʽ˔ʶʾˇ 

ɶ ̡ ʽʲ˂ʽˇʻʺˁʹ Numpy ɻ ʽʰʻʷˍʶʽ ̱ ˊˈˉˇ ̀ ˏʴˁˊʽˋʹˌ ̀ ˍˇʽ˔ʶʾ˖˄ ̱ ˖˄ ̄ ʽ˄ʱˁ˖˄ ̫ ˄ʰ ̄ ˊˇˌ ̫ ˄ʰ ̀ ˍˇʽ˔ʶʾˇ ˁ ʰʽ ˃  ʁ

˂ˇʴʽˁʷˌ ˃ʱˋˁʶˌό.ƻƻƭŜŀƴ masks)  ̋ʶˉʽ˂ˇʴʺ ˋˍˇʽ˔ʶʾ˖˄. ɼΦ 2.5.11 ʵʾ˄ʶˍʰʽ ʶ˄ʵʶʽˁˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ 

ʵʽʰ˒ˈˊ˖˄ ʶˉʽ˂ˇʴ˗˄Φ ʅˍʹ ʴˊʰ˃˃ʺ 4 ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ʽʰ ˃ʱˋˁʰ  ́ˇˉˇʾʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˖  ̩˒ʾ˂ˍˊˇ ˋˍˇ 

ˉʾ˄ʰˁʰ a ˋˍʹ ʴˊʰ˃˃ʺ 5, ˃  ʁ̄ ˇ˂ˏ ˂ʽˍˈ ˍˊˈˉˇΦ ʅˍʹ ɹ ˊʰ˃˃ʺ 6 ʷ˔ˇˎ˃ʶ ˃ʽʰ ˉʶˊʾˉˍ˖ˋʹ ʶ˒ʰˊ˃ˇʴʺˌ if/else 

ʰ˄ʱ ˋˍˇʽ˔ʶʾˇΣ ˋˍʹ ʴˊʰ˃˃ʺ 7 ˍʰʾˊʽʰˋ˃ʰ ʻʷˋʶ˖˄ ˁʰʽ ˋˍʹ ʴˊʰ˃˃ʺ 8 ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ˋ ʁˋˎ˄ˍʶˍʰʴ˃ʷ˄ʶˌ 

ʵʽˋʵʽʱˍʶˌ ˁ ʰʽ ɦ ˄˖Φ 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4])  

b = np . array ([ 1,  0,  4,  4])  

mask = ( a !=  b)  & ( a > 1)     # ˊɟɞůɞɢɐ ůŰɘɠ ˊŬɟŮɜɗɏůŮɘɠ ɛŮ &,  |,  ~ -   

a[ mask]                       # űɘɚŰɟɎɟɘůɛŬ ɛŮ ɛɎůəŬ.  

ȷˊɎɜŰɖůɖ:  array([2,  3])  

np . where ( a == b,  a,  - 1)       # if/else  ŬɜɎ ůŰɞɘɢŮɑɞ 

ȷˊɎɜŰɖůɖ: array([  1,  - 1,  - 1,   4])  

np . nonzero ( a == b)            # ɗɏůŮɘɠ ˊɞɡ ŰŬɘɟɘɎɕɞɡɜ 

ȷˊɎɜŰɖůɖ: (array([0,  3]),)  

np . argwhere ( a == b)           # ůɡɜŰŮŰŬɔɛɏɜŮɠ (2D+)  ˊɞɡ ŰŬɘɟɘɎɕɞɡɜ 

ȷˊɎɜŰɖůɖ: array([[0],  [3]])  

ɼΦ 2.5.11 - ʅˏʴˁˊʽˋʹ ̄ ʽ˄ʱˁ˖˄ ˃  ʁɽˇʴʽˁʷˌ ɾʱˋˁʶˌ ˁ ʰʽ ʁ ˉʽ˂ˇʴʺ ̀ ˍˇʽ˔ʶʾ˖˄ 
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ʇˉʱˊ˔ˇˎ˄ ̍ ˃˖ˌ ˁ ʰʽ h ˁˈ˃ʰ ̄ ʶˊʽˋˋˈˍʶˊʶˌ ʁ ˉʽ˂ˇʴʷˌ ɹ ʽʰ ̀ ˏʴˁˊʽˋʹ ̄ ʽ˄ʱˁ˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ˊˇˌ ̀ ˍˇʽ˔ʶʾˇ ˃  ʁ

ʷ˂ʶʴ˔ˇ ̱ ˏˉˇˎ άˈ˂ʰκˁʱˉˇʽˇέΦ ʅˍˇ˄ ˁ ˗ʵʽˁʰ ɼΦ 2.5.11 ˃ ˉˇˊˇˏ˃ʶ ˄  h̀ ˎ˃ˉ˂ʹˊ˗ˋˇˎ˃ʶ ̱ ʽˌ ɹ ˊʰ˃˃ʷˌ ̱ ˇˎ ɼΦ 

2.5.12, ̀ ˍˇ˄ ̌ ˉˇʾˇ ́  ̄ ˊ˗ˍʹ ɹ ˊʰ˃˃ʺ ˁ ʱ˄ʶʽ ̫ ˂ʶʴ˔ˇ h  ˄ʁ ʾ˄ʰʽ ̍ ˂ʰ ʾ ʵʽʰ ˁ ʰʽ ́  ɻ ʶˏˍʶˊʹ h  ˄ˎ ˉʱˊ˔ʶʽ ˁ ʱˉˇʽˇ 

˃ʶʴʰ˂ˏˍʶˊˇ 

( np . all ( a == b))  # ɧɚŬ ɑŭɘŬ; 

ȷˊɎɜŰɖůɖ: np.False_  

( np . any ( a > b))  # ɡˊɎɟɢŮɘ əɎˊɞɘɞ ɛŮɔŬɚɨŰŮɟɞ; 

ȷˊɎɜŰɖůɖ: np.True_  
ɼΦ 2.5.12 - ɴ˂ʶʴ˔ˇˌ ̱ ˏˉˇˎ ̍ ˂ʰκˁʱˉˇʽˇ 

ʅˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Numpy ˎˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ ˋˏ ʴˁˊʽˋʹ ˉʽ˄ʱˁ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˊˇˌ ˋˍˇʽ˔ʶʾˇ -ˋ ʁ

ˉʶˊʾˉˍ˖ˋʹ ʰˊʽʻ˃ˇˏˌ ˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌ (float) ˃ ʁʵʽʰˁˊʽˍˈ ˍˊˈˉˇ ˃ ʁ˔ˊʺˋʹ ʰ˄ˇ˔˗˄Φ ʅˎˋˍʺ˄ʶˍʰʽ 

˄ h˃ ʹ˄ ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ̄ ˇˍʷ ˃ ˈ˄ˇ ̱  ̌== ɹ ʽʰ h ˊʽʻ˃ˇˏˌ ˁ ʽ˄ʹˍʺˌ ˎ ˉˇʵʽʰˋˍˇ˂ʺˌ (floats), h ˂˂ʱ ̄ ʱ˄ˍʰ ˄  h

ʻʷˍˇˎ˃ʶ ʰ˄ˇ˔ʷˌΦ ʁ ɼΦ 2.5.2 ʵʾ˄ʶʽ ʷ˄ʰ ˋ˔ʶˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ˈˉˇˎ ˍ ̌rtol ʶʾ˄ʰʽ  ́ˋ˔ʶˍʽˁʺ ʰ˄ˇ˔ʺΣ ʰˎˍʺ  ́

ˉʰˊʱ˃ʶˍˊˇˌ ˇˊʾʸʶʽ ˍ ̌ʰˉˇʵʶˁˍˈ ˋ˔ʶˍʽˁˈ ˋ˒ʱ˂˃ʰ ˃ʶˍʰ˅ˏ ˍʹˌ ʶˁˍʽ˃˗˃ʶ˄ʹˌ ˂ˏˋʹˌ ˁʰʽ ˍʹˌ ʰˁˊʽʲˇˏˌ 

˂ˏˋʹˌΦ ɾʽʰ ˃ ʽˁˊˈˍʶˊʹ ̱ ʽ˃ʺ ˎ ˉˇʵʶʽˁ˄ˏʶʽ ˃ ʽʰ h ˎˋˍʹˊˈˍʶˊʹ h ˄ˇ˔ʺΦ ɳ˄˗ ̱  ̌atol ʁ ʾ˄ʰʽ ́  h ˉˈ˂ˎˍʹ h ˄ˇ˔ʺΣ 

ʰˎˍʺ  ́ˉʰˊʱ˃ʶˍˊˇˌ ˁʰʻˇˊʾʸʶʽ ˍ ̌ʰˉˇʵʶˁˍˈ ʰˉˈ˂ˎˍˇ ˋ˒ʱ˂˃ʰΦ ʁˊʾʸʶʽ ʷ˄ʰ ˈˊʽˇ ʴʽʰ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ 

ʰˉˇʵʶˁˍʺ ɻ ʽʰ˒ˇˊʱ ˃ ʶˍʰ˅ˏ ̱ ʹˌ ʁ ˁˍʽ˃˗˃ʶ˄ʹˌ ˂ ˏˋʹˌ ˁ ʰʽ ̱ ʹˌ h ˁˊʽʲˇˏˌ ˂ ˏˋʹˌΦ 

import  numpy as  np 

x = np . array ([ 0.3  + 0.6 ,  1.0 ])  

y  = np . array ([ 0.9 ,  1.0 ])  

np . isclose ( x ,  y ,  rtol =1e- 05 ,  atol =1e- 08)   # [  True   True]  

np . allclose ( x ,  y )                           # True  
ʃʾ˄ʰˁʰˌ 2.5.1 - ʅˏʴˁˊʽˋʹ h ˊʽʻ˃˗˄ ˁ ʽ˄ʹˍʺˌ ˎ ˉˇʵʽʰˋˍˇ˂ʺˌ 

ɾ  ʁˍ ́ʲʽʲ˂ʽˇʻʺˁʹ Numpy ˃ˉˇˊˇˏ˃ʶ ˄ hʵʽʰ˔ʶʽˊʽˋˍˇˏ˃ʶ ˁʰʽ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˎʴˁˊʾˋʶ˖˄ ʴʽʰ ˍʽ˃ʷˌ ˃  ́

ʰˊʽʻ˃ʹˍʽˁʷˌ (Not a Number ς NaN)  ̋ˁʰʽ ʱ˂˂ʶˌ ʶʽʵʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ. ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ ɼΦ 

2.5.13. ɶ ˉˊ˗ˍʹ ˋˏʴˁˊʽˋʹ όʴˊʰ˃˃ʺ 3ʹ ˍˇˎ ˁ˗ʵʽˁʰύ ʰ˒ˇˊʱ ˋˏʴˁˊʽˋʹ ˍˇˎ ˉʾ˄ʰˁʰ ˃ ʁˍˇ˄ ʶʰˎˍˈ ˍˇˎΦ ɶ 

isnan ɹ ʽʰ ̫ ˂ʶʴ˔ˇ h  ˄ˁ ʱˉˇʽˇ ̀ ˍˇʽ˔ʶʾˇ ʁ ʾ˄ʰʽ NaN, ́  array_equal ɹ ʽʰ h ˁˈ˃ʰ ̫ ˄ʰ ̱ ˊˈˉˇ ʁ ˂ʷʴ˔ˇˎ ̔ ˋˈˍʹˍʰˌ 

ˍˇˎ ˉʾ˄ʰˁʰ ˃ ʁˍˇ˄ ʶʰˎˍˈ ˍˇˎ ˁʰʽ array_equal ˃ ʁˉʰˊʱ˃ʶˍˊˇ equal_nan=True ˈˉˇˎ ˃ ʁʰˎˍˈ ˄ˍˇ˄ 

ˍˊˈˉˇ ˃ ʶˍˊʽˈ˄ˍʰʽ ̱  hNaN ̟  ̩ʾ ˋʰ ɼΦ 2.5.13. 

import  numpy as  np 

z = np . array ([ np . nan ,  1.0 ])  

z  == z  # [False  True]  (Űɞ NaN ŭŮɜ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ŮŬɡŰɧ Űɞɡ) 

np . isnan ( z )  # [  True  False]  

np . array_equal ( z ,  z )  # False  (Űɞ NaN ŭŮɜ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ŮŬɡŰɧ Űɞɡ) 

np . array_equal ( z ,  z ,  equal_nan =True )  # True  (ɛŮŰɟɩɜŰŬɠ ŰŬ NaN ɤɠ ɑůŬ)  
ɼΦ 2.5.13- NaN ˁ ʰʽ ɦ ˂˂ʶˌ ʁ ʽʵʽˁʷˌ ̄ ʶˊʽˉˍ˗ˋʶʽˌ 

ɱʶ˄ʽˁˈˍʶˊʶˌ ̀ ˎ˃ʲˇˎ˂ʷˌ ɹ ʽʰ ̱  ́̀ ˏʴˁˊʽˋʹ ̄ ʽ˄ʱˁ˖˄ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ˊˇˌ ̀ ˍˇʽ˔ʶʾˇ ʁ ʾ˄ʰʽ ̌  ̔h ˁˈ˂ˇˎʻʶˌΥ 

ω ʁ ̱̔ ʶ˂ʶˋˍʷˌ &, |,  ~ ʁ ʾ˄ʰʽ ɹ ʽʰ ̄ ʾ˄ʰˁʶˌ ˃  ʁ˂ ˇʴʽˁʱ ̀ ˍˇʽ˔ʶʾʰ (boolean arrays) ˁ ʰʽ ̍ ˔ʽ ̱  hand, or, not. 

ω ɼʰ˂ʺ ̄ ˊʰˁˍʽˁʺ ʁ ʾ˄ʰʽ ́  ̝ ˊʺˋʹ ̄ ʰˊʶ˄ʻʷˋʶ˖˄ ̀  ʁ̀ ˏ˄ʻʶˍʶˌ ˂ ˇʴʽˁʷˌ ʁ ˁ˒ˊʱˋʶʽˌΦ 
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ω ɱʽʰ ̀ ˏʴˁˊʽˋʹ ̌ ˂ˈˁ˂ʹˊ˖˄ ̄ ʽ˄ʱˁ˖˄ ̟  ̩̄ ˊˇˌ ̔ ˋˈˍʹˍʰ ̀ ˍˇʽ˔ʶʾ˖˄ ̄ ˊˇˌ-ˋˍˇʽ˔ʶʾˇ ˁ ʰʽ ˃ ʶˍʱ ɹ ʽʰ ̫ ˂ʶʴ˔ˇ 

άˈ˂ʰ ʾ ˋʰέ ˁ ʰ˂ˏˍʶˊʰ ʁ ʾ˄ʰʽ ˄  h̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ́  np.all(a == b). 

2.6. ɲʹ˃ʽˇˎˊʴʾʰ ɾɦ ˋˁʰˌ ̀ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ bǳƳǇȅ 

ɾʽʰ ʁ ˅ʰʽˊʶˍʽˁʱ ̀ ʹ˃ʰ˄ˍʽˁʺ ɻ ˎ˄ʰˍˈˍʹˍʰ ̱ ʹˌ ̡ ʽʲ˂ʽˇʻʺˁʹˌ NumPy ʁ ʾ˄ʰʽ ́  ɻ ʹ˃ʽˇˎˊʴʾʰ ˃ ʱˋˁʰˌ (masking). 

ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˃ˉˇˊˇˏ˃ʶ ˄ hʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ˂ˇʴʽˁˇˏˌ ˉʾ˄ʰˁʶˌ (boolean tables) ˖  ̩˃ʱˋˁʶ ̩ʴʽʰ ˄ h

ʶˉʽ˂ʷ˅ˇˎ˃ʶ, ˍˊˇˉˇˉˇʽʺˋˇˎ˃ʶ  ̋ʵʽʰ˔ʶʽˊʽˋˍˇˏ˃ʶ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ʷ˄ʰ˄ ʱ˂˂ˇ ˉʾ˄ʰˁʰΦ ʅˍˇ˄ ɼΦ 2.6.1 

˒ʰʾ˄ʶˍʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˃ʱˋˁʰˌ ˂ˇʴʽˁˇˏ ʶ˂ʷʴ˔ˇˎ ʴʽʰ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ˁʰʽ ˇˎˋʽʰˋˍʽˁʱ ʹ 

˃ʶˍʰˍˊˇˉʺ ˍˇˎ ˉʾ˄ʰˁʰ ˋʶ ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌ ʰˉˈ ʰˊʽʻ˃ʹˍʽˁʷˌΦ ɶ ˔ˊʺˋʹ ˃ʱˋˁʰˌ ʲˊʾˋˁʶʽ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ 

ˋˍʹ˄ ˕ʹ˒ʽʰˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʺ˃ʰˍˇˌ ˁʰʽ ʶʽˁˈ˄ʰˌ ˃ ʶ ʶ˅ʰʽˊʶˍʽˁʱ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ʶ˒ʰˊ˃ˇʴ˗˄. 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4,  5,  6])  

mask = a > 3 

print ( mask)  # [False  False  False  True  True  True]  
ɼΦ 2.6.1 - ɳ˒ʰˊ˃ˇʴʺ ɾʱˋˁʰˌ ̀  ʁˉʾ˄ʰˁʰ 

ɾʶ ˍʹ ˔ˊʺˋʹ ˃ʱˋˁʰˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˋˍˇʽ˔ʶʾʰΣ ˈˉ˖ˌ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.6.2 ˈˉˇˎ ʶˉʽ˂ʷʴʶʽ 

˃ˈ˄ˇ ˍˇˎˌ ʸˎʴˇˏˌ ʰˊʽʻ˃ˇˏˌΦ 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4,  5,  6])  

print ( a[ mask])  # [4 5 6]  

# ȷˊŮɡɗŮɑŬɠ ɢɤɟɑɠ ŮɜŭɘɎɛŮůɖ ɛŮŰŬɓɚɖŰɐ 

print ( a[ a % 2 == 0])  # [2 4 6] ( ɛɧɜɞ ŰŬ ɕɡɔɎ)  
ɼΦ 2.6.2 - ɳˉʽ˂ˇʴʺ ˋˍˇʽ˔ʶʾ˖˄ ˃ʶ ˃ʱˋˁʰ 

ɳˉʾˋʹˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˃ʱˋˁʰˌ ˃ˉˇˊʶʾ ˄ʰ ˍˊˇˉˇˉˇʽʹʻˇˏ˄ ˁʰˍʱ˂˂ʹ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ ˉʾ˄ʰˁʰΣ ˈˉ˖ˌ ˋˍˇ˄ 

ˁ˗ʵʽˁʰ ɼΦ 2.6.3Σ ˈˉˇˎ ˈˋʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˉʾ˄ʰˁʰ ʷ˔ˇˎ˄ ʰˊʽʻ˃ˈ ˃ʽˁˊˈˍʶˊˇ ˍˇˎ о ˍʰ ˃ʶˍʰˍˊʷˉʶʽ ˋʶ л. 

import  numpy as  np 

a = np . array ([ 1,  2,  3,  4,  5, 6])  

a[ a < 3]  = 0 

print ( a)  # [0 0 3 4 5 6]  
ɼΦ 2.6.3 - ʆˊˇˉˇˉˇʾʹˋʹ ˃ʶ ˃ʱˋˁʰ 

ɾʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ bǳƳǇȅ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˁʰʽ ˂ˇʴʽˁˇˏˌ ˍʶ˂ʶˋˍʷˌ ˖ˌ ˃ʱˋˁʶˌΦ ʅˍˇ˄ 

ˁ˗ʵʽˁʰ ˍˇˎ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌ ɼΦ 2.6.4 ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˉʾ˄ʰˁʰ ʰˉˈ ˍˇ л ʷ˖ˌ ˍˇ ʵʷˁʰ ˁʰʽ ˋˍʹ˄ ˉˊ˗ˍʹ 

ˉʶˊʾˉˍ˖ˋʹ ʶ˒ʰˊ˃ˇʴʺˌ ˂ˇʴʽˁˇˏ ˍʶ˂ʶˋˍʺ ˖ˌ ˃ʱˋˁʰ (( a > 2)  & ( a < 8) ) ʁ ˉʽ˂ʷʴˇ˄ˍʰʽ ˇʽ ʰˊʽʻ˃ˇʾ 

˃ʶʴʰ˂ˏˍʶˊˇʽ ʰˉˈ ˍˇ н ˁʰʽ ˃ʽˁˊˈˍʶˊˇʽ ʰˉˈ ˍˇ у ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˉʾ˄ʰˁʰˌ ˃ʽˁˊˈˍʶˊ˖˄ 

ʵʽʰˋˍʱˋʶ˖˄Φ ʅˍʹ ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ (( a % 2 == 0)  |  ( a > 7) ) ˇʽ ʰˊʽʻ˃ˇʾ ˈˉˇˎ ˍˇ ˎˉˈ˂ˇʽˉˇ 

ˍʹˌ ʵʽʰʾˊʶˋʹˌ ˍˇˎˌ ˃ʶ ˍˇ н ʶʾ˄ʰʽ ˃ʹʵʷΣ ˇʽ ʸˎʴˇʾ ʵʹ˂ʰʵʺ ʺ όμύ ˈˋˇʽ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇʽ ˍˇˎ тΦ ʅˍʹ˄ ˍˊʾˍʹ 

ˉʶˊʾˉˍ˖ˋʹ (~( a > 5) ) ̍ ˂ˇʽ ˈˋˇʽ ʵʶ˄ όϤύ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇʽ ˍˇˎ рΦ 

import  numpy as  np 

a = np . arange ( 10)  
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print ( a[( a > 2)  & ( a < 8)])  # [3 4 5 6 7]  

print ( a[( a % 2 == 0)  |  ( a > 7)])  # [0 2 4 6 8 9]  

print ( a[~( a > 5)])  # [0 1 2 3 4 5]  

ɼΦ 2.6.4 - ɽˇʴʽˁˇʾ ˍʶ˂ʶˋˍʷˌ ˖ˌ ˃ʱˋˁʰ 

ʇˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʽ˂ˇʴʺ ̩ˁ ʰʽ ˃ʶ ʵʹ˃ʽˇˎˊʴʾʰ ˂ˇʴʽˁ˗˄ ˍˏˉˇˎ ˃ ʁif/else h ˄ʱ ̀ ˍˇʽ˔ʶʾˇΦ ʅˍˇ˄ ɼΦ 2.6.5 

ʲ˂ʷˉˇˎ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ where  ʹ ˇˉˇʾʰ ʷ˔ʶʽ ˖ˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍʹ ˃ʱˋˁʰ 

(mask = a > 25ύΣ ˍˇ˄ ˉʾ˄ʰˁʰ ˁʰʽ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ʻʰ ʰ˄ʰˍʶʻʶʾ ʰ˄ ʰ˂ʹʻʶˏʶʽ ʹ ˂ˇʴʽˁʺ ˋˏʴˁˊʽˋʹ ˍʹˌ 

˃ʱˋˁʰˌΦ 

a = np . array ([ 10 ,  20 ,  30 ,  40 ])  

mask = a > 25 

b = np . where ( mask,  a,  - 1)  

print ( b)    # [ - 1 - 1 30 40]  

ɼΦ 2.6.5 - ɳˉʽ˂ˇʴʺ ˃ʶ ˂ˇʴʽˁˈ ˍˏˉˇˎ ƛŦκŜƭǎŜ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˃ʱˋˁʰˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʶˁˍʰʻʶʾ ˁʰʽ ˋʶ ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ όʶ˒ʰˊ˃ˇʴʺ ˋˍʹ˄ ˕ʹ˒ʽʰˁʺˌ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄ʰˌΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.6.6Σ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ Ƴ ˃ʱˋˁʰ ʴʽʰ ˄ʰ ʲˊʶʽ ˍʽˌ ʸˎʴʷˌ 

ˍʽ˃ʷˌΦ ɶ ʶˁˍˏˉ˖ˋʹ ˍʹˌ ˃ʱˋˁʰˌ ˁʰʽ ʹ ʶˁˍˏˉ˖ˋʹ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˃ʱˋˁʰˌ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˒ʰʾ˄ˇ˄ˍʰʽ 

ʵʽʰʵˇ˔ʽˁʱ ˋˍʽˌ ʵˏˇ ˍʶ˂ʶˎˍʰʾʶˌ ʴˊʰ˃˃ʷˌ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.6.6 ˁ ʰʽ ˁʱˉˇʽˇˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˉʽˋˍ˗ˋʶʽ ˍʹ˄ 

ʶˎʶ˂ʽ˅ʾʰ ˉˇˎ ˉʰˊʷ˔ʶʽ ʹ ˔ˊʺˋʹ ˃ʱˋˁʰˌΣ ˍˈˋˇ ˗ˋˍʶ ʷ˄ʰˌ ˉʾ˄ʰˁʰˌ ˄ʰ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌ ʺ 

˄ʰ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˋˍˇʽ˔ʶʾʰ ˍˇˎΣ ʲʱˋʹ ˂ˇʴʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ʶˉʽ˂ˇʴʺˌ 

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

mask = m % 2 == 0 # True ɧˊɞɡ Űɞ ůŰɞɘɢŮɑɞ ŮɑɜŬɘ ɕɡɔɧ 

print ( mask) # [[False True False] [ True False True] [False True False]]  

print ( m[ mask])  # [2 4 6 8]  

ɼΦ 2.6.6 - ɾʱˋˁʶˌ ˋʶ н5 ˉʾ˄ʰˁʶˌ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˃ʱˋˁʰˌ ʰ˄ ˋˎ˄ʵˎʰˋˍʶʾ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Ǉƭƻǘ ˍʹˌ tȅǘƘƻƴ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʶ˅ʰʽˊʶˍʽˁʱ 

˔ˊʺˋʽ˃ʶˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɱʽʰ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ Matplotlib ʴʾ˄ʶˍʰʽ ʶˁˍʶ˄ʶʾˌ ʰ˄ʰ˒ˇˊʱ ˋˍ́ ˄ ʶ˄ˈˍʹˍʰ 4.2. 

ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺΥ ʁˉˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ. ʅˍʹ˄ ʶʽˁˈ˄ʰ ɳʽˁˈ˄ʰ 2.6.2ɳʽˁˈ˄ʰ 2.6.1 ʰˉˇˍˎˉ˗˄ʶˍʰʽ 

ʴˊʰ˒ʽˁʱ ˋˍʹ˄ ʰˊʽˋˍʶˊʺ ˉ˂ʶˎˊʱ ˍʹˌ ʶʽˁˈ˄ʰˌ ʹ ʰˉʶʽˁˈ˄ʽˋʹ ˍˇˎ h ˊ˔ʽˁˇ  ˏ̄ ʾ˄ʰˁʰ ˃  ʁ̱ ʽ˃ʷˌ 1 ̫ ˖ˌ 16Σ ʶ˄˗ 

ˋˍʹ ʵʶ˅ʽʱ ˉ˂ʶˎˊʱ  ́ʰˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˃ʱˋˁʰ ̩ (m > 8) ˈˉˇˎ ʰˉˇˍˎˉ˗˄ˇ˄ˍʰʽ True ˖ˌ ˂ʁ ˎˁˈ, ʴʽʰ ˍ h

ˋˍˇʽ˔ʶʾʰ > 8 ˁʰʽ False ˖ˌ ˃h ˏˊˇ ʴʽʰ ˍ hˎˉˈ˂ˇʽˉʰ ˋˍˇʽ˔ʶʾʰ. ɱʽʰ ˍʹ˄ ʰˉʶʽˁˈ˄ʽˋʹ ʰˎˍʺ ʷ˔ʶʽ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ʹ ʲʽʲ˂ʽˇʻʺˁʹ Ǉƭƻǘ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˎˉʱˊ˔ʶʽ ʶˁˍʶ˄ʶʾˌ ʰ˄ʰ˒ˇˊʱ ˋʶ ʶˉˈ˃ʶ˄ˇ 

ˁʶ˒ʱ˂ʰʽˇΦ ʅʶ ʰˎˍˈ ˍˇ ˋʹ˃ʶʾˇ ˍˇˎ ʶʴ˔ʶʽˊʽʵʾˇˎ ˇ ˁ˗ʵʽˁʰˌ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ aŀǘǇƭƻǘƭƛō ʻʰ ʰ˅ʽˇˉˇʽʹʻʶʾ 

˃ˈ˄ˇ ʴʽʰ ˄ʰ ʶˉʽʵʶʽ˔ʻʶʾ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉʶʽˁˈ˄ʽˋʹˌ ˃ʶ ˋˎ˄ʵˎʰˋˍʽˁʺ ˔ˊʺˋʹ ˍ˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ bǳƳǇȅ 

ˁʰʽ Matplotlib. ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.6.7 - ɼ˗ʵʽˁʰˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʱˋˁʰˌ όƳ Ҕ уύ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ¢ǊǳŜ 

ό˂ʶˎˁˈύ ʴʽʰ ˍʰ ˋˍˇʽ˔ʶʾʰ Ҕ у ˁʰʽ CŀƭǎŜ ό˃ʰˏˊˇύ ˁʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˎˉʱˊ˔ˇˎ˄ ˋ˔ˈ˂ʽʰ ʴʽʰ ˍˇ ˍʽ ˁʱ˄ʶʽ ˁʱʻʶ 

ˍ˃ʺ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɲʹ˃ʽˇˎˊʴʾʰ н5 ˉʾ˄ʰˁʰΣ ʁˊʽˋ˃ˈˌ ˃ʱˋˁʰˌΣ ʅ˔ʶʵʾʰˋʹΣ ɮˊ˔ʽˁˈˌ ˉʾ˄ʰˁʰˌΣ ʅ˔ʶʵʾʰˋʹ 

ɮˉʶʽˁˈ˄ʽˋʹˌ ɮˊ˔ʽˁˇˏ ˉʾ˄ʰˁʰΣ ɾʱˋˁʰΣ ʅ˔ʶʵʾʰˋʹ ɮˉʶʽˁˈ˄ʽˋʹˌ ˉʾ˄ʰˁʰ ɾʱˋˁʰˌΣ ɳ˃˒ʱ˄ʽˋʹ ˋ˔ʶʵʾ˖˄Φ 
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ɳʽˁˈ˄ʰ 2.6.2 - ɳ˒ʰˊ˃ˇʴʺ ˃ʱˋˁʰˌ όƳ Ҕ уύ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ¢ǊǳŜ ό˂ʶˎˁˈύ ʴʽʰ ˍʰ ˋˍˇʽ˔ʶʾʰ Ҕ у ˁʰʽ CŀƭǎŜ ό˃ʰˏˊˇύ ˁ ʰʽ 
ʰˉʶʽˁˈ˄ʽˋʹ 

import  numpy as  np 

import  matplotlib . pyplot  as  plt  

# ȹɖɛɘɞɡɟɔɑŬ 2D ˊɑɜŬəŬ 

m = np . arange ( 1,  17). reshape ( 4,  4)  

 

# Ƀɟɘůɛɧɠ ɛɎůəŬɠ: True ɧˊɞɡ ŰŬ ůŰɞɘɢŮɑŬ > 8 

mask = m > 8 

 

# ɆɢŮŭɑŬůɖ 

fig ,  axs = plt . subplots ( 1,  2,  figsize =( 8,  4))  

 

# ȷɟɢɘəɧɠ ˊɑɜŬəŬɠ 

im1 = axs [ 0]. imshow ( m,  cmap="Blues" ,  interpolation ="nearest" )  

axs [ 0]. set_title ( "ȷɟɢɘəɧɠ ɄɑɜŬəŬɠ" )  

 

#ɆɢŮŭɑŬůɖ ȷˊŮɘəɧɜɘůɖɠ ȷɟɢɘəɞɨ ˊɑɜŬəŬ 

for  ( i ,  j ),  val in  np . ndenumerate ( m):  

    axs [ 0]. text ( j ,  i ,  val ,  ha="center" ,  va ="center" ,  color ="black" )  

fig . colorbar ( im1 ,  ax =axs [ 0])  

 

# ɀɎůəŬ 

im2 = axs [ 1]. imshow ( mask,  cmap="gray" ,  interpolation ="nearest" )  

axs [ 1]. set_title ( "ɀɎůəŬ (m > 8)" )  

 

#ɆɢŮŭɑŬůɖ ȷˊŮɘəɧɜɘůɖɠ ˊɑɜŬəŬ ɀɎůəŬɠ 

for  ( i ,  j ),  val in  np . ndenumerate ( mask):  

    axs [ 1]. text ( j ,  i ,  str ( val ),  ha="center" ,  va ="center" ,  color ="red" )  

fig . colorbar ( im2 ,  ax =axs [ 1])  

 

#ȺɛűɎɜɘůɖ ɔɟŬűɘəɩɜ 

plt . tight_layout ()  

plt . show()  
ɼΦ 2.6.7 - ɼ˗ʵʽˁʰˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʱˋˁʰˌ όƳ Ҕ уύ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ¢ǊǳŜ ό˂ʶˎˁˈύ ʴʽʰ ˍʰ ˋˍˇʽ˔ʶʾʰ Ҕ у ˁʰʽ CŀƭǎŜ ό˃ʰˏˊˇύ ˁʰʽ 
ʰˉʶʽˁˈ˄ʽˋʹ 
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2.7. ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ˍʶ˔˄ʽˁʷˌ ʶˎˊʶˍʹˊʾʰˋʹˌ 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʻʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˊˇ˔˖ˊʹ˃ʷ˄˖˄ ˍʶ˔˄ʽˁ˗˄ ʶˎˊʶˍʹˊʾʰˋʹˌ. 

ɾʽʰ ˉˊ˗ˍʹ ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ʹ ˂ʺ˕ʹ ˉˇ˂˂ʰˉ˂˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉʾ˄ʰˁʰΦ ɮˊ˔ʽˁʱ ʰˌ ˁʱ˄ˇˎ˃ʶ ˃ʽʰ ˃ʽˁˊʺ 

ʶˉʰ˄ʱ˂ʹ˕ʺ ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʲʰˋʽˁʺˌ ʶˎˊʶˍʹˊʾʰˋʹˌ ˃ʶ ζˍʶ˃ʰ˔ʽˋ˃ˈη ˉʾ˄ʰˁʰΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 1.4.1 

ʴʾ˄ʶˍʰʽ ζˍʶ˃ʰ˔ʽˋ˃ˈˌη ˍˇˎ ˉʾ˄ʰˁʰ ŀ ˋʶ ʵˏˇ ˉʾ˄ʰˁʶˌ ˃ʶ ˔ˊʺˋʹ ʶˎˊʶˍʹˊʾʰˋʹˌ. 

import  numpy as  np 

a = np . arange ( 10)    # [0 1 2 3 4 5 6 7 8 9]  

print ( a[ 2: 6])    # [2 3 4 5]  

print ( a[:: 2])    # [0 2 4 6 8]  

ɼ. 2.7.1 - ɳˎˊʶˍʹˊʾʰˋʹˌ ˃ ʶ ζˍʶ˃ʰ˔ʽˋ˃ˈη ˉʾ˄ʰˁʰ 

ɮˌ ʵˇˏ˃ʶ ˈ˃˖ˌ ˁʱˉˇʽˇˎˌ ʽʵʽʰʾˍʶˊˇˎˌ ˍˊˈˉˇˎ̩  ˔ˊʺˋʹˌ ʰˎˍʺˌ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼ. 2.7.2 

ʰˊ˔ʽˁʱ ʹ ˋˎ˄ʱˊˍʹˋʹ np . arange ( 10)  ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʰˁʶˊʰʾ˖˄ ʰˉˈ л ʷ˖ˌ фΣ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄Φ ʁ ˉʾ˄ʰˁʰˌ ŀ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʶʾ˄ʰʽ ˇ [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]  

ɶ ʴˊʰ˃˃ʺ a[[ 2,  4,  6]] ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ˉˊˇʹʴ˃ʷ˄ʹ ˂ʶʽˍˇˎˊʴʾʰ ʶˎˊʶˍʹˊʾʰˋʹˌ ˍˇˎ bǳƳtȅ ʴʽʰ ˄ʰ 

ʶˉʽ˂ʷ˅ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˉʾ˄ʰˁʰ ŀ ˋˍˇˎˌ ʵʶʾˁˍʶˌ ˉˇˎ ˉʰˊʷ˔ˇ˄ˍʰʽ ˋˍʹ ˂ʾˋˍʰΣ ʵʹ˂ʰʵʺ нΣ пΣ 

сΦ ɴˍˋʽΣ ʹ ʶˁˍˎˉ˖˃ʷ˄ʹ ʷ˅ˇʵˇˌ ʶʾ˄ʰʽ ˇ ˉʾ˄ʰˁʰˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ʰˎˍʱ ˍʰ ʶˉʽ˂ʶʴ˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰΥ ώнΣ пΣ сϐΦ 

ʃˊˇˋˇ˔ʺΣ ˇ ʰˊʽʻ˃ˈˌ ˍˇˎ ʵʶʾˁˍʹ ʶʾ˄ʰʽ ʾʵʽˇˌ ˃ʶ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˉʾ˄ʰˁʰ ʶˉʶʽʵʺ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˍˇˎ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˉʾ˄ʰˁʰ ŀΦ 

import  numpy as  np 

a = np . arange ( 10)  

print ( a[[ 2,  4,  6]])    # [2 4 6]  

ɼ. 2.7.2 - ɽʾˋˍʰ ɻ ʶʽˁˍ˗˄ - Fancy indexing 

ɮ˄ˍʾˋˍˇʽ˔ʹ ʶ˒ʰˊ˃ˇʴʺ ˎˉʱˊ˔ʶʽ ˁʰʽ ˋʶ ˉʾ˄ʰˁʶˌ ʵˏˇ ʵʽʰˋˍʱˋʶ˖˄ όн5ύΦ ʃʰˊʱʵʶʽʴ˃ʰ ̱ ʷˍˇʽʰˌ ʶ˒ʰˊ˃ˇʴʺˌ 

ʷ˔ˇˎ˃ʶ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.7.3. 

import  numpy as  np 

m = np . arange ( 1,  10). reshape ( 3,  3)  

print ( m) # [[1 2 3] [4 5 6] [7 8 9]]  

print ( m[[ 0,  2],  [ 1,  2]])  # [2 9] (ůŰɞɘɢŮɑŬ Ŭˊɧ [0,1] əŬɘ [2,2]) 

ɼΦ 2.7.3 - ɽʾˋˍʰ ʵʶʽˁˍ˗˄ - CŀƴŎȅ ƛƴŘŜȄƛƴƎ ˋʶ ˉʾ˄ʰˁʶˌ ʵˏˇ ʵʽʰˋˍʱˋʶ˖˄ όн5ύ 

ɮˌ ʵˇˏ˃ʶ ˁʱˉˇʽʶˌ ˉʶˊʰʽˍʷˊ˖ ˉˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ʴʽʰ ʶˎˊʶˍʹˊʾʰˋʹ ˁʰʽ ˍʶ˃ʰ˔ʽˋ˃ˈ ˋʶ ʷ˄ʰ 

ˋˎ˄ʵˎʰˋ˃ˈ ˔ˊʺˋʹˌ ˍˇˎˌΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.7.4 ˂h ˃ʲʱ˄ʶʽ ˍʽˌ н ˉˊ˗ˍʶˌ ʴˊʰ˃˃ʷˌ ˁʰʽ ˍʽˌ ˋˍʺ˂ʶˌ л ˁʰʽ нΣ 

ʰˉˈ ˍˇ˄ ˉʾ˄ʰˁʰ ƳΦ 

import  numpy as  np 

m = np . arange ( 1,  10). reshape ( 3,  3)  #Ȱɝɞŭɞɠ: [[1 3], [4 6]]  

print ( m[ 0: 2,  [ 0,  2]])  

ɼΦ 2.7.4 - ʅˎ˄ʵˎʰˋ˃ˈˌ ʶˎˊʶˍʹˊʾʰˋʹˌ ˃ʶ ˍʶ˃ʰ˔ʽˋ˃ˈ 

ɴ˄ʰˌ ˉʽˇ ʶˎʷ˂ʽˁˍˇˌ ˍˊˈˉˇˌ ˔ˊʺˋʹˌ ʶʾ˄ʰʽ ˃ʶ ˋˎ˄ʵˎʰˋ˃ˈ ʶˎˊʶˍʹˊʾʰˋʹˌ ˁʰʽ ˍʶ˃ʰ˔ʽˋ˃ˇˏ ˃ʶ ˔ˊʺˋʹ ˍʹˌ 

np . take Φ ʁ ˁ˗ʵʽˁʰˌ ɼ. 2.7.5 ˃ ʰˌ ʵʶʾ˔˄ʶʽ ˍˇ˄ ˍˊˈˉˇ ʶ˒ʰˊ˃ˇʴʺˌΦ 
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import  numpy as  np 

m = np . arange ( 1,  10). reshape ( 3,  3)  

print ( np . take ( m,  [ 0,  3,  5]))  # [1 4 6]  
ɼ. 2.7.5 - ʅˎ˄ʵˎʰˋ˃ˈˌ ʶˎˊʶˍʹˊʾʰˋʹˌ ˃ʶ ˍʶ˃ʰ˔ʽˋ˃ˈ ˃ʶ ˍʹ˄ ƴǇΦǘŀƪŜόύ 

ɳʱ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˉʱˊˇˎ˃ʶ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ʷ˄ʰ ˉʾ˄ʰˁʰΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶ˒ʰˊ˃ˈˋˇˎ˃ʶ ˁʱˉˇʽˇ ʰˉˈ ˍʰ 

ˉʰˊʰˉʱ˄˖ ʶʾˍʶ ˋˎ˄ʶ˔ˈ˃ʶ˄ʰ ˋˍˇʽ˔ʶʾʰ όǎƭƛŎƛƴƎύΣ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ƛƴŘƛŎŜǎ όŦŀƴŎȅ ƛƴŘŜȄƛƴƎύΣ ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 

όƳŀǎƪƛƴƎύΦ ɱʽʰ ˄ʰ ˂ʱʲˇˎ˃ʶ ˋˎ˄ʵˎʰˋ˃ˈ ʰˎˍ˗˄ ˍ˖˄ ʶˉʽ˂ˇʴ˗˄ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˔ˊʺˋʹ ˍˇˎ ƴǇΦƛȄψ 

ˈˉ˖ˌ ʻʰ ʵˇˏ˃ʶ ʰ˃ʷˋ˖ˌ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰΦ ɾʶ ˔ˊʺˋʹ ˍˇˎ ƴǇΦƛȄψ ʴʾ˄ʶˍʰʽ ˋˎ˄ʵˎʰˋˍʽˁʺ ʶˉʽ˂ˇʴʺ 

ʰˉˈ ˉˇ˂˂ˇˏˌ ʵʶʾˁˍʶˌ ʴˊʰ˃˃˗˄κˋˍʹ˂˗˄Σ ˈˉ˖ˌ ˋˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.7.6Φ ɴˍˋʽ ˃ˉˇˊˇˏ˃ʶ 

˄ʰ ʁ̄ ʽ˂ʷ˅ˇˎ˃ʶ ˈΣˍʽ ʻʷ˂ˇˎ˃ʶ ʰˉˈ ʷ˄ʰ˄ ˉʾ˄ʰˁʰΥ ˋˎ˄ʶ˔ˈ˃ʶ˄ʰ ˋˍˇʽ˔ʶʾʰ όǎƭƛŎƛƴƎύΣ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ƛƴŘƛŎŜǎ 

όŦŀƴŎȅ ƛƴŘŜȄƛƴƎύΣ ˂ˇʴʽˁʷˌ ˋˎ˄ʻʺˁʶˌ όƳŀǎƪƛƴƎύΣ ʺ ˉ˂ʷʴ˃ʰ ʶˉʽ˂ˇʴ˗˄ όƴǇΦƛȄψύΦ ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ оȄо ˃ʶ ˍʽ˃ʷˌ 

1ςфΣ ˈˉˇˎ ˃ʶ ŦŀƴŎȅ ƛƴŘŜȄƛƴƎ όƳώώлΣнϐΣώмΣнϐϐύ ʶˉʽ˂ʷ˅ʰ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʴˊʰ˃˃ʺˌ л ˁʰʽ н ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄ 

м ˁʰʽ н. 

import  numpy as  np 

m = np . arange ( 1,  10). reshape ( 3,  3)  

rows = [ 0,  2]  

cols = [ 1,  2]  

print ( m[ np . ix_ ( rows ,  cols )])  

# [[2 3]  

# [8 9]]  

ɼΦ 2.7.6 - ʋˊʺˋʹ ˍˇˎ ƴǇΦƛȄψ ʴʽʰ ˋˎ˄ʵˎʰˋ˃ˈ ʶˉʽ˂ˇʴ˗˄ 

2.8. ʆʰ˅ʽ˄ˈ˃ʹˋʹ ̄ ʽ˄ʱˁ˖˄ 

ɮˌ ʵˇˏ˃ʶ ˍ˗ˊʰ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ bǳƳǇȅ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ˍʽ˃˗˄ ˉʽ˄ʱˁ˖˄Φ ɾʶ ˔ˊʺˋʹ 

ˍʹˌ np . sort  ˂ ʰ˃ʲʱ˄ˇˎ˃ʶ ˄ʷˇ ̱ ʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ ̄ ʾ˄ʰˁʰ ˔˖ˊʾˌ ˄ʰ ʴʾ˄ʶʽ ˍˊˇˉˇˉˇʾʹˋʹ ˋˍˇ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰ 

(import numpy as np 

a = np . array ([ 3,  1,  4,  1,  5,  6])  

print ( np . sort ( a))  # [1 1 3 4 5 6]  

print ( a)  # [3 1 4 1 5 6] ( ŭŮɜ ɎɚɚŬɝŮ)  
ɼΦ 2.8.1 - ʆʰ˅ʽ˄ˈ˃ʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉʾ˄ʰˁʰΣ ʰˎˍˈ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰˍʾ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ʰ˂˂ʱ ʵʶ˄ ˔ʱ˄ˇˎ˃ʶ ˍʰ ʰˊ˔ʽˁʱ ˇˏˍʶ ˔˗ˊˇ ˋˍʹ ˃˄ʺ˃ʹ ˗ˋˍʶ ˄ʰ ʰˉˇʻʹˁʶˏˋˇˎ˃ʶ ˍʰ ˄ʷʰ 

ʵʶʵˇ˃ʷ˄ʰ. 

import  numpy as  np 

a = np . array ([ 3,  1,  4,  1,  5,  6])  

print ( np . sort ( a))  # [1 1 3 4 5 6]  

print ( a)  # [3 1 4 1 5 6] ( ŭŮɜ ɎɚɚŬɝŮ)  
ɼΦ 2.8.1 - ʆʰ˅ʽ˄ˈ˃ʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉʾ˄ʰˁʰ 

ɶ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˁʰʽ ˁʰˍʱ ɦ ˅ˇ˄ʰΣ ˈˉ˖ˌ ˋˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼ. 2.8.2 

ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʱ ˋˍʺ˂ʶˌ ˁʰʽ ˍˇˎ ɼΦ 2.8.3 ɹ ʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʱ ʴˊʰ˃˃ʷˌΦ 
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import  numpy as  np 

a = np . array ([[ 3,  1,  2],  [ 9,  5,  4]])  

print ( np . sort ( a,  axis =0))  # ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ůŰɐɚŮɠ 

# [[3 1 2]  

# [ 9 5 4]]  

ɼ. 2.8.2 - ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁ ʰ̱ ɦ̀ ˍʺ˂ʶˌ 

import  numpy as  np 

a = np . array ([[ 3,  1,  2],  [ 9,  5,  4]])  

print ( np . sort ( m,  axis =1))  # ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɔɟŬɛɛɏɠ 

# [[1 2 3]  

# [4 5 9]]  

ɼΦ 2.8.3 ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʱ ʴˊʰ˃˃ʷˌ 

ɴ˄ʰ ʱ˂˂ˇˌ ˍˊˈˉˇˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˍʽ˃˗˄ ˃ʶ ˔ˊʺˋʹ ˍʹˌ bǳƳǇȅ ʶʾ˄ʰʽ ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˉʽ˄ʱˁ˖˄ ˃ʶ ˍʹ 

ˋˎ˄ʱˊˍʹˋʹ np . argsort() Φ ɮˎˍʺ ʹ ˋˎ˄ʱˊˍʹˋʹ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇˎˌ ʵʶʾˁˍʶˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˁʰʽ ˈ˔ʽ ˍʽˌ 

ˍʽ˃ʷˌ. ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.8.4 ́  ˉˊ˗ˍʹ ˔ˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ np . argsort ( a)  ʁ ˉʽˋˍˊʷ˒ʶʽ ˍˇˎˌ ʵʶʾˁˍʶˌ 

ˉˇˎ ʻʰ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ ˍˇ˄ ˉʾ˄ʰˁʰ ŀ ˋʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱΦ ɱʽʰ ˍˇ˄ ˉʾ˄ʰˁʰ a = ώоΣ мΣ пΣ мΣ рΣ сϐΣ ʹ ʷ˅ˇʵˇˌ ʶʾ˄ʰʽ 

ώм о л н п рϐ όʻʷˋʶʽˌ ˃ʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱύΦ ɲʹ˂ʰʵʺ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˋˍˇʽ˔ʶʾˇ όмύ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʵʶʾˁˍʹ м ˁʰʽ 

оΣ ˍˇ ʶˉˈ˃ʶ˄ˇ ˃ʽˁˊˈˍʶˊˇ ˋˍˇʽ˔ʶʾˇ όоύ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʵʶʾˁˍʹ лΣ ʰˁˇ˂ˇˎʻʶʾ ˍˇ όпύ ˋˍˇ ʵʶʾˁˍʹ нΣ ˍˇ όрύ ˋˍˇ 

ʵʶʾˁˍʹ п ˁʰʽ ˍˇ όсύ ˋˍˇ ʵʶʾˁˍʹ рΦ ʅˍʹ ʵʶˏˍʶˊʹ ˔ˊʺˋʹ ˍˇˎ np . argsort() Σ ʶ˄ˍˇ˂ʺ print ( a[ idx ])  , 

ˍʰ˅ʽ˄ˇ˃ʶʾ ˍˇ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰ ŀ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʵʶʾˁˍʶˌ ˉˇˎ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶ˄ˍˇ˂ʺ 

ƴǇΦŀǊƎǎƻǊǘόύΦ ɶ ʷ˅ˇʵˇˌ ʶʾ˄ʰʽ ώм м о п р сϐΦ ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.8.4 ̀ ˍʹ˄ ˉˊ˗ˍʹ ʶ˄ˍˇ˂ʺ ǇǊƛƴǘ 

ʵʾ˄ʶʽ ˍˇˎˌ ʵʶʾˁˍʶˌ ˉˇˎ ʻʰ ˍʰ˅ʽ˄ˇ˃ʺˋˇˎ˄ ˍˇ˄ ˉʾ˄ʰˁʰΦ ɳ˄˗ ˋˍʹ ʵʶˏˍʶˊʹ ʶ˄ˍˇ˂ʺ ǇǊƛƴǘ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ 

ʰˎˍˇˏˌ ˍˇˎˌ ʵʶʾˁˍʶˌ ʴʽʰ ˄ʰ ʶ˃˒ʰ˄ʾˋʶʽ ˍˇ˄ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ ˉʾ˄ʰˁʰΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˇ ˂ˈʴˇˌ ˉˇˎ ʷ˔ʶʽ ˁʰʽ 

ʵʽʰ˒ˇˊʶˍʽˁʺ ʷ˅ˇʵˇΦ 

import  numpy as  np 

a = np . array ([ 3,  1,  4,  1,  5,  6])  

print ( np . argsort ( a))  

# [1 3 0 2 4 5] (ɗɏůŮɘɠ ɛŮ ŬɨɝɞɡůŬ ůŮɘɟɎ) 

 

# ɉɟɐůɖ ɔɘŬ ŰŬɝɘɜɧɛɖůɖ "ɢŮɘɟɞəɑɜɖŰŬ" 

idx = np . argsort ( a)  

print ( a[ idx ])  # [1 1 3 4 5 6]  
ɼΦ 2.8.4 - ʋˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ŀǊƎǎƻǊǘόύ 

ɱʽʰ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʺˋˇˎ˃ʶ ʷ˄ʰ ˉʾ˄ʰˁʰ ˃ʶ ˒ʻʾ˄ˇˎˋʰ ˋʶʽˊʱ ˃ʶ ˔ˊʺˋʹ ˍʹˌ np . sort ʺ ˍʹˌ np . argsort  ̒ ʰ 

ˉˊʷˉʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˇˊʾˋ˃ʰˍʰ ˍʹˌ ˃ˇˊ˒ʺˌ  ΥΥ-м ʺ -ŀΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ  

import  numpy as  np 

a = np . array ([ 3,  1,  4,  1,  5,  6])  

print ( np . sort ( a)[:: - 1])  # [6 5 4 3 1 1]  

print ( a[ np . argsort ( - a)])  # [6 5 4 3 1 1]  
ɼΦ 2.8.5 - ʊʻʾ˄ˇˎˋʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

ʇˉʱˊ˔ʶʽ ˁʰʽ ʵˎ˄ʰˍˈˍʹˍʰ ʶˉʾ ˍˈˉˇˎ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ όLƴ ǇƭŀŎŜύ ˃ʶ ˍʹ˄ ˋˎ˄ʱˊˍʹˋʹ a. sort () Φ ɮˎˍʺ ʹ 

˃ʷʻˇʵˇˌ ˍʰ˅ʽ˄ˇ˃ʶʾ ˍˇ˄ ˉʾ˄ʰˁʰ ʶˉʾ ˍˈˉˇˎΣ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˊˇˉˇˉˇʽʶʾ ˍˇ˄ ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰ ŀ ˔˖ˊʾˌ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷˇ ˉʾ˄ʰˁʰΦ ɾʶˍʱ ʰˉˈ ʰˎˍʺ˄ ˍʹ ˂ʶʽˍˇˎˊʴʾʰΣ ˇ ˉʾ˄ʰˁʰˌ ŀ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ˍʽ˃ʷˌΦ 
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ʅˍˇ ˁ˗ʵʽˁʰ ɼ. 2.8.6 ˍˇ ˍʶ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ǇǊƛƴǘόŀύ ʻʰ ʶ˃˒ʰ˄ʾˋʶʽ ˍˇ˄ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ˇ ˉʾ˄ʰˁʰ ˖ˌ ώмΣ 

1, 3, 4, 5, 6]. 

import  numpy as  np 

a = np . array ([ 3,  1,  4,  1,  5,  6])  

a. sort ()  

print ( a)    # [1 1 3 4 5 6]  

ɼ. 2.8.6 - Lƴ ǇƭŀŎŜ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.8.7 ʲ˂ʷˉˇˎ˃ʶ ˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˉʽ˄ʱˁ˖˄ ʴʽʰ ˋˏ˄ʻʶˍʶˌ ˔ˊʺˋʶʽˌΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ 

m[:,  1]  ʶʾ˄ʰʽ ʴʽʰ ˄ʰ ʶˉʽ˂ʶʴˇˏ˄ ˈ˂ʶˌ ˇʽ ʴˊʰ˃˃ʷˌ ˍʹˌ ʵʶˏˍʶˊʹˌ ˋˍʺ˂ʹˌ ˍˇˎ ˉʾ˄ʰˁʰ ƳΦ ʁʽ ˍʽ˃ʷˌ ˋˍʹ 

ʵʶˏˍʶˊʹ ˋˍʺ˂ʹ ʶʾ˄ʰʽ ώтΣ фΣ рϐΦ ɶ ˋˎ˄ʱˊˍʹˋʹ np . argsort ( m[:,  1])  ʁ ˉʽˋˍˊʷ˒ʶʽ ˍˇˎˌ ʵʶʾˁˍʶˌ ˉˇˎ ʻʰ 

ˍʰ˅ʽ˄ˇ˃ˇˏˋʰ˄ ˍʹ ʵʶˏˍʶˊʹ ˋˍʺ˂ʹ ˋʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱΦ ɶ ʷ˅ˇʵˇˌ ʶʾ˄ʰʽ ώлΣ нΣ мϐΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍʹ ˋʶʽˊʱ 

ˍ˖˄ ʵʶʽˁˍ˗˄ ˉˇˎ ʻʰ ˍʰ˅ʽ˄ˇ˃ʺˋˇˎ˄ ˍʹ ʵʶˏˍʶˊʹ ˋˍʺ˂ʹΦ ɶ ʶ˄ˍˇ˂ʺ print ( m[ idx ])  ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇˎˌ 

ʵʶʾˁˍʶˌ ˉˇˎ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰʽ ʰˉˈ ˍˇ np . argsort ( m[:,  1])  ([0, 2, 1]) ɹ ʽʰ ˄ʰ ʰ˄ʰʵʽʰˍʱ˅ˇˎ˄ ˍʽˌ 

ʴˊʰ˃˃ʷˌ ˍˇˎ ƳΦ ɶ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʹ ʷ˅ˇʵˇˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʶˏˍʶˊʹ ˋˍʺ˂ʹ ʻʰ ʶʾ˄ʰʽ [[2 5] [3 7] [1 9]]Φ ɲʹ˂ʰʵʺ 

ˋʶ ʰˎˍˈ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ̱ ʶ˂ʽˁʺ ʷ˅ˇʵˇˌ ʵʶʾ˔˄ʶʽ ˍʽˌ ʴˊʰ˃˃ʷˌ ˍˇˎ ʰˊ˔ʽˁˇˏ ˉʾ˄ʰˁʰ ƳΣ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ˃ʶ 

ʲʱˋʹ ˍʽˌ ˍʽ˃ʷˌ ˋˍʹ ʵʶˏˍʶˊʹ ˋˍʺ˂ʹΦ 

import  numpy as  np 

m = np . array ([[ 3,  7],  [ 1,  9], [ 2,  5]])  

# ɇŬɝɘɜɧɛɖůɖ ɔɟŬɛɛɩɜ ɛŮ ɓɎůɖ Űɖ ůŰɐɚɖ 1 

idx = np . argsort ( m[:,  1])  

print ( m[ idx ])  

#Ȱɝɞŭɞɠ [[2 5] [3 7] [1 9]] 
ɼΦ 2.8.7 - ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˉʽ˄ʱˁ˖˄ - ʅˏ˄ʻʶˍʶˌ ˔ˊʺˋʶʽˌ 

2.9. ɳˉʾ˂ˎˋʹ ̀ ˎˋˍʹ˃ʱˍ˖˄ ɹ ˊʰ˃˃ʽˁ˗˄ ʁ ˅ʽˋ˗ˋʶ˖˄ 

ɶ ʴˊʰ˃˃ʽˁʺ ʱ˂ʴʶʲˊʰ ʶʾ˄ʰʽ ʷ˄ʰˌ ʻʶ˃ʶ˂ʽ˗ʵʹˌ ˍˇ˃ʷʰˌ ˍ˖˄ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ˉˇˎ ʶˋˍʽʱʸʶʽ ˋ ʁʵʽʰ˄ˏˋ˃ʰˍʰΣ 

ʵʽʰ˄ˎˋ˃ʰˍʽˁˇˏˌ ̝ ˗ˊˇˎˌ ˁ ʰʽ ɹ ˊʰ˃˃ʽˁˇˏˌ ˃ ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˃ ʶˍʰ˅ˏ h ˎˍ˗˄ ̱ ˖˄ ̝ ˗ˊ˖˄Φ ɶ ˁ ʰˍʰ˄ˈʹˋʹ 

ˍ˖˄ ʲʰˋʽˁ˗˄ ʶ˄˄ˇʽ˗˄ ˍʹˌ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˋˍʹ˄ ʶˉʽˋˍʺ˃ʹΣ ˍ ́˃ʹ˔ʰ˄ʽˁʺΣ ˍ h

ʴˊʰ˒ʽˁʱ ˎˉˇ˂ˇʴʽˋˍ˗˄Σ ˍ ́˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ˁʰʽ ʱ˂˂ʰΦ ɮˎˍʺ ʹ ʶ˄ˈˍʹˍʰ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ ˍˊʾʰ ʲʰˋʽˁʱ 

ˋˍˇʽ˔ʶʾʰΥ 

Å ɰʰʻ˃˖ˍʱΥ ɾˇ˄ʰʵʽˁʷˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˍʽ˃ʷˌΣ ˉˇˎ ˋˎ˔˄ʱ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˃ ʁˉʶʸʱ ʴˊʱ˃˃ʰˍʰ όˉΦ˔ΦΣ 

(x, y, z)). 

Å ʃʾ˄ʰˁʶˌΥ ʁˊʻˇʴ˗˄ʽˇʽ ˉʾ˄ʰˁʶˌ ʰˊʽʻ˃˗˄ ʵʽʰˍʶˍʰʴ˃ʷ˄ˇʽ ˋʶ ʴˊʰ˃˃ʷˌ ˁʰʽ ˋˍʺ˂ʶˌΣ ˉˇˎ ˋˎ˄ʺʻ˖ˌ 

ʰ˄ʰˉʰˊʾˋˍʰ˄ˍʰʽ ˃ʶ ʷ˄ˍˇ˄ʰ ˁʶ˒ʰ˂ʰʾʰ ʴˊʱ˃˃ʰˍʰ όˉΦ˔ΦΣ ό!Σ .ύύΦ 

Å ɲʽʰ˄ˏˋ˃ʰˍʰΥ ɲʽʰˍʶˍʰʴ˃ʷ˄ˇʽ ˉʾ˄ʰˁʶˌ ʰˊʽʻ˃˗˄ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˉˇˋˈˍʹˍʶˌ ˋ ʁ ˃ʽʰ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁ ʰˍʶˏʻˎ˄ˋʹΣ ̀ ˎ˄ʺʻ˖ˌ ̀ ˎ˃ʲˇ˂ʾʸˇ˄ˍʰʽ ˃  ʁ̫ ˄ˍˇ˄ʰ ̄ ʶʸʱ ɹ ˊʱ˃˃ʰˍʰ όˉΦ˔ΦΣ (v, w)). 
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2.9.1. ʃʾ˄ʰˁʶˌ 

ʅˍ́ ʲʽʲ˂ʽˇʻʺˁʹ NumPy, ʰˎˍʱ ˍ hˋˍˇʽ˔ʶʾʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇ˄ˍʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

ˉʾ˄ʰˁʶˌΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʽˌ ˉˊʱ˅ʶʽˌ ʴˊʰ˃˃ʽˁʺˌ ʱ˂ʴʶʲˊʰˌ ˍˈˋˇ ʰˉ˂ʷˌ ˈˋˇ ˁʰʽ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ʴˊʺʴˇˊʶˌΦ 

ɱʽʰ ˍˇ ʰˁˈ˂ˇˎʻˇ ˋˏˋˍʹ˃ʰ ʴˊʰ˃˃ʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʹ ʲʽʲ˂ʽˇʻʺˁʹ bǳƳǇȅ ˃ˉˇˊʶʾ ˄ʰ ʲˇʹʻʺˋʶʽ ˋˍʹ˄ 

ʶˉʾ˂ˎˋʹ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ ˋˎ˄ʱˊˍʹˋʹ np . linalg . solve () . 

2x + 3y = 39 

5x - y = -1 

ɮˎˍʺ  ́ˋˎ˄ʱˊˍʹˋʹ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʰˁˊʽʲʺ ˂ˏˋʹ ʴʽʰ ʴˊʰ˃˃ʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˍʹˌ ˃ˇˊ˒ʺˌ (Ax = B), ˈˉˇˎ 

(A) ʶʾ˄ʰʽ ʷ˄ʰˌ ˉʾ˄ʰˁʰˌ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˁʰʽ (B) ʶʾ˄ʰʽ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˋˍʰʻʶˊ˗˄Φ ɶ ˔ˊʺˋʹ ˍʹˌ 

np . linalg . solve ()  ɹ ʾ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌ np . linalg . solve ( A,  B)Φ ʂˉˇˎΥ 

Å A: ɴ˄ʰˌ ˍʶˍˊʰʴ˖˄ʽˁˈˌ ˉʾ˄ʰˁʰˌ όʵʽˋʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌύ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˍ˖˄ 

ʴˊʰ˃˃ʽˁ˗˄ ʁ ˅ʽˋ˗ˋʶ˖˄Φ 

Å B: ɴ˄ʰˌ ˃ˇ˄ˇʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌ ό ̋ʵʽʱ˄ˎˋ˃ʰ ˋˍʺ˂ʹˌύ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʽˌ ˋˍʰʻʶˊʷˌ ˋˍʽˌ 

ʶ˅ʽˋ˗ˋʶʽˌΦ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ˂ˏˋʶʽˌ ʴʽʰ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʺ ʰ˂˂ʽ˗ˌ ˍʹ ˂ˏˋʹ 

ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʴˊʰ˃˃ʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄Σ ˋˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˁ˗ʵʽˁʰ ɼΦ 2.9.1 ʹ ˂ˏˋʹ ʶʾ˄ʰʽ 

[2.11764706 11.58823529]  

import  numpy as  np 

A = np . array ([[ 2,  3],  [ 5,  - 1]])  

B = np . array ([ 39 ,  - 1])  

solution = np . linalg . solve ( A,  B)  

print ( solution ) #[ 2.11764706 11.58823529]  

ɼΦ 2.9.1 - ɳˉʾ˂ˎˋʹ ʴˊʰ˃˃ʽˁʺˌ ʶ˅ʾˋ˖ˋʹˌ 

2.9.2. ɲʽʰ˄ˏˋ˃ʰˍʰ 

ɴ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ʶʾ˄ʰʽ ˃ʽʰ ʵʽʱˍʰ˅ʹ ʰˊʽʻ˃˗˄ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˉˇˋˈˍʹˍʰ ˃ ʁ˃ ʷˍˊˇ ˁʰʽ ˁʰˍʶˏʻˎ˄ˋʹΦ 

ʃʰˊʱʵʶʽʴ˃ʰΥ ὺ=(2,3), ύҐόмΣҍпύΣ v=(2,3), ǿҐόмΣҍпύ. ʅˎ˄ʺʻ˖ˌ ˋˎ˃ʲˇ˂ʾʸʶˍʰʽ ʴˊʱ˒ˇ˄ˍʰˌ ˃ ʁʷ˄ˍˇ˄ʰ 

ʴˊʱ˃˃ʰˍʰ  ̋˃ ʁʲʶ˂ʱˁʽ όˉΦ˔Φ v, w  ̋ὺᴆv ᴆ). ʅˍʹ ʲʽʲ˂ʽˇʻʺˁʹ NumPy ʹ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʰ˄ˎ̀ ˃ɦˍ˖˄ 

ʴʾ˄ʶˍʰʽ ˃ʶ h ˉ˂̌ˏ ˌ ˃ ˇ˄ˇʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌ (ɼΦ 2.9.2). 

import  numpy as  np 

v = np . array ([ 2,  3])  

w = np . array ([ 1,  - 4])  

ɼΦ 2.9.2 - ɾˇ˄ˇʵʽʱˋˍʰˍˇʽ ˉʾ˄ʰˁʶˌ bǳƳǇȅ 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 2.9.3 ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˉˊʱ˅ʶ˖˄ ˈˉ˖ˌ ʹ ˉˊˈˋʻʶˋʹΣ ˍˇ 

ɳˋ˖ˍʶˊʽˁˈ ʴʽ˄ˈ˃ʶ˄ˇ (dot product)Σ ʹ ɳˎˁ˂ʶʾʵʶʽʰ ˄ˈˊ˃ʰ ό˃ʺˁˇˌ ʵʽʰ˄ˏˋ˃ʰˍˇˌύΣ ˁʰʽ ʹ ˁʰˍʶˏʻˎ˄ˋʹ 

ό˃ˇ˄ʱʵʰ ɻ ʽʱ˄ˎˋ˃ʰύ. 
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import  numpy as  np 

v = np . array ([ 2,  3])  

w = np . array ([ 1,  - 4])  

print ( v + w)  # ɄɟɧůɗŮůɖ: [ 3 - 1]  

print ( np . dot ( v ,  w))  # ȺůɤŰŮɟɘəɧ ɔɘɜɧɛŮɜɞ (dot product): 2*1 + 3*( - 4) = - 10 

print ( np . linalg . norm ( v ))  #ȺɡəɚŮɑŭŮɘŬ ɜɧɟɛŬ (ɛɐəɞɠ ŭɘŬɜɨůɛŬŰɞɠ): sqrt(2^2 + 

3^2) = sqrt(13) = 3.605551275463989  

unit_v = v /  np . linalg . norm ( v )  

print ( unit_v )  #ȾŬŰŮɨɗɡɜůɖ (ɛɞɜɎŭŬ ŭɘɎɜɡůɛŬ): [0.5547002  0.83205029] 

ɼΦ 2.9.3 - ʃˊʱ˅ʶʽˌ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ 
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2.10. ɳˊ˖ˍʺˋʶʽˌ ʰˎ ˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ 

1. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ˁˏˊʽʰ ˔ˊʺˋʹ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ bǳƳtȅΤ 

ɮύ ɲʹ˃ʽˇˎˊʴʾʰ ʽˋˍˇˋʶ˂ʾʵ˖˄ 

ɰύ ɮ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ɱύ ʅ˔ʶʵʾʰˋʹ ʴˊʰ˒ʽˁ˗˄ 

ɲύ ɲʽʰ˔ʶʾˊʽˋʹ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 

 

2. ʃˇʽʰ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ˉʰˊʷ˔ʶʽ ʹ bǳƳtȅΤ 

ɮ) DataFrame 

ɰ) List 

ɱ) ndarray 

ɲύ 5ƛŎǘƛƻƴŀǊȅ 

 

3. ʃˇʽʶˌ ʵʽʰˋˍʱˋʶʽˌ ˉʽ˄ʱˁ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ ʹ ʲʽʲ˂ʽˇʻʺˁʹ bǳƳtȅΤ 

ɮύ ɾˇ˄ˇʵʽʱˋˍʰˍˇʽ ˉʾ˄ʰˁʶˌ 

ɰύ ɲʽˋʵʽʱˋˍʰˍˇʽ ˉʾ˄ʰˁʶˌ 

ɱύ ʆˊʽˋʵʽʱˋˍʰˍˇʽ ˉʾ˄ʰˁʶˌ 

ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

 

4. ʃˇʽʰ ˋˎ˄ʱˊˍʹˋʹ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ʶ ˃ʹʵʶ˄ʽˁʱΤ 

ɮ) np.ones() 

ɰ) np.zeros() 

ɱ) np.empty() 

ɲ) np.full() 

 

5. ʃˇʽʰ ˋˎ˄ʱˊˍʹˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ʶ˄ˈˌ ˉʾ˄ʰˁʰΤ 

ɮ) np.sum() 

ɰ) np.mean() 

ɱ) np.average() 

ɲ) np.median() 

 

6. ʃ˗ˌ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰˌ ʵʽˋʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌ ˃ʶ ˍʹ bǳƳtȅΤ 
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ɮ) np.array([1, 2, 3]) 

ɰ) np.array([[1, 2], [3, 4]]) 

ɱ) np.array(5) 

ɲ) np.array([[1, 2, 3]]) 

 

7. ʃˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ʲʰˋʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ƴŘŀǊǊŀȅΤ 

ɮ) ndim, shape, size 

ɰ) length, width, height 

ɱ) count, total, average 

ɲ) all of the above 

 

8. ʃˇʽʰ ˋˎ˄ʱˊˍʹˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍʹˌ ʰ˄ʾ˔˄ʶˎˋʹˌ bŀb ˋʶ ˉʾ˄ʰˁʶˌΤ 

ɮ) np.isnan() 

ɰ) np.isnull() 

ɱ) np.nan() 

ɲ) np.isnanvalue() 

 

9. ʃˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ʲʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ʹ bǳƳtȅ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΤ 

ɮύ ʅˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌ 

ɰύ ɽʶʽˍˇˎˊʴʾʶˌ ˃ʶˍʱʵˇˋʹˌ 

ɱύ ɮ˂ʴʶʲˊʽˁʷˌ ˉˊʱ˅ʶʽˌ 

ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

 

10. ʃ˗ˌ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˊʽʻ˃˗˄ ˃ʶ ˍʹ bǳƳtȅΤ 

ɮ) np.linspace() 

ɰ) np.arange() 

ɱ) np.sequence() 

ɲ) np.interval() 

 

11. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ƴǇΦŎƻƴŎŀǘŜƴŀǘŜόύ ˁʰʽ ƴǇΦǾǎǘŀŎƪόύΤ 

ɮύ ɲʶ˄ ˎˉʱˊ˔ʶʽ ʵʽʰ˒ˇˊʱ 

ɰύ ɶ ƴǇΦǾǎǘŀŎƪόύ ˋˎ˄ʶ˄˗˄ʶʽ ˃ˈ˄ˇ ˁʰˍʰˁˈˊˎ˒ʰ 
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ɱύ ɶ ƴǇΦŎƻƴŎŀǘŜƴŀǘŜόύ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˋˎ˄ʷ˄˖ˋʹ 

ɲύ ɶ ƴǇΦǾǎǘŀŎƪόύ ʵʶ˄ ʵʷ˔ʶˍʰʽ ˉʾ˄ʰˁʶˌ 

 

12. ʃˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ˋˎ˄ʻʺˁʶˌ ʴʽʰ ˍʹ˄ ˋ˖ˋˍʺ ˔ˊʺˋʹ ˍʹˌ ˃ʶˍʱʵˇˋʹˌ όōǊƻŀŘŎŀǎǘƛƴƎύΤ 

ɮύ ʆʰ ˋ˔ʺ˃ʰˍʰ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍʰ ʾʵʽʰ 

ɰύ ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ ˉˊʷˉʶʽ ˄ʰ ʷ˔ʶʽ ˃ʷʴʶʻˇˌ м 

ɱύ ʆʰ ˋ˔ʺ˃ʰˍʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʱ 

ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

 

13. ʃˇʽʰ ˋˎ˄ʱˊˍʹˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʰʵʽʱˊʻˊ˖ˋʹ ʶ˄ˈˌ ˉʾ˄ʰˁʰΤ 

ɮ) np.resize() 

ɰ) np.reshape() 

ɱ) np.restructure() 

ɲ) np.reformat() 

 

14. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ƴǇΦŘƻǘόύ ˋˍʹ˄ bǳƳtȅΤ 

ɮύ ɱʽʰ ˉˊˈˋʻʶˋʹ ˉʽ˄ʱˁ˖˄ 

ɰύ ɱʽʰ ʰ˂ʴʶʲˊʽˁˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˉʽ˄ʱˁ˖˄ 

ɱύ ɱʽʰ ʵʽʰʾˊʶˋʹ ˉʽ˄ʱˁ˖˄ 

ɲύ ɱʽʰ ʰˏ˅ʹˋʹ ˉʽ˄ʱˁ˖˄ 

 

15. ʃˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ʲʰˋʽˁʷˌ ˉˊˇˁ˂ʺˋʶʽˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˁʰˍʱ ˍʹ ˔ˊʺˋʹ ˍʹˌ bǳƳtȅΤ 

ɮύ ɮˋˏ˃ʲʰˍʶˌ ʵʽʰˋˍʱˋʶʽˌ 

ɰύ ʅ˒ʱ˂˃ʰˍʰ ˁʰˍʱ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ 

ɱύ ʇ˕ʹ˂ʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ˃˄ʺ˃ʹˌ 

ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

 

16. ʃˇʽʰ ˋˎ˄ʱˊˍʹˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰΤ 

ɮ) np.unique() 

ɰ) np.distinct() 

ɱ) np.unique_values() 

ɲ) np.different() 
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17. ʃ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʹ ʶˉʽ˂ˇʴʺ ˋˍˇʽ˔ʶʾ˖˄ ʰˉˈ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ʲʱˋʹ ˃ʽʰ ˂ˇʴʽˁʺ ˃ʱˋˁʰΤ 

ɮύ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ƴǇΦǎŜƭŜŎǘόύ 

ɰύ ɾʶ ˍʹ˄ ʰ˄ʰ˒ˇˊʱ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌ 

ɱύ ɾʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ƴǇΦǿƘŜǊŜόύ 

ɲύ ɼʰ˄ʷ˄ʰ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ 

 

18. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ƴǇΦǾǎǘŀŎƪόύ ˋˍʹ bǳƳtȅΤ  

ɮύ ɲʹ˃ʽˇˎˊʴʾʰ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇˎ ˃ʹʵʶ˄ʽˁʱ 

ɰύ ʅˎ˄ʷ˄˖ˋʹ ˉʽ˄ʱˁ˖˄ ˁʰˍʱ ˋˍʺ˂ʹ 

ɱύ ʅˎ˄ʷ˄˖ˋʹ ˉʽ˄ʱˁ˖˄ ˁʰˍʱ ʴˊʰ˃˃ʺ 

ɲύ ɮ˂˂ʰʴʺ ʵʽʰˋˍʱˋʶ˖˄ ˉʾ˄ʰˁʰ 

 

19. ʃ˗ˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʹ ʰ˄ʰʵʽʱˊʻˊ˖ˋʹ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ˋʶ н ʵʽʰˋˍʱˋʶʽˌΤ 

ɮύ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ƴǇΦǊŜǎƘŀǇŜόύ 

ɰύ ɾʶ ˍʹ˄ ƴǇΦǊŜǎƛȊŜόύ 

ɱύ ɾʶ ˍʹ˄ ƴǇΦŀǊǊŀȅόύ 

ɲύ ɾʶ ˍʹ˄ ƴǇΦǘǊŀƴǎǇƻǎŜόύ 

 

20. ʃˇʽʰ ʶʾ˄ʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ƴǇΦǊŀƴŘƻƳΦǊŀƴŘόύ ˋˍʹ bǳƳtȅΤ  

ɮύ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ʹʵʶ˄ʽˁʱ 

ɰύ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍˎ˔ʰʾˇˎˌ ʰˊʽʻ˃ˇˏˌ ʰˉˈ ˍˇ л ʷ˖ˌ ˍˇ м 

ɱύ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍˎ˔ʰʾˇˎˌ ʰˁʷˊʰʽˇˎˌ ʰˊʽʻ˃ˇˏˌ 

ɲύ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ˋˍʰʻʶˊʷˌ ˍʽ˃ʷˌ 
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2.10.1. ɮˉʰ˄ˍʺˋʶʽˌ ˋˍʽˌ ʶˊ˖ˍʺˋʶʽˌ ʰˎˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ 

1. ɰύ ɮ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ bǳƳtȅ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ʴʽʰ ʶˊʴʰˋʾʶˌ ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʶʵˇ˃ʷ˄˖˄Σ 

ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

2. ɱύ ƴŘŀǊǊŀȅ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ bǳƳtȅ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ƴŘŀǊǊŀȅ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˁʰʽ ˍʹ˄ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

3. ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ bǳƳtȅ ˎˉˇˋˍʹˊʾʸʶʽ ˉʾ˄ʰˁʶˌ ˉˇ˂˂˗˄ ʵʽʰˋˍʱˋʶ˖˄Σ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ 

˃ˇ˄ˇʵʽʱˋˍʰˍ˖˄Σ ʵʽˋʵʽʱˋˍʰˍ˖˄ ˁʰʽ ˍˊʽˋʵʽʱˋˍʰˍ˖˄Φ 

4. ɰύ ƴǇΦȊŜǊƻǎόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ˋˎ˄ʱˊˍʹˋʹ ƴǇΦȊŜǊƻǎόύ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ʶ ˃ʹʵʶ˄ʽˁʱΦ 

5. ɰύ ƴǇΦƳŜŀƴόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦƳŜŀƴόύ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʶ˄ˈˌ ˉʾ˄ʰˁʰΦ 

6. ɰύ ƴǇΦŀǊǊŀȅόώώмΣ нϐΣ ώоΣ пϐϐύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦŀǊǊŀȅόύ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ʶ ˃ʽʰ ˂ʾˋˍʰ ˂ʽˋˍ˗˄ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ 

ʵʽˋʵʽʱˋˍʰˍˇˎˌ ˉʾ˄ʰˁʶˌΦ 

7. ɮύ ƴŘƛƳΣ ǎƘŀǇŜΣ ǎƛȊŜ 

ɳˉʶ˅ʺʴʹˋʹΥ ʁʽ ʽʵʽˈˍʹˍʶˌ ƴŘƛƳΣ ǎƘŀǇŜ ˁʰʽ ǎƛȊŜ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˉʽ˄ʱˁ˖˄ 

ndarray. 

8. ɮύ ƴǇΦƛǎƴŀƴόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦƛǎƴŀƴόύ ʶ˂ʷʴ˔ʶʽ ʰ˄ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ʶʾ˄ʰʽ bŀbΦ 

9. ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ bǳƳtȅ ˉˊˇˋ˒ʷˊʶʽ ˉ˂ʺʻˇˌ ˂ʶʽˍˇˎˊʴʽ˗˄ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

10. ɰύ ƴǇΦŀǊŀƴƎŜόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦŀǊŀƴƎŜόύ ʵʹ˃ʽˇˎˊʴʶʾ ˉʾ˄ʰˁʶˌ ˃ʶ ʰˊʽʻ˃ˇˏˌ ˋʶ ˁʰ˄ˇ˄ʽˁʺ ʰˉˈˋˍʰˋʹΦ 
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11. ɰύ ɶ ƴǇΦǾǎǘŀŎƪόύ ˋˎ˄ʶ˄˗˄ʶʽ ˃ˈ˄ˇ ˁʰˍʰˁˈˊˎ˒ʰ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǾǎǘŀŎƪόύ ˋˎ˄ʶ˄˗˄ʶʽ ˉʾ˄ʰˁʶˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʱ˅ˇ˄ʰ лΦ 

12. ɱύ ʆʰ ˋ˔ʺ˃ʰˍʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʱ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ˃ʶˍʱʵˇˋʹ ˂ʶʽˍˇˎˊʴʶʾ ˃ˈ˄ˇ ʶʱ˄ ˍʰ ˋ˔ʺ˃ʰˍʰ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʱΦ 

13. ɰύ ƴǇΦǊŜǎƘŀǇŜόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǊŜǎƘŀǇŜόύ ʰ˂˂ʱʸʶʽ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ʶ˄ˈˌ ˉʾ˄ʰˁʰΦ 

14. ɰύ ɱʽʰ ʰ˂ʴʶʲˊʽˁˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˉʽ˄ʱˁ˖˄ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦŘƻǘόύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ʰ˂ʴʶʲˊʽˁˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˉʽ˄ʱˁ˖˄Φ 

15. ɲύ ʂ˂ʶˌ ˇʽ ˉʰˊʰˉʱ˄˖ 

ɳˉʶ˅ʺʴʹˋʹΥ ʂ˂ʶˌ ʰˎˍʷˌ ˇʽ ˉˊˇˁ˂ʺˋʶʽˌ ʶʾ˄ʰʽ ˋˎ˔˄ʷˌ ˁʰˍʱ ˍʹ ˔ˊʺˋʹ ˍʹˌ bǳƳtȅΦ 

16. ɮύ ƴǇΦǳƴƛǉǳŜόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǳƴƛǉǳŜόύ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˃ˈ˄ˇ ˍʽˌ ˃ˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ ʰˉˈ ˍˇ˄ 

ʰˊ˔ʽˁˈ ˉʾ˄ʰˁʰΦ 

17. ɰύ ɾʶ ˍʹ˄ ʰ˄ʰ˒ˇˊʱ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ˂ˇʴʽˁʷˌ ˍʽ˃ʷˌ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ʶˉʽ˂ˇʴʺ ˋˍˇʽ˔ʶʾ˖˄ ˃ʶ ˂ˇʴʽˁʺ ˃ʱˋˁʰ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ʰ˒ˇˊʱ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ˂ˇʴʽˁʷˌ 

ˍʽ˃ʷˌΣ ˉΦ˔Φ ŀǊǊŀȅώƳŀǎƪϐ 

18. ɱύ ʅˎ˄ʷ˄˖ˋʹ ˉʽ˄ʱˁ˖˄ ˁʰˍʱ ʴˊʰ˃˃ʺ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǾǎǘŀŎƪόύ ˋˎ˄ʶ˄˗˄ʶʽ ˉʾ˄ʰˁʶˌ ˁʱʻʶˍʰ όˁʰˍʱ ʴˊʰ˃˃ʺύΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷ˄ʰ˄ ˄ʷˇ ˉʾ˄ʰˁʰ 

ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʴˊʰ˃˃ʷˌ ˍ˖˄ ˋˎ˄ʶ˄˖˃ʷ˄˖˄ ˉʽ˄ʱˁ˖˄Φ 

19. ɮύ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ƴǇΦǊŜǎƘŀǇŜόύ 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǊŜǎƘŀǇŜόύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʰ˂˂ʱ˅ʶʽ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ʶ˄ˈˌ ˉʾ˄ʰˁʰΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ 

ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ ˍˇˎ ˋʶ н ʵʽʰˋˍʱˋʶʽˌΦ 

20. ɰύ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍˎ˔ʰʾˇˎˌ ʰˊʽʻ˃ˇˏˌ ʰˉˈ ˍˇ л ʷ˖ˌ ˍˇ м 

ɳˉʶ˅ʺʴʹˋʹΥ ɶ ƴǇΦǊŀƴŘƻƳΦǊŀƴŘόύ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʴʶ˃ʱˍˇ ˃ʶ ˍˎ˔ʰʾˇˎˌ ʰˊʽʻ˃ˇˏˌ ˋʶ ʵʽʱˋˍʹ˃ʰ 

0, 1). 
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ɼɳʊɮɽɮɹʁ оΥ ɶ ɰɹɰɽɹʁɸɶɼɶ t!b5!{ 

ʅˍˈ˔ˇʽ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎΥ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˉˇˎ ʰˉˇˋˁˇˉʶʾ ʹ ʲʽʲ˂ʽˇʻʺˁʹ tŀƴŘŀǎ ˁʰʽ ʴʽʰˍʾ ʶʾ˄ʰʽ ʵʹ˃ˇ˒ʽ˂ʺˌΦ 

ǒ ɿʰ ˁʰˍʰ˄ˇˇˏ˄ ˍʹ˄ ʷ˄˄ˇʽʰ ˍ˖˄ {ŜǊƛŜǎ ˁʰʽ ˍ˖˄ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˍˇˎˌ ˍˊˈˉˇˎˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˍˇˎˌ ˍˊˈˉˇˎˌ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˉˊˈˋʲʰˋʹ ˋʶ ʴˊʰ˃˃ʷˌ ˁʰʽ 

ˋˍʺ˂ʶˌ ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ʵʽʱ˒ˇˊˇˎˌ ˍˊˈˉˇˎˌ ʵʶʽˁˍˇʵˈˍʹˋʹˌ ˁʰʽ ʶˉʽ˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍʰˍʽˋˍʽˁʱ ˋʶ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˉ˖ˌ ˄ʰ ˔ʶʽˊʾʸˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʶʾˉˇˎ˄Φ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˄ʰ ˃ʶˍʰˍˊʷˉˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ  5ŀǘŀCǊŀƳŜǎ ʰˉˈ ʷ˄ʰ˄ ˍˏˉˇ ˋʶ ʷ˄ʰ˄ 

ʱ˂˂ˇΦ 

ǒ ɿʰ ʶˉʶ˅ʶˊʴʱʸˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ 5ŀǘŀCǊŀƳŜǎ ˉˇˎ ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ ˁʶʽ˃ʷ˄ˇˎΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˉˇˎ ʰˉˇˋˁˇˉʶʾ ʹ ʲʽʲ˂ʽˇʻʺˁʹ tŀƴŘŀǎ ˁʰʽ ʴʽʰˍʾ ʶʾ˄ʰʽ ʵʹ˃ˇ˒ʽ˂ʺˌΦ 

ǒ ɿʰ ˁʰˍʰ˄ˇˇˏ˄ ˍʹ˄ ʷ˄˄ˇʽʰ ˍ˖˄ {ŜǊƛŜǎ ˁʰʽ ˍ˖˄ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˍˇˎˌ ˍˊˈˉˇˎˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˍˇˎˌ ˍˊˈˉˇˎˌ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˉˊˈˋʲʰˋʹ ˋʶ ʴˊʰ˃˃ʷˌ ˁʰʽ 

ˋˍʺ˂ʶˌ ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ʵʽʱ˒ˇˊˇˎˌ ˍˊˈˉˇˎˌ ʵʶʽˁˍˇʵˈˍʹˋʹˌ ˁʰʽ ʶˉʽ˂ˇʴʺˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˎˉˇ˂ˇʴʾʸˇˎ˄ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍʰˍʽˋˍʽˁʱ ˋʶ 5ŀǘŀCǊŀƳŜǎΦ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˉ˖ˌ ˄ʰ ˔ʶʽˊʾʸˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʶʾˉˇˎ˄Φ 

ǒ ɿʰ ʴ˄˖ˊʾʸˇˎ˄ ˄ʰ ˃ʶˍʰˍˊʷˉˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ  5ŀǘŀCǊŀƳŜǎ ʰˉˈ ʷ˄ʰ˄ ˍˏˉˇ ˋʶ ʷ˄ʰ˄ 

ʱ˂˂ˇΦ 

ǒ ɿʰ ʶˉʶ˅ʶˊʴʱʸˇ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ 5ŀǘŀCǊŀƳŜǎ ˉˇˎ ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ ˁʶʽ˃ʷ˄ˇˎΦ 

3.1. ɳʽˋʰʴ˖ʴʺ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ tŀƴŘŀǎ όǇŀƴŘŀǎ ƭƛōǊŀǊȅύ 

ɶ pandas ʶʾ˄ʰʽ ˃ʽʰ ʰ˄ˇʽ˔ˍˇˏ ˁ˗ʵʽˁʰ όƻǇŜƴȤsource) ̡ ʽʲ˂ʽˇʻʺˁʹ ˍʹˌ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ 

Python, ̀ ˔ʶʵʽʰˋ˃ʷ˄ʹ ʶʽʵʽˁʱ ʴʽʰ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ʵˇ˃ʹ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ (structured 

data), ̍ ˉ˖ˌ ˉʾ˄ʰˁʶˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ ʁʴˊʰ˃˃ʷˌ ˁʰʽ ˋˍʺ˂ʶˌ. ɮˉˇˍʶ˂ʶʾ ˋʺ˃ʶˊʰ ʷ˄ʰ ʰˉˈ ˍ hʲʰˋʽˁˈˍʶˊʰ 

ʶˊʴʰ˂ʶʾʰ ̱ ʹˌ ʁ ˉʽˋˍʺ˃ʹˌ ɻ ʶʵˇ˃ʷ˄˖˄ (data science), ̱ʹˌ ˃ ʹ˔ʰ˄ʽˁʺˌ ˃ ʱʻʹˋʹˌ (machine learning) ˁʰʽ ̱ ʹˌ 

ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ (data analysis), ˁ ʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ, 

˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˁ ʰʽ ɻ ʽʶˊʶˏ˄ʹˋʹ ˃ ʶʴʱ˂˖˄ ̀ ˎ˄ˈ˂˖˄ ɻ ʶʵˇ˃ʷ˄˖˄.  

ɶ ʲʽʲ˂ʽˇʻʺˁʹ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˊ˔ʽˁʱ ʰˉˈ ˍˇ˄ ²Ŝǎ aŎYƛƴƴŜȅ ʴˏˊ˖ ˋˍˇ нллуΣ ˃ʶ ˋˍˈ˔ˇ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ 

ˋˍʹ˄ tȅǘƘƻƴ ʷ˄ʰ˄ ʽˋ˔ˎˊˈ ˁʰʽ ʶˎʷ˂ʽˁˍˇ ˍˊˈˉˇ ˔ʶʽˊʽˋ˃ˇˏ ˍʰ˃ˉʶ˂˖˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ όƭŀōŜƭŜŘ ŘŀǘŀύΣ 
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ʰ˄ˍʾˋˍˇʽ˔ˇ ˃ʶ ʰˎˍˈ˄ ˉˇˎ ˎˉʺˊ˔ʶ ʺʵʹ ˋʶ ʱ˂˂ʶˌ ˉ˂ʰˍ˒ˈˊ˃ʶˌ όˈˉ˖ˌ ˍˇ wύΦ ʅʺ˃ʶˊʰ ˋˎ˄ˍʹˊʶʾˍʰʽ ʰˉˈ ˃ʽʰ 

ʶˎˊʶʾʰ ˁˇʽ˄ˈˍʹˍʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍ˗˄ ˁʰʽ ʶˊʶˎ˄ʹˍ˗˄ ˁʰʽ ʵʽʰ˄ʷ˃ʶˍʰʽ ʶˉʾˋʹ˃ʰ ˃ʷˋ˖ ˍˇˎ ʽˋˍˈˍˇˉˇˎ ˍˇˎ 

ʷˊʴˇˎ ǇŀƴŘŀǎ ˁʰʽ ˍˇˎ tȅǘƘƻƴ tŀŎƪŀƎŜ LƴŘŜȄ όtȅtLύΦ  

ɼʶ˄ˍˊʽˁˈˌ ˋˍˈ˔ˇˌ ˍʹˌ ǇŀƴŘŀǎ ʶʾ˄ʰʽ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ˎ˕ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ όƘƛƎƘȤlevel data 

structures) ˁ ʰʽ ʁ ˊʴʰ˂ʶʾʰ ɹ ʽʰ ̱ ʹ˄ ʁ ˊʴʰˋʾʰ ˃  ʁʁ ˍʽˁʶˍˇˉˇʽʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ όƭŀōŜƭŜŘ Řŀǘŀύ ˁʰʽ ʶˍʶˊˇʴʶ˄ʺ 

ʵʶʵˇ˃ʷ˄ʰ όƘŜǘŜǊƻƎŜƴŜƻǳǎ ŘŀǘŀύΦ ʅˍˇ ˁʷ˄ˍˊˇ ʰˎˍʺˌ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ʲˊʾˋˁˇ˄ˍʰʽ ʵˏˇ ʲʰˋʽˁʷˌ ʵˇ˃ʷˌΥ 

ʹ Series όǇŀƴŘŀǎΦ{ŜǊƛŜǎύ ˁʰʽ ˍˇ DataFrame όǇŀƴŘŀǎΦ5ŀǘŀCǊŀƳŜύΣ ˇʽ ˇˉˇʾʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ ʲʱˋʹ ˋ˔ʶʵˈ˄ 

ˁʱʻʶ ʶˊʴʰˋʾʰˌ ˃ʶ ǇŀƴŘŀǎΦ  

ɶ ǇŀƴŘŀǎ ʶʾ˄ʰʽ ˋˍʶ˄ʱ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ NumPyΣ ˋˍʹ˄ ˇˉˇʾʰ ʲʰˋʾʸʶˍʰʽ ʴʽʰ ˍʹ˄ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˉʽ˄ʱˁ˖˄ όƴŘŀǊǊŀȅύ ˁʰʽ ʴʽʰ ʰˉˇʵˇˍʽˁʷˌ ˉˊʱ˅ʶʽˌ ˋʶ ʶˉʾˉʶʵˇ ˉʽ˄ʱˁ˖˄Φ 

ʍˋˍˈˋˇΣ ʶˉʶˁˍʶʾ˄ʶʽ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍʹˌ bǳƳtȅ ˉˊˇˋʻʷˍˇ˄ˍʰˌ ʷ˄˄ˇʽʶˌ ˈˉ˖ˌ ʶˎʷ˂ʽˁˍˇ ʶˎˊʶˍʺˊʽˇ 

όŦƭŜȄƛōƭŜ ƛƴŘŜȄύΣ ʶˍʽˁʷˍʶˌ ʴˊʰ˃˃˗˄ ˁʰʽ ˋˍʹ˂˗˄ όǊƻǿ ŀƴŘ ŎƻƭǳƳƴ ƭŀōŜƭǎύΣ ˔ʶʽˊʽˋ˃ˈ ʶ˂˂ʽˉ˗˄ ˍʽ˃˗˄ 

όƳƛǎǎƛƴƎ ǾŀƭǳŜǎύ ˁʰʽ ˋˏ˄ʻʶˍʶˌ ˉˊʱ˅ʶʽˌ ˇ˃ʰʵˇˉˇʾʹˋʹˌ όƎǊƻǳǇōȅ ƻǇŜǊŀǘƛƻƴǎύΦ  

ɾʶˊʽˁʷˌ ʰˉˈ ˍʽˌ ʲʰˋʽˁʷˌ ʵˎ˄ʰˍˈˍʹˍʶˌ όƪŜȅ ŦŜŀǘǳǊŜǎύ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ǇŀƴŘŀǎ ʶʾ˄ʰʽΥ  

¶ ɮˉˇʵˇˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˉʽ˄ʱˁ˖˄ ʵʶʵˇ˃ʷ˄˖˄ όǘŀōǳƭŀǊ Řŀǘŀύ ˃ʶ ʴˊʰ˃˃ʷˌ ˁʰʽ ˋˍʺ˂ʶˌΣ ˃ʷˋ˖ 
DataFrame.  

¶ ɳˎʷ˂ʽˁˍʹ ʵʶʽˁˍˇʵˈˍʹˋʹ όŦƭŜȄƛōƭŜ ƛƴŘŜȄƛƴƎύ ˃ʶ ʲʱˋʹ ʶˍʽˁʷˍʶˌ όƭŀōŜƭǎύ ʺ ʰˁʷˊʰʽʶˌ ʻʷˋʶʽˌ όƛƴǘŜƎŜǊ 
positions).  

¶ ɳ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˌ ˔ʶʽˊʽˋ˃ˈˌ ʶ˂˂ʽˉ˗˄ ˍʽ˃˗˄ όƳƛǎǎƛƴƎ ŘŀǘŀύΣ ˃ʶ ʶʽʵʽˁˇˏˌ ʵʶʾˁˍʶˌ ˈˉ˖ˌ bŀbΦ  

¶ ɹˋ˔ˎˊʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʶˉʽ˂ˇʴʺˌΣ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌΣ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌ ˁʰʽ ʰ˄ʰʵʽʱˍʰ˅ʹˌ ʵʶʵˇ˃ʷ˄˖˄ 
(selection, filtering, sorting, reshaping).  

¶ ʅˎ˄ʰʻˊˇʾˋʶʽˌ ˁʰʽ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ όƎǊƻǳǇōȅΣ ŀƎƎǊŜƎŀǘƛƻƴǎύΣ ˔ˊʺˋʽ˃ʶˌ ʴʽʰ ˋˍʰˍʽˋˍʽˁʺ 
ʰ˄ʱ˂ˎˋʹΦ  

¶ ɳˊʴʰ˂ʶʾʰ ʴʽʰ ˔ˊˇ˄ˇˋʶʽˊʷˌ όǘƛƳŜ ǎŜǊƛŜǎ ǘƻƻƭǎύΣ ˈˉ˖ˌ ʹ˃ʶˊˇ˃ʹ˄ʽʰˁʱ ʶˎˊʶˍʺˊʽʰ ό5ŀǘŜǘƛƳŜLƴŘŜȄύΣ 
ǊŜǎŀƳǇƭƛƴƎ ˁʰʽ ǊƻƭƭƛƴƎ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ  

¶ ɳˏˁˇ˂ʹ ʶʽˋʰʴ˖ʴʺ ˁʰʽ ʶ˅ʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ όƛƴǇǳǘκƻǳǘǇǳǘύ ʰˉˈκˋʶ ˃ˇˊ˒ʷˌ ˈˉ˖ˌ /{±Σ 9ȄŎŜƭΣ {v[ 
ˁʰʽ W{hbΦ  

ʆˎˉʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍʹˌ ǇŀƴŘŀǎ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋˍʹ˄ ˉˊˇˁʰˍʰˊˁˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ όŜȄǇƭƻǊŀǘƻǊȅ 

Řŀǘŀ ŀƴŀƭȅǎƛǎΣ 95!ύΣ ˋˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ˁʰʽ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ όŘŀǘŀ ŎƭŜŀƴƛƴƎΣ ǇǊŜǇǊƻŎŜǎǎƛƴƎύ 

ˁʰʽ ˋˍʹ˄ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ˋˎ˄ˈ˂˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˃ˇ˄ˍʷ˂ʰ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ ʅʶ ʰˎˍˈ ˍˇ ˉ˂ʰʾˋʽˇΣ ʹ 

ǇŀƴŘŀǎ ˂ʶʽˍˇˎˊʴʶʾ ˋˎ˔˄ʱ ˖ˌ άʴʷ˒ˎˊʰέ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όǊŀǿ Řŀǘŀύ ˁʰʽ ˍ˖˄ ˉʽˇ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ʰ˄ʱ˂ˎˋʹˌ ʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌΣ ˈˉ˖ˌ ǎŎƛƪƛǘȤlearn, statsmodels ̋  

ʲʽʲ˂ʽˇʻʺˁʶˌ ̌ ˉˍʽˁˇˉˇʾʹˋʹˌ (visualization) ̱ ˏˉˇˎ Matplotliō ˁʰʽ {ŜŀōƻǊƴΦ  

ʅˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌ ʻʰ ˃ʶ˂ʶˍʹʻˇˏ˄ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ʲʰˋʽˁʷˌ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ ǇŀƴŘŀǎΣ ʵʹ˂ʰʵʺ 

ˇʽ ̀ʁʽˊʷˌ (Series) ˁʰʽ ˍʰ ˉ˂ʰʾˋʽʰ ʵʶʵˇ˃ʷ˄˖˄ (DataFrames)Σ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˍˊˈˉˇʽ ʵʹ˃ʽˇˎˊʴʾʰˌΣ 
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ˉˊˈˋʲʰˋʹˌ ˁʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍˇˎˌΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ʻʰ ˍʶʻʶʾ ʷ˄ʰ ˋˍʰʻʶˊˈ ʻʶ˖ˊʹˍʽˁˈ ˁʰʽ 

ˉˊʰˁˍʽˁˈ ˎˉˈʲʰʻˊˇ ˉʱ˄˖ ˋˍˇ ˇˉˇʾˇ ʻʰ ˔ˍʽˋˍˇˏ˄ ˇʽ ˉʽˇ ˉˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ʷ˄˄ˇʽʶˌΣ ˈˉ˖ˌ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌΣ 

ˋˎʴ˔˖˄ʶˏˋʶʽˌΣ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ʵˏˇ ʵʽʰˋˍʱˋʶʽˌΦ  

3.2. ʅʶʽˊʷˌ ό{ŜǊƛŜǎύ ˁʰʽ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀCǊŀƳŜǎύ 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ ǇŀƴŘŀǎ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵˏˇ ʻʶ˃ʶ˂ʽ˗ʵʶʽˌ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄Υ ˍʽˌ ʅʶʽˊʷˌ όǇŀƴŘŀǎΦ{ŜǊƛŜǎύ ˁʰʽ 

ˍʰ ̄˂ ʰʾˋʽʰ ʵʶʵˇ˃ʷ˄˖˄ όǇŀƴŘŀǎΦ5ŀǘŀCǊŀƳŜύΣ ˇʽ ˇˉˇʾʶˌ ˉʰˊʷ˔ˇˎ˄ ʷ˄ʰ˄ ˍˎˉˇˉˇʽʹ˃ʷ˄ˇ ˍˊˈˉˇ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʶˍʽˁʷˍʶˌ όƭŀōŜƭŜŘ Řŀǘŀύ ˋˍʹ˄ tȅǘƘƻƴΦ ɶ ˁʰˍʰ˄ˈʹˋʹ 

ʰˎˍ˗˄ ˍ˖˄ ʵˏˇ ʵˇ˃˗˄ ʰˉˇˍʶ˂ʶʾ ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˁʱʻʶ ˉʽˇ ˉˊˇ˔˖ˊʹ˃ʷ˄ʹ ʶˊʴʰˋʾʰ ˃ʶ ǇŀƴŘŀǎΣ ʰˉˈ ˍʹ˄ 

ʰˉ˂ʺ ʶˉʽ˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʷ˔ˊʽ ˋˏ˄ʻʶˍʶˌ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ˁʰʽ ˔ˊˇ˄ˇˋʶʽˊʷˌΦ  

ɾʽʰ ʅʶʽˊʱ (Series) ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ʷ˄ʰˌ ˃ˇ˄ˇʵʽʱˋˍʰˍˇˌΣ ˉʾ˄ʰˁʰˌ ˃ʶ ʶˍʽˁʷˍʶˌ 

(oneȤdimensional labeled array) ̄ˇˎ ˃ˉˇˊʶʾ ˄ hˉʶˊʽʷ˔ʶʽ ˋˍˇʽ˔ʶʾʰ ˇˉˇʽˇˎʵʺˉˇˍʶ ˍˏˉˇˎ ʵʶʵˇ˃ʷ˄˖˄ 

ˍʹˌ Python ̋  ˍʹˌ NumPy, ̍ ˉ˖ˌ ʰˁʷˊʰʽˇˎˌ, ˉˊʰʴ˃ʰˍʽˁˇˏˌ, ˂ʶˁˍʽˁʱ (strings) ̋  ʰˁˈ˃ʹ ˁʰʽ ˋˏ˄ʻʶˍʰ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ. ɼʱʻʶ ̀ ˍˇʽ˔ʶʾˇ ̱ ʹˌ ʅʶʽˊʱˌ ˋˎ˄ˇʵʶˏʶˍʰʽ h ˉˈ ˃ ʽʰ ʁ ˍʽˁʷˍʰ ʁ ˎˊʶˍʹˊʾˇˎ (index label), ́ ̌ ˉˇʾʰ 

ʶˉʽˍˊʷˉʶʽ ̄ ˊˇˋˉʷ˂ʰˋʹ ̍ ˔ʽ ˃ ˈ˄ˇ ˃  ʁh ˁʷˊʰʽʶˌ ̒ ʷˋʶʽˌ h ˂˂ʱ ˁ ʰʽ ˃  ʁ̀ ˎ˃ʲˇ˂ʽˁʷˌ ʁ ˍʽˁʷˍʶˌ, ɻ ʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ 

ˍ ́̀ ʰ˒ʺ ˁ ʰʽ h ˄ʰʴ˄˗ˋʽ˃ʹ h ˄ʰ˒ˇˊʱ ̀  ʁɻ ʶʵˇ˃ʷ˄ʰ.  

ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʷ˄ʰ ʃ˂ʰʾˋʽˇ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀCǊŀƳŜύ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʵʽˋʵʽʱˋˍʰˍʹ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ 

(twoȤdimensional labeled data structure), ̌́ ʴʰ˄˖˃ʷ˄ʹ ̀  ʁɹ ˊʰ˃˃ʷˌ ˁ ʰʽ ̀ ˍʺ˂ʶˌ, ̍ ˉˇˎ ˁ ʱʻʶ ̀ ˍʺ˂ʹ ʁ ʾ˄ʰʽ 

ˇˎˋʽʰˋˍʽˁʱ ˃ʽʰ Series ˃  ʁˁˇʽ˄ˈ ʶˎˊʶˍʺˊʽˇ ʴˊʰ˃˃˗˄ (shared index). ʆ ̌ DataFrame ˃ ˉˇˊʶʾ ˄ h

ʻʶ˖ˊʹʻʶʾ ˖  ̩ˉʾ˄ʰˁʰˌ (table)  ̋˖  ̩ˋˎ˂˂ˇʴʺ ʰˉˈ Series, ˁ ʰʽ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍʹ˄ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹ ̄ ʽ˄ʱˁ˖˄ ɻ ʶʵˇ˃ʷ˄˖˄ ̱ ˏˉˇˎ ˎ ˉˇ˂ˇʴʽˋˍʽˁˇˏ ˒ ˏ˂˂ˇˎ (spreadsheetȤlike data) ̋  ̄ ʽ˄ʱˁ˖˄ 

ʲʱˋʶ˖˄ ɻ ʶʵˇ˃ʷ˄˖˄.  

ɶ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ {ŜǊƛŜǎ ˁʰʽ 5ŀǘŀCǊŀƳŜ ʶʾ˄ʰʽ ˋˍʶ˄ʺΥ ˉˇ˂˂ʷˌ ˉˊʱ˅ʶʽˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˃ʽʰ {ŜǊƛŜǎ 

ʷ˔ˇˎ˄ ʰ˄ʱ˂ˇʴʹ ʶˊ˃ʹ˄ʶʾʰ ˋʶ ʶˉʾˉʶʵˇ ˋˍʺ˂ʹˌ 5ŀǘŀCǊŀƳŜΣ ʶ˄˗ ʹ ˉˊˈˋʲʰˋʹ ˋʶ ˃ʽʰ ˋˍʺ˂ʹ 5ŀǘŀCǊŀƳŜ 

ˋˎ˄ʺʻ˖ˌ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˏˉˇˎ {ŜǊƛŜǎΦ ɮˎˍˈˌ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʶˉʽˍˊʷˉʶʽ ʷ˄ʰ ˇ˃ˇʽˇʴʶ˄ʷˌ 

˃ˇ˄ˍʷ˂ˇ ˔ʶʽˊʽˋ˃ˇˏ ʵʶʵˇ˃ʷ˄˖˄Σ ˋˍˇ ˇˉˇʾˇ ˇʽ ˂ʶʽˍˇˎˊʴʾʶˌ ˋʶ ʶˉʾˉʶʵˇ ˋˍʺ˂ʹˌΣ ʴˊʰ˃˃ʺˌ ʺ ˇ˂ˈˁ˂ʹˊˇˎ 

ˉʾ˄ʰˁʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˉʰˊˈ˃ˇʽʰ ˂ˇʴʽˁʺΣ ˃ʶ ˋˎ˄ʷˉʶʽʰ ˋˍʹ ˋˏ˄ˍʰ˅ʹ ˁʰʽ ˋˍʹ ˋʹ˃ʰˋʽˇ˂ˇʴʾʰΦ  

ʅʶ ˉˊʰˁˍʽˁˈ ʶˉʾˉʶʵˇΣ ˃ʽʰ {ŜǊƛŜǎ ˁʰʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ʰˉˈ ˉ˂ʹʻ˗ˊʰ 

ˉʹʴ˗˄Σ ˈˉ˖ˌ ˂ʾˋˍʶˌ όƭƛǎǘǎύΣ ˂ʶ˅ʽˁʱ όŘƛŎǘƛƻƴŀǊƛŜǎύΣ ˉʾ˄ʰˁʶˌ bǳƳtȅ όbǳƳtȅ ŀǊǊŀȅǎύΣ ʰˊ˔ʶʾʰ /{± ʺ ˉʾ˄ʰˁʶˌ 

{v[Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˃ʶʴʱ˂ʹ ʶˎʶ˂ʽ˅ʾʰ ˋˍʹ ˒ˈˊˍ˖ˋʹ ˁʰʽ ˇˊʴʱ˄˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌ 

ʻʰ ʶ˅ʶˍʰˋˍˇˏ˄ ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ʲʰˋʽˁˇʾ ˍˊˈˉˇʽ ʵʹ˃ʽˇˎˊʴʾʰˌ DataFrame h ˉˈ ˉʾ˄ʰˁʶˌ bǳƳtȅΣ ˁʰʻ˗ˌ ˁʰʽ 

ˇʽ ˃ʷʻˇʵˇʽ ʵʹ˃ʽˇˎˊʴʾʰˌ 5ŀǘŀCǊŀƳŜ άˁʰˍʱ ˋˍʺ˂ʶˌέ ˁʰʽ άˁʰˍʱ ʴˊʰ˃˃ʷˌέΣ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ˋʰ˒ʷˌ ˉ˗ˌ ˇʽ 

ʻʶ˖ˊʹˍʽˁʷˌ ʷ˄˄ˇʽʶˌ {ŜǊƛŜǎ ˁʰʽ 5ŀǘŀCǊŀƳŜ ˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˉˊʱ˅ʹΦ  
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3.3. ʅʶʽˊʷˌ ό{ŜǊƛŜǎύ 

ɮˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˃ˇ˄ˇʵʽʱˋˍʰˍʹ ʵˇ˃ʺ ˍˏˉˇˎ ˉʾ˄ʰˁʰ ˃ʶ ˇ˃ˇʽˇʴʶ˄ʺ ʵʶʵˇ˃ʷ˄ʰΣ ˉˇˎ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ 

ʵʶʾˁˍʶˌ όƛƴŘŜȄŜǎύΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʶˏˁˇ˂ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ  

ɳˉʾˋʹ˃ʹ ˋʶ˂ʾʵʰ ˍʶˁ˃ʹˊʾ˖ˋʹˌΥ https://pandas.pydata.org/docs/reference/api/pandas.Series.html  

ʆˇ˄ ˁ˗ʵʽˁʰˌ ˍʹˌ ˉʰˊʰʴˊʱ˒ˇˎ ˃ˉˇˊʶʾˍʶ ˄ʰ ˍˇ˄ ʲˊʶʾˍʶ ʶʵ˗Υ 

https://colab.research.google.com/drive/1D8FS94GCTgN_FGVu79so6MACVuqxloPp?usp=sharing  

¶ ɾˇ˄ˇʵʽʱˋˍʰˍˇˌΣ ʶˍʽˁʶˍʰˊʽˋ˃ʷ˄ˇˌ ˉʾ˄ʰˁʰˌ (1D labeled array) 

¶ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˃ʽʰ ˋˍʺ˂ʹ ˋʶ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˒ˏ˂˂ˇ ʺ ˉʾ˄ʰˁʰ ʵʶʵˇ˃ʷ˄˖˄ 

¶ ɼʱʻʶ ˋˍˇʽ˔ʶʾˇ ʷ˔ʶʽ ʁ ˍʽˁʷˍʰ όƛƴŘŜȄύ ˁ ʰʽ ̱ ʽ˃ʺ όǾŀƭǳŜύ 

ɾʽʰ ʅʶʽˊʱ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ˁˏˊʽʰ ˃ʷˊʹΥ 

мΦ ɲʶʵˇ˃ʷ˄ʰ ό±ŀƭǳŜǎύ 

Å ʁʽ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ 

Å ɾˉˇˊʶʾ ˄  hʁ ʾ˄ʰʽ numbers, strings, booleans, ˁ˂ ˉ. 

Å ʅˍˇʽ˔ʾʸˇ˄ˍʰʽ ˋʶ ˃ˇ˄ˇʵʽʱˋˍʰˍˇ ˉʾ˄ʰˁʰ 

нΦ ɳˎˊʶˍʺˊʽˇ όLƴŘŜȄύ 

Å ɳˍʽˁʷˍʶˌ ʴʽʰ ˁʱʻʶ ˍʽ˃ʺ 

Å ʃˊˇˋʵʽˇˊʾʸʶʽ ˃ˇ˄ʰʵʽˁʱ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ 

ɾˉˇˊʶʾ ˄  hʁ ʾ˄ʰʽ numbers, strings, dates, ˁ˂ˉ. 

ɰʰˋʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɾˇ˄ˇʵʽʱˋˍʰˍʹ ɾˈ˄ˇ ˃ʾʰ ʵʽʱˋˍʰˋʹ (5,) 

ɳˍʽˁʷˍʶˌ ʃˊˇˋʲʱˋʽ˃ʹ ˃ʶ ʶˍʽˁʷˍʶˌ ʺ ʻʷˋʶʽˌ s['a'] ̋  s[0] 

ɴ˄ʰˌ ˍˏˉˇˌ ʂ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ʾʵʽˇˎ ˍˏˉˇˎ int64, float64, object 

ɳˎʷ˂ʽˁˍʹ ɲʷ˔ʶˍʰʽ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ numbers, strings, dates 

ɹˋ˔ˎˊʺ ʃ˂ˇˏˋʽˇ ˋˏ˄ˇ˂ˇ ˃ʶʻˈʵ˖˄ нллҌ ˃ʷʻˇʵˇʽ 

ʃʾ˄ʰˁʰˌ 3.3.1Υ ɰʰˋʽˁʱ ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʅʶʽˊ˗˄ 

 

 

ʅˏʴˁˊʽˋʹ ˃ʶ ɯ˂˂ʶˌ ɲˇ˃ʷˌ 

https://pandas.pydata.org/docs/reference/api/pandas.Series.html
https://colab.research.google.com/drive/1D8FS94GCTgN_FGVu79so6MACVuqxloPp?usp=sharing
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ɲˇ˃ʺ ɲʽʰˋˍʱˋʶʽˌ ɳˍʽˁʷˍʶˌ ʆˏˉˇʽ ɲʶʵˇ˃ʷ˄˖˄ 

Python List 1D  ʂ˔ʽ  ɾʽˁˍˈˌ 

NumPy Array N-D  ʂ˔ʽ  ɴ˄ʰˌ ̱ ˏˉˇˌ 

Python Dict 1D  ɼ˂ʶʽʵʽʱ  ɾʽˁˍˈˌ 

Pandas Series 1D  ɳˎˊʶˍʺˊʽˇ  ɴ˄ʰˌ ̱ ˏˉˇˌ 

ʃʾ˄ʰˁʰˌ 3.3.2Υ ʅˏʴˁˊʽˋʹ ˍ˖˄ ʅʶʽˊ˗˄ ˃ʶ ʱ˂˂ʶˌ ɲˇ˃ʷˌ 

ɰʰˋʽˁʱ ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ 

ʅʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ɽʾˋˍʶˌ ό[ƛǎǘǎύΥ 

Å ɳˍʽˁʷˍʶˌ ʴʽʰ ʶˏˁˇ˂ʹ ˉˊˈˋʲʰˋʹ 

Å ɮˎˍˈ˃ʰˍʶˌ ˋˍʰˍʽˋˍʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 

Å ɳˏˁˇ˂ˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˁʰʽ ˍʰ˅ʽ˄ˈ˃ʹˋʹ 

Å ɼʰ˂ˏˍʶˊʹ ʰˉˈʵˇˋʹ ˃ʶ ˃ʶʴʱ˂ʰ ʵʶʵˇ˃ʷ˄ʰ 

ʅʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ˉʾ˄ʰˁʶˌ όbǳƳtȅ !ǊǊŀȅǎύΥ 

Å ɳˎˊʶˍʺˊʽˇ ˃ʶ ʶˍʽˁʷˍʶˌ 

Å ɳˏˁˇ˂ʹ ˔ʶʽˊʽˋ˃ˈˌ bŀb ˍʽ˃˗˄ 

Å ʃ˂ˇˏˋʽˇ ˋˏ˄ˇ˂ˇ ˃ʶʻˈʵ˖˄ 

Å ɼʰ˂ˏˍʶˊʹ ˇˉˍʽˁˇˉˇʾʹˋʹ 

ʅʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˂ʶ˅ʽˁʱ ό5ƛŎǘƛƻƴŀǊƛŜǎύΥ 

Å ɲʽʰˍʺˊʹˋʹ ˋʶʽˊʱˌ ˋˍˇʽ˔ʶʾ˖˄ 

Å ɾʰʻʹ˃ʰˍʽˁʷˌ ˉˊʱ˅ʶʽˌ 

Å Boolean indexing 

Å ʁ˃ʰʵˇˉˇʾʹˋʹ ˁʰʽ ˋˎ˄ʰʻˊˇʾˋʶʽˌ 

 

 

3.3.1. ɲʹ˃ʽˇˎˊʴʾʰ ϧ ɰʰˋʽˁʷˌ ʃ˂ʹˊˇ˒ˇˊʾʶˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 
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pd.Series(data) ɲʹ˃ʽˇˎˊʴʾʰ {ŜǊƛŜǎ s = pd.Series([1, 2, 3]) 

.shape ɲʽʱˋˍʰˋʹ ό˃ˇ˄ʱʵʰύ s.shape Ҧ (3,) 

.size ɮˊʽʻ˃ˈˌ ˋˍˇʽ˔ʶʾ˖˄ s.size Ҧ 3 

.index ɳˎˊʶˍʺˊʽˇ s.index Ҧ RangeIndex 

.values ʆʽ˃ʷˌ ˖ˌ ƴǳƳǇȅ ŀǊǊŀȅ s.values Ҧ array([1, 2, 3]) 

.dtype ʆˏˉˇˌ ʵʶʵˇ˃ʷ˄˖˄ s.dtype Ҧ int64 

.name ʂ˄ˇ˃ʰ {ŜǊƛŜǎ ǎΦƴŀƳŜ Ґ ϥʆʽ˃ʷˌϥ 

.empty ɴ˂ʶʴ˔ˇˌ ˁʶ˄ʺˌ {ŜǊƛŜǎ s.empty Ҧ False 

ʃʾ˄ʰˁʰˌ 3.3.3Υ ɾʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ɰʰˋʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ˍ˖˄ ʅʶʽˊ˗˄ 

ɮˎˍʺ ʹ ʶ˄ˈˍʹˍʰ ʰ˒ˇˊʱ ˍʹ˄ ζɮ˄ʰˍˇ˃ʾʰη ˃ʽʰˌ ʅʶʽˊʱˌ ό{ŜǊƛŜǎύΦ ʃˊʽ˄ ʰˊ˔ʾˋʶʽˌ ˄ʰ ˒ʽ˂ˍˊʱˊʶʽˌ ʺ ˄ʰ 

ˎˉˇ˂ˇʴʾʸʶʽˌ ˃ʷˋˇˎˌ ˈˊˇˎˌΣ ˉˊʷˉʶʽ ˄ʰ ˅ʷˊʶʽˌ ˍʽ ʰˁˊʽʲ˗ˌ ˁˊʰˍʱˌ ˋˍʰ ˔ʷˊʽʰ ˋˇˎΦ 

ɮˎˍʱ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ όŀǘǘǊƛōǳǘŜǎύ ˋˇˎ ˂ʷ˄ʶ ˍʰ ˉʱ˄ˍʰ ʴʽʰ ˍʹ ʵˇ˃ʺ ˁʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˋˇˎΦ 

мΦ ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ɰʰˋʽˁʺ ɲˇ˃ʺ 

ɾʽʰ ʅʶʽˊʱ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ʲʰˋʽˁˇˏˌ ˉˎ˂˗˄ʶˌΥ ˍʽˌ ʆʽ˃ʷˌ ˁ ʰʽ ˍʽˌ ɳˍʽˁʷˍʶˌ ̱ ˇˎˌ όLƴŘŜȄύΦ 

¶ pd.Series(data)Υ ɳʾ˄ʰʽ ˇ ϦˁʰˍʰˋˁʶˎʰˋˍʺˌϦ όŎƻƴǎǘǊǳŎǘƻǊύΦ ɾˉˇˊʶʾˌ ˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽˌ ˂ʾˋˍʶˌΣ 

˂ʶ˅ʽˁʱ ʺ bǳƳtȅ ŀǊǊŀȅǎ ˋʶ ˃ʽʰ ʅʶʽˊʱΦ 

Tip: ɮ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ˂ʶ˅ʽˁˈΣ ˍʰ ˁ˂ʶʽʵʽʱ ʴʾ˄ˇ˄ˍʰʽ ʰˎˍˈ˃ʰˍʰ ˍˇ ƛƴŘŜȄ ˍʹˌ ʅʶʽˊʱˌΦ 

нΦ ɹʵʽˈˍʹˍʶˌ ɾʶʴʷʻˇˎˌ ˁʰʽ ʅ˔ʺ˃ʰˍˇˌ 

¶ .shapeΥ ɳˉʶʽʵʺ ʹ ʅʶʽˊʱ ʶʾ˄ʰʽ ˃ˇ˄ˇʵʽʱˋˍʰˍʹΣ ˋˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˉʱ˄ˍʰ ʷ˄ʰ ǘǳǇƭŜ ˃ʶ ʷ˄ʰ˄ ʰˊʽʻ˃ˈΣ 

ˉΦ˔Φ όмллΣύΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ млл ʴˊʰ˃˃ʷˌΦ ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʲʶʲʰʽ˖ʻʶʾˌ 

ˈˍʽ ʵˏˇ ʅʶʽˊʷˌ ʷ˔ˇˎ˄ ˍˇ ʾʵʽˇ ˃ʺˁˇˌ ˉˊʽ˄ ˍʽˌ ˉˊˇˋʻʷˋʶʽˌΦ 

¶ .sizeΥ ʅˇˎ ʵʾ˄ʶʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˉ˂ʺʻˇˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˖ˌ ʰˁʷˊʰʽˇΦ ʅˍʽˌ ʅʶʽˊʷˌΣ ˍˇ ΦǎƛȊŜ ʶʾ˄ʰʽ ˉʱ˄ˍʰ 

ʾˋˇ ˃ʶ ˍˇ ˉˊ˗ˍˇ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ΦǎƘŀǇŜΦ 

¶ .emptyΥ ɾʽʰ ʴˊʺʴˇˊʹ Ϧʶˊ˗ˍʹˋʹϦ .ƻƻƭŜŀƴΦ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ʹ ʅʶʽˊʱ ʵʶ˄ ˉʶˊʽʷ˔ʶʽ ˁʰ˄ʷ˄ʰ 

ˋˍˇʽ˔ʶʾˇΦ ʋˊʺˋʽ˃ˇ ˋʶ ʰˎˍˇ˃ʰˍʽˋ˃ˇˏˌ ʴʽʰ ˄ʰ ˃ʹ˄ ϦˁˊʰˋʱˊʶʽϦ ˇ ˁ˗ʵʽˁʰˌ ʰ˄ ʷ˄ʰ ˒ʾ˂ˍˊˇ ʵʶ˄ 

ʲˊʶʽ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

оΦ ʃˊˈˋʲʰˋʹ ˋˍʰ ɲʶʵˇ˃ʷ˄ʰ ˁʰʽ ʆˏˉˇʽ 

¶ .indexΥ ʅˇˎ ʵʶʾ˔˄ʶʽ ˍʽˌ Ϧʵʽʶˎʻˏ˄ˋʶʽˌϦ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɾˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˉ˂ˇʾ ʰˊʽʻ˃ˇʾ 

όwŀƴƎŜLƴŘŜȄύΣ ˁʶʾ˃ʶ˄ˇ ʺ ʰˁˈ˃ʰ ˁʰʽ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΦ 



 

133 
 

¶ .valuesΥ ʅˇˎ ʵʾ˄ʶʽ ˃ˈ˄ˇ ˍˇ ζʸˇˎ˃ʾηΦ ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˃ˇˊ˒ʺ NumPy arrayΦ ɳʾ˄ʰʽ 

˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ˁʱ˄ʶʽˌ ˉˊʱ˅ʶʽˌ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ˉˇˎ ʵʶ˄ ʰˉʰʽˍˇˏ˄ ˍʹ˄ 

ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍ˖˄ tŀƴŘŀǎΦ 

¶ .dtypeΥ ɺˋ˖ˌ ˍˇ ˉʽˇ ˁˊʾˋʽ˃ˇ ŀǘǘǊƛōǳǘŜΦ ʅˇˎ ˂ʷʶʽ ʰ˄ ʹ ʅʶʽˊʱ ˉʶˊʽʷ˔ʶʽ ʰˁʷˊʰʽˇˎˌ όƛƴǘспύΣ 

ʵʶˁʰʵʽˁˇˏˌ όŦƭƻŀǘспύΣ ˁʶʾ˃ʶ˄ˇ όƻōƧŜŎǘύ ʺ ˁʰˍʹʴˇˊʾʶˌΦ 

o Direct correction: ɮ˄ ʵʶʽˌ ˍˏˉˇ ƻōƧŜŎǘΣ ˋˎ˄ʺʻ˖ˌ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʅʶʽˊʱ ˉʶˊʽʷ˔ʶʽ ˁʶʾ˃ʶ˄ˇ 

ʺ ʰ˄ʱ˃ʶʽˁˍˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

пΦ ɾʶˍʰʵʶʵˇ˃ʷ˄ʰ 

¶ .nameΥ ɾˉˇˊʶʾˌ ˄ʰ ʵ˗ˋʶʽˌ ˃ʽʰ ˍʰˎˍˈˍʹˍʰ ˋˍʹ ʅʶʽˊʱ ˋˇˎΦ ɮˎˍˈ ʶʾ˄ʰʽ ˉˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʴʽʰˍʾ ʰ˄ 

ʰˊʴˈˍʶˊʰ ʶ˄˗ˋʶʽˌ ʰˎˍʺ ˍʹ ʅʶʽˊʱ ˃ʶ ʱ˂˂ʶˌ ʴʽʰ ˄ʰ ˒ˍʽʱ˅ʶʽˌ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ό5ŀǘŀCǊŀƳŜύΣ ˍˇ ΦƴŀƳŜ 

ʻʰ ʴʾ˄ʶʽ ʰˎˍˈ˃ʰˍʰ ˇ ˍʾˍ˂ˇˌ ˍʹˌ ˋˍʺ˂ʹˌ. 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series Ŭˊɧ ɚɑůŰŬ 

data = [ 10 ,  20 ,  30 ,  40 ,  50 ]  

s = pd . Series ( data ,  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ],  name='Numbers' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. pd.Series(data) -  ȹɖɛɘɞɡɟɔɑŬ Series  

print ("1. ȹɖɛɘɞɡɟɔɑŬ Series Ŭˊɧ ɚɑůŰŬ:")  

s2 = pd . Series ([ 1,  2,  3,  4,  5])  

print ( s2 )  

print ( " - " * 40)  

 

# 2. .shape -  ȹɘɎůŰŬůɖ (tuple ɛŮ ɛɐəɞɠ) 

print ( "2. .shape:" ,  s . shape )   # (5,)  

print ( " - " * 40)  

 

# 3. .size -  ȷɟɘɗɛɧɠ ůŰɞɘɢŮɑɤɜ (int)  

print ( "3. .size:" ,  s . size )   # 5  

print ( " - " * 40)  

 

# 4. .index -  ɇɞ ŮɡɟŮŰɐɟɘɞ (Index object)  

print ( "4. .index:" )  

print ( s . index )  

print ( "   ɇɨˊɞɠ:" ,  type ( s . index ))  

print ( "   ȿɑůŰŬ ŮŰɘəŮŰɩɜ:" ,  list ( s . index ))  

print ( " - " * 40)  

 

# 5. .values -  Ƀɘ Űɘɛɏɠ ɤɠ numpy array  

print ( "5. .values:" )  

print ( s . values )  

print ( "   ɇɨˊɞɠ:" ,  type ( s . values ))   # numpy.ndarray  

print ( " - " * 40)  
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# 6. .dtype -  ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ 

print ( "6. .dtype:" ,  s . dtype )   # int64  

print ( " - " * 40)  

 

# 7. .name -  ȳɜɞɛŬ Űɞɡ Series  

print ( "7. .name ( ŬɟɢɘəɎ):" ,  s . name)   # 'Numbers'  

# ȷɚɚŬɔɐ ɞɜɧɛŬŰɞɠ 

s . name = 'UpdatedName'  

print ( "   ɀŮŰɎ Ŭˊɧ s.name = 'UpdatedName':" ,  s . name)  

print ( " - " * 40)  

 

# 8. .empty -  ȰɚŮɔɢɞɠ Ŭɜ Űɞ Series ŮɑɜŬɘ əŮɜɧ 

print ( "8. .empty ( ɔɘŬ s):" ,  s . empty )   # False  

empty_series = pd . Series ([])  

print ( "   ũɘŬ empty_series:" ,  empty_series . empty )   # True  

print ( " - " * 40)  

 

print ( " \ n"  + "=" * 60 + " \ n" )  

print ( "ɆɖɛŮɘɩůŮɘɠ:" )  

print ( " -  ɇɞ .shape ŮˊɘůŰɟɏűŮɘ ɏɜŬ tuple (ˊ.ɢ. (5,) )")  

print ( " -  ɇɞ .size ŮɑɜŬɘ ŬəɏɟŬɘɞɠ Ŭɟɘɗɛɧɠ ɑůɞɠ ɛŮ len(s)")  

print ( " -  ɇɞ .index ˊŮɟɘɏɢŮɘ Űɘɠ ŮŰɘəɏŰŮɠ")  

print ( " -  ɇɞ .values ŮɑɜŬɘ numpy array (ˊɟɞŰɘɛɎŰŬɘ .to_numpy() ůŮ ɜŮɧŰŮɟŮɠ 

ŮəŭɧůŮɘɠ)")  

print ( " -  ɇɞ .dtype ŭŮɑɢɜŮɘ Űɞɜ Űɨˊɞ ŭŮŭɞɛɏɜɤɜ")  

print ( " -  ɇɞ .name ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɝŮɘ ɐ ɜŬ ɞɟɘůŰŮɑ əŬŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ")  

print ( " -  ɇɞ .empty ŮɑɜŬɘ ɢɟɐůɘɛɞ ɔɘŬ ɏɚŮɔɢɞ ˊɟɘɜ Ŭˊɧ ŮˊŮɝŮɟɔŬůɑŬ")  
ɼΦ 3.3.1Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʴʽʰ ˍʹ˄ ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ɰʰˋʽˁ˗˄ ʃ˂ʹˊˇ˒ˇˊʽ˗˄ ˍ˖˄ ʅʶʽˊ˗˄ 

3.3.2. ɳˉʽ˂ˇʴʺ ϧ ʃˊˈˋʲʰˋʹ ʅˍˇʽ˔ʶʾ˖˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʅˏ˄ˍʰ˅ʹ 

[key] ɰʰˋʽˁʺ ʶˉʽ˂ˇʴʺ s['a'] 

.loc[] ɳˉʽ˂ˇʴʺ ˃ʶ ʶˍʽˁʷˍʰ s.loc['a'] 

.iloc[] ɳˉʽ˂ˇʴʺ ˃ʶ ʻʷˋʹ s.iloc[0] 

.at[]  ɱˊʺʴˇˊʹ ˃ʶ ʶˍʽˁʷˍʰ s.at['a'] 

.iat[]  ɱˊʺʴˇˊʹ ˃ʶ ʻʷˋʹ s.iat[0] 

.get(key, default) ɮˋ˒ʰ˂ʺˌ ʶˉʽ˂ˇʴʺ s.get('x', 0) 

[[key1, key2]] ʃˇ˂˂ʰˉ˂ʷˌ ʶˍʽˁʷˍʶˌ s[['a','b']] 

[start:stop] ʊʷˍʰ όǎƭƛŎƛƴƎύ s[1:4] 

ʃʾ˄ʰˁʰˌ 3.3.4Υ ɾʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ɳˉʽ˂ˇʴʺ ˁʰʽ ʃˊˈˋʲʰˋʹ ʅˍˇʽ˔ʶʾ˖˄ ˋˍʽˌ ʅʶʽˊʷˌ 

import  pandas as  pd 

s = pd . Series ([ 10 ,  20 ,  30 ,  40 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ])  

 

1. [key] - ɶ ɰʰˋʽˁʺ ɳˉʽ˂ˇʴʺ 

ɽʶʽˍˇˎˊʴʶʾ ˋ˔ʶʵˈ˄ ˈˉ˖ˌ ʷ˄ʰ ˂ʶ˅ʽˁˈ όŘƛŎǘƛƻƴŀǊȅύ ˋˍʹ˄ tȅǘƘƻƴΦ ɮ˄ ˍˇˎ ʵ˗ˋʶʽˌ ˍʹ˄ ʶˍʽˁʷˍʰΣ ˋˇˎ 

ʶˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʽ˃ʺΦ 
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¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s['a'] -Ҕ ɳˉʽˋˍˊʷ˒ʶʽ млΦ 

¶ ʅʹ˃ʶʾ˖ˋʹΥ ɮ˄ ˍˇ ƛƴŘŜȄ ʺˍʰ˄ ˄ˇˏ˃ʶˊʰ όˉΦ˔Φ лΣ мΣ нύΣ ʻʰ ˂ʶʽˍˇˎˊʴˇˏˋʶ ˃ʶ ʰˎˍʱΦ 

2. .loc[] - ɳˉʽ˂ˇʴʺ ˃ʶ ɳˍʽˁʷˍʰ ό[ŀōŜƭ-based) 

ɳʾ˄ʰʽ ˇ ˉʽˇ ˊʹˍˈˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˉʶʽˌ Ϧ˒ʷˊʶ ˃ˇˎ ˍˇ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ʷ˔ʶʽ ʰˎˍˈ ˍˇ ˈ˄ˇ˃ʰϦΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.loc['b'] -Ҕ ɳˉʽˋˍˊʷ˒ʶʽ нлΦ 

¶ ɹʵʽʰʽˍʶˊˈˍʹˍʰΥ ɮ˄ ˁʱ˄ʶʽˌ ǎƭƛŎƛƴƎ ˃ʶ ΦƭƻŎώϥŀϥΥϥŎϥϐΣ ˍˇ ϥŎϥ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ̀ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

3. .iloc[] - ɳˉʽ˂ˇʴʺ ˃ʶ ɸʷˋʹ όLƴǘŜƎŜǊ-based) 

ɳʵ˗ ʵʶ˄ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˍʰ ˇ˄ˈ˃ʰˍʰΣ ʰ˂˂ʱ ʹ ˋʶʽˊʱΦ ʆˇ ϦƛϦ ˋˍˇ ΦƛƭƻŎ ˋʹ˃ʰʾ˄ʶʽ integer. 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.iloc[0] -Ҕ ɳˉʽˋˍˊʷ˒ʶʽ мл όˍˇ ˉˊ˗ˍˇ ˋˍˇʽ˔ʶʾˇΣ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰ˄ ˂ʷʴʶˍʰʽ ϥŀϥύΦ 

¶ ɹʵʽʰʽˍʶˊˈˍʹˍʰΥ ʅˍˇ ǎƭƛŎƛƴƎ ǎΦƛƭƻŎώлΥнϐΣ ʹ ˍʶ˂ʶˎˍʰʾʰ ʻʷˋʹ όнύ ʵʶ˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ 

ό˂ʶʽˍˇˎˊʴʶʾ ˈˉ˖ˌ ˇʽ ˂ʾˋˍʶˌ ˍʹˌ tȅǘƘƻƴύΦ 

4. .at[] & .iat[] - ʁʽ ϦɱˊʺʴˇˊˇʽϦ ˍʹˌ ˉʰˊʷʰˌ 

ɮˎˍʷˌ ˇʽ ʵˏˇ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ʶˌ ʴʽʰ ˄ʰ ʶˉʽˋˍˊʷ˒ˇˎ˄ ʷ˄ʰ ˁʰʽ ˃ˈ˄ˇ ˋˍˇʽ˔ʶʾˇ (scalar). 

ɳʾ˄ʰʽ ˍʰ˔ˏˍʶˊʶˌ ʰˉˈ ˍʽˌ ΦƭƻŎ ˁʰʽ ΦƛƭƻŎ ʴʽʰˍʾ ʵʶ˄ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍˇˏ˄ ǎƭƛŎƛƴƎ ʺ ŀǊǊŀȅǎΦ 

¶ .at['a']:  ɱˊʺʴˇˊʹ ˉˊˈˋʲʰˋʹ ˃ʶ ʶˍʽˁʷˍʰΦ 

¶ .iat[0]: ɱˊʺʴˇˊʹ ˉˊˈˋʲʰˋʹ ˃ʶ ʻʷˋʹΦ 

¶ ʃˈˍʶ ˍʽˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶΥ ʂˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʵʽʰʲʱˋˇˎ˃ʶ ʺ ˄ʰ ʰ˂˂ʱ˅ˇˎ˃ʶ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ˍʽ˃ʺ ˉˇ˂ˏ ʴˊʺʴˇˊʰ ˋʶ ʷ˄ʰ ˃ʶʴʱ˂ˇ 5ŀǘŀCǊŀƳŜΦ 

5. .get(key, default) - ɶ ɮˋ˒ʰ˂ʺˌ ɳˉʽ˂ˇʴʺ 

ɮ˄ ˉˊˇˋˉʰʻʺˋʶʽˌ ˄ʰ ʸʹˍʺˋʶʽˌ ˍˇ ǎώϥȊϥϐΣ ʹ tȅǘƘƻƴ ʻʰ Ϧ˔ˍˎˉʺˋʶʽϦ ˋ˒ʱ˂˃ʰ όYŜȅ9ǊǊƻǊύΦ ɶ ΦƎŜǘόύ ˋʶ 

ˉˊˇˋˍʰˍʶˏʶʽΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.get('x', 0) -Ҕ ɳˉʶʽʵʺ ˍˇ ϥȄϥ ʵʶ˄ ˎˉʱˊ˔ʶʽΣ ʻʰ ˋˇˎ ʶˉʽˋˍˊʷ˕ʶʽ л ʰ˄ˍʾ ˄ʰ 

ˁˊʰˋʱˊʶʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ 

6. [[key1, key2]] - ʃˇ˂˂ʰˉ˂ʷˌ ɳˍʽˁʷˍʶˌ (Fancy Indexing) 

ʂˍʰ˄ ʻʷ˂ʶʽˌ ˉʰˊʰˉʱ˄˖ ʰˉˈ ʷ˄ʰ ˋˍˇʽ˔ʶʾʰΣ ʰ˂˂ʱ ˈ˔ʽ ʰˉʰˊʰʾˍʹˍʰ ˋˎ˄ʶ˔ˈ˃ʶ˄ʰΣ ˉʶˊ˄ʱˌ ˃ʽʰ ˂ʾˋˍʰ ˃ʷˋʰ 

ˋˍʽˌ ʰʴˁˏ˂ʶˌΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s[['a', 'c']] -Ҕ ɸʰ ˋˇˎ ʶˉʽˋˍˊʷ˕ʶʽ ʷ˄ʰ ˄ʷˇ {ŜǊƛŜǎ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ мл ˁʰʽ олΦ 
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7. [start:stop] - ʊʷˍʰ ό{ƭƛŎƛƴƎύ 

ɼ˂ʰˋʽˁˈˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˉʱˊʶʽˌ ʷ˄ʰ Ϧˁˇ˃˃ʱˍʽϦ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s[1:4] -Ҕ ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ʰˉˈ ˍʹ ʻʷˋʹ м ʷ˖ˌ ˍʹ ʻʷˋʹ о όнлΣ олΣ плύΦ 

¶ ʃˊˇˋˇ˔ʺΥ ʂˍʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ʰˁʷˊʰʽˇˎˌ ʴʽʰ ǎƭƛŎƛƴƎΣ ˍˇ tŀƴŘŀǎ ˋˎ˃ˉʶˊʽ˒ʷˊʶˍʰʽ ˈˉ˖ˌ ˇʽ 

˂ʾˋˍʶˌ όˍˇ ǎǘƻǇ ʶ˅ʰʽˊʶʾˍʰʽύΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ index Ŭˊɧ ɔɟɎɛɛŬŰŬ (string) əŬɘ Űɘɛɏɠ 

data = [ 10 ,  20 ,  30 ,  40 ,  50 ,  60 ]  

index_labels = [ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ,  'f' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȹŮŭɞɛɏɜŬ' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. [key] -  ȸŬůɘəɐ Ůˊɘɚɞɔɐ ɛŮ ŮŰɘəɏŰŬ 

print ( "1. s['c']:" )  

print ( s [ 'c' ])  

print ( " - " * 40)  

 

# 2. .loc[label] -  Ⱥˊɘɚɞɔɐ ɛŮ ŮŰɘəɏŰŬ (Ůˊɑůɖɛɖ ɛɏɗɞŭɞɠ) 

print ( "2. s.loc['d']:" )  

print ( s . loc [ 'd' ])  

print ( " - " * 40)  

 

# 3. .iloc[position] -  Ⱥˊɘɚɞɔɐ ɛŮ ɗɏůɖ (0 - based)  

print ( "3. s.iloc[2]:" )  

print ( s . iloc [ 2])  

print ( " - " * 40)  

 

# 4. .at[label] -  ũɟɐɔɞɟɖ Ůˊɘɚɞɔɐ ɛŮ ŮŰɘəɏŰŬ (ɛɧɜɞ ɔɘŬ ɏɜŬ ůŰɞɘɢŮɑɞ) 

print ( "4. s.at['e']:" )  

print ( s . at [ 'e' ])  

print ( " - " * 40)  

 

# 5. .iat[position] -  ũɟɐɔɞɟɖ Ůˊɘɚɞɔɐ ɛŮ ɗɏůɖ (ɛɧɜɞ ɔɘŬ ɏɜŬ ůŰɞɘɢŮɑɞ) 

print ( "5. s.iat[4]:" )  

print ( s . iat [ 4])  

print ( " - " * 40)  

 

# 6. .get(key, default) -  ȷůűŬɚɐɠ Ůˊɘɚɞɔɐ (ŮˊɘůŰɟɏűŮɘ default Ŭɜ ŭŮɜ 

ɡˊɎɟɢŮɘ Űɞ key) 

print ( "6. s.get('c'):" )  

print ( s . get ( 'c' ))  

print ( "   s.get('x', 0):" )  

print ( s . get ( 'x' ,  0))  

print ( " - " * 40)  

 

# 7. [[key1, key2]] -  Ⱥˊɘɚɞɔɐ ˊɞɚɚŬˊɚɩɜ ŮŰɘəŮŰɩɜ (ŮˊɘůŰɟɏűŮɘ Series) 

print ( "7. s[['a', 'c', 'e']]:" )  

print ( s [[ 'a' ,  'c' ,  'e' ]])  

print ( " - " * 40)  
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# 8. [start:stop] -  Slicing (űɏŰŬ) ɛŮ ɓɎůɖ Űɖ ɗɏůɖ (ɧɢɘ Űɖɜ ŮŰɘəɏŰŬ) 

# ɆɖɛŮɑɤůɖ: ɆŮ Series, Űɞ slicing ɛŮ Ŭɟɘɗɛɞɨɠ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɓɎůɖ Űɖ ɗɏůɖ, 

ɧɢɘ Űɖɜ ŮŰɘəɏŰŬ. 

print ("8. s[1:4] (slicing ɛŮ ɓɎůɖ ɗɏůɖ 1 ɏɤɠ 3):")  

print ( s [ 1: 4])   # ȺˊɘůŰɟɏűŮɘ Űɘɠ ɗɏůŮɘɠ 1,2,3 (ůŰɞɘɢŮɑŬ b, c, d) 

print ( " - " * 40)  

 

# Slicing ɛŮ ŮŰɘəɏŰŮɠ ɛɏůɤ .loc (ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ŰŬ ŭɨɞ ɎəɟŬ) 

print ("   s.loc['b':'e'] (slicing ɛŮ ŮŰɘəɏŰŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ 

'e'):" )  

print ( s . loc [ 'b' : 'e' ])   # ȺˊɘůŰɟɏűŮɘ b,c,d,e 

print ( " - " * 40)  

 

# Ⱥˊɘˊɚɏɞɜ: Slicing ɛŮ ɓɐɛŬ 

print ("   s[::2] (əɎɗŮ ŭŮɨŰŮɟɞ ůŰɞɘɢŮɑɞ):")  

print ( s [:: 2])  

print ( " - " * 40)  

 

print ( " \ n"  + "=" * 60 + " \ n" )  

print ("ɆɖɛŮɘɩůŮɘɠ:")  

print ( " -  ȼ ɓŬůɘəɐ Ůˊɘɚɞɔɐ s['a'] əŬɘ ɖ .loc['a'] ŮɑɜŬɘ ˊŬɟɧɛɞɘŮɠ, ŬɚɚɎ ɖ 

.loc ŮɑɜŬɘ ˊɘɞ ůŬűɐɠ əŬɘ ˊɟɞŰɘɛɎŰŬɘ.")  

print ( " -  ȼ .iloc ɢɟɖůɘɛɞˊɞɘŮɑ ɗɏůŮɘɠ, Ůɜɩ ɖ .loc ɢɟɖůɘɛɞˊɞɘŮɑ ŮŰɘəɏŰŮɠ.")  

print ( " -  Ƀɘ .at əŬɘ .iat ŮɑɜŬɘ ŰŬɢɨŰŮɟŮɠ ɔɘŬ ˊɟɧůɓŬůɖ ůŮ ɏɜŬ ɛɧɜɞ 

ůŰɞɘɢŮɑɞ.")  

print ( " -  ȼ .get ŮɑɜŬɘ ɢɟɐůɘɛɖ ɧŰŬɜ ŭŮɜ ŮɑɛŬůŰŮ ůɑɔɞɡɟɞɘ Ŭɜ ɡˊɎɟɢŮɘ ɖ 

ŮŰɘəɏŰŬ.")  

print ( " -  ɇɞ slicing [start:stop] ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɓɎůɖ Űɖ ɗɏůɖ (ɧˊɤɠ ůŮ 

ɚɑůŰŮɠ), Ůɜɩ .loc ɛŮ ŮŰɘəɏŰŮɠ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɞ stop.")  
ɼΦ 3.3.2Υ ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍʽˌ ɾʶʻˈʵˇˎˌ ʴʽʰ ˍʹ˄ ɳˉʽ˂ˇʴʺ ˁʰʽ ʃˊˈˋʲʰˋʹ ʅˍˇʽ˔ʶʾ˖˄ ˋˍʽˌ ʅʶʽˊʷˌ 

3.3.3. ɰˇˇƭŜŀƴ LƴŘŜȄƛƴƎ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

[boolean_series] Boolean indexing Series 

.where(cond) ɲʽʰˍʺˊʹˋʹ ˈˉˇˎ ¢ǊǳŜ Series 

.mask(cond) ɲʽʰˍʺˊʹˋʹ ˈˉˇˎ CŀƭǎŜ Series 

.between(left, right) ʆʽ˃ʷˌ ˃ʶˍʰ˅ˏ ˇˊʾ˖˄ Boolean Series 

.isin(values) ɮ˄ʺˁʶʽ ˋʶ ˂ʾˋˍʰ Boolean Series 

.isna() ɴ˂ʶʴ˔ˇˌ ʴʽʰ bŀb Boolean Series 

.notna() ɴ˂ʶʴ˔ˇˌ ʴʽʰ ˃ʹ-NaN Boolean Series 

.isnull() ɹˋˇʵˏ˄ʰ˃ˇ ˍˇˎ ƛǎƴŀόύ Boolean Series 

.notnull() ɹˋˇʵˏ˄ʰ˃ˇ ˍˇˎ ƴƻǘƴŀόύ Boolean Series 

ʃʾ˄ʰˁʰˌ 3.3.5Υ ɾʷʻˇʵˇʽ ʴʽʰ Boolean LƴŘŜȄƛƴƎ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ 

ɳʵ˗ ˉʶˊ˄ʱ˃ʶ ˋˍˇ ˉʽˇ ζʷ˅ˎˉ˄ˇη ˁˇ˃˃ʱˍʽ ˍ˖˄ tŀƴŘŀǎΥ ˍˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰΦ ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʵʶ˄ 

ʶˉʽ˂ʷʴˇˎ˄ ʰˉ˂˗ˌ ʵʶʵˇ˃ʷ˄ʰ ʲʱˋʶʽ ʻʷˋʹˌΣ ʰ˂˂ʱ ʲʱˋʶʽ ˋˎ˄ʻʹˁ˗˄ ό˂ˇʴʽˁʺˌύΦ 

ɮˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʰˎˍˈ ˍˇ {ŜǊƛŜǎ ʴʽʰ ˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰΥ 
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import  pandas as  pd 

import  numpy as  np 

 

s = pd . Series ([ 10 ,  25 ,  np . nan ,  40 ,  55 ],  index =[ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ])  
 

1. [boolean_series] - Boolean Indexing 

ɳʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʷʻˇʵˇˌΦ ɲʹ˃ʽˇˎˊʴʶʾˌ ˃ʽʰ ˂ʾˋˍʰ ʰˉˈ ¢ǊǳŜκCŀƭǎŜ ˁʰʽ ˍʹ˄ ˉʶˊ˄ʱˌ ˋˍˇ {ŜǊƛŜǎΦ 

ɾˈ˄ˇ ˍʰ ¢ǊǳŜ Ϧʶˉʽʲʽ˗˄ˇˎ˄ϦΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s[s > 30] 

¶ ɮˉˇˍʷ˂ʶˋ˃ʰΥ ɸʰ ʶˉʽˋˍˊʷ˕ʶʽ ˍʽˌ ˍʽ˃ʷˌ пл ˁʰʽ ррΦ 

¶ ʃ˗ˌ ʵˇˎ˂ʶˏʶʽΥ ʆˇ ǎ Ҕ ол ʵʹ˃ʽˇˎˊʴʶʾ ʶˋ˖ˍʶˊʽˁʱ ʷ˄ʰ {ŜǊƛŜǎ ˃ʶ ¢ǊǳŜκCŀƭǎŜΦ 

2. .where(cond) - ɲʽʰˍʺˊʹˋʹ ˈˉˇˎ ¢ǊǳŜ 

ɶ ΦǿƘŜǊŜ ˁˊʰˍʱʶʽ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˍʹ ˋˎ˄ʻʺˁʹ ˁʰʽ ʰ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ όˋˎ˄ʺʻ˖ˌ 

˃ʶ bŀbύΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.where(s > 30) 

¶ ɮˉˇˍʷ˂ʶˋ˃ʰΥ ɸʰ ʵʶʽˌ bŀbΣ bŀbΣ bŀbΣ плΦлΣ ррΦлΦ 

¶ ʋˊʺˋʹΥ ʃˇ˂ˏ ˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ˁˊʰˍʺˋʶʽˌ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ {ŜǊƛŜǎ ʾʵʽˇΣ ʰ˂˂ʱ ˄ʰ 

Ϧˁˊˏ˕ʶʽˌϦ ˍʽ˃ʷˌΦ 

3. .mask(cond) - ɲʽʰˍʺˊʹˋʹ ˈˉˇˎ CŀƭǎŜ 

ɳʾ˄ʰʽ ˍˇ ʰˁˊʽʲ˗ˌ ʰ˄ˍʾʻʶˍˇ ˍʹˌ ΦǿƘŜǊŜΦ ϦɾʰˋˁʱˊʶʽϦ όˁˊˏʲʶʽύ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʶʾ˄ʰʽ ¢ǊǳŜΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.mask(s > 30) 

¶ ɮˉˇˍʷ˂ʶˋ˃ʰΥ ɸʰ ˁˊˏ˕ʶʽ ˍˇ пл ˁʰʽ ˍˇ рр όʻʰ ʴʾ˄ˇˎ˄ bŀbύ ˁʰʽ ʻʰ ʰ˒ʺˋʶʽ ˍʰ ˎˉˈ˂ˇʽˉʰΦ 

4. .between(left, right) - ʆʽ˃ʷˌ ˃ ʶˍʰ˅ˏ ̌ ˊʾ˖˄ 

ɮ˄ˍʾ ˄ʰ ʴˊʱ˒ʶʽˌ όǎ Ҕ млύ ϧ όǎ ғ рлύΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ʰˎˍʺ ˍʹ ˃ʷʻˇʵˇΦ ɳʾ˄ʰʽ ˉʽˇ ˁʰʻʰˊʺ ˁʰʽ 

ʶˎʰ˄ʱʴ˄˖ˋˍʹΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.between(20, 50) 

¶ ɳˉʽˋˍˊˇ˒ʺΥ ɴ˄ʰ .ƻƻƭŜŀƴ {ŜǊƛŜǎ ό¢ǊǳŜ ʴʽʰ ˍʽˌ ˍʽ˃ʷˌ нр ˁʰʽ плύΦ 

5. .isin(values) - ɮ˄ʺˁʶʽ ˋʶ ˂ʾˋˍʰ 
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ɳ˂ʷʴ˔ʶʽ ʰ˄ ˇʽ ˍʽ˃ʷˌ ˍˇˎ {ŜǊƛŜǎ ˎˉʱˊ˔ˇˎ˄ ˃ʷˋʰ ˋʶ ˃ʽʰ ˂ʾˋˍʰ ˉˇˎ ˍˇˎ ʵʾ˄ʶʽˌ ʶˋˏΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.isin([10, 55, 100]) 

¶ ɳˉʽˋˍˊˇ˒ʺΥ ¢ǊǳŜ ʴʽʰ ˍˇ ϥ!ϥ όмлύ ˁʰʽ ˍˇ ϥ9ϥ όррύΦ 

сΦ ɴ˂ʶʴ˔ˇˌ ʴʽʰ ˁʶ˄ʱ όaƛǎǎƛƴƎ ±ŀƭǳŜǎύ 

ɳʵ˗ ʷ˔ˇˎ˃ʶ ʵˏˇ ʸʶˎʴʱˊʽʰ ˃ʶʻˈʵ˖˄ ˉˇˎ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˁʱ˄ˇˎ˄ ˍˇ ʾʵʽˇ ˉˊʱʴ˃ʰΥ 

¶ .isna() & .isnull(): ɳˉʽˋˍˊʷ˒ˇˎ˄ True h ˄ ʹ ˍʽ˃ʺ ʶʾ˄ʰʽ bŀb όaƛǎǎƛƴƎύΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.isna() -Ҕ ¢ǊǳŜ ˃ˈ˄ˇ ʴʽʰ ˍˇ ˋˍˇʽ˔ʶʾˇ ϥ/ϥΦ 

¶ .notna() & .notnull(): ɳˉʽˋˍˊʷ˒ˇˎ˄ True h ˄ ʹ ˍʽ˃ʺ ˎˉʱˊ˔ʶʽ όʵʶ˄ ʶʾ˄ʰʽ ˁʶ˄ʺύΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.notna() -Ҕ ¢ǊǳŜ ʴʽʰ ˈ˂ʰ ʶˁˍˈˌ ʰˉˈ ˍˇ ϥ/ϥΦ 

Note: ɶ ˔ˊʺˋʹ ˍ˖˄ ƛǎƴŀκƴƻǘƴŀ ˉˊˇˍʽ˃ʱˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋˍʹ ˋˏʴ˔ˊˇ˄ʹ tȅǘƘƻƴΣ ˁʰʻ˗ˌ ˍˇ ˈ˄ˇ˃ʰ ʶʾ˄ʰʽ ˉʽˇ 

ʰˁˊʽʲʷˌ όbκ! - Not Available). 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ŭɘɎűɞɟŮɠ Űɘɛɏɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ NaN 

data = [ 10 ,  25 ,  30 ,  np . nan ,  45 ,  50 ,  18 ,  np . nan ,  32 ,  27 ]  

s = pd . Series ( data ,  name=' ɇɘɛɏɠ' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 1. Boolean indexing (Ůˊɘɚɞɔɐ ɓɎůŮɘ ůɡɜɗɐəɖɠ) 

# ȺˊɘɚɏɔɞɡɛŮ ɛɧɜɞ Űɘɠ Űɘɛɏɠ ˊɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 30 

boolean_indexed = s [ s > 30 ]  

print ( "1. Boolean indexing (s > 30):" )  

print ( boolean_indexed )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 2. .where(cond) ï ŭɘŬŰɖɟŮɑ Űɘɠ Űɘɛɏɠ ɧˊɞɡ ɖ ůɡɜɗɐəɖ ŮɑɜŬɘ True, Ŭɚɚɘɩɠ 

NaN 

# Ⱥŭɩ ŭɘŬŰɖɟɞɨɛŮ Űɘɛɏɠ > 20, Ŭɚɚɘɩɠ NaN 

where_result = s . where ( s > 20)  

print ( "2. .where(s > 20):" )  

print ( where_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 3. .mask(cond) ï ŭɘŬŰɖɟŮɑ Űɘɠ Űɘɛɏɠ ɧˊɞɡ ɖ ůɡɜɗɐəɖ ŮɑɜŬɘ False, Ŭɚɚɘɩɠ 

NaN 

# Ⱥŭɩ ŬˊɞəɟɨˊŰɞɡɛŮ (mask) Űɘɛɏɠ > 20, ŭɖɚ. ŭɘŬŰɖɟɞɨɛŮ Űɘɛɏɠ Ò 20 

mask_result = s . mask( s > 20)  

print ( "3. .mask(s > 20):" )  

print ( mask_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  
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# 4. .between(left, right) ï ŮˊɘůŰɟɏűŮɘ boolean Series Ŭɜ ɖ Űɘɛɐ ɓɟɑůəŮŰŬɘ 

ɛŮŰŬɝɨ ŭɨɞ ɞɟɑɤɜ 

between_result = s . between ( 20 ,  40)   # ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ɧɟɘŬ 

print ( "4. .between(20, 40):" )  

print ( between_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 5. .isin(values) ï ŮɚɏɔɢŮɘ Ŭɜ ɖ Űɘɛɐ ŬɜɐəŮɘ ůŮ ɛɑŬ ɚɑůŰŬ/ůɨɜɞɚɞ 

isin_result = s . isin ([ 25 ,  45 ,  50 ,  100 ])  

print ( "5. .isin([25, 45, 50, 100]):" )  

print ( isin_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 6. .isna() ï ŮˊɘůŰɟɏűŮɘ True ɔɘŬ Űɘɛɏɠ NaN 

isna_result = s . isna ()  

print ( "6. .isna():" )  

print ( isna_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 7. .notna() ï ŮˊɘůŰɟɏűŮɘ True ɔɘŬ ɛɖ-NaN Űɘɛɏɠ 

notna_result = s . notna ()  

print ( "7. .notna():" )  

print ( notna_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 8. .isnull() ï ɘůɞŭɨɜŬɛɞ Űɞɡ .isna()  

isnull_result = s . isnull ()  

print ( "8. .isnull() ( ɑŭɘɞ ɛŮ .isna()):" )  

print ( isnull_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# 9. .notnull() ï ɘůɞŭɨɜŬɛɞ Űɞɡ .notna()  

notnull_result = s . notnull ()  

print ( "9. .notnull() ( ɑŭɘɞ ɛŮ .notna()):" )  

print ( notnull_result )  

print ( " \ n"  + "=" * 50 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: ɉɟɐůɖ Űɤɜ boolean Series ɔɘŬ űɘɚŰɟɎɟɘůɛŬ 

print ( "ȺűŬɟɛɞɔɐ boolean Series ůŰɞ Ŭɟɢɘəɧ Series ( .́ ɢ. 

s[s.between(20,40)]):" )  

print ( s [ s . between ( 20 ,  40)])  
ɼ. 3.3.3Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ɰʁʁ[9!b Lb59·LbD ϧ ʊɹɽʆʄɮʄɹʅɾɮ 

 

 

 

 

 

3.3.4. ʆʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ɮ˄ʰʵʽʱˍʰ˅ʹ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱ˃ʶˍˊˇʽ 

.sort_values() ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʱ ˍʽ˃ʷˌ ascending=True 
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.sort_index() ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˁʰˍʱ ʶˎˊʶˍʺˊʽˇ ascending=True 

.reindex(new_index) ɮ˂˂ʰʴʺ ʶˎˊʶˍʹˊʾˇˎ fill_value=None 

.reset_index() ɳˉʰ˄ʰ˒ˇˊʱ ʶˎˊʶˍʹˊʾˇˎ drop=False 

.reindex_like(other) ɺʵʽˇ ƛƴŘŜȄ ˃ʶ ʱ˂˂ʹ - 

.nlargest(n) ƴ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ keep='first' 

.nsmallest(n) ƴ ˃ʽˁˊˈˍʶˊʶˌ ˍʽ˃ʷˌ keep='first' 

ʃʾ˄ʰˁʰˌ 3.3.6Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ʰ˄ʰʵʽʱˍʰ˅ʹ 

ɳ˄˗ ˇʽ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˃ʷʻˇʵˇʽ ʰ˒ˇˊˇˏˋʰ˄ ˍʹ˄ ʶˉʽ˂ˇʴʺΣ ʰˎˍʷˌ ʶʵ˗ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˇˊʴʱ˄˖ˋʹΣ ˍʹ 

ʵʽʱˍʰ˅ʹ ˁ ʰʽ ˍʹ ˃ˇˊ˒ʺ ̱ ˇˎ {ŜǊƛŜǎ ˋʰˌΦ 

ɮˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ {ŜǊƛŜǎ ˃ʶ ˇ˄ˈ˃ʰˍʰ ˉˊˇʿˈ˄ˍ˖˄ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎˌΥ 

import  pandas as  pd 

 

# ɇɘɛɏɠ ˊɩɚɖůɖɠ ɔɘŬ 4 ˊɟɞɥɧɜŰŬ (ɛŮ ŬɜŬəŬŰŮɛɏɜɞ index) 

prices = pd . Series ([ 150 ,  20 ,  300 ,  80 ],  index =[ 'Laptop' ,  'Mouse' ,  'Monitor' ,  

'Keyboard' ])  
 

1. sort_values() & sort_index() - ɶ ʆʰ˅ʽ˄ˈ˃ʹˋʹ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʲʱʸˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʰˌ ˋʶ ˋʶʽˊʱΦ 

¶ .sort_values(ascending=True)Υ ʆʰ˅ʽ˄ˇ˃ʶʾ ˃ʶ ʲʱˋʹ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ όˍʽˌ ˍʽ˃ʷˌύΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ prices.sort_values() -Ҕ ɸʰ ˒ʷˊʶʽ ˉˊ˗ˍˇ ˍˇ aƻǳǎŜ όнлύ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ ˍˇ 

Monitor (300). 

¶ .sort_index()Υ ʆʰ˅ʽ˄ˇ˃ʶʾ ˃ʶ ʲʱˋʹ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ƛƴŘŜȄ όʰ˂˒ʰʲʹˍʽˁʱύΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ prices.sort_index() -Ҕ ɸʰ ˒ʷˊʶʽ ˉˊ˗ˍˇ ˍˇ YŜȅōƻŀǊŘ ˁʰʽ ˍʶ˂ʶˎˍʰʾˇ ˍˇ 

Mouse. 

2. reindex() & reindex_like() - ɮ˂˂ʰʴʺ ɲˇ˃ʺˌ 

¶ .reindex(new_index)Υ ʅʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʰ˂˂ʱ˅ʶˍʶ ˍʹ ˋʶʽˊʱ ˍ˖˄ ʴˊʰ˃˃˗˄ ʺ ˄ʰ ˉˊˇˋʻʷˋʶˍʶ 

˄ʷʶˌΦ ɮ˄ ˍˇ ˄ʷˇ ƛƴŘŜȄ ˉʶˊʽʷ˔ʶʽ ˁʱˍʽ ˉˇˎ ʵʶ˄ ˎˉʺˊ˔ʶ ˉˊʽ˄Σ ˍʰ tŀƴŘŀǎ ʻʰ ʲʱ˂ˇˎ˄ bŀbΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ prices.reindex(['Laptop', 'Mouse', 'Tablet'], fill_value=0) -Ҕ ɸʰ ˁˊʰˍʺˋʶʽ 

[ŀǇǘƻǇκaƻǳǎŜ ˁʰʽ ʻʰ ˉˊˇˋʻʷˋʶʽ ˍˇ ϥ¢ŀōƭŜǘϥ ˃ʶ ˍʽ˃ʺ лΦ 

¶ .reindex_like(other)Υ ʃʰʾˊ˄ʶʽ ˍˇ ƛƴŘŜȄ ʰˉˈ ʷ˄ʰ ʱ˂˂ˇ {ŜǊƛŜǎ ʺ 5ŀǘŀCǊŀƳŜ ˁʰʽ ˍˇ ʶˉʽʲʱ˂˂ʶʽ ˋˍˇ 

ʵʽˁˈ ˋʰˌΦ ɳʾ˄ʰʽ ˇ ζˁʰʻˊʷ˒ˍʹˌη ˍʹˌ ʵˇ˃ʺˌ ʶ˄ˈˌ ʱ˂˂ˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎΦ 
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3. reset_index() - ɳˉʰ˄ʰ˒ˇˊʱ ˋˍˇ ɾʹʵʷ˄ 

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ζˉʶˍʱʶʽη ˍˇ ˎˉʱˊ˔ˇ˄ ƛƴŘŜȄ όˉΦ˔Φ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ύ ˁʰʽ ʲʱʸʶʽ ˍˇ ˁ˂ʰˋʽˁˈ 

ʰˊʽʻ˃ʹˍʽˁˈ ƛƴŘŜȄ όлΣ мΣ нΦΦΦύΦ 

¶ drop=FalseΥ ʆˇ ˉʰ˂ʽˈ ƛƴŘŜȄ ʴʾ˄ʶˍʰʽ ˋˍʺ˂ʹ ό˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˍˇ {ŜǊƛŜǎ ˋʶ 5ŀǘŀCǊŀƳŜύΦ 

¶ drop=TrueΥ ʆˇ ˉʰ˂ʽˈ ƛƴŘŜȄ ʵʽʰʴˊʱ˒ʶˍʰʽ ˇˊʽˋˍʽˁʱΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ prices.reset_index(drop=True) -Ҕ ɸʰ ʷ˔ʶˍʶ ˃ˈ˄ˇ ˍʽˌ ˍʽ˃ʷˌ ˃ʶ ƛƴŘŜȄ лΣ мΣ 

2, 3. 

4. nlargest() & nsmallest() - ʁʽ ʃˊ˖ˍʰʻ˂ʹˍʷˌ 

ɮ˄ˍʾ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʺˋʶˍʶ ˈ˂ˇ ˍˇ {ŜǊƛŜǎ όˉˇˎ ʶʾ˄ʰʽ ʰˊʴˈ ˋʶ ˃ʶʴʱ˂ʰ ʵʶʵˇ˃ʷ˄ʰύΣ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˋʰˌ 

ʵʾ˄ˇˎ˄ ʴˊʺʴˇˊʰ ˍˇˎˌ Ϧ¢ƻǇ bϦ ʺ ˍˇˎˌ Ϧ.ƻǘǘƻƳ bϦΦ 

¶ .nlargest(2)Υ ɸʰ ʶˉʽˋˍˊʷ˕ʶʽ ˍʽˌ ʵˏˇ ˉʽˇ ʰˁˊʽʲʷˌ ˍʽ˃ʷˌ όaƻƴƛǘƻǊΥ оллΣ [ŀǇǘƻǇΥ мрлύΦ 

¶ .nsmallest(1)Υ ɸʰ ʶˉʽˋˍˊʷ˕ʶʽ ˍʹ ˒ʻʹ˄ˈˍʶˊʹ ˍʽ˃ʺ όaƻǳǎŜΥ нлύΦ 

 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜŮɠ Űɘɛɏɠ əŬɘ ŰɡɢŬɑɞ index 

values = [ 42 ,  15 ,  30 ,  8,  25 ,  50 ,  12 ,  100 ,  33 ,  7]  

index_labels = [ 'zeta' ,  'alpha' ,  'gamma' ,  'beta' ,  'delta' ,  'epsilon' ,  

'eta' ,  'theta' ,  'iota' ,  'kappa' ]  

s = pd . Series ( values ,  index =index_labels ,  name='Numbers' )  

 

print ("ȷɟɢɘəɧ Series (ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɞ):")  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .sort_values() -  ɇŬɝɘɜɧɛɖůɖ əŬŰɎ Űɘɛɏɠ (ascending=True)  

sorted_by_values_asc = s . sort_values ( ascending =True )  

print ( "1. .sort_values(ascending=True):" )  

print ( sorted_by_values_asc )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# .sort_values() ɛŮ descending  

sorted_by_values_desc = s . sort_values ( ascending =False )  

print ( "   .sort_values(ascending=False):" )  

print ( sorted_by_values_desc )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 2. .sort_index() -  ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ŮɡɟŮŰɐɟɘɞ (ascending=True)  

sorted_by_index_asc = s . sort_index ( ascending =True )  

print ( "2. .sort_index(ascending=True):" )  

print ( sorted_by_index_asc )  

print ( " \ n"  + "=" * 60 + " \ n" )  
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# .sort_index() ɛŮ descending  

sorted_by_index_desc = s . sort_index ( ascending =False )  

print ( "   .sort_index(ascending=False):" )  

print ( sorted_by_index_desc )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 3. .reindex(new_index) -  ȷɚɚŬɔɐ ŮɡɟŮŰɖɟɑɞɡ, ɛŮ fill_value ɔɘŬ ɜɏŬ 

ůŰɞɘɢŮɑŬ 

new_index = [ 'alpha' ,  'beta' ,  'gamma' ,  'delta' ,  'epsilon' ,  'zeta' ,  'eta' ,  

'theta' ,  'lambda' ,  'mu' ]  

reindexed = s . reindex ( new_index ,  fill_value =0)   # Ɇɡɛˊɚɐɟɤůɖ ɛŮ 0 ɧˊɞɡ ŭŮɜ 

ɡˊɎɟɢŮɘ Űɘɛɐ 

print ( "3. .reindex(new_index, fill_value=0):" )  

print ( reindexed )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 4. .reset_index() -  ȺˊŬɜŬűɞɟɎ ŮɡɟŮŰɖɟɑɞɡ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ŬəɏɟŬɘɞ index 

# drop=False: ɖ ˊŬɚɘɎ ŮŰɘəɏŰŬ ɔɑɜŮŰŬɘ ůŰɐɚɖ (ůŮ Series ɔɑɜŮŰŬɘ Series ɛŮ 

index 0,1,2,... əŬɘ Űɞ ɧɜɞɛŬ Űɞɡ index ˊɟɞůŰɑɗŮŰŬɘ ɤɠ 'index') 

reset_drop_false = s . reset_index ( drop =False )   # drop=False -> ŭɘŬŰɖɟŮɑ Űɞ 

ˊŬɚɘɧ index ɤɠ ůŰɐɚɖ 'index' (Series -> Series ɛŮ index 0..n əŬɘ ŰŬ 

ŭŮŭɞɛɏɜŬ? Ʉɟɞůɞɢɐ: reset_index ůŮ Series ŮˊɘůŰɟɏűŮɘ DataFrame Ŭɜ 

drop=False; ȷɠ Űɞ ŭɘŮɡəɟɘɜɑůɞɡɛŮ.) 

# ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɖ .reset_index() ůŮ Series ŮˊɘůŰɟɏűŮɘ DataFrame Ŭɜ 

drop=False, ɔɘŬŰɑ ŭɖɛɘɞɡɟɔŮɑ ůŰɐɚɖ ɛŮ Űɞɜ ˊŬɚɘɧ index. ũɘŬ ɜŬ Űɞ ŭŮɑɝɞɡɛŮ 

ůɤůŰɎ, ɗŬ Űɞ ŭɘŬɢɤɟɑůɞɡɛŮ: 

print ("4. .reset_index(drop=False): ȺˊɘůŰɟɏűŮɘ DataFrame:")  

reset_df = s . reset_index ( drop =False )  

print ( reset_df )  

print ( " \ nȷɜ drop=True, Űɞ index ɔɑɜŮŰŬɘ default integer index, ɢɤɟɑɠ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ˊŬɚɘɎɠ ŮŰɘəɏŰŬɠ:" )  

reset_drop_true = s . reset_index ( drop =True )  

print ( reset_drop_true )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 5. .reindex_like(other) -  ɄɟɞůŬɟɛɞɔɐ index ůɨɛűɤɜŬ ɛŮ Ɏɚɚɞ Series 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ Ɏɚɚɞ Series ɛŮ ŭɘŬűɞɟŮŰɘəɧ index 

other_series = pd . Series ([ 1,  2,  3,  4],  index =[ 'alpha' ,  'beta' ,  'gamma' ,  

'delta' ])  

reindex_like_result = s . reindex_like ( other_series )   # ɄŬɑɟɜŮɘ Űɞ index Űɞɡ 

other_series, Űɘɛɏɠ Ŭˊɧ Űɞ s ( ɐ NaN Ŭɜ ŭŮɜ ɡˊɎɟɢɞɡɜ)  

print ( "5. .reindex_like(other_series) ɛŮ other_series index 

['alpha','beta','gamma','delta']:" )  

print ( reindex_like_result )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 6. .nlargest(n) -  ȺˊɘůŰɟɞűɐ Űɤɜ n ɛŮɔŬɚɨŰŮɟɤɜ Űɘɛɩɜ 

n_largest_3 = s . nlargest ( 3)   # əɟŬŰɎŮɘ default keep='first' (Ŭɜ ɡˊɎɟɢɞɡɜ 

ɘůɞˊŬɚɑŮɠ) 

print ( "6. .nlargest(3):" )  

print ( n_largest_3 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# .nlargest ɛŮ keep='last' ( ˊɟɞŬɘɟŮŰɘəɎ)  

n_largest_3_last = s . nlargest ( 3,  keep ='last' )  

print ( "   .nlargest(3, keep='last'):" )  

print ( n_largest_3_last )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 7. .nsmallest(n) -  ȺˊɘůŰɟɞűɐ Űɤɜ n ɛɘəɟɧŰŮɟɤɜ Űɘɛɩɜ 

n_smallest_4 = s . nsmallest ( 4)  
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print ( "7. .nsmallest(4):" )  

print ( n_smallest_4 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# .nsmallest ɛŮ keep='last'  

n_smallest_4_last = s . nsmallest ( 4,  keep ='last' )  

print ( "   .nsmallest(4, keep='last'):" )  

print ( n_smallest_4_last )  

print ( " \ n"  + "=" * 60 + " \ n" )  
ɼΦ 3.3.4Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ʰ˄ʰʵʽʱˍʰ˅ʹ 

3.3.5. ɳˉʶ˅ʶˊʴʰˋʾʰ bŀb ʆʽ˃˗˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱ˃ʶˍˊˇʽ 

.dropna() ɲʽʰʴˊʰ˒ʺ bŀb ˍʽ˃˗˄ axis=0 

.fillna(value) ʅˎ˃ˉ˂ʺˊ˖ˋʹ bŀb method=None 

.ffill()  Forward fill - 

.bfill() Backward fill - 

.isna() ɴ˂ʶʴ˔ˇˌ ʴʽʰ bŀb - 

.notna() ɴ˂ʶʴ˔ˇˌ ʴʽʰ ˃ʹ-NaN - 

.interpolate() ʃʰˊʶ˃ʲˇ˂ʺ ˍʽ˃˗˄ method='linear' 

ʃʾ˄ʰˁʰˌ 3.3.7Υ ɾʷʻˇʵˇʽ ʴʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ bŀb ˍʽ˃˗˄ 

ʆ˗ˊʰ ˃ˉʰʾ˄ˇˎ˃ʶ ˋˍʹ˄ ˁʰˊʵʽʱ ˍˇˎ Data CleaningΦ ʅˍˇ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˁˈˋ˃ˇΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ 

ζʲˊ˗˃ʽˁʰη ˁʰʽ ʴʶ˃ʱˍʰ ˁʶ˄ʱ όbŀb - bƻǘ ŀ bǳƳōŜǊύΦ ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ʴʽʰ ˄ʰ ʰˉˇ˒ʰˋʾˋʶʽˌ ʰ˄ ʻʰ ˉʶˍʱ˅ʶʽˌ ˍʰ ˉˊˇʲ˂ʹ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʺ ʰ˄ ʻʰ ˍʰ 

ζ˃ʰ˄ˍʷ˕ʶʽˌη ʴʽʰ ˄ʰ ˋ˗ˋʶʽˌ ˍʹ˄ ˉʰˊˍʾʵʰΦ 

ɮˌ ˉʱˊˇˎ˃ʶ ʷ˄ʰ {ŜǊƛŜǎ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˃ʷˋʰ ˋˍʹ˄ ʹ˃ʷˊʰΣ ˈˉˇˎ ˇ ʰʽˋʻʹˍʺˊʰˌ 

ʶʾ˔ʶ ˁʱˉˇʽʶˌ ʵʽʰˁˇˉʷˌΥ 

import  pandas as  pd 

import  numpy as  np 

 

# ŪŮɟɛɞəɟŬůɑŮɠ ɛŮ əŮɜɎ 

temp = pd . Series ([ 20 ,  np . nan ,  22 ,  np . nan ,  np . nan ,  26 ],  index =[ '08:00' ,  

'09:00' ,  '10:00' ,  '11:00' ,  '12:00' ,  '13:00' ])  
 

1. .dropna() - ɶ ʄʽʸʽˁʺ ɽˏˋʹ 

ɮ˄ ʵʶ˄ ʶ˃ˉʽˋˍʶˏʶˋʰʽ ˍʰ ˁʶ˄ʱΣ ʰˉ˂ʱ ˍʰ ʵʽʰʴˊʱ˒ʶʽˌΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ temp.dropna() -Ҕ ɸʰ ʶˉʽˋˍˊʷ˕ʶʽ ˃ˈ˄ˇ ˍʽˌ о ˗ˊʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˍʽ˃ʺ όлуΥллΣ млΥллΣ 

13:00). 
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¶ ʃʰˊʱ˃ʶˍˊˇˌ ŀȄƛǎΥ ʅˍˇ {ŜǊƛŜǎ ʶʾ˄ʰʽ ˉʱ˄ˍʰ л όʴˊʰ˃˃ʷˌύΦ ʅˍʰ 5ŀǘŀCǊŀƳŜǎ ˃ˉˇˊʶʾˌ ˄ʰ ʵʽʰʴˊʱ˕ʶʽˌ 

ˇ˂ˈˁ˂ʹˊʶˌ ˋˍʺ˂ʶˌ ˃ʶ ŀȄƛǎҐмΦ 

2. .fillna(value) - ɶ ʅˍʰʻʶˊʺ ʅˎ˃ˉ˂ʺˊ˖ˋʹ 

ɮ˄ˍʽˁʰʻʽˋˍʱˌ ˁʱʻʶ bŀb ˃ʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ʺ ʷ˄ʰ ˋˍʰˍʽˋˍʽˁˈ ˋˍˇʽ˔ʶʾˇ όˉΦ˔Φ ˍˇ˄ ˃ʷˋˇ ˈˊˇύΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ temp.fillna(0) -Ҕ ʂ˂ʰ ˍʰ ˁʶ˄ʱ ʴʾ˄ˇ˄ˍʰʽ лΦ 

¶ ʃʽˇ ʷ˅ˎˉ˄ˇΥ temp.fillna(temp.mean()) -Ҕ ɱʶ˃ʾʸʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ ˍʹ ˃ʷˋʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˍ˖˄ 

ˎˉˈ˂ˇʽˉ˖˄ ˖ˊ˗˄Φ 

3. .ffill() & .bfill() - ɶ ɽˇʴʽˁʺ ˍʹˌ ɱʶʽˍˇ˄ʽʱˌ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ζˍʶ˃ˉʷ˂ʽˁʶˌη ʰ˂˂ʱ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌΣ ʶʽʵʽˁʱ ˋʶ ˔ˊˇ˄ˇˋʶʽˊʷˌΦ 

¶ .ffill() (Forward Fill): ʃʰʾˊ˄ʶʽ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʴ˄˖ˋˍʺ ˍʽ˃ʺ ˁʰʽ ˍʹ ˋˉˊ˗˔˄ʶʽ ˉˊˇˌ ˍʰ ʶ˃ˉˊˈˌΦ 

o ɮˉˇˍʷ˂ʶˋ˃ʰΥ ʅˍʽˌ лфΥлл ʻʰ ʲʱ˂ʶʽ нл όʰˎˍˈ ˉˇˎ ʶʾ˔ʶ ˋˍʽˌ луΥллύΦ 

¶ .bfill() (Backward Fill): ʃʰʾˊ˄ʶʽ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʴ˄˖ˋˍʺ ˍʽ˃ʺ ˁʰʽ ˍʹ ˒ʷˊ˄ʶʽ ˉˊˇˌ ˍʰ ˉʾˋ˖Φ 

o ɮˉˇˍʷ˂ʶˋ˃ʰΥ ʅˍʽˌ лфΥлл ʻʰ ʲʱ˂ʶʽ нн όʰˎˍˈ ˉˇˎ ʷ˔ʶʽ ˋˍʽˌ млΥллύΦ 

4. .isna() & .notna() - ʁ ɴ˂ʶʴ˔ˇˌ 

ʆʽˌ ʶʾʵʰ˃ʶ ˁʰʽ ˉˊʽ˄Σ ʰ˂˂ʱ ʶʵ˗ ʶʾ˄ʰʽ ʹ ʲʰˋʽˁʺ ˍˇˎˌ ˔ˊʺˋʹΥ ˇ ʶ˄ˍˇˉʽˋ˃ˈˌΦ 

¶ .isna(): ʅˇˎ ʵʶʾ˔˄ʶʽ ˉˇˏ ʷ˔ʶʽˌ ζˍˊˏˉʶˌηΦ ɮ˄ ʴˊʱ˕ʶʽˌ ǘŜƳǇΦƛǎƴŀόύΦǎǳƳόύΣ ʻʰ ˋˇˎ ˉʶʽ ʰˁˊʽʲ˗ˌ 

ˉˈˋʶˌ ˍʽ˃ʷˌ ˂ʶʾˉˇˎ˄ όʶʵ˗ оύΦ 

¶ .notna(): ʆˇ ʰ˄ˍʾʻʶˍˇΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˄ʰ ʵʶʽˌ ˉˈˋʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ʷʴˁˎˊʰΦ 

5. .interpolate() - ɶ ζɴ˅ˎˉ˄ʹη ʃˊˈʲ˂ʶ˕ʹ 

ɮ˄ˍʾ ˄ʰ ʴʶ˃ʾˋʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ ˃ʽʰ ˋˍʰʻʶˊʺ ˍʽ˃ʺΣ ʹ ΦƛƴǘŜǊǇƻƭŀǘŜόύ ˉˊˇˋˉʰʻʶʾ ˄ʰ ʲˊʶʽ ˍʹ ʵʽʰʵˊˇ˃ʺ ˃ʶˍʰ˅ˏ 

ʵˏˇ ˋʹ˃ʶʾ˖˄Φ ɶ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʹ linear όʴˊʰ˃˃ʽˁʺύΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ ɮ˄ ˋˍʽˌ луΥлл ʷ˔ʶʽ нл ˁʰʽ ˋˍʽˌ млΥлл ʷ˔ʶʽ ннΣ ʹ ˃ʷʻˇʵˇˌ ʻʰ ζ˃ʰ˄ˍʷ˕ʶʽη ˈˍʽ ˋˍʽˌ 

лфΥлл ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʺˍʰ˄ нмΦ 

¶ ɾʰʻʹ˃ʰˍʽˁʱΥ ɱʽʰ ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ ˃ʶˍʰ˅ˏ ʵˏˇ ˋʹ˃ʶʾ˖˄ 1 1( , )x y  ˁ ʰʽ 2 2( , )x y Σ ʹ ˍʽ˃ʺ y  

ˋˍˇ ˋʹ˃ʶʾˇ x  ˎ ˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌΥ 

2 1
1 1

2 1

( )
y y

y y x x
x x

-
= + -

-
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ɶ ˉʰˊʱ˃ʶˍˊˇˌ ƛƴǇƭŀŎŜҐ¢ǊǳŜΣ ʰ˄ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌΣ ʹ ʰ˂˂ʰʴʺ ʻʰ ʴʾ˄ʶʽ ˉʱ˄˖ ˋˍˇ ʰˊ˔ʽˁˈ {ŜǊƛŜǎ ˁʰʽ 

ʵʶ˄ ʻʰ ˔ˊʶʽʰˋˍʶʾ ˄ʰ ˍˇ ʶˁ˔˖ˊʺˋʶʽˌ ˅ʰ˄ʱ όˉΦ˔Φ ǘŜƳǇΦŘǊƻǇƴŀόƛƴǇƭŀŎŜҐ¢ǊǳŜύ ʰ˄ˍʾ ʴʽʰ ǘŜƳǇ Ґ 

ǘŜƳǇΦŘǊƻǇƴŀόύύΦ ʍˋˍˈˋˇΣ ʹ ˋˏʴ˔ˊˇ˄ʹ ˍʱˋʹ ˋˍʰ tŀƴŘŀǎ ʶʾ˄ʰʽ ˄ʰ ˍˇ ʰˉˇ˒ʶˏʴˇˎ˃ʶ ʴʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ˉʽˇ 

ˁʰʻʰˊˈ ˁ˗ʵʽˁʰΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ Űɘɛɏɠ əŬɘ NaN (ɛŮ ŮŰɘəɏŰŮɠ string) 

data = [ 10 ,  25 ,  np . nan ,  30 ,  np . nan ,  45 ,  50 ,  np . nan ,  18 ,  32 ]  

index_labels = [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ,  'H' ,  'I' ,  'J' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȹŮŭɞɛɏɜŬ' )  

 

print ( "ȷɟɢɘəɧ Series ɛŮ NaN:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .dropna()  

s_dropna = s . dropna ()  

print ( "1. .dropna():" )  

print ( s_dropna )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 2. .fillna(value)  

s_fillna_value = s . fillna ( 0)  

print ( "2. .fillna(0):" )  

print ( s_fillna_value )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 3. .fillna(method='ffill')  

s_fillna_ffill = s . fillna ( method ='ffill' )  

print ( "3. .fillna(method='ffill'):" )  

print ( s_fillna_ffill )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 4. .ffill()  

s_ffill = s . ffill ()  

print ( "4. .ffill():" )  

print ( s_ffill )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 5. .bfill()  

s_bfill = s . bfill ()  

print ( "5. .bfill():" )  

print ( s_bfill )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 6. .isna()  

s_isna = s . isna ()  

print ( "6. .isna():" )  

print ( s_isna )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 7. .notna()  

s_notna = s . notna ()  

print ( "7. .notna():" )  

print ( s_notna )  

print ( " \ n"  + "=" * 60 + " \ n" )  
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# 8. .interpolate(method='linear') -  ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɞˊɞɘɞŭɐˊɞŰŮ index  

s_interpolate_linear = s . interpolate ( method ='linear' )  

print ( "8. .interpolate(method='linear'):" )  

print ( s_interpolate_linear )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 9. .interpolate(method='polynomial', order=2) -  ŬˊŬɘŰŮɑ ŬɟɘɗɛɖŰɘəɧ index  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ˊɟɞůɤɟɘɜɧ Series ɛŮ ŬɟɘɗɛɖŰɘəɧ index (reset_index) 

s_numeric_index = s . reset_index ( drop =True )  

s_interpolate_poly = s_numeric_index . interpolate ( method ='polynomial' ,  

order =2)  

print ( "9. .interpolate(method='polynomial', order=2) ( ɛŮ ŬɟɘɗɛɖŰɘəɧ 

index):" )  

print ( s_interpolate_poly )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: .bfill() ɛŮ limit  

s_bfill_limit = s . bfill ( limit =1)  

print ( "Ⱥˊɘˊɚɏɞɜ: .bfill(limit=1):" )  

print ( s_bfill_limit )  
ɼΦ 3.3.5Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ bŀb ˍʽ˃˗˄ 

 

3.3.6. ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇʾ ʆˏˉ˖˄ ϧ ʆʽ˃˗˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

.astype(dtype) ɮ˂˂ʰʴʺ ˍˏˉˇˎ ʵʶʵˇ˃ʷ˄˖˄ s.astype(float) 

.convert_dtypes() ɾʶˍʰˍˊˇˉʺ ˋʶ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇˎˌ ˍˏˉˇˎˌ - 

.infer_objects() ɳˁˍʾ˃ʹˋʹ ˍˏˉ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ - 

.replace(to_replace) ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍʽ˃˗˄ ϑˉʰ˂ʽʱΥ ˄ʷʰϒ 

.map(mapper) ɮ˄ˍʽˋˍˇʾ˔ʽˋʹ ˍʽ˃˗˄ ɽʶ˅ʽˁˈκˋˎ˄ʱˊˍʹˋʹ 

.apply(func) ɳ˒ʰˊ˃ˇʴʺ ˋˎ˄ʱˊˍʹˋʹˌ - 

.rename(name) ɮ˂˂ʰʴʺ ˇ˄ˈ˃ʰˍˇˌ {ŜǊƛŜǎ - 

.copy(deep) ɲʹ˃ʽˇˎˊʴʾʰ ʰ˄ˍʽʴˊʱ˒ˇˎ deep=True 

ʃʾ˄ʰˁʰˌ 3.3.8Υ ɾʷʻˇʵˇʽ ʴʽʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˍˏˉ˖˄ ˁʰʽ ˍʽ˃˗˄ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʵʶ˄ ʰ˂˂ʱʸˇˎ˄ ʰˉ˂˗ˌ ˍʹ ʵʽʱˍʰ˅ʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ʰ˂˂ʱ ˍʹ ˒ˏˋʹ ̱ ˇˎˌ όˍˇ˄ ˍˏˉˇ ˍˇˎˌύ 

ˁʰʽ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˈ ˍˇˎˌΦ ɳʾ˄ʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ 

ζˁʰʻʰˊʱη ˁʰʽ ˋˎ˃ʲʰˍʱ ˃ʶ ˃ʰʻʹ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΦ 

ɮˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ {ŜǊƛŜǎ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ζʰˁʰˍʱˋˍʰˍʰη ʵʶʵˇ˃ʷ˄ʰΥ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹŮŭɞɛɏɜŬ ˊɞɡ ɛɞɘɎɕɞɡɜ ɛŮ Ŭɟɘɗɛɞɨɠ ŬɚɚɎ ŮɑɜŬɘ strings, əŬɘ ɛŮɟɘəɎ codes 

s = pd . Series ([ '1' ,  '2' ,  '3.5' ,  '4' ],  name='Prices' )  

codes = pd . Series ([ 'A' ,  'B' ,  'A' ,  'C' ],  name='Categories' )  
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1. astype() & convert_dtypes() - ɶ ɮ˂˂ʰʴʺ ʆˏˉˇˎ 

¶ .astype(dtype)Υ ɮ˄ʰʴˁʱʸʶʽ ˍˇ {ŜǊƛŜǎ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ʷ˄ʰ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˍˏˉˇΦ ʃˇ˂ˏ ˔ˊʺˋʽ˃ˇ 

ˈˍʰ˄ ˒ˇˊˍ˗˄ʶʽˌ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˇʽ ʰˊʽʻ˃ˇʾ ʵʽʰʲʱʸˇ˄ˍʰʽ ˖ˌ ˁʶʾ˃ʶ˄ˇΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.astype(float) -Ҕ ɾʶˍʰˍˊʷˉʶʽ ˍʰ ǎǘǊƛƴƎǎ ˋʶ ʵʶˁʰʵʽˁˇˏˌ ʰˊʽʻ˃ˇˏˌΦ 

¶ .convert_dtypes()Υ ɶ ˉʽˇ ζʷ˅ˎˉ˄ʹη ʷˁʵˇˋʹΦ ʆˇ tŀƴŘŀǎ ʶ˅ʶˍʱʸʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʶˉʽ˂ʷʴʶʽ 

˃ˈ˄ˇ ˍˇˎ ˍˇ˄ ˁʰ˂ˏˍʶˊˇ ʵˎ˄ʰˍˈ ˍˏˉˇ όˉΦ˔Φ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇˎˌ ˄ʷˇˎˌ ƴǳƭƭŀōƭŜ ƛƴǘŜƎŜǊ ˍˏˉˇˎˌ 

ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˁʶ˄ʱύΦ 

2. .infer_objects() - ɶ ɳˁˍʾ˃ʹˋʹ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˈˍʰ˄ ʷ˔ʶʽˌ ʷ˄ʰ {ŜǊƛŜǎ ˃ʶ ˍˏˉˇ ƻōƧŜŎǘ όʴʶ˄ʽˁˈ ˁʶʾ˃ʶ˄ˇκ˃ʶʾʴ˃ʰύΦ ɶ ˃ʷʻˇʵˇˌ 

ˉˊˇˋˉʰʻʶʾ ˄ʰ ˁʰˍʰ˂ʱʲʶʽ ʰ˄ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˃ʷˋʰ ʶʾ˄ʰʽ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˁʱˍʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

όˈˉ˖ˌ ƛƴǘŜƎŜǊǎ ʺ Ŧƭƻŀǘǎύ ˁʰʽ ˍʰ ˃ʶˍʰˍˊʷˉʶʽ ʰ˄ʰ˂ˈʴ˖ˌΦ 

3. .replace() & .map() - ɶ ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ 

ɳʵ˗ ʰ˂˂ʱʸˇˎ˃ʶ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍ˖˄ ˁʶ˂ʽ˗˄Φ 

¶ ΦǊŜǇƭŀŎŜόϑˉʰ˂ʽˈΥ ˄ʷˇϒύΥ ɹʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ʵʽˇˊʻ˗ˋʶʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˂ʱʻʹΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.replace({'1': '10'}) -Ҕ ʂˉˇˎ ʷʲ˂ʶˉʶ ϥмϥΣ ˍ˗ˊʰ ʲʱʸʶʽ ϥмлϥΦ 

¶ .map(mapper)Υ ʃʽˇ ʽˋ˔ˎˊˈΦ ɾˉˇˊʶʾ ˄ʰ ˉʱˊʶʽ ʷ˄ʰ ˂ʶ˅ʽˁˈ ʺ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˁʰʽ ˄ʰ 

˃ʶˍʰˋ˔ʹ˃ʰˍʾˋʶʽ ˁʱʻʶ ̱ ʽ˃ʺΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ codes.map({'A': 'High', 'B': 'Medium', 'C': 'Low'}). 

4. .apply(func) - ɶ ɳ˒ʰˊ˃ˇʴʺ ʅˎ˄ʰˊˍʺˋʶ˖˄ 

ɮ˄ ˇʽ ʷˍˇʽ˃ʶˌ ˃ʷʻˇʵˇʽ ʵʶ˄ ˋˇˎ ˒ˍʱ˄ˇˎ˄Σ ˃ˉˇˊʶʾˌ ˄ʰ ʴˊʱ˕ʶʽˌ ˍʹ ʵʽˁʺ ˋˇˎ ˋˎ˄ʱˊˍʹˋʹ ˁʰʽ ˄ʰ ˍʹ˄ 

ʶ˒ʰˊ˃ˈˋʶʽˌ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ s.astype(float).apply(lambda x: x**2) -Ҕ ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ˍʶˍˊʱʴ˖˄ˇ ˁʱʻʶ ˍʽ˃ʺˌΦ 

5. .rename() & .copy() - ʆʰˎˍˈˍʹˍʰ ˁʰʽ ɮˋ˒ʱ˂ʶʽʰ 

¶ .rename('NewName')Υ ɮ˂˂ʱʸʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ʾʵʽˇˎ ˍˇˎ {ŜǊƛŜǎ όˈ˔ʽ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄ύΦ ɳʾ˄ʰʽ 

˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ˉˊˇʶˍˇʽ˃ʱʸʶʽˌ ʷ˄ʰ {ŜǊƛŜǎ ʴʽʰ ˄ʰ ˍˇ ʶ˄˗ˋʶʽˌ όƳŜǊƎŜύ ˃ʶ ʷ˄ʰ ʱ˂˂ˇ 5ŀǘŀCǊŀƳŜΦ 
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¶ .copy(deep=True): ʃˊˇˋˇ˔ʺ ʶʵ˗Φ ɮ˄ ʴˊʱ˕ʶʽˌ ǎн Ґ ǎΣ ˍˈˍʶ ˈˉˇʽʰ ʰ˂˂ʰʴʺ ˁʱ˄ʶʽˌ ˋˍˇ ǎн ʻʰ 

ʰ˂˂ʱ˅ʶʽ ˁʰʽ ˍˇ ʰˊ˔ʽˁˈ ǎΦ ɾʶ ˍˇ ΦŎƻǇȅόύΣ ʵʹ˃ʽˇˎˊʴʶʾˌ ʷ˄ʰ ʶ˄ˍʶ˂˗ˌ ʰ˄ʶ˅ʱˊˍʹˍˇ ʰ˄ˍʾʴˊʰ˒ˇ ˋˍʹ 

˃˄ʺ˃ʹΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ ɛɘəŰɞɨɠ Űɨˊɞɡɠ ŭŮŭɞɛɏɜɤɜ 

data = [ '1' ,  '2' ,  '3.5' ,  '4.0' ,  '5' ,  '6' ,  np . nan ,  '8' ,  '9' ,  '10' ]  

s = pd . Series ( data ,  index =range ( 10 ,  20),  name='original_series' )  

print ( "ȷɟɢɘəɧ Series ( ɛŮ strings əŬɘ NaN):" )  

print ( s )  

print ( "ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ:" ,  s . dtype )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .astype(dtype) -  ȷɚɚŬɔɐ Űɨˊɞɡ ůŮ float ( ŬɔɜɞŮɑ ŰŬ NaN; ŰŬ NaN 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ float NaN)  

s_float = s . astype ( float )  

print ( "1. .astype(float):" )  

print ( s_float )  

print ( "Ɂɏɞɠ Űɨˊɞɠ:" ,  s_float . dtype )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 2. .convert_dtypes() -  ɀŮŰŬŰɟɞˊɐ ůŮ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɞɡɠ Űɨˊɞɡɠ pandas 

# (ˊ.ɢ. Int64 ɔɘŬ ŬəɏɟŬɘɞɡɠ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ NaN, string Űɨˊɞ əɚˊ.) 

s_converted = s . convert_dtypes ()  

print ( "2. .convert_dtypes():" )  

print ( s_converted )  

print ( "Ɂɏɞɠ Űɨˊɞɠ:" ,  s_converted . dtype )   # ɄɘɗŬɜɎ string ɐ Int64 ŬɜɎɚɞɔŬ 

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 3. .infer_objects() -  ȺəŰɑɛɖůɖ Űɨˊɤɜ ɔɘŬ object columns  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ Series ɛŮ Űɨˊɞ object ŬɚɚɎ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ ɤɠ 

strings  

s_object = pd . Series ([ '1' ,  '2.2' ,  '3' ,  '4.5' ],  dtype ='object' )  

print ( "Ʉɟɘɜ .infer_objects():" )  

print ( s_object )  

print ( "dtype:" ,  s_object . dtype )  

s_inferred = s_object . infer_objects ()  

print ( "3. .infer_objects():" )  

print ( s_inferred )  

print ("dtype ɛŮŰɎ:",  s_inferred . dtype )   # ɄɟɏˊŮɘ ɜŬ ɔɑɜŮɘ float64 Ŭɜ ɧɚŬ ŰŬ 

strings ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ Ŭɟɘɗɛɞɑ 

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 4. .replace(to_replace) -  ȷɜŰɘəŬŰɎůŰŬůɖ Űɘɛɩɜ 

# ȷɜŰɘəŬŰɎůŰŬůɖ ůɡɔəŮəɟɘɛɏɜɤɜ Űɘɛɩɜ, ˊ.ɢ. Űɞ '3.5' ɛŮ 999, Űɞ NaN ɛŮ - 1 

# ɀˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɚŮɝɘəɧ {ˊŬɚɘɎ: ɜɏŬ} 

s_replaced = s . replace ({ '3.5' :  999 ,  np . nan :  - 1})  

print ( "4. .replace({'3.5': 999, np.nan: - 1}):" )  

print ( s_replaced )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 5. .map(mapper) -  ȷɜŰɘůŰɞɑɢɘůɖ Űɘɛɩɜ ɛŮ ɚŮɝɘəɧ ɐ ůɡɜɎɟŰɖůɖ 

# Ʉ.ɢ. ŬɜŰɘůŰɞɑɢɘůɖ ŬɟɘɗɛɖŰɘəɩɜ Űɘɛɩɜ (ɛŮŰɎ Ŭˊɧ ɛŮŰŬŰɟɞˊɐ) ůŮ əŬŰɖɔɞɟɑŮɠ 

# ɄɟɩŰŬ ɛŮŰŬŰɟɏˊɞɡɛŮ ůŮ float ɔɘŬ ɜŬ ɏɢɞɡɛŮ Ŭɟɘɗɛɞɨɠ 

s_num = s . astype ( float )  

# ȿŮɝɘəɧ ŬɜŰɘůŰɞɑɢɘůɖɠ: Űɘɛɏɠ < 5 -> 'ɛɘəɟɧ', >=5 -> 'ɛŮɔɎɚɞ' 
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# Ʉɟɞůɞɢɐ: .map() ɛŮ ɚŮɝɘəɧ ɗŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ ɛɧɜɞ ɧůŮɠ Űɘɛɏɠ ɡˊɎɟɢɞɡɜ ɤɠ 

əɚŮɘŭɘɎ, ɞɘ ɡˊɧɚɞɘˊŮɠ ɔɑɜɞɜŰŬɘ NaN 

# ũɘ' ŬɡŰɧ əŬɚɨŰŮɟŬ ɛŮ ůɡɜɎɟŰɖůɖ: 

def  categorize ( val ):  

    if  pd . isna ( val ):  

        return  ' ɎɔɜɤůŰɞ'  

    elif  val < 5:  

        return  ' ɛɘəɟɧ'  

    else :  

        return  ' ɛŮɔɎɚɞ'  

 

s_mapped = s_num. map( categorize )  

print ( "5. .map(categorize) ( ɛŮ ůɡɜɎɟŰɖůɖ):" )  

print ( s_mapped )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 6. .apply(func) -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ůŰɞɘɢŮɑɞ 

# ɀˊɞɟɞɨɛŮ ɜŬ ŮűŬɟɛɧůɞɡɛŮ ɞˊɞɘŬŭɐˊɞŰŮ ůɡɜɎɟŰɖůɖ, ˊ.ɢ. ŰŮŰɟɎɔɤɜɞ 

s_squared = s_num. apply ( lambda  x :  x** 2 if  not  pd . isna ( x )  else  np . nan )  

print ( "6. .apply(lambda x: x**2) ( ŰŮŰɟɎɔɤɜɞ, ŬɔɜɞɩɜŰŬɠ NaN):" )  

print ( s_squared )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 7. .rename(name) -  ȷɚɚŬɔɐ ɞɜɧɛŬŰɞɠ Series  

s_renamed = s . rename ( 'renamed_series' )  

print ( "7. .rename('renamed_series'):" )  

print ( s_renamed )  

print ( "ȳɜɞɛŬ:" ,  s_renamed . name)  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 8. .copy(deep=True) -  ȹɖɛɘɞɡɟɔɑŬ ŬɜŰɘɔɟɎűɞɡ 

s_copy = s . copy ( deep =True )  

print ( "8. .copy(deep=True):" )  

print ( s_copy )  

print ("ȺɑɜŬɘ Űɞ ɑŭɘɞ ŬɜŰɘəŮɑɛŮɜɞ;",  s_copy is  s )   # False  

print ("ɇɟɞˊɞˊɞɘɞɨɛŮ Űɞ ŬɜŰɑɔɟŬűɞ -  ˊɟɞůɗɏŰɞɡɛŮ 100 ůŰŬ ˊɟɩŰŬ 5 ůŰɞɘɢŮɑŬ")  

s_copy . iloc [: 5]  = s_copy . iloc [: 5]. astype ( float )  + 100  

print ("ɇɟɞˊɞˊɞɘɖɛɏɜɞ ŬɜŰɑɔɟŬűɞ:")  

print ( s_copy )  

print ("ȷɟɢɘəɧ ˊŬɟŬɛɏɜŮɘ ɑŭɘɞ:")  

print ( s . head ())  

print ( " \ n"  + "=" * 60 + " \ n" )  
ɼΦ 3.3.6Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˍˏˉ˖˄ ˁʰʽ ˍʽ˃˗˄ 

3.3.7. ʅˍʰˍʽˋˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.count() ʃ˂ʺʻˇˌ ˃ʹ-NaN ɮˁʷˊʰʽˇˌ 

.sum() ɯʻˊˇʽˋ˃ʰ ɮˊʽʻ˃ˈˌ 

.mean() ɾʷˋˇˌ ˈˊˇˌ ɮˊʽʻ˃ˈˌ 

.median() ɲʽʱ˃ʶˋˇˌ ɮˊʽʻ˃ˈˌ 

.mode() ɳˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺ Series 

.min() ɳ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ɮˊʽʻ˃ˈˌ 

.max() ɾʷʴʽˋˍʹ ˍʽ˃ʺ ɮˊʽʻ˃ˈˌ 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.std() ʆˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ɮˊʽʻ˃ˈˌ 

.var() ɲʽʰˁˏ˃ʰ˄ˋʹ ɮˊʽʻ˃ˈˌ 

.sem() ʅ˒ʱ˂˃ʰ ˃ʷˋˇˎ ˈˊˇˎ ɮˊʽʻ˃ˈˌ 

.quantile(q) ʃˇˋˇˋˍʹ˃ˈˊʽˇ ɮˊʽʻ˃ˈˌ 

.skew() ɽˇ˅ˈˍʹˍʰ ɮˊʽʻ˃ˈˌ 

.kurtosis() ɼˏˊˍ˖ˋʹ ɮˊʽʻ˃ˈˌ 

.describe() ʃ˂ʺˊʹˌ ˋˍʰˍʽˋˍʽˁʺ ˋˏ˄ˇ˕ʹ  

ʃʾ˄ʰˁʰˌ 3.3.9Υ ɾʷʻˇʵˇʽ ʴʽʰ ʅˍʰˍʽˋˍʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺ ό5ŜǎŎǊƛǇǘƛǾŜ {ǘŀǘƛǎǘƛŎǎύ ˁʰʽ ˃ʰˌ ʶˉʽˍˊʷˉˇˎ˄ 

˄ʰ ˁʰˍʰ˂ʱʲˇˎ˃ʶ ˍʹ˄ ζˉˊˇˋ˖ˉʽˁˈˍʹˍʰη ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʰˌ ˃ʶ ˃ʶˊʽˁʱ ˃ˈ˄ˇ ˁ˂ʽˁΦ 

ɮˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ {ŜǊƛŜǎ ˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇˎˌ ʲʰʻ˃ˇˏˌ ˃ʽʰˌ ˍʱ˅ʹˌ ό˃ʶ ʷ˄ʰ ˁʶ˄ˈ ʴʽʰ ʷ˄ʰ˄ 

˃ʰʻʹˍʺ ˉˇˎ ʷ˂ʶʽˉʶύΥ 

import  pandas as  pd 

import  numpy as  np 

 

grades = pd . Series ([ 12 ,  15 ,  15 ,  18 ,  20 ,  np . nan ,  14 ],  name="Grades" )  
 

мΦ ɼʶ˄ˍˊʽˁʺ ʆʱˋʹ όʃˇˏ ζʴʷˊ˄ˇˎ˄η ˍʰ ʵʶʵˇ˃ʷ˄ʰΤύ 

ɮˎˍʷˌ ˇʽ ˍʽ˃ʷˌ ˃ʰˌ ʵʶʾ˔˄ˇˎ˄ ˍˇ ˁʷ˄ˍˊˇ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʰˌΦ 

¶ ΦƳŜŀƴόύ όɾʷˋˇˌ ʂˊˇˌύΥ ʆˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ˍʽ˃˗˄ ʵʽʰ ˍˇ ˉ˂ʺʻˇˌ ˍˇˎˌΦ 

1

n

i

i

x

x
n

==
ä

 

¶ ΦƳŜŘƛŀƴόύ όɲʽʱ˃ʶˋˇˌύΥ ɶ ˃ʶˋʰʾʰ ˍʽ˃ʺ ʰ˄ ʲʱ˂ˇˎ˃ʶ ˍʰ ˄ˇˏ˃ʶˊʰ ˋˍʹ ˋʶʽˊʱΦ ɳʾ˄ʰʽ ˉʽˇ 

ζʰ˄ʻʶˁˍʽˁʺη ˋʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όƻǳǘƭƛŜǊǎύ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ 

¶ ΦƳƻŘŜόύ όɳˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺύΥ ɶ ˍʽ˃ʺ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˉʽˇ ˋˎ˔˄ʱΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʱ ˃ʰˌ ʶʾ˄ʰʽ 

ˍˇ мрΦ 

ʅʹ˃ʶʾ˖ˋʹΥ ɳˉʽˋˍˊʷ˒ʶʽ SeriesΣ ʴʽʰˍʾ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˃ʶ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˍʽ˃ʷˌ ˉˇˎ ʽˋˇ˕ʹ˒ˇˏ˄ ˋˍʹ˄ 

ˉˊ˗ˍʹ ʻʷˋʹΦ 
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нΦ ɲʽʰˋˉˇˊʱ όʃˈˋˇ ζʰˉ˂˖˃ʷ˄ʰη ʶʾ˄ʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰΤύ 

ɾʰˌ ˂ʷ˄ʶ ʰ˄ ˇʽ ʲʰʻ˃ˇʾ ʶʾ˄ʰʽ ˈ˂ˇʽ ˁˇ˄ˍʱ ˋˍˇ мр ʺ ʰ˄ ʷ˔ˇˎ˃ʶ ˃ʶʴʱ˂ʶˌ ʰˉˇˁ˂ʾˋʶʽˌΦ 

¶ ΦǎǘŘόύ όʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹύΥ ɾʰˌ ʵʶʾ˔˄ʶʽ ˉˈˋˇ ʰˉʷ˔ˇˎ˄ ˇʽ ˍʽ˃ʷˌ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ ʇ˕ʹ˂ˈ ǎǘŘ 

ˋʹ˃ʰʾ˄ʶʽ ˃ʶʴʱ˂ʹ ʰ˄ˇ˃ˇʽˇ˃ˇˊ˒ʾʰΦ 

2( )

1

ix x

n
s

-
=

-

ä
 

¶ ΦǾŀǊόύ όɲʽʰˁˏ˃ʰ˄ˋʹύΥ ʆˇ ˍʶˍˊʱʴ˖˄ˇ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ όϷ\sigma^2$). 

¶ .sem() (Standard Error of the Mean): ɾʶˍˊʱʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍˇˎ 

ʵʶʾʴ˃ʰˍˇˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏΦ 

оΦ ʅ˔ʺ˃ʰ ɼʰˍʰ˄ˇ˃ʺˌ ϧ ɸʷˋʹ 

¶ .quantile(q): ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʽ˃ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ʷ˄ʰ ˉˇˋˇˋˍˈ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄Φ ʃΦ˔Φ ˍˇ ΦǉǳŀƴǘƛƭŜόлΦрύ ʶʾ˄ʰʽ ʹ ʵʽʱ˃ʶˋˇˌΦ 

¶ ΦǎƪŜǿόύ όɽˇ˅ˈˍʹˍʰύΥ ɲʶʾ˔˄ʶʽ ʰ˄ ʹ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ˋˎ˃˃ʶˍˊʽˁʺΦ ɮ˄ ʶʾ˄ʰʽ ʻʶˍʽˁʺΣ ʷ˔ˇˎ˃ʶ ζˇˎˊʱη 

ˉˊˇˌ ˍʽˌ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌΦ 

¶ ΦƪǳǊǘƻǎƛǎόύ όɼˏˊˍ˖ˋʹύΥ ɲʶʾ˔˄ʶʽ ˉˈˋˇ ζʰʽ˔˃ʹˊʺη ʺ ζˉ˂ʰˍʽʱη ʶʾ˄ʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ όʰ˄ ʷ˔ˇˎ˃ʶ 

ˉˇ˂˂ʷˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌύΦ 

пΦ ʁʽ ɰʰˋʽˁˇʾ ɾʶˍˊʹˍʷˌ 

¶ .count(): ɾʶˍˊʱʶʽ ˉˈˋʶˌ ˍʽ˃ʷˌ ˎˉʱˊ˔ˇˎ˄ όʶ˅ʰʽˊʶʾ ˍʰ bŀbύΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʱ ˃ʰˌ ʻʰ 

ʶˉʽˋˍˊʷ˕ʶʽ сΣ ʶ˄˗ ˍˇ ƭŜƴόƎǊŀŘŜǎύ ʻʰ ʶˉʷˋˍˊʶ˒ʶ тΦ 

¶ .sum(): ʆˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ʲʰʻ˃˗˄Φ 

¶ .min() / .max(): ʁ ˔ʰ˃ʹ˂ˈˍʶˊˇˌ ˁʰʽ ˇ ˎ˕ʹ˂ˈˍʶˊˇˌ ʲʰʻ˃ˈˌΦ 

5. .describe() ς ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉʶˊʽʴˊʰ˒ʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ 

ΦŘŜǎŎǊƛōŜόύ ˋˇˎ ʵʾ˄ʶʽ ˍʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ όŎƻǳƴǘΣ ƳŜŀƴΣ ǎǘŘΣ ƳƛƴΣ нр҈Σ рл҈Σ тр҈Σ ƳŀȄύ ˃ʶ ˃ʾʰ ˁʾ˄ʹˋʹΦ 

ɳʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ˉˊʱʴ˃ʰ ˉˇˎ ˍˊʷ˔ʶʽ ˁʱʻʶ 5ŀǘŀ !ƴŀƭȅǎǘ ˃ˈ˂ʽˌ ˉʱˊʶʽ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍʰ ˔ʷˊʽʰ ˍˇˎΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɛŮɟɘəɏɠ NaN Űɘɛɏɠ 

data = [ 15 ,  22 ,  31 ,  44 ,  np . nan ,  28 ,  35 ,  41 ,  np . nan ,  19 ,  27 ,  33 ]  

index_labels = [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ,  'H' ,  'I' ,  'J' ,  'K' ,  'L' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȹŮŭɞɛɏɜŬ' )  
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print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .count() -  Ʉɚɐɗɞɠ ɛɖ- NaN Űɘɛɩɜ 

count_val = s . count ()  

print ( "1. .count():" ,  count_val )  

print ( "ɇɨˊɞɠ:" ,  type ( count_val ))  

print ( " - " * 40)  

 

# 2. .sum() -  ȯɗɟɞɘůɛŬ (ŬɔɜɞŮɑ NaN) 

sum_val = s . sum()  

print ( "2. .sum():" ,  sum_val )  

 

# 3. .mean() -  ɀɏůɞɠ ɧɟɞɠ 

mean_val = s . mean()  

print ( "3. .mean():" ,  mean_val )  

 

# 4. .median() -  ȹɘɎɛŮůɞɠ 

median_val = s . median ()  

print ( "4. .median():" ,  median_val )  

 

# 5. .mode() -  ȺˊɘəɟŬŰɞɨůŬ Űɘɛɐ (ŮˊɘůŰɟɏűŮɘ Series)  

mode_val = s . mode()  

print ( "5. .mode():" )  

print ( mode_val )  

print ( "ɇɨˊɞɠ ŮˊɘůŰɟɞűɐɠ:" ,  type ( mode_val ))  

 

# 6. .min() -  ȺɚɎɢɘůŰɖ Űɘɛɐ 

min_val = s . min ()  

print ( "6. .min():" ,  min_val )  

 

# 7. .max() -  ɀɏɔɘůŰɖ Űɘɛɐ 

max_val = s . max()  

print ( "7. .max():" ,  max_val )  

 

# 8. .std() -  ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ (ŭŮɑɔɛŬŰɞɠ) 

std_val = s . std ()  

print ( "8. .std():" ,  std_val )  

 

# 9. .var() -  ȹɘŬəɨɛŬɜůɖ (ŭŮɑɔɛŬŰɞɠ) 

var_val = s . var ()  

print ( "9. .var():" ,  var_val )  

 

# 10. .sem() -  ɇɡˊɘəɧ ůűɎɚɛŬ Űɞɡ ɛɏůɞɡ ɧɟɞɡ 

sem_val = s . sem()  

print ( "10. .sem():" ,  sem_val )  

 

# 11. .quantile(q) -  ɄɞůɞůŰɖɛɧɟɘɞ (Ůŭɩ 0.25, 0.5, 0.75)  

q25 = s . quantile ( 0.25 )  

q50 = s . quantile ( 0.5 )    # ɑŭɘɞ ɛŮ .median()  

q75 = s . quantile ( 0.75 )  

print ( "11. .quantile(0.25):" ,  q25 )  

print ( "    .quantile(0.50):" ,  q50 )  

print ( "    .quantile(0.75):" ,  q75 )  

 

# 12. .skew() -  ȿɞɝɧŰɖŰŬ (ŬůɡɛɛŮŰɟɑŬ)  

skew_val = s . skew ()  

print ( "12. .skew():" ,  skew_val )  
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# 13. .kurtosis() -  ȾɨɟŰɤůɖ 

kurt_val = s . kurtosis ()  

print ( "13. .kurtosis():" ,  kurt_val )  

 

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 14. .describe() -  Ʉɚɐɟɖɠ ůŰŬŰɘůŰɘəɐ ůɨɜɞɣɖ 

desc = s . describe ()  

print ( "14. .describe():" )  

print ( desc )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: ɉɟɐůɖ ˊŬɟŬɛɏŰɟɤɜ (ˊ.ɢ. skipna=False ɔɘŬ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŰŬ 

NaN) 

print ("ɀŮ skipna=False (Ŭɜ ɡˊɎɟɢɞɡɜ NaN, ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŮˊɘůŰɟɏűɞɡɜ 

NaN):" )  

print ( "sum (skipna=False):" ,  s . sum( skipna =False ))  

print ( "mean (skipna=False):" ,  s . mean( skipna =False ))  

# ȼ .quantile() ŭŮɜ ɏɢŮɘ skipna, ˊɎɜŰŬ ŬɔɜɞŮɑ NaN (ɐ Ŭɜ ɧɚŮɠ NaN ŮˊɘůŰɟɏűŮɘ 

NaN) 

print ( "quantile ( ˊɎɜŰŬ ŬɔɜɞŮɑ NaN):" ,  s . quantile ( 0.5 ))  
ɼΦ 3.3.7Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˋˍʰˍʽˋˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ 

 

3.3.8. ʅ˖ˊʶˎˍʽˁˇʾ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ˁʰʽ ɾʶˍʰʲˇ˂ʷˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.cumsum() ʅ˖ˊʶˎˍʽˁˈ ʱʻˊˇʽˋ˃ʰ Series 

.cumprod() ʅ˖ˊʶˎˍʽˁˈ ʴʽ˄ˈ˃ʶ˄ˇ Series 

.cummax() ʅ˖ˊʶˎˍʽˁˈ ˃ʷʴʽˋˍˇ Series 

.cummin() ʅ˖ˊʶˎˍʽˁˈ ʶ˂ʱ˔ʽˋˍˇ Series 

.diff(periods) ɲʽʰ˒ˇˊʷˌ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ˇ Series 

.pct_change(periods) ʃˇˋˇˋˍʽʰʾʶˌ ʰ˂˂ʰʴʷˌ Series 

ʃʾ˄ʰˁʰˌ 3.3.10Υ  ɾʷʻˇʵˇʽ ʅ˖ˊʶˎˍʽˁ˗˄ ʇˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ ɾʶˍʰʲˇ˂˗˄ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ʶˌ ˋˍʰ ˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˋˍʽˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ 

ˁʰʻ˗ˌ ˃ʰˌ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ʵˇˏ˃ʶ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ʶ˄ˈˌ ˃ʶʴʷʻˇˎˌ ˋˍˇ˄ ˔ˊˈ˄ˇΦ 

ɮˌ ˎˉˇʻʷˋˇˎ˃ʶ ˈˍʽ ʷ˔ˇˎ˃ʶ ˍʽˌ ʹ˃ʶˊʺˋʽʶˌ ʶʽˋˉˊʱ˅ʶʽˌ ʶ˄ˈˌ ˁʰˍʰˋˍʺ˃ʰˍˇˌ ʴʽʰ ˃ʽʰ ʶʲʵˇ˃ʱʵʰΥ 

import  pandas as  pd 

 

# ȼɛŮɟɐůɘŮɠ ŮɘůˊɟɎɝŮɘɠ 

sales = pd . Series ([ 100 ,  120 ,  110 ,  150 ,  140 ],  index =[ 'ȹŮɡ',  'ɇɟɘ',  'ɇŮŰ',  

'ɄŮɛ',  'ɄŬɟ'])  
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мΦ ʅ˖ˊʶˎˍʽˁˇʾ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ό/ǳƳǳƭŀǘƛǾŜύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ Ϧ˔ˍʾʸˇˎ˄Ϧ ˉʱ˄˖ ˋˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˍʽ˃ʷˌΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˃ʽʰ ʶʽˁˈ˄ʰ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ 

ˉˇˊʶʾʰˌΦ 

¶ .cumsum() (Cumulative Sum): ʃˊˇˋʻʷˍʶʽ ˁʱʻʶ ˄ʷʰ ˍʽ˃ʺ ˋˍˇ ˍˊʷ˔ˇ˄ ʱʻˊˇʽˋ˃ʰΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʆʹ ɲʶˎˍʷˊʰ ʷ˔ˇˎ˃ʶ мллΣ ˍʹ˄ ʆˊʾˍʹ мллҌмнлҐннлΣ ˍʹ˄ ʆʶˍʱˊˍʹ 

ннлҌммлҐоол ˁΦˇΦˁΦ 

¶ .cumprod() (Cumulative Product): ʃˇ˂˂ʰˉ˂ʰˋʽʱʸʶʽ ʵʽʰʵˇ˔ʽˁʱ ˍʽˌ ˍʽ˃ʷˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 

ˁˎˊʾ˖ˌ ˋʶ ʰ˄ʰˍˇˁʽˋ˃ˇˏˌ ʺ ˋˏ˄ʻʶˍʶˌ ʰˉˇʵˈˋʶʽˌΦ 

¶ .cummax() / .cummin(): ɼˊʰˍˇˏ˄ ˍˇ ϦˊʶˁˈˊϦ ˎ˕ʹ˂ˈˍʶˊʹˌ ʺ ˔ʰ˃ʹ˂ˈˍʶˊʹˌ ˍʽ˃ʺˌ ˉˇˎ ʷ˔ʶʽ 

ˋʹ˃ʶʽ˖ʻʶʾ ˃ʷ˔ˊʽ ʶˁʶʾ˄ʹ ˍʹ ˋˍʽʴ˃ʺΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ɮ˄ ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ ώмллΣ мнлΣ ммлϐΣ ˍˇ ΦŎǳƳƳŀȄόύ ʻʰ ʵ˗ˋʶʽ ώмллΣ мнлΣ мнлϐΦ 

нΦ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ɾʶˍʰʲˇ˂˗˄ ό5ƛŦŦŜǊŜƴŎŜǎύ 

ɳʵ˗ ʵʶ˄ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊʶʽ ˍˇ ˋˏ˄ˇ˂ˇΣ ʰ˂˂ʱ ʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʹ˃ʶˊ˗˄Φ 

¶ .diff(periods=1): ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ʵʽʰ˒ˇˊʱ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ˍʽ˃ʺˌ ʰˉˈ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʆʹ˄ ʆˊʾˍʹ ʻʰ ʷ˔ˇˎ˃ʶ мнл - млл Ґ нлΦ ʆʹ˄ ʆʶˍʱˊˍʹ ммл - 120 = -10. 

¶ .pct_change(periods=1): ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ˉˇˋˇˋˍˈ ˃ʶˍʰʲˇ˂ʺˌΦ ɳʾ˄ʰʽ ˍˇ ϦɮϦ ˁʰʽ ˍˇ ϦʍϦ ʴʽʰ ˄ʰ 

ʵˇˏ˃ʶ ʰ˄ ˃ʽʰ ˃ʶˍˇ˔ʺ ʺ ˃ʽʰ ˉ˖˂ʺˋʹ ʰ˄ʷʲʹˁʶ ʺ ʷˉʶˋʶ ˉˇˋˇˋˍʽʰʾʰΦ 

o ʆˏˉˇˌΥ 
now prev

prev

V V

V

-
 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ɮˉˈ ɲʶˎˍʷˊʰ ˋʶ ʆˊʾˍʹ ʹ ˃ʶˍʰʲˇ˂ʺ ʶʾ˄ʰʽ 20%+ . 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ɏɜŬ NaN 

data = [ 10 ,  25 ,  30 ,  45 ,  12 ,  8,  33 ,  np . nan ,  27 ,  50 ]  

index_labels = [ f'item_{i}' for  i in  range ( 10)]  

s = pd . Series ( data ,  index =index_labels ,  name='Original' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .cumsum() -  ɆɤɟŮɡŰɘəɧ ɎɗɟɞɘůɛŬ 

cumsum_result = s . cumsum()  

print ( "1. .cumsum() ( ůɤɟŮɡŰɘəɧ ɎɗɟɞɘůɛŬ):" )  
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print ( cumsum_result )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 2. .cumprod() -  ɆɤɟŮɡŰɘəɧ ɔɘɜɧɛŮɜɞ 

cumprod_result = s . cumprod ()  

print ( "2. .cumprod() ( ůɤɟŮɡŰɘəɧ ɔɘɜɧɛŮɜɞ):" )  

print ( cumprod_result )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 3. .cummax() -  ɆɤɟŮɡŰɘəɧ ɛɏɔɘůŰɞ 

cummax_result = s . cummax()  

print ( "3. .cummax() ( ůɤɟŮɡŰɘəɧ ɛɏɔɘůŰɞ):" )  

print ( cummax_result )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 4. .cummin() -  ɆɤɟŮɡŰɘəɧ ŮɚɎɢɘůŰɞ 

cummin_result = s . cummin ()  

print ( "4. .cummin() ( ůɤɟŮɡŰɘəɧ ŮɚɎɢɘůŰɞ):" )  

print ( cummin_result )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 5. .diff(periods=1) -  ȹɘŬűɞɟɏɠ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞ (ˊɟɞŮˊɘɚɞɔɐ periods=1) 

diff_1 = s . diff ()   # ɑŭɘɞ ɛŮ s.diff(1) 

print ("5. .diff() (ŭɘŬűɞɟɎ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞ ůŰɞɘɢŮɑɞ, periods=1):")  

print ( diff_1 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# ȹɘŬűɞɟɏɠ ɛŮ periods=2  

diff_2 = s . diff ( periods =2)  

print ("   .diff(periods=2) (ŭɘŬűɞɟɎ Ŭˊɧ ůŰɞɘɢŮɑɞ ŭɨɞ ɗɏůŮɘɠ ˊɟɘɜ):")  

print ( diff_2 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 6. .pct_change(periods=1) -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ 

pct_1 = s . pct_change ()   # ˊɟɞŮˊɘɚɞɔɐ periods=1  

print ("6. .pct_change() (ˊɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɞ):")  

print ( pct_1 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ ɛŮ periods=2  

pct_2 = s . pct_change ( periods =2)  

print ( "   .pct_change(periods=2) ( ˊɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ Ŭˊɧ ŭɨɞ ɗɏůŮɘɠ 

ˊɟɘɜ):" )  

print ( pct_2 )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: ůɡɛˊŮɟɘűɞɟɎ ɛŮ fill_method (ɔɘŬ ɢŮɘɟɘůɛɧ NaN) 

# ɀˊɞɟɞɨɛŮ ɜŬ ɞɟɑůɞɡɛŮ ˊɩɠ ɗŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ŰŬ NaN ˊɟɘɜ Űɞɜ ɡˊɞɚɞɔɘůɛɧ 

(ˊ.ɢ. .cumsum(skipna=False)) 

# ȷɠ ŭɞɨɛŮ Űɖ ŭɘŬűɞɟɎ Ŭɜ ŭŮɜ Ŭɔɜɞɖɗɞɨɜ ŰŬ NaN ůŰɞ ůɤɟŮɡŰɘəɧ ɎɗɟɞɘůɛŬ 

cumsum_nan = s . cumsum( skipna =False )  

print ( "ɀŮ skipna=False ůŰɞ cumsum() ( ůŰŬɛŬŰɎŮɘ ůŰɞ NaN):" )  

print ( cumsum_nan)  
ɼΦ 3.3.8Υʃʰˊʱʵʶʽʴ˃ʰ ɾʶʻˈʵ˖˄ ʅ˖ˊʶˎˍʽˁ˗˄ ʇˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ ɾʶˍʰʲˇ˂˗˄ 
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3.3.9. ɾʰʻʹ˃ʰˍʽˁʷˌ ʃˊʱ˅ʶʽˌ ς ɮˊʽʻ˃ʹˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɹˋˇʵˏ˄ʰ˃ˇ 

.add(other) ʃˊˈˋʻʶˋʹ s + other 

.sub(other) ɮ˒ʰʾˊʶˋʹ s - other 

.mul(other) ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ s * other 

.div(other) ɲʽʰʾˊʶˋʹ s / other 

.floordiv(other) ɮˁʷˊʰʽʰ ʵʽʰʾˊʶˋʹ s // other 

.mod(other) ʇˉˈ˂ˇʽˉˇ ʵʽʰʾˊʶˋʹˌ s % other 

.pow(exponent) ɲˏ˄ʰ˃ʹ s ** exponent 

.abs() ɮˉˈ˂ˎˍʹ ˍʽ˃ʺ - 

.round(decimals) ʅˍˊˇʴʴˎ˂ˇˉˇʾʹˋʹ - 

.clip(lower, upper) ʃʶˊʽˁˇˉʺ ˍʽ˃˗˄ - 

ʃʾ˄ʰˁʰˌ 3.3.11Υ  ɾʷʻˇʵˇʽ ɮˊʽʻ˃ʹˍʽˁ˗˄ ʃˊʱ˅ʶ˖˄ 

ɺˋ˖ˌ ʰ˄ʰˊ˖ˍʹʻʶʾˌΥ ζɱʽʰˍʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋ˖ ˍʹ ˃ʷʻˇʵˇ ΦŀŘŘόύ ˈˍʰ˄ ˃ˉˇˊ˗ ʰˉ˂ʱ ˄ʰ ʴˊʱ˕˖ ҌΤηΦ ɶ 

ʰˉʱ˄ˍʹˋʹ ˁˊˏʲʶˍʰʽ ˋˍʹ˄ ʶˎʶ˂ʽ˅ʾʰΥ ˇʽ ˃ʷʻˇʵˇʽ ˍ˖˄ tŀƴŘŀǎ όˈˉ˖ˌ ʹ ΦŀŘŘΣ ΦǎǳōΣ ˁΦ˂ˉΦύ ˋˇˎ ʶˉʽˍˊʷˉˇˎ˄ 

˄ʰ ˇˊʾˋʶʽˌ ˉ˗ˌ ʻʰ ˔ʶʽˊʽˋˍʶʾˌ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ˂ʶʾˉˇˎ˄ όbŀbύ ˃ʷˋ˖ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ŦƛƭƭψǾŀƭǳŜΣ ˁʱˍʽ ˉˇˎ 

ˇʽ ʰˉ˂ˇʾ ˍʶ˂ʶˋˍʷˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʱ˄ˇˎ˄Φ 

ɮˌ ʵˇˏ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ʰˉˇʻʷ˃ʰˍʰ ʵˏˇ ʰˉˇʻʹˁ˗˄Υ 

import  pandas as  pd 

import  numpy as  np 

 

store_a = pd . Series ([ 10 ,  20 ,  np . nan ,  40 ],  index =[ 'Apples' ,  'Oranges' ,  

'Bananas' ,  'Pears' ])  

store_b = pd . Series ([ 5,  10 ,  15 ,  20 ],  index =[ 'Apples' ,  'Oranges' ,  'Bananas' ,  

'Pears' ])  
мΦ ɰʰˋʽˁʷˌ ʃˊʱ˅ʶʽˌ ό!ǊƛǘƘƳŜǘƛŎύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶˁˍʶ˂ˇˏ˄ ˉˊʱ˅ʶʽˌ ˋˍˇʽ˔ʶʾˇ ˉˊˇˌ ˋˍˇʽ˔ʶʾˇ όŜƭŜƳŜƴǘ-wise). 

¶ .add() / .sub()Υ ʃˊˈˋʻʶˋʹ ˁʰʽ ɮ˒ʰʾˊʶˋʹΦ 

o Pro Tip: store_a.add(store_b, fill_value=0) -Ҕ ɮ˄ ˂ʶʾˉˇˎ˄ ˇʽ ˃ˉʰ˄ʱ˄ʶˌ ʰˉˈ ˍʹ˄ 

ʰˉˇʻʺˁʹ ɮΣ ʻʰ ˍʽˌ ʻʶ˖ˊʺˋʶʽ л ˁʰʽ ʻʰ ˉˊˇˋʻʷˋʶʽ ˍˇ мр ˍʹˌ ʰˉˇʻʺˁʹˌ ɰΦ 

¶ .mul() / .div()Υ ʃˇ˂˂ʰˉ˂ʰˋʽʱʸʶʽ ʺ ʵʽʰʽˊʶʾ ˍʽˌ ˍʽ˃ʷˌΦ 

¶ .floordiv()Υ ɳˉʽˋˍˊʷ˒ʶʽ ˃ˈ˄ˇ ˍˇ ʰˁʷˊʰʽˇ ˃ʷˊˇˌ ˍʹˌ ʵʽʰʾˊʶˋʹˌ όˉΦ˔Φ Ϸт κκ н Ґ оϷύΦ 

¶ .mod()Υ ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˎˉˈ˂ˇʽˉˇ ˍʹˌ ʵʽʰʾˊʶˋʹˌ όˉΦ˔Φ Ϸт \% 2 = 1$). 

¶ .pow()Υ ʇ˕˗˄ʶʽ ˍʽˌ ˍʽ˃ʷˌ ˋʶ ˃ʽʰ ʵˏ˄ʰ˃ʹΦ 
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нΦ ɾʰʻʹ˃ʰˍʽˁʺ ɾˇˊ˒ˇˉˇʾʹˋʹ 

¶ .abs()Υ ɾʶˍʰˍˊʷˉʶʽ ˈ˂ʶˌ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ ˋʶ ʻʶˍʽˁʷˌΦ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ˎˉˇ˂ˇʴʾʸʶʽˌ ʰˉˇˁ˂ʾˋʶʽˌ 

ʺ ˋ˒ʱ˂˃ʰˍʰΦ 

¶ .round(decimals)Υ ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˍʽˌ ˍʽ˃ʷˌ ˋˍʰ ʵʶˁʰʵʽˁʱ ˕ʹ˒ʾʰ ˉˇˎ ʻʶˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ pd.Series([3.14159]).round(2) -> 3.14. 

3. .clip(lower, upper) - ʁ ζɼˈ˒ˍʹˌη 

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍ˖˄ ʰˁˊʰʾ˖˄ ˍʽ˃˗˄ όƻǳǘƭƛŜǊǎύΦ 

¶ ɮ˄ ˃ʽʰ ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍˇ ƭƻǿŜǊΣ ʴʾ˄ʶˍʰʽ ʾˋʹ ˃ʶ ˍˇ ƭƻǿŜǊΦ 

¶ ɮ˄ ˃ʽʰ ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍˇ ǳǇǇŜǊΣ ʴʾ˄ʶˍʰʽ ʾˋʹ ˃ʶ ˍˇ ǳǇǇŜǊΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ ɮ˄ ʷ˔ʶʽˌ ʲʰʻ˃ˇ˂ˇʴʾʶˌ ˁʰʽ ʻʷ˂ʶʽˌ ˄ʰ ˋʽʴˇˎˊʶˎˍʶʾˌ ˈˍʽ ˁʰ˃ʾʰ ʵʶ˄ ˅ʶˉʶˊ˄ʱ ˍˇ нл ʺ 

ˉʷ˒ˍʶʽ ˁʱˍ˖ ʰˉˈ ˍˇ лΥ ƎǊŀŘŜǎΦŎƭƛǇόлΣ нлύΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ŭɟɢɘəɞɨ Series s  

data_s = [ 10 ,  - 5,  7.5 ,  12 ,  0,  8,  15 ,  - 3.2 ,  9,  4.8 ]  

index_s = [ f's{i}' for  i in  range ( 10)]  

s = pd . Series ( data_s ,  index =index_s ,  name='s' )  

 

# ȹɖɛɘɞɡɟɔɑŬ Series other ɔɘŬ ˊɟɎɝŮɘɠ 

data_other = [ 2,  3,  1.5 ,  4,  2,  1,  3,  2,  5,  2]  

index_other = [ f's{i}' for  i in  range ( 10)]   # ɑŭɘɞ index ɔɘŬ ŮɡɗɡɔɟɎɛɛɘůɖ 

other = pd . Series ( data_other ,  index =index_other ,  name='other' )  

 

print ( "ȷɟɢɘəɧ Series s:" )  

print ( s )  

print ( " \ nSeries other:" )  

print ( other )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. ɄɟɧůɗŮůɖ .add()  

print ( "1. .add(other):" )  

print ( s . add ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s + other:" )  

print ( s + other )  

print ( " - " * 50)  

 

# 2. ȷűŬɑɟŮůɖ .sub()  

print ( "2. .sub(other):" )  

print ( s . sub ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s -  other:" )  

print ( s -  other )  

print ( " - " * 50)  

 

# 3. ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ .mul()  

print ( "3. .mul(other):" )  
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print ( s . mul ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s * other:" )  

print ( s *  other )  

print ( " - " * 50)  

 

# 4. ȹɘŬɑɟŮůɖ .div()  

print ( "4. .div(other):" )  

print ( s . div ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s / other:" )  

print ( s /  other )  

print ( " - " * 50)  

 

# 5. ȷəɏɟŬɘŬ ŭɘŬɑɟŮůɖ .floordiv()  

print ( "5. .floordiv(other):" )  

print ( s . floordiv ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s // other:" )  

print ( s //  other )  

print ( " - " * 50)  

 

# 6. Ɉˊɧɚɞɘˊɞ .mod()  

print ( "6. .mod(other):" )  

print ( s . mod( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s % other:" )  

print ( s % other )  

print ( " - " * 50)  

 

# 7. ȹɨɜŬɛɖ .pow()  

print ( "7. .pow(2) ( ŰŮŰɟɎɔɤɜɞ):" )  

print ( s . pow( 2))  

print ( "ȽůɞŭɨɜŬɛɞ s ** 2:" )  

print ( s **  2)  

print ( " \ n   .pow(other) (s ůŮ ŭɨɜŬɛɖ other):" )  

print ( s . pow( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s ** other:" )  

print ( s **  other )  

print ( " - " * 50)  

 

# 8. ȷˊɧɚɡŰɖ Űɘɛɐ .abs()  

print ( "8. .abs():" )  

print ( s . abs ())  

print ( " - " * 50)  

 

# 9. ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ .round()  

s_decimal = pd . Series ([ 1.234 ,  2.345 ,  3.456 ,  4.567 ,  5.678 ])  

print ( "9. .round(2) ůŮ ŭŮəŬŭɘəɧ Series:" )  

print ( s_decimal )  

print ( "ȷˊɞŰɏɚŮůɛŬ:" )  

print ( s_decimal . round ( 2))  

print ( " - " * 50)  

 

# 10. ɄŮɟɘəɞˊɐ .clip()  

print ( "10. .clip(lower=0, upper=10):" )  

print ( s . clip ( lower =0,  upper =10))  

print ( " - " * 50)  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ɄɟɎɝŮɘɠ ɛŮ ůŰŬɗŮɟɎ 

print ("ɄɟɎɝŮɘɠ ɛŮ ůŰŬɗŮɟɎ (ˊ.ɢ. 3):")  

print ( "s.add(3):" )  

print ( s . add ( 3))  



 

160 
 

print ( "s.sub(3):" )  

print ( s . sub ( 3))  

print ( "s.mul(3):" )  

print ( s . mul ( 3))  

print ( "s.div(3):" )  

print ( s . div ( 3))  

print ( "s.floordiv(3):" )  

print ( s . floordiv ( 3))  

print ( "s.mod(3):" )  

print ( s . mod( 3))  

print ( "s.pow(3):" )  

print ( s . pow( 3))  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ȹɘŬɢŮɑɟɘůɖ NaN ɛŮ fill_value  

s_nan = pd . Series ([ 1,  2,  np . nan ,  4,  5])  

other_nan = pd . Series ([ 10 ,  np . nan ,  30 ,  40 ,  50 ])  

print ( "Series ɛŮ NaN:" )  

print ( s_nan )  

print ( other_nan )  

print ( "ɄɟɧůɗŮůɖ ɢɤɟɑɠ fill_value (NaN ŮˊɘəɟŬŰŮɑ):" )  

print ( s_nan . add ( other_nan ))  

print ( "ɄɟɧůɗŮůɖ ɛŮ fill_value=0:" )  

print ( s_nan . add ( other_nan ,  fill_value =0))  

print ("ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ɛŮ fill_value=1:")  

print ( s_nan . mul ( other_nan ,  fill_value =1))  
ɼΦ 3.3.9Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ɮˊʽʻ˃ʹˍʽˁ˗˄ ʃˊʱ˅ʶ˖˄ 

3.3.10. ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ό.ƻƻƭŜŀƴ hǳǘǇǳǘύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.eq(other) ɹˋˇˏˍʰʽ ˃ʶ Boolean Series 

.ne(other) ɲʽʰ˒ˇˊʶˍʽˁˈ ʰˉˈ Boolean Series 

.gt(other) ɾʶʴʰ˂ˏˍʶˊˇ ʰˉˈ Boolean Series 

.lt(other) ɾʽˁˊˈˍʶˊˇ ʰˉˈ Boolean Series 

.ge(other) ɾʶʴʰ˂ˏˍʶˊˇ ʺ ʾˋˇ Boolean Series 

.le(other) ɾʽˁˊˈˍʶˊˇ ʺ ʾˋˇ Boolean Series 

.compare(other) ʅˏʴˁˊʽˋʹ ˃ʶ ʱ˂˂ʹ {ŜǊƛŜǎ DataFrame 

.equals(other) ɴ˂ʶʴ˔ˇˌ ʽˋˈˍʹˍʰˌ Boolean 

ʃʾ˄ʰˁʰˌ 3.3.12Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʽˌ ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ό.ƻƻƭŜŀƴ hǳǘǇǳǘύ 

ʂˉ˖ˌ ˁʰʽ ˋˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊʱ˅ʶʽˌΣ ʷˍˋʽ ˁʰʽ ʶʵ˗Σ ˇʽ ˃ʷʻˇʵˇʽ ˍ˖˄ tŀƴŘŀǎ ˉˊˇˋ˒ʷˊˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ 

ʶˎʶ˂ʽ˅ʾʰ ʰˉˈ ˍˇˎˌ ʰˉ˂ˇˏˌ ˍʶ˂ʶˋˍʷˌ όˈˉ˖ˌ ҐҐΣ ҔΣ ғύΣ ʶʽʵʽˁʱ ˈˍʰ˄ ʷ˔ˇˎ˃ʶ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍˇˏ˃ʶ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ƛƴŘƛŎŜǎ ʺ ˁʶ˄ʷˌ ˍʽ˃ʷˌΦ 

ɮˌ ʵˇˏ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵˏˇ {ŜǊƛŜǎ ˃ʶ ˍʽ˃ʷˌ ˃ʶˍˇ˔˗˄Υ 

import  pandas as  pd 

import  numpy as  np 

 

stock_a = pd . Series ([ 100 ,  150 ,  200 ],  index =[ 'AAPL' ,  'GOOG' ,  'MSFT' ])  
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stock_b = pd . Series ([ 100 ,  160 ,  np . nan ],  index =[ 'AAPL' ,  'GOOG' ,  'MSFT' ])  
 

мΦ ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ό.ƻƻƭŜŀƴ hǳǘǇǳǘύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˋˎʴˁˊʾ˄ˇˎ˄ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˁʰʽ ʶˉʽˋˍˊʷ˒ˇˎ˄ ʷ˄ʰ {ŜǊƛŜǎ ʰˉˈ ¢ǊǳŜκCŀƭǎŜ. 

¶ .eq() (Equal): ɳ˂ʷʴ˔ʶʽ ʰ˄ ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ ʾˋʶˌΦ ǎǘƻŎƪψŀΦŜǉόмллύ -Ҕ ¢ǊǳŜ ʴʽʰ ˍʹ˄ ϥ!!t[ϥΦ 

¶ .ne() (Not Equal): ɳ˂ʷʴ˔ʶʽ ʰ˄ ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌΦ 

¶ .gt() (Greater Than) / .lt() (Less Than): ɾʶʴʰ˂ˏˍʶˊˇ ʺ ˃ʽˁˊˈˍʶˊˇ ʰˉˈΦ 

¶ .ge() (Greater or Equal) / .le() (Less or Equal): ɾʶʴʰ˂ˏˍʶˊˇ/ɾʽˁˊˈˍʶˊˇ ̋  ʾ ˋˇ. 

ɱʽʰˍʾ ˄ʰ ˍʽˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋ˖Τ ɱʽʰˍʾ ˃ˉˇˊʶʾˌ ˄ʰ ˋˎʴˁˊʾ˄ʶʽˌ ʷ˄ʰ {ŜǊƛŜǎ ˃ʶ ʷ˄ʰ ʱ˂˂ˇ {ŜǊƛŜǎ ʺ ˃ʶ ʷ˄ʰ˄ 

˃ʶ˃ˇ˄˖˃ʷ˄ˇ ʰˊʽʻ˃ˈ όǎŎŀƭŀǊύ ˉˇ˂ˏ ʶˏˁˇ˂ʰΦ 

нΦ ɰʰʻʽʱ ʅˏʴˁˊʽˋʹ ό5ŜŜǇ /ƻƳǇŀǊƛǎƻƴύ 

ɳʵ˗ ˉʶˊ˄ʱ˃ʶ ˋʶ ˃ʶʻˈʵˇˎˌ ˉˇˎ ˃ʰˌ ʵʶʾ˔˄ˇˎ˄ ˉˇˏ ˁ ʰʽ ˉ˗ˌ ɻ ʽʰ˒ʷˊˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌΦ 

¶ .equals(other)Υ ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ˁʰʽ ˃ˈ˄ˇ .ƻƻƭŜŀƴ ό¢ǊǳŜ ʺ CŀƭǎŜύΦ ɳ˂ʷʴ˔ʶʽ ʰ˄ 

ˍʰ ʵˏˇ {ŜǊƛŜǎ ʶʾ˄ʰʽ ˉʰ˄ˇ˃ˇʽˈˍˎˉʰ όʾʵʽʰ ˋˍˇʽ˔ʶʾʰΣ ʾʵʽˇ ƛƴŘŜȄΣ ʾʵʽˇˌ ˍˏˉˇˌ ʵʶʵˇ˃ʷ˄˖˄ύΦ 

o ʃˊˇˋˇ˔ʺΥ ʆˇ ǎǘƻŎƪψŀΦŜǉǳŀƭǎόǎǘƻŎƪψōύ ʻʰ ʶˉʽˋˍˊʷ˕ʶʽ CŀƭǎŜ ʴʽʰˍʾ ʵʽʰ˒ʷˊˇˎ˄ ˋˍʹ˄ ˍʽ˃ʺ 

ˍʹˌ ϥDhhDϥ ˁʰʽ ˍʹˌ ϥa{C¢ϥΦ 

¶ .compare(other)Υ ɶ ˉʽˇ ˔ˊʺˋʽ˃ʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʵʽʰ˒ˇˊ˗˄Φ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ 

DataFrame ̄ ˇˎ ʵʶʾ˔˄ʶʽ ˃ˈ˄ˇ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʵʽʰ˒ʷˊˇˎ˄Σ ʵʾˉ˂ʰ-ʵʾˉ˂ʰΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ǎǘƻŎƪψŀΦŎƻƳǇŀǊŜόǎǘƻŎƪψōύ ʻʰ ˃ʰˌ ʵʶʾ˅ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʶ ˍʽˌ ʵʽʰ˒ˇˊʷˌ 

ˋˍʽˌ ϥDhhDϥ ˁʰʽ ϥa{C¢ϥΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ŭɟɢɘəɞɨ Series s  

data_s = [ 10 ,  - 5,  7.5 ,  12 ,  0,  8,  15 ,  - 3.2 ,  9,  4.8 ]  

index_s = [ f's{i}' for  i in  range ( 10)]  

s = pd . Series ( data_s ,  index =index_s ,  name='s' )  

 

# ȹɖɛɘɞɡɟɔɑŬ Series other ɔɘŬ ˊɟɎɝŮɘɠ 

data_other = [ 2,  3,  1.5 ,  4,  2,  1,  3,  2,  5,  2]  

index_other = [ f's{i}' for  i in  range ( 10)]   # ɑŭɘɞ index ɔɘŬ ŮɡɗɡɔɟɎɛɛɘůɖ 

other = pd . Series ( data_other ,  index =index_other ,  name='other' )  

 

print ( "ȷɟɢɘəɧ Series s:" )  

print ( s )  

print ( " \ nSeries other:" )  
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print ( other )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. ɄɟɧůɗŮůɖ .add()  

print ( "1. .add(other):" )  

print ( s . add ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s + other:" )  

print ( s + other )  

print ( " - " * 50)  

 

# 2. ȷűŬɑɟŮůɖ .sub()  

print ( "2. .sub(other):" )  

print ( s . sub ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s -  other:" )  

print ( s -  other )  

print ( " - " * 50)  

 

# 3. ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ .mul()  

print ( "3. .mul(other):" )  

print ( s . mul ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s * other:" )  

print ( s *  other )  

print ( " - " * 50)  

 

# 4. ȹɘŬɑɟŮůɖ .div()  

print ( "4. .div(other):" )  

print ( s . div ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s / other:" )  

print ( s /  other )  

print ( " - " * 50)  

 

# 5. ȷəɏɟŬɘŬ ŭɘŬɑɟŮůɖ .floordiv()  

print ( "5. .floordiv(other):" )  

print ( s . floordiv ( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s // other:" )  

print ( s //  other )  

print ( " - " * 50)  

 

# 6. Ɉˊɧɚɞɘˊɞ .mod()  

print ( "6. .mod(other):" )  

print ( s . mod( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s % other:" )  

print ( s % other )  

print ( " - " * 50)  

 

# 7. ȹɨɜŬɛɖ .pow()  

print ( "7. .pow(2) ( ŰŮŰɟɎɔɤɜɞ):" )  

print ( s . pow( 2))  

print ( "ȽůɞŭɨɜŬɛɞ s ** 2:" )  

print ( s **  2)  

print ( " \ n   .pow(other) (s ůŮ ŭɨɜŬɛɖ other):" )  

print ( s . pow( other ))  

print ( "ȽůɞŭɨɜŬɛɞ s ** other:" )  

print ( s **  other )  

print ( " - " * 50)  

 

# 8. ȷˊɧɚɡŰɖ Űɘɛɐ .abs()  

print ( "8. .abs():" )  

print ( s . abs ())  

print ( " - " * 50)  
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# 9. ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ .round()  

s_decimal = pd . Series ([ 1.234 ,  2.345 ,  3.456 ,  4.567 ,  5.678 ])  

print ( "9. .round(2) ůŮ ŭŮəŬŭɘəɧ Series:" )  

print ( s_decimal )  

print ( "ȷˊɞŰɏɚŮůɛŬ:" )  

print ( s_decimal . round ( 2))  

print ( " - " * 50)  

 

# 10. ɄŮɟɘəɞˊɐ .clip()  

print ( "10. .clip(lower=0, upper=10):" )  

print ( s . clip ( lower =0,  upper =10))  

print ( " - " * 50)  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ɄɟɎɝŮɘɠ ɛŮ ůŰŬɗŮɟɎ 

print ("ɄɟɎɝŮɘɠ ɛŮ ůŰŬɗŮɟɎ (ˊ.ɢ. 3):")  

print ( "s.add(3):" )  

print ( s . add ( 3))  

print ( "s.sub(3):" )  

print ( s . sub ( 3))  

print ( "s.mul(3):" )  

print ( s . mul ( 3))  

print ( "s.div(3):" )  

print ( s . div ( 3))  

print ( "s.floordiv(3):" )  

print ( s . floordiv ( 3))  

print ( "s.mod(3):" )  

print ( s . mod( 3))  

print ( "s.pow(3):" )  

print ( s . pow( 3))  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ȹɘŬɢŮɑɟɘůɖ NaN ɛŮ fill_value  

s_nan = pd . Series ([ 1,  2,  np . nan ,  4,  5])  

other_nan = pd . Series ([ 10 ,  np . nan ,  30 ,  40 ,  50 ])  

print ( "Series ɛŮ NaN:" )  

print ( s_nan )  

print ( other_nan )  

print ( "ɄɟɧůɗŮůɖ ɢɤɟɑɠ fill_value (NaN ŮˊɘəɟŬŰŮɑ):" )  

print ( s_nan . add ( other_nan ))  

print ( "ɄɟɧůɗŮůɖ ɛŮ fill_value=0:" )  

print ( s_nan . add ( other_nan ,  fill_value =0))  

print ("ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ɛŮ fill_value=1:")  

print ( s_nan . mul ( other_nan ,  fill_value =1))  
ɼΦ 3.3.10Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʴʽʰ ˍʽˌ ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ 

 

3.3.11. ɾˇ˄ʰʵʽˁʷˌ ʆʽ˃ʷˌ ϧ ʅˎ˔˄ˈˍʹˍʶˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.unique() ɾˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ ndarray 

.nunique() ɮˊʽʻ˃ˈˌ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ Integer 

.value_counts() ʅˎ˔˄ˈˍʹˍʶˌ ˍʽ˃˗˄ Series 

.duplicated() ɳˉʰ˄ʱ˂ʹ˕ʹ ˍʽ˃˗˄ Boolean Series 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.drop_duplicates() ɲʽʰʴˊʰ˒ʺ ʵʽˉ˂ˇʶʴʴˊʰ˒˗˄ Series 

.is_unique ʂ˂ʶˌ ˇʽ ˍʽ˃ʷˌ ˃ˇ˄ʰʵʽˁʷˌ Boolean 

.is_monotonic_increasing ɮˏ˅ˇˎˋʶˌ ˍʽ˃ʷˌ Boolean 

.is_monotonic_decreasing ʊʻʾ˄ˇˎˋʶˌ ˍʽ˃ʷˌ Boolean 

ʃʾ˄ʰˁʰˌ 3.3.13Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌ 

ɮˎˍʺ ʹ ˇ˃ʱʵʰ ˃ʶʻˈʵ˖˄ ʰ˒ˇˊʱ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌΦ ɳʾ˄ʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ʴʽʰ ˄ʰ ˁʰˍʰ˂ʱʲʶʽˌ ˉˈˋˇ Ϧˉˇʽˁʽ˂ˈ˃ˇˊ˒ʰϦ ʶʾ˄ʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ˁʰʽ ʰ˄ ˎˉʱˊ˔ˇˎ˄ 

ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˉˇˎ ʾˋ˖ˌ ʰˉˇˍʶ˂ˇˏ˄ ˋ˒ʱ˂˃ʰˍʰ ʺ ˋʹ˃ʰ˄ˍʽˁʱ ˃ˇˍʾʲʰΦ 

ɮˌ ʵˇˏ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʰˉˈ ˃ʽʰ ˂ʾˋˍʰ ˉʰˊʰʴʴʶ˂ʽ˗˄ ˉˊˇʿˈ˄ˍ˖˄Υ 

import  pandas as  pd 

 

orders = pd . Series ([ 'Apple' ,  'Orange' ,  'Apple' ,  'Banana' ,  'Orange' ,  

'Apple' ],  name="Fruits" )  
 

мΦ ɳ˄ˍˇˉʽˋ˃ˈˌ ɾˇ˄ʰʵʽˁ˗˄ ʆʽ˃˗˄ 

¶ .unique()Υ ʅˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˉˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄Σ ˔˖ˊʾˌ ˄ʰ ˍˇ˄ 

˄ˇʽʱʸʶʽ ˉˈˋʶˌ ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽΦ 

o ɮˉˇˍʷ˂ʶˋ˃ʰΥ ώϥ!ǇǇƭŜϥΣ ϥhǊŀƴƎŜϥΣ ϥ.ŀƴŀƴŀϥϐ ό˖ˌ bǳƳtȅ ŀǊǊŀȅύΦ 

¶ .nunique()Υ ʅˇˎ ʵʾ˄ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ̱ ˖˄ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄Φ 

o ɮˉˇˍʷ˂ʶˋ˃ʰΥ 3. 

¶ .is_uniqueΥ ɾʽʰ ʴˊʺʴˇˊʹ ʶˊ˗ˍʹˋʹΥ Ϧɳʾ˄ʰʽ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʶˍʰ˅ˏ ˍˇˎˌΤϦΦ 

ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʺ CŀƭǎŜΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʱ ˃ʰˌΥ CŀƭǎŜΦ 

нΦ ʅˎ˔˄ˈˍʹˍʶˌ ϧ ɼʰˍʰ˄ˇ˃ʺ 

¶ .value_counts()Υ ɺˋ˖ˌ ʹ ˉʽˇ ˔ˊʺˋʽ˃ʹ ˃ʷʻˇʵˇˌ ˋˍʰ tŀƴŘŀǎΦ ɾʶˍˊʱʶʽ ˉˈˋʶˌ ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ 

ʹ ˁʱʻʶ ˍʽ˃ʺ ˁʰʽ ˍʽˌ ˍʰ˅ʽ˄ˇ˃ʶʾ ʰˉˈ ˍʹ ˋˎ˔˄ˈˍʶˊʹ ˋˍʹ ˂ʽʴˈˍʶˊˇ ˋˎ˔˄ʺΦ 

o ɮˉˇˍʷ˂ʶˋ˃ʰΥ Apple: 3, Orange: 2, Banana: 1. 

o Pro Tip: ɾʶ ƴƻǊƳŀƭƛȊŜҐ¢ǊǳŜ ˋˇˎ ʵʾ˄ʶʽ ˍʰ ˉˇˋˇˋˍʱ όˉΦ˔Φ лΦр ʴʽʰ ˍˇ !ǇǇƭŜύΦ 

оΦ ɲʽʰ˔ʶʾˊʽˋʹ ɲʽˉ˂ˇʶʴʴˊʰ˒˗˄ ό5ǳǇƭƛŎŀǘŜǎύ 

¶ .duplicated()Υ ɾʰˊˁʱˊʶʽ ˃ʶ ¢ǊǳŜ ˁʱʻʶ ˍʽ˃ʺ ˉˇˎ ʷ˔ʶʽ ʶ˃˒ʰ˄ʽˋˍʶʾ ˅ʰ˄ʱ ˄˖ˊʾˍʶˊʰΦ 
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o ʃʰˊʱ˃ʶˍˊˇˌ ƪŜŜǇҐϥŦƛǊǎǘϥκϥƭŀǎǘϥκCŀƭǎŜΥ ʁˊʾʸʶʽ ˉˇʽʰ ʶ˃˒ʱ˄ʽˋʹ ʻʰ ʻʶ˖ˊʹʻʶʾ ʹ 

Ϧˉˊ˖ˍˈˍˎˉʹϦΦ 

¶ .drop_duplicates()Υ ɼʰʻʰˊʾʸʶʽ ˍˇ {ŜǊƛŜǎ ˁˊʰˍ˗˄ˍʰˌ ˃ˈ˄ˇ ˍʹ˄ ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ 

ˁʰʽ ʵʽʰʴˊʱ˒ˇ˄ˍʰˌ ˍʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌΦ 

пΦ ɴ˂ʶʴ˔ˇˌ ʆʱˋʹˌ όaƻƴƻǘƻƴƛŎƛǘȅύ 

ɮˎˍʷˌ ˇʽ ʽʵʽˈˍʹˍʶˌ όǇǊƻǇŜǊǘƛŜǎύ ʶ˂ʷʴ˔ˇˎ˄ ʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʶˏʻˎ˄ˋʹ 

˔˖ˊʾˌ Ϧˉʽˋ˖ʴˎˊʾˋ˃ʰˍʰϦΦ 

¶ .is_monotonic_increasingΥ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ˁʱʻʶ ˍʽ˃ʺ ʶʾ˄ʰʽ ʾˋʹ ʺ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ˄ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹ όˉΦ˔Φ ˃ʽʰ ˋʶʽˊʱ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ʺ ʰˎ˅ʰ˄ˈ˃ʶ˄˖˄ L5ǎύΦ 

¶ .is_monotonic_decreasingΥ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ˁʱʻʶ ˍʽ˃ʺ ʶʾ˄ʰʽ ʾˋʹ ʺ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ Űɘɛɏɠ, NaN, əŬɘ ŭɘɎŰŬɝɖ 

data = [ 5,  3,  8,  3,  np . nan ,  7,  5,  2,  8,  3,  np . nan ,  1]  

index_labels = [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ,  'H' ,  'I' ,  'J' ,  'K' ,  'L' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȹŮŭɞɛɏɜŬ' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. .unique() -  ɀɞɜŬŭɘəɏɠ Űɘɛɏɠ (ŮˊɘůŰɟɏűŮɘ numpy ndarray) 

unique_values = s . unique ()  

print ( "1. .unique():" )  

print ( unique_values )  

print ( "ɇɨˊɞɠ:" ,  type ( unique_values ))  

print ( " - " * 50)  

 

# 2. .nunique() -  ȷɟɘɗɛɧɠ ɛɞɜŬŭɘəɩɜ Űɘɛɩɜ (ˊɟɞŮˊɘɚɞɔɐ dropna=True) 

nunique_val = s . nunique ()  

print ( "2. .nunique() (dropna=True):" ,  nunique_val )  

nunique_val_false = s . nunique ( dropna =False )  

print ( "   .nunique(dropna=False) ( ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ NaN):" ,  

nunique_val_false )  

print ( " - " * 50)  

 

# 3. .value_counts() -  ɆɡɢɜɧŰɖŰŮɠ Űɘɛɩɜ 

value_counts_default = s . value_counts ()   # dropna=True, ŰŬɝɘɜɧɛɖůɖ űɗɑɜɞɡůŬ 

print ( "3. .value_counts() (dropna=True):" )  

print ( value_counts_default )  

print ( " \ n   .value_counts(dropna=False) ( ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ NaN):" )  

value_counts_nan = s . value_counts ( dropna =False )  

print ( value_counts_nan )  

print ( " - " * 50)  

 

# 4. .duplicated() -  Boolean Series ɔɘŬ ŭɘˊɚɧŰɡˊŮɠ Űɘɛɏɠ 
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duplicated_default = s . duplicated ()   # keep='first'  

print ( "4. .duplicated() (keep='first'):" )  

print ( duplicated_default )  

print ( " \ n   .duplicated(keep='last'):" )  

print ( s . duplicated ( keep ='last' ))  

print ( " \ n   .duplicated(keep=False) ( ɧɚŮɠ ɞɘ ŭɘˊɚɧŰɡˊŮɠ):" )  

print ( s . duplicated ( keep =False ))  

print ( " - " * 50)  

 

# 5. .drop_duplicates() -  ȹɘŬɔɟŬűɐ ŭɘˊɚɞŮɔɔɟŬűɩɜ 

drop_duplicates_default = s . drop_duplicates ()   # keep='first'  

print ( "5. .drop_duplicates() (keep='first'):" )  

print ( drop_duplicates_default )  

print ( " \ n   .drop_duplicates(keep='last'):" )  

print ( s . drop_duplicates ( keep ='last' ))  

print ( " \ n   .drop_duplicates(keep=False) ( əɟŬŰɎ ɛɧɜɞ Űɘɠ ɛɞɜŬŭɘəɏɠ):" )  

print ( s . drop_duplicates ( keep =False ))  

print ( " - " * 50)  

 

# 6. .is_unique -  ȽŭɘɧŰɖŰŬ (property) ˊɞɡ ŮɚɏɔɢŮɘ Ŭɜ ɧɚŮɠ ɞɘ Űɘɛɏɠ ŮɑɜŬɘ 

ɛɞɜŬŭɘəɏɠ 

print ( "6. .is_unique:" ,  s . is_unique )  

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ ɧɚŮɠ ɛɞɜŬŭɘəɏɠ Űɘɛɏɠ ɔɘŬ ůɨɔəɟɘůɖ 

s_unique = pd . Series ([ 1, 2, 3, 4, 5])  

print ( "   ɆŮ ɛɞɜŬŭɘəɧ Series:" ,  s_unique . is_unique )  

print ( " - " * 50)  

 

# 7. .is_monotonic_increasing -  ȽŭɘɧŰɖŰŬ Ůɚɏɔɢɞɡ ɛɞɜɞŰɞɜɑŬɠ (ŬɨɝɞɡůŬ)  

print ( "7. .is_monotonic_increasing:" ,  s . is_monotonic_increasing )  

s_inc = pd . Series ([ 1,  2,  3,  5,  8])  

print ( "   ɆŮ Ŭɨɝɞɜ Series:" ,  s_inc . is_monotonic_increasing )  

print ( " - " * 50)  

 

# 8. .is_monotonic_decreasing -  ȽŭɘɧŰɖŰŬ Ůɚɏɔɢɞɡ ɛɞɜɞŰɞɜɑŬɠ (űɗɑɜɞɡůŬ)  

print ( "8. .is_monotonic_decreasing:" ,  s . is_monotonic_decreasing )  

s_dec = pd . Series ([ 9,  7,  5,  3,  1])  

print ( "   ɆŮ űɗɑɜɞɜ Series:" ,  s_dec . is_monotonic_decreasing )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: ɀɞɜɞŰɞɜɑŬ ɛŮ NaN (ŮˊɘůŰɟɏűŮɘ False Ŭɜ ɡˊɎɟɢɞɡɜ NaN) 

s_with_nan = pd . Series ([ 1,  2,  np . nan ,  4])  

print ( "ɀɞɜɞŰɞɜɑŬ ɛŮ NaN:" )  

print ( s_with_nan . is_monotonic_increasing )   # False  

print ( s_with_nan . is_monotonic_decreasing )   # False  
ɼΦ 3.3.11Υ ʃʰˊʱʵʶʽʴ˃ʰ ɾʶʻˈʵ˖˄ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌ 

 

3.3.12. ɾʷʻˇʵˇʽ ɼʶʽ˃ʷ˄ˇˎ όǎǘǊ ŀŎŎŜǎǎƻǊύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

.str.upper() ɼʶ˒ʰ˂ʰʾʰ s.str.upper() 

.str.lower() ʃʶʸʱ s.str.lower() 

.str.title() ʆʾˍ˂ˇˌ s.str.title() 

.str.len() ɾʺˁˇˌ s.str.len() 

.str.strip() ɮ˒ʰʾˊʶˋʹ ˁʶ˄˗˄ s.str.strip() 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

.str.contains(pat) ʃʶˊʽʷ˔ʶʽ ˃ˇˍʾʲˇ s.str.contains('a') 

.str.replace(pat, repl) ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ s.str.replace('a','b') 

.str.split(pat) ɲʽʰ˔˖ˊʽˋ˃ˈˌ s.str.split(' ') 

.str.startswith(pat) ʀʶˁʽ˄ʱʶʽ ˃ʶ s.str.startswith('A') 

.str.endswith(pat) ʆʶ˂ʶʽ˗˄ʶʽ ˃ʶ s.str.endswith('Z') 

.str.find(sub) ɳˏˊʶˋʹ ʻʷˋʹˌ s.str.find('a') 

.str.extract(pat) ɳ˅ʰʴ˖ʴʺ ˃ʶ ǊŜƎŜȄ s.str.extract('(\d+)') 

ʃʾ˄ʰˁʰˌ 3.3.14Υ ɾʷʻˇʵˇʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁ˗˄ όɼʶʽ˃ʷ˄ˇˎύ 

ʅˍʰ tŀƴŘŀǎΣ ˈ˂ʶˌ ˇʽ ˃ʷʻˇʵˇʽ ˁʶʽ˃ʷ˄ˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ˄ ϦŀŎŎŜǎǎƻǊϦ .strΦ ɮˎˍˈ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇ ʴʽʰˍʾ ʷ˄ʰ {ŜǊƛŜǎ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʷ˔ʶʽ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʽ ˍˇ ΦǎǘǊ ˂ʷʶʽ ˋˍʰ 

tŀƴŘŀǎΥ ζɾʶˍʱ˒ʶˊʷ ˃ʶ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʶʽ˃ʷ˄ˇˎηΦ 

ɮˌ ʵˇˏ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ˂ʾˋˍʰ ˃ʶ ϦʰˁʰˍʱˋˍʰˍʰϦ ˇ˄ˈ˃ʰˍʰ ˔ˊʹˋˍ˗˄Υ 

import  pandas as  pd 

 

users = pd . Series ([ '  giannis papas  ' ,  'maria_01' ,  'eleni konsta' ,  

'nikos.p' ],  name="Usernames" )  
 

мΦ ɰʰˋʽˁʺ ɾˇˊ˒ˇˉˇʾʹˋʹ 

ɮ˂˂ʱʸˇˎ˄ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎ ˁʶʽ˃ʷ˄ˇˎΦ 

¶ .str.upper() / .str.lower()Υ ɾʶˍʰˍˊʷˉʶʽ ˋʶ ɼɳʊɮɽɮɹɮ ʺ ˉʶʸʱΦ 

¶ .str.title()Υ ɼʱ˄ʶʽ ˍˇ ˉˊ˗ˍˇ ʴˊʱ˃˃ʰ ˁʱʻʶ ˂ʷ˅ʹˌ ˁʶ˒ʰ˂ʰʾˇ όʽʵʰ˄ʽˁˈ ʴʽʰ ˇ˄ˇ˃ʰˍʶˉ˗˄ˎ˃ʰύΦ 

¶ .str.strip()Υ ɶ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʷʻˇʵˇˌ ʴʽʰ ˁʰʻʰˊʽˋ˃ˈΗ ɮ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋˍʹ˄ ʰˊ˔ʺ 

ˁʰʽ ˋˍˇ ˍʷ˂ˇˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʆˇ ϥ Ǝƛŀƴƴƛǎ ǇŀǇŀǎ ϥ ʴʾ˄ʶˍʰʽ ϥƎƛŀƴƴƛǎ ǇŀǇŀǎϥΦ 

нΦ ɮ˄ʰʸʺˍʹˋʹ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ 

ɳˉʽˋˍˊʷ˒ˇˎ˄ ˋˎ˄ʺʻ˖ˌ .ƻƻƭŜŀƴ ό¢ǊǳŜκCŀƭǎŜύΣ ˇˉˈˍʶ ʶʾ˄ʰʽ ˍʷ˂ʶʽʶˌ ʴʽʰ ˒ʽ˂ˍˊʱˊʽˋ˃ʰΦ 

¶ .str.contains('pat')Υ ɳ˂ʷʴ˔ʶʽ ʰ˄ ʷ˄ʰ ˁˇ˃˃ʱˍʽ ˁʶʽ˃ʷ˄ˇˎ ˎˉʱˊ˔ʶʽ ˃ʷˋʰ ˋˍʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

¶ .str.startswith() / .str.endswith()Υ ɳ˂ʷʴ˔ʶʽ ʰ˄ ˅ʶˁʽ˄ʱʶʽ ʺ ˍʶ˂ʶʽ˗˄ʶʽ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

˔ʰˊʰˁˍʺˊʰΦ 

o ʋˊʺˋʹΥ users[users.str.startswith('m')] -Ҕ ɸʰ ˋˇˎ ˒ʷˊʶʽ ˍʹ ϥƳŀǊƛŀψлмϥΦ 
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¶ .str.find()Υ ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ ʻʷˋʹ όƛƴŘŜȄύ ˉˇˎ ˅ʶˁʽ˄ʱʶʽ ˍˇ ˃ˇˍʾʲˇΦ ɮ˄ ʵʶ˄ ˍˇ ʲˊʶʽΣ ʶˉʽˋˍˊʷ˒ʶʽ -1. 

оΦ ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ϧ ɳ˅ʰʴ˖ʴʺ 

¶ .str.replace('old', 'new')Υ ɮ˄ˍʽˁʰʻʽˋˍʱ ˔ʰˊʰˁˍʺˊʶˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ users.str.replace('_', ' '). 

¶ .str.split(' ')Υ ϦʅˉʱʶʽϦ ˍˇ ˁʶʾ˃ʶ˄ˇ ˋʶ ˂ʾˋˍʰ ˃ʶ ʲʱˋʹ ʷ˄ʰ˄ ˔ʰˊʰˁˍʺˊʰΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʆˇ ϥŜƭŜƴƛ ƪƻƴǎǘŀϥ ʴʾ˄ʶˍʰʽ ώϥŜƭŜƴƛϥΣ ϥƪƻƴǎǘŀϥϐΦ 

¶ .str.extract(pat)Υ ʋˊʹˋʽ˃ˇˉˇʽʶʾ Regular Expressions (Regex) ɹ ʽʰ ˄ʰ Ϧˍˊʰʲʺ˅ʶʽϦ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˁˇ˃˃ʱˍʽʰΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ users.str.extract('(\d+)') -Ҕ ɸʰ ʲˊʶʽ ˍˇ ϥлмϥ ʰˉˈ ˍˇ ϥƳŀǊƛŀψлмϥΦ 

¶ .str.len()Υ ɾʶˍˊʱʶʽ ˉˈˋˇˎˌ ˔ʰˊʰˁˍʺˊʶˌ ʷ˔ʶʽ ˍˇ ˁʱʻʶ ˁʶʾ˃ʶ˄ˇΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ŭŮŭɞɛɏɜŬ əŮɘɛɏɜɞɡ (strings) əŬɘ ɛŮɟɘəɎ NaN 

data = [  

    ' hello world ' ,  

    'Python programming' ,  

    'DATA SCIENCE' ,  

    np . nan ,  

    'apple,banana,orange' ,  

    'Hello123' ,  

    '   trim me   ' ,  

    'PYTHON' ,  

    'python' ,  

    '123 - 456 - 7890'  

]  

index_labels = [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ,  'H' ,  'I' ,  'J' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȾŮɑɛŮɜɞ' )  

 

print ( "ȷɟɢɘəɧ Series ɛŮ strings əŬɘ NaN:" )  

print ( s )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. .str.upper() -  ɀŮŰŬŰɟɞˊɐ ůŮ əŮűŬɚŬɑŬ 

print ( "1. .str.upper():" )  

print ( s . str . upper ())  

print ( " - " * 50)  

 

# 2. .str.lower() -  ɀŮŰŬŰɟɞˊɐ ůŮ ˊŮɕɎ 

print ( "2. .str.lower():" )  

print ( s . str . lower ())  

print ( " - " * 50)  

 

# 3. .str.title() -  ɀŮŰŬŰɟɞˊɐ ůŮ ŰɑŰɚɞ (ˊɟɩŰɞ ɔɟɎɛɛŬ əɎɗŮ ɚɏɝɖɠ əŮűŬɚŬɑɞ) 

print ( "3. .str.title():" )  

print ( s . str . title ())  

print ( " - " * 50)  
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# 4. .str.len() -  ɀɐəɞɠ əɎɗŮ string (ůŮ ɢŬɟŬəŰɐɟŮɠ, NaN ɔɑɜŮŰŬɘ NaN) 

print ( "4. .str.len():" )  

print ( s . str . len ())  

print ( " - " * 50)  

 

# 5. .str.strip() -  ȷűŬɑɟŮůɖ əŮɜɩɜ Ŭˊɧ Űɖɜ Ŭɟɢɐ əŬɘ Űɞ Űɏɚɞɠ 

print ( "5. .str.strip():" )  

print ( s . str . strip ())  

print ( " - " * 50)  

 

# 6. .str.contains(pat) -  ȰɚŮɔɢɞɠ Ŭɜ ˊŮɟɘɏɢŮɘ Űɞ ɡˊɧ-ůŰɘɔɛɘɧŰɡˊɞ 'Py' 

(ŮˊɘůŰɟɏűŮɘ boolean Series) 

print ( "6. .str.contains('Py'):" )  

print ( s . str . contains ( 'Py' ))  

print ( " - " * 50)  

 

# 7. .str.replace(pat, repl) -  ȷɜŰɘəŬŰɎůŰŬůɖ 'apple' ɛŮ 'fruit'  

print ( "7. .str.replace('apple', 'fruit'):" )  

print ( s . str . replace ( 'apple' ,  'fruit' ))  

print ( " - " * 50)  

 

# 8. .str.split(pat) -  ȹɘŬɢɤɟɘůɛɧɠ ůŮ ɚɑůŰŮɠ (ɛŮ ɓɎůɖ Űɞ əɧɛɛŬ ɔɘŬ Űɞ 

ůŰɞɘɢŮɑɞ Ⱥ) 

print ( "8. .str.split(','):" )  

print ( s . str . split ( ',' ))  

print ( " - " * 50)  

 

# 9. .str.startswith(pat) -  ȺɚɏɔɢŮɘ Ŭɜ ɝŮəɘɜɎ ɛŮ 'P' (True/False)  

print ( "9. .str.startswith('P'):" )  

print ( s . str . startswith ( 'P' ))  

print ( " - " * 50)  

 

# 10. .str.endswith(pat) -  ȺɚɏɔɢŮɘ Ŭɜ ŰŮɚŮɘɩɜŮɘ ɛŮ 'n' 

print ( "10. .str.endswith('n'):" )  

print ( s . str . endswith ( 'n' ))  

print ( " - " * 50)  

 

# 11. .str.find(sub) -  ȺɨɟŮůɖ ɗɏůɖɠ Űɞɡ 'a' (ŮˊɘůŰɟɏűŮɘ -1 Ŭɜ ŭŮɜ ɓɟŮɗŮɑ, 

NaN ɔɘŬ NaN) 

print ( "11. .str.find('a'):" )  

print ( s . str . find ( 'a' ))  

print ( " - " * 50)  

 

# 12. .str.extract(pat) -  ȺɝŬɔɤɔɐ ŰɛɐɛŬŰɞɠ ɛŮ əŬɜɞɜɘəɐ ɏəűɟŬůɖ (ˊ.ɢ. 

Ŭɟɘɗɛɞɑ) 

# Ʉɟɞůɞɢɐ: ŮˊɘůŰɟɏűŮɘ DataFrame Ŭɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ ɞɛɎŭŮɠ, Ŭɚɚɘɩɠ Series 

print ( "12. .str.extract('( \ d+)') -  ŮɝŬɔɤɔɐ ˊɟɩŰɤɜ ɣɖűɑɤɜ:")  

print ( s . str . extract ( '( \ d+)' ))   # ȺˊɘůŰɟɏűŮɘ DataFrame ɛŮ ɛɑŬ ůŰɐɚɖ 

print ( " - " * 50)  

 

# Ⱥˊɘˊɚɏɞɜ: .str.extract ɛŮ named groups ɔɘŬ ůŬűɐɜŮɘŬ 

print ( "   .str.extract('(?P<numbers> \ d+)') -  ɛŮ ɧɜɞɛŬ:" )  

print ( s . str . extract ( '(?P<numbers> \ d+)' ))  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ȺˊɑŭŮɘɝɖ ůɡɛˊŮɟɘűɞɟɎɠ ɛŮ NaN (ɧɚŮɠ ɞɘ ɛɏɗɞŭɞɘ ŮˊɘůŰɟɏűɞɡɜ NaN) 

print ("ȳɚŮɠ ɞɘ string ɛɏɗɞŭɞɘ ŭɘŬŰɖɟɞɨɜ ŰŬ NaN (ɧˊɞɡ ɡˊɐɟɢŮ NaN, Űɞ 

ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ NaN).")  
ɼΦ 3.3.12Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁ˗˄ όɼʶʽ˃ʷ˄ˇˎύ 
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3.3.13. ʋˊˇ˄ʽˁʷˌ ʅʶʽˊʷˌ όŘǘ ŀŎŎŜǎǎƻǊύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.dt.year ɴˍˇˌ Series 

.dt.month ɾʺ˄ʰˌ Series 

.dt.day ɶ˃ʷˊʰ Series 

.dt.hour ʎˊʰ Series 

.dt.minute ɽʶˉˍʱ Series 

.dt.second ɲʶˎˍʶˊˈ˂ʶˉˍʰ Series 

.dt.dayofweek ɶ˃ʷˊʰ ʶʲʵˇ˃ʱʵʰˌ Series 

.dt.dayofyear ɶ˃ʷˊʰ ʷˍˇˎˌ Series 

.dt.is_month_start ɮˊ˔ʺ ˃ʺ˄ʰ Boolean Series 

.dt.is_month_end ʆʷ˂ˇˌ ˃ʺ˄ʰ Boolean Series 

.dt.strftime(format) ɾˇˊ˒ˇˉˇʾʹˋʹ Series 

ʃʾ˄ʰˁʰˌ 3.3.15Υ  ɾʷʻˇʵˇʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˁʰʽ ˗ˊʰˌ 

ʂˉ˖ˌ ˍˇ ΦǎǘǊ ˅ʶˁ˂ʶʽʵ˗˄ʶʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˁʶʽ˃ʷ˄ˇˎΣ ʷˍˋʽ ˁʰʽ ˍˇ .dt ό5ŀǘŜǘƛƳŜ ŀŎŎŜǎǎƻǊύ ˅ʶˁ˂ʶʽʵ˗˄ʶʽ ˍʽˌ 

ʵˎ˄ʰˍˈˍʹˍʶˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˁʰʽ ˗ˊʰˌΦ 

ɱʽʰ ˄ʰ ʵˇˎ˂ʷ˕ˇˎ˄ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽΣ ˍˇ {ŜǊƛŜǎ ˋˇˎ ˉˊʷˉʶʽ ˄ʰ ʷ˔ʶʽ ˍˏˉˇ ŘŀǘŜǘƛƳŜспΦ ɮ˄ ʷ˔ʶʽˌ ǎǘǊƛƴƎǎΣ 

ˍʰ ˃ʶˍʰˍˊʷˉʶʽˌ ˉˊ˗ˍʰ ˃ʶ ˍʹ˄ ǇŘΦǘƻψŘŀǘŜǘƛƳŜόύΦ 

ɮˌ ʵˇˏ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˉʰˊʰʴʴʶ˂ʽ˗˄Υ 

import  pandas as  pd 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ ɖɛŮɟɞɛɖɜɑŮɠ 

dates = pd . to_datetime ( pd . Series ([ '2024 - 01- 01 10:30:00' ,  '2024 - 05- 15 

14:45:00' ,  '2024 - 12- 31 23:59:59' ]))  
 

мΦ ɳ˅ʰʴ˖ʴʺ ʅˍˇʽ˔ʶʾ˖˄ ό/ƻƳǇƻƴŜƴǘǎύ 

ɮˎˍʷˌ ˇʽ ʽʵʽˈˍʹˍʶˌ Ϧˋˉʱ˄ʶϦ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˋˍʰ ˃ʷˊʹ ˍʹˌΦ 

¶ .dt.year, .dt.month, .dt.dayΥ ʅˇˎ ʵʾ˄ˇˎ˄ ˍˇ ʷˍˇˌΣ ˍˇ˄ ˃ʺ˄ʰ ʺ ˍʹ˄ ʹ˃ʷˊʰ ˖ˌ ʰˊʽʻ˃ˈΦ 

¶ .dt.hour, .dt.minute, .dt.secondΥ ʅˇˎ ʵʾ˄ˇˎ˄ ˍʹ˄ ʰˁˊʽʲʺ ˗ˊʰ ˍʹˌ ˁʰˍʰʴˊʰ˒ʺˌΦ 

¶ .dt.dayofweekΥ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ ʰˉˈ л ʷ˖ˌ с όл Ґ ɲʶˎˍʷˊʰΣ с Ґ ɼˎˊʽʰˁʺύΦ 

¶ .dt.dayofyearΥ ʅˇˎ ˂ʷʶʽ ˉˇʽʰ ˃ʷˊʰ ˍˇˎ ˔ˊˈ˄ˇˎ ʶʾ˄ʰʽ όʰˉˈ м ʷ˖ˌ оссύΦ 

нΦ ɽˇʴʽˁˇʾ ɴ˂ʶʴ˔ˇʽ όtǊƻǇŜǊǘƛŜǎύ 
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ɳˉʽˋˍˊʷ˒ˇˎ˄ ¢ǊǳŜκCŀƭǎŜ ˁʰʽ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇʽ ʴʽʰ ˂ˇʴʽˋˍʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌΦ 

¶ .dt.is_month_startΥ ɳʾ˄ʰʽ ʹ мʹ ˍˇˎ ˃ʹ˄ˈˌΤ 

¶ .dt.is_month_endΥ ɳʾ˄ʰʽ ʹ ˍʶ˂ʶˎˍʰʾʰ ˃ʷˊʰ ˍˇˎ ˃ʹ˄ˈˌΤ 

оΦ ɾˇˊ˒ˇˉˇʾʹˋʹ ˃ʶ ΦŘǘΦǎǘǊŦǘƛƳŜόύ 

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ˃ʶˍʰˍˊʷˉʶʽ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˋʶ ˁʶʾ˃ʶ˄ˇ όǎǘǊƛƴƎύ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˉˇˎ ʻʷ˂ʶʽˌ ʶˋˏΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶʽʵʽˁˇˏˌ ˁ˖ʵʽˁˇˏˌ όŦƻǊƳŀǘ ŎƻŘŜǎύΦ 

¶ %dΥ ɶ˃ʷˊʰ όлм-31) 

¶ %mΥ ɾʺ˄ʰˌ όлм-12) 

¶ %YΥ ɴˍˇˌ όнлнпύ 

¶ %AΥ ʂ˄ˇ˃ʰ ʹ˃ʷˊʰˌ όˉΦ˔Φ aƻƴŘŀȅύ 

ʃʰˊʱʵʶʽʴ˃ʰΥ dates.dt.strftime('%d/%m/%Y') -Ҕ ɾʶˍʰˍˊʷˉʶʽ ˍˇ ϥнлнп-01-лмϥ ˋʶ ϥлмκлмκнлнпϥΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ɖɛŮɟɞɛɖɜɑŮɠ (datetime) 

# ɉɟɐůɖ pd.date_range ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ ɖɛŮɟɞɛɖɜɘɩɜ 

date_rng = pd . date_range ( start ='2023 - 01- 15' ,  periods =8,  freq ='M' )   # 8 

ɛɐɜŮɠ, Űɏɚɞɠ ɛɐɜŬ 

# Ʉɟɞůɗɐəɖ ɛŮɟɘəɩɜ ŰɡɢŬɑɤɜ ɤɟɩɜ ɔɘŬ ɜŬ ɏɢɞɡɛŮ əŬɘ ɩɟŮɠ 

timestamps = [  

    '2023 - 01- 15 10:30:00' ,  

    '2023 - 02- 20 14:45:30' ,  

    '2023 - 03- 10 08:15:00' ,  

    '2023 - 04- 05 23:59:59' ,  

    '2023 - 05- 25 00:00:01' ,  

    '2023 - 06- 30 12:00:00' ,  

    '2023 - 07- 14 18:30:00' ,  

    '2023 - 08- 01 05:05:05'  

]  

# ɀŮŰŬŰɟɞˊɐ ůŮ datetime Series  

s = pd . Series ( pd . to_datetime ( timestamps ),  name=' ȼɛŮɟɞɛɖɜɑŮɠ' )  

 

print ( "ȷɟɢɘəɧ Series ɛŮ datetime:" )  

print ( s )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. .dt.year -  ȰŰɞɠ 

print ( "1. .dt.year:" )  

print ( s . dt . year )  

print ( " - " * 50)  

 

# 2. .dt.month -  ɀɐɜŬɠ (1 - 12)  

print ( "2. .dt.month:" )  

print ( s . dt . month )  

print ( " - " * 50)  
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# 3. .dt.day -  ȼɛɏɟŬ Űɞɡ ɛɐɜŬ 

print ( "3. .dt.day:" )  

print ( s . dt . day )  

print ( " - " * 50)  

 

# 4. .dt.hour -  ȵɟŬ (0 - 23)  

print ( "4. .dt.hour:" )  

print ( s . dt . hour )  

print ( " - " * 50)  

 

# 5. .dt.minute -  ȿŮˊŰɎ 

print ( "5. .dt.minute:" )  

print ( s . dt . minute )  

print ( " - " * 50)  

 

# 6. .dt.second -  ȹŮɡŰŮɟɧɚŮˊŰŬ 

print ( "6. .dt.second:" )  

print ( s . dt . second )  

print ( " - " * 50)  

 

# 7. .dt.dayofweek -  ȼɛɏɟŬ ŮɓŭɞɛɎŭŬɠ (ȹŮɡŰɏɟŬ=0, ȾɡɟɘŬəɐ=6) 

print ( "7. .dt.dayofweek:" )  

print ( s . dt . dayofweek )  

print ( " - " * 50)  

 

# 8. .dt.dayofyear -  ȼɛɏɟŬ Űɞɡ ɏŰɞɡɠ (1- 366)  

print ( "8. .dt.dayofyear:" )  

print ( s . dt . dayofyear )  

print ( " - " * 50)  

 

# 9. .dt.is_month_start -  ȷɜ ɖ ɖɛŮɟɞɛɖɜɑŬ ŮɑɜŬɘ Ŭɟɢɐ ɛɐɜŬ 

print ( "9. .dt.is_month_start:" )  

print ( s . dt . is_month_start )  

print ( " - " * 50)  

 

# 10. .dt.is_month_end -  ȷɜ ɖ ɖɛŮɟɞɛɖɜɑŬ ŮɑɜŬɘ Űɏɚɞɠ ɛɐɜŬ 

print ( "10. .dt.is_month_end:" )  

print ( s . dt . is_month_end )  

print ( " - " * 50)  

 

# 11. .dt.strftime(format) -  ɀɞɟűɞˊɞɑɖůɖ ɖɛŮɟɞɛɖɜɑŬɠ ůŮ string  

print ( "11. .dt.strftime('%Y - %m- %d'):" )  

print ( s . dt . strftime ( '%Y- %m- %d' ))  

print ( "    .dt.strftime('%A %d %B %Y'):" )  

print ( s . dt . strftime ( '%A %d %B %Y' ))   # Ʉ. ɢ. Monday 15 January 2023  

print ( " - " * 50)  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# Ⱥˊɘˊɚɏɞɜ: ȯɚɚŮɠ ɢɟɐůɘɛŮɠ ɘŭɘɧŰɖŰŮɠ (quarter, week, is_leap_year əɚ.́)  

print ( "Ⱥˊɘˊɚɏɞɜ ɘŭɘɧŰɖŰŮɠ .dt:" )  

print ( "s.dt.quarter ( Űɟɑɛɖɜɞ):" )  

print ( s . dt . quarter )  

print ( "s.dt.week ( ŮɓŭɞɛɎŭŬ Űɞɡ ɏŰɞɡɠ):" )  

print ( s . dt . isocalendar (). week)   # .week ɏɢŮɘ əŬŰŬɟɔɖɗŮɑ, ɢɟɐůɖ 

.isocalendar().week  

print ( "s.dt.is_leap_year ( ŭɘůɏəŰɞ ɏŰɞɠ;):" )  

print ( s . dt . is_leap_year )  
ɼΦ 3.3.13Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˁʰʽ ˗ˊʰˌ 
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3.3.14. ɼʰˍʹʴˇˊʽˁʱ ɲʶʵˇ˃ʷ˄ʰ όŎŀǘ ŀŎŎŜǎǎƻǊύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

.cat.categories ɼʰˍʹʴˇˊʾʶˌ Index 

.cat.codes ɼ˖ʵʽˁˇʾ ˁʰˍʹʴˇˊʽ˗˄ Series 

.cat.add_categories() ʃˊˇˋʻʺˁʹ ˁʰˍʹʴˇˊʽ˗˄ - 

.cat.remove_categories() ɮ˒ʰʾˊʶˋʹ ˁʰˍʹʴˇˊʽ˗˄ - 

.cat.set_categories() ʁˊʽˋ˃ˈˌ ˁʰˍʹʴˇˊʽ˗˄ - 

.cat.as_ordered() ɲʽʰˍʶˍʰʴ˃ʷ˄ʶˌ ˁʰˍʹʴˇˊʾʶˌ - 

.cat.as_unordered() ɾʹ ʵʽʰˍʶˍʰʴ˃ʷ˄ʶˌ ˁʰˍʹʴˇˊʾʶˌ - 

ʃʾ˄ʰˁʰˌ 3.3.16Υ  ɾʷʻˇʵˇʽ ʴʽʰ ʋˊʺˋʹ ɼʰˍʹʴˇˊʽ˗˄ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˇ ˁˊˎ˒ˈˌ ʱˋˇˌ ˋˍˇ ˃ʰ˄ʾˁʽ ˋˇˎ ˈˍʰ˄ ʵʽʰ˔ʶʽˊʾʸʶˋʰʽ ˍʶˊʱˋˍʽʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ 

ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ όˉΦ˔Φ Ϧ{ƳŀƭƭϦΣ ϦaŜŘƛǳƳϦΣ Ϧ[ŀǊƎŜϦύΦ 

ʂˉ˖ˌ ˍˇ ΦǎǘǊ ˁʰʽ ˍˇ ΦŘǘΣ ʷˍˋʽ ˁʰʽ ˍˇ .cat ˅ ʶˁ˂ʶʽʵ˗˄ʶʽ ˂ʶʽˍˇˎˊʴʾʶˌ ʶʽʵʽˁʱ ʴʽʰ ˍˇ˄ ˍˏˉˇ ŎŀǘŜƎƻǊȅΦ ɶ ˔ˊʺˋʹ 

ˁʰˍʹʴˇˊʽ˗˄ ʰ˄ˍʾ ʴʽʰ ʰˉ˂ˈ ˁʶʾ˃ʶ˄ˇ όǎǘǊƛƴƎǎύ ˁʱ˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʱ ˋˇˎ ˉˇ˂ˏ ˉʽˇ ʴˊʺʴˇˊˇ ˁʰʽ ˃ʶʽ˗˄ʶʽ 

ʵˊʰ˃ʰˍʽˁʱ ˍʹ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌΦ 

ɮˌ ʵˇˏ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˃ʶʴʷʻʹ ˊˇˏ˔˖˄Υ 

import  pandas as  pd 

 

# ȹɖɛɘɞɡɟɔɑŬ əŬŰɖɔɞɟɘəɞɨ Series  

sizes = pd . Series ([ 'Small' ,  'Large' ,  'Medium' ,  'Small' ],  dtype ='category' )  
 

мΦ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ϧ ɼ˖ʵʽˁˇˉˇʾʹˋʹ 

ʅˍˇ ˉʰˊʰˋˁʺ˄ʽˇΣ ˍʰ tŀƴŘŀǎ ʵʶ˄ ʰˉˇʻʹˁʶˏˇˎ˄ ˍʹ ˂ʷ˅ʹ Ϧ{ƳŀƭƭϦ ˉˇ˂˂ʷˌ ˒ˇˊʷˌΣ ʰ˂˂ʱ ʷ˄ʰ˄ ʰˊʽʻ˃ˈ 

όˁ˖ʵʽˁˈύΦ 

¶ .cat.categoriesΥ ʅˇˎ ʵʶʾ˔˄ʶʽ ˉˇʽʶˌ ʶʾ˄ʰʽ ˇʽ ʶˉʽˍˊʶˉˍʷˌ ˍʽ˃ʷˌ όˍˇ Ϧ˂ʶ˅ʽ˂ˈʴʽˇϦ ˍʹˌ ˋˍʺ˂ʹˌύΦ 

o ɴ˅ˇʵˇˌ: Index(['Large', 'Medium', 'Small'], dtype='object'). 

¶ .cat.codesΥ ʅˇˎ ʵʶʾ˔˄ʶʽ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˁʱʻʶ ˍʽ˃ʺˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʆˇ ϥ{Ƴŀƭƭϥ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˍˇ нΣ ˍˇ ϥ[ŀǊƎŜϥ ˍˇ лΦ ɮˎˍˈ ʶʾ˄ʰʽ ʷˍˇʽ˃ʹ ˍˊˇ˒ʺ 

ʴʽʰ ˃ˇ˄ˍʷ˂ʰ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎΗ 

нΦ ɲʽʰ˔ʶʾˊʽˋʹ Ϧɽʶ˅ʽ˂ˇʴʾˇˎϦ 
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ɾˉˇˊʶʾˌ ˄ʰ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ʶˉʽ˂ˇʴʷˌ ˔˖ˊʾˌ ˄ʰ ˉʶʽˊʱ˅ʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

¶ .cat.add_categories(['XL'])Υ ɳˉʽˍˊʷˉʶʽ ˋˍˇ {ŜǊƛŜǎ ˄ʰ ʵʶ˔ˍʶʾ ˁʰʽ ˍʹ˄ ˍʽ˃ʺ ϥ·[ϥ ˋˍˇ ˃ʷ˂˂ˇ˄Φ 

¶ .cat.remove_categories(['Small'])Υ ɮ˒ʰʽˊʶʾ ˍʹ˄ ʶˉʽ˂ˇʴʺΦ ɮ˄ ˎˉʺˊ˔ʰ˄ ϥ{Ƴŀƭƭϥ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ˋˇˎΣ ʻʰ ʴʾ˄ˇˎ˄ bŀbΦ 

¶ .cat.set_categories(['Small', 'Medium', 'Large'])Υ ʁˊʾʸʶʽ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˈ˂ˇ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ 

ʶˉʽˍˊʶˉˍ˗˄ ˍʽ˃˗˄Φ 

оΦ ɲʽʱˍʰ˅ʹ όhǊŘŜǊƛƴƎύ 

ɮˎˍˈ ʶʾ˄ʰʽ ˍˇ ˉʽˇ ʽˋ˔ˎˊˈ ˋʹ˃ʶʾˇΦ ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʷ˔ˇˎ˄ ʽʶˊʰˊ˔ʾʰ. 

¶ .cat.as_ordered()Υ ɽʷʶʽ ˋˍʰ tŀƴŘŀǎ ˈˍʽ ˇʽ ˍʽ˃ʷˌ ʷ˔ˇˎ˄ ˋʶʽˊʱ όˉΦ˔Φ {Ƴŀƭƭ ғ aŜŘƛǳƳ ғ [ŀǊƎŜύΦ 

o ɱʽʰˍʾ ʲˇʹʻʱʶʽΥ ɾˉˇˊʶʾˌ ˄ʰ ˁʱ˄ʶʽˌ ǎΦƳƛƴόύ ˁʰʽ ˄ʰ ˋˇˎ ʶˉʽˋˍˊʷ˕ʶʽ ˍˇ ϥ{ƳŀƭƭϥΣ ʺ ˄ʰ 

ˍʰ˅ʽ˄ˇ˃ʺˋʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ˈ˔ʽ ʰ˂˒ʰʲʹˍʽˁʱΣ ʰ˂˂ʱ ʲʱˋʶʽ ˃ʶʴʷʻˇˎˌΗ 

¶ .cat.as_unordered()Υ ɮ˒ʰʽˊʶʾ ˍʹ˄ ʽʶˊʰˊ˔ʾʰΣ ʻʶ˖ˊ˗˄ˍʰˌ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ ʽˋˈˍʽ˃ʶˌΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ əŬŰɖɔɞɟɘəɎ ŭŮŭɞɛɏɜŬ (categorical) 

data = [ 'ɛɘəɟɧ',  'ɛŮůŬɑɞ',  'ɛŮɔɎɚɞ',  'ɛɘəɟɧ',  'ɛŮɔɎɚɞ',  'ɛŮůŬɑɞ',  np . nan ]  

s = pd . Series ( data ,  name=' ɀɏɔŮɗɞɠ' )  

print ( "ȷɟɢɘəɧ Series (object):" )  

print ( s )  

 

# ɀŮŰŬŰɟɞˊɐ ůŮ categorical (ɢɤɟɑɠ ŭɘɎŰŬɝɖ) 

s_cat = s . astype ( 'category' )  

print ( " \ nɀŮŰŬŰɟɞˊɐ ůŮ category:" )  

print ( s_cat )  

print ( "ȾŬŰɖɔɞɟɑŮɠ:" ,  s_cat . cat . categories )  

print ( "ȹɘŬŰŮŰŬɔɛɏɜɞ;" ,  s_cat . cat . ordered )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. .cat.categories -  Ƀɘ əŬŰɖɔɞɟɑŮɠ (Index)  

print ( "1. .cat.categories:" )  

print ( s_cat . cat . categories )  

print ( "ɇɨˊɞɠ:" ,  type ( s_cat . cat . categories ))  

print ( " - " * 50)  

 

# 2. .cat.codes -  Ⱦɤŭɘəɞɑ əŬŰɖɔɞɟɘɩɜ (ɞɘ NaN əɤŭɘəɞˊɞɘɞɨɜŰŬɘ ɤɠ - 1)  

print ( "2. .cat.codes:" )  

print ( s_cat . cat . codes )  

print ( " - " * 50)  

 

# 3. .cat.add_categories() -  Ʉɟɞůɗɐəɖ ɜɏɤɜ əŬŰɖɔɞɟɘɩɜ 

s_cat_new = s_cat . cat . add_categories ([ ' ˊɞɚɨ ɛɘəɟɧ' ,  ' ˊɞɚɨ ɛŮɔɎɚɞ' ])  

print ( "3. .cat.add_categories([' ˊɞɚɨ ɛɘəɟɧ', ' ˊɞɚɨ ɛŮɔɎɚɞ']):" )  

print ( s_cat_new . cat . categories )  

print ( " - " * 50)  
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# 4. .cat.remove_categories() -  ȷűŬɑɟŮůɖ əŬŰɖɔɞɟɘɩɜ (ɧůŮɠ Űɘɛɏɠ Ŭɜɐəɞɡɜ ůŮ 

ŬɡŰɏɠ ɔɑɜɞɜŰŬɘ NaN) 

s_cat_removed = s_cat . cat . remove_categories ([ ' ɛŮůŬɑɞ' ])  

print ( "4. .cat.remove_categories([' ɛŮůŬɑɞ']):" )  

print ( s_cat_removed )  

print ( "ȾŬŰɖɔɞɟɑŮɠ:" ,  s_cat_removed . cat . categories )  

print ( " - " * 50)  

 

# 5. .cat.set_categories() -  Ƀɟɘůɛɧɠ ɜɏɤɜ əŬŰɖɔɞɟɘɩɜ (ŬɜŰɘəŬɗɘůŰɎ ˊɚɐɟɤɠ) 

s_cat_set = s_cat . cat . set_categories ([ 'ɛɘəɟɧ',  'ɛŮɔɎɚɞ'])   # ŬűŬɘɟŮɑ Űɞ 

'ɛŮůŬɑɞ' əŬɘ ɧůŮɠ Űɘɛɏɠ ɐŰŬɜ 'ɛŮůŬɑɞ' ɔɑɜɞɜŰŬɘ NaN 

print ( "5. .cat.set_categories([' ɛɘəɟɧ', ' ɛŮɔɎɚɞ']):" )  

print ( s_cat_set )  

print ( "ȾŬŰɖɔɞɟɑŮɠ:" ,  s_cat_set . cat . categories )  

print ( " - " * 50)  

 

# 6. .cat.as_ordered() -  Ƀɟɘůɛɧɠ Űɤɜ əŬŰɖɔɞɟɘɩɜ ɤɠ ŭɘŬŰŮŰŬɔɛɏɜŮɠ (ordered) 

# ɄɟɏˊŮɘ ɜŬ ɏɢɞɡɛŮ ɛɘŬ ɚɞɔɘəɐ ůŮɘɟɎ, ˊ.ɢ. ɛɘəɟɧ < ɛŮůŬɑɞ < ɛŮɔɎɚɞ 

# ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ˊɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ɞɟɑůɞɡɛŮ Űɘɠ əŬŰɖɔɞɟɑŮɠ ɛŮ Űɖ ůɤůŰɐ 

ůŮɘɟɎ 

s_cat_ordered = s_cat . cat . set_categories ([ ' ɛɘəɟɧ' ,  ' ɛŮůŬɑɞ' ,  ' ɛŮɔɎɚɞ' ],  

ordered =True )  

print ( "6. .cat.as_ordered() ( ɛɏůɤ set_categories ɛŮ ordered=True):" )  

print ( s_cat_ordered )  

print ( "ȹɘŬŰŮŰŬɔɛɏɜɞ;" ,  s_cat_ordered . cat . ordered )  

# ɀˊɞɟɞɨɛŮ ŰɩɟŬ ɜŬ ůɡɔəɟɑɜɞɡɛŮ 

print ("Ɇɨɔəɟɘůɖ: s_cat_ordered > 'ɛŮůŬɑɞ':")  

print ( s_cat_ordered > 'ɛŮůŬɑɞ')   # ŪŬ ŭɩůŮɘ True ɔɘŬ 'ɛŮɔɎɚɞ', False ɔɘŬ 

'ɛɘəɟɧ' əŬɘ NaN 

print ( " - " * 50)  

 

# 7. .cat.as_unordered() -  ȷűŬɑɟŮůɖ ŭɘɎŰŬɝɖɠ (əɎɜŮɘ unordered)  

s_cat_unordered = s_cat_ordered . cat . as_unordered ()  

print ( "7. .cat.as_unordered():" )  

print ( s_cat_unordered . cat . ordered )  

print ( "ȾŬŰɖɔɞɟɑŮɠ:" ,  s_cat_unordered . cat . categories )  

print ( " - " * 50)  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

print ("ɆɖɛŮɑɤůɖ: Ƀɘ NaN Űɘɛɏɠ ŭɘŬŰɖɟɞɨɜŰŬɘ ɤɠ NaN ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ˊɟɎɝŮɘɠ.")  
ɼΦ 3.3.14Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ɾʶʻˈʵ˖˄ ʴʽʰ ʋˊʺˋʹ ɼʰˍʹʴˇˊʽ˗˄ 

3.3.15. ʁ˃ʰʵˇˉˇʾʹˋʹ ϧ ɼʽ˄ʹˍˇʾ ɾʷˋˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

.groupby() ʁ˃ʰʵˇˉˇʾʹˋʹ s.groupby(key) 

.rolling(window) ɼʽ˄ʹˍˈˌ ˃ʷˋˇˌ s.rolling(3).mean() 

.expanding() ɳˉʶˁˍʶʽ˄ˈ˃ʶ˄ˇˌ s.expanding().sum() 

.ewm(span) ɳˁʻʶˍʽˁʱ ˋˍʰʻ˃ʽˋ˃ʷ˄ˇˌ s.ewm(span=3).mean() 

.aggregate(func) ʅˎ˄ʰʻˊˇʾˋʶʽˌ s.agg(['mean','sum']) 

.transform(func) ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ s.transform('sqrt') 

ʃʾ˄ʰˁʰˌ 3.3.17Υ ɾʷʻˇʵˇʽ ʃˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ɮ˄ʱ˂ˎˋʹˌ ˁʰʽ ʃʰˊʰʻˏˊ˖˄ 
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ɾʷʻˇʵˇʽ ʃˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ɮ˄ʱ˂ˎˋʹˌ ˁʰʽ ʃʰˊʰʻˏˊ˖˄ ό²ƛƴŘƻǿ ϧ !ƎƎǊŜƎŀǘƛƻƴ CǳƴŎǘƛƻƴǎύΦ ɮˎˍʷˌ ˇʽ 

˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˉˇˎ ˃ʶˍʰˍˊʷˉˇˎ˄ ˍʰ tŀƴŘŀǎ ʰˉˈ ˃ʽʰ ʰˉ˂ʺ ʲʽʲ˂ʽˇʻʺˁʹ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʷ˄ʰ ˉʰ˄ʾˋ˔ˎˊˇ 

ʶˊʴʰ˂ʶʾˇ ˋˍʰˍʽˋˍʽˁʺˌ ˁʰʽ ˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌΦ 

ɮˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ {ŜǊƛŜǎ ˃ʶ ʹ˃ʶˊʺˋʽʶˌ ˍʽ˃ʷˌ ˃ʽʰˌ ˃ʶˍˇ˔ʺˌ ʺ ʻʶˊ˃ˇˁˊʰˋʾʶˌΥ 

import  pandas as  pd 

 

data = pd . Series ([ 10 ,  20 ,  15 ,  30 ,  45 ,  25 ],  index =[ 'M1' ,  'M1' ,  'M2' ,  'M2' ,  

'M3' ,  'M3' ])  
 

1. .groupby() - ʁ˃ʰʵˇˉˇʾʹˋʹ 

ɮ˄ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ˈˍʶˊʰ ˋˍʰ 5ŀǘŀCǊŀƳŜǎΣ ˋˍˇ {ŜǊƛŜǎ ˔ˊʹˋʽ˃ʶˏʶʽ ʴʽʰ ˄ʰ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ˍʽˌ 

ˍʽ˃ʷˌ ˃ʶ ʲʱˋʹ ˍˇ ƛƴŘŜȄ ʺ ʷ˄ʰ ʱ˂˂ˇ {ŜǊƛŜǎ ˁʰʽ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽˌ ˃ʽʰ ˉˊʱ˅ʹ ʰ˄ʱ ˇ˃ʱʵʰΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰ: data.groupby(level=0).mean() 

¶ ɮˉˇˍʷ˂ʶˋ˃ʰΥ ɸʰ ˋˇˎ ʵ˗ˋʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ʴʽʰ ˁʱʻʶ ϦaϦ όaмΥ мрΣ aнΥ ннΦрΣ aоΥ орύΦ 

2. ʁ ̔"Window" ʅˎ˄ʰˊˍʺˋʶʽˌ (Rolling & Expanding) 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶ˅ʶˍʱʸˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ϦˉʰˊʱʻˎˊʰϦ ˔ˊˈ˄ˇˎΣ ˁʱˍʽ ʰˉʰˊʰʾˍʹˍˇ ʴʽʰ ˄ʰ 

ʶ˅ˇ˃ʰ˂ˏ˄ˇˎ˃ʶ ˍʽˌ ʰˉˈˍˇ˃ʶˌ ʰ˂˂ʰʴʷˌ όʻˈˊˎʲˇύΦ 

¶ ΦǊƻƭƭƛƴƎόǿƛƴŘƻǿύ όɼʽ˄ʹˍˈˌ ɾʷˋˇˌύΥ ɼˇʽˍʱʸʶʽ ˍʽˌ Ϸ·Ϸ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˍʽ˃ʷˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.rolling(3).mean() -Ҕ ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ о 

ʹ˃ʶˊ˗˄ ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇΦ 

¶ .expanding(): ʀʶˁʽ˄ʱʶʽ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˁʰʽ Ϧ˃ʶʴʰ˂˗˄ʶʽϦ ˍˇ ˉʰˊʱʻˎˊˇ ˃ʷ˔ˊʽ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʱʲʶʽ 

ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ s.expanding().sum() -Ҕ ʅˍˇ пˇ ˋˍˇʽ˔ʶʾˇΣ ʻʰ ʷ˔ʶʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ 

ˋˍˇʽ˔ʶʾ˖˄ м ʷ˖ˌ пΦ 

¶ .ewm(span) (Exponential Weighted Moving): ɲʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʲʰˊˏˍʹˍʰ ˋˍʽˌ ˉˊˈˋ˒ʰˍʶˌ 

ˍʽ˃ʷˌ ˁʰʽ ˃ʽˁˊˈˍʶˊʹ ˋˍʽˌ ˉʰ˂ʽʷˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰˍʱ ˁˈˊˇ˄ ˋˍʰ ˔ˊʹ˃ʰˍʽˋˍʺˊʽʰΦ 

3. .aggregate() & .transform() - ɾʰʸʽˁʺ ɳˉʶ˅ʶˊʴʰˋʾʰ 

¶ ΦŀƎƎǊŜƎŀǘŜόύ όʺ ΦŀƎƎόύύΥ ʅˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʸʹˍʺˋʶʽˌ ˉˇ˂˂ʱ ˋˍʰˍʽˋˍʽˁʱ ˃ʰʸʾΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ data.agg(['min', 'max', 'std']). 
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¶ .transform()Υ ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ʰ˂˂ʱ ʵʽʰˍʹˊʶʾ ˍˇ ʰˊ˔ʽˁˈ ˋ˔ʺ˃ʰ όƭŜƴƎǘƘύ ˍˇˎ {ŜǊƛŜǎΦ 

ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇ ʴʽʰ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ όƴƻǊƳŀƭƛȊŀǘƛƻƴύΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ data.transform(lambda x: (x - x.mean()) / x.std()). 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ DataFrame ɛŮ ŭŮŭɞɛɏɜŬ ɔɘŬ groupby 

np . random . seed ( 42)  

dates = pd . date_range ( '2023 - 01- 01' ,  periods =10 ,  freq ='D' )  

categories = [ 'A' ,  'B' ,  'A' ,  'B' ,  'C' ,  'A' ,  'C' ,  'C' ,  'B' ,  'A' ]  

values = np . random . randint ( 10 ,  50 ,  size =10)  

 

df = pd . DataFrame ({ 'date' :  dates ,  'category' :  categories ,  'value' :  values })  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɔɘŬ rolling/expanding/ewm  

s = pd . Series ([ 10 ,  20 ,  15 ,  30 ,  25 ,  40 ,  35 ,  50 ,  45 ,  60 ],  index =dates ,  

name='values' )  

print ( "ȷɟɢɘəɧ Series ɔɘŬ rolling/expanding/ewm:" )  

print ( s )  

print ( " \ n"  + "=" * 70 + " \ n" )  

 

# 1. .groupby() -  ɃɛŬŭɞˊɞɑɖůɖ 

# ȺűŬɟɛɧɕŮŰŬɘ ůŮ DataFrame ɐ Series, Ůŭɩ ůŰɞ DataFrame ɔɘŬ ɜŬ ŭɞɨɛŮ 

ɞɛŬŭɞˊɞɑɖůɖ 

grouped = df . groupby ( 'category' )[ 'value' ]. mean()  

print ( "1. .groupby('category')['value'].mean():" )  

print ( grouped )  

print ( " \ nȺɜŬɚɚŬəŰɘəɎ, groupby ůŮ Series ɛŮ Ɏɚɚɞ Series ɤɠ əɚŮɘŭɑ:" )  

s_grouped = s . groupby ( categories ). mean()  

print ( s_grouped )  

print ( " - " * 50)  

 

# 2. .rolling(window) -  ȾɘɜɖŰɧɠ ɛɏůɞɠ 

rolling_mean = s . rolling ( window =3). mean()  

print ( "2. .rolling(3).mean():" )  

print ( rolling_mean )  

print ( " - " * 50)  

 

# 3. .expanding() -  ȺˊŮəŰŮɘɜɧɛŮɜɞɠ (ůɡɜɐɗɤɠ ɎɗɟɞɘůɛŬ, ɛɏůɞɠ əɚˊ.) 

expanding_sum = s . expanding (). sum()  

print ( "3. .expanding().sum():" )  

print ( expanding_sum )  

print ( " - " * 50)  

 

# 4. .ewm(span) -  ȺəɗŮŰɘəɎ ůŰŬɗɛɘůɛɏɜɞɠ ɛɏůɞɠ 

ewm_mean = s . ewm( span =3). mean()  

print ( "4. .ewm(span=3).mean():" )  

print ( ewm_mean)  

print ( " - " * 50)  

 

# 5. .aggregate(func) -  ɆɡɜŬɗɟɞɑůŮɘɠ (ˊɞɚɚŬˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ) 

agg_result = s . aggregate ([ 'mean' ,  'std' ,  'min' ,  'max' ])  

print ( "5. .aggregate(['mean', 'std', 'min', 'max']):" )  

print ( agg_result )  
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print ( " \ nɀŮ ɞɛŬŭɞˊɞɑɖůɖ əŬɘ aggregate:" )  

grouped_agg = df . groupby ( 'category' )[ 'value' ]. agg ([ 'mean' ,  'sum' ,  'count' ])  

print ( grouped_agg )  

print ( " - " * 50)  

 

# 6. .transform(func) -  ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ (ŮˊɘůŰɟɏűŮɘ Series ɑŭɘɞɡ ɛɐəɞɡɠ)  

# ɄŬɟɎŭŮɘɔɛŬ: ŬűŬɑɟŮůɖ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɖɠ ɞɛɎŭŬɠ 

df [ 'value_normalized' ]  = df . groupby ( 'category' )[ 'value' ]. transform ( lambda  

x :  x -  x . mean())  

print ( "6. .transform() -  ȾŬɜɞɜɘəɞˊɞɑɖůɖ ŮɜŰɧɠ ɞɛɎŭŬɠ (ŬűŬɑɟŮůɖ ɛɏůɞɡ ɧɟɞɡ 

ɞɛɎŭŬɠ):")  

print ( df [[ 'category' ,  'value' ,  'value_normalized' ]])  

print ( " \ nɀŮ transform ɔɘŬ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ (ůŰɞ Series s):" )  

sqrt_transformed = s . transform ( np . sqrt )  

print ( sqrt_transformed )  

print ( " - " * 50)  

 

print ( " \ n"  + "=" * 70 + " \ n" )  

print ( "ɆɖɛŮɑɤůɖ: Ƀɘ .rolling(), .expanding(), .ewm() ŮűŬɟɛɧɕɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ 

ůŮ Series/DataFrame." )  

print ( "Ƀɘ .aggregate() əŬɘ .transform() ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭɡŬůŰɞɨɜ ɛŮ groupby 

ɔɘŬ ˊɘɞ ůɨɜɗŮŰŮɠ ŬɜŬɚɨůŮɘɠ." )  
ɼΦ 3.3.15Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ɾʶʻˈʵ˖˄ ʃˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ɮ˄ʱ˂ˎˋʹˌ ˁʰʽ ʃʰˊʰʻˏˊ˖˄ 

3.3.16. ɳʽˋʰʴ˖ʴʺ ϧ ɳ˅ʰʴ˖ʴʺ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɾˇˊ˒ʺ 

.to_list() ɾʶˍʰˍˊˇˉʺ ˋʶ ˂ʾˋˍʰ List 

.to_dict() ɾʶˍʰˍˊˇˉʺ ˋʶ ˂ʶ˅ʽˁˈ Dict 

.to_frame() ɾʶˍʰˍˊˇˉʺ ˋʶ 5ŀǘŀCǊŀƳŜ DataFrame 

.to_csv(path) ɳ˅ʰʴ˖ʴʺ /{± .csv 

.to_json() ɳ˅ʰʴ˖ʴʺ W{hb JSON string 

.to_string() ɾʶˍʰˍˊˇˉʺ ˋʶ ǎǘǊƛƴƎ String 

.to_numpy() ɾʶˍʰˍˊˇˉʺ ˋʶ ƴǳƳǇȅ ŀǊǊŀȅ ndarray 

ʃʾ˄ʰˁʰˌ 3.3.18Υ  ɾʷʻˇʵˇʽ ɳ˅ʰʴ˖ʴʺˌ ˁʰʽ ɾʶˍʰˍˊˇˉʺˌ ό9ȄǇƻǊǘƛƴƎ ϧ /ƻƴǾŜǊǎƛƻƴύ 

ɮˎˍʷˌ ʶʾ˄ʰʽ ˇʽ ˃ʷʻˇʵˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˈˍʰ˄ ˍʶ˂ʶʽ˗ˋʶʽˌ ˍʹ˄ ʰ˄ʱ˂ˎˋʺ ˋˇˎ ˁʰʽ ʻʷ˂ʶʽˌ ˄ʰ ˋˍʶʾ˂ʶʽˌ 

ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ˁʱˉˇˎ ʰ˂˂ˇˏΥ ˋʶ ˃ʽʰ ʱ˂˂ʹ ʲʽʲ˂ʽˇʻʺˁʹ όˈˉ˖ˌ ʹ bǳƳtȅύΣ ˋʶ ʷ˄ʰ˄ ˋˎ˄ʱʵʶ˂˒ˇ ό˖ˌ 

/{±ύ ʺ ˋʶ ˃ʽʰ ʶ˒ʰˊ˃ˇʴʺ ό˖ˌ W{hbύΦ 

ɮˌ ʵˇˏ˃ʶ ˉ˗ˌ ˍˇ {ŜǊƛŜǎ ˃ʰˌ ζʰ˂˂ʱʸʶʽ ˃ˇˊ˒ʷˌηΥ 

import  pandas as  pd 

 

s = pd . Series ([ 10 ,  20 ,  30 ],  index =[ 'A' ,  'B' ,  'C' ],  name="Data" )  
 

мΦ ɾʶˍʰˍˊˇˉʺ ˋʶ ɲˇ˃ʷˌ ˍʹˌ tȅǘƘƻƴ ϧ bǳƳtȅ 

ʂˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʲʴʶʽˌ ʰˉˈ ˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ˍ˖˄ tŀƴŘŀǎΥ 
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¶ .to_list()Υ ɾʶˍʰˍˊʷˉʶʽ ˃ˈ˄ˇ ˍʽˌ ˍʽ˃ʷˌ ˋʶ ˃ʽʰ ˁ˂ʰˋʽˁʺ ˂ʾˋˍʰ tȅǘƘƻƴ ώмлΣ нлΣ олϐΦ 

¶ .to_dict()Υ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˂ʶ˅ʽˁˈ ˈˉˇˎ ˍʰ ƪŜȅǎ ʶʾ˄ʰʽ ˍˇ ƛƴŘŜȄ ˁʰʽ ǾŀƭǳŜǎ ˇʽ ˍʽ˃ʷˌΥ ϑϥ!ϥΥ млΣ ϥ.ϥΥ 

20, 'C': 30}. 

¶ .to_numpy()Υ ɾʶˍʰˍˊʷˉʶʽ ˍˇ {ŜǊƛŜǎ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ bǳƳtȅ όƴŘŀǊǊŀȅύΦ ɳʾ˄ʰʽ ˇ ˉʽˇ ʴˊʺʴˇˊˇˌ 

ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˉʶˊʱˋʶʽˌ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʲʽʲ˂ʽˇʻʺˁʶˌ ˈˉ˖ˌ ʹ {Ŏƛƪƛǘ-[ŜŀǊƴ ʴʽʰ aŀŎƘƛƴŜ [ŜŀǊƴƛƴƎΦ 

нΦ ɮ˄ʰʲʱʻ˃ʽˋʹ ˋʶ 5ŀǘŀCǊŀƳŜ 

¶ .to_frame()Υ ɾʶˍʰˍˊʷˉʶʽ ˍˇ {ŜǊƛŜǎ όˉˇˎ ʶʾ˄ʰʽ ˃ʽʰ ˋˍʺ˂ʹύ ˋʶ 5ŀǘŀCǊŀƳŜ όˉʾ˄ʰˁʰύΦ 

o ɱʽʰˍʾ ʲˇʹʻʱʶʽΥ ʃˇ˂˂ʷˌ ˃ʷʻˇʵˇʽ ˍ˖˄ tŀƴŘŀǎ ʵˇˎ˂ʶˏˇˎ˄ ˃ˈ˄ˇ ˋʶ 5ŀǘŀCǊŀƳŜǎΦ ɮ˄ ˍˇˎ 

ʵ˗ˋʶʽˌ ˈ˄ˇ˃ʰΣ ˉΦ˔Φ ΦǘƻψŦǊŀƳŜόƴŀƳŜҐϥ{ŀƭŜǎϥύΣ ʰˎˍˈ ʻʰ ʶʾ˄ʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ˋˍʺ˂ʹˌ ˋˍˇ˄ 

ˉʾ˄ʰˁʰΦ 

оΦ ɮˉˇʻʺˁʶˎˋʹ ϧ ɮ˄ˍʰ˂˂ʰʴʺ ɲʶʵˇ˃ʷ˄˖˄ όLκhύ 

¶ .to_csv('file.csv')Υ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎ ˉˇˎ ʰ˄ˇʾʴʶʽ ˋˍˇ 9ȄŎŜƭΦ ɳʾ˄ʰʽ ˇ ǎǘŀƴŘŀǊŘ 

ˍˊˈˉˇˌ ʰ˄ˍʰ˂˂ʰʴʺˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ .to_json()Υ ɾʶˍʰˍˊʷˉʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˃ˇˊ˒ʺ ˁʶʽ˃ʷ˄ˇˎ W{hbΣ ˉˇˎ ʶʾ˄ʰʽ ˍˇ ϦǎǘŀƴŘŀǊŘϦ ʴʽʰ ˍˇ 

²Ŝō ˁʰʽ ˍʰ !tLǎΦ 

¶ .to_string()Υ ʅˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ˁʰ˂ʰʾˋʻʹˍʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍˇˎ {ŜǊƛŜǎ ˋʶ ʰˉ˂ˈ ˁʶʾ˃ʶ˄ˇΣ 

˔ˊʺˋʽ˃ˇ ʴʽʰ ƭƻƎǎ ʺ ʶˁˍˎˉ˗ˋʶʽˌ ˋʶ ˁˇ˄ˋˈ˂ʰΦ 

import  pandas as  pd 

import  numpy as  np 

import  io  # ɔɘŬ ˊɟɞůɞɛɞɑɤůɖ ŮɔɔɟŬűɐɠ CSV ůŮ string buffer  

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Series ɛŮ ŭɘɎűɞɟŮɠ Űɘɛɏɠ 

data = [ 10 ,  25 ,  30 ,  45 ,  12 ,  8,  33 ,  27 ,  50 ,  18 ]  

index_labels = [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ,  'H' ,  'I' ,  'J' ]  

s = pd . Series ( data ,  index =index_labels ,  name=' ȹŮŭɞɛɏɜŬ' )  

 

print ( "ȷɟɢɘəɧ Series:" )  

print ( s )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .to_list() -  ɀŮŰŬŰɟɞˊɐ ůŮ ɚɑůŰŬ Python  

to_list_result = s . to_list ()  

print ( "1. .to_list():" )  

print ( to_list_result )  

print ( "ɇɨˊɞɠ:" ,  type ( to_list_result ))  

print ( " - " * 40)  

 

# 2. .to_dict() -  ɀŮŰŬŰɟɞˊɐ ůŮ ɚŮɝɘəɧ (index - > Űɘɛɐ)  

to_dict_result = s . to_dict ()  

print ( "2. .to_dict():" )  

print ( to_dict_result )  
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print ( "ɇɨˊɞɠ:" ,  type ( to_dict_result ))  

print ( " - " * 40)  

 

# 3. .to_frame() -  ɀŮŰŬŰɟɞˊɐ ůŮ DataFrame  

to_frame_result = s . to_frame ()  

print ( "3. .to_frame():" )  

print ( to_frame_result )  

print ( "ɇɨˊɞɠ:" ,  type ( to_frame_result ))  

print ( " - " * 40)  

 

# 4. .to_csv() -  ȺɝŬɔɤɔɐ ůŮ CSV ( Ůŭɩ ůŮ string buffer)  

# ȹɖɛɘɞɡɟɔɑŬ buffer ɔɘŬ ɜŬ ɚɎɓɞɡɛŮ Űɞ CSV ɤɠ string ɢɤɟɑɠ ŬˊɞɗɐəŮɡůɖ ůŮ 

ŬɟɢŮɑɞ 

csv_buffer = io . StringIO ()  

s . to_csv ( csv_buffer )   # ɔɟɎűŮɘ ůŰɞɜ buffer 

csv_string = csv_buffer . getvalue ()  

print ( "4. .to_csv() ( ɤɠ string):" )  

print ( csv_string )  

print ( " - " * 40)  

 

# ȺɜŬɚɚŬəŰɘəɎ, ɛŮ ˊŬɟŬɛɏŰɟɞɡɠ (ˊ.ɢ. ɢɤɟɑɠ header) 

csv_buffer2 = io . StringIO ()  

s . to_csv ( csv_buffer2 ,  header =False )   # ɢɤɟɑɠ ɔɟŬɛɛɐ ɞɜɧɛŬŰɞɠ 

print ( "   .to_csv(header=False):" )  

print ( csv_buffer2 . getvalue ())  

print ( " - " * 40)  

 

# 5. .to_json() -  ȺɝŬɔɤɔɐ ůŮ JSON string  

to_json_result = s . to_json ()   # ˊɟɞŮˊɘɚɞɔɐ orient='index'  

print ( "5. .to_json() (orient='index'):" )  

print ( to_json_result )  

print ( " \ n   .to_json(orient='split'):" )  

print ( s . to_json ( orient ='split' ))  

print ( " - " * 40)  

 

# 6. .to_string() -  ȷɜŬˊŬɟɎůŰŬůɖ ɤɠ string ( ɧˊɤɠ Űɞ print)  

to_string_result = s . to_string ()  

print ( "6. .to_string():" )  

print ( to_string_result )  

print ( "ɇɨˊɞɠ:" ,  type ( to_string_result ))  

print ( " - " * 40)  

 

# 7. .to_numpy() -  ɀŮŰŬŰɟɞˊɐ ůŮ NumPy array  

to_numpy_result = s . to_numpy ()  

print ( "7. .to_numpy():" )  

print ( to_numpy_result )  

print ( "ɇɨˊɞɠ:" ,  type ( to_numpy_result ))  

print ( " - " * 40)  

 

print ( " \ n"  + "=" * 60 + " \ n" )  

print ("ɆɖɛŮɑɤůɖ: Ƀɘ ɛɏɗɞŭɞɘ .to_csv() əŬɘ .to_json() ɔɟɎűɞɡɜ ůŮ ŬɟɢŮɑɞ Ŭɜ 

ŭɞɗŮɑ ɛɞɜɞˊɎŰɘ, ŬɚɚɎ Ůŭɩ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ StringIO ɔɘŬ ɜŬ ɚɎɓɞɡɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ ɤɠ string.")  
ɼΦ 3.3.16Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ɾʶʻˈʵˇˎˌ ɳ˅ʰʴ˖ʴʺˌ ˁʰʽ ɾʶˍʰˍˊˇˉʺˌ ό9ȄǇƻǊǘƛƴƎ ϧ /ƻƴǾŜǊǎƛƻƴύ 
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3.3.17. ɲʽʱ˒ˇˊʶˌ ɾʷʻˇʵˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʋˊʺˋʹ 

.apply(func) ɳ˒ʰˊ˃ˇʴʺ ˋˎ˄ʱˊˍʹˋʹˌ s.apply(np.sqrt) 

.pipe(func) ʅˎ˄ʷ˔ʶʽʰ ˂ʶʽˍˇˎˊʴʽ˗˄ s.pipe(func1).pipe(func2) 

.update(other) ɳ˄ʹ˃ʷˊ˖ˋʹ ˍʽ˃˗˄ s.update(other_series) 

.combine(other, func) ʅˎ˄ʵˎʰˋ˃ˈˌ ˃ʶ ʱ˂˂ʹ s.combine(other, max) 

.combine_first(other) ʅˎ˄ʵˎʰˋ˃ˈˌ ˃ʶ ˉˊˇˍʶˊʰʽˈˍʹˍʰ - 

.memory_usage() ʋˊʺˋʹ ˃˄ʺ˃ʹˌ Integer 

.equals(other) ɴ˂ʶʴ˔ˇˌ ʽˋˈˍʹˍʰˌ Boolean 

.all() ʂ˂ʶˌ ˇʽ ˍʽ˃ʷˌ ¢ǊǳŜ Boolean 

.any() ʁˉˇʽʰʵʺˉˇˍʶ ˍʽ˃ʺ ¢ǊǳŜ Boolean 

ʃʾ˄ʰˁʰˌ 3.3.19Υ  ɾʷʻˇʵˇʽ ʴʽʰ ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ɽʶʽˍˇˎˊʴʾʶˌ ˁʰʽ ˍʹ ɲʽʰ˔ʶʾˊʽˋʹ ʅˎˋˍʺ˃ʰˍˇˌ 

ʃʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ɽʶʽˍˇˎˊʴʾʶˌ ˁʰʽ ˍʹ ɲʽʰ˔ʶʾˊʽˋʹ ʅˎˋˍʺ˃ʰˍˇˌΦ ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ 

ʰ˒ˇˊˇˏ˄ ˁˎˊʾ˖ˌ ˍʹ ˊˇʺ ʶˊʴʰˋʾʰˌ όǿƻǊƪŦƭƻǿύΣ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁʰʽ ˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˉʹʴ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɮˌ ʵˇˏ˃ʶ ˉ˗ˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋˍʹ˄ ˉˊʱ˅ʹΥ 

мΦ ɳ˒ʰˊ˃ˇʴʺ ˁʰʽ ɮ˂ˎˋʽʵ˖ˍʷˌ ɽʶʽˍˇˎˊʴʾʶˌ όtƛǇŜƭƛƴŜǎύ 

¶ .apply(func)Υ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ʵʶʵˇ˃ʷ˄˖˄Φ ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ 

ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˍˇˎ {ŜǊƛŜǎΦ 

¶ .pipe(func)Υ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ϦˁʰʻʰˊʾˋʶʽϦ ˍˇ˄ ˁ˗ʵʽˁʰ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽˌ 

ˉˇ˂˂ʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˍʹ ˃ʾʰ ˃ʶˍʱ ˍʹ˄ ʱ˂˂ʹΦ ɮ˄ˍʾ ˄ʰ ʴˊʱ˒ʶʽˌ ŦǳƴŎоόŦǳƴŎнόŦǳƴŎмόǎύύύΣ ʴˊʱ˒ʶʽˌ 

ǎΦǇƛǇŜόŦǳƴŎмύΦǇƛǇŜόŦǳƴŎнύΦǇƛǇŜόŦǳƴŎоύΦ ɮˎˍˈ ˁʱ˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇ˂ˏ ˉʽˇ ʰ˄ʰʴ˄˗ˋʽ˃ˇΦ 

нΦ ʅˎ˄ʵˎʰˋ˃ˈˌ ˁʰʽ ɳ˄ʹ˃ʷˊ˖ˋʹ όaŜǊƎƛƴƎ ϧ ¦ǇŘŀǘƛƴƎύ 

ɳʵ˗ ʲ˂ʷˉˇˎ˃ʶ ˉ˗ˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ Ϧˋˎʴ˔˖˄ʶˏˋˇˎ˃ʶϦ ʵˏˇ {ŜǊƛŜǎΥ 

¶ .update(other)Υ ʆˊˇˉˇˉˇʽʶʾ ˍˇ ʰˊ˔ʽˁˈ {ŜǊƛŜǎ ˋˍʹ ʻʷˋʹ ˍˇˎ όƛƴ-place) ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽ˃ʷˌ 

ʰˉˈ ʷ˄ʰ ʱ˂˂ˇ {ŜǊƛŜǎΦ ɮ˄ ˎˉʱˊ˔ˇˎ˄ bŀb ˋˍˇ ƻǘƘŜǊΣ ʵʶ˄ ʻʰ ʶˉʹˊʶʱˋˇˎ˄ ˍˇ ʰˊ˔ʽˁˈ {ŜǊƛŜǎΦ 

¶ .combine(other, func)Υ ʃʰʾˊ˄ʶʽ ʵˏˇ {ŜǊƛŜǎ ˁʰʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ όˉΦ˔Φ ƳŀȄύ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ 

˄ʷˇ {ŜǊƛŜǎ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˍʹ˄ ˍʽ˃ʺ ˉˇˎ ˇˊʾʸʶʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ʴʽʰ ˁʱʻʶ ʻʷˋʹΦ 

¶ .combine_first(other)Υ ɶ ˃ʷʻˇʵˇˌ Ϧ˃ˉʰ˂˗˃ʰˍˇˌϦΦ ɮ˄ ˍˇ ˉˊ˗ˍˇ {ŜǊƛŜǎ ʷ˔ʶʽ bŀbΣ ˉʰʾˊ˄ʶʽ ˍʹ˄ 

ˍʽ˃ʺ ʰˉˈ ˍˇ ʵʶˏˍʶˊˇΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ʴʶ˃ʾʸʶʽˌ ˁʶ˄ʱ ʰˉˈ ˃ʽʰ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˉʹʴʺΦ 
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3. ɴ˂ʶʴ˔ˇʽ ˁ ʰʽ ɮˉˈʵˇˋʹ (Validation & Performance) 

¶ .memory_usage()Υ ʅˇˎ ˂ʷʶʽ ˉˈˋʰ ōȅǘŜǎ ˁʰˍʰ˂ʰ˃ʲʱ˄ʶʽ ˍˇ {ŜǊƛŜǎ ˋˍʹ ˃˄ʺ˃ʹ w!aΦ ʃˇ˂ˏ 

ˋʹ˃ʰ˄ˍʽˁˈ ˈˍʰ˄ ʵˇˎ˂ʶˏʶʽˌ ˃ʶ ˃ʶʴʱ˂ʰ ʵʶʵˇ˃ʷ˄ʰ ό.ƛƎ 5ŀǘŀύ ʴʽʰ ˄ʰ ˅ʷˊʶʽˌ ʰ˄ ˉˊʷˉʶʽ ˄ʰ 

ʰ˂˂ʱ˅ʶʽˌ ˍˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ˋʶ ŎŀǘŜƎƻǊȅ ʺ ƛƴǘуύΦ 

¶ .all() / .any(): 

o ʆˇ Φŀƭƭόύ ʶˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ˃ˈ˄ˇ ʰ˄ ˈ˂ʰ ̱ ʰ ˋˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ ¢ǊǳŜΦ 

o ʆˇ Φŀƴȅόύ ʶˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ̀ ˍˇʽ˔ʶʾˇ ʶʾ˄ʰʽ ¢ǊǳŜΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ όǎ Ҕ лύΦŀƭƭόύ ʶ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ʶˌ ˇʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ ʻʶˍʽˁʷˌΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ŭɟɢɘəɩɜ Series  

s = pd . Series ([ 1,  4,  9,  16 ,  25 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ],  

name='original' )  

s2 = pd . Series ([ 3,  6,  9,  12 ,  15 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ],  

name='other' )  

s_with_nan = pd . Series ([ 1,  np . nan ,  3,  np . nan ,  5],  index =[ 'a' ,  'b' ,  'c' ,  

'd' ,  'e' ],  name='with_nan' )  

s_fill = pd . Series ([ 10 ,  20 ,  30 ,  40 ,  50 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ],  

name='fill_source' )  

 

print ( "ȷɟɢɘəɧ Series s:" )  

print ( s )  

print ( " \ nSeries s2:" )  

print ( s2 )  

print ( " \ nSeries with NaN (s_with_nan):" )  

print ( s_with_nan )  

print ( " \ nSeries s_fill ( ɔɘŬ combine_first):" )  

print ( s_fill )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. .apply(func) -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ůŰɞɘɢŮɑɞ 

s_sqrt = s . apply ( np . sqrt )  

print ( "1. .apply(np.sqrt):" )  

print ( s_sqrt )  

print ( " - " * 50)  

 

# 2. .pipe(func) -  ȷɚɡůɘŭɤŰɐ ŮűŬɟɛɞɔɐ ůɡɜŬɟŰɐůŮɤɜ 

def  add_ten ( series ):  

    return  series + 10 

 

def  multiply_two ( series ):  

    return  series *  2 

 

# ȺűŬɟɛɞɔɐ pipe: ˊɟɩŰŬ add_ten, ɛŮŰɎ multiply_two  

s_piped = s . pipe ( add_ten ). pipe ( multiply_two )  

print ( "2. .pipe(add_ten).pipe(multiply_two):" )  

print ( s_piped )  

print ( " - " * 50)  
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# 3. .update(other) -  Ⱥɜɖɛɏɟɤůɖ Űɘɛɩɜ in - place ( ŰɟɞˊɞˊɞɘŮɑ Űɞ Ŭɟɢɘəɧ 

Series)  

print ( "3. .update() -  Ʉɟɘɜ Űɖɜ Ůɜɖɛɏɟɤůɖ:")  

print ( s )  

s_update_source = pd . Series ([ 99 ,  100 ],  index =[ 'b' ,  'd' ])   # ɗŬ ŮɜɖɛŮɟɩůŮɘ 

ɛɧɜɞ ŰŬ index b əŬɘ d 

s . update ( s_update_source )  

print ("ɀŮŰɎ Űɖɜ Ůɜɖɛɏɟɤůɖ ɛŮ s.update(s_update_source):")  

print ( s )  

print ( " - " * 50)  

 

# ȺˊŬɜŬűɞɟɎ Űɞɡ s ɔɘŬ Űɘɠ ŮˊɧɛŮɜŮɠ ɛŮɗɧŭɞɡɠ (ɔɘŬ ɜŬ ɛɖɜ ɛŮɑɜŮɘ 

Űɟɞˊɞˊɞɘɖɛɏɜɞ) 

s = pd . Series ([ 1,  4,  9,  16 ,  25 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ])  

 

# 4. .combine(other, func) -  ɆɡɜŭɡŬůɛɧɠ ɛŮ Ɏɚɚɖ Series ɛɏůɤ ůɡɜɎɟŰɖůɖɠ 

# Ʉ.ɢ. ˊŬɑɟɜɞɡɛŮ Űɞ max əɎɗŮ ɕŮɨɔɞɡɠ 

s_combined_max = s . combine ( s2 ,  max)  

print ( "4. .combine(s2, max):" )  

print ( s_combined_max )  

# ɆɡɜŭɡŬůɛɧɠ ɛŮ min  

s_combined_min = s . combine ( s2 ,  min )  

print ( "   .combine(s2, min):" )  

print ( s_combined_min )  

print ( " - " * 50)  

 

# 5. .combine_first(other) -  ɆɡɛˊɚɖɟɩɜŮɘ Űɘɠ NaN Űɘɛɏɠ Ŭˊɧ Ɏɚɚɖ Series  

s_filled = s_with_nan . combine_first ( s_fill )  

print ( "5. .combine_first(s_fill) ( ůɡɛˊɚɐɟɤůɖ NaN Ŭˊɧ s_fill):" )  

print ( s_filled )  

print ( " - " * 50)  

 

# 6. .memory_usage() -  ɀɜɐɛɖ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ Series ( ůŮ bytes)  

mem_usage = s . memory_usage ()  

print ( "6. .memory_usage():" ,  mem_usage,  "bytes" )  

# ɀŮ index=True (ˊɟɞŮˊɘɚɞɔɐ) ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɞ index. ȷɜ deep=True, 

ɡˊɞɚɞɔɑɕŮɘ əŬɘ Űɖ ɛɜɐɛɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. 

mem_usage_deep = s . memory_usage ( deep =True )  

print ( "   .memory_usage(deep=True):" ,  mem_usage_deep ,  "bytes ( ɛŮ deep ɔɘŬ 

object types)" )  

print ( " - " * 50)  

 

# 7. .equals(other) -  ȰɚŮɔɢɞɠ Ŭɜ ŭɨɞ Series ŮɑɜŬɘ ɑŭɘŬ (Űɘɛɏɠ əŬɘ index) 

s_equal = pd . Series ([ 1,  4,  9,  16 ,  25 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ])  

print ( "7. .equals(s_equal):" ,  s . equals ( s_equal ))  

s_not_equal = pd . Series ([ 1,  4,  9,  16 ,  26 ],  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ])  

print ( "   .equals(s_not_equal):" ,  s . equals ( s_not_equal ))  

print ( " - " * 50)  

 

# 8. .all() -  ȺˊɘůŰɟɏűŮɘ True Ŭɜ ɧɚŮɠ ɞɘ Űɘɛɏɠ ŮɑɜŬɘ True (ɐ ɛɖ ɛɖŭŮɜɘəɏɠ) 

# ȹɖɛɘɞɡɟɔɞɨɛŮ boolean Series  

bool_series = pd . Series ([ True ,  True ,  True ,  True ])  

print ( "8. Boolean Series [True, True, True, True] .all():" ,  

bool_series . all ())  

bool_series_false = pd . Series ([ True ,  False ,  True ])  

print ( "   Boolean Series [True, False, True] .all():" ,  

bool_series_false . all ())  

# ɆŮ ŬɟɘɗɛɖŰɘəɧ Series, Űɞ 0 ɗŮɤɟŮɑŰŬɘ False, ŰŬ ɎɚɚŬ True 

num_series = pd . Series ([ 1,  2,  3,  4])  

print ( "   ȷɟɘɗɛɖŰɘəɧ Series [1,2,3,4] .all():" ,  num_series . all ())  

num_series_zero = pd . Series ([ 1,  2,  0,  4])  
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print ( "   ȷɟɘɗɛɖŰɘəɧ Series [1,2,0,4] .all():" ,  num_series_zero . all ())  

print ( " - " * 50)  

 

# 9. .any() -  ȺˊɘůŰɟɏűŮɘ True Ŭɜ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ Űɘɛɐ ŮɑɜŬɘ True 

print ( "9. Boolean Series [False, False, False] .any():" ,  pd . Series ([ False ,  

False ,  False ]). any ())  

print ( "   Boolean Series [False, True, False] .any():" ,  pd . Series ([ False ,  

True ,  False ]). any ())  

print ( "   ȷɟɘɗɛɖŰɘəɧ Series [0,0,0] .any():" ,  pd . Series ([ 0,  0,  0]). any ())  

print ( "   ȷɟɘɗɛɖŰɘəɧ Series [0,1,0] .any():" ,  pd . Series ([ 0,  1,  0]). any ())  

print ( " - " * 50)  
ɼΦ 3.3.17Υ ʃʰˊʱʵʶʽʴ˃ʰ ɾʶʻˈʵ˖˄  ʴʽʰ ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ɽʶʽˍˇˎˊʴʾʶˌ ˁʰʽ ˍʹ ɲʽʰ˔ʶʾˊʽˋʹ ʅˎˋˍʺ˃ʰˍˇˌ 

3.3.18. ʃʾ˄ʰˁʰˌ ɼˇʽ˄˗˄ ʃʰˊʰ˃ʷˍˊ˖˄ ʴʽʰ ʅʶʽˊʶˌ 

ʃʰˊʱ˃ʶˍˊˇˌ ʃʶˊʽʴˊʰ˒ʺ ʆʽ˃ʷˌ ɳ˒ʰˊ˃ˇʴʺ 

axis ɯ˅ˇ˄ʰˌ ˂ʶʽˍˇˎˊʴʾʰˌ 0/'index' s.sum(axis=0) 

skipna ʃʰˊʱ˂ʶʽ˕ʹ bŀb True/False s.sum(skipna=True) 

level ɳˉʾˉʶʵˇ ʴʽʰ ˉˇ˂ˎ-index Integer s.sum(level=0) 

inplace ʆˊˇˉˇˉˇʾʹˋʹ ƛƴǇƭŀŎŜ True/False s.fillna(0, inplace=True) 

ascending ʊʻʾ˄ˇˎˋʰκʰˏ˅ˇˎˋʰ True/False s.sort_values(ascending=True) 

ʃʾ˄ʰˁʰˌ 3.3.20Υ  ʃʰˊʱ˃ʶˍˊˇʽ ˍ˖˄ ɾʶʻˈʵ˖˄ 

ʁ˂ˇˁ˂ʹˊ˗˄ˇˎ˃ʶ ˍʹ˄ ζʰ˄ʰˍˇ˃ʾʰη ˍ˖˄ tŀƴŘŀǎ {ŜǊƛŜǎ ʶ˅ʶˍʱʸˇ˄ˍʰˌ ˍʽˌ ʲʰˋʽˁʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ 

ʶ˂ʷʴ˔ˇˎ˄ ˉ˗ˌ ˋˎ˃ˉʶˊʽ˒ʷˊˇ˄ˍʰʽ ˇʽ ˃ʷʻˇʵˇʽΦ ɮ˄ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˍʰ ʶˊʴʰ˂ʶʾʰΣ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ˇʽ 

ζˊˎʻ˃ʾˋʶʽˌη ˍˇˎˌ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˊʴʰˋʾʰˌ ˃ʰˌΦ 

1. axis ς ʁ ɯ˅ˇ˄ʰˌ 

ʅˍʰ SeriesΣ ˇ ʱ˅ˇ˄ʰˌ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ˉʱ˄ˍʰ л όʺ ϥƛƴŘŜȄϥύΣ ʰ˒ˇˏ ʷ˔ˇˎ˃ʶ ˃ˈ˄ˇ ˃ʾʰ ˋˍʺ˂ʹ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ 

ˉʰˊʱ˃ʶˍˊˇˌ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺ ˋˍʰ 5ŀǘŀCǊŀƳŜǎΣ ˈˉˇˎ ʶˉʽ˂ʷʴʶʽˌ ʰ˄ ˃ʽʰ ˉˊʱ˅ʹ όˉΦ˔Φ 

ˍˇ ʱʻˊˇʽˋ˃ʰύ ʻʰ ʴʾ˄ʶʽ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ʴˊʰ˃˃˗˄ ʺ ˍ˖˄ ˋˍʹ˂˗˄Φ 

2. skipna ς ɶ ɲʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ɼʶ˄˗˄ 

ɮˎˍʺ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ˁʰʻˇˊʾʸʶʽ ʰ˄ ˇʽ ˋˍʰˍʽˋˍʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʻʰ ʰʴ˄ˇˇˏ˄ ˍʰ bŀbΦ 

¶ skipna=True (Default): ʆˇ tŀƴŘŀǎ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ˈ˄ˇ ˍʽˌ 

ˎˉʱˊ˔ˇˎˋʶˌ ˍʽ˃ʷˌΦ 

¶ skipna=False: ɮ˄ ˎˉʱˊ˔ʶʽ ʷˋˍ˖ ˁʰʽ ʷ˄ʰ bŀbΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˇ˂ˈˁ˂ʹˊʹˌ ˍʹˌ ˉˊʱ˅ʹˌ ʻʰ ʶʾ˄ʰʽ 

bŀbΦ ɳʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʶʾˋʰʽ ˋʾʴˇˎˊˇˌ ˈˍʽ ʵʶ˄ ˂ʶʾˉʶʽ ˇˏˍʶ ʷ˄ʰ ʵʶʵˇ˃ʷ˄ˇΦ 

3. inplace ς ɾˈ˄ʽ˃ʹ ɮ˂˂ʰʴʺ ʺ ɮ˄ˍʾʴˊʰ˒ˇΤ 

ɮˎˍʺ ʶʾ˄ʰʽ ˃ʽʰ ʰˉˈ ˍʽˌ ˉʽˇ ˁˊʾˋʽ˃ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ˃˄ʺ˃ʹˌ ˁʰʽ ˍʹ ˊˇʺ ˍˇˎ ˁ˗ʵʽˁʰΦ 
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¶ inplace=False (Default): ɶ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˄ʷˇ {ŜǊƛŜǎΦ ʆˇ ʰˊ˔ʽˁˈ ˃ʷ˄ʶʽ ʰ˄ʷˉʰ˒ˇΦ 

¶ inplace=True: ɶ ʰ˂˂ʰʴʺ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰˉʶˎʻʶʾʰˌ ˋˍˇ ʰˊ˔ʽˁˈ {ŜǊƛŜǎ ˁʰʽ ʹ ˃ʷʻˇʵˇˌ ʵʶ˄ 

ʶˉʽˋˍˊʷ˒ʶʽ ˍʾˉˇˍʰ όbƻƴŜύΦ 

ʅˎ˃ʲˇˎ˂ʺΥ ɶ ˔ˊʺˋʹ ˍˇˎ ƛƴǇƭŀŎŜҐ¢ǊǳŜ ˍʶʾ˄ʶʽ ˄ʰ ˁʰˍʰˊʴʹʻʶʾ ˋˍʽˌ ˄ʶˈˍʶˊʶˌ ʶˁʵˈˋʶʽˌ ˍ˖˄ tŀƴŘŀǎΦ 

ʃˊˇˍʽ˃ʱˍʰʽ ʹ ʶˁ˔˗ˊʹˋʹΥ ǎ Ґ ǎΦŦƛƭƭƴŀόлύΦ 

4. ascending ς ɶ ɼʰˍʶˏʻˎ˄ˋʹ ˍʹˌ ʆʰ˅ʽ˄ˈ˃ʹˋʹˌ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ǎƻǊǘψǾŀƭǳŜǎ ˁʰʽ ǎƻǊǘψƛƴŘŜȄΦ 

¶ True: ɮˉˈ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ όɮ-ʍύΦ 

¶ False: ɮˉˈ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˋˍˇ ˃ʽˁˊˈˍʶˊˇ όʍ-ɮύΦ 

¶ 5. level ς ʃˇ˂ˎ-ʶˉʾˉʶʵʰ (Multi -index) 

ʂˍʰ˄ ʷ˄ʰ {ŜǊƛŜǎ ʷ˔ʶʽ ˉʰˊʰˉʱ˄˖ ʰˉˈ ʷ˄ʰ ƛƴŘŜȄ όʽʶˊʰˊ˔ʽˁˈ ƛƴŘŜȄƛƴƎύΣ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ƭŜǾŜƭ ˋˇˎ ʶˉʽˍˊʷˉʶʽ 

˄ʰ ˇˊʾˋʶʽˌ ˋʶ ˉˇʽˇ ʶˉʾˉʶʵˇ ʻʰ ʴʾ˄ʶʽ ʹ ˉˊʱ˅ʹΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ʷ˔ʶʽˌ ˉ˖˂ʺˋʶʽˌ ʰ˄ʱ ζɴˍˇˌη ˁʰʽ 

ζɾʺ˄ʰηΣ ˃ˉˇˊʶʾˌ ˄ʰ ʸʹˍʺˋʶʽˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˃ˈ˄ˇ ˋˍˇ ʶˉʾˉʶʵˇ ˍˇˎ ζɴˍˇˎˌηΦ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Series ɛŮ MultiIndex  

index = pd . MultiIndex . from_tuples ([( 'A' ,  1),  ( 'A' ,  2),  ( 'B' ,  1),  ( 'B' ,  2),  

( 'B' ,  3)],  

                                  names=[ 'group' ,  'sub' ])  

data = [ 10 ,  20 ,  30 ,  40 ,  50 ]  

s_multi = pd . Series ( data ,  index =index ,  name='values' )  

 

print ( "Series ɛŮ MultiIndex:" )  

print ( s_multi )  

print ( " \ n"  + "=" * 60 + " \ n" )  

 

# 1. axis -  ȯɝɞɜŬɠ ɚŮɘŰɞɡɟɔɑŬɠ (ɛɧɜɞ axis=0 ɔɘŬ Series) 

print ( "1. axis ( ɛɧɜɞ axis=0):" )  

print ( "s_multi.sum(axis=0):" ,  s_multi . sum( axis =0))  

print ( "ȽůɞŭɨɜŬɛŬ ɢɤɟɑɠ axis:" ,  s_multi . sum())  

print ( " - " * 40)  

 

# 2. skipna -  ɄŬɟɎɚŮɘɣɖ NaN 

s_with_nan = pd . Series ([ 1,  2,  np . nan ,  4,  5])  

print ( "2. skipna -  Series ɛŮ NaN:" )  

print ( s_with_nan )  

print ( "sum() skipna=True (default):" ,  s_with_nan . sum())  

print ( "sum() skipna=False:" ,  s_with_nan . sum( skipna =False ))  

print ( " - " * 40)  

 

# 3. level -  ɆɡɜɎɗɟɞɘůɖ ŬɜɎ ŮˊɑˊŮŭɞ (ɛɏůɤ groupby) 

print ( "3. level -  ɆɡɜɎɗɟɞɘůɖ ŬɜɎ ŮˊɑˊŮŭɞ (groupby):")  

print ( "s_multi.groupby(level='group').sum():" )  

print ( s_multi . groupby ( level ='group' ). sum())  
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print ( " \ ns_multi.groupby(level=0).mean():" )  

print ( s_multi . groupby ( level =0). mean())  

print ( " - " * 40)  

 

# 4. inplace -  ɇɟɞˊɞˊɞɑɖůɖ in - place  

s_inplace = pd . Series ([ 1,  np . nan ,  3,  np . nan ,  5])  

print ( "4. inplace -  Ʉɟɘɜ Ŭˊɧ fillna:" )  

print ( s_inplace )  

s_inplace . fillna ( 0,  inplace =True )  

print ( "ɀŮŰɎ Ŭˊɧ fillna(0, inplace=True):" )  

print ( s_inplace )  

print ( " - " * 40)  

 

# 5. ascending -  ɇŬɝɘɜɧɛɖůɖ ŬɨɝɞɡůŬ/ űɗɑɜɞɡůŬ 

s_unsorted = pd . Series ([ 3,  1,  4,  2,  5],  index =[ 'c' ,  'a' ,  'd' ,  'b' ,  'e' ])  

print ( "5. ascending -  sort_values(ascending=True):" )  

print ( s_unsorted . sort_values ( ascending =True ))  

print ( " \ n   sort_values(ascending=False):" )  

print ( s_unsorted . sort_values ( ascending =False ))  

print ( " - " * 40)  
ɼΦ 3.3.18Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ʃʰˊʱ˃ʶˍˊˇʽ ˍ˖˄ ɾʶʻˈʵ˖˄ 

3.3.19. ʁ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ʃʰˊʱʵʶʽʴ˃ʰ ˋˍʽˌ ʅʶʽˊʷˌΥ ɲʽʰ˔ʶʾˊʽˋʹ ʃˊˇʿˈ˄ˍ˖˄ 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍʰ ˉˊˇʿˈ˄ˍʰ ʶ˄ˈˌ ˁʰˍʰˋˍʺ˃ʰˍˇˌΦ ʆʰ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˁˊʰˍʱ˃ʶ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ʶʾ˄ʰʽ ˈ˄ˇ˃ʰ ˉˊˇʿˈ˄ˍˇˌΣ ˉˇˋˈˍʹˍʰ ˁʰʽ ˍʽ˃ʺΦ 

ʁʽ ˂ʶʽˍˇˎˊʴʾʶˌ ˉˇˎ ˎ˂ˇˉˇʽʶʾ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʶʾ˄ʰʽΥ 

ʅʇʅʆɶɾɮ ɲɹɮʋɳɹʄɹʅɶʅ ʃʄʁɻʁɿʆʍɿ ό{ŜǊƛŜǎύ 

1. ʃˊˇˋʻʺˁʹ ˉˊˇʿˈ˄ˍˇˌ 

2. ɲʽˈˊʻ˖ˋʹ ˉˊˇʿˈ˄ˍˇˌ 

3. ɲʽʰʴˊʰ˒ʺ ˉˊˇʿˈ˄ˍˇˌ 

4. ɼʰˍʱˋˍʰˋʹ ˉˊˇʿˈ˄ˍ˖˄ 

5. ʅˎ˄ˇ˂ʽˁʺ ʰ˅ʾʰ ˉˊˇʿˈ˄ˍ˖˄ 

6. ʆʰ˅ʽ˄ˈ˃ʹˋʹ ˉˊˇʿˈ˄ˍ˖˄ 

7. ɮˉˇʻʺˁʶˎˋʹ ˋʶ ʰˊ˔ʶʾˇ 

8. ʊˈˊˍ˖ˋʹ ʰˉˈ ʰˊ˔ʶʾˇ 

9. ɴ˅ˇʵˇˌ 

import  pandas as  pd 

import  os  

 

class  ProductManager :  

    def  __init__ ( self ):  

        # ȹɖɛɘɞɡɟɔɑŬ əŮɜɩɜ Series ɔɘŬ əɎɗŮ ˊŮŭɑɞ 
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        self . names = pd . Series ([],  dtype ='object' ,  name=' ȳɜɞɛŬ' )  

        self . quantities = pd . Series ([],  dtype ='int64' ,  name=' ɄɞůɧŰɖŰŬ' )  

        self . prices = pd . Series ([],  dtype ='float64' ,  name=' ɇɘɛɐ' )  

 

    def  display_menu ( self ):  

        """ȺɛűɎɜɘůɖ ɛŮɜɞɨ Ůˊɘɚɞɔɩɜ""" 

        print ( " \ n"  + "=" * 50)  

        print ("ɆɈɆɇȼɀȷ ȹȽȷɉȺȽɅȽɆȼɆ ɄɅɃɌɃɁɇɋɁ (Series)")  

        print ( "=" * 50)  

        print ("1. Ʉɟɞůɗɐəɖ ˊɟɞɥɧɜŰɞɠ")  

        print ("2. ȹɘɧɟɗɤůɖ ˊɟɞɥɧɜŰɞɠ")  

        print ("3. ȹɘŬɔɟŬűɐ ˊɟɞɥɧɜŰɞɠ")  

        print ("4. ȾŬŰɎůŰŬůɖ ˊɟɞɥɧɜŰɤɜ")  

        print ("5. Ɇɡɜɞɚɘəɐ ŬɝɑŬ ˊɟɞɥɧɜŰɤɜ")  

        print ("6. ɇŬɝɘɜɧɛɖůɖ ˊɟɞɥɧɜŰɤɜ")  

        print ("7. ȷˊɞɗɐəŮɡůɖ ůŮ ŬɟɢŮɑɞ")  

        print ("8. ūɧɟŰɤůɖ Ŭˊɧ ŬɟɢŮɑɞ")  

        print ("9. Ȱɝɞŭɞɠ" )  

        print ( "=" * 50)  

 

    def  add_product ( self ):  

        """Ʉɟɞůɗɐəɖ ɜɏɞɡ ˊɟɞɥɧɜŰɞɠ""" 

        print ( " \ n---  ɄɅɃɆŪȼȾȼ ɁȺɃɈ ɄɅɃɌɃɁɇɃɆ --- " )  

 

        name = input ("ȹɩůŰŮ ɧɜɞɛŬ ˊɟɞɥɧɜŰɞɠ: "). strip ()  

 

        # ȰɚŮɔɢɞɠ Ŭɜ ɡˊɎɟɢŮɘ ɐŭɖ Űɞ ˊɟɞɥɧɜ 

        if  not  self . names. empty and  name in  self . names. values :  

            print (f"ɇɞ ˊɟɞɥɧɜ '{name}' ɡˊɎɟɢŮɘ ɐŭɖ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        # ȺɘůŬɔɤɔɐ ˊɞůɧŰɖŰŬɠ 

        while  True :  

            try :  

                quantity = int ( input ( "ȹɩůŰŮ ˊɞůɧŰɖŰŬ: " ))  

                if  quantity < 0:  

                    print ("ȼ ˊɞůɧŰɖŰŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɧɠ Ŭɟɘɗɛɧɠ!")  

                    continue  

                break  

            except  ValueError :  

                print ( "ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ ɏɔəɡɟɞ Ŭɟɘɗɛɧ!" )  

 

        # ȺɘůŬɔɤɔɐ Űɘɛɐɠ 

        while  True :  

            try :  

                price = float ( input ( "ȹɩůŰŮ Űɘɛɐ: " ))  

                if  price < 0:  

                    print ("ȼ Űɘɛɐ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɧɠ Ŭɟɘɗɛɧɠ!")  

                    continue  

                break  

            except  ValueError :  

                print ( "ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ ɏɔəɡɟɞ Ŭɟɘɗɛɧ!" )  

 

        # Ʉɟɞůɗɐəɖ ůŰŬ Series  

        self . names = pd . concat ([ self . names,  pd . Series ([ name])],  

ignore_index =True )  

        self . quantities = pd . concat ([ self . quantities ,  

pd . Series ([ quantity ])],  ignore_index =True )  

        self . prices = pd . concat ([ self . prices ,  pd . Series ([ price ])],  

ignore_index =True )  
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        print (f"ɇɞ ˊɟɞɥɧɜ '{name}' ˊɟɞůŰɏɗɖəŮ ŮˊɘŰɡɢɩɠ!")  

 

    def  edit_product ( self ):  

        """ȹɘɧɟɗɤůɖ ɡˊɎɟɢɞɜŰɞɠ ˊɟɞɥɧɜŰɞɠ""" 

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɥɧɜŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        print ( " \ n---  ȹȽɃɅŪɋɆȼ ɄɅɃɌɃɁɇɃɆ --- " )  

        self . show_products ()  

 

        product_name = input ( "ȹɩůŰŮ ɧɜɞɛŬ ˊɟɞɥɧɜŰɞɠ ɔɘŬ ŭɘɧɟɗɤůɖ: 

" ). strip ()  

 

        if  product_name not  in  self . names. values :  

            print (f"ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭŮɜ ɓɟɏɗɖəŮ!")  

            return  

 

        # ȺɨɟŮůɖ Űɞɡ ŭŮɑəŰɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

        product_index = self . names[ self . names == product_name ]. index [ 0]  

 

        print ( f" \ nɇɟɏɢɞɜŰŬ ůŰɞɘɢŮɑŬ ɔɘŬ '{product_name}':")  

        print ( f" ɄɞůɧŰɖŰŬ: {self . quantities . iloc [ product_index ] }" )  

        print ( f" ɇɘɛɐ: {self . prices . iloc [ product_index ] :.2f} ú")  

 

        # Ⱥˊɘɚɞɔɐ ˊŮŭɑɞɡ ɔɘŬ ŭɘɧɟɗɤůɖ 

        print ( " \ nɇɘ ɗɏɚŮŰŮ ɜŬ ŭɘɞɟɗɩůŮŰŮ;")  

        print ( "1. ɄɞůɧŰɖŰŬ" )  

        print ( "2. ɇɘɛɐ" )  

        print ( "3. ȾŬɘ ŰŬ ŭɨɞ")  

 

        choice = input ("Ⱥˊɘɚɞɔɐ (1- 3): " ). strip ()  

 

        if  choice == '1'  or  choice == '3' :  

            while  True :  

                try :  

                    new_quantity = int ( input ( "ɁɏŬ ˊɞůɧŰɖŰŬ: " ))  

                    if  new_quantity < 0:  

                        print ("ȼ ˊɞůɧŰɖŰŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɧɠ 

Ŭɟɘɗɛɧɠ!")  

                        continue  

                    self . quantities . iloc [ product_index ]  = new_quantity  

                    break  

                except  ValueError :  

                    print ( "ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ ɏɔəɡɟɞ Ŭɟɘɗɛɧ!" )  

 

        if  choice == '2'  or  choice == '3' :  

            while  True :  

                try :  

                    new_price = float ( input ( "ɁɏŬ Űɘɛɐ: " ))  

                    if  new_price < 0:  

                        print ("ȼ Űɘɛɐ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɗŮŰɘəɧɠ Ŭɟɘɗɛɧɠ!")  

                        continue  

                    self . prices . iloc [ product_index ]  = new_price  

                    break  

                except  ValueError :  

                    print ( "ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ ɏɔəɡɟɞ Ŭɟɘɗɛɧ!" )  

 

        print (f"ɇɞ ˊɟɞɥɧɜ '{product_name}' ŮɜɖɛŮɟɩɗɖəŮ ŮˊɘŰɡɢɩɠ!")  

 

    def  delete_product ( self ):  
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        """ ȹɘŬɔɟŬűɐ ˊɟɞɥɧɜŰɞɠ"""  

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɥɧɜŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        print ( " \ n---  ȹȽȷũɅȷūȼ ɄɅɃɌɃɁɇɃɆ --- " )  

        self . show_products ()  

 

        product_name = input ( "ȹɩůŰŮ ɧɜɞɛŬ ˊɟɞɥɧɜŰɞɠ ɔɘŬ ŭɘŬɔɟŬűɐ: 

" ). strip ()  

 

        if  product_name not  in  self . names. values :  

            print (f"ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭŮɜ ɓɟɏɗɖəŮ!")  

            return  

 

        # ȺɨɟŮůɖ Űɞɡ ŭŮɑəŰɖ Űɞɡ ˊɟɞɥɧɜŰɞɠ 

        product_index = self . names[ self . names == product_name ]. index [ 0]  

 

        # ȺˊɘɓŮɓŬɑɤůɖ ŭɘŬɔɟŬűɐɠ 

        confirm = input (f"ȺɑůŰŮ ůɑɔɞɡɟɞɠ ɧŰɘ ɗɏɚŮŰŮ ɜŬ ŭɘŬɔɟɎɣŮŰŮ Űɞ 

'{product_name}'; (ɜŬɘ/ɧɢɘ): "). strip (). lower ()  

 

        if  confirm == ' ɜŬɘ'  or  confirm == ' ɜ' :  

            # ȹɘŬɔɟŬűɐ Ŭˊɧ ɧɚŬ ŰŬ Series  

            self . names = 

self . names. drop ( product_index ). reset_index ( drop =True )  

            self . quantities = 

self . quantities . drop ( product_index ). reset_index ( drop =True )  

            self . prices = 

self . prices . drop ( product_index ). reset_index ( drop =True )  

 

            print (f"ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭɘŬɔɟɎűɖəŮ ŮˊɘŰɡɢɩɠ!")  

        else :  

            print ("ȼ ŭɘŬɔɟŬűɐ ŬəɡɟɩɗɖəŮ.")  

 

    def  show_products ( self ):  

        """ȺɛűɎɜɘůɖ ɧɚɤɜ Űɤɜ ˊɟɞɥɧɜŰɤɜ""" 

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɥɧɜŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        print ( " \ n---  ȾȷɇȷɆɇȷɆȼ ɄɅɃɌɃɁɇɋɁ --- " )  

        print ( f"{ 'ȷ/ȷ':<4} { 'ȳɜɞɛŬ':<20} { 'ɄɞůɧŰɖŰŬ':<10} { 'ɇɘɛɐ':<10} 

{'Ɇɨɜɞɚɞ':<12}" )  

        print ( " - "  *  60)  

 

        for  i in  range ( len ( self . names)):  

            total = self . quantities . iloc [ i ]  *  self . prices . iloc [ i ]  

            print ( f"{i +1:<4} {self . names. iloc [ i ] :<20} 

{self . quantities . iloc [ i ] :<10} {self . prices . iloc [ i ] :<10.2f} {total:<12.2f}" )  

 

    def  total_value ( self ):  

        """Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜɞɚɘəɐɠ ŬɝɑŬɠ ˊɟɞɥɧɜŰɤɜ""" 

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɥɧɜŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        total_value = ( self . quantities *  self . prices ). sum()  

        print ( f" \ n---  ɆɈɁɃȿȽȾȼ ȷɂȽȷ ɄɅɃɌɃɁɇɋɁ --- " )  

        print ( f" Ɇɡɜɞɚɘəɐ ŬɝɑŬ: {total_value:.2f} ú")  
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        # ȷɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ 

        print ( " \ nȷɜŬɚɡŰɘəɎ:" )  

        for  i in  range ( len ( self . names)):  

            product_total = self . quantities . iloc [ i ]  *  self . prices . iloc [ i ]  

            print ( f"{self . names. iloc [ i ] }: {product_total:.2f} ú")  

 

    def  sort_products ( self ):  

        """ ɇŬɝɘɜɧɛɖůɖ ˊɟɞɥɧɜŰɤɜ"""  

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ˊɟɞɥɧɜŰŬ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ!")  

            return  

 

        print ( " \ n---  ɇȷɂȽɁɃɀȼɆȼ ɄɅɃɌɃɁɇɋɁ --- " )  

        print ("1. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɧɜɞɛŬ (ŬɨɝɞɡůŬ)")  

        print ("2. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɧɜɞɛŬ (űɗɑɜɞɡůŬ)")  

        print ("3. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ˊɞůɧŰɖŰŬ (ŬɨɝɞɡůŬ)")  

        print ("4. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ˊɞůɧŰɖŰŬ (űɗɑɜɞɡůŬ)")  

        print ("5. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ Űɘɛɐ (ŬɨɝɞɡůŬ)")  

        print ("6. ɇŬɝɘɜɧɛɖůɖ əŬŰɎ Űɘɛɐ (űɗɑɜɞɡůŬ)")  

 

        choice = input ("Ⱥˊɘɚɞɔɐ (1- 6): " ). strip ()  

 

        # ȹɖɛɘɞɡɟɔɑŬ ˊɟɞůɤɟɘɜɞɨ DataFrame ɔɘŬ ŰŬɝɘɜɧɛɖůɖ 

        temp_df = pd . DataFrame ({  

            ' ȳɜɞɛŬ' :  self . names,  

            ' ɄɞůɧŰɖŰŬ' :  self . quantities ,  

            ' ɇɘɛɐ' :  self . prices  

        })  

 

        sorting_options = {  

            '1' :  ( ' ȳɜɞɛŬ' ,  True ),  

            '2' :  ( ' ȳɜɞɛŬ' ,  False ),  

            '3' :  ( ' ɄɞůɧŰɖŰŬ' ,  True ),  

            '4' :  ( ' ɄɞůɧŰɖŰŬ' ,  False ),  

            '5' :  ( ' ɇɘɛɐ' ,  True ),  

            '6' :  ( ' ɇɘɛɐ' ,  False )  

        }  

 

        if  choice in  sorting_options :  

            column ,  ascending = sorting_options [ choice ]  

            temp_df = temp_df . sort_values ( by =column ,  

ascending =ascending ). reset_index ( drop =True )  

 

            # Ⱥɜɖɛɏɟɤůɖ Űɤɜ Series ɛŮ ŰŬ ŰŬɝɘɜɞɛɖɛɏɜŬ ŭŮŭɞɛɏɜŬ 

            self . names = temp_df [ ' ȳɜɞɛŬ' ]  

            self . quantities = temp_df [ ' ɄɞůɧŰɖŰŬ' ]  

            self . prices = temp_df [ ' ɇɘɛɐ' ]  

 

            print ( f" ɇŬ ˊɟɞɥɧɜŰŬ ŰŬɝɘɜɞɛɐɗɖəŬɜ əŬŰɎ {column} ({ ' ŬɨɝɞɡůŬ'  if  

ascending else  ' űɗɑɜɞɡůŬ' } ůŮɘɟɎ)!" )  

            self . show_products ()  

        else :  

            print ( "ɀɖ ɏɔəɡɟɖ Ůˊɘɚɞɔɐ!" )  

 

    def  save_to_file ( self ):  

        """ȷˊɞɗɐəŮɡůɖ ŭŮŭɞɛɏɜɤɜ ůŮ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ""" 

        if  self . names. empty :  

            print ("ȹŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ɔɘŬ ŬˊɞɗɐəŮɡůɖ!")  

            return  
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        filename = input ("ȹɩůŰŮ ɧɜɞɛŬ ŬɟɢŮɑɞɡ ɔɘŬ ŬˊɞɗɐəŮɡůɖ (ˊ.ɢ. 

products.txt): " ). strip ()  

 

        if  not  filename :  

            filename = "products.txt"  

 

        try :  

            # ȹɖɛɘɞɡɟɔɑŬ DataFrame ˊɟɞůɤɟɘɜɎ ɔɘŬ ŬˊɞɗɐəŮɡůɖ 

            temp_df = pd . DataFrame ({  

                ' ȳɜɞɛŬ' :  self . names,  

                ' ɄɞůɧŰɖŰŬ' :  self . quantities ,  

                ' ɇɘɛɐ' :  self . prices  

            })  

 

            # ȷˊɞɗɐəŮɡůɖ ɛŮ əɤŭɘəɞˊɞɑɖůɖ UTF-8 ɔɘŬ Ůɚɚɖɜɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ 

            temp_df . to_csv ( filename ,  index =False ,  encoding ='utf - 8' )  

            print (f"ɇŬ ŭŮŭɞɛɏɜŬ ŬˊɞɗɖəŮɨŰɖəŬɜ ŮˊɘŰɡɢɩɠ ůŰɞ ŬɟɢŮɑɞ 

'{filename}'!" )  

        except  Exception as  e:  

            print ( f" ɆűɎɚɛŬ əŬŰɎ Űɖɜ ŬˊɞɗɐəŮɡůɖ: {e}" )  

 

    def  load_from_file ( self ):  

        """ūɧɟŰɤůɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŬɟɢŮɑɞ əŮɘɛɏɜɞɡ""" 

        filename = input ("ȹɩůŰŮ ɧɜɞɛŬ ŬɟɢŮɑɞɡ ɔɘŬ űɧɟŰɤůɖ: "). strip ()  

 

        if  not  os . path . exists ( filename ):  

            print (f"ɇɞ ŬɟɢŮɑɞ '{filename}' ŭŮɜ ɓɟɏɗɖəŮ!")  

            return  

 

        try :  

            # ūɧɟŰɤůɖ ɛŮ əɤŭɘəɞˊɞɑɖůɖ UTF-8 ɔɘŬ Ůɚɚɖɜɘəɞɨɠ ɢŬɟŬəŰɐɟŮɠ 

            temp_df = pd . read_csv ( filename ,  encoding ='utf - 8' )  

 

            # ȰɚŮɔɢɞɠ ɧŰɘ Űɞ ŬɟɢŮɑɞ ɏɢŮɘ Űɘɠ ůɤůŰɏɠ ůŰɐɚŮɠ 

            expected_columns = [ ' ȳɜɞɛŬ' ,  ' ɄɞůɧŰɖŰŬ' ,  ' ɇɘɛɐ' ]  

            if  all ( col in  temp_df . columns for  col in  expected_columns ):  

                self . names = temp_df [ ' ȳɜɞɛŬ' ]  

                self . quantities = temp_df [ ' ɄɞůɧŰɖŰŬ' ]. astype ( 'int64' )  

                self . prices = temp_df [ ' ɇɘɛɐ' ]. astype ( 'float64' )  

 

                print (f"ɇŬ ŭŮŭɞɛɏɜŬ űɞɟŰɩɗɖəŬɜ ŮˊɘŰɡɢɩɠ Ŭˊɧ Űɞ ŬɟɢŮɑɞ 

'{filename}'!" )  

                print (f"ūɞɟŰɩɗɖəŬɜ {len( self . names)} ˊɟɞɥɧɜŰŬ.")  

            else :  

                print ("ɇɞ ŬɟɢŮɑɞ ŭŮɜ ɏɢŮɘ Űɖ ůɤůŰɐ ɛɞɟűɐ!")  

 

        except  Exception as  e:  

            print ( f" ɆűɎɚɛŬ əŬŰɎ Űɖ űɧɟŰɤůɖ: {e}" )  

 

    def  get_products_count ( self ):  

        """ȺˊɘůŰɟɏűŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɟɞɥɧɜŰɤɜ""" 

        return  len ( self . names)  

 

    def  run ( self ):  

        """ȾɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ""" 

        print ("ȾŬɚɩɠ ɐɟɗŬŰŮ ůŰɞ ɆɨůŰɖɛŬ ȹɘŬɢŮɑɟɘůɖɠ ɄɟɞɥɧɜŰɤɜ (Series 

Edition)!" )  

 

        while  True :  

            self . display_menu ()  

            choice = input ( "ȺˊɘɚɏɝŰŮ ɚŮɘŰɞɡɟɔɑŬ (1 - 9): " ). strip ()  
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            if  choice == '1' :  

                self . add_product ()  

            elif  choice == '2' :  

                self . edit_product ()  

            elif  choice == '3' :  

                self . delete_product ()  

            elif  choice == '4' :  

                self . show_products ()  

            elif  choice == '5' :  

                self . total_value ()  

            elif  choice == '6' :  

                self . sort_products ()  

            elif  choice == '7' :  

                self . save_to_file ()  

            elif  choice == '8' :  

                self . load_from_file ()  

            elif  choice == '9' :  

                print ("ȺɡɢŬɟɘůŰɞɨɛŮ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬŰŮ Űɞ ˊɟɧɔɟŬɛɛŬ! 

ȷɜŰɑɞ!")  

                break  

            else :  

                print ("ɀɖ ɏɔəɡɟɖ Ůˊɘɚɞɔɐ! ɄŬɟŬəŬɚɩ ŮˊɘɚɏɝŰŮ Ŭˊɧ 1 ɏɤɠ 9.")  

 

# ȺəŰɏɚŮůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

if  __name__ == "__main__" :  

    manager = ProductManager ()  

    manager . run ()  
 

3.4. ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀ CǊŀƳŜǎύ 

ɮ˄ʰ˂ˇʴʾʰ ˃ʶ ɯ˂˂ʶˌ ɲˇ˃ʷˌ 

ɲˇ˃ʺ ɲʽʰˋˍʱˋʶʽˌ ʁ˃ˇʴʷ˄ʶʽʰ ɹʵʽˈˍʹˍʶˌ 

DataFrame 2D ʂ˔ʽ ό˃ƛȄŜŘ ǘȅǇŜǎύ ɳˍʽˁʷˍʶˌΣ ʽˋ˔ˎˊʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ 

NumPy Array N-D ɿʰʽ όʾʵʽˇˌ ˍˏˉˇˌύ ɱˊʺʴˇˊʹ ʰˊʽʻ˃ʹˍʽˁʺ 

Python List 1D ɿʰʽ ɮˉ˂ʺΣ ʶˎʷ˂ʽˁˍʹ 

Dictionary м5 όˁ˂ʶʽʵʽʱύ ʂ˔ʽ ɵʶˏʴʹ ˁ˂ʶʽʵʽˇˏ-ˍʽ˃ʺˌ 

ʃʾ˄ʰˁʰˌ 3.4.1Υ ʅˏʴˁˊʽˋʹ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀCǊŀƳŜǎύ ˃ʶ ˍʽˌ ʱ˂˂ʶˌ ɲˇ˃ʷˌ 
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ʆˇ 5ŀǘŀCǊŀƳŜ ʶʾ˄ʰʽ ́  ˉʽˇ ˔ˊʺˋʽ˃ʹ ʵˇ˃ʺ ʴʽʰ Řŀǘŀ ŀƴŀƭȅǎƛǎ ̀ ˍʹ˄ tȅǘƘƻƴ ˂ˈʴ˖ ˍʹˌ ʶˎʶ˂ʽ˅ʾʰˌ ˁʰʽ ˍ˖˄ 

ˉ˂ˇˏˋʽ˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ˍʹˌΗ 

ɳˉʾˋʹ˃ʹ ˋʶ˂ʾʵʰ ˍʶˁ˃ʹˊʾ˖ˋʹˌΥ https://pandas.pydata.org/docs/reference/frame.html  

ʆˇ˄ ˁ˗ʵʽˁʰˌ ˍʹˌ ˉʰˊʰʴˊʱ˒ˇˎ ˃ˉˇˊʶʾˍʶ ˄ʰ ˍˇ˄ ʲˊʶʾˍʶ ʶʵ˗Υ 

https://colab.research.google.com/drive/1Yu8rEIL0V9R5N2kiIZDDK2B0bAcLp-P5?usp=sharing  

 

ɳʽˁˈ˄ʰ  3.4.1 ς ɮ˄ʰˉʰˊʱˋˍʰˋʹ ʶ˄ˈˌ ʃ˂ʰʽˋʾˇˎ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.1. ɲʹ˃ʽˇˎˊʴʾʰ ϧ ɰʰˋʽˁʷˌ ʃ˂ʹˊˇ˒ˇˊʾʶˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɲʹ˃ʽˇˎˊʴʾʰ 5ŀǘŀCǊŀƳŜ   

pd.DataFrame() 
ɼʰˍʰˋˁʶˎʱʸʶʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ʰˉˈ 
ʵʽʱ˒ˇˊʶˌ ʵˇ˃ʷˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ 
˂ʶ˅ʽˁʱΣ ˂ʾˋˍʶˌ ʺ bǳƳtȅ ŀǊǊŀȅǎΦ 

ŘŦ Ґ ǇŘΦ5ŀǘŀCǊŀƳŜόϑϥʁ˄ˇ˃ʰϥΥ 
ώϥɮ˄˄ʰϥΣ ϥɱʽ˗ˊʴˇˌϥϐΣ ϥɶ˂ʽˁʾʰϥΥ 
[25, 30]})  

pd.read_csv() 
ʊˇˊˍ˗˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʷ˄ʰ 
ʰˊ˔ʶʾˇ /{± ˁʰʽ ˍʰ ˃ʶˍʰˍˊʷˉʶʽ ˋʶ 
DataFrame. 

df = 
ǇŘΦǊŜŀŘψŎǎǾόϥˍˇψʰˊ˔ʶʾˇψ˃ˇˎΦ
csv')  

pd.read_excel() 
ʊˇˊˍ˗˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʷ˄ʰ 
ʰˊ˔ʶʾˇ 9ȄŎŜƭΦ 

df = 
ǇŘΦǊŜŀŘψŜȄŎŜƭόϥˍˇψʰˊ˔ʶʾˇψ˃ˇ
ˎΦȄƭǎȄϥύ  

pd.json_normalize() 
ɾʶˍʰˍˊʷˉʶʽ ʷ˄ʻʶˍʰ ʵʶʵˇ˃ʷ˄ʰ W{hb 
ˋʶ ʷ˄ʰ ʶˉʾˉʶʵˇ όŦƭŀǘύ 5ŀǘŀCǊŀƳŜΦ 

pd.json_normalize(api_respo
nse['key'])  

ɰʰˋʽˁʷˌ ɹʵʽˈˍʹˍʶˌ ˁʰʽ 
ʃ˂ʹˊˇ˒ˇˊʾʶˌ 

  

df.info() 

ɳ˃˒ʰ˄ʾʸʶʽ ˃ʽʰ ˋˎ˄ˇˉˍʽˁʺ 
ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ 5ŀǘŀCǊŀƳŜΣ 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ 
ˇ˄ˇ˃ʱˍ˖˄ ˋˍʹ˂˗˄Σ ˍˇˎ ʰˊʽʻ˃ˇˏ 
˃ -́ˁʶ˄˗˄ ˍʽ˃˗˄ ˁʰʽ ˍˇˎ ˍˏˉˇˎ 
ʵʶʵˇ˃ʷ˄˖˄ όŘǘȅǇŜύΦ 

df.info() 
Output: RangeIndex: 4 
entries, 0 to 3, Data columns 
(total 5 columns)...  

df.head(n) 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ˉˊ˗ˍʶˌ n ɹ ˊʰ˃˃ʷˌ 
ˍˇˎ 5ŀǘŀCǊŀƳŜ όˉˊˇʶˉʽ˂ˇʴʺΥ рύΦ 

df.head(10) 
hǳǘǇǳǘΥ όˇʽ ˉˊ˗ˍʶˌ мл 
ʴˊʰ˃˃ʷˌύ  

https://pandas.pydata.org/docs/reference/frame.html
https://colab.research.google.com/drive/1Yu8rEIL0V9R5N2kiIZDDK2B0bAcLp-P5?usp=sharing
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

df.tail(n) 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ 
ˍʶ˂ʶˎˍʰʾʶˌ n ɹ ˊʰ˃˃ʷˌ ˍˇˎ 
5ŀǘŀCǊŀƳŜ όˉˊˇʶˉʽ˂ˇʴʺΥ рύΦ 

df.tail() 
hǳǘǇǳǘΥ όˇʽ ˍʶ˂ʶˎˍʰʾʶˌ р 
ʴˊʰ˃˃ʷˌύ  

df.shape 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ǘǳǇƭŜ ˃ʶ ˍˇ˄ ʰˊʽʻ˃ˈ 
ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˋˍʹ˂˗˄Φ 

df.shape 
Output: (100, 5)  

df.columns 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʶˍʽˁʶˍ˗˄ 
όˇ˄ˇ˃ʱˍ˖˄ύ ˋˍʹ˂˗˄Φ 

df.columns 
Output: Index(['ʁ˄ˇ˃ʰ', 
'ɶ˂ʽˁʾʰ'], dtype='object')  

df.index 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ʶˍʽˁʷˍʶˌ ˍ˖˄ 
ʴˊʰ˃˃˗˄ όˍˇ ʶˎˊʶˍʺˊʽˇύΦ 

df.index 
*Output: RangeIndex(start=0, 
stop=2, step=1)*  

df.dtypes 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇˎˌ ˍˏˉˇˎˌ 
ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˁʱʻʶ ˋˍʺ˂ʹΦ 

df.dtypes 
Output: ʁ˄ˇ˃ʰ object, ɶ˂ʽˁʾʰ 
int64  

df.shape 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎ 
5ŀǘŀCǊŀƳŜ όʰˊʽʻ˃ˈˌ ʴˊʰ˃˃˗˄Σ 
ʰˊʽʻ˃ˈˌ ˋˍʹ˂˗˄ύΦ 

df.shape 
Output: (100, 5)  

df.size 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ʰˊʽʻ˃ˈ 
ˋˍˇʽ˔ʶʾ˖˄ ˋˍˇ 5ŀǘŀCǊŀƳŜΦ 

df.size 
Output: 500  

df.memory_usage() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ʴʽʰ 
ˁʱʻʶ ˋˍʺ˂ʹ όˋʶ ōȅǘŜǎύΦ 

df.memory_usage()  

df.empty 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˍˇ 5ŀǘŀCǊŀƳŜ ʶʾ˄ʰʽ ˁʶ˄ˈ 
όʶˉʽˋˍˊʷ˒ʶʽ True ̋  False). 

df.empty 
Output: False  

df.sample(n) 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˍˎ˔ʰʾˇ 
ʵʶʾʴ˃ʰ n ɹ ˊʰ˃˃˗˄ ʰˉˈ ˍˇ 
DataFrame. 

df.sample(3) 
hǳǘǇǳǘΥ о ˍˎ˔ʰʾʶˌ ʴˊʰ˃˃ʷˌΦ  

ʃʾ˄ʰˁʰˌ 3.4.2Υ ɾʷʻˇʵˇʽ ʴʽʰ ɲʹ˃ʽˇˎˊʴʾʰ ϧ ɰʰˋʽˁʷˌ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍʰ 5ŀǘŀCǊŀƳŜǎ 

aʷʻˇʵˇʽ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ˍʹ˄ ʶˉʽˋˁˈˉʹˋʹ όƛƴǎǇŜŎǘƛƻƴύ ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΦ ɮˎˍʱ ʶʾ˄ʰʽ 

ˍʰ ˉˊ˗ˍʰ ʲʺ˃ʰˍʰ ˋʶ ˁʱʻʶ ǇǊƻƧŜŎǘΥ ˉ˗ˌ ˒ʷˊ˄ˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʷˋʰ ˁʰʽ ˉ˗ˌ ˁʰˍʰ˂ʰʲʰʾ˄ˇˎ˃ʶ ˍʽ 

ˉʶˊʽʷ˔ˇˎ˄Φ 

мΦ ɳʽˋʰʴ˖ʴʺ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀ LƴƎŜǎǘƛƻƴύ 

ɶ tŀƴŘŀǎ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʶˎʷ˂ʽˁˍʹ ˋˍˇ ˄ʰ ϦʵʽʰʲʱʸʶʽϦ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌΦ 

¶ pd.DataFrame()Υ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ ˔ʶʽˊˇˁʾ˄ʹˍʹ ʵʹ˃ʽˇˎˊʴʾʰ όˉΦ˔Φ ʰˉˈ ʷ˄ʰ 

ŘƛŎǘƛƻƴŀǊȅύΦ ɳʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ʴʽʰ ǘŜǎǘƛƴƎ ʺ ˈˍʰ˄ ˒ˍʽʱ˔˄ʶʽˌ ˃ʽˁˊˇˏˌ ˉʾ˄ʰˁʶˌ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

¶ pd.read_csv() & pd.read_excel()Υ ʁʽ Ϧʲʰˋʽ˂ʽʱʵʶˌϦ ˍʹˌ ʶʽˋʰʴ˖ʴʺˌΦ ʅʹ˃ʶʾ˖ˋʶ ˈˍʽ ˍˇ ǊŜŀŘψŎǎǾ 

ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˉˇ˂ˏ ˉʽˇ ʴˊʺʴˇˊˇ ʰˉˈ ˍˇ ǊŜŀŘψŜȄŎŜƭΦ 

¶ pd.json_normalize()Υ ɴ˄ʰ Ϧˁˊˎ˒ˈ ʵʽʰ˃ʱ˄ˍʽϦΦ ɮ˄ ʵˇˎ˂ʶˏʶʽˌ ˃ʶ !tL ˉˇˎ ʶˉʽˋˍˊʷ˒ˇˎ˄ 

ˉʶˊʾˉ˂ˇˁʰ W{hb όƴŜǎǘŜŘύΣ ʰˎˍʺ ʹ ˃ʷʻˇʵˇˌ ˍʰ Ϧʽˋʽ˗˄ʶʽϦ όŦƭŀǘǘŜƴƛƴƎύ ʰˎˍˈ˃ʰˍʰ ˋʶ ˋˍʺ˂ʶˌΣ 

ʴ˂ʽˍ˗˄ˇ˄ˍʱˌ ˋʶ ʰˉˈ ˉˇ˂ˏˉ˂ˇˁʰ ƭƻƻǇǎΦ 

нΦ ɱˊʺʴˇˊʹ ɾʰˍʽʱ όLƴƛǘƛŀƭ tǊŜǾƛŜǿύ 

ɾˈ˂ʽˌ ˒ˇˊˍ˗ˋʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˉˊʷˉʶʽ ˄ʰ ʵʶʽˌ ʰ˄ Ϧˁʱʻʽˋʰ˄Ϧ ˋ˖ˋˍʱΦ 

¶ df.head(n) / df.tail(n)Υ ʆʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˉʱ˄ˍʰ ʴʽʰ ˄ʰ ʲʶʲʰʽ˖ʻˇˏ˃ʶ ˈˍʽ ˇʽ ʶˉʽˁʶ˒ʰ˂ʾʵʶˌ 

ʵʽʰʲʱˋˍʹˁʰ˄ ˋ˖ˋˍʱ ˁʰʽ ˈˍʽ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ʰˊ˔ʶʾˇˎ ʵʶ˄ ʷ˔ʶʽ ˉʶˊʾʶˊʴʰ ˁʶ˄ʱ ʺ ƭŀōŜƭǎΦ 
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¶ df.sample(n)Υ ʃˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈΗ ʃˇ˂˂ʷˌ ˒ˇˊʷˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʰ όˉΦ˔Φ ˈ˂ˇʽ ˇʽ 

ʱ˄ʵˊʶˌ ˋˍʹ˄ ʰˊ˔ʺΣ ˈ˂ʶˌ ˇʽ ʴˎ˄ʰʾˁʶˌ ˋˍˇ ˍʷ˂ˇˌύΦ ʆˇ ƘŜŀŘόύ ˃ˉˇˊʶʾ ˄ʰ ˋʶ ˉʰˊʰˉ˂ʰ˄ʺˋʶʽΦ ʆˇ 

ǎŀƳǇƭŜόύ ˋˇˎ ʵʾ˄ʶʽ ˃ʽʰ ˉʽˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʺ ʶʽˁˈ˄ʰ ˍˇˎ ˋˎ˄ˈ˂ˇˎΦ 

оΦ ɾʶˍʰʵʶʵˇ˃ʷ˄ʰ ϧ ɲˇ˃ʺ όaŜǘŀŘŀǘŀύ 

ɳʵ˗ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍʹ˄ ϦˎʴʶʾʰϦ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ 5ŀǘŀCǊŀƳŜΦ 

¶ df.info()Υ ɺˋ˖ˌ ʹ ˉʽˇ ˔ˊʺˋʽ˃ʹ ˃ʷʻˇʵˇˌΦ ʅˇˎ ˂ʷʶʽ ʰ˃ʷˋ˖ˌΥ 

1. ʃˈˋʹ ˃˄ʺ˃ʹ ˁʰˍʰ˄ʰ˂˗˄ʶʽ ˍˇ 5ŀǘŀCǊŀƳŜΦ 

2. ɮ ˄ˎ ˉʱˊ˔ˇˎ˄ Missing Values (Nulls). 

3. ʆˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ʰ˄ ˃ʽʰ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʵʽʰʲʱˋˍʹˁʶ ˖ˌ ϦƻōƧŜŎǘϦ ʰ˄ˍʾ ʴʽʰ 

"datetime"). 

¶ df.shape & df.sizeΥ ʃˊˇˋˇ˔ʺ ˋˍʹ ʵʽʰ˒ˇˊʱΗ ʆˇ ǎƘŀǇŜ ʶˉʽˋˍˊʷ˒ʶʽ ʵʽʰˋˍʱˋʶʽˌ όмл ʴˊʰ˃˃ʷˌΣ р 

ˋˍʺ˂ʶˌύΣ ʶ˄˗ ˍˇ ǎƛȊŜ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ʰˊʽʻ˃ˈ ˁʶ˂ʽ˗˄ όмл ϝ р Ґ рлύΦ 

¶ df.dtypesΥ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʰˉˇ˃ˇ˄˗ˋʶʽˌ ˃ˈ˄ˇ ˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˋˍʺ˂ʶˌ ʴʽʰ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

пΦ ɲʽʰ˔ʶʾˊʽˋʹ ɾ˄ʺ˃ʹˌ ϧ ɳ˂ʷʴ˔ˇˎ 

¶ df.memory_usage()Υ ɮ˄ ʵˇˎ˂ʶˏʶʽˌ ˃ʶ ˃ʶʴʱ˂ʰ ʵʶʵˇ˃ʷ˄ʰ ό.ƛƎ 5ŀǘŀύΣ ʰˎˍʺ ʹ ˃ʷʻˇʵˇˌ ˋˇˎ 

ʵʶʾ˔˄ʶʽ ˉˇʽʶˌ ˋˍʺ˂ʶˌ Ϧˍˊ˗˄ʶϦ ˍʹ ˃˄ʺ˃ʹ ˋˇˎΦ ʅˎ˔˄ʱΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˃ʽʰ ˋˍʺ˂ʹ ʰˉˈ ƻōƧŜŎǘ ˋʶ 

ŎŀǘŜƎƻǊȅΣ ʹ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ ˉʷ˒ˍʶʽ ˁʰˍʰˁˈˊˎ˒ʰΦ 

¶ df.emptyΥ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʰˎˍˇ˃ʰˍʽˋ˃ˇˏˌ ˁʰʽ ǎŎǊƛǇǘǎΦ ʃˊʽ˄ ˅ʶˁʽ˄ʺˋʶʽˌ ˃ʽʰ ʲʰˊʽʱ 

ʶˉʶ˅ʶˊʴʰˋʾʰΣ ʶ˂ʷʴ˔ʶʽˌ ʰ˄ ˍˇ 5ŀǘŀCǊŀƳŜ ʷ˔ʶʽ ˈ˄ˍ˖ˌ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˄ʰ ʰˉˇ˒ˏʴʶʽˌ ŜǊǊƻǊǎΦ 

 

import  pandas as  pd 

import  numpy as  np 

import  json  

import  tempfile  

import  os  

 

# -------------------------------------------------------------------  

# 1. ȹȼɀȽɃɈɅũȽȷ DataFrame 

# -------------------------------------------------------------------  

 

# 1.1 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ɚŮɝɘəɧ (dict) ɛŮ ɚɑůŰŮɠ 

print ("1.1 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ɚŮɝɘəɧ")  

data_dict = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ],  

    'Age' :  [ 25 ,  30 ,  28 ,  35 ],  

    'City' :  [ 'Athens' ,  'Thessaloniki' ,  'Patras' ,  'Heraklion' ]  

}  

df_from_dict = pd . DataFrame ( data_dict )  

print ( df_from_dict )  

print ( " \ n"  + " - " * 50)  

 

# 1.2 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ŬɟɢŮɑɞ CSV 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ CSV ɔɘŬ ŮˊɑŭŮɘɝɖ 

print ("1.2 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ŬɟɢŮɑɞ CSV")  
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with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.csv' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_csv :  

    tmp_csv . write ( "Name,Age,City \ n" )  

    tmp_csv . write ( "Eleni,22,Volos \ n" )  

    tmp_csv . write ( "Dimitris,27,Chania \ n" )  

    tmp_csv . write ( "Sofia,24,Larisa \ n" )  

    tmp_csv_path = tmp_csv . name 

 

# ūɧɟŰɤůɖ Űɞɡ CSV ůŮ DataFrame  

df_from_csv = pd . read_csv ( tmp_csv_path )  

print ( df_from_csv )  

 

# ȹɘŬɔɟŬűɐ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ 

os . unlink ( tmp_csv_path )  

print ( " \ n"  + " - " * 50)  

 

# 1.3 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ŬɟɢŮɑɞ Excel  

# ȷˊŬɘŰŮɑŰŬɘ ɖ ŮɔəŬŰɎůŰŬůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ openpyxl ɐ xlrd. 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ Excel ɔɘŬ ŮˊɑŭŮɘɝɖ. 

print ("1.3 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ŬɟɢŮɑɞ Excel")  

# ũɘŬ ɜŬ ŬˊɞűɨɔɞɡɛŮ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŮɔɔɟŬűɐ ůŮ Excel (ˊɞɡ ŬˊŬɘŰŮɑ Ůˊɘˊɚɏɞɜ 

ɓɘɓɚɘɞɗɐəŮɠ), 

# ŬˊɚɎ ŭŮɑɢɜɞɡɛŮ Űɖɜ ŮɜŰɞɚɐ əŬɘ ůɢɞɚɘɎɕɞɡɛŮ. ȷɜ ɗɏɚŮŰŮ ɜŬ ŰɟɏɝŮŰŮ, 

ŮɔəŬŰŬůŰɐůŰŮ openpyxl. 

# Ʉɟɞůɞɛɞɑɤůɖ: ŭɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ɛɘəɟɧ DataFrame əŬɘ Űɞ ŬˊɞɗɖəŮɨɞɡɛŮ 

ˊɟɞůɤɟɘɜɎ ůŮ Excel. 

# ȷɜ ŭŮɜ ɏɢŮŰŮ ŮɔəŬŰŮůŰɖɛɏɜɞ Űɞ openpyxl, ɖ ŬˊɞɗɐəŮɡůɖ ɗŬ ŬˊɞŰɨɢŮɘ. ɆŮ ŬɡŰɐ 

Űɖɜ ˊŮɟɑˊŰɤůɖ, 

# Ŭˊɚɩɠ ŮəŰɡˊɩɜɞɡɛŮ Űɖɜ ŮɜŰɞɚɐ ɢɤɟɑɠ ɜŬ Űɖɜ ŮəŰŮɚɏůɞɡɛŮ. 

 

try :  

    with  tempfile . NamedTemporaryFile ( suffix ='.xlsx' ,  delete =False )  as  

tmp_xlsx :  

        tmp_xlsx_path = tmp_xlsx . name 

    # ȷˊɞɗɐəŮɡůɖ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ df_from_dict ůŮ Excel 

    df_from_dict . to_excel ( tmp_xlsx_path ,  index =False ,  engine ='openpyxl' )  

    # ȷɜɎɔɜɤůɖ Űɞɡ Excel  

    df_from_excel = pd . read_excel ( tmp_xlsx_path ,  engine ='openpyxl' )  

    print ( df_from_excel )  

    os . unlink ( tmp_xlsx_path )  

except  ImportError :  

    print ( "ȼ ɓɘɓɚɘɞɗɐəɖ openpyxl ŭŮɜ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɖ. ɄŬɟɎŭŮɘɔɛŬ ɛŮ 

read_excel ˊŬɟŬɚŮɑˊŮŰŬɘ.")  

    print ("ũɘŬ ɜŬ Űɞ ŮəŰŮɚɏůŮŰŮ, ŮɔəŬŰŬůŰɐůŰŮ: pip install openpyxl")  

print ( " \ n"  + " - " * 50)  

 

# 1.4 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ɏɜɗŮŰɞ JSON (normalize)  

print ( "1.4 ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ɏɜɗŮŰɞ JSON ɛŮ pd.json_normalize" )  

# ɄŬɟɎŭŮɘɔɛŬ ɏɜɗŮŰɞɡ JSON (ůŬɜ ŬˊɎɜŰɖůɖ Ŭˊɧ API) 

nested_json = {  

    'status' :  'success' ,  

    'data' :  [  

        { 'id' :  1,  'name' :  'Product A' ,  'details' :  { 'price' :  100 ,  'stock' :  

50}},  

        { 'id' :  2,  'name' :  'Product B' ,  'details' :  { 'price' :  200 ,  'stock' :  

30}},  

        { 'id' :  3,  'name' :  'Product C' ,  'details' :  { 'price' :  150 ,  'stock' :  

0}}  

    ]  

}  

# ȺɝŬɔɤɔɐ Űɞɡ ˊŮŭɑɞɡ 'data' əŬɘ ɛŮŰŬŰɟɞˊɐ ůŮ ŮˊɑˊŮŭɞ DataFrame 
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df_normalized = pd . json_normalize ( nested_json [ 'data' ])  

print ( df_normalized )  

print ( " \ n"  + " - " * 50)  

 

# -------------------------------------------------------------------  

# 2. ȸȷɆȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ȾȷȽ ɄȿȼɅɃūɃɅȽȺɆ DataFrame 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ DataFrame ɔɘŬ ŰŬ ŮˊɧɛŮɜŬ 

ˊŬɟŬŭŮɑɔɛŬŰŬ 

np . random . seed ( 42)   # ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ 

df_demo = pd . DataFrame ({  

    'A' :  np . random . randn ( 100 ),  

    'B' :  np . random . randint ( 0,  100 ,  100 ),  

    'C' :  np . random . choice ([ 'X' ,  'Y' ,  'Z' ],  100 ),  

    'D' :  pd . date_range ( '2023 - 01- 01' ,  periods =100 ,  freq ='D' )  

})  

# ȺɘůŬɔɤɔɐ ɛŮɟɘəɩɜ əŮɜɩɜ Űɘɛɩɜ ɔɘŬ ˊɚɖɟɧŰɖŰŬ 

df_demo . loc [ 5,  'A' ]  = np . nan  

df_demo . loc [ 10 ,  'B' ]  = np . nan  

df_demo . loc [ 15 ,  'C' ]  = np . nan  

 

print ("2. ȸȷɆȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ȾȷȽ ɄȿȼɅɃūɃɅȽȺɆ")  

print ( "DataFrame df_demo ( ˊɟɩŰŮɠ 5 ɔɟŬɛɛɏɠ):" )  

print ( df_demo . head ())  

print ( " \ n"  + " - " * 50)  

 

# 2.1 df.info() -  ɆɡɜɞˊŰɘəɐ ˊŮɟɘɔɟŬűɐ 

print ( "2.1 df.info() -  ɆɡɜɞˊŰɘəɐ ˊŮɟɘɔɟŬűɐ")  

df_demo . info ()  

print ( " \ n"  + " - " * 50)  

 

# 2.2 df.head(n) -  ɄɟɩŰŮɠ n ɔɟŬɛɛɏɠ (ˊɟɞŮˊɘɚɞɔɐ 5) 

print ( "2.2 df.head(3) -  ɄɟɩŰŮɠ 3 ɔɟŬɛɛɏɠ")  

print ( df_demo . head ( 3))  

print ( " \ n"  + " - " * 50)  

 

# 2.3 df.tail(n) -  ɇŮɚŮɡŰŬɑŮɠ n ɔɟŬɛɛɏɠ (ˊɟɞŮˊɘɚɞɔɐ 5) 

print ( "2.3 df.tail(3) -  ɇŮɚŮɡŰŬɑŮɠ 3 ɔɟŬɛɛɏɠ")  

print ( df_demo . tail ( 3))  

print ( " \ n"  + " - " * 50)  

 

# 2.4 df.shape -  ȹɘŬůŰɎůŮɘɠ DataFrame (ɔɟŬɛɛɏɠ, ůŰɐɚŮɠ) 

print ( "2.4 df.shape -  ȹɘŬůŰɎůŮɘɠ")  

print ("ȷɟɘɗɛɧɠ ɔɟŬɛɛɩɜ əŬɘ ůŰɖɚɩɜ:",  df_demo . shape )  

print ( " \ n"  + " - " * 50)  

 

# 2.5 df.columns -  ɃɜɧɛŬŰŬ ůŰɖɚɩɜ 

print ( "2.5 df.columns -  ɃɜɧɛŬŰŬ ůŰɖɚɩɜ")  

print ( df_demo . columns )  

print ( " \ n"  + " - " * 50)  

 

# 2.6 df.index -  ȺŰɘəɏŰŮɠ ɔɟŬɛɛɩɜ (ŮɡɟŮŰɐɟɘɞ) 

print ( "2.6 df.index -  ȺŰɘəɏŰŮɠ ɔɟŬɛɛɩɜ")  

print ( df_demo . index )  

print ( " \ n"  + " - " * 50)  

 

# 2.7 df.dtypes -  ɇɨˊɞɘ ŭŮŭɞɛɏɜɤɜ ŬɜɎ ůŰɐɚɖ 

print ( "2.7 df.dtypes -  ɇɨˊɞɘ ŭŮŭɞɛɏɜɤɜ")  

print ( df_demo . dtypes )  

print ( " \ n"  + " - " * 50)  
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# 2.8 df.size -  Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ůŰɞɘɢŮɑɤɜ 

print ( "2.8 df.size -  Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ůŰɞɘɢŮɑɤɜ")  

print ("ɀɏɔŮɗɞɠ (ɔɟŬɛɛɏɠ * ůŰɐɚŮɠ):",  df_demo . size )  

print ( " \ n"  + " - " * 50)  

 

# 2.9 df.memory_usage() -  ɉɟɐůɖ ɛɜɐɛɖɠ ŬɜɎ ůŰɐɚɖ (ůŮ bytes) 

print ( "2.9 df.memory_usage() -  ɉɟɐůɖ ɛɜɐɛɖɠ ŬɜɎ ůŰɐɚɖ (bytes)")  

print ( df_demo . memory_usage ())  

print ( " \ n"  + " - " * 50)  

 

# 2.10 df.empty -  ȰɚŮɔɢɞɠ Ŭɜ Űɞ DataFrame ŮɑɜŬɘ əŮɜɧ 

print ( "2.10 df.empty -  ȰɚŮɔɢɞɠ Ŭɜ ŮɑɜŬɘ əŮɜɧ")  

print ( "ɇɞ df_demo ŮɑɜŬɘ əŮɜɧ;" ,  df_demo . empty )  

# ȹɖɛɘɞɡɟɔɑŬ əŮɜɞɨ DataFrame ɔɘŬ ŮˊɑŭŮɘɝɖ 

empty_df = pd . DataFrame ()  

print ("ɇɞ empty_df ŮɑɜŬɘ əŮɜɧ;",  empty_df . empty )  

print ( " \ n"  + " - " * 50)  

 

# 2.11 df.sample(n) -  ɇɡɢŬɑɞ ŭŮɑɔɛŬ n ɔɟŬɛɛɩɜ 

print ( "2.11 df.sample(5) -  ɇɡɢŬɑɞ ŭŮɑɔɛŬ 5 ɔɟŬɛɛɩɜ")  

print ( df_demo . sample ( 5))  

print ( " \ n"  + " - " * 50)  

 

print ("ɇɏɚɞɠ ˊɟɞɔɟɎɛɛŬŰɞɠ.")  
ɼΦ 3.4.1Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ɾʶʻˈʵ˖˄ ʴʽʰ ɲʹ˃ʽˇˎˊʴʾʰ ϧ ɰʰˋʽˁʷˌ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ˋˍʰ 5ŀǘŀCǊŀƳŜǎ 

3.4.2. ɲʹ˃ʽˇˎˊʴʾʰ 5ŀǘŀCǊŀƳŜǎ ʰˉˈ ˉʾ˄ʰˁʶˌ bǳƳtȅ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ DataFrame ʰˉˈ ˉʾ˄ʰˁʶˌ NumPy όbǳƳtȅ ŀǊǊŀȅǎύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˉʽˇ 

ˋˎ˄ʹʻʽˋ˃ʷ˄ˇˎˌ ˁʰʽ ʰˉˇʵˇˍʽˁˇˏˌ ˍˊˈˉˇˎˌ ʶʽˋʰʴ˖ʴʺˌ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ 

ǇŀƴŘŀǎΣ ʶˁ˃ʶˍʰ˂˂ʶˎˈ˃ʶ˄ʹ ˍʹ ˋˍʶ˄ʺ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ʲʽʲ˂ʽˇʻʹˁ˗˄Φ ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ bǳƳtȅ 

όƴŘŀǊǊŀȅύ ʶʾ˄ʰʽ ˃ʽʰ ʵʽˋʵʽʱˋˍʰˍʹΣ ˇ˃ˇʴʶ˄ʺˌ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ʱ˃ʶˋʰ ˋʶ 

5ŀǘŀCǊŀƳŜΣ ˃ʶ ˍʹ˄ ǇŀƴŘŀǎ ˄ʰ ˉˊˇˋʻʷˍʶʽ ʰˎˍˈ˃ʰˍʰ ʶˍʽˁʷˍʶˌ ʶˎˊʶˍʹˊʾˇˎ όƛƴŘŜȄύ ˁʰʽ ˇ˄ˇ˃ʱˍ˖˄ ˋˍʹ˂˗˄ 

όŎƻƭǳƳƴ ƴŀƳŜǎύ ʰ˄ ʵʶ˄ ˇˊʽˋˍˇˏ˄ ˊʹˍʱΦ ɮˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˋʶ ˎˉˇ˂ˇʴʽˋˍʽˁʱ 

ˋʶ˄ʱˊʽʰ ˈˉˇˎ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˉˊʱ˅ʶʽˌ bǳƳtȅΣ ˈˉ˖ˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ 

ˉʽ˄ʱˁ˖˄ ʺ ʴʶ˄˄ʺˍˊʽʶˌ ˍˎ˔ʰʾ˖˄ ʰˊʽʻ˃˗˄Φ[1][2][3][4] 

ɶ ʲʰˋʽˁʺ ˋˏ˄ˍʰ˅ʹ ʴʽʰ ˍʹ ˃ʶˍʰˍˊˇˉʺ ʶ˄ˈˌ ˉʾ˄ʰˁʰ bǳƳtȅ ˋʶ 5ŀǘŀCǊŀƳŜ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ 

ˁʰˍʰˋˁʶˎʰˋˍʺ pd.DataFrame(array)Σ ˈˉˇˎ array ʶʾ˄ʰʽ ʷ˄ʰˌ ʵʽˋʵʽʱˋˍʰˍˇˌ ˉʾ˄ʰˁʰˌ bǳƳtȅΦ ʅʶ ʰˎˍʺ 

ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˇʽ ʴˊʰ˃˃ʷˌ ˍˇˎ ˉʾ˄ʰˁʰ ʴʾ˄ˇ˄ˍʰʽ ʴˊʰ˃˃ʷˌ ˍˇˎ 5ŀǘŀCǊŀƳŜΣ ˇʽ ˋˍʺ˂ʶˌ ʴʾ˄ˇ˄ˍʰʽ ˋˍʺ˂ʶˌΣ 

ʶ˄˗ ˍˇ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ˇ ʶˎˊʶˍʺˊʽˇ ʴˊʰ˃˃˗˄ ʶʾ˄ʰʽ ʰˁʷˊʰʽˇ όлΣ мΣ нΣ ΦΦΦύΣ ˁʰʽ ˇʽ ˋˍʺ˂ʶˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ 

ʰˎˍˈ˃ʰˍʰ ϥлϥΣ ϥмϥΣ ˁΦ˂ˉΦ ɶ ǇŀƴŘŀǎ ʵʽʰˍʹˊʶʾ ˍˇ˄ ˍˏˉˇ ʵʶʵˇ˃ʷ˄˖˄ όŘǘȅǇŜύ ˍˇˎ bǳƳtȅ ŀǊǊŀȅΣ 

ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˎ˕ʹ˂ʺ ʰˉˈʵˇˋʹ ˋʶ ˃ʶʴʱ˂ˇˎˌ ˉʾ˄ʰˁʶˌΦ  

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ ŭɘůŭɘɎůŰŬŰɞɡ ˊɑɜŬəŬ NumPy ɛŮ ŰɡɢŬɑɞɡɠ Ŭɟɘɗɛɞɨɠ 

array = np . random . randn ( 4,  3)   # 4 ɔɟŬɛɛɏɠ, 3 ůŰɐɚŮɠ, əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

print ( "ɄɑɜŬəŬɠ NumPy:" )  
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print ( array )  

 

# ɀŮŰŬŰɟɞˊɐ ůŮ DataFrame ( ˊɟɞŮˊɘɚŮɔɛɏɜŬ index əŬɘ columns)  

df = pd . DataFrame ( array )  

print ( " \ nDataFrame Ŭˊɧ NumPy array:" )  

print ( df )  

print ( "ɇɨˊɞɠ ŭŮŭɞɛɏɜɤɜ:" ,  df . dtypes )  
ɼΦ 3.4.2Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 5ŀǘŀCǊŀƳŜǎ ʰˉˈ ˉʾ˄ʰˁʶˌ ƴǳƳǇȅ 

 

 

ʃʰˊʰˍʺˊʹˋʹΥ ʆˇ 5ŀǘŀCǊŀƳŜ ˁ˂ʹˊˇ˄ˈ˃ʹˋʶ ˍˇ ŘǘȅǇŜ float64 ʰˉˈ ˍˇ bǳƳtȅ ŀǊǊŀȅΦ ʁʽ ˋˍʺ˂ʶˌ 

ˇ˄ˇ˃ʱˋˍʹˁʰ˄ ʰˎˍˈ˃ʰˍʰ ϥлϥΣ ϥмϥΣ ϥнϥΦ  

ɱʽʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˋʰ˒ʺ˄ʶʽʰΣ ˃ˉˇˊˇˏ˄ ˄ʰ ˇˊʽˋˍˇˏ˄ ˊʹˍʱ ˍʰ ˇ˄ˈ˃ʰˍʰ ˋˍʹ˂˗˄ όŎƻƭǳƳƴ ƴŀƳŜǎύ ˁʰʽ ˍˇ 

ʶˎˊʶˍʺˊʽˇ ʴˊʰ˃˃˗˄ όƛƴŘŜȄύ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰΥ 

# DataFrame ɛŮ ɞɟɘůɛɏɜŬ columns əŬɘ index  

columns = [ 'A' ,  'B' ,  'C' ]  

index = [ 'ɔɟŬɛɛɐ1',  'ɔɟŬɛɛɐ2',  'ɔɟŬɛɛɐ3',  'ɔɟŬɛɛɐ4']  

df_named = pd . DataFrame ( array ,  columns =columns ,  index =index )  

print ( "DataFrame ɛŮ ɞɟɘůɛɏɜŬ columns əŬɘ index:" )  

print ( df_named )  

 

ʃʰˊʰˍʺˊʹˋʹ: ʁ ̔ʶˍʽˁʷˍʶˌ index ʁ ˉʽˍˊʷˉˇˎ˄ label-based ̄ ˊˈˋʲʰˋʹ, .̄ .̝ df_named.loc['ɹ ˊʰ˃˃ʺ1'] 

ʶˉʽˋˍˊʷ˒ʶʽ ̱  ́̀ ʶʽˊʱ ̟  ̩Series.  

ɶ ǇŀƴŘŀǎ ˎˉˇˋˍʹˊʾʸʶʽ ʶˉʾˋʹˌ ˍʹ ˃ʶˍʰˍˊˇˉʺ ˃ˇ˄ˇʵʽʱˋˍʰˍ˖˄ ˉʽ˄ʱˁ˖˄ bǳƳtȅ ˋʶ {ŜǊƛŜǎ ʺ 5ŀǘŀCǊŀƳŜ 

˃ʶ ˃ʾʰ ˋˍʺ˂ʹΥ 

# ɀɞɜɞŭɘɎůŰŬŰɞɠ ˊɑɜŬəŬɠ ůŮ Series 

vec = np . array ([ 10 ,  20 ,  30 ,  40 ])  

series = pd . Series ( vec ,  name=' ŪŮɟɛɞəɟŬůɑŮɠ' )  

print ( "Series Ŭˊɧ 1D NumPy array:" )  

print ( series )  

 

# ɆŮ DataFrame ɛŮ ɛɑŬ ůŰɐɚɖ 

df_single = pd . DataFrame ( vec . reshape ( - 1,  1),  columns =[ ' ŪŮɟɛɞəɟŬůɑŮɠ' ])  

print ( " \ nDataFrame Ŭˊɧ 1D array (reshape ůŮ 2D):" )  

print ( df_single )  

ɼΦ 3.4.3Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʅʶʽˊ˗˄ ʰˉˈ ˉʾ˄ʰˁʶˌ ƴǳƳǇȅ 

ɩʍʋʎʋʔʙȡ ɜʅɻ ʈʋʉʋɿʅʗʎʐɻʐɻ ÁÒÒÁÙÓȟ ʔʍʂʎʅʈʋʌʋʅʙʎʐʀ reshape( - 1, 1)  ɾʅɻ ʉɻ ɾʚʉʀʅ ʎʐʙʇʂȟ ɻʇʇʅʡʏ ʃɻ ɾʚʉʀʅ 

ɾʍɻʈʈʙȢ  

3.4.3. ʃˊˈˋʲʰˋʹ ˁʰʽ ɳˉʽ˂ˇʴʺ 

 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

ɰʰˋʽˁʺ ʃˊˈˋʲʰˋʹ ˋʶ ʅˍʺ˂ʶˌ   

ŘŦώϥˈ˄ˇ˃ʰψˋˍʺ˂ʹˌϥϐ 
ɳˉʽ˂ʷʴʶʽ ˃ʽʰ ˋˍʺ˂ʹ ˁʰʽ ˍʹ˄ ʶˉʽˋˍˊʷ˒ʶʽ 
˖  ̩Series . 

ʹ˂ʽˁʾʶˌ Ґ ŘŦώϥ!ƎŜϥϐ 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

ŘŦώώϥˋˍʹ˂ʹмϥΣ ϥˋˍʹ˂ʹнϥϐϐ 
ɳˉʽ˂ʷʴʶʽ ˉˇ˂˂ʰˉ˂ʷˌ ˋˍʺ˂ʶˌ ˁʰʽ ˍʽˌ ʶˉʽˋˍˊʷ˒ʶʽ 
˖ˌ ˄ʷˇ DataFrame . 

ˎˉˇˋˏ˄ˇ˂ˇ Ґ 
df[['Name', 'City']] 

ʃˊˈˋʲʰˋʹ ˃ʶ ɳˍʽˁʷˍʶˌ ό.loc)   

ŘŦΦƭƻŎώϥʶˍʽˁʷˍʰψʴˊʰ˃˃ʺˌϥϐ 
ɳˉʽ˂ʷʴʶʽ ˃ʽʰ ʴˊʰ˃˃ʺ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶˍʽˁʷˍʰ όƭŀōŜƭύ 
ˍˇˎ ʵʶʾˁˍʹ όƛƴŘŜȄύ . 

df.loc['b'] 

ŘŦΦƭƻŎώώϥʴˊʰ˃мϥΣ ϥʴˊʰ˃нϥϐϐ 
ɳˉʽ˂ʷʴʶʽ ˉˇ˂˂ʰˉ˂ʷˌ ʴˊʰ˃˃ʷˌ ˃ʶ ʲʱˋʹ ˍʽˌ 
ʶˍʽˁʷˍʶˌ ˍˇˎˌ . 

df.loc[['a', 'c', 'e']] 

ŘŦΦƭƻŎώϥʶˍʽˁʷˍʰψʰˊ˔ʺˌϥΥϥʶˍʽˁʷˍ
ʰψˍʷ˂ˇˎˌϥϐ 

ɼʱ˄ʶʽ ǎƭƛŎŜ ˋʶ ʴˊʰ˃˃ʷˌΦ ʅʹ˃ʶʾ˖ˋʹΥ ɾʶ 
ˍ ̌.loc ̱ ˇ ʶˏˊˇˌ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˍʹ˄ 
ʶˍʽˁʷˍʰ ˍʷ˂ˇˎˌ . 

df.loc['b':'d'] 

ŘŦΦƭƻŎώΥΣ ϥˈ˄ˇ˃ʰψˋˍʺ˂ʹˌϥϐ 
ɳˉʽ˂ʷʴʶʽ ˈ˂ʶˌ ˍʽˌ ʴˊʰ˃˃ʷˌ ό:ύ ʴʽʰ ˃ʽʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˍʺ˂ʹ . 

df.loc[:, 'Age'] 

ŘŦΦƭƻŎώϥʴˊʰ˃˃ʺϥΣ ϥˋˍʺ˂ʹϥϐ 
ɳˉʽ˂ʷʴʶʽ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ όˁʶ˂ʾύ ˃ʶ ʲʱˋʹ 
ˍʹ˄ ʶˍʽˁʷˍʰ ʴˊʰ˃˃ʺˌ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ˋˍʺ˂ʹˌ . 

df.loc['c', 'Name'] 

ŘŦΦƭƻŎώŘŦώϥˋˍʹ˂ʹϥϐ Ҕ рϐ 
ɳˉʽ˂ʷʴʶʽ ʴˊʰ˃˃ʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˃ʽʰ 
ˋˎ˄ʻʺˁʹ ό.ƻƻƭŜŀƴ ƛƴŘŜȄƛƴƎύ . 

df.loc[df['Age'] > 
30] 

ʃˊˈˋʲʰˋʹ ˃ʶ ɸʷˋʹ ό.iloc)   

ŘŦΦƛƭƻŎώʻʷˋʹψʴˊʰ˃˃ʺˌϐ 
ɳˉʽ˂ʷʴʶʽ ˃ʽʰ ʴˊʰ˃˃ʺ ˃ʶ ʲʱˋʹ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ 
ˍʹˌ ʻʷˋʹ ό˅ʶˁʽ˄ʱ ʰˉˈ ˍˇ лύ . 

df.iloc[1] # 
ɳˉʽ˂ʷʴʶʽ ˍʹ нʹ 
ʴˊʰ˃˃ʺ 

ŘŦΦƛƭƻŎώʻʷˋʹψʰˊ˔ʺˌΥʻʷˋʹψˍʷ˂
ˇˎˌϐ 

ɼʱ˄ʶʽ ǎƭƛŎŜ ˋʶ ʴˊʰ˃˃ʷˌΦ ʅʹ˃ʶʾ˖ˋʹΥ ɾʶ 
ˍ ̌.iloc ̱ ˇ ʶˏˊˇˌ ʶʾ˄ʰʽ ʹ˃ʽ-ʰ˄ˇʽ˔ˍˈ όʵʶ˄ 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ ʻʷˋʹ ˍʷ˂ˇˎˌύΣ ˈˉ˖ˌ ˋˍʰ 
standard Python lists . 

df.iloc[0:3] # 
ɳˉʽ˂ʷʴʶʽ ˍʽˌ о 
ˉˊ˗ˍʶˌ ʴˊʰ˃˃ʷˌ 

ŘŦΦƛƭƻŎώΥΣ ʻʷˋʹψˋˍʺ˂ʹˌϐ 
ɳˉʽ˂ʷʴʶʽ ˈ˂ʶˌ ˍʽˌ ʴˊʰ˃˃ʷˌ ʴʽʰ ˃ʽʰ ˋˍʺ˂ʹ ˃ʶ 
ʲʱˋʹ ˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ˍʹˌ ʻʷˋʹ . 

df.iloc[:, 1] # 
ɳˉʽ˂ʷʴʶʽ ˍʹ нʹ 
ˋˍʺ˂ʹ 

ŘŦΦƛƭƻŎώʻʷˋʹψʴˊʰ˃˃ʺˌΣ 
ʻʷˋʹψˋˍʺ˂ʹˌϐ 

ɳˉʽ˂ʷʴʶʽ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ όˁʶ˂ʾύ ˃ʶ ʲʱˋʹ 
ˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ʻʷˋʶʽˌ ʴˊʰ˃˃ʺˌ ˁʰʽ ˋˍʺ˂ʹˌ . 

df.iloc[2, 1] І ʆʽ˃ʺ 
ˋˍʹ˄ оʹ ʴˊʰ˃˃ʺ 
ˁʰʽ нʹ ˋˍʺ˂ʹ 

ŘŦΦƛƭƻŎώʻʷˋʹψʰˊ˔ʺˌΥʻʷˋʹψˍʷ˂
ˇˎˌΣ ʻʷˋʹψˋˍʺ˂ʹˌϐ 

ɳˉʽ˂ʷʴʶʽ ʷ˄ʰ ˎˉˇˋˏ˄ˇ˂ˇ ʴˊʰ˃˃˗˄ ʴʽʰ ˃ʽʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋˍʺ˂ʹ . 

df.iloc[1:4, 2] 

ɱˊʺʴˇˊʹ ʃˊˈˋʲʰˋʹ ˋʶ 
ʅˍˇʽ˔ʶʾˇ 

  

ŘŦΦŀǘώϥʶˍʽˁʷˍʰψʴˊʰ˃˃ʺˌϥΣ 
ϥˈ˄ˇ˃ʰψˋˍʺ˂ʹˌϥϐ 

ʃʰˊʷ˔ʶʽ ʴˊʺʴˇˊʹ ˉˊˈˋʲʰˋʹ ˋʶ 
˃ʽʰ ˃ ʶ˃ˇ˄˖˃ʷ˄ʹ ˍʽ˃ʺ ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

ʶˍʽˁʷˍʶˌΦ ɳʾ˄ʰʽ ˍʰ˔ˏˍʶˊˇ ʰˉˈ ˍˇ .loc ɹ ʽ ѿhҩ 
ˋˁˇˉˈ . 

df.at['b', 'City'] 

ŘŦΦƛŀǘώʻʷˋʹψʴˊʰ˃˃ʺˌΣ 
ʻʷˋʹψˋˍʺ˂ʹˌϐ 

ʃʰˊʷ˔ʶʽ ʴˊʺʴˇˊʹ ˉˊˈˋʲʰˋʹ ˋʶ 
˃ʽʰ ˃ ʶ˃ˇ˄˖˃ʷ˄ʹ ˍʽ˃ʺ ̝ ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 
ʰˁʷˊʰʽʶˌ ʻʷˋʶʽˌΦ ɳʾ˄ʰʽ ˍʰ˔ˏˍʶˊˇ ʰˉˈ 

ˍ ̌.iloc ɹ ʽ ѿhҩ ̀ ˁˇˉˈ . 

df.iat[2, 1] 

ɳˉʽ˂ˇʴʺ ˃ʶ ʅˎ˄ʻʺˁʶˌ 
(Boolean Indexing) 

  

ŦώŘŦώϥˋˍʹ˂ʹϥϐ Ҕ млϐ 
ɳˉʽ˂ʷʴʶʽ ʴˊʰ˃˃ʷˌ ˈˉˇˎ ʹ ˍʽ˃ʺ ˋʶ ˃ʽʰ ˋˍʺ˂ʹ 
ʽˁʰ˄ˇˉˇʽʶʾ ˃ʽʰ ˋˎ˄ʻʺˁʹ . 

df[df['Age'] > 30] 

df[(df['ˋˍʹ˂ʹ1'] == '̱ ʽ˃ʺ') & 
(df['ˋˍʹ˂ʹ2'] > 5)] 

ɳˉʽ˂ʷʴʶʽ ʴˊʰ˃˃ʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˉˇ˂˂ʰˉ˂ʷˌ 
ˋˎ˄ʻʺˁʶˌ ό˂ˇʴʽˁˈ ɼɮɹΣ &ύΦ ɼʱʻʶ ˋˎ˄ʻʺˁʹ 
˃ˉʰʾ˄ʶʽ ˋʶ ˉʰˊʷ˄ʻʶˋʹ . 

df[(df['City'] == 
'London') & 
(df['Age'] > 25)] 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

df[(df['ˋˍʹ˂ʹ1'] == '̱ ʽ˃ʺ') | 
(df['ˋˍʹ˂ʹ2'] < 3)] 

ɳˉʽ˂ʷʴʶʽ ʴˊʰ˃˃ʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ 
ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ʰˉˈ ˉˇ˂˂ʷˌ ˋˎ˄ʻʺˁʶˌ ό˂ˇʴʽˁˈ 
ɷ, | ) . 

df[(df['Name'] == 
'Bob') | (df['Age'] 
< 20)] 

ʃʾ˄ʰˁʰˌ 3.4.3Υ ɾʷʻˇʵˇʽ ʴʽʰ ʃˊˈˋʲʰˋʹ ˁʰʽ ɳˉʽ˂ˇʴʺ ˋˍʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

 

мΦ ɰʰˋʽˁʺ ʃˊˈˋʲʰˋʹ ό{ǉǳŀǊŜ .ǊŀŎƪŜǘǎ ώϐύ 

ɮˎˍˈˌ ʶʾ˄ʰʽ ˇ ˉʽˇ ʴˊʺʴˇˊˇˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ʰˉˇ˃ˇ˄˗ˋʶʽˌ ˋˍʺ˂ʶˌΦ 

¶ df['column']Υ ɳˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ {ŜǊƛŜǎΦ ʅˁʶ˕ˇˎ ˍˇ ˋʰ˄ ˄ʰ ˉʰʾˊ˄ʶʽˌ ˃ʽʰ ˃ˈ˄ˇ ˁʱʻʶˍʹ ˒ʷˍʰ ˍˇˎ 

ˉʾ˄ʰˁʰΦ 

¶ df[['col1', 'col2']]Υ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜΦ ɮˁˈ˃ʰ ˁʰʽ ʰ˄ ʶˉʽ˂ʷ˅ʶʽˌ ˃ʾʰ ˋˍʺ˂ʹ ʰ˂˂ʱ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ʵʽˉ˂ʷˌ ʰʴˁˏ˂ʶˌ ŘŦώώϥ!ƎŜϥϐϐΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ˉʰˊʰ˃ʶʾ˄ʶʽ 5ŀǘŀCǊŀƳŜ 

όˉʾ˄ʰˁʰˌύ ˁʰʽ ˈ˔ʽ {ŜǊƛŜǎΦ 

нΦ ʃˊˈˋʲʰˋʹ ˃ʶ ɳˍʽˁʷˍʶˌΥ ΦƭƻŎ 

ɶ ˃ʷʻˇʵˇˌ ΦƭƻŎ ʲʰˋʾʸʶˍʰʽ ˋˍʰ ˇ˄ˈ˃ʰˍʰ όƭŀōŜƭǎύ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄Φ 

¶ {ƭƛŎƛƴƎ ˉˊˇˋˇ˔ʺΗ ʅˍˇ ΦƭƻŎΣ ˍˇ ǎƭƛŎƛƴƎ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˍʶ˂ʶˎˍʰʾˇ ˋˍˇʽ˔ʶʾˇΦ ɮ˄ ʴˊʱ˕ʶʽˌ 

ϥōϥΥϥŘϥΣ ʻʰ ˉʱˊʶʽˌ ˁʰʽ ˍʹ ʴˊʰ˃˃ʺ ϥŘϥΦ 

¶ Boolean IndexingΥ ʆˇ ΦƭƻŎ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁˈ ʴʽʰ ˒ʽ˂ˍˊʱˊʽˋ˃ʰΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ 

ŘŦΦƭƻŎώŘŦώϥ!ƎŜϥϐ Ҕ олϐ ˕ʱ˔˄ʶʽ ˉˇʽʶˌ ʴˊʰ˃˃ʷˌ ʷ˔ˇˎ˄ ¢ǊǳŜ ˋˍʹ ˋˎ˄ʻʺˁʹ ˁʰʽ ˍʽˌ ʶˉʽˋˍˊʷ˒ʶʽ ˈ˂ʶˌΦ 

¶ ʅˏ˄ˍʰ˅ʹΥ ʃʱ˄ˍʰ ʰˁˇ˂ˇˎʻʶʾ ˍˇ ˉˊˈˍˎˉˇ ŘŦΦƭƻŎώʴˊʰ˃˃ʷˌΣ ˋˍʺ˂ʶˌϐΦ ɮ˄ ʻʷ˂ʶʽˌ ˈ˂ʶˌ ˍʽˌ ʴˊʰ˃˃ʷˌ 

ʴʽʰ ˃ʽʰ ˋˍʺ˂ʹΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˍʹ˄ ʱ˄˖-ˁʱˍ˖ ˍʶ˂ʶʾʰΥ ŘŦΦƭƻŎώΥΣ ϥbŀƳŜϥϐΦ 

оΦ ʃˊˈˋʲʰˋʹ ˃ʶ ɸʷˋʹΥ ΦƛƭƻŎ 

ɶ ˃ʷʻˇʵˇˌ ΦƛƭƻŎ όƛƴǘŜƎŜǊ-ƭƻŎŀǘƛƻƴύ ʰʴ˄ˇʶʾ ˍʰ ˇ˄ˈ˃ʰˍʰ ˁʰʽ ˁˇʽˍʱʸʶʽ ˃ˈ˄ˇ ˍˇˎˌ ʰˁʷˊʰʽˇˎˌ ʵʶʾˁˍʶˌ (0, 

1, 2...). 

¶ Pythonic SlicingΥ ɳʵ˗ ʽˋ˔ˏʶʽ ˈΣˍʽ ˁʰʽ ˋˍʽˌ ˂ʾˋˍʶˌ ˍʹˌ tȅǘƘƻƴΦ ʆˇ лΥо ʻʰ ˋˇˎ ʵ˗ˋʶʽ ˍʽˌ ʻʷˋʶʽˌ 

лΣ мΣ н όˍˇ о ʶ˅ʰʽˊʶʾˍʰʽύΦ 

¶ ʋˊʺˋʹΥ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ˉʱˊʶʽˌ ˉΦ˔Φ ˍʽˌ ˉˊ˗ˍʶˌ мл ʴˊʰ˃˃ʷˌ ʺ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ н 

ˋˍʺ˂ʶˌΣ ˔˖ˊʾˌ ˄ʰ ˋʶ ˄ˇʽʱʸʶʽ ˉ˗ˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽΦ 

пΦ ɱˊʺʴˇˊʹ ʃˊˈˋʲʰˋʹΥ Φŀǘ ˁʰʽ Φƛŀǘ 

ʃˇ˂˂ˇʾ ˔ˊʺˋˍʶˌ ˍʽˌ ʰʴ˄ˇˇˏ˄Σ ʰ˂˂ʱ ʶʾ˄ʰʽ ˉˇ˂ˏˍʽ˃ʶˌ ʴʽʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʰ˔ˏˍʹˍʰˌΦ 

ɾʷʻˇʵˇˌ ɰʰˋʽˁʺ ɲʽʰ˒ˇˊʱ ʃˈˍʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ 

.at ʃˊˈˋʲʰˋʹ ˋʶ ʷ˄ʰ ˁ ʶ˂ʾ 

˃ʶ ˈ˄ˇ˃ʰΦ 

ʂˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʵʽʰʲʱˋˇˎ˃ʶ ʺ ˄ʰ ʰ˂˂ʱ˅ˇˎ˃ʶ ˃ʾʰ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ʴˊʺʴˇˊʰΦ 

.iat ʃˊˈˋʲʰˋʹ ˋʶ ʷ˄ʰ ˁ ʶ˂ʾ 

˃ʶ ʻʷˋʹΦ 

ʃʰˊˈ˃ˇʽˇ ˃ʶ ˍˇ ΦŀǘΣ ʰ˂˂ʱ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʰˊʽʻ˃ʹˍʽˁˇˏˌ 

ʵʶʾˁˍʶˌΦ 

ʃʾ˄ʰˁʰˌ 3.4.4Υ ɲʽʰ˒ˇˊʷˌ ˍ˖˄ ˃ʶʻˈʵ˖˄ Φŀǘ ˁʰʽ Φƛŀǘ 
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ɮ˄ ʹ ʶ˒ʰˊ˃ˇʴʺ ˋˇˎ ˁʱ˄ʶʽ ˔ʽ˂ʽʱʵʶˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ όƭƻƻǇǎύ ˉʱ˄˖ ˋʶ ˁʶ˂ʽʱΣ ʹ Φŀǘ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ 

ˍʰ˔ˏˍʶˊʹ ʰˉˈ ˍʹ˄ ΦƭƻŎΦ 

рΦ ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ ʅˎ˄ʻʺˁʶˌ ό.ƻƻƭŜŀƴ LƴŘŜȄƛƴƎύ 

ɳʵ˗ ˋˎ˃ʲʰʾ˄ʶʽ ʹ Ϧ˃ʰʴʶʾʰϦ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ ɾˉˇˊʶʾˌ ˄ʰ ˋˎ˄ʵˎʱˋʶʽˌ ˋˎ˄ʻʺˁʶˌ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʶ˂ʶˋˍʷˌ ōƛǘǿƛǎŜΥ 

¶ & (AND): ʃˊʷˉʶʽ ˄ʰ ʽˋ˔ˏˇˎ˄ ˁʰʽ ˇʽ ʵˏˇ ˋˎ˄ʻʺˁʶˌΦ 

¶ | (OR): ʃˊʷˉʶʽ ˄ʰ ʽˋ˔ˏʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰΦ 

¶ ~ (NOT): ɮ˄ˍʽˋˍˊʷ˒ʶʽ ˍʹ ˋˎ˄ʻʺˁʹΦ 

ʅʹ˃ʰ˄ˍʽˁˈΥ ʃʱ˄ˍʰ ˄ʰ ʲʱʸʶʽˌ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˋʶ ˉʰˊʶ˄ʻʷˋʶʽˌΣ ʰ˂˂ʽ˗ˌ ʹ tȅǘƘƻƴ ʻʰ ˃ˉʶˊʵʶˎˍʶʾ ˃ʶ ˍʹ˄ 

ˉˊˇˍʶˊʰʽˈˍʹˍʰ ˍ˖˄ ˍʶ˂ʶˋˍ˗˄ όˉΦ˔Φ ŘŦώόŘŦώϥ!ϥϐ Ҕ мύ ϧ όŘŦώϥ.ϥϐ ғ млύϐύΦ 

 

# ɄɟɧɔɟŬɛɛŬ ŮˊɑŭŮɘɝɖɠ ɛŮɗɧŭɤɜ ˊɟɧůɓŬůɖɠ əŬɘ Ůˊɘɚɞɔɐɠ ůŮ DataFrame Űɖɠ  

# Pandas  

import  pandas as  pd 

 

# 1. ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ DataFrame 

# ------------------------------------------------  

# ɇɞ DataFrame ˊŮɟɘɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɎŰɞɛŬ: ȳɜɞɛŬ, ȼɚɘəɑŬ, Ʉɧɚɖ, ȸŬɗɛɧɠ. 

# ɇɞ index ɞɟɑɕŮŰŬɘ ɟɖŰɎ ɛŮ ɔɟɎɛɛŬŰŬ (a, b, c, d, e) ɔɘŬ ɜŬ ŭɞɨɛŮ Űɖ ɢɟɐůɖ 

ŮŰɘəŮŰɩɜ. 

data = {  

    'ȳɜɞɛŬ':  [ 'ȷɜɜŬ',  'ȸŬůɑɚɖɠ',  'ũɘɩɟɔɞɠ',  'ȹɐɛɖŰɟŬ',  'Ⱥɚɏɜɖ'],  

    'ȼɚɘəɑŬ':  [ 25 ,  30 ,  22 ,  35 ,  28 ],  

    'Ʉɧɚɖ':  [ 'ȷɗɐɜŬ',  'ŪŮůůŬɚɞɜɑəɖ',  'ɄɎŰɟŬ',  'ȷɗɐɜŬ',  'ȼɟɎəɚŮɘɞ'],  

    ' ȸŬɗɛɧɠ' :  [ 8.5 ,  7.2 ,  9.0 ,  6.8 ,  8.9 ]  

}  

df = pd . DataFrame ( data ,  index =[ 'a' ,  'b' ,  'c' ,  'd' ,  'e' ])  

 

print ( "="  *  70)  

print ( "ȷɅɉȽȾɃ DATAFRAME")  

print ( "="  *  70)  

print ( df )  

print ( " \ n" )  

 

# 2. ȸŬůɘəɐ ˊɟɧůɓŬůɖ ůŮ ůŰɐɚŮɠ 

# --------------------------------  

print ( "="  *  70)  

print ("2. ȸȷɆȽȾȼ ɄɅɃɆȸȷɆȼ ɆȺ ɆɇȼȿȺɆ")  

print ( "="  *  70)  

 

# Ⱥˊɘɚɞɔɐ ɛɑŬɠ ůŰɐɚɖɠ (ŮˊɘůŰɟɏűŮŰŬɘ Series) 

print ( " ---  Ⱥˊɘɚɞɔɐ ɛɑŬɠ ůŰɐɚɖɠ: df['ȳɜɞɛŬ'] --- " )  

ser = df [ ' ȳɜɞɛŬ' ]  

print ( ser )  

print ( "ɇɨˊɞɠ:" ,  type ( ser ))  

print ()  

 

# Ⱥˊɘɚɞɔɐ ˊɞɚɚɩɜ ůŰɖɚɩɜ (ŮˊɘůŰɟɏűŮŰŬɘ DataFrame) 

print ( " ---  Ⱥˊɘɚɞɔɐ ˊɞɚɚɩɜ ůŰɖɚɩɜ: df[['ȳɜɞɛŬ', 'ȸŬɗɛɧɠ']] --- " )  

sub_df = df [[ 'ȳɜɞɛŬ',  'ȸŬɗɛɧɠ']]  

print ( sub_df )  

print ( "ɇɨˊɞɠ:" ,  type ( sub_df ))  

print ( " \ n" )  
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# 3. ɄɟɧůɓŬůɖ ɛŮ ɓɎůɖ ŮŰɘəɏŰŮɠ (label -based) Ÿ .loc[] 

# ----------------------------------------------------  

print ( "="  *  70)  

print ("3. ɄɅɃɆȸȷɆȼ ɀȺ .loc[] (ɛŮ ŮŰɘəɏŰŮɠ)")  

print ( "="  *  70)  

 

# Ⱥˊɘɚɞɔɐ ɛɑŬɠ ɔɟŬɛɛɐɠ ɛŮ Űɖɜ ŮŰɘəɏŰŬ Űɞɡ index 

print ( " ---  Ⱥˊɘɚɞɔɐ ɛɑŬɠ ɔɟŬɛɛɐɠ: df.loc['b'] --- " )  

row_b = df . loc [ 'b' ]  

print ( row_b )  

print ()  

 

# Ⱥˊɘɚɞɔɐ ˊɞɚɚɩɜ ɔɟŬɛɛɩɜ (ɚɑůŰŬ ŮŰɘəŮŰɩɜ) 

print ( " ---  Ⱥˊɘɚɞɔɐ ˊɞɚɚɩɜ ɔɟŬɛɛɩɜ: df.loc[['a', 'c', 'e']] --- " )  

rows_ac = df . loc [[ 'a' ,  'c' ,  'e' ]]  

print ( rows_ac )  

print ()  

 

# Slice ɔɟŬɛɛɩɜ (Űɞ Ůɨɟɞɠ ŮɑɜŬɘ əɚŮɘůŰɧ: ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɞ 'd') 

print ( " ---  Slice ɔɟŬɛɛɩɜ: df.loc['b':'d'] --- " )  

slice_rows = df . loc [ 'b' : 'd' ]  

print ( slice_rows )  

print ()  

 

# Ⱥˊɘɚɞɔɐ ɧɚɤɜ Űɤɜ ɔɟŬɛɛɩɜ ɔɘŬ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ůŰɐɚɖ 

print ( " ---  ȳɚŮɠ ɞɘ ɔɟŬɛɛɏɠ ɔɘŬ Űɖ ůŰɐɚɖ 'ȼɚɘəɑŬ': df.loc[:, 'ȼɚɘəɑŬ'] --- " )  

all_age = df . loc [:,  ' ȼɚɘəɑŬ' ]  

print ( all_age )  

print ()  

 

# Ⱥˊɘɚɞɔɐ ůɡɔəŮəɟɘɛɏɜɞɡ əŮɚɘɞɨ (ɔɟŬɛɛɐ 'c', ůŰɐɚɖ 'Ʉɧɚɖ') 

print ( " ---  ɆɡɔəŮəɟɘɛɏɜɞ əŮɚɑ: df.loc['c', 'Ʉɧɚɖ'] --- " )  

cell_value = df . loc [ 'c' ,  ' Ʉɧɚɖ' ]  

print ( "ɇɘɛɐ ůŰɞ df.loc['c', ' Ʉɧɚɖ']:" ,  cell_value )  

print ()  

 

# Boolean indexing ɛŮ .loc (Ůˊɘɚɞɔɐ ɔɟŬɛɛɩɜ ɓɎůŮɘ ůɡɜɗɐəɖɠ) 

print ( " ---  Boolean indexing: df.loc[df[' ȼɚɘəɑŬ'] > 27] --- " )  

filtered_loc = df . loc [ df [ ' ȼɚɘəɑŬ' ]  > 27 ]  

print ( filtered_loc )  

print ()  

 

# ɆɡɜŭɡŬůɛɧɠ: ɔɟŬɛɛɏɠ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ ůɡɜɗɐəɖ, əŬɘ ɛɧɜɞ ůɡɔəŮəɟɘɛɏɜŮɠ 

ůŰɐɚŮɠ 

print ( " ---  ɆɡɜŭɡŬůɛɧɠ: df.loc[df['ȼɚɘəɑŬ'] > 27, ['ȳɜɞɛŬ', 'ȸŬɗɛɧɠ']] --- " )  

filtered_cols = df . loc [ df [ 'ȼɚɘəɑŬ']  > 27 ,  [ 'ȳɜɞɛŬ',  'ȸŬɗɛɧɠ']]  

print ( filtered_cols )  

print ( " \ n" )  

 

# 4. ɄɟɧůɓŬůɖ ɛŮ ɓɎůɖ ŬəɏɟŬɘŬ ɗɏůɖ (position-based) Ÿ .iloc[] 

# ------------------------------------------------------------  

print ( "="  *  70)  

print ("4. ɄɅɃɆȸȷɆȼ ɀȺ .iloc[] (ɛŮ ŬəɏɟŬɘŮɠ ɗɏůŮɘɠ)")  

print ( "="  *  70)  

 

# Ⱥˊɘɚɞɔɐ ɛɑŬɠ ɔɟŬɛɛɐɠ ɛŮ Űɖɜ ŬɟɘɗɛɖŰɘəɐ Űɖɠ ɗɏůɖ (2ɖ ɔɟŬɛɛɐ, ŭɖɚŬŭɐ index 

1)  

print ( " ---  Ⱥˊɘɚɞɔɐ 2ɖɠ ɔɟŬɛɛɐɠ: df.iloc[1] --- " )  

row_1 = df . iloc [ 1]  

print ( row_1 )  
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print ()  

 

# Ⱥˊɘɚɞɔɐ ˊɞɚɚɩɜ ɔɟŬɛɛɩɜ (ɗɏůŮɘɠ 0, 2, 4 Ÿ 1ɖ, 3ɖ, 5ɖ) 

print ( " ---  Ⱥˊɘɚɞɔɐ ɔɟŬɛɛɩɜ ɛŮ ɚɑůŰŬ ɗɏůŮɤɜ: df.iloc[[0, 2, 4]] --- " )  

rows_0_2_4 = df . iloc [[ 0,  2,  4]]  

print ( rows_0_2_4 )  

print ()  

 

# Slice ɔɟŬɛɛɩɜ (ɖɛɘ-ŬɜɞɘɢŰɧ Ůɨɟɞɠ: ɗɏůŮɘɠ 1 ɏɤɠ 3, ŭɖɚ. ɔɟŬɛɛɏɠ 2,3,4) 

print ( " ---  Slice ɔɟŬɛɛɩɜ: df.iloc[1:4] --- " )  

slice_iloc = df . iloc [ 1: 4]    # ɗɏůŮɘɠ 1,2,3 Ÿ ɔɟŬɛɛɏɠ b, c, d  

print ( slice_iloc )  

print ()  

 

# Ⱥˊɘɚɞɔɐ ɧɚɤɜ Űɤɜ ɔɟŬɛɛɩɜ ɔɘŬ ɛɑŬ ůŰɐɚɖ ɛŮ ɓɎůɖ Űɖ ɗɏůɖ Űɖɠ (ůŰɐɚɖ 2 Ÿ 

'Ʉɧɚɖ') 

print ( " ---  ȳɚŮɠ ɞɘ ɔɟŬɛɛɏɠ ɔɘŬ Űɖ ůŰɐɚɖ ɗɏůɖɠ 2 (Ʉɧɚɖ): df.iloc[:, 2] --- " )  

col_2 = df . iloc [:,  2]  

print ( col_2 )  

print ()  

 

# Ⱥˊɘɚɞɔɐ ůɡɔəŮəɟɘɛɏɜɞɡ əŮɚɘɞɨ (ɔɟŬɛɛɐ 3, ůŰɐɚɖ 1) Ÿ ɔɟŬɛɛɐ d, ůŰɐɚɖ ȼɚɘəɑŬ 

print ( " ---  ɆɡɔəŮəɟɘɛɏɜɞ əŮɚɑ: df.iloc[3, 1] --- " )  

cell_iloc = df . iloc [ 3,  1]    # 4ɖ ɔɟŬɛɛɐ (ɗɏůɖ 3), 2ɖ ůŰɐɚɖ (ɗɏůɖ 1) Ÿ 

ȼɚɘəɑŬ Űɖɠ ȹɐɛɖŰɟŬɠ = 35 

print ( "ɇɘɛɐ ůŰɞ df.iloc[3, 1]:" ,  cell_iloc )  

print ()  

 

# Ɉˊɞůɨɜɞɚɞ ɔɟŬɛɛɩɜ ɔɘŬ ɛɘŬ ůŰɐɚɖ (ɔɟŬɛɛɏɠ 1-3, ůŰɐɚɖ 0 Ÿ ȳɜɞɛŬ) 

print ( " ---  ũɟŬɛɛɏɠ 2-4 ɔɘŬ Űɖ ůŰɐɚɖ 0: df.iloc[1:4, 0] --- " )  

sub_iloc = df . iloc [ 1: 4,  0]    # ɗɏůŮɘɠ 1,2,3 ůŰɖ ɔɟŬɛɛɐ, ůŰɐɚɖ 0 

print ( sub_iloc )  

print ( " \ n" )  

 

# 5. ũɟɐɔɞɟɖ ˊɟɧůɓŬůɖ ůŮ ɛŮɛɞɜɤɛɏɜŬ ůŰɞɘɢŮɑŬ Ÿ .at[] əŬɘ .iat[] 

# ---------------------------------------------------------------  

print ( "="  *  70)  

print ("5. ũɅȼũɃɅȼ ɄɅɃɆȸȷɆȼ ɆȺ ɀȺɀɃɁɋɀȺɁȷ ɆɇɃȽɉȺȽȷ (.at əŬɘ .iat)")  

print ( "="  *  70)  

 

# .at[]: ɛŮ ŮŰɘəɏŰŮɠ (label - based)  

print ( " ---  df.at['c', ' ȸŬɗɛɧɠ'] --- " )  

val_at = df . at [ 'c' ,  ' ȸŬɗɛɧɠ' ]  

print ("ȸŬɗɛɧɠ Űɞɡ ũɘɩɟɔɞɡ (ɔɟŬɛɛɐ c):",  val_at )  

print ()  

 

# .iat[]: ɛŮ ŬəɏɟŬɘŮɠ ɗɏůŮɘɠ 

print ( " ---  df.iat[4, 3] --- " )  

val_iat = df . iat [ 4,  3]    # 5ɖ ɔɟŬɛɛɐ (Ⱥɚɏɜɖ), 4ɖ ůŰɐɚɖ (ȸŬɗɛɧɠ) 

print ("ȸŬɗɛɧɠ Űɖɠ Ⱥɚɏɜɖɠ (ɗɏůɖ [4,3]):",  val_iat )  

print ( " \ n" )  

 

# 6. Ⱥˊɘɚɞɔɐ ɛŮ ůɡɜɗɐəŮɠ (Boolean indexing) ŬˊŮɡɗŮɑŬɠ ɛŮ df[] 

# -------------------------------------------------------------  

print ( "="  *  70)  

print ("6. BOOLEAN INDEXING (Ůˊɘɚɞɔɐ ɔɟŬɛɛɩɜ ɛŮ ůɡɜɗɐəŮɠ)")  

print ( "="  *  70)  

 

# ȷˊɚɐ ůɡɜɗɐəɖ: ɧůɞɘ ɏɢɞɡɜ ɖɚɘəɑŬ > 27 

print ( " ---  df[df['ȼɚɘəɑŬ'] > 27] --- " )  

bool1 = df [ df [ 'ȼɚɘəɑŬ']  > 27 ]  
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print ( bool1 )  

print ()  

 

# Ɇɡɜɗɐəɖ ɛŮ ɘůɧŰɖŰŬ: ɧůɞɘ ɛɏɜɞɡɜ ůŰɖɜ ȷɗɐɜŬ 

print ( " ---  df[df[' Ʉɧɚɖ'] == ' ȷɗɐɜŬ'] --- " )  

bool2 = df [ df [ ' Ʉɧɚɖ' ]  == ' ȷɗɐɜŬ' ]  

print ( bool2 )  

print ()  

 

# ɄɞɚɚŬˊɚɏɠ ůɡɜɗɐəŮɠ ɛŮ AND (&): ȼɚɘəɑŬ > 25 ȾȷȽ ȸŬɗɛɧɠ >= 8.5 

# (əɎɗŮ ůɡɜɗɐəɖ ůŮ ˊŬɟɏɜɗŮůɖ) 

print ( " ---  df[(df['ȼɚɘəɑŬ'] > 25) & (df['ȸŬɗɛɧɠ'] >= 8.5)] --- " )  

bool_and = df [( df [ ' ȼɚɘəɑŬ' ]  > 25)  & ( df [ ' ȸŬɗɛɧɠ' ]  >= 8.5 )]  

print ( bool_and )  

print ()  

 

# ɄɞɚɚŬˊɚɏɠ ůɡɜɗɐəŮɠ ɛŮ OR (|): ȼɚɘəɑŬ < 23 ȱ Ʉɧɚɖ == 'ȼɟɎəɚŮɘɞ' 

print ( " ---  df[(df['ȼɚɘəɑŬ'] < 23) | (df['Ʉɧɚɖ'] == 'ȼɟɎəɚŮɘɞ')] --- " )  

bool_or = df [( df [ 'ȼɚɘəɑŬ']  < 23)  |  ( df [ 'Ʉɧɚɖ']  == 'ȼɟɎəɚŮɘɞ')]  

print ( bool_or )  

print ()  

 

# ɆɡɜŭɡŬůɛɧɠ boolean indexing ɛŮ Ůˊɘɚɞɔɐ ůŰɖɚɩɜ (ɛɏůɤ .loc ɐ ŬˊɚɎ ɛŮ ŭɨɞ 

[]?)  

# ɀˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ .loc ɐ ɜŬ ɓɎɚɞɡɛŮ Űɖɜ Ůˊɘɚɞɔɐ ůŰɖɚɩɜ ɛŮŰɎ. 

print ( " ---  Ⱥˊɘɚɞɔɐ ɛɧɜɞ ɃɜɧɛŬŰɞɠ əŬɘ ȸŬɗɛɞɨ ɔɘŬ ɧůɞɡɠ ɏɢɞɡɜ ȼɚɘəɑŬ > 27 ---

" )  

bool_cols = df . loc [ df [ 'ȼɚɘəɑŬ']  > 27 ,  [ 'ȳɜɞɛŬ',  'ȸŬɗɛɧɠ']]  

print ( bool_cols )  

print ( " \ n" )  

 

# 7. ɄɟɧůɗŮŰŮɠ ɢɟɐůɘɛŮɠ ŮɜŰɞɚɏɠ ɔɟɐɔɞɟɖɠ Ůˊɘůəɧˊɖůɖɠ 

# -----------------------------------------------------  

print ( "="  *  70)  

print ("7. ȺɄȽɄȿȺɃɁ ȺɁɇɃȿȺɆ ȺɄȽɆȾɃɄȼɆȼɆ")  

print ( "="  *  70)  

 

# .head() : ɞɘ ˊɟɩŰŮɠ ɔɟŬɛɛɏɠ (ˊɟɞŮˊɘɚɞɔɐ 5) 

print ( " ---  df.head(3) (ˊɟɩŰŮɠ 3 ɔɟŬɛɛɏɠ) --- " )  

print ( df . head ( 3))  

print ()  

 

# .tail() : ɞɘ ŰŮɚŮɡŰŬɑŮɠ ɔɟŬɛɛɏɠ 

print ( " ---  df.tail(2) (ŰŮɚŮɡŰŬɑŮɠ 2 ɔɟŬɛɛɏɠ) --- " )  

print ( df . tail ( 2))  

print ()  

 

# .sample() : ŰɡɢŬɑŮɠ ɔɟŬɛɛɏɠ 

print ( " ---  df.sample(2) (2 ŰɡɢŬɑŮɠ ɔɟŬɛɛɏɠ) --- " )  

print ( df . sample ( 2))  

print ()  

 

# .info() : ˊɚɖɟɞűɞɟɑŮɠ DataFrame  

print ( " ---  df.info() --- " )  

df . info ()  

print ()  

 

# .describe() : ůŰŬŰɘůŰɘəɐ ˊŮɟɑɚɖɣɖ ɔɘŬ ŬɟɘɗɛɖŰɘəɏɠ ůŰɐɚŮɠ 

print ( " ---  df.describe() --- " )  

print ( df . describe ())  

print ()  
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print ( "="  *  70)  

print ( "ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ" )  

print ( "="  *  70)  
ʃʾ˄ʰˁʰˌ 3.4.5Υʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ɾʶʻˈʵ˖˄ ʴʽʰ ʃˊˈˋʲʰˋʹ ˁʰʽ ɳˉʽ˂ˇʴʺ ˋˍʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

 

3.4.4. ɰˇˇƭŜŀƴ LƴŘŜȄƛƴƎ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ɰʰˋʽˁˈ .ƻƻƭŜŀƴ LƴŘŜȄƛƴƎ   

df[df['column'] == value] 

ʊʽ˂ˍˊʱˊʶʽ ˍʽˌ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ ˃ʽʰˌ 
ˋˍʺ˂ʹˌ ʶʾ˄ʰʽ ʾ ˋʹ ˃ ʶ 
˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
ˍʽ˃ʺΦ 

df[df['Age'] == 27]  

df[df['column'] != value] 

ʊʽ˂ˍˊʱˊʶʽ ˍʽˌ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ ˃ʽʰˌ 
ˋˍʺ˂ʹˌ ɻ ʶ˄ ʶʾ˄ʰʽ 
ʾˋʹ ˃ ʶ ˃ʽʰ ˍʽ˃ʺΦ 

df[df['Gender'] != 'Male']  

df[df['column'] > value] 
ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ ˃ʶ 
ʲʱˋʹ ˋˎʴˁˊʽˍʽˁˇˏˌ 
ˍʶ˂ʶˋˍʷˌ ό>, <, >=, <=). 

df[df['Age'] >= 25]  

df[~df['condition']]  

ɮ˄ˍʽˋˍˊʷ˒ʶʽ ˃ʽʰ 
ˋˎ˄ʻʺˁʹ όˍʶ˂ʶˋˍʺˌ ~), 
ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˈˋʶˌ 
ʴˊʰ˃˃ʷˌ ɻ ʶ˄ ̱ ʹ˄ 
ʽˁʰ˄ˇˉˇʽˇˏ˄Φ 

df[~(df['Age'] < 25)]  

ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ ʃˇ˂˂ʰˉ˂ʷˌ ʆʽ˃ʷˌ   

df[df['column'].isin(list)] 

ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ ˍʹˌ ˋˍʺ˂ʹˌ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋʶ 
˃ʽʰ ˂ ʾˋˍʰ ʶˉʽʻˎ˃ʹˍ˗˄ 
ˍʽ˃˗˄. 

df[df['City'].isin(['Paris', 
'Tokyo'])]  

df[~df['column'].isin(list)] 

ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ ˍʹˌ 
ˋˍʺ˂ʹˌ ɻ ʶ˄ ̄ ʶˊʽ˂ʰ˃ʲʱ
˄ʶˍʰʽ ˋʶ ˃ʽʰ ˂ʾˋˍʰΦ 

df[~df['City'].isin(['Paris', 
'Tokyo'])]  

ʃˇ˂˂ʰˉ˂ʷˌ ʅˎ˄ʻʺˁʶˌ   

df[(df['col1'] > x) & (df['col2'] == y)] 

ʅˎ˄ʵˎʰˋ˃ˈˌ 
ˋˎ˄ʻʹˁ˗˄ ˃ʶ 
˂ˇʴʽˁˈ ɼɮɹ ό&)Φ ɼʱʻʶ 
ˋˎ˄ʻʺˁʹ ˉˊʷˉʶʽ ˄ʰ 
ʶʾ˄ʰʽ ˋʶ ˉʰˊʷ˄ʻʶˋʹΦ 

df[(df['Gender'] == 'Female') & 
(df['Age'] > 25)]  

df[(df['col1'] > x) | (df['col2'] == y)] 
ʅˎ˄ʵˎʰˋ˃ˈˌ 
ˋˎ˄ʻʹˁ˗˄ ˃ʶ ˂ˇʴʽˁˈ ɷ 
(| ). 

df[(df['Age'] > 30) | (df['City'] == 
'London')] 

df[df.eq(value).any(axis=1)] 

ɰˊʾˋˁʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ̌ ˉˇʽʰʵʺˉˇˍʶ ̀ ˍ
ʺ˂ʹ ˉʶˊʽʷ˔ʶʽ ˃ʽʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺΦ 

df[df.eq('Male').any(axis=1)]  
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ {ǘǊƛƴƎǎ   

df[df['column'].str.contains('text')] 

ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ˍˇ ˁʶʾ˃ʶ˄ˇ ˋʶ ˃ʽʰ 
ˋˍʺ˂ʹ ̄ ʶˊʽʷ˔ʶʽ ˃ ʽʰ 
ˎˉˇ-ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 
όˎˉˇˋˍʹˊʾʸʶʽ 
ˁʰ˄ˇ˄ʽˁʷˌ ʶˁ˒ˊʱˋʶʽˌύΦ 

df[df['City'].str.contains('on', 
case=False, na=False)]  

df[df['column'].str.startswith('text')]  

ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ˍˇ 
ˁʶʾ˃ʶ˄ˇ ˅ ʶˁʽ˄ʱʶʽ ˃ ʶ 
˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

df[df['Name'].str.startswith('J')]  

df[df['column'].str.endswith('text')]  

ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ˍˇ 
ˁʶʾ˃ʶ˄ˇ ̱ ʶ˂ʶʽ˗˄ʶʽ ˃ ʶ 
˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

df[df['City'].str.endswith('o')] 

ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ ɶ˃ʶˊˇ˃ʹ˄ʾʶˌ   

df[df['date_column'].dt.year == year] 
ʊʽ˂ˍˊʱˊʶʽ ˃ʶ ʲʱˋʹ 
ˍ ̫̌ ˍˇˌ h ˉˈ ˃ʽʰ ˋˍʺ˂ʹ 
ʹ˃ʶˊˇ˃ʹ˄ʾʰˌΦ 

df[df['c'].dt.year % 2 == 1]  

df[df['date_column'].dt.month == 
month] 

ʊʽ˂ˍˊʱˊʶʽ ˃ʶ ʲʱˋʹ 
ˍˇ˄ ˃ ʺ˄ʰ. 

df[df['c'].dt.month == 9]  

df[df['date_column'].dt.day_name().i
sin(list)] 

ʊʽ˂ˍˊʱˊʶʽ ˃ʶ ʲʱˋʹ 
ˍ ̌̍ ˄ˇ˃ʰ ˍʹˌ ʹ˃ʷˊʰˌ. 

df[df['c'].dt.day_name().isin(['M
onday', 'Friday'])]  

ʊʽ˂ˍˊʱˊʽˋ˃ʰ ʴʽʰ ɼʶ˄ʷˌκɾʹ ɼʶ˄ʷˌ 
ʆʽ˃ʷˌ 

  

df[df['column'].isna()] 
ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ 
ʶʾ˄ʰʽ ɦ ʴ˄˖ˋˍʹ όbŀbύ. 

df[df['City'].isna()]  

df[df['column'].notna()] 
ʊʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˍʽ˃ʺ ɻ ʶ˄ ʶʾ˄ʰʽ 
ʱʴ˄˖ˋˍʹ. 

df[df['City'].notna()]  

ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ϧ ɳ˄ʰ˂˂ʰˁˍʽˁʷˌ 
ɾʷʻˇʵˇʽ 

  

df.query("condition") 

ɳˉʽˍˊʷˉʶʽ 
˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ 
˔ˊʺˋʹ ̀ ˎ˃ʲˇ˂ˇˋʶʽˊʱˌ 
(string)Σ ˉʰˊˈ˃ˇʽʰ ˃ʶ 
{v[Φ ɳʾ˄ʰʽ ˉʽˇ 
ʶˎʰ˄ʱʴ˄˖ˋˍˇ ʴʽʰ 
ˉˇ˂ˏˉ˂ˇˁʶˌ ˋˎ˄ʻʺˁʶˌΦ 

df.query("Age > 25 and Gender 
== 'Female'")  

df.loc[boolean_condition, columns] 

ʊʽ˂ˍˊʱˊʶʽ ˃ʶ ōƻƻƭŜŀƴ 
ˋˎ˄ʻʺˁʹ ˁʰʽ 
ˉʰˊʱ˂˂ʹ˂ʰ ˃ˉˇˊʶʾ 
˄ hʁ ˉʽ˂ʷ˅ʶʽ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 
ˋˍʺ˂ʶˌ ɹ ʽʰ ʶˉʽˋˍˊˇ˒ʺΦ 

df.loc[df['Age'] > 25, ['Name', 
'City']]  
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

df.mask(cond, other) 

ɮ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ ˍʽ˃ʷˌ 
ˈˉˇˎ ʹ ˋˎ˄ʻʺˁʹ 
ʶʾ˄ʰʽ True ˃ ʶ ʱ˂˂ʶˌ 
ˍʽ˃ʷˌ ό˔ˊʺˋʽ˃ˇ ʴʽʰ 
ʰ˄ˍʽˁʰˍʱˋˍʰˋʹΣ ˈ˔ʽ 
ʰˉ˂ˈ ˒ʽ˂ˍˊʱˊʽˋ˃ʰύΦ 

df.mask(df % 3 == 0, -df)  

ʃʾ˄ʰˁʰˌ 3.4.6Υ ɾʷʻˇʵˇʽ ʴʽʰ Boolean LƴŘŜȄƛƴƎ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

ʆˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ όʺ ʰ˂˂ʽ˗ˌ ϦǉǳŜǊȅƛƴƎϦύ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˈˉˇˎ ʰˉˇ˃ˇ˄˗˄ʶʽˌ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ 

ˉˊʰʴ˃ʰˍʽˁʱ ˔ˊʶʽʱʸʶˋʰʽ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ˄ ˖ˁʶʰ˄ˈ ʵʶʵˇ˃ʷ˄˖˄Φ 

мΦ .ƻƻƭŜŀƴ LƴŘŜȄƛƴƎ όɶ Ϧɼ˂ʰˋʽˁʺϦ ɾʷʻˇʵˇˌύ 

ɮˎˍʺ ʹ ˃ʷʻˇʵˇˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ Ϧ˃ʱˋˁʰˌϦ ʰˉˈ ¢ǊǳŜ ˁʰʽ CŀƭǎŜΦ 

¶ ʅˎʴˁˊʾˋʶʽˌ όҐҐΣ ΗҐΣ ҔΣ ғύΥ ɳʾ˄ʰʽ ʹ ʲʱˋʹ ˍ˖˄ ˉʱ˄ˍ˖˄Φ ʂˍʰ˄ ʴˊʱ˒ʶʽˌ ŘŦώϥ!ƎŜϥϐ Ҕ нрΣ ʹ tŀƴŘŀǎ 

ʵʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ˋʶʽˊʱ ʰˉˈ ¢ǊǳŜκCŀƭǎŜ ʴʽʰ ˁʱʻʶ ʴˊʰ˃˃ʺΦ 

¶ ʁ ˍʶ˂ʶˋˍʺˌ Ϥ όbh¢ύΥ ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇˌ ˈˍʰ˄ ˅ʷˊʶʽˌ ˍʽ ʵʶ˄ ʻʷ˂ʶʽˌΦ ɮ˄ˍʾ ˄ʰ ʴˊʱ˒ʶʽˌ 

ˉʶˊʾˉ˂ˇˁʶˌ ˋˎ˄ʻʺˁʶˌ ʴʽʰ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʱʲʶʽˌ ˍʰ ˉʱ˄ˍʰ ʶˁˍˈˌ ʰˉˈ ˁʱˍʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇΣ ʰˉ˂˗ˌ 

˒ˍʽʱ˅ʶ ˍʹ ˋˎ˄ʻʺˁʹ ʴʽʰ ʰˎˍˈ ˉˇˎ ʻʷ˂ʶʽˌ ˄ʰ ˉʶˍʱ˅ʶʽˌ ˁʰʽ ʲʱ˂ʶ ˍˇ Ϥ ˃ˉˊˇˋˍʱΦ 

нΦ ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˃ʶ ɽʾˋˍʶˌ ˁʰʽ {ǘǊƛƴƎǎ 

ɳʵ˗ ʹ tŀƴŘŀǎ ʵʶʾ˔˄ʶʽ ˍʹ ʵˏ˄ʰ˃ʺ ˍʹˌ ˋˍˇ˄ ˔ʶʽˊʽˋ˃ˈ ˁʶʽ˃ʷ˄ˇˎΦ 

¶ .isin([])Υ ʅˁʷ˕ˇˎ ˍˇ ˋʰ˄ ʷ˄ʰ ˉˇ˂˂ʰˉ˂ˈ ϦɷϦΦ ɮ˄ˍʾ ʴʽʰ όŘŦΦ/ƛǘȅ ҐҐ ϥ!ϥύ μ όŘŦΦ/ƛǘȅ ҐҐ ϥ.ϥύΣ ʴˊʱ˒ʶʽˌ 

ŘŦΦ/ƛǘȅΦƛǎƛƴόώϥ!ϥΣ ϥ.ϥϐύΦ ɳʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ˁʰʻʰˊˈ ˁʰʽ ʴˊʺʴˇˊˇΦ 

¶ .str.contains()Υ ʆˇ ʰˉˈ˂ˎˍˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ʰ˄ʰʸʺˍʹˋʹ ˂ʷ˅ʶ˖˄Φ 

Tip: ʋˊʹˋʽ˃ˇˉˇʾʹˋʶ ˉʱ˄ˍʰ ˍˇ ƴŀҐCŀƭǎŜ ˃ʷˋʰ ˋˍˇ ŎƻƴǘŀƛƴǎΣ ʴʽʰˍʾ ʰ˄ ʹ ˋˍʺ˂ʹ ʷ˔ʶʽ ˁʶ˄ʱ όbŀbύΣ ʹ ˃ʷʻˇʵˇˌ 

ʻʰ ˉʶˍʱ˅ʶʽ ˋ˒ʱ˂˃ʰΦ ʆˇ ŎŀǎŜҐCŀƭǎŜ ˋʶ ˋ˗ʸʶʽ ʰˉˈ ˍˇ ˄ʰ ˕ʱ˔˄ʶʽˌ Ϧ!ǘƘŜƴǎϦ ˁʰʽ ϦŀǘƘŜƴǎϦ ˅ʶ˔˖ˊʽˋˍʱΦ 

оΦ ʃˇ˂˂ʰˉ˂ʷˌ ʅˎ˄ʻʺˁʶˌ ϧ ŀƴȅόŀȄƛǎҐмύ 

¶ ʃʰˊʶ˄ʻʷˋʶʽˌΥ ʆˇ ˄ˇˏ˃ʶˊˇ ʷ˄ʰ ˂ʱʻˇˌ ˍ˖˄ ʰˊ˔ʰˊʾ˖˄ ʶʾ˄ʰʽ ˄ʰ ˅ʶ˔˄ˇˏ˄ ˍʽˌ ˉʰˊʶ˄ʻʷˋʶʽˌ ˋˍʽˌ 

ˋˎ˄ʻʺˁʶˌΦ ɶ tȅǘƘƻƴ ʷ˔ʶʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˉˊˇˍʶˊʰʽˈˍʹˍʰ ʴʽʰ ˍˇ ϧ ˁʰʽ ˍˇ μΣ ˇˉˈˍʶ ˇʽ ˉʰˊʶ˄ʻʷˋʶʽˌ 

ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʷˌΦ 

¶ any(axis=1)Υ ɮˎˍˈ ʶʾ˄ʰʽ Ϧˉˎˊʹ˄ʽˁˈ ˈˉ˂ˇϦΦ ʅˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˕ʱ˅ʶʽˌ ˃ʽʰ ˍʽ˃ʺ ˋʶ ˈ˂ʶˌ ˍʽˌ ˋˍʺ˂ʶˌ 

ˍʰˎˍˈ˔ˊˇ˄ʰΦ ɮ˄ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˕ʱ˔˄ʶʽˌ ˍʹ ˂ʷ˅ʹ Ϧ9ǊǊƻǊϦ ˇˉˇˎʵʺˉˇˍʶ ˃ʷˋʰ ˋˍˇ 5ŀǘŀCǊŀƳŜΣ 

ˍˇ ŀƴȅόŀȄƛǎҐмύ ʻʰ ˋˇˎ ʲˊʶʽ ˍʹ ʴˊʰ˃˃ʺ ˈˉˇʽʰ ˋˍʺ˂ʹ ˁʽ ʰ˄ ˍʹ˄ ˉʶˊʽʷ˔ʶʽΦ 

4. Time-{ŜǊƛŜǎ CƛƭǘŜǊƛƴƎ όɶ˃ʶˊˇ˃ʹ˄ʾʶˌύ 

ɱʽʰ ˄ʰ ʵˇˎ˂ʷ˕ˇˎ˄ ˍʰ ΦŘǘΦȅŜŀǊΣ ΦŘǘΦƳƻƴǘƘ ˁΦ˂ˉΦΣ ʹ ˋˍʺ˂ʹ ˋˇˎ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˏˉˇˎ ŘŀǘŜǘƛƳŜспΦ ɮ˄ 

ʶʾ˄ʰʽ ʰˉ˂ˈ ˁʶʾ˃ʶ˄ˇ όƻōƧŜŎǘύΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˉˊ˗ˍʰ ˍʹ˄ ǇŘΦǘƻψŘŀǘŜǘƛƳŜόŘŦώϥŎƻƭǳƳƴϥϐύΦ ɳʾ˄ʰʽ ˇ ˉʽˇ 

ʶˏˁˇ˂ˇˌ ˍˊˈˉˇˌ ˄ʰ ˁʱ˄ʶʽˌ ʶˉˇ˔ʽʰˁʺ ʰ˄ʱ˂ˎˋʹ όˉΦ˔Φ Ϧʵ˗ˋʶ ˃ˇˎ ˈ˂ʶˌ ˍʽˌ ˉ˖˂ʺˋʶʽˌ ˉˇˎ ʷʴʽ˄ʰ˄ 

ʃʰˊʰˋˁʶˎʺϦύΦ 

рΦ ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ɾʷʻˇʵˇʽ όǉǳŜǊȅ ϧ Ƴŀǎƪύ 

¶ df.query()Υ ɮ˄ ˉˊˇʷˊ˔ʶˋʰʽ ʰˉˈ ˍˇ˄ ˁˈˋ˃ˇ ˍʹˌ {v[Σ ʻʰ ˍʹ ˂ʰˍˊʷ˕ʶʽˌΦ ʅˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʴˊʱ˒ʶʽˌ 

ˍʹ ˋˎ˄ʻʺˁʹ ˖ˌ ˁʶʾ˃ʶ˄ˇΣ ˁʱˍʽ ˉˇˎ ˁʱ˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˉˇ˂ˏ ˉʽˇ ʰ˄ʰʴ˄˗ˋʽ˃ˇΦ 
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o ʃʰˊʱʵʶʽʴ˃ʰ: df.query("Age > 30 and City == 'Paris'"). 

¶ df.mask()Υ ɶ ʵʽʰ˒ˇˊʱ ʶʵ˗ ʶʾ˄ʰʽ ˈˍʽ ʹ Ƴŀǎƪ ʵʶ˄ ϦˉʶˍʱʶʽϦ ˍʽˌ ʴˊʰ˃˃ʷˌΣ ʰ˂˂ʱ ˍʽˌ ϦˁˊˏʲʶʽϦ ʺ ˍʽˌ 

ʰ˄ˍʽˁʰʻʽˋˍʱΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʴʽʰ Řŀǘŀ ŎƭŜŀƴƛƴƎ όˉΦ˔Φ Ϧˈˉˇˎ ʹ ʹ˂ʽˁʾʰ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʺΣ ˁʱ˄ʶ ˍʹ˄ 

NaN"). 

ʃˊʰˁˍʽˁʷˌ ʅˎ˃ʲˇˎ˂ʷˌ ό.Ŝǎǘ tǊŀŎǘƛŎŜǎύ 

1. ɱʽʰ ɳˉʽ˂ˇʴʺ Ҍ ʊʽ˂ˍˊʱˊʽˋ˃ʰΥ ʋˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍˇ ΦƭƻŎΦ ɳʾ˄ʰʽ ˉʽˇ ʰˉˇʵˇˍʽˁˈ ˄ʰ ʴˊʱ˒ʶʽˌΥ 

ŘŦΦƭƻŎώŘŦώϥ!ƎŜϥϐ Ҕ нрΣ ϥbŀƳŜϥϐ ˉʰˊʱ ˍˇΥ ŘŦώŘŦώϥ!ƎŜϥϐ Ҕ нрϐώϥbŀƳŜϥϐ όʰˎˍˈ ˂ʷʴʶˍʰʽ chained 

indexing ˁ ʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˉˊˇʶʽʵˇˉˇʽʺˋʶʽˌ ˋˍʹ˄ tŀƴŘŀǎύΦ 

2. Missing Values: ʃˊʽ˄ ˒ʽ˂ˍˊʱˊʶʽˌΣ ʷ˂ʶʴ˔ʶ ˉʱ˄ˍʰ ʴʽʰ ƛǎƴŀόύΦ ʃˇ˂˂ʷˌ ˒ˇˊʷˌ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ 

ʰˉˇˍˎʴ˔ʱ˄ˇˎ˄ ʶˉʶʽʵʺ ˎˉʱˊ˔ˇˎ˄ ˁˊˎ˃˃ʷ˄ʰ ˁʶ˄ʱ ˁʶ˂ʽʱΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬɜŰɘˊɟɞůɤˊŮɡɘəɞɨ DataFrame ɔɘŬ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

data = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ,  'Dimitris' ,  

'Sofia' ,  'John' ,  'Alice' ,  'Bob' ],  

    'Age' :  [ 25 ,  30 ,  28 ,  35 ,  22 ,  27 ,  24 ,  40 ,  31 ,  29 ],  

    'Gender' :  [ 'Female' ,  'Male' ,  'Female' ,  'Male' ,  'Female' ,  'Male' ,  

'Female' ,  'Male' ,  'Female' ,  'Male' ],  

    'City' :  [ 'Athens' ,  'Thessaloniki' ,  'Patras' ,  'Heraklion' ,  'Volos' ,  

'Chania' ,  'Larisa' ,  'London' ,  'Paris' ,  'Tokyo' ],  

    'Salary' :  [ 50000 ,  60000 ,  55000 ,  65000 ,  48000 ,  62000 ,  51000 ,  80000 ,  

75000 ,  70000 ],  

    'Join_Date' :  pd . date_range ( '2020 - 01- 01' ,  periods =10 ,  freq ='M' )  

}  

# ȺɘůŬɔɤɔɐ ɛŮɟɘəɩɜ əŮɜɩɜ Űɘɛɩɜ ɔɘŬ ŮˊɑŭŮɘɝɖ 

data [ 'City' ][ 5]  = np . nan  # ȼ Chania ɔɑɜŮŰŬɘ NaN 

data [ 'Salary' ][ 8]  = np . nan  # ȼ Alice ɏɢŮɘ NaN ůŰɞ Salary  

 

df = pd . DataFrame ( data )  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ȸȷɆȽȾɃ BOOLEAN INDEXING 

# -------------------------------------------------------------------  

print ( "1. ȸȷɆȽȾɃ BOOLEAN INDEXING")  

print ( " - "  *  50)  

 

# 1.1 df[df['column'] == value] -  ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɘůɧŰɖŰŬ 

print ( "1.1 df[df['column'] == value] -  Ȳůɞ ɛŮ 27 (Age)" )  

filtered = df [ df [ 'Age' ]  == 27 ]  

print ( filtered )  

print ()  

 

# 1.2 df[df['column'] != value] -  ūɘɚŰɟɎɟɘůɛŬ ɛŮ ŬɜɘůɧŰɖŰŬ 

print ( "1.2 df[df['column'] != value] -  ȹɘɎűɞɟɞ Űɞɡ 'Male' (Gender)" )  

filtered = df [ df [ 'Gender' ]  !=  'Male' ]  

print ( filtered )  

print ()  
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# 1.3 df[df['column'] > value] -  ɆɡɔəɟɘŰɘəɞɑ ŰŮɚŮůŰɏɠ 

print ( "1.3 df[df['column'] > value] -  ȼɚɘəɑŬ >= 30" )  

filtered = df [ df [ 'Age' ]  >= 30 ]  

print ( filtered )  

print ()  

 

# 1.4 df[~df['condition']] -  ȷɜŰɘůŰɟɞűɐ ůɡɜɗɐəɖɠ 

print ( "1.4 df[~df['condition']] -  ȳɢɘ (ȼɚɘəɑŬ < 25) ( ŭɖɚ. >=25)" )  

filtered = df [~( df [ 'Age' ]  < 25)]  

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ ɄɃȿȿȷɄȿȺɆ ɇȽɀȺɆ 

# -------------------------------------------------------------------  

print ("2. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ ɄɃȿȿȷɄȿȺɆ ɇȽɀȺɆ")  

print ( " - "  *  50)  

 

# 2.1 df[df['column'].isin(list)] -  ɄŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŮ ɚɑůŰŬ 

print ( "2.1 df[df['column'].isin(list)] -  ɄɧɚŮɘɠ Athens, London, Paris" )  

cities_list = [ 'Athens' ,  'London' ,  'Paris' ]  

filtered = df [ df [ 'City' ]. isin ( cities_list )]  

print ( filtered )  

print ()  

 

# 2.2 df[~df['column'].isin(list)] -  ȹŮɜ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŮ ɚɑůŰŬ 

print ( "2.2 df[~df['column'].isin(list)] -  ȳɢɘ ůŰɘɠ Athens, London, Paris" )  

filtered = df [~ df [ 'City' ]. isin ( cities_list )]  

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ɄɃȿȿȷɄȿȺɆ ɆɈɁŪȼȾȺɆ 

# -------------------------------------------------------------------  

print ("3. ɄɃȿȿȷɄȿȺɆ ɆɈɁŪȼȾȺɆ")  

print ( " - "  *  50)  

 

# 3.1 ȿɞɔɘəɧ ȾȷȽ (&)  

print ( "3.1 (df['Gender'] == 'Female') & (df['Age'] > 25)" )  

filtered = df [( df [ 'Gender' ]  == 'Female' )  & ( df [ 'Age' ]  > 25)]  

print ( filtered )  

print ()  

 

# 3.2 ȿɞɔɘəɧ ȱ (|)  

print ( "3.2 (df['Age'] > 35) | (df['City'] == 'London')" )  

filtered = df [( df [ 'Age' ]  > 35)  |  ( df [ 'City' ]  == 'London' )]  

print ( filtered )  

print ()  

 

# 3.3 df.eq(value).any(axis=1) -  ɃˊɞɘŬŭɐˊɞŰŮ ůŰɐɚɖ ˊŮɟɘɏɢŮɘ Űɖɜ Űɘɛɐ 'Male'  

print ( "3.3 df.eq('Male').any(axis=1) -  ũɟŬɛɛɏɠ ɛŮ 'Male' ůŮ ɞˊɞɘŬŭɐˊɞŰŮ 

ůŰɐɚɖ")  

filtered = df [ df . eq( 'Male' ). any ( axis =1)]  

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ STRINGS 

# -------------------------------------------------------------------  

print ("4. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ STRINGS")  
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print ( " - "  *  50)  

 

# 4.1 str.contains() -  ɄŮɟɘɏɢŮɘ ɡˊɞůɡɛɓɞɚɞůŮɘɟɎ (case insensitive, 

ɢŮɘɟɘůɛɧɠ NaN) 

print ( "4.1 df['City'].str.contains('on', case=False, na=False) -  ɄɧɚŮɘɠ ɛŮ 

'on'" )  

filtered = df [ df [ 'City' ]. str . contains ( 'on' ,  case =False ,  na=False )]  

print ( filtered )  

print ()  

 

# 4.2 str.startswith() -  ɂŮəɘɜɎ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɗŮɛŬ 

print ( "4.2 df['Name'].str.startswith('J') -  ɃɜɧɛŬŰŬ ˊɞɡ Ŭɟɢɑɕɞɡɜ ɛŮ 'J'")  

filtered = df [ df [ 'Name' ]. str . startswith ( 'J' )]  

print ( filtered )  

print ()  

 

# 4.3 str.endswith() -  ɇŮɚŮɘɩɜŮɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɞ ŮˊɑɗɖɛŬ 

print ( "4.3 df['City'].str.endswith('o') -  ɄɧɚŮɘɠ ˊɞɡ ŰŮɚŮɘɩɜɞɡɜ ůŮ 'o'")  

filtered = df [ df [ 'City' ]. str . endswith ( 'o' ,  na=False )]   # na=False ŬˊɞűŮɨɔŮɘ 

ůűɎɚɛŬ ɛŮ NaN 

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ ȼɀȺɅɃɀȼɁȽȺɆ 

# -------------------------------------------------------------------  

print ("5. ūȽȿɇɅȷɅȽɆɀȷ ɀȺ ȼɀȺɅɃɀȼɁȽȺɆ")  

print ( " - "  *  50)  

 

# ȸŮɓŬɘɤɜɧɛŬůŰŮ ɧŰɘ ɖ ůŰɐɚɖ Join_Date ŮɑɜŬɘ datetime 

df [ 'Join_Date' ]  = pd . to_datetime ( df [ 'Join_Date' ])  

 

# 5.1 ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ Űɞ ɏŰɞɠ (ˊ.ɢ. ɏŰɞɠ 2020) 

print ( "5.1 df[df['Join_Date'].dt.year == 2020] -  ȺɔɔɟŬűɏɠ Űɞ 2020" )  

filtered = df [ df [ 'Join_Date' ]. dt . year == 2020 ]  

print ( filtered )  

print ()  

 

# 5.2 ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ Űɞɜ ɛɐɜŬ (ˊ.ɢ. ɛɐɜŬɠ ɆŮˊŰɏɛɓɟɘɞɠ = 9) 

print ( "5.2 df[df['Join_Date'].dt.month == 9] -  ȺɔɔɟŬűɏɠ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ")  

# ɆŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ ɞɘ ɖɛŮɟɞɛɖɜɑŮɠ ŮɑɜŬɘ ɛɖɜɘŬɑŮɠ Ŭˊɧ ȽŬɜɞɡɎɟɘɞ, ɞˊɧŰŮ ɑůɤɠ 

ŭŮɜ ɡˊɎɟɢŮɘ ɆŮˊŰɏɛɓɟɘɞɠ. 

# ȷɠ ŮɚɏɔɝɞɡɛŮ ɔɘŬ ɛɐɜŬ 1 (ȽŬɜɞɡɎɟɘɞɠ) ɔɘŬ ɜŬ ɏɢɞɡɛŮ ŬˊɞŰɏɚŮůɛŬ. 

filtered = df [ df [ 'Join_Date' ]. dt . month == 1]  

print ( filtered )  

print ()  

 

# 5.3 ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ ɖɛɏɟŬ Űɖɠ ŮɓŭɞɛɎŭŬɠ 

print ( "5.3 df[df['Join_Date'].dt.day_name().isin(['Monday', 'Friday'])] -  

ȹŮɡŰɏɟŬ ɐ ɄŬɟŬůəŮɡɐ" )  

filtered = df [ df [ 'Join_Date' ]. dt . day_name (). isin ([ 'Monday' ,  'Friday' ])]  

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ūȽȿɇɅȷɅȽɆɀȷ ũȽȷ ȾȺɁȺɆ / ɀȼ ȾȺɁȺɆ ɇȽɀȺɆ 

# -------------------------------------------------------------------  

print ("6. ūȽȿɇɅȷɅȽɆɀȷ ũȽȷ ȾȺɁȺɆ / ɀȼ ȾȺɁȺɆ ɇȽɀȺɆ")  

print ( " - "  *  50)  

 

# 6.1 isna() -  ȾŮɜɏɠ Űɘɛɏɠ 
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print ( "6.1 df[df['City'].isna()] -  ũɟŬɛɛɏɠ ɛŮ ɎɔɜɤůŰɖ ˊɧɚɖ (NaN)")  

filtered = df [ df [ 'City' ]. isna ()]  

print ( filtered )  

print ()  

 

# 6.2 notna() -  ɀɖ əŮɜɏɠ Űɘɛɏɠ 

print ( "6.2 df[df['Salary'].notna()] -  ũɟŬɛɛɏɠ ɛŮ ɔɜɤůŰɧ ɛɘůɗɧ")  

filtered = df [ df [ 'Salary' ]. notna ()]  

print ( filtered )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. ɄɅɃɉɋɅȼɀȺɁȺɆ & ȺɁȷȿȿȷȾɇȽȾȺɆ ɀȺŪɃȹɃȽ 

# -------------------------------------------------------------------  

print ("7. ɄɅɃɉɋɅȼɀȺɁȺɆ & ȺɁȷȿȿȷȾɇȽȾȺɆ ɀȺŪɃȹɃȽ")  

print ( " - "  *  50)  

 

# 7.1 df.query() -  ūɘɚŰɟɎɟɘůɛŬ ɛŮ ůɡɛɓɞɚɞůŮɘɟɎ 

print ( "7.1 df.query( \ "Age > 25 and Gender == 'Female' \ ") -  ɀŮ query" )  

filtered = df . query ( "Age > 25 and Gender == 'Female'" )  

print ( filtered )  

print ()  

 

# 7.2 df.loc[boolean_condition, columns] -  Ⱥˊɘɚɞɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ ůŰɖɚɩɜ 

print ( "7.2 df.loc[df['Age'] > 25, ['Name', 'City']] -  ɀɧɜɞ Name əŬɘ City 

ɔɘŬ ɖɚɘəɑŮɠ >25" )  

filtered = df . loc [ df [ 'Age' ]  > 25 ,  [ 'Name' ,  'City' ]]  

print ( filtered )  

print ()  

 

# 7.3 df.mask(cond, other) -  ȷɜŰɘəŬŰɎůŰŬůɖ Űɘɛɩɜ ɧˊɞɡ ɘůɢɨŮɘ ůɡɜɗɐəɖ 

print ( "7.3 df.mask(df['Age'] % 2 == 0, - df['Age']) -  ȷɟɜɖŰɘəɞˊɞɑɖůɖ ɖɚɘəɘɩɜ 

ˊɞɡ ŮɑɜŬɘ ɎɟŰɘŮɠ (ɛɧɜɞ ɔɘŬ Űɖɜ Age)")  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ŬɜŰɑɔɟŬűɞ ɔɘŬ ɜŬ ɛɖɜ ŰɟɞˊɞˊɞɘɐůɞɡɛŮ Űɞ Ŭɟɢɘəɧ DataFrame 

df_copy = df . copy ()  

df_copy [ 'Age' ]  = df_copy [ 'Age' ]. mask( df_copy [ 'Age' ]  % 2 == 0,  -

df_copy [ 'Age' ])  

print ( df_copy [[ 'Name' ,  'Age' ]])   # ȺɛűŬɜɑɕɞɡɛŮ ɛɧɜɞ Name əŬɘ Age ɔɘŬ 

ůɨɔəɟɘůɖ 

print ()  

 

print ( " \ n"  + "=" * 80 + " \ n" )  

print ( "ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ" )  
ɼΦ 3.4.4Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ɾʶʻˈʵ˖˄ ʴʽʰ Boolean LƴŘŜȄƛƴƎ ϧ ʊʽ˂ˍˊʱˊʽˋ˃ʰ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.5. ʆʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ɮ˄ʰʵʽʱˍʰ˅ʹ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ʆʰ˅ʽ˄ˈ˃ʹˋʹ   

sort_values() 

ʆʰ˅ʽ˄ˇ˃ʶʾ ˍˇ 5ŀǘŀCǊŀƳŜ ʲʱˋʶʽ 
ˍ˖˄ ˍʽ˃˗˄ ˃ʽʰˌ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ 
ˋˍʹ˂˗˄Φ ʃʰˊʷ˔ʶʽ ʶ˂ʷʴ˔ˇ ʴʽʰ ˍʹ 
ˋʶʽˊʱ όʰˏ˅ˇˎˋʰκ˒ʻʾ˄ˇˎˋʰύ ˁʰʽ 
ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʶ˄˗˄ ˍʽ˃˗˄ . 

df.sort_values(by='ɶ˂ʽˁʾʰ', ascending=False) 
df.sort_values(by=['ʆ˃ʺ˃ʰ', 'ɾʽˋʻˈˌ'], 
ascending=[True, False]) 

sort_index() 
ʆʰ˅ʽ˄ˇ˃ʶʾ ˍˇ 5ŀǘŀCǊŀƳŜ ʲʱˋʶʽ 
ˍ˖˄ ʶˍʽˁʶˍ˗˄ ˍˇˎ ʵʶʾˁˍʹ όƛƴŘŜȄύ 
όʴˊʰ˃˃ʷˌ ʺ ˋˍʺ˂ʶˌύ . 

df.sort_index() 
df.sort_index(axis=1, ascending=False) 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sort_values.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.sort_index.html
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

nlargest() 

ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ 
ˉˊ˗ˍʶˌ n ɹ ˊʰ˃˃ʷˌ ˃ʶ ˍʽˌ 
˃ʶʴʰ˂ˏˍʶˊʶˌ ˍʽ˃ʷˌ ˋʶ ˃ʽʰ ˋˍʺ˂ʹΦ 
ɳʾ˄ʰʽ ˉʽˇ ʰˉˇʵˇˍʽˁˈ ʰˉˈ 
ˍ ̌sort_values().head(n) ɹ ʽʰ 
˃ʶʴʱ˂ʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ . 

ŘŦΦƴƭŀǊƎŜǎǘόоΣ ϥʃˈ˄ˍˇʽϥύ 

nsmallest() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ 
ˉˊ˗ˍʶˌ n ɹ ˊʰ˃˃ʷˌ ˃ʶ ˍʽˌ 
˃ʽˁˊˈˍʶˊʶˌ ˍʽ˃ʷˌ ˋʶ ˃ʽʰ ˋˍʺ˂ʹ . 

ŘŦΦƴǎƳŀƭƭŜǎǘόрΣ ϥɶ˂ʽˁʾʰϥύ 

ɮ˄ʰʵʽʱˍʰ˅ʹ 
ϧ ɮ˂˂ʰʴʺ 
ʅ˔ʺ˃ʰˍˇˌ 

  

reset_index() 

ɳˉʰ˄ʰ˒ʷˊʶʽ ˍˇ˄ ʵʶʾˁˍʹ όƛƴŘŜȄύ 
ˋˍʽˌ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ʰˁʷˊʰʽʶˌ 
ˍʽ˃ʷˌ όлΣ мΣ нΣΦΦΦύΦ ʁ ˉʰ˂ʽˈˌ 
ʵʶʾˁˍʹˌ ˉˊˇˋˍʾʻʶˍʰʽ ˖ˌ ˋˍʺ˂ʹΣ 
ʶˁˍˈˌ ʰ˄ ˇˊʽˋˍʶʾ drop=True . 

df.sort_values('ʂ˄ˇ˃ʰ').reset_index(drop=True) 

set_index() 
ʁˊʾʸʶʽ ˃ʽʰ ˎˉʱˊ˔ˇˎˋʰ ˋˍʺ˂ʹ ˖ˌ 
ˍˇ˄ ʵʶʾˁˍʹ όƛƴŘŜȄύ ˍˇˎ 
DataFrame . 

df.set_index('ID_ʃʶ˂ʱˍʹ', inplace=True) 

reindex() 

ʃˊˇˋʰˊ˃ˈʸʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ 
ʷ˄ʰ ˄ʷˇ ˋˏ˄ˇ˂ˇ ʶˍʽˁʶˍ˗˄ όʴʽʰ 
ʴˊʰ˃˃ʷˌ ʺ ˋˍʺ˂ʶˌύΦ ɾˉˇˊʶʾ ˄ʰ 
ˁʱ˄ʶʽ Ŧƛƭƭ ʺ ŘǊƻǇ ˍʽ˃ʷˌ ʴʽʰ ˄ʰ 
ˍʰʽˊʽʱ˅ʶʽ ˋˍˇ ˄ʷˇ ƛƴŘŜȄ . 

df.reindex(['ɹ ', ' '̡, ' 'h]) 

melt() 

ɾʶˍʰˍˊʷˉʶʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ʰˉˈ 
ϦǿƛŘŜϦ όˉˇ˂˂ʷˌ ˋˍʺ˂ʶˌύ ˋʶ 
ϦƭƻƴƎϦ ŦƻǊƳŀǘ ό˂ʾʴʶˌ ˋˍʺ˂ʶˌύΣ 
˃ʰʸʶˏˇ˄ˍʰˌ ˉˇ˂˂ʷˌ ˋˍʺ˂ʶˌ ˋʶ 
ʸʶˏʴʹ ˃ʶˍʰʲ˂ʹˍʺˌ-ˍʽ˃ʺˌ . 

pd.melt(df, id_vars=['id'], var_name='̫ˍˇˌ', 
value_name='̄ ˖˂ʺˋʶʽˌ') 

pivot() 

ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˄ʷˇ ˉʾ˄ʰˁʰ 
ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˇˊʾʸˇ˄ˍʰˌ ʷ˄ʰ 
˄ʷˇ ƛƴŘŜȄ ˁʰʽ ˄ʷʶˌ ˋˍʺ˂ʶˌ όʹ 
ʰ˄ˍʾʻʶˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ melt) . 

ŘŦΦǇƛǾƻǘόƛƴŘŜȄҐϥʹ˃ʶˊˇ˃ʹ˄ʾʰϥΣ 
ŎƻƭǳƳƴǎҐϥ˃ʶˍʰʲ˂ʹˍʺϥΣ ǾŀƭǳŜǎҐϥˍʽ˃ʺϥύ 

pivot_table() 

ɽʶʽˍˇˎˊʴʶʾ ˈˉ˖ˌ ˍˇ pivotΣ ʰ˂˂ʱ 
˃ˉˇˊʶʾ ˄ʰ ˋˎ˄ˇ˕ʾˋʶʽ ʵʶʵˇ˃ʷ˄ʰ 
˃ʶ ˋˎ˄ʰˊˍʺˋʶʽˌ ˋˎ˄ʱʻˊˇʽˋʹˌ 
όˉΦ˔Φ mean, sumύ ˈˍʰ˄ 
ˎˉʱˊ˔ˇˎ˄ ʵʽˉ˂ˈˍˎˉʶˌ 
ʶʴʴˊʰ˒ʷˌ . 

ǇŘΦǇƛǾƻǘψǘŀōƭŜόŘŦΣ ǾŀƭǳŜǎҐϥˉ˗˂ʹˋʹϥΣ 
ƛƴŘŜȄҐϥˉʶˊʽˇ˔ʺϥΣ ŎƻƭǳƳƴǎҐϥˉˊˇʿˈ˄ϥΣ 
aggfunc='sum') 

stack() 

ʅˎ˃ˉˍˏˋˋʶʽ όˋˎ˃ˉʽʷʸʶʽύ ˍˇ 
ʶˉʾˉʶʵˇ ˍ˖˄ ˋˍʹ˂˗˄ ˋʶ 
ʴˊʰ˃˃ʷˌΣ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˍˇ 
5ŀǘŀCǊŀƳŜ ˋʶ ˃ʽʰ Ϧ˃ʰˁˊˏˍʶˊʹϦ 
˃ˇˊ˒ʺ . 

df.stack() 

unstack() 

ɮˉ˂˗˄ʶʽ όʶˉʶˁˍʶʾ˄ʶʽύ ʷ˄ʰ 
ʶˉʾˉʶʵˇ ˍˇˎ ʵʶʾˁˍʹ όƛƴŘŜȄύ ˋʶ 
ˋˍʺ˂ʶˌΣ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˍˇ 
5ŀǘŀCǊŀƳŜ ˋʶ ˃ʽʰ Ϧˉ˂ʰˍˏˍʶˊʹϦ 
˃ˇˊ˒ʺ όʰ˄ˍʾˋˍˊˇ˒ˇ ˍˇˎ stack) . 

df.unstack() 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.nlargest.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.nsmallest.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.reset_index.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.set_index.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.reindex.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.melt.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.pivot.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.pivot_table.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.stack.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.unstack.html
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

rename() 
ɾʶˍˇ˄ˇ˃ʱʸʶʽ ʶˍʽˁʷˍʶˌ ˋˍʹ˂˗˄ ʺ 
ʴˊʰ˃˃˗˄ . 

df.rename(columns={'old': 'new'}) 

set_axis() 
ɮ˄ˍʽˁʰʻʽˋˍʱ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ 
ʱ˅ˇ˄ʰ όƛƴŘŜȄ ʺ ˋˍʺ˂ʶˌύ ˃ʶ ˃ʽʰ 
˄ʷʰ ˂ʾˋˍʰ ʰˉˈ ʶˍʽˁʷˍʶˌ . 

df.set_axis(['A', 'B', 'C'], axis=1, inplace=True) 

ʃʾ˄ʰˁʰˌ 3.4.7Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ʰ˄ʰʵʽʱˍʰ˅ʹ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

ʁʽ ˃ʷʻˇʵˇʽ ʰˎˍʷˌ ʵʶ˄ ˒ʽ˂ˍˊʱˊˇˎ˄ ʰˉ˂˗ˌ ˍʽ ʲ˂ʷˉˇˎ˃ʶΣ ʰ˂˂ʱ ʰ˂˂ʱʸˇˎ˄ ˍʹ ʵˇ˃ʺΣ ˍʹ ˋʶʽˊʱ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ 

ˍˇˎ 5ŀǘŀCǊŀƳŜ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ʺ ˇˉˍʽˁˇˉˇʾʹˋʹΦ 

мΦ ʆʰ˅ʽ˄ˈ˃ʹˋʹ ό{ƻǊǘƛƴƎύ 

ɶ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʾˋʶʽˌ ƻǳǘƭƛŜǊǎ ʺ ˍʱˋʶʽˌΦ 

¶ sort_values()Υ ɶ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʷʻˇʵˇˌΦ 

o Tip: ʂˍʰ˄ ˍʰ˅ʽ˄ˇ˃ʶʾˌ ˉˇ˂˂ʷˌ ˋˍʺ˂ʶˌΣ ˍˇ ŀǎŎŜƴŘƛƴƎҐώ¢ǊǳŜΣ CŀƭǎŜϐ ˋˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ 

ʵʶʽˌ ˉΦ˔Φ ˍʰ ˍ˃ʺ˃ʰˍʰ ʰ˂˒ʰʲʹˍʽˁʱΣ ʰ˂˂ʱ ˍˇˎˌ ˃ʽˋʻˇˏˌ ʶ˄ˍˈˌ ʰˎˍ˗˄ ʰˉˈ ˍˇ˄ 

˃ʶʴʰ˂ˏˍʶˊˇ ˋˍˇ˄ ˃ʽˁˊˈˍʶˊˇΦ 

¶ nlargest() / nsmallest(): Pro tip! ɮ˄ ʷ˔ʶʽˌ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ˃ʶ мΦлллΦллл ʴˊʰ˃˃ʷˌ ˁʰʽ ʻʶˌ ˃ˈ˄ˇ 

ˍˇˎˌ р ˁˇˊˎ˒ʰʾˇˎˌΣ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ʴˊʺʴˇˊʶˌ ʰˉˈ ˍˇ ˄ʰ ˍʰ˅ʽ˄ˇ˃ʺˋʶʽˌ 

ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶ ǎƻǊǘψǾŀƭǳŜǎόύΦ 

нΦ ɲʽʰ˔ʶʾˊʽˋʹ LƴŘŜȄ όɳˎˊʶˍʺˊʽˇύ 

ʁ ʵʶʾˁˍʹˌ όƛƴŘŜȄύ ʶʾ˄ʰʽ ʹ Ϧʵʽʶˏʻˎ˄ˋʹϦ ˁʱʻʶ ʴˊʰ˃˃ʺˌΦ 

¶ set_index()Υ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ˃ʽʰ ˋˍʺ˂ʹ όˉΦ˔Φ L5ψʃʶ˂ʱˍʹ ʺ ɶ˃ʶˊˇ˃ʹ˄ʾʰύ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁʺ ˁʰʽ ʻʶˌ 

˄ʰ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ʴʽʰ ʴˊʺʴˇˊʹ ʰ˄ʰʸʺˍʹˋʹ ˃ʶ ΦƭƻŎΦ 

¶ reset_index()Υ ɶ Ϧˋ˖ˍʺˊʽʰϦ ˃ʷʻˇʵˇˌΦ ɾʶˍʱ ʰˉˈ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ʺ ˍʰ˅ʽ˄ˈ˃ʹˋʹΣ ˇʽ ʵʶʾˁˍʶˌ 

ˋˎ˔˄ʱ ʰ˄ʰˁʰˍʶˏˇ˄ˍʰʽ όˉΦ˔Φ рΣ нΣ мллύΦ ɾʶ ˍˇ ǊŜǎŜǘψƛƴŘŜȄόŘǊƻǇҐ¢ǊǳŜύ ʶˉʰ˄ʰ˒ʷˊʶʽˌ ˍʹ ˋʶʽˊʱ 

ˋʶ лΣ мΣ нΦΦΦ ˁʰʽ ˁʰʻʰˊʾʸʶʽˌ ˍˇ 5ŀǘŀCǊŀƳŜΦ 

оΦ ɮ˂˂ʰʴʺ ʅ˔ʺ˃ʰˍˇˌ όwŜǎƘŀǇƛƴƎύ 

ɳʵ˗ ˍʰ ˉˊʱʴ˃ʰˍʰ ʴʾ˄ˇ˄ˍʰʽ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍʰΦ ʅˎ˔˄ʱ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷˊ˔ˇ˄ˍʰʽ ˋʶ ˃ˇˊ˒ʺ ˉˇˎ ʲˇ˂ʶˏʶʽ ˍʹ˄ 

ˁʰˍʰ˔˗ˊʽˋʹ ʰ˂˂ʱ ˈ˔ʽ ˍʹ˄ ʰ˄ʱ˂ˎˋʹΦ 

¶ melt() (Wide to Long): ɾʶˍʰˍˊʷˉʶʽ ˉˇ˂˂ʷˌ ˋˍʺ˂ʶˌ ˋʶ ʴˊʰ˃˃ʷˌΦ ʊʰ˄ˍʱˋˇˎ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˈˉˇˎ 

ˁʱʻʶ ˋˍʺ˂ʹ ʶʾ˄ʰʽ ʷ˄ʰˌ ˃ʺ˄ʰˌ όɹʰ˄Σ ʊʶʲΣ ɾʰˊύΦ ɾʶ ˍˇ ƳŜƭǘΣ ˈ˂ʶˌ ʰˎˍʷˌ ʴʾ˄ˇ˄ˍʰʽ ˃ʽʰ ˋˍʺ˂ʹ 

Ϧɾʺ˄ʰˌϦ ˁʰʽ ˃ʽʰ ˋˍʺ˂ʹ Ϧʆʽ˃ʺϦΦ 

¶ pivot() & pivot_table() (Long to Wide): ʆ ̌h ˄ˍʾˋˍˊˇ˒ˇ ̱ ˇˎ melt. 

o ɶ ʵʽʰ˒ˇˊʱΥ ɶ ǇƛǾƻǘψǘŀōƭŜ ʶʾ˄ʰʽ ˉʽˇ ʽˋ˔ˎˊʺ ʴʽʰˍʾ ˃ˉˇˊʶʾ ˄ʰ ˁʱ˄ʶʽ ˃ʰʻʹ˃ʰˍʽˁʷˌ 

ˉˊʱ˅ʶʽˌΦ ɮ˄ ʷ˔ʶʽˌ ˉˇ˂˂ʷˌ ʶʴʴˊʰ˒ʷˌ ʴʽʰ ˍʹ˄ ʾʵʽʰ ʹ˃ʶˊˇ˃ʹ˄ʾʰΣ ʹ ǇƛǾƻǘψǘŀōƭŜ ˃ˉˇˊʶʾ 

˄ʰ ˋˇˎ ʲʴʱ˂ʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ όƳŜŀƴύ ʺ ˍˇ ʱʻˊˇʽˋ˃ʰ όǎǳƳύΦ 

¶ stack() & unstack()Υ ɲˇˎ˂ʶˏˇˎ˄ ˁˎˊʾ˖ˌ ˃ʶ MultiIndex όˉˇ˂˂ʰˉ˂ʱ ʶˉʾˉʶʵʰ ʶˉʽˁʶ˒ʰ˂ʾʵ˖˄ύΦ 

o ʆˇ ǎǘŀŎƪόύ Ϧˋˉˊ˗˔˄ʶʽϦ ˍʽˌ ˋˍʺ˂ʶˌ ˄ʰ ʴʾ˄ˇˎ˄ ʶˋ˖ˍʶˊʽˁˈ ʶˉʾˉʶʵˇ ˍ˖˄ ʴˊʰ˃˃˗˄Φ 

o ʆˇ ǳƴǎǘŀŎƪόύ ϦˍˊʰʲʱʶʽϦ ʷ˄ʰ ʶˉʾˉʶʵˇ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍˇ ˁʱ˄ʶʽ ˋˍʺ˂ʶˌΦ 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.rename.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.set_axis.html
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пΦ ɾʶˍˇ˄ˇ˃ʰˋʾʰ ϧ ɯ˅ˇ˄ʶˌ 

¶ rename()Υ ʃˇ˂ˏ ʶˎʷ˂ʽˁˍˇΦ ɾˉˇˊʶʾˌ ˄ʰ ʰ˂˂ʱ˅ʶʽˌ ˃ˈ˄ˇ ˃ʾʰ ˋˍʺ˂ʹΥ 

ŘŦΦǊŜƴŀƳŜόŎƻƭǳƳƴǎҐϑϥˉʰ˂ʽˈψˈ˄ˇ˃ʰϥΥ ϥ˄ʷˇψˈ˄ˇ˃ʰϥϒύΦ 

¶ set_axis()Υ ʃʽˇ ʵˊʰˋˍʽˁˈΦ ɮ˄ˍʽˁʰʻʽˋˍʱ ˈ˂ʰ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˋˍʹ˂˗˄ ˃ʶ ˃ʽʰ ˄ʷʰ ˂ʾˋˍʰ ˉˇˎ ˍˇˎ 

ʵʾ˄ʶʽˌΦ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ˅ʷˊʶʽˌ ˈˍʽ ʹ ˋʶʽˊʱ ˍ˖˄ ˋˍʹ˂˗˄ ʶʾ˄ʰʽ ˋ˖ˋˍʺ ʰ˂˂ʱ ˍʰ ˇ˄ˈ˃ʰˍʰ ʶʾ˄ʰʽ 

ʰˁʰˍʰ˂ʰʲʾˋˍʽˁʰΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɨ DataFrame ɔɘŬ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  80)  

 

# ȷɟɢɘəɧ DataFrame ɛŮ ˊɞɘəɘɚɑŬ ŭŮŭɞɛɏɜɤɜ 

data = {  

    'ID' :  [ 101 ,  102 ,  103 ,  104 ,  105 ,  106 ,  107 ,  108 ,  109 ,  110 ],  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ,  'Dimitris' ,  

'Sofia' ,  'John' ,  'Alice' ,  'Bob' ],  

    'Department' :  [ 'Sales' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ,  

'Sales' ,  'HR' ],  

    'Salary' :  [ 50000 ,  60000 ,  55000 ,  65000 ,  48000 ,  62000 ,  51000 ,  80000 ,  

75000 ,  70000 ],  

    'Years' :  [ 2,  5,  3,  8,  1,  6,  4,  10 ,  7,  9],  

    'Score' :  [ 85 ,  92 ,  78 ,  88 ,  95 ,  67 ,  72 ,  90 ,  84 ,  79 ]  

}  

df_original = pd . DataFrame ( data )  

df_original [ 'Join_Date' ]  = pd . date_range ( '2018 - 01- 01' ,  periods =10 ,  

freq ='Y' )  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df_original )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# ũɘŬ ɞɟɘůɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ɗŬ ɢɟŮɘŬůŰɞɨɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ŭɞɛɏɠ, ɞˊɧŰŮ 

ŭɖɛɘɞɡɟɔɞɨɛŮ ŬɜŰɑɔɟŬűŬ ɐ ɜɏŬ DataFrames. 

 

# -------------------------------------------------------------------  

# 1. ɇȷɂȽɁɃɀȼɆȼ (SORTING)  

# -------------------------------------------------------------------  

print ( "1. ɇȷɂȽɁɃɀȼɆȼ (SORTING)" )  

print ( "="  *  60)  

 

# 1.1 sort_values() -  ɇŬɝɘɜɧɛɖůɖ ɓɎůŮɘ Űɘɛɩɜ ůŰɖɚɩɜ 

print ( " \ n1.1 sort_values() -  ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɀɘůɗɧ űɗɑɜɞɡůŬ")  

df_sorted_salary = df_original . sort_values ( by ='Salary' ,  ascending =False )  

print ( df_sorted_salary [[ 'Name' ,  'Salary' ]])  

print ()  

 

print ( "1.1 sort_values() -  ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ɇɛɐɛŬ (ŬɨɝɞɡůŬ) əŬɘ ɀɘůɗɧ 

(űɗɑɜɞɡůŬ)")  

df_sorted_multi = df_original . sort_values ( by =[ 'Department' ,  'Salary' ],  

ascending =[ True ,  False ])  

print ( df_sorted_multi [[ 'Name' ,  'Department' ,  'Salary' ]])  

print ()  

 

# 1.2 sort_index() -  ɇŬɝɘɜɧɛɖůɖ ɓɎůŮɘ ŭŮɑəŰɖ 
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print ( " \ n1.2 sort_index() -  ɇŬɝɘɜɧɛɖůɖ ɓɎůŮɘ ŭŮɑəŰɖ (ˊɟɞŮˊɘɚɞɔɐ ŬɨɝɞɡůŬ)")  

# ȷɜŬəŬŰŮɨɞɡɛŮ Űɞ DataFrame ɔɘŬ ɜŬ ɏɢɞɡɛŮ ɛɖ ŰŬɝɘɜɞɛɖɛɏɜɞ index 

df_shuffled = df_original . sample ( frac =1,  

random_state =42). reset_index ( drop =True )  

print ("ȷɜŬəŬŰŮɛɏɜɞ DataFrame (ŰɡɢŬɑŬ ůŮɘɟɎ):")  

print ( df_shuffled . head ())  

df_sorted_index = df_shuffled . sort_index ()  

print ( "ɀŮŰɎ Ŭˊɧ sort_index():" )  

print ( df_sorted_index . head ())  

print ()  

 

print ( "sort_index() -  ūɗɑɜɞɡůŬ ŰŬɝɘɜɧɛɖůɖ əŬɘ əŬŰɎ ɛɐəɞɠ ůŰɖɚɩɜ (axis=1)")  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ɛɘəɟɧ DataFrame ɛŮ ůŰɐɚŮɠ ŮəŰɧɠ ŬɚűŬɓɖŰɘəɐɠ ůŮɘɟɎɠ 

df_cols = pd . DataFrame ({ 'B' :  [ 1,  2],  'A' :  [ 3,  4],  'C' :  [ 5,  6]})  

print ( "Ʉɟɘɜ:" )  

print ( df_cols )  

df_cols_sorted = df_cols . sort_index ( axis =1,  ascending =False )  

print ( "ɀŮŰɎ Ŭˊɧ sort_index(axis=1, ascending=False):" )  

print ( df_cols_sorted )  

print ()  

 

# 1.3 nlargest() -  Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ 

print ( " \ n1.3 nlargest(3, 'Score') -  3 ɡɣɖɚɧŰŮɟŮɠ ɓŬɗɛɞɚɞɔɑŮɠ")  

df_largest = df_original . nlargest ( 3,  'Score' )  

print ( df_largest [[ 'Name' ,  'Score' ]])  

print ()  

 

# 1.4 nsmallest() -  Ƀɘ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ 

print ( " \ n1.4 nsmallest(2, 'Years') -  2 ɢŬɛɖɚɧŰŮɟŬ ɢɟɧɜɘŬ ˊɟɞɦˊɖɟŮůɑŬɠ")  

df_smallest = df_original . nsmallest ( 2,  'Years' )  

print ( df_smallest [[ 'Name' ,  'Years' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ȷɁȷȹȽȷɇȷɂȼ & ȷȿȿȷũȼ ɆɉȼɀȷɇɃɆ (RESHAPING & REARRANGING) 

# -------------------------------------------------------------------  

print ( "2. ȷɁȷȹȽȷɇȷɂȼ & ȷȿȿȷũȼ ɆɉȼɀȷɇɃɆ")  

print ( "="  *  60)  

 

# 2.1 reset_index() -  ȺˊŬɜŬűɞɟɎ ŭŮɑəŰɖ 

print ( " \ n2.1 reset_index() -  ȺˊŬɜŬűɞɟɎ ŭŮɑəŰɖ")  

# ȹɖɛɘɞɡɟɔɞɨɛŮ DataFrame ɛŮ ɞɟɘůɛɏɜɞ index 

df_with_index = df_original . set_index ( 'ID' )  

print ( "DataFrame ɛŮ index = ID:" )  

print ( df_with_index . head ())  

df_reset = df_with_index . reset_index ()  

print ( "ɀŮŰɎ Ŭˊɧ reset_index():" )  

print ( df_reset . head ())  

print ( "reset_index(drop=True) -  ɉɤɟɑɠ ŭɘŬŰɐɟɖůɖ ˊŬɚɘɞɨ index" )  

df_reset_drop = df_with_index . reset_index ( drop =True )  

print ( df_reset_drop . head ())  

print ()  

 

# 2.2 set_index() -  Ƀɟɘůɛɧɠ ůŰɐɚɖɠ ɤɠ index  

print ( " \ n2.2 set_index() -  Ƀɟɘůɛɧɠ ůŰɐɚɖɠ 'Name' ɤɠ index" )  

df_set = df_original . set_index ( 'Name' )  

print ( df_set . head ())  

print ()  

 

# 2.3 reindex() -  ɄɟɞůŬɟɛɞɔɐ ůŮ ɜɏŮɠ ŮŰɘəɏŰŮɠ 

print ( " \ n2.3 reindex() -  Ɂɏɞ ŮɡɟŮŰɐɟɘɞ ɔɟŬɛɛɩɜ")  
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df_reindex = df_original . set_index ( 'ID' ). reindex ([ 101 ,  103 ,  105 ,  107 ,  109 ,  

999 ])  

print ( df_reindex [[ 'Name' ,  'Salary' ]])   # 999 ŭŮɜ ɡˊɎɟɢŮɘ, ɗŬ ɏɢŮɘ NaN 

print ()  

 

print ( "reindex() ɛŮ fill_value" )  

df_reindex_filled = df_original . set_index ( 'ID' ). reindex ([ 101 ,  103 ,  105 ,  

107 ,  109 ,  999 ],  fill_value =0)  

print ( df_reindex_filled [[ 'Name' ,  'Salary' ]])  

print ()  

 

# 2.4 melt() -  ɀŮŰŬŰɟɞˊɐ Ŭˊɧ wide ůŮ long  

print ( " \ n2.4 melt() -  Wide ůŮ long format" )  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ wide DataFrame ɛŮ ˊɤɚɐůŮɘɠ ŬɜɎ ɏŰɞɠ 

wide_df = pd . DataFrame ({  

    'id' :  [ 1,  2,  3],  

    'name' :  [ 'A' ,  'B' ,  'C' ],  

    '2020_sales' :  [ 100 ,  200 ,  300 ],  

    '2021_sales' :  [ 150 ,  250 ,  350 ],  

    '2022_sales' :  [ 200 ,  300 ,  400 ]  

})  

print ( "Wide DataFrame:" )  

print ( wide_df )  

melted = pd . melt ( wide_df ,  id_vars =[ 'id' ,  'name' ],  var_name ='year' ,  

value_name ='sales' )  

print ( "ɀŮŰɎ Ŭˊɧ melt() -  Long format:" )  

print ( melted )  

print ()  

 

# 2.5 pivot() -  ȷɜŰɑůŰɟɞűɞ Űɞɡ melt (long to wide)  

print ( " \ n2.5 pivot() -  Long ůŮ wide format ( ŬɜŰɑůŰɟɞűɞ melt)" )  

pivoted = melted . pivot ( index =[ 'id' ,  'name' ],  columns ='year' ,  

values ='sales' ). reset_index ()  

print ("ɀŮŰɎ Ŭˊɧ pivot() -  ȺˊɘůŰɟɞűɐ ůŮ wide (ɛŮ multiindex ůŰɖɚɩɜ):")  

print ( pivoted )  

# ũɘŬ ɜŬ ɔɑɜŮɘ ɧˊɤɠ Űɞ Ŭɟɢɘəɧ, ɑůɤɠ ɢɟŮɘŬůŰŮɑ rename ůŰɖɚɩɜ 

pivoted . columns . name = None  # ȷűŬɑɟŮůɖ ɞɜɧɛŬŰɞɠ Ŭˊɧ columns 

print ( pivoted )  

print ()  

 

# 2.6 pivot_table() -  ɆɡɜɞˊŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ ůɡɜɎɗɟɞɘůɖ 

print ( " \ n2.6 pivot_table() -  ɆɡɜɞˊŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ ɛɏůɞ ɛɘůɗɧ ŬɜɎ ɇɛɐɛŬ")  

# ȹɖɛɘɞɡɟɔɞɨɛŮ DataFrame ɛŮ ŭɘˊɚɧŰɡˊŬ ɔɘŬ ɜŬ űŬɜŮɑ ɖ ůɡɜɎɗɟɞɘůɖ 

dup_data = {  

    'Dept' :  [ 'Sales' ,  'Sales' ,  'IT' ,  'IT' ,  'HR' ,  'HR' ,  'Sales' ],  

    'Emp' :  [ 'A' ,  'B' ,  'C' ,  'D' ,  'E' ,  'F' ,  'G' ],  

    'Salary' :  [ 50000 ,  55000 ,  60000 ,  62000 ,  65000 ,  63000 ,  58000 ]  

}  

df_dup = pd . DataFrame ( dup_data )  

print ("ȹŮŭɞɛɏɜŬ ɛŮ ŭɘˊɚɧŰɡˊŬ Dept:")  

print ( df_dup )  

pt = pd . pivot_table ( df_dup ,  values ='Salary' ,  index ='Dept' ,  aggfunc ='mean' )  

print ( "pivot_table -  ɀɏůɞɠ ɛɘůɗɧɠ ŬɜɎ Dept:" )  

print ( pt )  

print ()  

 

# 2.7 stack() -  ɆɡɛˊɑŮůɖ ůŰɖɚɩɜ ůŮ ɔɟŬɛɛɏɠ 

print ( " \ n2.7 stack() -  ɆɡɛˊɑŮůɖ Ůˊɘˊɏŭɞɡ ůŰɖɚɩɜ")  

# ȹɖɛɘɞɡɟɔɞɨɛŮ DataFrame ɛŮ MultiIndex ůŰɘɠ ůŰɐɚŮɠ 

cols = pd . MultiIndex . from_tuples ([( 'Math' ,  'Score' ),  ( 'Math' ,  'Grade' ),  

( 'Science' ,  'Score' ),  ( 'Science' ,  'Grade' )])  
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df_stack = pd . DataFrame ( np . random . randint ( 50 ,  100 ,  size =( 3,  4)),  

columns =cols ,  index =[ 'Student1' ,  'Student2' ,  'Student3' ])  

print ( "DataFrame ɛŮ MultiIndex ůŰɘɠ ůŰɐɚŮɠ:" )  

print ( df_stack )  

stacked = df_stack . stack ()  

print ("ɀŮŰɎ Ŭˊɧ stack() (ɞɘ ůŰɐɚŮɠ ɔɑɜɞɜŰŬɘ index):")  

print ( stacked )  

print ()  

 

# 2.8 unstack() -  ȷɜŰɑůŰɟɞűɞ Űɞɡ stack  

print ( " \ n2.8 unstack() -  ȺˊɏəŰŬůɖ index ůŮ ůŰɐɚŮɠ" )  

unstacked = stacked . unstack ()  

print ("ɀŮŰɎ Ŭˊɧ unstack() (ŮˊɘůŰɟɞűɐ ůŰɞ Ŭɟɢɘəɧ ůɢɐɛŬ):")  

print ( unstacked )  

print ()  

 

# 2.9 rename() -  ɀŮŰɞɜɞɛŬůɑŬ ůŰɖɚɩɜ ɐ index  

print ( " \ n2.9 rename() -  ɀŮŰɞɜɞɛŬůɑŬ ůŰɖɚɩɜ")  

df_renamed = df_original . rename ( columns ={ 'Name' :  'Employee' ,  'Salary' :  

'AnnualSalary' })  

print ( df_renamed . head ())  

print ()  

 

# 2.10 set_axis() -  ȷɜŰɘəŬŰɎůŰŬůɖ ɞɚɧəɚɖɟɞɡ ɎɝɞɜŬ 

print ( " \ n2.10 set_axis() -  ȷɜŰɘəŬŰɎůŰŬůɖ ŮŰɘəŮŰɩɜ ůŰɖɚɩɜ")  

df_axis = df_original . copy ()  

new_columns = [ 'ID' ,  'EMPLOYEE' ,  'DEPT' ,  'SALARY' ,  'YEARS' ,  'SCORE' ,  

'JOIN_DATE' ]  

# ȹɘɧɟɗɤůɖ: ŮɑŰŮ ɛŮ set_axis əŬɘ ŬɜɎɗŮůɖ, ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ɛŮ columns 

df_axis . columns = new_columns  

print ( "DataFrame ɛŮ ɜɏŮɠ ŮŰɘəɏŰŮɠ ůŰɖɚɩɜ:" )  

print ( df_axis . head ())  

print ()  

 

print ( " \ n"  + "=" * 100  + " \ n" )  

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  

ɼΦ 3.4.5Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ϧ ʰ˄ʰʵʽʱˍʰ˅ʹ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.6. ɳˉʶ˅ʶˊʴʰˋʾʰ bŀb ʆʽ˃˗˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɮ˄ʾ˔˄ʶˎˋʹ ϧ 
ʃ˂ʹˊˇ˒ˈˊʹˋʹ 

  

isna() ό ̋isnull()) 

ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˄ʷˇ 5ŀǘŀCǊŀƳŜ ˃ʶ ōƻƻƭŜŀƴ 
ˍʽ˃ʷˌ όTrue/FalseύΣ ˈˉˇˎ True ˎ ˉˇʵʹ˂˗˄ʶʽ ˍʹ˄ 
ˏˉʰˊ˅ʹ ʶ˂˂ʶʾˉˇˎˋʰˌ ˍʽ˃ʺˌ όbŀb ʺ Noneύ ˋˍˇ 
ʰ˄ˍʾˋˍˇʽ˔ˇ ˁʶ˂ʾΦ ɳʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ʴʽʰ ˍˇ˄ 
ʶ˄ˍˇˉʽˋ˃ˈ ˍ˖˄ ˁʶ˄˗˄ ʵʶʵˇ˃ʷ˄˖˄ . 

import pandas as pd 
import numpy as np 
 
df = pd.DataFrame({'A': [1, 
np.nan, 3], 'B': [4, 5, np.nan]}) 
print(df.isna()) 
# A B 
# 0 False False 
# 1 True False 
# 2 False True 

ɲʽʰʴˊʰ˒ʺ   

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.isna.html
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

dropna() 

ɲʽʰʴˊʱ˒ʶʽ ʴˊʰ˃˃ʷˌ όŀȄƛǎҐлύ ʺ ˋˍʺ˂ʶˌ όŀȄƛǎҐмύ 
ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˍʽ˃ʷˌ bŀbΦ ɶ 
ˉʰˊʱ˃ʶˍˊˇˌ how ˁ ʰʻˇˊʾʸʶʽ ʰ˄ ʻʰ 
ʵʽʰʴˊʰ˒ˇˏ˄ ˋʶʽˊʷˌ ˃ʶ ̌ ˉˇʽˇʵʺˉˇˍʶ (any) 
bŀb ʺ ˃ˈ˄ˇ ʰ˄ ̍ ˂ʰ (allύ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ bŀbΦ 
ɾʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ subset ˃ ˉˇˊʶʾˍʶ ˄ʰ 
ʶ˂ʷʴ˅ʶˍʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˍʺ˂ʶˌ . 

І ɲʽʰʴˊʰ˒ʺ ʴˊʰ˃˃˗˄ ˃ʶ 
ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ bŀb 
df_clean = df.dropna() 
print(df_clean) 
# A B 
# 0 1.0 4.0 
 
І ɲʽʰʴˊʰ˒ʺ ʴˊʰ˃˃˗˄ ˃ˈ˄ˇ ʰ˄ 
ʹ ˋˍʺ˂ʹ ϥɮϥ ʷ˔ʶʽ bŀb 
df_clean_sub = 
df.dropna(subset=['A']) 
print(df_clean_sub) 
# A B 
# 0 1.0 4.0 
# 2 3.0 NaN 

ʅˎ˃ˉ˂ʺˊ˖ˋʹ   

fillna() 

ɮ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ ˍʽ˃ʷˌ bŀb ˃ʶ ˃ʽʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ʺ ˃ʶ ˃ʽʰ ˍʽ˃ʺ ˉˇˎ 
ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˃ʽʰ ˃ʷʻˇʵˇΦ ɾˉˇˊʶʾ ˄ʰ 
ˋˎ˃ˉ˂ʹˊ˗ˋʶʽ ˃ʶ ˋˍʰʻʶˊʺ ˍʽ˃ʺ όˉΦ˔Φ лΣ 
Ϧɯʴ˄˖ˋˍˇϦύΣ ˃ʶ ˋˍʰˍʽˋˍʽˁˈ ˃ʷˍˊˇ ό˃ʷˋˇˌ ˈˊˇˌΣ 
ʵʽʱ˃ʶˋˇˌύ ʺ ˃ʶ ˔ˊʺˋʹ ˃ʶʻˈʵˇˎ ʴʶʽˍ˄ʾʰˋʹˌ . 

І ʅˎ˃ˉ˂ʺˊ˖ˋʹ ˈ˂˖˄ ˍ˖˄ bŀb 
˃ʶ ˍˇ л 
df_filled = df.fillna(0) 
print(df_filled) 
# A B 
# 0 1.0 4.0 
# 1 0.0 5.0 
# 2 3.0 0.0 
 
І ʅˎ˃ˉ˂ʺˊ˖ˋʹ ˃ʶ ˍˇ ˃ʷˋˇ 
ˈˊˇ ˍʹˌ ˋˍʺ˂ʹˌ 
df['A'].fillna(df['A'].mean(), 
inplace=True) 

ffill() (forward 
fill) 

ʅˎ˃ˉ˂ʹˊ˗˄ʶʽ ˍʰ bŀb ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ 
ʷʴˁˎˊʹ ˍʽ˃ʺ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ʴˊʰ˃˃˗˄ όŀȄƛǎҐлύ 
ʺ ˋˍʹ˂˗˄ όŀȄƛǎҐмύΦ ɳʾ˄ʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ 
˃ʷʻˇʵˇˌ ˍˇˎ fillna(method='ffill') . 

І ʃˊˇ˖ʻʹˍʽˁʺ ˋˎ˃ˉ˂ʺˊ˖ˋʹ 
όˉˊˇˌ ˍʰ ˁʱˍ˖ύ 
df_ffill = df.ffill() 
print(df_ffill) 
# A B 
# 0 1.0 4.0 
# 1 1.0 5.0 όˍˇ bŀb ˋˍʹ ! 
ʷʴʽ˄ʶ мΦлύ 
# 2 3.0 5.0 όˍˇ bŀb ˋˍʹ . ʷʴʽ˄ʶ 
5.0) 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.dropna.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.fillna.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.ffill.html
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

bfill() (backward 
fill) 

ʅˎ˃ˉ˂ʹˊ˗˄ʶʽ ˍʰ bŀb ˃ʶ ˍʹ˄ ʁ ˉˈ˃ʶ˄ʹ ̫ ʴˁˎˊʹ 
ˍʽ˃ʺΦ ɳʾ˄ʰʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ 
ˍˇˎ fillna(method='bfill') . 

І ʁˉʽˋʻˇ˔˖ˊʹˍʽˁʺ 
ˋˎ˃ˉ˂ʺˊ˖ˋʹ όˉˊˇˌ ˍʰ ˉʱ˄˖ύ 
df_bfill = df.bfill() 
print(df_bfill) 
# A B 
# 0 1.0 4.0 
# 1 3.0 5.0 όˍˇ bŀb ˋˍʹ ! 
ʷʴʽ˄ʶ оΦл ʰˉˈ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ 
ʴˊʰ˃˃ʺύ 
# 2 3.0 NaN όˍˇ bŀb ˋˍʹ . 
ˉʰˊʰ˃ʷ˄ʶʽ ʰ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ 
ʶˉˈ˃ʶ˄ʹ ˍʽ˃ʺύ 

interpolate() 

ʃˊʰʴ˃ʰˍˇˉˇʽʶʾ ˉʰˊʶ˃ʲˇ˂ʺ όƛƴǘŜǊǇƻƭŀǘƛƻƴύ 
ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˁʰʽ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˍ˖˄ bŀb 
ˍʽ˃˗˄Φ ʋˊʹˋʽ˃ˇˉˇʽʶʾ ʵʽʱ˒ˇˊʶˌ ˃ʶʻˈʵˇˎˌ 
ˈˉ˖ˌ ʴˊʰ˃˃ʽˁʺ όƭƛƴŜŀǊύΣ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺΣ ˁΦ˂ˉΦΣ 
˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ˄ ˍʱˋʹ ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄ . 

І ɱˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ 
df_interp = df.interpolate() 
print(df_interp) 
# A B 
# 0 1.0 4.0 
# 1 2.0 5.0 όˍˇ bŀb ˋˍʹ ! 
ʷʴʽ˄ʶ нΦлΣ ˖ˌ ˇ ˃ʷˋˇˌ ˍˇˎ мΦл 
ˁʰʽ оΦлύ 
# 2 3.0 NaN όʹ ˉʰˊʶ˃ʲˇ˂ʺ ˋˍʹ 
. ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʴʽʰ ˍˇ 
ˍʶ˂ʶˎˍʰʾˇ ˋˍˇʽ˔ʶʾˇύ 

ʃʾ˄ʰˁʰˌ 3.4.8Υ ɾʷʻˇʵˇʽ ʴʽʰ ʶˉʶ˅ʶˊʴʰˋʾʰ bŀb ˍʽ˃˗˄ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

мΦ ɮ˄ʾ˔˄ʶˎˋʹΥ ʃˇˏ ʶʾ˄ʰʽ ˍʰ ˁʶ˄ʱΤ 

ʃˊʽ˄ ʵʽˇˊʻ˗ˋʶʽˌΣ ˉˊʷˉʶʽ ˄ʰ ˃ʶˍˊʺˋʶʽˌΦ 

¶ isna()Υ ʃʰˊˈ˂ˇ ˉˇˎ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʰˉˈ ¢ǊǳŜκCŀƭǎŜΣ ˋˉʱ˄ʽʰ ˍˇ˄ ʵʽʰʲʱʸˇˎ˃ʶ ʷˍˋʽΦ 

Pro Tip: ʅˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ ŘŦΦƛǎƴŀόύΦǎǳƳόύΦ ɮˎˍˈ ˋˇˎ ʵʾ˄ʶʽ ʰ˃ʷˋ˖ˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˁʶ˄˗˄ 

ˍʽ˃˗˄ ʰ˄ʱ ˋˍʺ˂ʹΣ ʲˇʹʻ˗˄ˍʰˌ ˋʶ ˄ʰ ʰˉˇ˒ʰˋʾˋʶʽˌ ʰ˄ ˃ʽʰ ˋˍʺ˂ʹ ʶʾ˄ʰʽ Ϧʱ˔ˊʹˋˍʹϦ όˉΦ˔Φ ʰ˄ ˂ʶʾˉʶʽ ˍˇ фл҈ 

ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ύΦ 

нΦ ɲʽʰʴˊʰ˒ʺΥ ɶ ˂ˏˋʹ ˍʹˌ ϦˋˁˇˏˉʰˌϦ 

ɶ ŘǊƻǇƴŀόύ ʶʾ˄ʰʽ ʹ ˉʽˇ ʴˊʺʴˇˊʹ ˂ˏˋʹΣ ʰ˂˂ʱ ʻʷ˂ʶʽ ˉˊˇˋˇ˔ʺ ʴʽʰ ˄ʰ ˃ʹ ˔ʱˋʶʽˌ ˉˇ˂ˏˍʽ˃ʹ ˉ˂ʹˊˇ˒ˇˊʾʰΦ 

¶ subsetΥ ɳʾ˄ʰʽ ʹ ˉʽˇ ʰˋ˒ʰ˂ʺˌ ˉʰˊʱ˃ʶˍˊˇˌΦ ɮ˄ˍʾ ˄ʰ ʵʽʰʴˊʱ˕ʶʽˌ ˃ʽʰ ˇ˂ˈˁ˂ʹˊʹ ʴˊʰ˃˃ʺ ʶˉʶʽʵʺ 

˂ʶʾˉʶʽ ˃ʽʰ ʵʶˎˍʶˊʶˏˇˎˋʰ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˍʹ ʵʽʰʴˊʱ˒ʶʽˌ ˃ˈ˄ˇ ʰ˄ ˂ʶʾˉʶʽ ʷ˄ʰ Ϧʸ˖ˍʽˁˈϦ ˋˍˇʽ˔ʶʾˇ 

όˉΦ˔Φ ǎǳōǎŜǘҐώϥ9ƳŀƛƭϥϐύΦ 

¶ how='all'Υ ʃˇ˂ˏ ˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʷ˔ʶʽˌ ʶ˄ˍʶ˂˗ˌ ˁʶ˄ʷˌ ʴˊʰ˃˃ʷˌ ˋˍˇ ˍʷ˂ˇˌ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ 9ȄŎŜƭΦ 

оΦ ʅˎ˃ˉ˂ʺˊ˖ˋʹΥ ɶ ˍʷ˔˄ʹ ˍˇˎ LƳǇǳǘŀǘƛƻƴ 

ɮ˄ ʵʶ˄ ʻʷ˂ʶʽˌ ˄ʰ ʵʽʰʴˊʱ˕ʶʽˌ ʵʶʵˇ˃ʷ˄ʰΣ ˉˊʷˉʶʽ ˄ʰ ˍʰ Ϧ˃ʰ˄ˍʷ˕ʶʽˌϦ ʺ ˄ʰ ˍʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽˌΦ 

¶ Ŧƛƭƭƴŀόύ ˃ʶ ˋˍʰˍʽˋˍʽˁʱΥ ɶ ˔ˊʺˋʹ ˍˇˎ ˃ʷˋˇˎ ˈˊˇˎ όƳŜŀƴόύύ ʺ ˍʹˌ ʵʽʰ˃ʷˋˇˎ όƳŜŘƛŀƴόύύ ʶʾ˄ʰʽ ʹ 

ˁ˂ʰˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹΦ 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.bfill.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.interpolate.html
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¶ ffill() (Forward Fill): ʅˁʷ˕ˇˎ ʷ˄ʰ ʰˊ˔ʶʾˇ 9ȄŎŜƭ ˈˉˇˎ ˍˇ ˈ˄ˇ˃ʰ ˃ʽʰˌ ʶˍʰʽˊʶʾʰˌ ʴˊʱ˒ʶˍʰʽ ˃ˈ˄ˇ 

ˋˍʹ˄ ˉˊ˗ˍʹ ʴˊʰ˃˃ʺ ˁʰʽ ˇʽ ʶˉˈ˃ʶ˄ʶˌ ʶʾ˄ʰʽ ˁʶ˄ʷˌ ˃ʷ˔ˊʽ ˄ʰ ʰ˂˂ʱ˅ʶʽ ʹ ʶˍʰʽˊʶʾʰΦ ʆˇ ŦŦƛƭƭ 

Ϧˋˉˊ˗˔˄ʶʽϦ ˍʹ˄ ˍʽ˃ʺ ˉˊˇˌ ˍʰ ˁʱˍ˖ ʴʽʰ ˄ʰ ʴʶ˃ʾˋʶʽ ˍʰ ˁʶ˄ʱΦ 

¶ bfill() (Backward Fill): ʆˇ ʰ˄ˍʾˋˍˊˇ˒ˇΦ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ʹ ʶˉˈ˃ʶ˄ʹ ˍʽ˃ʺ ʶʾ˄ʰʽ ʰˎˍʺ ˉˇˎ ˇˊʾʸʶʽ ˍˇ 

ˉ˂ʰʾˋʽˇΦ 

пΦ LƴǘŜǊǇƻƭŀǘŜΥ ɶ Ϧʷ˅ˎˉ˄ʹϦ ˋˎ˃ˉ˂ʺˊ˖ˋʹ 

ɶ ƛƴǘŜǊǇƻƭŀǘŜόύ ʵʶ˄ ʲʱʸʶʽ ʰˉ˂˗ˌ ˃ʽʰ ˋˍʰʻʶˊʺ ˍʽ˃ʺΣ ʰ˂˂ʱ ˉˊˇˋˉʰʻʶʾ ˄ʰ ˁʰˍʰ˂ʱʲʶʽ ˍʹ ʵʽʰʵˊˇ˃ʺ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ɱˊʰ˃˃ʽˁʺ ʃʰˊʶ˃ʲˇ˂ʺΥ ɮ˄ ʷ˔ʶʽˌ ˍʽˌ ˍʽ˃ʷˌ мл όˋˍʹ ʴˊʰ˃˃ʺ мύ ˁʰʽ нл όˋˍʹ ʴˊʰ˃˃ʺ оύΣ ˍˇ 

ƛƴǘŜǊǇƻƭŀǘŜόύ ʻʰ ʲʱ˂ʶʽ мр ˋˍʹ ʴˊʰ˃˃ʺ нΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ʴʽʰ ˔ˊˇ˄ˇˋʶʽˊʷˌ όǘƛƳŜ-ǎŜǊƛŜǎύ ʺ 

ʵʶʵˇ˃ʷ˄ʰ ʰʽˋʻʹˍʺˊ˖˄ ˈˉˇˎ ˇʽ ˍʽ˃ʷˌ ʰ˂˂ʱʸˇˎ˄ ˋˍʰʵʽʰˁʱΦ 

 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ DataFrame ɛŮ ŮɚɚɘˊŮɑɠ Űɘɛɏɠ (NaN) 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame ɀȺ NaN")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ɛɘəɟɧ DataFrame ɛŮ ůəɧˊɘɛŬ ŰɞˊɞɗŮŰɖɛɏɜŬ NaN 

df = pd . DataFrame ({  

    'A' :  [ 1,  np . nan ,  3,  4,  np . nan ],  

    'B' :  [ 4,  5,  np . nan ,  7,  8],  

    'C' :  [ np . nan ,  2,  3,  np . nan ,  5],  

    'D' :  [ 10 ,  11 ,  12 ,  13 ,  14 ]  

},  index =[ 'row0' ,  'row1' ,  'row2' ,  'row3' ,  'row4' ])  

 

print ( "ȷɟɢɘəɧ DataFrame ( ɛŮ NaN):" )  

print ( df )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ȷɁȽɉɁȺɈɆȼ & ɄȿȼɅɃūɃɅȼɆȼ -  isna() / isnull()  

# -------------------------------------------------------------------  

print ( "1. ȷɁȽɉɁȺɈɆȼ ȺȿȿȺȽɄɃɈɆɋɁ ɇȽɀɋɁ")  

print ( " - "  *  60)  

 

# 1.1 isna() -  ȺˊɘůŰɟɏűŮɘ True ɔɘŬ əŮɜɏɠ Űɘɛɏɠ 

print ( "1.1 isna() -  Boolean ˊɑɜŬəŬɠ ɛŮ True ɧˊɞɡ ɡˊɎɟɢŮɘ NaN:")  

print ( df . isna ())  

print ()  

 

# 1.2 isnull() -  ȷəɟɘɓɩɠ Űɞ ɑŭɘɞ ɛŮ isna() (ůɡɜɩɜɡɛɞ) 

print ( "1.2 isnull() -  Ȳŭɘɞ ŬˊɞŰɏɚŮůɛŬ:" )  

print ( df . isnull ())  

print ()  

 

# 1.3 ɆɡɜɞˊŰɘəɐ ŮɘəɧɜŬ -  sum() ɔɘŬ Ŭɟɘɗɛɧ NaN ŬɜɎ ůŰɐɚɖ 

print ("1.3 Ʉɚɐɗɞɠ NaN ŬɜɎ ůŰɐɚɖ:")  

print ( df . isna (). sum())  

print ()  
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# 1.4 Ɇɨɜɞɚɞ NaN ůŰɞ DataFrame  

print ( "1.4 Ɇɡɜɞɚɘəɧ ˊɚɐɗɞɠ NaN ůŰɞ DataFrame:" )  

print ( df . isna (). sum(). sum())  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ȹȽȷũɅȷūȼ -  dropna()  

# -------------------------------------------------------------------  

print ("2. ȹȽȷũɅȷūȼ ũɅȷɀɀɋɁ/ɆɇȼȿɋɁ ɀȺ NaN")  

print ( " - "  *  60)  

 

# 2.1 ȹɘŬɔɟŬűɐ ɔɟŬɛɛɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɞˊɞɘɞŭɐˊɞŰŮ NaN (ˊɟɞŮˊɘɚɞɔɐ axis=0, 

how='any')  

print ( "2.1 dropna() -  ȹɘŬɔɟŬűɐ ɔɟŬɛɛɩɜ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ NaN:")  

df_drop_any = df . dropna ()  

print ( df_drop_any )  

print ()  

 

# 2.2 ȹɘŬɔɟŬűɐ ɔɟŬɛɛɩɜ ɛɧɜɞ Ŭɜ Ƀȿȷ ŰŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ NaN (how='all') 

print ( "2.2 dropna(how='all') -  ȹɘŬɔɟŬűɐ ɛɧɜɞ ɔɟŬɛɛɩɜ ˊɞɡ ŮɑɜŬɘ Ůɝ ɞɚɞəɚɐɟɞɡ 

NaN:" )  

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɛɘŬ ɔɟŬɛɛɐ ɛŮ ɧɚŬ NaN 

df_with_all_nan = pd . DataFrame ({  

    'A' :  [ 1,  np . nan ,  np . nan ],  

    'B' :  [ 2,  np . nan ,  np . nan ],  

    'C' :  [ 3,  np . nan ,  np . nan ]  

},  index =[ 'r1' ,  'r2' ,  'r3' ])  

print ( "Ʉɟɘɜ:" )  

print ( df_with_all_nan )  

df_drop_all = df_with_all_nan . dropna ( how='all' )  

print ( "ɀŮŰɎ:" )  

print ( df_drop_all )  

print ()  

 

# 2.3 ȹɘŬɔɟŬűɐ ůŰɖɚɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ NaN (axis=1) 

print ( "2.3 dropna(axis=1) -  ȹɘŬɔɟŬűɐ ůŰɖɚɩɜ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ NaN:")  

df_drop_cols = df . dropna ( axis =1)  

print ( df_drop_cols )  

print ()  

 

# 2.4 ȹɘŬɔɟŬűɐ ɔɟŬɛɛɩɜ ɛŮ NaN ɛɧɜɞ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůŰɐɚŮɠ (subset) 

print ( "2.4 dropna(subset=['A', 'B']) -  ȹɘŬɔɟŬűɐ ɔɟŬɛɛɩɜ ɛɧɜɞ Ŭɜ ɡˊɎɟɢŮɘ NaN 

ůŰɘɠ ůŰɐɚŮɠ A ɐ B:")  

df_drop_subset = df . dropna ( subset =[ 'A' ,  'B' ])  

print ( df_drop_subset )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ɆɈɀɄȿȼɅɋɆȼ -  fillna()  

# -------------------------------------------------------------------  

print ("3. ɆɈɀɄȿȼɅɋɆȼ ɀȺ ɆɇȷŪȺɅȼ ɇȽɀȼ")  

print ( " - "  *  60)  

 

# 3.1 Ɇɡɛˊɚɐɟɤůɖ ɧɚɤɜ Űɤɜ NaN ɛŮ ůŰŬɗŮɟɐ Űɘɛɐ (ˊ.ɢ. 0) 

print ( "3.1 fillna(0) -  Ɇɡɛˊɚɐɟɤůɖ ɧɚɤɜ Űɤɜ NaN ɛŮ 0:")  

df_fill_zero = df . fillna ( 0)  

print ( df_fill_zero )  

print ()  

 

# 3.2 Ɇɡɛˊɚɐɟɤůɖ ɛŮ ůŰŬɗŮɟɐ Űɘɛɐ ŬɜɎ ůŰɐɚɖ (ˊ.ɢ. dictionary) 
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print ( "3.2 fillna({'A': - 1, 'B': - 2, 'C': - 3}) -  ȹɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ŬɜɎ 

ůŰɐɚɖ:")  

df_fill_dict = df . fillna ({ 'A' :  - 1,  'B' :  - 2,  'C' :  - 3})  

print ( df_fill_dict )  

print ()  

 

# 3.3 Ɇɡɛˊɚɐɟɤůɖ ɛŮ ůŰŬŰɘůŰɘəɧ ɛɏŰɟɞ (ɛɏůɞɠ ɧɟɞɠ ůŰɐɚɖɠ) 

print ("3.3 Ɇɡɛˊɚɐɟɤůɖ Űɖɠ ůŰɐɚɖɠ 'A' ɛŮ Űɞɜ ɛɏůɞ ɧɟɞ Űɖɠ (ˊɟɞůɞɢɐ: ŭŮɜ 

ɔɑɜŮŰŬɘ inplace Ůŭɩ):")  

df_fill_mean = df . copy ()  

df_fill_mean [ 'A' ]  = df_fill_mean [ 'A' ]. fillna ( df_fill_mean [ 'A' ]. mean())  

print ( df_fill_mean )  

print ()  

 

# 3.4 inplace=True (ˊɟɞůɞɢɐ: ŰɟɞˊɞˊɞɘŮɑ Űɞ Ŭɟɢɘəɧ DataFrame) 

print ( "3.4 fillna(inplace=True) -  ɄŬɟɎŭŮɘɔɛŬ ɛŮ inplace (ŰɟɞˊɞˊɞɘŮɑ Űɞ 

Ŭɟɢɘəɧ):")  

df_inplace = df . copy ()  

df_inplace . fillna ( 99 ,  inplace =True )  

print ( df_inplace )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. ɄɅɃɋŪȼɇȽȾȼ ɆɈɀɄȿȼɅɋɆȼ -  ffill()  

# -------------------------------------------------------------------  

print ( "4. ɄɅɃɋŪȼɇȽȾȼ ɆɈɀɄȿȼɅɋɆȼ (FORWARD FILL)" )  

print ( " - "  *  60)  

 

# 4.1 ffill() -  Ɇɡɛˊɚɐɟɤůɖ ɛŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɏɔəɡɟɖ Űɘɛɐ (ˊɟɞɠ ŰŬ əɎŰɤ) 

print ( "4.1 ffill() -  ɄɟɞɤɗɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ əŬŰɎ ɛɐəɞɠ ɔɟŬɛɛɩɜ:")  

df_ffill = df . ffill ()  

print ( df_ffill )  

print ()  

 

# 4.2 ffill(axis=1) -  ɄɟɞɤɗɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ əŬŰɎ ɛɐəɞɠ ůŰɖɚɩɜ (ɞɟɘɕɧɜŰɘŬ) 

print ( "4.2 ffill(axis=1) -  ɃɟɘɕɧɜŰɘŬ ˊɟɞɤɗɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ:")  

df_ffill_horiz = df . ffill ( axis =1)  

print ( df_ffill_horiz )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ɃɄȽɆŪɃɉɋɅȼɇȽȾȼ ɆɈɀɄȿȼɅɋɆȼ -  bfill()  

# -------------------------------------------------------------------  

print ( "5. ɃɄȽɆŪɃɉɋɅȼɇȽȾȼ ɆɈɀɄȿȼɅɋɆȼ (BACKWARD FILL)" )  

print ( " - "  *  60)  

 

# 5.1 bfill() -  Ɇɡɛˊɚɐɟɤůɖ ɛŮ Űɖɜ ŮˊɧɛŮɜɖ ɏɔəɡɟɖ Űɘɛɐ (ˊɟɞɠ ŰŬ ˊɎɜɤ) 

print ( "5.1 bfill() -  ɃˊɘůɗɞɢɤɟɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ:")  

df_bfill = df . bfill ()  

print ( df_bfill )  

print ()  

 

# 5.2 bfill(axis=1) -  ɃɟɘɕɧɜŰɘŬ ɞˊɘůɗɞɢɤɟɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ 

print ( "5.2 bfill(axis=1) -  ɃɟɘɕɧɜŰɘŬ ɞˊɘůɗɞɢɤɟɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ:")  

df_bfill_horiz = df . bfill ( axis =1)  

print ( df_bfill_horiz )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ɄȷɅȺɀȸɃȿȼ -  interpolate()  

# -------------------------------------------------------------------  
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print ( "6. ɄȷɅȺɀȸɃȿȼ (INTERPOLATION)" )  

print ( " - "  *  60)  

 

# 6.1 ũɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ (linear) -  ˊɟɞŮˊɘɚɞɔɐ 

print ( "6.1 interpolate() -  ũɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ (ˊɟɞŮˊɘɚɞɔɐ):")  

df_interp_linear = df . interpolate ()  

print ( df_interp_linear )  

print ()  

 

# 6.2 ɄŬɟŮɛɓɞɚɐ ɛŮ ˊŮɟɘɞɟɘůɛɧ ůŰɖɜ əŬŰŮɨɗɡɜůɖ (ˊ.ɢ. ɛɧɜɞ ˊɟɞɠ ŰŬ Ůɛˊɟɧɠ) 

print ( "6.2 interpolate(limit_direction='forward') -  ɀɧɜɞ ˊɟɞɠ ŰŬ Ůɛˊɟɧɠ:" )  

df_interp_forward = df . interpolate ( limit_direction ='forward' )  

print ( df_interp_forward )  

print ()  

 

# 6.3 ɄŬɟŮɛɓɞɚɐ ɛŮ Ɏɚɚɖ ɛɏɗɞŭɞ (ˊ.ɢ. ˊɞɚɡɤɜɡɛɘəɐ, ŬˊŬɘŰŮɑ ŮɔəŬŰɎůŰŬůɖ 

scipy)  

# ɄɟɞŬɘɟŮŰɘəɎ: Ŭɜ ɗɏɚŮŰŮ ɜŬ ŭɞəɘɛɎůŮŰŮ polynomial ɐ spline, ɢɟŮɘɎɕŮŰŬɘ 

scipy.  

# Ⱥŭɩ Űɞ ŬűɐɜɞɡɛŮ ůɢɞɚɘŬůɛɏɜɞ ɔɘŬ Ŭˊɞűɡɔɐ ŮɝŬɟŰɐůŮɤɜ. 

# print("6.3 interpolate(method='polynomial', order=2) -  Ʉɞɚɡɤɜɡɛɘəɐ 

ˊŬɟŮɛɓɞɚɐ 2ɞɡ ɓŬɗɛɞɨ:")  

# df_interp_poly = df.interpolate(method='polynomial', order=2)  

# print(df_interp_poly)  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. ɆɈũȾȺɁɇɅɋɇȽȾȼ ȺɄȽɆȾɃɄȼɆȼ ɀȺŪɃȹɋɁ 

# -------------------------------------------------------------------  

print ("7. ɆɈũȾȺɁɇɅɋɇȽȾȼ ȺɄȽɆȾɃɄȼɆȼ")  

print ( " - "  *  60)  

print ( "ȷɟɢɘəɧ DataFrame ( ɔɘŬ ɡˊŮɜɗɨɛɘůɖ):" )  

print ( df )  

 

print ( " \ n---  isna() --- " )  

print ( df . isna ())  

 

print ( " \ n---  dropna() --- " )  

print ( df . dropna ())  

 

print ( " \ n---  fillna(0) --- " )  

print ( df . fillna ( 0))  

 

print ( " \ n---  ffill() --- " )  

print ( df . ffill ())  

 

print ( " \ n---  bfill() --- " )  

print ( df . bfill ())  

 

print ( " \ n---  interpolate() --- " )  

print ( df . interpolate ())  

 

print ( " \ n"  + "=" * 80 + " \ n" )  

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.6Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ bŀb ˍʽ˃˗˄ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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3.4.7. ɾʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇʾ ʆˏˉ˖˄ ϧ ʆʽ˃˗˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

astype() 

ɾʶˍʰˍˊʷˉʶʽ ˍˇ˄ ˍˏˉˇ ʵʶʵˇ˃ʷ˄˖˄ ˃ʽʰˌ 
ˋˍʺ˂ʹˌ ʺ ˇ˂ˈˁ˂ʹˊˇˎ ˍˇˎ 5ŀǘŀCǊŀƳŜΦ 
ɾˉˇˊʶʾˌ ˄ʰ ˇˊʾˋʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁˈ ˍˏˉˇ ʴʽʰ 
ˁʱʻʶ ˋˍʺ˂ʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ˂ʶ˅ʽˁˈ . 

ŘŦώϥʹ˂ʽˁʾʰϥϐ Ґ 
ŘŦώϥʹ˂ʽˁʾʰϥϐΦŀǎǘȅǇŜόƛƴǘύ 
ŘŦ Ґ ŘŦΦŀǎǘȅǇŜόϑϥˏ˕ˇˌϥΥ ŦƭƻŀǘΣ 
ϥˈ˄ˇ˃ʰϥΥ ϥŎŀǘŜƎƻǊȅϥϒύ 

pd.to_numeric() 

ɾʶˍʰˍˊʷˉʶʽ ʷ˄ʰ ˈˊʽˋ˃ʰ όˉΦ˔ΦΣ ˃ʽʰ ˋˍʺ˂ʹύ ˋʶ 
ʰˊʽʻ˃ʹˍʽˁˈ ˍˏˉˇΦ ɳʾ˄ʰʽ ˉʽˇ ʶˎʷ˂ʽˁˍˇ ʰˉˈ 
ˍ ̌astype() ɹ ʽʰˍʾ ˃ˉˇˊʶʾ ˄ʰ ˔ʶʽˊʽˋˍʶʾ 
ˋ˒ʱ˂˃ʰˍʰΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˃ʹ ʷʴˁˎˊʶˌ 
ˍʽ˃ʷˌ ˋʶ NaN ό˃ʶ errors='coerce'ύ ˁʰʽ ˄ʰ 
˃ʶʽ˗ˋʶʽ ˍʹ˄ ˁʰˍʰ˄ʱ˂˖ˋʹ ˃˄ʺ˃ʹˌ . 

ŘŦώϥˍʽ˃ʺϥϐ Ґ 
ǇŘΦǘƻψƴǳƳŜǊƛŎόŘŦώϥˍʽ˃ʺϥϐΣ 
errors='coerce') 
ŘŦώϥʶʽˋˈʵʹ˃ʰϥϐ Ґ 
ǇŘΦǘƻψƴǳƳŜǊƛŎόŘŦώϥʶʽˋˈʵʹ˃ʰϥϐΣ 
downcast='float') 

convert_dtypes() 

ɾʶˍʰˍˊʷˉʶʽ ʰˎˍˈ˃ʰˍʰ ˍʽˌ ˋˍʺ˂ʶˌ ˋˍˇ˄ 
ʲʷ˂ˍʽˋˍˇ ˍˏˉˇ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˎˉˇˋˍʹˊʾʸʶʽ 
ʹ tŀƴŘŀǎ ʴʽʰ ƳƛǎǎƛƴƎ ǾŀƭǳŜǎΣ 
˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ 
ˎˉˇʵˇ˃ʺ Nullable όˉΦ˔ΦΣ Int64, string) . 

df_converted = 
df.convert_dtypes() 

infer_objects() 

ʃˊˇˋˉʰʻʶʾ ˄ʰ ʲʶ˂ˍʽˋˍˇˉˇʽʺˋʶʽ ˍˇˎˌ ˍˏˉˇˎˌ 
ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˋˍʺ˂ʶˌ ˍˏˉˇˎ object όˉˇˎ 
ˋˎ˔˄ʱ ˉʶˊʽʷ˔ˇˎ˄ ˃ʽˁˍʷˌ ʺ ˃ʹ-ʲʷ˂ˍʽˋˍʶˌ 
˃ˇˊ˒ʷˌύΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʱˌ ˍʶˌ ˋʶ ˉʽˇ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˍˏˉˇˎˌ 
όˉΦ˔ΦΣ int, float, datetimeύ ˈˉˇˎ ʶʾ˄ʰʽ 
ʵˎ˄ʰˍˈ˄ . 

df_inferred = df.infer_objects() 

map() 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽ 
ˁʱʻʶ ˍʽ˃ʺ ˋʶ ˃ʽʰ Series όˋˍʺ˂ʹύ ˃ʶ ʲʱˋʹ ˃ʽʰ 
ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ό˂ʶ˅ʽˁˈύ ʺ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹΦ ɲʶ˄ 
˂ʶʽˍˇˎˊʴʶʾ ʰˉʶˎʻʶʾʰˌ ˋʶ 5ŀǘŀCǊŀƳŜ . 

ŘŦώϥ˒ˏ˂ˇϥϐ Ґ 
ŘŦώϥ˒ˏ˂ˇϥϐΦƳŀǇόϑϥŦŜƳŀƭŜϥΥ мΣ 
'male': 0}) 
ŘŦώϥˍʶˍˊʱʴ˖˄ˇϥϐ Ґ 
ŘŦώϥʰˊʽʻ˃ˈˌϥϐΦƳŀǇόƭŀƳōŘŀ ȄΥ 
x**2) 

replace() 

ɮ˄ˍʽˁʰʻʽˋˍʱ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˋʶ ʷ˄ʰ 
5ŀǘŀCǊŀƳŜ ʺ {ŜǊƛŜǎ ˃ʶ ʱ˂˂ʶˌ ˍʽ˃ʷˌΦ ɾˉˇˊʶʾ 
˄ʰ ʵˇˎ˂ʷ˕ʶʽ ˃ʶ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˍʽ˃ʷˌΣ ˂ʾˋˍʶˌ 
ʺ ˂ʶ˅ʽˁʱ . 

df.replace(0, 100) 
df.replace({'NA': pd.NA, 
'unknown': None}) 

where() 
ɲʽʰˍʹˊʶʾ ˍʽˌ ʰˊ˔ʽˁʷˌ ˍʽ˃ʷˌ ˈˉˇˎ ˃ʽʰ 
ˋˎ˄ʻʺˁʹ ʶʾ˄ʰʽ TrueΣ ʰ˂˂ʽ˗ˌ ˍʽˌ ʰ˄ˍʽˁʰʻʽˋˍʱ 
˃ʶ ˃ʽʰ ʱ˂˂ʹ ˍʽ˃ʺ όˉˊˇʶˉʽ˂ˇʴʺ NaN) . 

df.where(df >= 0, 0) 
ɮ˄ˍʽˁʰʻʽˋˍʱ ˈ˂ʶˌ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ 
ˍʽ˃ʷˌ ˃ʶ лΦ 

mask() 
ʆˇ ʰ˄ˍʾʻʶˍˇ ˍˇˎ where()Φ ɮ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ 
ˍʽ˃ʷˌ ˈˉˇˎ ˃ʽʰ ˋˎ˄ʻʺˁʹ ʶʾ˄ʰʽ True . 

df.mask(df < 0, 0) 
ϝɼʱ˄ʶʽ ʰˁˊʽʲ˗ˌ ˍˇ ʾʵʽˇ ˃ʶ ˍˇ 
ˉʰˊʰˉʱ˄˖ 
ˉʰˊʱʵʶʽʴ˃ʰ where() - 
ʰ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ 
˃ʶ лΦϝ 

transform() 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ ˍʽ˃ʺ ˍˇˎ 
5ŀǘŀCǊŀƳŜΣ ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ʷ˄ʰ ˄ʷˇ 
5ŀǘŀCǊŀƳŜ ˃ʶ ˍˇ˄ ʾʵʽˇ ʰˊʽʻ˃ˈ ʴˊʰ˃˃˗˄Φ 
ɾˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽ ˉˇ˂˂ʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 
ˍʰˎˍˈ˔ˊˇ˄ʰ . 

df.transform(lambda x: x * 100) 
df.transform([np.sqrt, np.exp]) 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

apply() 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ˈˌ 
ʱ˅ˇ˄ʰ όˋˍʺ˂ʶˌ ʺ ʴˊʰ˃˃ʷˌύ ˍˇˎ 5ŀǘŀCǊŀƳŜΦ 
ɳʾ˄ʰʽ ˉʽˇ ʴʶ˄ʽˁˈ ʰˉˈ ˍˇ transform() ˁ ʰʽ 
˃ˉˇˊʶʾ ˄ʰ ʶˉʽˋˍˊʷ˕ʶʽ ˃ʽʰ ʵʽʰ˒ˇˊʶˍʽˁʺ 
˃ˇˊ˒ʺ . 

df.apply(sum) 
ɯʻˊˇʽˋ˃ʰ ˁʱʻʶ ˋˍʺ˂ʹˌΦ 

applymap() 
ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ 
˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˋˍˇʽ˔ʶʾˇ ˍˇˎ 5ŀǘŀCǊŀƳŜ 
(element-wise) . 

df.applymap(lambda x: 
f"{x:.2f}") 
ɾˇˊ˒ˇˉˇʽʶʾ ˈ˂ʶˌ ˍʽˌ 
ʰˊʽʻ˃ʹˍʽˁʷˌ ˍʽ˃ʷˌ ˃ʶ н 
ʵʶˁʰʵʽˁʱΦ 

fillna() 

ɮ˄ˍʽˁʰʻʽˋˍʱ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ˂ʶʾˉˇˎ˄ όbŀb κ 
b!ύ ˃ʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ ʺ ˃ʶ ˃ʽʰ 
˃ʷʻˇʵˇ ʴʶ˃ʾˋ˃ʰˍˇˌ όˉΦ˔ΦΣ ˉˊˇ˗ʻʹˋʹ ˍʹˌ 
ˍʶ˂ʶˎˍʰʾʰˌ ʴ˄˖ˋˍʺˌ ˍʽ˃ʺˌύ . 

df.fillna(0) 
df.fillna(method='ffill') 
ɱʶ˃ʾʸʶʽ ˍʰ ˁʶ˄ʱ ˉˊˇ˖ʻ˗˄ˍʰˌ ˍʹ˄ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˍʽ˃ʺΦ 

loc[] ˃ ʶ ʅˎ˄ʻʺˁʹ 

ɶ ˔ˊʺˋʹ ˍˇˎ loc ˃ ʶ ˃ʽʰ ōƻƻƭŜŀƴ ˋˎ˄ʻʺˁʹ 
ʶʾ˄ʰʽ ʷ˄ʰˌ ˉˇ˂ˏ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇˌ ˁʰʽ ʽˋ˔ˎˊˈˌ 
ˍˊˈˉˇˌ ʴʽʰ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍʽ˃˗˄ ˎˉˈ 
ˋˎ˄ʻʺˁʹ . 

ŘŦΦƭƻŎώŘŦώϥʹ˂ʽˁʾʰϥϐ Ҕ слΣ 
ϥˁʰˍʹʴˇˊʾʰψʹ˂ʽˁʾʰˌϥϐ Ґ ϥ{ŜƴƛƻǊϥ 
ʅʶ ˈˋˇˎˌ ʷ˔ˇˎ˄ ʹ˂ʽˁʾʰ ҔслΣ 
ˇˊʾʸʶʽ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ˋˍʺ˂ʹˌ 
ϥˁʰˍʹʴˇˊʾʰψʹ˂ʽˁʾʰˌϥ ˋʶ ϥ{ŜƴƛƻǊϥΦ 

ɼΦ 3.4.7Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ bŀb ˍʽ˃˗˄ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʶ˅ʶˍʱʸˇˎ˃ʶ ˍʹ ɾʶˍʰ˃ˈˊ˒˖ˋʹ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴύΦ ɳʵ˗ ʶʾ˄ʰʽ 

ˉˇˎ ˃ʶˍʰˍˊʷˉˇˎ˃ʶ ˍʽˌ ʰˁʰˍʷˊʴʰˋˍʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋʶ ˃ʽʰ ˃ˇˊ˒ʺ ʷˍˇʽ˃ʹ ʴʽʰ ˃ʰʻʹ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʺ 

ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ 

мΦ ɲʽʰ˔ʶʾˊʽˋʹ ʆˏˉ˖˄ ɲʶʵˇ˃ʷ˄˖˄ ό5ǘȅǇŜǎύ 

ɶ ˋ˖ˋˍʺ ʶˉʽ˂ˇʴʺ ˍˏˉˇˎ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ ˃˄ʺ˃ʹ ˁʰʽ ˍʹ˄ ˇˊʻʺ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ˉˊʱ˅ʶ˖˄Φ 

¶ astype() vs pd.to_numeric(): 

o ɶ ŀǎǘȅǇŜόύ ʶʾ˄ʰʽ ʰˎˋˍʹˊʺΦ ɮ˄ ˉˊˇˋˉʰʻʺˋʶʽˌ ˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽˌ ˍʹ ˋˍʺ˂ʹ ώϥмϥΣ ϥнϥΣ ϥ˂ʱʻˇˌϥϐ 

ˋʶ ƛƴǘŜƎŜǊΣ ʻʰ ˁˊʰˋʱˊʶʽΦ 

o ɶ pd.to_numeric() ʶʾ˄ʰʽ ʹ Ϧʷ˅ˎˉ˄ʹϦ ʶ˄ʰ˂˂ʰˁˍʽˁʺΦ ɾʶ ˍˇ ŜǊǊƻǊǎҐϥŎƻŜǊŎŜϥΣ ˃ʶˍʰˍˊʷˉʶʽ 

ˍˇ ϥ˂ʱʻˇˌϥ ˋʶ bŀbΣ ʶˉʽˍˊʷˉˇ˄ˍʱˌ ˋˇˎ ˄ʰ ˋˎ˄ʶ˔ʾˋʶʽˌ ˍʹ ʵˇˎ˂ʶʽʱ ˋˇˎ ˔˖ˊʾˌ ʵʽʰˁˇˉʷˌΦ 

¶ convert_dtypes()Υ ɳʽˋʺ˔ʻʹ ˉˊˈˋ˒ʰˍʰ ˋˍʹ˄ tŀƴŘŀǎ ʴʽʰ ˄ʰ ˂ˏˋʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍ˖˄ ϦbǳƭƭŀōƭŜ 

LƴǘŜƎŜǊǎϦΦ ʃʰˊʰʵˇˋʽʰˁʱΣ ʰ˄ ˃ʽʰ ˋˍʺ˂ʹ ʰˁʶˊʰʾ˖˄ ʶʾ˔ʶ ʷˋˍ˖ ˁʰʽ ʷ˄ʰ ˁʶ˄ˈ όbŀbύΣ ʹ tŀƴŘŀǎ ˍʹ 

˃ʶˍʷˍˊʶˉʶ ˋʶ ŦƭƻŀǘΦ ɶ ŎƻƴǾŜǊǘψŘǘȅǇŜǎόύ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍ˖˄ ʰˁʶˊʰʾ˖˄ ʰˁˈ˃ʰ ˁʰʽ ˃ʶ 

ˁʶ˄ʱΦ 

нΦ ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ ϧ ʋʰˊˍˇʴˊʱ˒ʹˋʹ 

¶ map()Υ ɹʵʰ˄ʽˁˈ ʴʽʰ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˁʰˍʹʴˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ˃ʶˍʰˍˊˇˉʺ ϦɿʰʽϦκϦʂ˔ʽϦ ˋʶ 

мκлύΦ ɽʶʽˍˇˎˊʴʶʾ ˃ˈ˄ˇ ˋʶ {ŜǊƛŜǎΦ 

¶ replace()Υ ʃʽˇ ʶˎʷ˂ʽˁˍˇ ʰˉˈ ˍˇ ƳŀǇΣ ˁʰʻ˗ˌ ˃ˉˇˊʶʾˌ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˍʽ˃ʷˌ 

ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ 5ŀǘŀCǊŀƳŜ ˔˖ˊʾˌ ˄ʰ ʶˉʹˊʶʱˋʶʽˌ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌΦ 

¶ where() & mask()Υ ɽʶʽˍˇˎˊʴˇˏ˄ ˋʰ˄ ˍˇ ϦLCϦ ˍˇˎ 9ȄŎŜƭΦ 

o ǿƘŜǊŜόˋˎ˄ʻʺˁʹΣ ˍʽ˃ʺύΥ ɼˊʱˍʰ ˍʹ˄ ˍʽ˃ʺ ʰ˄ ʽˋ˔ˏʶʽ ʹ ˋˎ˄ʻʺˁʹΣ ʰ˂˂ʽ˗ˌ ʱ˂˂ʰ˅ʷ ˍʹ˄Φ 
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o Ƴŀǎƪόˋˎ˄ʻʺˁʹΣ ˍʽ˃ʺύΥ ɯ˂˂ʰ˅ʶ ˍʹ˄ ˍʽ˃ʺ ʰ˄ ʽˋ˔ˏʶʽ ʹ ˋˎ˄ʻʺˁʹΦ 

3. ɶ "ʆˊʽʱʵʰ" ˍ˖˄ Functions: apply, transform, applymap 

ɳʵ˗ ˋˎ˔˄ʱ ˃ˉʶˊʵʶˏˇ˄ˍʰʽ ˇʽ ˔ˊʺˋˍʶˌΦ ɮˌ ʵˇˏ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˍˇˎˌΥ 

1. apply()Υ ɽʶʽˍˇˎˊʴʶʾ ʰ˄ʱ ʱ˅ˇ˄ʰΦ ɾˉˇˊʶʾ ˄ʰ ˉʱˊʶʽ ˃ʽʰ ˋˍʺ˂ʹ ˁʰʽ ˄ʰ ˍʹ˄ ʶˉʽˋˍˊʷ˕ʶʽ ˖ˌ ˃ʾʰ 

˃ˈ˄ˇ ˍʽ˃ʺ όˉΦ˔Φ ǎǳƳύΦ 

2. transform()Υ ʃˊʷˉʶʽ ˉʱ˄ˍʰ ˄ʰ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˍˇ ʾʵʽˇ ˃ʺˁˇˌ ˈˉ˖ˌ ˍˇ ʰˊ˔ʽˁˈΦ 

ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁˈ ʴʽʰ ƴƻǊƳŀƭƛȊŀǘƛƻƴ όˉΦ˔Φ ˄ʰ ʵʽʰʽˊʷˋʶʽˌ ˁʱʻʶ ˍʽ˃ʺ ˃ʶ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˋˍʺ˂ʹˌ ˍʹˌύΦ 

3. applymap() όˋˍʽˌ ˄ʶˈˍʶˊʶˌ ʶˁʵˈˋʶʽˌ ˃ʶˍˇ˄ˇ˃ʱˋˍʹˁʶ ˋʶ ƳŀǇ ʴʽʰ 5ŀǘŀCǊŀƳŜǎύΥ ɳ˒ʰˊ˃ˈʸʶʽ ˍʹ 

ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ ˁʶ˂ʾ ˅ʶ˔˖ˊʽˋˍʱΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˃ˇˊ˒ˇˉˇʾʹˋʹ όˉΦ˔Φ ˉˊˇˋʻʺˁʹ ˍˇˎ 

ˋˎ˃ʲˈ˂ˇˎ ϦϵϦ ˋʶ ˁʱʻʶ ʰˊʽʻ˃ˈύΦ 

пΦ ɲʹ˃ʽˇˎˊʴʾʰ ʅˍʹ˂˗˄ ˎˉˈ ʅˎ˄ʻʺˁʹ 

¶ ŘŦΦƭƻŎώˋˎ˄ʻʺˁʹΣ ϥ˄ʷʰψˋˍʺ˂ʹϥϐ Ґ ϥˍʽ˃ʺϥΥ ɮˎˍˈˌ ʶʾ˄ʰʽ ˇ ˉʽˇ ʰˋ˒ʰ˂ʺˌ ˁʰʽ ϦtŀƴŘŀǎ-friendly" 

ˍˊˈˉˇˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽˌ ˃ʽʰ ˄ʷʰ ˋˍʺ˂ʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˁˊʽˍʺˊʽʰΦ ɳʾ˄ʰʽ ˍʰ˔ˏˍʶˊˇˌ ˁʰʽ ˉʽˇ 

ʶˎʰ˄ʱʴ˄˖ˋˍˇˌ ʰˉˈ ˍˇ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ŀǇǇƭȅ ˃ʶ ƛŦ-ŜƭǎŜ ˋˎ˄ʰˊˍʺˋʶʽˌΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ˊɞɘəɘɚɑŬ Űɨˊɤɜ əŬɘ Űɘɛɩɜ 

# -------------------------------------------------------------------  

print ( "ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame" )  

print ( " - "  *  60)  

 

data = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ],  

    'Age' :  [ '25' ,  '30' ,  '28' ,  '35' ,  '22' ],         # ŬɟɢɘəɎ ɤɠ string 

    'Height' :  [ 1.65 ,  1.80 ,  1.70 ,  1.75 ,  1.68 ],  

    'Salary' :  [ 50000 ,  60000 ,  None,  65000 ,  48000 ],   # None (NaN)  

    'Department' :  [ 'Sales' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ],  

    'Join_Date' :  [ '2020 - 01- 15' ,  '2019 - 03- 20' ,  '2021 - 07- 01' ,  '2018 - 11- 05' ,  

'2022 - 02- 10' ],  

    'Score' :  [ 85 ,  92 ,  78 ,  88 ,  95 ],  

    'Is_FullTime' :  [ 'yes' ,  'no' ,  'yes' ,  'yes' ,  'no' ]  

}  

df = pd . DataFrame ( data )  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ Űɨˊɤɜ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. astype() -  ɀŮŰŬŰɟɞˊɐ Űɨˊɞɡ ŭŮŭɞɛɏɜɤɜ 

# -------------------------------------------------------------------  

print ( "1. astype() -  ɀŮŰŬŰɟɞˊɐ Űɨˊɞɡ ŭŮŭɞɛɏɜɤɜ")  

print ( " - "  *  60)  

 

# ɀŮŰŬŰɟɞˊɐ ɛɘŬɠ ůŰɐɚɖɠ Ŭˊɧ string ůŮ int 

df [ 'Age' ]  = df [ 'Age' ]. astype ( int )  

print ("ɀŮŰɎ Ŭˊɧ astype(int) ůŰɖ ůŰɐɚɖ 'Age':")  

print ( df [[ 'Name' ,  'Age' ]]. head ())  

print ()  
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# ɀŮŰŬŰɟɞˊɐ ˊɞɚɚɩɜ ůŰɖɚɩɜ ɛŮ ɚŮɝɘəɧ 

df = df . astype ({ 'Height' :  'float32' ,  'Is_FullTime' :  'category' })  

print ( "ɀŮŰɎ Ŭˊɧ astype({'Height': 'float32', 'Is_FullTime': 'category'}):" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. pd.to_numeric() -  ɀŮŰŬŰɟɞˊɐ ůŮ ŬɟɘɗɛɖŰɘəɧ Űɨˊɞ ɛŮ ɢŮɘɟɘůɛɧ ůűŬɚɛɎŰɤɜ 

# -------------------------------------------------------------------  

print ( "2. pd.to_numeric() -  ȺɡɏɚɘəŰɖ ɛŮŰŬŰɟɞˊɐ ůŮ Ŭɟɘɗɛɧ")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɛɘŬ ůŰɐɚɖ ɛŮ ŬɜɎɛŮɘəŰŮɠ Űɘɛɏɠ 

df [ 'Temp' ]  = [ '35.5' ,  '40.2' ,  'abc' ,  '38.0' ,  '37.5' ]  

print ( "ɆŰɐɚɖ 'Temp' ˊɟɘɜ:" )  

print ( df [ 'Temp' ])  

 

# ɀŮŰŬŰɟɞˊɐ ɛŮ errors='coerce' (ɞɘ ɛɖ ɏɔəɡɟŮɠ ɔɑɜɞɜŰŬɘ NaN) 

df [ 'Temp' ]  = pd . to_numeric ( df [ 'Temp' ],  errors ='coerce' )  

print ( "ɀŮŰɎ Ŭˊɧ pd.to_numeric(errors='coerce'):" )  

print ( df [ 'Temp' ])  

print ()  

 

# ɉɟɐůɖ downcast ɔɘŬ Ůɝɞɘəɞɜɧɛɖůɖ ɛɜɐɛɖɠ 

df [ 'Salary' ]  = pd . to_numeric ( df [ 'Salary' ],  downcast ='float' )  

print ( "ɀŮŰɎ Ŭˊɧ downcast='float' ůŰɖ ůŰɐɚɖ 'Salary':" )  

print ( df [ 'Salary' ])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. convert_dtypes() -  ȷɡŰɧɛŬŰɖ ɛŮŰŬŰɟɞˊɐ ůŮ ɓɏɚŰɘůŰɞɡɠ nullable Űɨˊɞɡɠ 

# -------------------------------------------------------------------  

print ( "3. convert_dtypes() -  ȷɡŰɧɛŬŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɨˊɤɜ")  

print ( " - "  *  60)  

 

df_converted = df . convert_dtypes ()  

print ( "ɇɨˊɞɘ ɛŮŰɎ Ŭˊɧ convert_dtypes():" )  

print ( df_converted . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. infer_objects() -  ȸŮɚŰɘůŰɞˊɞɑɖůɖ ůŰɖɚɩɜ Űɨˊɞɡ object  

# -------------------------------------------------------------------  

print ( "4. infer_objects() -  ɆɡɛˊŮɟŬůɛɧɠ əŬɚɨŰŮɟɤɜ Űɨˊɤɜ ɔɘŬ object" )  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ DataFrame ɛŮ ůŰɐɚŮɠ object 

df_obj = pd . DataFrame ({ 'A' :  [ '1' ,  '2' ,  '3' ],  'B' :  [ 1.5 ,  2.5 ,  3.5 ]},  

dtype ='object' )  

print ( "Ʉɟɘɜ infer_objects():" )  

print ( df_obj . dtypes )  

 

df_inferred = df_obj . infer_objects ()  

print ( "ɀŮŰɎ infer_objects():" )  

print ( df_inferred . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. map() -  ȷɜŰɘəŬŰɎůŰŬůɖ Űɘɛɩɜ ůŮ Series ɛŮ ɚŮɝɘəɧ ɐ ůɡɜɎɟŰɖůɖ 

# -------------------------------------------------------------------  
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print ( "5. map() -  ȷɜŰɘůŰɞɑɢɘůɖ Űɘɛɩɜ ůŮ ůŰɐɚɖ")  

print ( " - "  *  60)  

 

# ɀŮ ɚŮɝɘəɧ 

df [ 'Is_FullTime_Code' ]  = df [ 'Is_FullTime' ]. map({ 'yes' :  1,  'no' :  0})  

print ( "map() ɛŮ ɚŮɝɘəɧ (yes - >1, no - >0):" )  

print ( df [[ 'Name' ,  'Is_FullTime' ,  'Is_FullTime_Code' ]]. head ())  

print ()  

 

# ɀŮ ůɡɜɎɟŰɖůɖ lambda  

df [ 'Score_Squared' ]  = df [ 'Score' ]. map( lambda  x :  x** 2)  

print ( "map() ɛŮ lambda ( ŰŮŰɟɎɔɤɜɞ Score):" )  

print ( df [[ 'Name' ,  'Score' ,  'Score_Squared' ]]. head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. replace() -  ȷɜŰɘəŬŰɎůŰŬůɖ ůɡɔəŮəɟɘɛɏɜɤɜ Űɘɛɩɜ 

# -------------------------------------------------------------------  

print ( "6. replace() -  ȷɜŰɘəŬŰɎůŰŬůɖ Űɘɛɩɜ")  

print ( " - "  *  60)  

 

# ȷɜŰɘəŬŰɎůŰŬůɖ ɛŮɛɞɜɤɛɏɜɖɠ Űɘɛɐɠ 

df_replace1 = df . replace ( 'Sales' ,  ' ɄɤɚɐůŮɘɠ' )  

print ( "replace('Sales', ' ɄɤɚɐůŮɘɠ') -  ůŰɖɜ ˊɟɩŰɖ ɔɟŬɛɛɐ:" )  

print ( df_replace1 [[ 'Name' ,  'Department' ]]. head ())  

print ()  

 

# ȷɜŰɘəŬŰɎůŰŬůɖ ɛŮ ɚŮɝɘəɧ (ˊɞɚɚɏɠ ŬɜŰɘəŬŰŬůŰɎůŮɘɠ) 

df_replace2 = df . replace ({ 'HR' :  'ȷɜɗɟɩˊɘɜɞ ȹɡɜŬɛɘəɧ',  'IT' :  'Ʉɚɖɟɞűɞɟɘəɐ'})  

print ("replace ɛŮ ɚŮɝɘəɧ ɔɘŬ ŰɛɐɛŬŰŬ:")  

print ( df_replace2 [[ 'Name' ,  'Department' ]]. head ())  

print ()  

 

# ȷɜŰɘəŬŰɎůŰŬůɖ ɛŮ ɚɑůŰŮɠ 

df_replace3 = df . replace ([ np . nan ,  'yes' ],  [ 0,  1])  

print ( "replace ɚɑůŰŬɠ Űɘɛɩɜ ɛŮ ɚɑůŰŬ ŬɜŰɘəŬŰŬůŰɎůŮɤɜ (NaN- >0, 'yes' - >1):" )  

print ( df_replace3 [[ 'Salary' ,  'Is_FullTime' ]]. head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. where() -  ȹɘŬŰɐɟɖůɖ Űɘɛɩɜ ɧˊɞɡ ɘůɢɨŮɘ ůɡɜɗɐəɖ, ŬɜŰɘəŬŰɎůŰŬůɖ Ŭɚɚɞɨ 

# -------------------------------------------------------------------  

print ( "7. where() -  ȹɘŬŰɐɟɖůɖ ɧˊɞɡ True, ŬɜŰɘəŬŰɎůŰŬůɖ ɧˊɞɡ False")  

print ( " - "  *  60)  

 

# ȷɜŰɘəŬŰɎůŰŬůɖ ŬɟɜɖŰɘəɩɜ ɐ ɛɖ ŮˊɘɗɡɛɖŰɩɜ Űɘɛɩɜ (Ůŭɩ, Score < 90 

ŬɜŰɘəŬɗɑůŰŬŰŬɘ ɛŮ NaN) 

df_where = df . copy ()  

df_where [ 'Score' ]  = df_where [ 'Score' ]. where ( df_where [ 'Score' ]  >= 90 ,  

other =np . nan )  

print ( "where(Score >= 90) -  əɟŬŰɎ ɛɧɜɞ ɓŬɗɛɞɚɞɔɑŮɠ >=90:" )  

print ( df_where [[ 'Name' ,  'Score' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 8. mask() -  ȷɜŰɘəŬŰɎůŰŬůɖ Űɘɛɩɜ ɧˊɞɡ ɘůɢɨŮɘ ůɡɜɗɐəɖ (ŬɜŰɑɗŮŰɞ Űɞɡ where) 

# -------------------------------------------------------------------  

print ( "8. mask() -  ȷɜŰɘəŬŰɎůŰŬůɖ ɧˊɞɡ True, ŭɘŬŰɐɟɖůɖ ɧˊɞɡ False")  

print ( " - "  *  60)  

 

df_mask = df . copy ()  
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df_mask [ 'Score' ]  = df_mask [ 'Score' ]. mask( df_mask [ 'Score' ]  < 90 ,  other =0)  

print ( "mask(Score < 90, 0) -  ŬɜŰɘəŬɗɘůŰɎ ɛŮ 0 ɧůŮɠ ɓŬɗɛɞɚɞɔɑŮɠ ŮɑɜŬɘ <90:")  

print ( df_mask [[ 'Name' ,  'Score' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 9. transform() -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ Űɘɛɐ (ŮˊɘůŰɟɏűŮɘ ɑŭɘɞ ůɢɐɛŬ) 

# -------------------------------------------------------------------  

print ( "9. transform() -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ůŰɞɘɢŮɑɞ")  

print ( " - "  *  60)  

 

# ȺűŬɟɛɞɔɐ ɛɘŬɠ ůɡɜɎɟŰɖůɖɠ (ˊ.ɢ. ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Ůˊɑ 100) 

df_transform = df [[ 'Height' ,  'Score' ]]. transform ( lambda  x :  x *  100 )  

print ( "transform(lambda x: x*100) -  ůŰɘɠ ůŰɐɚŮɠ Height əŬɘ Score:" )  

print ( df_transform . head ())  

print ()  

 

# ȺűŬɟɛɞɔɐ ˊɞɚɚɩɜ ůɡɜŬɟŰɐůŮɤɜ (ŮˊɘůŰɟɏűŮɘ DataFrame ɛŮ MultiIndex) 

df_multi = df [[ 'Height' ,  'Score' ]]. transform ([ np . sqrt ,  np . exp ])  

print ( "transform([np.sqrt, np.exp]) -  ŮˊɘůŰɟɏűŮɘ ˊɞɚɚɏɠ ůŰɐɚŮɠ:" )  

print ( df_multi . head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 10. apply() -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ əŬŰɎ ɛɐəɞɠ ɎɝɞɜŬ (ůŰɐɚŮɠ ɐ ɔɟŬɛɛɏɠ) 

# -------------------------------------------------------------------  

print ( "10. apply() -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ ɎɝɞɜŬ")  

print ( " - "  *  60)  

 

# ȯɗɟɞɘůɛŬ əɎɗŮ ůŰɐɚɖɠ (ɛɧɜɞ ɔɘŬ ŬɟɘɗɛɖŰɘəɏɠ) 

print ( "apply(sum) -  ɎɗɟɞɘůɛŬ ůŰɖɚɩɜ (ŬɟɘɗɛɖŰɘəɏɠ):")  

print ( df [[ 'Age' ,  'Height' ,  'Salary' ,  'Score' ]]. apply ( sum))  

print ()  

 

# ȺűŬɟɛɞɔɐ custom ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ɔɟŬɛɛɐ (axis=1) 

df [ 'Name_Length' ]  = df . apply ( lambda  row :  len ( row [ 'Name' ]),  axis =1)  

print ( "apply(lambda row: len(row['Name']), axis=1) -  ɛɐəɞɠ ɞɜɧɛŬŰɞɠ:" )  

print ( df [[ 'Name' ,  'Name_Length' ]]. head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 11. applymap() -  ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ůŰɞɘɢŮɑɞ DataFrame (element -

wise)  

# -------------------------------------------------------------------  

print ( "11. applymap() -  ɆɡɜɎɟŰɖůɖ ůŮ əɎɗŮ əŮɚɑ")  

print ( " - "  *  60)  

 

# ɀɞɟűɞˊɞɑɖůɖ ŬɟɘɗɛɖŰɘəɩɜ ůŰɖɚɩɜ ɤɠ string ɛŮ 2 ŭŮəŬŭɘəɎ 

df_formatted = df [[ 'Height' ,  'Score' ]]. applymap ( lambda  x :  f"{x:.2f}" )  

print ( "applymap(lambda x: f'{x:.2f}') -  ɛɞɟűɞˊɞɑɖůɖ:" )  

print ( df_formatted . head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 12. fillna() -  Ɇɡɛˊɚɐɟɤůɖ ŮɚɚŮɘˊɞɡůɩɜ Űɘɛɩɜ 

# -------------------------------------------------------------------  

print ( "12. fillna() -  ũɏɛɘůɛŬ NaN")  

print ( " - "  *  60)  

 

# Ɇɡɛˊɚɐɟɤůɖ ɛŮ ůŰŬɗŮɟɐ Űɘɛɐ 

df_filled = df . fillna ({ 'Salary' :  df [ 'Salary' ]. mean()})  
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print ( "fillna ɛŮ ɛɏůɞ ɧɟɞ ůŰɖ Salary:" )  

print ( df_filled [[ 'Name' ,  'Salary' ]])  

print ()  

 

# ɄɟɞɤɗɖŰɘəɐ ůɡɛˊɚɐɟɤůɖ (ffill) -  ůŮ ɜɏŬ ůŰɐɚɖ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 

df [ 'Salary_ffill' ]  = df [ 'Salary' ]. fillna ( method ='ffill' )  

print ( "ffill ůŰɖ Salary:" )  

print ( df [[ 'Name' ,  'Salary' ,  'Salary_ffill' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 13. loc[] ɛŮ ůɡɜɗɐəɖ -  Ɉˊɧ ůɡɜɗɐəɖ ŬɜŰɘəŬŰɎůŰŬůɖ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůŰɐɚŮɠ 

# -------------------------------------------------------------------  

print ("13. loc ɛŮ ůɡɜɗɐəɖ -  ȷɜŰɘəŬŰɎůŰŬůɖ ɡˊɧ ůɡɜɗɐəɖ")  

print ( " - "  *  60)  

 

# Ƀɟɘůɛɧɠ ɜɏŬɠ ůŰɐɚɖɠ əŬŰɖɔɞɟɑŬɠ ɓɎůŮɘ ɖɚɘəɑŬɠ 

df . loc [ df [ 'Age' ]  > 28 ,  'Age_Group' ]  = 'Senior'  

df . loc [ df [ 'Age' ]  <= 28 ,  'Age_Group' ]  = 'Junior'  

print ( "loc ɛŮ ůɡɜɗɐəɖ ɔɘŬ Age_Group (Senior Ŭɜ Age>28):" )  

print ( df [[ 'Name' ,  'Age' ,  'Age_Group' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.8Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˍˏˉ˖˄ ˁʰʽ ˍʽ˃˗˄ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.8. ʅˍʰˍʽˋˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ʃʶˊʽʴˊʰ˒ʽˁʺ 
ʅˍʰˍʽˋˍʽˁʺ 

  

describe() 

ɲʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ˋˎ˄ˇˉˍʽˁʺ ˋˍʰˍʽˋˍʽˁʺ 
ˉʶˊʽʴˊʰ˒ʺ ʴʽʰ ˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ 
ˋˍʺ˂ʶˌΣ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ŎƻǳƴǘΣ 
mean, std, min, quartiles, max . 

df.describe() 
df.describe(percentiles=[.1, .5, .9]) # 
˃ʶ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʰ ˉˇˋˇˋˍʽʰʾʰ 
ˋʹ˃ʶʾʰ 

info() 

ʃʰˊʷ˔ʶʽ ˃ʽʰ ˋˏ˄ˇ˕ʹ ˍˇˎ 5ŀǘŀCǊŀƳŜΣ 
ˈˉ˖ˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʴˊʰ˃˃˗˄Σ ˍʰ 
ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˋˍʹ˂˗˄Σ ˍˇˎˌ ˍˏˉˇˎˌ 
ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ ˔ˊʺˋʹ ˃˄ʺ˃ʹˌ . 

df.info() 

ɾʷˍˊʰ ɼʶ˄ˍˊʽˁʺˌ 
ʆʱˋʹˌ 

  

mean() ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˍʽ˃˗˄ . 

df.mean() І ɾʷˋˇˌ ˈˊˇˌ ˁʱʻʶ 
ˋˍʺ˂ʹˌ 
df["Revenue"].mean() І ɾʷˋˇˌ ˈˊˇˌ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˋˍʺ˂ʹˌ 

median() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ʵʽʱ˃ʶˋˇ όˍˇ ˃ʶˋʰʾˇύ 
ˍ˖˄ ˍʽ˃˗˄ . 

df.median() 

mode() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʶˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺ 
όˍʽ˃ʺ ʺ ˍʽ˃ʷˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˉʽˇ 
ˋˎ˔˄ʱύ . 

df.mode() 

ɾʷˍˊʰ ɲʽʰˋˉˇˊʱˌ   

std() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹΣ ˉˇˎ 
ʵʶʾ˔˄ʶʽ ˍʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ ˍʽ˃˗˄ ʴˏˊ˖ 
ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇ . 

df.std() 

var() ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ʵʽʰˁˏ˃ʰ˄ˋʹ . df.var() 
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min() ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ . df.min() 

max() ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ . df.max() 

quantile() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʽ˃ʺ ˋˍˇ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˇˋˇˋˍʹ˃ˈˊʽˇ όˉΦ˔ΦΣ 
лΦнр ʴʽʰ ˍˇ нр҈ύ . 

df.quantile(0.25) І мˇ ˍʶˍʰˊˍʹ˃ˈˊʽˇ 

ʅˎˋˋ˖ˊʶˎˍʽˁʱ 
ɾʷˍˊʰ 

  

cumsum() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʱʻˊˇʽˋ˃ʰ 
ˍ˖˄ ˍʽ˃˗˄ . 

df.cumsum() 

cumprod() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʴʽ˄ˈ˃ʶ˄ˇ 
ˍ˖˄ ˍʽ˃˗˄ . 

df.cumprod() 

cummax() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ˃ʷʴʽˋˍˇ 
ˍ˖˄ ˍʽ˃˗˄ . 

df.cummax() 

cummin() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʶ˂ʱ˔ʽˋˍˇ 
ˍ˖˄ ˍʽ˃˗˄ . 

df.cummin() 

ʅˎˋ˔ʷˍʽˋʹ ϧ 
ʅˎ˄ʵʽʰˁˏ˃ʰ˄ˋʹ 

  

corr() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ˋˎˋ˔ʷˍʽˋʹ όˉΦ˔ΦΣ 
tŜŀǊǎƻƴύ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʹ˂˗˄ . 

df.corr() 

cov() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ˋˎ˄ʵʽʰˁˏ˃ʰ˄ˋʹ ˃ʶˍʰ˅ˏ 
ˍ˖˄ ˋˍʹ˂˗˄ . 

df.cov() 

ɾˇ˄ʰʵʽˁʷˌ ϧ 
ɮˉʰˊʾʻ˃ʹˋʹ 
ʆʽ˃˗˄ 

  

count() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˃ʹ-ˁʶ˄˗˄ 
(non-b!ύ ˍʽ˃˗˄ ˋʶ ˁʱʻʶ 
ˋˍʺ˂ʹκˋʶʽˊʱ . 

df.count() 

nunique() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 
˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ . 

df.nunique() 

value_counts() 

ɳˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ˋʶʽˊʱ ό{ŜǊƛŜǎύ ˉˇˎ 
ˉʶˊʽʷ˔ʶʽ ˍʹ˄ ʰˉʰˊʾʻ˃ʹˋʹ ˍ˖˄ 
˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ Φ όʅˎ˄ʺʻ˖ˌ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˋˍʺ˂ʶˌύ 

df["Product"].value_counts() 

ɳʽʵʽˁʷˌ ʅˍʰˍʽˋˍʽˁʷˌ   

abs() 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ˃ʶ ˍʹ˄ 
ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎ . 

df.abs() 

skew() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ˂ˇ˅ˈˍʹˍʰ όʰˋˎ˃˃ʶˍˊʾʰύ 
ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˍʽ˃˗˄ . 

df.skew() 

kurtosis() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˁˏˊˍ˖ˋʹ ό˃ʷˍˊˇ ˍˇˎ 
Ϧʰʽ˔˃ʹˊˇˏϦ ˃ʽʰˌ ˁʰˍʰ˄ˇ˃ʺˌύ ˍ˖˄ 
ˍʽ˃˗˄ . 

df.kurtosis() 

diff() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ʶ˄ˈˌ 
ˋˍˇʽ˔ʶʾˇˎ ˁʰʽ ʶ˄ˈˌ ʱ˂˂ˇˎ όˋˎ˄ʺʻ˖ˌ 
ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎύ . 

df.diff() 

pct_change() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˉˇˋˇˋˍʽʰʾʰ ˃ʶˍʰʲˇ˂ʺ 
˃ʶˍʰ˅ˏ ˍˇˎ ˍˊʷ˔ˇ˄ˍˇˌ ˁʰʽ ʶ˄ˈˌ 
ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˋˍˇʽ˔ʶʾˇˎ . 

df.pct_change() 

ʃʾ˄ʰˁʰˌ 3.4.9Υ ɾʷʻˇʵˇʽ ʴʽʰ ʅˍʰˍʽˋˍʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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ʅʶ ʰˎˍʺ˄ ˍʹ˄ ʶ˄ˈˍʹˍʰ ˉʶˊ˄ʱ˃ʶ ˋˍʹ˄ ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺ ˁʰʽ ɮ˄ʱ˂ˎˋʹΦ ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ 

ˉˇˎ ˃ʶˍʰˍˊʷˉˇˎ˄ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ʰˉˈ ʷ˄ʰ˄ ʰˉ˂ˈ ˉʾ˄ʰˁʰ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʷ˄ʰ ʶˊʴʰ˂ʶʾˇ ˂ʺ˕ʹˌ 

ʰˉˇ˒ʱˋʶ˖˄Σ ʰˉˇˁʰ˂ˏˉˍˇ˄ˍʰˌ ˍʱˋʶʽˌΣ ʰˉˇˁ˂ʾˋʶʽˌ ˁʰʽ ˋ˔ʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ 

1. ɶ ɾʶʴʱ˂ʹ ɳʽˁˈ˄ʰ (Exploratory Data Analysis) 

ʃˊʽ˄ ʶ˃ʲʰʻˏ˄ʶʽˌΣ ˔ˊʶʽʱʸʶˋʰʽ ˃ʽʰ ʴˊʺʴˇˊʹ ʰˁˍʽ˄ˇʴˊʰ˒ʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˇˎΦ 

¶ describe()Υ ɳʾ˄ʰʽ ˇ Ϧʶ˂ʲʶˍʽˁˈˌ ˋˇˎʴʽʱˌϦ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌΦ 

o Tip: ɮˉˈ ˉˊˇʶˉʽ˂ˇʴʺ ʵʶʾ˔˄ʶʽ ˃ˈ˄ˇ ʰˊʽʻ˃ʹˍʽˁʷˌ ˋˍʺ˂ʶˌΦ ɮ˄ ʻʶˌ ˄ʰ ʵʶʽˌ ˋˍʰˍʽˋˍʽˁʱ ʴʽʰ 

ˁʶʾ˃ʶ˄ˇ όˈˉ˖ˌ ʹ ˉʽˇ ˋˎ˔˄ʺ ˍʽ˃ʺύΣ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍˇ ŘŦΦŘŜǎŎǊƛōŜόƛƴŎƭǳŘŜҐϥŀƭƭϥύΦ 

¶ value_counts()Υ ɺˋ˖ˌ ʹ ˉʽˇ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˁʰˍʹʴˇˊʽˁʷˌ ˋˍʺ˂ʶˌΦ ʅˇˎ 

˂ʷʶʽ ʰ˃ʷˋ˖ˌ Ϧˉˈˋˇʽ ˉʶ˂ʱˍʶˌ ʶʾ˄ʰʽ ʰˉˈ ˍʹ˄ ɮʻʺ˄ʰϦ ʺ Ϧˉˈˋʰ ˉˊˇʿˈ˄ˍʰ ʶʾ˄ʰʽ ƻǳǘ ƻŦ ǎǘƻŎƪϦΦ 

нΦ ɼʶ˄ˍˊʽˁʺ ʆʱˋʹ ϧ ɲʽʰˋˉˇˊʱ 

ɳʵ˗ ˁʰˍʰ˂ʰʲʰʾ˄ˇˎ˃ʶ ˉˇˏ Ϧʲˊʾˋˁˇ˄ˍʰʽϦ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ˁʰʽ ˉˈˋˇ Ϧˋˁˇˊˉʽˋ˃ʷ˄ʰϦ ʶʾ˄ʰʽΦ 

¶ mean() vs median(): 

o ɮ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ʷ˔ˇˎ˄ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όƻǳǘƭƛŜǊǎύΣ ˇ ˃ʷˋˇˌ ˈˊˇˌ όƳŜŀƴύ ˃ˉˇˊʶʾ ˄ʰ 

ˋʶ ˉʰˊʰˉ˂ʰ˄ʺˋʶʽΦ 

o ɶ ʵʽʱ˃ʶˋˇˌ όƳŜŘƛŀƴύ ʶʾ˄ʰʽ ˉʽˇ ʰ˄ʻʶˁˍʽˁʺΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ мл ʱˍˇ˃ʰ ʲʴʱʸˇˎ˄ 

мΦлллϵ ˁʰʽ ʷ˄ʰˌ ʲʴʱʸʶʽ мΦлллΦлллϵΣ ˇ ˃ʷˋˇˌ ˈˊˇˌ ʻʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˎ˕ʹ˂ˈˌΣ ʰ˂˂ʱ ʹ 

ʵʽʱ˃ʶˋˇˌ ʻʰ ˉʰˊʰ˃ʶʾ˄ʶʽ ˋˍʰ мΦлллϵΦ 

¶ std() & var()Υ ɶ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˋˇˎ ˂ʷʶʽ ʰ˄ ˇʽ ˍʽ˃ʷˌ ˋˇˎ ʶʾ˄ʰʽ ˈ˂ʶˌ ˁˇ˄ˍʱ ˋˍˇ˄ ˃ʷˋˇ ˈˊˇ ʺ 

ʰ˄ ˎˉʱˊ˔ʶʽ ˍʶˊʱˋˍʽʰ ʰˋˍʱʻʶʽʰΦ 

оΦ ʅˎˋ˔ʷˍʽˋʹΥ ʃ˗ˌ ʶˉʹˊʶʱʸʶʽ ˍˇ ʷ˄ʰ ˍˇ ʱ˂˂ˇΤ 

¶ corr()Υ ʃʰˊʱʴʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ όŎƻǊǊŜƭŀǘƛƻƴ ƳŀǘǊƛȄύ ˉˇˎ ʵʶʾ˔˄ʶʽ ˉ˗ˌ ˋˎ˄ʵʷˇ˄ˍʰʽ ˇʽ ˋˍʺ˂ʶˌΦ 

o ʆʽ˃ʺ 1.0Υ ʆʷ˂ʶʽʰ ʻʶˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹΦ 

o ʆʽ˃ʺ -1.0Υ ʆʷ˂ʶʽʰ ʰˊ˄ʹˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹΦ 

o ʆʽ˃ʺ 0Υ ɼʰ˃ʾʰ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹΦ 

пΦ ʅˍʰˍʽˋˍʽˁʱ ʋˊˇ˄ˇˋʶʽˊ˗˄ ό¢ƛƳŜ-Series Insights) 

ɮ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ʶʾ˄ʰʽ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʰ ˔ˊˇ˄ʽˁʱ όˉΦ˔Φ ˍʽ˃ʷˌ ˃ʶˍˇ˔˗˄ύΣ ʰˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍʶˌΥ 

¶ cumsum()Υ ɹʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ʲ˂ʷˉʶʽˌ ˍʽˌ ˋˎ˄ˇ˂ʽˁʷˌ ˉ˖˂ʺˋʶʽˌ ʷˍˇˎˌ ˃ʷˊʰ ˃ʶ ˍʹ ˃ʷˊʰΦ 

¶ pct_change()Υ ɶ Ϧʲʰˋʾ˂ʽˋˋʰϦ ˍ˖˄ ˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁ˗˄Φ ʅˇˎ ʵʶʾ˔˄ʶʽ ˍʹ˄ ʰˉˈʵˇˋʹ όˉΦ˔Φ 

Ϧˋʺ˃ʶˊʰ ʹ ˃ʶˍˇ˔ʺ ʰ˄ʷʲʹˁʶ н҈ϦύΦ 

¶ diff()Υ ʋˊʺˋʽ˃ˇ ʴʽʰ ˄ʰ ʵʶʽˌ ˍʹ˄ ʰˉˈ˂ˎˍʹ ʵʽʰ˒ˇˊʱ όˉΦ˔Φ Ϧˉˈˋʶˌ ˉʰˊʰˉʱ˄˖ ˉ˖˂ʺˋʶʽˌ ˁʱ˄ʰ˃ʶ 

ˋʺ˃ʶˊʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˔ʻʶˌΤϦύΦ 

рΦ ʃˊˇ˔˖ˊʹ˃ʷ˄ʶˌ ɼʰˍʰ˄ˇ˃ʷˌ 

¶ ǎƪŜǿόύ όɽˇ˅ˈˍʹˍʰύΥ ʅˇˎ ˂ʷʶʽ ʰ˄ ʹ ˁʰˍʰ˄ˇ˃ʺ ˋˇˎ ʴʷˊ˄ʶʽ ˉˊˇˌ ˍʰ ʰˊʽˋˍʶˊʱ ʺ ʵʶ˅ʽʱΦ 
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¶ ƪǳǊǘƻǎƛǎόύ όɼˏˊˍ˖ˋʹύΥ ʅˇˎ ʵʶʾ˔˄ʶʽ ʰ˄ ˇʽ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όƻǳǘƭƛŜǊǎύ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋˎ˔˄ʷˌ όϦʲʰˊʽʷˌ 

ˇˎˊʷˌϦύΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ˊɞɘəɘɚɑŬ ŭŮŭɞɛɏɜɤɜ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  70)  

 

# ũɘŬ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ 

np . random . seed ( 42)  

 

# ȹɖɛɘɞɡɟɔɑŬ ɖɛŮɟɞɛɖɜɘɩɜ 

date_rng = pd . date_range ( start ='2023 - 01- 01' ,  end='2023 - 12- 31' ,  freq ='M' )  

 

# ȹŮŭɞɛɏɜŬ 

df = pd . DataFrame ({  

    'A' :  np . random . normal ( 50 ,  10 ,  12),         # əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

    'B' :  np . random . uniform ( 20 ,  80 ,  12),        # ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ 

    'C' :  np . random . randint ( 1,  100 ,  12),         # ŬəɏɟŬɘɞɘ 

    'D' :  np . random . choice ([ 'X' ,  'Y' ,  'Z' ],  12),  # əŬŰɖɔɞɟɘəɐ 

    'E' :  np . random . permutation ([ np . nan ,  10 ,  20 ,  30 ,  40 ,  50 ,  60 ,  70 ,  80 ,  90 ,  

100 ,  np . nan ]),  # ɛŮ NaN 

    'Date' :  date_rng  

})  

 

# Ʉɟɞůɗɐəɖ ɛŮɟɘəɩɜ ŬəɧɛŬ ůŰɖɚɩɜ ɔɘŬ ˊɚɞɡůɘɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

df [ 'F' ]  = df [ 'A' ]  *  2 + np . random . normal ( 0,  5,  12)   # ůɡůɢŮŰɘůɛɏɜɖ ɛŮ ȷ 

df [ 'G' ]  = np . random . choice ([ 'Cat' ,  'Dog' ,  'Bird' ],  12)  

 

print ( "DataFrame ( ˊɟɩŰŮɠ 5 ɔɟŬɛɛɏɠ):" )  

print ( df . head ())  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ Űɨˊɤɜ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ɄȺɅȽũɅȷūȽȾȼ ɆɇȷɇȽɆɇȽȾȼ 

# -------------------------------------------------------------------  

print ("1. ɄȺɅȽũɅȷūȽȾȼ ɆɇȷɇȽɆɇȽȾȼ")  

print ( " - "  *  50)  

 

# 1.1 describe() -  ɆɡɜɞˊŰɘəɐ ůŰŬŰɘůŰɘəɐ ɔɘŬ ŬɟɘɗɛɖŰɘəɏɠ ůŰɐɚŮɠ 

print ( "1.1 describe() -  ˊɟɞŮˊɘɚɞɔɐ (ɛɧɜɞ ŬɟɘɗɛɖŰɘəɏɠ):")  

print ( df . describe ())  

print ()  

 

# describe ɛŮ ˊɟɞůŬɟɛɞůɛɏɜŬ ˊɞůɞůŰɘŬɑŬ ůɖɛŮɑŬ 

print ( "describe(percentiles=[.1, .5, .9]) -  ɛŮ Ůˊɘˊɚɏɞɜ ˊɞůɞůŰɘŬɑŬ:" )  

print ( df [[ 'A' ,  'B' ,  'C' ]]. describe ( percentiles =[ .1 ,  .5 ,  .9 ]))  

print ()  

 

# include='all' ɔɘŬ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ əŬɘ əŬŰɖɔɞɟɘəɏɠ (ɧɢɘ ɧɚŬ ŰŬ ůŰŬŰɘůŰɘəɎ) 

print ( "describe(include='all') -  ˊŮɟɘɚŬɛɓɎɜŮɘ əŬŰɖɔɞɟɘəɏɠ:" )  

print ( df . describe ( include ='all' ))  

print ()  

 

# 1.2 info() -  ɆɡɜɞˊŰɘəɐ ˊɚɖɟɞűɧɟɖůɖ DataFrame  
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print ( "1.2 info():" )  

df . info ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ɀȺɇɅȷ ȾȺɁɇɅȽȾȼɆ ɇȷɆȼɆ 

# -------------------------------------------------------------------  

print ("2. ɀȺɇɅȷ ȾȺɁɇɅȽȾȼɆ ɇȷɆȼɆ")  

print ( " - "  *  50)  

 

# 2.1 mean() -  ɀɏůɞɠ ɧɟɞɠ 

print ( "2.1 mean() -  ɀɏůɞɠ ɧɟɞɠ əɎɗŮ ŬɟɘɗɛɖŰɘəɐɠ ůŰɐɚɖɠ:")  

print ( df . mean( numeric_only =True ))  

print ()  

 

# ɀɏůɞɠ ɧɟɞɠ ůɡɔəŮəɟɘɛɏɜɖɠ ůŰɐɚɖɠ 

print ("ɀɏůɞɠ ɧɟɞɠ ůŰɐɚɖɠ A:",  df [ 'A' ]. mean())  

print ()  

 

# 2.2 median() -  ȹɘɎɛŮůɞɠ 

print ( "2.2 median() -  ȹɘɎɛŮůɞɠ:" )  

print ( df . median ( numeric_only =True ))  

print ()  

 

# 2.3 mode() -  ȺˊɘəɟŬŰɞɨůŬ Űɘɛɐ (ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɞɚɚɏɠ) 

print ( "2.3 mode() -  ȺˊɘəɟŬŰɞɨůŮɠ Űɘɛɏɠ:")  

print ( df . mode( numeric_only =True ). iloc [ 0])   # ˊɟɩŰɖ ŮˊɘəɟŬŰɞɨůŬ (Ŭɜ ɡˊɎɟɢɞɡɜ 

ˊɞɚɚɏɠ) 

# ũɘŬ əŬŰɖɔɞɟɘəɏɠ 

print ("ȺˊɘəɟŬŰɞɨůŬ ůŰɖɜ D:",  df [ 'D' ]. mode(). values )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ɀȺɇɅȷ ȹȽȷɆɄɃɅȷɆ 

# -------------------------------------------------------------------  

print ("3. ɀȺɇɅȷ ȹȽȷɆɄɃɅȷɆ")  

print ( " - "  *  50)  

 

# 3.1 std() -  ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ 

print ( "3.1 std() -  ɇɡˊɘəɐ Ŭˊɧəɚɘůɖ:" )  

print ( df . std ( numeric_only =True ))  

print ()  

 

# 3.2 var() -  ȹɘŬəɨɛŬɜůɖ 

print ( "3.2 var() -  ȹɘŬəɨɛŬɜůɖ:" )  

print ( df . var ( numeric_only =True ))  

print ()  

 

# 3.3 min() -  ȺɚɎɢɘůŰɖ Űɘɛɐ 

print ( "3.3 min() -  ȺɚɎɢɘůŰɖ:")  

print ( df . min ( numeric_only =True ))  

print ()  

 

# 3.4 max() -  ɀɏɔɘůŰɖ Űɘɛɐ 

print ( "3.4 max() -  ɀɏɔɘůŰɖ:" )  

print ( df . max( numeric_only =True ))  

print ()  

 

# 3.5 quantile() -  ɄɞůɞůŰɖɛɧɟɘɞ 

print ( "3.5 quantile(0.25) -  1ɞ ŰŮŰŬɟŰɖɛɧɟɘɞ:" )  

print ( df . quantile ( 0.25 ,  numeric_only =True ))  



 

236 
 

print ( "quantile([0.25, 0.5, 0.75]) -  ˊɞɚɚɎ ˊɞůɞůŰɘŬɑŬ:" )  

print ( df . quantile ([ 0.25 ,  0.5 ,  0.75 ],  numeric_only =True ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. ɆɈɆɆɋɅȺɈɇȽȾȷ ɀȺɇɅȷ (CUMULATIVE) 

# -------------------------------------------------------------------  

print ( "4. ɆɈɆɆɋɅȺɈɇȽȾȷ ɀȺɇɅȷ")  

print ( " - "  *  50)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ɛɘəɟɧŰŮɟɞ DataFrame ɔɘŬ ˊɘɞ ŮɡŬɜɎɔɜɤůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

df_cum = df [[ 'A' ,  'B' ,  'C' ]]. head ( 6). copy ()  

print ("Ɉˊɞůɨɜɞɚɞ ɔɘŬ ůɡůůɤɟŮɡŰɘəɎ (ˊɟɩŰŮɠ 6 ɔɟŬɛɛɏɠ):")  

print ( df_cum )  

print ()  

 

# 4.1 cumsum() -  ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ 

print ( "4.1 cumsum():" )  

print ( df_cum . cumsum())  

print ()  

 

# 4.2 cumprod() -  ȷɗɟɞɘůŰɘəɧ ɔɘɜɧɛŮɜɞ 

print ( "4.2 cumprod():" )  

print ( df_cum . cumprod ())  

print ()  

 

# 4.3 cummax() -  ȷɗɟɞɘůŰɘəɧ ɛɏɔɘůŰɞ 

print ( "4.3 cummax():" )  

print ( df_cum . cummax())  

print ()  

 

# 4.4 cummin() -  ȷɗɟɞɘůŰɘəɧ ŮɚɎɢɘůŰɞ 

print ( "4.4 cummin():" )  

print ( df_cum . cummin ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ɆɈɆɉȺɇȽɆȼ & ɆɈɁȹȽȷȾɈɀȷɁɆȼ 

# -------------------------------------------------------------------  

print ("5. ɆɈɆɉȺɇȽɆȼ & ɆɈɁȹȽȷȾɈɀȷɁɆȼ")  

print ( " - "  *  50)  

 

# 5.1 corr() -  ɆɡůɢɏŰɘůɖ Pearson  

print ( "5.1 corr() -  ɆɡůɢɏŰɘůɖ:" )  

print ( df [[ 'A' ,  'B' ,  'C' ,  'F' ]]. corr ())  

print ()  

 

# 5.2 cov() -  ɆɡɜŭɘŬəɨɛŬɜůɖ 

print ( "5.2 cov() -  ɆɡɜŭɘŬəɨɛŬɜůɖ:" )  

print ( df [[ 'A' ,  'B' ,  'C' ,  'F' ]]. cov ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ɀɃɁȷȹȽȾȺɆ & ȷɄȷɅȽŪɀȼɆȼ ɇȽɀɋɁ 

# -------------------------------------------------------------------  

print ("6. ɀɃɁȷȹȽȾȺɆ & ȷɄȷɅȽŪɀȼɆȼ ɇȽɀɋɁ")  

print ( " - "  *  50)  

 

# 6.1 count() -  Ʉɚɐɗɞɠ ɛɖ-əŮɜɩɜ Űɘɛɩɜ 

print ( "6.1 count() -  ɀɖ-əŮɜɎ ŬɜɎ ůŰɐɚɖ:")  

print ( df . count ())  
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print ()  

 

# 6.2 nunique() -  Ʉɚɐɗɞɠ ɛɞɜŬŭɘəɩɜ Űɘɛɩɜ 

print ( "6.2 nunique() -  ɀɞɜŬŭɘəɏɠ Űɘɛɏɠ ŬɜɎ ůŰɐɚɖ:")  

print ( df . nunique ())  

print ()  

 

# 6.3 value_counts() -  ɆɡɢɜɧŰɖŰŮɠ ɛɞɜŬŭɘəɩɜ Űɘɛɩɜ (ůŮ ůŰɐɚɖ) 

print ( "6.3 value_counts() -  ɆɡɢɜɧŰɖŰŮɠ ɔɘŬ ůŰɐɚɖ D:")  

print ( df [ 'D' ]. value_counts ())  

print ( " \ nũɘŬ ůŰɐɚɖ G (ɛŮ əŬŰɖɔɞɟɘəɏɠ):")  

print ( df [ 'G' ]. value_counts ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. ȺȽȹȽȾȺɆ ɆɇȷɇȽɆɇȽȾȺɆ 

# -------------------------------------------------------------------  

print ("7. ȺȽȹȽȾȺɆ ɆɇȷɇȽɆɇȽȾȺɆ")  

print ( " - "  *  50)  

 

# 7.1 abs() -  ȷˊɧɚɡŰŮɠ Űɘɛɏɠ 

df_abs = df . copy ()  

df_abs [ 'Neg' ]  = np . random . normal ( 0,  5,  12)   # ˊɟɞůɗɐəɖ ŬɟɜɖŰɘəɩɜ Űɘɛɩɜ 

print ( "7.1 abs() -  ȷˊɧɚɡŰŮɠ Űɘɛɏɠ (ůŰɐɚɖ Neg):")  

print ( df_abs . assign ( Neg_abs =df_abs [ 'Neg' ]. abs ())[[ 'Neg' ,  

'Neg_abs' ]]. head ())  

print ()  

 

# 7.2 skew() -  ȿɞɝɧŰɖŰŬ 

print ( "7.2 skew() -  ȿɞɝɧŰɖŰŬ:" )  

print ( df . skew ( numeric_only =True ))  

print ()  

 

# 7.3 kurtosis() -  ȾɨɟŰɤůɖ 

print ( "7.3 kurtosis() -  ȾɨɟŰɤůɖ:" )  

print ( df . kurtosis ( numeric_only =True ))  

print ()  

 

# 7.4 diff() -  ȹɘŬűɞɟɏɠ (ˊɟɞŮˊɘɚɞɔɐ: periods=1) 

print ( "7.4 diff() -  ȹɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ɔɟŬɛɛɩɜ (ůŰɐɚɖ A):")  

print ( df [ 'A' ]. diff (). head ( 6))  

print ()  

 

# 7.5 pct_change() -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ 

print ( "7.5 pct_change() -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ (ůŰɐɚɖ A):" )  

print ( df [ 'A' ]. pct_change (). head ( 6))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 8. ɆɈũȾȺɁɇɅɋɇȽȾȼ ȺɄȽɆȾɃɄȼɆȼ (ˊɟɞŬɘɟŮŰɘəɐ) 

# -------------------------------------------------------------------  

print ("8. ɆɈũȾȺɁɇɅɋɇȽȾȼ ȺɄȽɆȾɃɄȼɆȼ ɆɇɃȽɉȺȽɋɁ")  

print ( " - "  *  50)  

print ("ɃɚɞəɚɖɟɩɗɖəŮ ɖ ŮˊɑŭŮɘɝɖ ɧɚɤɜ Űɤɜ ůŰŬŰɘůŰɘəɩɜ ɛŮɗɧŭɤɜ.")  

print ("ɇɏɚɞɠ ˊɟɞɔɟɎɛɛŬŰɞɠ.")  

ɼΦ 3.4.9Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ˋˍʰˍʽˋˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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3.4.9. ʅ˖ˊʶˎˍʽˁˇʾ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ˁʰʽ ɾʶˍʰʲˇ˂ʷˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ʅ˖ˊʶˎˍʽˁˇʾ 
ʇˉˇ˂ˇʴʽˋ˃ˇʾ 
(Cumulative 
Operations) 

  

cumsum() 

ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʱʻˊˇʽˋ˃ʰ 
όŎǳƳǳƭŀǘƛǾŜ ǎǳƳύ ˍ˖˄ ˍʽ˃˗˄ ˁʰˍʱ 
˃ʺˁˇˌ ʶ˄ˈˌ ʱ˅ˇ˄ʰ όˋˎ˄ʺʻ˖ˌ ʰ˄ʱ 
ˋˍʺ˂ʹ ʺ ʰ˄ʱ ʴˊʰ˃˃ʺύΦ ɳˉʽˋˍˊʷ˒ʶʽ 
ʷ˄ʰ ˄ʷˇ 5ŀǘŀCǊŀƳŜ ˃ʶ ˍˇ ʾʵʽˇ 
˃ʷʴʶʻˇˌΦ 

df.cumsum() 
df.cumsum(axis=1) όʰʻˊˇʽˋˍʽˁˈ 
ʱʻˊˇʽˋ˃ʰ ʰ˄ʱ ʴˊʰ˃˃ʺύ  

cumprod() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʴʽ˄ˈ˃ʶ˄ˇ 
όŎǳƳǳƭŀǘƛǾŜ ǇǊƻŘǳŎǘύ ˍ˖˄ ˍʽ˃˗˄Φ 

df.cumprod()  

cummax() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ˃ʷʴʽˋˍˇ 
όŎǳƳǳƭŀǘƛǾŜ ƳŀȄƛƳǳƳύ ˍ˖˄ ˍʽ˃˗˄ 
˃ʷ˔ˊʽ ˍˇ ˍˊʷ˔ˇ˄ ˋˍˇʽ˔ʶʾˇΦ 

df.cummax()  

cummin() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʶ˂ʱ˔ʽˋˍˇ 
όŎǳƳǳƭŀǘƛǾŜ ƳƛƴƛƳǳƳύ ˍ˖˄ ˍʽ˃˗˄Φ 

df.cummin()  

expanding().sum() 

ʃʰˊʷ˔ʶʽ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ʴʽʰ 
Ϧʵʽˇʴˁˇˏ˃ʶ˄ʰϦ ˉʰˊʱʻˎˊʰ 
όŜȄǇŀƴŘƛƴƎ ǿƛƴŘƻǿǎύΦ ɾʶ 
ˍ ̌.sum() ˎ ˉˇ˂ˇʴʾʸʶʽ ˍˇ ʱʻˊˇʽˋ˃ʰ 
ˈ˂˖˄ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˍʽ˃˗˄ 
όˉʰˊˈ˃ˇʽˇ ˃ʶ ˍˇ cumsum h ˂˂ʱ ˉʽˇ 
ʶˎʷ˂ʽˁˍˇύΦ 

df.expanding().sum()  

expanding().mean() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ʰʻˊˇʽˋˍʽˁˈ ˃ʷˋˇ ˈˊˇ 
(cumulative mean). 

df.expanding().mean() 

ʇˉˇ˂ˇʴʽˋ˃ˇʾ 
ɾʶˍʰʲˇ˂˗˄ 
(Differences & Shifts) 

  

diff() 

ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˉˊ˗ˍʹ ʵʽʰˁˊʽˍʺ 
ʵʽʰ˒ˇˊʱ όŘƛǎŎǊŜǘŜ ŘƛŦŦŜǊŜƴŎŜύ 
˃ʶˍʰ˅ˏ ˋˍˇʽ˔ʶʾ˖˄Φ ʃˊˇʰʽˊʶˍʽˁʱΣ 
˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ˉʶˊʽˈʵ˖˄ όǇŜǊƛƻŘǎύ ʴʽʰ ˍʹ 
˃ʶˍʰˍˈˉʽˋʹΦ 

df.diff() όʵʽʰ˒ˇˊʱ ʰˉˈ ˍʹ˄ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʴˊʰ˃˃ʺύ 
df.diff(periods=2) όʵʽʰ˒ˇˊʱ ʰˉˈ 
ʵˏˇ ʴˊʰ˃˃ʷˌ ˉˊʽ˄ύ 
df.diff(axis=1) όʵʽʰ˒ˇˊʱ ʰˉˈ ˍʹ˄ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˋˍʺ˂ʹύ  

pct_change() 

ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˉˇˋˇˋˍʽʰʾʰ 
˃ʶˍʰʲˇ˂ʺ όǇŜǊŎŜƴǘŀƎŜ ŎƘŀƴƎŜύ 
˃ʶˍʰ˅ˏ ˍˇˎ ˍˊʷ˔ˇ˄ˍˇˌ ˁʰʽ ʶ˄ˈˌ 
ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˋˍˇʽ˔ʶʾˇˎΦ 

df.pct_change() 
df.pct_change(periods=2)  

shift() 

ɾʶˍʰˍˇˉʾʸʶʽ όǎƘƛŦǘǎύ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 
ˁʰˍʱ ʷ˄ʰ˄ ʶˉʽʻˎ˃ʹˍˈ ʰˊʽʻ˃ˈ 
ˉʶˊʽˈʵ˖˄Σ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˃ʽʰ 
Ϧ˂ʾˋˍʰϦ ˃ʶ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʺ 
ʶˉˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌΦ ɲʶ˄ ˎˉˇ˂ˇʴʾʸʶʽ 
ˁʱˉˇʽʰ ˉˊʱ˅ʹΣ ʰ˂˂ʱ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ 
ʴʽʰ ˋˎʴˁˊʾˋʶʽˌΦ 

df.shift() ό˃ʶˍʰˍˇˉʾʸʶʽ ˈ˂ʶˌ ˍʽˌ 
ˍʽ˃ʷˌ ˁʰˍʱ ˃ʾʰ ʴˊʰ˃˃ʺ ˉˊˇˌ ˍʰ 
ˁʱˍ˖ύ 
df.shift(periods=-1) ό˃ʶˍʰˍˇˉʾʸʶʽ 
ˉˊˇˌ ˍʰ ˉʱ˄˖ύ  

ʃʾ˄ʰˁʰˌ 3.4.10Υ  ɾʷʻˇʵˇʽ ʅ˖ˊʶˎˍʽˁ˗˄ ʇˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ ɾʶˍʰʲˇ˂˗˄ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.cumsum.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.cumprod.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.cummax.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.cummin.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.expanding.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.expanding.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.diff.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.pct_change.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.shift.html


 

239 
 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ ˉˎˊʺ˄ʰ ˍʹˌ ɮ˄ʱ˂ˎˋʹˌ ʋˊˇ˄ˇˋʶʽˊ˗˄ ό¢ƛƳŜ-Series Analysis) ˁʰʽ ˍʹˌ 

˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʺˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˋˍʹ˄ tŀƴŘŀǎΦ ɳ˄˗ ˇʽ ʰˉ˂ʷˌ ˋˍʰˍʽˋˍʽˁʷˌ όˈˉ˖ˌ ˇ ˃ʷˋˇˌ ˈˊˇˌύ 

˃ʰˌ ʵʾ˄ˇˎ˄ ˃ʽʰ ˋˍʰˍʽˁʺ ʶʽˁˈ˄ʰΣ ˇʽ ˋ˖ˊʶˎˍʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˁʰʽ ˇʽ ˃ʶˍʰˍˇˉʾˋʶʽˌ ˃ʰˌ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ 

ʵˇˏ˃ʶ ˍʹ˄ ˁʾ˄ʹˋʹ ˁ ʰʽ ˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ̱ ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ˄ ˔ˊˈ˄ˇΦ 

мΦ ʅ˖ˊʶˎˍʽˁˇʾ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ό/ǳƳǳƭŀǘƛǾŜ hǇŜǊŀǘƛƻƴǎύ 

ʁʽ ˃ʷʻˇʵˇʽ ʰˎˍʷˌ Ϧˁˇˎʲʰ˂ʱ˄ʶϦ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ʰˉˈ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʴˊʰ˃˃ʷˌ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌΦ 

¶ cumsum()Υ ʆˇ ˉʽˇ ˁ˂ʰˋʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ʶˋˈʵ˖˄ όwŜǾŜƴǳŜύ ʶ˄ˈˌ 

ˁʰˍʰˋˍʺ˃ʰˍˇˌΦ ɼʱʻʶ ˃ʷˊʰ ˉˊˇˋˍʾʻʶ˄ˍʰʽ ˇʽ ˉ˖˂ʺˋʶʽˌ ˋˍʽˌ ʺʵʹ ˎˉʱˊ˔ˇˎˋʶˌ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˍˇ 

ˋˏ˄ˇ˂ˇ Ϧ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰϦΦ 

¶ cummax() / cummin()Υ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˎ˔˄ʱ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ʽˋˍˇˊʽˁʱ ˎ˕ʹ˂ʱ ʺ 

˔ʰ˃ʹ˂ʱΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ˃ʽʰ ˃ʶˍˇ˔ʺΣ ˍˇ ŎǳƳƳŀȄόύ ˃ʰˌ ʵʶʾ˔˄ʶʽ ˉˇʽʰ ʺˍʰ˄ ʹ ˎ˕ʹ˂ˈˍʶˊʹ 

ˍʽ˃ʺ ˉˇˎ ʷ˔ʶʽ ˁʰˍʰʴˊʰ˒ʶʾ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍˇˎ ŘŀǘŀǎŜǘ ˃ʷ˔ˊʽ ʶˁʶʾ˄ʹ ˍʹ ˋˍʽʴ˃ʺΦ 

¶ expanding()Υ ɮˎˍʺ ʶʾ˄ʰʽ ˃ʽʰ ˉʽˇ ʶ˅ʶ˂ʽʴ˃ʷ˄ʹ ˃ˇˊ˒ʺ ˍ˖˄ ŎǳƳǳƭŀǘƛǾŜ ƻǇŜǊŀǘƛƻƴǎΦ ɳ˄˗ ʹ 

ŎǳƳǎǳƳόύ ˁʱ˄ʶʽ ˃ˈ˄ˇ ʱʻˊˇʽˋ˃ʰΣ ʹ ŜȄǇŀƴŘƛƴƎόύ ˋˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽˌ ˇˉˇʽʰʵʺˉˇˍʶ 

ˉˊʱ˅ʹ όˉΦ˔Φ ƳŜŀƴόύΣ ǎǘŘόύύ ˋʶ ʷ˄ʰ ˉʰˊʱʻˎˊˇ ˉˇˎ ˃ʶʴʰ˂˗˄ʶʽ ˋˎ˄ʶ˔˗ˌΦ 

Tip: ɶ ŜȄǇŀƴŘƛƴƎόύΦƳŜŀƴόύ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʺ ʴʽʰ ˄ʰ ʲ˂ʷˉʶʽˌ ˉ˗ˌ ˋˍʰʻʶˊˇˉˇʽʶʾˍʰʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ʶ˄ˈˌ 

ˉʶʽˊʱ˃ʰˍˇˌ ˁʰʻ˗ˌ ˉˊˇˋˍʾʻʶ˄ˍʰʽ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰΦ 

нΦ ʇˉˇ˂ˇʴʽˋ˃ˇʾ ɾʶˍʰʲˇ˂˗˄ ό5ƛŦŦŜǊŜƴŎŜǎ ϧ {ƘƛŦǘǎύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˃ʰˌ ʲˇʹʻˇˏ˄ ˄ʰ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍˇ Ϧˍ˗ˊʰϦ ˃ʶ ˍˇ Ϧ˔ʻʶˌϦΦ 

¶ diff()Υ ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʰˉˈ˂ˎˍʹ ˃ʶˍʰʲˇ˂ʺΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ɮ˄ ˔ʻʶˌ ʶʾ˔ʰ˃ʶ млл ˉ˖˂ʺˋʶʽˌ ˁʰʽ ˋʺ˃ʶˊʰ мнлΣ ˍˇ ŘƛŦŦόύ ʻʰ ʶˉʽˋˍˊʷ˕ʶʽ 

20. 

¶ pct_change()Υ ɳʾ˄ʰʽ ʹ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʷʻˇʵˇˌ ʴʽʰ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹΦ ɾʶˍʰˍˊʷˉʶʽ ˍʽˌ 

ʰˉˈ˂ˎˍʶˌ ˍʽ˃ʷˌ ˋʶ ˉˇˋˇˋˍʱΣ ˁʱ˄ˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˎʴˁˊʾˋʽ˃ʰΦ ɾʽʰ ʱ˄ˇʵˇˌ млϵ ʷ˔ʶʽ ʱ˂˂ʹ 

ʲʰˊˏˍʹˍʰ ʰ˄ ˍˇ ˉˊˇʿˈ˄ ˁʱ˄ʶʽ мллϵ ˁʰʽ ʱ˂˂ʹ ʰ˄ ˁʱ˄ʶʽ мΦлллϵΦ 

¶ shift()Υ ɺˋ˖ˌ ʹ ˉʽˇ Ϧˉʰˊʶ˅ʹʴʹ˃ʷ˄ʹϦ ʰ˂˂ʱ ˔ˊʺˋʽ˃ʹ ˃ʷʻˇʵˇˌΦ ɲʶ˄ ʰ˂˂ʱʸʶʽ ˍʽˌ ˍʽ˃ʷˌΣ ʰ˂˂ʱ ˍʽˌ 

˃ʶˍʰˁʽ˄ʶʾ. 

o ɱʽʰˍʾ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹΤ ɮ˄ ʻʷ˂ʶʽˌ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽˌ ˁʱˍʽ ˔ʶʽˊˇˁʾ˄ʹˍʰ ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʹ 

ˋʹ˃ʶˊʽ˄ʺ ˍʽ˃ʺ ˃ʶ ˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˋˍʹ˄ ʾʵʽʰ ʴˊʰ˃˃ʺΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˍˇ ǎƘƛŦǘόύ ʴʽʰ ˄ʰ 

˒ʷˊʶʽˌ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ Ϧ˔ʻʶˌϦ ʵʾˉ˂ʰ ˋˍʹ˄ ˍʽ˃ʺ ˍˇˎ Ϧˋʺ˃ʶˊʰϦΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ɛɘəɟɧ DataFrame ɛŮ ŰɟŮɘɠ ůŰɐɚŮɠ əŬɘ 5 ɔɟŬɛɛɏɠ 

data = {  

    'A' :  [ 10 ,  20 ,  15 ,  30 ,  25 ],  

    'B' :  [ 5,  8,  12 ,  10 ,  15 ],  
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    'C' :  [ 100 ,  150 ,  130 ,  200 ,  180 ]  

}  

df = pd . DataFrame ( data ,  index =[ 'Row1' ,  'Row2' ,  'Row3' ,  'Row4' ,  'Row5' ])  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 90 + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ɆɋɅȺɈɇȽȾɃȽ ɈɄɃȿɃũȽɆɀɃȽ (CUMULATIVE OPERATIONS) 

# -------------------------------------------------------------------  

print ( "1. ɆɋɅȺɈɇȽȾɃȽ ɈɄɃȿɃũȽɆɀɃȽ" )  

print ( " - "  *  40)  

 

# 1.1 cumsum() -  ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ ŬɜɎ ůŰɐɚɖ (axis=0, ˊɟɞŮˊɘɚɞɔɐ)  

print ( "1.1 cumsum() -  ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ (ŬɜɎ ůŰɐɚɖ):")  

print ( df . cumsum())  

print ()  

 

# cumsum() ɛŮ axis=1 (ŬɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ ŬɜɎ ɔɟŬɛɛɐ) 

print ( "cumsum(axis=1) -  ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ ŬɜɎ ɔɟŬɛɛɐ:")  

print ( df . cumsum( axis =1))  

print ()  

 

# 1.2 cumprod() -  ȷɗɟɞɘůŰɘəɧ ɔɘɜɧɛŮɜɞ 

print ( "1.2 cumprod() -  ȷɗɟɞɘůŰɘəɧ ɔɘɜɧɛŮɜɞ (ŬɜɎ ůŰɐɚɖ):")  

print ( df . cumprod ())  

print ()  

 

# 1.3 cummax() -  ȷɗɟɞɘůŰɘəɧ ɛɏɔɘůŰɞ 

print ( "1.3 cummax() -  ȷɗɟɞɘůŰɘəɧ ɛɏɔɘůŰɞ (ŬɜɎ ůŰɐɚɖ):")  

print ( df . cummax())  

print ()  

 

# 1.4 cummin() -  ȷɗɟɞɘůŰɘəɧ ŮɚɎɢɘůŰɞ 

print ( "1.4 cummin() -  ȷɗɟɞɘůŰɘəɧ ŮɚɎɢɘůŰɞ (ŬɜɎ ůŰɐɚɖ):")  

print ( df . cummin ())  

print ()  

 

# 1.5 expanding().sum() -  ȷɗɟɞɘůŰɘəɧ ůɨɜɞɚɞ ɛŮ expanding window ( ɑŭɘɞ ɛŮ 

cumsum) 

print ( "1.5 expanding().sum() -  ȷɗɟɞɘůŰɘəɧ ůɨɜɞɚɞ (ɑŭɘɞ ɛŮ cumsum):")  

print ( df . expanding (). sum())  

print ()  

 

# 1.6 expanding().mean() -  ȷɗɟɞɘůŰɘəɧɠ ɛɏůɞɠ ɧɟɞɠ 

print ( "1.6 expanding().mean() -  ȷɗɟɞɘůŰɘəɧɠ ɛɏůɞɠ ɧɟɞɠ:" )  

print ( df . expanding (). mean())  

print ()  

 

print ( " \ n"  + "=" * 90 + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ɈɄɃȿɃũȽɆɀɃȽ ɀȺɇȷȸɃȿɋɁ & ɀȺɇȷɇɃɄȽɆȺɋɁ 

# -------------------------------------------------------------------  

print ("2. ɈɄɃȿɃũȽɆɀɃȽ ɀȺɇȷȸɃȿɋɁ & ɀȺɇȷɇɃɄȽɆȺɋɁ")  

print ( " - "  *  50)  

 

# 2.1 diff() -  ȹɘŬűɞɟɏɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ůŰɞɘɢŮɑɤɜ 

print ( "2.1 diff() -  ȹɘŬűɞɟɎ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɖ ɔɟŬɛɛɐ (periods=1):")  

print ( df . diff ())  

print ()  
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print ( "diff(periods=2) -  ȹɘŬűɞɟɎ Ŭˊɧ ŭɨɞ ɔɟŬɛɛɏɠ ˊɟɘɜ:" )  

print ( df . diff ( periods =2))  

print ()  

 

print ( "diff(axis=1) -  ȹɘŬűɞɟɎ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɖ ůŰɐɚɖ:")  

print ( df . diff ( axis =1))  

print ()  

 

# 2.2 pct_change() -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ 

print ( "2.2 pct_change() -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ Ŭˊɧ ˊɟɞɖɔɞɨɛŮɜɖ ɔɟŬɛɛɐ:")  

print ( df . pct_change ())  

print ()  

 

print ( "pct_change(periods=2) -  ɄɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ Ŭˊɧ ŭɨɞ ɔɟŬɛɛɏɠ ˊɟɘɜ:")  

print ( df . pct_change ( periods =2))  

print ()  

 

# 2.3 shift() -  ɀŮŰŬŰɧˊɘůɖ ŭŮŭɞɛɏɜɤɜ 

print ( "2.3 shift() -  ɀŮŰŬŰɧˊɘůɖ ˊɟɞɠ ŰŬ əɎŰɤ (periods=1, ˊɟɞŮˊɘɚɞɔɐ):")  

print ( df . shift ())  

print ()  

 

print ( "shift(periods= - 1) -  ɀŮŰŬŰɧˊɘůɖ ˊɟɞɠ ŰŬ ˊɎɜɤ:" )  

print ( df . shift ( periods =- 1))  

print ()  

 

print ( "shift(periods=2, axis=1) -  ɀŮŰŬŰɧˊɘůɖ ůŰɖɚɩɜ ˊɟɞɠ ŰŬ ŭŮɝɘɎ:")  

print ( df . shift ( periods =2,  axis =1))  

print ()  

 

print ( " \ n"  + "=" * 90 + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ɄȷɅȷȹȺȽũɀȷ ɆɈɁȹɈȷɆɀɃɈ ɀȺŪɃȹɋɁ 

# -------------------------------------------------------------------  

print ("3. ɆɈɁȹɈȷɆɀɃɆ ɀȺŪɃȹɋɁ (ˊ.ɢ. diff əŬɘ pct_change)")  

print ( " - "  *  50)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɛɘŬ ɢɟɞɜɞůŮɘɟɎ ɔɘŬ ˊɘɞ ɟŮŬɚɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ 

dates = pd . date_range ( '2024 - 01- 01' ,  periods =5,  freq ='D' )  

ts_df = pd . DataFrame ({  

    'Sales' :  [ 200 ,  220 ,  210 ,  240 ,  250 ]  

},  index =dates )  

print ( "ɉɟɞɜɞůŮɘɟɎ ɄɤɚɐůŮɤɜ:" )  

print ( ts_df )  

print ()  

 

# ȼɛŮɟɐůɘŬ ɛŮŰŬɓɞɚɐ ůŮ ŬˊɧɚɡŰɞɡɠ Ŭɟɘɗɛɞɨɠ 

print ( "ȼɛŮɟɐůɘŬ ŭɘŬűɞɟɎ (diff()):" )  

print ( ts_df . diff ())  

print ()  

 

# ȼɛŮɟɐůɘŬ ˊɞůɞůŰɘŬɑŬ ɛŮŰŬɓɞɚɐ 

print ("ȼɛŮɟɐůɘŬ % ɛŮŰŬɓɞɚɐ (pct_change()):")  

print ( ts_df . pct_change ())  

print ()  

 

# ȹɖɛɘɞɡɟɔɑŬ ɛŮŰŬŰɞˊɘůɛɏɜɖɠ ůŰɐɚɖɠ ɔɘŬ ůɨɔəɟɘůɖ 

ts_df [ 'Sales_prev' ]  = ts_df [ 'Sales' ]. shift ( 1)  

print ("Ʉɟɞůɗɐəɖ ůŰɐɚɖɠ ɛŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊɤɚɐůŮɘɠ (shift):")  
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print ( ts_df )  

print ()  

 

# ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ ˊɤɚɐůŮɤɜ 

print ("ȷɗɟɞɘůŰɘəɏɠ ˊɤɚɐůŮɘɠ (cumsum()):")  

print ( ts_df [ 'Sales' ]. cumsum())  

print ()  

 

print ( " \ n"  + "=" * 90 + " \ n" )  

print ( "ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ" )  
ɼΦ 3.4.10Υ ʃʰˊʱʵʶʽʴ˃ʰ ɾʶʻˈʵ˖˄ ʅ˖ˊʶˎˍʽˁ˗˄ ʇˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ ɾʶˍʰʲˇ˂˗˄ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.10. ɾʰʻʹ˃ʰˍʽˁʷˌ ʃˊʱ˅ʶʽˌ ς ɮˊʽʻ˃ʹˍʽˁʷˌ ɾʷʻˇʵˇʽ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

add() 
ʃˊˈˋʻʶˋʹ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-ˋˍˇʽ˔ʶʾˇΦ 
ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ + . 

df.add(1) ̋  df + 1 όˉˊˇˋʻʷˍʶʽ м ˋʶ ˁʱʻʶ 
ˋˍˇʽ˔ʶʾˇύ 

sub() 
ɮ˒ʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-ˋˍˇʽ˔ʶʾˇΦ 
ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ - . 

df.sub([1, 2], axis='columns') όʰ˒ʰʽˊʶʾ м 
ʰˉˈ ˍʹ˄ мʹ ˋˍʺ˂ʹ ˁʰʽ н ʰˉˈ ˍʹ нʹύ 

mul() 
ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-
ˋˍˇʽ˔ʶʾˇΦ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ *  . 

df.mul(10) όˉˇ˂˂ʰˉ˂ʰˋʽʱʸʶʽ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ 
˃ʶ ˍˇ млύ 

div() 
ɲʽʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-ˋˍˇʽ˔ʶʾˇ 
όˁʽ˄ʹˍʺˌ ˎˉˇʵʽʰˋˍˇ˂ʺˌύΦ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ 
ˍˇ˄ ˍʶ˂ʶˋˍʺ /  . 

df.div(10) όʵʽʰʽˊʶʾ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˃ʶ ˍˇ млύ 

truediv() ɮˁˊʽʲ˗ˌ ʾʵʽʰ ˃ʶ ˍʹ˄ div() . df.truediv(10) 

floordiv() 
ɮˁʷˊʰʽʰ ʵʽʰʾˊʶˋʹ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-
ˋˍˇʽ˔ʶʾˇΦ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ //  . 

df.floordiv(3) όʵʽʰʽˊʶʾ ˁʰʽ ˁˊʰˍʱ ˍˇ ʰˁʷˊʰʽˇ 
˃ʷˊˇˌύ 

pow() 
ʈ˕˖ˋʹ ˋʶ ʵˏ˄ʰ˃ʹ ˋˍˇʽ˔ʶʾˇ-ˉˊˇˌ-
ˋˍˇʽ˔ʶʾˇΦ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ **  . 

df.pow(2) όˎ˕˗˄ʶʽ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˋˍˇ 
ˍʶˍˊʱʴ˖˄ˇύ 

mod() 
ʇˉˈ˂ˇʽˉˇ ʵʽʰʾˊʶˋʹˌ όƳƻŘǳƭƻύ ˋˍˇʽ˔ʶʾˇ-
ˉˊˇˌ-ˋˍˇʽ˔ʶʾˇΦ ɹˋˇʵˏ˄ʰ˃ˇ ˃ʶ ˍˇ˄ 
ˍʶ˂ʶˋˍʺ % . 

df.mod(2) όʲˊʾˋˁʶʽ ʰ˄ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ʶʾ˄ʰʽ 
ʱˊˍʽˇ ʺ ˉʶˊʽˍˍˈύ 

abs() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ʰˉˈ˂ˎˍʹ ˍʽ˃ʺ ˁʱʻʶ 
ˋˍˇʽ˔ʶʾˇˎ . 

df.abs() ό˃ʶˍʰˍˊʷˉʶʽ ˈ˂ʶˌ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ 
ˍʽ˃ʷˌ ˋʶ ʻʶˍʽˁʷˌύ 

round() 
ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇ ˋʶ 
ˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ʵʶˁʰʵʽˁ˗˄ 
˕ʹ˒ʾ˖˄ . 

df.round(2) όˋˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ 
ˋʶ н ʵʶˁʰʵʽˁʱύ 

ʃʾ˄ʰˁʰˌ 3.4.11Υ  ɾʷʻˇʵˇʽ ɮˊʽʻ˃ʹˍʽˁ˗˄ ʃˊʱ˅ʶ˖˄ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

ʃʰˊˈ˂ˇ ˉˇˎ ʹ tȅǘƘƻƴ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ˋˎ˃ʲˈ˂˖˄ όˈˉ˖ˌ ҌΣ -Σ ϝύΣ ˇʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ˍʹˌ 

tŀƴŘŀǎ όŀŘŘΣ ǎǳōΣ ˁΦ˂ˉΦύ ˉˊˇˋ˒ʷˊˇˎ˄ ʷ˄ʰ ˁˊʾˋʽ˃ˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰΥ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ fill_value ˁ ʰʽ ˍˇ˄ 

ʷ˂ʶʴ˔ˇ ˍˇˎ ʱ˅ˇ˄ʰ όaxis). 

мΦ ɱʽʰˍʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˍʽˌ ˃ʶʻˈʵˇˎˌ ʰ˄ˍʾ ʴʽʰ ˍʰ ˋˏ˃ʲˇ˂ʰΤ 

ɮ˄ ˉˊˇˋˉʰʻʺˋʶʽˌ ˄ʰ ˉˊˇˋʻʷˋʶʽˌ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ˉˇˎ ʷ˔ˇˎ˄ ˁʶ˄ʷˌ ˍʽ˃ʷˌ όbŀbύ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ 

ˋˏ˃ʲˇ˂ˇ ҌΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ʶʾ˄ʰʽ bŀbΦ ɮ˄ ˈ˃˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ˍʹ˄ ŘŦмΦŀŘŘόŘŦнΣ ŦƛƭƭψǾŀƭǳŜҐлύΣ ʹ 

tŀƴŘŀǎ ʻʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ л ˉˊʽ˄ ̱ ʹ˄ ˉˊʱ˅ʹΣ ˋ˗ʸˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎΦ 

нΦ ɮ˄ʱ˂ˎˋʹ ˍ˖˄ ɾʶʻˈʵ˖˄ 

¶ ɰʰˋʽˁʷˌ ʃˊʱ˅ʶʽˌ 
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¶ add() & sub()Υ ɳˁˍˈˌ ʰˉˈ ʰˉ˂ˇˏˌ ʰˊʽʻ˃ˇˏˌΣ ˃ˉˇˊʶʾˌ ˄ʰ ʰ˒ʰʽˊʷˋʶʽˌ ˃ʽʰ ˇ˂ˈˁ˂ʹˊʹ {ŜǊƛŜǎ 

ʰˉˈ ʷ˄ʰ 5ŀǘŀCǊŀƳŜΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ʻʶˌ ˄ʰ ʰ˒ʰʽˊʷˋʶʽˌ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˁʱʻʶ ˋˍʺ˂ʹˌ ʰˉˈ 

ˍʽˌ ˍʽ˃ʷˌ ˍʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˍˇ ŘŦΦǎǳōόŘŦΦƳŜŀƴόύΣ ŀȄƛǎҐϥŎƻƭǳƳƴǎϥύΦ 

¶ mul() & div()Υ ʃˇ˂ˏ ˔ˊʺˋʽ˃ʶˌ ʴʽʰ ˃ʶˍʰˍˊˇˉʷˌ ˃ˇ˄ʱʵ˖˄ όˉΦ˔Φ ˃ʶˍʰˍˊˇˉʺ ˍʽ˃˗˄ ʰˉˈ ʵˇ˂ʱˊʽʰ 

ˋʶ ʶˎˊ˗ύΦ 

¶ ɳ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ɲʽʰʽˊʷˋʶʽˌ 

¶ floordiv() (//)Υ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʶˌ ˄ʰ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ϦˁˇˎˍʽʱϦ όōƛƴǎύΦ ʃΦ˔Φ 

ŘŦώϥ!ƎŜϥϐΦŦƭƻƻǊŘƛǾόмлύ ʻʰ ˋˇˎ ʵ˗ˋʶʽ ˍʹ ʵʶˁʰʶˍʾʰ ʹ˂ʽˁʾʰˌ όн ʴʽʰ ˍʰ нл-нфΣ о ʴʽʰ ˍʰ ол-39). 

¶ mod() (%)Υ ɹʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ʲˊʶʽˌ ˃ˇˍʾʲʰΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ ˍˇ ƳƻŘόтύ ˃ˉˇˊʶʾ 

˄ʰ ʲˇʹʻʺˋʶʽ ˋˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʶʲʵˇ˃ʰʵʽʰʾ˖˄ ˁˏˁ˂˖˄Φ 

¶ ɾˇˊ˒ˇˉˇʾʹˋʹ ˁʰʽ ɲʽˈˊʻ˖ˋʹ 

¶ abs()Υ ɮˉʰˊʰʾˍʹˍˇ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺΣ ʶʽʵʽˁʱ ˈˍʰ˄ ˎˉˇ˂ˇʴʾʸʶʽˌ ˋ˒ʱ˂˃ʰˍʰ όǊŜǎƛŘǳŀƭǎύΣ ˈˉˇˎ ˃ʰˌ 

ʶ˄ʵʽʰ˒ʷˊʶʽ ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˍʽ˃ʺ ˁʰʽ ˈ˔ʽ ˍˇ ˉˊˈˋʹ˃ˇΦ 

¶ round()Υ ɶ ˍʶ˂ʶˎˍʰʾʰ ˉʽ˄ʶ˂ʽʱ ˉˊʽ˄ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹΦ 

Tip: ɾˉˇˊʶʾˌ ˄ʰ ʵ˗ˋʶʽˌ ˂ʶ˅ʽˁˈ ˋˍʹ˄ ǊƻǳƴŘόύ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʵʶˁʰʵʽˁʱ ʰ˄ʱ ˋˍʺ˂ʹΥ ŘŦΦǊƻǳƴŘόϑϥtǊƛŎŜϥΥ 

2, 'Quantity': 0}). 

оΦ .ǊƻŀŘŎŀǎǘƛƴƎΥ ʃ˗ˌ ʶˎʻˎʴˊʰ˃˃ʾʸˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ʂˍʰ˄ ˁʱ˄ʶʽˌ ˉˊʱ˅ʶʽˌ ˋˍʹ˄ tŀƴŘŀǎΣ ˋˎ˃ʲʰʾ˄ʶʽ ˍˇ ˂ʶʴˈ˃ʶ˄ˇ BroadcastingΦ ɶ ʲʽʲ˂ʽˇʻʺˁʹ ˉˊˇˋˉʰʻʶʾ ˄ʰ 

ˍʰʽˊʽʱ˅ʶʽ ˍʰ ƭŀōŜƭǎ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄Φ ɮ˄ ʷ˄ʰ ƭŀōŜƭ ˎˉʱˊ˔ʶʽ ˋˍˇ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ʰ˂˂ʱ ˈ˔ʽ 

ˋˍˇ ʱ˂˂ˇΣ ʹ tŀƴŘŀǎ ʻʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˃ʽʰ ˄ʷʰ ˋˍʺ˂ʹ ˃ʶ bŀb όʶˁˍˈˌ ʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ˍˇ ŦƛƭƭψǾŀƭǳŜ 

ˉˇˎ ʰ˄ʰ˒ʷˊʰ˃ʶύΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ŬɟɘɗɛɖŰɘəɎ ŭŮŭɞɛɏɜŬ 

# -------------------------------------------------------------------  

print ( "ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame" )  

print ( " - "  *  60)  

 

data = {  

    'A' :  [ 10 ,  - 5,  7,  - 3,  12 ],  

    'B' :  [ 3,  8,  - 2,  5,  0],  

    'C' :  [ 2.5 ,  4.1 ,  6.3 ,  1.2 ,  9.8 ]  

}  

df = pd . DataFrame ( data ,  index =[ 'R1' ,  'R2' ,  'R3' ,  'R4' ,  'R5' ])  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ɄɅɃɆŪȺɆȼ -  add() / +  

# -------------------------------------------------------------------  

print ("1. ɄɅɃɆŪȺɆȼ -  add()" )  

print ( " - "  *  40)  

 

# Ʉɟɞůɗɐəɖ ůŰŬɗŮɟɎɠ ůŮ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ 
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print ( "add(1) -  ˊɟɞůɗɏŰŮɘ 1 ůŮ əɎɗŮ ůŰɞɘɢŮɑɞ:")  

print ( df . add ( 1))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ + : df + 1")  

print ( df + 1)  

print ()  

 

# Ʉɟɞůɗɐəɖ ɚɑůŰŬɠ Űɘɛɩɜ ŬɜɎ ůŰɐɚɖ (ɢɟŮɘɎɕŮŰŬɘ axis='columns' ɐ axis=1) 

print ( "add([1, 2, 3], axis='columns') -  ˊɟɞůɗɏŰŮɘ 1 ůŰɖ ůŰɐɚɖ A, 2 ůŰɖ B, 3 

ůŰɖ C:")  

print ( df . add ([ 1,  2,  3],  axis ='columns' ))  

print ()  

 

# Ʉɟɞůɗɐəɖ ɚɑůŰŬɠ ŬɜɎ ɔɟŬɛɛɐ (axis='index' ɐ axis=0) 

print ( "add([10, 20, 30, 40, 50], axis='index') -  ˊɟɞůɗɏŰŮɘ ŬɜɎ ɔɟŬɛɛɐ:" )  

print ( df . add ([ 10 ,  20 ,  30 ,  40 ,  50 ],  axis ='index' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ȷūȷȽɅȺɆȼ -  sub() / -  

# -------------------------------------------------------------------  

print ("2. ȷūȷȽɅȺɆȼ -  sub()" )  

print ( " - "  *  40)  

 

# ȷűŬɑɟŮůɖ ůŰŬɗŮɟɎɠ 

print ( "sub(5) -  ŬűŬɘɟŮɑ 5 Ŭˊɧ əɎɗŮ ůŰɞɘɢŮɑɞ:")  

print ( df . sub ( 5))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ -  : df -  5" )  

print ( df -  5)  

print ()  

 

# ȷűŬɑɟŮůɖ ɚɑůŰŬɠ ŬɜɎ ůŰɐɚɖ 

print ( "sub([1, 2, 0.5], axis='columns') -  ŬűŬɘɟŮɑ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ŬɜɎ 

ůŰɐɚɖ:")  

print ( df . sub ([ 1,  2,  0.5 ],  axis ='columns' ))  

print ()  

 

# ȷűŬɑɟŮůɖ ŬɜɎ ɔɟŬɛɛɐ 

print ( "sub([100, 200, 300, 400, 500], axis='index') -  ŬűŬɘɟŮɑ ŬɜɎ ɔɟŬɛɛɐ:" )  

print ( df . sub ([ 100 ,  200 ,  300 ,  400 ,  500 ],  axis ='index' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ɄɃȿȿȷɄȿȷɆȽȷɆɀɃɆ -  mul() / *  

# -------------------------------------------------------------------  

print ("3. ɄɃȿȿȷɄȿȷɆȽȷɆɀɃɆ -  mul()" )  

print ( " - "  *  40)  

 

# ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ɛŮ ůŰŬɗŮɟɎ 

print ( "mul(3) -  ˊɞɚɚŬˊɚŬůɘɎɕŮɘ əɎɗŮ ůŰɞɘɢŮɑɞ ɛŮ 3:")  

print ( df . mul ( 3))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ * : df * 3")  

print ( df *  3)  

print ()  

 

# ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ɛŮ ɚɑůŰŬ ŬɜɎ ůŰɐɚɖ 

print ( "mul([2, 5, 10], axis='columns') -  ŭɘŬűɞɟŮŰɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ŬɜɎ 

ůŰɐɚɖ:")  

print ( df . mul ([ 2,  5,  10 ],  axis ='columns' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  
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# 4. ȹȽȷȽɅȺɆȼ -  div() / truediv() / /  

# -------------------------------------------------------------------  

print ( "4. ȹȽȷȽɅȺɆȼ -  div() / truediv()" )  

print ( " - "  *  40)  

 

# ȹɘŬɑɟŮůɖ ɛŮ ůŰŬɗŮɟɎ 

print ( "div(2) -  ŭɘŬɘɟŮɑ əɎɗŮ ůŰɞɘɢŮɑɞ ɛŮ 2:")  

print ( df . div ( 2))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ / : df / 2")  

print ( df /  2)  

print ()  

 

# truediv() ŮɑɜŬɘ ůɡɜɩɜɡɛɞ Űɖɠ div()  

print ( "truediv(2) -  ɑŭɘɞ ŬˊɞŰɏɚŮůɛŬ:" )  

print ( df . truediv ( 2))  

print ()  

 

# ȹɘŬɑɟŮůɖ ɛŮ ɚɑůŰŬ ŬɜɎ ɔɟŬɛɛɐ 

print ( "div([1, 2, 1, 2, 1], axis='index') -  ŭɘŬɑɟŮůɖ ŬɜɎ ɔɟŬɛɛɐ:")  

print ( df . div ([ 1,  2,  1,  2,  1],  axis ='index' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ȷȾȺɅȷȽȷ ȹȽȷȽɅȺɆȼ -  floordiv() / //  

# -------------------------------------------------------------------  

print ( "5. ȷȾȺɅȷȽȷ ȹȽȷȽɅȺɆȼ -  floordiv()" )  

print ( " - "  *  40)  

 

# ȷəɏɟŬɘŬ ŭɘŬɑɟŮůɖ ɛŮ ůŰŬɗŮɟɎ 

print ( "floordiv(3) -  ŬəɏɟŬɘɞ ˊɖɚɑəɞ ŭɘŬɑɟŮůɖɠ ɛŮ 3:")  

print ( df . floordiv ( 3))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ // : df // 3" )  

print ( df //  3)  

print ()  

 

# ȷəɏɟŬɘŬ ŭɘŬɑɟŮůɖ ɛŮ ɚɑůŰŬ ŬɜɎ ůŰɐɚɖ 

print ( "floordiv([2, 3, 4], axis='columns') -  ŬɜɎ ůŰɐɚɖ:" )  

print ( df . floordiv ([ 2,  3,  4],  axis ='columns' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ɈɊɋɆȼ ɆȺ ȹɈɁȷɀȼ -  pow() / **  

# -------------------------------------------------------------------  

print ("6. ɈɊɋɆȼ ɆȺ ȹɈɁȷɀȼ -  pow()" )  

print ( " - "  *  40)  

 

# ȴɣɤůɖ ůŮ ŭɨɜŬɛɖ (ůŰŬɗŮɟɎ) 

print ( "pow(2) -  ɡɣɩɜŮɘ əɎɗŮ ůŰɞɘɢŮɑɞ ůŰɞ ŰŮŰɟɎɔɤɜɞ:")  

print ( df . pow( 2))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ ** : df ** 2")  

print ( df **  2)  

print ()  

 

# ȴɣɤůɖ ůŮ ŭɨɜŬɛɖ ŬɜɎ ůŰɐɚɖ 

print ( "pow([2, 3, 1], axis='columns') -  ŭɘŬűɞɟŮŰɘəɞɑ ŮəɗɏŰŮɠ:" )  

print ( df . pow([ 2,  3,  1],  axis ='columns' ))  

print ()  

 

# Ʉɟɞůɞɢɐ: ŬɟɜɖŰɘəɏɠ ɓɎůŮɘɠ ɛŮ ŭŮəŬŭɘəɧ ŮəɗɏŰɖ ŭɑɜɞɡɜ ɛɘɔŬŭɘəɞɨɠ, ŬɚɚɎ 

ŬˊɞűŮɨɔɞɡɛŮ 

print ( " \ n"  + "=" * 100  + " \ n" )  
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# -------------------------------------------------------------------  

# 7. ɈɄɃȿɃȽɄɃ ȹȽȷȽɅȺɆȼɆ -  mod() / %  

# -------------------------------------------------------------------  

print ( "7. ɈɄɃȿɃȽɄɃ ȹȽȷȽɅȺɆȼɆ -  mod()" )  

print ( " - "  *  40)  

 

# Ɉˊɧɚɞɘˊɞ ŭɘŬɑɟŮůɖɠ ɛŮ ůŰŬɗŮɟɎ 

print ( "mod(3) -  ɡˊɧɚɞɘˊɞ ŭɘŬɑɟŮůɖɠ ɛŮ 3:")  

print ( df . mod( 3))  

print ( " \ nȽůɞŭɨɜŬɛɞ ɛŮ ŰŮɚŮůŰɐ % : df % 3")  

print ( df % 3)  

print ()  

 

# Ɉˊɧɚɞɘˊɞ ɛŮ ɚɑůŰŬ ŬɜɎ ůŰɐɚɖ 

print ( "mod([2, 5, 3], axis='columns') -  ŬɜɎ ůŰɐɚɖ:" )  

print ( df . mod([ 2,  5,  3],  axis ='columns' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 8. ȷɄɃȿɈɇȼ ɇȽɀȼ -  abs()  

# -------------------------------------------------------------------  

print ( "8. ȷɄɃȿɈɇȼ ɇȽɀȼ -  abs()" )  

print ( " - "  *  40)  

 

print ( "abs() -  ŬˊɧɚɡŰɖ Űɘɛɐ əɎɗŮ ůŰɞɘɢŮɑɞɡ:")  

print ( df . abs ())  

print ()  

 

# ɆɖɛŮɑɤůɖ: ɖ abs() ŭŮɜ ɏɢŮɘ ŰŮɚŮůŰɐ, ŮɑɜŬɘ ɛɧɜɞ ɛɏɗɞŭɞɠ. 

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 9. ɆɇɅɃũũɈȿɃɄɃȽȼɆȼ -  round()  

# -------------------------------------------------------------------  

print ( "9. ɆɇɅɃũũɈȿɃɄɃȽȼɆȼ -  round()" )  

print ( " - "  *  40)  

 

print ( "round(1) -  ůŰɟɞɔɔɡɚɞˊɞɑɖůɖ ůŮ 1 ŭŮəŬŭɘəɧ ɣɖűɑɞ:" )  

print ( df . round ( 1))  

print ()  

 

# ɀˊɞɟɞɨɛŮ ɜŬ ɞɟɑůɞɡɛŮ ŭɘŬűɞɟŮŰɘəɧ Ŭɟɘɗɛɧ ŭŮəŬŭɘəɩɜ ŬɜɎ ůŰɐɚɖ 

print ( "round({'A':0, 'B':0, 'C':2}) -  ŭɘŬűɞɟŮŰɘəɎ ŭŮəŬŭɘəɎ ŬɜɎ ůŰɐɚɖ:")  

print ( df . round ({ 'A' : 0,  'B' : 0,  'C' : 2}))  

print ()  

 

# ɉɤɟɑɠ ɧɟɘůɛŬ, ůŰɟɞɔɔɡɚɞˊɞɘŮɑ ůŮ ŬəɏɟŬɘɞ (0 ŭŮəŬŭɘəɎ) 

print ( "round() (default) -  ŬəɏɟŬɘŮɠ Űɘɛɏɠ:" )  

print ( df . round ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 10. ɆɈɁȹɈȷɆɀȺɁȷ ɄȷɅȷȹȺȽũɀȷɇȷ 

# -------------------------------------------------------------------  

print ("10. ɆɈɁȹɈȷɆɀɃɆ ɄɅȷɂȺɋɁ")  

print ( " - "  *  40)  

 

# ȹɖɛɘɞɡɟɔɑŬ ŬɜŰɘɔɟɎűɞɡ ɔɘŬ ˊɟɎɝŮɘɠ 

df2 = df . copy ()  
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# Ʉɟɞůɗɐəɖ ɜɏŬɠ ůŰɐɚɖɠ ɛŮ ɡˊɞɚɞɔɘůɛɞɨɠ 

df2 [ 'D' ]  = df2 [ 'A' ]. add ( df2 [ 'B' ]). mul ( 2). mod( 5)  

print ("ȹɖɛɘɞɡɟɔɑŬ ůŰɐɚɖɠ D = (A + B) * 2 % 5:")  

print ( df2 [[ 'A' ,  'B' ,  'D' ]])  

print ()  

 

# ɉɟɐůɖ round əŬɘ abs ɛŬɕɑ 

df2 [ 'E' ]  = df2 [ 'C' ]. sub ( 5). abs (). round ( 1)  

print ("ɆŰɐɚɖ E = |C -  5| ɛŮ ůŰɟɞɔɔɡɚɞˊɞɑɖůɖ 1 ŭŮəŬŭɘəɧ:")  

print ( df2 [[ 'C' ,  'E' ]])  

print ()  

 

print ( " \ n"  + "=" * 100  + " \ n" )  

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.11Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ɮˊʽʻ˃ʹˍʽˁ˗˄ ʃˊʱ˅ʶ˖˄ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.11. ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ό.ƻƻƭŜŀƴ hǳǘǇǳǘύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɰʰˋʽˁˇʾ ʆʶ˂ʶˋˍʷˌ 
ʅˏʴˁˊʽˋʹˌ 
(<, >, ==, !=, <=, >=) 

ɳ˒ʰˊ˃ˈʸˇˎ˄ ˃ʽʰ ˋˍˇʽ˔ʶʽʰˁʺ 
(element-ǿƛǎŜύ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ 
ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜ ˁʰʽ ˃ʽʰˌ ʱ˂˂ʹˌ 
ʵˇ˃ʺˌ όˉΦ˔Φ ǎŎŀƭŀǊΣ {ŜǊƛŜǎΣ ʱ˂˂ˇ 
5ŀǘŀCǊŀƳŜύΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ 
ʷ˄ʰ ōƻƻƭŜŀƴ 5ŀǘŀCǊŀƳŜ ˈˉˇˎ ˁʱʻʶ 
ˁʶ˂ʾ ʵʶʾ˔˄ʶʽ ʰ˄ ʹ ˋˎ˄ʻʺˁʹ ʽˋ˔ˏʶʽ ʺ 
ˈ˔ʽ . 

ŘŦώŘŦώϥɶ˂ʽˁʾʰϥϐ Ҕ олϐ 
ɳˉʽˋˍˊʷ˒ʶʽ ˃ˈ˄ˇ ˍʽˌ 
ʴˊʰ˃˃ʷˌ ˈˉˇˎ ʹ ˋˍʺ˂ʹ 
ϥɶ˂ʽˁʾʰϥ ʷ˔ʶʽ ˍʽ˃ʺ 
˃ʶʴʰ˂ˏˍʶˊʹ ˍˇˎ олΦ 

eq() (equal) 
ʅˍˇʽ˔ʶʽʰˁˈˌ ʷ˂ʶʴ˔ˇˌ ʽˋˈˍʹˍʰˌΦ 
ɹˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ == . 

df['Marks'].eq(62) 
ɳˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ōƻƻƭŜŀƴ 
{ŜǊƛŜǎ ˉˇˎ ʶʾ˄ʰʽ True ɹ ʽʰ 
ˁʱʻʶ ʴˊʰ˃˃ʺ ˈˉˇˎ ˇ 
ʲʰʻ˃ˈˌ ʶʾ˄ʰʽ снΦ 

ne() (not equal) 
ʅˍˇʽ˔ʶʽʰˁˈˌ ʷ˂ʶʴ˔ˇˌ ʰ˄ʽˋˈˍʹˍʰˌΦ 
ɹˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍˇ˄ ˍʶ˂ʶˋˍʺ != . 

ŘŦώŘŦώϥɼʰˍʱˋˍʰˋʹϥϐΦƴŜόϥɳ˄ʶ
ˊʴˈϥύϐ 
ɳˉʽ˂ʷʴʶʽ ˈ˂ʶˌ ˍʽˌ ʴˊʰ˃˃ʷˌ 
ˈˉˇˎ ʹ ˁʰˍʱˋˍʰˋʹ ʵʶ˄ 
ʶʾ˄ʰʽ ϥɳ˄ʶˊʴˈϥΦ 

gt(), ge(), lt(), le() 

ʅˍˇʽ˔ʶʽʰˁˇʾ ʷ˂ʶʴ˔ˇʽ ʵʽʱˍʰ˅ʹˌΥ 
˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ όgtΣ ҔύΣ ˃ʶʴʰ˂ˏˍʶˊˇ 
ʺ ʾˋˇ όgeΣ ҔҐύΣ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ όlt, <), 
˃ʽˁˊˈˍʶˊˇ ʺ ʾˋˇ όle, <=) . 

ŘŦώŘŦώϥʆʽ˃ʺϥϐΦƎǘόмллύϐ 
ɳˉʽ˂ʷʴʶʽ ʴˊʰ˃˃ʷˌ ˈˉˇˎ ʹ 
ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ 
100. 

isin() 

ɳ˂ʷʴ˔ʶʽ ʰ˄ ˍʰ ˋˍˇʽ˔ʶʾʰ ʶ˄ˈˌ 
5ŀǘŀCǊŀƳŜ ʺ ˃ʽʰˌ {ŜǊƛŜǎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ 
ˋʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˂ʾˋˍʰ ʺ ˋˏ˄ˇ˂ˇ 
ˍʽ˃˗˄ . 

ŘŦώŘŦώϥʃˈ˂ʹϥϐΦƛǎƛƴόώϥɮʻʺ˄ʰϥΣ 
ϥɸʶˋˋʰ˂ˇ˄ʾˁʹϥϐύϐ 
ɳˉʽˋˍˊʷ˒ʶʽ ˈˋʶˌ ʴˊʰ˃˃ʷˌ 
ʷ˔ˇˎ˄ ˉˈ˂ʹ ʶʾˍʶ ϥɮʻʺ˄ʰϥ 
ʶʾˍʶ ϥɸʶˋˋʰ˂ˇ˄ʾˁʹϥΦ 

eq() όˋˏʴˁˊʽˋʹ ˋˍʹ˂˗˄ύ 
ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ 
ˋˍˇʽ˔ʶʽʰˁʺ ˋˏʴˁˊʽˋʹ ʵˏˇ ˋˍʹ˂˗˄ 
ˍˇˎ ʾʵʽˇˎ 5ŀǘŀCǊŀƳŜ . 

ŘŦώϥɮˉˇˍʷ˂ʶˋ˃ʰϥϐ Ґ 
ŘŦώϥʅˍʺ˂ʹмϥϐΦŜǉόŘŦώϥʅˍʺ˂ʹнϥϐ
) 
ɲʹ˃ʽˇˎˊʴʶʾ ˃ʽʰ ˄ʷʰ ˋˍʺ˂ʹ 
ϥɮˉˇˍʷ˂ʶˋ˃ʰϥ ˉˇˎ 
ˉʶˊʽʷ˔ʶʽ True ̍ ˉˇˎ ˇʽ ˍʽ˃ʷˌ 
ˍ˖˄ ʵˏˇ ˋˍʹ˂˗˄ ʶʾ˄ʰʽ ʾˋʶˌΦ 



 

248 
 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

equals() 

ʅˎʴˁˊʾ˄ʶʽ ʵˏˇ ˇ˂ˈˁ˂ʹˊʰ 
5ŀǘŀCǊŀƳŜǎ όʺ {ŜǊƛŜǎύ ʴʽʰ ˄ʰ ʵʶʽ ʰ˄ 
ʶʾ˄ʰʽ h ˁˊʽʲ˗ˌ ʾʵʽʰ, 
ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ 
ʵʶʵˇ˃ʷ˄˖˄Σ ˍ˖˄ ʵʶʽˁˍ˗˄ όƛƴŘŜȄύ ˁʰʽ 
ˍ˖˄ ˇ˄ˇ˃ʱˍ˖˄ ˋˍʹ˂˗˄Φ ɳˉʽˋˍˊʷ˒ʶʽ 
ʷ˄ʰ ˃ˈ˄ˇ ōƻƻƭŜŀƴ όTrue ̋  False) . 

if df1.equals(df2): 
    print("ʆ  h DataFrames 
ʶʾ˄ʰʽ ʾ ʵʽʰ") 

compare() 
ʅˎʴˁˊʾ˄ʶʽ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ˁʰʽ 
ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˄ʷˇ 5ŀǘŀCǊŀƳŜ ˉˇˎ 
ʶˉʽˋʹ˃ʰʾ˄ʶʽ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˍˇˎˌ . 

df1.compare(df2) 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ 
ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˇʽ 
ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ 
ʰˊ˔ʽˁ˗˄ 5ŀǘŀCǊŀƳŜΦ 

any() ˁ ʰʽ all() 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ōƻƻƭŜŀƴ 
ˉʾ˄ʰˁʶˌ όˉΦ˔Φ ʰˉˇˍʷ˂ʶˋ˃ʰ 
ˋˏʴˁˊʽˋʹˌύ ʴʽʰ ˄ʰ ʶ˂ʷʴ˅ˇˎ˄ ʰ˄ 
ˎˉʱˊ˔ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ any() ̋  ʰ˄ 
ˈ˂ʶˌ all() ̌ ʽ ˍʽ˃ʷˌ ʶʾ˄ʰʽ True . 

ƛŦ όŘŦώϥɶ˂ʽˁʾʰϥϐ Ҕ мллύΦŀƴȅόύΥ 
    ǇǊƛƴǘόϦʇˉʱˊ˔ʶʽ ʱˍˇ˃ˇ 
ʱ˄˖ ˍ˖˄ млл ʶˍ˗˄Ϧύ 

str.contains() 

ɾʷʻˇʵˇˌ ʴʽʰ ˋˍʺ˂ʶˌ ǎǘǊƛƴƎΦ ɳ˂ʷʴ˔ʶʽ 
ʰ˄ ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˋʶ ˁʱʻʶ ˁʶ˂ʾ 
ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ˎˉˈˋˍˊ˖˃ʰ όǇŀǘǘŜǊƴύ . 

ŘŦώŘŦώϥʁ˄ˇ˃ʰϥϐΦǎǘǊΦŎƻƴǘŀƛƴǎό
ϥʱ˄˄ʰϥΣ ŎŀǎŜҐCŀƭǎŜύϐ 
ɰˊʾˋˁʶʽ ʴˊʰ˃˃ʷˌ ˈˉˇˎ ˍˇ 
ˈ˄ˇ˃ʰ ˉʶˊʽʷ˔ʶʽ ϥʱ˄˄ʰϥ όˉΦ˔Φ 
ϥɹ˖ʱ˄˄ʰϥΣ ϥɯ˄˄ʰϥύΦ 

str.startswith() /  str.endswit
h() 

ɳ˂ʷʴ˔ʶʽ ʰ˄ ˇʽ ˋˎ˃ʲˇ˂ˇˋʶʽˊʷˌ ˋʶ ˃ʽʰ 
ˋˍʺ˂ʹ ˅ʶˁʽ˄ˇˏ˄ ʺ ˍʶ˂ʶʽ˗˄ˇˎ˄ ˃ʶ ʷ˄ʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˎˉˈˋˍˊ˖˃ʰ . 

ŘŦώŘŦώϥʆʰ˔ˎʵˊˇ˃ʽˁˈˌψɼ˗ʵʽ
ˁʰˌϥϐΦǎǘǊΦǎǘŀǊǘǎǿƛǘƘόϥмϥύϐ 
ɰˊʾˋˁʶʽ ʴˊʰ˃˃ʷˌ ˃ʶ ʆɼ ˉˇˎ 
˅ʶˁʽ˄ʱ ʰˉˈ мΦ 

isna() /  isnull() 

ɳ˄ˍˇˉʾʸʶʽ ˍʽˌ ʶ˂˂ʶʾˉˇˎˋʶˌ ˍʽ˃ʷˌ 
(NaN, NoneύΦ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ 
boolean DataFrame/Series 
ˈˉˇˎ True ̀ ʹ˃ʰʾ˄ʶʽ Ϧ˂ʶʾˉʶʽϦ . 

ŘŦώŘŦώϥɲʽʶˏʻˎ˄ˋʹϥϐΦƛǎƴŀόύϐ 
ɳˉʽˋˍˊʷ˒ʶʽ ʴˊʰ˃˃ʷˌ ˈˉˇˎ 
ʹ ʵʽʶˏʻˎ˄ˋʹ ˂ʶʾˉʶʽΦ 

notna() /  notnull() 

ɳ˄ˍˇˉʾʸʶʽ ˍʽˌ ˃ʹ-ʶ˂˂ʶʾˉˇˎˋʶˌ ˍʽ˃ʷˌΦ 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ōƻƻƭŜŀƴ 
DataFrame/Series 
ˈˉˇˎ True ̀ ʹ˃ʰʾ˄ʶʽ Ϧˎˉʱˊ˔ʶʽ ˍʽ˃ʺϦ . 

df[df['email'].notna()] 
ɳˉʽˋˍˊʷ˒ʶʽ ʴˊʰ˃˃ʷˌ ˈˉˇˎ 
ˎˉʱˊ˔ʶʽ ˁʰˍʰ˔˖ˊʹ˃ʷ˄ˇ 
email. 

query() 

ʃʰˊʷ˔ʶʽ ʷ˄ʰ˄ ˉʽˇ ʶˎʰ˄ʱʴ˄˖ˋˍˇ 
ˍˊˈˉˇ ˒ʽ˂ˍˊʰˊʾˋ˃ʰˍˇˌ ʴˊʰ˃˃˗˄ ˃ʶ 
˔ˊʺˋʹ ˋˏ˄ˍʰ˅ʹˌ ˉˇˎ ˃ˇʽʱʸʶʽ ˃ʶ {v[Φ 
ɶ ˋˎ˄ʻʺˁʹ ʵʾ˄ʶˍʰʽ ˖ˌ ǎǘǊƛƴƎ . 

ŘŦΦǉǳŜǊȅόϥɶ˂ʽˁʾʰ ҔҐ му ŀƴŘ 
ʊˏ˂ˇ ҐҐ Ϧɱˎ˄ʰʾˁʰϦϥύ 
ɳˉʽ˂ʷʴʶʽ ˍʽˌ ʶ˄ʺ˂ʽˁʶˌ 
ʴˎ˄ʰʾˁʶˌΦ 

isin() όʴʽʰ ƛƴŘŜȄύ 
ɾˉˇˊʶʾ ˄ʰ ʶ˂ʷʴ˅ʶʽ ʰ˄ ˇʽ ʶˍʽˁʷˍʶˌ 
όƭŀōŜƭǎύ ˍˇˎ ʶˎˊʶˍʹˊʾˇˎ όƛƴŘŜȄύ 
ʰ˄ʺˁˇˎ˄ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˍʽ˃˗˄ . 

ŘŦΦƛƴŘŜȄΦƛǎƛƴόώϥɱˊʰ˃˃ʺψмϥΣ 
ϥɱˊʰ˃˃ʺψоϥϐύ 
ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ōƻƻƭŜŀƴ 
ŀǊǊŀȅ ʴʽʰ ˍˇ ʰ˄ ˁʱʻʶ ʶˍʽˁʷˍʰ 
ˍˇˎ ʵʶʾˁˍʹ ʶʾ˄ʰʽ ϥɱˊʰ˃˃ʺψмϥ 
ʺ ϥɱˊʰ˃˃ʺψоϥΦ 

ʃʾ˄ʰˁʰˌ 3.4.12Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʽˌ ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ό.ƻƻƭŜŀƴ hǳǘǇǳǘύ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

ʆʶ˂ʶˋˍʷˌ ˁʰʽ ɾʷʻˇʵˇʽ ʅˏʴˁˊʽˋʹˌΥ ɮˎˍʱ ˍʰ ʶˊʴʰ˂ʶʾʰ ʶʾ˄ʰʽ ʹ ʲʱˋʹ ʴʽʰ ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄Υ ˋˇˎ 

ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ˋˎʴˁˊʾ˄ʶʽˌ ʵʶʵˇ˃ʷ˄ʰΣ ˄ʰ ʶ˄ˍˇˉʾʸʶʽˌ ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˉʽ˄ʱˁ˖˄ ˁʰʽ ˄ʰ ʶˁˍʶ˂ʶʾˌ 

ˋˏ˄ʻʶˍˇˎˌ ʶ˂ʷʴ˔ˇˎˌ ˉˇʽˈˍʹˍʰˌΦ 

мΦ ʅˍˇʽ˔ʶʽ˗ʵʹˌ ʅˏʴˁˊʽˋʹ ό9ƭŜƳŜƴǘ-wise) 
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ʂˉ˖ˌ ˁʰʽ ˋˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˉˊʱ˅ʶʽˌΣ ˇʽ ˃ʷʻˇʵˇʽ ŜǉόύΣ ƴŜόύΣ ƎǘόύΣ ˁΦ˂ˉΦ ˉˊˇˋ˒ʷˊˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ʶˎʶ˂ʽ˅ʾʰ 

ʰˉˈ ˍʰ ˋˏ˃ʲˇ˂ʰ όҐҐΣ ΗҐΣ ҔύΣ ʶʽʵʽˁʱ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʶˎʻˎʴˊʰ˃˃ʾˋʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʱ 5ŀǘŀCǊŀƳŜǎΦ 

¶ eq() vs ==Υ ɶ ˔ˊʺˋʹ ˍˇˎ ŘŦмΦŜǉόŘŦнύ ˋˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˇˊʾˋʶʽˌ ˉ˗ˌ ʻʰ ˔ʶʽˊʽˋˍʶʾˌ ˍʰ ˁʶ˄ʱ ʺ ˉ˗ˌ 

ʻʰ ʴʾ˄ʶʽ ʹ ʶˎʻˎʴˊʱ˃˃ʽˋʹ ˍ˖˄ ʰ˅ˈ˄˖˄Φ 

¶ isin()Υ ɳʾ˄ʰʽ ˇ ˉʽˇ ʰˉˇʵˇˍʽˁˈˌ ˍˊˈˉˇˌ ˄ʰ ˁʱ˄ʶʽˌ Ϧ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˂ʾˋˍʰˌϦΦ ɮ˄ˍʾ ʴʽʰ мл 

ʵʽʰ˒ˇˊʶˍʽˁʱ hwΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˌ ˃ʽʰ ˂ʾˋˍʰ ˍʽ˃˗˄Φ 

нΦ ʅˏʴˁˊʽˋʹ ʁ˂ˈˁ˂ʹˊ˖˄ ʃʽ˄ʱˁ˖˄ 

ɳʵ˗ ʹ tŀƴŘŀǎ ˃ʰˌ ʵʾ˄ʶʽ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˍʹ Ϧ˃ʶʴʱ˂ʹ ʶʽˁˈ˄ʰϦΦ 

¶ equals(): ʃˊˇˋˇ˔ʺΗ ʁ ˍʶ˂ʶˋˍʺˌ ҐҐ ˃ʶˍʰ˅ˏ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ʻʰ ˋˇˎ ʶˉʽˋˍˊʷ˕ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ 

ʰˉˈ ¢ǊǳŜκCŀƭǎŜ ʴʽʰ ˁʱʻʶ ˁʶ˂ʾΦ ɮ˄ ʻʷ˂ʶʽˌ ˃ʽʰ ˃ˇ˄ʰʵʽˁʺ ʰˉʱ˄ˍʹˋʹ όɿʰʽ ʺ ʂ˔ʽύ ʴʽʰ ˍˇ ʰ˄ ʵˏˇ 

ˉʾ˄ʰˁʶˌ ʶʾ˄ʰʽ ˇ˂ˈˁ˂ʹˊˇʽ ʾʵʽˇʽΣ ʹ Ŝǉǳŀƭǎόύ ʶʾ˄ʰʽ ʹ ˃ˈ˄ʹ ˂ˏˋʹΦ 

¶ compare()Υ ɴ˄ʰ ˉʰ˄ʾˋ˔ˎˊˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ Ϧ5ŜōǳƎƎƛƴƎϦ ʵʶʵˇ˃ʷ˄˖˄Φ ɮ˄ ʷ˔ʶʽˌ ʵˏˇ ʶˁʵˈˋʶʽˌ ˍˇˎ 

ʾʵʽˇˎ ʰˊ˔ʶʾˇˎ ˁʰʽ ʻʷ˂ʶʽˌ ˄ʰ ʵʶʽˌ ʰˁˊʽʲ˗ˌ ˍʽ ʱ˂˂ʰ˅ʶΣ ʹ ŎƻƳǇŀǊŜόύ ʻʰ ˋˇˎ ʵʶʾ˅ʶʽ ˍʽˌ ˉʰ˂ʽʷˌ ˁʰʽ 

ˍʽˌ ˄ʷʶˌ ˍʽ˃ʷˌ ʵʾˉ˂ʰ-ʵʾˉ˂ʰΦ 

оΦ ɽˇʴʽˁˇʾ ɴ˂ʶʴ˔ˇʽΥ ŀƴȅόύ ˁʰʽ ŀƭƭόύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ Ϧˋˎ˃ˉˎˁ˄˗˄ˇˎ˄Ϧ ōƻƻƭŜŀƴ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

¶ any()Υ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ˎˉʱˊ˔ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ¢ǊǳŜ ˋˍˇ˄ ʱ˅ˇ˄ʰ ˉˇˎ ʶ˅ʶˍʱʸʶʽˌΦ ʋˊʺˋʽ˃ˇ 

ʴʽʰ ˄ʰ ʲˊʶʽˌ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ƻǳǘƭƛŜǊǎ ʺ ˂ʱʻʹΦ 

¶ all()Υ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ˃ˈ˄ˇ ʰ˄ ˈ˂ʰ ̱ ʰ ˋˍˇʽ˔ʶʾʰ ʶʾ˄ʰʽ ¢ǊǳŜΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˄ʰ ʶˉʽʲʶʲʰʽ˗ˋʶʽˌ ˈˍʽ 

ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˇˎ ˉ˂ʹˊˇˏ˄ ˃ʽʰ ˉˊˇːˉˈʻʶˋʹ όˉΦ˔Φ Ϧʶʾ˄ʰʽ ˈ˂ʶˌ ˇʽ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ʶ˄ˍˈˌ ˍˇˎ 

2024;"). 

пΦ ɳ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇʽ ɴ˂ʶʴ˔ˇʽ ό{ǘǊƛƴƎǎ ϧ bǳƭƭǎύ 

¶ str.contains(): ɶ ʵˏ˄ʰ˃ʹ ˍ˖˄ Regular Expressions (Regex). ɾˉˇˊʶʾˌ ˄ʰ ˕ʱ˅ʶʽˌ ʴʽʰ ˋˏ˄ʻʶˍʰ 

˃ˇˍʾʲʰ όˉΦ˔Φ ŜƳŀƛƭǎ ʺ ˍʹ˂ʷ˒˖˄ʰύ ˃ʷˋʰ ˋʶ ˋˍʺ˂ʶˌ ˁʶʽ˃ʷ˄ˇˎΦ 

¶ isna() / notna()Υ ɶ ʲʱˋʹ ˍˇˎ ˁʰʻʰˊʽˋ˃ˇˏ ʵʶʵˇ˃ʷ˄˖˄Φ ʋ˖ˊʾˌ ʰˎˍʱΣ ʵʶ˄ ˃ˉˇˊʶʾˌ ˄ʰ 

ˉˊˇ˔˖ˊʺˋʶʽˌ ˋʶ ˁʰ˃ʾʰ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˁʰʻ˗ˌ ˇʽ ˁʶ˄ʷˌ ˍʽ˃ʷˌ ʰ˂˂ˇʽ˗˄ˇˎ˄ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ 

рΦ ɶ ˃ʷʻˇʵˇˌ ǉǳŜǊȅόύ 

ɶ ǉǳŜǊȅόύ ʶʾ˄ʰʽ ʹ ˉʽˇ Ϧˁˇ˃˕ʺϦ ˃ʷʻˇʵˇˌ ˍʹˌ tŀƴŘŀǎΦ ɳˉʽˍˊʷˉʶʽ ˍʹ ˋˎʴʴˊʰ˒ʺ ˋˎ˄ʻʹˁ˗˄ ˖ˌ ˁʶʾ˃ʶ˄ˇΣ 

ˁʱˍʽ ˉˇˎ ˁʱ˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˄ʰ ʵʽʰʲʱʸʶˍʰʽ ˋʰ˄ ˒ˎˋʽˁʺ ʴ˂˗ˋˋʰ ʺ {v[Φ ɳʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʰˉˇʵˇˍʽˁʺ ˋʶ 

ˉˇ˂ˏ ˃ʶʴʱ˂ʰ 5ŀǘŀCǊŀƳŜǎΦ 

ʅʹ˃ʰ˄ˍʽˁʷˌ ˋʹ˃ʶʽ˗ˋʶʽˌ 

¶ ɮˋʱ˒ʶʽʰ ˋˍʹ ʅˏʴˁˊʽˋʹΥ ɶ tȅǘƘƻƴ ˁʰʽ ʹ tŀƴŘŀǎ ʵʶ˄ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ˇ˂ˈˁ˂ʹˊˇˎ 

ōƻƻƭŜŀƴ 5ŀǘŀCǊŀƳŜ ʺ {ŜǊƛŜǎ όˉΦ˔Φ ŘŦ Ҕ рύ ʰˉʶˎʻʶʾʰˌ ˋʶ ˃ʽʰ ˋˎ˄ʻʺˁʹ ƛŦΣ ʴʽʰˍʾ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂˗˄ ˍʽ˃˗˄ ˁʰʽ ʱˊʰ ʵʽ˒ˇˊˇˏ˃ʶ˄ˇΦ ɱʽʰ ʰˎˍˈ ˍˇ ˂ˈʴˇ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˃ʶʻˈʵˇˎˌ 

ˈˉ˖ˌ ʹ .any() ̋  ʹ .all() ɹ ʽʰ ˄ʰ ˍˇ Ϧˋˎ˃ˉˎˁ˄˗ˋˇˎ˃ʶϦ ˋʶ ˃ʾʰ ˃ˇ˄ʰʵʽˁʺ ōƻƻƭŜŀƴ ˍʽ˃ʺ . 

¶ ʆʶ˂ʶˋˍʺˌ in: ʅʶ ʷ˄ʰ 5ŀǘŀCǊŀƳŜΣ ˇ ˍʶ˂ʶˋˍʺˌ in ʁ ˂ʷʴ˔ʶʽ ʰ˄ ʷ˄ʰ ˈ˄ˇ˃ʰ ˎˉʱˊ˔ʶʽ ˋˍʽˌ ̀ ˍʺ˂ʶˌ ˁ ʰʽ 

ˈ˔ʽ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ϥɶ˂ʽˁʾʰϥ ƛƴ ŘŦ ʁ ˂ʷʴ˔ʶʽ ʰ˄ ˎˉʱˊ˔ʶʽ ˋˍʺ˂ʹ ˃ʶ ˈ˄ˇ˃ʰ ϥɶ˂ʽˁʾʰϥΦ 
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¶ ʅˏʴˁˊʽˋʹ ˃ʶ NaN: ɿʰ ʻˎ˃ʱˋˍʶ ˈˍʽ ʹ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽ˃ʷˌ NaN ̫ ˔ʶʽ ʽʵʽʰʽˍʶˊˈˍʹˍʶˌΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ NaN == NaN ʁ ˉʽˋˍˊʷ˒ʶʽ CŀƭǎŜΦ ɱʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʶ˂˂ʶʽˉˇˎˋ˗˄ ˍʽ˃˗˄ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˉʱ˄ˍʰ ˍʽˌ isna() /  isnull() . 

 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ˊɞɘəɘɚɑŬ ŭŮŭɞɛɏɜɤɜ 

# -------------------------------------------------------------------  

print ( "ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame" )  

print ( " - "  *  70)  

 

data = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ,  'Dimitris' ,  

'Sofia' ,  'John' ,  'Alice' ,  'Bob' ],  

    'Age' :  [ 25 ,  30 ,  28 ,  35 ,  22 ,  27 ,  24 ,  40 ,  31 ,  29 ],  

    'Gender' :  [ 'Female' ,  'Male' ,  'Female' ,  'Male' ,  'Female' ,  'Male' ,  

'Female' ,  'Male' ,  'Female' ,  'Male' ],  

    'City' :  [ 'Athens' ,  'Thessaloniki' ,  'Patras' ,  'Heraklion' ,  'Volos' ,  

'Chania' ,  'Larisa' ,  'London' ,  'Paris' ,  'Tokyo' ],  

    'Salary' :  [ 50000 ,  60000 ,  55000 ,  65000 ,  48000 ,  62000 ,  51000 ,  80000 ,  

75000 ,  70000 ],  

    'Department' :  [ 'Sales' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ,  

'Sales' ,  'HR' ]  

}  

 

# ȺɘůŬɔɤɔɐ ɛŮɟɘəɩɜ ŮɚɚŮɘˊɞɡůɩɜ Űɘɛɩɜ ɔɘŬ ŮˊɑŭŮɘɝɖ isna/notna 

data [ 'Salary' ][ 5]  = np . nan  

data [ 'City' ][ 2]  = np . nan  

 

df = pd . DataFrame ( data ,  index =[ f'Row{i}' for  i in  range ( 1,  11)])  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ Űɨˊɤɜ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ȸȷɆȽȾɃȽ ɇȺȿȺɆɇȺɆ ɆɈũȾɅȽɆȼɆ (>, <, ==, !=, <=, >=) 

# -------------------------------------------------------------------  

print ("1. ȸȷɆȽȾɃȽ ɇȺȿȺɆɇȺɆ ɆɈũȾɅȽɆȼɆ")  

print ( " - "  *  50)  

 

# ɀŮɔŬɚɨŰŮɟɞ Ŭˊɧ 

print ( "df['Age'] > 28:" )  

print ( df [ 'Age' ]  > 28)  

print ()  

 

# ūɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ Űɖ ůɡɜɗɐəɖ 

print ( "df[df['Age'] > 28] ( ɔɟŬɛɛɏɠ ɛŮ Age > 28):" )  

print ( df [ df [ 'Age' ]  > 28 ][[ 'Name' ,  'Age' ]])  

print ()  

 

# ȽůɧŰɖŰŬ 

print ( "df['Gender'] == 'Female':" )  

print ( df [ 'Gender' ]  == 'Female' )  

print ()  

 

# ȹɘɎűɞɟɞ 
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print ( "df[df['Department'] != 'Sales']:" )  

print ( df [ df [ 'Department' ]  !=  ' Sales ' ][[ ' Name' ,  ' Department ' ]])  

print ()  

 

# ɆɡɜŭɡŬůɛɧɠ ůɡɜɗɖəɩɜ ɛŮ & (ȾȷȽ) əŬɘ | (ȼ) 

print ( "df[(df['Age'] >= 30) & (df['Gender'] == 'Male')]:" )  

print ( df [( df [ 'Age' ]  >= 30)  & ( df [ 'Gender' ]  == 'Male' )][[ 'Name' ,  'Age' ,  

'Gender' ]])  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ɀȺŪɃȹɃȽ ɆɈũȾɅȽɆȼɆ (eq, ne, gt, ge, lt, le)  

# -------------------------------------------------------------------  

print ("2. ɀȺŪɃȹɃȽ ɆɈũȾɅȽɆȼɆ")  

print ( " - "  *  50)  

 

# eq() -  ɑůɞ ɛŮ 

print ( "df['Age'].eq(27):" )  

print ( df [ 'Age' ]. eq( 27))  

print ()  

 

# ne() -  ɧɢɘ ɑůɞ 

print ( "df[df['Department'].ne('IT')][['Name', 'Department']]:" )  

print ( df [ df [ 'Department' ]. ne( 'IT' )][[ 'Name' ,  'Department' ]])  

print ()  

 

# gt() -  ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 

print ( "df['Salary'].gt(60000):" )  

print ( df [ 'Salary' ]. gt ( 60000 ))  

print ()  

 

# ge() -  ɛŮɔŬɚɨŰŮɟɞ ɐ ɑůɞ 

print ( "df['Age'].ge(30):" )  

print ( df [ 'Age' ]. ge( 30))  

print ()  

 

# lt() -  ɛɘəɟɧŰŮɟɞ Ŭˊɧ 

print ( "df['Salary'].lt(55000):" )  

print ( df [ 'Salary' ]. lt ( 55000 ))  

print ()  

 

# le() -  ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ 

print ( "df['Age'].le(25):" )  

print ( df [ 'Age' ]. le ( 25))  

print ()  

 

# Ɇɨɔəɟɘůɖ ŭɨɞ ůŰɖɚɩɜ ɛŮ eq (ˊ.ɢ. Age əŬɘ ɛɘŬ ɜɏŬ ůŰɐɚɖ) 

df [ 'Age_copy' ]  = df [ 'Age' ]   # ŭɖɛɘɞɡɟɔɞɨɛŮ ŬɜŰɑɔɟŬűɞ ɔɘŬ ůɨɔəɟɘůɖ 

print ( "df['Age'].eq(df['Age_copy']) -  ůɨɔəɟɘůɖ ůŰɖɚɩɜ:" )  

print ( df [ 'Age' ]. eq( df [ 'Age_copy' ]))  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. isin() -  ȺȿȺũɉɃɆ ɆȺ ȿȽɆɇȷ ɇȽɀɋɁ 

# -------------------------------------------------------------------  

print ( "3. isin()" )  

print ( " - "  *  50)  

 

# ȰɚŮɔɢɞɠ ůŮ ůŰɐɚɖ 
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cities = [ 'Athens' ,  'London' ,  'Paris' ]  

print ( f"df['City'].isin({cities}):" )  

print ( df [ 'City' ]. isin ( cities ))  

print ()  

 

# ūɘɚŰɟɎɟɘůɛŬ ɛŮ isin  

print ( "df[df['City'].isin(cities)][['Name', 'City']]:" )  

print ( df [ df [ 'City' ]. isin ( cities )][[ 'Name' ,  'City' ]])  

print ()  

 

# ȷɜŰɑůŰɟɞűɞ ɛŮ ~ ( ɧɢɘ)  

print ( "df[~df['City'].isin(cities)][['Name', 'City']]:" )  

print ( df [~ df [ 'City' ]. isin ( cities )][[ 'Name' ,  'City' ]])  

print ()  

 

# isin() ɔɘŬ ɏɚŮɔɢɞ index  

print ( "df.index.isin(['Row1', 'Row3', 'Row5']):" )  

print ( df . index . isin ([ 'Row1' ,  'Row3' ,  'Row5' ]))  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. equals() əŬɘ compare() -  ɆɈũȾɅȽɆȼ DATAFRAMES 

# -------------------------------------------------------------------  

print ( "4. equals() əŬɘ compare()" )  

print ( " - "  *  50)  

 

# ȹɖɛɘɞɡɟɔɑŬ ŬɜŰɘɔɟɎűɤɜ 

df1 = df . copy ()  

df2 = df . copy ()  

df2 . loc [ 'Row2' ,  'Age' ]  = 99  # ŬɚɚŬɔɐ ůŮ ɏɜŬ əŮɚɑ 

 

# equals() -  ŮˊɘůŰɟɏűŮɘ ɏɜŬ boolean  

print ( "df1.equals(df1):" ,  df1 . equals ( df1 ))  

print ( "df1.equals(df2):" ,  df1 . equals ( df2 ))  

print ()  

 

# compare() -  ŮˊɘůŰɟɏűŮɘ DataFrame ɛŮ ŭɘŬűɞɟɏɠ 

print ( "df1.compare(df2):" )  

print ( df1 . compare ( df2 ))  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. any() əŬɘ all() -  ȺȿȺũɉɃɆ Boolean ɆɇɃȽɉȺȽɋɁ 

# -------------------------------------------------------------------  

print ( "5. any() əŬɘ all()" )  

print ( " - "  *  50)  

 

# ȰɚŮɔɢɞɠ Ŭɜ ɡˊɎɟɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ɎŰɞɛɞ Ɏɜɤ Űɤɜ 60 

print ( "(df['Age'] > 60).any():" ,  ( df [ 'Age' ]  > 60). any ())  

print ( "(df['Age'] > 40).any():" ,  ( df [ 'Age' ]  > 40). any ())  

print ()  

 

# ȰɚŮɔɢɞɠ Ŭɜ ɧɚŮɠ ɞɘ ɖɚɘəɑŮɠ ŮɑɜŬɘ > 18 

print ( "(df['Age'] > 18).all():" ,  ( df [ 'Age' ]  > 18). all ())  

print ()  

 

# ɆŮ boolean DataFrame ( .́ ɢ. ŬˊɞŰɏɚŮůɛŬ isna)  

print ( "df.isna().any(axis=0) -  ůŰɐɚŮɠ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ NaN:")  

print ( df . isna (). any ( axis =0))  



 

253 
 

print ( "df.isna().all(axis=1) -  ɔɟŬɛɛɏɠ ɛŮ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ NaN (ŭŮɜ ɡˊɎɟɢŮɘ 

əŬɛɑŬ):")  

print ( df . isna (). all ( axis =1))  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ɀȺŪɃȹɃȽ STRING: contains, startswith, endswith  

# -------------------------------------------------------------------  

print ( "6. ɀȺŪɃȹɃȽ STRING")  

print ( " - "  *  50)  

 

# str.contains() -  ˊŮɟɘɏɢŮɘ ɡˊɧůŰɟɤɛŬ (case=False ɔɘŬ ɛɖ ŮɡŬɘůɗɖůɑŬ ˊŮɕɩɜ-

əŮűŬɚŬɑɤɜ)  

print ( "df[df['Name'].str.contains('an', case=False)][['Name']]:" )  

print ( df [ df [ 'Name' ]. str . contains ( 'an' ,  case =False )][[ 'Name' ]])  

print ()  

 

# str.startswith()  

print ( "df[df['City'].str.startswith('L', na=False)][['City']]:" )  

print ( df [ df [ 'City' ]. str . startswith ( 'L' ,  na=False )][[ 'City' ]])  

print ()  

 

# str.endswith()  

print ( "df[df['Name'].str.endswith('a', na=False)][['Name']]:" )  

print ( df [ df [ 'Name' ]. str . endswith ( 'a' ,  na=False )][[ 'Name' ]])  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. isna() / isnull()  əŬɘ  notna() / notnull()  

# -------------------------------------------------------------------  

print ("7. ȰɚŮɔɢɞɠ ŮɚɚŮɘˊɞɡůɩɜ Űɘɛɩɜ")  

print ( " - "  *  50)  

 

# isna()  

print ( "df.isna():" )  

print ( df . isna ())  

print ()  

 

# isnull() ( ɑŭɘɞ ɛŮ isna)  

print ( "df.isnull() ( ɑŭɘɞ):" )  

print ( df . isnull ())  

print ()  

 

# notna()  

print ( "df.notna():" )  

print ( df . notna ())  

print ()  

 

# ūɘɚŰɟɎɟɘůɛŬ ɛŮ isna()  

print ( "df[df['City'].isna()][['Name', 'City']]:" )  

print ( df [ df [ 'City' ]. isna ()][[ 'Name' ,  'City' ]])  

print ()  

 

# ūɘɚŰɟɎɟɘůɛŬ ɛŮ notna()  

print ( "df[df['Salary'].notna()][['Name', 'Salary']]:" )  

print ( df [ df [ 'Salary' ]. notna ()][[ 'Name' ,  'Salary' ]])  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 



 

254 
 

# -------------------------------------------------------------------  

# 8. query() -  ūɘɚŰɟɎɟɘůɛŬ ɛŮ ůɨɜŰŬɝɖ ůŬɜ SQL 

# -------------------------------------------------------------------  

print ( "8. query()" )  

print ( " - "  *  50)  

 

# ȷˊɚɐ ůɡɜɗɐəɖ 

print ( "df.query('Age > 30'):" )  

print ( df . query ( 'Age > 30' )[[ 'Name' ,  'Age' ]])  

print ()  

 

# ɆɡɜŭɡŬůɛɧɠ ůɡɜɗɖəɩɜ 

print ( "df.query('Age >= 25 and Gender == \ "Female \ "'):" )  

print ( df . query ( 'Age >= 25 and Gender == "Female"' )[[ 'Name' ,  'Age' ,  

'Gender' ]])  

print ()  

 

# ɉɟɐůɖ ɛŮŰŬɓɚɖŰɐɠ ɛŮ @ 

threshold = 60000  

print ( f"df.query('Salary > @threshold'):" )  

print ( df . query ( 'Salary > @threshold' )[[ 'Name' ,  'Salary' ]])  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 9. isin() ɔɘŬ index (Űɞ ŮɑŭŬɛŮ ɐŭɖ ůŰɞ 3, ŬɚɚɎ Űɞ ŮˊŬɜŬɚŬɛɓɎɜɞɡɛŮ ɔɘŬ 

ˊɚɖɟɧŰɖŰŬ) 

# -------------------------------------------------------------------  

print ( "9. isin() ɔɘŬ index" )  

print ( " - "  *  50)  

print ( "df.index.isin(['Row1', 'Row4', 'Row7']):" )  

print ( df . index . isin ([ 'Row1' ,  'Row4' ,  'Row7' ]))  

print ()  

 

# -------------------------------------------------------------------  

# 10. ɄȷɅȷȹȺȽũɀȷ ɆɈɁȹɈȷɆɀɃɈ ɀȺŪɃȹɋɁ 

# -------------------------------------------------------------------  

print ("10. ɆɈɁȹɈȷɆɀɃɆ ɀȺŪɃȹɋɁ")  

print ( " - "  *  50)  

 

# ȺɨɟŮůɖ ŬŰɧɛɤɜ ˊɞɡ ŮɑɜŬɘ Ɏɜɤ Űɤɜ 30 əŬɘ ŭŮɜ ŮɑɜŬɘ ůŰɞ Sales 

result = df [( df [ 'Age' ]. gt ( 30))  & ( df [ 'Department' ]. ne( 'Sales' ))]  

print ("ȯŰɞɛŬ >30 əŬɘ ɧɢɘ Sales:")  

print ( result [[ 'Name' ,  'Age' ,  'Department' ]])  

print ()  

 

# ȺɨɟŮůɖ ˊɧɚŮɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 'o' ɐ 'i' ɢɤɟɑɠ ŭɘɎəɟɘůɖ ˊŮɕɩɜ-əŮűŬɚŬɑɤɜ 

pattern_cities = df [ df [ 'City' ]. str . contains ( 'o|i' ,  case =False ,  na=False )]  

print ("ɄɧɚŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 'o' ɐ 'i':")  

print ( pattern_cities [[ 'Name' ,  'City' ]])  

print ()  

 

print ( " \ n"  + "=" * 100  + " \ n" )  

print ( "ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ" )  
ɼΦ 3.4.12Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʴʽʰ ˍʽˌ ʅ˔ʷˋʶʽˌ ʅˏʴˁˊʽˋʹˌ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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3.4.12. ɾˇ˄ʰʵʽˁʷˌ ʆʽ˃ʷˌ ϧ ʅˎ˔˄ˈˍʹˍʶˌ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

unique() 

ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ όŀǊǊŀȅύ 
˃ʶ ˍʽˌ ˃ˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ ˃ʽʰˌ 
ˋˍʺ˂ʹˌ ό{ŜǊƛŜǎύΦ ɲʶ˄ ʶˉʽˋˍˊʷ˒ʶʽ 
ˋˎ˔˄ˈˍʹˍʶˌΣ ˃ˈ˄ˇ ˍʽˌ ˍʽ˃ʷˌΦ 

ŘŦώϥʋˊ˗˃ʰϥϐΦǳƴƛǉǳŜόύ 
ɳˉʽˋˍˊʷ˒ʶʽΥ ώϥɼˈˁˁʽ˄ˇϥ ϥɾˉ˂ʶϥ 
ϥʃˊʱˋʽ˄ˇϥϐ  

nunique() 

ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ h ˊʽʻ˃ˈ (integer) 
ˍ˖˄ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ ˋʶ ˃ʽʰ 
ˋˍʺ˂ʹ ʺ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ 
5ŀǘŀCǊŀƳŜΦ ɶ 
ˉʰˊʱ˃ʶˍˊˇˌ dropna=False ̀ ˎ˃ˉ
ʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ bŀbΦ 

ŘŦώϥʋˊ˗˃ʰϥϐΦƴǳƴƛǉǳŜόύ 
ɳˉʽˋˍˊʷ˒ʶʽΥ 3 
 
df.nunique() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˃ˇ˄ʰʵʽˁ˗˄ 
ˍʽ˃˗˄ ʴʽʰ ˁʱʻʶ ˋˍʺ˂ʹΦ  

value_counts() 

ʇˉˇ˂ˇʴʾʸʶʽ ˃ʽʰ ˋˎ˔˄ˈˍʹˍʰ 
όŦǊŜǉǳŜƴŎȅ ǘŀōƭŜύΦ ɳˉʽˋˍˊʷ˒ʶʽ 
˃ʽʰ {ŜǊƛŜǎ ˃ʶ ˍʽˌ ˃ˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ 
˖ˌ ʵʶʾˁˍʹ όƛƴŘŜȄύ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ 
ʶ˃˒ʱ˄ʽˋʺˌ ˍˇˎˌ ˖ˌ ˍʽ˃ʷˌΦ 
ɲʽʰʻʷˍʶʽ ˉʰˊʰ˃ʷˍˊˇˎˌ 
ˈˉ˖ˌ normalize=True ɹ ʽʰ 
ˋ˔ʶˍʽˁʷˌ ˋˎ˔˄ˈˍʹˍʶˌ 
όˉˇˋˇˋˍʱύΣ sort=False, dropna=F
alse. 

ŘŦώϥʋˊ˗˃ʰϥϐΦǾŀƭǳŜψŎƻǳƴǘǎόύ 
ɳˉʽˋˍˊʷ˒ʶʽΥ 
ɾˉ˂ʶ мн 
ɼˈˁˁʽ˄ˇ у 
ʃˊʱˋʽ˄ˇ р 
 
ŘŦώϥʋˊ˗˃ʰϥϐΦǾŀƭǳŜψŎƻǳƴǘǎόƴƻǊƳŀƭƛ
ze=True) 
ɳˉʽˋˍˊʷ˒ʶʽ ˉˇˋˇˋˍʱΦ  

groupby().size() ̋  groupb
y().count() 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ 
˃ˇ˄ʰʵʽˁ˗˄ ˋˎ˄ʵˎʰˋ˃˗˄ ˍʽ˃˗˄ 
ʰˉˈ ɻ ˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ 
ˋˍʺ˂ʶˌ ˁ ʰʽ ˍʹ˄ ˁʰˍʰ˃ʷˍˊʹˋʹ ˍʹˌ 
ˋˎ˔˄ˈˍʹˍʱˌ ˍˇˎˌΦ 
ɶ size() ʁ ˉʽˋˍˊʷ˒ʶʽ ˍˇ ˉ˂ʺʻˇˌ 
ˁʱʻʶ ˇ˃ʱʵʰˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ 
ˎˉˈ˕ʹ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ bŀb ό˖ˌ 
˅ʶ˔˖ˊʽˋˍʺ ˇ˃ʱʵʰύΦ 
ɶ count() h ˉˇˁ˂ʶʾʶʽ ˍʽˌ bŀbΦ 

ŘŦΦƎǊƻǳǇōȅόώϥɳˉ˗˄ˎ˃ˇϥΣ 
ϥʂ˄ˇ˃ʰϥϐύΦǎƛȊŜόύΦǊŜǎŜǘψƛƴŘŜȄόƴŀƳŜ
Ґϥʅˎ˔˄ˈˍʹˍʰϥύ 
ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˄ʷˇ 5ŀǘŀCǊŀƳŜ ˃ʶ 
ˋˍʺ˂ʶˌΥ ɳˉ˗˄ˎ˃ˇΣ ʂ˄ˇ˃ʰΣ 
ʅˎ˔˄ˈˍʹˍʰΦ  

pd.crosstab() 

ʅˎ˄ʱˊˍʹˋʹ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 
ʶ˄ˈˌ ˉʾ˄ʰˁʰ ʵʽʰˋˍʰˏˊ˖ˋʹˌ 
(cross-ǘŀōǳƭŀǘƛƻƴύΣ ˉˇˎ 
ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ ˋˎ˔˄ˈˍʹˍʰ 
ʶ˃˒ʱ˄ʽˋʹˌ ˍ˖˄ ˋˎ˄ʵˎʰˋ˃˗˄ 
ˍʽ˃˗˄ ˃ʶˍʰ˅ˏ ʵˏˇ ʺ 
ˉʶˊʽˋˋˈˍʶˊ˖˄ ˋˍʹ˂˗˄Φ ɳʾ˄ʰʽ ˉʽˇ 
ˁˇ˄ˍʱ ˋˍʹ˄ ʷ˄˄ˇʽʰ ˍˇˎ ϦǇƛǾƻǘ 
ǘŀōƭŜϦ ʴʽʰ ˋˎ˔˄ˈˍʹˍʶˌΦ 

ǇŘΦŎǊƻǎǎǘŀōόŘŦώϥʊˏ˂ˇϥϐΣ 
ŘŦώϥʋˊ˗˃ʰϥϐύ 
ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˈˉˇˎ ˇʽ 
ʴˊʰ˃˃ʷˌ ʶʾ˄ʰʽ ˍʰ ˃ˇ˄ʰʵʽˁʱ 
ϥʊˏ˂ˇϥΣ ˇʽ ˋˍʺ˂ʶˌ ˍʰ ˃ˇ˄ʰʵʽˁʱ 
ϥʋˊ˗˃ʰϥΣ ˁʰʽ ˍʰ ˁʶ˂ʽʱ ˉʶˊʽʷ˔ˇˎ˄ 
ˍˇ ˉ˂ʺʻˇˌ ʶ˃˒ʱ˄ʽˋʹˌΦ  

describe() 

ʃʰˊʷ˔ʶʽ ˃ʽʰ ʴˊʺʴˇˊʹ ˋˏ˄ˇ˕ʹ 
ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɱʽʰ ˋˍʺ˂ʶˌ ˃ʶ 
ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ όƻōƧŜŎǘύ ʺ 
ˁʰˍʹʴˇˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ 
ʶˉʽˋˍˊʷ˒ʶʽΥ count, unique, top (
ʹ ˉʽˇ ˋˎ˔˄ʺ ˍʽ˃ʺύ ˁʰʽ freq όʹ 
ˋˎ˔˄ˈˍʹˍʰ ˍʹˌ ˉʽˇ ˋˎ˔˄ʺˌ 
ˍʽ˃ʺˌύΦ 

df['ʋˊ˗˃ʰ'].describe() 
ɳˉʽˋˍˊʷ˒ʶʽ: 
count 25 
unique 3 
top ɾˉ˂ʶ 
freq 12  

ʃʾ˄ʰˁʰˌ 3.4.13Υ  ɾʷʻˇʵˇʽ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʶ˅ʶˍʱʸˇˎ˃ʶ ˍʽˌ ˃ʶʻˈʵˇˎˌ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌΦ ɮˎˍʷˌ ˇʽ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ʶʾ˄ʰʽ ˍʰ Ϧ˃ʱˍʽʰϦ ˃ʰˌ ˈˍʰ˄ ˉˊˇˋˉʰʻˇˏ˃ʶ ˄ʰ ˁʰˍʰ˂ʱʲˇˎ˃ʶ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˁʰʽ ˍʹ˄ ˉˇʽˁʽ˂ʾʰ ˍ˖˄ 

ˁʰˍʹʴˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ʃˈ˂ʶʽˌΣ ʃˊˇʿˈ˄ˍʰΣ ɼʰˍʹʴˇˊʾʶˌύΦ 

мΦ ɾˇ˄ʰʵʽˁʷˌ ʆʽ˃ʷˌΥ ǳƴƛǉǳŜόύ ˁʰʽ ƴǳƴƛǉǳŜόύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ˃ʰˌ ˂ʷ˄ʶ Ϧˍʽ ˎˉʱˊ˔ʶʽϦ ˁʰʽ Ϧˉˈˋʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˊʱʴ˃ʰˍʰ ˎˉʱˊ˔ˇˎ˄Ϧ ˋˍʹ ˋˍʺ˂ʹ ˃ʰˌΦ 

¶ unique()Υ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ NumPy arrayΦ ɳʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ˈˍʰ˄ ʻʷ˂ʶʽˌ ˄ʰ ʵʶʽˌ ʴˊʺʴˇˊʰ ʰ˄ 

ˎˉʱˊ˔ˇˎ˄ ˇˊʻˇʴˊʰ˒ʽˁʱ ˂ʱʻʹ όˉΦ˔Φ ˄ʰ ʵʶʽˌ Ϧɮʻʺ˄ʰϦ ˁʰʽ Ϧɮʻʹ˄ʰϦ ˖ˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʽ˃ʷˌύΦ 

¶ nunique()Υ ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ˄ ʰˊʽʻ˃ˈΦ ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇ ʴʽʰ ˄ʰ ʶ˂ʷʴ˅ʶʽˌ ʰ˄ ˃ʽʰ ˋˍʺ˂ʹ 

˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ʶˏˋʶʽ ˖ˌ ϦtǊƛƳŀǊȅ YŜȅϦ όʰ˄ ˇ ʰˊʽʻ˃ˈˌ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ ʽˋˇˏˍʰʽ ˃ʶ ˍˇ˄ 

ʰˊʽʻ˃ˈ ˍ˖˄ ʴˊʰ˃˃˗˄ύΦ 

нΦ ʅˎ˔˄ˈˍʹˍʶˌΥ ǾŀƭǳŜψŎƻǳƴǘǎόύ 

ɮˎˍʺ ʶʾ˄ʰʽ ʾˋ˖ˌ ʹ ˉʽˇ ʰʴʰˉʹ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ʰ˄ʰ˂ˎˍ˗˄Φ ɾʶˍʰˍˊʷˉʶʽ ˃ʽʰ ˋˍʺ˂ʹ ˋʶ ʷ˄ʰ ʴˊʺʴˇˊˇ 

ˋˍʰˍʽˋˍʽˁˈ ʵʶ˂ˍʾˇΦ 

¶ normalize=TrueΥ ɮ˄ˍʾ ʴʽʰ ʰˉˈ˂ˎˍʰ ˄ˇˏ˃ʶˊʰ όмлΣ нлΣ олύΣ ˋˇˎ ʵʾ˄ʶʽ ˉˇˋˇˋˍʱ όлΦмΣ лΦнΣ лΦоύΦ 

ɳʾ˄ʰʽ ˇ ˉʽˇ ʴˊʺʴˇˊˇˌ ˍˊˈˉˇˌ ˄ʰ ˉʶʽˌ Ϧʆˇ пл҈ ˍ˖˄ ˉ˖˂ʺˋʶ˖˄ ʶʾ˄ʰʽ ʰˉˈ ˍˇ ɾˉ˂ʶ ˔ˊ˗˃ʰϦΦ 

¶ sort=TrueΥ ɮˉˈ ˉˊˇʶˉʽ˂ˇʴʺΣ ʹ tŀƴŘŀǎ ʲʱʸʶʽ ˍʹ˄ ˉʽˇ ˋˎ˔˄ʺ ˍʽ˃ʺ ˉˊ˗ˍʹΦ ɮˎˍˈ ˋʶ ʲˇʹʻʱ ˄ʰ 

ʶ˄ˍˇˉʾˋʶʽˌ ʰ˃ʷˋ˖ˌ ˍˇˎˌ Ϧˉˊ˖ˍʰʴ˖˄ʽˋˍʷˌϦ ˍˇˎ ŘŀǘŀǎŜǘ ˋˇˎΦ 

оΦ ʅˏ˄ʻʶˍʶˌ ʅˎ˔˄ˈˍʹˍʶˌΥ ƎǊƻǳǇōȅόύ ˁʰʽ ǇŘΦŎǊƻǎǎǘŀōόύ 

ʂˍʰ˄ ʹ ˃ʾʰ ˋˍʺ˂ʹ ʵʶ˄ ʰˊˁʶʾ ˁʰʽ ʻʷ˂ʶʽˌ ˄ʰ ʵʶʽˌ ˉ˗ˌ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ʵˏˇ ˃ʶˍʰʲ˂ʹˍʷˌΦ 

¶ groupby().size()Υ ʅˇˎ ʵʶʾ˔˄ʶʽ ˉˈˋʶˌ ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˁʱʻʶ ˋˎ˄ʵˎʰˋ˃ˈˌΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ʃˈˋˇʽ Ϧʃʰˉʰʵˈˉˇˎ˂ˇʽϦ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ Ϧɱʽʱ˄˄ʹˌϦΦ 

¶ pd.crosstab()Υ ɳʾ˄ʰʽ ʹ Ϧʲʰˋʾ˂ʽˋˋʰϦ ˍʹˌ ˋˏʴˁˊʽˋʹˌ ˁʰˍʹʴˇˊʽ˗˄Φ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʵˏˇ 

ʵʽʰˋˍʱˋʶ˖˄ ˉˇˎ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ ʶˏˁˇ˂ˇ ˄ʰ ʵʽʰʲʰˋˍʶʾ ʰˉˈ ʷ˄ʰ˄ ʰˉ˂ˈ ˁʰˍʱ˂ˇʴˇΦ 

o ʃʰˊʱʵʶʽʴ˃ʰΥ ɴ˄ʰˌ ˉʾ˄ʰˁʰˌ ˈˉˇˎ ˇʽ ʴˊʰ˃˃ʷˌ ʶʾ˄ʰʽ Ϧɯ˄ʵˊʶˌκɱˎ˄ʰʾˁʶˌϦ ˁʰʽ ˇʽ ˋˍʺ˂ʶˌ 

ϦƛtƘƻƴŜκ!ƴŘǊƻƛŘϦΦ ʆʰ ˁʶ˂ʽʱ ʻʰ ˋˇˎ ˉˇˎ˄ ʰˁˊʽʲ˗ˌ ˉˈˋˇʽ ʰ˄ʺˁˇˎ˄ ˋʶ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰΦ 

пΦ ŘŜǎŎǊƛōŜόύ ʴʽʰ ɼʰˍʹʴˇˊʽˁʱ ɲʶʵˇ˃ʷ˄ʰ 

ʃˇ˂˂ˇʾ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʹ˄ ŘŜǎŎǊƛōŜόύ ˃ˈ˄ˇ ʴʽʰ ʰˊʽʻ˃ˇˏˌ ό˃ʷˋˇˌ ˈˊˇˌΣ ˁΦ˂ˉΦύΦ ʂ˃˖ˌΣ ʰ˄ ˍʹ˄ 

ʶ˒ʰˊ˃ˈˋʶʽˌ ˋʶ ˋˍʺ˂ʹ ˃ʶ ˁʶʾ˃ʶ˄ˇΣ ˋˇˎ ʵʾ˄ʶʽ п ˁˊʾˋʽ˃ʰ ˋˍˇʽ˔ʶʾʰΥ 

1. countΥ ʃˈˋʶˌ ˃ʹ-ˁʶ˄ʷˌ ˍʽ˃ʷˌ ˎˉʱˊ˔ˇˎ˄Φ 

2. uniqueΥ ʃˈˋʶˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌΦ 

3. topΥ ʃˇʽʰ ʶʾ˄ʰʽ ʹ ʶˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺ όˍˇ ϦƳƻŘŜϦύΦ 

4. freqΥ ʃˈˋʶˌ ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʹ ʶˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺΦ 

 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  
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# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ əŬŰɖɔɞɟɘəɏɠ əŬɘ ŬɟɘɗɛɖŰɘəɏɠ ůŰɐɚŮɠ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  70)  

 

# ɇɡɢŬɑŮɠ Űɘɛɏɠ ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ 

# ɇɡɢŬɑŮɠ Űɘɛɏɠ ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ 

np . random . seed ( 42)  

 

data = {  

    'Color' :  np . random . choice ([ 'Red' ,  'Blue' ,  'Green' ,  'Yellow' ],  size =20 ,  

p=[ 0.4 ,  0.3 ,  0.2 ,  0.1 ]),  

    'Size' :  np . random . choice ([ 'S' ,  'M' ,  'L' ,  'XL' ],  size =20),  

    'Price' :  np . random . randint ( 10 ,  100 ,  size =20). astype ( float ),    # < --  

ȹɘɧɟɗɤůɖ Ůŭɩ 

    'Category' :  np . random . choice ([ 'A' ,  'B' ,  'C' ],  size =20),  

    'InStock' :  np . random . choice ([ True ,  False ],  size =20),  

    'Customer' :  np . random . choice ([ 'John' ,  'Anna' ,  'George' ,  'Eleni' ,  

'Nikos' ],  size =20)  

}  

# ȺɘůŬɔɤɔɐ ɛŮɟɘəɩɜ NaN 

data [ 'Color' ][ 5]  = np . nan  

data [ 'Size' ][ 10 ]  = np . nan  

data [ 'Price' ][ 15 ]  = np . nan   # ɇɩɟŬ ŭɞɡɚŮɨŮɘ ɢɤɟɑɠ ůűɎɚɛŬ 

 

df = pd . DataFrame ( data )  

print ( "ȷɟɢɘəɧ DataFrame ( ˊɟɩŰŮɠ 10 ɔɟŬɛɛɏɠ):" )  

print ( df . head ( 10))  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ ůŰɖɚɩɜ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. unique() -  ɀɞɜŬŭɘəɏɠ Űɘɛɏɠ ɛɘŬɠ ůŰɐɚɖɠ (ŮˊɘůŰɟɏűŮɘ array) 

# -------------------------------------------------------------------  

print ( "1. unique()" )  

print ( " - "  *  50)  

 

# unique() ůŮ əŬŰɖɔɞɟɘəɐ ůŰɐɚɖ 

unique_colors = df [ 'Color' ]. unique ()  

print ( "df['Color'].unique():" )  

print ( unique_colors )  

print ( "ɇɨˊɞɠ ŮˊɘůŰɟɞűɐɠ:" ,  type ( unique_colors ))  

print ()  

 

# unique() ůŮ ŬɟɘɗɛɖŰɘəɐ ůŰɐɚɖ (Ŭɜ əŬɘ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

əŬŰɖɔɞɟɘəɏɠ) 

unique_prices = df [ 'Price' ]. unique ()  

print ( "df['Price'].unique() ( ɛŮɟɘəɏɠ Űɘɛɏɠ):" )  

print ( unique_prices [: 5],  "..." )   # ŭŮɑɢɜɞɡɛŮ ɛɧɜɞ Űɘɠ ˊɟɩŰŮɠ 5 

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. nunique() -  Ʉɚɐɗɞɠ ɛɞɜŬŭɘəɩɜ Űɘɛɩɜ 

# -------------------------------------------------------------------  

print ( "2. nunique()" )  

print ( " - "  *  50)  

 

# Ʉɚɐɗɞɠ ɛɞɜŬŭɘəɩɜ ůŮ ɛɘŬ ůŰɐɚɖ (ˊɟɞŮˊɘɚɞɔɐ dropna=True) 

print ( "df['Color'].nunique() (dropna=True):" ,  df [ 'Color' ]. nunique ())  
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print ( "df['Color'].nunique(dropna=False) ( ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ NaN):" ,  

df [ 'Color' ]. nunique ( dropna =False ))  

print ()  

 

# nunique() ůŮ ɧɚɞ Űɞ DataFrame  

print ( "df.nunique() ( ŬɜɎ ůŰɐɚɖ, dropna=True):" )  

print ( df . nunique ())  

print ()  

 

print ( "df.nunique(dropna=False):" )  

print ( df . nunique ( dropna =False ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. value_counts() -  ɄɑɜŬəŬɠ ůɡɢɜɞŰɐŰɤɜ 

# -------------------------------------------------------------------  

print ( "3. value_counts()" )  

print ( " - "  *  50)  

 

# ȷˊɚɐ əŬŰŬɛɏŰɟɖůɖ 

print ( "df['Color'].value_counts():" )  

print ( df [ 'Color' ]. value_counts ())  

print ()  

 

# ɆɡɛˊŮɟɑɚɖɣɖ NaN 

print ( "df['Color'].value_counts(dropna=False):" )  

print ( df [ 'Color' ]. value_counts ( dropna =False ))  

print ()  

 

# ɆɢŮŰɘəɏɠ ůɡɢɜɧŰɖŰŮɠ (ˊɞůɞůŰɎ)  

print ( "df['Color'].value_counts(normalize=True):" )  

print ( df [ 'Color' ]. value_counts ( normalize =True ))  

print ()  

 

# ɇŬɝɘɜɧɛɖůɖ əŬŰɎ ŬɚűŬɓɖŰɘəɐ ůŮɘɟɎ (ɧɢɘ əŬŰɎ ůɡɢɜɧŰɖŰŬ) 

print ( "df['Color'].value_counts(sort=False):" )  

print ( df [ 'Color' ]. value_counts ( sort =False ))  

print ()  

 

# value_counts() ůŮ ŬɟɘɗɛɖŰɘəɐ ůŰɐɚɖ (ɔɑɜɞɜŰŬɘ ɞɛɎŭŮɠ ŬɜɎ Űɘɛɐ) 

print ( "df['Price'].value_counts().head():" )  

print ( df [ 'Price' ]. value_counts (). head ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. groupby().size() əŬɘ groupby().count() -  ɆɡɢɜɧŰɖŰŮɠ ůɡɜŭɡŬůɛɩɜ 

# -------------------------------------------------------------------  

print ( "4. groupby().size() əŬɘ groupby().count()" )  

print ( " - "  *  50)  

 

# groupby().size() -  ŮˊɘůŰɟɏűŮɘ Series ɛŮ ˊɚɐɗɞɠ ɔɟŬɛɛɩɜ ŬɜɎ ɞɛɎŭŬ 

(ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ NaN ɤɠ ɞɛɎŭŬ) 

print ( "df.groupby(['Color', 'Size']).size():" )  

print ( df . groupby ([ 'Color' ,  'Size' ]). size ())  

print ()  

 

# ũɘŬ əŬɚɨŰŮɟɖ ˊŬɟɞɡůɑŬůɖ, ɛŮŰŬŰɟɞˊɐ ůŮ DataFrame 

size_df = df . groupby ([ 'Color' ,  'Size' ]). size (). reset_index ( name='Count' )  

print ( "ɋɠ DataFrame ɛŮ reset_index():" )  

print ( size_df )  

print ()  
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# groupby().count() -  ŮˊɘůŰɟɏűŮɘ DataFrame ɛŮ ˊɚɐɗɞɠ ɛɖ-əŮɜɩɜ Űɘɛɩɜ ŬɜɎ 

ůŰɐɚɖ ɔɘŬ əɎɗŮ ɞɛɎŭŬ. 

# ũɘŬ ɜŬ ˊɎɟɞɡɛŮ Űɞ ˊɚɐɗɞɠ Űɤɜ ɔɟŬɛɛɩɜ (ɧˊɤɠ size) ɛˊɞɟɞɨɛŮ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ɞˊɞɘŬŭɐˊɞŰŮ ůŰɐɚɖ. 

print ("df.groupby(['Color', 'Size']).count() (ŮˊɘůŰɟɏűŮɘ ˊɞɚɚɏɠ ůŰɐɚŮɠ):")  

print ( df . groupby ([ 'Color' ,  'Size' ]). count ())  

print ()  

 

# Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ ůŰɐɚɖ, ˊ.ɢ. 'Price', ɔɘŬ ɜŬ ˊɎɟɞɡɛŮ Űɞ count 

(ɑŭɘɞ ɛŮ size ŬɚɚɎ ŬɔɜɞŮɑ NaN ůŰɖɜ Price) 

print ( "df.groupby(['Color', 'Size'])['Price'].count():" )  

print ( df . groupby ([ 'Color' ,  'Size' ])[ 'Price' ]. count ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. pd.crosstab() -  ɄɑɜŬəŬɠ ŭɘŬůŰŬɨɟɤůɖɠ 

# -------------------------------------------------------------------  

print ( "5. pd.crosstab()" )  

print ( " - "  *  50)  

 

# ȷˊɚɧɠ ˊɑɜŬəŬɠ ŭɘŬůŰŬɨɟɤůɖɠ ɛŮŰŬɝɨ ŭɨɞ ůŰɖɚɩɜ 

crosstab_result = pd . crosstab ( df [ 'Color' ],  df [ 'Size' ])  

print ( "pd.crosstab(df['Color'], df['Size']):" )  

print ( crosstab_result )  

print ()  

 

# Ʉɟɞůɗɐəɖ ˊŮɟɘɗɤɟɑɤɜ (ůɨɜɞɚŬ)  

crosstab_margins = pd . crosstab ( df [ 'Color' ],  df [ 'Size' ],  margins =True ,  

margins_name =' Ɇɨɜɞɚɞ' )  

print ( "ɀŮ margins=True:" )  

print ( crosstab_margins )  

print ()  

 

# ȾŬɜɞɜɘəɞˊɞɑɖůɖ (ˊɞůɞůŰɎ)  

crosstab_norm = pd . crosstab ( df [ 'Color' ],  df [ 'Size' ],  normalize ='index' )   # 

ŬɜɎ ɔɟŬɛɛɐ 

print ( "normalize='index' ( ˊɞůɞůŰɎ ŬɜɎ ɔɟŬɛɛɐ):" )  

print ( crosstab_norm . round ( 2))  

print ()  

 

crosstab_norm_col = pd . crosstab ( df [ 'Color' ],  df [ 'Size' ],  

normalize ='columns' )  

print ( "normalize='columns' ( ˊɞůɞůŰɎ ŬɜɎ ůŰɐɚɖ):" )  

print ( crosstab_norm_col . round ( 2))  

print ()  

 

# Crosstab ɛŮ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ (ŮˊɘůŰɟɏűŮɘ DataFrame ɛŮ MultiIndex) 

crosstab_3d = pd . crosstab ([ df [ 'Color' ],  df [ 'Size' ]],  df [ 'Category' ])  

print ( "pd.crosstab([df['Color'], df['Size']], df['Category']):" )  

print ( crosstab_3d )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. describe() ɔɘŬ əŬŰɖɔɞɟɘəɏɠ ůŰɐɚŮɠ 

# -------------------------------------------------------------------  

print ("6. describe() ɔɘŬ əŬŰɖɔɞɟɘəɏɠ ůŰɐɚŮɠ")  

print ( " - "  *  50)  

 

# ũɘŬ əŬŰɖɔɞɟɘəɐ ůŰɐɚɖ (object ɐ category), ɖ describe() ŮˊɘůŰɟɏűŮɘ: 

# count, unique, top, freq  
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print ( "df['Color'].describe():" )  

print ( df [ 'Color' ]. describe ())  

print ()  

 

# ũɘŬ ɧɚŮɠ Űɘɠ ůŰɐɚŮɠ, ɖ describe() ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ɛɧɜɞ ŬɟɘɗɛɖŰɘəɏɠ, ŮəŰɧɠ 

Ŭɜ ŭɖɚɤɗŮɑ include='all' 

print ("df.describe(include='all') (ˊŮɟɘɚŬɛɓɎɜŮɘ əŬŰɖɔɞɟɘəɏɠ):")  

print ( df . describe ( include ='all' ). T)   # .T ɔɘŬ əŬɚɨŰŮɟɖ ŮɛűɎɜɘůɖ 

print ()  

 

# ũɘŬ ɜŬ ŭɞɨɛŮ ɛɧɜɞ əŬŰɖɔɞɟɘəɏɠ: include=['object', 'category'] 

print ( "df.describe(include=['object', 'bool']):" )  

print ( df . describe ( include =[ 'object' ,  'bool' ]))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. ɄɟɧůɗŮŰɞ: value_counts() ɔɘŬ ˊɞɚɚɏɠ ůŰɐɚŮɠ (ɛŮ groupby) 

# -------------------------------------------------------------------  

print ("7. value_counts() ɔɘŬ ˊɞɚɚɏɠ ůŰɐɚŮɠ (ɘůɞŭɨɜŬɛɞ groupby().size())")  

print ( " - "  *  50)  

 

# ɆŰɘɠ ůɨɔɢɟɞɜŮɠ ŮəŭɧůŮɘɠ pandas, ɖ value_counts() ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ůŮ 

DataFrame  

print ( "df[['Color', 'Size']].value_counts():" )  

print ( df [[ 'Color' ,  'Size' ]]. value_counts ())  

print ()  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.13Υ ʃʰˊʱʵʶʽʴ˃ʰ ɾʶʻˈʵ˖˄ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɾˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ʅˎ˔˄ˈˍʹˍʰˌ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

 

3.4.13. ɾʷʻˇʵˇʽ ɼʶʽ˃ʷ˄ˇˎ όǎǘǊ ŀŎŎŜǎǎƻǊύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɾʶˍʰˍˊˇˉʺ 
ɼʶ˒ʰ˂ʰʾ˖˄κʃʶʸ˗˄ 
(Case Conversion) 

  

lower() 
ɾʶˍʰˍˊʷˉʶʽ ˈ˂ˇˎˌ ˍˇˎˌ 
˔ʰˊʰˁˍʺˊʶˌ ˋʶ ˉʶʸˇˏˌΦ 

ŘŦώϥʂ˄ˇ˃ʰϥϐΦǎǘǊΦƭƻǿŜǊόύ  

upper() 
ɾʶˍʰˍˊʷˉʶʽ ˈ˂ˇˎˌ ˍˇˎˌ 
˔ʰˊʰˁˍʺˊʶˌ ˋʶ ˁʶ˒ʰ˂ʰʾˇˎˌΦ 

ŘŦώϥʋ˗ˊʰϥϐΦǎǘǊΦǳǇǇŜǊόύ  

capitalize() 
ɼʱ˄ʶʽ ˍˇ˄ ˉˊ˗ˍˇ ˔ʰˊʰˁˍʺˊʰ 
ˁʶ˒ʰ˂ʰʾˇ ˁʰʽ ˍˇˎˌ 
ˎˉˈ˂ˇʽˉˇˎˌ ˉʶʸˇˏˌΦ 

ŘŦώϥʃʶˊʽʴˊʰ˒ʺϥϐΦǎǘǊΦŎŀǇƛǘŀƭƛȊŜόύ  

title() 
ɼʱ˄ʶʽ ˍˇ ˉˊ˗ˍˇ ʴˊʱ˃˃ʰ ˁʱʻʶ 
˂ʷ˅ʹˌ ˁʶ˒ʰ˂ʰʾˇΦ 

ŘŦώϥɲʽʶˏʻˎ˄ˋʹϥϐΦǎǘǊΦǘƛǘƭŜόύ  

swapcase() 
ɮ˂˂ʱʸʶʽ ˍˇˎˌ ˉʶʸˇˏˌ ˋʶ 
ˁʶ˒ʰ˂ʰʾˇˎˌ ˁʰʽ ˍˇˎˌ 
ˁʶ˒ʰ˂ʰʾˇˎˌ ˋʶ ˉʶʸˇˏˌΦ 

ŘŦώϥɼʶʾ˃ʶ˄ˇϥϐΦǎǘǊΦǎǿŀǇŎŀǎŜόύ  

ɮ˒ʰʾˊʶˋʹ ϧ 
ʅˎ˃ˉ˂ʺˊ˖ˋʹ ɼʶ˄˗˄ 
(Whitespace 
Removal & Padding) 
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strip() 
ɮ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ όǿƘƛǘŜǎǇŀŎŜύ 
ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˁʰʽ ˍˇ ˍʷ˂ˇˌ 
ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

ŘŦώϥʂ˄ˇ˃ʰϥϐΦǎǘǊΦǎǘǊƛǇόύ  

lstrip() 
ɮ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ ˃ˈ˄ˇ ʰˉˈ 
ˍʹ˄ ʰˊ˔ʺ όʰˊʽˋˍʶˊʱύ ˍʹˌ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

ŘŦώϥʋˊʺˋˍʹˌϥϐΦǎǘǊΦƭǎǘǊƛǇόύ  

rstrip() 
ɮ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ ˃ˈ˄ˇ ʰˉˈ ˍˇ 
ˍʷ˂ˇˌ όʵʶ˅ʽʱύ ˍʹˌ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

ŘŦώϥʅ˔ˈ˂ʽˇϥϐΦǎǘǊΦǊǎǘǊƛǇόύ  

pad() 

ʃˊˇˋʻʷˍʶʽ ˔ʰˊʰˁˍʺˊʶˌ όʰˉˈ 
ˉˊˇʶˉʽ˂ˇʴʺ ˁʶ˄ʱύ ˋˍʹ˄ 
ʰˊʽˋˍʶˊʺΣ ʵʶ˅ʽʱ ʺ ˁʰʽ ˋˍʽˌ 
ʵˏˇ ˉ˂ʶˎˊʷˌ ˃ʷ˔ˊʽ ˄ʰ ˒ˍʱˋʶʽ 
ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ʺˁˇˌΦ 

df['ɼ˖ʵʽˁˈˌ'].str.pad(width=10, 
side='left', fillchar='0')  

center() 
ɼʶ˄ˍˊʱˊʶʽ ˍʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 
ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˔ʰˊʰˁˍʺˊʶˌ 
όˉΦ˔Φ ˁʶ˄ʱύ ʶˁʰˍʷˊ˖ʻʶ˄Φ 

df['ʆʾˍ˂ˇˌ'].str.center(20, '-')  

zfill() 
ʅˎ˃ˉ˂ʹˊ˗˄ʶʽ ˍʹ˄ ʰˊʽˋˍʶˊʺ 
ˉ˂ʶˎˊʱ ˍʹˌ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌ 
˃ʶ ˃ʹʵʶ˄ʽˁʱΦ 

ŘŦώϥʆʰ˔ˎʵˊˇ˃ʽˁˈˌψɼ˗ʵʽˁʰˌϥϐΦǎǘǊΦȊŦƛƭƭόрύ  

ɲʽʰ˔˖ˊʽˋ˃ˈˌ ϧ 
ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ 
(Splitting & 
Replacing) 

  

split(pat, expand) 

ɲʽʰ˔˖ˊʾʸʶʽ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˃ʶ ʲʱˋʹ ʷ˄ʰ 
ʵʽʰ˔˖ˊʽˋˍʽˁˈ όǇŀǘύΦ 
ɮ ˄expand=True, ʁ ˉʽˋˍˊʷ˒ʶʽ 
DataFrame. 

df[['ʂ˄ˇ˃ʰ', 'ɳˉʾʻʶˍˇ']] = 
df['ʃ˂ʺˊʶˌ_ʂ˄ˇ˃ʰ'].str.split(' ', 
expand=True)  

rsplit(pat, expand) 
ʂ˃ˇʽˇ ˃ʶ ˍˇ ǎǇƭƛǘΣ ʰ˂˂ʱ 
˅ʶˁʽ˄ʱ ʰˉˈ ˍʰ ʵʶ˅ʽʱΦ 

df['ɲʽʰʵˊˇ˃ʺ'].str.rsplit('/', n=1, 
expand=True)  

replace(pat, repl, 
regex) 

ɮ˄ˍʽˁʰʻʽˋˍʱ ʷ˄ʰ ˃ˇˍʾʲˇ όǇŀǘύ 
˃ʶ ˃ʽʰ ʱ˂˂ʹ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 
όǊŜǇƭύΦ ʇˉˇˋˍʹˊʾʸʶʽ ˁʰ˄ˇ˄ʽˁʷˌ 
ʶˁ˒ˊʱˋʶʽˌ όǊŜƎŜȄύΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].str.replace('/', '-', 
regex=False)  

repeat(repeats) 
ɳˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 
ʰˊʽʻ˃ˈ ˒ˇˊ˗˄Φ 

ŘŦώϥɮˋˍʶˊʾˋˁˇˌϥϐΦǎǘǊΦǊŜǇŜŀǘόоύ І ˉΦ˔Φ ˍˇ ϥ!ϥ 
ʴʾ˄ʶˍʰʽ ϥ!!!ϥ  

cat(sep, na_rep) 
ʅˎ˄ʶ˄˗˄ʶʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˃ʽʰˌ 
ˋʶʽˊʱˌ ό{ŜǊƛŜǎύ ˋʶ ˃ʽʰ ʶ˄ʽʰʾʰ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

df['ɽʷ˅ʹ'].str.cat(sep=', ')  

get_dummies() 

ɲʽʰ˔˖ˊʾʸʶʽ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˋʶ 
˕ʶˎʵˇ˃ʶˍʰʲ˂ʹˍʷˌ όŘǳƳƳȅ 
variables). 

df['ʋˊ˗˃ʰ'].str.get_dummies(sep=',')  

ɳ˅ʰʴ˖ʴʺ ϧ 
ɮ˄ʰʸʺˍʹˋʹ ˃ʶ 
ɼʰ˄ˇ˄ʽˁʷˌ 
ɳˁ˒ˊʱˋʶʽˌ όwŜƎŜȄύ 
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extract(pat, expand) 
ɳ˅ʱʴʶʽ ˇ˃ʱʵʶˌ ʰˉˈ ˃ʽʰ 
ˁʰ˄ˇ˄ʽˁʺ ʷˁ˒ˊʰˋʹ όǇŀǘύ ˖ˌ 
˄ʷʶˌ ˋˍʺ˂ʶˌΦ 

ŘŦώώϥʃˈ˂ʹϥΣ ϥʆɼϥϐϐ Ґ 
ŘŦώϥʆˇˉˇʻʶˋʾʰϥϐΦǎǘǊΦŜȄǘǊŀŎǘόǊϥόΦҌύΣ ό\d{5})')  

extractall(pat) 

ɳ˅ʱʴʶʽ ˈ˂ʶˌ ˍʽˌ ˇ˃ʱʵʶˌ ʰˉˈ 
ˁʱʻʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ όˈˍʰ˄ 
ʷ˄ʰ ˃ˇˍʾʲˇ ʶ˃˒ʰ˄ʾʸʶˍʰʽ 
ˉˇ˂˂ʷˌ ˒ˇˊʷˌύΦ 

df['ʅʹ˃ʶʽ˗ˋʶʽˌ'].str.extractall(r'#(\w+)')  

contains(pat, case, 
regex) 

ɳ˂ʷʴ˔ʶʽ ʰ˄ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇ όǇŀǘύΦ 
ɳˉʽˋˍˊʷ˒ʶʽ ōƻƻƭŜŀƴ {ŜǊƛŜǎΦ 

df[df['ʅ˔ˈ˂ʽˇ'].str.contains('ˁ ʰ˂ˈˌ', 
case=False)]  

match(pat) 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˅ ʶˁʽ˄ʱ ˃ ʶ ʷ˄ʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇ όǇŀǘύΦ 

ŘŦώϥɼ˖ʵʽˁˈˌψʃˊˇʿˈ˄ˍˇˌϥϐΦǎǘǊΦƳŀǘŎƘόǊϥϣώ!-
Z]{3}')  

findall(pat) 
ɰˊʾˋˁʶʽ ˈ˂ʶˌ ˍʽˌ ʶ˃˒ʰ˄ʾˋʶʽˌ 
ʶ˄ˈˌ ˃ˇˍʾʲˇˎ όǇŀǘύ ˋʶ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

ŘŦώϥɼʶʾ˃ʶ˄ˇϥϐΦǎǘǊΦŦƛƴŘŀƭƭόǊϥ\d+') І ɰˊʾˋˁʶʽ 
ˈ˂ˇˎˌ ˍˇˎˌ ʰˊʽʻ˃ˇˏˌ  

count(pat) 
ɾʶˍˊʱʶʽ ˉˈˋʶˌ ˒ˇˊʷˌ 
ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʷ˄ʰ ˃ˇˍʾʲˇ όǇŀǘύ 
ˋʶ ˁʱʻʶ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

df['ʃʶˊʾˇʵˇˌ'].str.count(r';')  

ɴ˂ʶʴ˔ˇʽ 
ʃʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ϧ 
ɾʺˁˇˌ 

  

len() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ ˃ʺˁˇˌ όʰˊʽʻ˃ˈ 
˔ʰˊʰˁˍʺˊ˖˄ύ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

df['ʅ˔ˈ˂ʽˇ'].str.len().max()  

startswith(pat) 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˅ʶˁʽ˄ʱ ˃ʶ ʷ˄ʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇΦ 

df['ʋ˗ˊʰ'].str.startswith('ɳ'˂)  

endswith(pat) 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˍʶ˂ʶʽ˗˄ʶʽ ˃ʶ 
ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇˍʾʲˇΦ 

df['Email'].str.endswith('.gr')  

isalnum() 

ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ 
ʰ˂˒ʰˊʽʻ˃ʹˍʽˁˇʾ όʴˊʱ˃˃ʰˍʰ ʺ 
ʰˊʽʻ˃ˇʾύΦ 

ŘŦώϥɼ˖ʵʽˁˈˌϥϐΦǎǘǊΦƛǎŀƭƴǳƳόύ  

isalpha() 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ 
ʰ˂˒ʰʲʹˍʽˁˇʾΦ 

ŘŦώϥʂ˄ˇ˃ʰϥϐΦǎǘǊΦƛǎŀƭǇƘŀόύ  

isdigit() 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ ʰˊʽʻ˃ˇʾΦ 

ŘŦώϥɶ˂ʽˁʾʰψ˖ˌψˁʶʾ˃ʶ˄ˇϥϐΦǎǘǊΦƛǎŘƛƎƛǘόύ  

isnumeric() 

ʃʰˊˈ˃ˇʽˇ ˃ʶ ˍˇ isdigitΣ ʰ˂˂ʱ 
ʰ˄ʰʴ˄˖ˊʾʸʶʽ ˁʰʽ ʱ˂˂ˇˎˌ 
ʰˊʽʻ˃ʹˍʽˁˇˏˌ ˔ʰˊʰˁˍʺˊʶˌ 
όˉΦ˔Φ ˁ˂ʱˋ˃ʰˍʰύΦ 

ŘŦώϥʃˇˋˈˍʹˍʰϥϐΦǎǘǊΦƛǎƴǳƳŜǊƛŎόύ  

isspace() 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ ˁʶ˄ʱ 
(whitespace). 

ŘŦώϥɼʶ˄ʺψʅˍʺ˂ʹϥϐΦǎǘǊΦƛǎǎǇŀŎŜόύ  

islower() 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ ˉʶʸˇʾΦ 

ŘŦώϥʁʵʹʴʾʰϥϐΦǎǘǊΦƛǎƭƻǿŜǊόύ  
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

isupper() 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ˈ˂ˇʽ ˇʽ 
˔ʰˊʰˁˍʺˊʶˌ ʶʾ˄ʰʽ ˁʶ˒ʰ˂ʰʾˇʽΦ 

ŘŦώϥʆʾˍ˂ˇˌϥϐΦǎǘǊΦƛǎǳǇǇŜǊόύ  

istitle() 

ɳ˂ʷʴ˔ʶʽ ʰ˄ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ʷ˔ʶʽ ˃ˇˊ˒ʺ 
ˍʾˍ˂ˇˎ όˁʱʻʶ ˂ʷ˅ʹ ˅ʶˁʽ˄ʱ ˃ʶ 
ˁʶ˒ʰ˂ʰʾˇύΦ 

ŘŦώϥɰʽʲ˂ʾˇϥϐΦǎǘǊΦƛǎǘƛǘƭŜόύ  

ɮ˄ʰʸʺˍʹˋʹ ˃ʶ 
ɳˎˊʶˍʺˊʽˇ 
(Indexing) 

  

get(i) 

ʃʰʾˊ˄ʶʽ ˍˇ ˋˍˇʽ˔ʶʾˇ ˋˍʹ 
ʻʷˋʹ i h ˉˈ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ όʰ˄ ʹ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ʶʾ˄ʰʽ ˂ʾˋˍʰ ʺ 
ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʹύΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦǎǘǊΦǎǇƭƛǘόϥ-').str.get(1) # 
ʃʰʾˊ˄ʶʽ ˍˇ˄ ˃ʺ˄ʰ  

find(sub) 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ ˔ʰ˃ʹ˂ˈˍʶˊʹ 
ʻʷˋʹ όƛƴŘŜȄύ ˈˉˇˎ ʲˊʷʻʹˁʶ 
ˍ ̌subΣ ʺ -м ʰ˄ ʵʶ˄ ʲˊʷʻʹˁʶΦ 

ŘŦώϥɼʶʾ˃ʶ˄ˇϥϐΦǎǘǊΦŦƛƴŘόϥˋˉˇˎʵʰʾˇˌϥύ  

rfind(sub) 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ 
ʻʷˋʹ όƛƴŘŜȄύ ˈˉˇˎ ʲˊʷʻʹˁʶ 
ˍ ̌subΣ ʺ -м ʰ˄ ʵʶ˄ ʲˊʷʻʹˁʶΦ 

ŘŦώϥɼʶʾ˃ʶ˄ˇϥϐΦǎǘǊΦǊŦƛƴŘόϥˍʷ˂ˇˌϥύ  

index(sub) 
ʃʰˊˈ˃ˇʽˇ ˃ʶ ˍˇ findΣ ʰ˂˂ʱ 
ʶˉʽˋˍˊʷ˒ʶʽ ValueError h ˄ ʵʶ˄ 
ʲˊʶʻʶʾ ˍˇ ˃ˇˍʾʲˇΦ 

ŘŦώϥɮ˄ʰʴ˄˖ˊʽˋˍʽˁˈϥϐΦǎǘǊΦƛƴŘŜȄόϥ·ϥύ  

rindex(sub) 
ʃʰˊˈ˃ˇʽˇ ˃ʶ ˍˇ rfindΣ ʰ˂˂ʱ 
ʶˉʽˋˍˊʷ˒ʶʽ ValueError h ˄ ʵʶ˄ 
ʲˊʶʻʶʾ ˍˇ ˃ˇˍʾʲˇΦ 

ŘŦώϥɮ˄ʰʴ˄˖ˊʽˋˍʽˁˈϥϐΦǎǘǊΦǊƛƴŘŜȄόϥ·ϥύ  

slice(start, stop) 
ɼˈʲʶʽ όǎƭƛŎŜύ ˁʱʻʶ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱΦ 

ŘŦώϥʋˊˈ˄ˇˌϥϐΦǎǘǊΦǎƭƛŎŜόлΣ пύ І ʃʰʾˊ˄ʶʽ ˍˇˎˌ 
ˉˊ˗ˍˇˎˌ п ˔ʰˊʰˁˍʺˊʶˌ όʷˍˇˌύ  

slice_replace(start, 
stop, repl) 

ɮ˄ˍʽˁʰʻʽˋˍʱ ʷ˄ʰ ˍ˃ʺ˃ʰ ˍʹˌ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱˌΦ 

df['ʆʹ˂ʷ˒˖˄ˇ'].str.slice_replace(0, 3, 
'***')   

ʃʾ˄ʰˁʰˌ 3.4.14Υ ɾʷʻˇʵˇʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁ˗˄ όɼʶʽ˃ʷ˄ˇˎύ ˋˍʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

 

ɮˎˍʺ ʶʾ˄ʰʽ ʹ ˉʽˇ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˂ʾˋˍʰ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍˇ˄ ˔ʶʽˊʽˋ˃ˈ ˁʶʽ˃ʷ˄ˇˎ όString Methodsύ ˋˍʹ˄ 

tŀƴŘŀǎΦ ʂˍʰ˄ ʶˊʴʰʸˈ˃ʰˋˍʶ ˃ʶ ʵʶʵˇ˃ʷ˄ʰΣ ˇʽ ˋˍʺ˂ʶˌ ˍˏˉˇˎ ƻōƧŜŎǘ όˁʶʾ˃ʶ˄ˇύ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ˇʽ ˉʽˇ 

ϦʰˁʰˍʱˋˍʰˍʶˌϦΦ ɶ ˉˊˈˋʲʰˋʹ ˋʶ ʰˎˍʷˌ ˍʽˌ ˃ʶʻˈʵˇˎˌ ʴʾ˄ʶˍʰʽ ˉʱ˄ˍʰ ˃ʷˋ˖ ˍˇˎ .str accessor. 

мΦ ɼʰʻʰˊʽˋ˃ˈˌ ˁʰʽ ɾˇˊ˒ˇˉˇʾʹˋʹ ό/ŀǎŜ ϧ ²ƘƛǘŜǎǇŀŎŜύ 

ɮˎˍʷˌ ˇʽ ˃ʷʻˇʵˇʽ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˋˍˇ Data Cleaning. 

¶ strip()Υ ɮˉʰˊʰʾˍʹˍʹ ˃ʶˍʱ ʰˉˈ ʶʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ /{± ʺ 9ȄŎŜƭΦ ʅˎ˔˄ʱ ˎˉʱˊ˔ˇˎ˄ 

ˁˊˎ˃˃ʷ˄ʰ ˁʶ˄ʱ όˉΦ˔Φ Ϧɮʻʺ˄ʰ Ϧύ ˉˇˎ ʶ˃ˉˇʵʾʸˇˎ˄ ˍʰ ˒ʾ˂ˍˊʰ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄Φ 

¶ capitalize() vs title()Υ ʋˊʹˋʽ˃ˇˉˇʾʹˋʶ ˍʹ˄ ǘƛǘƭŜόύ ʴʽʰ ˇ˄ˇ˃ʰˍʶˉ˗˄ˎ˃ʰ ʺ ʵʽʶˎʻˏ˄ˋʶʽˌ ˁʰʽ ˍʹ˄ 

ŎŀǇƛǘŀƭƛȊŜόύ ʴʽʰ ˉˊˇˍʱˋʶʽˌΦ 

¶ zfill()Υ ɶ ˁʰ˂ˏˍʶˊʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˍʹ ʵʽˈˊʻ˖ˋʹ ˁ˖ʵʽˁ˗˄ ʺ ʆɼΦ ɮ˄ ʷ˄ʰˌ ʆɼ ʶʾ˄ʰʽ мропΣ ˍˇ ȊŦƛƭƭόрύ 

ʻʰ ˍˇ˄ ˁʱ˄ʶʽ лмропΦ 

нΦ ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˁʰʽ ɳ˅ʰʴ˖ʴʺ ό{ǇƭƛǘǘƛƴƎ ϧ wŜƎŜȄύ 
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ɳʵ˗ ˃ʶˍʰˍˊʷˉˇˎ˃ʶ ˃ʽʰ ˋˍʺ˂ʹ ˋʶ ˉˇ˂˂ʷˌΣ ʶ˅ʱʴˇ˄ˍʰˌ ˍʹ˄ ˇˎˋʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΦ 

¶ split(expand=True)Υ ɮ˄ ʷ˔ʶʽˌ ˃ʽʰ ˋˍʺ˂ʹ Ϧʁ˄ˇ˃ʰˍʶˉ˗˄ˎ˃ˇϦΣ ˃ʶ ʰˎˍʺ ˍʹ ˃ʷʻˇʵˇ ˍʹ ˋˉʰˌ ˋʶ 

ʵˏˇ ʰˎˍˈ˄ˇ˃ʰ ˉʶʵʾʰΦ 

¶ extract(): ʃʰ˄ʾˋ˔ˎˊˇ ʶˊʴʰ˂ʶʾˇΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ɼʰ˄ˇ˄ʽˁʷˌ ɳˁ˒ˊʱˋʶʽˌ όwŜƎŜȄύΣ ˃ˉˇˊʶʾˌ ˄ʰ 

Ϧˍˊʰʲʺ˅ʶʽˌϦ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˃ˇˍʾʲʰΣ ˈˉ˖ˌ ŜƳŀƛƭǎ ʺ ˍʹ˂ʷ˒˖˄ʰΣ ˃ʷˋʰ ʰˉˈ ˃ʶʴʱ˂ʰ ˁʶʾ˃ʶ˄ʰΦ 

¶ get_dummies()Υ ɾʶˍʰˍˊʷˉʶʽ ˁʶʾ˃ʶ˄ˇ όˉΦ˔Φ Ϧɼˈˁˁʽ˄ˇΣ ɾˉ˂ʶϦύ ˋʶ ˋˍʺ˂ʶˌ л ˁʰʽ мΦ ɳʾ˄ʰʽ ʹ ʲʱˋʹ 

ʴʽʰ ˍʹ˄ ˉˊˇʶˍˇʽ˃ʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ Machine Learning (One-Hot Encoding). 

оΦ ɮ˄ʰʸʺˍʹˋʹ ˁʰʽ ɴ˂ʶʴ˔ˇˌ ό{ŜŀǊŎƘ ϧ ±ŀƭƛŘŀǘƛƻƴύ 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ ˍˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ contains()Υ ɶ ˉʽˇ ˋˎ˔˄ʺ ˃ʷʻˇʵˇˌ ʰ˄ʰʸʺˍʹˋʹˌΦ 

Tip: ʋˊʹˋʽ˃ˇˉˇʾʹˋʶ ˉʱ˄ˍʰ ƴŀҐCŀƭǎŜ όˉΦ˔Φ ǎǘǊΦŎƻƴǘŀƛƴǎόϥŀōŎϥΣ ƴŀҐCŀƭǎŜύύ ʴʽʰ ˄ʰ ʰˉˇ˒ˏʴʶʽˌ ˋ˒ʱ˂˃ʰˍʰ 

ʰ˄ ʹ ˋˍʺ˂ʹ ˉʶˊʽʷ˔ʶʽ ˁʶ˄ʱ ˁʶ˂ʽʱ όbŀbύΦ 

¶ isalnum(), isdigit(), ˁ.˂ .̄: ɹʵʰ˄ʽˁʷˌ ɹ ʽʰ Data Validation. ɾˉˇˊʶʾˌ ˄ʰ ʲˊʶʽˌ ʴˊʺʴˇˊʰ ʰ˄ ˋʶ ˃ʽʰ 

ˋˍʺ˂ʹ ˉˇˎ ʷˉˊʶˉʶ ˄ʰ ʷ˔ʶʽ ˃ˈ˄ˇ ʰˊʽʻ˃ˇˏˌΣ ˁʱˉˇʽˇˌ ʶʽˋʺʴʰʴʶ ˁʰˍʱ ˂ʱʻˇˌ ʴˊʱ˃˃ʰˍʰΦ 

пΦ LƴŘŜȄƛƴƎ ˁʰʽ {ƭƛŎƛƴƎ 

ɽʶʽˍˇˎˊʴˇˏ˄ ʰˁˊʽʲ˗ˌ ˈˉ˖ˌ ˍˇ ˁ˂ʰˋʽˁˈ ǎƭƛŎƛƴƎ ˍʹˌ tȅǘƘƻƴ όώǎǘŀǊǘΥǎǘƻǇϐύΣ ʰ˂˂ʱ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ 

ˇ˂ˈˁ˂ʹˊʹ ˍʹ ˋˍʺ˂ʹ ˍʰˎˍˈ˔ˊˇ˄ʰΦ 

¶ slice(0, 4)Υ ʃˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʴʽʰ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉˇʻʹˁʶˎ˃ʷ˄ʶˌ ˖ˌ ˁʶʾ˃ʶ˄ˇ όˉΦ˔Φ Ϧнлно-

10-лрϦύ ʴʽʰ ˄ʰ ˉʱˊʶʽˌ ˃ˈ˄ˇ ˍˇ ʷˍˇˌΦ 

¶ get(i)Υ ɮ˄ ʷ˔ʶʽˌ ˁʱ˄ʶʽ ǎǇƭƛǘΣ ˍˇ ƎŜǘόлύ ˉʰʾˊ˄ʶʽ ˍˇ ˉˊ˗ˍˇ ˁˇ˃˃ʱˍʽΣ ˍˇ ƎŜǘό-мύ ˍˇ ˍʶ˂ʶˎˍʰʾˇΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ŭɘɎűɞɟŮɠ ůŰɐɚŮɠ ůɡɛɓɞɚɞůŮɘɟɩɜ 

# -------------------------------------------------------------------  

print ( "ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame" )  

print ( " - "  *  70)  

 

data = {  

    'Name' :  [ '  Anna ' ,  'GEORGE',  'maria' ,  '  NIKOS  ' ,  'Eleni' ,  None,  '  

john  ' ],  

    'City' :  [ 'Athens ' ,  'thessaloniki' ,  ' PATRAS' ,  'heraklion  ' ,  ' Volos 

' ,  'Chania' ,  'Larisa' ],  

    'Code' :  [ '001' ,  '002' ,  '003' ,  '004' ,  '005' ,  '006' ,  '007' ],  

    'Address' :  [ 'Main St 10, Athens' ,  'Park Ave 5, Thessaloniki' ,  'Ocean 

Blvd, Patras' ,   

                'Central Square, Heraklion' ,  'El. Venizelou 15, Volos' ,  

'Akti 7, Chania' ,  'Hillside, Larisa' ],  

    'Date' :  [ '2023 - 01- 15' ,  '2023/02/20' ,  '2023.03.25' ,  '2023 - 04- 10' ,  

'2023/05/05' ,  '2023.06.18' ,  '2023 - 07- 30' ],  

    'Email' :  [ 'anna@example.com' ,  'george@example.org' ,  'maria@example.gr' ,  

'nikos@example.com' ,   

              'eleni@example.gr' ,  None,  'john@example.com' ],  

    'Text' :  [ 'ɇɞ ˊɟɞɥɧɜ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɧ!',  'ȾŬɚɐ ˊɞɘɧŰɖŰŬ, ˊɟɞŰŮɑɜŮŰŬɘ.',   

             'ɀɏŰɟɘɞ ŬˊɞŰɏɚŮůɛŬ',  'ɇɏɚŮɘɞ! 100% ɘəŬɜɞˊɞɘɖɛɏɜɞɠ',  
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             'ȹŮɜ ɎɝɘɕŮ ŰŬ ɚŮűŰɎ Űɞɡ',  'ũɟɐɔɞɟɖ ˊŬɟɎŭɞůɖ, ŮɡɢŬɟɘůŰɩ',  'ŪŬ 

Űɞ ɝŬɜŬɔɞɟɎůɤ'],  

    'Mixed' :  [ 'abc123' ,  'XYZ456' ,  '123' ,  'abc' ,  '!@#' ,  'A1B2C3' ,  '    ' ],  

    'Tags' :  [ 'tech,gadget,new' ,  'home,kitchen' ,  'clothing,mens,women' ,   

             'books,education' ,  'sports,outdoor' ,  'toys,kids' ,  

'automotive' ]  

}  

df = pd . DataFrame ( data )  

print ( "ȷɟɢɘəɧ DataFrame ( ˊɟɩŰŮɠ 5 ɔɟŬɛɛɏɠ):" )  

print ( df . head ())  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ ůŰɖɚɩɜ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ɀȺɇȷɇɅɃɄȼ ȾȺūȷȿȷȽɋɁ/ ɄȺȻɋɁ (CASE CONVERSION) 

# -------------------------------------------------------------------  

print ("1. ɀȺɇȷɇɅɃɄȼ ȾȺūȷȿȷȽɋɁ/ɄȺȻɋɁ")  

print ( " - "  *  50)  

 

# lower() -  ɧɚɞɘ ˊŮɕɞɑ 

print ( "lower() ůŰɖɜ 'Name':" )  

print ( df [ 'Name' ]. str . lower ())  

print ()  

 

# upper() -  ɧɚɞɘ əŮűŬɚŬɑɞɘ 

print ( "upper() ůŰɖɜ 'City':" )  

print ( df [ 'City' ]. str . upper ())  

print ()  

 

# capitalize() -  ˊɟɩŰɞɠ əŮűŬɚŬɑɞɠ, ɡˊɧɚɞɘˊɞɘ ˊŮɕɞɑ 

print ( "capitalize() ůŰɖɜ 'Text':" )  

print ( df [ 'Text' ]. str . capitalize ())  

print ()  

 

# title() -  əɎɗŮ ɚɏɝɖ ɛŮ əŮűŬɚŬɑɞ ˊɟɩŰɞ ɔɟɎɛɛŬ 

print ( "title() ůŰɖɜ 'Address':" )  

print ( df [ 'Address' ]. str . title ())  

print ()  

 

# swapcase() -  ŬɜŰɘůŰɟɞűɐ ˊŮɕɩɜ/ əŮűŬɚŬɑɤɜ 

print ( "swapcase() ůŰɖɜ 'Name':" )  

print ( df [ 'Name' ]. str . swapcase ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ȷūȷȽɅȺɆȼ & ɆɈɀɄȿȼɅɋɆȼ ȾȺɁɋɁ (WHITESPACE REMOVAL & PADDING) 

# -------------------------------------------------------------------  

print ("2. ȷūȷȽɅȺɆȼ & ɆɈɀɄȿȼɅɋɆȼ ȾȺɁɋɁ")  

print ( " - "  *  50)  

 

# strip() -  ŬűŬɑɟŮůɖ əŮɜɩɜ Ŭˊɧ Ŭɟɢɐ əŬɘ Űɏɚɞɠ 

print ( "strip() ůŰɖɜ 'Name' ( ˊɟɘɜ/ ɛŮŰɎ):" )  

print ( "Ʉɟɘɜ:" ,  repr ( df [ 'Name' ]. iloc [ 0]))  

print ( "ɀŮŰɎ:" ,  repr ( df [ 'Name' ]. str . strip (). iloc [ 0]))  

print ()  

 

# lstrip() -  ŬűŬɑɟŮůɖ Ŭˊɧ ŬɟɘůŰŮɟɎ 

print ( "lstrip() ůŰɖɜ 'City':" )  

print ( df [ 'City' ]. str . lstrip (). tolist ())  

print ()  
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# rstrip() -  ŬűŬɑɟŮůɖ Ŭˊɧ ŭŮɝɘɎ 

print ( "rstrip() ůŰɖɜ 'City':" )  

print ( df [ 'City' ]. str . rstrip (). tolist ())  

print ()  

 

# pad() -  ˊɟɞůɗɐəɖ ɢŬɟŬəŰɐɟɤɜ ɔɘŬ ůŰŬɗŮɟɧ ɛɐəɞɠ 

print ( "pad() width=10, side='left', fillchar='0' ůŰɖɜ 'Code':" )  

print ( df [ 'Code' ]. str . pad ( width =10 ,  side ='left' ,  fillchar ='0' ))  

print ()  

 

# center() -  əŮɜŰɟɎɟɘůɛŬ ɛŮ ɢŬɟŬəŰɐɟŮɠ 

print ("center(15, '*') ůŰɖɜ 'Name' (ɛŮŰɎ Ŭˊɧ strip):")  

print ( df [ 'Name' ]. str . strip (). str . center ( 15 ,  '*' ))  

print ()  

 

# zfill() -  ůɡɛˊɚɐɟɤůɖ ɛŮ ɛɖŭŮɜɘəɎ ŬɟɘůŰŮɟɎ 

print ("zfill(5) ůŰɖɜ 'Code' (ɐŭɖ ɏɢɞɡɜ ɛɐəɞɠ 3):")  

print ( df [ 'Code' ]. str . zfill ( 5))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. ȹȽȷɉɋɅȽɆɀɃɆ & ȷɁɇȽȾȷɇȷɆɇȷɆȼ (SPLITTING & REPLACING)  

# -------------------------------------------------------------------  

print ( "3. ȹȽȷɉɋɅȽɆɀɃɆ & ȷɁɇȽȾȷɇȷɆɇȷɆȼ")  

print ( " - "  *  50)  

 

# split() -  ŭɘŬɢɤɟɘůɛɧɠ ɛŮ expand=True ɔɘŬ DataFrame 

print ( "split() Űɖɠ 'Address' ɛŮ ŭɘŬɢɤɟɘůŰɘəɧ ',', expand=True:" )  

address_split = df [ 'Address' ]. str . split ( ',' ,  expand =True )  

address_split . columns = [ 'Street' ,  'City_From_Address' ]  

print ( address_split )  

print ()  

 

# rsplit() -  ŭɘŬɢɤɟɘůɛɧɠ Ŭˊɧ ŭŮɝɘɎ (ˊ.ɢ. ɔɘŬ ŰŮɚŮɡŰŬɑŬ ɚɏɝɖ) 

print ( "rsplit() Űɖɠ 'Address' ɛŮ n=1, expand=True:" )  

print ( df [ 'Address' ]. str . rsplit ( ' ' ,  n=1,  expand =True ))  

print ()  

 

# replace() -  ŬɜŰɘəŬŰɎůŰŬůɖ ɢŬɟŬəŰɐɟɤɜ 

print ("replace() Űɖɠ 'Date': ŬɜŰɘəŬŰɎůŰŬůɖ '/' əŬɘ '.' ɛŮ '- '" )  

print ( df [ 'Date' ]. str . replace ( '/' ,  ' - ' ,  regex =False ). str . replace ( '.' ,  ' - ' ,  

regex =False ))  

print ()  

 

# repeat() -  ŮˊŬɜɎɚɖɣɖ ůɡɛɓɞɚɞůŮɘɟɎɠ 

print ( "repeat(2) ůŰɖɜ 'Name' ( ɛŮŰɎ Ŭˊɧ strip):" )  

print ( df [ 'Name' ]. str . strip (). str . repeat ( 2))  

print ()  

 

# cat() -  ůɡɜɏɜɤůɖ ɧɚɤɜ Űɤɜ ůŰɞɘɢŮɑɤɜ ɛɘŬɠ ůŰɐɚɖɠ 

print ( "cat(sep=', ') Űɤɜ 'Name' ( ŬɔɜɞɩɜŰŬɠ NaN):" )  

print ( df [ 'Name' ]. str . cat ( sep =', ' ,  na_rep ='_' ))  

print ()  

 

# get_dummies() -  ɣŮɡŭɞɛŮŰŬɓɚɖŰɏɠ Ŭˊɧ ŭɘŬɢɤɟɘůɛɏɜŮɠ Űɘɛɏɠ 

print ( "get_dummies(sep=',') ɔɘŬ 'Tags':" )  

dummies = df [ 'Tags' ]. str . get_dummies ( sep =',' )  

print ( dummies )  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  
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# -------------------------------------------------------------------  

# 4. Ⱥɂȷũɋũȼ & ȷɁȷȻȼɇȼɆȼ ɀȺ ȾȷɁɃɁȽȾȺɆ ȺȾūɅȷɆȺȽɆ (REGEX) 

# -------------------------------------------------------------------  

print ("4. Ⱥɂȷũɋũȼ & ȷɁȷȻȼɇȼɆȼ ɀȺ REGEX")  

print ( " - "  *  50)  

 

# extract() -  ŮɝŬɔɤɔɐ ɞɛɎŭɤɜ ɤɠ ůŰɐɚŮɠ 

print ( "extract() Ŭˊɧ 'Address': ɛɞŰɑɓɞ (.*), (.*)" )  

extracted = df [ 'Address' ]. str . extract ( r'(.*), \ s*(.*)' )  

extracted . columns = [ 'Street_Extract' ,  'City_Extract' ]  

print ( extracted )  

print ()  

 

# extractall() -  ŮɝŬɔɤɔɐ ɧɚɤɜ Űɤɜ ŮɛűŬɜɑůŮɤɜ (Ůŭɩ Ŭˊɧ 'Text' ɓɟɑůəɞɡɛŮ 

ɚɏɝŮɘɠ) 

print ("extractall() Ŭˊɧ 'Text' (ɧɚŮɠ ɞɘ ɚɏɝŮɘɠ):")  

# ȷˊɚɧ ˊŬɟɎŭŮɘɔɛŬ: ɓɟɑůəŮɘ ɚɏɝŮɘɠ (ŬəɞɚɞɡɗɑŮɠ ɔɟŬɛɛɎŰɤɜ) 

all_words = df [ 'Text' ]. str . extractall ( r'( \ w+)' )  

print ( all_words )  

print ()  

 

# contains() -  ɏɚŮɔɢɞɠ ɨˊŬɟɝɖɠ ɛɞŰɑɓɞɡ (boolean)  

print ( "contains(' əŬɚ', case=False) ůŰɖɜ 'Text':" )  

print ( df [ 'Text' ]. str . contains ( ' əŬɚ' ,  case =False ,  na=False ))  

print ()  

 

# match() -  ɏɚŮɔɢɞɠ Ŭɜ ɝŮəɘɜɎ ɛŮ ɛɞŰɑɓɞ 

print ( "match(r'^[A - Z]') ůŰɖɜ 'Name' ( ɛŮŰɎ Ŭˊɧ strip):" )  

print ( df [ 'Name' ]. str . strip (). str . match ( r'^[A - Z]' ,  na=False ))  

print ()  

 

# findall() -  ŮɨɟŮůɖ ɧɚɤɜ Űɤɜ Ŭɟɘɗɛɩɜ 

print ( "findall(r' \ \ d+') ůŰɖɜ 'Mixed':" )  

print ( df [ 'Mixed' ]. str . findall ( r' \ d+' ))  

print ()  

 

# count() -  ˊɚɐɗɞɠ ŮɛűŬɜɑůŮɤɜ ɛɞŰɑɓɞɡ 

print ( "count(r'[aeiou]') ( űɤɜɐŮɜŰŬ) ůŰɖɜ 'Name' ( ˊŮɕɎ):" )  

print ( df [ 'Name' ]. str . lower (). str . count ( r'[aeiou]' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ȺȿȺũɉɃȽ ɄȺɅȽȺɉɃɀȺɁɃɈ & ɀȼȾɃɆ 

# -------------------------------------------------------------------  

print ("5. ȺȿȺũɉɃȽ ɄȺɅȽȺɉɃɀȺɁɃɈ & ɀȼȾɃɆ")  

print ( " - "  *  50)  

 

# len() -  ɛɐəɞɠ ůɡɛɓɞɚɞůŮɘɟɎɠ 

print ("len() ůŰɖɜ 'Name' (ɛŮŰɎ Ŭˊɧ strip):")  

print ( df [ 'Name' ]. str . strip (). str . len ())  

print ()  

 

# startswith() -  ŮɚɏɔɢŮɘ Ŭɜ ɝŮəɘɜɎ ɛŮ 

print ( "startswith('A') ůŰɖɜ 'Name' (strip):" )  

print ( df [ 'Name' ]. str . strip (). str . startswith ( 'A' ,  na=False ))  

print ()  

 

# endswith() -  ŮɚɏɔɢŮɘ Ŭɜ ŰŮɚŮɘɩɜŮɘ ɛŮ 

print ( "endswith('.gr') ůŰɖɜ 'Email':" )  

print ( df [ 'Email' ]. str . endswith ( '.gr' ,  na=False ))  
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print ()  

 

# isalnum() -  ŬɚűŬɟɘɗɛɖŰɘəɞɑ ɢŬɟŬəŰɐɟŮɠ 

print ( "isalnum() ůŰɖɜ 'Mixed':" )  

print ( df [ 'Mixed' ]. str . isalnum ())  

print ()  

 

# isalpha() -  ɛɧɜɞ ɔɟɎɛɛŬŰŬ 

print ( "isalpha() ůŰɖɜ 'Name' ( ɛŮŰɎ Ŭˊɧ strip):" )  

print ( df [ 'Name' ]. str . strip (). str . isalpha ())  

print ()  

 

# isdigit() -  ɛɧɜɞ Ŭɟɘɗɛɞɑ 

print ( "isdigit() ůŰɖɜ 'Code':" )  

print ( df [ 'Code' ]. str . isdigit ())  

print ()  

 

# isnumeric() -  ŬɟɘɗɛɖŰɘəɞɑ ɢŬɟŬəŰɐɟŮɠ (ˊ.ɢ. əŬɘ əɚɎůɛŬŰŬ) 

print ( "isnumeric() ůŰɖɜ 'Mixed':" )  

print ( df [ 'Mixed' ]. str . isnumeric ())  

print ()  

 

# isspace() -  ɛɧɜɞ əŮɜɎ 

print ( "isspace() ůŰɖɜ 'Mixed':" )  

print ( df [ 'Mixed' ]. str . isspace ())  

print ()  

 

# islower() -  ɧɚɞɘ ˊŮɕɞɑ 

print ( "islower() ůŰɖɜ 'Name' ( ɢɤɟɑɠ strip):" )  

print ( df [ 'Name' ]. str . islower ())  

print ()  

 

# isupper() -  ɧɚɞɘ əŮűŬɚŬɑɞɘ 

print ( "isupper() ůŰɖɜ 'Name':" )  

print ( df [ 'Name' ]. str . isupper ())  

print ()  

 

# istitle() -  ɛɞɟűɐ ŰɑŰɚɞɡ (əɎɗŮ ɚɏɝɖ əŮűŬɚŬɑɞ ˊɟɩŰɞ) 

print ( "istitle() ůŰɖɜ 'Address':" )  

print ( df [ 'Address' ]. str . istitle ())  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ȷɁȷȻȼɇȼɆȼ ɀȺ ȺɈɅȺɇȼɅȽɃ (INDEXING) 

# -------------------------------------------------------------------  

print ("6. ȷɁȷȻȼɇȼɆȼ ɀȺ ȺɈɅȺɇȼɅȽɃ")  

print ( " - "  *  50)  

 

# get(i) -  ˊŬɑɟɜŮɘ Űɞɜ ɢŬɟŬəŰɐɟŬ ůŰɖ ɗɏůɖ i (ůŬɜ ɚɑůŰŬ) 

print ("get(0) (ˊɟɩŰɞɠ ɢŬɟŬəŰɐɟŬɠ) Ŭˊɧ 'Name' (strip):")  

print ( df [ 'Name' ]. str . strip (). str . get ( 0))  

print ()  

 

# find(sub) -  ɗɏůɖ ˊɟɩŰɖɠ ŮɛűɎɜɘůɖɠ (ɐ - 1)  

print ( "find('a') ůŰɖɜ 'Name' ( ˊŮɕɎ):" )  

print ( df [ 'Name' ]. str . lower (). str . find ( 'a' ))  

print ()  

 

# rfind(sub) -  ɗɏůɖ ŰŮɚŮɡŰŬɑŬɠ ŮɛűɎɜɘůɖɠ 

print ( "rfind('a') ůŰɖɜ 'Name' ( ˊŮɕɎ):" )  

print ( df [ 'Name' ]. str . lower (). str . rfind ( 'a' ))  
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print ()  

 

# index(sub) -  ɑŭɘɞ ɛŮ find, ŬɚɚɎ ŭɑɜŮɘ ůűɎɚɛŬ Ŭɜ ŭŮɜ ɓɟŮɗŮɑ (ˊɟɏˊŮɘ ɜŬ Űɞ 

ɢŮɘɟɘůŰɞɨɛŮ) 

# ŪŬ Űɞ ŮűŬɟɛɧůɞɡɛŮ ůŮ ɛɘŬ ůŰɐɚɖ ˊɞɡ ůɑɔɞɡɟŬ ˊŮɟɘɏɢŮɘ Űɞ 'a' ɔɘŬ Ŭˊɞűɡɔɐ 

ůűɎɚɛŬŰɞɠ. 

print ("index('a') ůŰɖɜ 'Name' (ˊŮɕɎ) -  ɛɧɜɞ ɧˊɞɡ ɡˊɎɟɢŮɘ:")  

try :  

    print ( df [ 'Name' ]. str . lower (). str . index ( 'a' ))  

except  ValueError as  e:  

    print ("ɆűɎɚɛŬ ValueError ɚɧɔɤ ɏɚɚŮɘɣɖɠ Űɞɡ 'a' ůŮ əɎˊɞɘŮɠ ɔɟŬɛɛɏɠ -  

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ find() ɔɘŬ ŬůűɎɚŮɘŬ.")  

print ()  

 

# rindex(sub) -  ŬɜŰɑůŰɞɘɢɞ rfind  

# slice(start, stop) -  ŬˊɧəɞɛɛŬ 

print ("slice(0, 3) ůŰɖɜ 'Code' (ˊɟɩŰɞɘ 3 ɢŬɟŬəŰɐɟŮɠ):")  

print ( df [ 'Code' ]. str . slice ( 0,  3))  

print ()  

 

# slice_replace() -  ŬɜŰɘəŬŰɎůŰŬůɖ ŰɛɐɛŬŰɞɠ 

print ( "slice_replace(0, 3, 'XXX') ůŰɖɜ 'Code':" )  

print ( df [ 'Code' ]. str . slice_replace ( 0,  3,  'XXX' ))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.14Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁ˗˄ όɼʶʽ˃ʷ˄ˇˎύ ʴʽʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

 

 

 

 

 

 

3.4.14. ʋˊˇ˄ʽˁʷˌ ʅʶʽˊʷˌ όŘǘ ŀŎŎŜǎǎƻǊύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

ɾʷʻˇʵˇˌκɹʵʽˈˍʹˍʰ ʃʶˊʽʴˊʰ˒ʺ ʃʰˊʱʵʶʽʴ˃ʰ 

ɹʵʽˈˍʹˍʶˌ όtǊƻǇŜǊǘƛŜǎύ - 
ɳ˅ʰʴ˖ʴʺ ʅˎˋˍʰˍʽˁ˗˄ 
ɶ˃ʶˊˇ˃ʹ˄ʾʰˌκʎˊʰˌ 

  

.dt.year 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ʷˍˇˌ ˖ˌ ʰˁʷˊʰʽˇ 
ʰˊʽʻ˃ˈΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦȅŜŀǊ 

.dt.month ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ˃ʺ˄ʰ όм-12). ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƳƻƴǘƘ  

.dt.day 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʹ˃ʷˊʰ ˍˇˎ 
˃ʺ˄ʰ όм-31). 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦŘŀȅ  

.dt.hour ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˗ˊʰ όл-23). ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƘƻǳǊ  

.dt.minute ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ ˂ʶˉˍʱ όл-59). ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƳƛƴǳǘŜ  

.dt.second 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ ʵʶˎˍʶˊˈ˂ʶˉˍʰ 
(0-59). 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦǎŜŎƻƴŘ  

.dt.microsecond 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ 
˃ʽˁˊˇʵʶˎˍʶˊˈ˂ʶˉˍʰΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƳƛŎǊƻǎŜŎƻƴŘ  
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.dt.nanosecond 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʰ 
˄ʰ˄ˇʵʶˎˍʶˊˈ˂ʶˉˍʰΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƴŀƴƻǎŜŎƻƴŘ  

.dt.weekday (  ̋.dt.dayo
fweek) 

ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʹ˃ʷˊʰ ˍʹˌ 
ʶʲʵˇ˃ʱʵʰˌ ˖ˌ ʰˊʽʻ˃ˈ 
όɲʶˎˍʷˊʰҐлΣ ɼˎˊʽʰˁʺҐсύΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦǿŜŜƪŘŀȅ  

.dt.dayofyear 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ʰˏ˅ˇˎˋʰ 
ʰˊʽʻ˃ˈ ˍʹˌ ʹ˃ʷˊʰˌ ˃ʷˋʰ ˋˍˇ 
ʷˍˇˌ όм-366). 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦŘŀȅƻŦȅŜŀǊ  

.dt.quarter 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˍˊʾ˃ʹ˄ˇ ˍˇˎ 
ʷˍˇˎˌ όм-4). 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦǉǳŀǊǘŜǊ  

.dt.days_in_month 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 
ʹ˃ʶˊ˗˄ ˍˇˎ ˃ʺ˄ʰ όˉΦ˔Φ нуΣ олΣ 
31). 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.days_in_month 

.dt.is_leap_year 
ɳˉʽˋˍˊʷ˒ʶʽ True h ˄ ˍˇ ʷˍˇˌ 
ʶʾ˄ʰʽ ʵʾˋʶˁˍˇΣ ʰ˂˂ʽ˗ˌ False. 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.is_leap_year  

ɾʷʻˇʵˇʽ όCǳƴŎǘƛƻƴǎύ - 
ɾʶˍʰˍˊˇˉʷˌ ϧ ɽˇʴʽˁʷˌ 
ɳˊ˖ˍʺˋʶʽˌ 

  

.dt.normalize() 

ɾʶˍʰˍˊʷˉʶʽ ˍʹ˄ ˗ˊʰ ˋʶ 
ϦллΥллΥллϦ ό˃ʶˋʱ˄ˎ˔ˍʰύΣ 
ˁˊʰˍ˗˄ˍʰˌ ˃ˈ˄ˇ ˍʹ˄ 
ʹ˃ʶˊˇ˃ʹ˄ʾʰΦ 
ɳˉʽˋˍˊʷ˒ʶʽ datetime64 ̱ ˏˉˇΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦƴƻǊƳŀƭƛȊŜόύ  

.dt.date 
ɳˉʽˋˍˊʷ˒ʶʽ ˃ˈ˄ˇ ˍˇ ˃ʷˊˇˌ ˍʹˌ 
ʹ˃ʶˊˇ˃ʹ˄ʾʰˌ όʹ˃ʷˊʰ-˃ʺ˄ʰˌ-
ʷˍˇˌύ ˖ˌ ƻōƧŜŎǘ όˈ˔ʽ ŘŀǘŜǘƛƳŜύΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦŘŀǘŜ  

.dt.time 
ɳˉʽˋˍˊʷ˒ʶʽ ˃ˈ˄ˇ ˍˇ ˃ʷˊˇˌ ˍʹˌ 
˗ˊʰˌΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦǘƛƳŜ  

.dt.day_name() 

ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ 
ʹ˃ʷˊʰˌ όˉΦ˔Φ ϦaƻƴŘŀȅϦΣ 
ϦɲʶˎˍʷˊʰϦ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ 
locale). 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.day_name()  

.dt.month_name() ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ ˃ʺ˄ʰΦ df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.month_name()  

.dt.is_month_start 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶʾ˄ʰʽ 
ʹ ˉˊ˗ˍʹ ʹ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰ 
(True/False). 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.is_month_start  

.dt.is_month_end 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶʾ˄ʰʽ 
ʹ ˍʶ˂ʶˎˍʰʾʰ ʹ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.is_month_end  

.dt.is_year_start 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶʾ˄ʰʽ 
ʹ ˉˊ˗ˍʹ ʹ˃ʷˊʰ ˍˇˎ ˔ˊˈ˄ˇˎ όмʹ 
ɹʰ˄ˇˎʰˊʾˇˎύΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.is_year_start  

.dt.is_year_end 
ɳ˂ʷʴ˔ʶʽ ʰ˄ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶʾ˄ʰʽ 
ʹ ˍʶ˂ʶˎˍʰʾʰ ʹ˃ʷˊʰ ˍˇˎ ˔ˊˈ˄ˇˎ 
όомʹ ɲʶˁʶ˃ʲˊʾˇˎύΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.is_year_end  

.dt.isocalendar() 

ɳˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ǘǳǇƭŜ ˃ʶ όL{h 
ʷˍˇˌΣ L{h ʶʲʵˇ˃ʱʵʰΣ L{h 
ʹ˃ʷˊʰύΦ ɹʵʰ˄ʽˁˈ ʴʽʰ 
ʶʲʵˇ˃ʱʵʶˌΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.isocalendar().wee
k 
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ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

.dt.strftime(format) 

ɾʶˍʰˍˊʷˉʶʽ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˋʶ 
ǎǘǊƛƴƎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ 
˃ˇˊ˒ˇˉˇʾʹˋʹ format όˉΦ˔Φ %d/
%m/%Y). 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦǎǘǊŦǘƛƳŜόϥ҈Řκ҈Ƴ
/%Y')  

.dt.floor(freq) 
ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˉˊˇˌ ˍʰ ˁʱˍ˖ 
ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰκ˗ˊʰ ˋˍʹ˄ 
ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˋˎ˔˄ˈˍʹˍʰ όŦǊŜǉύΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦŦƭƻƻǊόϥIϥύ όˋˍˊˇʴʴ
ˎ˂ˇˉˇʾʹˋʹ ˋˍʹ˄ ˉ˂ʹˋʽʷˋˍʶˊʹ ˗ˊʰύ  

.dt.ceil(freq) 
ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˉˊˇˌ ˍʰ ˉʱ˄˖ 
ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰκ˗ˊʰΦ 

ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐΦŘǘΦŎŜƛƭόϥ5ϥύ όˋˍˊˇʴʴˎ
˂ˇˉˇʾʹˋʹ ˋˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʹ˃ʷˊʰύ  

.dt.round(freq) 
ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˋˍʹ˄ 
ˉ˂ʹˋʽʷˋˍʶˊʹ ˋˎ˔˄ˈˍʹˍʰΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.round('10min')  

.dt.to_period(freq) 

ɾʶˍʰˍˊʷˉʶʽ ˍˇ ŘŀǘŜǘƛƳŜ ˋʶ 
ˉʶˊʾˇʵˇ όtŜǊƛƻŘύ ʲʱˋʶʽ 
ˋˎ˔˄ˈˍʹˍʰˌ όˉΦ˔Φ ϥaϥ ʴʽʰ ˃ʺ˄ʰΣ 
ϥ5ϥ ʴʽʰ ʹ˃ʷˊʰύΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.to_period('M') 

.dt.tz_localize(None) 
ɮ˒ʰʽˊʶʾ ˉ˂ʹˊˇ˒ˇˊʾʰ ʸ˗˄ʹˌ 
˗ˊʰˌ όǘƛƳŜȊƻƴŜύ ʰˉˈ ʷ˄ʰ 
datetime. 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.tz_localize(None) 

.dt.tz_convert(tz) 
ɾʶˍʰˍˊʷˉʶʽ ʷ˄ʰ ŘŀǘŜǘƛƳŜ-
ŀǿŀǊŜ {ŜǊƛŜǎ ˋʶ ʱ˂˂ʹ ʸ˗˄ʹ 
˗ˊʰˌΦ 

df['ɶ˃ʶˊˇ˃ʹ˄ʾʰ'].dt.tz_convert('Euro
pe/Athens') 

ʃʾ˄ʰˁʰˌ 3.4.15Υ  ɾʷʻˇʵˇʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˁʰʽ ˗ˊʰˌ ʴʽʰ ˍʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄ 

ʂˉ˖ˌ ˇʽ ˃ʷʻˇʵˇʽ ˁʶʽ˃ʷ˄ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍˇ ΦǎǘǊΣ ʷˍˋʽ ˁʰʽ ˇʽ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍˇ˄ .dt 

accessorΦ ɳʾ˄ʰʽ ˍˇ Ϧ˃ʰʴʽˁˈ ˊʰʲʵʾϦ ˉˇˎ ˅ʶˁ˂ʶʽʵ˗˄ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˁˊˎ˃˃ʷ˄ʶˌ ˃ʷˋʰ ˋʶ ˃ʽʰ ˋ˒ˊʰʴʾʵʰ 

˔ˊˈ˄ˇˎ όǘƛƳŜǎǘŀƳǇύΦ 

мΦ ɳ˅ʰʴ˖ʴʺ ʅˎˋˍʰˍʽˁ˗˄ ό¢ƘŜ !ƴŀǘƻƳȅ ƻŦ ¢ƛƳŜύ 

ʂˍʰ˄ ʷ˔ˇˎ˃ʶ ˃ʽʰ ˋˍʺ˂ʹ ŘŀǘŜǘƛƳŜспΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˍʹ˄ ˍʶ˃ʰ˔ʾˋˇˎ˃ʶ ˋʶ ˈˉˇʽˇ ʶˉʾˉʶʵˇ ʻʷ˂ˇˎ˃ʶΦ 

¶ year, month, dayΥ ʆʰ ʲʰˋʽˁʱ ʴʽʰ ˄ʰ ˒ʽ˂ˍˊʱˊˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰ˄ʱ ˉʶˊʾˇʵˇΦ 

¶ weekday & day_name()Υ ɹʵʰ˄ʽˁʱ ʴʽʰ ˄ʰ ʲˊˇˏ˃ʶ ʰ˄ ˃ʽʰ ʰʴˇˊʱ ʷʴʽ˄ʶ ʅʰʲʲʰˍˇˁˏˊʽʰˁˇ ʺ ʴʽʰ 

˄ʰ ʵˇˏ˃ʶ ʰ˄ ˇʽ ˉ˖˂ʺˋʶʽˌ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˍʽˌ ʃʰˊʰˋˁʶˎʷˌΦ 

¶ quarterΥ ɮˉʰˊʰʾˍʹˍˇ ʴʽʰ ˇʽˁˇ˄ˇ˃ʽˁʷˌ ʰ˄ʰ˒ˇˊʷˌ όvмΣ vнΣ ˁΦ˂ˉΦύΦ 

нΦ ɽˇʴʽˁˇʾ ɴ˂ʶʴ˔ˇʽ ό.ǳǎƛƴŜǎǎ [ƻƎƛŎύ 

ʁʽ ʽʵʽˈˍʹˍʶˌ ˈˉ˖ˌ ʹ ΦƛǎψƳƻƴǘƘψŜƴŘ ʺ ΦƛǎψȅŜŀǊψǎǘŀǊǘ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ʶˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 

˃ʹ˄ʽʰʾ˖˄ ˃ˉˈ˄ˇˎˌΣ ˁ˂ʶʽˋʾ˃ʰˍʰ ʲʽʲ˂ʾ˖˄ ʺ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ 

ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ-ˇˊˈˋʹ˃ʰΦ ɮ˄ˍʾ ˄ʰ ʴˊʱ˒ʶʽˌ ˉʶˊʾˉ˂ˇˁʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌΣ ʹ tŀƴŘŀǎ ˋˇˎ ʰˉʰ˄ˍʱ ˃ʶ ʷ˄ʰ ʰˉ˂ˈ 

True/False. 

оΦ ɾˇˊ˒ˇˉˇʾʹˋʹ ϧ ʅˍˊˇʴʴˎ˂ˇˉˇʾʹˋʹ 

¶ strftime()Υ ɶ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʷʻˇʵˇˌ ʴʽʰ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˇˎ ʶˉʽˍˊʷˉʶʽ ˄ʰ 

˃ʶˍʰˍˊʷ˕ʶʽˌ ˍˇ нлнп-05-мр ˋʶ Ϧмр aŀȅΣ нлнпϦ ʺ ˈˉˇʽʰ ʱ˂˂ʹ ˃ˇˊ˒ʺ ʶˉʽʻˎ˃ʶʾˌΦ 

¶ normalize(), floor(), ceil()Υ ʅˁʷ˕ˇˎ ˍʽˌ ˋʰ˄ ˍˇ ǊƻǳƴŘόύ ˍ˖˄ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄Φ ɮ˄ ʷ˔ʶʽˌ ʵʶʵˇ˃ʷ˄ʰ 

ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇ ʰ˂˂ʱ ʻʶˌ ˄ʰ ˍʰ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ʰ˄ʱ ˗ˊʰΣ ʹ ŦƭƻƻǊόϥIϥύ ʻʰ ˍʰ Ϧˁˇˎˊʷ˕ʶʽϦ ˈ˂ʰ 

ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˗ˊʰˌΦ 
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пΦ ʋʶʽˊʽˋ˃ˈˌ ɵ˖˄˗˄ ʎˊʰˌ ό¢ƛƳŜȊƻƴŜǎύ 

ɮ˄ ʵˇˎ˂ʶˏʶʽˌ ˃ʶ ˉʰʴˁˈˋ˃ʽʰ ʵʶʵˇ˃ʷ˄ʰ όˉΦ˔Φ ƭƻƎǎ ʰˉˈ ǎŜǊǾŜǊǎύΣ ˇʽ ˃ʷʻˇʵˇʽ ǘȊψƭƻŎŀƭƛȊŜ ˁʰʽ ǘȊψŎƻƴǾŜǊǘ 

ʶʾ˄ʰʽ ʹ ʱ˃ˎ˄ʱ ˋˇˎ ʰˉʷ˄ʰ˄ˍʽ ˋˍˇ ˔ʱˇˌ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˖ˊ˗˄Φ ʅˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ˒ʷˊʶʽˌ ˈ˂ʰ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʷ˄ʰ ˁˇʽ˄ˈ ˋʹ˃ʶʾˇ ʰ˄ʰ˒ˇˊʱˌ όˉΦ˔Φ ¦¢/ύ ʺ ˄ʰ ˍʰ ʵʶʽˌ ˋˍʹ˄ ˍˇˉʽˁʺ ˗ˊʰ ˍʹˌ ɮʻʺ˄ʰˌΦ 

ʃˊʽ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽˌ ˇˉˇʽʰʵʺˉˇˍʶ ʰˉˈ ʰˎˍʷˌ ˍʽˌ ˃ʶʻˈʵˇˎˌΣ ʲʶʲʰʽ˗ˋˇˎ ˈˍʽ ʹ ˋˍʺ˂ʹ ˋˇˎ ʶʾ˄ʰʽ ˈ˄ˍ˖ˌ 

ˍˏˉˇˎ ʹ˃ʶˊˇ˃ʹ˄ʾʰˌΦ ɮ˄ ʹ ŘŦΦƛƴŦƻόύ ˋˇˎ ʵʶʾ˔˄ʶʽ ƻōƧŜŎǘΣ ˍˊʷ˅ʶ ˉˊ˗ˍʰΥ ŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐ Ґ 

ǇŘΦǘƻψŘŀǘŜǘƛƳŜόŘŦώϥɶ˃ʶˊˇ˃ʹ˄ʾʰϥϐύ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ɖɛŮɟɞɛɖɜɑŮɠ/ɩɟŮɠ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  70)  

 

# ȹɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ůŮɘɟɎɠ ɖɛŮɟɞɛɖɜɘɩɜ 

date_rng = pd . date_range ( start ='2024 - 01- 15 08:30:00' ,  periods =10 ,  freq ='D' )  

# Ʉɟɞůɗɐəɖ ɛŮɟɘəɩɜ ɤɟɩɜ əŬɘ ŭɘŬűɞɟŮŰɘəɩɜ ɖɛŮɟɞɛɖɜɘɩɜ ɔɘŬ ˊɞɘəɘɚɑŬ 

dates = [  

    '2024 - 02- 28 14:45:30' ,  

    '2024 - 03- 01 00:00:00' ,  

    '2024 - 12- 31 23:59:59' ,  

    '2023 - 01- 01 12:00:00' ,  

    '2024 - 07- 04 18:20:10' ,  

    '2024 - 11- 30 06:15:00' ,  

    '2024 - 02- 29 10:10:10' ,   # ŭɑůŮəŰɞ ɏŰɞɠ 

]  

 

# ɆɡɜŭɡɎɕɞɡɛŮ ůŮ ɏɜŬ DataFrame  

all_dates = list ( date_rng )  + [ pd . Timestamp ( d)  for  d in  dates ]  

df = pd . DataFrame ({ 'datetime' :  all_dates })  

print ("ȷɟɢɘəɧ DataFrame ɛŮ 17 ɖɛŮɟɞɛɖɜɑŮɠ:")  

print ( df )  

print ( " \ nɄɚɖɟɞűɞɟɑŮɠ:" )  

print ( df . dtypes )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. ȽȹȽɃɇȼɇȺɆ (PROPERTIES) -  ȺɝŬɔɤɔɐ ůɡůŰŬŰɘəɩɜ ɖɛŮɟɞɛɖɜɑŬɠ/ɩɟŬɠ 

# -------------------------------------------------------------------  

print ( "1. ȽȹȽɃɇȼɇȺɆ (PROPERTIES)" )  

print ( " - "  *  60)  

 

# .dt.year  

print ( "df['datetime'].dt.year:" )  

print ( df [ 'datetime' ]. dt . year )  

print ()  

 

# .dt.month  

print ( "df['datetime'].dt.month:" )  

print ( df [ 'datetime' ]. dt . month )  

print ()  

 

# .dt.day  

print ( "df['datetime'].dt.day:" )  

print ( df [ 'datetime' ]. dt . day )  
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print ()  

 

# .dt.hour  

print ( "df['datetime'].dt.hour:" )  

print ( df [ 'datetime' ]. dt . hour )  

print ()  

 

# .dt.minute  

print ( "df['datetime'].dt.minute:" )  

print ( df [ 'datetime' ]. dt . minute )  

print ()  

 

# .dt.second  

print ( "df['datetime'].dt.second:" )  

print ( df [ 'datetime' ]. dt . second )  

print ()  

 

# .dt.microsecond (ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŮɑɜŬɘ 0, ŬɚɚɎ ɡˊɎɟɢɞɡɜ) 

print ( "df['datetime'].dt.microsecond:" )  

print ( df [ 'datetime' ]. dt . microsecond )  

print ()  

 

# .dt.nanosecond ( ůɡɜɐɗɤɠ 0)  

print ( "df['datetime'].dt.nanosecond:" )  

print ( df [ 'datetime' ]. dt . nanosecond )  

print ()  

 

# .dt.weekday ( ɐ dayofweek) -  ȹŮɡŰɏɟŬ=0, ȾɡɟɘŬəɐ=6 

print ( "df['datetime'].dt.weekday:" )  

print ( df [ 'datetime' ]. dt . weekday )  

print ()  

 

# .dt.dayofweek ( ɑŭɘɞ)  

print ( "df['datetime'].dt.dayofweek ( ɑŭɘɞ):" )  

print ( df [ 'datetime' ]. dt . dayofweek )  

print ()  

 

# .dt.dayofyear  

print ( "df['datetime'].dt.dayofyear:" )  

print ( df [ 'datetime' ]. dt . dayofyear )  

print ()  

 

# .dt.quarter  

print ( "df['datetime'].dt.quarter:" )  

print ( df [ 'datetime' ]. dt . quarter )  

print ()  

 

# .dt.days_in_month  

print ( "df['datetime'].dt.days_in_month:" )  

print ( df [ 'datetime' ]. dt . days_in_month )  

print ()  

 

# .dt.is_leap_year  

print ( "df['datetime'].dt.is_leap_year:" )  

print ( df [ 'datetime' ]. dt . is_leap_year )  

print ()  

 

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. ɀȺŪɃȹɃȽ (FUNCTIONS) -  ɀŮŰŬŰɟɞˊɏɠ & ȿɞɔɘəɏɠ ȺɟɤŰɐůŮɘɠ 
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# -------------------------------------------------------------------  

print ( "2. ɀȺŪɃȹɃȽ (FUNCTIONS)" )  

print ( " - "  *  60)  

 

# .dt.normalize() -  ɀɖŭŮɜɑɕŮɘ Űɖɜ ɩɟŬ (ɔɑɜŮŰŬɘ 00:00:00)  

print ( "df['datetime'].dt.normalize():" )  

print ( df [ 'datetime' ]. dt . normalize ())  

print ()  

 

# .dt.date -  ȺˊɘůŰɟɏűŮɘ ɛɧɜɞ Űɖɜ ɖɛŮɟɞɛɖɜɑŬ ɤɠ object (datetime.date) 

print ( "df['datetime'].dt.date:" )  

print ( df [ 'datetime' ]. dt . date )  

print ( "ɇɨˊɞɠ:" ,  df [ 'datetime' ]. dt . date . apply ( type ). iloc [ 0])  

print ()  

 

# .dt.time -  ȺˊɘůŰɟɏűŮɘ ɛɧɜɞ Űɖɜ ɩɟŬ ɤɠ object (datetime.time) 

print ( "df['datetime'].dt.time:" )  

print ( df [ 'datetime' ]. dt . time )  

print ()  

 

# .dt.day_name() -  ȳɜɞɛŬ ɖɛɏɟŬɠ (ůŰŬ ȷɔɔɚɘəɎ Ŭˊɧ ˊɟɞŮˊɘɚɞɔɐ, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ 

ŬɚɚɎɝŮɘ locale) 

print ( "df['datetime'].dt.day_name():" )  

print ( df [ 'datetime' ]. dt . day_name ())  

print ()  

 

# .dt.month_name() -  ȳɜɞɛŬ ɛɐɜŬ 

print ( "df['datetime'].dt.month_name():" )  

print ( df [ 'datetime' ]. dt . month_name ())  

print ()  

 

# .dt.is_month_start  

print ( "df['datetime'].dt.is_month_start:" )  

print ( df [ 'datetime' ]. dt . is_month_start )  

print ()  

 

# .dt.is_month_end  

print ( "df['datetime'].dt.is_month_end:" )  

print ( df [ 'datetime' ]. dt . is_month_end )  

print ()  

 

# .dt.is_year_start  

print ( "df['datetime'].dt.is_year_start:" )  

print ( df [ 'datetime' ]. dt . is_year_start )  

print ()  

 

# .dt.is_year_end  

print ( "df['datetime'].dt.is_year_end:" )  

print ( df [ 'datetime' ]. dt . is_year_end )  

print ()  

 

# .dt.isocalendar() -  ȺˊɘůŰɟɏűŮɘ DataFrame ɛŮ ɏŰɞɠ, ŮɓŭɞɛɎŭŬ, ɖɛɏɟŬ əŬŰɎ 

ISO 

print ( "df['datetime'].dt.isocalendar():" )  

isocal = df [ 'datetime' ]. dt . isocalendar ()  

print ( isocal )  

print ( "ɄɟɧůɓŬůɖ ůŰɖɜ ŮɓŭɞɛɎŭŬ:" ,  isocal [ 'week' ])  

print ()  

 

# .dt.strftime(format) -  ɀɞɟűɞˊɞɑɖůɖ ɤɠ string  

print ( "df['datetime'].dt.strftime('%d/%m/%Y %H:%M'):" )  
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print ( df [ 'datetime' ]. dt . strftime ( '%d/%m/%Y %H:%M'))  

print ()  

 

# .dt.floor(freq) -  ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ ˊɟɞɠ ŰŬ əɎŰɤ (ˊ.ɢ. ůŰɖɜ ɩɟŬ) 

print ( "df['datetime'].dt.floor('H'):" )  

print ( df [ 'datetime' ]. dt . floor ( 'H' ))  

print ()  

 

# .dt.ceil(freq) -  ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ ˊɟɞɠ ŰŬ ˊɎɜɤ (ˊ.ɢ. ůŰɖɜ ŮˊɧɛŮɜɖ ɖɛɏɟŬ) 

print ( "df['datetime'].dt.ceil('D'):" )  

print ( df [ 'datetime' ]. dt . ceil ( 'D' ))  

print ()  

 

# .dt.round(freq) -  ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ ůŰɖɜ ˊɚɖůɘɏůŰŮɟɖ ůɡɢɜɧŰɖŰŬ (ˊ.ɢ. 10 

ɚŮˊŰɎ) 

print ( "df['datetime'].dt.round('10min'):" )  

print ( df [ 'datetime' ]. dt . round ( '10min' ))  

print ()  

 

# .dt.to_period(freq) -  ɀŮŰŬŰɟɞˊɐ ůŮ ˊŮɟɑɞŭɞ (ˊ.ɢ. ɛɐɜŬ) 

print ( "df['datetime'].dt.to_period('M'):" )  

print ( df [ 'datetime' ]. dt . to_period ( 'M' ))  

print ()  

 

# -------------------------------------------------------------------  

# 3. ɄȷɅȷȹȺȽũɀȷɇȷ ɀȺ TIMEZONE (ɔɘŬ tz_localize əŬɘ tz_convert)  

# -------------------------------------------------------------------  

print ( "3. ɀȺŪɃȹɃȽ TIMEZONE")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɑŬ DataFrame ɛŮ timezone - naive datetime  

df_tz = df . copy ()  

print ( "ȷɟɢɘəɧ (ɢɤɟɑɠ timezone):" )  

print ( df_tz [ 'datetime' ]. head ())  

print ()  

 

# .dt.tz_localize -  Ʉɟɞůɗɐəɖ timezone ( .́ ɢ. UTC)  

df_tz [ 'datetime_utc' ]  = df_tz [ 'datetime' ]. dt . tz_localize ( 'UTC' )  

print ( "ɀŮŰɎ Ŭˊɧ tz_localize('UTC'):" )  

print ( df_tz [ 'datetime_utc' ]. head ())  

print ()  

 

# .dt.tz_convert -  ɀŮŰŬŰɟɞˊɐ ůŮ Ɏɚɚɖ ɕɩɜɖ (ˊ.ɢ. ȺɚɚɎŭŬ) 

df_tz [ 'datetime_athens' ]  = 

df_tz [ 'datetime_utc' ]. dt . tz_convert ( 'Europe/Athens' )  

print ( "ɀŮŰɎ Ŭˊɧ tz_convert('Europe/Athens'):" )  

print ( df_tz [ 'datetime_athens' ]. head ())  

print ()  

 

# ȷűŬɑɟŮůɖ timezone ɛŮ tz_localize(None)  

df_tz [ 'datetime_no_tz' ]  = df_tz [ 'datetime_utc' ]. dt . tz_localize ( None)  

print ( "ɀŮŰɎ Ŭˊɧ tz_localize(None) ( ŬűŬɑɟŮůɖ timezone):" )  

print ( df_tz [ 'datetime_no_tz' ]. head ())  

print ()  

 

print ( " \ n"  + "=" * 100  + " \ n" )  

print ( "ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ" )  
ɼΦ 3.4.15Υ ʃʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˍʽˌ ɾʶʻˈʵˇˎˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʹ˃ʶˊˇ˃ʹ˄ʽ˗˄ ˁʰʽ ˗ˊʰˌ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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3.4.15. ʁ˃ʰʵˇˉˇʾʹˋʹ όDǊƻǳǇ.ȅύ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

groupby() 

ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ DǊƻǳǇ.ȅΣ 
˔˖ˊʾʸˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˇ˃ʱʵʶˌ ˃ʶ ʲʱˋʹ 
˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˍʺ˂ʶˌΦ ɳʾ˄ʰʽ ʹ ʲʱˋʹ ʴʽʰ 
ˈ˂ʶˌ ˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ 
ˇ˃ʰʵˇˉˇʾʹˋʹˌ . 

df.groupby('category') 

agg() ̋  aggregate() 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʾʰ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 
ˋˎ˄ʱʻˊˇʽˋʹˌ ˋʶ ˁʱʻʶ ˇ˃ʱʵʰΣ 
ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˃ ʾʰ ʴˊʰ˃˃ʺ ʰ˄ʱ ˇ˃ʱʵʰ. 
ɹʵʰ˄ʽˁˈ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˈ ˋˎ˄ˇˉˍʽˁ˗˄ 
ˋˍʰˍʽˋˍʽˁ˗˄ όˉΦ˔ΦΣ ˃ʷˋˇˌ ˈˊˇˌΣ ʱʻˊˇʽˋ˃ʰύ . 

df.groupby('team').agg(avg_sc
ore=('score', 'mean'), 
total_score=('score', 'sum')) 

transform() 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ ˇ˃ʱʵʰ ˁʰʽ 
ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˍˇ ʾ ʵʽˇ ˃ʺˁˇˌ 
˃ʶ ˍˇ ʰˊ˔ʽˁˈ 5ŀǘŀCǊŀƳŜΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ 
ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʰ˄ʱ 
ʴˊʰ˃˃ʺΣ ˈˉ˖ˌ ʹ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ʶ˄ˍˈˌ ˍʹˌ 
ˇ˃ʱʵʰˌ ʺ ʹ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˁʶ˄˗˄ ˍʽ˃˗˄ . 

df['score_pct'] = df['score'] / 
df.groupby('team')['score'].tran
sform('sum') 

apply() 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ̄ ˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ 
ˋˎ˄ʱˊˍʹˋʹ ̀ ʶ ˁʱʻʶ ˇ˃ʱʵʰΦ ɳʾ˄ʰʽ ˉʽˇ 
ʶˎʷ˂ʽˁˍˇ ʰ˂˂ʱ ˁʰʽ ˉʽˇ ʰˊʴˈ ʰˉˈ 
ˍ hagg ˁ ʰʽ transformΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ 
ˈˍʰ˄ ʰˎˍʱ ʵʶ˄ ʶˉʰˊˁˇˏ˄ . 

df.groupby('team').apply(lamb
da g: g.nlargest(2, 'score')) 

filter() 
ɳˉʽ˂ʷʴʶʽ ʺ ʰˉˇˊˊʾˉˍʶʽ ˇ˂ˈˁ˂ʹˊʶˌ ˇ˃ʱʵʶˌ ˃ʶ 
ʲʱˋʹ ˃ʽʰ ˋˎ˄ʻʺˁʹ ˉˇˎ 
ʶˉʽˋˍˊʷ˒ʶʽ True ̋  False ɹ ʽʰ ˁʱʻʶ ˇ˃ʱʵʰ . 

df.groupby('team').filter(lambd
a g: len(g) >= 3) 

size() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˃ʷʴʶʻˇˌ όˉ˂ʺʻˇˌ ʴˊʰ˃˃˗˄ύ 
ˁʱʻʶ ˇ˃ʱʵʰˌΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˁʰʽ ˍʽˌ 
ˍʽ˃ʷˌ NaN . 

df.groupby('team').size() 

first() /  last() 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˉˊ˗ˍʹ ʺ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˃ʹ-
ˁʶ˄ʺ ˍʽ˃ʺ ˁʱʻʶ ˇ˃ʱʵʰˌ . 

df.groupby('team')['score'].first
() 

nth() ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˄-ˇˋˍʺ ʴˊʰ˃˃ʺ ˁʱʻʶ ˇ˃ʱʵʰˌ . 
df.groupby('team').nth(1) # 
ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ нʹ ʴˊʰ˃˃ʺ ˁʱʻʶ 
ˇ˃ʱʵʰˌ 

cumcount() 
ɮˊʽʻ˃ʶʾ ˍʽˌ ʴˊʰ˃˃ʷˌ ˁʱʻʶ ˇ˃ʱʵʰˌ ˅ʶˁʽ˄˗˄ˍʰˌ 
ʰˉˈ ˍˇ л . 

df['obs_number'] = 
df.groupby('team').cumcount() 

rank() 
ʇˉˇ˂ˇʴʾʸʶʽ ˍʹ ˋʶʽˊʱ όǊŀƴƪύ ˍ˖˄ ˍʽ˃˗˄ ˃ʷˋʰ ˋʶ 
ˁʱʻʶ ˇ˃ʱʵʰ . 

df['rank_in_team'] = 
df.groupby('team')['score'].ran
k(ascending=False) 

ʃʾ˄ʰˁʰˌ 3.4.16Υ ɾʷʻˇʵˇʽ ʴʽʰ ˇ˃ʰʵˇˉˇʾʹˋʹ όƎǊƻǳǇōȅύ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

ɶ ˇ˃ʰʵˇˉˇʾʹˋʹ όƎǊƻǳǇōȅύ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˈˉˇˎ ˔˖ˊʾʸˇˎ˃ʶ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ 

˃ʽˁˊˈˍʶˊʰ ˁˇ˃˃ʱˍʽʰ ʴʽʰ ˄ʰ ʶ˅ʱʴˇˎ˃ʶ ˇˎˋʽʰˋˍʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʰ˄ʱ ˁʰˍʹʴˇˊʾʰΦ 

мΦ ɶ ʊʽ˂ˇˋˇ˒ʾʰΥ {Ǉƭƛǘ-Apply-Combine 

ʂˍʰ˄ ˁʰ˂ʶʾˌ ˍʹ˄ ƎǊƻǳǇōȅόύΣ ʹ tŀƴŘŀǎ ʰˁˇ˂ˇˎʻʶʾ ˍˊʾʰ ʲʺ˃ʰˍʰΥ 

1. SplitΥ ʋ˖ˊʾʸʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ ˇ˃ʱʵʶˌ ʲʱˋʶʽ ˍ˖˄ ˍʽ˃˗˄ ˃ʽʰˌ ˋˍʺ˂ʹˌ όˉΦ˔Φ Ϧʁ˃ʱʵʰ ɮϦΣ Ϧʁ˃ʱʵʰ 

ɰϦύΦ 

2. ApplyΥ ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˉˊʱ˅ʹ όʱʻˊˇʽˋ˃ʰΣ ˃ʷˋˇ ˈˊˇΣ ˒ʾ˂ˍˊˇύ ˋʶ ˁʱʻʶ ˇ˃ʱʵʰ ˅ʶ˔˖ˊʽˋˍʱΦ 
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3. CombineΥ ɳ˄˗˄ʶʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ʷ˄ʰ ˄ʷˇΣ ˋˎ˄ˇˉˍʽˁˈ 5ŀǘŀCǊŀƳŜΦ 

2. ʁ ̔ʆˊʶʽˌ ʃˎ˂˗˄ʶˌ: Agg, Transform, Filter 

ɮˎˍʷˌ ˇʽ ˍˊʶʽˌ ˃ʷʻˇʵˇʽ ˁʰʻˇˊʾʸˇˎ˄ ˍʽ ʶʾʵˇˎˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ˉʱˊʶʽˌΥ 

¶ agg() (Aggregation)Υ ɾʶʽ˗˄ʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ ɮ˄ ʹ ˇ˃ʱʵʰ ʷ˔ʶʽ млл ʴˊʰ˃˃ʷˌΣ ʹ ŀƎƎ ʻʰ 

ʶˉʽˋˍˊʷ˕ʶʽ ˃ʾʰ ̱ ʽ˃ʺ όˉΦ˔Φ ˍˇ ʱʻˊˇʽˋ˃ʰύΦ ɳʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ ʴʽʰ ǊŜǇƻǊǘǎΦ 

¶ transform()Υ ɲʽʰˍʹˊʶʾ ˍˇ ʰˊ˔ʽˁˈ ˋ˔ʺ˃ʰΦ ɮ˄ ʹ ˇ˃ʱʵʰ ʷ˔ʶʽ млл ʴˊʰ˃˃ʷˌΣ ʹ ǘǊŀƴǎŦƻǊƳ ʻʰ 

ʶˉʽˋˍˊʷ˕ʶʽ 100 ˍʽ˃ʷˌΦ ɳʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʴʽʰ ˄ʰ ˋˎʴˁˊʾ˄ʶʽˌ ˃ʽʰ ˍʽ˃ʺ ˃ʶ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍʹˌ ˇ˃ʱʵʰˌ 

ˍʹˌ όˉΦ˔Φ Ϧʃˈˋˇ ʰˉʷ˔ʶʽ ˇ ˃ʽˋʻˈˌ ʰˎˍˇˏ ˍˇˎ ˎˉʰ˂˂ʺ˂ˇˎ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍˇˎ ˍ˃ʺ˃ʰˍˈˌ ˍˇˎΤϦύΦ 

¶ filter()Υ ɽʶʽˍˇˎˊʴʶʾ ˋʰ˄ Ϧˁˈˋˁʽ˄ˇϦ ʴʽʰ ˇ˃ʱʵʶˌΦ ɲʶ˄ ˒ʽ˂ˍˊʱˊʶʽ ʴˊʰ˃˃ʷˌΣ ʰ˂˂ʱ ˇ˂ˈˁ˂ʹˊʶˌ 

ˁʰˍʹʴˇˊʾʶˌ. 

ʃʰˊʱʵʶʽʴ˃ʰΥ Ϧɲʶʾ˅ʶ ˃ˇˎ ʵʶʵˇ˃ʷ˄ʰ ˃ˈ˄ˇ ʴʽʰ ˍʽˌ ˇ˃ʱʵʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˉʰʾ˅ʶʽ ˉʱ˄˖ ʰˉˈ р ˉʰʽ˔˄ʾʵʽʰϦΦ ɮ˄ 

˃ʽʰ ˇ˃ʱʵʰ ʷ˔ʶʽ пΣ ʶ˅ʰ˒ʰ˄ʾʸʶˍʰʽ ˈ˂ʹ ʰˉˈ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ 

оΦ ʃ˂ˇʺʴʹˋʹ ˃ʷˋʰ ˋˍʽˌ ʁ˃ʱʵʶˌ 

¶ first() / last()Υ ʋˊʺˋʽ˃ʰ ˋʶ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʴʽʰ ˄ʰ ʵʶʽˌ ˍʹ˄ ˉˊ˗ˍʹ ˁʰʽ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˁʰˍʰʴˊʰ˒ʺ 

˃ʽʰˌ ˉʶˊʽˈʵˇˎΦ 

¶ nth()Υ ʅˇˎ ʵʾ˄ʶʽ ˉˊˈˋʲʰˋʹ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋʶʽˊʱΦ ʃˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʰ˄ ʻʶˌ ˉΦ˔Φ ˄ʰ ʲˊʶʽˌ ˍˇ˄ 

Ϧʵʶˏˍʶˊˇ ˁʰ˂ˏˍʶˊˇϦ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰˌΦ 

¶ cumcount()Υ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ϦƛŘϦ ˃ʷˋʰ ˋˍʹ˄ ˇ˃ʱʵʰΦ ɮ˄ ʷ˔ʶʽˌ ˉʶ˂ʱˍʶˌ ˁʰʽ ˍʽˌ ʶˉʽˋˁʷ˕ʶʽˌ ˍˇˎˌΣ 

ˍˇ ŎǳƳŎƻǳƴǘ ʻʰ ʰˊʽʻ˃ʺˋʶʽ ˍʹ˄ мʹΣ нʹΣ оʹ ʶˉʾˋˁʶ˕ʹ ʴʽʰ ˁʱʻʶ ˉʶ˂ʱˍʹ ˅ʶ˔˖ˊʽˋˍʱΦ 

пΦ ɼʰˍʱˍʰ˅ʹ ʶ˄ˍˈˌ ʁ˃ʱʵʰˌ όǊŀƴƪύ 

ɶ Ǌŀƴƪόύ ʶʾ˄ʰʽ ˉʰ˄ʾˋ˔ˎˊʹ ʴʽʰ ʵʽʰʴ˖˄ʽˋ˃ˇˏˌ ʺ ˉ˖˂ʺˋʶʽˌΦ ɾˉˇˊʶʾˌ ˄ʰ ʲˊʶʽˌ ˍʹ ʻʷˋʹ ʶ˄ˈˌ ˉ˖˂ʹˍʺ ˈ˔ʽ 

ˋˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʶˍʰʽˊʶʾʰˌΣ ʰ˂˂ʱ ˃ʷˋʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎΦ ɮ˄ ʵˏˇ ʷ˔ˇˎ˄ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺΣ ʹ Ǌŀƴƪ ʵʽʰʻʷˍʶʽ 

ˉʰˊʰ˃ʷˍˊˇˎˌ όˈˉ˖ˌ ƳŜǘƘƻŘҐϥŘŜƴǎŜϥύ ʴʽʰ ˄ʰ ʰˉˇ˒ʰˋʾˋʶʽˌ ˉ˗ˌ ʻʰ ˔ʶʽˊʽˋˍʶʾˌ ˍʽˌ ʽˋˇˉʰ˂ʾʶˌΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ŭŮŭɞɛɏɜŬ ˊɤɚɐůŮɤɜ ŬɜɎ ɞɛɎŭŬ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  70)  

 

np . random . seed ( 42)   # ɔɘŬ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ 

 

data = {  

    'Team' :  [ 'A' ,  'A' ,  'B' ,  'B' ,  'B' ,  'C' ,  'C' ,  'C' ,  'C' ,  'D' ],  

    'Player' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ,  'Dimitris' ,  

'Sofia' ,  'John' ,  'Alice' ,  'Bob' ],  

    'Score' :  [ 85 ,  92 ,  78 ,  88 ,  95 ,  67 ,  72 ,  90 ,  84 ,  79 ],  

    'Age' :  [ 25 ,  30 ,  28 ,  35 ,  22 ,  27 ,  24 ,  40 ,  31 ,  29 ],  

    'Year' :  [ 2023 ,  2023 ,  2023 ,  2023 ,  2023 ,  2024 ,  2024 ,  2024 ,  2024 ,  2024 ]  

}  

df = pd . DataFrame ( data )  

print ( "ȷɟɢɘəɧ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 100  + " \ n" )  
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# -------------------------------------------------------------------  

# 1. groupby() -  ȹɖɛɘɞɡɟɔɑŬ ɞɛɎŭɤɜ 

# -------------------------------------------------------------------  

print ( "1. groupby() -  ȹɖɛɘɞɡɟɔɑŬ ŬɜŰɘəŮɘɛɏɜɞɡ GroupBy")  

print ( " - "  *  60)  

 

grouped = df . groupby ( 'Team' )  

print ( "ɃɛɎŭŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ:" )  

for  name,  group in  grouped :  

    print ( f" ɃɛɎŭŬ {name}:" )  

    print ( group )  

    print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. agg() ɐ aggregate() -  ɆɡɜɎɗɟɞɘůɖ ɛŮ ůɡɜŬɟŰɐůŮɘɠ 

# -------------------------------------------------------------------  

print ( "2. agg() -  ɄɞɚɚŬˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ ůɡɜɎɗɟɞɘůɖɠ")  

print ( " - "  *  60)  

 

# ɀɑŬ ůɡɜɎɟŰɖůɖ ůŮ ɛɑŬ ůŰɐɚɖ 

agg1 = df . groupby ( 'Team' )[ 'Score' ]. agg ( 'mean' )  

print ("ɀɏůɞɠ ɧɟɞɠ Score ŬɜɎ ɞɛɎŭŬ:")  

print ( agg1 )  

print ()  

 

# Ʉɞɚɚɏɠ ůɡɜŬɟŰɐůŮɘɠ ůŮ ɛɑŬ ůŰɐɚɖ 

agg2 = df . groupby ( 'Team' )[ 'Score' ]. agg ([ 'mean' ,  'max' ,  'min' ])  

print ("ɆŰŬŰɘůŰɘəɎ Score ŬɜɎ ɞɛɎŭŬ:")  

print ( agg2 )  

print ()  

 

# ȹɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůŰɐɚŮɠ 

agg3 = df . groupby ( 'Team' ). agg (  

    avg_score =( 'Score' ,  'mean' ),  

    total_score =( 'Score' ,  'sum' ),  

    avg_age =( 'Age' ,  'mean' ),  

    max_age=( 'Age' ,  'max' )  

)  

print ("ɄɟɞůŬɟɛɞůɛɏɜŮɠ ůɡɜŬɗɟɞɑůŮɘɠ:")  

print ( agg3 )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. transform() -  ȺˊɘůŰɟɞűɐ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɑŭɘɞɡ ɛɐəɞɡɠ 

# -------------------------------------------------------------------  

print ( "3. transform() -  ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ŮɜŰɧɠ ɞɛɎŭŬɠ")  

print ( " - "  *  60)  

 

# ɄɞůɞůŰɧ Űɞɡ score ɤɠ ˊɟɞɠ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ ɞɛɎŭŬɠ 

df [ 'Score_pct' ]  = df . groupby ( 'Team' )[ 'Score' ]. transform ( lambda  x :  x /  

x . sum()  *  100 )  

print ("ɄɞůɞůŰɧ Score ŮɜŰɧɠ ɞɛɎŭŬɠ:")  

print ( df [[ 'Team' ,  'Player' ,  'Score' ,  'Score_pct' ]])  

print ()  

 

# ȾŬɜɞɜɘəɞˊɞɑɖůɖ (z-score) ŮɜŰɧɠ ɞɛɎŭŬɠ 

df [ 'Score_z' ]  = df . groupby ( 'Team' )[ 'Score' ]. transform ( lambda  x :  ( x -  

x . mean())  /  x . std ())  

print ( "Z -score Űɞɡ Score ŮɜŰɧɠ ɞɛɎŭŬɠ:")  
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print ( df [[ 'Team' ,  'Player' ,  'Score' ,  'Score_z' ]])  

print ()  

 

# Ɇɡɛˊɚɐɟɤůɖ əŮɜɩɜ (Ŭɜ ɡˊɐɟɢŬɜ) ɛŮ Űɞɜ ɛɏůɞ ɧɟɞ Űɖɠ ɞɛɎŭŬɠ -  Ůŭɩ ŭŮɜ 

ɡˊɎɟɢɞɡɜ NaN, ŬɚɚɎ ɔɘŬ ŮˊɑŭŮɘɝɖ 

df_filled = df . copy ()  

df_filled . loc [ 2,  'Score' ]  = np . nan  # ŰŮɢɜɖŰɧ NaN 

df_filled [ 'Score_filled' ]  = 

df_filled . groupby ( 'Team' )[ 'Score' ]. transform ( lambda  x :  x . fillna ( x . mean()))  

print ("Ɇɡɛˊɚɐɟɤůɖ NaN ɛŮ Űɞɜ ɛɏůɞ ɧɟɞ Űɖɠ ɞɛɎŭŬɠ:")  

print ( df_filled [[ 'Team' ,  'Player' ,  'Score' ,  'Score_filled' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. apply() -  ȺűŬɟɛɞɔɐ custom ůɡɜɎɟŰɖůɖɠ ůŮ əɎɗŮ ɞɛɎŭŬ 

# -------------------------------------------------------------------  

print ( "4. apply() -  ɄɟɞůŬɟɛɞůɛɏɜɖ ůɡɜɎɟŰɖůɖ ŬɜɎ ɞɛɎŭŬ")  

print ( " - "  *  60)  

 

# ȺˊɘůŰɟɞűɐ Űɤɜ ŭɨɞ əɞɟɡűŬɑɤɜ ůəɧɟŮɟ əɎɗŮ ɞɛɎŭŬɠ 

top2 = df . groupby ( 'Team' ). apply ( lambda  g:  g. nlargest ( 2,  'Score' )[[ 'Player' ,  

'Score' ]])  

print ("Ƀɘ 2 əɞɟɡűŬɑɞɘ ůəɧɟŮɟ ŬɜɎ ɞɛɎŭŬ:")  

print ( top2 )  

print ()  

 

# ȺűŬɟɛɞɔɐ ůɡɜɎɟŰɖůɖɠ ˊɞɡ ŮˊɘůŰɟɏűŮɘ DataFrame (ˊ.ɢ. əŬɜɞɜɘəɞˊɞɑɖůɖ) 

def  normalize ( group ):  

    group [ 'Score_norm' ]  = ( group [ 'Score' ]  -  group [ 'Score' ]. min ())  /  

( group [ 'Score' ]. max()  -  group [ 'Score' ]. min ())  

    return  group  

 

normalized = df . groupby ( 'Team' ). apply ( normalize )  

print ("ȾŬɜɞɜɘəɞˊɞɑɖůɖ min-max ŮɜŰɧɠ ɞɛɎŭŬɠ:")  

print ( normalized [[ 'Team' ,  'Player' ,  'Score' ,  'Score_norm' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. filter() -  ūɘɚŰɟɎɟɘůɛŬ ɞɛɎŭɤɜ 

# -------------------------------------------------------------------  

print ( "5. filter() -  ȾɟŬŰɎ ɞɛɎŭŮɠ ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ ůɡɜɗɐəɖ")  

print ( " - "  *  60)  

 

# ȾɟŬŰɎɛŮ ɛɧɜɞ ɞɛɎŭŮɠ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ 3 ɛɏɚɖ 

filtered = df . groupby ( 'Team' ). filter ( lambda  g:  len ( g)  >= 3)  

print ( "ɃɛɎŭŮɠ ɛŮ >=3 ɛɏɚɖ:" )  

print ( filtered )  

print ()  

 

# ȾɟŬŰɎɛŮ ɞɛɎŭŮɠ ɧˊɞɡ Űɞ ɛɏɔɘůŰɞ score ŮɑɜŬɘ > 90 

filtered_max = df . groupby ( 'Team' ). filter ( lambda  g:  g[ 'Score' ]. max()  > 90)  

print ( "ɃɛɎŭŮɠ ɛŮ max score > 90:" )  

print ( filtered_max )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. size() -  ɀɏɔŮɗɞɠ əɎɗŮ ɞɛɎŭŬɠ 

# -------------------------------------------------------------------  

print ( "6. size() -  Ʉɚɐɗɞɠ ɔɟŬɛɛɩɜ ŬɜɎ ɞɛɎŭŬ")  

print ( " - "  *  60)  
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group_sizes = df . groupby ( 'Team' ). size ()  

print ( "ɀɏɔŮɗɞɠ ɞɛɎŭɤɜ:" )  

print ( group_sizes )  

print ()  

 

# reset_index ɔɘŬ ˊɘɞ ɧɛɞɟűɖ ˊŬɟɞɡůɑŬůɖ 

group_sizes_df = group_sizes . reset_index ( name='Count' )  

print ( "ɋɠ DataFrame:" )  

print ( group_sizes_df )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. first(), last(), nth() -  ɄɟɩŰɖ, ŰŮɚŮɡŰŬɑŬ, ɜ-ɞůŰɐ ɔɟŬɛɛɐ 

# -------------------------------------------------------------------  

print ( "7. first(), last(), nth() -  Ⱥˊɘɚɞɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ ɔɟŬɛɛɩɜ")  

print ( " - "  *  60)  

 

# ɄɟɩŰɖ ɔɟŬɛɛɐ əɎɗŮ ɞɛɎŭŬɠ (ɓɎůŮɘ ůŮɘɟɎɠ ŮɛűɎɜɘůɖɠ) 

first = df . groupby ( 'Team' ). first ()  

print ( "first():" )  

print ( first [[ 'Player' ,  'Score' ]])  

print ()  

 

# ɇŮɚŮɡŰŬɑŬ ɔɟŬɛɛɐ 

last = df . groupby ( 'Team' ). last ()  

print ( "last():" )  

print ( last [[ 'Player' ,  'Score' ]])  

print ()  

 

# Ɂ-ɞůŰɐ ɔɟŬɛɛɐ (ˊ.ɢ. 1 = ŭŮɨŰŮɟɖ ɔɟŬɛɛɐ, ɝŮəɘɜɎ Ŭˊɧ 0) 

nth = df . groupby ( 'Team' ). nth ( 1)  

print ( "nth(1) -  ŭŮɨŰŮɟɖ ɔɟŬɛɛɐ:" )  

print ( nth [[ 'Player' ,  'Score' ]])  

print ()  

 

# nth ɛŮ fallback (Ŭɜ ŭŮɜ ɡˊɎɟɢŮɘ, ɛˊɞɟŮɑ ɜŬ ŮˊɘůŰɟɏɣŮɘ NaN) 

nth_fallback = df . groupby ( 'Team' ). nth ( 2,  default =pd . NA)  

print ( "nth(2, default=pd.NA) -  ŰɟɑŰɖ ɔɟŬɛɛɐ ɐ NA:" )  

print ( nth_fallback [[ 'Player' ,  'Score' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 8. cumcount() -  ȷɟɑɗɛɖůɖ ɔɟŬɛɛɩɜ ŮɜŰɧɠ ɞɛɎŭŬɠ 

# -------------------------------------------------------------------  

print ( "8. cumcount() -  ȷɨɝɤɜ Ŭɟɘɗɛɧɠ ŮɜŰɧɠ ɞɛɎŭŬɠ")  

print ( " - "  *  60)  

 

df [ 'Obs_in_team' ]  = df . groupby ( 'Team' ). cumcount ()  + 1  # +1 ɔɘŬ ɜŬ ɝŮəɘɜɎ 

Ŭˊɧ 1 

print ("ȷɨɝɤɜ Ŭɟɘɗɛɧɠ ˊŬɑəŰɖ ůŰɖɜ ɞɛɎŭŬ:")  

print ( df [[ 'Team' ,  'Player' ,  'Obs_in_team' ]])  

print ()  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 9. rank() -  ȾŬŰɎŰŬɝɖ Űɘɛɩɜ ŮɜŰɧɠ ɞɛɎŭŬɠ 

# -------------------------------------------------------------------  

print ( "9. rank() -  ɆŮɘɟɎ əŬŰɎŰŬɝɖɠ (ranking)" )  

print ( " - "  *  60)  

 

# ȾŬŰɎŰŬɝɖ ɓɎůŮɘ Score (ɡɣɖɚɧŰŮɟɞ = 1) 
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df [ 'Rank_score' ]  = df . groupby ( 'Team' )[ 'Score' ]. rank ( ascending =False ,  

method ='dense' )  

print ("ȾŬŰɎŰŬɝɖ score ŮɜŰɧɠ ɞɛɎŭŬɠ (1=əɞɟɡűŬɑɞɠ):")  

print ( df [[ 'Team' ,  'Player' ,  'Score' ,  'Rank_score' ]])  

print ()  

 

# ȹɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ: 'min', 'max', 'first', 'dense'  

df [ 'Rank_method' ]  = df . groupby ( 'Team' )[ 'Score' ]. rank ( method ='min' ,  

ascending =False )  

print ( "ȾŬŰɎŰŬɝɖ ɛŮ method='min':" )  

print ( df [[ 'Team' ,  'Player' ,  'Score' ,  'Rank_method' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.16Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ˇ˃ʰʵˇˉˇʾʹˋʹ όƎǊƻǳǇōȅύ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.16. ɼʽ˄ʹˍˇʾ ɾʷˋˇʽ (Rolling/EWM/Expanding) 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳ˒ʰˊ˃ˇʴʺ 

rolling() 

ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˉʰˊʱʻˎˊˇ ˁˎ˂ʽˈ˃ʶ˄ˇˎ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˋˍʰʻʶˊˈˎ ˃ʶʴʷʻˇˎˌ 
όˉΦ˔ΦΣ о ʴˊʰ˃˃ʷˌύ ʺ ˋˍʰʻʶˊˇˏ ˔ˊˇ˄ʽˁˇˏ 
ʵʽʰˋˍʺ˃ʰˍˇˌ όˉΦ˔ΦΣ Ϧт5ϦύΦ ʅˍʹ 
ˋˎ˄ʷ˔ʶʽʰΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʽʰ ˋˎ˄ʱˊˍʹˋʹ 
όˉΦ˔ΦΣ mean()) . 

df['moving_avg'] = 
df['sales'].rolling(window=3).m
ean() 

.agg()  
ˉʱ˄˖ ˋʶ ǊƻƭƭƛƴƎ 

ɳ˒ʰˊ˃ˈʸʶʽ ˉˇ˂˂ʰˉ˂ʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 
ˋˎ˄ʱʻˊˇʽˋʹˌ ˋˍˇ ʾʵʽˇ ˁˎ˂ʽˈ˃ʶ˄ˇ 
ˉʰˊʱʻˎˊˇ ˍʰˎˍˈ˔ˊˇ˄ʰ . 

df.rolling(window=3).agg(['sum
', 'std', 'max']) 

.apply()  
ˉʱ˄˖ ˋʶ ǊƻƭƭƛƴƎ 

ɳ˒ʰˊ˃ˈʸʶʽ ˃ʽʰ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ 
ˋˎ˄ʱˊˍʹˋʹ ˋʶ ˁʱʻʶ ˁˎ˂ʽˈ˃ʶ˄ˇ 
ˉʰˊʱʻˎˊˇ . 

df['sales_range'] = 
df['sales'].rolling(4).apply(lamb
da x: x.max() - x.min(), 
raw=True) 

expanding() 

ɲʹ˃ʽˇˎˊʴʶʾ 
ʷ˄ʰ ɻ ʽʶˎˊˎ˄ˈ˃ʶ˄ˇ ̄ ʰˊʱʻˎˊˇ ˉˇˎ 
˅ʶˁʽ˄ʱ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ 
ˁʰʽ ˃ʶʴʰ˂˗˄ʶʽ ˃ʷ˔ˊʽ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ 
ʴˊʰ˃˃ʺΦ ʋˊʺˋʽ˃ˇ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˈ 
ʰʻˊˇʽˋˍʽˁ˗˄ ˋˍʰˍʽˋˍʽˁ˗˄ . 

df['cumulative_avg'] = 
df['sales'].expanding(min_perio
ds=2).mean() 

ewm() 

ɳ˒ʰˊ˃ˈʸʶʽ ʁ ˁʻʶˍʽˁʺ ˁʽ˄ʹˍʺ ˃ʶʾ˖ˋʹ 
ʲʱˊˇˎˌ ό9ȄǇƻƴŜƴǘƛŀƭ ²ŜƛƎƘǘŜŘ 
Moving Average)Φ ɲʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ 
ʲʰˊˏˍʹˍʰ ˋʶ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ 
ˉʰˊʰˍʹˊʺˋʶʽˌ . 

df['ewm_avg'] = 
df['sales'].ewm(span=4, 
adjust=False).mean() 

min_periods  
όˉʰˊʱ˃ʶˍˊˇˌύ 

ɼʰʻˇˊʾʸʶʽ ˍˇ˄ ʶ˂ʱ˔ʽˋˍˇ ʰˊʽʻ˃ˈ 
ˉʰˊʰˍʹˊʺˋʶ˖˄ ˃ʶ ˃ʹ-NaN ̱ ʽ˃ʷˌ ˉˇˎ 
ˉˊʷˉʶʽ ˄ʰ ʷ˔ʶʽ ʷ˄ʰ ˉʰˊʱʻˎˊˇ ʴʽʰ ˄ʰ 
ʶ˃˒ʰ˄ʽˋˍʶʾ ʰˉˇˍʷ˂ʶˋ˃ʰΦ ɳ˂ʷʴ˔ʶʽ ˍʹ˄ 
ʶ˃˒ʱ˄ʽˋʹ NaN ̀ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ 
ˉʶˊʽˈʵˇˎ . 

df['moving_avg'] = 
df['sales'].rolling(window=5, 
min_periods=2).mean() 

center  
όˉʰˊʱ˃ʶˍˊˇˌύ 

ɮ ˄center=TrueΣ ˍˇˉˇʻʶˍʶʾ ˍˇ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˎ ˉʰˊʰʻˏˊˇˎ 
ˋˍʹ˄ ˁ ʶ˄ˍˊʽˁʺ ɹ ˊʰ˃˃ʺ όʰ˄ˍʾ ʴʽʰ ˍʹ 
ʵʶ˅ʽʱΣ ˉˇˎ ʶʾ˄ʰʽ ʹ ˉˊˇʶˉʽ˂ˇʴʺύ . 

df['moving_avg_centered'] = 
df['sales'].rolling(window=3, 
center=True).mean() 

ʃʾ˄ʰˁʰˌ 3.4.17Υ ɾʷʻˇʵˇʽ ʴʽʰ ɼʽ˄ʹˍˇʾ ɾʷˋˇʽ όwƻƭƭƛƴƎκ9²aκ9ȄǇŀƴŘƛƴƎύ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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ʁʽ ˃ʷʻˇʵˇʽ Window Operations όɼˎ˂ʽˈ˃ʶ˄ʰ ˁʰʽ ɲʽʶˎˊˎ˄ˈ˃ʶ˄ʰ ʃʰˊʱʻˎˊʰύ ʶʾ˄ʰʽ ˍˇ Ϧˁ˂ʶʽʵʾϦ ʴʽʰ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˁʰʻ˗ˌ ˃ʰˌ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ʶ˅ˇ˃ʰ˂ˏ˄ˇˎ˃ʶ ˍˇ˄ ʻˈˊˎʲˇ ˁʰʽ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ 

ˍʱˋʶʽˌ όǘǊŜƴŘǎύ ˉˇˎ ʵʶ˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˃ʶ ˃ʽʰ ʰˉ˂ʺ ˃ʰˍʽʱΦ 

мΦ wƻƭƭƛƴƎΥ ʆˇ Ϧɼ˂ʰˋʽˁˈϦ ɼʽ˄ʹˍˈ ʃʰˊʱʻˎˊˇ 

ɶ ǊƻƭƭƛƴƎόύ ˇˊʾʸʶʽ ʷ˄ʰ ˉʰˊʱʻˎˊˇ ˋˍʰʻʶˊˇˏ ˃ʶʴʷʻˇˎˌ ˉˇˎ Ϧʴ˂ʽˋˍˊʱʶʽϦ ˉʱ˄˖ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʰˌΦ 

¶ Window Size: ɮ˄ ˇˊʾˋʶˍʶ ǿƛƴŘƻǿҐтΣ ˁʱʻʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ 

ˍʶ˂ʶˎˍʰʾ˖˄ т ʹ˃ʶˊ˗˄κʶʴʴˊʰ˒˗˄Φ 

¶ Smoothing: ɳʾ˄ʰʽ ˇ ʲʰˋʽˁˈˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶˍʶ ʷ˄ʰ˄ ɼʽ˄ʹˍˈ ɾʷˋˇ ʂˊˇ όaƻǾƛƴƎ 

Average)Σ ˇ ˇˉˇʾˇˌ ʶ˅ʰ˒ʰ˄ʾʸʶʽ ˍʽˌ ʰˉˈˍˇ˃ʶˌ ˁʰʻʹ˃ʶˊʽ˄ʷˌ ʵʽʰˁˎ˃ʱ˄ˋʶʽˌΦ 

¶ Center: ɮˉˈ ˉˊˇʶˉʽ˂ˇʴʺΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ˉʰʾ˄ʶʽ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʴˊʰ˃˃ʺ ˍˇˎ ˉʰˊʰʻˏˊˇˎΦ 

ɾʶ ˍˇ ŎŜƴǘŜǊҐ¢ǊǳŜΣ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ˉʰʾ˄ʶʽ ˋˍʹ ˃ʶˋʰʾʰ ʴˊʰ˃˃ʺΣ ˁʱˍʽ ˉˇˎ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ˇ ʴʽʰ 

˄ʰ ʶˎʻˎʴˊʰ˃˃ʽˋˍʶʾ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˇˉˍʽˁʱ ˃ʶ ˍʰ ˉˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʷ˄ʰ ʴˊʱ˒ʹ˃ʰΦ 

нΦ 9ȄǇŀƴŘƛƴƎΥ ʆˇ ϦɹˋˍˇˊʽˁˈϦ ʃʰˊʱʻˎˊˇ 

ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ ǊƻƭƭƛƴƎΣ ʹ ŜȄǇŀƴŘƛƴƎόύ ʵʶ˄ ʰ˒ʺ˄ʶʽ ˉʾˋ˖ ˍʹˌ ˍʰ ˉʰ˂ʽʱ ʵʶʵˇ˃ʷ˄ʰΦ ʆˇ ˉʰˊʱʻˎˊˇ ˅ʶˁʽ˄ʱ 

ʰˉˈ ˍʹ˄ мʹ ʴˊʰ˃˃ʺ ˁʰʽ ˃ʶʴʰ˂˗˄ʶʽ ˋˎ˄ʶ˔˗ˌΦ 

¶ Cumulative Insights: ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˈˍʰ˄ ʻʷ˂ʶˍʶ ˄ʰ ʲ˂ʷˉʶˍʶ ˉ˗ˌ ʶ˅ʶ˂ʾˋˋʶˍʰʽ ʷ˄ʰ 

ˋˍʰˍʽˋˍʽˁˈ ˃ʷʴʶʻˇˌ όˉΦ˔Φ ʹ ˃ʷˋʹ ʰˉˈʵˇˋʹύ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˍ˖˄ ˔ˊˈ˄˖˄ ˃ʷ˔ˊʽ ˋʺ˃ʶˊʰΦ 

¶ Stability: ɳʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʴʽʰ ˄ʰ ʵʶʾˍʶ ʰ˄ ʷ˄ʰˌ ˃ʷˋˇˌ ˈˊˇˌ ϦˋˍʰʻʶˊˇˉˇʽʶʾˍʰʽϦ ˈˋˇ ˃ʰʸʶˏˇ˄ˍʰʽ 

ˉʶˊʽˋˋˈˍʶˊʰ ʵʶʵˇ˃ʷ˄ʰΦ 

3. EWM: ɳˁʻʶˍʽˁʺ ɰʰˊˏˍʹˍʰ (Exponentially Weighted) 

ɶ ŜǿƳόύ ʶʾ˄ʰʽ ʹ ˉʽˇ ʶ˅ʶ˂ʽʴ˃ʷ˄ʹ ˃ʷʻˇʵˇˌΦ ɮ˄ˍʾ ˄ʰ ʵʾ˄ʶʽ ˍʹ˄ ʾʵʽʰ ˋʹ˃ʰˋʾʰ ˋʶ ˈ˂ʶˌ ˍʽˌ ʹ˃ʷˊʶˌ όˈˉ˖ˌ ʹ 

ǊƻƭƭƛƴƎύΣ ʵʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʲʰˊˏˍʹˍʰ ˋˍʽˌ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ ˍʽ˃ʷˌ. 

¶ ɱʽʰˍʾ ˄ʰ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶΤ ʅˍʰ ˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʱΣ ˍˇ ˍʽ ʷʴʽ˄ʶ ˋʺ˃ʶˊʰ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ˉʽˇ 

ˋʹ˃ʰ˄ˍʽˁˈ ʰˉˈ ˍˇ ˍʽ ʷʴʽ˄ʶ ˉˊʽ˄ мл ˃ʷˊʶˌΦ ɶ ŜǿƳ ʰ˄ˍʽʵˊʱ ˉˇ˂ˏ ˉʽˇ ʴˊʺʴˇˊʰ ˋˍʽˌ ʰ˂˂ʰʴʷˌ ˍʹˌ 

ˍʱˋʹˌ ʰˉϥ ˈΣˍʽ ʷ˄ʰˌ ʰˉ˂ˈˌ ˁʽ˄ʹˍˈˌ ˃ʷˋˇˌ ˈˊˇˌΦ 

пΦ ɲʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ bŀb ˃ʶ ˍʹ˄ ƳƛƴψǇŜǊƛƻŘǎ 

ʂˍʰ˄ ˅ʶˁʽ˄ʱʶʽ ʷ˄ʰ ǊƻƭƭƛƴƎ ˉʰˊʱʻˎˊˇ όˉΦ˔Φ ˃ʶʴʷʻˇˎˌ млύΣ ˇʽ ˉˊ˗ˍʶˌ ф ʴˊʰ˃˃ʷˌ ʻʰ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰˋˍʽˁʱ 

bŀb ʴʽʰˍʾ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʰˊˁʶˍʱ ʵʶʵˇ˃ʷ˄ʰΦ 

¶ ɾʶ ˍʹ˄ min_periodsΣ ˃ˉˇˊʶʾˍʶ ˄ʰ ˉʶʾˍʶ ˋˍʹ˄ tŀƴŘŀǎΥ Ϧɮ˄ ʲˊʶʽˌ ʷˋˍ˖ ˁʰʽ н ˍʽ˃ʷˌΣ ʵ˗ˋʶ ˃ˇˎ 

ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˃ʹ˄ ˉʶˊʽ˃ʷ˄ʶʽˌ ˄ʰ ˃ʰʸʶˎˍˇˏ˄ ˁʰʽ ˇʽ млϦΦ ɮˎˍˈ ʲˇʹʻʱʶʽ ˄ʰ ʷ˔ʶˍʶ ʵʶʵˇ˃ʷ˄ʰ 

ʵʽʰʻʷˋʽ˃ʰ ˄˖ˊʾˍʶˊʰ ˋˍˇ ŘŀǘŀǎŜǘ ˋʰˌΦ 

import  pandas as  pd 

import  numpy as  np 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɛŮ ɢɟɞɜɞůŮɘɟɎ ˊɤɚɐůŮɤɜ 

# -------------------------------------------------------------------  

print ("ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame")  

print ( " - "  *  70)  

 

# ȹɖɛɘɞɡɟɔɑŬ ɖɛŮɟɞɛɖɜɘɩɜ (əŬɗɖɛŮɟɘɜɎ) 
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dates = pd . date_range ( start ='2024 - 01- 01' ,  periods =15 ,  freq ='D' )  

np . random . seed ( 1)  

sales = np . random . randint ( 100 ,  200 ,  size =15). astype ( float )  

 

# ȺɘůŬɔɤɔɐ ɛŮɟɘəɩɜ NaN ɔɘŬ ŮˊɑŭŮɘɝɖ min_periods 

sales [ 2]  = np . nan  

sales [ 7]  = np . nan  

sales [ 12 ]  = np . nan  

 

df = pd . DataFrame ({ 'date' :  dates ,  'sales' :  sales })  

print ("ȷɟɢɘəɧ DataFrame (ˊɤɚɐůŮɘɠ ŬɜɎ ɖɛɏɟŬ):")  

print ( df )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. rolling() -  ȾɡɚɘɧɛŮɜɞ ˊŬɟɎɗɡɟɞ ůŰŬɗŮɟɞɨ ɛŮɔɏɗɞɡɠ 

# -------------------------------------------------------------------  

print ( "1. rolling() -  ȾɡɚɘɧɛŮɜɞɠ ɛɏůɞɠ ɧɟɞɠ (window=3)" )  

print ( " - "  *  60)  

 

# ȷˊɚɧɠ əɡɚɘɧɛŮɜɞɠ ɛɏůɞɠ ɧɟɞɠ 3 ɖɛŮɟɩɜ 

df [ 'rolling_mean_3' ]  = df [ 'sales' ]. rolling ( window =3). mean()  

print ( df [[ 'date' ,  'sales' ,  'rolling_mean_3' ]])  

print ()  

 

# ɄŬ ʥʘʩʪʦʷʱʠʡ: min_periods -  ŮɚɎɢɘůŰɞɠ Ŭɟɘɗɛɧɠ ɛɖ-NaN Űɘɛɩɜ ɔɘŬ ŮɛűɎɜɘůɖ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ 

df [ 'rolling_mean_min2' ]  = df [ 'sales' ]. rolling ( window =3,  

min_periods =2). mean()  

print ("ɛŮ min_periods=2 (ŮˊɘŰɟɏˊɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ 2 Űɘɛɏɠ):")  

print ( df [[ 'date' ,  'sales' ,  'rolling_mean_min2' ]])  

print ()  

 

# center=True -  ŰɞˊɞɗɏŰɖůɖ ŬˊɞŰŮɚɏůɛŬŰɞɠ ůŰɖɜ əŮɜŰɟɘəɐ ɔɟŬɛɛɐ 

df [ 'rolling_mean_center' ]  = df [ 'sales' ]. rolling ( window =3,  

center =True ). mean()  

print ("ɛŮ center=True (Űɞ ŬˊɞŰɏɚŮůɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ əŮɜŰɟɘəɐ ɖɛɏɟŬ Űɞɡ 

ˊŬɟŬɗɨɟɞɡ):")  

print ( df [[ 'date' ,  'sales' ,  'rolling_mean_center' ]])  

print ()  

 

# ȾɡɚɘɧɛŮɜɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 

df [ 'rolling_std_3' ]  = df [ 'sales' ]. rolling ( window =3). std ()  

print ("ȾɡɚɘɧɛŮɜɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ 3 ɖɛŮɟɩɜ:")  

print ( df [[ 'date' ,  'sales' ,  'rolling_std_3' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. .agg() ůŮ rolling -  ɄɞɚɚŬˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ ŰŬɡŰɧɢɟɞɜŬ 

# -------------------------------------------------------------------  

print ( "2. rolling().agg() -  ɄɞɚɚŬˊɚɏɠ ůɡɜŬɗɟɞɑůŮɘɠ" )  

print ( " - "  *  60)  

 

rolling_agg = df [ 'sales' ]. rolling ( window =3). agg ([ 'mean' ,  'std' ,  'sum' ,  

'max' ])  

print ("ɄɞɚɚŬˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ ůŰɞ ɑŭɘɞ ˊŬɟɎɗɡɟɞ:")  

print ( rolling_agg )  

print ()  

 

# ɀˊɞɟɞɨɛŮ ɜŬ ůɡɜŭɡɎůɞɡɛŮ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ŭŮŭɞɛɏɜŬ 

df_agg = df . join ( rolling_agg )  
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print ("ɀŮ ŮɜůɤɛɎŰɤůɖ ůŰɞ Ŭɟɢɘəɧ DataFrame:")  

print ( df_agg . head ( 10))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. .apply() ůŮ rolling -  ɄɟɞůŬɟɛɞůɛɏɜɖ ůɡɜɎɟŰɖůɖ 

# -------------------------------------------------------------------  

print ( "3. rolling().apply() -  ɄɟɞůŬɟɛɞůɛɏɜɖ ůɡɜɎɟŰɖůɖ")  

print ( " - "  *  60)  

 

# ɆɡɜɎɟŰɖůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮɘ Űɞ Ůɨɟɞɠ (max-min) Űɞɡ ˊŬɟŬɗɨɟɞɡ 

df [ 'rolling_range' ]  = df [ 'sales' ]. rolling ( window =4). apply ( lambda  x :  x . max()  

-  x . min (),  raw =True )  

print ( "ȾɡɚɘɧɛŮɜɞ Ůɨɟɞɠ (max - min) ɛŮ window=4:" )  

print ( df [[ 'date' ,  'sales' ,  'rolling_range' ]])  

print ()  

 

# ɆɡɜɎɟŰɖůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɗŮŰɘəɩɜ ɛŮŰŬɓɞɚɩɜ (ŭŮɜ ɏɢŮɘ ɜɧɖɛŬ 

Ůŭɩ, Ŭˊɚɧ ˊŬɟɎŭŮɘɔɛŬ) 

def  count_positives ( series ):  

    return  ( series > 0). sum()  

 

df [ 'rolling_pos' ]  = df [ 'sales' ]. rolling ( window =3). apply ( count_positives ,  

raw =True )  

print ("Ʉɚɐɗɞɠ ɗŮŰɘəɩɜ Űɘɛɩɜ (ɧɚŮɠ >0, ŮəŰɧɠ NaN):")  

print ( df [[ 'date' ,  'sales' ,  'rolling_pos' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. expanding() -  ȹɘŮɡɟɡɜɧɛŮɜɞ ˊŬɟɎɗɡɟɞ (Ŭˊɧ Űɖɜ Ŭɟɢɐ) 

# -------------------------------------------------------------------  

print ( "4. expanding() -  ȷɗɟɞɘůŰɘəɎ ůŰŬŰɘůŰɘəɎ")  

print ( " - "  *  60)  

 

# ȷɗɟɞɘůŰɘəɧɠ ɛɏůɞɠ ɧɟɞɠ 

df [ 'expanding_mean' ]  = df [ 'sales' ]. expanding (). mean()  

print ( "ȷɗɟɞɘůŰɘəɧɠ ɛɏůɞɠ ɧɟɞɠ:" )  

print ( df [[ 'date' ,  'sales' ,  'expanding_mean' ]])  

print ()  

 

# ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ 

df [ 'expanding_sum' ]  = df [ 'sales' ]. expanding (). sum()  

print ( "ȷɗɟɞɘůŰɘəɧ ɎɗɟɞɘůɛŬ:" )  

print ( df [[ 'date' ,  'sales' ,  'expanding_sum' ]])  

print ()  

 

# ɛŮ min_periods (ŮɚɎɢɘůŰɞɠ Ŭɟɘɗɛɧɠ Űɘɛɩɜ) 

df [ 'expanding_mean_min3' ]  = df [ 'sales' ]. expanding ( min_periods =3). mean()  

print ("ȷɗɟɞɘůŰɘəɧɠ ɛɏůɞɠ ɛŮ min_periods=3 (NaN ɏɤɠ ɧŰɞɡ ɡˊɎɟɢɞɡɜ 3 

Űɘɛɏɠ):")  

print ( df [[ 'date' ,  'sales' ,  'expanding_mean_min3' ]])  

print ()  

 

# ȺűŬɟɛɞɔɐ ˊɞɚɚŬˊɚɩɜ ůɡɜŬɟŰɐůŮɤɜ ɛŮ agg 

exp_agg = df [ 'sales' ]. expanding (). agg ([ 'mean' ,  'sum' ,  'std' ])  

print ( "expanding().agg() -  ˊɞɚɚŬˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ:" )  

print ( exp_agg )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. ewm() -  ȺəɗŮŰɘəɎ əɘɜɖŰɧɠ ɛɏůɞɠ (Exponential Weighted)  
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# -------------------------------------------------------------------  

print ( "5. ewm() -  ȺəɗŮŰɘəɎ əɘɜɖŰɧɠ ɛɏůɞɠ" )  

print ( " - "  *  60)  

 

# ȺəɗŮŰɘəɧɠ əɘɜɖŰɧɠ ɛɏůɞɠ ɛŮ span=4 (ŬɜŰɑůŰɞɘɢɞ ɛŮ window 4, ŬɚɚɎ ɛŮ 

ŮəɗŮŰɘəɐ ɛŮɑɤůɖ ɓŬɟɩɜ) 

df [ 'ewm_span4' ]  = df [ 'sales' ]. ewm( span =4,  adjust =False ). mean()  

print ( "EWM ɛŮ span=4:" )  

print ( df [[ 'date' ,  'sales' ,  'ewm_span4' ]])  

print ()  

 

# ɛŮ alpha (ˊŬɟɎɔɞɜŰŬɠ ŮɝɞɛɎɚɡɜůɖɠ) 

df [ 'ewm_alpha03' ]  = df [ 'sales' ]. ewm( alpha =0.3 ,  adjust =False ). mean()  

print ( "EWM ɛŮ alpha=0.3:" )  

print ( df [[ 'date' ,  'sales' ,  'ewm_alpha03' ]])  

print ()  

 

# min_periods ůŮ ewm (ŬɜŰɑůŰɞɘɢŬ)  

df [ 'ewm_min2' ]  = df [ 'sales' ]. ewm( span =4,  min_periods =2,  

adjust =False ). mean()  

print ( "EWM ɛŮ min_periods=2:" )  

print ( df [[ 'date' ,  'sales' ,  'ewm_min2' ]])  

print ()  

 

# ignore NaN; ŰŬ NaN ŮˊɖɟŮɎɕɞɡɜ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ. ɀˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ Űɖ 

ŭɘŬűɞɟɎ. 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ ŬɜŰɑɔɟŬűɞ ɢɤɟɑɠ NaN ɔɘŬ ůɨɔəɟɘůɖ. 

df_no_nan = df . dropna ( subset =[ 'sales' ]). copy ()  

df_no_nan [ 'ewm_clean' ]  = df_no_nan [ 'sales' ]. ewm( span =4,  

adjust =False ). mean()  

print ("EWM ɢɤɟɑɠ NaN (ɔɘŬ ůɨɔəɟɘůɖ):")  

print ( df_no_nan [[ 'date' ,  'sales' ,  'ewm_clean' ]])  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. ɄŬɟɎŭŮɘɔɛŬ ůɡɜŭɡŬůɛɞɨ rolling ɛŮ groupby (ˊɟɞŬɘɟŮŰɘəɧ) 

# -------------------------------------------------------------------  

print ("6. rolling() ɛŮ groupby (ˊɟɞŬɘɟŮŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ)")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ DataFrame ɛŮ ŭɨɞ ɞɛɎŭŮɠ 

df2 = pd . DataFrame ({  

    'group' :  [ 'A' ]* 10 + [ 'B' ]* 10 ,  

    'value' :  np . random . randint ( 50 ,  150 ,  20). astype ( float )  

})  

df2 [ 'rolling_group' ]  = 

df2 . groupby ( 'group' )[ 'value' ]. rolling ( window =3). mean(). reset_index ( level =0,  

drop =True )  

print ("ȾɡɚɘɧɛŮɜɞɠ ɛɏůɞɠ ŬɜɎ ɞɛɎŭŬ:")  

print ( df2 . head ( 12))  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.17Υ ɾʷʻˇʵˇʽ ʴʽʰ ɼʽ˄ʹˍˇʾ ɾʷˋˇʽ όwƻƭƭƛƴƎκ9²aκ9ȄǇŀƴŘƛƴƎύ ˍ˖˄ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.17. ɳʽˋʰʴ˖ʴʺ ɲʶʵˇ˃ʷ˄˖˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

pd.read_csv() 
ɲʽʰʲʱʸʶʽ ʵʶʵˇ˃ʷ˄ʰ 
ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ 

import pandas as pd 
df = pd.read_csv('̱ _̌ʰˊ˔ʶʾˇ_˃ˇˎ.csv')  
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ʵʽʰ˔˖ˊʽˋ˃ʷ˄ˇ ˃ʶ 
ˁˈ˃˃ʰˍʰ ό/{±ύ ˁʰʽ 
ˍʰ ˒ˇˊˍ˗˄ʶʽ ˋʶ ʷ˄ʰ 
DataFrame. 

pd.read_excel() 

ɲʽʰʲʱʸʶʽ ʵʶʵˇ˃ʷ˄ʰ 
ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ 
9ȄŎŜƭΦ ʇˉˇˋˍʹˊʾʸʶʽ 
ˍʹ˄ ʶˉʽ˂ˇʴʺ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ 
˒ˏ˂˂ˇˎ ʶˊʴʰˋʾʰˌΦ 

ŘŦ Ґ ǇŘΦǊŜŀŘψŜȄŎŜƭόϥˍˇψʰˊ˔ʶʾˇψ˃ˇˎΦȄƭǎȄϥΣ 
ǎƘŜŜǘψƴŀƳŜҐϥʊˏ˂˂ˇмϥύ  

pd.read_json() 

ʊˇˊˍ˗˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ 
ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ ʺ 
˃ʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ 
˃ˇˊ˒ˇˉˇʽʹ˃ʷ˄ʹ ˋʶ 
JSON. 

ŘŦ Ґ ǇŘΦǊŜŀŘψƧǎƻƴόϥˍˇψʰˊ˔ʶʾˇψ˃ˇˎΦƧǎƻƴϥύ  

pd.read_sql() 

ɳˁˍʶ˂ʶʾ ʷ˄ʰ 
ʶˊ˗ˍʹ˃ʰ {v[ ˋʶ ˃ʽʰ 
ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ 
ʶˉʽˋˍˊʷ˒ʶʽ ˍʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˖ˌ 
DataFrame. 

from sqlalchemy import create_engine 
engine = 
create_engine('mysql://user:pass@host/db') 
df = pd.read_sql('SELECT * FROM ˉʾ˄ʰˁʰˌ', engine)  

pd.read_html() 

ɲʽʰʲʱʸʶʽ ˈ˂ˇˎˌ ˍˇˎˌ 
ˉʾ˄ʰˁʶˌ I¢a[ ʰˉˈ 
˃ʽʰ ʽˋˍˇˋʶ˂ʾʵʰ ʺ ˃ʽʰ 
ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ ˁʰʽ 
ˍˇˎˌ ʶˉʽˋˍˊʷ˒ʶʽ ˖ˌ 
˂ʾˋˍʰ ʰˉˈ 
DataFrames. 

˂ʾˋˍʰψ5C Ґ 
ǇŘΦǊŜŀŘψƘǘƳƭόϥƘǘǘǇǎΥκκˉʰˊʱʵʶʽʴ˃ʰΦƎǊκˋʶ˂ʾʵʰΦƘǘƳƭϥύ 
ˉˊ˗ˍˇˌψˉʾ˄ʰˁʰˌ Ґ ˂ʾˋˍʰψ5Cώлϐ  

pd.read_clipboard() 

ɲʽʰʲʱʸʶʽ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 
ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ 
ˉˊˈ˔ʶʽˊˇ ˍˇˎ 
ˎˉˇ˂ˇʴʽˋˍʺ ˋʰˌ όˉΦ˔Φ 
ʰˉˈ ʷ˄ʰ ʰ˄ˍʾʴˊʰ˒ˇ 
ʰˉˈ 9ȄŎŜƭύ ˁʰʽ ˍʰ 
˃ʶˍʰˍˊʷˉʶʽ ˋʶ 
DataFrame. 

df = pd.read_clipboard()  

pd.DataFrame() 

ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˄ʷˇ 
5ŀǘŀCǊŀƳŜ ʰˉˈ 
ʵʽʱ˒ˇˊʶˌ ʵˇ˃ʷˌ 
tȅǘƘƻƴΣ ˈˉ˖ˌ ˂ʶ˅ʽˁʱ 
ʺ ˂ʾˋˍʶˌΦ 

ʵʶʵˇ˃ʷ˄ʰ Ґ ϑϥʂ˄ˇ˃ʰϥΥ ώϥɮ˄˄ʰϥΣ ϥɿʾˁˇˌϥϐΣ ϥɶ˂ʽˁʾʰϥΥ ώнрΣ 
30]} 
ŘŦ Ґ ǇŘΦ5ŀǘŀCǊŀƳŜόʵʶʵˇ˃ʷ˄ʰύ  

pd.json_normalize() 

ɾʶˍʰˍˊʷˉʶʽ 
όʰˉ˂ˇˉˇʽʶʾύ 
ʹ˃ʽʵˇ˃ʹ˃ʷ˄ʰ 
ʵʶʵˇ˃ʷ˄ʰ W{hb όˉΦ˔Φ 
˃ʶ ʶ˃˒˖˂ʶˎ˃ʷ˄ʰ 
ˉʶʵʾʰύ ˋʶ ʷ˄ʰ 
ϦʶˉʾˉʶʵˇϦ 
DataFrame. 

import requests 
response = 
requests.get('https://api.example.com/data').json() 
df = pd.json_normalize(response['ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ'])  

ʃʾ˄ʰˁʰˌ 3.4.18Υ ɾʷʻˇʵˇʽ ʴʽʰ ʶʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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ɮˎˍʷˌ ˇʽ ʶ˄ˍˇ˂ʷˌ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ζˉˏ˂ʹ ʶʽˋˈʵˇˎη ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʰˌ ˋˍˇ˄ ˁˈˋ˃ˇ ˍ˖˄ tŀƴŘŀǎΦ ɼʱʻʶ 

˃ʾʰ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ʴʽʰ ˄ʰ ˃ʶˍʰˍˊʷˉʶʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʹʴʷˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋʶ ʷ˄ʰ ˇ˃ˇʽˈ˃ˇˊ˒ˇ 

DataFrameΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʹ ʲʰˋʽˁʺ ʵˇ˃ʺ ʰ˄ʱ˂ˎˋʹˌΦ 

ɮˌ ˍʽˌ ʰ˄ʰ˂ˏˋˇˎ˃ʶ ˃ʾʰ ˉˊˇˌ ˃ʾʰΥ 

1. pd.read_csv() 

ɳʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ʶ˄ˍˇ˂ʺΣ ˁʰʻ˗ˌ ˍʰ ʰˊ˔ʶʾʰ /{± ό/ƻƳƳŀ {ŜǇŀǊŀǘŜŘ ±ŀƭǳŜǎύ ʶʾ˄ʰʽ ˍˇ ˋˍʱ˄ˍʰˊ 

ˋˍʹ ˃ʶˍʰ˒ˇˊʱ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ɲʽʰʲʱʸʶʽ ˍˇ ʰˊ˔ʶʾˇ ʴˊʰ˃˃ʺ-ʴˊʰ˃˃ʺ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ˁˈ˃˃ʰ όʺ ʱ˂˂ˇ 

ˋˏ˃ʲˇ˂ˇ ˉˇˎ ʻʰ ˇˊʾˋʶˍʶΣ ˉΦ˔Φ Τ ˃ʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ǎŜǇҐϥΤϥύ ʴʽʰ ˄ʰ ˅ʶ˔˖ˊʾˋʶʽ ˍʽˌ ˋˍʺ˂ʶˌΦ 

¶ ʋˊʺˋʽ˃ˇ ǘƛǇΥ ɮ˄ ˍˇ ʰˊ˔ʶʾˇ ˋʰˌ ʷ˔ʶʽ ʶ˂˂ʹ˄ʽˁˇˏˌ ˔ʰˊʰˁˍʺˊʶˌ ˁʰʽ ʵʶ˄ ʵʽʰʲʱʸʶˍʰʽ ˋ˖ˋˍʱΣ 

ʵˇˁʽ˃ʱˋˍʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ŜƴŎƻŘƛƴƎҐϥǳǘŦ-уϥ ʺ ŜƴŎƻŘƛƴƎҐϥƛǎƻ-8859-7'. 

2. pd.read_excel() 

ɮˉʰˊʰʾˍʹˍʹ ʴʽʰ ˈˋˇˎˌ ʶˊʴʱʸˇ˄ˍʰʽ ˃ʶ ʰˊ˔ʶʾʰ ʴˊʰ˒ʶʾˇˎΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ʊˇˊˍ˗˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʰˊ˔ʶʾʰ ΦȄƭǎ ʺ ΦȄƭǎȄΦ 

¶ ɲˎ˄ʰˍˈˍʹˍʶˌΥ ɾˉˇˊʶʾˍʶ ˄ʰ ʵʽʰʲʱˋʶˍʶ ˃ˈ˄ˇ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˒ˏ˂˂ˇ όǎƘŜŜǘψƴŀƳŜύ ʺ ʰˁˈ˃ʰ 

ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˋˍʺ˂ʶˌ όǳǎŜŎƻƭǎύΦ 

3. pd.read_json() 

ʆˇ W{hb ʶʾ˄ʰʽ ʹ ˁˏˊʽʰ ˃ˇˊ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ ʵʽʰʵʾˁˍˎˇ ˁʰʽ ˋˍʰ !tLǎΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ɾʶˍʰˍˊʷˉʶʽ ˍʰ Ϧˁ˂ʶʽʵʽʱϦ ˍˇˎ W{hb ˋʶ ˇ˄ˈ˃ʰˍʰ ˋˍʹ˂˗˄ ˁʰʽ ˍʽˌ Ϧˍʽ˃ʷˌϦ ˋʶ 

ʵʶʵˇ˃ʷ˄ʰ ʴˊʰ˃˃˗˄Φ 

¶ ɳ˒ʰˊ˃ˇʴʺΥ ɹʵʰ˄ʽˁˈ ˈˍʰ˄ ˉʰʾˊ˄ʶˍʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ǿŜō ǎŜǊǾƛŎŜǎΦ 

4. pd.read_sql() 

ɱʶ˒ˎˊ˗˄ʶʽ ˍˇ˄ ˁˈˋ˃ˇ ˍ˖˄ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ˄ tȅǘƘƻƴΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ʋˊʶʽʱʸʶˍʰʽ ˃ʽʰ Ϧˋˏ˄ʵʶˋʹϦ όŜƴƎƛƴŜύ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶ ˍʹ 

ʲʽʲ˂ʽˇʻʺˁʹ ǎǉƭŀƭŎƘŜƳȅΦ ʆˇˎ ʵʾ˄ʶˍʶ ˃ʽʰ ʶ˄ˍˇ˂ʺ {v[ όˉΦ˔Φ {9[9/¢ ϝύ ˁʰʽ ʹ tŀƴŘŀǎ ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ 

˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇˎ ʶˊ˖ˍʺ˃ʰˍˇˌ ˋʶ ˉʾ˄ʰˁʰΦ 

¶ ʃ˂ʶˇ˄ʷˁˍʹ˃ʰΥ ɲʶ˄ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʶ˅ʱʴʶˍʶ ˔ʶʽˊˇˁʾ˄ʹˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʹ ʲʱˋʹ ˋʶ /{±Φ 

5. pd.read_html() 

ɾʾʰ ʰˉˈ ˍʽˌ ˉʽˇ ʶ˄ˍˎˉ˖ˋʽʰˁʷˌ ʶ˄ˍˇ˂ʷˌ ʴʽʰ ϦǿŜō ǎŎǊŀǇƛƴƎϦΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ʅʰˊ˗˄ʶʽ ˍˇ˄ ˁ˗ʵʽˁʰ ˃ʽʰˌ ʽˋˍˇˋʶ˂ʾʵʰˌ ˁʰʽ ʶ˄ˍˇˉʾʸʶʽ ˍʰ ǘŀƎǎ ғǘŀōƭŜҔΦ ɳˉʶʽʵʺ 

˃ʽʰ ˋʶ˂ʾʵʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˉˇ˂˂ˇˏˌ ˉʾ˄ʰˁʶˌΣ ʶˉʽˋˍˊʷ˒ʶʽ ˂ʾˋˍʰ h ˉˈ 5ŀǘŀCǊŀƳŜǎΦ 

¶ ʃʶˊʽˇˊʽˋ˃ˈˌΥ ɽʶʽˍˇˎˊʴʶʾ ˃ˈ˄ˇ ˃ʶ ˋˍʰˍʽˁˇˏˌ ˉʾ˄ʰˁʶˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ˄ I¢a[ ˁ˗ʵʽˁʰ ˍʹˌ 

ˋʶ˂ʾʵʰˌΦ 

6. pd.read_clipboard() 

ʁ ˉʽˇ ʴˊʺʴˇˊˇˌ ˍˊˈˉˇˌ ʴʽʰ Ϧˉˊˈ˔ʶʽˊʹϦ ʰ˄ʱ˂ˎˋʹΦ 
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¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ɮ˄ ʷ˔ʶˍʶ ˁʱ˄ʶʽ ʰ˄ˍʽʴˊʰ˒ʺ ό/ǘǊƭҌ/ύ ˃ʽʰ ˉʶˊʽˇ˔ʺ ˁʶ˂ʽ˗˄ ʰˉˈ ˍˇ 9ȄŎŜƭ ʺ ʷ˄ʰ˄ 

ˉʾ˄ʰˁʰ ʰˉˈ ˃ʽʰ ʽˋˍˇˋʶ˂ʾʵʰΣ ˍˊʷ˔ˇ˄ˍʰˌ ʰˎˍʺ ˍʹ˄ ʶ˄ˍˇ˂ʺΣ ʹ tŀƴŘŀǎ ʵʽʰʲʱʸʶʽ ˍˇ ˉˊˈ˔ʶʽˊˇ ˁʰʽ 

ˍˇ ˁʱ˄ʶʽ ʰˎˍˈ˃ʰˍʰ 5ŀǘŀCǊŀƳŜΦ 

7. pd.DataFrame() 

ɶ ʶ˄ˍˇ˂ʺ ʴʽʰ ˔ʶʽˊˇˁʾ˄ʹˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʺ ˃ʶˍʰˍˊˇˉʺ ʶˋ˖ˍʶˊʽˁ˗˄ ʵˇ˃˗˄ ˍʹˌ tȅǘƘƻƴΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ʃʰʾˊ˄ʶʽ ʵˇ˃ʷˌ ˈˉ˖ˌ ɽʶ˅ʽˁʱ ό5ƛŎǘƛƻƴŀǊƛŜǎύ ʺ ɽʾˋˍʶˌΦ 

¶ ʃʰˊʱʵʶʽʴ˃ʰΥ ɴ˄ʰ ˂ʶ˅ʽˁˈ ˈˉˇˎ ˍʰ ˁ˂ʶʽʵʽʱ ʶʾ˄ʰʽ ˇʽ ˍʾˍ˂ˇʽ ˍ˖˄ ˋˍʹ˂˗˄ ˁʰʽ ˇʽ ˂ʾˋˍʶˌ ʶʾ˄ʰʽ ˍʰ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ʰΣ ʴʾ˄ʶˍʰʽ ʰ˃ʷˋ˖ˌ ˉʾ˄ʰˁʰˌΦ 

8. pd.json_normalize() 

ʁ Ϧʶ˅ˇ˃ʰ˂ˎ˄ˍʺˌϦ ʴʽʰ ˋˏ˄ʻʶˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ʃˇ˂˂ʱ ʰˊ˔ʶʾʰ W{hb ʶʾ˄ʰʽ Ϧʶ˃˒˖˂ʶˎ˃ʷ˄ʰϦ όƴŜǎǘŜŘύΣ ʵʹ˂ʰʵʺ ˃ʽʰ ˍʽ˃ʺ ˃ˉˇˊʶʾ 

˄ʰ ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ ʱ˂˂ˇ ˂ʶ˅ʽˁˈ ˃ʷˋʰ ˍʹˌΦ ɶ ƧǎƻƴψƴƻǊƳŀƭƛȊŜ Ϧʰ˄ˇʾʴʶʽϦ ʰˎˍʱ ˍʰ ʶˉʾˉʶʵʰ ˁʰʽ 

ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ˄ ʶˉʾˉʶʵˇ όŦƭŀǘύ ˉʾ˄ʰˁʰΦ 

¶ ɱʽʰˍʾ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹΥ ɾʶˍʰˍˊʷˉʶʽ ʵˇ˃ʷˌ ˈˉ˖ˌ ϑϥˉʶ˂ʱˍʹˌϥΥ ϑϥˈ˄ˇ˃ʰϥΥ ϥɯ˄˄ʰϥΣ ϥˉˈ˂ʹϥΥ ϥɮʻʺ˄ʰϥϒϒ ˋʶ 

ʵˏˇ ˋˍʺ˂ʶˌΥ ˉʶ˂ʱˍʹˌΦˈ˄ˇ˃ʰ ˁʰʽ ˉʶ˂ʱˍʹˌΦˉˈ˂ʹΦ 

import  pandas as  pd 

import  numpy as  np 

import  json  

import  tempfile  

import  os  

from  sqlalchemy import  create_engine  

import  requests  # ŪŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɧɜɞ ɔɘŬ ŮˊɑŭŮɘɝɖ (ˊɟɞŬɘɟŮŰɘəɎ)  

 

# -------------------------------------------------------------------  

# 1. pd.DataFrame() -  ȹɖɛɘɞɡɟɔɑŬ DataFrame Ŭˊɧ ɚŮɝɘəɧ ɐ ɚɑůŰŬ 

# -------------------------------------------------------------------  

print ( "1. pd.DataFrame() -  ȹɖɛɘɞɡɟɔɑŬ Ŭˊɧ ɚŮɝɘəɧ")  

print ( " - "  *  60)  

data_dict = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ],  

    'Age' :  [ 25 ,  30 ,  28 ],  

    'City' :  [ 'Athens' ,  'Thessaloniki' ,  'Patras' ]  

}  

df_from_dict = pd . DataFrame ( data_dict )  

print ( "ȹɖɛɘɞɡɟɔɐɗɖəŮ DataFrame:" )  

print ( df_from_dict )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. pd.read_csv() -  ȷɜɎɔɜɤůɖ Ŭˊɧ ŬɟɢŮɑɞ CSV 

# -------------------------------------------------------------------  

print ( "2. pd.read_csv() -  ȷɜɎɔɜɤůɖ Ŭˊɧ CSV")  

print ( " - "  *  60)  

# ȹɖɛɘɞɡɟɔɑŬ ˊɟɞůɤɟɘɜɞɨ CSV ŬɟɢŮɑɞɡ 

csv_content = """Name,Age,City  

Eleni,22,Volos  

Dimitris,27,Chania  

Sofia,24,Larisa  

"""  

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.csv' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_csv :  
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    tmp_csv . write ( csv_content )  

    tmp_csv_path = tmp_csv . name 

 

df_csv = pd . read_csv ( tmp_csv_path )  

print ("ȹŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ˊɟɞůɤɟɘɜɧ CSV:")  

print ( df_csv )  

os . unlink ( tmp_csv_path )   # ȹɘŬɔɟŬűɐ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ 

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. pd.read_excel() -  ȷɜɎɔɜɤůɖ Ŭˊɧ Excel  

# -------------------------------------------------------------------  

print ( "3. pd.read_excel() -  ȷɜɎɔɜɤůɖ Ŭˊɧ Excel" )  

print ( " - "  *  60)  

try :  

    # ȷˊŬɘŰŮɑŰŬɘ openpyxl ɔɘŬ ŮɔɔɟŬűɐ/ŬɜɎɔɜɤůɖ Excel 

    with  tempfile . NamedTemporaryFile ( suffix ='.xlsx' ,  delete =False )  as  

tmp_xlsx :  

        tmp_xlsx_path = tmp_xlsx . name 

    # ȷˊɞɗɐəŮɡůɖ Űɞɡ df_from_dict ůŮ Excel 

    df_from_dict . to_excel ( tmp_xlsx_path ,  index =False ,  engine ='openpyxl' )  

    # ȷɜɎɔɜɤůɖ Ŭˊɧ Űɞ Excel  

    df_excel = pd . read_excel ( tmp_xlsx_path ,  engine ='openpyxl' )  

    print ("ȹŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ˊɟɞůɤɟɘɜɧ Excel:")  

    print ( df_excel )  

    os . unlink ( tmp_xlsx_path )  

except  ImportError :  

    print ( "ȼ ɓɘɓɚɘɞɗɐəɖ openpyxl ŭŮɜ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɖ. ɄŬɟŬɚŮɑˊŮŰŬɘ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ Excel.")  

    print ("ȺɔəŬŰŬůŰɐůŰŮ Űɖɜ ɛŮ: pip install openpyxl")  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. pd.read_json() -  ȷɜɎɔɜɤůɖ Ŭˊɧ JSON 

# -------------------------------------------------------------------  

print ( "4. pd.read_json() -  ȷɜɎɔɜɤůɖ Ŭˊɧ JSON")  

print ( " - "  *  60)  

json_data = """[  

    {"Name": "Nikos", "Age": 35, "City": "Heraklion"},  

    {"Name": "Anna", "Age": 25, "City": "Athens"},  

    {"Name": "George", "Age": 30, "City": "Thessaloniki"}  

]"""  

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.json' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_json :  

    tmp_json . write ( json_data )  

    tmp_json_path = tmp_json . name 

 

df_json = pd . read_json ( tmp_json_path )  

print ("ȹŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ˊɟɞůɤɟɘɜɧ JSON:")  

print ( df_json )  

os . unlink ( tmp_json_path )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. pd.read_sql() -  ȷɜɎɔɜɤůɖ Ŭˊɧ SQL ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

# -------------------------------------------------------------------  

print ( "5. pd.read_sql() -  ȷɜɎɔɜɤůɖ Ŭˊɧ SQL (SQLite in - memory)" )  

print ( " - "  *  60)  

# ȹɖɛɘɞɡɟɔɑŬ in - memory SQLite ɓɎůɖɠ 

engine = create_engine ( 'sqlite:///:memory:' )  

# ȷˊɞɗɐəŮɡůɖ Űɞɡ DataFrame ůŮ ˊɑɜŬəŬ SQL 



 

290 
 

df_from_dict . to_sql ( 'employees' ,  engine ,  index =False ,  if_exists ='replace' )  

# ȷɜɎɔɜɤůɖ ɛŮ SQL query  

df_sql = pd . read_sql ( 'SELECT * FROM employees WHERE Age > 25' ,  engine )  

print ("ȷˊɞŰɏɚŮůɛŬ ŮɟɤŰɐɛŬŰɞɠ SQL:")  

print ( df_sql )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. pd.read_html() -  ȷɜɎɔɜɤůɖ Ŭˊɧ HTML ˊɑɜŬəŮɠ 

# -------------------------------------------------------------------  

print ( "6. pd.read_html() -  ȷɜɎɔɜɤůɖ ˊɘɜɎəɤɜ Ŭˊɧ HTML")  

print ( " - "  *  60)  

html_string = """  

<html>  

<body>  

<table>  

    <tr><th>Name</th><th>Age</th></tr>  

    <tr><td>Alice</td><td>28</td></tr>  

    <tr><td>Bob</td><td>32</td></tr>  

</table>  

</body>  

</html>  

"""  

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.html' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_html :  

    tmp_html . write ( html_string )  

    tmp_html_path = tmp_html . name 

 

df_list = pd . read_html ( tmp_html_path )   # ȺˊɘůŰɟɏűŮɘ ɚɑůŰŬ Ŭˊɧ DataFrames  

df_html = df_list [ 0]   # Ƀ ˊɟɩŰɞɠ ˊɑɜŬəŬɠ 

print ( "ɄɑɜŬəŬɠ Ŭˊɧ HTML:" )  

print ( df_html )  

os . unlink ( tmp_html_path )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 7. pd.read_clipboard() -  ȷɜɎɔɜɤůɖ Ŭˊɧ ˊɟɧɢŮɘɟɞ 

# -------------------------------------------------------------------  

print ( "7. pd.read_clipboard() -  ȷɜɎɔɜɤůɖ Ŭˊɧ ˊɟɧɢŮɘɟɞ")  

print ( " - "  *  60)  

print ("ũɘŬ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ, ˊɟɏˊŮɘ ɜŬ ɏɢŮŰŮ ŭŮŭɞɛɏɜŬ ůŰɞ ˊɟɧɢŮɘɟɞ (ˊ.ɢ. Ŭˊɧ 

Excel)." )  

print ("Ʉɟɞůɞɛɞɑɤůɖ: ɗŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ ŭŮŭɞɛɏɜŬ əŬɘ ɗŬ ŰŬ ŬɜŰɘɔɟɎɣɞɡɛŮ ůŰɞ 

ˊɟɧɢŮɘɟɞ.")  

print ("ɆŮ ˊŮɟɘɓɎɚɚɞɜ ɢɤɟɑɠ GUI, ɖ read_clipboard() ɛˊɞɟŮɑ ɜŬ ŬˊɞŰɨɢŮɘ.")  

print ("Ⱥŭɩ ŬˊɚɎ ŭŮɑɢɜɞɡɛŮ Űɖ ɢɟɐůɖ:")  

print ( "df = pd.read_clipboard()" )  

# ũɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ˊɟɞůˊŬɗɞɨɛŮ ɜŬ ŮəŰŮɚɏůɞɡɛŮ ŬɚɚɎ ɛŮ try/except 

try :  

    # ȹɖɛɘɞɡɟɔɞɨɛŮ ɏɜŬ string ɛŮ ŭŮŭɞɛɏɜŬ əŬɘ ŰɞˊɞɗŮŰɞɨɛŮ ůŰɞ ˊɟɧɢŮɘɟɞ (Ŭɜ 

ɡˊɞůŰɖɟɑɕŮŰŬɘ) 

    # ɆɖɛŮɑɤůɖ: ɆŮ ˊŮɟɘɓɎɚɚɞɜ ɢɤɟɑɠ GUI, ŬɡŰɧ ŭŮɜ ɗŬ ɚŮɘŰɞɡɟɔɐůŮɘ. 

    import  pyperclip  # ˊɟɞŬɘɟŮŰɘəɐ ɓɘɓɚɘɞɗɐəɖ ɔɘŬ clipboard 

    sample_data = "Name\ tAge \ nEleni \ t22 \ nDimitris \ t27 \ n"  

    pyperclip . copy ( sample_data )  

    df_clip = pd . read_clipboard ()  

    print ("ȹŮŭɞɛɏɜŬ Ŭˊɧ Űɞ ˊɟɧɢŮɘɟɞ:")  

    print ( df_clip )  

except  ImportError :  

    print ("ȼ ɓɘɓɚɘɞɗɐəɖ pyperclip ŭŮɜ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɖ. ɄŬɟŬɚŮɑˊŮŰŬɘ ɖ 

ŮəŰɏɚŮůɖ.")  
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    print ("ɀˊɞɟŮɑŰŮ ɜŬ ŮɔəŬŰŬůŰɐůŮŰŮ: pip install pyperclip")  

except  Exception as  e:  

    print (f"ȹŮɜ ɐŰŬɜ ŭɡɜŬŰɐ ɖ ŬɜɎɔɜɤůɖ Ŭˊɧ Űɞ ˊɟɧɢŮɘɟɞ: {e}")  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

# -------------------------------------------------------------------  

# 8. pd.json_normalize() -  ɀŮŰŬŰɟɞˊɐ ɏɜɗŮŰɞɡ JSON ůŮ ŮˊɑˊŮŭɞ DataFrame 

# -------------------------------------------------------------------  

print ( "8. pd.json_normalize() -  ȺˊɑˊŮŭɞ (flatten) ɏɜɗŮŰɞ JSON")  

print ( " - "  *  60)  

nested_json = {  

    'status' :  'success' ,  

    'data' :  [  

        { 'id' :  1,  'name' :  'Product A' ,  'details' :  { 'price' :  100 ,  'stock' :  

50}},  

        { 'id' :  2,  'name' :  'Product B' ,  'details' :  { 'price' :  200 ,  'stock' :  

30}},  

        { 'id' :  3,  'name' :  'Product C' ,  'details' :  { 'price' :  150 ,  'stock' :  

0}}  

    ]  

}  

# ɉɟɐůɖ json_normalize ůŰɞ ˊŮŭɑɞ 'data' (ɖ əɨɟɘŬ ɢɟɐůɖ) 

df_normalized = pd . json_normalize ( nested_json [ 'data' ])  

print ("ȺˊɑˊŮŭɞ DataFrame Ŭˊɧ Űɞ ɏɜɗŮŰɞ JSON:")  

print ( df_normalized )  

print ( " \ n"  + "=" * 80 + " \ n" )  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.18Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ʶʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

3.4.18. ɳ˅ʰʴ˖ʴʺ ɲʶʵˇ˃ʷ˄˖˄ 

ɾʷʻˇʵˇˌ ʃʶˊʽʴˊʰ˒ʺ ɳˉʽˋˍˊˇ˒ʺ 

df.to_csv() 

ɳ˅ʱʴʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ ʷ˄ʰ 
ʰˊ˔ʶʾˇ /{±Φ 
ɾ  ʁindex=False h ˉˇ˒ʶˏʴʶˍʰʽ ʹ 
ʰˉˇʻʺˁʶˎˋʹ ˍ˖˄ ʰˊʽʻ˃˗˄ 
ʴˊʰ˃˃˗˄Φ 

ŘŦΦǘƻψŎǎǾόϥˍˇψʰˊ˔ʶʾˇψʶ˅ʰʴ˖ʴʺˌΦŎǎǾϥΣ 
index=False)  

df.to_excel() 

ɳ˅ʱʴʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ ʷ˄ʰ 
ʰˊ˔ʶʾˇ 9ȄŎŜƭΦ ɮˉʰʽˍʶʾˍʰʽ ʹ 
ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ 
ʲʽʲ˂ʽˇʻʺˁʹˌ openpyxl. 

ŘŦΦǘƻψŜȄŎŜƭόϥˍˇψʰˊ˔ʶʾˇψʶ˅ʰʴ˖ʴʺˌΦȄƭǎȄϥΣ 
ǎƘŜŜǘψƴŀƳŜҐϥɲʶʵˇ˃ʷ˄ʰϥΣ ƛƴŘŜȄҐCŀƭǎŜύ  

df.to_json() 
ɳ˅ʱʴʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ ʷ˄ʰ 
ʰˊ˔ʶʾˇ ˃ˇˊ˒ʺˌ W{hbΦ 

ŘŦΦǘƻψƧǎƻƴόϥˍˇψʰˊ˔ʶʾˇψʶ˅ʰʴ˖ʴʺˌΦƧǎƻƴϥΣ 
orient='records')  

df.to_sql() 
ɳʴʴˊʱ˒ʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ 
5ŀǘŀCǊŀƳŜ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˃ʽʰˌ 
ˋ˔ʶˋʽʰˁʺˌ ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

from sqlalchemy import create_engine 
engine = 
create_engine('sqlite:///́ _ʲʱˋʹ_˃ˇˎ.db') 
df.to_sql('̌ _ˉʾ˄ʰˁʰˌ_˃ˇˎ', engine, 
if_exists='replace', index=False)  

df.to_html() 
ɾʶˍʰˍˊʷˉʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋʶ 
ʷ˄ʰ˄ ˉʾ˄ʰˁʰ I¢a[Φ 

ŘŦΦǘƻψƘǘƳƭόϥˍˇψʰˊ˔ʶʾˇψʶ˅ʰʴ˖ʴʺˌΦƘǘƳƭϥύ  

df.to_clipboard() 

ɮ˄ˍʽʴˊʱ˒ʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ ˋˍˇ 
ˉˊˈ˔ʶʽˊˇΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾˍʶ ˄ʰ 
ˍˇ ʶˉʽˁˇ˂˂ʺˋʶˍʶ ʰˉʶˎʻʶʾʰˌ ˋʶ 
ʱ˂˂ʹ ʶ˒ʰˊ˃ˇʴʺ όˉΦ˔Φ 9ȄŎŜƭύΦ 

df.to_clipboard()  

ʃʾ˄ʰˁʰˌ 3.4.19Υ ɾʷʻˇʵˇʽ ʴʽʰ ʶ˅ʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 
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ʁʽ ˃ʷʻˇʵˇʽ ǘƻψΦΦΦ ˋʱˌ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ˃ˇʽˊʰˋˍʶʾˍʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʱ ˋʰˌ ˃ʶ ʱ˂˂ˇˎˌ ˔ˊʺˋˍʶˌ ʺ ˄ʰ ˍʰ 

ʰˉˇʻʹˁʶˏˋʶˍʶ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˔ˊʺˋʹΦ 

ɮˌ ʰ˄ʰ˂ˏˋˇˎ˃ʶ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ˍˇˎ ˉʾ˄ʰˁʰΥ 

1. df.to_csv() 

ɶ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˃ʷʻˇʵˇˌ ʰˉˇʻʺˁʶˎˋʹˌΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ʰˊ˔ʶʾˇ ˁʶʽ˃ʷ˄ˇˎ ˈˉˇˎ ˇʽ ˍʽ˃ʷˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˃ʶ ˁˈ˃˃ʰˍʰΦ 

¶ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ƛƴŘŜȄҐCŀƭǎŜΥ ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺΦ ɮ˄ ʵʶ˄ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʶˍʶΣ ʹ 

tŀƴŘŀǎ ʻʰ ˉˊˇˋʻʷˋʶʽ ˃ʽʰ ʶˉʽˉ˂ʷˇ˄ ˋˍʺ˂ʹ ˋˍʹ˄ ʰˊ˔ʺ ˃ʶ ˍˇˎˌ ʰˊʽʻ˃ˇˏˌ ˍ˖˄ ʴˊʰ˃˃˗˄ όлΣ мΣ 

нΦΦΦύΣ ˁʱˍʽ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ʵʶ˄ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ˋˍʰ ʰˊ˔ʶʾʰ ʶ˅ʰʴ˖ʴʺˌΦ 

¶ Encoding: ɮ˄ ʷ˔ʶˍʶ ʶ˂˂ʹ˄ʽˁʱΣ ʹ ˔ˊʺˋʹ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ŜƴŎƻŘƛƴƎҐϥǳǘŦ-8-ǎƛƎϥ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ 

ˍˇ 9ȄŎŜƭ ʻʰ ʰ˄ʰʴ˄˖ˊʾˋʶʽ ˋ˖ˋˍʱ ˍˇˎˌ ˔ʰˊʰˁˍʺˊʶˌ ˈˍʰ˄ ʰ˄ˇʾ˅ʶˍʶ ˍˇ /{±Φ 

2. df.to_excel() 

ɹʵʰ˄ʽˁʺ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʰ˄ʰ˒ˇˊ˗˄ ˉˇˎ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ʴʽʰ ˃ʹ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʷˌΦ 

¶ sheet_name: ʅʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˇ˄ˇ˃ʱˋʶˍʶ ˍˇ ˒ˏ˂˂ˇ ʶˊʴʰˋʾʰˌ όˉΦ˔Φ Ϧʃ˖˂ʺˋʶʽˌ нлнпϦύΦ 

¶ ʃˇ˂˂ʰˉ˂ʱ ˒ˏ˂˂ʰΥ ɮ˄ ʻʷ˂ʶˍʶ ˄ʰ ʴˊʱ˕ʶˍʶ ˉˇ˂˂ʱ 5ŀǘŀCǊŀƳŜǎ ˋˍˇ ʾʵʽˇ ʰˊ˔ʶʾˇ 9ȄŎŜƭ ʰ˂˂ʱ ˋʶ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˒ˏ˂˂ʰΣ ʻʰ ˔ˊʶʽʰˋˍʶʾˍʶ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ǇŘΦ9ȄŎŜƭ²ǊƛǘŜǊΦ 

3. df.to_json() 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ˈˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˍˊˇ˒ˇʵˇˍʺˋˇˎ˄ ˃ʽʰ ʽˋˍˇˋʶ˂ʾʵʰ ʺ ˃ʽʰ 

ʶ˒ʰˊ˃ˇʴʺΦ 

¶ orient='records': ɮˎˍʺ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ʶʾ˄ʰʽ ʹ ˉʽˇ ʵʹ˃ˇ˒ʽ˂ʺˌΣ ˁʰʻ˗ˌ ˃ʶˍʰˍˊʷˉʶʽ ˍˇ 5ŀǘŀCǊŀƳŜ 

ˋʶ ˃ʽʰ ˂ʾˋˍʰ ʰˉˈ ˂ʶ˅ʽˁʱ όˉΦ˔Φ ώϑϦƛŘϦΥмΣ ϦƴŀƳŜϦΥϦ!ƴƴŀϦϒΣ ΦΦΦϐύΣ ˃ˇˊ˒ʺ ˉˇˎ ʶʾ˄ʰʽ ʹ ˋˍʱ˄ˍʰˊ ʴʽʰ 

ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ǿŜō !tLǎΦ 

4. df.to_sql() 

ɶ ˃ʷʻˇʵˇˌ ʴʽʰ ˍʹ˄ ʶ˄ʹ˃ʷˊ˖ˋʹ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ if_exists: ʃˇ˂ˏ ˁˊʾˋʽ˃ʹ ˉʰˊʱ˃ʶˍˊˇˌΦ 

o ϥŦŀƛƭϥΥ ɲʶ˄ ˁʱ˄ʶʽ ˍʾˉˇˍʰ ʰ˄ ˇ ˉʾ˄ʰˁʰˌ ˎˉʱˊ˔ʶʽ ʺʵʹΦ 

o ϥǊŜǇƭŀŎŜϥΥ ɲʽʰʴˊʱ˒ʶʽ ˍˇ˄ ˉʰ˂ʽˈ ˉʾ˄ʰˁʰ ˁʰʽ ˒ˍʽʱ˔˄ʶʽ ˄ʷˇΦ 

o ϥŀǇǇŜƴŘϥΥ ʃˊˇˋʻʷˍʶʽ ˍʰ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ˎˉʱˊ˔ˇ˄ˍˇˌ ˉʾ˄ʰˁʰΦ 

¶ ʅˏ˄ʵʶˋʹΥ ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ʰ˄ʱʴ˄˖ˋʹΣ ʰˉʰʽˍʶʾ ʷ˄ʰ ϦŜƴƎƛƴŜϦ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ {v[!ƭŎƘŜƳȅΦ 

5. df.to_html() 

ɾʶˍʰˍˊʷˉʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˁ˗ʵʽˁʰ ʽˋˍˇˋʶ˂ʾʵʰˌΦ 

¶ ɳ˒ʰˊ˃ˇʴʺΥ ʋˊʺˋʽ˃ʹ ʰ˄ ʻʷ˂ʶˍʶ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗ˋʶˍʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ˋʶ ʷ˄ʰ ŜƳŀƛƭ όˋʶ ˃ˇˊ˒ʺ I¢a[ύ 

ʺ ˋʶ ʷ˄ʰ ǿŜō ŘŀǎƘōƻŀǊŘΦ ʃʰˊʱʴʶʽ ˇ˂ˈˁ˂ʹˊʹ ˍʹ ʵˇ˃ʺ ғǘŀōƭŜҔΦΦΦғκǘŀōƭŜҔΦ 

6. df.to_clipboard() 
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ʁ Ϧ˃ʰʴʽˁˈˌϦ ˍˊˈˉˇˌ ʴʽʰ ˃ʶˍʰ˒ˇˊʱ ʵʶʵˇ˃ʷ˄˖˄ ˔˖ˊʾˌ ʰˊ˔ʶʾʰΦ 

¶ ʃ˗ˌ ˂ʶʽˍˇˎˊʴʶʾΥ ɮ˄ˍʽʴˊʱ˒ʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʰˌ ˋˍˇ ˉˊˈ˔ʶʽˊˇ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

¶ ʋˊʺˋʹΥ ʆˊʷ˔ʶˍʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ˁʰʽ ˃ʶˍʱ ˁʱ˄ʶˍʶ ʰˉ˂˗ˌ Ϧɳˉʽˁˈ˂˂ʹˋʹϦ ό/ǘǊƭҌ±ύ ˋʶ ʷ˄ʰ ˁʶ˄ˈ ˒ˏ˂˂ˇ 

9ȄŎŜƭ ʺ ˋʶ ʷ˄ʰ ʷʴʴˊʰ˒ˇ ²ƻǊŘΦ ɳʾ˄ʰʽ ˇ ˍʰ˔ˏˍʶˊˇˌ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˋˍʶʾ˂ʶˍʶ ʷ˄ʰ ʵʶʾʴ˃ʰ 

ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʷ˄ʰ˄ ˋˎ˄ʱʵʶ˂˒ˇ ˃ʷˋ˖ ŎƘŀǘΦ 

import  pandas as  pd 

import  numpy as  np 

import  os  

import  tempfile  

from  sqlalchemy import  create_engine  

import  webbrowser  # ɔɘŬ ˊɟɞŮˊɘůəɧˊɖůɖ HTML 

 

# -------------------------------------------------------------------  

# ȹɖɛɘɞɡɟɔɑŬ ŭŮɑɔɛŬŰɞɠ DataFrame ɔɘŬ ŮɝŬɔɤɔɐ 

# -------------------------------------------------------------------  

print ( "ȹȼɀȽɃɈɅũȽȷ ȹȺȽũɀȷɇɃɆ DataFrame" )  

print ( " - "  *  70)  

 

data = {  

    'Name' :  [ 'Anna' ,  'George' ,  'Maria' ,  'Nikos' ,  'Eleni' ],  

    'Age' :  [ 25 ,  30 ,  28 ,  35 ,  22 ],  

    'Salary' :  [ 50000 ,  60000 ,  55000 ,  65000 ,  48000 ],  

    'Department' :  [ 'Sales' ,  'IT' ,  'Sales' ,  'HR' ,  'IT' ],  

    'Start_Date' :  pd . date_range ( '2023 - 01- 01' ,  periods =5,  freq ='M' )  

}  

df = pd . DataFrame ( data )  

print ( "ȹŮɑɔɛŬ DataFrame:" )  

print ( df )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 1. df.to_csv() -  ȺɝŬɔɤɔɐ ůŮ CSV 

# -------------------------------------------------------------------  

print ( "1. df.to_csv() -  ȺɝŬɔɤɔɐ ůŮ CSV")  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɑŬ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ CSV 

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.csv' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_csv :  

    csv_path = tmp_csv . name 

 

df . to_csv ( csv_path ,  index =False )  

print ( f" ɇɞ DataFrame ŬˊɞɗɖəŮɨŰɖəŮ ůŰɞ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ: {csv_path}" )  

print ("ɄŮɟɘŮɢɧɛŮɜɞ Űɞɡ ŬɟɢŮɑɞɡ CSV:")  

with  open ( csv_path ,  'r' ,  encoding ='utf - 8' )  as  f :  

    print ( f . read ())  

 

os . unlink ( csv_path )   # ȹɘŬɔɟŬűɐ ˊɟɞůɤɟɘɜɞɨ ŬɟɢŮɑɞɡ 

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 2. df.to_excel() -  ȺɝŬɔɤɔɐ ůŮ Excel  

# -------------------------------------------------------------------  

print ( "2. df.to_excel() -  ȺɝŬɔɤɔɐ ůŮ Excel" )  

print ( " - "  *  60)  

 

try :  
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    with  tempfile . NamedTemporaryFile ( suffix ='.xlsx' ,  delete =False )  as  

tmp_xlsx :  

        excel_path = tmp_xlsx . name 

 

    df . to_excel ( excel_path ,  sheet_name ='Employees' ,  index =False ,  

engine ='openpyxl' )  

    print ( f" ɇɞ DataFrame ŬˊɞɗɖəŮɨŰɖəŮ ůŰɞ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ: {excel_path}" )  

    print ( "ɀɏɔŮɗɞɠ ŬɟɢŮɑɞɡ (bytes):" ,  os . path . getsize ( excel_path ))  

    # ɄɟɞŬɘɟŮŰɘəɎ: ŭɘŬɓɎɕɞɡɛŮ ˊɑůɤ ɔɘŬ ŮˊɘɓŮɓŬɑɤůɖ 

    df_read = pd . read_excel ( excel_path ,  engine ='openpyxl' )  

    print ("ȷɜɎɔɜɤůɖ Ŭˊɧ Űɞ Excel ɔɘŬ ŮˊɘɓŮɓŬɑɤůɖ:")  

    print ( df_read )  

    os . unlink ( excel_path )  

except  ImportError :  

    print ( "ȼ ɓɘɓɚɘɞɗɐəɖ openpyxl ŭŮɜ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɖ. ɄŬɟŬɚŮɑˊŮŰŬɘ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ Excel.")  

    print ("ȺɔəŬŰŬůŰɐůŰŮ Űɖɜ ɛŮ: pip install openpyxl")  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 3. df.to_json() -  ȺɝŬɔɤɔɐ ůŮ JSON 

# -------------------------------------------------------------------  

print ( "3. df.to_json() -  ȺɝŬɔɤɔɐ ůŮ JSON")  

print ( " - "  *  60)  

 

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.json' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_json :  

    json_path = tmp_json . name 

 

# ȺɝŬɔɤɔɐ ɛŮ ˊɟɞůŬɜŬŰɞɚɘůɛɧ 'records' (ɚɑůŰŬ ŬɜŰɘəŮɘɛɏɜɤɜ) 

df . to_json ( json_path ,  orient ='records' ,  indent =2)  

print ( f" ɇɞ DataFrame ŬˊɞɗɖəŮɨŰɖəŮ ůŰɞ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ: {json_path}" )  

print ( "ɄŮɟɘŮɢɧɛŮɜɞ JSON (orient='records'):" )  

with  open ( json_path ,  'r' ,  encoding ='utf - 8' )  as  f :  

    print ( f . read ())  

 

os . unlink ( json_path )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 4. df.to_sql() -  ȺɝŬɔɤɔɐ ůŮ SQL ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

# -------------------------------------------------------------------  

print ( "4. df.to_sql() -  ȺɝŬɔɤɔɐ ůŮ SQL (SQLite in - memory)" )  

print ( " - "  *  60)  

 

# ȹɖɛɘɞɡɟɔɑŬ in - memory SQLite ɓɎůɖɠ 

engine = create_engine ( 'sqlite:///:memory:' )  

# ȺɔɔɟŬűɐ Űɞɡ DataFrame ůŮ ˊɑɜŬəŬ 

df . to_sql ( 'employees' ,  engine ,  if_exists ='replace' ,  index =False )  

print ( "ɇɞ DataFrame ŬˊɞɗɖəŮɨŰɖəŮ ůŰɞɜ ˊɑɜŬəŬ 'employees' Űɖɠ ɓɎůɖɠ 

SQLite." )  

 

# ȺˊɘɓŮɓŬɑɤůɖ ɛŮ ŬɜɎɔɜɤůɖ 

df_sql = pd . read_sql ( 'SELECT * FROM employees' ,  engine )  

print ("ȷɜɎɔɜɤůɖ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ SQL ɔɘŬ ŮˊɘɓŮɓŬɑɤůɖ:")  

print ( df_sql )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 5. df.to_html() -  ȺɝŬɔɤɔɐ ůŮ HTML 

# -------------------------------------------------------------------  
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print ( "5. df.to_html() -  ȺɝŬɔɤɔɐ ůŮ HTML")  

print ( " - "  *  60)  

 

with  tempfile . NamedTemporaryFile ( mode='w' ,  suffix ='.html' ,  delete =False ,  

encoding ='utf - 8' )  as  tmp_html :  

    html_path = tmp_html . name 

 

df . to_html ( html_path ,  index =False ,  border =1)  

print ( f" ɇɞ DataFrame ŬˊɞɗɖəŮɨŰɖəŮ ůŰɞ ˊɟɞůɤɟɘɜɧ ŬɟɢŮɑɞ: {html_path}" )  

print ("ɄŮɟɘŮɢɧɛŮɜɞ HTML (ˊɟɩŰŮɠ 5 ɔɟŬɛɛɏɠ):")  

with  open ( html_path ,  'r' ,  encoding ='utf - 8' )  as  f :  

    html_content = f . read ()  

    print ( html_content [: 500 ]  + "..." )   # ȺɛűɎɜɘůɖ Ŭɟɢɐɠ Űɞɡ HTML 

 

# ɄɟɞŬɘɟŮŰɘəɎ: ɎɜɞɘɔɛŬ ůŰɞ browser (ůɢɞɚɘŬůɛɏɜɞ ɔɘŬ Ŭˊɞűɡɔɐ) 

# webbrowser.open(html_path)  

 

os . unlink ( html_path )  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

# -------------------------------------------------------------------  

# 6. df.to_clipboard() -  ȷɜŰɘɔɟŬűɐ ůŰɞ ˊɟɧɢŮɘɟɞ 

# -------------------------------------------------------------------  

print ( "6. df.to_clipboard() -  ȷɜŰɘɔɟŬűɐ ůŰɞ ˊɟɧɢŮɘɟɞ")  

print ( " - "  *  60)  

 

print ("ȼ ŮɜŰɞɚɐ df.to_clipboard() ŬɜŰɘɔɟɎűŮɘ Űɞ DataFrame ůŰɞ ˊɟɧɢŮɘɟɞ.")  

print ("ɆŰɖ ůɡɜɏɢŮɘŬ, ɛˊɞɟŮɑŰŮ ɜŬ Űɞ ŮˊɘəɞɚɚɐůŮŰŮ (ˊ.ɢ. ůŮ Excel ɐ Ɏɚɚɞ 

ˊɟɧɔɟŬɛɛŬ).")  

 

try :  

    df . to_clipboard ( index =False )  

    print ("ɇɞ DataFrame ŬɜŰɘɔɟɎűɖəŮ ůŰɞ ˊɟɧɢŮɘɟɞ.")  

    print ("ȹɞəɘɛɎůŰŮ ɜŬ Űɞ ŮˊɘəɞɚɚɐůŮŰŮ ůŮ ɏɜŬ ˊɟɧɔɟŬɛɛŬ.")  

except  Exception as  e:  

    print (f"ȹŮɜ ɐŰŬɜ ŭɡɜŬŰɐ ɖ ŬɜŰɘɔɟŬűɐ ůŰɞ ˊɟɧɢŮɘɟɞ: {e}")  

    print ("ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŬɑɜŮɘ ůŮ ˊŮɟɘɓɎɚɚɞɜ ɢɤɟɑɠ GUI ɐ ɢɤɟɑɠ 

ɡˊɞůŰɐɟɘɝɖ clipboard.")  

print ( " \ n"  + "=" * 100  + " \ n" )  

 

print ("ɇȺȿɃɆ ɄɅɃũɅȷɀɀȷɇɃɆ")  
ɼΦ 3.4.19Υ ʃʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ʶ˅ʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ʃ˂ʰʽˋʾ˖˄ ɲʶʵˇ˃ʷ˄˖˄ 

 

3.4.19. ʁ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ʃʰˊʱʵʶʽʴ˃ʰ ˋˍʰ ʃ˂ʰʾˋʽʰ ɲʶʵˇ˃ʷ˄˖˄Υ ɲʽʰ˔ʶʾˊʽˋʹ ʃˊˇʿˈ˄ˍ˖˄ 

ʆʾˍ˂ˇˌΥ ʅˏˋˍʹ˃ʰ ɲʽʰ˔ʶʾˊʽˋʹˌ ʃˊˇʿˈ˄ˍ˖˄ ˃ʶ tŀƴŘŀǎ 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ǇŀƴŘŀǎ ʴʽʰ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰˍʰ˂ˈʴˇˎ ˉˊˇʿˈ˄ˍ˖˄Φ ʆˇ 

ˋˏˋˍʹ˃ʰ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ʶ˅ʺˌ ˂ʶʽˍˇˎˊʴʾʶˌΥ 

1. ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ʰˊ˔ʽˁˇˉˇʾʹˋʹ 5ŀǘŀCǊŀƳŜ ˃ʶ ˍʰ ʶ˅ʺˌ ˉʶʵʾʰΥ 

¶ product_name όˈ˄ˇ˃ʰ ˉˊˇʿˈ˄ˍˇˌύ 

¶ price όˍʽ˃ʺύ 
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¶ manufacturer όˁʰˍʰˋˁʶˎʰˋˍʺˌύ 

2. ɰʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌΥ 

¶ ʃˊˇˋʻʺˁʹ ˄ʷ˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

¶ ɳ˃˒ʱ˄ʽˋʹ ˈ˂˖˄ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

¶ ɮ˄ʰʸʺˍʹˋʹ ˉˊˇʿˈ˄ˍ˖˄ ʲʱˋʶʽ ˁʰˍʰˋˁʶˎʰˋˍʺ 

¶ ɳ˄ʹ˃ʷˊ˖ˋʹ ˍʽ˃˗˄ ˉˊˇʿˈ˄ˍ˖˄ 

¶ ɲʽʰʴˊʰ˒ʺ ˉˊˇʿˈ˄ˍ˖˄ 

3. ɮˉˇʻʺˁʶˎˋʹ ˁʰʽ ɮ˄ʱˁˍʹˋʹΥ 

¶ ɮˉˇʻʺˁʶˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ /{± ʰˊ˔ʶʾˇ 

¶ ʊˈˊˍ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ /{± ʰˊ˔ʶʾˇ 

¶ ɳˉʰ˂ʺʻʶˎˋʹ ˈˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʽʰˍʹˊˇˏ˄ˍʰʽ ˋ˖ˋˍʱ 

import  pandas as  pd 

import  os  

 

class  ProductManager :  

    def  __init__ ( self ,  filename ='products.csv' ):  

        self . filename = filename  

        self . products_df = self . load_products ()  

 

    def  load_products ( self ):  

        """ūɧɟŰɤůɖ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ ŬɟɢŮɑɞ ɐ ŭɖɛɘɞɡɟɔɑŬ ɜɏɞɡ DataFrame""" 

        if  os . path . exists ( self . filename ):  

            try :  

                df = pd . read_csv ( self . filename )  

                print ( "  ɇŬ ŭŮŭɞɛɏɜŬ űɞɟŰɩɗɖəŬɜ ŮˊɘŰɡɢɩɠ Ŭˊɧ Űɞ ŬɟɢŮɑɞ")  

                return  df  

            except  Exception as  e:  

                print ( f"  ɆűɎɚɛŬ űɧɟŰɤůɖɠ ŬɟɢŮɑɞɡ: {e}" )  

 

        # ȹɖɛɘɞɡɟɔɑŬ əŮɜɞɨ DataFrame Ŭɜ Űɞ ŬɟɢŮɑɞ ŭŮɜ ɡˊɎɟɢŮɘ 

        empty_df = pd . DataFrame ( columns =[ 'product_name' ,  'price' ,  

'manufacturer' ])  

        print ( "  ȹɖɛɘɞɡɟɔɐɗɖəŮ ɜɏɞɠ əŬŰɎɚɞɔɞɠ ˊɟɞɥɧɜŰɤɜ")  

        return  empty_df  

 

    def  save_products ( self ):  

        """ȷˊɞɗɐəŮɡůɖ ˊɟɞɥɧɜŰɤɜ ůŮ ŬɟɢŮɑɞ CSV""" 

        try :  

            self . products_df . to_csv ( self . filename ,  index =False )  

            print ( "  ɇŬ ŭŮŭɞɛɏɜŬ ŬˊɞɗɖəŮɨŰɖəŬɜ ŮˊɘŰɡɢɩɠ")  

        except  Exception as  e:  

            print ( f"  ɆűɎɚɛŬ ŬˊɞɗɐəŮɡůɖɠ: {e}" )  

 

    def  add_product ( self ,  product_name ,  price ,  manufacturer ):  
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        """Ʉɟɞůɗɐəɖ ɜɏɞɡ ˊɟɞɥɧɜŰɞɠ""" 

        new_product = pd . DataFrame ({  

            'product_name' :  [ product_name ],  

            'price' :  [ price ],  

            'manufacturer' :  [ manufacturer ]  

        })  

 

        self . products_df = pd . concat ([ self . products_df ,  new_product ],  

ignore_index =True )  

        print ( f"  ɄɟɞůŰɏɗɖəŮ Űɞ ˊɟɞɥɧɜ: {product_name}" )  

        self . save_products ()  

 

    def  display_all_products ( self ):  

        """ȺɛűɎɜɘůɖ ɧɚɤɜ Űɤɜ ˊɟɞɥɧɜŰɤɜ""" 

        if  self . products_df . empty :  

            print ( "  Ƀ əŬŰɎɚɞɔɞɠ ˊɟɞɥɧɜŰɤɜ ŮɑɜŬɘ ɎŭŮɘɞɠ")  

            return  

 

        print ( " \ n  ȾŬŰɎɚɞɔɞɠ ɄɟɞɥɧɜŰɤɜ:")  

        print ( "="  *  50)  

        for  index ,  row in  self . products_df . iterrows ():  

            print ( f"{index + 1}. {row [ 'product_name' ] } -  {row [ 'price' ] }ú -  

{row [ 'manufacturer' ] }" )  

        print ( "="  *  50)  

        print ( f" Ɇɨɜɞɚɞ ˊɟɞɥɧɜŰɤɜ: {len ( self . products_df ) }" )  

 

    def  search_by_manufacturer ( self ,  manufacturer ):  

        """ ȷɜŬɕɐŰɖůɖ ˊɟɞɥɧɜŰɤɜ ɓɎůŮɘ əŬŰŬůəŮɡŬůŰɐ"""  

        filtered_df = 

self . products_df [ self . products_df [ 'manufacturer' ]. str . lower ()  == 

manufacturer . lower ()]  

 

        if  filtered_df . empty :  

            print ( f" ȹŮɜ ɓɟɏɗɖəŬɜ ˊɟɞɥɧɜŰŬ Űɞɡ əŬŰŬůəŮɡŬůŰɐ: 

{manufacturer}" )  

            return  

 

        print ( f" \ n ɄɟɞɥɧɜŰŬ Űɞɡ əŬŰŬůəŮɡŬůŰɐ '{manufacturer}':" )  

        print ( "="  *  40)  

        for  index ,  row in  filtered_df . iterrows ():  

            print ( f" -  {row [ 'product_name' ] } -  {row [ 'price' ] }ú")  

        print ( "="  *  40)  

 

    def  update_price ( self ,  product_name ,  new_price ):  

        """ Ⱥɜɖɛɏɟɤůɖ Űɘɛɐɠ ˊɟɞɥɧɜŰɞɠ"""  

        mask = self . products_df [ 'product_name' ]. str . lower ()  == 

product_name . lower ()  

 

        if  mask. any ():  

            old_price = self . products_df . loc [ mask,  'price' ]. values [ 0]  

            self . products_df . loc [ mask,  'price' ]  = new_price  

            print ( f"  ȼ Űɘɛɐ Űɞɡ '{product_name}' ŮɜɖɛŮɟɩɗɖəŮ Ŭˊɧ 

{old_price}ú ůŮ {new_price}ú")  

            self . save_products ()  

        else :  

            print ( f"  ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭŮɜ ɓɟɏɗɖəŮ" )  

 

    def  delete_product ( self ,  product_name ):  

        """ ȹɘŬɔɟŬűɐ ˊɟɞɥɧɜŰɞɠ"""  

        initial_count = len ( self . products_df )  
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        self . products_df = self . products_df [  

            self . products_df [ 'product_name' ]. str . lower ()  !=  

product_name . lower ()  

        ]  

 

        if  len ( self . products_df )  < initial_count :  

            print ( f"  ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭɘŬɔɟɎűɖəŮ" )  

            self . save_products ()  

        else :  

            print ( f"  ɇɞ ˊɟɞɥɧɜ '{product_name}' ŭŮɜ ɓɟɏɗɖəŮ" )  

 

    def  display_statistics ( self ):  

        """ ȺɛűɎɜɘůɖ ůŰŬŰɘůŰɘəɩɜ"""  

        if  self . products_df . empty :  

            print ( "ὺ  ȹŮɜ ɡˊɎɟɢɞɡɜ ŭŮŭɞɛɏɜŬ ɔɘŬ ůŰŬŰɘůŰɘəɎ")  

            return  

 

        print ( " \ nὺ  ɆŰŬŰɘůŰɘəɎ ȾŬŰŬɚɧɔɞɡ:")  

        print ( f" Ɇɨɜɞɚɞ ˊɟɞɥɧɜŰɤɜ: {len ( self . products_df ) }" )  

        print ( f" ɀɏůɖ Űɘɛɐ: {self . products_df [ 'price' ]. mean() :.2f}ú")  

        print ( f" ɈɣɖɚɧŰŮɟɖ Űɘɛɐ: {self . products_df [ 'price' ]. max() }ú")  

        print ( f { self . products_df [ 'price' ]. min ()} ú") 

        print ( f" ȷɟɘɗɛɧɠ əŬŰŬůəŮɡŬůŰɩɜ: 

{self . products_df [ 'manufacturer' ]. nunique () }" )  

 

        # Ʉɘɞ ŭɖɛɞűɘɚŮɑɠ əŬŰŬůəŮɡŬůŰɏɠ 

        manufacturer_counts = 

self . products_df [ 'manufacturer' ]. value_counts ()  

        print ( " \ n  ȾŬŰŬůəŮɡŬůŰɏɠ ŬɜɎ Ŭɟɘɗɛɧ ˊɟɞɥɧɜŰɤɜ:")  

        for  manufacturer ,  count in  manufacturer_counts . items ():  

            print ( f"  {manufacturer}: {count} ˊɟɞɥɧɜŰŬ" )  

 

def  main ():  

    # ȹɖɛɘɞɡɟɔɑŬ ŭɘŬɢŮɘɟɘůŰɐ ˊɟɞɥɧɜŰɤɜ 

    manager = ProductManager ()  

 

    while  True :  

        print ( " \ n"  + "="  *  50)  

        print ( "  ɆɈɆɇȼɀȷ ȹȽȷɉȺȽɅȽɆȼɆ ɄɅɃɌɃɁɇɋɁ")  

        print ( "="  *  50)  

        print ("1. Ʉɟɞůɗɐəɖ ɜɏɞɡ ˊɟɞɥɧɜŰɞɠ")  

        print ("2. ȺɛűɎɜɘůɖ ɧɚɤɜ Űɤɜ ˊɟɞɥɧɜŰɤɜ")  

        print ("3. ȷɜŬɕɐŰɖůɖ ˊɟɞɥɧɜŰɞɠ ɓɎůŮɘ əŬŰŬůəŮɡŬůŰɐ")  

        print ("4. Ⱥɜɖɛɏɟɤůɖ Űɘɛɐɠ ˊɟɞɥɧɜŰɞɠ")  

        print ("5. ȹɘŬɔɟŬűɐ ˊɟɞɥɧɜŰɞɠ")  

        print ("6. ɆŰŬŰɘůŰɘəɎ")  

        print ("7. Ȱɝɞŭɞɠ" )  

        print ( "="  *  50)  

 

        choice = input ( "ȺˊɘɚɏɝŰŮ ŮɜɏɟɔŮɘŬ (1 - 7): " ). strip ()  

 

        if  choice == '1' :  

            print ( " \ n  ɄɅɃɆŪȼȾȼ ɁȺɃɈ ɄɅɃɌɃɁɇɃɆ" )  

            product_name = input ( "ȳɜɞɛŬ ˊɟɞɥɧɜŰɞɠ: " ). strip ()  

            try :  

                price = float ( input ( "ɇɘɛɐ (ú): "). strip ())  

                manufacturer = input ( "ȾŬŰŬůəŮɡŬůŰɐɠ: " ). strip ()  

                manager . add_product ( product_name ,  price ,  manufacturer )  

            except  ValueError :  
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                print ( "  ȿɎɗɞɠ ɛɞɟűɐ Űɘɛɐɠ. ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ Ŭɟɘɗɛɧ.")  

 

        elif  choice == '2' :  

            manager . display_all_products ()  

 

        elif  choice == '3' :  

            print ( " \ n  ȷɁȷȻȼɇȼɆȼ ɄɅɃɌɃɁɇɋɁ" )  

            manufacturer = input ( "ȺɘůɎɔŮŰŮ ɧɜɞɛŬ əŬŰŬůəŮɡŬůŰɐ: " ). strip ()  

            manager . search_by_manufacturer ( manufacturer )  

 

        elif  choice == '4' :  

            print ( " \ nự  ȺɁȼɀȺɅɋɆȼ ɇȽɀȼɆ" )  

            product_name = input ( "ȳɜɞɛŬ ˊɟɞɥɧɜŰɞɠ: " ). strip ()  

            try :  

                new_price = float ( input ( "ɁɏŬ Űɘɛɐ (ú): "). strip ())  

                manager . update_price ( product_name ,  new_price )  

            except  ValueError :  

                print ( "  ȿɎɗɞɠ ɛɞɟűɐ Űɘɛɐɠ. ɄŬɟŬəŬɚɩ ŮɘůɎɔŮŰŮ Ŭɟɘɗɛɧ.")  

 

        elif  choice == '5' :  

            print ( " \ n  ȹȽȷũɅȷūȼ ɄɅɃɌɃɁɇɃɆ")  

            product_name = input ("ȳɜɞɛŬ ˊɟɞɥɧɜŰɞɠ ˊɟɞɠ ŭɘŬɔɟŬűɐ: "). strip ()  

            manager . delete_product ( product_name )  

 

        elif  choice == '6' :  

            manager . display_statistics ()  

 

        elif  choice == '7' :  

            print ( "Ṏ  Ȱɝɞŭɞɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ. ȷɜŰɑɞ!")  

            break  

 

        else :  

            print ( "  ɀɖ ɏɔəɡɟɖ Ůˊɘɚɞɔɐ. ɄŬɟŬəŬɚɩ ŮˊɘɚɏɝŰŮ 1- 7." )  

 

if  __name__ == "__main__" :  

    main ()  
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3.5. ɳˊ˖ˍʺˋʶʽˌ ɮˎˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ ς ɮˉʰ˄ˍʺˋʶʽˌ ˁʰʽ ɳ˅ʺʴʹˋʹ 

3.5.1. ¢Ŝǎǘ ɱ˄˗ˋʶ˖˄Υ tŀƴŘŀǎ {ŜǊƛŜǎ 

мΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ˉˊ˗ˍʶˌ р ʴˊʰ˃˃ʷˌ ˃ʽʰˌ ʅʶʽˊʱˌΤ 

)h .first() 

)̡ .head() 

)ɹ .top() 

ʵύ ΦǎǘŀǊǘόύ 

нΦ ʃˇʽʰ ʶʾ˄ʰʽ ʹ ʲʰˋʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ΦƭƻŎ ˁʰʽ ΦƛƭƻŎΤ 

ʰύ ɶ ΦƭƻŎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʻʷˋʶʽˌ όʰˊʽʻ˃ˇˏˌύ ˁʰʽ ʹ ΦƛƭƻŎ ˇ˄ˈ˃ʰˍʰ όƭŀōŜƭǎύΦ 

ʲύ ɶ ΦƭƻŎ ʶʾ˄ʰʽ ˉʽˇ ʴˊʺʴˇˊʹ ʰˉˈ ˍʹ˄ ΦƛƭƻŎΦ 

ʴύ ɶ ΦƭƻŎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˇ˄ˈ˃ʰˍʰ όƭŀōŜƭǎύ ˁʰʽ ʹ ΦƛƭƻŎ ʰˊʽʻ˃ʹˍʽˁʷˌ ʻʷˋʶʽˌΦ 

ʵύ ɲʶ˄ ˎˉʱˊ˔ʶʽ ˁʰ˃ʾʰ ʵʽʰ˒ˇˊʱΦ 

оΦ ɮ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˉˊˇˋˉʶ˂ʱˋˇˎ˃ʶ ˉˇ˂ˏ ʴˊʺʴˇˊʰ ˃ʾʰ ˃ˈ˄ˇ ˍʽ˃ʺ όǎƛƴƎƭŜ ǎŎŀƭŀǊύ ˃ʶ ʲʱˋʹ ˍʹ ʻʷˋʹ ˍʹˌΣ 

ˉˇʽʰ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʹ ˉˊˇˍʽ˃ˈˍʶˊʹΤ 

)h .iloc 

)̡ .loc 

)ɹ .at 

ʵύ Φƛŀǘ 

пΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ˃ʷʻˇʵˇˌ ΦƎŜǘόϥƪŜȅϥΣ лύ ʰ˄ ˍˇ ϥƪŜȅϥ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˋˍˇ ƛƴŘŜȄΤ 

ʰύ ʅ˒ʱ˂˃ʰ όYŜȅ9ǊǊƻǊύ 

ʲύ bŀb 

ʴύ ʆʹ˄ ˍʽ˃ʺ л 

ʵύ ʆʹ˄ ˉˊ˗ˍʹ ˍʽ˃ʺ ˍʹˌ ʅʶʽˊʱˌ 

рΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˁˊʰˍʺˋˇˎ˃ʶ ˃ˈ˄ˇ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˃ʽʰ ˋˎ˄ʻʺˁʹΣ 

˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˋʶ bŀbΤ 

)h .mask() 

)̡ .where() 

)ɹ .filter() 

ʵύ ΦŘǊƻǇόύ 

сΦ ʃ˗ˌ ʶ˂ʷʴ˔ˇˎ˃ʶ ʰ˄ ˇʽ ˍʽ˃ʷˌ ˃ʽʰˌ ʅʶʽˊʱˌ ʲˊʾˋˁˇ˄ˍʰʽ ˃ʷˋʰ ˋʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˂ʾˋˍʰΤ 

)h .exists() 
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)̡ .contains() 

)ɹ .isin() 

ʵύ ΦǿƘŜǊŜόύ 

тΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜκCŀƭǎŜ ʴʽʰ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇΣ ʵʶʾ˔˄ˇ˄ˍʰˌ ʰ˄ ʶʾ˄ʰʽ ˁʶ˄ˈ όƴǳƭƭύΤ 

)h .isnull() 

)̡ .empty() 

)ɹ .isna() 

ʵύ ʆʰ ʰ ˁʰʽ ʴ ʶʾ˄ʰʽ ˋ˖ˋˍʱ 

уΦ ɶ ˃ʷʻˇʵˇˌ ΦŘǊƻǇƴŀόύΦΦΦ 

ʰύ ɲʽʰʴˊʱ˒ʶʽ ˍʽˌ ˍʽ˃ʷˌ bŀb ʰˉˈ ˍʹ ʅʶʽˊʱΦ 

ʲύ ɮ˄ˍʽˁʰʻʽˋˍʱ ˍʰ bŀb ˃ʶ лΦ 

ʴύ ʃˊˇˋʻʷˍʶʽ bŀb ˋʶ ˁʶ˄ʱ ˁʶ˂ʽʱΦ 

ʵύ ɾʶˍʰˍˊʷˉʶʽ ˍʰ bŀb ˋʶ ǎǘǊƛƴƎǎΦ 

фΦ ʆʽ ˁʱ˄ʶʽ ʹ ˃ʷʻˇʵˇˌ ΦŦƛƭƭƴŀόƳŜǘƘƻŘҐϥŦŦƛƭƭϥύΤ 

ʰύ ɱʶ˃ʾʸʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ ˍʹ ˃ʷˋʹ ˍʽ˃ʺΦ 

ʲύ ɱʶ˃ʾʸʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ ˍʹ˄ ʰ˃ʷˋ˖ˌ ʶˉˈ˃ʶ˄ʹ ʷʴˁˎˊʹ ˍʽ˃ʺΦ 

ʴύ ɱʶ˃ʾʸʶʽ ˍʰ ˁʶ˄ʱ ˃ʶ ˍʹ˄ ʰ˃ʷˋ˖ˌ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʷʴˁˎˊʹ ˍʽ˃ʺΦ 

ʵύ ɲʽʰʴˊʱ˒ʶʽ ˍʰ ˁʶ˄ʱΦ 

млΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˍʽ˃˗˄Τ 

)h .average() 

)̡ .mean() 

)ɹ .median() 

ʵύ ΦǎǳƳόύ 

ммΦ ʃˇʽʰ ʶ˄ˍˇ˂ʺ ʵʾ˄ʶʽ ˃ʽʰ ˉ˂ʺˊʹ ˋˍʰˍʽˋˍʽˁʺ ˋˏ˄ˇ˕ʹ όƳŜŀƴΣ ǎǘŘΣ ƳƛƴΣ ƳŀȄΣ ˁ˂ˉύΤ 

)h .summary() 

)̡ .stats() 

)ɹ .describe() 

ʵύ ΦƛƴŦƻόύ 

мнΦ ʆʽ ˎˉˇ˂ˇʴʾʸʶʽ ʹ ˃ʷʻˇʵˇˌ ΦŎǳƳǎǳƳόύΤ 

ʰύ ʆˇ ˋ˖ˊʶˎˍʽˁˈ ʴʽ˄ˈ˃ʶ˄ˇΦ 

ʲύ ʆʹ ʵʽʰ˒ˇˊʱ ʰˉˈ ˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˋˍˇʽ˔ʶʾˇΦ 
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ʴύ ʆˇ ˋ˖ˊʶˎˍʽˁˈ ʱʻˊˇʽˋ˃ʰΦ 

ʵύ ʆʹ˄ ˉˇˋˇˋˍʽʰʾʰ ˃ʶˍʰʲˇ˂ʺΦ 

моΦ ɮ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˉʶˊʽˇˊʾˋˇˎ˃ʶ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ ˃ʽʰˌ ʅʶʽˊʱˌ ˃ʶˍʰ˅ˏ л ˁʰʽ мллΣ ˉˇʽʰ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʹ 

ˁʰˍʱ˂˂ʹ˂ʹΤ 

)h .round() 

)̡ .clip(0, 100) 

)ɹ .between(0, 100) 

ʵύ ΦǎŜǘψǊŀƴƎŜόлΣ мллύ 

мпΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˉˇˋˇˋˍʽʰʾʰ ˃ʶˍʰʲˇ˂ʺ ˃ʶˍʰ˅ˏ ˍˊʷ˔ˇˎˋʰˌ ˁʰʽ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ 

ˍʽ˃ʺˌΤ 

)h .diff() 

)̡ .pct_change() 

ʴύ ΦǎƘƛŦǘόύ 

ʵύ ΦƎǊƻǿǘƘόύ 

мрΦ ʃ˗ˌ ʰ˂˂ʱʸˇˎ˃ʶ ˍˇ˄ ˍˏˉˇ ʵʶʵˇ˃ʷ˄˖˄ ˃ʽʰˌ ʅʶʽˊʱˌ όˉΦ˔Φ ʰˉˈ Ŧƭƻŀǘ ˋʶ ƛƴǘύΤ 

)h .convert() 

)̡ .to_type() 

)ɹ .astype() 

)ɻ .change_dtype() 

мсΦ ɶ ˃ʷʻˇʵˇˌ ΦƳŀǇόύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰΦΦΦ 

ʰύ ʆʰ˅ʽ˄ˈ˃ʹˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʲύ ɮ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍʽ˃˗˄ ʲʱˋʶʽ ˂ʶ˅ʽˁˇˏ ʺ ˋˎ˄ʱˊˍʹˋʹˌΦ 

ʴύ ʇˉˇ˂ˇʴʽˋ˃ˈ ˃ʷˋˇˎ ˈˊˇˎΦ 

ʵύ ɲʽʰʴˊʰ˒ʺ ˁʶ˄˗˄ ˍʽ˃˗˄Φ 

мтΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ bǳƳtȅ ŀǊǊŀȅ ˃ʶ ˍʽˌ ˃ˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ ˍʹˌ ʅʶʽˊʱˌΤ 

)h .unique() 

)̡ .nunique() 

)ɹ .distinct() 

ʵύ ΦǾŀƭǳŜψŎƻǳƴǘǎόύ 

муΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ΦǾŀƭǳŜψŎƻǳƴǘǎόύΤ 

ʰύ ʆˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄Φ 

ʲύ ʆʹ ˋˎ˔˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌ ˁʱʻʶ ˃ˇ˄ʰʵʽˁʺˌ ˍʽ˃ʺˌΦ 
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ʴύ ʆˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ˍʽ˃˗˄Φ 

ʵύ ¢ǊǳŜ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ʵʽˉ˂ˇʶʴʴˊʰ˒ʷˌΦ 

мфΦ ʃ˗ˌ ʶ˂ʷʴ˔ˇˎ˃ʶ ʰ˄ ʵˏˇ ʅʶʽˊʷˌ ʶʾ˄ʰʽ ˉʰ˄ˇ˃ˇʽˈˍˎˉʶˌ όʾʵʽˇ ƛƴŘŜȄ ˁʰʽ ʾʵʽʶˌ ˍʽ˃ʷˌύΤ 

)h s1 == s2 

)̡ s1.compare(s2) 

)ɹ s1.equals(s2) 

)ɻ s1.is_same(s2) 

нлΦ ɱʽʰ ˄ʰ ˃ʶˍʰˍˊʷ˕ˇˎ˃ʶ ˈ˂ʰ ˍʰ ˁʶʾ˃ʶ˄ʰ ˃ʽʰˌ ʅʶʽˊʱˌ ˋʶ ˁʶ˒ʰ˂ʰʾʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶΥ 

)h .upper() 

)̡ .str.upper() 

)ɹ .text.upper() 

)ɻ .to_capital() 

нмΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ΦǎǘǊ ʰ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋˍʹ˄ ʰˊ˔ʺ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˁʱʻʶ ˁʶʽ˃ʷ˄ˇˎΤ 

)h .str.clean() 

)̡ .str.strip() 

)ɹ .str.replace(' ', '') 

ʵύ ΦǎǘǊΦŎǳǘόύ 

ннΦ ɮ˄ ˃ʽʰ ʅʶʽˊʱ ˉʶˊʽʷ˔ʶʽ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΣ ˉ˗ˌ ˉʰʾˊ˄ˇˎ˃ʶ ˃ˈ˄ˇ ˍˇ ʷˍˇˌ όȅŜŀǊύΤ 

)h .year 

)̡ .dt.year 

)ɹ .date.year 

ʵύ ΦǎǘǊŦǘƛƳŜόϥ҈¸ϥύ 

ноΦ ʆʽ ˁʱ˄ʶʽ ʹ ˃ʷʻˇʵˇˌ ΦŘǘΦƛǎψƳƻƴǘƘψŜƴŘΤ 

ʰύ ɳˉʽˋˍˊʷ˒ʶʽ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰΦ 

ʲύ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ʶʾ˄ʰʽ ʹ ˍʶ˂ʶˎˍʰʾʰ ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰΦ 

ʴύ ɲʽʰʴˊʱ˒ʶʽ ˍʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ˍʷ˂ˇˌ ˃ʺ˄ʰΦ 

ʵύ ʇˉˇ˂ˇʴʾʸʶʽ ˉˈˋʶˌ ˃ʷˊʶˌ ʷ˃ʶʽ˄ʰ˄ ˃ʷ˔ˊʽ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ˃ʺ˄ʰΦ 

нпΦ ʁʽ ϦˁʰˍʹʴˇˊʽˁʷˌϦ ό/ŀǘŜƎƻǊƛŎŀƭύ ʅʶʽˊʷˌ ʲˇʹʻˇˏ˄ ˋˍʹ˄ΦΦΦ 

ʰύ ɮˏ˅ʹˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍ˖˄ ʵʶˁʰʵʽˁ˗˄Φ 

ʲύ ɳ˅ˇʽˁˇ˄ˈ˃ʹˋʹ ˃˄ʺ˃ʹˌ ˁʰʽ ˍʰ˔ˏˍʹˍʰ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΦ 

ʴύ ɮˎˍˈ˃ʰˍʹ ˃ʶˍʱ˒ˊʰˋʹ ˁʶʽ˃ʷ˄ˇˎΦ 
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ʵύ ʅˏ˄ʵʶˋʹ ˃ʶ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ {v[Φ 

нрΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʶ˄ˈˌ Ϧˁʽ˄ʹˍˇˏ ˃ʷˋˇˎ ˈˊˇˎϦ όƳƻǾƛƴƎ ŀǾŜǊŀƎŜύΤ 

)h .expanding() 

)̡ .rolling() 

)ɹ .moving() 

ʵύ ΦƎǊƻǳǇōȅόύ 

нсΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ˃ʷʻˇʵˇˌ ΦǘƻψŘƛŎǘόύΤ 

ʰύ ɾʽʰ ˂ʾˋˍʰ tȅǘƘƻƴΦ 

ʲύ ɴ˄ʰ ʰˊ˔ʶʾˇ W{hbΦ 

)ɹ ɴ˄ʰ ˂ ʶ˅ʽˁˈ Python (index: value). 

ʵύ ɴ˄ʰ 5ŀǘŀCǊŀƳŜΦ 

нтΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ƛƴǇƭŀŎŜҐ¢ǊǳŜ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˍ˖˄ tŀƴŘŀǎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽΦΦΦ 

ʰύ ɶ ʰ˂˂ʰʴʺ ʻʰ ʴʾ˄ʶʽ ˃ˈ˄ʽ˃ʰ ˋˍˇ ˎˉʱˊ˔ˇ˄ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ 

ʲύ ɸʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʷ˄ʰ ˄ʷˇ ʰ˄ˍʾʴˊʰ˒ˇ ˍʹˌ ʅʶʽˊʱˌΦ 

ʴύ ɶ ˃ʷʻˇʵˇˌ ʻʰ ʶˁˍʶ˂ʶˋˍʶʾ ˉʽˇ ʰˊʴʱΦ 

ʵύ ʆʰ bŀb ʻʰ ʰʴ˄ˇʹʻˇˏ˄Φ 

нуΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ǎƪƛǇƴŀҐ¢ǊǳŜ όˉˇˎ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ŘŜŦŀǳƭǘύΦΦΦ 

ʰύ ɲʽʰʴˊʱ˒ʶʽ ˍʰ bŀb ˉˊʽ˄ ˍʹ˄ ˉˊʱ˅ʹΦ 

ʲύ ɮʴ˄ˇʶʾ ˍʰ bŀb ˁʰˍʱ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ όˉΦ˔Φ ˋˍˇ ʱʻˊˇʽˋ˃ʰύΦ 

ʴύ ʅˍʰ˃ʰˍʱʶʽ ˍʹ˄ ˉˊʱ˅ʹ ʰ˄ ʲˊʶʽ bŀbΦ 

ʵύ ɾʶˍʰˍˊʷˉʶʽ ˍʰ bŀb ˋʶ мΦ 

нфΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ʰ˂˂ʱ˅ˇˎ˃ʶ ˍʰ ˇ˄ˈ˃ʰˍʰ ˍˇˎ LƴŘŜȄΤ 

)h .set_index() 

)̡ .rename() 

)ɹ .reindex() 

)ɻ .change_labels() 

олΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶ˂ʷʴ˔ʶʽ ʰ˄ ʷˋˍ˖ ˁʰʽ ˃ʾʰ ˍʽ˃ʺ ˋˍʹ ʅʶʽˊʱ ʶʾ˄ʰʽ ¢ǊǳŜ όʺ ˃ʹ ˃ʹʵʶ˄ʽˁʺύΤ 

)h .all() 

)̡ .any() 

)ɹ .exists() 

ʵύ ΦŎƘŜŎƪόύ 
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3.5.2. ¢Ŝǎǘ ɱ˄˗ˋʶ˖˄Υ tŀƴŘŀǎ {ŜǊƛŜǎ - ɮˉʰ˄ˍʺˋʶʽˌ ϧ ɳˉʶ˅ʹʴʺˋʶʽˌ 

1. ʲύ ΦƘŜŀŘόύΥ ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ϷƴϷ ˉˊ˗ˍʶˌ ʴˊʰ˃˃ʷˌΦ 

2. ʴύΥ ɶ ΦƭƻŎ ʲʰˋʾʸʶˍʰʽ ˋʶ ˇ˄ˈ˃ʰˍʰ όƭŀōŜƭǎύΣ ʹ ΦƛƭƻŎ ˋʶ ʰˁʷˊʰʽʶˌ ʻʷˋʶʽˌ όлΣ мΣ нΦΦΦύΦ 

3. ʵύ ΦƛŀǘΥ ɳʾ˄ʰʽ ʹ ˍʰ˔ˏˍʶˊʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˉˊˈˋʲʰˋʹ ˋʶ ʷ˄ʰ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˁʶ˂ʾ ˃ʷˋ˖ ʻʷˋʹˌΦ 

4. ʴύ ʆʹ˄ ˍʽ˃ʺ лΥ ɶ ΦƎŜǘόύ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˇˊʽˋ˃ˈ ŘŜŦŀǳƭǘ ˍʽ˃ʺˌ ʰ˄ ˍˇ ˁ˂ʶʽʵʾ ˂ʶʾˉʶʽΦ 

5. ʲύ ΦǿƘŜǊŜόύΥ ɲʽʰˍʹˊʶʾ ˍʽˌ ˍʽ˃ʷˌ ˈˉˇˎ ʹ ˋˎ˄ʻʺˁʹ ʽˋ˔ˏʶʽΣ ʰ˂˂ʽ˗ˌ ʲʱʸʶʽ bŀb όʺ ˈΣˍʽ ˇˊʾˋˇˎ˃ʶύΦ 

6. ʴύ ΦƛǎƛƴόύΥ ɳ˂ʷʴ˔ʶʽ ʰ˄ ˍʰ ˋˍˇʽ˔ʶʾʰ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋʶ ˃ʽʰ ʵˇ˃ʺ ό˂ʾˋˍʰΣ ǎŜǘ ˁ˂ˉύΦ 

7. ʵύ ʆʰ ʰ ˁʰʽ ʴ ʶʾ˄ʰʽ ˋ˖ˋˍʱΥ ɼʰʽ ˇʽ ʵˏˇ ˃ʷʻˇʵˇʽ ˁʱ˄ˇˎ˄ ˍʹ˄ ʾʵʽʰ ʰˁˊʽʲ˗ˌ ʵˇˎ˂ʶʽʱΦ 

8. ʰύΥ ɮ˒ʰʽˊʶʾ ʶ˄ˍʶ˂˗ˌ ˍʽˌ ʴˊʰ˃˃ʷˌ ˉˇˎ ʷ˔ˇˎ˄ bŀbΦ 

9. ʴύΥ ʆˇ ϥŦŦƛƭƭϥ όŦƻǊǿŀǊŘ Ŧƛƭƭύ ˃ʶˍʰ˒ʷˊʶʽ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʷʴˁˎˊʹ ˍʽ˃ʺ ˉˊˇˌ ˍʰ ʶ˃ˉˊˈˌΦ 

10. ʲύ ΦƳŜŀƴόύΥ ɶ ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ʴʽʰ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ 

11. )ɹ .describe(): ʃʰˊʷ˔ʶʽ count, mean, std, min, 25%, 50%, 75%, max. 

12. ʴύ ʆˇ ˋ˖ˊʶˎˍʽˁˈ ʱʻˊˇʽˋ˃ʰΥ ʃˊˇˋʻʷˍʶʽ ˁʱʻʶ ˍʽ˃ʺ ˋˍˇ ˍˊʷ˔ˇ˄ ˋˏ˄ˇ˂ˇΦ 

13. ʲύ ΦŎƭƛǇόлΣ мллύΥ ϦɼˈʲʶʽϦ ˈΣˍʽ ʶʾ˄ʰʽ ʷ˅˖ ʰˉˈ ˍʰ ˈˊʽʰ ϷώлΣ мллϐϷΦ 

14. ʲύ ΦǇŎǘψŎƘŀƴƎŜόύΥ ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ Ϸό±ψϑƴŜǿϒ - V_{old}) / V_{old}$. 

15. ʴύ ΦŀǎǘȅǇŜόύΥ ɶ ˃ʷʻˇʵˇˌ ʴʽʰ ϦŎŀǎǘƛƴƎϦ ˍˏˉ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

16. ʲύΥ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ˍʽ˃˗˄ όˉΦ˔Φ м -> 'Male', 2 -> 'Female'). 

17. ʰύ ΦǳƴƛǉǳŜόύΥ ɳˉʽˋˍˊʷ˒ʶʽ ˍʽˌ ˃ˇ˄ʰʵʽˁʷˌ ˍʽ˃ʷˌ ˔˖ˊʾˌ ˍʽˌ ˋˎ˔˄ˈˍʹˍʷˌ ˍˇˎˌΦ 

18. ʲύΥ ɳˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ʅʶʽˊʱ ˃ʶ ˍʽˌ ˋˎ˔˄ˈˍʹˍʶˌ ˁʱʻʶ ˍʽ˃ʺˌ ˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʶˌ ˒ʻʾ˄ˇˎˋʰΦ 

19. ʴύ ΦŜǉǳŀƭǎόǎнύΥ ɳ˂ʷʴ˔ʶʽ ˍʹ˄ ʰˉˈ˂ˎˍʹ ʽˋˈˍʹˍʰ ό±ŀƭǳŜǎ Ҍ LƴŘŜȄ Ҍ 5ǘȅǇŜύΦ 

20. ʲύ ΦǎǘǊΦǳǇǇŜǊόύΥ ʃˊʷˉʶʽ ˉʱ˄ˍʰ ˄ʰ ˁʰ˂ˇˏ˃ʶ ˍˇ˄ ŀŎŎŜǎǎƻǊ ΦǎǘǊ ʴʽʰ ǎǘǊƛƴƎ ŦǳƴŎǘƛƻƴǎΦ 

21. ʲύ ΦǎǘǊΦǎǘǊƛǇόύΥ ɮ˒ʰʽˊʶʾ ǿƘƛǘŜǎǇŀŎŜ ʰˉˈ ˍʽˌ ʱˁˊʶˌΦ 

22. ʲύ ΦŘǘΦȅŜŀǊΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ˄ ŀŎŎŜǎǎƻǊ ΦŘǘ ʴʽʰ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΦ 

23. ʲύΥ ɳˉʽˋˍˊʷ˒ʶʽ .ƻƻƭŜŀƴ ʅʶʽˊʱ ό¢ǊǳŜ ʰ˄ ʶʾ˄ʰʽ ʹ ˍʶ˂ʶˎˍʰʾʰ ˃ʷˊʰ ˍˇˎ ˃ʺ˄ʰύΦ 

24. ʲύΥ ʁʽ ˁʰˍʹʴˇˊʾʶˌ ʰˉˇʻʹˁʶˏˇˎ˄ ʶˋ˖ˍʶˊʽˁʱ ʰˁʷˊʰʽˇˎˌ ˁ˖ʵʽˁˇˏˌ ʰ˄ˍʾ ʴʽʰ ˃ʶʴʱ˂ʰ ǎǘǊƛƴƎǎΦ 

25. ʲύ ΦǊƻƭƭƛƴƎόύΥ ɲʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˉʰˊʱʻˎˊˇ όǿƛƴŘƻǿύ ʴʽʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

26. ʴύΥ ɾʶˍʰˍˊʷˉʶʽ ˍˇ {ŜǊƛŜǎ ˋʶ tȅǘƘƻƴ 5ƛŎǘƛƻƴŀǊȅΦ 

27. ʰύΥ ɮ˄ ƛƴǇƭŀŎŜҐ¢ǊǳŜΣ ʹ ʰˊ˔ʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ʰ˂˂ʱʸʶʽ ˁʰʽ ʵʶ˄ ʶˉʽˋˍˊʷ˒ʶˍʰʽ ˄ʷˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΦ 

28. ʲύΥ ɳˉʽˍˊʷˉʶʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˋˍʰˍʽˋˍʽˁ˗˄ ʰˁˈ˃ʰ ˁʰʽ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˁʶ˄ʱΦ 

29. ʲύ ΦǊŜƴŀƳŜόύΥ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʰ˂˂ʰʴʺ ˇ˄ˇ˃ʱˍ˖˄ ˋʶ ƛƴŘŜȄ ʺ ŎƻƭǳƳƴǎΦ 

30. ʲύ ΦŀƴȅόύΥ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ʰ˄ ˎˉʱˊ˔ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ ¢ǊǳŜ ˋˍˇʽ˔ʶʾˇΦ 
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3.5.3. ʆʶˋˍ ɱ˄˗ˋʶ˖˄ tŀƴŘŀǎ 5ŀǘŀCǊŀƳŜǎ 

ɳ˄ˈˍʹˍʰ мΥ ɳʽˋʰʴ˖ʴʺ ˁʰʽ ɳ˅ʰʴ˖ʴʺ ɲʶʵˇ˃ʷ˄˖˄ 

мΦ ʃˇʽʰ ʶ˄ˍˇ˂ʺ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʴʽʰ ˄ʰ ʵʽʰʲʱˋˇˎ˃ʶ ʷ˄ʰ ʰˊ˔ʶʾˇ 9ȄŎŜƭΤ  

)h pd.read_csv()  

)̡ pd.read_json()  

)ɹ pd.read_excel()  

)ɻ pd.load_excel() 

нΦ ʃˇʽʰ ˉʰˊʱ˃ʶˍˊˇˌ ˋˍʹ˄ ǘƻψŎǎǾόύ ʰˉˇˍˊʷˉʶʽ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ˍʹˌ ˋˍʺ˂ʹˌ ˍ˖˄ ʵʶʽˁˍ˗˄ όлΣ мΣ нΦΦΦύΤ  

)h header=False  

)̡ index=False  

)ɹ save_index=No  

)ɻ encoding='utf-8' 

оΦ ʆʽ ʶˉʽˋˍˊʷ˒ʶʽ ʹ ʶ˄ˍˇ˂ʺ ǇŘΦǊŜŀŘψƘǘƳƭόύΤ  

ʰύ ɴ˄ʰ 5ŀǘŀCǊŀƳŜ  

ʲύ ɾʽʰ ˋˎ˃ʲˇ˂ˇˋʶʽˊʱ όǎǘǊƛƴƎύ  

ʴύ ɾʽʰ ˂ʾˋˍʰ ʰˉˈ 5ŀǘŀCǊŀƳŜǎ  

ʵύ ɴ˄ʰ ʰˊ˔ʶʾˇ W{hb 

пΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ʹ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊʹ ʴʽʰ ˄ʰ Ϧʽˋʽ˗ˋˇˎ˃ʶϦ όŦƭŀǘǘŜƴύ ʷ˄ʰ ˋˏ˄ʻʶˍˇ W{hb ˃ʶ 

ʶ˃˒˖˂ʶˎ˃ʷ˄ʰ ˉʶʵʾʰΤ  

)h pd.DataFrame()  

)̡ pd.json_normalize()  

)ɹ df.to_json()  

)ɻ df.explode() 

ɳ˄ˈˍʹˍʰ нΥ ɳˉʽˋˁˈˉʹˋʹ ˁʰʽ ɼʰʻʰˊʽˋ˃ˈˌ 

рΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʵʾ˄ʶʽ ˃ʽʰ ʴˊʺʴˇˊʹ ˋˍʰˍʽˋˍʽˁʺ ˋˏ˄ˇ˕ʹ όƳŜŀƴΣ ǎǘŘΣ ƳƛƴΣ ƳŀȄύ ˍ˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ 

ˋˍʹ˂˗˄Τ  

)h df.info()  

)̡ df.head()  

)ɹ df.describe()  

)ɻ df.summary() 
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сΦ ʃ˗ˌ ʶ˄ˍˇˉʾʸˇˎ˃ʶ ˍʽˌ ʶ˂˂ʶʾˉˇˎˋʶˌ ˍʽ˃ʷˌ όbŀbύ ˋʶ ʷ˄ʰ 5ŀǘŀCǊŀƳŜΤ  

)h df.isna()  

)̡ df.missing()  

)ɹ df.find_null()  

)ɻ df.empty() 

тΦ ɾʶ ˉˇʽʰ ˃ʷʻˇʵˇ ʰ˒ʰʽˊˇˏ˃ʶ ʶ˄ˍʶ˂˗ˌ ˍʽˌ ʴˊʰ˃˃ʷˌ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ˍʽ˃ʺ bŀbΤ  
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ʰύ ŘŦΦŦƛƭƭƴŀόύ  

ʲύ ŘŦΦŘǊƻǇƴŀόύ  

)ɹ df.remove_nan()  

)ɻ df.clean() 

уΦ ʃˇʽʰ ʽʵʽˈˍʹˍʰ όǇǊƻǇŜǊǘȅύ ˃ʰˌ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ ˍ˖˄ ˋˍʹ˂˗˄ όˉΦ˔Φ όмллΣ 

5));  

)h df.size  

)̡ df.columns  

)ɹ df.shape  

)ɻ df.count() 

ɳ˄ˈˍʹˍʰ оΥ ʊʽ˂ˍˊʱˊʽˋ˃ʰ ˁʰʽ ɳˉʽ˂ˇʴʺ 

фΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʲʱˋʹ ˍʽˌ ʶˍʽˁʷˍʶˌ όƭŀōŜƭǎύ ˍ˖˄ ʴˊʰ˃˃˗˄ ˁʰʽ 

ˍ˖˄ ˋˍʹ˂˗˄Τ 

ʰύ ŘŦΦƛƭƻŎώϐ  

ʲύ ŘŦΦƭƻŎώϐ  

)ɹ df.select()  

)ɻ df.filter() 

млΦ ʆʽ ˁʱ˄ʶʽ ʹ ʶ˄ˍˇ˂ʺ ŘŦΦƛƭƻŎώлΥрΣ ΥϐΤ  

ʰύ ɳˉʽ˂ʷʴʶʽ ˍʽˌ ˉˊ˗ˍʶˌ р ˋˍʺ˂ʶˌ  

ʲύ ɳˉʽ˂ʷʴʶʽ ˍʽˌ ˉˊ˗ˍʶˌ р ʴˊʰ˃˃ʷˌ ˁʰʽ ˈ˂ʶˌ ˍʽˌ ˋˍʺ˂ʶˌ  

ʴύ ɳˉʽ˂ʷʴʶʽ ˈ˂ʶˌ ˍʽˌ ʴˊʰ˃˃ʷˌ ˈˉˇˎ ʹ ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʶˍʰ˅ˏ л ˁʰʽ р  

ʵύ ɳˉʽ˂ʷʴʶʽ ˍʽˌ ˍʶ˂ʶˎˍʰʾʶˌ р ʴˊʰ˃˃ʷˌ 

ммΦ ʃˇʽˇˌ ʶʾ˄ʰʽ ˇ ˉʽˇ ʶˎʰ˄ʱʴ˄˖ˋˍˇˌ ˍˊˈˉˇˌ ˄ʰ ˒ʽ˂ˍˊʱˊˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ 

ǎǘǊƛƴƎ όˉΦ˔Φ ϥ!ƎŜ Ҕ муϥύΤ  

ʰύ ŘŦΦƭƻŎόύ  

ʲύ ŘŦΦǉǳŜǊȅόύ  

)ɹ df.filter()  

)ɻ df.where() 

мнΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶ˂ʷʴ˔ʶʽ ʰ˄ ˇʽ ˍʽ˃ʷˌ ˃ʽʰˌ ˋˍʺ˂ʹˌ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋʶ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˂ʾˋˍʰΤ  

)h df.isin()  

)̡ df.match()  

)ɹ df.contains()  
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)ɻ df.equals() 

ɳ˄ˈˍʹˍʰ пΥ ʅˍʰˍʽˋˍʽˁʺ ˁʰʽ ʁ˃ʰʵˇˉˇʾʹˋʹ 

моΦ ʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ƎǊƻǳǇōȅόύΤ  

)h Load-Transform-Save 

)̡ Split-Apply-Combine  

)ɹ Read-Filter-Write  

)ɻ Join-Merge-Reshape 

мпΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˋˍˇ ƎǊƻǳǇōȅ ʶˉʽˋˍˊʷ˒ʶʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶ ˍˇ ʾʵʽˇ ˃ʺˁˇˌ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ 5ŀǘŀCǊŀƳŜΤ  

)h agg()  

)̡ apply()  

)ɹ transform()  

ʵύ ǎƛȊŜόύ 

мрΦ ʃ˗ˌ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍˇ ʰʻˊˇʽˋˍʽˁˈ ʱʻˊˇʽˋ˃ʰ όǊǳƴƴƛƴƎ ǘƻǘŀƭύ ˃ʽʰˌ ˋˍʺ˂ʹˌΤ  

ʰύ ŘŦΦǎǳƳόύ  

ʲύ ŘŦΦŎǳƳǎǳƳόύ  

)ɹ df.rolling().sum()  

)ɻ df.expanding().total() 

мсΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˋˍˊʷ˒ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˃ˇ˄ʰʵʽˁ˗˄ ˍʽ˃˗˄ ˋʶ ˃ʽʰ ˋˍʺ˂ʹΤ  

)h unique()  

)̡ value_counts()  

ʴύ ƴǳƴƛǉǳŜόύ  

ʵύ Ŏƻǳƴǘόύ 

ɳ˄ˈˍʹˍʰ рΥ ʋʶʽˊʽˋ˃ˈˌ ɼʶʽ˃ʷ˄ˇˎ ό{ǘǊƛƴƎǎύ 

мтΦ ɾʶ ˉˇʽˇ˄ ŀŎŎŜǎǎƻǊ ʷ˔ˇˎ˃ʶ ˉˊˈˋʲʰˋʹ ˋˍʽˌ ˃ʶʻˈʵˇˎˌ ˁʶʽ˃ʷ˄ˇˎΤ  

)h .text  

)̡ .str  

)ɹ .txt  

ʵύ ΦǎǘǊƛƴƎ 

муΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʰ˒ʰʽˊʶʾ ˍʰ ˁʶ˄ʱ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ˁʰʽ ˍˇ ˍʷ˂ˇˌ ʶ˄ˈˌ ǎǘǊƛƴƎΤ  

)h strip()  

)̡ clean()  
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)ɹ lower()  

)ɻ replace() 

19. ʆ ̔ʁ ˉʽˋˍˊʷ˒ʶʽ ́  df['name'].str.contains('Anna');  

ʰύ ɾʽʰ ˂ʾˋˍʰ ˃ʶ ˇ˄ˈ˃ʰˍʰ  

ʲύ ɴ˄ʰ ˄ʷˇ 5ŀǘŀCǊŀƳŜ  

)ɹ ɾʽʰ boolean Series (True/False)  

ʵύ ʆˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʶ˃˒ʰ˄ʾˋʶ˖˄ 

нлΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ˔˖ˊʾʸʶʽ ʷ˄ʰ ǎǘǊƛƴƎ ˋʶ ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˍʺ˂ʶˌ ʲʱˋʶʽ ʶ˄ˈˌ ʵʽʰ˔˖ˊʽˋˍʽˁˇˏΤ  

)h slice()  

)̡ split(expand=True)  

)ɹ extract()  

)ɻ partition() 

ɳ˄ˈˍʹˍʰ 6: ʋˊˇ˄ˇˋʶʽˊʷˌ (Datetimes) 

нмΦ ɾʶ ˉˇʽˇ˄ ŀŎŎŜǎǎƻǊ ʷ˔ˇˎ˃ʶ ˉˊˈˋʲʰˋʹ ˋˍʽˌ ʽʵʽˈˍʹˍʶˌ ʹ˃ʶˊˇ˃ʹ˄ʾʰˌΤ  

)h .date  

)̡ .time  

)ɹ .dt  

ʵύ Φǘǎ 

ннΦ ʃ˗ˌ ˉʰʾˊ˄ˇˎ˃ʶ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ʹ˃ʷˊʰˌ όˉΦ˔Φ ϦaƻƴŘŀȅϦύ ʰˉˈ ˃ʽʰ ˋˍʺ˂ʹ ŘŀǘŜǘƛƳŜΤ  

ʰύ ΦŘǘΦŘŀȅ  

ʲύ ΦŘǘΦǿŜŜƪŘŀȅ  

)ɹ .dt.day_name()  

)ɻ .dt.isocalendar() 

ноΦ ʆʽ ˁʱ˄ʶʽ ʹ ˃ʷʻˇʵˇˌ ΦŘǘΦƴƻǊƳŀƭƛȊŜόύΤ  

ʰύ ɾʶˍʰˍˊʷˉʶʽ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ ˋʶ ǎǘǊƛƴƎ  

ʲύ ɾʹʵʶ˄ʾʸʶʽ ˍʹ˄ ˗ˊʰ όллΥллΥллύ ˁˊʰˍ˗˄ˍʰˌ ˃ˈ˄ˇ ˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ  

ʴύ ɮ˂˂ʱʸʶʽ ˍʹ ʸ˗˄ʹ ˗ˊʰˌ  

ʵύ ʅˍˊˇʴʴˎ˂ˇˉˇʽʶʾ ˋˍˇ ˉ˂ʹˋʽʷˋˍʶˊˇ ʷˍˇˌ 

ɳ˄ˈˍʹˍʰ 7: ʃʰˊʱʻˎˊʰ (Rolling & Expanding) 

24. ʆ ̔ˎ ˉˇ˂ˇʴʾʸʶʽ ́  df['sales'].rolling(window=7).mean();  

ʰύ ʆˇ˄ ˃ʷˋˇ ˈˊˇ ˈ˂˖˄ ˍ˖˄ ˉ˖˂ʺˋʶ˖˄  
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ʲύ ʆˇ˄ ˁʽ˄ʹˍˈ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ т ʹ˃ʶˊ˗˄  

ʴύ ʆˇ˄ ˃ʷˋˇ ˈˊˇ ʰ˄ʱ ʶʲʵˇ˃ʱʵʰ ˍˇˎ ʷˍˇˎˌ  

ʵύ ʆʽˌ ˉ˖˂ʺˋʶʽˌ ˍʹˌ тʹˌ ʹ˃ʷˊʰˌ 

нрΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʵʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʲʰˊˏˍʹˍʰ ˋˍʽˌ ˉʽˇ ˉˊˈˋ˒ʰˍʶˌ ˍʽ˃ʷˌΤ  

)h rolling()  

)̡ expanding()  

)ɹ ewm()  

ʵύ ŎǳƳǎǳƳόύ 

нсΦ ʆʽ ˁʰʻˇˊʾʸʶʽ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ƳƛƴψǇŜǊƛƻŘǎΤ  

ʰύ ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ˍˇˎ 5ŀǘŀCǊŀƳŜ  

ʲύ ʆˇ˄ ʶ˂ʱ˔ʽˋˍˇ ʰˊʽʻ˃ˈ ˃ʹ-ˁʶ˄˗˄ ˍʽ˃˗˄ ʴʽʰ ˄ʰ ʲʴʶʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˍˇ ˉʰˊʱʻˎˊˇ  

ʴύ ʆʹ ˋˎ˔˄ˈˍʹˍʰ ˍʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌ  

ʵύ ʆˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˋˍʹ˂˗˄ 

ɳ˄ˈˍʹˍʰ уΥ ʅˏʴˁˊʽˋʹ ˁʰʽ ʅˎ˄ʵˎʰˋ˃ˈˌ 

нтΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʵʶʾ˔˄ʶʽ ˍʽˌ ʵʽʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ʵʾˉ˂ʰ-ʵʾˉ˂ʰΤ  

)h equals()  

)̡ compare()  

)ɹ diff()  

ʵύ ƳŀǘŎƘόύ 

нуΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶ˂ʷʴ˔ʶʽ ʰ˄ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ʶʾ˄ʰʽ ʰˁˊʽʲ˗ˌ ʾʵʽʰ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ʷ˄ʰ ˃ˈ˄ˇ 

True/False;  

)h ==  

)̡ eq()  

)ɹ equals()  

ʵύ ŀƭƭόύ 

нфΦ ʃ˗ˌ ˉˊˇˋʻʷˍˇˎ˃ʶ ʵˏˇ 5ŀǘŀCǊŀƳŜǎ ʰ˄ˍʽˁʰʻʽˋˍ˗˄ˍʰˌ ˍʰ bŀb ˃ʶ л ˁʰˍʱ ˍʹ˄ ˉˊʱ˅ʹΤ  

)h df1 + df2  

)̡ df1.add(df2, fill_value=0)  

)ɹ df1.sum(df2)  

)ɻ df1.append(df2) 

олΦ ʃˇʽʰ ˃ʷʻˇʵˇˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˃ʽʰˌ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋʶ ˁʱʻʶ ʴˊʰ˃˃ʺ 

ʶ˄ˈˌ 5ŀǘŀCǊŀƳŜΤ  
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)h apply()  

)̡ map()  

)ɹ transform()  

ʵύ ŀƎƎόύ 
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3.5.4. ʆʶˋˍ ɱ˄˗ˋʶ˖˄ tŀƴŘŀǎ 5ŀǘŀCǊŀƳŜǎ - ɮˉʰ˄ˍʺˋʶʽˌ ˁʰʽ ɳ˅ʹʴʺˋʶʽˌ 

1. ʴ όǇŘΦǊŜŀŘψŜȄŎŜƭύΥ ɳʽʵʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ʴʽʰ ʰˊ˔ʶʾʰ ΦȄƭǎȄκΦȄƭǎΦ 

2. ʲ όƛƴŘŜȄҐCŀƭǎŜύΥ ɮ˄ ʵʶ˄ ˇˊʽˋˍʶʾΣ ʹ tŀƴŘŀǎ ʰˉˇʻʹˁʶˏʶʽ ˍˇ ƛƴŘŜȄ ˖ˌ ˉˊ˗ˍʹ ˋˍʺ˂ʹΦ 

3. ʴ όɾʽʰ ˂ʾˋˍʰ ʰˉˈ 5ŀǘŀCǊŀƳŜǎύΥ ɳˉʶʽʵʺ ˃ʽʰ ˋʶ˂ʾʵʰ I¢a[ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˉˇ˂˂ˇˏˌ ˉʾ˄ʰˁʶˌ 

(<table>). 

4. ʲ όǇŘΦƧǎƻƴψƴƻǊƳŀƭƛȊŜύΥ ʀʶʵʽˉ˂˗˄ʶʽ ˍʰ ʽʶˊʰˊ˔ʽˁʱ W{hb ˋʶ ʶˉʾˉʶʵʹ ˃ˇˊ˒ʺΦ 

5. ʴ όŘŦΦŘŜǎŎǊƛōŜύΥ ʃʰˊʱʴʶʽ ˋˍʰˍʽˋˍʽˁʱ όŎƻǳƴǘΣ ƳŜŀƴΣ ǎǘŘ ˁΦ˂ˉΦύΦ 

6. ʰ όŘŦΦƛǎƴŀύΥ ɳˉʽˋˍˊʷ˒ʶʽ ¢ǊǳŜ ˈˉˇˎ ˎˉʱˊ˔ʶʽ bŀbΦ 

7. ʲ όŘŦΦŘǊƻǇƴŀύΥ ϦʃʶˍʱʶʽϦ ˍʽˌ ʴˊʰ˃˃ʷˌ ˃ʶ ʶ˂˂ʽˉʺ ʵʶʵˇ˃ʷ˄ʰΦ 

8. ʴ όŘŦΦǎƘŀǇŜύΥ ɳˉʽˋˍˊʷ˒ʶʽ ˉ˂ʶʽʱʵʰ όǊƻǿǎΣ ŎƻƭǳƳƴǎύΦ 

9.  ̡(df.loc): Label-based ʁ ˉʽ˂ˇʴʺ. 

10. ʲ όɳˉʽ˂ʷʴʶʽ ˍʽˌ ˉˊ˗ˍʶˌ р ʴˊʰ˃˃ʷˌΦΦΦύΥ ʆˇ лΥр ˋˍˇ ƛƭƻŎ ʶʾ˄ʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁˈ ʴʽʰ ˍˇ р όл ʷ˖ˌ пύΣ ˍˇ 

Υ ˋʹ˃ʰʾ˄ʶʽ ˈ˂ʶˌ ˇʽ ˋˍʺ˂ʶˌΦ 

11. ʲ όŘŦΦǉǳŜǊȅύΥ ɳˉʽˍˊʷˉʶʽ ˋˏ˄ˍʰ˅ʹ ˍˏˉˇˎ {v[Φ 

12. ʰ όŘŦΦƛǎƛƴύΥ ʃˇ˂ˏ ʴˊʺʴˇˊˇ ʴʽʰ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ʲʱˋʶʽ ˂ʾˋˍʰˌΦ 

13. ʲ ό{Ǉƭƛǘ-Apply-Combine)Υ ɶ ʻʶ˃ʶ˂ʽ˗ʵʹˌ ʰˊ˔ʺ ˍʹˌ ˇ˃ʰʵˇˉˇʾʹˋʹˌΦ 

14. ʴ όǘǊŀƴǎŦƻǊƳύΥ ɳˉʽˋˍˊʷ˒ʶʽ {ŜǊƛŜǎ ʾʵʽˇˎ ˃ʶʴʷʻˇˎˌ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ ό˔ˊʺˋʽ˃ˇ ʴʽʰ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹύΦ 

15.  ̡(df.cumsum): Cumulative Sum. 

16.  ɹ(nunique): Number of Unique values. 

17. ʲ όΦǎǘǊύΥ ɮˉʰˊʰʾˍʹˍˇ ˉˊˈʻʶ˃ʰ ʴʽʰ ǎǘǊƛƴƎ ƻǇŜǊŀǘƛƻƴǎΦ 

18. ʰ όǎǘǊƛǇύΥ ɮ˒ʰʽˊʶʾ ǿƘƛǘŜǎǇŀŎŜΦ 

19. ʴ όɾʽʰ ōƻƻƭŜŀƴ {ŜǊƛŜǎύΥ ɳ˂ʷʴ˔ʶʽ ˁʱʻʶ ʴˊʰ˃˃ʺ ˁʰʽ ʲʴʱʸʶʽ ¢ǊǳŜ ʺ CŀƭǎŜΦ 

20. ʲ όǎǇƭƛǘόŜȄǇŀƴŘҐ¢ǊǳŜύύΥ ʆˇ ŜȄǇŀƴŘҐ¢ǊǳŜ ʵʹ˃ʽˇˎˊʴʶʾ ˄ʷʶˌ ˋˍʺ˂ʶˌ ʰ˄ˍʾ ʴʽʰ ˂ʾˋˍʶˌΦ 

21. ʴ όΦŘǘύ: Datetime accessor. 

22. ʴ όΦŘǘΦŘŀȅψƴŀƳŜόύύΥ ɳˉʽˋˍˊʷ˒ʶʽ ˍˇ ˈ˄ˇ˃ʰ ˍʹˌ ʹ˃ʷˊʰˌ ˖ˌ ˁʶʾ˃ʶ˄ˇΦ 

23. ʲ όɾʹʵʶ˄ʾʸʶʽ ˍʹ˄ ˗ˊʰύΥ ʋˊʺˋʽ˃ˇ ˈˍʰ˄ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊʶʽ ˃ˈ˄ˇ ʹ ʹ˃ʶˊˇ˃ʹ˄ʾʰΦ 

24. ʲ όɼʽ˄ʹˍˈ ˃ʷˋˇ ˈˊˇύΥ ʇˉˇ˂ˇʴʾʸʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˋʶ ϦˉʰˊʱʻˎˊˇϦ т ʻʷˋʶ˖˄Φ 

25.  ɹ(ewm): Exponential Weighted Moving average. 

26. ʲ όɳ˂ʱ˔ʽˋˍˇˌ ʰˊʽʻ˃ˈˌ ˍʽ˃˗˄ύΥ ɳˉʽˍˊʷˉʶʽ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʰˁˈ˃ʰ ˁʰʽ ʰ˄ ˍˇ ˉʰˊʱʻˎˊˇ ʵʶ˄ ʶʾ˄ʰʽ 

Ϧʴʶ˃ʱˍˇϦΦ 

27. ʲ όŎƻƳǇŀǊŜύΥ ɲʶʾ˔˄ʶʽ ˍʽˌ ʰ˂˂ʰʴʷˌ όǎŜƭŦκƻǘƘŜǊύ ʰ˄ʱ ˁʶ˂ʾΦ 

28. ʴ όŜǉǳŀƭǎύΥ ɳ˂ʷʴ˔ʶʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˊˇˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇΣ ˈ˔ʽ ˋˍˇʽ˔ʶʾˇ ˉˊˇˌ ˋˍˇʽ˔ʶʾˇΦ 
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29. ʲ όŘŦмΦŀŘŘόŘŦнΣ ŦƛƭƭψǾŀƭǳŜҐлύύΥ ʁʽ ˃ʷʻˇʵˇʽ όŀŘŘΣ ǎǳō ˁΦ˂ˉΦύ ʶʾ˄ʰʽ ˉʽˇ ʰˋ˒ʰ˂ʶʾˌ ʰˉˈ ˍˇˎˌ 

ˍʶ˂ʶˋˍʷˌ όҌΣ -ύ ˋʶ ʰˊʰʽʱ ʵʶʵˇ˃ʷ˄ʰΦ 

30. ʰ όŀǇǇƭȅύΥ ɶ ˉʽˇ ʶˎʷ˂ʽˁˍʹ ˃ʷʻˇʵˇˌ ʴʽʰ ŎǳǎǘƻƳ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ʰ˄ʱ ʴˊʰ˃˃ʺ όŀȄƛǎҐмύΦ 
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ɼɳʊɮɽɮɹʁ пΥ ʃɳʄɹɱʄɮʊɹɼɶ ʅʆɮʆɹʅʆɹɼɶ ɼɮɹ ʁʃʆɹɼʁʃʁɹɶʅɶ 

ɲɳɲʁɾɳɿʍɿ 

ɶ ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺ ό5ŜǎŎǊƛǇǘƛǾŜ {ǘŀǘƛǎǘƛŎǎύ ʰˉˇˍʶ˂ʶʾ ˍˇ ʻʶ˃ʷ˂ʽˇ ˍʹˌ ɳˉʽˋˍʺ˃ʹˌ ɲʶʵˇ˃ʷ˄˖˄ 

ό5ŀǘŀ {ŎƛŜƴŎŜύΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ˋˎ˂˂ˇʴʺΣ 

ˇˊʴʱ˄˖ˋʹΣ ˋˏ˄ˇ˕ʹ ˁʰʽ ˉʰˊˇˎˋʾʰˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍˊˈˉˇ ʶˏ˂ʹˉˍˇ ˁʰʽ ˁʰˍʰ˄ˇʹˍˈΦ 

ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ɳˉʰʴ˖ʴʽˁʺ ʅˍʰˍʽˋˍʽˁʺΣ ʹ ˇˉˇʾʰ ˉˊˇˋˉʰʻʶʾ ˄ʰ ˁʱ˄ʶʽ ˉˊˇʲ˂ʷ˕ʶʽˌ ʺ ʴʶ˄ʽˁʶˏˋʶʽˌ ʴʽʰ 

ʷ˄ʰ˄ ˉ˂ʹʻˎˋ˃ˈΣ ʹ ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺ ʶˋˍʽʱʸʶʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ Ϧˍʽ ˋˎ˃ʲʰʾ˄ʶʽϦ 

ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˃ʶ ˋˍʰ ˔ʷˊʽʰ ˃ʰˌ ˍ˗ˊʰΦ 

ʅˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍʹˌ tȅǘƘƻƴΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʽˋ˔ˎˊʺ ˃ʷˋ˖ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ 

ʲʽʲ˂ʽˇʻʹˁ˗˄Υ 

¶ Pandas: ɱʽʰ ˍʹ ˒ˈˊˍ˖ˋʹΣ ˁʰʻʰˊʽˋ˃ˈ ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀCǊŀƳŜǎύΦ 

¶ NumPy: ɱʽʰ ʴˊʺʴˇˊˇˎˌ ˃ʰʻʹ˃ʰˍʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

¶ Matplotlib & Seaborn & PlotlyΥ ɱʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˉ˂ˇˏˋʽ˖˄ ˁʰʽ ʶ˄ʹ˃ʶˊ˖ˍʽˁ˗˄ 

ʴˊʰ˒ʹ˃ʱˍ˖˄Φ 

ʆˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʵˇ˃ʶʾˍʰʽ  ˋʶ ʵˏˇ ˁʶ˄ˍˊʽˁˇˏˌ ˉˎ˂˗˄ʶˌΥ 

¶ ʃʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺΥ ʃˇˋˇˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ όɮˊʽʻ˃ʹˍʽˁʺ ˋˏ˄ˇ˕ʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ύΦ 

¶ ʃʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺΥ ʁˉˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ όɮ˄ʰʴ˄˗ˊʽˋʹ ˃ˇˍʾʲ˖˄ ˃ʷˋ˖ ʴˊʰ˒ʹ˃ʱˍ˖˄ύΦ 

ɾʶ ˍʹ˄ ˃ʶ˂ʷˍʹ ʰˎˍ˗˄ ˍ˖˄ ˋʹ˃ʶʽ˗ˋʶ˖˄Σ ʻʰ ʶʾˋˍʶ ˋʶ ʻʷˋʹ ˄ʰΥ 

¶ ɲʽʰˁˊʾ˄ʶˍʶ ˍˇˎˌ ˍˏˉˇˎˌ ʵʶʵˇ˃ʷ˄˖˄Υ ɼʰˍʰ˄ˈʹˋʹ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˃ʶˍʰ˅ˏ ˉˇʽˇˍʽˁ˗˄ 

όˁʰˍʹʴˇˊʽˁ˗˄ύ ˁʰʽ ˉˇˋˇˍʽˁ˗˄ όʰˊʽʻ˃ʹˍʽˁ˗˄ύ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ˉ˗ˌ ʹ tȅǘƘƻƴ ˍʽˌ 

ʵʽʰ˔ʶʽˊʾʸʶˍʰʽΦ 

¶ ʇˉˇ˂ˇʴʾʸʶˍʶ ɾʷˍˊʰ ɼʶ˄ˍˊʽˁʺˌ ʆʱˋʹˌΥ ʋˊʺˋʹ ʶ˄ˍˇ˂˗˄ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍˇˎ ˃ʷˋˇˎ ˈˊˇˎ 

όƳŜŀƴύΣ ˍʹˌ ʵʽʰ˃ʷˋˇˎ όƳŜŘƛŀƴύ ˁʰʽ ˍʹˌ ʶˉʽˁˊʰˍˇˏˋʰˌ ˍʽ˃ʺˌ όƳƻŘŜύ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍˇˎ 

Ϧˁʷ˄ˍˊˇˎϦ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ɮ˅ʽˇ˂ˇʴʶʾˍʶ ˍʹ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰΥ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˃ʷˍˊ˖˄ ʵʽʰˋˉˇˊʱˌΣ ˈˉ˖ˌ ʹ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ 

όǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴύΣ ʹ ʵʽʰˁˏ˃ʰ˄ˋʹ όǾŀǊƛŀƴŎŜύ ˁʰʽ ˍˇ ʶˏˊˇˌ όǊŀƴƎŜύΣ ʴʽʰ ˄ʰ ˁʰˍʰ˄ˇʺˋʶˍʶ ˍʹ˄ 

ʶ˅ʱˉ˂˖ˋʹ ˍ˖˄ ˍʽ˃˗˄Φ 

¶ ɮ˄ʰʴ˄˖ˊʾʸʶˍʶ ˍʹ ɾˇˊ˒ʺ ˍʹˌ ɼʰˍʰ˄ˇ˃ʺˌΥ ʋˊʺˋʹ ˃ʷˍˊ˖˄ ˈˉ˖ˌ ʹ ˂ˇ˅ˈˍʹˍʰ όǎƪŜǿƴŜǎǎύ ˁʰʽ ʹ 

ˁˏˊˍ˖ˋʹ όƪǳǊǘƻǎƛǎύΦ 
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¶ ɲʹ˃ʽˇˎˊʴʶʾˍʶ ɳˉʶ˅ʹʴʹ˃ʰˍʽˁʱ ɱˊʰ˒ʺ˃ʰˍʰΥ ɼʰˍʰˋˁʶˎʺ ʽˋˍˇʴˊʰ˃˃ʱˍ˖˄Σ ʻʹˁˇʴˊʰ˃˃ʱˍ˖˄ 

όōƻȄǇƭƻǘǎύ ˁʰʽ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ʵʽʰˋˉˇˊʱˌ όǎŎŀǘǘŜǊ Ǉƭƻǘǎύ ʴʽʰ ˍʹ˄ ˇˉˍʽˁʺ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ 

ʰˊʽʻ˃ʹˍʽˁ˗˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Φ 

¶ ɳ˄ˍˇˉʾʸʶˍʶ ɮˁˊʰʾʶˌ ʆʽ˃ʷˌ όhǳǘƭƛŜǊǎύΥ ʋˊʺˋʹ ˋˍʰˍʽˋˍʽˁ˗˄ ˁʰʽ ˇˉˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʴʽʰ ˍˇ˄ 

ʶ˄ˍˇˉʽˋ˃ˈ ˍʽ˃˗˄ ˉˇˎ ʰˉˇˁ˂ʾ˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ʰˉˈ ˍʰ ˎˉˈ˂ˇʽˉʰ ʵʶʵˇ˃ʷ˄ʰΦ 

4.1. ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺΥ ʃˇˋˇˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ 

ɶ ʃˇˋˇˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˋˏ˄ˇ˕ʹˌ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʷˋ˖ ʰˊʽʻ˃ʹˍʽˁ˗˄ ʵʶʽˁˍ˗˄Φ ʂˍʰ˄ ʷ˔ˇˎ˃ʶ ˔ʽ˂ʽʱʵʶˌ ʺ ʶˁʰˍˇ˃˃ˏˊʽʰ ʶʴʴˊʰ˒ʷˌΣ ʶʾ˄ʰʽ 

ʰʵˏ˄ʰˍˇ˄ ˄ʰ ʲʴʱ˂ˇˎ˃ʶ ˋˎ˃ˉʷˊʰˋ˃ʰ ˁˇʽˍʱʸˇ˄ˍʰˌ ʰˉ˂˗ˌ ˍʽˌ Ϧ˖˃ʷˌϦ ˍʽ˃ʷˌ όǊŀǿ ŘŀǘŀύΦ ʋˊʶʽʰʸˈ˃ʰˋˍʶ 

ʷ˄ʰ˄ ˍˊˈˉˇ ˄ʰ ˋˎ˃ˉˎˁ˄˗ˋˇˎ˃ʶ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˋʶ ˃ʶˊʽˁˇˏˌΣ ʶˏˁˇ˂ʰ ʵʽʰ˔ʶʽˊʾˋʽ˃ˇˎˌ ʰˊʽʻ˃ˇˏˌ ˉˇˎ 

ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ˄ ζˍʰˎˍˈˍʹˍʰη ˍˇˎ ʵʶʾʴ˃ʰˍˈˌ ˃ʰˌΦ 

ʅʶ ʰˎˍˈ ˍˇ ˁʶ˒ʱ˂ʰʽˇΣ ʻʰ ʶˋˍʽʱˋˇˎ˃ʶ ˋˍʹ˄ ʰˊʽʻ˃ʹˍʽˁʺ ˋˏ˄ˇ˕ʹΦ ʅˍˈ˔ˇˌ ˃ʰˌ ʶʾ˄ʰʽ ˄ʰ ʰˉʰ˄ˍʺˋˇˎ˃ʶ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˊ˖ˍʺ˃ʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ tȅǘƘƻƴΥ ζʃˇʽʰ ʶʾ˄ʰʽ ʹ ˍˎˉʽˁʺ ˍʽ˃ʺΤηΣ ζʃˈˋˇ 

ʵʽʰ˒ʷˊˇˎ˄ ˇʽ ˍʽ˃ʷˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΤηΣ ζʇˉʱˊ˔ˇˎ˄ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ ˉˇˎ ˋˍˊʶʲ˂˗˄ˇˎ˄ ˍʹ˄ ʶʽˁˈ˄ʰΤηΦ 

ɶ ˉˇˋˇˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ʲʰˋʾʸʶˍʰʽ ˋʶ ˍˊʶʽˌ ˁˏˊʽˇˎˌ ˉˎ˂˗˄ʶˌΥ 

)h ɾʷˍˊʰ ɼʶ˄ˍˊʽˁʺˌ ʆʱˋʹˌ (Measures of Central Tendency). ɮˎˍˇʾ ˇʽ ʵʶʾˁˍʶˌ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ 

ʶ˄ˍˇˉʾˋˇˎ˄ ˍˇ ζˁʷ˄ˍˊˇη ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ ɾʰˌ ˂ʷ˄ʶ ˉˇˏ ˍʶʾ˄ˇˎ˄ ˄ʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌΦ 

¶ ɾʷˋˇˌ ʂˊˇˌ όaŜŀƴύΥ ʁ ʰˊʽʻ˃ʹˍʽˁˈˌ ˃ʷˋˇˌΣ ʹ ˉʽˇ ˁˇʽ˄ʺ ˃ʷˍˊʹˋʹΣ ʰ˂˂ʱ ʶˎʰʾˋʻʹˍʹ ˋʶ ʰˁˊʰʾʶˌ 

ˍʽ˃ʷˌΦ 

¶ ɲʽʱ˃ʶˋˇˌ όaŜŘƛŀƴύΥ ɶ ˍʽ˃ʺ ˉˇˎ ˔˖ˊʾʸʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˁˊʽʲ˗ˌ ˋˍʹ ˃ʷˋʹΦ ɳʾ˄ʰʽ ˉʽˇ ʰ˄ʻʶˁˍʽˁʺ 

όǊƻōǳǎǘύ ˋʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΦ 

¶ ɳˉʽˁˊʰˍˇˏˋʰ ʆʽ˃ʺ όaƻŘŜύΥ ɶ ˍʽ˃ʺ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˎ˔˄ˈˍʶˊʰ ˋˍˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʲύ ɾʷˍˊʰ ɲʽʰˋˉˇˊʱˌ ʺ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌ όaŜŀǎǳǊŜǎ ƻŦ 5ƛǎǇŜǊǎƛƻƴύΦ ɶ ʴ˄˗ˋʹ ˍˇˎ ˁʷ˄ˍˊˇˎ ʵʶ˄ ʰˊˁʶʾΦ 

ɲˏˇ ˍ˃ʺ˃ʰˍʰ ˃ʰʻʹˍ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˍˇ˄ ʾʵʽˇ ˃ʷˋˇ ˈˊˇ ʲʰʻ˃ˇ˂ˇʴʾʰˌ όˉΦ˔Φ мрύΣ ʰ˂˂ʱ ˋˍˇ ʷ˄ʰ ˈ˂ˇʽ 

˄ʰ ʷʴˊʰ˕ʰ˄ ʰˉˈ мп ʷ˖ˌ мс ˁʰʽ ˋˍˇ ʱ˂˂ˇ ʰˉˈ мл ʷ˖ˌ нлΦ ʆʰ ˃ʷˍˊʰ ʵʽʰˋˉˇˊʱˌ ˃ʰˌ ʵʶʾ˔˄ˇˎ˄ ˉˈˋˇ 

ζʰˉ˂˖˃ʷ˄ʰη ʶʾ˄ʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

¶ ɳˏˊˇˌ όwŀƴƎŜύΥ ɶ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˁʰʽ ˍʹˌ ʶ˂ʱ˔ʽˋˍʹˌ ˍʽ˃ʺˌΦ 

¶ ɲʽʰˁˏ˃ʰ˄ˋʹ ό±ŀǊƛŀƴŎŜύΥ ʁ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ʰˉˇˁ˂ʾˋʶ˖˄ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ 
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¶ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ (Standard Deviation): ʆˇ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˈ ˃ʷˍˊˇ ʵʽʰˋˉˇˊʱˌΣ ˉˇˎ ˃ʰˌ ʵʶʾ˔˄ʶʽ 

ˍʹ ˃ʷˋʹ ʰˉˈˋˍʰˋʹ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ 

¶ ɳ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˈ ɳˏˊˇˌ (IQR): ʆˇ ʶˏˊˇˌ ˍˇˎ ˃ʶˋʰʾˇˎ рл҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʰˌΦ 

¶ ʅˎ˄̱ ʶ˂ʶˋˍʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ό/ƻŜŦŦƛŎƛŜƴǘ ƻŦ ±ŀǊƛŀǘƛƻƴ ς CV): ʆˇ˄ ˔ˊʹˋʽ˃ˇˉˇʽˏ˃ʶ ʴʽʰ ˄ʰ 

ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ʺ ˉˇ˂ˏ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˃ʷˋˇˎˌ ˈˊˇˎˌΦ 

)ɹ ɾʷˍˊʰ ɸʷˋʹˌ ˁ ʰʽ ʅ˔ʺ˃ʰˍˇˌ (Measures of Position & Shape) 

¶ ɳˁʰˍˇˋˍʹ˃ˈˊʽʰ ϧ ʆʶˍʰˊˍʹ˃ˈˊʽʰ (Percentiles & Quartiles): ɾʰˌ ʲˇʹʻˇˏ˄ ˄ʰ ˁʰˍʰ˂ʱʲˇˎ˃ʶ 

ˍʹ ˋ˔ʶˍʽˁʺ ʻʷˋʹ ˃ʽʰˌ ˍʽ˃ʺˌ όˉΦ˔Φ ζʶʾˋʰʽ ˋˍˇ ʰ˄˗ˍʶˊˇ мл҈ηύΦ 

¶ ɽˇ˅ˈˍʹˍʰ (Skewness) & ɼˏˊˍ˖ˋʹ (Kurtosis): ɮˊʽʻ˃ʹˍʽˁˇʾ ʵʶʾˁˍʶˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ 

ˋˎ˃˃ʶˍˊʾʰ ˁʰʽ ˍʹ˄ ζˇ˅ˏˍʹˍʰη ˍʹˌ ˁʰ˃ˉˏ˂ʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʰˌΣ ˔˖ˊʾˌ ˄ʰ ˔ˊʶʽʰˋˍʶʾ ˄ʰ ˍʹ 

ʸ˖ʴˊʰ˒ʾˋˇˎ˃ʶΦ 

ʅˍʹ˄ tȅǘƘƻƴΣ ʹ ʲʽʲ˂ʽˇʻʺˁʹ tŀƴŘŀǎ ˃ʰˌ ˉˊˇˋ˒ʷˊʶʽ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ 

ʶʾˍʶ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΣ ʶʾˍʶ ˃ʰʸʽˁʱ ˃ʶ ʶ˄ˍˇ˂ʷˌ ˈˉ˖ˌ ʹ ŘŜǎŎǊƛōŜόύΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʰˌ ˉˇ˂ˏˉ˂ˇˁˇˎˌ 

˃ʰʻʹ˃ʰˍʽˁˇˏˌ ˍˏˉˇˎˌ ˋʶ ˃ʾʰ ʴˊʰ˃˃ʺ ˁ˗ʵʽˁʰΦ 

4.1.1. ɾʷˍˊʰ ɼʶ˄ˍˊʽˁʺˌ ʆʱˋʹˌΣ ɲʽʰˋˉˇˊʱˌ ˁʰʽ ɸʷˋʹˌ 

ʁ aʷˋˇˌ ʂˊˇˌ όaŜŀƴύ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˈ˂˖˄ ˍ˖˄ ˍʽ˃˗˄ ʵʽʰʽˊʶ˃ʷ˄ˇ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍˇˎˌ όɼΦ пΦмΦмύΦ 

¶ ʃ˂ʶˇ˄ʷˁˍʹ˃ʰΥ ɽʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌΦ 

¶ ɾʶʽˇ˄ʷˁˍʹ˃ʰΥ ɳʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʶˎʰʾˋʻʹˍˇˌ ˋʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όƻǳǘƭƛŜǊǎύΦ ɾʽʰ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ ˍʽ˃ʺ 

˃ˉˇˊʶʾ ˄ʰ ˍˊʰʲʺ˅ʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˉˊˇˌ ˍʰ ˉʱ˄˖Σ ʵʾ˄ˇ˄ˍʰˌ ˕ʶˎʵʺ ʶʽˁˈ˄ʰΦ 

import  pandas as  pd 

 

# ɄŬɟɎŭŮɘɔɛŬ: ɀɘůɗɞɑ ɡˊŬɚɚɐɚɤɜ (ůŮ ŮəŬŰɞɜŰɎŭŮɠ ú) 

# ɄŬɟŬŰɖɟɐůŰŮ Űɖɜ Űɘɛɐ 100 (ŬəɟŬɑŬ Űɘɛɐ) 

data = { ' ɀɘůɗɧɠ' :  [ 10 ,  12 ,  12 ,  14 ,  15 ,  16 ,  100 ]}  

df = pd . DataFrame ( data )  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ɀɏůɞɡ ȳɟɞɡ 

mean_val = df [ 'ɀɘůɗɧɠ']. mean()  

 

print ( f" ɀɏůɞɠ ȳɟɞɠ: { mean_val :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ɀɏůɞɠ ȳɟɞɠ: 25.57 

# ɄŬɟŬŰɐɟɖůɖ: Ƀ ɛɏůɞɠ ɧɟɞɠ (25.57) ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɞɡɠ 

ˊŮɟɘůůɧŰŮɟɞɡɠ ɛɘůɗɞɨɠ (10- 16)  

# ɚɧɔɤ Űɞɡ 100. 

YΦ пΦмΦм ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɾʷˋˇˎ ʂˊˇˎ 
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ɶ ɲʽʱ˃ʶˋˇˌ όaŜŘƛŀƴύ ʶʾ˄ʰʽ ʹ ˃ʶˋʰʾʰ ˍʽ˃ʺ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˈˍʰ˄ ʰˎˍʷˌ ʵʽʰˍʰ˔ʻˇˏ˄ ˋʶ ʰˏ˅ˇˎˋʰ 

ˋʶʽˊʱΦ ɮ˄ ˍˇ ˉ˂ʺʻˇˌ ʶʾ˄ʰʽ ʸˎʴˈΣ ʶʾ˄ʰʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ʵˏˇ ˃ʶˋʰʾ˖˄ όɼΦ пΦмΦнύΦ 

¶ ʃ˂ʶˇ˄ʷˁˍʹ˃ʰΥ ɲʶ˄ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όwƻōǳǎǘύΦ 

¶ ʋˊʺˋʹΥ ʃˊˇˍʽ˃ʱˍʰʽ ˈˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ˂ˇ˅ˈˍʹˍʰ όˉΦ˔Φ ʶʽˋˇʵʺ˃ʰˍʰΣ ˍʽ˃ʷˌ ʰˁʽ˄ʺˍ˖˄ύΦ 

# Ɉˊɞɚɞɔɘůɛɧɠ ȹɘŬɛɏůɞɡ 

median_val = df [ 'ɀɘůɗɧɠ']. median ()  

 

print ( f" ȹɘɎɛŮůɞɠ: { median_val }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȹɘɎɛŮůɞɠ: 14.0 

# ɄŬɟŬŰɐɟɖůɖ: ȼ ŭɘɎɛŮůɞɠ (14) ŬɜŰɘˊɟɞůɤˊŮɨŮɘ əŬɚɨŰŮɟŬ Űɞɜ "Űɡˊɘəɧ" ɡˊɎɚɚɖɚɞ  

# ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɛɏůɞ ɧɟɞ (25.57). 

YΦ пΦмΦн ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɲʽʰ˃ʷˋˇˎ 

ɶ ɳˉʽˁˊʰˍˇˏˋʰ ʆʽ˃ʺ όƳƻŘŜύ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˎ˔˄ˈˍʹˍʰ ˋˍˇ ˋˏ˄ˇ˂ˇ 

ʵʶʵˇ˃ʷ˄˖˄ όɼΦ пΦмΦоύΦ 

¶ ɹʵʽʰʽˍʶˊˈˍʹˍʰΥ ɾˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ʶʽ ˃ʾʰΣ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ όʵʾˁˇˊ˒ʰ ʵʶʵˇ˃ʷ˄ʰύ ʺ ˁʰ˃ʾʰ 

ʶˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺΦ 

¶ ʋˊʺˋʹΥ ɳʾ˄ʰʽ ˍˇ ˃ˇ˄ʰʵʽˁˈ ˃ʷˍˊˇ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ʴʽʰ ˉˇʽˇˍʽˁʱ 

όˁʰˍʹʴˇˊʽˁʱύ ʵʶʵˇ˃ʷ˄ʰ όˉΦ˔Φ Ϧʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ˉʽˇ ʵʹ˃ˇ˒ʽ˂ʷˌ ˔ˊ˗˃ʰΤϦύΦ 

# Ɉˊɞɚɞɔɘůɛɧɠ ȺˊɘəɟŬŰɞɨůŬɠ ɇɘɛɐɠ 

# ȼ .mode() ŮˊɘůŰɟɏűŮɘ ˊɎɜŰŬ Series (ɚɑůŰŬ), ɔɘŬŰɑ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ 

ɘůɞˊŬɚɑŮɠ. 

mode_val = df [ ' ɀɘůɗɧɠ' ]. mode()  

 

print (f"ȺˊɘəɟŬŰɞɨůŬ ɇɘɛɐ:\ n{ mode_val }" )  

# ȷˊɞŰɏɚŮůɛŬ: 

# 0    12  

# Name: ɀɘůɗɧɠ, dtype: int64 

# ɄŬɟŬŰɐɟɖůɖ: ɇɞ 12 ŮɛűŬɜɑɕŮŰŬɘ ˊɘɞ ůɡɢɜɎ (2 űɞɟɏɠ). 

 

# ɄŬɟɎŭŮɘɔɛŬ ɛŮ əŬŰɖɔɞɟɘəɎ ŭŮŭɞɛɏɜŬ 

colors = pd . Series ([ 'Ⱦɧəəɘɜɞ',  'ɀˊɚŮ',  'Ⱦɧəəɘɜɞ',  'ɄɟɎůɘɜɞ'])  

print (f"ȹɖɛɞűɘɚɏůŰŮɟɞ ɢɟɩɛŬ: {colors . mode()[ 0] }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȹɖɛɞűɘɚɏůŰŮɟɞ ɢɟɩɛŬ: Ⱦɧəəɘɜɞ 

YΦ пΦмΦо ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɳˉʽˁˊʰˍˇˏˋʰˌ ʆʽ˃ʺˌ 

ɶ ɲʽʰˁˏ˃ʰ˄ˋʹ ˁʰʽ ʹ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ ʶʾ˄ʰʽ ˍʰ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ʶˎˊʷ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ʰ ˃ʷˍˊʰ 

ʵʽʰˋˉˇˊʱˌ ˋˍʹ˄ ˋˍʰˍʽˋˍʽˁʺΦ ɾʰˌ ʵʶʾ˔˄ˇˎ˄ ˉˈˋˇ Ϧʰˉ˂˖˃ʷ˄ʶˌϦ ʶʾ˄ʰʽ ˇʽ ˍʽ˃ʷˌ ʴˏˊ˖ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ  

ɶ ɲʽʰˁˏ˃ʰ˄ˋʹ ό±ŀǊƛŀƴŎŜύ ɳʾ˄ʰʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ʰˉˇˁ˂ʾˋʶ˖˄ ˁʱʻʶ ˍʽ˃ʺˌ ʰˉˈ ˍˇ˄ 

˃ʷˋˇ ˈˊˇΦ 



 

319 
 

¶ ɱʽʰˍʾ ˍʶˍˊʱʴ˖˄ʰΤ ɱʽʰ ˄ʰ ˃ʶˍʰˍˊʷ˕ˇˎ˃ʶ ˍʽˌ ʰˊ˄ʹˍʽˁʷˌ ʵʽʰ˒ˇˊʷˌ ˋʶ ʻʶˍʽˁʷˌ όʰ˂˂ʽ˗ˌ ˍˇ 

ʱʻˊˇʽˋ˃ʰ ʻʰ ʺˍʰ˄ ˃ʹʵʷ˄ύ ˁʰʽ ʴʽʰ ˄ʰ Ϧˍʽ˃˖ˊʺˋˇˎ˃ʶϦ ˉʶˊʽˋˋˈˍʶˊˇ ˍʽˌ ˃ʶʴʱ˂ʶˌ ʰˉˇˁ˂ʾˋʶʽˌΦ 

¶ ʆˇ ˉˊˈʲ˂ʹ˃ʰΥ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˋʶ ˍʶˍˊʰʴ˖˄ʽˋ˃ʷ˄ʶˌ ˃ˇ˄ʱʵʶˌ όˉΦ˔Φ Ϧˍʶˍˊʰʴ˖˄ʽˁʱ ʶˎˊ˗Ϧ 

ʺ Ϧˍʶˍˊʰʴ˖˄ʽˁʱ ˁʽ˂ʱϦύΣ ˉˊʱʴ˃ʰ ˉˇˎ ʵʶ˄ ʲʴʱʸʶʽ ʵʽʰʽˋʻʹˍʽˁˈ ˄ˈʹ˃ʰΦ 

ɶ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ ό{ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴύ ɳʾ˄ʰʽ ʹ ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰ ˍʹˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌΦ ʁˎˋʽʰˋˍʽˁʱΣ 

ʶˉʰ˄ʰ˒ʷˊʶʽ ˍʽˌ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˍˇˎˌ ˃ˇˊ˒ʺΦ ɾʰˌ ˂ʷʶʽΣ ˁʰˍʱ ˃ʷˋˇ ˈˊˇΣ ˉˈˋˇ ˃ʰˁˊʽʱ 

ʲˊʾˋˁʶˍʰʽ ˃ʽʰ ˍˎˉʽˁʺ ˉʰˊʰˍʺˊʹˋʹ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ όˍˇ˄ ˃ʷˋˇ ˈˊˇύΦ ʂˍʰ˄ ʹ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ ʶʾ˄ʰʽ ˃ʽˁˊʺ 

ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˁˇ˄ˍʱ ˋˍˇ˄ ˃ʷˋˇ ˈˊˇ όˋˍʰʻʶˊˈˍʹˍʰύΦ ɳ˄˗ ˃ʶʴʱ˂ʹ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ 

ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷʽ˄ʰʽ ʰˉ˂˖˃ʷ˄ʰ όʰˋˍʱʻʶʽʰκ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰύΦ 

ʅˍˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ όɼΦΦ пΦмΦпύ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˋʶ ʵˏˇ ˉˈ˂ʶʽˌΦ ɼʰʽ ˇʽ ʵˏˇ ʷ˔ˇˎ˄ 

ˍˇ˄ ʾʵʽˇ ˃ʷˋˇ ˈˊˇ όнлϲ/ύΣ ʰ˂˂ʱ ʹ ʰʾˋʻʹˋʹ ˍˇˎ ˁʰʽˊˇˏ ʶʾ˄ʰʽ ˍʶ˂ʶʾ˖ˌ ʵʽʰ˒ˇˊʶˍʽˁʺΦ ʆˇ tŀƴŘŀǎ 

ˎˉˇ˂ˇʴʾʸʶʽ ʶ˅ ˇˊʽˋ˃ˇˏ ˍʹ˄ Ϧɲʶʽʴ˃ʰˍʽˁʺϦ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ όʵʽʰʽˊʶʾ ˃ʶ ƴ-1), ̄ ˇˎ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˋ˖ˋˍˈ ʴʽʰ 

ˉʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ʵʶʾʴ˃ʰˍˇˌΦ 

import  pandas as  pd 

 

data = {  

    'City_A' : [ 19, 20, 20, 21, 20 ],      ʢ ǟȄǯǷǴȁȑȃ Ǻǯǹȁȑȃ 

    'City_B' : [ 5, 35, 0, 40, 20 ]         ʢ ǎǺȁǯȎǿȃ Ǻǯǹȁȑȃ 

}  

 

df = pd . DataFrame ( data )  

 

# 1. Ɉˊɞɚɞɔɘůɛɧɠ ɀɏůɞɡ ȳɟɞɡ (ɔɘŬ ŮˊɘɓŮɓŬɑɤůɖ) 

mean_vals = df . mean()  

print ( f" ɀɏůɖ ŪŮɟɛɞəɟŬůɑŬ A: { mean_vals [ 'City_A' ] }" )  

print ( f" ɀɏůɖ ŪŮɟɛɞəɟŬůɑŬ B: { mean_vals [ 'City_B' ] }" )  

# ȷˊɞŰɏɚŮůɛŬ:  

# ɀɏůɖ ŪŮɟɛɞəɟŬůɑŬ A: 20.0 

# ɀɏůɖ ŪŮɟɛɞəɟŬůɑŬ B: 20.0 

# (Ƀɘ ɛɏůɞɘ ɧɟɞɘ ŮɑɜŬɘ ɑŭɘɞɘ, ɎɟŬ ŭŮɜ ŭŮɑɢɜɞɡɜ Űɖ ŭɘŬűɞɟɎ) 

 

 

# 2. Ɉˊɞɚɞɔɘůɛɧɠ ȹɘŬəɨɛŬɜůɖɠ (Variance) -  .var()  

var_a = df [ 'City_A' ]. var ()  

var_b = df [ 'City_B' ]. var ()  

 

print ( f" ȹɘŬəɨɛŬɜůɖ A: { var_a }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȹɘŬəɨɛŬɜůɖ A: 0.5 (Ʉɞɚɨ ɛɘəɟɐ) 

 

print (f"ȹɘŬəɨɛŬɜůɖ B: {var_b }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȹɘŬəɨɛŬɜůɖ B: 312.5 (ɇŮɟɎůŰɘŬ) 

 

 

# 3. Ɉˊɞɚɞɔɘůɛɧɠ ɇɡˊɘəɐɠ ȷˊɧəɚɘůɖɠ (Std Deviation) -  .std()  

std_a = df [ 'City_A' ]. std ()  

std_b = df [ 'City_B' ]. std ()  
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print ( f" ɇɡˊɘəɐ ȷˊɧəɚɘůɖ A: { std_a :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ɇɡˊɘəɐ ȷˊɧəɚɘůɖ A: 0.71 

# ȺɟɛɖɜŮɑŬ: ɆŰɖɜ ˊɧɚɖ ȷ, ɖ ɗŮɟɛɞəɟŬůɑŬ ˊŬɑɕŮɘ ůɡɜɐɗɤɠ +/-  0.7 ɓŬɗɛɞɨɠ Ŭˊɧ 

Űɞ 20. 

 

print (f"ɇɡˊɘəɐ ȷˊɧəɚɘůɖ B: {std_b :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ɇɡˊɘəɐ ȷˊɧəɚɘůɖ B: 17.68 

# ȺɟɛɖɜŮɑŬ: ɆŰɖɜ ˊɧɚɖ ȸ, ɖ ɗŮɟɛɞəɟŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŬˊɏɢŮɘ əŬŰɎ ɛɏůɞ ɧɟɞ 17.7 

ɓŬɗɛɞɨɠ Ŭˊɧ Űɞ 

YΦ пΦмΦп ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɲʽʰˁˏ˃ʰ˄ˋʹˌ ˁʰʽ ʆˎˉʽˁʺˌ ɮˉˈˁ˂ʽˋʹˌ 

ʆˇ ɳˏˊˇˌ ʶʾ˄ʰʽ ˍˇ ˉʽˇ ʰˉ˂ˈ ˃ʷˍˊˇ ʵʽʰˋˉˇˊʱˌΦ ɾʰˌ ʵʶʾ˔˄ʶʽ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍʹˌ ˃ʽˁˊˈˍʶˊʹˌ ˁʰʽ 

ˍʹˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˍʽ˃ʺˌΦ ɲˎˋˍˎ˔˗ˌΣ ˍˇ tŀƴŘŀǎ ʵʶ˄ ʷ˔ʶʽ ʷˍˇʽ˃ʹ ʶ˄ˍˇ˂ʺ ΦǊŀƴƎŜόύΣ ˇˉˈˍʶ ˍˇ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ 

ʰ˒ʰʽˊ˗˄ˍʰˌ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ʰˉˈ ˍˇ ˃ʷʴʽˋˍˇ όɼΦ пΦмΦрύΦ 

import  pandas as  pd 

 

data = { ' ȼɚɘəɑŬ' :  [ 23 ,  25 ,  28 ,  30 ,  45 ,  22 ,  50 ]}  

df = pd . DataFrame ( data )  

 

# Ɉˊɞɚɞɔɘůɛɧɠ Ⱥɨɟɞɡɠ 

range_val = df [ 'ȼɚɘəɑŬ']. max()  -  df [ 'ȼɚɘəɑŬ']. min ()  

 

print (f"ɀɏɔɘůŰɖ Űɘɛɐ: {df [ 'ȼɚɘəɑŬ']. max() }" )  

# ȷˊɞŰɏɚŮůɛŬ: ɀɏɔɘůŰɖ Űɘɛɐ: 50 

 

print (f"ȺɚɎɢɘůŰɖ Űɘɛɐ: {df [ 'ȼɚɘəɑŬ']. min () }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȺɚɎɢɘůŰɖ Űɘɛɐ: 22 

 

print (f"Ⱥɨɟɞɠ (Range): {range_val }" )  

# ȷˊɞŰɏɚŮůɛŬ: Ⱥɨɟɞɠ (Range): 28 
YΦ пΦмΦр ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɳˏˊˇˎˌ 

ʁ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ό/±ύ ʶʾ˄ʰʽ ʷ˄ʰ ˁˊʾˋʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ˈˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍʹ 

˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ʺ ˉˇ˂ˏ 

ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˃ʷˋˇˎˌ ˈˊˇˎˌΦ 

ʃʰˊʱʵʶʽʴ˃ʰΥ ʃˇʽˇˌ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ʲʱˊˇˎˌΤ ʁʽ ʶ˂ʷ˒ʰ˄ˍʶˌ ʺ ˍʰ ˉˇ˄ˍʾˁʽʰΤ 

ɮ˄ ʵˇˏ˃ʶ ˍʹ˄ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹΣ ˇʽ ʶ˂ʷ˒ʰ˄ˍʶˌ ʻʰ ʷ˔ˇˎ˄ ˍʶˊʱˋˍʽʰ όˉΦ˔Φ рлл ˁʽ˂ʱύ ˁʰʽ ˍʰ ˉˇ˄ˍʾˁʽʰ ˃ʽˁˊʺ 

όˉΦ˔Φ лΦлр ˁʽ˂ʱύΦ ɮˎˍˈ ˈ˃˖ˌ ʶʾ˄ʰʽ ˉʰˊʰˉ˂ʰ˄ʹˍʽˁˈ ʴʽʰˍʾ ˇʽ ʶ˂ʷ˒ʰ˄ˍʶˌ ʶʾ˄ʰʽ ʶ˅ʰˊ˔ʺˌ ʲʰˊˏˍʶˊˇʽΦ ʁ 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ό/±ύ ˂ ˏ˄ʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʵʽʰʽˊ˗˄ˍʰˌ ˍʹ˄ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˃ʶ ˍˇ˄ ˃ʷˋˇ 

ˈˊˇΦ 

ʆˏˉˇˌΥ ὅὠ   ρππϷȟ 

ˈˉˇˎ ǎ ʶʾ˄ʰʽ ʹ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˁʰʽ Ƴ ƻ ˃ʷˋˇˌ ˈˊˇˌΦ ɮˌ ʵˇˏ˃ʶ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ 

ʅˎ˄ˍʶ˂ʶˋˍʺ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˃ʶ ˃ʶˍˇ˔ʷˌ όɼΦ пΦмΦсύΥ  

# ȰůŰɤ ŭɨɞ ɛŮŰɞɢɏɠ 

stock_A = [ 100 ,  102 ,  98 ,  105 ,  95 ]   # Ɉɣɖɚɐ Űɘɛɐ, ɛɘəɟɐ ŭɘŬəɨɛŬɜůɖ 
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stock_B = [ 5,  6,  4,  7,  3]           # ɉŬɛɖɚɐ Űɘɛɐ, ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ 

ŬɜŬɚɞɔɘəɎ 

 

df_stocks = pd . DataFrame ({ 'Stock_A' :  stock_A ,  'Stock_B' :  stock_B })  

 

# ɇɨˊɞɠ: (ɇɡˊɘəɐ ȷˊɧəɚɘůɖ / ɀɏůɞɠ ȳɟɞɠ) * 100 

cv_A = ( df_stocks [ 'Stock_A' ]. std ()  /  df_stocks [ 'Stock_A' ]. mean())  *  100  

cv_B = ( df_stocks [ 'Stock_B' ]. std ()  /  df_stocks [ 'Stock_B' ]. mean())  *  100  

 

print ( f"CV Stock A: { cv_A :.2f}%" )  

# ȷˊɞŰɏɚŮůɛŬ: CV Stock A: 3.81%  

# (ɆɡɛˊɏɟŬůɛŬ: ɆŰŬɗŮɟɐ ɛŮŰɞɢɐ) 

 

print ( f"CV Stock B: { cv_B :.2f}%" )  

# ȷˊɞŰɏɚŮůɛŬ: CV Stock B: 31.62%  

# (ɆɡɛˊɏɟŬůɛŬ: Ʉɞɚɨ ŮɡɛŮŰɎɓɚɖŰɖ/ɟɘɣɞəɑɜŭɡɜɖ ɛŮŰɞɢɐ) 
YΦ пΦмΦс ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʅˎ˄ˍʶ˂ʶˋˍʺ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌ 

ɳˊ˃ʹ˄ʶʾʰΥ ɮ˄ ˍˇ /± ˍʹˌ {ǘƻŎƪψ. ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ όˉΦ˔Φ ол҈ύ ʰˉˈ ˍʹˌ {ǘƻŎƪψ! όˉΦ˔Φ р҈ύΣ ˍˈˍʶ ʹ {ǘƻŎƪψ. 

ʶʾ˄ʰʽ ˉʽˇ ϦʰˋˍʰʻʺˌϦ ʺ Ϧˊʽ˕ˇˁʾ˄ʵˎ˄ʹϦΣ ʰˋ˔ʷˍ˖ˌ ʰ˄ ʹ ˍʽ˃ʺ ˍʹˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹΦ 

ʆʰ ɳˁʰˍˇˋˍʹ˃ˈˊʽʰ ˁʰʽ ʆʶˍʰˊˍʹ˃ˈˊʽʰ όtŜǊŎŜƴǘƛƭŜǎ ϧ vǳŀǊǘƛƭŜǎύ ˔˖ˊʾʸˇˎ˄ ˍʰ όˍʰ˅ʽ˄ˇ˃ʹ˃ʷ˄ʰύ 

ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ˋʶ ˍ˃ʺ˃ʰˍʰΦ ɾʰˌ ʲˇʹʻˇˏ˄ ˄ʰ ʰˉʰ˄ˍʺˋˇˎ˃ʶ ˋʶ ʶˊ˖ˍʺˋʶʽˌ ˈˉ˖ˌΥ Ϧɳʾ˃ʰʽ ˋˍˇ ǘƻǇ мл҈ 

ˍ˖˄ ˒ˇʽˍʹˍ˗˄ΤϦ ʺ Ϧʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ˈˊʽˇ ʴʽʰ ˄ʰ ˃ˉ˖ ˋˍʹ ˃ʶˋʰʾʰ ˍʱ˅ʹΤϦΦ 

ʆˇ ƪ-ˇˋˍˈ ʶˁʰˍˇˋˍʹ˃ˈˊʽˇ όtkύ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˍˇ ƪ҈ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ 

ɮ˄ ˍˇ ˉʰʽʵʾ ˋʰˌ ʶʾ˄ʰʽ ˋˍˇ флˇ ʶˁʰˍˇˋˍʹ˃ˈˊʽˇ ˏ˕ˇˎˌΣ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʶʾ˄ʰʽ ˕ʹ˂ˈˍʶˊˇ ʰˉˈ ˍˇ фл҈ ˍ˖˄ 

ˉʰʽʵʽ˗˄ ˍʹˌ ʹ˂ʽˁʾʰˌ ˍˇˎΦ 

ɳʾ˄ʰʽ ˍˊʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˁʰˍˇˋˍʹ˃ˈˊʽʰ ˉˇˎ ˔˖ˊʾʸˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ п ʾˋʰ ˃ʷˊʹ όнр҈ ˍˇ ˁʰʻʷ˄ʰύΦ 

1. мˇ ʆʶˍʰˊˍʹ˃ˈˊʽˇ όvм - 25%): ʆˇ нр҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ʰˎˍˈΦ 

2. нˇ ʆʶˍʰˊˍʹ˃ˈˊʽˇ όvн - 50%): ɳʾ˄ʰʽ ʰˁˊʽʲ˗ˌ ʹ ɲʽʱ˃ʶˋˇˌΦ ʆˇ рл҈ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇ ˁʰʽ ˍˇ рл҈ 

˃ʶʴʰ˂ˏˍʶˊˇΦ 

3. оˇ ʆʶˍʰˊˍʹ˃ˈˊʽˇ όvо - 75%): ʆˇ тр҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ʰˎˍˈ όˁʰʽ ˍˇ ǘƻǇ 

нр҈ ˃ʶʴʰ˂ˏˍʶˊˇύΦ 

ɶ ʶ˄ˍˇ˂ʺ-ˁ˂ʶʽʵʾ ʶʵ˗ ʶʾ˄ʰʽ ʹ ΦǉǳŀƴǘƛƭŜόύΦ ɲʷ˔ʶˍʰʽ ʷ˄ʰ˄ ʵʶˁʰʵʽˁˈ ʰˊʽʻ˃ˈ ʰˉˈ л ʷ˖ˌ м όˉΦ˔Φ лΦнр ʴʽʰ ˍˇ 

нр҈ύ όɼΦ пΦмΦтύΦ 

import  pandas as  pd 

 

# ȹŮŭɞɛɏɜŬ: ȸŬɗɛɞɚɞɔɑŮɠ 11 űɞɘŰɖŰɩɜ ůŮ ɏɜŬ ŰŮůŰ (ŰŬɝɘɜɞɛɖɛɏɜŮɠ ɔɘŬ ŮɡəɞɚɑŬ) 

scores_data = [ 40 ,  52 ,  55 ,  60 ,  65 ,  70 ,  75 ,  82 ,  85 ,  90 ,  95 ]  

df = pd . DataFrame ( scores_data ,  columns =[ 'Score' ])  

 

# 1. Ɉˊɞɚɞɔɘůɛɧɠ ɇŮŰŬɟŰɖɛɞɟɑɤɜ (Quartiles) 
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# Q1: ɇɞ ůɖɛŮɑɞ ˊɞɡ ŬűɐɜŮɘ ˊɑůɤ Űɞɡ Űɞ 25% Űɤɜ űɞɘŰɖŰɩɜ 

Q1 = df [ 'Score' ]. quantile ( 0.25 )  

 

# Q2: ȼ ȹɘɎɛŮůɞɠ 

Q2 = df [ 'Score' ]. quantile ( 0.50 )  

 

# Q3: ɇɞ ůɖɛŮɑɞ ˊɞɡ ŬűɐɜŮɘ ˊɑůɤ Űɞɡ Űɞ 75% Űɤɜ űɞɘŰɖŰɩɜ 

Q3 = df [ 'Score' ]. quantile ( 0.75 )  

 

print ( f"1 ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q1): { Q1}" )  

# ȷˊɞŰɏɚŮůɛŬ: 1ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q1): 57.5 

# (ȸɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰɞ 55 əŬɘ Űɞ 60) 

 

print (f"ȹɘɎɛŮůɞɠ (Q2): {Q2}" )  

# ȷˊɞŰɏɚŮůɛŬ: ȹɘɎɛŮůɞɠ (Q2): 70.0 

# (ȺɑɜŬɘ ɖ ɛŮůŬɑŬ Űɘɛɐ Űɖɠ ɚɑůŰŬɠ) 

 

print (f"3ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q3): {Q3}" )  

# ȷˊɞŰɏɚŮůɛŬ: 3ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q3): 83.5 

# (ȸɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŰɞ 82 əŬɘ Űɞ 85) 

 

 

# 2. Ɉˊɞɚɞɔɘůɛɧɠ Ⱥɘŭɘəɞɨ ȺəŬŰɞůŰɖɛɞɟɑɞɡ (Percentile) 

# ŪɏɚɞɡɛŮ ɜŬ ɓɟɞɨɛŮ Űɞ ɧɟɘɞ ɔɘŬ Űɞ Top 10% (ŭɖɚŬŭɐ Űɞ 90ɞ ŮəŬŰɞůŰɖɛɧɟɘɞ) 

top_10_threshold = df [ 'Score' ]. quantile ( 0.90 )  

 

print ( f" ȳɟɘɞ ɔɘŬ Űɞ Top 10% (P90): { top_10_threshold }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȳɟɘɞ ɔɘŬ Űɞ Top 10% (P90): 90.0 

# ȺɟɛɖɜŮɑŬ: ȳˊɞɘɞɠ ɏɢŮɘ ˊɎɜɤ Ŭˊɧ 90, ŬɜɐəŮɘ ůŰɞ əɞɟɡűŬɑɞ 10% Űɖɠ ŰɎɝɖɠ. 

YΦ пΦмΦт ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʆʶˍʰˊˍʹ˃ˇˊʾ˖˄ 

ɾˉˇˊˇˏ˃ʶ ʶˉʾˋʹˌ ˄ʰ ˉʶˊʱˋˇˎ˃ʶ ˃ʽʰ ˂ʾˋˍʰ ˃ʷˋʰ ˋˍʹ˄ ǉǳŀƴǘƛƭŜόύ ʴʽʰ ˄ʰ ˉʱˊˇˎ˃ʶ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ 

ˍʰˎˍˈ˔ˊˇ˄ʰ όɼΦ пΦмΦуύΦ 

# Ɉˊɞɚɞɔɘůɛɧɠ Q1, Q2, Q3 ɛŮ ɛɑŬ ŮɜŰɞɚɐ 

quartiles = df [ 'Score' ]. quantile ([ 0.25 ,  0.50 ,  0.75 ])  

 

print ( quartiles )  

# ȷˊɞŰɏɚŮůɛŬ: 

# 0.25    57.5  

# 0.50    70.0  

# 0.75    83.5  

# Name: Score, dtype: float64  

YΦ пΦмΦу ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʆʶˍʰˊˍʹ˃ˇˊʾ˖˄ ˃ʶ ˂ʾˋˍʰ ˍʽ˃˗˄ 

ʆˇ ɳˏˊˇˌ όwŀƴƎŜύ ˉˇˎ ʶʾʵʰ˃ʶ ˄˖ˊʾˍʶˊʰ όaŀȄ - aƛƴύ ʷ˔ʶʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰΥ ʶˉʹˊʶʱʸʶˍʰʽ 

ˍˊˇ˃ʶˊʱ ʰˉˈ ˍʽˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΦ ɮ˄ ˋʶ ˃ʽʰ ˍʱ˅ʹ ˈ˂ˇʽ ˉʺˊʰ˄ мр-му ˁʰʽ ʷ˄ʰˌ ˉʺˊʶ лΣ ˍˇ ɳˏˊˇˌ ʻʰ ʶʾ˄ʰʽ 

ˍʶˊʱˋˍʽˇ όмуύΣ ʵʾ˄ˇ˄ˍʰˌ ˂ʱʻˇˌ ʶ˄ˍˏˉ˖ˋʹΦ ʆˇ ɳ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˈ ɳˏˊˇˌ όLvwύ ˂ˏ˄ʶʽ ʰˎˍˈ ˍˇ 

ˉˊˈʲ˂ʹ˃ʰ ʶˋˍʽʱʸˇ˄ˍʰˌ ˋˍˇ ˃ʶˋʰʾˇ рл҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʆˇ Lvw ʵʾʵʶˍʰʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ Lvw Ґ vо - Q1. 

ʅˍˇ ˋ˔ʺ˃ʰ пΦм ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˍˇ Lvw ˃ʶ ʷ˄ʰ ōƻȄ ǇƭƻǘΣ ˍˇ ˇˉˇʾˇ˄ ʻʰ ˍˇ ʶ˅ʹʴʺˋˇˎ˃ʶ ˃ʶ ˂ʶˉˍˇ˃ʷˊʶʽʰ ˋˍˇ 

ɼʶ˒ʱ˂ʰʽˇ пΦнΦ  
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ʅΦ пΦм ɮˉʶʽˁˈ˄ʽˋʹ Lvw 

ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ пΦмΦф ʆˇ ˃ʶˋʰʾˇ рл҈ ˍ˖˄ ˎˉʰ˂˂ʺ˂˖˄ ʷ˔ʶʽ ʵʽʰ˒ˇˊʱ ˃ʽˋʻˇˏ ˃ˈ˂ʽˌ сΦлллϵΣ ˉʰˊˈ˂ˇ ˉˇˎ 

ˎˉʱˊ˔ʶʽ ˁʱˉˇʽˇˌ ˉˇˎ ˉʰʾˊ˄ʶʽ мрлΦлллϵΦ ʆˇ Lvw ˃ʰˌ ʵʾ˄ʶʽ ˃ʽʰ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʺ ʶʽˁˈ˄ʰ ˍʹˌ Ϧˍˎˉʽˁʺˌ 

ʵʽʰˁˏ˃ʰ˄ˋʹˌϦ ʰˉˈ ˍˇ ʰˉ˂ˈ ɳˏˊˇˌΦ 

import  pandas as  pd 

 

# ȹŮŭɞɛɏɜŬ: ɀɘůɗɞɑ ůŮ ɛɘŬ ŮŰŬɘɟŮɑŬ (ůŮ ɢɘɚɘɎŭŮɠ ú) 

# ɄŬɟŬŰɖɟɐůŰŮ ɧŰɘ Űɞ 150 ŮɑɜŬɘ ɛɘŬ ŬəɟŬɑŬ Űɘɛɐ (Űɞ ŬűŮɜŰɘəɧ!) 

salaries = [ 20 ,  22 ,  24 ,  25 ,  26 ,  28 ,  30 ,  35 ,  150 ]  

df = pd . DataFrame ( salaries ,  columns =[ 'Salary' ])  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ɇŮŰŬɟŰɖɛɞɟɑɤɜ 

# ɇɞ 0.25 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 25% (Q1) əŬɘ Űɞ 0.75 ůŰɞ 75% (Q3) 

Q1 = df [ 'Salary' ]. quantile ( 0.25 )  

Q3 = df [ 'Salary' ]. quantile ( 0.75 )  

 

# Ɉˊɞɚɞɔɘůɛɧɠ IQR 

IQR = Q3 -  Q1 

 

print (f"1ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q1): {Q1}" )  

# ȷˊɞŰɏɚŮůɛŬ: 1ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q1): 24.0 

 

print (f"3ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q3): {Q3}" )  

# ȷˊɞŰɏɚŮůɛŬ: 3ɞ ɇŮŰŬɟŰɖɛɧɟɘɞ (Q3): 30.0 

 

print (f"ȺɜŭɞŰŮŰŬɟŰɖɛɞɟɘŬəɧ Ⱥɨɟɞɠ (IQR): {IQR}" )  

# ȷˊɞŰɏɚŮůɛŬ: ȺɜŭɞŰŮŰŬɟŰɖɛɞɟɘŬəɧ Ⱥɨɟɞɠ (IQR): 6.0 

YΦ пΦмΦф ʇˉˇ˂ˇʴʽˋ˃ˈˌ Lvw 

ʅˍʹ˄ ʶˉʽˋˍʺ˃ʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˇ ˉʽˇ ˁˇʽ˄ˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˄ʰ ʲˊˇˏ˃ʶ Ϧʰˎˍˈ˃ʰˍʰϦ ˉˇʽʰ ˍʽ˃ʺ ʶʾ˄ʰʽ 

ʰˁˊʱʽʰΣ ʶʾ˄ʰʽ ˇ ˁʰ˄ˈ˄ʰˌ ˍˇˎ мΦр Ȅ LvwΦ 

ʁˊʾʸˇˎ˃ʶ ʵˏˇ ˒ˊʱ˔ˍʶˌ όŦŜƴŎŜǎύΥ 

1. ɼʱˍ˖ ʂˊʽˇ (Lower Bound): Q1 - 1.5 x  IQR 

2. ɯ˄ ̟ʂˊʽˇ (Upper Bound):  Q3 + 1.5 x IQR 
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ʁˍʽʵʺˉˇˍʶ ʲˊʾˋˁʶˍʰʽ ʷ˅˖ ʰˉˈ ʰˎˍˇˏˌ ˍˇˎˌ ˒ˊʱ˔ˍʶˌΣ ʻʶ˖ˊʶʾˍʰʽ ʰˁˊʰʾʰ ˍʽ˃ʺ όɼΦ пΦмΦмлύΦ 

# ɆɡɜɏɢŮɘŬ Ŭˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ ˊŬɟɎŭŮɘɔɛŬ... 

 

# Ɉˊɞɚɞɔɘůɛɧɠ ɞɟɑɤɜ 

lower_bound = Q1 -  1.5  *  IQR 

upper_bound = Q3 + 1.5  *  IQR 

 

print ( f" ȾɎŰɤ ȳɟɘɞ: { lower_bound }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȾɎŰɤ ȳɟɘɞ: 15.0 

 

print (f"ȯɜɤ ȳɟɘɞ: {upper_bound }" )  

# ȷˊɞŰɏɚŮůɛŬ: ȯɜɤ ȳɟɘɞ: 39.0 

 

# ȺɜŰɞˊɘůɛɧɠ Űɤɜ Outliers 

# ɊɎɢɜɞɡɛŮ ŮɔɔɟŬűɏɠ ɛɘəɟɧŰŮɟŮɠ Űɞɡ əɎŰɤ ɞɟɑɞɡ ɐ ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ Ɏɜɤ 

outliers = df [( df [ 'Salary' ]  < lower_bound )  |  ( df [ 'Salary' ]  > upper_bound )]  

 

print ("ȺɜŰɞˊɑůŰɖəŬɜ ɞɘ Ůɝɐɠ ŬəɟŬɑŮɠ Űɘɛɏɠ:")  

print ( outliers )  

# ȷˊɞŰɏɚŮůɛŬ: 

#    Salary  

# 8     150  

YΦ пΦмΦмл ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʰˁˊʰʾ˖˄ ˍʽ˃˗˄ ˃ʶ ˔ˊʺˋʹ Lvw 

ɶ ɽˇ˅ˈˍʹˍʰ ό{ƪŜǿƴŜǎǎύ ˃ ʶˍˊʱʶʽ ˍʹ˄ ʰˋˎ˃˃ʶˍˊʾʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ʴˏˊ˖ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ ɾʰˌ ʵʶʾ˔˄ʶʽ 

ˉˊˇˌ ˍʰ ˉˇˏ ϦˍˊʰʲʽʷˍʰʽϦ ʹ ˇˎˊʱ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ɽˇ˅ˈˍʹˍʰ ˉʶˊʾˉˇˎ ˋˍˇ л ό{ȅƳƳŜǘǊƛŎŀƭύΥ ɼʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˃ˇʽˊʱʸˇ˄ˍʰʽ 

ˋˎ˃˃ʶˍˊʽˁʱ όɾʷˋˇˌ Ґ ɲʽʱ˃ʶˋˇˌύΦ 

¶ ɸʶˍʽˁʺ ɽˇ˅ˈˍʹˍʰ όtƻǎƛǘƛǾŜ κ wƛƎƘǘ {ƪŜǿŜŘύΥ ɶ ˇˎˊʱ ʶˁˍʶʾ˄ʶˍʰʽ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱ όˉˊˇˌ ˍʽˌ 

˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌύΦ 

¶ ɮˊ˄ʹˍʽˁʺ ɽˇ˅ˈˍʹˍʰ όbŜƎŀǘƛǾŜ κ [ŜŦǘ {ƪŜǿŜŘύΥ ɶ ˇˎˊʱ ʶˁˍʶʾ˄ʶˍʰʽ ˉˊˇˌ ˍʰ ʰˊʽˋˍʶˊʱ όˉˊˇˌ ˍʽˌ 

˃ʽˁˊʷˌ ˍʽ˃ʷˌύΦ 

ʆˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ ɽˇ˅ˈˍʹˍʰ όYΦ пΦмΦммύ ʵˏˇ ˋˎ˄ˈ˂˖˄Φ 

import  pandas as  pd 

 

# ȹŮŭɞɛɏɜŬ ɛŮ ŪŮŰɘəɐ ȿɞɝɧŰɖŰŬ (ŮɘůɞŭɐɛŬŰŬ) 

# Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ ˊŬɑɟɜɞɡɜ ɚɑɔŬ, ɏɜŬɠ ˊŬɑɟɜŮɘ ˊɞɚɚɎ (100) 

data_pos = [ 1,  2,  3,  4,  5,  100 ]   

df_pos = pd . DataFrame ( data_pos ,  columns =[ 'Values' ])  

 

# ȹŮŭɞɛɏɜŬ ɛŮ ȷɟɜɖŰɘəɐ ȿɞɝɧŰɖŰŬ 

# Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ ŮɑɜŬɘ ɣɖɚɎ (95-100), ɏɜŬɠ ŮɑɜŬɘ ɢŬɛɖɚɎ (5) 

data_neg = [ 5,  95 ,  96 ,  97 ,  98 ,  99 ,  100 ]  

df_neg = pd . DataFrame ( data_neg ,  columns =[ 'Values' ])  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ȿɞɝɧŰɖŰŬɠ (.skew())  

skew_pos = df_pos [ 'Values' ]. skew ()  
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skew_neg = df_neg [ 'Values' ]. skew ()  

 

print ( f" ŪŮŰɘəɐ ȿɞɝɧŰɖŰŬ: { skew_pos :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ŪŮŰɘəɐ ȿɞɝɧŰɖŰŬ: 2.45 

# (ȼ Űɘɛɐ > 0 ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖ ŭŮɝɘɎ ɞɡɟɎ) 

 

print (f"ȷɟɜɖŰɘəɐ ȿɞɝɧŰɖŰŬ: {skew_neg :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ȷɟɜɖŰɘəɐ ȿɞɝɧŰɖŰŬ: - 2.64  

# (ȼ Űɘɛɐ < 0 ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ ŬɟɘůŰŮɟɐ ɞɡɟɎ) 

YΦ пΦмΦмм ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɽˇ˅ˈˍʹˍʰˌ 

ɶ Yˏˊˍ˖ˋʹ όYǳǊǘƻǎƛǎύ ˃ʶˍˊʱʶʽ ˍʹ˄ Ϧʰʽ˔˃ʹˊˈˍʹˍʰϦ ˍʹˌ ˁˇˊˎ˒ʺˌ ˁʰʽ ˍˇ ϦʲʱˊˇˌϦ ˍ˖˄ ˇˎˊ˗˄ όˉˈˋˇ 

ˋˎ˔˄ʱ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ɶ ɽʶˉˍˇˁˎˊˍ˖˃ʷ˄ʹ ʶ˔ʶʽ 

˕ʹ˂ʺΣ ˂ʶˉˍʺ ˁˇˊˎ˒ʺ ˁʰʽ ˉʰ˔ʽʷˌ ˇˎˊʷˌ όƘŜŀǾȅ ǘŀƛƭǎύΦ ɳʵ˗ ˎˉʱˊ˔ʶʽ ˃ʶʴʱ˂ʹ ˉʽʻʰ˄ˈˍʹˍʰ ʴʽʰ ʰˁˊʰʾʶˌ 

ˍʽ˃̫ ˌ όƻǳǘƭƛŜǊǎύΦ ʅˍʰ ˔ˊʹ˃ʰˍˇˇʽˁˇ˄ˇ˃ʽˁʱ ʰˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ϦˊʾˋˁˇϦΦ ɶ ɾʶˋƻˁˎˊˍ˖˃ʷ˄ʹ ˇ˃ˇʽʱʸʶʽ ˃ʶ ˍʹ˄ 

ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʶ˄˗ ʹ ʃ˂ʰˍˎˁˎˊˍ˖˃ʷ˄ʹ ʷ˔ʶʽ ˉ˂ʰˍʽʱΣ ˔ʰ˃ʹ˂ʺ ˁˇˊˎ˒ʺ ˁʰʽ ˂ʶˉˍʷˌ ˇˎˊʷˌΦ ɳʵ˗ ˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˉʽˇ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰΣ ˂ʽʴˈˍʶˊʶˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΦ 

ʆˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ɼˏˊˍ˖ˋʹ όYΦ пΦмΦмнύ ʵˏˇ ˋˎ˄ˈ˂˖˄Φ 

import  pandas as  pd 

 

# ȹŮŭɞɛɏɜŬ ȿŮˊŰɞəɡɟŰɤɛɏɜŬ (Leptokurtic)  

# ɄɞɚɚɎ ŭŮŭɞɛɏɜŬ ůŰɞ əɏɜŰɟɞ (10-10.2) əŬɘ ɝŬűɜɘəɎ ŬəɟŬɑŮɠ Űɘɛɏɠ (0, 20) 

lepto_data = [ 0,  10 ,  10 ,  10 ,  10.1 ,  10.1 ,  10.2 ,  10.2 ,  20 ]  

df_lepto = pd . DataFrame ( lepto_data ,  columns =[ 'Values' ])  

 

# ȹŮŭɞɛɏɜŬ ɄɚŬŰɡəɡɟŰɤɛɏɜŬ (Platykurtic) 

# ɇŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŬˊɚɤɛɏɜŬ ɞɛɞɘɧɛɞɟűŬ (Uniform distribution) 

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

df_platy = pd . DataFrame ( platy_data ,  columns =[ 'Values' ])  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ȾɨɟŰɤůɖɠ (.kurt())  

kurt_lepto = df_lepto [ 'Values' ]. kurt ()  

kurt_platy = df_platy [ 'Values' ]. kurt ()  

 

print ( f" ȾɨɟŰɤůɖ ȿŮˊŰɞəɡɟŰɤɛɏɜɖɠ: { kurt_lepto :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ȾɨɟŰɤůɖ ȿŮˊŰɞəɡɟŰɤɛɏɜɖɠ: 3.42 

# (ɇɘɛɐ > 0: "ɀɡŰŮɟɐ" əŬŰŬɜɞɛɐ ɛŮ heavy tails) 

 

print (f"ȾɨɟŰɤůɖ ɄɚŬŰɡəɡɟŰɤɛɏɜɖɠ: {kurt_platy :.2f}" )  

# ȷˊɞŰɏɚŮůɛŬ: ȾɨɟŰɤůɖ ɄɚŬŰɡəɡɟŰɤɛɏɜɖɠ: - 1.20  

# (ɇɘɛɐ < 0: "ɄɚŬŰɘɎ" əŬŰŬɜɞɛɐ, ɢɤɟɑɠ ˊɞɚɚɏɠ ŮəˊɚɐɝŮɘɠ ůŰɘɠ ɎəɟŮɠ) 

YΦ пΦмΦмн ʇˉˇ˂ˇʴʽˋ˃ˈˌ ɼˏˊˍ˖ˋʹˌ 

4.1.2. ʁ˃ʰʵˇˉˇʾʹˋʹ ɲʶʵˇ˃ʷ˄˖˄ 

ɶ ˇ˃ʰʵˇˉˇʾʹˋʹ ˃ʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˍʶ˃ʰ˔ʾˋˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ˋʶ ˁʱʵˇˎˌ όōǳŎƪŜǘǎύ ˃ʶ ʲʱˋʹ ˁʱˉˇʽʰ 

ˁʰˍʹʴˇˊʾʰΣ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˋˍʰˍʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˁʱʻʶ ˁʱʵˇ ˅ʶ˔˖ˊʽˋˍʱ ˁʰʽ ˄ʰ ʶ˄˗ˋˇˎ˃ʶ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˅ʰ˄ʱΦ ɶ ˁʶ˄ˍˊʽˁʺ ʶ˄ˍˇ˂ʺ ˋˍˇ tŀƴŘŀǎ ʶʾ˄ʰʽ ʹΥ ƎǊƻǳǇōȅόύΦ ɳʵ˗ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ˒ʽ˂ˇˋˇ˒ʾʰ 

Split-Apply-Combine: 
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1. {Ǉƭƛǘ όɲʽʰ˔˖ˊʽˋ˃ˈˌύΥ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˇ˃ʱʵʶˌ ˃ʶ ʲʱˋʹ ˍʰ ˁˊʽˍʺˊʽʰ ˉˇˎ ˇˊʾʸˇˎ˃ʶ 
όˉΦ˔Φ ʰ˄ʱ Ϧʆ˃ʺ˃ʰϦύΦ 

2. Apply όɳ˒ʰˊ˃ˇʴʺύΥ ɾʽʰ ˋˎ˄ʱˊˍʹˋʹ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˁʱʻʶ ˇ˃ʱʵʰ ʰ˄ʶ˅ʱˊˍʹˍʰ όˉΦ˔Φ 
ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˃ʷˋˇˎ ˈˊˇˎΣ ʱʻˊˇʽˋ˃ʰΣ ʺ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹύΦ 

3. /ƻƳōƛƴŜ όʅˎ˄ʵˎʰˋ˃ˈˌύΥ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶ˄˗˄ˇ˄ˍʰʽ ˅ʰ˄ʱ ˋʶ ˃ʽʰ ˄ʷʰ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ 
όˋˎ˄ʺʻ˖ˌ {ŜǊƛŜǎ ʺ 5ŀǘŀCǊŀƳŜύ ʴʽʰ ˄ʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˎ˄ˇ˂ʽˁʱΦ 

ɱʽʰ ˄ʰ ˁʰˍʰ˄ˇʺˋˇˎ˃ʶ ˍʽˌ ʷ˄˄ˇʽʶˌΣ ʰˌ ˎˉˇʻʷˋˇˎ˃ʶ ˈˍʽ ʷ˔ˇˎ˃ʶ ʷ˄ʰ 5ŀǘŀCǊŀƳŜ ˃ʶ ˉ˖˂ʺˋʶʽˌ 
ˁʰˍʰˋˍʹ˃ʱˍ˖˄ όɼпΦмΦмоύΥ 

import  pandas as  pd 

import  numpy as  np 

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɘəɞɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

data = {  

    'ȾŬŰɎůŰɖɛŬ':  [ 'ȷɗɐɜŬ',  'ȷɗɐɜŬ',  'ŪŮů/ɜɑəɖ',  'ŪŮů/ɜɑəɖ',  'ɄɎŰɟŬ',  

'ȷɗɐɜŬ',  'ɄɎŰɟŬ',  'ŪŮů/ɜɑəɖ'],  

    'Ʉɟɞɥɧɜ':  [ 'Laptop' ,  'Mouse' ,  'Laptop' ,  'Keyboard' ,  'Mouse' ,  

'Keyboard' ,  'Laptop' ,  'Mouse' ],  

    'ɄɤɚɖŰɐɠ':  [ 'ũɘɩɟɔɞɠ',  'ɀŬɟɑŬ',  'Ɂɑəɞɠ',  'Ⱥɚɏɜɖ',  'ȾɩůŰŬɠ',  'ũɘɩɟɔɞɠ',  

'ȾɩůŰŬɠ',  'Ɂɑəɞɠ'],  

    'ɄɤɚɐůŮɘɠ':  [ 1200 ,  40 ,  1100 ,  80 ,  45 ,  90 ,  1150 ,  35 ],  

    'ɇŮɛɎɢɘŬ':  [ 2,  5,  1,  10 ,  4,  8,  2,  3]  

}  

 

df = pd . DataFrame ( data )  

print ( df )  

ɼΦ пΦмΦмо 5ŀǘŀCǊŀƳŜ ˃ʶ ˉ˖˂ʺˋʶʽˌ ˁʰˍʰˋˍʹ˃ʱˍ˖˄Φ 

ɶ ˉʽˇ ʰˉ˂ʺ ˃ˇˊ˒ʺ ʶʾ˄ʰʽ ˄ʰ ˇ˃ʰʵˇˉˇʽʺˋˇˎ˃ʶ ʲʱˋʶʽ ˃ʾʰˌ ˋˍʺ˂ʹˌ ˁʰʽ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ˄ ˃ʷˋˇ ˈˊˇ 

όʺ ʱʻˊˇʽˋ˃ʰύ ʴʽʰ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˋˍʺ˂ʶˌΦ 

ʅˏ˄ˍʰ˅ʹΥ df.groupby('ɆŰɐɚɖ_ɃɛŬŭɞˊɞɑɖůɖɠ')['ȷɟɘɗɛɖŰɘəɐ_ɆŰɐɚɖ'].ůɡɜɎɟŰɖůɖ() 

ʃʰˊʱʵʶʽʴ˃ʰΥ ʃˇʽˇˌ ʶʾ˄ʰʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˉ˖˂ʺˋʶ˖˄ ʰ˄ʱ ˉˈ˂ʹ όɼΦ пΦмΦмпύΤ 

# Ɉˊɞɚɞɔɘůɛɧɠ ɛɏůɤɜ ˊɤɚɐůŮɤɜ ŬɜɎ ȾŬŰɎůŰɖɛŬ 

mean_sales = df . groupby ('ȾŬŰɎůŰɖɛŬ')[ 'ɄɤɚɐůŮɘɠ']. mean()  

print ( mean_sales )  

ɼΦ пΦмΦмп ɾʷˋˇˌ ˈˊˇˌ ʰ˄ʰ ˉˈ˂ʹ 

ɳˊ˃ʹ˄ʶʾʰΥ ʆˇ tŀƴŘŀǎ ˔˗ˊʽˋʶ ˍʽˌ ʴˊʰ˃˃ʷˌ ˋʶ Ϧɮʻʺ˄ʰϦΣ Ϧɸʶˋκ˄ʾˁʹϦΣ ϦʃʱˍˊʰϦΣ ʲˊʺˁʶ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ʴʽʰ 

ˍʹ˄ ˁʱʻʶ ˃ʾʰ ˁʰʽ ʶˉʷˋˍˊʶ˕ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰΦ ɾˉˇˊˇˏ˃ʶ ˄ʰ ˇ˃ʰʵˇˉˇʽʺˋˇˎ˃ʶ ʲʱˋʶʽ ˉʶˊʽˋˋˈˍʶˊ˖˄ 

ˍʹˌ ˃ʽʰˌ ˁʰˍʹʴˇˊʽ˗˄Φ ɮˎˍˈ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ɾǳƭǘƛLƴŘŜȄ όʽʶˊʰˊ˔ʽˁˈ ʶˎˊʶˍʺˊʽˇύΦ  

ʃʰˊʱʵʶʽʴ˃ʰΥ ʃˈˋʰ ˍʶ˃ʱ˔ʽʰ ˉˇˎ˂ʺʻʹˁʰ˄ ʰ˄ʱ ɼʰˍʱˋˍʹ˃ʰ ɼɮɹ ʰ˄ʱ ʃˊˇʿˈ˄ όɼΦ пΦмΦмрύΤ 

# ɃɛŬŭɞˊɞɑɖůɖ ɛŮ ɚɑůŰŬ ůŰɖɚɩɜ 

sales_by_store_product = 

df . groupby ([ 'ȾŬŰɎůŰɖɛŬ', 'Ʉɟɞɥɧɜ'])[ 'ɇŮɛɎɢɘŬ']. sum()  

YΦ пΦмΦмр ʃ˗˂ʹˋʹ ˍʶ˃ʰ˔ʾ˖˄ ʰ˄ʱ ɼʰˍʱˋˍʹ˃ʰ ɼɮɹ ʰ˄ʱ ʃˊˇʿˈ˄ 
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ʅˍʹ˄ ˉʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺΣ ˋˎ˔˄ʱ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʲ˂ʷˉˇˎ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍˇ˄ ˃ʷˋˇ ˈˊˇΣ ˍʹ ʵʽʰˁˏ˃ʰ˄ˋʹ 

ˁʰʽ ˍˇ ˉ˂ʺʻˇˌΦ ɶ ˃ʷʻˇʵˇˌ ŀƎƎǊŜƎŀǘŜόύ ʺ ˋˎ˄ˍˇ˃ˇʴˊʰ˒ʽˁʱ ŀƎƎόύ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʴʽʰ ʰˎˍˈ όYΦ пΦмΦмсύΦ 

ɾˉˇˊˇˏ˃ʶ ˄ʰ ˉʶˊʱˋˇˎ˃ʶΥ 

¶ ɾʽʰ ˂ʾˋˍʰ ˋˎ˄ʰˊˍʺˋʶ˖˄ όˉΦ˔Φ ώϥƳŜŀƴϥΣ ϥǎǘŘϥϐύΦ 

¶ ɴ˄ʰ ˂ʶ˅ʽˁˈ όŘƛŎǘƛƻƴŀǊȅύ ʴʽʰ ˄ʰ ˇˊʾˋˇˎ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊʱ˅ʶʽˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˍʺ˂ʶˌΦ 

 
# ȺűŬɟɛɞɔɐ ˊɞɚɚɩɜ ůɡɜŬɟŰɐůŮɤɜ ŰŬɡŰɧɢɟɞɜŬ ůŰɘɠ ɄɤɚɐůŮɘɠ 

stats = df . groupby ('ȾŬŰɎůŰɖɛŬ')[ 'ɄɤɚɐůŮɘɠ']. agg ([ 'mean' ,  'median' ,  'std' ,  

'max' ,  'count' ])  

 

# ȺɝŮɘŭɘəŮɡɛɏɜɖ ɞɛŬŭɞˊɞɑɖůɖ: ȯɗɟɞɘůɛŬ ůŰɘɠ ɄɤɚɐůŮɘɠ, ɀɏůɞɠ ɧɟɞɠ ůŰŬ ɇŮɛɎɢɘŬ 

custom_agg = df . groupby ( ' ȾŬŰɎůŰɖɛŬ' ). agg ({  

    ' ɄɤɚɐůŮɘɠ' :  'sum' ,  

    ' ɇŮɛɎɢɘŬ' :  'mean'  

})  

K. 4.1.16 ɾʷʻˇʵˇˌ agg 

ɳˁˍˈˌ ʰˉˈ ˍʹ˄ ʰˉ˂ʺ ˋˏ˄ˇ˕ʹ όŀƎƎǊŜƎŀǘƛƻƴύΣ ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʴʽʰ ˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ ʆˇ ˒ʽ˂ˍˊʱˊʽˋ˃ʰ ˇ˃ʱʵ˖˄ όŦƛƭǘŜǊύ ˃ʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˁˊʰˍʺˋˇˎ˃ʶ ʺ ˄ʰ ˉʶˍʱ˅ˇˎ˃ʶ 

ˇ˂ˈˁ˂ʹˊʶˌ ˇ˃ʱʵʶˌ ʲʱˋʶʽ ʶ˄ˈˌ ˁˊʽˍʹˊʾˇˎ όYΦ пΦмΦмтύΦ  

ʃʰˊʱʵʶʽʴ˃ʰΥ ɸʷ˂ˇˎ˃ʶ ˄ʰ ˁˊʰˍʺˋˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˃ˈ˄ˇ ʰˉˈ ˁʰˍʰˋˍʺ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ˁʱ˄ʶʽ ˋˎ˄ˇ˂ʽˁˈ 

ˍʸʾˊˇ ʱ˄˖ ˍ˖˄ нлллϵΦ 

# ȼ lambda function ŮɚɏɔɢŮɘ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ əɎɗŮ ɞɛɎŭŬɠ (x) 

high_performing_stores = df . groupby ( ' ȾŬŰɎůŰɖɛŬ' ). filter ( lambda  x :  

x [ ' ɄɤɚɐůŮɘɠ' ]. sum()  > 2000 )  

YΦ пΦмΦмт ɾʷʻˇʵˇˌ ŦƛƭǘŜǊ 

ɶ ʶ˄ˍˇ˂ʺ ǘǊŀƴǎŦƻǊƳ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ˈˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʵʽʰˍʹˊʺˋˇˎ˃ʶ ˍˇ ʰˊ˔ʽˁˈ ˋ˔ʺ˃ʰ ˍˇˎ 5ŀǘŀCǊŀƳŜ 

ʰ˂˂ʱ ˄ʰ ˉˊˇˋʻʷˋˇˎ˃ʶ ˃ʽʰ ˋˍʺ˂ʹ ˃ʶ ˋˍʰˍʽˋˍʽˁʱ ˍʹˌ ˇ˃ʱʵʰˌΦ  

ʃʰˊʱʵʶʽʴ˃ʰΥ ɸʷ˂ˇˎ˃ʶ ˄ʰ ʵˇˏ˃ʶ ˍʽ ˉˇˋˇˋˍˈ ˍˇˎ ˍʸʾˊˇˎ ˍˇˎ ˁʰˍʰˋˍʺ˃ʰˍˇˌ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʹ ˁʱʻʶ 

ˉ˗˂ʹˋʹ όɼΦ пΦмΦмуύΦ 

# ɈˊɞɚɞɔɑɕɞɡɛŮ Űɞ ɎɗɟɞɘůɛŬ ˊɤɚɐůŮɤɜ ɇɃɈ ȾȷɇȷɆɇȼɀȷɇɃɆ ůŮ əɎɗŮ ɔɟŬɛɛɐ 

store_total = df . groupby ( ' ȾŬŰɎůŰɖɛŬ' )[ ' ɄɤɚɐůŮɘɠ' ]. transform ( 'sum' )  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɜɏŬ ůŰɐɚɖ 

df [ 'ɄɞůɞůŰɧ_ɇɕɑɟɞɡ']  = ( df [ 'ɄɤɚɐůŮɘɠ']  /  store_total )  *  100  

 

# ɇɩɟŬ ɓɚɏˊɞɡɛŮ ɔɘŬ əɎɗŮ ˊɩɚɖůɖ, ˊɧůɞ ůɖɛŬɜŰɘəɐ ɐŰŬɜ ɔɘŬ Űɞ əŬŰɎůŰɖɛŬ 

print ( df . sort_values ( by =' ȾŬŰɎůŰɖɛŬ' ))  

YΦ пмΦму ɾʷʻˇʵˇˌ ǘǊŀƴǎŦƻǊƳ 

ʅʹ˃ʶʾ˖ˋʹΥ ʆˇ ǘǊŀƴǎŦƻǊƳ ʶˉʽˋˍˊʷ˒ʶʽ ˃ʽʰ ˋˍʺ˂ʹ ˃ʶ ˍˇ ʾʵʽˇ ˃ʺˁˇˌ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ 5ŀǘŀCǊŀƳŜΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ʰˉʶˎʻʶʾʰˌ ˉˊʱ˅ʶʽˌΦ 
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ɾʽʰ ʶ˄ʰ˂˂ʰˁˍʽˁʺΣ ˉʽˇ ˒ʽ˂ʽˁʺ ˉˊˇˌ ˍˇ ˃ʱˍʽ όǎǇǊŜŀŘǎƘŜŜǘ-ǎǘȅƭŜύ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ˇ˃ʰʵˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ 

ˍʰ tƛǾƻǘ ¢ŀōƭŜǎ όɼΦ пΦмΦмфύΦ 

ʢ ǑǶǼǹǿȅȁǲȎǯ ȀȎǽǯǺǯ ǼǴ ǲȁǯǼǼȌȃ Ȅǯ ǗǯȄǯȂȄȍǼǯȄǯƗ ȂȄȍǻǴȃ Ȅǯ ǝȁǿȏȑǽȄǯ Ǻǯǹ ȄǹǼȌȃ Ȅǿ 
ȋǷȁǿǹȂǼǯ ǝȊǻȍȂǴȊǽ 
pivot = df . pivot_table ( values =' ɄɤɚɐůŮɘɠ' ,   

                       index =' ȾŬŰɎůŰɖɛŬ' ,   

                       columns =' Ʉɟɞɥɧɜ' ,   

                       aggfunc ='sum' ,   

                       fill_value =0)  # ȸɎɕŮɘ 0 ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ˊɩɚɖůɖ 
YΦ пΦмΦмф ɲʹ˃ʽˇˎˊʴʾʰ tƛǾƻǘ ¢ŀōƭŜ 

4.1.2.1 /ŀǎŜ {ǘǳŘȅΥ ɮ˄ʱ˂ˎˋʹ ɳˉʽʵˈˋʶ˖˄ ʊˇʽˍʹˍ˗˄ 

ʅʶ ʰˎˍˈ ˍˇ ˋʶ˄ʱˊʽˇΣ ʷ˔ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˃ʽʰ ˉʰ˄ʶˉʽˋˍʹ˃ʽʰˁʺ ˋ˔ˇ˂ʺΦ ʅˍˈ˔ˇˌ ˃ʰˌ ʶʾ˄ʰʽ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺ ʴʽʰ ˄ʰ ˁʰˍʰ˄ˇʺˋˇˎ˃ʶ ˍʹ˄ ʰˉˈʵˇˋʹ ˍ˖˄ ˒ˇʽˍʹˍ˗˄Σ ˍʹ 

ˋˎ˄ʷˉʶʽʱ ˍˇˎˌ ˁʰʽ ˍʹ ˋ˔ʷˋʹ ˍ˖˄ ˖ˊ˗˄ ˃ʶ˂ʷˍʹˌ ˃ʶ ˍˇ˄ ʲʰʻ˃ˈ ˍˇˎˌΦ ɸʰ ˁʰˍʰˋˁʶˎʱˋˇˎ˃ʶ ʷ˄ʰ 

5ŀǘŀCǊŀƳŜ ˃ʶ млл ˒ˇʽˍʹˍʷˌ όYΦ пΦмΦнлύ ˍˇ ˇˉˇʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ 

¶ ʊˏ˂ˇ όDŜƴŘŜǊύΥ ɼʰˍʹʴˇˊʽˁʺ ˃ʶˍʰʲ˂ʹˍʺΦ 
¶ ʆ˃ʺ˃ʰ όaŀƧƻǊύΥ /{ όʃ˂ʹˊˇ˒ˇˊʽˁʺύΣ aŀǘƘ όɾʰʻʹ˃ʰˍʽˁʱύΣ tƘȅǎƛŎǎ όʊˎˋʽˁʺύΦ 
¶ ʎˊʶˌ ɾʶ˂ʷˍʹˌ ό{ǘǳŘȅψIƻǳǊǎύΥ ʃˇˋˇˍʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ό˗ˊʶˌκʶʲʵˇ˃ʱʵʰύΦ 
¶ ʆʶ˂ʽˁˈˌ ɰʰʻ˃ˈˌ όDǊŀŘŜύΥ ʃˇˋˇˍʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ όл-10). 

import  pandas as  pd 

import  numpy as  np 

 

# Ʌɨɗɛɘůɖ seed ɔɘŬ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ 

np . random . seed ( 42)  

 

# ȹɖɛɘɞɡɟɔɑŬ ŭŮŭɞɛɏɜɤɜ 

n = 100  

data = {  

    'Student_ID' :  range ( 1,  n + 1),  

    'Gender' :  np . random . choice ([ 'Male' ,  'Female' ],  n),  

    'Major' :  np . random . choice ([ 'CS' ,  'Math' ,  'Physics' ],  n),  

    'Study_Hours' :  np . random . randint ( 1,  30 ,  n),   # ȵɟŮɠ ɛŮɚɏŰɖɠ Ŭˊɧ 1 ɏɤɠ 

30 

    'Grade' :  np . round ( np . random . normal ( 6.5 ,  1.5 ,  n),  1)  # ȾŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ 

ɛŮ ɛ=6.5, ů=1.5 

}  

 

df = pd . DataFrame ( data )  

 

# ȹɘɧɟɗɤůɖ ɓŬɗɛɩɜ ŮəŰɧɠ ɞɟɑɤɜ (0- 10)  

df [ 'Grade' ]  = df [ 'Grade' ]. clip ( 0,  10)  

YΦ пΦмΦнл 5ŀǘŀCǊŀƳŜ ˃ʶ млл ˒ˇʽˍʹˍʷˌ 

ʃˊʽ˄ ˋˉʱˋˇˎ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ˇ˃ʱʵʶˌΣ ˁˇʽˍʱ˃ʶ ˍʹ Ϧ˃ʶʴʱ˂ʹ ʶʽˁˈ˄ʰϦ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˁʶ˄ˍˊʽˁʷˌ 

ˍʱˋʶʽˌ ˁʰʽ ˉʽʻʰ˄ʱ ˂ʱʻʹ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ ŘŜǎŎǊƛōŜ ˍˇˎ 5ŀǘŀŦǊŀƳŜ όǇǊƛƴǘόŘŦΦŘŜǎŎǊƛōŜόύύΦ 

ʆʽ ˉʰˊʰˍʹˊˇˏ˃ʶ ʶʵ˗Υ 
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1. Mean vs Median (50%): ɮ˄ ˇ ɾʷˋˇˌ ʂˊˇˌ όƳŜŀƴύ ˍˇˎ ɰʰʻ˃ˇˏ ʶʾ˄ʰʽ ˉˇ˂ˏ ˁˇ˄ˍʱ ˋˍʹ ɲʽʱ˃ʶˋˇ 

όрл҈ύΣ ʹ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈˍʰˍʰ ˋˎ˃˃ʶˍˊʽˁʺΦ ɮ˄ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʵʽʰ˒ˇˊʱΣ ʷ˔ˇˎ˃ʶ 

˂ˇ˅ˈˍʹˍʰΦ 

2. {ǘŘ όʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹύΥ ɾʰˌ ʵʶʾ˔˄ʶʽ ˉˈˋˇ Ϧʰˉ˂˖˃ʷ˄ˇʽϦ ʶʾ˄ʰʽ ˇʽ ʲʰʻ˃ˇʾΦ ɾʽʰ ˃ʶʴʱ˂ʹ ˍˎˉʽˁʺ 

ʰˉˈˁ˂ʽˋʹ ˋʹ˃ʰʾ˄ʶʽ ˃ʶʴʱ˂ʶˌ ʰ˄ʽˋˈˍʹˍʶˌ ˋˍʹ˄ ʰˉˈʵˇˋʹΦ 

3. Min/Max:  ɳ˂ʷʴ˔ˇˎ˃ʶ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˉʰˊʱ˂ˇʴʶˌ ˍʽ˃ʷˌ όˉΦ˔Φ ʲʰʻ˃ˈˌ -м ʺ мрύΦ 

ʆˇ ˉʽˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʶˊ˗ˍʹ˃ʰ ˋˍˇ ˉʰˊʱʵʶʽʴ˃ʱ ˃ʰˌ ʶʾʰ˄ʽΥ ζʃˇʽˇ ˍ˃ʺ˃ʰ ʷ˔ʶʽ ˍˇˎˌ ˁʰ˂ˏˍʶˊˇˎˌ ˒ˇʽˍʹˍʷˌ 

ˁʰʽ ˉˇʽˇ ˍˇˎˌ ˉʽˇ ˋˎ˄ʶˉʶʾˌΤηΦ ɸʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ƎǊƻǳǇōȅ ˃ʰʸʾ ˃ʶ ˍʹ˄ ŀƎƎ ʴʽʰ ˄ʰ ˉʱˊˇˎ˃ʶ 

ˍʰˎˍˈ˔ˊˇ˄ʰ ˍˇ˄ ˃ʷˋˇ ˈˊˇ όʶˉʾʵˇˋʹύ ˁʰʽ ˍʹ˄ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ όˋˎ˄ʷˉʶʽʰύ όɼΦ пΦмΦнмύΦ 

dept_stats = df . groupby ( 'Major' )[ 'Grade' ]. agg ([ 'mean' ,  'median' ,  'std' ,  

'count' ])  

print ( dept_stats )  

ɼΦ пΦмΦнм ʋˊʺˋʹ ƎǊƻǳǇōȅ ˃ʰʸʾ ˃ʶ ˍʹ˄ ŀƎƎ 

¶ ɮ˄ ˍˇ /{ ʷ˔ʶʽ ˎ˕ʹ˂ˈˍʶˊˇ ƳŜŀƴ ʰ˂˂ʱ ˁʰʽ ˎ˕ʹ˂ˈˍʶˊˇ ǎǘŘ ʰˉˈ ˍˇ aŀǘƘΣ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˇ /{ ʷ˔ʶʽ 

ʴʶ˄ʽˁʱ ˁʰ˂ˏˍʶˊˇˎˌ ʲʰʻ˃ˇˏˌΣ ʰ˂˂ʱ ʷ˔ʶʽ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ˔ʱˋ˃ʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰˊʽˋˍˇˏ˔˖˄ ˁʰʽ 

ˍ˖˄ ʰʵˏ˄ʰ˃˖˄ ˒ˇʽˍʹˍ˗˄Φ 

¶ ʆˇ ˍ˃ʺ˃ʰ ˃ʶ ˍˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ǎǘŘ ʶʾ˄ʰʽ ˍˇ ˉʽˇ Ϧˇ˃ˇʽˇʴʶ˄ʷˌϦ όˇʽ ˒ˇʽˍʹˍʷˌ ʷ˔ˇˎ˄ ˉʰˊˈ˃ˇʽʶˌ 

ʶˉʽʵˈˋʶʽˌύΦ 

ʁʽ Ϧʎˊʶˌ ɾʶ˂ʷˍʹˌϦ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺˌ ˃ʶˍʰʲ˂ʹˍʺΦ ɱʽʰ ˄ʰ ʲʴʱ˂ˇˎ˃ʶ ˋˎ˃ˉʷˊʰˋ˃ʰΣ ʲˇ˂ʶˏʶʽ ˄ʰ ˍʽˌ 

ˇ˃ʰʵˇˉˇʽʺˋˇˎ˃ʶ ˋʶ ˁʰˍʹʴˇˊʾʶˌ ό[ƻǿΣ aŜŘƛǳƳΣ IƛƎƘύΦ ɮˎˍˈ ˂ʷʴʶˍʰʽ .ƛƴƴƛƴƎ όɼΦ пΦмΦннύΦ 

# ȹɖɛɘɞɡɟɔɑŬ əŬŰɖɔɞɟɘɩɜ ɛŮɚɏŰɖɠ 

bins = [ 0,  10 ,  20 ,  30 ]  

labels = [ 'ȿɑɔɞ (0- 10)' ,  'ɀɏŰɟɘŬ (10- 20)' ,  'Ʉɞɚɨ (20- 30)' ]  

 

df [ 'Effort' ]  = pd . cut ( df [ 'Study_Hours' ],  bins =bins ,  labels =labels )  

 

# ɃɛŬŭɞˊɞɑɖůɖ ɓɎůŮɘ ˊɟɞůˊɎɗŮɘŬɠ 

effort_grade = df . groupby ( 'Effort' )[ 'Grade' ]. mean()  

print ( effort_grade )  

ɼΦ пΦмΦнн .ƛƴƴƛƴƎ 

ɳʵ˗ ˉʶˊʽ˃ʷ˄ˇˎ˃ʶ ό˂ˇʴʽˁʱύ ˄ʰ ʵˇˏ˃ʶ ˈˍʽ ˈˋˇ ʰˎ˅ʱ˄ʶˍʰʽ ʹ ˁʰˍʹʴˇˊʾʰ ˉˊˇˋˉʱʻʶʽʰˌΣ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰʽ ˇ 

˃ʷˋˇˌ ʲʰʻ˃ˈˌΦ ɮˎˍˈ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˉˇˋˇˍʽˁʱ ˍʹ ˋ˔ʷˋʹ ʰʽˍʾˇˎ-ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌΦ 

ɮˌ ˒ˍʽʱ˅ˇˎ˃ʶ ˍ˗ˊʰ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ όtƛǾƻǘύ ˉˇˎ ʵʶʾ˔˄ʶʽ ˍˇ˄ ˃ʷˋˇ ʲʰʻ˃ˈ ʰ˄ʱ ʆ˃ʺ˃ʰ όʴˊʰ˃˃ʷˌύ ˁʰʽ ʰ˄ʱ 

ʊˏ˂ˇ όˋˍʺ˂ʶˌύ όɼΦ пΦмΦноύΦ 
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pivot = df . pivot_table ( values ='Grade' ,   

                       index ='Major' ,   

                       columns ='Gender' ,   

                       aggfunc ='mean' )  

print ( pivot )  

ɼΦ пΦмΦно tƛǾƻǘ ¢ŀōƭŜ 

ɮˎˍˈˌ ˇ ˉʾ˄ʰˁʰˌ ˃ʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˋˎʴˁˊʾˋʶʽˌ ˉˇ˂˂ʰˉ˂˗˄ ʶˉʽˉʷʵ˖˄ ˃ʶ ˃ʽʰ ˃ʰˍʽʱ όˉΦ˔Φ Ϧʃ˗ˌ 

ˍʰ ˉʱ˄ʶ ˇʽ ʴˎ˄ʰʾˁʶˌ ˋˍˇ ˍ˃ʺ˃ʰ ʊˎˋʽˁʺˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ʱ˄ʵˊʶˌ ˋˍˇ ˍ˃ʺ˃ʰ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌΤϦύΦ 

ʅˍˇ ʶˊ˗ˍʹ˃ʰ Ϧʃˇʽˇʽ ʶʾ˄ʰʽ ˇʽ ˒ˇʽˍʹˍʷˌ ˉˇˎ ʰˉˇˁ˂ʾ˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱΤ ϦΣ ʻʰ ˇˊʾˋˇˎ˃ʶ ˖ˌ ʰˁˊʱʽʶˌ ˍʽ˃ʷˌ 

όhǳǘƭƛŜǊǎύ ˍˇˎˌ ʲʰʻ˃ˇˏˌ ˉʱ˄˖ ʺ ˁʱˍ˖ ʰˉˈ н ˍˎˉʽˁʷˌ ʰˉˇˁ˂ʾˋʶʽˌ ʰˉˈ ˍˇ˄ ˃ʷˋˇ ˈˊˇ όɼΦ пΦмΦнпύΦ 

mean_grade = df [ 'Grade' ]. mean()  

std_grade = df [ 'Grade' ]. std ()  

 

# ȳɟɘɞ: Mean Ñ 2 * Std 

upper_bound = mean_grade + 2 *  std_grade  

lower_bound = mean_grade -  2 *  std_grade  

 

outliers = df [( df [ 'Grade' ]  > upper_bound )  |  ( df [ 'Grade' ]  < lower_bound )]  

 

print ( f" ȳɟɘŬ: { lower_bound :.2f} -  { upper_bound :.2f}" )  

print ( "ūɞɘŰɖŰɏɠ ɛŮ ŬəɟŬɑŮɠ ŮˊɘŭɧůŮɘɠ: \ n" ,  outliers [[ 'Student_ID' ,  'Major' ,  

'Grade' ]])  

ɼΦ пΦмΦнп ɳˏˊʶˋʹ ʰˁˊʱʽ˖˄ ˍʽ˃˗˄ 

4.1.3. ɶ ɰʽʲ˂ʽˇʻʺˁʹ ǎǘŀǘƛǎǘƛŎǎ 

ɾʷ˔ˊʽ ˍ˗ˊʰ ʶʾʵʰ˃ʶ ˉ˗ˌ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ ˍˇ tŀƴŘŀǎΦ ʍˋˍˈˋˇΣ ʹ tȅǘƘƻƴ ʷˊ˔ʶˍʰʽ ˃ʶ 

˃ʽʰ Ϧˉˊˈˍˎˉʹ ʲʽʲ˂ʽˇʻʺˁʹϦ ό{ǘŀƴŘŀǊŘ [ƛōǊŀǊȅύ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ƳƻŘǳƭŜ ǎǘŀǘƛǎǘƛŎǎΦ 

ɳʾ˄ʰʽ ʹ ʽʵʰ˄ʽˁʺ ˂ˏˋʹ ˈˍʰ˄Υ 

1. ɲˇˎ˂ʶˏˇˎ˃ʶ ˃ʶ ʰˉ˂ʷˌ ˂ʾˋˍʶˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˈ˔ʽ ˃ʶ ˉˇ˂ˏˉ˂ˇˁʰ 5ŀǘŀCǊŀƳŜǎΦ 

2. ɲʶ˄ ʻʷ˂ˇˎ˃ʶ ʺ ʵʶ˄ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶʴˁʰˍʰˋˍʺˋˇˎ˃ʶ ʲʰˊʽʷˌ ʲʽʲ˂ʽˇʻʺˁʶˌ ˈˉ˖ˌ ˍˇ 

Pandas/NumPy. 

3. ʋˊʶʽʰʸˈ˃ʰˋˍʶ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰ ˋʶ ʵʶˁʰʵʽˁʱ ˕ʹ˒ʾʰ όʹ ǎǘŀǘƛǎǘƛŎǎ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˁʰ˂ˏˍʶˊʰ ˍʰ 

ˋ˒ʱ˂˃ʰˍʰ ˋˍˊˇʴʴˎ˂ˇˉˇʾʹˋʹˌ ʰˉˈ ˍʰ ŦƭƻŀǘǎύΦ 

ɮˌ ʵˇˏ˃ʶ ˉ˗ˌ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍˇ˄ ˃ʷˋˇ ˈˊˇΣ ˍʹ˄ ʵʽʱ˃ʶˋˇ ˁʰʽ ˍʹ˄ ʶˉʽˊʰˍˇˏˋʰ ˍʽ˃ʺ όYΦ пΦмΦнрύΦ 

import statistics  

 

# ȰɜŬ Ŭˊɚɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ (ɚɑůŰŬ) 

data = [ 15 ,  18 ,  20 ,  20 ,  22 ,  25 ,  35 ]  

 

# 1. ɀɏůɞɠ ȳɟɞɠ (Mean)  

mean_val = statistics . mean( data )  

print ( f" ɀɏůɞɠ ȳɟɞɠ: { mean_val }" )  
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# 2. ȹɘɎɛŮůɞɠ (Median)  

median_val = statistics . median ( data )  

print ( f" ȹɘɎɛŮůɞɠ: { median_val }" )  

 

# 3. ȺˊɘəɟŬŰɞɨůŬ ɇɘɛɐ (Mode) 

# Ʉɟɞůɞɢɐ: ȷɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚɏɠ, ŮˊɘůŰɟɏűŮɘ Űɖɜ ˊɟɩŰɖ ˊɞɡ ůɡɜŬɜŰɎ (ůŮ 

ˊŬɚɘɧŰŮɟŮɠ ŮəŭɧůŮɘɠ) 

# ɐ ˊŮŰɎŮɘ ůűɎɚɛŬ. ɆŰɘɠ ɜɏŮɠ ŮəŭɧůŮɘɠ (Python 3.8+) ɡˊɎɟɢŮɘ Űɞ multimode. 

mode_val = statistics . mode( data )  

print (f"ȺˊɘəɟŬŰɞɨůŬ ɇɘɛɐ: {mode_val }" )  
ɼΦ пΦмΦнр ɳˏˊʶˋʹ ˃ʷˋˇˎ ˈˊˇˎΣ ʵʽʱ˃ʶˋˇˎ ˁʰʽ ʶˉʽˁˊʰˍˇˏˋʰˌ ˍʽ˃ʺˌ 

ɶ ʲʽʲ˂ʽˇʻʺˁʹ ˁʱ˄ʶʽ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ʵʶʾʴ˃ʰˍˇˌ ό{ŀƳǇƭŜύ ˁʰʽ ˉ˂ʹʻˎˋ˃ˇˏ όtƻǇǳƭŀǘƛƻƴύΦ ɮˎˍˈ ʶʾ˄ʰʽ 

ˋʹ˃ʰ˄ˍʽˁˈ ʴʽʰˍʾ ˇ ˃ʰʻʹ˃ʰˍʽˁˈˌ ˍˏˉˇˌ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ʵʽʰ˒ʷˊʶʽ ʶ˂ʰ˒ˊ˗ˌΣ ʵʹ˂ʰʵʺ ʵʽʰʽˊˇˏ˃ʶ 

˃ʶ ƴ-м ˋˍˇ ʵʶʾʴ˃ʰ ˁʰʽ ˃ʶ ƴ ˋˍˇ˄ ˉ˂ʹʻˎˋ˃ˈΣ ˈˉˇˎ ƴ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˍʹ˄ ˉʶˊʽʴˊʰ˒ʽˁʺ 

ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʺʻ˖ˌ ʵˇˎ˂ʶˏˇˎ˃ʶ ˃ʶ ʵʶʾʴ˃ʰˍʰΣ ʱˊʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ǎǘŘŜǾ ʴʽʰ ˍˇ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˁʰʽ ǾŀǊƛŀƴŎŜ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌ όYΦ пΦмΦнсύΥ 

# 1. ɇɡˊɘəɐ ȷˊɧəɚɘůɖ ȹŮɑɔɛŬŰɞɠ (Sample Standard Deviation)  

st_dev = statistics . stdev ( data )  

print ( f" ɇɡˊɘəɐ ȷˊɧəɚɘůɖ: { st_dev :.2f}" )  

 

# 2. ȹɘŬəɨɛŬɜůɖ ȹŮɑɔɛŬŰɞɠ (Sample Variance)  

variance = statistics . variance ( data )  

print ( f" ȹɘŬəɨɛŬɜůɖ: { variance :.2f}" )  

ɼΦ пΦмΦнс  ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˁʰʽ ʵʽʰˁˏ˃ʰ˄ˋʹˌ 

ʅʹ˃ʶʾ˖ˋʹΥ ɮ˄ ʷ˔ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˉ˂ʹʻˎˋ˃ˈΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʽˌ ǇǎǘŘŜǾόύ ˁʰʽ 

pvariance(). 

ʅˎ˔˄ʱ ˃ʽʰ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ Ϧʵʽˁˈˊˎ˒ʹϦ όōƛƳƻŘŀƭύΣ ʵʹ˂ʰʵʺ ʷ˔ʶʽ ʵˏˇ ʰˊʽʻ˃ˇˏˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ 

ʶ˅ʾˋˇˎ ˋˎ˔˄ʱΦ ɶ ˁ˂ʰˋʽˁʺ ƳƻŘŜόύ ˃ˉˇˊʶʾ ˄ʰ ˃ˉʶˊʵʶˎˍʶʾΦ ɶ ƳǳƭǘƛƳƻŘŜόύ ˂ˏ˄ʶʽ ʰˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ 

ʶˉʽˋˍˊʷ˒ˇ˄ˍʰˌ ˂ʾˋˍʰ όɼΦ пΦмΦнтύΦ 

bimodal_data = [ 1,  2,  2,  3,  4,  4,  5]  

 

# ȺˊɘůŰɟɏűŮɘ ɚɑůŰŬ ɛŮ ɧɚŮɠ Űɘɠ ŮˊɘəɟŬŰɞɨůŮɠ Űɘɛɏɠ 

modes = statistics . multimode ( bimodal_data )   

print (f"ȺˊɘəɟŬŰɞɨůŮɠ ɇɘɛɏɠ: {modes}" )   # ŪŬ ŰɡˊɩůŮɘ [2, 4] 

 

ɼΦ пΦмΦнт  ʋˊʺˋʹ ˍʹˌ ƳǳǘƛƳƻŘŜ 
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4.2. ʃʶˊʽʴˊʰ˒ʽˁʺ ʅˍʰˍʽˋˍʽˁʺΥ ʁˉˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ  

ɮ˄ ʹ ʃˇˋˇˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ ʶʾ˄ʰʽ ʹ Ϧ˂ˇʴʽˁʺϦ ˍʹˌ ʅˍʰˍʽˋˍʽˁʺˌΣ ʹ ʁˉˍʽˁʺ ʃˊˇˋʷʴʴʽˋʹ ʶʾ˄ʰʽ ʹ ϦʵʽʰʾˋʻʹˋʺϦ 

ˍʹˌΦ ʅˎ˔˄ʱΣ ˇʽ ʰˊʽʻ˃ʹˍʽˁˇʾ ʵʶʾˁˍʶˌ όɾʷˋˇˌ ʂˊˇˌΣ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹύ ʵʶ˄ ʰˊˁˇˏ˄ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˄ 

ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʶʽˁˈ˄ʰΦ ɴ˄ʰ ˁ˂ʰˋʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ˍˇ !ƴǎŎƻƳōŜϥǎ vǳŀǊǘŜǘΥ ˍʷˋˋʶˊʰ ʵʽʰ˒ˇˊʶˍʽˁʱ 

ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʰˁˊʽʲ˗ˌ ˍˇ˄ ʾʵʽˇ ˃ʷˋˇ ˈˊˇ ˁʰʽ ʵʽʰˁˏ˃ʰ˄ˋʹΣ ʰ˂˂ʱ ʰ˄ ˍʰ ˋ˔ʶʵʽʱˋˇˎ˃ʶ 

ˋʶ ʴˊʱ˒ʹ˃ʰΣ ʶ˃˒ʰ˄ʾʸˇˎ˄ ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ 

ɶ ʁˉˍʽˁˇˉˇʾʹˋʹ ɲʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀ ±ƛǎǳŀƭƛȊŀǘƛƻƴύ ˃ʰˌ ʶˉʽˍˊʷˉʶʽΥ 

1. ɿʰ ʰ˄ˍʽ˂ʹ˒ʻˇˏ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

2. ɿʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˃ˇˍʾʲʰ ˁʰʽ ˋˎˋ˔ʶˍʾˋʶʽˌ ˉˇˎ ˁˊˏʲˇ˄ˍʰʽ ˋˍˇˎˌ ˉʾ˄ʰˁʶˌΦ 

3. ɿʰ ʰ˄ʰˁʰ˂ˏ˕ˇˎ˃ʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όƻǳǘƭƛŜǊǎύ ˁʰʽ ˋ˒ʱ˂˃ʰˍʰ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 

ʅˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ˍʹˌ tȅǘƘƻƴΣ ʷ˔ˇˎ˃ʶ ˍˊʾʰ ʲʰˋʽˁʱ ʶˊʴʰ˂ʶʾʰΣ ˍˇ ˁʰʻʷ˄ʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˊˈ˂ˇΥ 

1. Matplotlib (matplotlib.pyplot).  ɳʾ˄ʰʽ ʹ Ϧ˃ʹˍʷˊʰϦ ˈ˂˖˄ ˍ˖˄ ʴˊʰ˒ʽˁ˗˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˋˍʹ˄ 

tȅǘƘƻƴΦɶ ʲʽʲ˂ʽˇʻʺˁʹ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʶˎʷ˂ʽˁˍʹ ˁʰʽ ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʱʻʶ ˂ʶˉˍˇ˃ʷˊʶʽʰˌ 

(pixel-ǇŜǊŦŜŎǘύΦ ɮˉʰʽˍʶʾ ˈ˃˖ˌ ʰˊˁʶˍʷˌ ʴˊʰ˃˃ʷˌ ˁ˗ʵʽˁʰ ʴʽʰ ˄ʰ ʴʾ˄ʶʽ ʷ˄ʰ ʴˊʱ˒ʹ˃ʰ ˈ˃ˇˊ˒ˇ ˁʰʽ 

ˉʰˊˇˎˋʽʱˋʽ˃ˇΦ 

2. Seaborn (seaborn). ɳʾ˄ʰʽ ˔ˍʽˋ˃ʷ˄ʹ Ϧˉʱ˄˖Ϧ ˋˍʹ aŀǘǇƭƻǘƭƛōΣ ʰ˂˂ʱ ˋ˔ʶʵʽʰˋ˃ʷ˄ʹ ʶʽʵʽˁʱ ʴʽʰ 

ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ ʃʰˊʱʴʶʽ ˉʰ˄ʷ˃ˇˊ˒ʰ  ˔ˊ˗˃ʰˍʰΣ ˋˎ˄ʶˊʴʱʸʶˍʰʽ ʱ˕ˇʴʰ ˃ʶ ˍˇ tŀƴŘŀǎΣ 

ʵʹ˃ʽˇˎˊʴʶʾ ˉˇ˂ˏˉ˂ˇˁʰ ˋˍʰˍʽˋˍʽˁʱ ʴˊʰ˒ʺ˃ʰˍʰ ˃ʶ ˃ʾʰ ʶ˄ˍˇ˂ʺΦ 

3. Plotly (plotly.express). ɶ ʲʽʲ˂ʽˇʻʺˁʹ ˍʹˌ ˄ʷʰˌ ʶˉˇ˔ʺˌ ˉˇˎ ˉˊˇˋʻʷˍʶʽ ˍʹ ʵʽʰʵˊʰˋˍʽˁˈˍʹˍʰ 

όƛƴǘŜǊŀŎǘƛǾƛǘȅύΦ ʆʰ ʴˊʰ˒ʺ˃ʰˍʰ ʵʶ˄ ʶʾ˄ʰʽ ʰˉ˂ʷˌ ʶʽˁˈ˄ʶˌΦ ɾˉˇˊˇˏ˃ʶ ˄ʰ ˁʱ˄ˇˎ˃ʶ ½ƻƻƳΣ tŀƴΣ ˁʰʽ 

IƻǾŜǊ ό˄ʰ ʲ˂ʷˉˇˎ˃ʶ ˍʽ˃ʷˌ ˉʶˊ˄˗˄ˍʰˌ ˍˇ ˉˇ˄ˍʾˁʽύΦ ɶ ʶ˄ ˂ˈʴ˖ ʲʽʲ˂ʽˇʻʺˁʹ ʶʾ˄ʰʽ ʽɹʵʰ˄ʽˁʺ ʴʽʰ 

5ŀǎƘōƻŀǊŘǎΣ ˉʰˊˇˎˋʽʱˋʶʽˌ ˋʶ ˇʻˈ˄ʹ ˁʰʽ ʶ˅ʶˊʶˏ˄ʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ό9ȄǇƭƻŀǊŀǘƻǊȅ 5ŀǘŀ !ƴŀƭȅǎƛǎύ 

ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʶʴʴˊʰ˒˗˄Φ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʻʰ ˃ʱʻˇˎ˃ʶ ˄ʰ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ˁʰʽ ˄ʰ ʶˊ˃ʹ˄ʶˏˇˎ˃ʶΥ 

1. ɱˊʰ˃˃ʽˁʱ ɲʽʰʴˊʱ˃˃ʰˍʰ ό[ƛƴŜ tƭƻǘǎύΥ ɱʽʰ ˍʹ˄ ʰˉʶʽˁˈ˄ʽˋʹ ˍʱˋʶ˖˄ ˁʰʽ ˃ʶˍʰʲˇ˂˗˄ ˋˍˇ ˔ˊˈ˄ˇ 

(Time Series). 

2. ɹˋˍˇʴˊʱ˃˃ʰˍʰ όIƛǎǘƻƎǊŀƳǎύΥ ɱʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ 
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3. ɸʹˁˇʴˊʱ˃˃ʰˍʰ ό.ƻȄǇƭƻǘǎύΥ ɱʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ˁʰˍʰ˄ˇ˃˗˄ ˁʰʽ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ hǳǘƭƛŜǊǎΦ 

4. ʄʰʲʵˇʴˊʱ˃˃ʰˍʰ ό.ŀǊ tƭƻǘǎύΥ ɱʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰˍʹʴˇˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

5. ɲʽʰʴˊʱ˃˃ʰˍʰ ɲʽʰˋˉˇˊʱˌ ό{ŎŀǘǘŜǊ tƭƻǘǎύΥ ɱʽʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˋ˔ʷˋʶ˖˄ ˃ʶˍʰ˅ˏ ʵˏˇ 

˃ʶˍʰʲ˂ʹˍ˗˄Φ 

6. ɸʶˊ˃ʽˁʱ ɲʽʰʴˊʱ˃˃ʰˍʰ ʅˎˋ˔ʷˍʽˋʹˌΥ ɱʽʰ ˍʹ˄ ˇˉˍʽˁˇˉˇʾʹˋʹ ˉʽ˄ʱˁ˖˄ ˋˎˋ˔ʷˍʽˋʹˌΦ 

4.2.1. ɳʽˋʰʴ˖ʴʺ ˋˍʰ ɳˊʴʰ˂ʶʾʰ ʁˉˍʽˁˇˉˇʾʹˋʹˌ 

ʃˊʽ˄ ˅ʶˁʽ˄ʺˋˇˎ˃ʶ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˉˊʷˉʶʽ ˄ʰ ˉˊˇʶˍˇʽ˃ʱˋˇˎ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʰˌΦ ʅˍʹ˄ 

tȅǘƘƻƴ ʵʶ˄ ˎˉʱˊ˔ʶʽ Ϧʷ˄ʰˌ ˋ˖ˋˍˈˌ ˍˊˈˉˇˌϦ ʴʽʰ ˄ʰ ˒ˍʽʱ˅ʶʽˌ ʷ˄ʰ ʴˊʱ˒ʹ˃ʰΦ ʇˉʱˊ˔ˇˎ˄ ˍˊʾʰ ˁˏˊʽʰ 

ʶˊʴʰ˂ʶʾʰΣ ˍˇ ˁʰʻʷ˄ʰ ˃ʶ ˍʹ ʵʽˁʺ ˍˇˎ ˒ʽ˂ˇˋˇ˒ʾʰΦ ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʻʰ ˒ˇˊˍ˗ˋˇˎ˃ʶ ˍʽˌ ʲʽʲ˂ʽˇʻʺˁʶˌ 

ˁʰʽ ʻʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ˍˇ ʾʵʽˇ ʰˁˊʽʲ˗ˌ ʴˊʱ˒ʹ˃ʰ ˁʰʽ ˃ʶ ˍˇˎˌ ˍˊʶʽˌ ˍˊˈˉˇˎˌ ʴʽʰ ˄ʰ ˁʰˍʰ˄ˇʺˋˇˎ˃ʶ 

ˍʽˌ ʵʽʰ˒ˇˊʷˌΦ ʁ ˁ˗ʵʽˁʰˌ ɼΦ пΦнΦм ʶʾ˄ʰʽ ˍˇ ʶʽˋʰʴ˖ʴʽˁˈ ˁˇ˃˃ʱˍʽ ˁ˗ʵʽˁʰ ˉˇˎ ʻʰ ˍˊʷ˔ˇˎ˃ʶ ˉʱ˄ˍʰ ˋˍʹ˄ 

ʰˊ˔ʺ ˁʱʻʶ ˋʹ˃ʶʽ˖˃ʰˍʱˊʽˇˎ ʴʽʰ ˍʹ˄ ʶ˄ ˂ˈʴ˖ ʶ˄ˈˍʹˍʰΦ 

import  pandas as  pd 

import  numpy as  np 

import  matplotlib . pyplot as  plt  

import  seaborn as  sns  

import  plotly . express as  px  

 

# Ʌɨɗɛɘůɖ Űɞɡ Seaborn ɔɘŬ ˊɘɞ ɧɛɞɟűŬ (modern) ɔɟŬűɐɛŬŰŬ Ŭˊɧ ˊɟɞŮˊɘɚɞɔɐ 

sns . set_theme ( style ="whitegrid" )   

 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Ŭˊɚɞɨ DataFrame ɔɘŬ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

# ȹŮŭɞɛɏɜŬ: ɄɤɚɐůŮɘɠ Ůɜɧɠ əŬŰŬůŰɐɛŬŰɞɠ ɔɘŬ 5 ɖɛɏɟŮɠ 

df = pd . DataFrame ({  

    'ȼɛɏɟŬ':  [ 'ȹŮɡ',  'ɇɟɘ',  'ɇŮŰ',  'ɄŮɛ',  'ɄŬɟ'],  

    'ɄɤɚɐůŮɘɠ':  [ 100 ,  150 ,  130 ,  200 ,  180 ]  

})  

ɼΦ пΦнΦм  ɳʽˋʰʴ˖ʴʽˁˈ ˁˇ˃˃ʱˍʽ ˁ˗ʵʽˁʰ ʴʽʰ ˍʰ ʴˊʰ˃˃ʽˁʱ ʵʽʰʴˊʱ˃˃ʰˍʰ 

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ ʲʽʲ˂ʽˇʻʺˁʹ ƳŀǘǇƭƻǘƭƛō ʶʾ˄ʰʽ ʹ ˉʽˇ ˁ˂ʰˋʽˁʺ ˃ʷʻˇʵˇˌ ʴʽʰ ˁʰˍʰˋˁʶˎʺ 

ʵʽʰʴˊʰ˃˃ʱˍ˖˄Φ ʃʰˊʰˍʹˊʺˋˍʶ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦпΦнΦнΣ ˈˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˃ʶ ʷ˄ʰ ʴˊʰ˃˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ, 

ˈˍʽ ˉˊʷˉʶʽ ˄ʰ ˇˊʾˋˇˎ˃ʶ ˔ʶʽˊˇˁʾ˄ʹˍʰ ˍˇˎˌ ˍʾˍ˂ˇˎˌ ˁʰʽ ˍʽˌ ʶˍʽˁʷˍʶˌΦ 

# 1. ȹɖɛɘɞɡɟɔɑŬ Űɞɡ ɢɩɟɞɡ (Figure) 

plt . figure ( figsize =( 8,  4))  

 

# 2. ɆɢŮŭɑŬůɖ (Plotting) 

plt . plot ( df [ 'ȼɛɏɟŬ'],  df [ 'ɄɤɚɐůŮɘɠ'],  color ='blue' ,  marker ='o' ,  

linestyle =' -- ' )  

 

# 3. ɀɞɟűɞˊɞɑɖůɖ (Formatting) 

plt . title ('ɄɤɚɐůŮɘɠ ȺɓŭɞɛɎŭŬɠ (Matplotlib)')  

plt . xlabel ('ȼɛɏɟŬ')  

plt . ylabel ('Ⱥɡɟɩ (ú)')  
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# 4. ȺɛűɎɜɘůɖ 

plt . show()  

ɼΦ пΦнΦн ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ ƳŀǘǇƭƻǘƭƛō 

 

ɳΦ пΦнΦн ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ ƳŀǘǇƭƻǘƭƛō 

ʆˇ ʵʽʱʴˊʰ˃˃ʰ ʶʾ˄ʰʽ ʷ˄ʰ ʰˉ˂ˈΣ ˋˍʰˍʽˁˈ ʴˊʱ˒ʹ˃ʰΦ ʁʽ ʴˊʰ˃˃ʷˌ ʶʾ˄ʰʽ ˂ʶˉˍʷˌΣ ˍˇ ˒ˈ˄ˍˇ ˂ʶˎˁˈ ˁʰʽ ʹ 

ʰʽˋʻʹˍʽˁʺ ʻˎ˃ʾʸʶʽ ˁ˂ʰˋʽˁʱ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ʵʽʰʴˊʱ˃˃ʰˍʰΦ ɮ˄ˍʾʻʶˍʰ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ ǎŜŀōƻǊƴ όYΦ пΦнΦоύ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ 5ŀǘŀCǊŀƳŜ ʰˉʶˎʻʶʾʰˌΦ ʁ ˁ˗ʵʽˁʰˌ ʶʾ˄ʰʽ ˉʽˇ ϦˁʰʻʰˊˈˌϦ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉʽˇ 

˃ˇ˄ˍʷˊ˄ˇ ˔˖ˊʾˌ ˁˈˉˇΦ 

# ȹŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɞɟɑůɞɡɛŮ figure size Ŭɜ ɛŬɠ əŬɚɨˊŰŮɘ Űɞ default,  

# ŬɚɚɎ ɛˊɞɟɞɨɛŮ Ŭɜ ɗɏɚɞɡɛŮ: 

plt . figure ( figsize =( 8,  4))  

 

# ȼ ŮɜŰɞɚɐ lineplot əɎɜŮɘ Űɖ ŭɞɡɚŮɘɎ 

sns . lineplot ( data =df ,  x=' ȼɛɏɟŬ' ,  y=' ɄɤɚɐůŮɘɠ' ,  marker ='o' ,  color ='green' ,  

linewidth =2.5 )  

 

plt . title ('ɄɤɚɐůŮɘɠ ȺɓŭɞɛɎŭŬɠ (Seaborn)')  

plt . show()  

ɼΦ пΦнΦо ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ 

 

ɳΦ пΦнΦо ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ 
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ʆ˗ˊʰ ʷ˔ˇˎ˃ʶ ʷ˄ʰ ˉʽˇ Ϧˊʰ˒ʽ˄ʱˍˇϦ ʴˊʱ˒ʹ˃ʰΦ ʇˉʱˊ˔ʶʽ ˉ˂ʷʴ˃ʰ όƎǊƛŘύ ˋˍˇ ˒ˈ˄ˍˇ ˉˇˎ ʲˇʹʻʱʶʽ ˋˍʹ˄ 

ʰ˄ʱʴ˄˖ˋʹ ˍ˖˄ ˍʽ˃˗˄Σ ʹ ʴˊʰ˃˃ʰˍˇˋʶʽˊʱ ʶʾ˄ʰʽ ˉʽˇ ˁʰʻʰˊʺ ˁʰʽ ˍʰ ˔ˊ˗˃ʰˍʰ ˉʽˇ ʰˉʰ˂ʱΦ ɾʶ ˍˇ Ǉƭƻǘƭȅ ʹ 

ʵʽʰ˒ˇˊʱ ˋˎʴˁˊʽˍʽˁʰ ˍʽˌ ʵˏˇ ˉˊˇʹʴˇˏ˃ʶ˄ˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹΦ ʁ ˁ˗ʵʽˁʰˌ ɼΦ пΦнΦп ʵʹ˃ʽˇˎˊʴʶʾ 

ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ŦƛƎ ˉˇˎ ʶʾ˄ʰʽ ʷ˄ʰ ʵʽʰʵˊʰˋˍʽˁˈ I¢a[ ǿƛŘƎŜǘΦ 

# ɇɞ Plotly Express (px) ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞ ɔɘŬ ŮɚɎɢɘůŰɞ əɩŭɘəŬ 

fig = px . line ( df ,   

              x=' ȼɛɏɟŬ' ,   

              y=' ɄɤɚɐůŮɘɠ' ,   

              title =' ɄɤɚɐůŮɘɠ ȺɓŭɞɛɎŭŬɠ (Plotly Interactive)' ,  

              markers =True )  # ȺɜŮɟɔɞˊɞɑɖůɖ əɞɡəəɑŭɤɜ 

 

# ɄɟɞŬɘɟŮŰɘəɧ: ȷɚɚɎɕɞɡɛŮ Űɞ ɧɜɞɛŬ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ˊɞɜŰɑəɘ 

fig . update_traces ( hovertemplate =' ɄɤɚɐůŮɘɠ: %{y}ú')  

 

fig . show()  

ɼΦ пΦнΦп ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ Ǉƭƻǘƭȅ 

 

ɳΦ пΦнΦп ɱˊʰ˃˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ˃ʶ Ǉƭƻǘƭȅ 

ʆˇ ʵʽʱʴˊʰ˃˃ʰ ʶ˃˒ʰ˄ʽˋʽʰˁʱ ˃ˇʽʱʸʶʽ ˃ʶ ʰˎˍˈ ˍˇˎ ǎŜŀōƻǊƴΣ ʰ˂˂ʱΥ 

1. ɮ˄ ˉʶˊʱˋʶˍʶ ˍˇ ˉˇ˄ˍʾˁʽ ˉʱ˄˖ ʰˉˈ ˍʽˌ ˁˇˎˁˁʾʵʶˌΣ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʷ˄ʰ ˁˇˎˍʱˁʽ ό¢ƻƻƭǘƛǇύ ˃ʶ ˍʹ˄ 

ʰˁˊʽʲʺ ˍʽ˃ʺΦ 

2. ʃʱ˄˖ ʵʶ˅ʽʱ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʽʰ ˃ˉʱˊʰ ʶˊʴʰ˂ʶʾ˖˄ ʴʽʰ ½ƻƻƳΣ tŀƴΣ 5ƻǿƴƭƻŀŘ ƛƳŀƎŜΦ 
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4.2.2. ɮ˄ʱ˂ˎˋʹ ɼʰˍʰ˄ˇ˃ʺˌ 

ɶ ʰ˄ʱ˂ˎˋʹ ˁʰˍʰ˄ˇ˃ʺˌ ʶʾ˄ʰʽ ˍˇ ˉˊ˗ˍˇ ˉˊʱʴ˃ʰ ˉˇˎ ˁʱ˄ˇˎ˃ʶ ˈˍʰ˄ ˂ʰ˃ʲʱ˄ˇˎ˃ʶ ʷ˄ʰ ˄ʷˇ ŘŀǘŀǎŜǘΦ ɾʰˌ 

ʲˇʹʻʱʶʽ ˄ʰ ˁʰˍʰ˂ʱʲˇˎ˃ʶ ʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ʶʾ˄ʰʽ ˋˎ˃˃ʶˍˊʽˁʱ όˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺύ ʺ ʰ˄ ʷ˔ˇˎ˄ 

˂ˇ˅ˈˍʹˍʰΣ ˁʰʻ˗ˌ ˁʰʽ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΦ 

ʆˇ ̔̀ ˍˈʴˊʰ˃˃ʰ όƘƛǎǘƻƎǊŀƳύ ˔˖ˊʾʸʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ˋʶ ϦˁʱʵˇˎˌϦ όōƛƴǎύ ˁʰʽ ˃ʶˍˊʱʶʽ ˉˈˋʶˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˉʷ˒ˍˇˎ˄ ˃ʷˋʰ ˋˍˇ˄ ˁʰʻʷ˄ʰΦ ʆˇ Y59 όYŜǊƴŜƭ 5Ŝƴǎƛǘȅ 9ǎǘƛƳŀǘŜύ ʶʾ˄ʰʽ ʹ ˂ʶʾʰ ʴˊʰ˃˃ʺ ˉˇˎ 

ʸ˖ʴˊʰ˒ʾʸʶˍʰʽ ˉʱ˄˖ ʰˉˈ ˍˇ ʽˋˍˈʴˊʰ˃˃ʰ ˁʰʽ ˃ʰˌ ʵʶʾ˔˄ʶʽ ˍʹ˄ ˍʱˋʹκˁʰ˃ˉˏ˂ʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ ɸʰ 

ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʵˏˇ ˍˎ˔ʰʾʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄Υ ʷ˄ʰ ˋˎ˃˃ʶˍˊʽˁˈ όʹ˂ʽˁʾʶˌ ʶ˄ʹ˂ʾˁ˖˄ύ ˁʰʽ ʷ˄ʰ ˃ʶ 

˂ˇ˅ˈˍʹˍʰ ό˃ʽˋʻˇʾΣ ˈˉˇˎ ˇʽ ˉʶˊʽˋˋˈˍʶˊˇʽ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ˇʾ ˁʰʽ ˂ʾʴˇʽ ʶʾ˄ʰʽ ˍʶˊʱˋˍʽˇʽύ όɼΦ пΦнΦрύΦ 

import  numpy as  np 

import  pandas as  pd 

import  seaborn as  sns  

import  matplotlib . pyplot as  plt  

 

sns . set_theme ( style ="whitegrid" )  

 

# 1. ȹɖɛɘɞɡɟɔɑŬ ȹŮŭɞɛɏɜɤɜ 

# ȾŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ (ˊ.ɢ. ȴɣɞɠ ɐ IQ) 

normal_data = np . random . normal ( loc =100 ,  scale =15 ,  size =1000 )  

 

# ȿɞɝɐ əŬŰŬɜɞɛɐ (ˊ.ɢ. ȺɘůɧŭɖɛŬ) -  ɉɟɖůɘɛɞˊɞɘɞɨɛŮ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ 

skewed_data = np . random . exponential ( scale =10 ,  size =1000 )  

 

df = pd . DataFrame ({  

    'IQ_Score' :  normal_data ,  

    'Income' :  skewed_data  

})  

 

# 2. ȹɖɛɘɞɡɟɔɑŬ ȽůŰɞɔɟɎɛɛŬŰɞɠ (Seaborn)  

plt . figure ( figsize =( 10 ,  5))  

 

# bins: Ʉɧůɞɡɠ "əɎŭɞɡɠ" ɗŬ ɏɢŮɘ Űɞ ɔɟɎűɖɛŬ. 

# kde=True: ȺɛűŬɜɑɕŮɘ Űɖɜ əŬɛˊɨɚɖ ˊɡəɜɧŰɖŰŬɠ. 

sns . histplot ( df [ 'IQ_Score' ],  bins =30 ,  kde =True ,  color ='skyblue' )  

 

plt . title ('ȽůŰɧɔɟŬɛɛŬ ȾŬɜɞɜɘəɐɠ ȾŬŰŬɜɞɛɐɠ (ɆɡɛɛŮŰɟɘəɧ)')  

plt . xlabel ( 'IQ Score' )  

plt . show()  

ɼΦ пΦнΦр ɹˋˍˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹ 
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ɳΦ пΦнΦр ɹˋˍˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹ 

ʅˍˇ ɳΦ пΦнΦр ʲ˂ʷˉˇˎ˃ʶ ˍˇ ˁ˂ʰˋʽˁˈ ˋ˔ʺ˃ʰ Ϧˁʰ˃ˉʱ˄ʰˌϦ ό.Ŝƭƭ /ǳǊǾŜύΦ ɶ ˁˇˊˎ˒ʺ ˍʹˌ ˁʰ˃ˉˏ˂ʹˌ όY59ύ ʻʰ 

ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍˇ млл ό˃ʷˋˇˌ ˈˊˇˌύ ˁʰʽ ˇʽ ˇˎˊʷˌ ʻʰ ˋʲʺ˄ˇˎ˄ ˋˎ˃˃ʶˍˊʽˁʱ ʵʶ˅ʽʱ ˁʰʽ ʰˊʽˋˍʶˊʱΦ ʆ˗ˊʰ ʰˌ 

ʵˇˏ˃ʶ ˍʹ˄ ɽˇ˅ʺ ɼʰˍʰ˄ˇ˃ʺ όɳʽˋˈʵʹ˃ʰύ όɼΦ пΦнΦсύΥ 

plt . figure ( figsize =( 10 ,  5))  

sns . histplot ( df [ 'Income' ],  bins =30 ,  kde =True ,  color ='salmon' )  

 

plt . title ( ' ȽůŰɧɔɟŬɛɛŬ ȿɞɝɐɠ ȾŬŰŬɜɞɛɐɠ (Right Skewed)' )  

plt . xlabel ('ȺɘůɧŭɖɛŬ (ůŮ ɢɘɚɘɎŭŮɠ)')  

plt . show()  

ɼΦ пΦнΦс ɹˋˍˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹɹ 

 

 

ɳΦ пΦнΦр ɹˋˍˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹɹ 

ʂˉ˖ˌ ʶ˃˒ʱʽ˄ʶˍʰʽ ˋˍˇ ɳΦ пΦнΦсΣ ʹ ˁˇˊˎ˒ʺ ʶʾ˄ʰʽ ˍʷˊ˃ʰ ʰˊʽˋˍʶˊʱ ό˔ʰ˃ʹ˂ʱ ʶʽˋˇʵʺ˃ʰˍʰύ ˁʰʽ ˎˉʱˊ˔ʶʽ ˃ʽʰ 

˃ʰˁˊʽʱ ˇˎˊʱ ˉˇˎ ʶˁˍʶʾ˄ʶˍʰʽ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱΦ ɮˎˍˈ ˃ʰˌ ˒˖˄ʱʸʶʽ ˈˍʽ Ϧʁ ˃ʷˋˇˌ ˈˊˇˌ ʵʶ˄ ʶʾ˄ʰʽ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈˌ ʶʵ˗ΗϦΦ 



 

338 
 

 

ʆˇ ̒́ ˁˈʴˊʰ˃˃ʰ όōƻȄǇƭƻǘύ ʶʾ˄ʰʽ ʹ ˇˉˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ р ɮˊʽʻ˃˗˄ ˉˇˎ ˃ʱʻʰ˃ʶ ˋˍʹ˄ ˉˇˋˇˍʽˁʺ 

ˉˊˇˋʷʴʴʽˋʹ όaƛƴΣ vмΣ aŜŘƛŀƴΣ vоΣ aŀȄύΦ ɳʾ˄ʰʽ ˍˇ ʰˉˈ˂ˎˍˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʰˁˊʱʽ˖˄ 

ˍʽ˃˗˄Φ 

ʃ˗ˌ ʵʽʰʲʱʸʶˍʰʽ ʷ˄ʰ ʻʹˁˈʴˊʰ˃˃ʰΥ 

1. ʆˇ ɼˇˎˍʾ ό.ƻȄύΥ ʃʶˊʽʷ˔ʶʽ ˍˇ ˃ʶˋʰʾˇ рл҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ όʰˉˈ vм ʷ˖ˌ vоύΦ ʆˇ ˏ˕ˇˌ ˍˇˎ ʶʾ˄ʰʽ 

ˍˇ LvwΦ 

2. ɶ ɱˊʰ˃˃ʺ ˋˍʹ ˃ʷˋʹΥ ɳʾ˄ʰʽ ʹ ɲʽʱ˃ʶˋˇˌ όˈ˔ʽ ˇ ˃ʷˋˇˌ ˈˊˇˌΗύΦ 

3. ʆʰ ϦɾˇˎˋˍʱˁʽʰϦ ό²ƘƛǎƪŜǊǎύΥ ɳˁˍʶʾ˄ˇ˄ˍʰʽ ˃ʷ˔ˊʽ ˍʽˌ ˍʽ˃ʷˌ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ƻǳǘƭƛŜǊǎΦ 

4. ʁʽ ʆʶ˂ʶʾʶˌ όtƻƛƴǘǎύΥ ɼʱʻʶ ˍʶ˂ʶʾʰ ʷ˅˖ ʰˉˈ ˍʰ ˃ˇˎˋˍʱˁʽʰ ʶʾ˄ʰʽ ɮˁˊʰʾʰ ʆʽ˃ʺ όhǳǘƭƛŜǊύΦ 

 
# ȷɠ ˊɟɞůɗɏůɞɡɛŮ ɛŮɟɘəɎ ŬəɟŬɑŬ outliers ůŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ IQ ɔɘŬ ɜŬ űŬɜɞɨɜ 

df_box = df . copy ()  

df_box . loc [ 998 ]  = 180  # ɀɘŬ ɘŭɘɞűɡȶŬ (Outlier ɣɖɚɎ) 

df_box . loc [ 999 ]  = 40  # ɀɘŬ ˊɞɚɨ ɢŬɛɖɚɐ Űɘɛɐ (Outlier ɢŬɛɖɚɎ) 

 

plt . figure ( figsize =( 8,  6))  

 

# ȹɖɛɘɞɡɟɔɑŬ Boxplot  

sns . boxplot ( y=df_box [ 'IQ_Score' ],  color ='lightgreen' )  

 

plt . title ( ' ŪɖəɧɔɟŬɛɛŬ (Boxplot) IQ Scores' )  

plt . show()  

ɼΦ пΦнΦс ɸʹˁˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹ 
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ɳΦ пΦнΦс ɸʹˁˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹ 

ʅˍˇ ɳΦ пΦнΦс ʲ˂ʷˉˇˎ˃ʶ ʷ˄ʰ ˉˊʱˋʽ˄ˇ ˇˊʻˇʴ˗˄ʽˇ ˋˍʹ ˃ʷˋʹΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˁʱʰˉˇʽʶˌ ˇˊʽʸˈ˄ˍʽʶˌ 

ʴˊʰ˃˃ʷˌ όǿƘƛǎƪŜǊǎύ ˉʱ˄˖ ˁʰʽ ˁʱˍ˖Φ ʁʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˍʶ˂ʾˍˋʶˌ ˉʱ˄˖ ʰˉˈ ˍˇ мпл-мрл ˁʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ 

слΣ ˋˎ˃ʲˇ˂ʾʸˇˎ˄ ˍʽˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ ˉˇˎ ʶ˄ˍˈˉʽˋʶ ʰˎˍˈ˃ʰˍʰ ˍˇ ǎŜŀōƻǊƴΦ ɶ ˉˊʰʴ˃ʰˍʽˁʺ ʰ˅ʾʰ ˍˇˎ 

ʻʹˁˇʴˊʱ˃˃ʰˍˇˌ ˒ʰʾ˄ʶˍʰʽ ˈˍʰ˄ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˉˇ˂˂ʷˌ ˇ˃ʱʵʶˌ ʵʾˉ˂ʰ-ʵʾˉ˂ʰ όɼΦ пΦнΦтύΦ 

# ȹɖɛɘɞɡɟɔɑŬ ŭŮŭɞɛɏɜɤɜ: ȸŬɗɛɞɑ ɛŬɗɖŰɩɜ ůŮ 3 ŭɘŬűɞɟŮŰɘəɎ ŰɛɐɛŬŰŬ 

class_data = pd . DataFrame ({  

    ' ɇɛɐɛŬ' :  [ 'A' ]* 50 + [ 'B' ]* 50 + [ 'C' ]* 50 ,  

    ' ȸŬɗɛɧɠ' :  np . concatenate ([  

        np . random . normal ( 15 ,  2,  50),   # ɇɛɐɛŬ ȷ: ȾŬɚɞɑ ɓŬɗɛɞɑ 

        np . random . normal ( 12 ,  4,  50),   # ɇɛɐɛŬ ȸ: ɀŮɔɎɚɖ ŬůŰɎɗŮɘŬ (ɛŮɔɎɚɞ 

std)  

        np . random . normal ( 18 ,  1,  50)    # ɇɛɐɛŬ C: ȷɟɘůŰɞɨɢɞɘ (ɛɘəɟɧ std) 

    ])  

})  

 

plt . figure ( figsize =( 10 ,  6))  

 

# x = ȼ əŬŰɖɔɞɟɑŬ (ɇɛɐɛŬ), y = ȼ ˊɞůɞŰɘəɐ ɛŮŰŬɓɚɖŰɐ (ȸŬɗɛɧɠ) 

sns . boxplot ( data =class_data ,  x=' ɇɛɐɛŬ' ,  y=' ȸŬɗɛɧɠ' ,  palette ="Set2" )  

 

plt . title ('Ɇɨɔəɟɘůɖ Ⱥˊɑŭɞůɖɠ ŬɜɎ ɇɛɐɛŬ')  

plt . show()  

 

ɼΦ пΦнΦт ɸʹˁˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹɹ 
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ɳΦ пΦнΦт ɸʹˁˈʴˊʰ˃˃ʰ ˃ʶ ǎŜŀōƻǊƴ ɹɹ 

ʅˍˇ ɳΦ пΦнΦт ʲ˂ʷˉˇˎ˃ʶ ˈˍʽ ʴʽʰ ˍˇ ʆ˃ʺ˃ʰ / ˍˇ ˁˇˎˍʾ ʶʾ˄ʰʽ ˉˇ˂ˏ Ϧˋˍʶ˄ˈϦ ό˃ʽˁˊˈ Lvwύ ˁʰʽ ˕ʹ˂ʱΦ ɮˎˍˈ 

ˋʹ˃ʰʾ˄ʶʽ ˋˍʰʻʶˊʱ ˁʰ˂ˇʾ ʲʰʻ˃ˇʾΦ ʆˇˎ˄ʰ˄ˍʾˇ˄Σ ˋˍˇ ʆ˃ʺ˃ʰ .Σ ˍˇ ˁˇˎˍʾ ˁʰʽ ˍʰ ˃ˇˎˋˍʱˁʽʰ ʶʾ˄ʰʽ ˁʰˍʱ ˉˇ˂ˏ 

˃ʶʴʰ˂ˏˍʶˊʰΦΣ ˉˊʱʴ˃ʰ ˍˇ ˇˉˇʾˇ˄ ˋˎ˄ʶˉʱʴʶˍʰʽ ˈˍʽ ˍˇ ʶ˄ ˂ˈʴ˖ ˍ˃ʺ˃ʰ ʷ˔ʶʽ ˁʰʽ ʱˊʽˋˍˇˎˌ ˁʰʽ ˉˇ˂ˏ 

ʰʵˏ˄ʰ˃ˇˎˌ ˒ˇʽˍʹˍʷˌ ό˃ʶʴʱ˂ʹ ʵʽʰˋˉˇˊʱύΦ 

 

4.2.3. ɮ˄ʱ˂ˎˋʹ ɳ˅ʷ˂ʽ˅ʹˌ (Time Series Analysis) 

ɶ ʰ˄ʱ˂ˎˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʰ˒ˇˊʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ ˔ˊˇ˄ʽˁʺ ˋʶʽˊʱ όˉΦ˔Φ ʆʽ˃ʷˌ ɾʶˍˇ˔˗˄Σ 

ɸʶˊ˃ˇˁˊʰˋʾʰ ʰ˄ʱ ˗ˊʰΣ ʃ˖˂ʺˋʶʽˌ ʰ˄ʱ ˃ʺ˄ʰύΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ʰˉ˂ʷˌ ˁʰˍʰ˄ˇ˃ʷˌΣ ʶʵ˗ ʹ ˋʶʽˊʱ ˍ˖˄ 

ʵʶʵˇ˃ʷ˄˖˄ ʷ˔ʶʽ ˁˊʾˋʽ˃ʹ ˋʹ˃ʰˋʾʰΦ ʅˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ʶ˅ʷ˂ʽ˅ʹˌ ̞ ʱ˔˄ˇˎ˃ʶ ˁˎˊʾ˖ˌ ˍˊʾʰ ˉˊʱʴ˃ʰˍʰΥ 

1. ʆʱˋʹ ό¢ǊŜƴŘύΥ ɾʰˁˊˇˉˊˈʻʶˋ˃ʹ ʱ˄ˇʵˇˌ ʺ ˉˍ˗ˋʹΦ 

2. ɳˉˇ˔ʽˁˈˍʹˍʰ ό{ŜŀǎƻƴŀƭƛǘȅύΥ ɾˇˍʾʲʰ ˉˇˎ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋʶ ˍʰˁˍʱ ʵʽʰˋˍʺ˃ʰˍʰ όˉΦ˔Φ ˁʱʻʶ 

ˁʰ˂ˇˁʰʾˊʽύΦ 

3. ɸˈˊˎʲˇ όbƻƛǎŜύΥ ʆˎ˔ʰʾʶˌ ʰˎ˅ˇ˃ʶʽ˗ˋʶʽˌΦ 

ɱʽʰ ˄ʰ ʵˇˎ˂ʷ˕ˇˎ˃ʶ ˋ˖ˋˍʱ ˃ʶ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˋˍʹ˄ tȅǘƘƻƴΣ ˉˊʷˉʶʽ ʹ ˋˍʺ˂ʹ ˍʹˌ ʹ˃ʶˊˇ˃ʹ˄ʾʰˌ ˄ʰ ʶʾ˄ʰʽ 

ˍˏˉˇˎ ŘŀǘŜǘƛƳŜ ˁʰʽ ˈ˔ʽ ʰˉ˂ˈ ˁʶʾ˃ʶ˄ˇ όǎǘǊƛƴƎύΦ ɱʽʰ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ 

5ŀǘŀCǊŀƳŜ ˈˉ˖ˌ ʰˉˇˍˎˉ˗˄ʶˍʰʽ ˋˍˇ˄ ɼΦ пΦнΦуΦ 
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import  panda s as  pd 
import  numpy as  np 

import  seaborn as  sns  

import  matplotlib . pyplot as  plt  

import  plotly . express as  px  

 

# ȹɖɛɘɞɡɟɔɑŬ ŭŮŭɞɛɏɜɤɜ ɔɘŬ 2 ɢɟɧɜɘŬ (730 ɖɛɏɟŮɠ) 

dates = pd . date_range ( start ='2022 - 01- 01' ,  periods =730 ,  freq ='D' )  

 

# ȹɖɛɘɞɡɟɔɞɨɛŮ ɛɘŬ "ɛŮŰɞɢɐ" ˊɞɡ ŬɜŮɓŬɑɜŮɘ ŬɚɚɎ ɛŮ ůəŬɛˊŬɜŮɓɎůɛŬŰŬ 

values = np . linspace ( 10 ,  50 ,  730 )  + np . random . normal ( 0,  5,  730 )  

 

df_time = pd . DataFrame ({  

    'Date' :  dates ,  

    'Price' :  values  

})  

 

print ( df_time . head ())  

# ȼ ůŰɐɚɖ Date ŮɑɜŬɘ Űɨˊɞɡ datetime64[ns] 

ɼΦ пΦнΦу 5ŀǘŀCǊŀƳŜ ʴʽʰ ˍʰ ʴˊʰ˒ʺ˃ʰˍʰ ʶ˅ʷ˂ʽ˅ʹˌ 

ʆˇ ǎŜŀōƻǊƴ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ʵʶʾ˅ˇˎ˃ʶ ˍʹ ʴʶ˄ʽˁʺ ˍʱˋʹ ˋʶ ˃ʽʰ ʰ˄ʰ˒ˇˊʱ όǊŜǇƻǊǘύΦ ɳˉʾˋʹˌ ˈˍʰ˄ ʷ˔ˇˎ˃ʶ 

ˉˇ˂˂ʷˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌΣ ˍʰ ʴˊʱ˃˃ʰˍʰ ˋˍˇ˄ ʱ˅ˇ˄ʰ ʋ Ϧˁʰʲʰ˂ʱʶʽϦ ˍˇ ʷ˄ʰ ˍˇ ʱ˂˂ˇΦ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ 

ǇƭǘΦȄǘƛŎƪǎόǊƻǘŀǘƛƻƴҐпрύ ʴʽʰ ˄ʰ ˍʰ ʴˎˊʾˋˇˎ˃ʶ ˉ˂ʰʴʽʰˋˍʱ όɼΦ пΦнΦфύΦ 

plt . figure ( figsize =( 12 ,  6))  

 

# Lineplot  

sns . lineplot ( data =df_time ,  x='Date' ,  y='Price' ,  color ='royalblue' ,  

linewidth =1.5 )  

 

plt . title ( ' Ⱥɝɏɚɘɝɖ ɇɘɛɐɠ (2022 - 2023) -  Seaborn' )  

plt . xlabel ( ' ȼɛŮɟɞɛɖɜɑŬ' )  

plt . ylabel ( ' ɇɘɛɐ' )  

 

# ɄŮɟɘůŰɟɞűɐ ɖɛŮɟɞɛɖɜɘɩɜ ɔɘŬ ɜŬ ŭɘŬɓɎɕɞɜŰŬɘ 

plt . xticks ( rotation =45)  

 

plt . show()  

ɼΦ пΦнΦф ɱˊʱ˒ʹ˃ʰ ʶ˅ʷ˂ʽ˅ʹˌ ˃ʶ ǎŜŀōƻǊƴ 
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9Φ пΦнΦф ɱˊʱ˒ʹ˃ʰ ʶ˅ʷ˂ʽ˅ʹˌ ˃ʶ ǎŜŀōƻǊƴ 

ʅˍˇ ɳΦ пΦнΦф ˉʰˊʰˍʹˊˇˏ˃ʶ ˃ʾʰ ˋˎ˄ʶ˔ʺ ˃ˉ˂ʶ ʴˊʰ˃˃ʺ ˉˇˎ ʵʶʾ˔˄ʶʽ ˍʹ˄ ʰ˄ˇʵʽˁʺ ˉˇˊʶʾʰΦ ʍˋˍˈˋˇΣ ʶʾ˄ʰʽ 

ʵˏˋˁˇ˂ˇ ˄ʰ ʵˇˏ˃ʶ ˍʽ ʰˁˊʽʲ˗ˌ ʷʴʽ˄ʶ ˉΦ˔Φ ˋˍʽˌ мр ɾʰˊˍʾˇˎ ˍˇˎ нлннΦ ʅʶ ʰˎˍʷˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍˇ Ǉƭƻǘƭȅ 

ʶʾ˄ʰʽ ˃ˇ˄ˈʵˊˇ˃ˇˌΦ ɸʰ ˉˊˇˋʻʷˋˇˎ˃ʶ ˁʰʽ ʷ˄ʰ ǊŀƴƎŜ ǎƭƛŘŜǊ ό˃ˉʱˊʰ ˁˏ˂ʽˋʹˌύ ˋˍˇ ˁʱˍ˖ ˃ʷˊˇˌΣ ˉˇˎ 

ʶˉʽˍˊʷˉʶʽ ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˉˇʽˇ ˁˇ˃˃ʱˍʽ ˍˇˎ ˔ˊˈ˄ˇˎ ʻʷ˂ʶʽ ˄ʰ ʵʶʽ όYΦ пΦнΦмлύΦ 

fig = px . line ( df_time ,   

              x='Date' ,   

              y='Price' ,   

              title =' Ⱥɝɏɚɘɝɖ ɇɘɛɐɠ ɛŮ Zoom (Plotly)' )  

 

# Ʉɟɞůɗɐəɖ Range Slider (ȼ ɛˊɎɟŬ əɎŰɤ Ŭˊɧ Űɞ ɔɟɎűɖɛŬ) 

fig . update_xaxes ( rangeslider_visible =True )  

 

# ɄɟɞŬɘɟŮŰɘəɎ: Ʉɟɞůɗɐəɖ əɞɡɛˊɘɩɜ ɔɘŬ ɔɟɐɔɞɟɞ zoom (1 ɛɐɜŬɠ, 6 ɛɐɜŮɠ, ȳɚŬ) 

fig . update_xaxes (  

    rangeselector =dict (  

        buttons =list ([  

            dict ( count =1,  label ="1m" ,  step ="month" ,  stepmode ="backward" ),  

            dict ( count =6,  label ="6m" ,  step ="month" ,  stepmode ="backward" ),  

            dict ( count =1,  label ="YTD" ,  step ="year" ,  stepmode ="todate" ),  

            dict ( step ="all" )  

        ])  

    )  

)  

 

fig . show()  

ɼΦ пΦнΦмл ɱˊʱ˒ʹ˃ʰ ʶ˅ʷ˂ʽ˅ʹˌ ˃ʶ Ǉƭƻǘƭȅ 
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9Φ пΦнΦмл ɱˊʱ˒ʹ˃ʰ ʶ˅ʷ˂ʽ˅ʹˌ ˃ʶ Ǉƭƻǘƭȅ 

ɾʶ ˍˇ ǇƭƻǘƭȅΣ ƻ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ˋˏˊʶʽ ˍˇ ˉˇ˄ˍʾˁʽ ˁʰʽ ˄ʰ ˁʱ˄ʶʽ ȊƻƻƳ ˋʶ ˃ʽʰ ʶʲʵˇ˃ʱʵʰΦ ɳˉʾˋʹˌ ˁʱˍ˖ 

ʰˉˈ ˍˇ ʴˊʱ˒ʹ˃ʰ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˃ʽˁˊˇʴˊʰ˒ʾʰΦ ʅʷˊ˄ˇ˄ˍʰˌ ˍʽˌ ˂ʰʲʷˌΣ ʰ˂˂ʱʸʶʽ ˍˇ ˔ˊˇ˄ʽˁˈ ˉʰˊʱʻˎˊˇΦ ɾʽʰ 

ʱ˂˂ʹ ˔ˊʺˋʽ˃ʹ ˂ʶʽˍˇˎˊʴʾʰ ʷʽ˄ʰʽ ʰˎˍʺ ˉˇˎ ˉˊˇˋ˒ʷˊʶˍʰʽ ʰˉˈ ˍʰ ˁˇˎ˃ˉʰˁʽʰ ˋˍˇ ʶˉʱ˄˖ ˍ˃ʹ˘˃ʰ ˍˇˎ 

ʴˊʰ˒ʺ˃ʰˍˇˌΦ ɳʵ˗ ʃʰˍ˗˄ˍʰˌ ˉ˔Φ ˍˇ ϦмƳϦΣ  ˍˇ ʴˊʱ˒ʹ˃ʰ ʶˋˍʽʱʸʶʽ ʰˎˍˈ˃ʰˍʰ ˋˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˃ʺ˄ʰΦ 

4.2.4. ɮ˄ʱ˂ˎˋʹ ʅˎˋ˔ʷˍʽˋʹˌ ό/ƻǊǊŜƭŀǘƛƻƴ !ƴŀƭȅǎƛǎύ 

ɶ ˋˎˋ˔ʷˍʽˋʹ ʶʾ˄ʰʽ ʹ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ ˉˇˋˇˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ɴ˔ˇˎ˃ʶ ˍˊʾʰ ʶʾʵʹ ˋˎˋ˔ʶˍʾˋʶ˖˄Υ 

1. ɸʶˍʽˁʺ ʅˎˋ˔ʷˍʽˋʹΥ ʂˍʰ˄ ʰ˄ʶʲʰʾ˄ʶʽ ˍˇ ʷ˄ʰΣ ʰ˄ʶʲʰʾ˄ʶʽ ˁʰʽ ˍˇ ʱ˂˂ˇ όˉΦ˔Φ ʎˊʶˌ ɾʶ˂ʷˍʹˌ -> 

ɰʰʻ˃ˈˌύΦ 

2. ɮˊ˄ʹˍʽˁʺ ʅˎˋ˔ʷˍʽˋʹΥ ʂˍʰ˄ ʰ˄ʶʲʰʾ˄ʶʽ ˍˇ ʷ˄ʰΣ ˍˇ ʱ˂˂ˇ ˉʷ˒ˍʶʽ όˉΦ˔Φ ɰʱˊˇˌ ɮˎˍˇˁʽ˄ʺˍˇˎ -> 

ʁʽˁˇ˄ˇ˃ʾʰ ɼʰˎˋʾ˃ˇˎύΦ 

3. ɾʹʵʶ˄ʽˁʺ ʅˎˋ˔ʷˍʽˋʹΥ ɲʶ˄ ˎˉʱˊ˔ʶʽ ʶ˃˒ʰ˄ʷˌ ˃ˇˍʾʲˇΦ 

ʆˇ ɻ̔ʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ ό{ŎŀǘǘŜǊ tƭƻǘύ ʶʾ˄ʰʽ ʷ˄ʰ ˄ʷ˒ˇˌ ˋʹ˃ʶʾ˖˄Φ ɼʱʻʶ ˍʶ˂ʶʾʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˃ʾʰ 

ʶʴʴˊʰ˒ʺ όˉΦ˔Φ ʷ˄ʰ˄ ˒ˇʽˍʹˍʺύΦ ʃʰˊʱʵʶʽʴ˃ʰ ˋˎˋ˔ʷˍʽˋʹˌ ʶʾ˄ʰʽ ˇʽ  ʎˊʶˌ ɾʶ˂ʷˍʹˌ ό{ǘǳŘȅψIƻǳǊǎύ Ǿǎ 

ɰʰʻ˃ˈˌ όDǊŀŘŜύΣ ˈˉˇˎ ʻʰ  ˉˊˇˋʻʷˋˇˎ˃ʶ ˁʰʽ ˃ʽʰ ˍˊʾˍʹ ʵʽʱˋˍʰˋʹ όˁʰˍʹʴˇˊʽˁʺύΣ ˍˇ ʊˏ˂ˇΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʰ˒ˇˊʶˍʽˁˈ ˔ˊ˗˃ʰ όYΦ пΦнΦммύΦ 

import  pandas as  pd 

import  numpy as  np 

import  seaborn as  sns  
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import  matplotlib . pyplot as  plt  

import  plotly . express as  px  

 

# ȹɖɛɘɞɡɟɔɑŬ ȹŮŭɞɛɏɜɤɜ 

np . random . seed ( 42)  

n = 100  

df_scatter = pd . DataFrame ({  

    'Study_Hours' :  np . random . randint ( 1,  20 ,  n),  

    'Gender' :  np . random . choice ([ 'Male' ,  'Female' ],  n)  

})  

# Ƀ ɓŬɗɛɧɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɩɟŮɠ ɛŮɚɏŰɖɠ + ɚɑɔɞ ɗɧɟɡɓɞ 

df_scatter [ 'Grade' ]  = 2 + 0.4  *  df_scatter [ 'Study_Hours' ]  + 

np . random . normal ( 0,  1,  n)  

 

# 1. ɆŰŬŰɘəɧ Scatter Plot ɛŮ Seaborn  

plt . figure ( figsize =( 8,  6))  

 

# hue='Gender': ɉɟɤɛŬŰɑɕŮɘ Űɘɠ ŰŮɚŮɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ űɨɚɞ 

# s=100: ɀɏɔŮɗɞɠ ŰŮɚŮɑŬɠ 

sns . scatterplot ( data =df_scatter ,  x='Study_Hours' ,  y='Grade' , hue='Gender' ,  

s=80 ,  alpha =0.7 )  

 

plt . title ('Ɇɢɏůɖ ɀŮɚɏŰɖɠ -  ȸŬɗɛɞɨ (Seaborn)')  

plt . show()  

ɼΦ пΦнΦмм ɲʽʱʴˊʰ˃˃ʰ ɲʽʰˋˉˇˊʱˌ ˃ʶ ǎŜŀōƻǊƴ 

 

9Φ пΦнΦмм ɲʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ ˃ʶ ǎŜŀōƻǊƴ 

 

 

ɶ ˉʰˊʱ˃ʶˍˊˇˌ ƘǳŜ ʶʾ˄ʰʽ ˉʰ˄ʾˋ˔ˎˊʹΦ ɾʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ ʵˇˏ˃ʶ ʰ˄ ˃ʽʰ ˇ˃ʱʵʰ όˉΦ˔Φ aŀƭŜκCŜƳŀƭŜύ 

ˇ˃ʰʵˇˉˇʽʶʾˍʰʽ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ʴˊʰ˒ʺ˃ʰˍˇˌΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ŀƭǇƘŀ ˁʰʻˇˊʾʸʶʽ ˍʹ 
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ʵʽʰ˒ʱ˄ʶʽʰ όŀƭǇƘŀҐлΦтύ ˁʰʽ ʲˇʹʻʱʶʽ ˋˍʹ˄ ʶ˄ʱˊʴʶʽʰ ˍˇˎ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˈˍʰ˄ ˉˇ˂˂ʷˌ ˍʶ˂ʶʾʶˌ ˉʷ˒ˍˇˎ˄ ʹ 

˃ʾʰ ˉʱ˄˖ ˋˍʹ˄ ʱ˂˂ʹΦ 

ʅˍʰ ɲʽʰʴˊʱ˃˃ʰˍʰ ɲʽʰˋˉˇˊʱˌΣ ˍˇ Ǉƭƻǘƭȅ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁˈ ʴʽʰˍʾ ˋˎ˔˄ʱ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˃ʱʻˇˎ˃ʶ Ϧʃˇʽʰ ʶʾ˄ʰʽ 

ʰˎˍʺ ʹ ˍʶ˂ʶʾʰ ˉˇˎ ˅ʷ˒ˎʴʶΤϦΦ ʅˍˇ ǇƭƻǘƭȅΣ ˉʶˊ˄˗˄ˍʰˌ ˍˇ ˉˇ˄ˍʾˁʽ ˉʱ˄˖ ʰˉˈ ˃ʽʰ ϦʰˁˊʰʾʰϦ ˍʶ˂ʶʾʰΣ ʲ˂ʷˉʶˍʶ 

ʰˁˊʽʲ˗ˌ ˍʽˌ ˍʽ˃ʷˌ ˍʹˌΣ ˁʱˍʽ ˉˇˎ ʶʾ˄ʰʽ ʰʵˏ˄ʰˍˇ˄ ˋʶ ˁʱˉˇʽˇ ˋˍʰˍʽˁˈ ʴˊʱ˒ʹ˃ʰ όYΦ пΦнΦмнύΦ 

 
# 2. ȹɘŬŭɟŬůŰɘəɧ Scatter Plot ɛŮ Plotly  

fig = px . scatter ( df_scatter ,   

                 x='Study_Hours' ,   

                 y='Grade' ,   

                 color ='Gender' ,   

                 title ='Ɇɢɏůɖ ɀŮɚɏŰɖɠ -  ȸŬɗɛɞɨ (Hover ɔɘŬ ɚŮˊŰɞɛɏɟŮɘŮɠ)',  

                 hover_data =[ 'Study_Hours' ,  'Grade' ])   

# ɇɘ ɗŬ ŭŮɑɢɜŮɘ Űɞ əɞɡŰɎəɘ 

 

fig . show()  

ɼΦ пΦнΦмн ɲʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ ˃ʶ Ǉƭƻǘƭȅ 

 

9Φ пΦнΦмн ɲʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ ˃ʶ Ǉƭƻǘƭȅ 

ʂˍʰ˄ ʷ˔ˇˎ˃ʶ ˉˇ˂˂ʷˌ ˉˇˋˇˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ʵʽʰʴˊʱ˃˃ʰˍʰ 

ʵʽʰˋˉˇˊʱˌ ʴʽʰ ˁʱʻʶ ˉʽʻʰ˄ˈ ʸʶˎʴʱˊʽΦ ɳʵ˗ ʰˁˊʽʲ˗ˌ ˎˉʶʽˋʷˊ˔ʶˍʰʽ ˇ ʃʾ˄ʰˁʰˌ ʅˎˋ˔ʷˍʽˋʹˌ ό/ƻǊǊŜƭŀǘƛƻƴ 

Matrix), ˇ ˇˉˇʾˇˌ ˎˉˇ˂ˇʴʾʸʶʽ ̱ ˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ tŜŀǊǎƻƴ Ǌ ʴʽʰ ˈ˂ʰ ˍʰ ʸʶˎʴʱˊʽʰΣ ˈˉˇˎΥ 

¶ Ǌ Ґ мΥ ʆʷ˂ʶʽʰ ɸʶˍʽˁʺ ʅˎˋ˔ʷˍʽˋʹΦ 
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¶ r = -мΥ ʆʷ˂ʶʽʰ ɮˊ˄ʹˍʽˁʺ ʅˎˋ˔ʷˍʽˋʹΦ 

¶ Ǌ Ґ лΥ ɼʰ˃ʾʰ ˋˎˋ˔ʷˍʽˋʹΦ 

ʆˇ ɸʶˊ˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ʅˎˋ˔ʷˍʽˋʹˌ ̝ ˊ˖˃ʰˍʾʸʶʽ ʰˎˍˈ˄ ˍˇ˄ ˉʾ˄ʰˁʰ ʴʽʰ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˇˉˍʽˁʱ ʷ˄ˍˇ˄ʶˌ 

ˋ˔ʷˋʶʽˌ όɼΦ пΦнΦмоύΦ 

# ȹɖɛɘɞɡɟɔɑŬ Ůɜɧɠ DataFrame ɛŮ ˊɞɚɚŬˊɚɏɠ ɛŮŰŬɓɚɖŰɏɠ 

data_multi = pd . DataFrame ({  

    'Age' :  np . random . randint ( 20 ,  60 ,  50),  

    'Income' :  np . random . randint ( 20000 ,  80000 ,  50),  

    'Spending_Score' :  np . random . randint ( 1,  100 ,  50),  

    'Savings' :  np . random . randint ( 1000 ,  20000 ,  50)  

})  

 

# Ɉˊɞɚɞɔɘůɛɧɠ ɄɑɜŬəŬ ɆɡůɢɏŰɘůɖɠ 

corr_matrix = data_multi . corr ()  

 

plt . figure ( figsize =( 8,  6))  

 

# ȹɖɛɘɞɡɟɔɑŬ Heatmap 

# annot=True: ȺɛűŬɜɑɕŮɘ ŰŬ ɜɞɨɛŮɟŬ ɛɏůŬ ůŰŬ əɞɡŰɎəɘŬ 

# cmap='coolwarm': ɀˊɚŮ ɔɘŬ ŬɟɜɖŰɘəɐ, Ⱦɧəəɘɜɞ ɔɘŬ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ 

# fmt=".2f": ɆŰɟɞɔɔɡɚɞˊɞɑɖůɖ ůŮ 2 ŭŮəŬŭɘəɎ 

sns . heatmap ( corr_matrix ,  annot =True ,  cmap='coolwarm' ,  fmt =".2f" ,  vmin =- 1,  

vmax=1)  

 

plt . title ( ' ɄɑɜŬəŬɠ ɆɡůɢɏŰɘůɖɠ (Correlation Matrix)' )  

plt . show()  

ɼΦ пΦнΦмо ɲʹ˃ʽˇˎˊʴʾʰ ʻʶˊ˃ʽˁˇˏ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ǎŜŀōƻǊƴ 
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ɳΦ пΦнΦмо ɲʹ˃ʽˇˎˊʴʾʰ ʻʶˊ˃ʽˁˇˏ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ǎŜŀōƻǊƴ 

ʆˇ ʻʶˊ˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˋˎˋ˔ʷˍʽˋʹˌ ˋˍˇ ɳΦ пΦнΦмо ʰˉˇˁʰ˂ˏˉˍʶʽ ˁˎˊʾ˖ˌ ʰˋʻʶ˄ʶʾˌ ˋ˔ʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɶ ˉʽˇ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʻʶˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹ ʶ˄ˍˇˉʾʸʶˍʰʽ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ɶ˂ʽˁʾʰ 

ό!ƎŜύ ˁʰʽ ˍˇ {ǇŜƴŘƛƴƎψ{ŎƻǊŜ όǊҐлΦонύΣ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˃ʽʰ ʶ˂ʰ˒ˊʽʱ ˍʱˋʹ ˈˉˇˎ ˇʽ ˃ʶʴʰ˂ˏˍʶˊˇʽ ˋʶ 

ʹ˂ʽˁʾʰ ʷ˔ˇˎ˄ ˎ˕ʹ˂ˈˍʶˊˇ ˋˁˇˊ ʶ˅ˈʵ˖˄Φ ɮ˄ˍʾʻʶˍʰΣ ʹ ˉʽˇ ʷ˄ˍˇ˄ʹ ʰˊ˄ʹˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹ ʶ˃˒ʰ˄ʾʸʶˍʰʽ 

˃ʶˍʰ˅ˏ ˍˇˎ ɳʽˋˇʵʺ˃ʰˍˇˌ όLƴŎƻƳŜύ ˁʰʽ ˍ˖˄ ɮˉˇˍʰ˃ʽʶˏˋʶ˖˄ ό{ŀǾƛƴƎǎύ όǊҐ-лΦнрύΣ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ 

ˁʰʻ˗ˌ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ʶʽˋˈʵʹ˃ʰΣ ˇʽ ʰˉˇˍʰ˃ʽʶˏˋʶʽˌ ˍʶʾ˄ˇˎ˄ ˄ʰ ˃ʶʽ˗˄ˇ˄ˍʰʽ ʶ˂ʰ˒ˊ˗ˌ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ʵʶʾʴ˃ʰΦ ʁʽ ˎˉˈ˂ˇʽˉʶˌ ˋˎˋ˔ʶˍʾˋʶʽˌ όˈˉ˖ˌ {ŀǾƛƴƎǎ Ǿǎ {ǇŜƴŘƛƴƎψ{ŎƻǊŜ ˋˍˇ лΦлтύ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˉˇ˂ˏ 

ˁˇ˄ˍʱ ˋˍˇ ˃ʹʵʷ˄Σ ʵʶʾ˔˄ˇ˄ˍʰˌ ˈˍʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˇˎˋʽʰˋˍʽˁʺ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ʰˎˍ˗˄ ˍ˖˄ ʸʶˎʴ˗˄Φ 

4.2.5. ʅˏʴˁˊʽˋʹ ɼʰˍʹʴˇˊʽ˗˄ ό/ŀǘŜƎƻǊƛŎŀƭ /ƻƳǇŀǊƛǎƻƴύ 

ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˋ˔ˇ˂ˇˏ˃ʰˋˍʶ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ˇ˃ʱʵʶˌ όˉΦ˔Φ ʊˏ˂ˇΣ ʃˈ˂ʹΣ 

ʆ˃ʺ˃ʰΣ ɶ˃ʷˊʰ ˍʹˌ ɳʲʵˇ˃ʱʵʰˌύΦ ɴ˔ˇˎ˃ʶ ʵˏˇ ʲʰˋʽˁʱ ʶʾʵʹ ʶˊ˖ˍʹ˃ʱˍ˖˄Υ 

1. ʃˈˋˇʽ ʶʾ˄ʰʽΤ όʅˎ˔˄ˈˍʹˍʰ - Count Plot) 

2. ʃˇʽˇˌ ʶʾ˄ʰʽ ˇ ɾʷˋˇˌ ʂˊˇˌ ˍˇˎˌΤ όʅˏʴˁˊʽˋʹ ɾʶʴʶʻ˗˄ - Bar Plot) 

ʆˇ ́h ʲʵˈʴˊʰ˃˃ʰ ʶʾ˄ʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍˇˎ ɹˋˍˇʴˊʱ˃˃ʰˍˇˌΣ ʰ˂˂ʱ ʴʽʰ ˁʰˍʹʴˇˊʾʶˌΦ ɾʶˍˊʱʶʽ ʰˉ˂˗ˌ 

ˉˈˋʶˌ ʶʴʴˊʰ˒ʷˌ ˎˉʱˊ˔ˇˎ˄ ˋʶ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰΦ ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˉˇˎ ʶ˄ˍʱˋˋʶˍʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ 

ˁʰˍʹʴˇˊʾʰ ʷʽ˄ʰʽ ˇʽ ˉˊˇˍʽ˃ʺˋʶʽˌ ˉʶ˂ʰˍ˗˄Φ ɮˌ ˎˉˇʻʷˋˇˎ˃ʶ ˈˍʽ ˊ˖ˍʺˋʰ˃ʶ млл ʱˍˇ˃ʰ ˉˇʽˇ ʶʾ˄ʰʽ ˍˇ 

ʰʴʰˉʹ˃ʷ˄ˇ ˍˇˎˌ ˒ˊˇˏˍˇ όɼΦ пΦнΦмпύΦ 

import  pandas as  pd 

import  seaborn as  sns  

import  matplotlib . pyplot as  plt  

 

# Ʌɨɗɛɘůɖ ůŰɡɚ 

sns . set_theme ( style ="whitegrid" )  

 

# ȹɖɛɘɞɡɟɔɑŬ ȹŮŭɞɛɏɜɤɜ 

data_cat = pd . DataFrame ({  

    'ūɟɞɨŰɞ':  [ 'ɀɐɚɞ']* 30 + [ 'ɀˊŬɜɎɜŬ']* 45 + [ 'ɄɞɟŰɞəɎɚɘ']* 25 ,  

    'ūɨɚɞ':  [ 'ȯɜŭɟŬɠ',  'ũɡɜŬɑəŬ']  *  50 

})  

 

plt . figure ( figsize =( 8,  5))  

 

# countplot: ɀŮŰɟɎŮɘ ŬɡŰɧɛŬŰŬ Űɘɠ ŮɔɔɟŬűɏɠ 

sns . countplot ( data =data_cat ,  x=' ūɟɞɨŰɞ' ,  palette ='viridis' )  

 

plt . title ('Ʉɚɐɗɞɠ ɄɟɞŰɘɛɐůŮɤɜ ŬɜɎ ūɟɞɨŰɞ')  

plt . ylabel ('ȷɟɘɗɛɧɠ ȷŰɧɛɤɜ')  

plt . show()  

ɼΦ пΦнΦмп ɲʹ˃ʽˇˎˊʴʾʰ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʶ ǎŜŀōƻǊƴ 
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ɳΦ пΦнΦмп ɲʹ˃ʽˇˎˊʴʾʰ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʶ ǎŜŀōƻǊƴ 

 

ʅˍˇ ʅΦ пΦнΦмп ʲ˂ʷˉˇˎ˃ʶ ʰ˃ʷˋ˖ˌ ˈˍʽ ʹ Ϧɾˉʰ˄ʱ˄ʰϦ ʶʾ˄ʰʽ ʹ ʵʹ˃ˇ˒ʽ˂ʷˋˍʶˊʹ ʶˉʽ˂ˇʴʺ ό˕ʹ˂ˈˍʶˊʹ ˃ˉʱˊʰύΦ 

ʅˍˇ ʶˉˈ˃ʶ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰ όɼΦ пΦнΦмрύ ˃ʶ ˍʽˌ ˉ˖˂ʺˋʶʽˌ ˍʰ ˉˊʱʴ˃ʰˍʰ ʰ˂˂ʱʸˇˎ˄Φ ɳʵ˗ ʵʶ˄ ˃ʶˍˊʱ˃ʶ ʰˉ˂ʱ 

Ϧˉˈˋˇʽ ʶʾ˄ʰʽϦΣ ʰ˂˂ʱ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ʷ˄ʰ˄ ˋˍʰˍʽˋˍʽˁˈ ʵʶʾˁˍʹ όˋˎ˄ʺʻ˖ˌ ˍˇ˄ ˃ʷˋˇ ˈˊˇύ ˃ʽʰˌ ˉˇˋˇˍʽˁʺˌ 

˃ʶˍʰʲ˂ʹˍʺˌ ʴʽʰ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰΦ 

ʆˇ ǎƴǎΦōŀǊǇƭƻǘ ˍˇˎ ǎŜŀōƻǊƴ ˎˉˇ˂ˇʴʾʸʶʽ ʰˎˍˈ˃ʰˍʰ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˁʰʽ ˋ˔ʶʵʽʱʸʶʽ ˃ʽʰ ˃ʰˏˊʹ ʴˊʰ˃˃ʺ ˋˍʹ˄ 

ˁˇˊˎ˒ʺ ˁʱʻʶ ˃ˉʱˊʰˌΦ ɮˎˍʺ ʹ ʴˊʰ˃˃ʺ ʶʾ˄ʰʽ ˍˇ ʵʽʱˋˍʹ˃ʰ ʶ˃ˉʽˋˍˇˋˏ˄ʹˌ ό/ƻƴŦƛŘŜƴŎŜ LƴǘŜǊǾŀƭ - 95%). 

ɳʱ˄ ʹ ʶ˄ ˂ˈʴ˖ ʴˊʰ˃˃ʺ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˃ʽˁˊʺΣ ˍˈˍʶ ʶʾ˃ʰˋˍʶ ˋʾʴˇˎˊˇʽ ʴʽʰ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ ɾʾʰ ˃ʶʴʱ˂ʹ 

ʴˊʰ˃˃ʺ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʶʴʱ˂ʹ ʰʲʶʲʰʽˈˍʹˍʰ ʺ ˂ʾʴʰ ʵʶʵˇ˃ʷ˄ʰΦ 

# ȹɖɛɘɞɡɟɔɑŬ ȹŮŭɞɛɏɜɤɜ: ɀɘůɗɞɑ ŬɜɎ ɇɛɐɛŬ 

import pandas as pd 

import seaborn  as sns  

import matplotlib.pyplot  as plt  

import  numpy as  np 

 

dept_data = pd . DataFrame ({  

    ' ɇɛɐɛŬ' :  [ ' ɄɤɚɐůŮɘɠ' ]* 20 + [ 'IT' ]* 20 + [ 'HR' ]* 20 ,  

    # Ƀɘ ɄɤɚɐůŮɘɠ ɏɢɞɡɜ ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ (əɎˊɞɘɞɘ ˊŬɑɟɜɞɡɜ ˊɞɚɚɎ, əɎˊɞɘɞɘ 

ɚɑɔŬ) 

    # ɇɞ IT ɏɢŮɘ ɛŮɔɎɚɞɡɠ ɛɘůɗɞɨɠ ŬɚɚɎ ůŰŬɗŮɟɞɨɠ 

    ' ɀɘůɗɧɠ' :  np . concatenate ([  

        np . random . normal ( 1000 ,  300 ,  20),  # ɄɤɚɐůŮɘɠ 

        np . random . normal ( 1500 ,  100 ,  20),  # IT  

        np . random . normal ( 900 ,  50 ,  20)     # HR 

    ])  

})  
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plt . figure ( figsize =( 8,  5))  

 

# barplot: ɈˊɞɚɞɔɑɕŮɘ Űɞɜ ɀɏůɞ ȳɟɞ (estimator=mean Ŭˊɧ default)  

sns . barplot ( data =dept_data ,  x=' ɇɛɐɛŬ' ,  y=' ɀɘůɗɧɠ' ,  palette ='magma' )  

 

plt . title ('ɀɏůɞɠ ɀɘůɗɧɠ ŬɜɎ ɇɛɐɛŬ (ɛŮ ȹɘɎůŰɖɛŬ ȺɛˊɘůŰɞůɨɜɖɠ)')  

plt . show()  

ɼΦ пΦнΦмр ɲʹ˃ʽˇˎˊʴʾʰ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʷˋˇˎˈ ˈˊˇˎ ˃ʶ ʵʽʱˋˍʹ˃ʰ ʶˉ˃ˉʽˋˍˇˋˏ˄ʹˌ ˃ʶ ǎŜŀōƻǊƴ 

 

 

ɳΦ пΦнΦмр ɲʹ˃ʽˇˎˊʴʾʰ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʷˋˇˎ ˈˊˇˎ ˃ʶ ʵʽʱˋˍʹ˃ʰ ʶˉ˃ˉʽˋˍˇˋˏ˄ʹˌ ˃ʶ ǎŜŀōƻǊƴ 

 

ʅˍˇ ɳΦ пΦнΦмр ʲ˂ʷˉˇˎ˃ʶ ˈˍʽ ʹ ɶ ˃ˉʱˊʰ ˍˇˎ L¢ ʶʾ˄ʰʽ ʹ ˉʽˇ ˕ʹ˂ʺ ό˃ʶʴʰ˂ˏˍʶˊˇˌ ˃ʷˋˇˌ ˃ʽˋʻˈˌύΦ ɶ ˃ʰˏˊʹ 

ʴˊʰ˃˃ʺ ˋˍʽˌ ʃ˖˂ʺˋʶʽˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈˍʰˍʰ ˉʽˇ ˃ʶʴʱ˂ʹ ʰˉˈ ˍˇˎ IwΣ ʵʶʾ˔˄ˇ˄ˍʰˌ ˈˍʽ ʶˁʶʾ ˇʽ ˃ʽˋʻˇʾ 

ʵʽʰ˒ʷˊˇˎ˄ ˉˇ˂ˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˎˉʰ˂˂ʺ˂˖˄Φ ʂˉ˖ˌ ˁʰʽ ˋˍʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ʵʽʰˋˉˇˊʱˌΣ ˃ˉˇˊˇˏ˃ʶ ˄ʰ 

ˉˊˇˋʻʷˋˇˎ˃ʶ ˃ʽʰ ˍˊʾˍʹ ʵʽʱˋˍʰˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ƘǳŜΦ ɮˎˍˈ ʻʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʸʶˎʴʱˊʽʰ ʰˉˈ 

˃ˉʱˊʶˌ όɼΦ пΦнΦмсύΦ 

# ȷɠ ŭɞɨɛŮ Űɞɡɠ ɛɘůɗɞɨɠ ŬɜɎ ŰɛɐɛŬ, ŬɚɚɎ ɢɤɟɘůɛɏɜɞɡɠ əŬɘ ŬɜɎ űɨɚɞ (ŰɡɢŬɑŬ 

ŭŮŭɞɛɏɜŬ) 

dept_data [ 'ūɨɚɞ']  = np . random . choice ([ 'ȯɜŭɟŬɠ',  'ũɡɜŬɑəŬ'],  60)  

 

plt . figure ( figsize =( 10 ,  6))  

 

sns . barplot ( data =dept_data ,  x=' ɇɛɐɛŬ' ,  y=' ɀɘůɗɧɠ' ,  hue=' ūɨɚɞ' ,  

palette ='muted' )  

 

plt . title ('ɀɏůɞɠ ɀɘůɗɧɠ ŬɜɎ ɇɛɐɛŬ əŬɘ ūɨɚɞ')  

plt . show()  
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ɼΦ пΦнΦмс ɲʹ˃ʽˇˎˊʴʾʰ ˋˏ˄ʻʶˍˇˎ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʶ ǎŜŀōƻǊƴ 

 

 

 

ɳΦ пΦнΦмс ɲʹ˃ʽˇˎˊʴʾʰ ˋˏ˄ʻʶˍˇˎ ˊʰʲʵˇʴˊʱ˃˃ʰˍˇˌ ˃ʶ ǎŜŀōƻǊƴ 

4.2.6. ʅˏ˄ʻʶˍʶˌ ɮˉʶʽˁˇ˄ʾˋʶʽˌ ˁʰʽ ʇˉˇʴˊʰ˒ʺ˃ʰˍʰ 

ɾʷ˔ˊʽ ˍ˗ˊʰ ʵʹ˃ʽˇˎˊʴˇˏˋʰ˃ʶ ʷ˄ʰ ʴˊʱ˒ʹ˃ʰ ˍʹ ˒ˇˊʱΦ ʅˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˈ˃˖ˌΣ ʹ ʵˏ˄ʰ˃ʹ 

ʲˊʾˋˁʶˍʰʽ ˋˍʹ ˋˏʴˁˊʽˋʹΦ ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˍˊˈˉˇʽ ˄ʰ ˍˇ ˉʶˍˏ˔ˇˎ˃ʶ ʰˎˍˈΥ ʹ ʶˉʽˁʰ˂ˎ˕ʹ ˁʰʽ ˍʰ 

ˎˉˇʴˊʰ˒ʺ˃ʰˍʰΦ 

ɶ ʶˉʽˁʱ˂ˎ˕ʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˈˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ʱ˃ʶˋʰ ʵˏˇ ˃ʶʴʷʻʹ ˉˇˎ ʷ˔ˇˎ˄ ˍʹ˄ ʾʵʽʰ 

ˁ˂ʾ˃ʰˁʰ όˉΦ˔Φ ˋˏʴˁˊʽˋʹ ʵˏˇ ˁʰˍʰ˄ˇ˃˗˄ ʺ ʵˏˇ ˃ʶˍˇ˔˗˄ύΦ ʆˇ ˃ˎˋˍʽˁˈ ʶʵ˗ ʶʾ˄ʰʽ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ŀƭǇƘŀ 

όʵʽʰ˒ʱ˄ʶʽʰύΣ ˗ˋˍʶ ˄ʰ ʲ˂ʷˉˇˎ˃ʶ ˍʽ ˁˊˏʲʶˍʰʽ ʰˉˈ ˉʾˋ˖Φ ʅˍˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ όYΦ пΦнΦмтύ 

ˋˎʴˁˊʾ˄ˇˎ˃ʶ  ʵˏˇ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ʽˋˍˇʴˊʱ˃˃ʰˍʰΦ 

import  matplotlib . pyplot as  plt  

import  seaborn as  sns  

import  numpy as  np 

import  pandas as  pd 

 

sns . set_theme ( style ="whitegrid" )  

 

# ȹɖɛɘɞɡɟɔɑŬ ŭŮŭɞɛɏɜɤɜ: ȹɨɞ ɞɛɎŭŮɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɛɏůɞ ɧɟɞ 

data_a = np . random . normal ( loc =50 ,  scale =10 ,  size =500 )  # ɃɛɎŭŬ ȷ 

data_b = np . random . normal ( loc =65 ,  scale =15 ,  size =500 )  # ɃɛɎŭŬ ȸ 

 

plt . figure ( figsize =( 10 ,  6))  

 

# ɆɢŮŭɘɎɕɞɡɛŮ Űɞ ˊɟɩŰɞ 
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sns . histplot ( data_a ,  color ="skyblue" ,  label ="ɃɛɎŭŬ ȷ" ,  kde =True ,  alpha =0.5 )  

# ɆɢŮŭɘɎɕɞɡɛŮ Űɞ ŭŮɨŰŮɟɞ ɆɇɃ ȽȹȽɃ "figure" 

sns . histplot ( data_b ,  color ="orange" ,  label ="ɃɛɎŭŬ ȸ" ,  kde =True ,  alpha =0.5 )  

 

plt . title ("ȯɛŮůɖ Ɇɨɔəɟɘůɖ ȹɨɞ ȾŬŰŬɜɞɛɩɜ (Overlay)")  

plt . legend ()  # ȺɛűɎɜɘůɖ ɡˊɞɛɜɐɛŬŰɞɠ (ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ ɜŬ ɝɏɟɞɡɛŮ ˊɞɘɞ ŮɑɜŬɘ 

ˊɞɘɞ) 

plt . show()  

ɼΦ пΦнΦмт ʅˏʴˁˊʽˋʹ ʵˏˇ ˁʰˍʰ˄ˇ˃˗˄ ˃ʶ ʽˋˍˇʴˊʱ˃˃ʰˍʰ ˍˇˎ ǎŜŀōƻǊƴ 

 

ɳΦ пΦнΦмт ʅˏʴˁˊʽˋʹ ʵˏˇ ˁʰˍʰ˄ˇ˃˗˄ ˃ʶ ʽˋˍˇʴˊʱ˃˃ʰˍʰ ˍˇˎ ǎŜŀōƻǊƴ 

ɰ˂ʷˉˇˎ˃ʶ ʰ˃ʷˋ˖ˌ ˉˇˏ Ϧˍʷ˃˄ˇ˄ˍʰʽϦ ˇʽ ʵˏˇ ˇ˃ʱʵʶˌ ˁʰʽ ˉˈˋˇ ʵʽʰ˒ʷˊˇˎ˄ ˇʽ ˁˇˊˎ˒ʷˌ ˍˇˎˌΦ ɮ˄ ˍʰ 

ʲʱʸʰ˃ʶ ˋʶ ˅ʶ˔˖ˊʽˋˍʱ ʴˊʰ˒ʺ˃ʰˍʰΣ ʹ ˋˏʴˁˊʽˋʹ ʻʰ ʺˍʰ˄ ʵˏˋˁˇ˂ʹΦ ʂˍʰ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ʵʶʾ˅ˇˎ˃ʶ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˊʱʴ˃ʰˍʰ ʵʾˉ˂ʰ-ʵʾˉ˂ʰ όˉΦ˔Φ ʷ˄ʰ ʻʹˁˈʴˊʰ˃˃ʰ  ˁʰʽ ʷ˄ʰ ʵʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌύΣ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ǇƭǘΦǎǳōǇƭƻǘǎόύΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ Ϧˉ˂ʷʴ˃ʰϦ όƎǊƛŘύ ʰˉˈ 

ʱ˅ˇ˄ʶˌ όŀȄŜǎύ όYΦ пΦнΦмуύΦ 

# ȹɖɛɘɞɡɟɔɑŬ "ŰŬɛˊɚɧ" ɛŮ 1 ɔɟŬɛɛɐ əŬɘ 2 ůŰɐɚŮɠ (1x2) 

# fig: ɇɞ ůɡɜɞɚɘəɧ "ɢŬɟŰɑ" 

# axes: ɀɘŬ ɚɑůŰŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ŰŬ Ůˊɘɛɏɟɞɡɠ ɔɟŬűɐɛŬŰŬ (axes[0], axes[1]) 

fig ,  axes = plt . subplots ( 1,  2,  figsize =( 15 ,  6))  

 

# ȹŮŭɞɛɏɜŬ (ŰɡɢŬɑŬ)  

df = pd . DataFrame ({ 'Val' :  np . random . normal ( 10 ,  2,  100 ),  'Cat' :  

np . random . choice ([ 'A' ,  'B' ],  100 )})  

 

# ũɟɎűɖɛŬ 1 (ȷɟɘůŰŮɟɎ) -  ɇɞ ŰɞˊɞɗŮŰɞɨɛŮ ůŰɞ ax=axes[0] 

sns . boxplot ( data =df ,  x='Cat' ,  y='Val' ,  ax =axes [ 0],  palette ="Set2" )  

axes [ 0]. set_title ( "ũɟɎűɖɛŬ 1: Boxplot" )  

 

# ũɟɎűɖɛŬ 2 (ȹŮɝɘɎ) -  ɇɞ ŰɞˊɞɗŮŰɞɨɛŮ ůŰɞ ax=axes[1] 

sns . histplot ( data =df ,  x='Val' ,  ax =axes [ 1],  color ='purple' ,  kde =True )  

axes [ 1]. set_title ( "ũɟɎűɖɛŬ 2: ȽůŰɧɔɟŬɛɛŬ" )  
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plt . tight_layout ()  # ɀŬɔɘəɐ ŮɜŰɞɚɐ: ūŰɘɎɢɜŮɘ ŬɡŰɧɛŬŰŬ ŰŬ əŮɜɎ ɩůŰŮ ɜŬ ɛɖɜ 

ˊɏűŰŮɘ Űɞ ɏɜŬ ˊɎɜɤ ůŰɞ Ɏɚɚɞ 

plt . show()  

ɼΦ пΦнΦму ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ǎŜŀōƻǊƴ 

 

 

 

ɳΦ пΦнΦму ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ǎŜŀōƻǊƴ 

ɳˉʾˋʹˌ ˍˇ ǎŜŀōƻǊƴ ʷ˔ʶʽ ˃ʽʰ ˉˇ˂ˏ ʵˎ˄ʰˍʺ ˂ʶʽˍˎʴʽˁˈˍʹˍʰ ˉˇˎ ˂ʷʴʶˍʰʽ ŦŀŎŜǘƛƴƎΦ ɮ˄ˍʾ ˄ʰ ˒ˍʽʱ˔˄ˇˎ˃ʶ 

ʶ˃ʶʾˌ ˍʰ ˎˉˇʴˊʰ˒ʺ˃ʰˍʰ ˃ʶ ˍˇ ˔ʷˊʽΣ ˍˇˎ ˂ʷ˃ʶΥ Ϧʊˍʽʱ˅ʶ ˃ˇˎ ʷ˄ʰ ʴˊʱ˒ʹ˃ʰ ʴʽʰ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰϦΦ 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍʽˌ ʶ˄ˍˇ˂ʷˌ ǊŜƭǇƭƻǘ όʴʽʰ ǎŎŀǘǘŜǊκƭƛƴŜύ ʺ ŎŀǘǇƭƻǘ όʴʽʰ ōŀǊκōƻȄύ ˃ʶ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ Ŏƻƭ 

όˋˍʺ˂ʹύ ʺ Ǌƻǿ όʴˊʰ˃˃ʺύΦ ʅˍˇ ˉʰˊʰˁʱˍ˖ ˉʰˊʱʵʶʽʴ˃ʰ όɼΦ пΦнΦмфύ ʷ˔ˇˎ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˂ˇʴʰˊʽʰˋ˃ˇˏˌ 

ˋʶ ʶˋˍʽʰˍˈˊʽˇΦ ɸʷ˂ˇˎ˃ʶ ˄ʰ ʵˇˏ˃ʶ ˍʹ ˋ˔ʷˋʹ ɽˇʴʰˊʽʰˋ˃ˇˏ-ʊʽ˂ˇʵ˖ˊʺ˃ʰˍˇˌΣ ʰ˂˂ʱ ˔˖ˊʽˋˍʱ ʴʽʰ 

ɼʰˉ˄ʽˋˍʷˌ ˁʰʽ ɾʹ ɼʰˉ˄ʽˋˍʷˌΦ 

# ūɧɟŰɤůɖ ɏŰɞɘɛɞɡ dataset Űɞɡ Seaborn  

tips = sns . load_dataset ( "tips" )  

 

# col="smoker": ŪŬ űŰɘɎɝŮɘ ŬɡŰɧɛŬŰŬ 2 ɔɟŬűɐɛŬŰŬ ŭɑˊɚŬ-ŭɑˊɚŬ (ɏɜŬ ɔɘŬ Yes, 

ɏɜŬ ɔɘŬ No) 

sns . relplot (  

    data =tips ,   

    x="total_bill" ,   

    y="tip" ,   

    hue="sex" ,       # ɉɟɩɛŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ űɨɚɞ 

    col ="smoker" ,    # ɂȺɉɋɅȽɆɇɃ ɔɟɎűɖɛŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ əɎˊɜɘůɛŬ 

    kind ="scatter" ,  

    height =5,   

    aspect =1 

)  

 

plt . show()  

ɼΦ пΦнΦмф ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ˍˇ ŦŀŎŜǘƛƴƎ ˍˇˎ ǎŜŀōƻǊƴ  
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ɳΦ пΦнΦмф ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ˍˇ ŦŀŎŜǘƛƴƎ ˍˇˎ ǎŜŀōƻǊƴ  

ɼʰʽ ˍˇ tƭƻǘƭȅ ˎˉˇˋˍʹˊʾʸʶʽ ŦŀŎŜǘƛƴƎ ˃ʶ ʶ˂ʱ˔ʽˋˍˇ ˁˈˉˇΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ŦŀŎŜǘψŎƻƭ όɼΦ пΦнΦнлύΦ 

import  plotly . express as  px  

 

# Ȳŭɘɞ ˊŬɟɎŭŮɘɔɛŬ ɛŮ ˊɟɘɜ (ȾŬˊɜɘůŰɏɠ vs ɀɖ ȾŬˊɜɘůŰɏɠ) 

fig = px . scatter ( tips ,   

                 x="total_bill" ,   

                 y="tip" ,   

                 color ="sex" ,   

                 facet_col ="smoker" ,  # ȼ ɛŬɔɘəɐ ŮɜŰɞɚɐ ɔɘŬ subplots  

                 title ="Ɇɢɏůɖ ȿɞɔŬɟɘŬůɛɞɨ-ūɘɚɞŭɤɟɐɛŬŰɞɠ (Facet Plot)")  

 

fig . show()  

ɼΦ пΦнΦнл ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ˍˇ ŦŀŎŜǘƛƴƎ ˍˇˎ Ǉƭƻǘƭȅ 

 

9Φ пΦнΦнл ɲʹ˃ʽˇˎˊʴʾʰ ˎˉˇʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ ˍˇ ŦŀŎŜǘƛƴƎ ˍˇˎ Ǉƭƻǘƭȅ 
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4.3. ɳ˒ʰˊ˃ˇˋ˃ʷ˄ˇ tǊƻƧŜŎǘΥ ɮ˄ʱ˂ˎˋʹ ɼʶˊʵˇ˒ˇˊʾʰˌ ɼʰˍʰˋˍʺ˃ʰˍˇˌ 

ɾʷ˔ˊʽ ˋˍʽʴ˃ʺˌ ʶ˅ʶˍʱˋʰ˃ʶ ˍʰ ʶˊʴʰ˂ʶʾʰ ˃ʰˌ ˃ʶ˃ˇ˄˖˃ʷ˄ʰΦ ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰΣ ʻʰ ˍʰ ˋˎ˄ʻʷˋˇˎ˃ʶ ˈ˂ʰ 

˃ʰʸʾ ˋʶ ʷ˄ʰ ˊʶʰ˂ʽˋˍʽˁˈ ˋʶ˄ʱˊʽˇ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˁˇˉˈˌ ˃ʰˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˉ˂˗ˌ ˄ʰ ʴˊʱ˕ˇˎ˃ʶ 

ˁ˗ʵʽˁʰΣ ʰ˂˂ʱ ˄ʰ ʰ˒ʹʴʹʻˇˏ˃ʶ ˃ʽʰ ʽˋˍˇˊʾʰ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ό5ŀǘŀ {ǘƻǊȅǘŜƭƭƛƴƎ). 

ʆˇ ʅʶ˄ʱˊʽˇΥ ɳˊʴʱʸʶˋˍʶ ˖ˌ ʰ˄ʰ˂ˎˍʺˌ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˃ʽʰ ˃ʶʴʱ˂ʹ ʰ˂ˎˋʾʵʰ ˂ʽʰ˄ʽˁʺˌΦ ʁ ʁʽˁˇ˄ˇ˃ʽˁˈˌ 

ɲʽʶˎʻˎ˄ˍʺˌ ˋʱˌ ˉʰˊʰʵʾʵʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉ˖˂ʺˋʶ˖˄ ˍˇˎ ˍʶ˂ʶˎˍʰʾˇˎ ʷˍˇˎˌ ˁʰʽ ʻʷˍʶʽ ʷ˄ʰ ʰˉ˂ˈ ʰ˂˂ʱ 

ˁˊʾˋʽ˃ˇ ʶˊ˗ˍʹ˃ʰΥ Ϧɴ˔ˇˎ˃ʶ ˎ˕ʹ˂ˈ ˍʸʾˊˇΣ ʰ˂˂ʱ ˍʰ ˁʷˊʵʹ ˃ʰˌ ʵʶ˄ ʶʾ˄ʰʽ ˍʰ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰΦ ʃˇˏ ˔ʱ˄ˇˎ˃ʶ 

˔ˊʺ˃ʰˍʰΤϦ 

4.3.1. ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ɳˉʽˋˁˈˉʹˋʹ ɲʶʵˇ˃ʷ˄˖˄ 

ɮˌ ˅ʶˁʽ˄ʺˋˇˎ˃ʶ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ όɼΦ 

пΦоΦмύΦ ɴ˔ˇˎ˃ʶ ˁʰˍʰʴˊʰ˒ʷˌ ʴʽʰ ˍˊʶʽˌ ˁʰˍʹʴˇˊʾʶˌ ˉˊˇʿˈ˄ˍ˖˄Υ ʆʶ˔˄ˇ˂ˇʴʾʰ ό¢ŜŎƘύΣ ɴˉʽˉ˂ʰ όCǳǊƴƛǘǳǊŜύ 

ˁʰʽ ɳʾʵʹ ɱˊʰ˒ʶʾˇˎ όhŦŦƛŎŜ {ǳǇǇƭƛŜǎύΦ ɼʱʻʶ ʶʴʴˊʰ˒ʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ɶ˃ʶˊˇ˃ʹ˄ʾʰΣ ˍˇ ˉˇˋˈ ʃ˗˂ʹˋʹˌ 

ό{ŀƭŜǎύ ˁʰʽ ˍˇ ɼʷˊʵˇˌ όtǊƻŦƛǘύΦ 

import  pandas as  pd 

import  numpy as  np 

import  seaborn as  sns  

import  matplotlib . pyplot as  plt  

 

# ɅɡɗɛɑůŮɘɠ 

np . random . seed ( 42)  

sns . set_theme ( style ="whitegrid" )  

 

# ȹɖɛɘɞɡɟɔɑŬ 500 ŮɔɔɟŬűɩɜ 

n = 500  

categories = np . random . choice ([ 'Tech' ,  'Furniture' ,  'Office' ],  n)  

sales = np . random . exponential ( scale =200 ,  size =n)  + 50  # ɄɤɚɐůŮɘɠ ɛŮ ɗŮŰɘəɐ 

ɚɞɝɧŰɖŰŬ 

dates = pd . date_range ( start ='2023 - 01- 01' ,  periods =n)  

 

# ȹɖɛɘɞɡɟɔɑŬ Ⱦɏɟŭɞɡɠ:  

# ȼ ɇŮɢɜɞɚɞɔɑŬ ɏɢŮɘ ɡɣɖɚɧ əɏɟŭɞɠ, ŰŬ ȰˊɘˊɚŬ ɏɢɞɡɜ ŬůŰɎɗŮɘŬ (ůɡɢɜɎ ɕɖɛɘɏɠ) 

profit = []  

for  i in  range ( n):  

    base_margin = 0.2  if  categories [ i ]  == 'Tech'  else  ( 0.05  if  

categories [ i ]  == 'Furniture'  else  0.15 )  

    noise = np . random . normal ( 0,  40)  # ɇɡɢŬɑɞɠ ˊŬɟɎɔɞɜŰŬɠ 

    profit . append ( sales [ i ]  *  base_margin + noise )  

 

df = pd . DataFrame ({ 'Date' :  dates ,  'Category' :  categories ,  'Sales' :  sales ,  

'Profit' :  profit })  

 

# ɀɘŬ ˊɟɩŰɖ ɛŬŰɘɎ ůŰŬ ůŰŬŰɘůŰɘəɎ 

print ( df . describe ())  

ɼΦ пΦоΦм ɲʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ˈ˂ˇˎ ʵʶʵˇ˃ʷ˄˖˄ 
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ɼˇʽˍʱʸˇ˄ˍʰˌ ˍʹ˄ ʶ˄ˍˇ˂ʺ ŘŜǎŎǊƛōŜόύΣ ˉʰˊʰˍʹˊˇˏ˃ʶ ʰ˃ʷˋ˖ˌ ˍʹ˄ ˉˊ˗ˍʹ ʷ˄ʵʶʽ˅ʹΦ ɶ ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ 

ʃ˖˂ʺˋʶ˖˄ ʶʾ˄ʰʽ ʰʽˋʻʹˍʱ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʹ ʵʽʱ˃ʶˋˇ όрл҈ύΦ ɮˎˍˈ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʽˁʺ ˋˍʰˍʽˋˍʽˁʺ 

ˎˉˇʵʹ˂˗˄ʶʽ ʻʶˍʽˁʺ ˂ˇ˅ˈˍʹˍʰΦ ʃˊʰˁˍʽˁʱΣ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˉ˖˂ʺˋʶʽˌ ˃ʰˌ ʶʾ˄ʰʽ 

˃ʽˁˊˇˉˇˋʱΣ ʰ˂˂ʱ ˎˉʱˊ˔ˇˎ˄ ˂ʾʴʶˌΣ ˉˇ˂ˏ ˃ʶʴʱ˂ʶˌ ˉʰˊʰʴʴʶ˂ʾʶˌ ˉˇˎ ˍˊʰʲˇˏ˄ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˉˊˇˌ ˍʰ 

ˉʱ˄˖Φ ɮ˄ ʲʰˋʽʸˈ˃ʰˋˍʰ˄ ˃ˈ˄ˇ ˋˍˇ˄ ˃ʷˋˇ ˈˊˇ ʴʽʰ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˉˊˇʲ˂ʷ˕ʶʽˌΣ ʻʰ ʶʾ˔ʰ˃ʶ ˎˉʶˊʶˁˍʽ˃ʺˋʶʽ 

ˍʰ ʷˋˇʵʰ ˍˇˎ ϦˍˎˉʽˁˇˏϦ ˉʶ˂ʱˍʹΦ 

4.3.2. ɶ ʃʰʴʾʵʰ ˍ˖˄ ʃ˖˂ʺˋʶ˖˄ ό¦ƴƛǾŀǊƛŀǘŜ !ƴŀƭȅǎƛǎύ 

ɱʽʰ ˄ʰ ʶˉʽʲʶʲʰʽ˗ˋˇˎ˃ʶ ˍʹ˄ ˎˉˇ˕ʾʰ ˃ʰˌ ʴʽʰ ˍʹ ˂ˇ˅ˈˍʹˍʰΣ ˇˉˍʽˁˇˉˇʽˇˏ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 

ʃ˖˂ʺˋʶ˖˄ όɼΦ пΦоΦнύΦ ɮ˄ˍʾ ˄ʰ ˁˇʽˍʱ˃ʶ ʰˉ˂˗ˌ ˄ˇˏ˃ʶˊʰΣ ʷ˄ʰ ɹˋˍˈʴˊʰ˃˃ʰ ʻʰ ˃ʰˌ ʵʶʾ˅ʶʽ ˍˇ ˋ˔ʺ˃ʰ ˍ˖˄ 

ʶˋˈʵ˖˄ ˃ʰˌΦ 

plt . figure ( figsize =( 10 ,  5))  

sns . histplot ( df [ 'Sales' ],  kde =True ,  color ='teal' ,  bins =30)  

plt . title ('ȾŬŰŬɜɞɛɐ ɄɤɚɐůŮɤɜ: ȺˊɘɓŮɓŬɑɤůɖ ŪŮŰɘəɐɠ ȿɞɝɧŰɖŰŬɠ')  

plt . xlabel ('Ʉɞůɧ Ʉɩɚɖůɖɠ (ú)')  

plt . show()  

ɼΦ пΦоΦн ɲʹ˃ʽˇˎˊʴʾʰ ʽˋˍˇʴˊʱ˃˃ʰˍˇˌ ˉ˖˂ʺˋʶ˖˄ 

 

ɳΦ пΦоΦн ɲʹ˃ʽˇˎˊʴʾʰ ʽˋˍˇʴˊʱ˃˃ʰˍˇˌ ˉ˖˂ʺˋʶ˖˄ 

ʆˇ ʴˊʱ˒ʹ˃ʰ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʱ˂ˎˋʺ ˃ʰˌΦ ɰ˂ʷˉˇˎ˃ʶ ˃ʽʰ ˅ʶˁʱʻʰˊʹ ϦˇˎˊʱϦ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱΦ ɶ 

ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˋˎ˄ʰ˂˂ʰʴ˗˄ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˔ʰ˃ʹ˂ʱ όˁʱˍ˖ ʰˉˈ нллϵύΣ ʶ˄˗ ˇʽ ˃ʶʴʱ˂ʶˌ ˉ˖˂ʺˋʶʽˌ 

ʱ˄˖ ˍ˖˄ сллϵ ʶʾ˄ʰʽ ˋˉʱ˄ʽʶˌΦ ɮˎˍˈ ʶʾ˄ʰʽ ˃ʽʰ ˁˊʾˋʽ˃ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ʴʽʰ ˍˇ ˍ˃ʺ˃ʰ aŀǊƪŜǘƛƴƎΥ ˍˇ ˉˊˇ˒ʾ˂ 

ˍˇˎ ˉʶ˂ʱˍʹ ˃ʰˌ ʶʾ˄ʰʽ ˇ Ϧ˃ʽˁˊˈˌ ʰʴˇˊʰˋˍʺˌϦ ˁʰʽ ˈ˔ʽ ˇ ˃ʶʴʱ˂ˇˌ ʶˉʶ˄ʵˎˍʺˌΦ 
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4.3.3. ɮ˄ʰʸʹˍ˗˄ˍʰˌ ˍʹ ɵʹ˃ʾʰ ό.ƛǾŀǊƛŀǘŜ !ƴŀƭȅǎƛǎύ 

ɷˊʻʶ ʹ ˗ˊʰ ˄ʰ ʰˉʰ˄ˍʺˋˇˎ˃ʶ ˋˍˇ ʶˊ˗ˍʹ˃ʰ ˍˇˎ ɲʽʶˎʻˎ˄ˍʺΣ ɱʽʰˍʾ ˍʰ ˁʷˊʵʹ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ʱΤ ɸʰ 

ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍʹ˄ ˁʶˊʵˇ˒ˇˊʾʰ ʰ˄ʱ ɼʰˍʹʴˇˊʾʰ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ ʻʹˁˈʴˊʰ˃˃ʰ όɼΦ пΦоΦоύΦ ʆˇ 

ʻʹˁˈʴˊʰ˃˃ʰ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ʶʵ˗Σ ʵʽˈˍʽ ʻʰ ˃ʰˌ ʰˉˇˁʰ˂ˏ˕ʶʽ ˈ˔ʽ ˃ˈ˄ˇ ˍˇ˄ ˃ʷˋˇ ˈˊˇΣ ʰ˂˂ʱ ˁʰʽ ˍˇ ˊʾˋˁˇ 

όˉˈˋˇ ˋˎ˔˄ʱ ˉʷ˒ˍˇˎ˃ʶ ˋʶ ʰˊ˄ʹˍʽˁˈ ˁʷˊʵˇˌύΦ 

plt . figure ( figsize =( 10 ,  6))  

# ɆɢŮŭɘɎɕɞɡɛŮ Űɞ Ⱦɏɟŭɞɠ ŬɜɎ ȾŬŰɖɔɞɟɑŬ. ɄɟɞůɗɏŰɞɡɛŮ ɛɘŬ əɧəəɘɜɖ ɔɟŬɛɛɐ ůŰɞ 

0.  

sns . boxplot ( data =df ,  x='Category' ,  y='Profit' ,  palette ='Set2' )  

plt . axhline ( 0,  color ='red' ,  linestyle =' -- ' ,  linewidth =1.5 ,  label =' ȳɟɘɞ 

ȻɖɛɑŬɠ' )  

plt . title ('ȾŮɟŭɞűɞɟɑŬ ŬɜɎ ȾŬŰɖɔɞɟɑŬ: Ʉɞɨ ɢɎɜɞɡɛŮ ɢɟɐɛŬŰŬ;')  

plt . legend ()  

plt . show()  

ɼΦ пΦоΦо ɲʹ˃ʽˇˎˊʴʾʰ ʻʹˁˇʴˊʱ˃˃ʰˍˇˌ ˁʶˊʵˇ˒ˇˊʾʰˌ ʰ˄ʰ ˁʰˍʹʴˇˊʾʰ 

 

ɳΦ пΦоΦо ɲʹ˃ʽˇˎˊʴʾʰ ʻʹˁˇʴˊʱ˃˃ʰˍˇˌ ˁʶˊʵˇ˒ˇˊʾʰˌ ʰ˄ʰ ˁʰˍʹʴˇˊʾʰ 

ɶ ʶʽˁˈ˄ʰ ʶʾ˄ʰʽ ʰˉˇˁʰ˂ˎˉˍʽˁʺΦ ɳ˄˗ ʹ ˁʰˍʹʴˇˊʾʰ Ϧ¢ŜŎƘϦ όʆʶ˔˄ˇ˂ˇʴʾʰύ ʷ˔ʶʽ ˍˇ ˁˇˎˍʾ ˍʹˌ ˅ʶˁʱʻʰˊʰ ˉʱ˄˖ 

ʰˉˈ ˍˇ ˃ʹʵʷ˄Σ ʹ ˁʰˍʹʴˇˊʾʰ ϦCǳǊƴƛǘǳǊŜϦ όɴˉʽˉ˂ʰύ ʰ˂˂ʱ ˁʰʽ ʹ ˁʰˍʹʴˇˊʾʰ άhŦŦƛŎŜέ όɳʾʵʹ ɱˊʰ˒ʶʾˇˎύ  

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˉˊˈʲ˂ʹ˃ʰΦ ɴ˄ʰ ˃ʷˊˇˌ ˍˇˎ ϦˁˇˎˍʽˇˏϦ όˉˇˎ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ рл҈ ˍ˖˄ ˉ˖˂ʺˋʶ˖˄ύ 

ʶˁˍʶʾ˄ˇ˄ˍʰʽ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˁˈˁˁʽ˄ʹ ʴˊʰ˃˃ʺΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˋˍʰ ɴˉʽˉ˂ʰ ˁʰʽ ɳʾʵʹ ɱˊʰ˒ʶʾˇˎΣ ˉʰˊˈ˂ˇ 

ˉˇˎ ˁʱ˄ˇˎ˃ʶ ˉ˖˂ʺˋʶʽˌΣ ˋˎ˔˄ʱ ˃ˉʰʾ˄ˇˎ˃ʶ Ϧ˃ʷˋʰϦ όˉʽʻʰ˄˗ˌ ˂ˈʴ˖ ˎ˕ʹ˂˗˄ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ʺ 

ʶˁˉˍ˗ˋʶ˖˄ύΦ ɶ ˁʰˍʹʴˇˊʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ˇ ˎˉʰʾˍʽˇˌ ʴʽʰ ˍʹ ˃ʶʽ˖˃ʷ˄ʹ ˁʶˊʵˇ˒ˇˊʾʰ ˍʹˌ ʶˍʰʽˊʶʾʰˌΦ 
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4.3.4. ʅˎˋ˔ʷˍʽˋʹ ʃ˖˂ʺˋʶ˖˄ ˁʰʽ ɼʷˊʵˇˎˌ 

ʆʷ˂ˇˌΣ ʰˌ ʶ˅ʶˍʱˋˇˎ˃ʶ ʰ˄ ʹ ʰˏ˅ʹˋʹ ˍˇˎ ˍʸʾˊˇˎ ˒ʷˊ˄ʶʽ ˍʶ˂ʽˁʱ ˉʶˊʽˋˋˈˍʶˊʰ ˁʷˊʵʹΦ ɸʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ ʵʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ όɼΦ пΦоΦпύΣ ˔ˊ˖˃ʰˍʾʸˇ˄ˍʰˌ ˍʰ ˋʹ˃ʶʾʰ ˃ʶ ʲʱˋʹ ˍʹ˄ 

ˁʰˍʹʴˇˊʾʰ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˍʰ ˃ˇˍʾʲʰ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΦ 

plt . figure ( figsize =( 10 ,  6))  

sns . scatterplot ( data =df ,  x='Sales' ,  y='Profit' ,  hue='Category' ,  alpha =0.7 ,  

s=80)  

plt . title ('Ɇɢɏůɖ ɄɤɚɐůŮɤɜ -  Ⱦɏɟŭɞɡɠ')  

plt . axhline ( 0,  color ='black' ,  linewidth =1)  # ũɟŬɛɛɐ ɛɖŭŮɜɘəɞɨ əɏɟŭɞɡɠ 

plt . show()  

ɼΦ пΦоΦп ɲʹ˃ʽˇˎˊʴʾʰ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ʵʽʰˋˉˇˊʱˌ ˁʷˊʵˇˎˌ Ǿǎ  ˉ˖˂ʺˋʶ˖˄ 

 

ɳΦ пΦоΦп ɲʹ˃ʽˇˎˊʴʾʰ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ʵʽʰˋˉˇˊʱˌ ˁʷˊʵˇˎˌ Ǿǎ  ˉ˖˂ʺˋʶ˖˄ 

ʆˇ ʵʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ ʰˉˇˁʰ˂ˏˉˍʶʽ ˃ʽʰ ˅ʶˁʱʻʰˊʹΣ ʰ˂˂ʱ ˍʰˎˍˈ˔ˊˇ˄ʰ ʰ˄ʹˋˎ˔ʹˍʽˁʺ ʶʽˁˈ˄ʰ ʴʽʰ ˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁʺ ˎʴʶʾʰ ˍʹˌ ʶˉʽ˔ʶʾˊʹˋʹˌΣ ˃ʶ ˍˇ ˉʽˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇ ʰ˄ʰ˒ˇˊʱˌ ˄ʰ ʶʾ˄ʰʽ ʹ ˇˊʽʸˈ˄ˍʽʰ ʴˊʰ˃˃ʺ 

ˍˇˎ ˃ʹʵʶ˄ˈˌ ˉˇˎ ʵʽʰ˔˖ˊʾʸʶʽ ˍʽˌ ˁʶˊʵˇ˒ˈˊʶˌ ʰˉˈ ˍʽˌ ʸʹ˃ʽˇʴˈ˄ʶˌ ˋˎ˄ʰ˂˂ʰʴʷˌΦ ʃʰˊʰˍʹˊ˗˄ˍʰˌ ˍʹ˄ 

ˁʰˍʹʴˇˊʾʰ ˍʹˌ ʆʶ˔˄ˇ˂ˇʴʾʰˌ όˉˇˊˍˇˁʰ˂ʾ ˋʹ˃ʶʾʰύΣ ʲ˂ʷˉˇˎ˃ʶ ˃ʽʰ ʽˋ˔ˎˊʺ ˁʰʽ ˋˍʰʻʶˊʺ ʻʶˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹΣ 

ˈˉˇˎ ʹ ʰˏ˅ʹˋʹ ˍ˖˄ ˉ˖˂ʺˋʶ˖˄ ˃ʶˍʰ˒ˊʱʸʶˍʰʽ ʱ˃ʶˋʰ ˁʰʽ ʰ˄ʰ˂ˇʴʽˁʱ ˋʶ ʰˏ˅ʹˋʹ ˍˇˎ ˁʷˊʵˇˎˌΦ ʆʰ 

ˋʹ˃ʶʾʰ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˃ʽʰ ʰˉˈˍˇ˃ʹ ʰ˄ˇʵʽˁʺ ˍʱˋʹ ˁʰʽ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʱ ˉʱ˄˖ ʰˉˈ ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ 

˃ʹʵʶ˄ˈˌΣ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ʷ˄ʰ ˎʴʽʷˌ ˉʶˊʽʻ˗ˊʽˇ ˁʷˊʵˇˎˌ ˁʰʽ ˔ʰ˃ʹ˂ˈ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁˈ ˊʾˋˁˇΦ 

ʅˍˇ˄ ʰ˄ˍʾˉˇʵʰΣ ʹ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ɳˉʾˉ˂˖˄ όˉˊʱˋʽ˄ʰ ˋʹ˃ʶʾʰύ ˉʰˊˇˎˋʽʱʸʶʽ ˋˇʲʰˊʺ ʵˇ˃ʽˁʺ ʰʵˎ˄ʰ˃ʾʰ 

ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˁˏˊʽʰ ˉʹʴʺ ʵʽʰˊˊˇʺˌ ʶˋˈʵ˖˄Φ ɴ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʺʻˇˌ ˋˎ˄ʰ˂˂ʰʴ˗˄ ʶ˄ˍˇˉʾʸʶˍʰʽ ˁʱˍ˖ 

ʰˉˈ ˍˇ ˈˊʽˇ ˍˇˎ ˃ʹʵʶ˄ˈˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʶˍʰʽˊʶʾʰ ˋˎ˔˄ʱ ˔ʱ˄ʶʽ ˔ˊʺ˃ʰˍʰ ˉʰˊʱ ˍʹ˄ 

ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ˉ˗˂ʹˋʹˌΣ ˉʽʻʰ˄ˈˍʰˍʰ ˂ˈʴ˖ ˍˇˎ ˎ˕ʹ˂ˇˏ ˁˈˋˍˇˎˌ ˃ʶˍʰ˒ˇˊʱˌ ʺ ʰˉˇʻʺˁʶˎˋʹˌΦ 
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ɮˁˈ˃ʹ ˉʽˇ ʰ˄ʹˋˎ˔ʹˍʽˁˈ ʶʾ˄ʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ ʵʶ˅ʾ ʱˁˊˇ ˍˇˎ ʴˊʰ˒ʺ˃ʰˍˇˌΥ 

ˎˉʱˊ˔ˇˎ˄ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉˇ˂ˏ ˎ˕ʹ˂ˇˏ ˍʸʾˊˇˎ ˉˇˎ ʰˉˇ˒ʷˊˇˎ˄ ʶ˂ʱ˔ʽˋˍˇ ʷ˖ˌ ˃ʹʵʰ˃ʽ˄ˈ ˁʷˊʵˇˌΣ ˃ʽʰ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˉˇˎ ʷˊ˔ʶˍʰʽ ˋʶ ˉ˂ʺˊʹ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ ˁ˂ʱʵˇˎ ˍʹˌ 

ʆʶ˔˄ˇ˂ˇʴʾʰˌΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ʹ ˇˉˍʽˁˇˉˇʾʹˋʹ ʰˎˍʺ ˁʰˍʰˊˊʾˉˍʶʽ ˍʹ˄ ˉʶˉˇʾʻʹˋʹ ˈˍʽ ˇ ˎ˕ʹ˂ˈˌ ˍʸʾˊˇˌ ˋˎ˄ʶˉʱʴʶˍʰʽ 

ʰˎˍˈ˃ʰˍʰ ˁʰʽ ˎ˕ʹ˂ʺ ˁʶˊʵˇ˒ˇˊʾʰΦ ɳ˄˗ ˍʰ ɳʾʵʹ ɱˊʰ˒ʶʾˇˎ ό˃ˉ˂ʶ ˋʹ˃ʶʾʰύ ˁʽ˄ˇˏ˄ˍʰʽ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ 

ʶˉʾˉʶʵʰ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍˇ˄ ˃ʷˋˇ ˈˊˇΣ ʹ ˋˍˊʰˍʹʴʽˁʺ ˍʹˌ ʵʽˇʾˁʹˋʹˌ ˉˊʷˉʶʽ ˄ʰ ʶˋˍʽʱˋʶʽ ʱ˃ʶˋʰ ˋˍʹ˄ 

ʶ˅ˎʴʾʰ˄ˋʹ ˍˇˎ ˁ˂ʱʵˇˎ ˍ˖˄ ɳˉʾˉ˂˖˄Φ ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˈˍʽ ˍʰ ˂ʶʽˍˇˎˊʴʽˁʱ ʷ˅ˇʵʰ ʺ ʹ ˍʽ˃ˇ˂ˇʴʽʰˁʺ 

ˉˇ˂ʽˍʽˁʺ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ Ϧˁʰ˄ʽʲʰ˂ʾʸˇˎ˄Ϧ ˍʰ ˁʷˊʵʹΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰˉˈʵˇˋʹ 

ˍʹˌ ʶˍʰʽˊʶʾʰˌ ˉʰˊʱ ˍˇ˄ ˈʴˁˇ ˍ˖˄ ˉ˖˂ʺˋʶ˖˄Φ 
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4.4. ɳˊ˖ˍʺˋʶʽˌ ɮˎˍˇʰ˅ʽˇ˂ˈʴʹˋʹˌ  

1. ʃˇʽˇ ˃ʷˍˊˇ ˁʶ˄ˍˊʽˁʺˌ ˍʱˋʹˌ ʶʾ˄ʰʽ ˍˇ ˉʽˇ ˁʰˍʱ˂˂ʹ˂ˇ ˈˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʷ˄ˍˇ˄ʹ 

˂ˇ˅ˈˍʹˍʰ ʺ ˉʶˊʽʷ˔ˇˎ˄ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΤ 

ʰύ ɾʷˋˇˌ ˈˊˇˌ  

ʲύ ɲʽʱ˃ʶˋˇˌ  

ʴύ ɳˏˊˇˌ  

ʵύ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹ  

2. ʆʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ ʶ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˈ ʶˏˊˇˌΤ 

ʰύ ʆʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˁʰʽ ˍʹˌ ʶ˂ʱ˔ʽˋˍʹˌ ˍʽ˃ʺˌΦ 

ʲύ ʆˇ ʶˏˊˇˌ ˋˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˍˇ ˃ʶˋʰʾˇ рл҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʴύ ʆˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ʰˉˇˁ˂ʾˋʶ˖˄Φ 

ʵύ ʆˇ ˋʹ˃ʶʾˇ ˉˇˎ ˔˖ˊʾʸʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˋʶ ʵˏˇ ʾˋʰ ˃ʷˊʹΦ 

3. ɮ˄ ˋʶ ˃ʽʰ ˁʰˍʰ˄ˇ˃ʺ ʽˋ˔ˏʶʽ ˈˍʽ ˃ʷˋˇˌ ˈˊˇˌ Ҕ ʵʽʱ˃ʶˋˇˌΣ ˍʽ ʶʾʵˇˌ ˂ˇ˅ˈˍʹˍʰˌ ʷ˔ˇˎ˃ʶΤ 

ʰύ ɮˊ˄ʹˍʽˁʺ ɽˇ˅ˈˍʹˍʰ  

ʲύ ʅˎ˃˃ʶˍˊʽˁʺ ɼʰˍʰ˄ˇ˃ʺ 

ʴύ ɸʶˍʽˁʺ ɽˇ˅ˈˍʹˍʰ  

ʵύ ɾʹʵʶ˄ʽˁʺ ɽˇ˅ˈˍʹˍʰ 

4. ʃˇʽˇ ʶʾ˄ʰʽ ˍˇ ʲʰˋʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ɲʽʰˁˏ˃ʰ˄ˋʹˌ ˉˇˎ ˂ˏ˄ʶʽ ʹ ʆˎˉʽˁʺ ɮˉˈˁ˂ʽˋʹΤ 

ʰύ ɲʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʴʽʰ ʰˊ˄ʹˍʽˁˇˏˌ ʰˊʽʻ˃ˇˏˌΦ 

ʲύ ɳʾ˄ʰʽ ˉʱ˄ˍʰ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍˇ ˃ʹʵʷ˄Φ 

ʴύ ʁʽ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ʶʾ˄ʰʽ ˍʶˍˊʰʴ˖˄ʽˋ˃ʷ˄ʶˌ όˉΦ˔Φ ϷŎƳϣнϷύΣ ʵˎˋˁˇ˂ʶˏˇ˄ˍʰˌ ˍʹ˄ ʶˊ˃ʹ˄ʶʾʰΦ 

ʵύ ɲʶ˄ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 
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5. ʃˇʽˇ ʴˊʱ˒ʹ˃ʰ ʶʾ˄ʰʽ ˍˇ ˉ˂ʷˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˃ʽʰˌ ˉˇˋˇˍʽˁʺˌ 

˃ʶˍʰʲ˂ʹˍʺˌ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ ˍʹˌ όˉΦ˔Φ ʰ˄ ˃ˇʽʱʸʶʽ ˃ʶ ˁʰ˃ˉʱ˄ʰύΤ 

ʰύ ʄʰʲʵˈʴˊʰ˃˃ʰ  

ʲύ ɲʽʱʴˊʰ˃˃ʰ ɲʽʰˋˉˇˊʱˌ  

ʴύ ɹˋˍˈʴˊʰ˃˃ʰ  

ʵύ ɸʶˊ˃ʽˁˈ ɲʽʱʴˊʰ˃˃ʰ ʅˎˋ˔ʷˍʽˋʹˌ 

6. ʅʶ ʷ˄ʰ ʻʹˁˈʴˊʰ˃˃ʰΣ ˍʽ ˎˉˇʵʹ˂˗˄ˇˎ˄ ˇʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˍʶ˂ʶʾʶˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʷ˅˖ ʰˉˈ ˍʰ 

Ϧ˃ˇˎˋˍʱˁʽʰϦΤ 

ʰύ ʆˇ˄ ˃ʷˋˇ ˈˊˇ 

ʲύ ʆʽˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ  

ʴύ ʆʰ ˍʶˍʰˊˍʹ˃ˈˊʽʰ 

ʵύ ʆʹ ʵʽʱ˃ʶˋˇ 

7. ʆʽ ˃ʰˌ ʵʶʾ˔˄ʶʽ ˇ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɾʶˍʰʲ˂ʹˍˈˍʹˍʰˌΤ 

ʰύ ʆʹ˄ ʰˉˈ˂ˎˍʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˃ʶʴʾˋˍˇˎ ˁʰʽ ʶ˂ʰ˔ʾˋˍˇˎΦ 

ʲύ ʆʹ ˋ˔ʶˍʽˁʺ ʵʽʰˋˉˇˊʱ ˖ˌ ˉˇˋˇˋˍˈ ˍˇˎ ˃ʷˋˇˎ ˈˊˇˎΦ 

ʴύ ʆʹ ˋˎˋ˔ʷˍʽˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ ˃ʶˍʰʲ˂ʹˍ˗˄Φ 

ʵύ ʆʹ˄ ʰˋˎ˃˃ʶˍˊʾʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌΦ 

8. ʃˇʽʰ ʲʽʲ˂ʽˇʻʺˁʹ ˍʹˌ tȅǘƘƻƴ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁʺ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʽʰʵˊʰˋˍʽˁ˗˄ ʴˊʰ˒ʹ˃ʱˍ˖˄ ˃ʶ 

ʵˎ˄ʰˍˈˍʹˍʰ ȊƻƻƳ ˁʰʽ ƘƻǾŜǊΤ 

)h Matplotlib 

)̡ Seaborn 

)ɹ Plotly 

ʵύ tŀƴŘŀǎ 
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9. ʅʶ ʷ˄ʰ ʻʶˊ˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˋˎˋ˔ʷˍʽˋʹˌΣ ˍʽ ˋʹ˃ʰʾ˄ʶʽ ʰ˄ ʷ˄ʰ ˍʶˍˊʱʴ˖˄ˇ ʷ˔ʶʽ ʷ˄ˍˇ˄ˇ ˁˈˁˁʽ˄ˇ 

˔ˊ˗˃ʰ ˁʰʽ ˍʽ˃ʺ ˁˇ˄ˍʱ ˋˍˇ мΤ 

ʰύ ɹˋ˔ˎˊʺ ʻʶˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹ 

ʲύ ɹˋ˔ˎˊʺ ʰˊ˄ʹˍʽˁʺ ˋˎˋ˔ʷˍʽˋʹ 

ʴύ ɼʰ˃ʾʰ ˋˎˋ˔ʷˍʽˋʹ 

ʵύ ʂˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˂ʱʻˇˌ 

10. ʆʽ ˋʹ˃ʰʾ˄ʶʽ ʰ˄ ˃ʽʰ ˁʰˍʰ˄ˇ˃ʺ ʶʾ˄ʰʽ ˂ʶˉˍˇˁˎˊˍ˖˃ʷ˄ʹΤ 

ʰύ ɳʾ˄ʰʽ ˉˇ˂ˏ ˉ˂ʰˍʽʱ ˁʰʽ ʶˉʾˉʶʵʹΦ 

ʲύ ɴ˔ʶʽ ʰʽ˔˃ʹˊʺ ˁˇˊˎ˒ʺ ˁʰʽ Ϧˉʰ˔ʽʷˌϦ ˇˎˊʷˌΦ 

ʴύ ɳʾ˄ʰʽ ʰˉˈ˂ˎˍʰ ˋˎ˃˃ʶˍˊʽˁʺ ˈˉ˖ˌ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ 

ʵύ ʂˍʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁˈˌΦ 

11. ʃˇʽˇ ʶʾʵˇˌ ʴˊʰ˒ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˍˇ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄Τ 

ʰύ ɲʽʱʴˊʰ˃˃ʰ ˉʾˍʰˌ 

ʲύ ɲʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ 

ʴύ ɱˊʰ˃˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ 

ʵύ ɸʹˁˈʴˊʰ˃˃ʰ 

12. ʅˍʹ˄ ʶ˄ˍˇ˂ʺ ǎƴǎΦōŀǊǇƭƻǘ ˍˇˎ ǎŜŀōƻǊƴΣ ˍʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʹ ˃ʰˏˊʹ ʴˊʰ˃˃ʺ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˁʱʻʶ 

ˊʱʲʵˇˎΤ 

ʰύ ʆʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺΦ 

ʲύ ʆˇ ʵʽʱˋˍʹ˃ʰ ʶ˃ˉʽˋˍˇˋˏ˄ʹˌΦ  

ʴύ ʆˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʶʴʴˊʰ˒˗˄Φ 

ʵύ ʆʹ ʵʽʱ˃ʶˋˇΦ 

13. ʆʽ ˃ʰˌ ʵʽʵʱˋˁʶʽ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ Ϧ!ƴǎŎƻƳōŜϥǎ vǳŀǊǘŜǘϦΤ 



 

362 
 

ʰύ ɾʽʰ ˍʶ˔˄ʽˁʺ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ ʶ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˇˏ ʶˏˊˇˎˌΦ 

ʲύ ʂˍʽ ˍʷˋˋʶˊʰ ˋΩˎ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʾʵʽʰ ˋˍʰˍʽˋˍʽˁʱ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁʱ 

ʴˊʰ˒ʺ˃ʰˍʰΦ 

ʴύ ɾʽʰ ˃ʷʻˇʵˇ ʴʽʰ ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ʰˁˊʱʽ˖˄ ˍʽ˃˗˄Φ 

ʵύ ɴ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ 

14. ɮ˄ ʻʷ˂ˇˎ˃ʶ ˄ʰ ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʰ˄ʵˊ˗˄ ˁʰʽ ʴˎ˄ʰʽˁ˗˄ ˋʶ ʷ˄ʰ ʵʶʾʴ˃ʰΣ ˉˇʽˇ ʴˊʱ˒ʹ˃ʰ 

ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶΤ 

ʰύ ɱˊʰ˃˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ 

ʲύ ʄʰʲʵˈʴˊʰ˃˃ʰ 

ʴύ ɲʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ 

ʵύ Y59 tƭƻǘ 

15. ʆʽ ʶʾ˄ʰʽ ˍˇ мˇ ʆʶˍʰˊˍʹ˃ˈˊʽˇ όvмύΤ 

ʰύ ɶ ˍʽ˃ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˍˇ нр҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʲύ ɶ ˍʽ˃ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˍˇ рл҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʴύ ɶ ˍʽ˃ʺ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˍˇ тр҈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʵύ ɶ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

16. ʅˍˇ ǇǊƻƧŜŎǘ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ пΦо όɮ˄ʱ˂ˎˋʹ ɼʶˊʵˇ˒ˇˊʾʰˌύΣ ˉˇʽˇ ʺˍʰ˄ ˍˇ ʲʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ˍʹ˄ 

ˁʰˍʹʴˇˊʾʰ ϦCǳǊƴƛǘǳǊŜϦ όɴˉʽˉ˂ʰύΤ 

ʰύ ɳʾ˔ʰ˄ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˉ˖˂ʺˋʶʽˌΦ 

ʲύ ɳʾ˔ʰ˄ ˎ˕ʹ˂ʷˌ ˉ˖˂ʺˋʶʽˌ ʰ˂˂ʱ ˋˎ˔˄ʱ ʰˊ˄ʹˍʽˁˈ ʺ ˃ʹʵʰ˃ʽ˄ˈ ˁʷˊʵˇˌΦ 

ʴύ ɲʶ˄ ˎˉʺˊ˔ʰ˄ ˁʰʻˈ˂ˇˎ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ʰˎˍʺ ˍʹ˄ ˁʰˍʹʴˇˊʾʰΦ 

ʵύ ɳʾ˔ʰ˄ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ˁʶˊʵˇ˒ˇˊʾʰ ʰˉˈ ˈ˂ʶˌ ˍʽˌ ˁʰˍʹʴˇˊʾʶˌΦ 
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17. ʃ˗ˌ ˇ˄ˇ˃ʱʸʶˍʰʽ ʹ ˍʶ˔˄ʽˁʺ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇˎ˃ʶ ˉˇ˂˂ʱ ˃ʽˁˊʱ ʴˊʰ˒ʺ˃ʰˍʰ ʵʾˉ˂ʰ-ʵʾˉ˂ʰ ʴʽʰ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ όˉΦ˔Φ ŎƻƭҐϥǎƳƻƪŜǊϥύΤ 

)h Overlaying 

)̡ Faceting (̋ Subplots) 

ʴύ /ƭǳǎǘŜǊƛƴƎ 

ʵύ {ŀƳǇƭƛƴƎ 

18. ʆʽ ʻʰ ˋˎ˃ʲʶʾ ʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ ˈˊʽˋ˃ʰ ƘǳŜ ˋʶ ʷ˄ʰ ʵʽʱʴˊʰ˃˃ʰ ʵʽˋˉˇˊʱˌ ˍˇˎ ǎŜŀōƻǊƴΤ 

ʰύ ɸʰ ˃ʶʴʰ˂˗ˋʶʽ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄Φ 

ʲύ ɸʰ ʰ˂˂ʱ˅ʶʽ ˍˇ ˋ˔ʺ˃ʰ ˍ˖˄ ˋʹ˃ʶʾ˖˄Φ 

ʴύ ɸʰ ˔ˊ˖˃ʰˍʾˋʶʽ ˍʰ ˋʹ˃ʶʾʰ ʲʱˋʶʽ ˃ʽʰˌ ˁʰˍʹʴˇˊʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌΦ 

ʵύ ɸʰ ˁʱ˄ʶʽ ˍˇ ʴˊʱ˒ʹ˃ʰ ˍˊʽˋʵʽʱˋˍʰˍˇΦ 

19. ʃˇʽˇ ʰˉˈ ˍʰ ˉʰˊʰˁʱˍ˖ ʵʶ˄ ʶʾ˄ʰʽ ˃ʷˍˊˇ ʵʽʰˋˉˇˊʱˌΤ 

ʰύ ʆˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ 

ʲύ ɲʽʰˁˏ˃ʰ˄ˋʹ 

ʴύ ɳˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺ  

ʵύ ɳ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˈ ʶˏˊˇˌ 

20. ʅˍʹ˄ tȅǘƘƻƴΣ ˉ˗ˌ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ˍˇ флˇ ʶˁʰˍˇˋˍʹ˃ˈˊʽˇ όtфлύ ˃ʽʰˌ ˋˍʺ˂ʹˌ ŘŦώϥŎƻƭϥϐΤ 

)h df['col'].quantile(0.90) 

)̡ df['col'].mean() * 0.90 

)ɹ df['col'].percentile(90) 

)ɻ df['col'].max() ς 10 
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4.4.1. ɮˉʰ˄ˍʺˋʶʽˌ ˁʰʽ ɳˉʶ˅ʹʴʺˋʶʽˌ 

1. ʲύ ɶ ʵʽʱ˃ʶˋˇˌ ʶʾ˄ʰʽ ʷ˄ʰ ʰ˄ʻʶˁˍʽˁˈ ˃ʷˍˊˇ ˉˇˎ ʵʶ˄ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʽˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΣ ˋʶ 

ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ˄ ˃ʷˋˇ ˈˊˇΦ 

2. ʲύ ʆˇ ʶ˄ʵˇˍʶˍʰˊˍʹ˃ˇˊʽʰˁˈ ʶˏˊˇˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ vо - vм ˁʰʽ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ʶ˅ʱˉ˂˖ˋʹ 

ˍˇˎ ˁʶ˄ˍˊʽˁˇˏ ˁˇˊ˃ˇˏ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

3. ʴύ ʂˍʰ˄ ˎˉʱˊ˔ˇˎ˄ ˃ʶʴʱ˂ʶˌ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ όʵʶ˅ʽʱ ˇˎˊʱύΣ ˇ ˃ʷˋˇˌ ˈˊˇˌ ϦˍˊʰʲʽʷˍʰʽϦ ˉˊˇˌ ˍʰ 

ˉʱ˄˖ ˁʰʽ ˅ʶˉʶˊ˄ʱ ˍʹ ʵʽʱ˃ʶˋˇΦ 

4. ʴύ ɶ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ʶʾ˄ʰʽ ʹ ˊʾʸʰ ˍʹˌ ʵʽʰˁˏ˃ʰ˄ˋʹˌΣ ʶˉʰ˄ʰ˒ʷˊˇ˄ˍʰˌ ˍʽˌ ˃ˇ˄ʱʵʶˌ ˋˍʹ˄ 

ʰˊ˔ʽˁʺ ˍˇˎˌ ˃ˇˊ˒ʺ ʴʽʰ ˄ʰ ʲʴʱʸˇˎ˄ ˄ˈʹ˃ʰΦ 

5. ʴύ ʆˇ ʽˋˍˈʴˊʰ˃˃ʰ ʶʾ˄ʰʽ ˍˇ ʲʰˋʽˁˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ˋˎ˔˄ˈˍʹˍʰˌ ʶ˃˒ʱ˄ʽˋʹˌ 

ˍʽ˃˗˄Φ 

6. ʲύ ʁʽ ˍʶ˂ʶʾʶˌ ˉʷˊʰ ʰˉˈ ˍʰ ˈˊʽʰ όŦŜƴŎŜǎύ ˍˇˎ ʻʹˁˇʴˊʱ˃˃ʰˍˇˌ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˍʽ˃ʷˌ ˉˇˎ 

ʻʶ˖ˊˇˏ˄ˍʰʽ ˋˍʰˍʽˋˍʽˁʱ ʰˁˊʰʾʶˌΦ 

7. ʲύ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ˍʰʲ˂ʹˍˈˍʹˍʰˌ ʶˉʽˍˊʷˉʶʽ ˍʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˃ʶˍʰ˅ˏ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌΦ 

8. ʴύ ʆˇ tƭƻǘƭȅ ʵʹ˃ʽˇˎˊʴʶʾ ʴˊʰ˒ʺ˃ʰˍʰ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋˍˇ˄ ōǊƻǿǎŜǊ ˁʰʽ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ 

ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹΦ 

9. ʰύ ʆʽ˃ʺ ˁˇ˄ˍʱ ˋˍˇ м ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇʽ ʵˏˇ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰΦ 

10. ʲύ ɶ ʻʶˍʽˁʺ ˁˏˊˍ˖ˋʹ ʵʶʾ˔˄ʶʽ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˋˍˇ ˁʷ˄ˍˊˇ ʰ˂˂ʱ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˉʽʻʰ˄ˈˍʹˍʰ ʴʽʰ 

ʰˁˊʰʾʶˌ ˍʽ˃ʷˌΦ 

11. ʴύ ʆˇ ʴˊʰ˃˃ʽˁˈ ʵʽʱʴˊʰ˃˃ʰ ˋˎ˄ʵʷʶʽ ˍʰ ˋʹ˃ʶʾʰ ˃ʶ ʴˊʰ˃˃ʷˌΣ ˁʱ˄ˇ˄ˍʰˌ ʶˏˁˇ˂ʹ ˍʹ˄ 

ʰ˄ʰʴ˄˗ˊʽˋʹ ˍʱˋʶ˖˄ ˋˍˇ ˔ˊˈ˄ˇΦ 

12. ʲύ ɲʶʾ˔˄ʶʽ ˍˇ ʶˏˊˇˌ ˃ʷˋʰ ˋˍˇ ˇˉˇʾˇ ʰ˄ʰ˃ʷ˄ˇˎ˃ʶ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˇ ˉˊʰʴ˃ʰˍʽˁˈˌ ˃ʷˋˇˌ ˈˊˇˌ 

όˋˎ˄ʺʻ˖ˌ фр҈ύΦ 

13. ʲύ ɮˉˇʵʶʽˁ˄ˏʶʽ ˈˍʽ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʲʰˋʽʸˈ˃ʰˋˍʶ ˃ˈ˄ˇ ˋʶ ʰˊʽʻ˃ˇˏˌΣ ʰ˂˂ʱ ˉˊʷˉʶʽ ˉʱ˄ˍʰ ˄ʰ 

ˇˉˍʽˁˇˉˇʽˇˏ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰΦ 
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14. ʲύ ʆˇ ˊʰʲʵˈʴˊʰ˃˃ʰ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁˈ ʴʽʰ ˄ʰ ˃ʶˍˊʺˋˇˎ˃ʶ ˉˈˋʶˌ ʶʴʴˊʰ˒ʷˌ ʰ˄ʺˁˇˎ˄ ˋʶ ˁʱʻʶ 

ˁʰˍʹʴˇˊʾʰΦ 

15. ʰύ ɳʾ˄ʰʽ ˍˇ ˋʹ˃ʶʾˇ ˉˇˎ ʰ˒ʺ˄ʶʽ ˉʾˋ˖ ˍˇˎ ˍˇ нр҈ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ 

16. ʲύ ʆˇ ʵʽʱʴˊʰ˃˃ʰ ʷʵʶʽ˅ʶ ˈˍʽ ˉˇ˂˂ʷˌ ˋˎ˄ʰ˂˂ʰʴʷˌ ʺˍʰ˄ ˁʱˍ˖ ʰˉˈ ˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˃ʹʵʶ˄ˈˌ 

όʸʹ˃ʽʷˌύΦ 

17. ʲύ ʆˇ ŦŀŎŜǘƛƴƎ ʶʾ˄ʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˉ˂ʷʴ˃ʰˍˇˌ ʴˊʰ˒ʹ˃ʱˍ˖˄ ʲʱˋʶʽ ˃ʽʰˌ ˁʰˍʹʴˇˊʽˁʺˌ 

˃ʶˍʰʲ˂ʹˍʺˌΦ 

18. ʴύ ʆˇ ƘǳŜ όʰˉˈ˔ˊ˖ˋʹύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˇ˃ʰʵˇˉˇʽʺˋʶʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʱ 

˔ˊ˗˃ʰˍʰΦ 

19. ʴύ ɶ ʶˉʽˁˊʰˍˇˏˋʰ ˍʽ˃ʺ ʶʾ˄ʰʽ ˃ʷˍˊˇ ˁʶ˄ˍˊʽˁʺˌ ˍʱˋʹˌΦ 

20. ʰύ ɶ ˃ʷʻˇʵˇˌ ΦǉǳŀƴǘƛƭŜόύ ʵʷ˔ʶˍʰʽ ˉˇˋˇˋˍˈ ʰˉˈ л ʷ˖ˌ мΦ 
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ɼɳʊɮɽɮɹʁ рΥ ɳʃɹʅɼʁʃɶʅɶ ɰɮʅɹɼʍɿ ɮɽɱʁʄɹɸɾʍɿ ɾɶʋɮɿɹɼɶʅ 

ɾɮɸɶʅɶʅ 

5.1. ʆʶ˔˄ʹˍʺ ˄ˇʹ˃ˇˋˏ˄ʹΣ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ˁʰʽ ʲʰʻʽʱ ˃ʱʻʹˋʹ 

ɶ ʆʶ˔˄ʹˍʺ ɿˇʹ˃ˇˋˏ˄ʹ ό!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ς !Lύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʶˎˊˏ ʶˉʽˋˍʹ˃ˇ˄ʽˁˈ ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʽˁˈ 

ˁ˂ʱʵˇ ˍʹˌ ʃ˂ʹˊˇ˒ˇˊʽˁʺˌ ˉˇˎ ˃ʶ˂ʶˍʱ ˁʰʽ ʰ˄ʰˉˍˏˋˋʶʽ ˋˎˋˍʺ˃ʰˍʰ ʽˁʰ˄ʱ ˄ʰ ʶˁˍʶ˂ˇˏ˄ ʶˊʴʰˋʾʶˌ ˇʽ 

ˇˉˇʾʶˌΣ ˈˍʰ˄ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʰ˄ʻˊ˗ˉˇˎˌΣ ʰˉʰʽˍˇˏ˄ ˄ˇʹ˃ˇˋˏ˄ʹΦ ʆʷˍˇʽʶˌ ʶˊʴʰˋʾʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 

ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄Σ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Σ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˒ˎˋʽˁʺˌ ʴ˂˗ˋˋʰˌΣ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ 

ʶʽˁˈ˄˖˄ ˁʰʽ ˉˊˇˍˏˉ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʹ ˃ʱʻʹˋʹ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ʶ˃ˉʶʽˊʾʰΦ ʁ ʲʰˋʽˁˈˌ ˋˍˈ˔ˇˌ ˍʹˌ 

ʆʶ˔˄ʹˍʺˌ ɿˇʹ˃ˇˋˏ˄ʹˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˉ˂˗ˌ ʹ ʰˎˍˇ˃ʰˍˇˉˇʾʹˋʹ ʵʽʰʵʽˁʰˋʽ˗˄Σ ʰ˂˂ʱ ʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ ˋʶ ˄ʷʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁʰʽ ˄ʰ 

ʶ˃˒ʰ˄ʾʸˇˎ˄ ˋˎ˃ˉʶˊʽ˒ˇˊʷˌ ˉˇˎ ˉˊˇˋˇ˃ˇʽʱʸˇˎ˄ ˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ˋˁʷ˕ʹΦ 

ɾʷˋʰ ˋˍˇ ʶˎˊˏˍʶˊˇ ˉʶʵʾˇ ˍʹˌ ʆʶ˔˄ʹˍʺˌ ɿˇʹ˃ˇˋˏ˄ʹˌ ʶ˄ˍʱˋˋʶˍʰʽ ʹ ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ όaŀŎƘƛƴŜ 

Learning ς a[ύΣ ʹ ˇˉˇʾʰ ʶˋˍʽʱʸʶʽ ˋˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍ˖˄ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˄ʰ ˃ʰʻʰʾ˄ˇˎ˄ ʰˉˈ 

ʵʶʵˇ˃ʷ˄ʰ ˔˖ˊʾˌ ˄ʰ ʷ˔ˇˎ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʶʾ ˊʹˍʱ ʴʽʰ ˁʱʻʶ ˉʽʻʰ˄ʺ ˉʶˊʾˉˍ˖ˋʹΦ ɮ˄ˍʾ ˇ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʺˌ ˄ʰ ˁʰʻˇˊʾʸʶʽ ʰ˄ʰ˂ˎˍʽˁʱ ˈ˂ˇˎˌ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌΣ ˋˍʹ 

ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ ˍˇ ˋˏˋˍʹ˃ʰ ʶˁˉʰʽʵʶˏʶˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉʰˊʰʵʶʾʴ˃ʰˍʰ όʵʶʵˇ˃ʷ˄ʰ 

ʶˁˉʰʾʵʶˎˋʹˌύ ˁʰʽ ʶ˅ʱʴʶʽ ˃ˈ˄ˇ ˍˇˎ ˉˊˈˍˎˉʰ ʺ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˍˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˄ʰ ˁʱ˄ʶʽ ˉˊˇʲ˂ʷ˕ʶʽˌ ʺ 

ʰˉˇ˒ʱˋʶʽˌ ʴʽʰ ˄ʷʰΣ ʱʴ˄˖ˋˍʰ ʵʶʵˇ˃ʷ˄ʰΦ ɼ˂ʰˋʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʶ˒ʰˊ˃ˇʴ˗˄ ˍʹˌ ɾʹ˔ʰ˄ʽˁʺˌ 

ɾʱʻʹˋʹˌ ʶʾ˄ʰʽ ʹ ˉˊˈʲ˂ʶ˕ʹ ˍʽ˃˗˄Σ ʹ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˉʶˊʽˉˍ˗ˋʶ˖˄Σ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ˋˎˋˍʱˋʶ˖˄ ˁʰʽ 

ˇ ʶ˄ˍˇˉʽˋ˃ˈˌ ʰ˄˖˃ʰ˂ʽ˗˄Φ ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ˈˉ˖ˌ ʹ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ˍʰ 

ʵʷ˄ˍˊʰ ʰˉˇ˒ʱˋʶ˖˄ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ ˋˎˋˍʰʵˇˉˇʾʹˋʹˌΣ ʰˉˇˍʶ˂ˇˏ˄ ʻʶ˃ʷ˂ʽˇ ʴʽʰ ˉˇ˂˂ʷˌ ˋˏʴ˔ˊˇ˄ʶˌ 

ʶ˒ʰˊ˃ˇʴʷˌ ˍʶ˔˄ʹˍʺˌ ˄ˇʹ˃ˇˋˏ˄ʹˌΦ 

ɶ ɰʰʻʽʱ ɾʱʻʹˋʹ ό5ŜŜǇ [ŜŀǊƴƛƴƎ ς 5[ύ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇ ˎˉˇˋˏ˄ˇ˂ˇ ˍʹˌ ɾʹ˔ʰ˄ʽˁʺˌ 

ɾʱʻʹˋʹˌ ˁʰʽ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˔ˊʺˋʹ ˍʶ˔˄ʹˍ˗˄ ˄ʶˎˊ˖˄ʽˁ˗˄ ʵʽˁˍˏ˖˄ ˃ʶ ˉˇ˂˂ʱ ʶˉʾˉʶʵʰ όʲʰʻʽʱ 

˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰύΦ ʆˇ ʲʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍʹˌ ɰʰʻʽʱˌ ɾʱʻʹˋʹˌ ʶʾ˄ʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ʰˎˍˈ˃ʰˍʹˌ 

ʶ˅ʰʴ˖ʴʺˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍʰ ʰˁʰˍʷˊʴʰˋˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˔˖ˊʾˌ ˄ʰ ʰˉʰʽˍʶʾˍʰʽ ʶˁˍʶ˄ʺˌ 

ʰ˄ʻˊ˗ˉʽ˄ʹ ˉʰˊʷ˃ʲʰˋʹ ʴʽʰ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ 

ʰ˄ʰʴ˄˗ˊʽˋʹˌ ʶʽˁˈ˄˖˄Σ ʷ˄ʰ ʲʰʻˏ ˄ʶˎˊ˖˄ʽˁˈ ʵʾˁˍˎˇ ˃ˉˇˊʶʾ ˄ʰ ˃ʱʻʶʽ ˃ˈ˄ˇ ˍˇˎ ʰˉ˂ʷˌ ʵˇ˃ʷˌ ˈˉ˖ˌ 

ʰˁ˃ʷˌΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˉʽˇ ˋˏ˄ʻʶˍʰ ˋ˔ʺ˃ʰˍʰ ˁʰʽ ˍʶ˂ʽˁʱ ˇ˂ˈˁ˂ʹˊʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΦ ɶ ɰʰʻʽʱ ɾʱʻʹˋʹ ʷ˔ʶʽ 

ˇʵʹʴʺˋʶʽ ˋʶ ʶ˄ˍˎˉ˖ˋʽʰˁʷˌ ˉˊˇˈʵˇˎˌ ˋʶ ˍˇ˃ʶʾˌ ˈˉ˖ˌ ʹ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˈˊʰˋʹΣ ʹ ʰ˄ʰʴ˄˗ˊʽˋʹ ˒˖˄ʺˌΣ 

ʹ ˃ʶˍʱ˒ˊʰˋʹ ˒ˎˋʽˁʺˌ ʴ˂˗ˋˋʰˌ ˁʰʽ ˍʰ ʰˎˍˈ˄ˇ˃ʰ ˋˎˋˍʺ˃ʰˍʰ. 
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ɶ ˋˎˋ˔ʷˍʽˋʹ ʰ˄ʱ˃ʶˋʰ ˋʶ ʆʶ˔˄ʹˍʺ ɿˇʹ˃ˇˋˏ˄ʹΣ ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹ ˁʰʽ ɰʰʻʽʱ ɾʱʻʹˋʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ 

ˋ˔ʹ˃ʰˍʽˁʱ ˋˍʹ˄ ɳʽˁˈ˄ʰ 14Φ ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ˉʶˊʽʴˊʰ˒ˇˏ˄ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ʶ˃ˉʾˉˍˇˎ˄ ˋˍʹ 

ɾʹ˔ʰ˄ʽˁʺ  ɾʱʻʹˋʹΦ 

 

ɳʽˁˈ˄ʰ 14 ς ʅˎˋ˔ʷˍʽˋʹ ʆʶ˔˄ʹˍʺˌ ɿˇʹ˃ˇˋˏ˄ʹˌΣ ɾʹ˔ʰ˄ʽˁʺˌ ɾʱʻʹˋʹˌ ˁʰʽ ɰʰʻʽʱˌ ɾʱʻʹˋʹˌΦ 

5.2. tȅǘƘƻƴ ˁʰʽ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ 

ɶ tȅǘƘƻƴ ʷ˔ʶʽ ˁʰʻʽʶˊ˖ʻʶʾ ˖ˌ ˃ʾʰ ʰˉˈ ˍʽˌ ʵʹ˃ˇ˒ʽ˂ʷˋˍʶˊʶˌ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʴʽʰ ˍʹ 

ɾʹ˔ʰ˄ʽˁʺ ɾʱʻʹˋʹΣ ˔ʱˊʹ ˋˍʹ˄ ʰˉ˂ˈˍʹˍʰ ˍʹˌ ˋˏ˄ˍʰ˅ʺˌ ˍʹˌΣ ˍʹ˄ ʰ˄ʰʴ˄˖ˋʽ˃ˈˍʹˍʰ ˍˇˎ ˁ˗ʵʽˁʰ ˁʰʽ ˍˇ 

ˉ˂ʺʻˇˌ ˋ˔ʶˍʽˁ˗˄ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˉˇˎ ʵʽʰʻʷˍʶʽΦ ʃʰˊʷ˔ʶʽ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˈ˂ʰ ˍʰ ˋˍʱʵʽʰ ˁʰˍʰˋˁʶˎʺˌ ˃ʽʰˌ 

ʶ˒ʰˊ˃ˇʴʺˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ʰˉˈ ˍʹ ˋˎ˂˂ˇʴʺ ˁʰʽ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ ʷ˖ˌ ˍʹ˄ 

ʶˁˉʰʾʵʶˎˋʹΣ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʰʽ ˔ˊʺˋʹ ˃ˇ˄ˍʷ˂˖˄Φ  

5.2.1. ɰʽʲ˂ʽˇʻʺˁʶˌ ˍʹˌ tȅǘƘƻƴ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ 

˃ʱʻʹˋʹˌ 

ɶ tȅǘƘƻƴ ʵʽʰʻʷˍʶʽ ʷ˄ʰ ʶˁˍʶˍʰ˃ʷ˄ˇ ˁʰʽ ˗ˊʽ˃ˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ʲʽʲ˂ʽˇʻʹˁ˗˄ ˉˇˎ ˍʹ˄ ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ 

ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ ʆˇ WǳǇȅǘŜǊ ˁʰʽ 

ˍˇ LtȅǘƘƻƴ ˉʰˊʷ˔ˇˎ˄ ʵʽʰʵˊʰˋˍʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˉˇˎ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ 

ˍʹ˄ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ʶ˄˗ ˍˇ bǳƳtȅ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ʴʽʰ ʰˉˇʵˇˍʽˁˇˏˌ ʰˊʽʻ˃ʹˍʽˁˇˏˌ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ʃʱ˄˖ ˋʶ ʰˎˍˈ ˍˇ ˎˉˈʲʰʻˊˇΣ ʲʽʲ˂ʽˇʻʺˁʶˌ ˈˉ˖ˌ ˍˇ tŀƴŘŀǎ ˁʰʽ ˍˇ tƻƭŀǊǎ ʶˉʽˍˊʷˉˇˎ˄ 

ˍˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈΣ ˍˇ˄ ˁʰʻʰˊʽˋ˃ˈ ˁʰʽ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Σ ˃ʶ ʷ˃˒ʰˋʹ ʶʾˍʶ ˋˍʹ ˔ˊʹˋˍʽˁˈˍʹˍʰ 

ʶʾˍʶ ˋˍʹ˄ ˎ˕ʹ˂ʺ ʰˉˈʵˇˋʹ ˋʶ ˃ʶʴʱ˂ʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄Φ ɱʽʰ ˍʹ˄ ˇˉˍʽˁˇˉˇʾʹˋʹΣ ʶˊʴʰ˂ʶʾʰ ˈˉ˖ˌ ˍʰ 

aŀǘǇƭƻǘƭƛōΣ {ŜŀōƻǊƴΣ tƭƻǘƭȅ ˁʰʽ !ƭǘŀƛǊ ˁʰ˂ˏˉˍˇˎ˄ ʷ˄ʰ ʶˎˊˏ ˒ʱˋ˃ʰ ʰ˄ʰʴˁ˗˄Σ ʰˉˈ ʰˉ˂ʱ ˋˍʰˍʽˁʱ 

ʴˊʰ˒ʺ˃ʰˍʰ ʷ˖ˌ ʵʽʰʵˊʰˋˍʽˁʱ ŘŀǎƘōƻŀǊŘǎ ˁʰʽ ʵʽʶˊʶˎ˄ʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ ʅˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ 

˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ʹ ǎŎƛƪƛǘ-ƭŜŀǊƴ ˉˊˇˋ˒ʷˊʶʽ ʷ˄ʰ ˋˎ˄ʶˁˍʽˁˈ ˁʰʽ ʶˏ˔ˊʹˋˍˇ ˉ˂ʰʾˋʽˇ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ 
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ˁ˂ʰˋʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌΣ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ˋˎˋˍʰʵˇˉˇʾʹˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ʶˊʴʰ˂ʶʾʰ 

ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˃ˇ˄ˍʷ˂˖˄Σ ʶ˄˗ ʲʽʲ˂ʽˇʻʺˁʶˌ ˈˉ˖ˌ ˍʰ ǎǘŀǘǎƳƻŘŜƭǎ ʶˋˍʽʱʸˇˎ˄ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ 

ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹΦ ʆʷ˂ˇˌΣ ʴʽʰ ˉʽˇ ʰˉʰʽˍʹˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʲʽʲ˂ʽˇʻʺˁʶˌ ˎ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ ˈˉ˖ˌ ˍʰ 

·D.ƻƻǎǘΣ [ƛƎƘǘD.a ˁʰʽ /ŀǘ.ƻƻǎǘΣ ˁʰʻ˗ˌ ˁʰʽ ʲʽʲ˂ʽˇʻʺˁʶˌ ʲʰʻʽʱˌ ˃ʱʻʹˋʹˌ ˈˉ˖ˌ ʹ tȅ¢ƻǊŎƘ ˁʰʽ ʹ 

¢ŜƴǎƻǊCƭƻǿΣ ʶˉʶˁˍʶʾ˄ˇˎ˄ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍʹˌ tȅǘƘƻƴ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʲʰʻʽʱˌ ˃ʱʻʹˋʹˌΦ 

5.3. ʆʰ ʵʶʵˇ˃ʷ˄ʰΣ ˇʽ ˍˏˉˇʽ ˁʰʽ ˇʽ ˃ˇˊ˒ʷˌ ˍˇˎˌ 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ όŘŀǘŀύ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ ʻʶ˃ʶ˂ʽ˗ʵʹ ˉˈˊˇ ˁʱʻʶ ʰ˄ʱ˂ˎˋʹˌΣ ˃ˇ˄ˍʷ˂ˇˎ ʺ ˋˎˋˍʺ˃ʰˍˇˌ 

˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˋˎ˂˂ˇʴʷˌ ʰˉˈ ˉʰˊʰˍʹˊʺˋʶʽˌ ʺ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΣ ˈˉˇˎ ˁʱʻʶ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ όŦŜŀǘǳǊŜǎύΦ ɼʱʻʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʽʰ ʽʵʽˈˍʹˍʰ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ˍʽ˃ʷˌ ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˈˉ˖ˌ ˇʽ ˇ˄ˇ˃ʰˋˍʽˁʷˌ 

όƴƻƳƛƴŀƭύ ˍʽ˃ʷˌΣ ˇʽ ʵʽʰˍʶˍʰʴ˃ʷ˄ʶˌ όƻǊŘƛƴŀƭύ ˍʽ˃ʷˌ ˁʰʽ ˇʽ ʰˊʽʻ˃ʹˍʽˁʷˌ όƴǳƳŜǊƛŎŀƭύ ˍʽ˃ʷˌΦ ʁʽ ˇ˄ˇ˃ʰˋˍʽˁʷˌ 

ˍʽ˃ʷˌΣ ˈˉ˖ˌ ζ˒ˏ˂ˇη ʺ ζ˔˗ˊʰηΣ ʰˉ˂˗ˌ ʵʽʰˁˊʾ˄ˇˎ˄ ˁʰˍʹʴˇˊʾʶˌ ˔˖ˊʾˌ ˄ʰ ˎˉˇ˄ˇʶʾˍʰʽ ˁʱˉˇʽʰ ˋʶʽˊʱ 

ʰ˄ʱ˃ʶˋʰ ˋˍʽˌ ˍʽ˃ʷˌΦ ʁʽ ʵʽʰˍʶˍʰʴ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˈˉ˖ˌ ζʲʰʻ˃ˈˌ ʽˁʰ˄ˇˉˇʾʹˋʹˌηΣ ˇˊʾʸˇˎ˄ ˁʱˉˇʽʰ 

ʶ˄˄ˇʽˇ˂ˇʴʽˁʺ ˋʶʽˊʱ ˋˍʽˌ ˍʽ˃ʷˌ όˉΦ˔ΦΣ ζ˔ʰ˃ʹ˂ˈˌηΣ ζ˃ʷˍˊʽˇˌηΣ ζˎ˕ʹ˂ˈˌηύΦ ʁʽ ʰˊʽʻ˃ʹˍʽˁʷˌ ˍʽ˃ʷˌ ʰˉ˂ʱ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˉˇˋˈˍʹˍʶˌ ˉˇˎ ʷ˔ʶʽ ˄ˈʹ˃ʰ ˄ʰ ˋˎʴˁˊʽʻˇˏ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʻ˗ˌ ˁ ʰʽ ˄ʰ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ 

ˋʶ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

ʆh  ʵʶʵˇ˃ʷ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˃˒ʰ˄ʽˋˍˇˏ˄ ˋʶ ˉˇ˂˂ʷˌ ˃ˇˊ˒ʷˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʵˇ˃ʺ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˁʰʽ 

ˍʹ ˒ˏˋʹ ˍˇˎ ˉʶʵʾˇˎ ʶ˒ʰˊ˃ˇʴʺˌΦ ɾʽʰ ʲˇ˂ʽˁʺ ˃ˇˊ˒ʺΣ ʴʽʰ ʶ˒ʰˊ˃ˇʴʷˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΣ ʶʾ˄ʰʽ ˍʰ 

ʵˇ˃ʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ʶʴʴˊʰ˒ʷˌ ʲʱˋʶ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˉʾ˄ʰˁʶˌΣ ˈˉˇˎ ˁʱʻʶ ʴˊʰ˃˃ʺ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ όˉΦ˔Φ ʷ˄ʰ˄ ˉʶ˂ʱˍʹ ʺ ˃ʽʰ ˋˎ˄ʰ˂˂ʰʴʺύ ˁʰʽ ˁʱʻʶ ˋˍʺ˂ʹ ˋʶ ʷ˄ʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ όˉΦ˔Φ ʹ˂ʽˁʾʰΣ ʶʽˋˈʵʹ˃ʰύΦ ʇˉʱˊ˔ˇˎ˄ ˈ˃˖ˌ ˁʰʽ ʱ˂˂ʶˌ ˁʰˍʹʴˇˊʾʶˌ ˉˇˎ ˅ʶ˒ʶˏʴˇˎ˄ ʰˉˈ 

ˍˇ˄ ʰˉ˂ˈ ˉʾ˄ʰˁʰΦ ʁʽ ʵˇˋˇ˂ʹ˕ʾʶˌ όǘǊŀƴǎŀŎǘƛƻƴŀƭ Řŀǘŀύ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˋˏ˄ˇ˂ʰ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˉˇˎ 

ˋˎ˃ʲʰʾ˄ˇˎ˄ ˃ʰʸʾΣ ˈˉ˖ˌ ˂ʾˋˍʶˌ ˉˊˇʿˈ˄ˍ˖˄ ˋʶ ʰˉˇʵʶʾ˅ʶʽˌ ˂ʽʰ˄ʽˁʺˌΣ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˍʶ˔˄ʽˁʷˌ 

ʰ˄ʱ˂ˎˋʹˌ ˁʰ˂ʰʻʽˇˏ ʰʴˇˊ˗˄ όƳŀǊƪŜǘ ōŀǎƪŜǘ ŀƴŀƭȅǎƛǎύΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˍʰ ˁʶʾ˃ʶ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ ʰʵˈ˃ʹˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ˃ʶˍʰˍˊʰˉˇˏ˄ ˋʶ ˁʰˍʱ˂˂ʹ˂ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ όˉΦ˔Φ ˉʾ˄ʰˁʶˌ ˃ʶ ¢C-L5C ʺ 

ŜƳōŜŘŘƛƴƎǎύ ˉˊʽ˄ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʱʻʹˋʹˌΦ ɯ˂˂ʶˌ ˃ˇˊ˒ʷˌ ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ʴˊʰ˒ʹ˃ʱˍ˖˄ όƎǊŀǇƘǎύΣ ˈˉˇˎ ˇʽ ˁˈ˃ʲˇʽ ˁʰʽ ˇʽ ʰˁ˃ʷˌ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˋ˔ʷˋʶʽˌ ˃ʶˍʰ˅ˏ ˇ˄ˍˇˍʺˍ˖˄ όˉΦ˔Φ 

ˁˇʽ˄˖˄ʽˁʱ ʵʾˁˍˎʰύΣ ˁʰʽ ˔˖ˊˇ˔ˊˇ˄ʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˍʰ ˇˉˇʾʰ ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍˈˋˇ ʴʽʰ ˍˇ 

ˉˇˎ, ˈˋˇ ˁʰʽ ʴʽʰ ˍˇ ˉˈˍʶ ˋˎ˃ʲʰʾ˄ʶʽ ˁʱˍʽΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍˇ˄ 

ˉʰʴˁˈˋ˃ʽˇ ˔ʱˊˍʹΦ ʆʷ˂ˇˌΣ ˃ʽʰ ʰˁˈ˃ʰ ʶʽʵʽˁʺ ˃ˇˊ˒ʺ ʵʶʵˇ˃ʷ˄˖˄Σ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋʶ ˇʽˁˇ˄ˇ˃ʽˁʱΣ 

˃ʶˍʶ˖ˊˇ˂ˇʴʽˁʱ ʺ ʲʽˇʿʰˍˊʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʶʾ˄ʰʽ ˇʽ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ ˈˉˇˎ ˁʱʻʶ ˉʰˊʰˍʺˊʹˋʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

˃ʽʰ ˋˍʽʴ˃ʺ ˋˍˇ ˔ˊˈ˄ˇΦ 
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ɼʱʻʶ ˃ˇˊ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉʰʽˍʶʾ ˁʰˍʱ˂˂ʹ˂ʹ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˁʰʽ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ˉˊʽ˄ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ 

ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ ʅˍʰ ʵˇ˃ʹ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ 

ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˁʰˍʹʴˇˊʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ˍʹ˄ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ʰˊʽʻ˃ʹˍʽˁ˗˄Φ ʅˍʰ ˁʶʾ˃ʶ˄ʰ ˁʰʽ ˍʰ 

ʴˊʰ˒ʺ˃ʰˍʰΣ ˔ˊʶʽʱʸˇ˄ˍʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇʾ ˈˉ˖ˌ ʶ˅ʰʴ˖ʴʺ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ ʅˍʽˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ ˃ˉˇˊʶʾ 

˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˍʶ˔˄ʽˁʷˌ ˈˉ˖ˌ ʰ˄ʱ˂ˎˋʹ ˍʱˋʶ˖˄ ˁʰʽ ʶˉˇ˔ʽˁˈˍʹˍʰˌ ˉˊʽ˄ ˉʰˊʰ˔ʻˇˏ˄ ˉˊˇʲ˂ʷ˕ʶʽˌΦ 

ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˍ˖˄ ˃ˇˊ˒˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 15. 

 

ɳʽˁˈ˄ʰ 15 ς ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˃ˇˊ˒˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

5.3.1.1 ɮˉˇʻʶˍʺˊʽʰ ʵʶʵˇ˃ʷ˄˖˄ 

ʆʰ ʰˉˇʻʶˍʺˊʽʰ ʵʶʵˇ˃ʷ˄˖˄ όŘŀǘŀ ǊŜǇƻǎƛǘƻǊƛŜǎύ ʰˉˇˍʶ˂ˇˏ˄ ʲʰˋʽˁʺ ˎˉˇʵˇ˃ʺ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹΣ ˁʰʻ˗ˌ ˉʰˊʷ˔ˇˎ˄ ʶ˂ʶˏʻʶˊʰ ʺ ʰ˄ˇʽˁˍʱ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˉʶʽˊʰ˃ʰˍʽˋ˃ˈΣ ʶˁˉʰʾʵʶˎˋʹ ʰ˂ʴˇˊʾʻ˃˖˄Σ ˋˏʴˁˊʽˋʹ ˃ʶʻˈʵ˖˄ ˁʰʽ ʰ˄ʰˉʰˊʰʴ˖ʴʺ 

ʶˊʶˎ˄ʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʆʰ ʰˉˇʻʶˍʺˊʽʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ˇˊ˒˗˄ ˁʰʽ 

ʶˉʽˉʷʵ˖˄ ʵˎˋˁˇ˂ʾʰˌΣ ʰˉˈ ˃ʽˁˊʱ ʶˁˉʰʽʵʶˎˍʽˁʱ ˋˏ˄ˇ˂ʰ ʷ˖ˌ ˃ʶʴʱ˂ʰ ˉˊʰʴ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˁʰʽ ˋˎ˔˄ʱ 

ˋˎ˄ˇʵʶˏˇ˄ˍʰʽ ʰˉˈ ˍʶˁ˃ʹˊʾ˖ˋʹΣ ˃ʶˍʰʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˔ˊʺˋʹˌΦ  

ɳ˄ʵʶʽˁˍʽˁʱ ʰˉˇʻʶˍʺˊʽʰ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˁʰˍʱ˂˂ʹ˂ʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˉʶʽˊʰ˃ʰˍʽˋ˃ˈ ˃ʶ ʰ˂ʴˇˊʾʻ˃ˇˎˌ 

˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ʶʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

¶ Awesome Public Datasets (GitHub): https://github.com/awesomedata/awesome-public-

datasets  

¶ Calmcode datasets: https://calmcode.io/datasets 

¶ Google Dataset Search: https://datasetsearch.research.google.com/  

¶ Kaggle Datasets: https://www.kaggle.com/datasets  

¶ Keras datasets: https://keras.io/api/datasets/ 

https://github.com/awesomedata/awesome-public-datasets
https://github.com/awesomedata/awesome-public-datasets
https://calmcode.io/datasets
https://datasetsearch.research.google.com/
https://www.kaggle.com/datasets
https://keras.io/api/datasets/
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¶ OpenML: https://www.openml.org/search?type=data  

¶ Scikit-learn Real-world datasets: https://scikit-learn.org/stable/datasets/real_world.html  

¶ Scikit-learn Toy datasets: https://scikit-learn.org/stable/datasets/toy_dataset.html 

¶ Seaborn datasets: https://www.kaggle.com/datasets/abdoomoh/all-seaborn-built-in-

datasets 

¶ UCI Machine Learning Repository: https://archive.ics.uci.edu/ 

¶ ɼˎʲʶˊ˄ʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ɳΦɳΦΥ https://data.europa.eu/en  

¶ ɼˎʲʶˊ˄ʹˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ɶΦʃΦɮΦΥ https://data.gov/  

5.3.1.2 ʅˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʶʽˋʰʴ˖ʴʺˌ ˋˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹΣ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʹ ʰ˅ʽˇˉˇʾʹˋʹ ˁʰʻʽʶˊ˖˃ʷ˄˖˄ ˁʰʽ 

ˁʰ˂ʱ ˍʶˁ˃ʹˊʽ˖˃ʷ˄˖˄ ˋˎ˄ˈ˂˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʆʰ ˋˏ˄ˇ˂ʰ ʰˎˍʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶˎˊʷ˖ˌ ˍˈˋˇ ʴʽʰ 

ʶˁˉʰʾʵʶˎˋʹ ˈˋˇ ˁʰʽ ˋˍʹ ʵʽʶʻ˄ʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ʵʽʶˎˁˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ʲʰˋʽˁ˗˄ ʶ˄˄ˇʽ˗˄ 

ˈˉ˖ˌ ʹ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹΣ ʹ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ʹ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ 

˃ˇ˄ˍʷ˂˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ ˋˏʴˁˊʽˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˁʰʽ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ʹ ʵˇ˃ʺ ˍˇˎˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʱ ˁʰʽ 

˃ʶ˂ʶˍʹ˃ʷ˄ʰΦ ʅˍʰ ʰˁˈ˂ˇˎʻʰ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ʻʰ ʲʰˋʽˋˍˇˏ˄ ˇˊʽˋ˃ʷ˄ʰ ʰˉˈ ˍʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ 

ʶ˒ʰˊ˃ˇʴʺˌ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˉˇˎ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

¶ Iris data set 

o https://en.wikipedia.org/wiki/Iris_flower_data_set  

o https://scikit-learn.org/stable/datasets/toy_dataset.html#iris-plants-dataset  

o https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data  

¶ The Boston Housing Dataset 

o https://www.cs.toronto.edu/~delve/data/boston/bostonDetail.html  

o https://lib.stat.cmu.edu/datasets/boston  

o https://www.kaggle.com/code/prasadperera/the-boston-housing-dataset  

o https://github.com/shridhar1504/Boston-House-Price-Prediction-Datascience-Project  

¶ Titanic Dataset 

o https://seaborn.pydata.org/generated/seaborn.load_dataset.html  

o https://github.com/mwaskom/seaborn-data  

o https://www.kaggle.com/competitions/titanic  

o https://colab.research.google.com/drive/1EshABaip88itNX4vABJ1FHDmgRJSbanw 

To Iris dataset ˉʶˊʽʷ˔ʶʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʶˍˊʺˋʶʽˌ ʰˉˈ мрл ˒ˎˍʱ ʾˊʽʵʰˌΣ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˋʶ ˍˊʾʰ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ʶʾʵʹ ˃ʶ рл ʵʶʾʴ˃ʰˍʰ ʴʽʰ ˁʱʻʶ ʶʾʵˇˌΦ ɱʽʰ ˁʱʻʶ ˒ˎˍˈ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˍʷˋˋʶˊʰ ʰˊʽʻ˃ʹˍʽˁʱ 

https://www.openml.org/search?type=data
https://scikit-learn.org/stable/datasets/real_world.html
https://scikit-learn.org/stable/datasets/toy_dataset.html
https://www.kaggle.com/datasets/abdoomoh/all-seaborn-built-in-datasets
https://www.kaggle.com/datasets/abdoomoh/all-seaborn-built-in-datasets
https://archive.ics.uci.edu/
https://data.europa.eu/en
https://data.gov/
https://en.wikipedia.org/wiki/Iris_flower_data_set
https://scikit-learn.org/stable/datasets/toy_dataset.html#iris-plants-dataset
https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data
https://www.cs.toronto.edu/~delve/data/boston/bostonDetail.html
https://lib.stat.cmu.edu/datasets/boston
https://www.kaggle.com/code/prasadperera/the-boston-housing-dataset
https://github.com/shridhar1504/Boston-House-Price-Prediction-Datascience-Project
https://seaborn.pydata.org/generated/seaborn.load_dataset.html
https://github.com/mwaskom/seaborn-data
https://www.kaggle.com/competitions/titanic
https://colab.research.google.com/drive/1EshABaip88itNX4vABJ1FHDmgRJSbanw
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˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ (˃ʺˁˇˌ ˁʰʽ ˉ˂ʱˍˇˌ ˋʷ̄ʰ˂ ˇˎΣ ˃ʺˁˇˌ ˁʰʽ ˉ˂ʱˍˇˌ ˉʶˍʱ˂ˇˎ) ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ˍˇˎ 

ʶʾʵˇˎˌ ˋˍˇ ˇˉˇʾˇ ʰ˄ʺˁʶʽΦ ɶ ʰˉ˂ʺ ʵˇ˃ʺ ˁʰʽ ʹ ˋʰ˒ʺˌ ʵʽʱˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁ˂ʱˋʶ˖˄ ˁʰʻʽˋˍˇˏ˄ ˍˇ LǊƛǎ 

ŘŀǘŀǎŜǘ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʶʽˋʰʴ˖ʴʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹˌΣ ˇˉˍʽˁˇˉˇʾʹˋʹˌ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ʲʰˋʽˁ˗˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ 

 

ɳʽˁˈ˄ʰ 16 ς ʆˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ LǊƛǎΦ 

ʆˇ Boston Housing Dataset ʶʾ˄ʰʽ ʷ˄ʰ ˁ˂ʰˋʽˁˈ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʰˉˈ ˋˍˇʽ˔ʶʾʰ ˍʹˌ 

ʇˉʹˊʶˋʾʰˌ ɮˉˇʴˊʰ˒ʺˌ ˍ˖˄ ɶΦʃΦɮΦ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰˇˋˍ˗˄ʹˌ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ рлс ʶʴʴˊʰ˒ʷˌ ˃ʶ 

мо ʰˊʽʻ˃ʹˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉˇˎ ʰˉˇˍˎˉ˗˄ˇˎ˄ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁˇˏˌΣ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ˁʰʽ 

ˉˇ˂ʶˇʵˇ˃ʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ɶ ˃ʶˍʰʲ˂ʹˍʺ-ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʵʽʱ˃ʶˋʹ ʰ˅ʾʰ ˁʰˍˇʽˁʽ˗˄ ˋʶ ˔ʽ˂ʽʱʵʶˌ 

ʵˇ˂ʱˊʽʰΦ ʃʰˊʱ ˍʹ ˃ʰˁˊˈ˔ˊˇ˄ʹ ˔ˊʺˋʹ ˍˇˎ ˋˍʹ˄ ʶˁˉʰʾʵʶˎˋʹ ˁʰʽ ˍʹ˄ ʷˊʶˎ˄ʰΣ ˍˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ 

ʷ˔ʶʽ ʰˉˇˍʶ˂ʷˋʶʽ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˊˇʲ˂ʹ˃ʰˍʽˋ˃ˇˏΣ ˁʰʻ˗ˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˃ʶ ˁˇʽ˄˖˄ʽˁʱ 

ʶˎʰʾˋʻʹˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ʽˋˍˇˊʽˁʷˌ ʰ˄ʽˋˈˍʹˍʶˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˃ʶ ˃ʶˊˇ˂ʹ˕ʾʰΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈΣ ʹ ˔ˊʺˋʹ ˍˇˎ ˋʺ˃ʶˊʰ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʱʴˁʹ 

ˁˊʽˍʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ ˁʰʽ ʹʻʽˁʺˌ ʰ˅ʽˇ˂ˈʴʹˋʹˌΣ ʰ˄ʰʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˎˉʶˏʻˎ˄ʹˌ ʶˉʽ˂ˇʴʺˌ 

ˁʰʽ ʶˊ˃ʹ˄ʶʾʰˌ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹΦ 
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ɳʽˁˈ˄ʰ 17 ς ʆˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ .ƻǎǘƻƴ ƘƻǳǎƛƴƎΦ 

ʆˇ Titanic dataset ˁʰˍʰʴˊʱ˒ʶʽ ˋˍˇʽ˔ʶʾʰ ʶˉʽʲʰˍ˗˄ ˍˇˎ ˎˉʶˊ˖ˁʶʱ˄ʽˇˎ ʆʽˍʰ˄ʽˁˈˌΦ ɼʱʻʶ ʶʴʴˊʰ˒ʺ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ˄ ʶˉʽʲʱˍʹ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌ ˍˇ ˒ˏ˂ˇΣ ʹ ʹ˂ʽˁʾʰΣ ʹ ˁˇʽ˄˖˄ʽˁʺ 

ˍʱ˅ʹΣ ˍˇ ʶʽˋʽˍʺˊʽˇ ˁʰʽ ˍˇ ˂ʽ˃ʱ˄ʽ ʶˉʽʲʾʲʰˋʹˌΣ ˃ʶ ˃ʶˍʰʲ˂ʹˍʺ-ˋˍˈ˔ˇ ˍʹ˄ ʶˉʽʲʾ˖ˋʹ ʺ ˃ʹ ˃ʶˍʱ ˍˇ ˄ ʰˎʱʴʽˇΦ 

ʆˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˁˍʶ˄˗ˌ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ʵˎʰʵʽˁʺˌ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΣ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ʶ˂˂ʽˉ˗˄ ˍʽ˃˗˄Σ ˍʹ˄ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˁʰˍʹʴˇˊʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ˍʹ˄ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ʰ˂ʴˇˊʾʻ˃˖˄ ˉˊˈʲ˂ʶ˕ʹˌΦ 
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ɳʽˁˈ˄ʰ 18 ς ʆˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ¢ƛǘŀƴƛŎΣ ˃ʶ ˉʶˊʽʴˊʰ˒ʺ ʰˉˈ ˍˇ 
https://www.openml.org/search?type=data&sort=runs&id=40945&status=active     

 

5.3.1.3 ɳ˅ʰˊˍʹ˃ʷ˄ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ  

ʅˍʹ˄ ˃ʹ˔ʰ˄ʽˁʺ ˃ʱʻʹˋʹ ˁʶ˄ˍˊʽˁˈ ˊˈ˂ˇ ˉʰʾʸˇˎ˄ ˇʽ ʶ˅ʰˊˍʹ˃ʷ˄ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ˇʽ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ 

˃ʶˍʰʲ˂ʹˍʷˌΣ ˁʰʻ˗ˌ ˇˊʾʸˇˎ˄ ˍʽ ʰˁˊʽʲ˗ˌ ʶˉʽ˔ʶʽˊʶʾ ˄ʰ ˉˊˇʲ˂ʷ˕ʶʽ ʺ ˄ʰ ʶ˅ʹʴʺˋʶʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇΦ ɶ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ ʶʾ˄ʰʽ ʹ ˉˇˋˈˍʹˍʰ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʵʹ˂ʰʵʺ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ 

˖ˌ ˋˎ˄ʱˊˍʹˋʹ ʱ˂˂˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˋˍˈ˔ˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ʅˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ 

ˋˎ˄ʰ˄ˍʱˍʰʽ ʶˉʾˋʹˌ ˖ˌ ˃ʶˍʰʲ˂ʹˍʺ-ˋˍˈ˔ˇˌΣ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈˁˊʽˋʹˌ ʺ ʶˍʽˁʷˍʰΣ ʶ˄˗ ˋˍʰ ʰʴʴ˂ʽˁʱ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΣ ǘŀǊƎŜǘ ǾŀǊƛŀōƭŜΣ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜ ʺ ʰˉ˂˗ˌ ƭŀōŜƭΦ 

ʁʽ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʾ˄ʰʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ ʶ˅ʹʴʺˋˇˎ˄ ʺ ˄ʰ 

ˉˊˇʲ˂ʷ˕ˇˎ˄ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍʹˌ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌΦ ʃʶˊʽʴˊʱ˒ˇˎ˄ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ 

ˉʰˊʰˍʹˊʺˋʶ˖˄ ˁʰʽ ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ʅˍʰ ʶ˂˂ʹ˄ʽˁʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ʶˉʾˋʹˌ ˖ˌ 

ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ʶˉʶ˅ʹʴʹ˃ʰˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʺ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ʶ˄˗ ˋˍʰ ʰʴʴ˂ʽˁʱ ˖ˌ 

ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎΣ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎΣ ǇǊŜŘƛŎǘƻǊǎΣ ŦŜŀǘǳǊŜǎ ʺ ƛƴǇǳǘ ǾŀǊƛŀōƭŜǎΦ ʃʰˊˈˍʽ ˋˎ˔˄ʱ 

ʰˉˇˁʰ˂ˇˏ˄ˍʰʽ ζʰ˄ʶ˅ʱˊˍʹˍʶˌηΣ ˋˍʹ˄ ˉˊʱ˅ʹ ˃ˉˇˊʶʾ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˋˎˋ˔ʶˍʾˋʶʽˌ ˁʰʽ ˇ 

ˈˊˇˌ ʵʹ˂˗˄ʶʽ ˁˎˊʾ˖ˌ ˈˍʽ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˇˎ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽΦ 

ɴ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ ˉˊˈʲ˂ʶ˕ʹ ˍʹˌ ˍʽ˃ʺˌ ʶ˄ˈˌ ˋˉʽˍʽˇˏΦ ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ʹ 

ˍʽ˃ʺ ˍˇˎ ˋˉʽˍʽˇˏ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˉˇˎ ʶˉʽʵʽ˗ˁʶˍʰʽ ˄ʰ 

ˉˊˇʲ˂ʶ˒ʻʶʾΦ ɮ˄ˍʾʻʶˍʰΣ ˃ʶˍʰʲ˂ʹˍʷˌ ˈˉ˖ˌ ˍˇ ʶ˃ʲʰʵˈ˄ ˍˇˎ ˋˉʽˍʽˇˏΣ ˇ ʰˊʽʻ˃ˈˌ ʵ˖˃ʰˍʾ˖˄Σ ʹ ʹ˂ʽˁʾʰ ˍˇˎ 

https://www.openml.org/search?type=data&sort=runs&id=40945&status=active
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ˁˍʽˊʾˇˎ ˁʰʽ ʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ˉˈ˂ʹˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ʶˉʶʽʵʺ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˄ʰ ʶ˅ʹʴʺˋˇˎ˄ ʺ ˄ʰ ˉˊˇʲ˂ʷ˕ˇˎ˄ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˍʽ˃ʺˌΦ  

5.4. ɼʰˍʹʴˇˊʾʶˌ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ 

ʁʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˋʶ п ʲʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ όɳʽˁˈ˄ʰ 19ύ ˃ʶ ˁˊʽˍʺˊʽˇ 

ˍˇ˄ ˍˊˈˉˇ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʰ˅ʽˇˉˇʽˇˏ˄ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˍˇ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˃ʱʻʹˋʹˌ ˉˇˎ 

ʰˁˇ˂ˇˎʻˇˏ˄Φ ɶ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ ʶʾ˄ʰʽ ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ όǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎύΣ 

ˈˉˇˎ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʶˁˉʰʽʵʶˏʶˍʰʽ ˋʶ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˈˋˇ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʶʽˋˈʵˇˎ ˈˋˇ ˁʰʽ ˍʹ ˋ˖ˋˍʺ ʷ˅ˇʵˇ όʶˍʽˁʷˍʰύΦ ʅˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰˎˍʺ ʰ˄ʺˁˇˎ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˈˉ˖ˌ ʹ 

ˉˊˈʲ˂ʶ˕ʹ ˁʰˍʹʴˇˊʾʰˌ ʺ ˋˎ˄ʶ˔ˇˏˌ ˍʽ˃ʺˌΦ 

ɶ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ όǳƴǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎύ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˈˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ 

ˋˎ˄ˇʵʶˏˇ˄ˍʰʽ ʰˉˈ ʶˍʽˁʷˍʶˌ ˁʰʽ ˇ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʰ˄ʰˁʱ˂ˎ˕ʹ ˁˊˎ˒˗˄ ʵˇ˃˗˄ ʺ ˉˊˇˍˏˉ˖˄Φ ʆˎˉʽˁʱ 

ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˄ ˇ˃ʱʵʶˌ ˉʰˊˈ˃ˇʽ˖˄ 

ʰ˄̱ʽˁʶʽ˃ʷ˄˖˄ ʺ ˄ʰ ˋˎ˄ˇ˕ʾˋˇˎ˄ ˍʹ˄ ˉ˂ʹˊˇ˒ˇˊʾʰ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˂ʽʴˈˍʶˊʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ ɶ ˁʰˍʹʴˇˊʾʰ 

ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˋˍʹ ʵʽʶˊʶˎ˄ʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ʹ˃ʽ-ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ όǎŜƳƛ-ǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎύ ʲˊʾˋˁʶˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ 

ˉˊˇˋʶʴʴʾˋʶ˖˄ ˁʰʽ ʰ˅ʽˇˉˇʽʶʾ ˋˏ˄ˇ˂ʰ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʰ ˇˉˇʾʰ ˃ˈ˄ˇ ʷ˄ʰ ˃ʽˁˊˈ ˃ʷˊˇˌ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ 

ʷ˔ʶʽ ʶˉʽˋʹ˃ʱ˄ˋʶʽˌ ˋ˖ˋˍʺˌ ʶ˅ˈʵˇˎΦ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˈˍʰ˄ ʹ ˉ˂ʺˊʹˌ ʶˉʽˋʺ˃ʰ˄ˋʹ ʶʾ˄ʰʽ ʵʰˉʰ˄ʹˊʺ ʺ 

ʵˏˋˁˇ˂ʹΦ 

ʆʷ˂ˇˌΣ ʹ ˃ʱʻʹˋʹ ˃ʶ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹ όǊŜƛƴŦƻǊŎŜƳŜƴǘ ƭŜŀǊƴƛƴƎύ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʰʵˊʰˋˍʽˁʺ ˃ʱʻʹˋʹ 

ʶ˄ˈˌ ˉˊʱˁˍˇˊʰ όŀƎŜƴǘύ ˋʶ ʷ˄ʰ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˈˉˇˎ ˇʽ ʰˉˇ˒ʱˋʶʽˌ ˍˇˎ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˃ʷˋ˖ ʰ˄ˍʰ˃ˇʽʲ˗˄ 

ʺ ˉˇʽ˄˗˄Φ ʅˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʶˁ˃ʱʻʹˋʹ ˃ʽʰˌ ˋˍˊʰˍʹʴʽˁʺˌ ˉˇˎ ˃ʶʴʽˋˍˇˉˇʽʶʾ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʰ˄ˍʰ˃ˇʽʲʺ ˃ʶ ˍʹ˄ 

ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄Σ ˈˉ˖ˌ 

ʹ ˊˇ˃ˉˇˍʽˁʺΣ ˍʰ ˉʰʽ˔˄ʾʵʽʰ ˁʰʽ ˍʰ ʰˎˍˈ˄ˇ˃ʰ ˋˎˋˍʺ˃ʰˍʰΦ 



 

376 
 

 

ɳʽˁˈ˄ʰ 19 ς ɰʰˋʽˁʷˌ ˁʰˍʹʴˇˊʾʶˌ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ ʻʰ ʶ˅ʶˍʰˋˍˇˏ˄ ˃ˈ˄ˇ ʰ˂ʴˈˊʽʻ˃ˇʽ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹˌ ˃ʱʻʹˋʹˌ ˁʰʽ 

ʰ˂ʴˈˊʽʻ˃ˇʽ ˃ʹ-ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹˌ ˃ʱʻʹˋʹˌΦ 

5.4.1. ʃʶˊʽˋˋˈˍʶˊʰ ʴʽʰ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ ˁʰʽ ˃ʹ-ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ 

ʅˍʹ˄ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʰʻʰʾ˄ʶʽ ʰˉˈ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋˍʰ ˇˉˇʾʰ ʹ ˋ˖ˋˍʺ ʰˉʱ˄ˍʹˋʹ 

ʶʾ˄ʰʽ ʺʵʹ ʴ˄˖ˋˍʺΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʶˁˉʰʾʵʶˎˋʹˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʶ ʸʶˏʴʹ ό·Σ ȅύΣ ˈˉˇˎ ˍˇ · 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʽˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ˍˇ ȅ ˋˍʹ˄ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺΦ ʅʶ ˇˊʽˋ˃ʷ˄ʰ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ʶ˅ʰˊˍʹ˃ʷ˄ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ 

ʆʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹˌ ˃ʱʻʹˋʹˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όǊŜƎǊŜǎǎƛƻƴύ ˁʰʽ 

ˋˍʹ˄ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ όŎƭŀǎǎƛŦƛŎŀǘƛƻƴύΦ ʅˍʹ˄ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ˇ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ˉˊˈʲ˂ʶ˕ʹ ʰˊʽʻ˃ʹˍʽˁ˗˄Σ 

ˋˎ˄ʶ˔˗˄ ˍʽ˃˗˄Σ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˍʽ˃ʺˌ ʶ˄ˈˌ ʰˁʽ˄ʺˍˇˎ ˃ʶ ʲʱˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˈˉ˖ˌ ˍˇ ʶ˃ʲʰʵˈ˄ ʺ ʹ ˍˇˉˇʻʶˋʾʰΦ ʆˎˉʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʶʾ˄ʰʽ ʹ ʴˊʰ˃˃ʽˁʺ ˁʰʽ ʹ 

ˉˇ˂ˎ˖˄ˎ˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰΦ ɮ˄ˍʾʻʶˍʰΣ ˋˍʹ˄ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˇ 

ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱʻʶˋʹ ʵʽʰˁˊʽˍ˗˄ ʶˍʽˁʶˍ˗˄ ˋˍʽˌ ˉʰˊʰˍʹˊʺˋʶʽˌΣ ˈˉ˖ˌ ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ʶ˄ˈˌ ŜƳŀƛƭ ˖ˌ 

ˁʰ˄ˇ˄ʽˁˈ ʺ ʰ˄ʶˉʽʻˏ˃ʹˍˇ όǎǇŀƳύΦ ʅˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰˎˍʺ ʰ˄ʺˁˇˎ˄ ʰ˂ʴˈˊʽʻ˃ˇʽ ˈˉ˖ˌ ˍʰ ʵʷ˄ˍˊʰ 

ʰˉˇ˒ʱˋʶ˖˄Σ ˇʽ ƪ-ˉ˂ʹˋʽʷˋˍʶˊˇʽ ʴʶʾˍˇ˄ʶˌ όƪ-bbύΣ ʹ ˂ˇʴʽˋˍʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ˇ bŀƛǾŜ .ŀȅŜǎΣ ˍʰ {ǳǇǇƻǊǘ 

±ŜŎǘƻǊ aŀŎƘƛƴŜǎ ό{±aύΣ ˍʰ ˄ʶˎˊ˖˄ʽˁʱ ʵʾˁˍˎʰ ˁΦʰΦ 

ʅˍʹ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹ ˃ʱʻʹˋʹ όǳƴǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎύΣ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶˁˉʰʾʵʶˎˋʹˌ ʵʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺΦ ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʵʶ˄ ʴ˄˖ˊʾʸʶʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ζˋ˖ˋˍʷˌ ʰˉʰ˄ˍʺˋʶʽˌηΣ ʰ˂˂ʱ 

ˉˊˇˋˉʰʻʶʾ ˄ʰ ʶ˄ˍˇˉʾˋʶʽ ʵˇ˃ʷˌΣ ˉˊˈˍˎˉʰ ʺ ˋ˔ʷˋʶʽˌ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰΦ ɾʾʰ ʲʰˋʽˁʺ 

ˎˉˇˁʰˍʹʴˇˊʾʰ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹˌ ˃ʱʻʹˋʹˌ ʶʾ˄ʰʽ ʹ ˋˎˋˍʰʵˇˉˇʾʹˋʹ όŎƭǳǎǘŜǊƛƴƎύΣ ˈˉˇˎ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ 

ˇ˃ʰʵˇˉˇʾʹˋʹ ˉʰˊʰˍʹˊʺˋʶ˖˄ ˃ʶ ʲʱˋʹ ˍʹ˄ ˇ˃ˇʽˈˍʹˍʱ ˍˇˎˌΦ ɴ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ 

ˇ˃ʰʵˇˉˇʾʹˋʹ ˉʶ˂ʰˍ˗˄ ˃ʽʰˌ ʶˉʽ˔ʶʾˊʹˋʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʺ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΦ 



 

377 
 

ɲʹ˃ˇ˒ʽ˂ʶʾˌ ʰ˂ʴˈˊʽʻ˃ˇʽ ˋˎˋˍʰʵˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ˇʽ Y-aŜŀƴǎΣ ʹ ʽʶˊʰˊ˔ʽˁʺ ˋˎˋˍʰʵˇˉˇʾʹˋʹ ˁʰʽ ˇ 

DBSCAN. 

ɾʽʰ ʵʶˏˍʶˊʹ ˋʹ˃ʰ˄ˍʽˁʺ ˎˉˇˁʰˍʹʴˇˊʾʰ ˍʹˌ ˃ʹ ʶˉʽʲ˂ʶˉˈ˃ʶ˄ʹˌ ˃ʱʻʹˋʹˌ ʶʾ˄ʰʽ ʹ ˃ʶʾ˖ˋʹ ʵʽʰˋˍʱˋʶ˖˄ 

όŘƛƳŜƴǎƛƻƴ ǊŜŘǳŎǘƛƻƴύΦ ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʰˉʶʽˁˈ˄ʽˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʷ˄ʰ˄ ˔˗ˊˇ 

ˎ˕ʹ˂ʺˌ ʵʽʱˋˍʰˋʹˌ ˋʶ ʷ˄ʰ˄ ˔˗ˊˇ ˃ʽˁˊˈˍʶˊʹˌ ʵʽʱˋˍʰˋʹˌΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˉʶˊʽˋˋˈˍʶˊʹ 

ʰˉˈ ˍʹ ˋʹ˃ʰ˄ˍʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΦ ɶ ˃ʶʾ˖ˋʹ ʵʽʰˋˍʱˋʶ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˔˄ʱ ʴʽʰ ˇˉˍʽˁˇˉˇʾʹˋʹ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˉˇ˂˂ʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʺ ʴʽʰ ʰˉ˂ˇˉˇʾʹˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˉˊʽ˄ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ʱ˂˂˖˄ 

ʰ˂ʴˇˊʾʻ˃˖˄Φ ɼ˂ʰˋʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ʶʾ˄ʰʽ ʹ ɮ˄ʱ˂ˎˋʹ ɼˏˊʽ˖˄ ʅˎ˄ʽˋˍ˖ˋ˗˄ όt/!ύ ˁʰʽ ʹ ˃ʷʻˇʵˇˌ ǘ-SNE. 

5.5. ʃʰ˂ʽ˄ʵˊˈ˃ʹˋʹ 

ɶ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όǊŜƎǊŜǎǎƛƻƴύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˁʰʽ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ 

˃ʽʰˌ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˁʰʽ ˃ʾʰˌ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ʅˍˈ˔ˇˌ ˍʹˌ ʶʾ˄ʰʽ 

ʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˍˊˈˉˇˎ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˇʽ ˃ʶˍʰʲˇ˂ʷˌ ˋˍʽˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ 

˃ʶˍʰʲ˂ʹˍʺ-ˋˍˈ˔ˇΦ ɶ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ʰ˒ˇˊʱ ˋˎ˄ʶ˔ʺ ˃ʶʴʷʻʹΣ ˈˉ˖ˌ ˉˇˋˈˍʹˍʶˌ ʺ ˃ʶˍˊʺˋʶʽˌΦ ʅˍˇ ˉ˂ʰʾˋʽˇ 

ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ˄ tȅǘƘƻƴΣ ˇʽ ˃ʷʻˇʵˇʽ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˉʰˊʷ˔ˇˎ˄ ʷ˄ʰ ʽˋ˔ˎˊˈ ˁʰʽ 

ʶˎʷ˂ʽˁˍˇ ʶˊʴʰ˂ʶʾˇ ˍˈˋˇ ʴʽʰ ˉʶˊʽʴˊʰ˒ʽˁʺ ʶˊ˃ʹ˄ʶʾʰ ˈˋˇ ˁʰʽ ʴʽʰ ˁʰˍʰˋˁʶˎʺ ˉˊˇʲ˂ʶˉˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄Σ 

ʰˉˇˍʶ˂˗˄ˍʰˌ ˋˎ˔˄ʱ ˍˇ ˉˊ˗ˍˇ ʲʺ˃ʰ ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˉˇˋˇˍʽˁ˗˄ ˋ˔ʷˋʶ˖˄ ˃ʷˋʰ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

ʵʶʵˇ˃ʷ˄˖˄Φ 

5.5.1. ɱˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ 

ɶ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴύ ˎˉˇʻʷˍʶʽ ˈˍʽ ʹ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ ˃ˉˇˊʶʾ ˄ʰ 

ʶˁ˒ˊʰˋˍʶʾ ˖ˌ ʴˊʰ˃˃ʽˁˈˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ɱʽʰ ὴ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ 

˃ʶˍʰʲ˂ʹˍʷˌΣ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʴˊʰ˒ʶʾ ˃ʰʻʹ˃ʰˍʽˁʱ ˖ˌ ʶ˅ʺˌΥ 

ώ ὦ ὦὼ ὦὼ Ễ ὦὼ ‐ 

ˈˉˇˎ ὦ ʁ ʾ˄ʰʽ ˇ ˋˍʰʻʶˊˈˌ ˈˊˇˌΣ ὦȟȣȟὦ ʁ ʾ˄ʰʽ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ‐ ʁ ʾ˄ʰʽ ˍˇ ˋ˒ʱ˂˃ʰΦ  

ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˉˊˇˋʰˊ˃ˇʴʺˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ όŦƛǘǘƛƴƎύΣ ʶˉʽʵʽ˗ˁˇˎ˃ʶ ˄ʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ˍʽˌ ˍʽ˃ʷˌ 

ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʷˍˋʽ ˗ˋˍʶ ʹ ʴˊʰ˃˃ʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˄ʰ ˉˊˇˋʶʴʴʾʸʶʽ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˁʰ˂ˏˍʶˊʰ ˍʽˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌΦ ɶ ˋˎ˄ʹʻʷˋˍʶˊʹ ˃ʷʻˇʵˇˌ ʴʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʰˎˍˈ ʶʾ˄ʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ʶ˂ʰ˔ʾˋˍ˖˄ 

ˍʶˍˊʰʴ˗˄˖˄ όh[{ Ґ hǊŘƛƴŀǊȅ [Ŝŀǎǘ {ǉǳŀǊŜǎύΦ ɰʰˋʽˁʺ ˍʹˌ ʽʵʷʰ ʶʾ˄ʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ʶˎʻʶʾʰˌ όˋˍʹ˄ 

ʰˉ˂ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹύ ʺ ˍˇˎ ˎˉʶˊʶˉʽˉʷʵˇˎ όˋˍʹ˄ ˉˇ˂˂ʰˉ˂ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹύ ˉˇˎ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˋˍʰ 

ʵʶʵˇ˃ʷ˄ʰ ˃ʶ ˍʷˍˇʽˇ ˍˊˈˉˇ ˗ˋˍʶ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾˍʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˋ˒ʱ˂˃ʰ ˉˊˈʲ˂ʶ˕ʹˌΦ ʆˇ ˋ˒ʱ˂˃ʰ 

ʰˎˍˈ ˃ʶˍˊʽʷˍʰʽ ˖ˌ ʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˍʽ˃˗˄ ώ ˁ ʰʽ ˍ˖˄ ˍʽ˃˗˄ ˉˇˎ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ώ 
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ʆɻʅ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˖ˌ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ʰˎˍ˗˄ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄Φ ʆˎˉʽˁʱΣ ʹ h[{ 

ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄ ό{{9 Ґ {ǳƳ ƻŦ {ǉǳŀǊŜŘ 9ǊǊƻǊǎύΥ 

ὛὛὉ ώ ώ  

ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ὦȟȣȟὦ ʁ ˉʽ˂ʷʴˇ˄ˍʰʽ ʷˍˋʽ ˗ˋˍʶ ˍˇ {{9 ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʵˎ˄ʰˍʺ ˍʽ˃ʺΦ ɱʽʰ ˍʹ˄ 

ˇˊʻˈˍʹˍʰ ˍʹˌ h[{Σ ʹ ʻʶ˖ˊʾʰ ˉˊˇʲ˂ʷˉʶʽ ˈˍʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʽˋ˔ˏˇˎ˄ ˇˊʽˋ˃ʷ˄ʶˌ ˉˊˇːˉˇʻʷˋʶʽˌ ˈˉ˖ˌ 

ʴˊʰ˃˃ʽˁˈˍʹˍʰΣ ʰ˄ʶ˅ʰˊˍʹˋʾʰ ˉʰˊʰˍʹˊʺˋʶ˖˄Σ ˋˍʰʻʶˊʺ ʵʽʰˁˏ˃ʰ˄ˋʹ όˇ˃ˇˋˁʶʵʰˋˍʽˁˈˍʹˍʰύ ˋ˒ʰ˂˃ʱˍ˖˄ 

ˁh ʽ ˍʷ˂ˇˌ ˍʰ ˋ˒ʱ˂˃ʰˍʰ ˄ʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˍʽ˃˗˄ ˍ˖˄ 

ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ὦ ̱ ʶ˂ʽˁʱ ˂ˏ˄ʶˍʰʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʶ˅ʽˋ˗ˋʶ˖˄Φ 

ʅˍʹ˄ tȅǘƘƻƴΣ ʹ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʰˉ˂ʺ ˔ʱˊʹ ˋˍʹ ʲʽʲ˂ʽˇʻʺˁʹ 

scikit-ƭŜŀǊƴΣ ʹ ˇˉˇʾʰ ˉʰˊʷ˔ʶʽ ˍʹ˄ ˁ˂ʱˋʹ [ƛƴŜŀǊwŜƎǊŜǎǎƛƻƴ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʽˌ ˃ʶʻˈʵˇˎˌ Ŧƛǘόύ ˁʰʽ 

ǇǊŜŘƛŎǘόύΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ ˇˊʽˋ˃ˈ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˍˇˎ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˉˊˇʲ˂ʷ˕ʶ˖˄ ʴʽʰ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰΦ ɳ˄ʰ˂˂ʰˁˍʽˁʱΣ ʴʽʰ ˃ʽʰ 

ˉʽˇ ˋˍʰˍʽˋˍʽˁʱ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹΣ ˈˉˇˎ ʶ˄ʵʽʰ˒ʷˊʶʽ ˈ˔ʽ ˃ˈ˄ˇ ʹ ˉˊˈʲ˂ʶ˕ʹ ʰ˂˂ʱ ˁʰʽ ʹ 

ˋˍʰˍʽˋˍʽˁʺ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ όǇ-values, ɻ ʽʰˋˍʺ˃ʰˍʰ ʶ˃ˉʽˋˍˇˋˏ˄ʹˌΣ ʷ˂ʶʴ˔ˇʽ ˎˉˇʻʷˋʶ˖˄ύΣ 

˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʹ ʲʽʲ˂ʽˇʻʺˁʹ ǎǘŀǘǎƳƻŘŜƭǎΦ  

5.5.2. ɮˉ˂ʺ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ 

ʅˍʹ˄ ʶʽʵʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʾʰ ˃ˈ˄ˇ ʶˊ˃ʹ˄ʶˎˍʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ˃ʾʰ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺΣ ˃ʽ˂ʱ˃ʶ ʴʽʰ ʰˉ˂ʺ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όǎƛƳǇƭŜ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴύΦ ʆˇ 

˃ˇ˄ˍʷ˂ˇ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹΥ 

ώ ὦ ὦὼ ‐  

ˈˉˇˎ ὦ ʶʾ˄ʰʽ ˇ ˋˍʰʻʶˊˈˌ ˈˊˇˌ όƛƴǘŜǊŎŜǇǘύΣ ὦ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˁ˂ʾˋʹˌ όǎƭƻǇŜύ ˁʰʽ ‐ ˍˇ ˋ˒ʱ˂˃ʰΦ ʁ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ὦʶˁ˒ˊʱʸʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ώ ʴʽʰ ˁʱʻʶ ˃ˇ˄ʱʵʰ ˃ʶˍʰʲˇ˂ʺˌ 

ˍʹˌ ʶˊ˃ʹ˄ʶˎˍʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὼΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰʻʽˋˍʱ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʽʵʽʰʾˍʶˊʰ ʶˏˁˇ˂ˇ ˋˍʹ˄ ʶˊ˃ʹ˄ʶʾʰΦ 

ɶ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ʰˉ˂ʺˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʶʾ˄ʰʽ ʱ˃ʶˋʹ ˁʰʽ ʵʽʰʽˋʻʹˍʽˁʺΣ ˁʰʻ˗ˌ 

ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˃ˈ˄ˇ ʵˏˇ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʰʻʶʾ ˋʶ ʵʽˋʵʽʱˋˍʰˍˇ 

ˁʰˊˍʶˋʽʰ˄ˈ ˋˏˋˍʹ˃ʰ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Φ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˎ˄ʺʻ˖ˌ ˖ˌ ʵʽʱʴˊʰ˃˃ʰ 

ʵʽʰˋˉˇˊʱˌ όǎŎŀǘǘŜǊ ǇƭƻǘύΣ ʶ˄˗ ʹ ʶˁˍʽ˃ʹ˃ʷ˄ʹ ʶˎʻʶʾʰ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍˇ ʾʵʽˇ ʴˊʱ˒ʹ˃ʰΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ˇˉˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˉˊˇˋʰˊ˃ˇʴʺˌΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʹ˄ 

tȅǘƘƻƴΣ ʶˊʴʰ˂ʶʾʰ ˈˉ˖ˌ ˍˇ ƳŀǘǇƭƻǘƭƛō ʺ ˍˇ ǎŜŀōƻǊƴ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ʽʵʽʰʾˍʶˊʰ ʰˎˍʺ ˍʹ ʵʽʰʵʽˁʰˋʾʰΣ 
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ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹˌ ʶˎʻʶʾʰˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˃ʶ 

ʶ˂ʱ˔ʽˋˍˇ ˁ˗ʵʽˁʰΦ 

ʆˇ ʰˁˈ˂ˇˎʻˇ ˉʰˊʱʵʶʽʴ˃ʰ ʵʶʾ˔˄ʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ʰˉ˂ʺˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˋʶ 

ˋˎ˄ʻʶˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ǎŎƛƪƛǘ-ƭŜŀǊƴΦ ʁ ˁ˗ʵʽˁʰˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋʶ ˍ˃ʺ˃ʰˍʰ 

ˁ˗ʵʽˁʰΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˁʶ˂ʽʱ ʶ˄ˈˌ ƧǳǇȅǘŜǊ ˋʹ˃ʶʽ̟ ˃ʰˍʰˊʾˇˎ ˃ʰʸʾ ˃ʶ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ 

ʶˁˍʷ˂ʶˋʹˌ ˁʱʻʶ ˍ˃ʺ˃ʰˍˇˌΦ   

ɮˊ˔ʽˁʱΣ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼ. 5.5.1 ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ˍʶ˔˄ʹˍˈ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄Φ ʁˊʾʸʶˍʰʽ ˖ˌ ǎŜŜŘ ˃ʽʰ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˍʽ˃ʺ όƴǇΦǊŀƴŘƻƳΦǎŜŜŘόпнύύ ˗ˋˍʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉʰˊʰ˔ʻˇˏ˄Φ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰΣ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˍʽ˃˗˄ ὼ ̀ ˍˇ ʵʽʱˋˍʹ˃ʰ ώлΣ млϐ ˁ ʰʽ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 

ˍʽ˃ʷˌ ώ ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹΥ   

ώ σὼ ς ‐ 

ˈˉˇˎ ʶ ʶʾ˄ʰʽ ʷ˄ʰˌ ˍʶ˔˄ʹˍˈˌ ʻˈˊˎʲˇˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˃ʶ ˍʹ˄ ƴǇΦǊŀƴŘƻƳΦǊŀƴŘƴόύΦ ɾʶ ʰˎˍˈ ˍˇ˄ 

ˍˊˈˉˇ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ˈˉˇˎ ʹ ˉˊʰʴ˃ʰˍʽˁʺ ˋ˔ʷˋʹ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʺΣ ʰ˂˂ʱ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ 

ˉʶˊʽʷ˔ˇˎ˄ ˍˎ˔ʰʾʶˌ ʰˉˇˁ˂ʾˋʶʽˌΦ   

import  numpy as  np 

import  matplotlib . pyplot  as  plt  

import  sklearn   

 

# ȹɖɛɘɞɡɟɔɑŬ ůɡɜɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

np . random . seed ( 42)  

n = 20 

x = np . linspace ( 0,  10 ,  n)  

y = 3 *  x  + 2 + np . random . randn ( n)  

plt . scatter ( x ,  y )  
ɼ. 5.5.1 ς ɲʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʻʶˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˉˊˇˋʻʺˁʹ ʻˇˊˏʲˇˎΦ  

ʆˇ ʵʽʱʴˊʰ˃˃ʰ ʵʽʰˋˉˇˊʱˌ όǎŎŀǘǘŜǊ Ǉƭƻǘύ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 20 ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˇˉˍʽˁʱ ˍʹ˄ 

ˋ˔ʶʵˈ˄ ʴˊʰ˃˃ʽˁʺ ˍʱˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 
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ɳʽˁˈ˄ʰ 20 ς ʅʹ˃ʶʾʰ ˍʹˌ ʶˎʻʶʾʰˌ ʴˊʰ˃˃ʺˌ ȅ Ґ оȄ ҌнΣ ˋˍʰ ˇˉˇʾʰ ʷ˔ʶʽ ˉˊˇˋˍʶʻʶʾ ʻˈˊˎʲˇˌΦ  

ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ  ʵˇʻʶʾ ˋˍʹ ˃ˇˊ˒ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶʽˋˈʵˇˎ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ 

ˁʰʻ˗ˌ ˍˇ ǎŎƛƪƛǘ-ƭŜŀǊƴ ʰˉʰʽˍʶʾ ʹ ʰ˄ʶ˅ʱˊˍʹˍʹ ˃ʶˍʰʲ˂ʹˍʺ ˄ʰ ʷ˔ʶʽ ˃ˇˊ˒ʺ ˉʾ˄ʰˁʰ ʵˏˇ ʵʽʰˋˍʱˋʶ˖˄ ό˃ˇˊ˒ʺ 

ὲ ὴύΣ ʰˁˈ˃ʹ ˁʰʽ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ˃ʾʰ ˃ˈ˄ˇ ʶˊ˃ʹ˄ʶˎˍʽˁʺ ˃ʶˍʰʲ˂ʹˍʺΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 

5.5.2 ʴʾ˄ʶˍʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ Ȅ ʰˉˈ ʵʽʱ˄ˎˋ˃ʰ ƴ ˋˍˇʽ˔ʶʾ˖˄ ˋʶ 

ˉʾ˄ʰˁʰ-ˋˍʺ˂ʹΣ ƴ Ȅ мΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ȄώΥΣ ƴǇΦƴŜǿŀȄƛǎϐΣ ˋˍʹ ʻʷˋʹ ˍˇˎ ȄΦ ʆˇ ȄώΥΣ 

ƴǇΦƴŜǿŀȄƛǎϐ ˋʹ˃ʰʾ˄ʶʽ ˂ʺ˕ʹ ˈ˂˖˄ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ʵʽʰ˄ˏˋ˃ʰˍˇˌ Ȅ ˁʰʽ ˉˊˇˋʻʺˁʹ ˃ʽʰˌ ˄ʷʰˌ ʵʶˏˍʶˊʹˌ 

ʵʽʱˋˍʰˋʹˌΦ ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˍˇ ʾʵʽˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ʶʾ˔ʶ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˄ˍˇ˂ʺˌ 

ƴǇΦǾǎǘŀŎƪόȄύΦ¢ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍʹ˄ ȄΦǊŜǎƘŀǇŜόмΣ -мύΦ ʅˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 5.5.2 ʴʾ˄ʶˍʰʽ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˁ˂ʱˋʹˌ 

[ƛƴŜŀǊwŜƎǊŜǎǎƛƻƴ ʰˉˈ ˍˇ ˎˉˇˉʰˁʷˍˇ ǎƪƭŜŀǊƴΦƭƛƴŜŀǊψƳƻŘŜƭ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ 

˃ˇ˄ˍʷ˂ˇˎΦ ɶ ˃ʷʻˇʵˇˌ Ŧƛǘόύ ˁʰ˂ʶʾˍʰʽ ˃ʶ ˇˊʾˋ˃ʰˍʰ ˍˇ ȄώΥΣ ƴǇΦƴŜǿŀȄƛǎϐ ˁʰʽ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ώΣ ˎ˂ˇˉˇʽ˗˄ˍʰˌ 

ˋˍʹ˄ ˉˊʱ˅ʹ ˍʹ ˃ʷʻˇʵˇ h[{Φ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ὦ ˁʰʽ 

ὦΣ ˇʽ ˇˉˇʾʶˌ ʶ˂ʰ˔ʽˋˍˇˉˇʽˇˏ˄ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˃ʷʻˇʵˇˌ ǇǊŜŘƛŎǘόύ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˉˊˇʲ˂ʶˉˈ˃ʶ˄˖˄ ˍʽ˃˗˄ ώΣ ˗ˋˍʶ ˄ʰ 

ˋ˔ʶʵʽʰˋˍʶʾ ʹ ʴˊʰ˃˃ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ  

from  sklearn . linear_model  import  LinearRegression  

 

model = LinearRegression ()  
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model . fit ( x [:,  np . newaxis ],  y )  

xfit = x  

yfit = model . predict ( x [:,  np . newaxis ])  

plt . plot ( xfit ,  yfit ,  color ="black" )  

plt . plot ( x ,  y ,  "o" )  

plt . show()  
ɼΦ 5.5.2 ς ʃˊˇˋʰˊ˃ˇʴʺ ˁʰʽ ˉˊˈʲ˂ʶ˕ʹΦ  

ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 21. 

 
ɳʽˁˈ˄ʰ 21 ς ɱˊʰ˃˃ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ 

ʆʷ˂ˇˌΣ ˃ʶ ˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 5.5.3 ʁ ˁˍˎˉ˗˄ˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʶʾΦ  

# ȺəŰɨˊɤůɖ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ ɔɟŬɛɛɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ 

print ("ɄŬɟɎɛŮŰɟɞɘ:",  model . coef_ ,  model . intercept_ )  

slope = model . coef_ [ 0]  

intercept = model . intercept_  

print ( f"y={ slope :.2f}x + { intercept :.2f}" )   
ɼΦ 5.5.3 ς ɳˁˍˏˉ˖ˋʹ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʶˁˍˎˉ˗˄ˇ˄ˍʰʽ ʶʾ˄ʰʽΥ 

ɄŬɟɎɛŮŰɟɞɘ: [2.81082696] 2.7745666335933983 

y=2.81x + 2.77  
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ʁʽ ˍʽ˃ʷˌ нΦум ˁʰʽ нΦтт ʶʾ˄ʰʽ ˁˇ˄ˍʱ ˋˍʽˌ ˍʽ˃ʷˌ о ˁʰʽ н ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˋˍˇ ȅ Ґ оȄҌнΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 

ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰˊ˔ʽˁ˗˄  ʵʶʵˇ˃ʷ˄˖˄Σ ˔˖ˊʾˌ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʻˇˊˏʲˇˎΣ ˁʰʽ ʵʶʾ˔˄ˇˎ˄ ˍʹ 

ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˈ˃ʹˋʹˌ ˄ʰ ʰ˄ʽ˔˄ʶˏʶʽ ˍʹ˄ ˎˉʱˊ˔ˇˎˋʰ ˍʱˋʹ ̀ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶʽˋˈʵˇˎΦ 

5.5.3. ɱˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʂˍʰ˄ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˍˈˍʶ ˃ʽ˂ʱ˃ʶ ʴʽʰ 

ˉˇ˂˂ʰˉ˂ʺ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όmultiple linear regressionύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ ʶ˅ʰˊˍʹ˃ʷ˄ʹ 

˃ʶˍʰʲ˂ʹˍʺ ώ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ ʴˊʰ˃˃ʽˁˈˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˉˇ˂˂˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ὼȟὼȟȣȟὼΦ ʆˇ 

˃ˇ˄ˍʷ˂ˇ ʴˊʱ˒ʶˍʰʽ ˋˍʹ ʴʶ˄ʽˁʺ ˍˇˎ ˃ˇˊ˒ʺ ˖ˌΥ 

ώ ὦ ὦὼ ὦὼ Ễ ὦὼ ‐ȟ 

ˈˉˇˎ ὦ ʶʾ˄ʰʽ ˇ ˋˍʰʻʶˊˈˌ ˈˊˇˌΣ ὦȟȣȟὦˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ‐ ˍˇ ˋ˒ʱ˂˃ʰΦ ɼʱʻʶ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˁ˒ˊʱʸʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˈˍʰ˄ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʶˊ˃ʹ˄ʶˎˍʽˁʺ 

˃ʶˍʰʲ˂ʹˍʺ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ˃ʾʰ ˃ˇ˄ʱʵʰΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˋˍʰʻʶˊʷˌΦ ɶ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍˇ˄ ʾʵʽˇ ʰˁˊʽʲ˗ˌ ˍˊˈˉˇ ˈˉ˖ˌ ˁʰʽ ˋˍʹ˄ ʰˉ˂ʺ ʴˊʰ˃˃ʽˁʺ 

ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ʵʹ˂ʰʵʺ ˃ʷˋ˖ ˍʹˌ ˃ʶʻˈʵˇˎ hǊŘƛƴŀǊȅ [Ŝŀǎǘ {ǉǳŀǊŜǎΣ ʹ ˇˉˇʾʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾ ˍˇ 

ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄ ˍ˖˄ ˋ˒ʰ˂˃ʱˍ˖˄Φ ɶ ʲʰˋʽˁʺ ʵʽʰ˒ˇˊʱ ʷʴˁʶʽˍʰʽ ˋˍʹ ʵˇ˃ʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Υ 

ˇʽ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˉ˂ʷˇ˄ ʷ˄ʰ ʰˉ˂ˈ ʵʽʱ˄ˎˋ˃ʰ ʰ˂˂ʱ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʵʽʰˋˍʱˋʶ˖˄ 

ά ὴΣ ˈˉˇˎ ά ʶʾ˄ʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄ όʵʶʽʴ˃ʱˍ˖˄ύ ˁʰʽ ὴ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ  

ɶ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˉˇ˂˂ʰˉ˂ʺˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʻʺˁʹ scikit-learn ʶʾ˄ʰʽ 

ˉʰ˄ˇ˃ˇʽˈˍˎˉʹ ˃ʶ ʶˁʶʾ˄ʹ ˍʹˌ ʰˉ˂ʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ ɶ ˁ˂ʱˋʹ LinearRegression ʵʷ˔ʶˍʰʽ ˖ˌ ʶʾˋˇʵˇ 

ʷ˄ʰ˄ ʵʽˋʵʽʱˋˍʰˍˇ ˉʾ˄ʰˁʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁʰʽ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˋˍˈ˔ˇΣ ʶ˄˗ ʹ ˔ˊʺˋʹ ˍ˖˄ ˃ʶʻˈʵ˖˄ fit() 

ˁʰʽ predict() ˉʰˊʰ˃ʷ˄ˇˎ˄ ˇʽ ʾʵʽʶˌΦ ɶ ʶ˄ʽʰʾʰ ʰˎˍʺ ʵʽʶˉʰ˒ʺ ˁʰʻʽˋˍʱ ʽʵʽʰʾˍʶˊʰ ʶˏˁˇ˂ʹ ˍʹ ˃ʶˍʱʲʰˋʹ 

ʰˉˈ ˃ˇ˄ˍʷ˂ʰ ˃ʶ ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˋʶ ˃ˇ˄ˍʷ˂ʰ ˃ʶ ˉˇ˂˂ʰˉ˂ʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ 

ʍˌ ʷ˄ʰ ʰˉ˂ˈ ˉʰˊʱʵʶʽʴ˃ʰ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˃ʶ н ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʻʰ ˂ˎʻʶʾ ʷ˄ʰ 

ˉˊˈʲ˂ʹ˃ʰ ʶˁˍʾ˃ʹˋʹˌ ˁˈˋˍˇˎˌ ˉˇˎ ʰ˒ˇˊʱ ʵˏˇ ˉˊˇʿˈ˄ˍʰ ɮ ˁʰʽ ɰ ʴʽʰ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˇʽ 

ʰˁˈ˂ˇˎʻʶˌ ʰ˅ʾʶˌ ʵʽʰ˒ˈˊ˖˄ ˋˎ˄ʵˎʰˋ˃˗˄ ˉˇˋˇˍʺˍ˖˄ ˍˇˎˌΥ 

¶ л ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ л ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɰΣ ʷ˔ˇˎ˄ ʰ˅ʾʰ л ʶˎˊ˗Φ 

¶ м ˃ˇ˄ʱʵʰ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ м ˃ˇ˄ʱʵʰ ˉˊˇʿˈ˄ˍˇˌ ɰΣ ʷ˔ˇˎ˄ ʰ˅ʾʰ рлл ʶˎˊ˗Φ 

¶ н ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ о ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɰΣ ʷ˔ˇˎ˄ ʰ˅ʾʰ ммрл ʶˎˊ˗Φ 

¶ о ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ н ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɰ ʷ˔ˇˎ˄ ʰ˅ʾʰ млфл ʶˎˊ˗Φ 

¶ р ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ с ˃ˇ˄ʱʵʶˌ ˉˊˇʿˈ˄ˍˇˌ ɰ ʷ˔ˇˎ˄ ʰ˅ʾʰ ннрл ʶˎˊ˗Φ 
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ɴˋˍ˖ ˈˍʽ ˍˇ ʸʹˍˇˏ˃ʶ˄ˇ ʶʾ˄ʰʽ ˃ʽʰ ʶˁˍʾ˃ʹˋʹ ʴʽʰ ˍʹ˄ ʰ˅ʾʰ п ˃ˇ˄ʱʵ˖˄ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ р ˃ˇ˄ʱʵ˖˄ 

ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ɰΦ 

ʁ ˁ˗ʵʽˁʰˌ ɼΦ 5.5.4 ʵʾ˄ʶʽ ˃ʽʰ ˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ˍʹ ˔ˊʺˋʹ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ ʆʰ 

ʵʶʵˇ˃ʷ˄ʰ ˇˊʴʰ˄˗˄ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ὢ ˈˉˇˎ ˁʱʻʶ ʴˊʰ˃˃ʺ ˉʶˊʽʷ˔ʶʽ 

ʷ˄ʰ ʸʶˏʴˇˌ ˉˇˋˇˍʺˍ˖˄Σ ˁʰʽ ˋʶ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˋˍˈ˔ˇ ώ ̄ ˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˁˈˋˍˇˎˌΦ 

ɾʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ǇǊŜŘƛŎǘόώώпΣ рϐϐύ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʶˁˍʽ˃˗˃ʶ˄ʹ ʰ˅ʾʰ ʴʽʰ п ˃ˇ˄ʱʵʶˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ɮ ˁʰʽ 

р ˃ˇ˄ʱʵʶˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ɰΦ ɶ ˍʽ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ όмуфмΦлр ʶˎˊ˗ύ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ˍˇˎ 

ʴˊʰ˃˃ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎΣ ʵʹ˂ʰʵʺ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʴˊʰ˃˃ʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˃ʶ ʲʱˋʹ ˍʰ ʵˇʻʷ˄ˍʰ 

ˉʰˊʰʵʶʾʴ˃ʰˍʰΦ 

from  sklearn . linear_model  import  LinearRegression  

 

X = [[ 0,  0],  [ 1,  1],  [ 2,  3],  [ 3,  2],  [ 5,  6]]  

y = [ 0,  500 ,  1150 ,  1090 ,  2250 ]  

 

model = LinearRegression ()  

model . fit ( X,  y )  

yfit = model . predict ([[ 4,  5]])  

print ( f" ɄɟɞɓɚŮˊɧɛŮɜɖ ŬɝɑŬ { yfit [ 0] :.2f}" )  # ɄɟɞɓɚŮˊɧɛŮɜɖ ŬɝɑŬ 1891.05  

ɼΦ 5.5.4 ς ɳ˄ˍˇˉʽˋ˃ˈˌ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʹˌ ʰ˅ʾʰˌ ˋˎ˄ʵˎʰˋ˃ˇˏ ˉˊˇʿˈ˄ˍ˖˄ ˃ʶ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΦ  

5.5.4. ʃˇ˂ˎ˖˄ˎ˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ 

ʅʶ ˉˇ˂˂ʷˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ʹ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ˍʹˌ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʴˊʰ˒ʶʾ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˈ ʷ˄ʰ ʰˉ˂ˈ ʴˊʰ˃˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ 

ˍʹˌ ˃ˇˊ˒ʺˌ ώ ὥὼ ὦΦ ʂˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˁʰ˃ˉˎ˂ˈˍʹˍʰ ʺ ˉʽˇ ˋˏ˄ʻʶˍʹ ʵˇ˃ʺΣ ʷ˄ʰ 

ʴˊʰ˃˃ʽˁˈ ˎˉˈʵʶʽʴ˃ʰ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉʰˊˇˎˋʽʱʸʶʽ ˋˎˋˍʹ˃ʰˍʽˁʱ ˋ˒ʱ˂˃ʰˍʰ ˉˊˇˋʰˊ˃ˇʴʺˌΦ ʅʶ ˍʷˍˇʽʶˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʹ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ όpolynomial regressionύΣ ʹ 

ˇˉˇʾʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˃ʹ ʴˊʰ˃˃ʽˁ˗˄ ˈˊ˖˄ ˖ˌ ˉˊˇˌ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʽˋˈʵˇˎΦ 

ɶ ʲʰˋʽˁʺ ʽʵʷʰ ʶʾ˄ʰʽ ˈˍʽΣ ˉʰˊˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʰˊʰ˃ʷ˄ʶʽ ʴˊʰ˃˃ʽˁˈ ˖ˌ ˉˊˇˌ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌΣ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˎ˄ʱ˃ʶʽˌ ˍ˖˄ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷ˄ʰ ˉˇ˂ˎ˗˄ˎ˃ˇ ʵʶˎˍʷˊˇˎ 

ʲʰʻ˃ˇˏ ʴˊʱ˒ʶˍʰʽ ˖ˌΥ 

ώ ὥὼ ὦὼὧȟ 

ʶ˄˗ ʷ˄ʰ ˉˇ˂ˎ˗˄ˎ˃ˇ ˍˊʾˍˇˎ ʲʰʻ˃ˇˏ ˖ˌΥ 

ώ ὥὼ ὦὼ ὧὼὨȢ 

ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˉˇˁˍʱ ˃ʶʴʰ˂ˏˍʶˊʹ ʶˎʶ˂ʽ˅ʾʰ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ˋʶ 

ˁʰ˃ˉˏ˂ʶˌ ˍʱˋʶʽˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʅʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˈˍʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ 
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ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍ˖˄ ɳ˂ʰ˔ʾˋˍ˖˄ ʆʶˍˊʰʴ˗˄˖˄Σ ˁʰʻ˗ˌ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉʰˊʰ˃ʷ˄ʶʽ ʴˊʰ˃˃ʽˁˈ ˖ˌ ˉˊˇˌ 

ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ όˉʰˊʰ˃ʷˍˊˇˎˌύ. 

ʅˍʹ˄ tȅǘƘƻƴΣ ʹ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʴʾ˄ʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˋʶ ʵˏˇ ˋˍʱʵʽʰΦ 

ɮˊ˔ʽˁʱΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˃ʷˋ˖ ˍʹˌ ˁ˂ʱˋʹˌ tƻƭȅƴƻƳƛŀƭCŜŀǘǳǊŜǎ 

ʰˉˈ ˍˇ ˎˉˇˉʰˁʷˍˇ ǎƪƭŜŀǊƴΦǇǊŜǇǊƻŎŜǎǎƛƴƎΣ ˇ ˇˉˇʾˇˌ ʵʹ˃ʽˇˎˊʴʶʾ ʰˎˍˈ˃ʰˍʰ ˍˇˎˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁˇˏˌ ˈˊˇˎˌ 

όˉΦ˔Φ ὼ, ὼΣ ʺ ˁʰʽ ʴʽ˄ˈ˃ʶ˄ʰ ˃ʶˍʰʲ˂ʹˍ˗˄ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʷ˄ʰ ˁ˂ʰˋʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʽˍˊʷˉʶʽ ˍʹ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˃ʹ ʴˊʰ˃˃ʽˁ˗˄ ˋ˔ʷˋʶ˖˄Σ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʰˉ˂ˈˍʹˍʰ ˁʰʽ ˍʹ 

ʻʶ˖ˊʹˍʽˁʺ ʲʱˋʹ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ 

ʍˌ ʷ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍ˖˄ ʵˎ˄ʰˍˇˍʺˍ˖˄ ˍʹˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ʹ 

ˉˊˇʰˊ˃ˇʴʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ŘŀǘŀǎŜǘ LL ʰˉˈ ˍˇ !ƴǎŎƻƳōŜ ǉǳŀǊǘŜǘΦ ɾʽʰ 

ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ !ƴǎŎƻƳōŜ ŘŀǘŀǎŜǘǎ όLΣ LLΣ LLLΣ L±ύ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 22Σ ʵʶʾ˔˄ˇ˄ˍʰˌ 

ˈˍʽ ʶ˄˗ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˃ˇˊ˒ʷˌΣ ʹ ʰˉ˂ʺ ʴˊʰ˃˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹΣ ʻʰ ʶˉʽˋˍˊʷ˕ʶʽ 

ˍʹ˄ ʾʵʽʰ ʴˊʰ˃˃ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ˋˍʽˌ ˍʷˋˋʶˊʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ  
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ɳʽˁˈ˄ʰ 22 ς ɲʽʰ˒ˇˊʶˍʽˁʷˌ ˃ˇˊ˒ʷˌ ʵʶʵˇ˃ʷ˄˖˄Σ ʰ˂˂ʱ ʾʵʽʰ ʴˊʰ˃˃ʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ  

   ʁ ˁ˗ʵʽˁʰˌ ɼΦ 5.5.5 ɻ ʶʾ˔˄ʶʽ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˋˍˇ ŘŀǘŀǎŜǘ LLΦ 

import  seaborn as  sns  

import  numpy as  np 

import  matplotlib . pyplot  as  plt  

from  sklearn . linear_model  import  LinearRegression  

from  sklearn . preprocessing  import  PolynomialFeatures  

 

# 1. ūɧɟŰɤůɖ əŬɘ Ůˊɘɚɞɔɐ Űɞɡ Dataset II  

df = sns . load_dataset ( "anscombe" )  

df_ii = df [ df [ "dataset" ]  == "II" ]  

X = df_ii [[ "x" ]]   # ȺɟɛɖɜŮɡŰɘəɐ ɛŮŰŬɓɚɖŰɐ 

y = df_ii [ "y" ]   # ȺɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ 

 

# 2. ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ŭɖɛɘɞɡɟɔɑŬ Űɞɡ x^2) 

# ȾŬɗɞɟɑɕɞɡɛŮ Űɞ ɓŬɗɛɧ (degree) 2 ɔɘŬ ɜŬ ůɡɛˊŮɟɘɚɎɓɞɡɛŮ ɧɟɞɡɠ x əŬɘ x^2 

poly_features = PolynomialFeatures ( degree =2,  include_bias =False )  

# ɇɞ fit_transform ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɜɏɞ ˊɑɜŬəŬ ɛŮ Űɘɠ ůŰɐɚŮɠ [x, x^2] 

X_poly = poly_features . fit_transform ( X)  

 

# 3. ȺűŬɟɛɞɔɐ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ůŰɞ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɞ ˊɑɜŬəŬ 

# Ʉɞɚɡɤɜɡɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ: Y = a + b1*x + b2*x^2 

model = LinearRegression ()  

model . fit ( X_poly ,  y )  

 

# 4. ɃˊŰɘəɞˊɞɑɖůɖ 

# ȹɖɛɘɞɡɟɔɑŬ ůɖɛŮɑɤɜ X_plot ɔɘŬ ɞɛŬɚɐ ɔɟŬɛɛɐ 

X_plot = np . linspace ( X. min (),  X. max(),  100 ). reshape ( - 1,  1)  
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# ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ ůɖɛŮɑɤɜ X_plot ɛŮ Űɞɡɠ ɑŭɘɞɡɠ ˊɞɚɡɤɜɡɛɘəɞɨɠ ɧɟɞɡɠ 

X_plot_poly = poly_features . transform ( X_plot )  

y_poly_pred = model . predict ( X_plot_poly )  

 

plt . figure ( figsize =( 8,  6))  

plt . scatter ( df_ii [ "x" ],  df_ii [ "y" ],  label ="ȹŮŭɞɛɏɜŬ Dataset II" ,  

color ="darkblue" )  

plt . plot (  

    X_plot ,  

    y_poly_pred ,  

    label ="Ʉɞɚɡɤɜɡɛɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ (2ɞɡ ȸŬɗɛɞɨ)",  

    color ="red" ,  

    linestyle =" -- " ,  

)  

plt . title ( "Anscombe's Quartet -  Dataset II: Ʉɞɚɡɤɜɡɛɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ" )  

plt . xlabel ( "X" )  

plt . ylabel ( "Y" )  

plt . legend ()  

plt . grid ( True ,  linestyle =":" ,  alpha =0.6 )  

plt . show()  

ɼΦ 5.5.5 ς ʃˊˇˋʰˊ˃ˇʴʺ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ʵʶˏˍʶˊˇˎ ʲʰʻ˃ˇˏ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ !ƴǎŎƻƳōŜ 5ŀǘŀǎŜǘ ɹɹΦ  

ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˉʰˊʰˉʱ˄˖ ˁ˗ʵʽˁʰ ʶʾ˄ʰʽ ʹ ɳʽˁˈ˄ʰ 23. 

 
ɳʽˁˈ˄ʰ 23 ς ʃˇ˂ˎ˖˄ˎ˃ʽˁʺ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ !ƴǎŎƻƳōŜ 5ŀǘŀǎŜǘ LLΦ  
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5.5.5. ɴ˄ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˉʰˊʱʵʶʽʴ˃ʰ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʻʰ ˉʰˊˇˎˋʽʰˋˍʶʾ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˋʶ ʷ˄ʰ ˃ʶʴʰ˂ˏˍʶˊˇ 

ˉʰˊʱʵʶʽʴ˃ʰΦ ɸʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ .ƻǎǘƻƴ IƻǳǎŜ tǊƛŎƛƴƎ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 

˃ʶˍʰ˒ˇˊˍ˖ʻˇˏ˄ ʰˉˈ ˍˇ https://lib.stat.cmu.edu/datasets/boston ˁʰʽ ʻʰ ʶˉʽ˔ʶʽˊʹʻʶʾ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ʰ˅ʾʰˌ ˋˉʽˍʽ˗˄ ˃ʶ ʲʱˋʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ ˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄Φ ɳʽʵʽˁˈˍʶˊʰΣ ˍʰ 

ʲʺ˃ʰˍʰ ˉˇˎ ʻʰ ʰˁˇ˂ˇˎʻʹʻˇˏ˄ ʻʰ ʶʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

1. ʊˈˊˍ˖ˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˋʶ ŘŀǘŀŦǊŀƳŜ ˃ʶ мо ˋˍʺ˂ʶˌ ʴʽʰ ˍʽˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ 

˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ м ˋˍʺ˂ʹ ʴʽʰ ˍʹ˄ ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ όˍʽ˃ʺ ˋˉʽˍʽˇˏύΦ  

2. ɲʽʰ˔˖ˊʽˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄ όрлс ʵʶʽʴ˃ʱˍ˖˄ύ ˋʶ ул҈ ǘǊŀƛƴ ˁʰʽ нл҈ ǘŜǎǘΦ 

3. ɲʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ʶˁˉʰʾʵʶˎˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˋˍˇ ˋˏ˄ˇ˂ˇ ǘǊŀƛƴ ˁʰʽ 

ʶˁˍˏˉ˖ˋʹ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄Φ 

4. ɳ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰˍʹˊʹʻʶʾ ˋˍˇ ǘŜǎǘΦ 

5. ɮˉˇˍʾ˃ʹˋʹ ʰˉˈʵˇˋʹˌ ˃ʶ ˍʽˌ ˃ʶˍˊʽˁʷˌ a{9 όaŜŀƴ {ǉǳŀǊŜ 9ǊǊƻǊύ ˁʰʽ wϣн όw-Squared). 

6. ɳˁˍʾ˃ʹˋʹ ˍʽ˃ʺˌ ʴʽʰ ʷ˄ʰ Ϧ˄ʷˇϦ ˋˉʾˍʽΦ ʅˎʴʴˊʰ˒ʺ ˋˎ˄ʱˊˍʹˋʹˌ ǇǊŜŘƛŎǘψǇǊƛŎŜόύ ˉˇˎ ʵʷ˔ʶˍʰʽ ˖ˌ 

ˇˊʾˋ˃ʰˍʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ʷ˄ʰ ϝϝƪǿŀǊƎǎ ˃ʶ ˈˋʶˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ 

˃ʶˍʰʲ˂ʹˍʷˌ  ʷ˔ˇˎ˄ ʴ˄˖ˋˍʷˌ ˍʽ˃ʷˌΦ   

7. ɮˉˇˍʾ˃ʹˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ʽʵʷʶˌ ʲʶ˂ˍʾ˖ˋʹˌΦ 

ʆˇ ˉʰˊʱʵʶʽʴ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʰʵʽʰˁʱ ˃ʶ ˍ˃ʺ˃ʰˍʰ ˁ˗ʵʽˁʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˁʶ˂ʽʱ ʶ˄ˈˌ 

WǳǇȅǘŜǊ ˋʹ˃ʶʽ˖˃ʰˍʰˊʾˇˎΦ ʅˍˇ ˉˊ˗ˍˇ ˍ˃ʺ˃ʰ ˁ˗ʵʽˁʰΣ ˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 5.5.6Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˍˇ ʲʺ˃ʰ 

мΦ ɼʰʻ˗ˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʶʾ˄ʰʽ ʰˉʶˎʻʶʾʰˌ ˋʶ ˃ˇˊ˒ʺ ˉˇˎ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΣ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ˉˊˇʹʴʹʻʶʾ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˍˇˉˇʻʷˍʹˋʹˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ʷ˄ʰ ŘŀǘŀŦǊŀƳŜΦ 

# 1. ūɧɟŰɤůɖ ŭŮŭɞɛɏɜɤɜ  

import  numpy as  np 

import  pandas as  pd 

 

url = "https://lib.stat.cmu.edu/datasets/boston"  

raw = pd . read_csv ( url ,  sep =" \ s+" ,  skiprows =22 ,  header =None)  

# ȺɜŰɞˊɘůɛɧɠ ŮɟɛɖɜŮɡŰɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ əŬɘ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ  

data = np . hstack (  

    [ raw . values [:: 2,  :],  raw . values [ 1:: 2,  : 2]]  

)   # 13 ŮɟɛɖɜŮɡŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ 

target = raw . values [ 1:: 2,  2]   # ȹɘɎɛŮůɖ ŬɝɑŬ ůˊɘŰɘɞɨ 

 

# ɃɜɧɛŬŰŬ ŮɟɛɖɜŮɡŰɘəɩɜ ɛŮŰŬɓɚɖŰɩɜ 

feature _names = [  

    "CRIM" ,  "ZN" ,  "INDUS" ,  "CHAS" ,  "NOX" ,  "RM" ,  "AGE" ,   

    "DIS" ,  "RAD" ,  "TAX" ,  "PTRATIO" , "B" , "LSTAT" ,  

]  

 

# ɆɡɜŭɡŬůɛɧɠ ůŮ ɏɜŬ DataFrame ɔɘŬ ŮɡəɞɚɑŬ 

df = pd . DataFrame ( data ,  columns =feature_names )  

df [ "MEDV"]  = target  

ɼΦ 5.5.6 ς ɰʺ˃ʰ мΥ  ʊˈˊˍ˖ˋʹ ˁʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

https://lib.stat.cmu.edu/datasets/boston
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¢ƻ ŘŀǘŀŦǊŀƳŜ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˔ʶʽ ˍʹ˄ ˃ˇˊ˒ʺ ˍʹˌ ɳʽˁˈ˄ʰ 24. 

 
ɳʽˁˈ˄ʰ 24 ς ʁʽ ˉˊ˗ˍʶˌ р ʶʴʴˊʰ˒ʷˌ ˍˇˎ ŘŀǘŀŦǊŀƳŜ ˃ʶˍʱ ˍˇ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ 

ʅˍˇ ʲʺ˃ʰ н ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ʶ˂ʷʴ˔ˇˎΣ ˗ˋˍʶ ˍˇ 

˃ˇ˄ˍʷ˂ˇ ˄ʰ ʶˁˉʰʽʵʶˏʶˍʰʽ ˋʶ ʷ˄ʰ ˎˉˇˋˏ˄ˇ˂ˇ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˄ʰ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˋʶ ʷ˄ʰ ʵʽʰ˒ˇˊʶˍʽˁˈ 

ˎˉˇˋˏ˄ˇ˂ˇΣ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ ʴʶ˄ʾˁʶˎˋ ̋ˍˇˎ ˁʰʽ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˍʹˌ ˎˉʶˊˉˊˇˋʰˊ˃ˇʴʺˌ όƻǾŜǊŦƛǘǘƛƴƎύΦ 

ʁ ˁ˗ʵʽˁʰˌ ɼΦ 5.5.7 ̝ ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǘǊŀƛƴψǘŜǎǘψǎǇƭƛǘόύ ʴʽʰ ˄ʰ ˍˇ ʶˉʽˍˏ˔ʶʽ ʰˎˍˈΦ 

# 2. ȹɘŬɢɤɟɘůɛɧɠ ŭŮŭɞɛɏɜɤɜ ůŮ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ůɚɏɔɢɞɡ 

from  sklearn . model_selection  import  train_test_split  

 

X = df [ feature_names ]. values  

y = df [ "MEDV"]. values  

X_train ,  X_test ,  y_train ,  y_test = train_test_split (  

    X,  y ,  test_size =0.2 ,  random_state =42 

)  
ɼΦ 5.5.7 ς ɰʺ˃ʰ нΥ ɲʽʰ˔˖ˊʽˋ˃ˈˌ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ʶ˂ʷʴ˔ˇˎΦ 

ʅˍˇ ʲʺ˃ʰ о ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ʴʾ˄ʶˍʰʽ ʹ ʶˁˉʰʾʵʶˎˋʺ ˍˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ˈ˄ˇ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ǘǊŀƛƴΦ ʁ ˁ˗ʵʽˁʰˌ ɼΦ 5.5.8 ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ ˁʰʽ 

ʶ˃˒ʰ˄ʾʸʶʽ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʴʽʰ ˍʽˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ  

 

# 3. ȹɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɞɡ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ, fit() ůŰŬ ŭŮŭɞɛɏɜŬ train  

model = LinearRegression ()  

model . fit ( X_train ,  y_train )  

# ȺɛűɎɜɘůɖ ůɡɜŰŮɚŮůŰɩɜ Űɞɡ ɛɞɜŰɏɚɞɡ  

coeff_table = pd . DataFrame ({  

    "feature" :  feature_names ,  

    "Coefficient" :  model . coef_  

})  

print ( " \ nɆɡɜŰŮɚŮůŰɏɠ ɛɞɜŰɏɚɞɡ:\ n" ,  coeff_table )  
ɼΦ 5.5.8 ς ɲʹ˃ʽˇˎˊʴʾʰ ˃ˇ˄ˍʷ˂ˇˎ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ  

ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰΥ 

ɆɡɜŰŮɚŮůŰɏɠ ɛɞɜŰɏɚɞɡ:  

     feature  Coefficient  

0      CRIM    - 0.113056  

1        ZN     0.030110  

2     INDUS     0.040381  

3      CHAS     2.784438  

4       NOX   - 17.202633  

5        RM     4.438835  

6       AGE    - 0.006296  
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7       DIS    - 1.447865  

8       RAD     0.262430  

9       TAX    - 0.010647  

10  PTRATIO    - 0.915456  

11        B     0.012351  

12    LSTAT    - 0.508571  

 

ʅˍˇ ʲʺ˃ʰ п ʴʾ˄ˇ˄ˍʰʽ ˉˊˇʲ˂ʷ˕ʶʽˌ ʴʽʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ǘŜǎǘΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰ˂˗˄ˍʰˌ ʰˉ˂ʱ 

ˍʹ ˃ʷʻˇʵˇ ǇǊŜŘƛŎǘόύΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍˇ˄ ˁ˗ʵʽˁʰ ɼΦ 5.5.9. 

# 4. ȹɖɛɘɞɡɟɔɑŬ ˊɟɞɓɚɏɣŮɤɜ ɔɘŬ Űɞ ůɨɜɞɚɞ Ůɚɏɔɢɞɡ 

y_pred = model . predict ( X_test )  
ɼΦ 5.5.9 ς ɽʺ˕ʹ ˉˊˇʲ˂ʷ˕ʶ˖˄ ʴʽʰ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ʶ˂ʷʴ˔ˇˎΦ  

ʅˍˇ ʲʺ˃ʰ р ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ˃ʶˍˊʽˁʷˌ ʰˉˈʵˇˋʹˌ a{9 ˁʰʽ w2Φ ʆˇ a{9 όaŜŀƴ {ǉǳŀǊŜŘ 9ǊǊƻǊύ ʶʾ˄ʰʽ ˍˇ 

˃ʷˋˇ ˍʶˍˊʰʴ˖˄ʽˁˈ ˋ˒ʱ˂˃ʰΣ ʶ˄˗ ˋˎ˔˄ʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰʽ ˍˇ wa{9 ˉˇˎ ʶʾ˄ʰʽ ʹ ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰ 

ˍˇˎ a{9Φ ¢ƻ w2 ˉˇˎ ˋˎ˔˄ʱ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ w ǎǉǳŀǊŜŘ ʶʾ˄ʰʽ ˇ ˂ʶʴˈ˃ʶ˄ˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ 

όŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŘŜǘŜǊƳƛƴŀǘƛƻƴύ ˁʰʽ ʶˁ˒ˊʱʸʶʽ ˉˈˋʹ ʰˉˈ ˍʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ 

˃ˉˇˊʶʾ ˄ʰ ʶ˅ʹʴʹʻʶʾ ʰˉˈ ˍʽˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ ʆʽ˃ʺ ˍˇˎ w2 ʾˋʹ ˃ʶ м ˋʹ˃ʰʾ˄ʶʽ ˍʷ˂ʶʽʰ 

ˉʰˊʶ˃ʲˇ˂ʺΣ ʶ˄˗ ˍʽ˃ʺ ʾˋʹ ˃ʶ л ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ˉʰˊʶ˃ʲˇ˂ʺ ʶʾ˄ʰʽ ˍˇ ʾʵʽˇ ˁʰ˂ʺ ˃ʶ ˍˇ ˄ʰ ʷ˔ʶʽ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Φ ʁ ˁ˗ʵʽˁʰˌ ɼΦ 5.5.10 ɻ ʶʾ˔˄ʶʽ ˈˍʽ ˇʽ ˃ʶˍˊʽˁʷˌ a{9 ˁʰʽ w2 

˃ˉˇˊˇˏ˄ ˄ʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˃ʶ ʰˉ˂ʷˌ ˁ˂ʺˋʶʽˌ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍˇˎ ǎˁƭŜŀǊƴΦ  

# 5. ȷˊɞŰɑɛɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ 

from  sklearn . metrics  import  mean_squared_error ,  r2_score  

 

mse = mean_squared_error ( y_test ,  y_pred )  

r2 = r2_score ( y_test ,  y_pred )  

print ( "Mean Squared Error:" ,  round ( mse,  2))   # Mean Squared Error: 24.29  

print ( "R^2 Score:" ,  round ( r2 ,  2))   # R^2 Score: 0.67  
ɼΦ 5.5.10 ς ɾʶˍˊʽˁʷˌ ʰˉˈʵˇˋʹˌΦ 

ɸʰ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ˃ʶˍˊʽˁʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ 

ˉˇʽˈˍʹˍʰˌ ˃ˇ˄ˍʷ˂˖˄ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌΦ ʁˊʽˋ˃ʷ˄ʶˌ ʰˉˈ ʰˎˍʷˌ ʶʾ˄ʰʽ ˇ:̔ F-statistic, BIC 

(Bayesian Information Criterion) ˁh ʽ AIC (Akaike Information Criterion). 

 
ʅˍˇ ʲʺ˃ʰ с ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ ˉˊˈʲ˂ʶ˕ʹ ˍʹˌ ˍʽ˃ʺˌ ˃ʽʰˌ ˄ʷʰˌ ʶʴʴˊʰ˒ʺˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˒ˇˊʱ ʷ˄ʰ ζ˄ʷˇη 

ˋˉʾˍʽ ʴʽʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ мо ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˉˇˎ ˍˇ ˉʶˊʽʴˊʱ˒ˇˎ˄Φ ʁ 

ˁ˗ʵʽˁʰˌ ɼΦ 5.5.11 ˇˊʾʸʶʽ ˍʹ ˋˎ˄ʱˊˍʹˋʹ ǇǊŜŘƛŎǘψǇǊƛŎŜόύ ˉˇˎ ʵʷ˔ʶˍʰʽ ˖ˌ ˇˊʾˋ˃ʰˍʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ 

ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʴʽʰ ʷ˄ʰ ˄ʷˇ ˋˍʽʴ˃ʽˈˍˎˉˇ ʵʶʵˇ˃ʷ˄˖˄Φ 

 
# 6. ɄɟɧɓɚŮɣɖ Űɘɛɩɜ 

def  predict_price ( model ,  ** features ):  

    x = np . array ([[ features . get ( name,  0)  for  name in  feature_names ]])  

    price_thousands = model . predict ( x )[ 0]  

    return  round ( price_thousands *  1000 ,  2)  
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pred = predict_price (  

    model ,  

    CRIM=0.05 ,  

    ZN=18.0 ,  

    INDUS=2.31 ,  

    CHAS=0,  

    NOX=0.54 ,  

    RM=6.8 ,  

    AGE=60.0 ,  

    DIS=4.0 ,  

    RAD=1,  

    TAX=296 ,  

    PTRATIO=15.3 ,  

    B=390.5 ,  

    LSTAT=5.0 ,  

)  

 

print ( f" ɄɟɧɓɚŮɣɖ Űɘɛɐɠ: ${ pred }" )   # ɄɟɧɓɚŮɣɖ Űɘɛɐɠ: $30986.62  
ɼΦ 5.5.11 ς ʃˊˈʲ˂ʶ˕ʹ ˍʽ˃ʺˌ ˄ʷˇˎ ˋˉʽˍʽˇˏΦ   

ʅˍˇ ʲʺ˃ʰ т ʴʾ˄ʶˍʰʽ ˃ʽʰ ˉˊˇˋˉʱʻʶʽʰ ʰˉˇˍʾ˃ʹˋʹˌ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ˉ˖ˌ ˍˇ 

˃ˇ˄ˍʷ˂ˇ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʲʶ˂ˍʽ˖ʻʶʾΦ ɶ ˍʽ˃ʺ ˍˇˎ wϣн Ґ лΦстΣ ˉˇˎ ʷ˔ʶʽ ˎˉˇ˂ˇʴʽˋˍʶʾΣ ʵʶʾ˔˄ʶʽ ˃ʽʰ ˃ʱ˂˂ˇ˄ 

˃ʷˍˊʽʰ ʵˎ˄ʰˍˈˍʹˍʰ ˉˊˈʲ˂ʶ˕ʹˌ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʴˊʰ˃˃ʽˁʺˌ ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶΦ ɾʽʰ 

ˍˎˉʽˁʺ ˂ʾˋˍʰ ʶ˄ʶˊʴʶʽ˗˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʲʶ˂ˍʽ˖ʻʶʾ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʶʾ˄ʰʽ ʹ 

ʰˁˈ˂ˇˎʻʹΥ 

¶ ɾʶ˂ʷˍʹ ʵʶʵˇ˃ʷ˄˖˄Φ 

¶ ɮ˒ʰʾˊʶˋʹ ʺ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˁˊʰʾ˖˄ ˍʽ˃˗˄Φ 

¶ ɼ˂ʽ˃ʱˁ˖ˋʹ ˃ʶˍʰʲ˂ʹˍ˗˄ όǎŎŀƭƛƴƎύΦ 

¶ ɳ˒ʰˊ˃ˇʴʺ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌ  όǊŜƎǳƭŀǊƛȊŀǘƛƻƴύ [ŀǎǎƻ ʺ wƛŘƎŜΦ 

¶ ɼʰ˂ˏˍʶˊʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˃ʶ /Ǌƻǎǎ-Validation. 

¶ ɲˇˁʽ˃ʺ ʽˋ˔ˎˊˈˍʶˊ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈˍʽ ˍʰ ˃ʹ ʴˊʰ˃˃ʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ˉˇˊˇˏ˄ 

˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˄ ˉˇ˂ˏˉ˂ˇˁʶˌ ˋ˔ʷˋʶʽˌΦ 

 
ɾʶ˂ʷˍʹ ʵʶʵˇ˃ʷ˄˖˄Υ ɾʶ˂ʶˍ˗˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ˍˇˎ .ƻǎǘƻƴ IƻǳǎŜ tǊƛŎƛƴƎ ŘŀǘŀǎŜǘΦ ɮˊ˔ʽˁʱΣ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʹʻʽˁʺ 

˔ˊʺˋʹ ˍ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄ ˃ʹ˔ʰ˄ʽˁʺˌ ˃ʱʻʹˋʹˌ ʶʾ˄ʰʽ ˈˍʽ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˖ˌ ʶˊ˃ʹ˄ʶˎˍʽˁʷˌ 

˃ʶˍh̡ ˂ʹˍʷˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰ˅ʾʰ ˍ˖˄ ˋˉʽˍʽ˗˄ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʷ˔ˇˎ˄ ˄ʰ ˁʱ˄ˇˎ˄ ˃ʶ ˍˇ ˉˇˋˇˋˍˈ 

ˍ˖˄ ˃ʰˏˊ˖˄ ˁʰˍˇʾˁ˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺΦ ɮˎˍˈ ʻʷˍʶʽ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ʻʷ˃ʰ ʵʽʰˁˊʾˋʶ˖˄ ˋʶ ʲʱˊˇˌ ˍ˃ʺ˃ʰˍˇˌ 

ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ ʶʾ˄ʰʽ ˋˍʹ ʲʱˋʹ ˍˇˎˉˊˇʲ˂ʹ˃ʰˍʽˁˈΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˃ʶˊʽʱΣ ʹ ʶ˅ʰˊˍ˗˃ʶ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ 

a95± ˃ʶˍˊʱˍʰʽ ˋʶ ˔ʽ˂ʽʱʵʶˌ ʵˇ˂˂ʱˊʽʰ ɶʃɮ ʰ˂˂ʱ ˍʽ˃ʷˌ ˉʱ˄˖ ʰˉˈ рлΦллл ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʷ˔ˇˎ˄ 

ˉʶˊʽˇˊʽˋˍʶʾ ˍʶ˔˄ʹˍʱ ˋˍʽˌ рлΦлллΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ʹ ˃ʶˍʰʲ˂ʹˍʺ a95± ˄ʰ ʶʾ˄ʰʽ ˃ʽʰ ŎŜƴǎƻǊŜŘ 

ό˂ˇʴˇˁˊʽ˃ʷ˄ʹύ ˃ʶˍʰʲ˂ʹˍʺ ˁʰʽ ʰˎˍˈ ˄ʰ ˇʵʹʴʶʾ ˋʶ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍʽ˃˗˄ ʴʽʰ ˍʰ ˎ˕ʹ˂ʺˌ ʰ˅ʾʰˌ ˋˉʾˍʽʰΦ ɴ˄ʰˌ 

ˍˊˈˉˇˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ʰˎˍʺˌ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ʶʾ˄ʰʽ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˁʱˉˇʽˇ ʱ˂˂ˇ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˄ʰ ʶʾ˄ʰʽ 
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ʰ˄ʻʶˁˍʽˁˈ ˋʶ ˂ˇʴˇˁˊʽ˃ʷ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ǘƻōƛǘ ǊŜƎǊŜǎǎƛƻƴ ˉˇˎ 

ˎˉʱˊ˔ʶʽ ˋˍˇ ǎǘŀǘǎƳƻŘŜƭǎΦ ɴ˄ʰˌ ʱ˂˂ˇˌ ʰˉ˂ˈˌ ˍˊˈˉˇˌ ʶʾ˄ʰʽ ˄ʰ ʰˉˇˊʽ˒ʻˇˏ˄ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˃ʶ ˍʽ˃ʺ 

a95± ʾˋʹ ˃ʶ рлΦлллΣ ʰ˂˂ʱ ʰˎˍˈ ˃ʶʽ˗˄ʶʽ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʶˁˉʰʾʵʶˎˋʹ ˁʰʽ ʴʽʰ ʷ˂ʶʴ˔ˇΦ 

 
ɮ˒ʰʾˊʶˋʹ ʺ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰˁˊʰʾ˖˄ ˍʽ˃˗˄Υ ɶ ˉʰˊˇˎˋʾʰ ʰˁˊʰʾ˖˄ ˍʽ˃˗˄ όƻǳǘƭƛŜǊǎύ ˃ˉˇˊʶʾ ˄ʰ 

ʶˉʹˊʶʱˋʶʽ ʵˎˋʰ˄ʱ˂ˇʴʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ ʽʵʽʰʾˍʶˊʰ ˋʶ ˃ˇ˄ˍʷ˂ʰ ˈˉ˖ˌ ʹ ʴˊʰ˃˃ʽˁʺ 

ˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ˍʶˍˊʰʴ˗˄˖˄ ˋ˒ʰ˂˃ʱˍ˖˄Φ ɶ 

ʵʽʶˊʶˏ˄ʹˋʹ ˃ʷˋ˖ ʵʽʰʴˊʰ˃˃ʱˍ˖˄ ʵʽʰˋˉˇˊʱˌΣ ōƻȄǇƭƻǘǎ ʺ ˃ʷˍˊ˖˄ ˈˉ˖ˌ ˍˇ Lvw ˁʰʽ ˍˇ Ȋ-ǎŎƻǊŜ ʶˉʽˍˊʷˉʶʽ 

ˍˇ˄ ʶ˄ˍˇˉʽˋ˃ˈ ˍʷˍˇʽ˖˄ ˉʰˊʰˍʹˊʺˋʶ˖˄Φ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˒ˏˋʹ ˍˇˎˌΣ ˇʽ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʰ˒ʰʽˊʶʻˇˏ˄ όʶ˒ˈˋˇ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˋ˒ʱ˂˃ʰˍʰ ˁʰˍʰʴˊʰ˒ʺˌύΣ ˄ʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍˇˏ˄ όˉΦ˔Φ 

˂ˇʴʰˊʽʻ˃ʽˁˈˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌύΣ ʺ ˄ʰ ˉʶˊʽˇˊʽˋˍˇˏ˄ ˃ʷˋ˖ ʱ˂˂˖˄ ˍʶ˔˄ʽˁ˗˄Φ ɶ ʶˉʽ˂ˇʴʺ ˋˍˊʰˍʹʴʽˁʺˌ 

ˉˊʷˉʶʽ ˄ʰ ˍʶˁ˃ʹˊʽ˗˄ʶˍʰʽΣ ˁʰʻ˗ˌ ʹ ʰˎʻʰʾˊʶˍʹ ʵʽʰʴˊʰ˒ʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ˉˇˊʶʾ ˄ʰ ʰ˂˂ˇʽ˗ˋʶʽ ˍʹ 

ˋˍʰˍʽˋˍʽˁʺ ʵˇ˃ʺ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

 
ɼ˂ʽ˃ʱˁ˖ˋʹ ˃ʶˍʰʲ˂ʹˍ˗˄Υ ɶ ˁ˂ʽ˃ʱˁ˖ˋʹ ˍ˖˄ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ˈˍʰ˄ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶˍˊ˗˄ˍʰʽ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ʺ ˃ˇ˄ʱʵʶˌΣ ʵʽˈˍʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˃ʶ ˃ʶʴʱ˂ʶˌ 

ʰˊʽʻ˃ʹˍʽˁʷˌ ˍʽ˃ʷˌ ˃ˉˇˊʶʾ ˄ʰ ˁˎˊʽʰˊ˔ʺˋˇˎ˄ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶˁˉʰʾʵʶˎˋʹˌΦ ʆʶ˔˄ʽˁʷˌ ˈˉ˖ˌ ʹ 

ˍˎˉˇˉˇʾʹˋʹ όǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴΣ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˋʶ ˃ʷˋʹ ˍʽ˃ʺ л ˁʰʽ ʵʽʰˋˉˇˊʱ мύ ʺ ʹ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ 

ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶˏˊˇˌ ˍʽ˃˗˄ όˉΦ˔Φ ώлΣмϐύ ʶ˅ʰˋ˒ʰ˂ʾʸˇˎ˄ ˋˎʴˁˊʾˋʽ˃ʹ ˋˎ˃ʲˇ˂ʺ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ  

 
ɳ˒ʰˊ˃ˇʴʺ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌ [ŀǎǎƻ ʺ wƛŘƎŜΥ ɶ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ʶʽˋʱʴʶʽ ʷ˄ʰ˄ ˈˊˇ ˉˇʽ˄ʺˌ ˋˍʹ 

ˋˎ˄ʱˊˍʹˋʹ ˁˈˋˍˇˎˌ ˃ʶ ˋˍˈ˔ˇ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˁʰʽ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ 

ˎˉʶˊˉˊˇˋʰˊ˃ˇʴʺˌΦ ɶ wƛŘƎŜ ό[нύ ˉˇʽ˄ʺ ˋˎˊˊʽˁ˄˗˄ʶʽ ˇ˃ʰ˂ʱ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌΣ ʶ˄˗ ʹ [ŀǎǎƻ ό[мύ ˃ˉˇˊʶʾ 

˄ʰ ˃ʹʵʶ˄ʾˋʶʽ ˇˊʽˋ˃ʷ˄ˇˎˌ ʰˉˈ ʰˎˍˇˏˌΣ ʶˉʽˍʶ˂˗˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʰʽ ʶˉʽ˂ˇʴʺ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ 

˃ʶˍʰʲ˂ʹˍ˗˄Φ ʅʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʶ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ˃ʶˍʰʲ˂ʹˍ˗˄Σ ˇʽ ˍʶ˔˄ʽˁʷˌ ʰˎˍʷˌ ʲʶ˂ˍʽ˗˄ˇˎ˄ ˍʹ˄ 

ʰˉˈʵˇˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ 

 
ɼʰ˂ˏˍʶˊʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˃ʶ /Ǌƻǎǎ-Validation: ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˃ʶ ˃ʾʰ ˃ˈ˄ˇ ʵʽʱˋˉʰˋʹ ˋʶ ˋˏ˄ˇ˂ˇ 

ʶˁˉʰʾʵʶˎˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰˋˍʰʻʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌΦ ɶ ˍʶ˔˄ʽˁʺ ˍʹˌ 

ʵʽʰˋˍʰˎˊˇˏ˃ʶ˄ʹˌ ʶˉʽˁˏˊ˖ˋʹˌ όƪ-fold cross-ǾŀƭƛŘŀǘƛƻƴύ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶˁˉʰʾʵʶˎˋʹ ˁʰʽ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˋʶ ˉˇ˂˂ʰˉ˂ʷˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʵʽʰˋˉʱˋʶʽˌ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˉʰˊʷ˔ˇ˄ˍʰˌ ˃ʽʰ ˉʽˇ ʰ˅ʽˈˉʽˋˍʹ 

ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹˌ ʰˉˈʵˇˋʹˌ ˋʶ ˄ʷʰ ʵʶʵˇ˃ʷ˄ʰΦ  

 
ɲˇˁʽ˃ʺ ʽˋ˔ˎˊˈˍʶˊ˖˄ ʰ˂ʴˇˊʾʻ˃˖˄Υ ɳʱ˄ ʷ˄ʰ ʴˊʰ˃˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰ˄ʶˉʰˊˁʷˌ ʴʽʰ ˍʹ˄ 

ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ʶˊ˃ʹ˄ʶˎˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰʽ ʶ˅ʰˊˍʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌΣ ˃ˉˇˊʶʾ ˄ʰ 


































































