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ŠĝĬĖŢŝċ ĒšĨŖš 

  ǴƢƴǺ ʣƧƾȌƾǟ ƨȍǻȍǷǠƫ ŻƢǇȄǁƽ ƣƢƬψǶơ ơǀȂ ǸƾǯȌǹǷǠƫ  ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ   ƣƢƬψǶơ ǄȍǻƬȌȄ
  ƨȌƢȃǾ ʣǽȌǁƢǻƬǶơȄ ƨǷưǺ˦Ƣƥ ǹǟƾǺ ǄȍǻǺ Ƶǂǋ ǞǺ ƝǁƢǯǶơ ǵƦǮ ǽǺ ƢȃǻȃǪ ƨǶȅȃǇȄ ȁƬǤǶ ƨǗƢǈƦƥ

.ǵǐǪ ǵǲ 

ǶƚǻǶơ ǞǺ ǵǏơȅƬǶơ ƾǠƥȄ ƣƢƬψǶơ ơǀȂ ǹƳǂƫơ Ǽơ ƪƦƦƷơ ƍƣƢƬψǶơ ơǀȂ ȀƔơǂǮ ǽǺ νƟƢȃƬǾơ ƾǿǟ  ǩ
  .ƨȍƥǂǠǶơ λǶơ ȁƬǻƳǂƫ ǽǺ ƢǠǾƢǺ ƾƦȌ ǹǶ ǼơǃȄ ƽ˫ȍǺ ƿƢƬǇ˪ơ  ǽȍǋƢǺ ʏǂʒɟƽƢʑ" ƣƢƬǲ ƩǂƬƻơ ƾǯǶ

 ƢȃǠƦƫơ νƬǶơ ƨȍƴȃǿǻǷǶȄ ƍƣƢƬψǶơ ơǀȂ ƧƽȅƳ ǽǺ ȁƬȌƗǁ ƢǻǶ ǼơǃȄ ƽ˫ȍǺ ƿƢƬǇ˧Ƕ "ƢȂ Ȁƽơƽ ǹǷǟȄ
  ƧƽȅƳ Ʃơƿ ƨǻƳǂƬƥ Ʊǂƻơ Ǽơ ǝƢǘƬǈǻǶơ ǁƾǮ ƪǶȄƢƷ ƾǯǶ .ȁƷǂǋ ƨǗƢǈƥȄ ȁƦȍƫǂƫ ʣǩǶƚǻǶơ

  ƍƨȍǶƢǟ  ơǀȂ ǴȅƷ ƩƢǜƷ˫Ǻ ȊƗ ǱȌƾǶ ǼƢǲ ơƿƢǪ ƍǎǯǿǶơ ǵǻƬƸȌ ŻƢȌǂǌƥ ̿˫ǻǟ λǯƦȌ ơǀȂ ǞǺȄ
 νǾȄǂƬψǶ˪ơ ƢǾƾȌǂƥ ǂƦǟ ƢǿƬǷǇơǂǻƥ ƽƽǂƬƫ ˫Ǫ ƍƣƢƬψǶơalaa.taima@qu.edu.iq . 

  ơǀȂ ƾǟƢǈȌ Ǽơ ǵǺƘǾ  ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ ǴƢƴǺ ʣǵƻƾȌ Ǽơ ƾȌǂȌ ǽǺ ǵǲ ƣƢƬψǶơ  ƩƢǾƢȍƦǶơ
  .ǴƢƴǻǶơ ơǀȂ ǹǷǠƫ λǷǟ ȋƥǂǠǶơ ƝǁƢǯǶơ ƧƾǟƢǈǺȄ ƔơǂƯ˦ ǵǻǠǶơ ơǀȂ ʣǭȍǪȅƬǶơ ȁˑǶơ ǴƘǇơ

˪ơ ƾǋƗ ǂǯƬǫȌ ȊǀǶơ ȋƥǂǠǶơ ȆȅƬƸǻǶơ ƔƢǲǀǶơ ǴƢƴǺ ʣǽȍǏǁȄ ƾȍƳ ȆȅƬƸǺ λǶƛ ǁƢǯƬǪ
  νǟƢǿǘǏ˪ơǹǷǠƫȄ   ƨǶ˪ơ  ǭȍǻǠǶơ ǹǷǠƬǶơȄ    ǞǺ ǝƢƬǻƬǇ˪ơ ǱǶ ȅƳǂǾȄ .ƩƢǾƢȍƦǶơ ǹǷǟȄơǀȂ    ƣƢƬψǶơ

ƔƢǟƾǶơ ƶǶƢǏ ǽǺ ƢǾȅǈǿƫ ˪Ȅ . 
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ŐŝĄŢŝċ ĒšĨŖš 

 ƨǶˤơ ǹǷǠƫȄ ƩƢǾƢȍƦǶơ ǹǷǟ 

 ƨȌǁƢƴƬǶơ ǴƢǻǟ˦ơ ǽȍƥ ǬǂǪ ǂƦǲƗ ƭơƾƷƛ ǹȃǿǺ ƪƦǷǗȄ ǽȍȍǻǶƢǠǶơ ǴƢǻǟ˦ơ ƧƽƢǮ ǃǂƥƗ ƪǠǻƳ ơƿƛ ƍǸȅȍǶơ
  :ƔνǌǶơ ǆǫǾ ơȅǶȅǯȌ ǼƗ ƶƳǂǻǶơ ǽǻǪ ƍ ǽȌǂǌǠǶơȄ ȊƽƢƸǶơȄ ǽȌǂǌǠǶơ ǽȍǾǂǯǶơ νǪ ƩƢǾƢȍƦǶơ  . 

 ƍ νǟƢǻƬƳ˪ơ ǵǏơȅƬǶơ ǵƟƢǇȄ ǁȅȃǛ ǞǺ ǵȂǀǺ ǴƾǠǻƥ ƩƢǾƢȍƦǶơ ƨȍǻǲ ƪǻǾ ƍǼǂǯǶơ ǞǷǘǺ ǀǿǺ
ȅȃǶơȄ  ǼƗ λǶƛ ƩơǂȌƾǯƬǶơ ǂȍǌƫ .Ȇǂƻ˦ơ ƨȍƳȅǶȅǿǳƬǶơ ƩơǁȅǘƬǶơȄ ƍ ƔƢȍǋ˦ơ ƪǾǂƬǾƛȄ ƍ ƨȍǲǀǶơ ǩƫơ

  ǽǺ ǂưǲƗ90  ƩơȅǿǈǶơ νǪ ƢȂƙƢǌǾƛ ǹƫ ƾǮ ǼƢǈǾ˨ơ ƨǘǇơȅƥ ƢȂƙƢǌǾƛ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǞȍǻƳ ǽǺ Ș
 " ǹǇƢƥ νƫƢǺȅǷǠǻǶơ ǁƢƴǫǾ˪ơ ơǀȂ ǨǂǠ˾Ȍ .ƨȍǓƢǻǶơ ǆǻƼǶơ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ  ǽǺ ǹǶƢǠǶơ ǂȍǤȍǇȄ "

ǶȅƷ  ƪǮȄ ȊƗ ǽǺ Ƣ˻ǺƢǻƬȂơ ǂưǲƗ ƩƢǈǇƚǻǶơ ǵǠƳ λǶƛ ƩƢǾƢȍƦǶơ ƱƢƬǾƛ νǪ ǵƟƢȃǶơ ȅǻǿǶơ ȆƽƗ .Ƣ˻ǺƢǻƫ Ƣǿ
  ǍƢƼǋ˦ơ ǞǷǘƬȌ ƍ ȁǈǫǾ ƪǮȅǶơ νǪȄ .ƨȌǁƢƴƬǶơ ƢȃƫƢǺƢǻƬȂơ ǄȌǄǠƬǶ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇơ ƨȍǫȍψƥ λǔǺ

ǸƾǯƬǶơȄ ƨȍƫơǀǶơ ƧǂȍǈǶơ λǷǟ ƔȅǔǶơ ǖȍǷǈƬǶ ƩƢǾƢȍƦǶơ νǪ ǹȃƫơǁƢȃǺ ǂȌȅǘƫ λǶƛ ƾȌơǄƬǺ ǵψǌƥ    νǫȍǛȅǶơ
 .νǫȍǛȅǶơ ǽǺ˦ơȄ 

  ǹǷǟ ǂǘȍǇ .ƢȃƟơƽƗ ǽȍǈƸƫȄ ƨǻȃǺ Ȇƙǁ ƣƢǈƬǲ˪ ƩƢǲǂǌǷǶ ơ˻ƽȅǮȄȄ ƧơƽƗ ǸȅȍǶơ ƩƢǾƢȍƦǶơ ƾǠƫ
  .ƩƢǾƢȍƦǶơ ǸƾƼƬǈƫ ˪ ǸȅȍǶơ ǹǶƢǠǶơ νǪ ƨǟƢǿǏ ƾƳȅƫ ˪ .ǹǶƢǠǶơ νǪ Ƣ˻ƦȌǂǯƫ ƨǟƢǿǏ ǵǲ λǷǟ ƩƢǾƢȍƦǶơ

ƩƢǾƢȍƦǶơ ǞȍǻƳ ƨƴǶƢǠǻƥ ǸȅǯȌ ǽǺ ƓƧǂȍǐƦǶơ ȀǀȂ λǷǟ ǵǐƸȍǇ ǽǺ ǽψǶ    ȁƥ ǸȅǯȌ Ɣνǋ ǵǲ ƓǸƢƼǶơ
 Ǽ˦ .ǴƢƴǻǶơ ơǀȂ νǪ Ƣ˻ǟȅȍǋ ƨȍǫȍǛȅǶơ ǁơȄƽ˦ơ ǂưǲƗ ƢǻȂ ǼơǀȂ .ƩƢǾƢȍƥ ǹǶƢǟ ȄƗ ƩƢǾƢȍƥ ǵǷƸǺ
  ǽȌǀǶơ ǍƢƼǋ˧Ƕ ƨƦǈǿǶƢƥ .ƢȃƫƢǾƢȍƥ ǽǺ ƧƽƢǫƬǇơ λǐǮƗ ǭȍǯƸƫ λǶƛ ǞǷǘƬƫ ǹǶƢǠǶơ ǴȅƷ ƩƢǲǂǌǶơ

ƻ ƩƢǾƢȍƦǶơ ǸȅǷǟ ǩƟƢǛȄ ƪǾƢǲ ƢǻǶƢǘǶ ƍ ǵƳ˦ơ ƨǷȌȅǗ ǵǻǟ ǍǂǪ ǽǟ ǼȅưƸƦȌ  ƢŻǮȅƯȅǺȄ Ƣ˻ȍǷǻǟ ơ˻ǁƢȍ
  ƨȍǺȅȍǶơ ƢǿƫƢȍƷ νǪ νǶˤơ ǹǷǠƬǶơȄ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ƲǺƽ ǞǺ ȀƢƴƫ˪ơ ơǀȂ ǂǻƬǈȌ ǼƗ ƶƳǂǻǶơ ǽǺ .ȁƥ

  .ƢǿƫƢȌƽƢǐƬǮơȄ 
Ƴǀǻǿƥ ƢǿǻǮ ơƿƛ .νǓƢǻǶơ ǽǟ ǖǯǪ ƢǾǂƦƼƫ ˪ ƩƢǾƢȍƦǶơƩƢǾƢȍƦǶơ ƨ    ǁȅưǠǶơ ƢǿǿψǻȌ ƍ ƨǮƾƥȄ ƨȌƢǿǠƥ

  ǬơǁȄ˦ơ Ǭȅǈƥ ƚƦǿƬǷǶ ƩƢǗƢƦƫǁơȄ ǕƢǻǾƗ λǷǟ  ǵǲƢȍȃǶơ ǨƢǌƬǲơȄ ƍ ǽȍƫȄǂƦǶơ ǵǈǷǈƫ ƱƢƬǾơȄ ƍ ƨȍǶƢǻǶơ
  ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ ƨƳǀǻǾ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ǱǶƿ ǽǺ ǂưǲƗȄ ƍ ƩƢǇȄǂȍǫǶơ ǵưǺ ƨȍƳȅǶȅȍƦǶơ
  νǪ ƢǾƾǟƢǈƫ ǼƗ ǽψǻȌ νƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ λǶƛ ƢǾƘƴǶ ƍ ǱǶƿ ǭȍǯƸƬǶ .ǬƢǋ ǂǺƗ Ƣ˻ȌȄƾȌ

ȊƽƚȌ .ƩƢǾƢȍƦǶơ ǽǺ ƩƢǺȅǷǠǻǶơ ƱơǂƼƬǇơ    .Ƣ˻Ȍǂǌƥ ˻ƔƢǲƿ ŻƧƽƢǟ ƤǷǘƬƫ νƬǶơ ǸƢȃǻǶơ ƨƬǻƫ˧Ƕ νǶˤơ ǹǷǠƬǶơ
 ǹǷǠƬǶơ λǷǟ ƧǁƽƢǯǶơ ǂƫȅȍƦǻψǶơ ƨǻǜǾƗ ǂȌȅǘƫȄ ǸơƾƼƬǇơ ȁǾƗ λǷǟ ƍ ȀǁȄƾƥ ƍ νǶˤơ ǹǷǠƬǶơ ǩȌǂǠƫ ǽψǻȌ
  ǵȍǷƸƬǶ ƨȍƟƢǐƷ˨ơ ƱƿƢǻǿǶơȄ ƩƢȍǺǃǁơȅƼǶơ ƨǻǜǾ˦ơ ȀǀȂ ǸƾƼƬǈƫ .ƶȌǂǏ ǖȍǘƼƫ ǼȄƽ ǩȍǳƬǶơȄ

 ƦǶơ νǪ ǕƢǻǾ˦ơ ƱƢƬǿƬǇơȄ  ǂȍǣ ƧƾǯǠǻǶơ Ʃ˫ψǌǻǶơ ǵƸƫ ǼƗ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƼǶ ǽψǻȌ .ƩƢǾƢȍ
  ƨǪǂǠǻǶơ ǩǌψǶ ƩƢǗƢƦƫǁ˪ơȄ ǕƢǻǾ˦ơȄ ƩƢǠȌǃȅƬǶơ ǹǷǠƫȄ ƍ Ƣ˻ȌȄƾȌ Ƣȃƥ ǸƢȍǯǶơ ǵȍƸƬǈȌ νƬǶơ ȄƗ ƨȍǷǻǠǶơ
 ƱƿȅǻǾ ƔƢǌǾƛȄ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǨƢǌǳƬǇơ ǭȌǂǗ ǽǟ ǱǶǀƥ ƩƢȍǺǃǁơȅƼǶơ Ǹȅǯƫ .ƩƢǾƢȍƦǶơ ǵƻơƽ



ƢȍƦǶơ ǞȌǃȅƬǶ ȋƦȌǂǯƫ  λǶƛ ȊƽƚƬǇ ƢȃǾƜǪ ƍ ƨȍƟǂǺ ǂȍǣȄ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨȌǀǤƬƥ ǸȅǯǾ ƢǺƾǿǟ ƮȍƸƥ ƍ ƩƢǾ
.ƧƾȍƳ ƲƟƢƬǾ 

 ƭ˫Ư Ǵ˫ƻ ǽǺ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǭǯƸƫ ǼƗ ǽψǻȌ ƍ ǸƢǟ ǵψǌƥ
:ƨǫǷƬƼǺ ǬǂǗ 
¶  :Ǩơǂǋ˪ơ ǞǺ ǹǷǠƬǶơ    Ƣ˻ƳƿȅǻǾ ξǌǿƫ ƨǯȌǂǗ ȅȂ νǶˤơ ǹǷǠƬǶơ νǪ Ǩơǂǋ˪ơ ǞǓƢƼǶơ ǹǷǠƬǶơ

 ǿƬǷǶ  ǹȌƾǯƫ ǹƬȌ ȁǾƗ ƨǫǿǐǻǶơ ƩƢǾƢȍƦǶơ ƽȅƳȄ νǿǠȌ .ƨǫǿǐǻǶơ ƩƢǾƢȍƦǶơ λǷǟ ˻ƔƢǿƥ ƲƟƢƬǿǶƢƥ ƚƦ
  ƱƿȅǻǾ ǸȅǯȌ ǼƗ ƢǾƽǁƗ ơƿƛ ƍ ǖȍǈƥ ǴƢưǻǲ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ ƨǿȍǟ ǵψǶ ǵƷ ȄƗ ƨƥƢƳƛ
 ǹȍǯǶơ ƨȍǻǈƬƥ ǹǯǪ ƍ ǃȅǻǶơ ȄƗ ƵƢǫƬǶơ ƨȃǲƢǪ ǴȅƷ ƩơƚƦǿƫ ǵǻǠƥ Ƣǿƥ ǍƢƼǶơ νǶˤơ ǹǷǠƬǶơ

  "ǃȅǺ" ȄƗ "ƨƷƢǫƫ"  ƩƢǇƢȍǮ ȊƗȄ ǑǂǠǶơȄ ǴȅǘǶơȄ ǼǃȅǶơ ǵưǺ ƩƢǻǈǶơ ǽǺ ƨǟȅǻƴǻƥ
 ǴƢǻǟ˦Ƣƥ ƨǷǏ ǂưǲƗ ǴƢưǺ λǷǟ ƧǂǜǾ νǯǷǾ ƢǾȅǟƽ .ƨƷƢƬǻǶơ ƨȃǲƢǫǶơ ǽǺ ƨǷǏ Ʃơƿ
 ǵȍǷƸƫ ̝˪ȄƗ ǱȍǷǟ ƤƴȌ ƍ ǵǔǪƗ ǵψǌƥ ǵȍǻǠǶơ ǒǪǁ ǹȃǫǶ .Ɣ˫ǻǠǶơ ƧǁƢǈƻ ƒƨȌǁƢƴƬǶơ

 ǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǻǔƬƫ .ǵȍǻǠǶơ ƱȄǂƻ λǶƛ Ȋƽƚƫ ƾǮ νƬǶơ ǆȍȌƢǯǻǶơ  Ǳƥ ƨǏƢƼǶơ ƩƢ
 ƍ Ɣơǂǋ ƨȍǷǻǟ ǂƻƕ ǀǿǺ ƨȍǔǯǿǻǶơ ǸƢȌ˦ơ ǵưǺ ǅǂȃǫǶơ ƩơǂȍǤƬǺ ƱƿƢǻǿǶơ ǽǺ ǝȅǿǶơ ơǀȃǶ

  ǖǇȅƬǺȄ ǸƗ ̿˫ȍǻǟ ǴơǄȌ ˪ ǎƼǌǶơ ǼƢǲ ƔơȅǇ ƍ λǻǈǻǶơ ǞǮȅƬǶơ ǂȍǤƬǺȄ ƍ ƔơǂǌǶơ ǢǷƦǺ
  ơǀȂ ǸơƾƼƬǇƢƥ ƱƿȅǻǾ ƔƢǌǾƛ ǼƜǪ ƍ ǵȍǻǠǶơ ƨǶƢƷ ǽǟ ƨǯƥƢǇ ƩƢǾƢȍƥ ƢǿȌƾǶ Ǽ˦ ơ˻ǂǜǾ .˪

Ǻ ǝȅǿǶơ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǷǶ Ƣ˻ǠƟơǁ Ƣ˻ƸǋǂǺ ǼȅψȌ ǼƗ ǽψǻȌ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽ 
¶ :Ǩơǂǋơ ǼȄƾƥ ǹǷǠƬǶơ    λǶƛ ƨǷưǺƗ ǸƾǯǾ ƢǺƾǿǟ ȅȂ νǶˤơ ǹǷǠƬǶơ νǪ νǪơǂǋ˨ơ ǂȍǣ ǹǷǠƬǶơ

  ǹǷǠƬǶơ λǠǈȌ ƍ ǂƻƕ λǿǠǻƥ .ƨȍǺǃǁơȅƼǷǶ ƨȍǻǈƬǶơ ƔƢǌǾƛ ǰǂƬǾȄ ȁȍƳȅƫ ȊƗ ǼȄƽ ƨȍǺǃǁơȅƼǶơ
 Ɨ λǷǟ ǁȅưǠǶơ λǶƛ νǪơǂǋ˨ơ ǂȍǣ  ƔƢǌǾƛȄ ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ νǪ ƨȍǫƼǺ ǕƢǻǾ

  ǩȍǿǐƫ ƨȍǫȍǲ ǹȃǪ λǶƛ ƱƢƬƸǾ ƢǺƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩơǂƬǈǷǲȄ ƩƢǟȅǻƴǺ
  ƢȃǐƟƢǐƻ λǷǟ ˻ƔƢǿƥ ƨȃƥƢǌƬǺ ǸƢǈǮƗ λǶƛ ǵȍǻǠǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǻǓ ƩƢǟȅǻƴǻǶơ
  ǎȍƼǌƫȄ νǪƢǌǳƬǇ˪ơ ǵȍǷƸƬǷǶ νǪơǂǋ˨ơ ǂȍǣ ǹǷǠƬǶơ ǸƾƼƬǈȌ ƢǺ Ƣ˻ƦǶƢǣ .ƢȃƫƢȍǲȅǷǇȄ
  ƾǮ νƬǶơ ƩƢȂƢƴƫ˪ơȄ ƩƢǾƢȍƦǶơ ƔơǄƳƗ ǕƢƦƫǁơ ƨȍǫȍǲ ƨǪǂǠǺ νǪ ƾǟƢǈȌ ȁǾ˦ .ƩƢȂȅǌƬǶơ
  ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǵƦǮ ǱƫƢǾƢȍƦǶ ƨǯƦǈǻǶơ ƨƴǶƢǠǻǷǶ ƢȃǺơƾƼƬǇơ ǽψǻȌ .ƾƳȅƫ

 .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ 
¶  :ǃǄǠǻǶơ ǹǷǠƬǶơ    ƨȍǶƕ ǸơƾƼƬǇƢƥ ƨȍǻȍǷǠƫ ƨǠƳơǁ ƨȌǀǤƫ ǂǪȅȌ ƣȅǷǇƗ ȅȂ ǃǄǠǻǶơ ǹǷǠƬǶơ

ƫ .ƧƘǪƢψǻǶơ  ǭȍǯƸƬǶ ƨǫǷƬƼǺ ƢŻǮǂǗ ǴȄƢƸȌȄ ƨƠȍƦǶơ ǞǺ ǵǟƢǫƬȌ ǵǺƢǠǲ ǹǷǠƬǶơ ƨȍǷǻǟ ƭƾƸ
 Ǵ˫ƻ ǽǺ .˪ ȄƗ ǨƾȃǶơ λǶƛ ǵǐȌ ƢǺƾǿǟ ƨƥȅǯǟ ȄƗ ƧƘǪƢψǺ ǵȍǲȅǶơ λǯǷƬȌ .ƨƴȍƬǾ
 Ȋƽƚƫ νƬǶơȄ ƧƾȍƳ ƲƟƢƬǾ λǶƛ Ȋƽƚƫ ǩǮơȅǻǶơ ȊƗ ǵȍǲȅǶơ ǹǷǠƬȌ ƍ ȀǀȂ ǹǷǠƬǶơ ƩƢǜƷ˫Ǻ

Ȍ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƢȃƦǿƴƫ ƤƴȌȄ ǵǌǫǶơ λǶƛ ƢǺƾǿǟ ǃǄǠǻǶơ ǹǷǠƬǶơ ǸơƾƼƬǇơ Ƣǿǿψǻ
  ǬơǁȄ˦ơ ǬȅǇ ȄƗ ȅȌƾȍǫǶơ ƨƦǠǶ ǵưǺ ƍ ƨȍǈǪƢǿƫ ƨƠȍƥ νǪ ƵƢƴǿƥ ǵǻǠǷǶ ƲǺƢǾǂƥ λǶƛ ƱƢƬƸǾ
 λƬƷ ȁƟƢǘƻƗ ǽǺ ƧǂǋƢƦǺ ǹǷǠƬȌȄ ƨƠȍƦǶơ νǪ ǵǻǠǶƢƥ ƲǺƢǾǂƦǶơ ƗƾƦȌ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ .ƨȍǶƢǻǶơ



ǠǻǶơ ǹǷǠƬǶơ ƤǷǘƬȌ ˪ .ȁƷƢƴǾ ǽǻǔƫ νƬǶơ ƾǟơȅǯǶơ ǽǺ ƨǟȅǻƴǺ ƾƴȌ  ƨǫǿǐǺ ƩƢǾƢȍƥ ǃǄ
  λƬƷ ǸƾƼƬǈȌ ˪ ȁǾƜǪ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ λǶƛ ƨǪƢǓ˨Ƣƥ
  ̝˪ƾƥ ƍ ǃǄǠǻǶơ ǹǷǠƬǶơ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ ǵưǺ ƧƢǻǈǺ ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ
 ƲƟƢƬǾ ǽȍƥ ǁơǂǻƬǇƢƥ ȁǿȍǈƸƫ ǹƬȌ ƍ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ƨǮ˫ǟ ǨƢǌƬǲơ ƨǶȄƢƸǺ ǽǺ

ƥƢǈǶơ ƽǂǫǶơ ƣǁƢƴƫ  ξǌǿȌ ȁǾƜǪ ƍ ǂƻƕ λǿǠǻƥ .ƧƾȌƾƳ ƣǁƢƴƫ ƔƢǌǾƛ ǱǶǀǲȄ ƨǯ
.ƾȃƳ ǵǲ ǞǺ ƲƟƢƬǾȄ ƧƾȌƾƳ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ 

  ȁȍǶƛ ǬȅƬȌ Ƣǻƥ ǸƢȍǯǶƢƥ ƢǿǶ ƶǻǈȌ ȁǾ˦ ƍ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ ơŻƾƳ ơŻƾƳ ǹȃǺ Ǩơǂǋ˫Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ
  :ȊǂǌƦǶơ ǆǿƴǶơ ƚƦǿƬǶơ ǿψǻƫ νȂȄ ƍ ƶƥǂǷǶȄ ƨȌǁƢƴƬǶơ ǴƢǻǟ˦ơ νǪ ơŻƾƳ ƧƾȍǫǺ ƚƦǿƬǶơ .  ǸƢȍǯǶơ ǽǺ Ƣǿ

  .ǩǮȅǺ Ȋ˦ ƨǷǻƬƸǻǶơ ƨƴȍƬǿǶơ ǨǂǠǾ ƚƦǿƬǶơ Ǵ˫ƻ ǽǺ ƢǿǾ˦ ƍ ƢǿǠǇȄ νǪ ƢǺ ǵǔǪƘƥ 
  ǞǓƢƼǶơ ǹǷǠƬǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ǒǠƦǷǶ ǂƸǇ ƨƥƢưǻƥ Ǩơǂǋ˫Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ȄƾƦȌ ƾǮ
  λǷǟ Ǩơǂǋ˫Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ƾǟƢǈȌ ƍ ǱǶƿ ǽǺ ̝˪ƾƥ .ǴơȅƷ˦ơ ǽǺ ǴƢƷ ȊƘƥ ŻơǂƸǇ ǆȍǶ Ǩơǂǋ˩Ƕ

˨ơ ǅƢǇƗ ƨȌǂǌƦǶơ ƩƢǜƷ˫ǻǶơȄ ƩơǂƦƼǶơ ǸơƾƼƬǇƢƥȄ ƔƢǐƷ˨ơȄ ƩƢȍǓƢȌǂǶơ νǪ ƨȌǂǌƦǶơ ƩơǃƢƴǾ
 .Ƣȃƥ ǸƢȍǯǶơ Ȋǂǌƥ ǵǯǟ ȊƗ ǞȍǘƬǈȌ ˪ ƨǯȌǂǘƥ ƨǯȍǮƽ ƩơƚƦǿƫ λǶƛ ƢȃǷȌȅƸƫȄ 

  ƍ ǱǶǀǶ .ƨǿȍǠǺ ƨȍƫơȅǺ ǨȄǂǛ ǵǛ νǪ ˪ƛ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶƢƥ ƚƦǿƬǶơ ǽψǻȌ ˪ ƍ ǱǶƿ ǞǺȄ
  ǹȃǻǶơ ǽǺ ƍ ǱǶǀƥ ǸƢȍǯǶơ ǵƳƗ ǽǺ  ǕƢƦǿƬǇơ ƢȃǶ˫ƻ ǽǺ ƢǿǿψǻȌ νǓƢǻǶơ ǽǺ ƨǷưǺƗ λǷǟ ǴȅǐƸǶơ ơŻƾƳ

  .ƨȌƢǤǷǶ ǵǻƬƸǺ ƚƦǿƫ ƔơǂƳƛ ƢȃǶ˫ƻ ǽǺ ǽψǻȌ νƬǶơ ǕƢǯǿǶơȄ ƾǟơȅǯǶơ 

 ƓƨǶ˪ơ ǹǷǠƫ ơƿƢǻǶ 

  ƲƟƢƬǿǶơ ǽȍǈƸƫȄ ǹǷǠƬǷǶ ƩƢǾƢȍƦǶơ ȀǀȂ Ʃ˪ˤơ ǸƾƼƬǈƫ .ǁơǂǻƬǇƢƥ ƾȌơǄƬƫ ƢǿǶ ƨƷƢƬǻǶơ ƩƢǾƢȍƦǶơ ƨȍǻǲ
  ǼƗ ǽψǻȌ .Ƣȃƥ ƢǾƾȌȄǄƫȄ  ƩơǁơǂǮ ƿƢƼƫơ ǱǶǀǲȄ ƨǻȍǮ Ȇƙǁ ǹȌƾǯƫ νǪ ƨȌƢǤǷǶ ƧƾȍǫǺ ƲƟƢƬǿǶơ ȀǀȂ Ǽȅǳƫ

  .Ƣ˻ǔȌƗ νǶˤơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ȅǻǿƫ ƍ ǱǶǀǶ ƨƴȍƬǾȄ ƍ ǁơǂǻƬǇƢƥ νǶˤơ ǹǷǠƬǶơ ǁȅǘƬȌ .ƧǂȍǿƬǈǺ ƨȌǁƢƴƫ
  ƢǿƫƢȍƷ νǪ νǶˤơ ǹǷǠƬǶơ ǵƻƽ ƾǯǶ .ƨȍǺȅȍǶơ ƢǿƫƢȍƷ νǪ ȁǪǂǠǾ ƢǻǺ ǂưǲƗ νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈǾ ǽƸǾ

ƨȍǺȅȍǶơ    ǽψǻȌȄ .ƢǿǶȅƷ ǽǺ ǹǶƢǠǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƪǿψǺ ƾǯǶ .ǱǶƿ ǰǁƾǾ ǼƗ ǼȄƾƥ λƬƷ ƍ
 .ƧǂǏƢǠǻǶơ ƢǾǁƢǳǪƗ ǵȍψǌƫ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ νǶˤơ ǹǷǠƬǶơ ƤǠǷȌȄ ƍ ǵǠǫǶƢƥ ƢǿȂ ǵƦǯƬǈǻǶơ ǼƗ ǴȅǯǶơ 

 ǽǺ ƾȌƾǠǶơ νǶˤơ ǹǷǠƬǶơ ȊƽƚȌ ǼƗ ǽψǻȌ .ȁƳƢƬƸȌ ȊǀǶơ ǸƢǻƬȂ˪ơ ǵψƥ νǶˤơ ǹǷǠƬǶơ λǜƸȌ ƍ ǸȅȍǶơ 
 ƧƽƢǟƛ ǽψǻȌ ˪ .ȊǂǘǫǶơ ǹȃƟƢǲǀƥ Ƣȃƥ ǸƢȍǯǶơ ǂǌƦǷǶ ˪ƛ ǽψǻȌ ˪ νƬǶơ ǱǷƫ ƨǏƢƻ ƍ Ƣ˻ȍƟƢǯǷƫ ǸƢȃǻǶơ

 .νǶˤơ ǹǷǠƬǶơ ƧƾǟƢǈǻƥ ˪ƛ Ʃ˪ˤơ νǪ ƔƢǲǀǶơ ơǀȂ ƱƢƬǾƛ 
  ƔƢǌǾƛȄ ƨƬǻƫƗ λǷǟ ƾǟƢǈȌ ȁǾƗ Ƣǻǲ .ƨȍǿȍƫȄǂǶơ ǸƢȃǻǶơ ƨƬǻƫƗ ƩƢǲǂǌǷǶ ǽψǻȌ ƍ νǶˤơ ǹǷǠƬǶơ ƧƾǟƢǈǻƥ

ƢǾƢȍƦǶơ ǵȍǷƸƬǶ ƱƿƢǻǾ ƢȃƟơƽƗ ǽȍǈƸƬǶ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ ƨǫǷƬƼǻǶơ ƩƢǟƢǿǐǶơ ƾǻƬǠƫ .Ʃ
  ƧǂȍƦǲ ƩƢȍǻǲ ǵȍǷƸƫȄ ƨƴǶƢǠǺ ƢȃǿψǻȌ ƱƿƢǻǾ ƔƢǌǾƛ λǷǟ νǶˤơ ǹǷǠƬǶơ ƾǟƢǈȌ .ƨȍǲƿ ƩơǁơǂǮ ƿƢƼƫơȄ
 Ʃơƿ ƨǫȍǛȅƥ ǵǻǠƫȄ ǂȌȅǘƬǷǶ ƨǷƥƢǮȄ ƨǯȍǮƽ ƱƿƢǻǿǶơ ȀǀȂ .ƨǯȍǮƽ ƲƟƢƬǾ ǹȌƾǯƫȄ ƧƾǯǠǻǶơ ƩƢǾƢȍƦǶơ ǽǺ



  .ǵǮƗ ƪǮȄ  ǽǺ ƧƽƢǫƬǇ˪ơ ƩƢǲǂǌǷǶ ǽψǻȌ ƍ νǶˤơ ǹǷǠƬǷǶ ƨǯȍǮƾǶơ ƱƿƢǻǿǶơ ȀǀȂ ǵưǺ ƔƢǿƥ Ǵ˫ƻ ǽǺ
.ƨǪȄǂǠǻǶơ ǂȍǣ ǂǗƢƼǻǶơ ƤǿƴƫȄ ƨƸƥǂǻǶơ ǍǂǫǶơ 

  ƢȂǂȍǣȄ ǑơǂǺ˦ơ ǎȍƼǌƫȄ ǎǿǶơ ǩȍǿǐƫȄ ǎǿǶơ ƾȍǶȅƫȄ ǁȅǐǶơ λǷǟ ǨǂǠƬǶơ ǸơƾƼƬǇơ ǹƬȌ
Ƕơ ƔơǂƦƼǶ ǴƢƴǻǶơ ƾȌǄȌ ȁǾƜǪ ƍ ǹƯ ǽǺȄ .νǯȍǯƸǶơ ǹǶƢǠǶơ νǪ ǂȍưψǶơ  .ǽȍǪǂƬƸǻǲ ǭǶƘƬǷǶ νǶˤơ ǹǷǠƬ

  ƨǠȌǂǈǶơ ƧǂȍƫȅǶơ ƤƦǈƥ ƢȍƳȅǶȅǿǳƬǶơ ǴƢƴǺ νǪ ƩƢǲǂǌǶơ ǽǺ ƾȌƾǠǶơ ǩǷƼƬƫ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ
  ŽǨƢǲ ƽƾǟ ƾƳȅȌ ˪ ȁǾƗ νȂ ǂǺ˦ơ ƨǯȍǯƷȄ ƍ ƨǻƼǓ ƨǟƢǿǏ νǻǮǂǶơ ǴȅƸƬǶơ ƾǠȌ .ƨȍǿǯƬǶơ ƩơǄǫǯǷǶ

.ƧƾȌƾƴǶơ ƨǟƢǿǐǶơ ƩƢƳƢȍƬƷơ ƨȍƦǷƬǶ νǶˤơ ǹǷǠƬǶơ ƔơǂƦƻ ǽǺ 
  ơƿƛ  ǵǠǫȌ ǼƗ νǶˤơ ǹǷǠƬǷǶ ǽψǻȍǪ ƍ νǶƢƬǶơ ȆȅƬǈǻǶơ λǶƛ ƨȍǿȃǻǶơ ǱƫƢȍƸƥ ƔƢǯƫǁ˪ơ νǪ Ƥǣǂƫ ƪǿǲ

  ƍ ǂǏƢǠǺȄ νǻǶƢǟ Ɣνǋ ǽǺ ơ˻ƔǄƳ ǱǷǠƴȌ Ɣνǋ νǪ ǕơǂƼǾ˪ơ λǶƛ ǞǷǘƬƫ ƪǿǲ ơƿƛ .Ǳǿǟ ŻƨƥƢȍǾ ǱǶƿ
ǱǷƳƗ ǽǺ ǱǶƿ ǵǠǫȌ ǼƗ νǶˤơ ǹǷǠƬǷǶ ǽψǻȍǪ. 

 ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶˤơ ǹǷǠƫ ǽȍƥ ƨǮ˫ǠǶơ 

ǪȅȌ ǼƗ ǽψǻȌ  ƩƢǾƢȍƥ ǸơƾƼƬǇơ ǼȄƾƥ ƍ νǶƢƬǶƢƥȄ .ƧƾȍƳ ƩƢǾƢȍƥ λǯǷƫ ơƿƛ ǖǯǪ ƨǻȍǮ Ȇƙǁ νǶˤơ ǹǷǠƬǶơ ǂ
  ƍȁǈǫǾ ƪǮȅǶơ νǪ .(ƩƾƳȄ Ǽƛ) νǻǲ ȆǄǤǺ Ʃơƿ Ȇƙǁ ƔƢǌǾƛ ǽψǻȌ ƍ ƧƽȅƴǶơ ƨȍǶƢǟȄ ƨǯǈƬǺȄ ƨǫȍǜǾ
 ƨǷƟƢȃǶơ ƨȍǻψǶơ ƲƟƢƬǾ ǹȃǪ ǵȍƸƬǈǻǶơ ǽǺ ǼȅψȌ ƽƢψȌ ȁǾ˦ ƍ νǶˤơ ǹǷǠƬǶơ λǶƛ ƩƢǾƢȍƦǶơ ǹǶƢǟ ƱƢƬƸȌ

Ǻ.ƨǮƾƥ Ƣȃƥ ƚƦǿƬǶơȄ ƩƢǈǇƚǻǶơ ƢȃψǷƬǻƫ νƬǶơ ƧƾǯǠǻǶơ ƩƢǾƢȍƦǶơ ǽ 
  ƍƨƸƳƢǾ ƨȌǁƢƴƬǶơ ǴƢǻǟ˦ơ ǵǠƴȌ ƢǺ ǹȃǫǶ ǂȍƦǲ ȊǁƢƴƫ ǆƸƥ Ƣ˻ǔȌƗ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǞƬǻƬȌ ǼƗ ƤƴȌ
 νǶˤơ ǹǷǠƬǶơ ǁƢƦƬǟơ ǽψǻȌ .ƨƴȍƬǿǶơ ȀǀȂ ǭȍǯƸƬǶ ƨǿψǻǻǶơ ƩơǁƢȍƼǶơ νȂ ƢǺȄ ƍ ƢȃǿȍǈƸƫ ǽψǻȌ ǽȌƗȄ

ƢȍǯǷǶ νǷǻǟ ƔƢǐƷƛ ƨƥƢưǻƥ  ǂƫȅȍƦǻψǶơ ǸȅǷǟ ǵǺƢǳƫ ȅȂ νǶˤơ ǹǷǠƬǶơ ƍ ǂƻƕ λǿǠǻƥ .ǱǶǀƥ Ǹ
  ƨȍǓƢȌǁ ƱƿƢǻǾ ƔƢǿƦǶ ǂƫȅȍƦǻψǶơ ǸȅǷǟ ǹȍȂƢǫǺ ƢȃȍǪ ǸƾƼƬǈſƫ νƬǶơ ƨǫǷƬƼǻǶơ ƨȍǓƢȌǂǶơ ƩƢǐǐƼƬǶơȄ

.ƨǷǐǶơ ƩơƿȄ ƨȃƥƢǌƬǻǶơ Ʃ˫ψǌǻǶơ ǽǺ ƨǟȅǻƴǺ ǵƷ ƢȃǿψǻȌ ƨȌȅǮ 
ƾȂƗ ǭǯƸȌ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǼƗ ǼƢǻǔƥ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǹƬȃȌ  ǼƢψǻǶơ ȅȂ ơǀȂ .ǝȄǂǌǻǶơ Ǩơ

  ƍ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǂȌȅǘƫ νǪ ƵƢƴǿǷǶ .ƾȍǶơ ǴȄƢǿƬǺ νǪ ǵǻǠǶơ ƩơǁƢȃǺ ƨǟȅǻƴǺ ȁȍǪ Ǽȅǳƫ ȊǀǶơ
  ƍơǀȂ ǼȄƾƥ .ǝȄǂǌǻǶơ ǨơƾȂƗȄ ƨƷȄǂǘǻǶơ ƨǷψǌǻǷǶ ǴȅǯǠǺ ǹȃǪ ƩƢǾƢȍƦǶơ ǹǶƢǟ ȆƾǶ ǼȅψȌ ǼƗ ƤƴȌ

ǹǷǠƬǶơ ƱƿȅǻǾȄ ƩƢǾƢȍƦǶơ ǹǷǟ ƲǺƢǾǂƥ Ȋ˦ ƵƢƴǿǷǶ ƨǷȍƠǓ ƨǏǂǪ ǰƢǿȂ    νǔǯȌ ƍ ƽƾǐǶơ ơǀȂ νǪ .νǶˤơ
  ǽǺ ƣǂǯȌ ƢǺ80  ǸƢȍǯǶơ .ƢȂƽơƾǟƛȄ ƢȃǫȍǜǿƫȄ ƩƢǾƢȍƦǶơ ǨƢǌǳƬǇơ νǪ ƩƢǾƢȍƦǶơ ǹǶƢǟ ƪǮȄ ǽǺ Ș

  νǪ ƔƾƦǶơ ƩƢǾƢȍƦǶơ ǹǶƢǠǶ ǽψǻȌ ƍ ƔƢȃƬǾ˪ơ ƽǂƴǻƥ .ƨȍǷǻǠǶơ ǽǺ νǇƢǇƗ ƔǄƳ ȅȂ ƶȍƸǏ ǵψǌƥ ǱǶǀƥ
ƼǻǶơ ƱƿƢǻǿǶơ ƨǾǁƢǯǺȄ ǁƢƦƬƻơ ǹȃǿψǻȌ .νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǂȌȅǘƫ  ƾǟơȅǶơ ƶǋǂǻǶơ ǽȍǈƸƫ ǹƯ ƨǫǷƬ

 .ƱƢƬǾ˨ơ ƨƠȍƦǶ 
  .ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ Ǵ˫ƻ ǽǺ νȂ ƱƿƢǻǿǶơ ȀǀȂ ǴȅƦǮ ƨƦǮơǂǻǶ ƨȍǶƢǠǪ ǬǂǘǶơ ǂưǲƗ ǽǺ ƧƾƷơȄ
  Ǩǂǐƥ .ƨǻǜǿǻǶơ ƾȍǫƫ ǼƗ ǽψǻȌ ƧǂȍǿƬǈǺ ƩơǁơǂǮ ƿƢƼƫơ ǴƢǻǟ˦ơ ƧƽƢǯǶ ƩƢǾƢȍƦǶƢƥ ǂȌǂǯƫ ǹȌƾǯƫ ƶȍƬȌ



  ǼȅψȌ Ƣǻƥǁ ƍ ƩƢǾƢȍƦǶơ ǂȍǪȅƫ ǽǟ ǂǜǿǶơ ƧƾǟƢǈǻǶơ νǪ Ƨȅǘƻ ǹȂƗ ȅȂ ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ ơǀȂ
ǝȄǂǌǻǶơ ƵƢƴǾ ǼƢǻǓ λǷǟ.  

  ƧǁƾǮ λǷǟ ǂȍƦǲ ǵψǌƥ ƾǻƬǠȌ ƢȃƷƢƴǾ ǼƜǪ ƍ ƨǻȃǺ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǼƗ ǽȍƷ νǪ ƍ νǶƢƬǶƢƥȄ
 ǵǻǠƥ ƱƿȅǻǿǷǶ ƶǻǈƫ ƧǃƢƬǻǺ ƩƢǺȅǷǠǻƥ ƢȂǂȍǪȅƫȄ ƨǻǜǿǻǶơ ƩƢǾƢȍƦǶơ ǹȃǪ λǷǟ ƩƢǾƢȍƦǶơ ǭȌǂǪ

  .ƨǯȍǮƽ ƩơƚƦǿƫ 
 ǞǺȄ .ƩƢǾƢȍƦǶơ λǷǟ ƨǻƟƢǮ ƨǈǇƚǺ ȊƗ ƵƢƴǿǶ ǼƢȍǇƢǇƗȄ ǼƢǘƥơǂƬǺ νǶˤơ ǹǷǠƬǶơȄ ƩƢǾƢȍƦǶơ ǹǷǟ

 .ƨǺƾƼƬǈǻǶơ ƩƢǾƢȍƦǶơ ƧƽȅƳ λǷǟ ǩǮȅƬȌ ơǀȂ ǵǲ ƍ ǱǶƿ 

 ƣƢƬψǶơ ǽǟ 

  ǽǺ νǶƢƸǶơ ƣƢƬψǶơ ǼȅǳƬȌǽȍƟǄƳ  : νǶˤơ ǹǷǠƬǶơȄ ƨǺƾǯǻǶơ    ǽǺ ǼȅǳƬȌȄ ƍ9   ǹǜǠǺ ƾƳȅƫ .ǴȅǐǪ
  νǪ ƨǻȃǻǶơȄ ƨȍǈȍƟǂǶơ ƣƢƬψǶơ ƩƢȌȅƬƸǺ ƔǄƴǶơ    ƨƴǺǂƦǶơ ǹȍȂƢǫǺ λǷǟ ơ˻ƽƢƬǠǺ ƪǿǲ ơƿƛ ƍ ǱǶǀǶ .νǾƢưǶơ

  ƍ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺȄ  ǼƜǪƔǄƴǶơ    ǱǶ ƤǇƢǿǺ ǂȍǣ ƣƢƬψǶơ ǽǺ ǴȄ˦ơ  ơǀȂ νǘƼƫ ǱǿψǻȌȄ ƔǄƴǶơ  
.ƧǂǋƢƦǺ νǶˤơ ǹǷǠƬǶơ ǹǈǮ λǶƛ ǴȅƻƾǶơȄ 

 ǽȍǪƾȃƬǈǻǶơ ƔơǂǯǶơ 

Ȃ ǁƢƦƬǟơ ǽψǻȌ ƣƢƬǲȄ ǽȍȍǠǺƢƴǶơ ƨȍƟƢȃǿǶơ ƨǿǈǶơ ƣ˫ǘǶ ȊǁƢȍƬƻơ νǇơǁƽ ǁǂǯǺ ƨƥƢưǻƥ ƣƢƬψǶơ ơǀ
  .νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǎǐƼƫ νǪ ǂƫȅȍƦǻψǶơ ǸȅǷǟȄ ƨǇƾǿȃǶơ νǪ ƢȍǷǠǶơ ƩƢǇơǁƾǶơ ƣ˫ǘǶ νƴȃǿǺ
  ǽǺ ƍ ƩƢǾƢȍƦǶơ ǹǷǟȄ νǶˤơ ǹǷǠƬǶƢƥ ǽȍǻƬȃǻǶơ ǞȍǻƴǶ ơŻƾȍƳ Ƣ˻ǠƳǂǺ Ƣ˻ǔȌƗ ƣƢƬψǶơ ơǀȂ ǼȅψȌ ǼƗ ǽψǻȌ

νǪ ǽȍưƷƢƦǶơ   .ƔƢƦǗ˦ơ λǶƛ Ʃ˪ƢƴǻǶơ ǩǷƬƼǺ 
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 øöÝ ¡wýwĊ{õv 1 
 

Á K¡wýwĊ{õv øöÝ Āă wù 
Á  ¡wýwĊ{õvÿ ĈÝwþÖÍđv iwí¼õvÿ ¡wýwĊ{õv øöÝ üĊz ĆéĒÞõv

Ćú¸Òõv) 
Á ¡wýwĊ{õv øõwÝÿ ÃºþĄùÿ ¡wýwĊ{õv ôö´ù üĊz ç¾æõv ) 
Á ĔöÝ ã¾Þ¤õv wĄúõv¡wýwĊz øõwÝ ²{Î¤õ Ćù¿Ēõv ¡v½ ) 
Á  ĂêĊ{Ö£ÿ ¡wýwĊ{õv øöÝ ĆĊúăl) 

đvãvºă5    



 
25                                              ǵǐǫǶơǴȄ˪ơ ƩƢǾƢȍƦǶơ ǹǷǟ : 

 
 

ă wùĀ ¡wýwĊ{õv øöÝ  K 

  ƨǟƢǿǏ ǁȅȃǛȄ ƨȍǟƢǿǐǶơ ƧǁȅưǶơ ǞǺȄ ƍ ƽȅǇ˦ơ ƤȂǀǶơ ƨƥƢưǻƥ ǂƦƬǠȌ ǖǫǿǶơ ǼƢǲ ƍ νǓƢǻǶơ ǼǂǯǶơ νǪ
  ƍ ƪǮȅǶơ ǁȄǂǺ ǞǺ ƍ ǱǶƿ ǞǺȄ .ƨȍǾƢǈǾ˨ơ ƧǁƢǔƸǷǶ ƨȍǈȍƟǂǶơ ƨǠǪơƾǶơ ƧȅǯǶơ ǖǫǿǶơ ƶƦǏƗ ƍ ƩơǁƢȍǈǶơ
ǂǌǠǶơȄ ȊƽƢƸǶơ ǼǂǯǶơ νǪ .ƨǷȌƾƦǶơ ƧƽƾƴƬǻǶơ ƨǮƢǘǶơ ǁƽƢǐǺ ǂǪơȅƫ ƤƦǈƥ ƢȃƬǻȍǮ ƪǔǫƼǾơ  ƍ ǽȌ

  ƧƾȌƾƴǶơ ƨǠǪơƾǶơ ƧȅǯǶơνȂ    ƩƢǾƢȍƦǶơλǷǟ ǂƯƚƫ νƬǶơȄ  ǟƢǿǐǶơƩƢ ǵψƥ ǖȍƸƫȄ ƩƢǾƢȍƦǶơ ȀǀȂ ǂȃǜſƫ .
  ƨȍǶ˫ǯƬǇơ ǼƢǻǔǶ ƩƢǾƢȍƦǶơ ǸƾƼƬǈƫ ƩơǁƢȍǈǶơ ƨǟƢǿǏ λƬƷ .ȁǷǠǫǾȄ ȁǪǂǠǾ ƢǺ ǵǲ ƤǾơȅƳ ǽǺ ƤǾƢƳ

ǹȃƫơǁƢȍǇ ƨǺ˫ǇȄ  . 
  ƧȅǯǶơ ƨƥƢưǻƥ ƩƢǾƢȍƦǶơ ǹǷǟ ǁƢƦƬǟơ ǽψǻȌ ƍ ǸȅȍǶơ  ƾǮȄ ƩƢǟƢǿǐǷǶ ƧȅǯǶơ ƶǿǻƫ νƬǶơ ƨȍƟƢƥǂȃψǶơ

  ƢȃƟơƽƗ ǽȍǈƸƬǶ ƩƢǾƢȍƦǶơ λǶƛ ƩƢǟƢǿǐǶơ ƱƢƬƸƫ .Ƣ˻ƦȌǂǯƫ ƩƢǟƢǿǐǶơ ǞȍǻƳ νǪ ƧǂȍƦǲ ƧǁȅƯ ƪƯƾƷƗ
  ƩƢǈǇƚǻǶơ ǹǜǠǺ ƾǻƬǠƫ Ƣǻǿȍƥ ƍ ǱǶƿ ǞǺȄ .ƢȃƟ˫ǻǠǶ ǵǔǪƗ ƩƢƴƬǿǺ ǹȌƾǯƫȄ ƢȃǶƢǻǟƗ ȅǻǾ ƧƽƢȌǃȄ

ǾƢȍƦǶơ ǼƜǪ ƍ ǴƢǻǟ˦ơ ƩơǁơǂǮ ȁȍƳȅƬǶ ƩƢǾƢȍƦǶơ λǷǟ  ǴȅǐƸǶơ ǁǀǠƫ ơƿƛ .ǨƾȃǶơ ƪǈȍǶ ƢȂƾƷȄ ƩƢ
ƢȃǶ λǿǠǺ ˪ ǸƢǮǁ˦ơȄ ǭƟƢǯƸǶơ ǼƜǪ ƍ ƧǁƢǿƬǇơ ǂưǲƗ ƩơƔơǂƳƛ λǶƛ Ȋƽƚƫ νƬǶơ ƨǻȍǯǶơ ǁƢǳǪ˦ơ λǷǟ. 

  ƽǁƢǪǁƢȂ ƨǠǺƢƳ ƪǷƻƽƗ ƍ ƪǠǻǇ Ǽȅǳƫ ƾǮ Ƣǻǲ .ƾǟơȄ νǫȍǛȄ ǁƢǈǻǲ ƩƢǾƢȍƦǶơ ǹǷǟ ǁȅǘƬȌ
Ƿǟ .ƩƢǾƢȍƥ ǹǶƢǠǲ ǽȌǂǌǠǶơȄ ȊƽƢƸǶơ ǼǂǯǷǶ ƨǠƟơǂǶơ ƨǿȃǻǶơ  νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǵƦǯƬǈǺ ȅȂ ƩƢǾƢȍƦǶơ ǹ

  ƩƢǾƢȍƥ ƔƢǻǷǟ λǶƛ ƱƢƬƸƫȄ ƩƢǾƢȍƦǶơ λǷǟ ƾǻƬǠƫ ƩƢǟƢǿǐǶơ ƪƸƦǏƗ .νǿȃǻǶơ ƔƢǲǀǶơ ǵƦǯƬǈǺȄ
  ƩƢƴƬǿǺ ƔƢǌǾƛȄ ˻ƔƢǲƿ ǂưǲƗ ƩơǁơǂǮ ƿƢƼƫơ λǷǟ ƢȃƫƾǟƢǈǻǶƨǻȃǺ  ƪƸƦǏƗ ƍ Ƣ˻ǔȌƗ ǸȅȍǶơ ǹǶƢǟ νǪ .

Ǿ ǼƗ ƱƢƬƸǾ .Ƣ˻ȌǁȄǂǓ ơ˻ǂǺƗ ƩƢǾƢȍƦǶơ ƨǪǂǠǺ λǶƛ ƨƳƢƸǶơ  λǶƛ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǵȌȅƸƫ ǽψǻȌ ǩȍǲ ǹǷǠƬ
  ƩƢƦǷǘƬǺ ǹȃǪȄ ƩƢȍǿǯƬǶơ ǹǷǠƫ λǶƛ ƨƳƢƸƥ ǽƸǾ .ȆǄǤǺ Ʃơƿ ƩƢƴƬǿǺ  ȆƙǂǶơ ǵȍǷƸƫ  .ƩƢǾƢȍƦǶơ ǽǺ

  ǁȅȃǛ ǞǺ .ƧƾȍǫǺ ƩƢƴƬǿǺ ǂȌȅǘƫ ǵƳƗ ǽǺ ƢȃǯȍǯƸƫ ƤƴȌ ƨǷǤƬǈǺ ǂȍǣ ƩƢǾƢψǺƛ ƢȃȌƾǶ ƩƢǾƢȍƦǶơ
Ƣƥ ƚƦǿƬǶơ ƶƦǏƗ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơȄ νǶˤơ ǹǷǠƬǶơ ƩƢȍǿǯƫ.ƢŻǿψǻǺ ƢȃǫȍǿǐƫȄ ƨȍǲǀǶơ ƩƢǾƢȍƦǶ   

  ƨǻƼǔǶơ ƩƢǾƢȍƦǶơǹǷǟȄ    ǹǷǟ ȅȂ ƢǺ ƨǪǂǠǺ ơŻƾƳ ǹȃǻǶơ ǽǺ ǱǶǀǶ .ǵƦǯƬǈǻǶơ ƵƢƬǫǺ νȂ ƩƢǾƢȍƦǶơ
 ǼȅǳǾ ǼƗ λǶƛ ƨƳƢƸƥ ǽƸǾ .ƢǿǶȅƷ ǽǺ ƨƠȍƦǶơȄ ƢǿǶƢǻǟƗ λǷǟ ǂƯƚȌ ǼƗ ǽψǻȌ ǩȍǲȄ ƩƢǾƢȍƦǶơ

ǹǷǠƬǾȄ ǸƢǺ˦ơ λǶƛ ǸƾǯƬǾȄ ƢȍƳȅǶȅǿǳƬǶơ ǞǺ ǵǻǠǾ ǼƗȄ ƍǽȍȍψȍǺƢǿȌƽ  .ǼơȄ˦ơ ƩơȅǪ ǵƦǮ ƩƢǾƢȍƦǶơ ǹǷǟ 

äĉ¾Þ£    øöÝ¡wýwĊ{õv  
ėėüÝėyĊêþ¤õvÿėĆæö¤¸úõvėĈõċvėøöÞ¤õvėr¹w{ùÿė¡wĊù¿½vĀ¸õvÿė¡vÿ¹čvėüùėĆÝĀú¬ùėóĒ·ėüùėėäÊ¤îĉė¦´zėów¬ùėĀăė¡wýwĊ{õvėøöÝ

ė¡viwÎ³ďvÿė¡wĊÑwĉ¾õvÿėËĀÎþõvėėėüÝėĥ÷w¸õvė¡wýwĊ{öõėĆĊæ¸úõvėÓwúýčv 

ǽȍǷǺƢǠǶơ  ƢȍǓƢȌǂǶơȄ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǭȍƦǘƫ Ǵ˫ƻ ǽǺ ƍ ƩƢǾƢȍƦǶơ ǹǷǟ ǴƢƴǺ νǪ  Ʃ
 ǸƢȃǻǶơ Ɣơƽ˦ νǟƢǿǘǏơ ƔƢǲƿ ǸƢǜǾ ƔƢǿƥ ǼȅǶȄƢƸȌ ƍ ƩƢǾƢȍƦǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ λǷǟ ƩơƔƢǐƷ˨ơȄ

ǂǤǏƗ ǵǲƢǌǺ λǶƛ ƧƾǯǠǻǶơ Ʃ˫ψǌǻǶơ ǹȍǈǯƬǶ ȄƗ ƍ Ƣ˻Ȍǂǌƥ ˻ƔƢǲƿ ŻƧƽƢǟ ƤǷǘƬƫ νƬǶơ    ǁƢǳǪ˦ơ ƣƢǈƬǲ˪
  ƨǻǜǾ˦ơ ȀǀȂ ƾǶȅƫ ƍ ǵƥƢǯǻǶơ νǪ .ƢȃǿǺ ƨǪǂǠǻǶơȄƨȌƙǁ  ƫƫ νǪ ƨȌƢǤǷǶ Ƣ˻ǻȃǺ ơ˻ǁȄƽ ƤǠǷ  ǨơƾȂƗ ǄȌǄǠ



 
26 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

Ȅ ǽȍǷǷƸǻǶơǶơȍǺƾƼƬǈǻǽ  ǽȍȌǁƢƴƬǶơ  ƍ ǁƢǐƬƻƢƥ .ƩƢǾƢȍƦǶơ ǹǷǟ ǽǺ ǑǂǤǶơ    ǽǺ ƩƢȍǷǻǠǶơ Ƶǂǋ ȅȂ
  ǨƾȃǶơ .ƩơƚƦǿƫ ǵǻǠǶ νǫψȌ Ƣǻƥ ƢŻǯȍǮƽ ǂȍǈǫƬǶơ ơǀȂ ǼȅψȌ ǼƗ ǞǮȅƬǻǶơ ǽǺ .ƧƽȅƳȅǻǶơ ƩƢǾƢȍƦǶơ Ǵ˫ƻ

  ƩơǂȍǈǫƬǶơ ȀǀȂ ǽǺ νƟƢȃǿǶơƩƢƸȍǓȅƬǶơȄ  Ƕơ λǷǟ ˻ƔƢǿƥ ƧǂȍǿƬǈǺ ƩơǁơǂǮ ƿƢƼƫơ ȅȂ ƨƳǂƼƬǈǻǶơ ƨǪǂǠǻ
ƩƢǾƢȍƦǶơ ȀǀȂ ǽǺ. 

Ćú¸Òõv ¡wýwĊ{õv Ĉă wùK 

  ǞȍǻƳ ƢȃȍǶƛ ƾǿƬǈƫ νƬǶơ ƨȍǈȍƟǂǶơ ƩƢǾȅψǻǶơ νȂ ƩƢǾƢȍƦǶơ ƒ ƩƢǾƢȍƦǶơ ǹǷǟ ǅƢǇƗ νȂ ƩƢǾƢȍƦǶơ
  :ǽȍƬǟȅǻƴǺ λǶƛ ƩƢǾƢȍƦǶơ ȀǀȂ ǹȍǈǯƫ ǽψǻȌ ƍ ƩƢǾƢȍƦǶơ ǹǷǟ ǴƢƴǺ νǪ .Ʃ˫ȍǷƸƬǶơ  ƩƢǾƢȍƦǶơ

 ƨǻƼǔǶơ ƩƢǾƢȍƦǶơȄ ƨȌƾȍǷǯƬǶơ  . 
ƩƢǾƢȍƦǶơ ƾǟơȅǮ νǪ ƨǾǄƼǻǶơ ƩƢǾƢȍƦǶơ λǶƛ ƨȌƾȍǷǯƬǶơ ƩƢǾƢȍƦǶơ ǂȍǌƫ    Ƣȃƫǁơƽƛ ǽȍǷǷƸǻǷǶ ǽψǻȌ νƬǶơ

  ƍ ǞƦǘǶƢƥ .ƨȍǐǾ ȄƗ ƨȌƽƾǟ ǹȍǮ λǷǟ ȊȅƬƸȌ ǴȄƾƳ ǵψǋ νǪ ƩƢǾƢȍƦǶơ ȀǀȂ .ǂƫȅȍƦǻψǶơ ǃƢȃƳ λǷǟ
  ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǽȍƥ ǵǔǪƗ ǵψǌƥ ǄȍȍǻƬǷǶ ǼƢȍƷ˦ơ ƤǷǣƗ νǪ ȁǺƾƼƬǈǾ ƢǺ ȅȂ "ȊƾȍǷǯƫ" ƶǷǘǐǺ

ƥ νȂ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ ƍ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ .Ȇǂƻ˦ơ ƩƢǾƢȍƦǶơ ǝơȅǾƗȄ ƩƢǾƢȍƦǶơ ǽǺ ǂƦǲƗ ƩƢǾƢȍ
 .ǂƫȅȍƦǻψǶơ ƧǄȃƳƗ ǽǺ ƨǠǇơȄ ƨψƦǋ ǂƦǟ ƢȃǠȌǃȅƫ ǹƬȌ ƢǺ ƧƽƢǟȄ ƨȌƾȍǷǯƬǶơ 

äĉ¾Þ£    ¡wýwĊ{õvĆú¸Òõv 
ėėĆÝĀú¬ùėüùėĆÝ¾ÆzėwănwÊýpėø¤ĉė¾Ċ{íėø¬³ė¡v»ÿėĆúÚþùė¾ĊáÿėąºêÞùėĆĊöîĊăė¡wýwĊzėĆÝĀú¬ùėĔõpėĆú¸Òõvė¡wýwĊ{õvė¾ĊÊ£

ėüùėºĉÀĉėwúùėIė½¹wÎúõvėüùėĆÝĀþ¤ùėĥ½v¾êõvė»w¸£vÿė¾Î{¤õv 

   ǴȅǐƸǶơ ǹƬȌ νƬǶơ ƨǈǾƢƴƬǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǺ λǶƛ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǂȍǌƫ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƩƢǾƢȍƦǶơ ǽǺ ƨǫǷƬƼǺ Ƣ˻ǟơȅǾƗ ǽǻǔƬƫȄ ǁƽƢǐǻǶơ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ ǽǺ ƢȃȍǷǟ : 

¶   ǂȍǣ  ƩƢǾƢȍƦǶơ ƨǷψȍȃǻǶơ:  ȄǂƬψǶ˨ơ  ƾȌǂƦǶơ  ǵƟƢǇǁȄ  ƍ  ƨȍǟƢǻƬƳ˪ơ  ƩƢψƦǌǶơ ƍ  νǾ
 ƍ ƤȌȅǶơ ƩƢƸǫǏȄ ƍ ǴơȅƴǶơ ƩƢǾƢȍƥȄ ƍ ƨȍǻǮǂǶơ ǁȅǐǶơȄ ƍ ƩơƾȌǂǤƬǶơȄ ƍ ƩƢǾȄƾǻǶơȄ

ƺǶƛ . 
¶   ȁƦǋ Ƕơ ǻǜǿǻ ƨ:    ƩƢǫǷǺXML   .ƺǶƛ ƍ ƨȍǐǾ ƩƢǫǷǺ ƍ 
¶  ƨǷψȍȃǻǶơ ƩƢǾƢȍƦǶơ :Ȇǂƻ˦ơ ƨǷψȍȃǻǶơ ƩƢǯȍǈǿƬǶơȄ ƩƢǾƢȍƦǶơ ƾǟơȅǮ. 

  Ǽȅǳƫ ƮȍƷ ƩƢǾƢȍƦǶơ ǹǷǠǶ ǍƢƻ ǭȍƦǘƫ ǅƢǇ˦ơ νǪ νȂ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ
  νǻǷǟ ƲȃǾ ȅȂ ƩƢǾƢȍƦǶơ ǹǷǟ .ƢȃƬȃƳơȅǻǶ ƨȍǯǘǿǻǶơ ƩƢȌƾƸƬǶơ λǷǟ ƤǷǤƬǶơ λǶƛ ƱƢƬƸƫȄ ơŻƾƳ ƧǂȍƦǲ

ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ȀǀȂ ƨƴǶƢǠǻǶ ƨȍƦǇȅƸǶơȄ ƨȍƥȅǇƢƸǶơȄ ƨȍǺǃǁơȅƼǶơ ǁƢǳǪ˦ơ ǭƦǘȌ.  
ƬǶơȄ ƨƴǶƢǠǻǶơȄ ƱơǂƼƬǇ˪ơȄ ǽȌǄƼƬǶơ ȅȂ ƨǻƼǔǶơ ƩƢǾƢȍƦǷǶ νǈȍƟǂǶơ ǵǣƢǌǶơ ƍ ǸƢǟ ǵψǌƥ  ǵȍǷƸ

 ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǵȍǷƸƫȄ ƨƴǶƢǠǺ ǁǀǠƬȌ ƢǺ Ƣ˻ƦǶƢǣ .ƩƢǾƢȍƦǶơ ǽǺ ƨǻƼǔǶơ ƨǟȅǻƴǻǶơ ȀǀȂ νǪ



 
27                                              ǵǐǫǶơǴȄ˪ơ ƩƢǾƢȍƦǶơ ǹǷǟ : 

 
 

  ƩƢȍǺǃǁơȅƼǶơ ǵưǺ ƍ ƨǏƢƻ ƩơȄƽƗȄ ƤȍǶƢǇƗ ƤǷǘƬȌ ƍ ǱǶǀǶ .ƨȍƥƢǈƸǶơ ƽȅȍǯǶơ ƤƦǈƥ ȀǀȂ
ƺǶƛ ƍ ƨȌǃơȅƬǻǶơ ƨƴǺǂƦǶơȄ ƩƢȍƴǺǂƦǶơȄ . 

 Ćú¸Òõv ¡wýwĊ{õvÿ ¡wýwĊ{õv øöÝ üĊz ç¾æõv 
ƨǻƼǔǶơ ƩƢǾƢȍƦǶơȄ ƩƢǾƢȍƦǶơ ǹǷǟ ǽȍƥ ƩƢǪ˫Ƭƻ˪ơ νȂ ȀƢǾƽƗ ƨƳǁƾǻǶơ : 

Á   ǵǔǪƗ ƩƢƴƬǿǺ ǹȌƾǯƫȄ ƢȃǶƢǻǟƗ ȅǻǾ ƧƽƢȌǃȄ ƢȃƟơƽƗ ǽȍǈƸƬǶ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ λǶƛ ƩƢǈǇƚǻǶơ ƱƢƬƸƫ
  νǪ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ƩƢǾƢψǺƛ Ǵ˫ǤƬǇơȄ ǹȃǫǶ ƩƢȍǶƕȄ ƤȍǶƢǇƗ ƩƢǾƢȍƦǶơ ǹǷǟ ǂǪȅȌ Ƣǻǿȍƥ .ƢȃƟ˫ǻǠǶ

 ƤǇƢǿǻǶơ ƪǮȅǶơ . 
Á νǪ    ǹǷǟ ǽψǶ .ƩƢǻǜǿǻǷǶ ƢȃǠǻƳ ǽψǻȌ νƬǶơ ƨǻȍǯǶơ ƩƢǾƢȍƦǶơ ƨȍǻψǶ ƾƷ ƾƳȅȌ ˪ ƍ ǂǓƢƸǶơ ƪǮȅǶơ

  ƩơǁơǂǮ ƿƢƼƫ˪ ȆǄǤǺ Ʃơƿ ƩƢǺȅǷǠǺ ƱơǂƼƬǇ˪ ƩƢǾƢȍƦǶơ ȀǀȂ ǵǲ ǸơƾƼƬǇ˪ ȊǁȄǂǓ ƩƢǾƢȍƦǶơ
ƨȍǻȍǜǿƫ . 

Á ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ƩƢǺȅǷǠǺ ǨƢǌǳƬǇ˪ ƨȍǷǻǟȄ ƨȌǂǜǾ ƲȂƢǿǺ ǸƾƼƬǈȌ ƩƢǾƢȍƦǶơ ǹǷǟ ǼƗ ƶǓơȅǶơ ǽǺ  ƍ
  λǷǟ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǁƢƦƬǟơ ǽψǻȌ .ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ƩƢǾƢψǺƛ Ǵ˫ǤƬǇơ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ ƤǠǷƫ νƬǶơȄ
νƟơǂǯƬǇ˪ơȄ νǗƢƦǿƬǇ˪ơ Ǵ˪ƾƬǇ˪Ƣƥ ƢȃǷȍǷƸƫ ǹƫ ơƿƛ ˪ƛ ƍ ƨƸǶƢǐǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ƢȃǾƗ . 

Á ƼƬǈȌ ƩƢǾƢȍƦǶơ ǹǷǟ ǽψǶ .ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶƢƥ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǖƦƫǂȌ  ƩƢȍǺǃǁơȅƻ Ǹƾ
 .ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻψƥ ƨǪǂǠǻǶơ ƾȍǶȅƬǶ ƨȍƟƢǐƷ˨ơ ƱƿƢǻǿǶơ ǂȌȅǘƫȄ ǹȍǻǐƬǶ νǶˤơ ǹǷǠƬǶơ 

Ȅ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǽȍƥ Ȁ˫ǟƗ ƧǁȅǲǀǻǶơ ƩƢǪ˫Ƭƻ˪ơ ǽǺ ǹǷǟ    ǼƗ ƶǓơȅǶơ ǽǺ ǼȅψȌ ƾǮ ƍ ƩƢǾƢȍƦǶơ
Ȅƽ ƩƢǾƢȍƦǶơ ǹǷǟ ƤǠǷȌ .ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǸȅȃǫǺ νǪ ƱǁƾǺ ƩƢǾƢȍƦǶơ ǹǷǟ ǽǺ ƾȌƾǠǶơ νǪ Ƣ˻ǻȃǺ ơ˻ǁ

ǶơǯȍƦǘƬǶơ Ʃ˪Ƣƴǻƨȍ  ǽǺ ƧƾȍǫǺ ƲƟƢƬǾ λǷǟ ǴȅǐƸǷǶ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ λǷǟ ƩƢǾƢȍƦǶơ ǹǷǟ ǵǻǠȌ .
ƨȍǲƿ ƩơǁơǂǮ ƿƢƼƫ˪ ƲƟƢƬǿǶơ ǸơƾƼƬǇơ ǹƬȌ ƮȍƷ ƍ νƠƦǿƬǶơ ǵȍǷƸƬǶơ Ǵ˫ƻ.  

  Ǵ˫ƻ ǽǺ ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǽȍƥ νǇƢǇ˦ơ ǬǂǫǶơ ǹȃǪ ǽψǻȌ  ƔƢǘǟƛ
 ǽψǻȌ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .ǱǷǲƢǌǻǶ ǵƷ ƽƢƴȌƛ ȁǶ˫ƻ ǽǺ ǱǿψǻȌ ƣƢƬǲ ǵưǺ ƩƢǾƢȍƦǶơ ǹǷǟ .ǴƢưǺ
 ƤǠǐǶơ ǽǺ ǽψǶȄ ƍ ǱƬǷƠǇƗ λǷǟ ƩƢƥƢƳ˨ơ ǞȍǻƳ ƾƳȅƫ ƮȍƷ ƧǂȍƦǲ ƨƦƬψǺ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǁƢƦƬǟơ

ǱƬǷƠǇ˦ ƩƢƥƢƳƛ λǷǟ ǁȅưǠǶơ . 

¡wýwĊ{õv øöÝ øöÞ¤ý v»wúõK 

  ǂưǲƗ ʣǊȍǠǾ ǽƸǾ  ǂưǲƗ ƨǠǷǇ ƩƢǾƢȍƦǶơ ƢȃȍǪ ƪƸƦǏƗ νƬǶơ ƧǂƬǫǶơ .ƨȌǂǌƦǶơ ƺȌǁƢƫ ʣƧǁƢƯƛ ƩƢǮȄ˦ơ
  ǼƗ ǞǮȅƬǻǶơ ǽǺȄ ƨǮȅƦǈǺ ǂȍǣ Ƣ˻ȍǻǶƢǟ ƢȃƳƢƬǾƛ ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơ ƨȍǻǲ Ǽƛ .ƤȂǀǶơȄ ǖǫǿǶơ ǽǺ ƨǻȍǮ

ƪǾǂƬǾ˨ơ λǶƛ ǴȅǏȅǶơ ƨȍǾƢψǺƛ ƧƽƢȌǃȄ ǹǶƢǠǶơ ǼƢψǇ ȅǻǾ ǞǺ ǂǻƬǈƫ  . 
  ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ȀǀȂȄ ƨȌƢǤǷǶ ǹȍǮ ǁƾǐǺ νȂ ƢȂƙƢǌǾƛ  νȂ  .ƢȂǂȍǫǌƫ ǱǪ ʣǹǷǟƍƢ˻ǔȌƗ    ƪǾƢǲ

  ǂƦǟ ǬȅǈƬǶơ ʣƔ˫ǻǠǶơ ǰȅǷǇ ǖǻǾ ʣǬƢǘǿǶơ ƨǠǇơȄ ƩơǂȍȍǤƫ ǰƢǿȂƍƪǾǂƬǾ˨ơ    ǬȅǇ ʣǁƢǻưƬǇ˪ơȄ



 
28 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ǬơǁȄ˦ơƍƨȍǶƢǻǶơ    λǶƛ ƢǺȄƍǱǶƿ    ǵȍǷƸƫ λǶƛ ƨƳƢƸǶơ ƤǷǘƬȌ ƢȃǿǺ ǵǲȄǭȍǻǟ   ȅȂ ơǀȂ .ƩƢǾƢȍƦǷǶ
ǟ ȁȍǪ ƤǠǷȌ ȊǀǶơ ǼƢψǻǶơǱǶƿ λǶƛ ƢǺȄ ƩƢǈǇƚǻǶơȄ ƩƢǲǂǌǶơ ȁƦǷǘȌȄ ƩƢǾƢȍƦǶơ ǹǷ  . 

 ¡wýwĊ{õv ôĊö´£ 

  ǞǿǏ ʣƧƾȍǫǻǶơ ǁƢǳǪ˦ơ ƱơǂƼƬǇ˪ ƩƢǾƢȍƦǶơ ǵȍǷƸƫȄ ƨƳǀǻǾȄ ǞǻƳ ƨȍǷǻǟ ȅȂ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ
  ǵǷƸǺ ƱǂƼƬǈȌ .ƩƢǾƢȍƦǶơ ǵǷƸǺ Ʃ˫ȍǷƸƬǶơ ȀǀȂ ǽǟ ǴȄƚǈǻǶơ ǎƼǌǶơ λǷǟ ǭǷǘ˾Ȍ .ǁơǂǯǶơ

  Ƨƾǟ Ǵ˫ƻ ǽǺ ƩƢǾƢȍƦǶơ ƩƢǾƢȍƦǶơƍǬǂǗ   .ƩƢǾƢȍƦǶơ ƨƳǀǻǾȄ ƩƢǾƢȍƦǶơ ǵȌȅƸƫȄ ƩƢǾƢȍƦǶơ ǩȍǜǿƫ ǵưǺ
 ƤȍǶƢǇƗȄ ǬǂǗ Ƨƾǟ ǰƢǿȂƍǵȍǷƸƬǷǶ   ƩƢǟƢǿǐǷǶ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƶǻǈȌ .ǑǂǤǶơȄ ƨǟƢǿǐǶơ ƤǈƷ

  ƨƴǶƢǠǻƥƩơǁƢǈǫƬǇ˪ơ  .ƧǂȍǐǮ ƨȍǿǺǃ ƧǂƬǪ ʣƨƥȅǷǘǺ ƨȍǷǻǟ ƲƟƢƬǾ ǭȍǯƸƫȄ ƨǟǂǈƥ 

  Ĉöö´úõ üîúĉ I¡wýwĊ{õv    ûĀöúÞĉ Ĉ¤õv ĆÝwþÎõv üÝ ¾Úþõv ÐâzIwĄĊå    Ĉå øĄ¤éÿ iwÒé
  ĔöÝ øĄ£wí¾É ºÝwÆ£ ûl üîúĉ ¾ĉ½wê£ Ĉå øĄ¬tw¤ý Üú«ÿ ¡wýwĊ{õv Üú¬õ ĆúÚýl ¾ĉĀÖ£

üĊÆ´¤õvÿ Āúþõv. 
 ôö´ù ì¤æÎz )ôĊö´¤õv ĆĊöúÝ üù iÀ« ćl Ĉå ¡wýwĊ{õv Āöö´ù ë½wÊĉ ûl üîúĉ I¡wýwĊz  

p üù vMiºz iĈÉ ôí Ĉå Ćí½wÊúõv ìþîúĉ  ĔöÝ Miwþz ēn½ øĉºê£ Ĕõp ¡ĒĊö´£ ÷wÚý ¹vºÝ
ìz Ëw¸õv ¡wýwĊ{õv Üú« ÷wÚý Ĉå üĉ¾·ċv yĉ½º£ ìþù yöÖQĉ ºé )wĄÞú¬£ Ĉ¤õv ¡wýwĊ{õv ) 

  ǼƗ ˪ƛ ƍ ǰǂƬǌǺ νƟƢǐƷƛ ǴƢƴǺ ǽǺ νƫƘȌ ƾǮ ƩƢǾƢȍƦǶơ ǵȍǷƸƫȄ ƩƢǾƢȍƦǶơ ǹǷǟ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ
ǅƢǿǶơ ǹǜǠǺ ƾǯƬǠȌ ƍ ǱǶƿ ǞǺȄ .ƨǫǷƬƼǺ ǹȂǁȄǀƳȄ ǹȃǘƟơǂƻ    ƩƢǾƢȍƦǶơ ǵȍǷƸƫȄ ƩƢǾƢȍƦǶơ ǹǷǟ ǼƗ

ȀƢǾƽƗ ƧǁȅǲǀǺ ƩƢǪ˫Ƭƻ˪ơ ȀǀȂ ǒǠƥ .ǹȃǻȍȍǯƫ ƢǿȍǷǟ ƤƴȌ ƍ ǹȃƫƢǪ˫Ƭƻơ ǹȃǪ ǵƳƗ ǽǺ .ǼƢȃƥƢǌƬǺ: 

Á   ǵǷƸǺ ǵǺƢǠƬȌ Ƣǻǿȍƥ ȁǾƗ νǪ ƩƢǾƢȍƦǶơ ǵǷƸǺȄ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǽȍƥ ǴȄ˦ơ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ǵưǻƬȌ
  ǹǶƢǟ ƽƾƸȌ ƍ Ʃ˫ψǌǻǶơ ǵƷ ǞǺ ƩƢǾƢȍƦǶơ  νǷǷƸǺ ǩȍǛȅƫ ǹƬȌ .ƢȃǷƸȌ ǹƯ Ʃ˫ψǌǻǶơ ƩƢǾƢȍƦǶơ

  ǁȅưǠǶơ νǪ ƩƢǾƢȍƦǶơ ǵǷƸǺ ǁȄƽ ǵưǻƬȌ .ƨȌǁƢƴƬǶơ ǹȃǷǲƢǌǺ ǵƸǶ ƩƢǲǂǌǶơ ǵƦǮ ǽǺ ƩƢǾƢȍƦǶơ
  ǽǺ .Ɣ˫ǻǠǶơ Ʃ˫ǺƢǠǺ ǩǏȅǶ ƧǄƳȅǺ ƩơƔƢǐƷƛ ǸơƾƼƬǇơ ȄƗ ǵǔǪƗ ƩƢǠȍƦǺ ƩƢȂƢƴƫơ λǷǟ

ƍ ƤǈƸǪ ƢȌƢǔǯǶơȄ Ʃ˫ψǌǻǶơ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǵƸȌ ˪ ƍ ȆǂƻƗ ƨȍƷƢǾ    Ƣ˻ǔȌƗ ƽƾƸȌ ǵƥ
ǴȄ˦ơ ǸƢǯǻǶơ νǪ Ʃ˫ψǌǻǶơ  . 

Á   ǂǐƬǯȌ ƩƢǾƢȍƦǶơ ǵǷƸǺ .ƨȌǁƢƴƬǶơ ƨǿǘǫǶơ ȄƗ ǴƢǐƫ˪ơ ƩơǁƢȃǺ λǶƛ ƩƢǾƢȍƦǶơ ȅǷǷƸǺ ƱƢƬƸȌ ˪
  λǷǟ ǹȃƫƾǟƢǈǺȄ ǭȌǂǫǶơ λǶƛ ƲƟƢƬǿǶơ ǴƢǐȌ˨ ƨƳƢƷ ǰƢǿȂ ƪǈȍǶ .ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƽȄƾƷ λǷǟ

Ȍ ǼƗ ƤƴȌ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ λǷǟ ƨǻƟƢǮ ƩơǁơǂǮ ƿƢƼƫơ  ƩơǁƢȃǺ ƩƢǾƢȍƦǶơ ǹǶƢǟ ȆƾǶ Ǽȅψ
  ƽǂǇ νǪ  ƩƢȍƴȍƫơǂƬǇơ λǶƛ ƢȃȍǶƛ ǵǏȅƫ νƬǶơ ƲƟƢƬǿǶơ ƨǻƳǂƫ ǵƳƗ ǽǺ Ƨǁơƽ˨ơ ƩơǁƢȃǺȄ ǎǐǯǶơ

ƨǲǂǌǶơ νǪ ǁơǂǯǶơ ǞǿǏ ƨȍǷǻǟ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ ƩƢǾƢȍƦǶơ ǹǶƢǟ ƤǠǷȌ ƍ ǱǶǀǶ .ǴƢǻǟ˦ơ. 
Á   Ǫ Ǩ˫Ƭƻ˪ơ ȅȂȄ ƩƢǾƢȍƦǶơ ǵǷƸǺȄ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǽȍƥ ǂƻƕ Ǩ˫Ƭƻơ ǰƢǿȂ  .ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ ν

  ƩƢǺ˫ǠƬǇơ ƩƢǾƢȍƦǶơ ȅǷǷƸǺ ǸƾƼƬǈȌSQL    ƍǵƥƢǯǻǶơ νǪ .ƢȃƫǁơƽƛȄ ƨǻǜǿǻǶơ ƩƢǾƢȍƦǶơ ƽơƽǂƬǇ˪



 
29                                              ǵǐǫǶơǴȄ˪ơ ƩƢǾƢȍƦǶơ ǹǷǟ : 

 
 

  ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǸƾƼƬǈȌNoSQL   ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǼƜǪ ƍ ǱǶǀǶ .ƨǷψȍȃǻǶơ ǂȍǣ ƩƢǾƢȍƦǷǶ
ƨǻǜǿǻǶơȄ ƨǷψȍȃǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǝơȅǾƗ ǽǺ ǵǲ Ƨǁơƽƛ ǽǟ ǼȅǶȄƚǈǺ . 

Á   ǵǷƸǺ ǵǺƢǠƬȌ ˪  .ƩƢǾƢȍƦǶƢƥ ƚƦǿƬǷǶ ƨȍƟƢǐƷ˨ơ ƩơȄƽ˦ơ ȄƗ ƨȌƚƦǿƬǶơ ƨƳǀǻǿǶơ ǂȌȅǘƫ ǞǺ ƩƢǾƢȍƦǶơ
  ƚƦǿƬǶơ ƱƿƢǻǾ .ƨȌȅǮ ƚƦǿƫ ƱƿƢǻǾ ƔƢǿƦǶ νǶˤơ ǹǷǠƬǶơ ƨǪǂǠǺ λǶƛ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ƱƢƬƸȌ ƍ ǱǶƿ ǞǺȄ

  ƱƿƢǻǾ νȂ ȀǀȂ ǞǮȅƬǶơ  ǩȍǿǐƬǶơȄ . 
Á ȍƥ ƩƢƴƬǿǺ ƔƢǌǾ˨ ƩƢǾƢȍƦǶơ ƱƿƢǻǾ ǵȌƾǠƫ λǶƛ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ƱƢƬƸȌ  .ǵǔǪƗ ǵψǌƥ ƩƢǾƢ

  .ƩƢǾƢȍƦǶơ νǷǷƸǺ ǵƦǮ ǽǺ ƣȅǷǘǺ ǂȍǣ ơǀȂ .νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ƔơƽƗ ǽȍǈƸƫ Ƣ˻ǔȌƗ ƤǷǘƬȌ
ƍνǶƢƬǶƢƥȄ    ƱƿƢǻǿǶơ ƔƢǿƥ λǷǟ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǁȄƽ ǂǐƬǯȌ ˪ƍƤǈƸǪ   ƢȂƽơƾǟƛ Ƣ˻ǔȌƗ ǵǻǌȌ ǵƥ
ƢȃƬǾƢȍǏȄ. 

 ý Ĉåÿ ÐÞ{õv wúĄÒÞz Üù ¾Ċ{í ôîÊz ¡wýwĊ{õv ÷ĀöÝÿ ¡wýwĊ{õv ôĊö´£ ô·vº¤ĉ  ¢éĀõv Äæ
  )ÐÞ{õv wúĄÒÞz üÝ wMùwú£ ûwæö¤¸ĉÀĊí¾£ ûĀîĉ    ¡wýwĊ{õv Āöö´ùMwĊýv    ¡wýwĊ{õv iwúöÝ m{þ¤ĉ wúþĊz I

¥º´ĉ ºé wúz. 
 øĄ¤éÿ øÚÞù ûĀÒêĉ Ðæ¸þù ēĀ¤Æù ćÿ» ¡wýwĊz iwúöÝ ¡wýwĊ{õv Āöö´ù ûĀîĉ wù wM{õwá

  đ ą¹wÝ øĄå I ìõ» Üùÿ )¡w³v¾¤éđv øĉºê£ÿ ¡wýwĊ{õv ôĊö´£ Ĉå  ĆĊþê£ ªùv¾z iwÊýp Ĕõp ûĀ«w¤´ĉ
 ĆéĒÝ øĄĉºõ ÄĊõ I ¡wýwĊ{õv iwúöÝ ÄîÝ ĔöÝ I ¡wýwĊ{õv Ĉöö´ù ûč v¼ă )Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ·ÿ
  ĆÝĀú¬úõ wMÎ¸öù ûĀùºêĉÿ ą¹Ā«Āúõv ¡wýwĊ{õv Üù ûĀöúÞĉ øĄýp )Ćĉo{þ¤õv ¡ĒĊö´¤õwz ą¾Ċ{í

 )Ćí¾Êõv iv¹l ôĊÍwæ£ üù ĆÝĀþ¤ù 
 ¡wĊõÿoÆúõv ¡wýwĊ{õv ôö´úõ ĆĊÆĊt¾õv 

  ǴơƚǈǶơ λǷǟ ƨƥƢƳ˨ơ"ƓƩƢǾƢȍƦǶơ ǵǷƸǺ ǵǠǫȌ ơƿƢǺ"   ƿƢƼƫơ ȆƾǺȄ ƨǻǜǿǻǶơ λǷǟ ơ˻ƽƢǻƬǟơ ǩǷƬƼȍǇ
  ǵǻǌƫ ƩƢǾƢȍƦǶơ ǵǷƸǺ ƩƢȍǶȄƚǈǺ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƨǲǂǌǶơ ǵƦǮ ǽǺ ƩƢǾƢȍƦǶơ λǶƛ ƧƾǿƬǈǻǶơ ƩơǁơǂǯǶơ

νǷȌ ƢǺ ƧƽƢǟ: 

¶   ǞǻƳ ƨǻǜǾƗȄ ƩƢǾƢȍƦǶơ ƾǟơȅǮ ǀȍǫǿƫȄ ǂȌȅǘƫ  ǵǻǠƫ νƬǶơ Ȇǂƻ˦ơ ƩƢȍƴȍƫơǂƬǇ˪ơȄ ƩƢǾƢȍƦǶơ
 ƨȍƟƢǐƷ˨ơ ƧƽȅƴǶơȄ ƧƔƢǫψǶơ ǽȍǈƸƫ λǷǟ . 

¶  ǂƼƬǇơ ơ ǟƗ ǹƯ ƍ ƨȌȅǾƢưǶơȄ ƨȍǶȄ˦ơ ǁƽƢǐǻǶơ ǽǺ ƩƢǾƢȍƦǶơ Ʊ Ƣ ƽ Ƨ    ǭȍǈǿƫ νǪ ƩƢǾƢȍƦǶơ ǹȍǜǿƫ
 Ʃ˪ˤơ ȄƗ ǂǌƦǶơ ƨǘǇơȅƥ ƨǶȅȃǈƥ ȁƫƔơǂǮ ǽψǻȌ . 

¶  ǞǺ ƍ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǂȍǈǫƬǶ ƨȍƟƢǐƷ˨ơ ƩơȄƽ˦ơ ǸơƾƼƬǇơ    ǍƢƻ ǸƢǻƬȂơ Ɣ˫Ȍƛ
 ƩƢȂƢƴƫ˫Ƕ1   νƠƦǿƬǶơ ǵȍǷƸƬǶơȄ ǎȍƼǌƬǶơ νǪ ƨǻȍǮ Ʃơƿ Ǽȅǳƫ ǼƗ ǽψǻȌ νƬǶơ ǕƢǻǾ˦ơȄ . 

¶   ƨȍǷǻǠǶơ ǽȍǈƸƫ ǍǂǪ ƾȌƾƸƬǶ ǽȍȍǻȍǜǿƬǶơ ƧƽƢǯǶơȄ ǽȍǇƾǿȃǻǶơȄ ǽȍƴǺǂƦǻǶơ ǞǺ ǼȄƢǠƬǶơ
 ƩƢǾƢȍƦǶơ Ƨǁơƽƛ ƩƢǇƢȍǇ ǂȌȅǘƫȄ ǸƢǜǿǶơ λǷǟ Ʃ˫ȌƾǠƫ ƵơǂƬǮơȄ . 

 
1 T rends 



 
30 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

¶  ǹȌƾǯƫ    ǵȍǷƸƫ ƨȍǷǻǟ Ʃơȅǘƻ ǹȃǫƥ ƨƸǷǐǻǶơ ƣƢƸǏ˦ ƶǻǈƫ νƬǶơ ƨƦǇƢǿǻǶơ ǭƟƢƯȅǶơ
 ǂǺ˦ơ ǸǄǶ ơƿƛ ǵȍǷƸƬǶơ ǁơǂǳƫȄ ƩƢǾƢȍƦǶơ . 

 ¡wýwĊ{õv ôĊö´£ ÛvĀýl 

  ǒǠƥ ǀȍǫǿƫ Ǵ˫ƻ ǽǺ .ƨǈǇƚǺ ȄƗ ƨǲǂǋ Ȋ˦ ǸƢǠǶơ Ɣơƽ˦ơ ǽȍǈƸƬǶ ƨȍǇƢǇƗ ƧơƽƗ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƾǠȌ
  ǽǺ ƍ ƢȃǶƢǻǟƗ ƱƿƢǻǾ νǪ ƩƢǾƢȍƦǶơ Ʃ˫ȍǷƸƫ  ƩơǁơǂǮ ƿƢƼƫơ λǷǟ ƧǁƽƢǮ ƩƢǲǂǌǶơ Ǽȅǳƫ ǼƗ ƶƳǂǻǶơ

 ǞȍǻƳ λǷǟ ǭƦǘǿƫ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǽǺ ǝơȅǾƗ ƨǠƥǁƗ ǰƢǿȂ .ƢȃǫȍǶƢǳƫ ǵȍǷǯƫȄ ƢȃƫƢȍǷǻǟ ǽȍǈƸƫȄ ǵǔǪƗ
ƨǈǇƚǺ ȄƗ ƨǲǂǋ Ȋ˦ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƱƿƢǻǾ ǽǺ ǝȅǾ ǵǔǪƗ ȅȂ ƢǺ ǽψǶȄ .ƩƢǟƢǿǐǶơ Ɠ 

  ƢȃǠȍǻƴǪ ƍ ƨǷǐǫǿǺ ƩƢƠǪ λǶƛ ǸƢǈǮ˦ơ ȀǀȂ ǹǈǯǾ ƢǻǿȍƥǘƥơǂƬǺƨ   ǷǐƬǺȄƨ  ȃǔǠƦƥƢ    ǹǈǯǿƫ .ǒǠƦǶơ
  ȊƚƦǿƬǶơȄ νǐȍƼǌƬǶơȄ νǫǏȅǶơ ǵȍǷƸƬǶơ :ƾȍǯǠƬǶơ ƨƳǁƽ ƤǈƷ ƨȍǈȍƟǁ ƩƢƠǪ ǞƥǁƗ λǶƛ ǵȍǷƸƬǶơ ǬǂǗ

νȃȍƳȅƬǶơȄ ƍ ƨƥȅǷǘǻǶơ ƽǁơȅǻǶơȄ ƨƥȅǠǐǶơ ƽơƽǄƫ ƍ ơŻƾȍǯǠƫ ǂưǲ˦ơ λǶƛ ǖǈƥ˦ơ ǽǺ ƪǷǯƬǾơ ƢǻǷǲ .
ƧǂȍǐƦǶơ ȆȅƬǈǺ ǱǶǀǲȄ. 
ĈæÍĀõv ôĊö´¤õv 1(  ¥º³ v»wù 

  ƍνƟƢǐƷƛ ǵȍǷƸƫ ƨȍǷǻǟ ȊƗ ƔơǂƳƛ νǪ ǖǈƥ˦ơȄ Ƣ˻ǟȅȍǋ ǂưǲ˦ơȄ λǶȄ˦ơ ƧȅǘƼǶơ ȅȂ νǫǏȅǶơ ǵȍǷƸƬǶơ
  νǪ ƭƾƷ ƢǻǶ ƢŻǫǏȄ ǎƸǫȌ ȁǾƜǪ ƍ ǂƻƕ λǿǠǻƥ ƓƭƾƷ ơƿƢǺ ƍ ǴơƚǈǶơ ǽǟ ƨƥƢƳ˨ơ ȅȂ ȁǿǺ ǑǂǤǶơȄ

Ƕơ ǞǮȅǻǶ ƨȌȅǿǈǶơ ƩơǁƢȌǄǶơȄ ƍ ƨȍǓƢǻǶơ ƨƬǈǶơ ǂȃǋ˦ơ ƩƢǠȍƦǺȄ ƍ ƨȌǂȃǌǶơ ƩơƽơǂȌ˨ơ :νǓƢǻǶơ  ƍƤȌȅ
  ǽǺ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǂȍǈǫƫȄ ƔƢǿƥȄ ƨǯƥƢǈǶơ ƩƢǾƢȍƦǶơ ǎȍƼǷƫ ǭȌǂǗ ǽǟ ǱǶƿ ǹƬȌ .ǱǶƿ λǶƛ ƢǺȄ
  ƾǟƢǈȌȄ ƍ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ƨȍǫȍǲ ǵȍǷƸƬǶơ ơǀȂ ƢǿǶ ƶǓȅȌ .ƨǻȍǮ Ȇƙǁ λǶƛ ƢȃǷȌȅƸƬǶ ƨǫǷƬƼǺ ǁƽƢǐǺ

ȍƦǶơ ƽơƾǟƛ νǶƢƬǶƢƥȄ ƍ ƩơǂȍǤƬǻǶơ ǽȍƥ ƨǮ˫ǠǶơ ƾȌƾƸƫ ǽǺ ƢǿǿψǻȌȄ ƍ ƩƢƦψǻǶơ ƾȌƾƸƫ νǪ ƾȌǄǻǶ ƩƢǾƢ
νƟƢǐƷ˨ơ ǵȍǷƸƬǶơ ǽǺ. 

  ǸƢǈǮƗ ƾƷƗ νǪ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƓνǯȍǯƸǶơ ǹǶƢǠǶơ νǪ νǫǏȅǶơ ǵȍǷƸƬǶơ ƾǟƢǈȌ ǼƗ ǽψǻȌ ǩȍǲ
  ƧǂƬǪ νǪ ƝǁơȅǘǶơ ƨǪǂǣ λǶƛ ǍƢƼǋ˦ơ ǽǺ ǂȍƦǲ ƽƾǟ ǴƢƻƽƛ ǹƬȌ ȁǾƗ λǷǟ ǎǿȌ ƍ ƨȍƸǐǶơ ƨȌƢǟǂǶơ

ƢǾƢȍƥ ǂǪȅȌȄ ƭƾƸȌ ơǀȂ ǼƗ νǫǏȅǶơ ǵȍǷƸƬǶơ ǰǂƦƼȌ .ƧǂȍǐǮ ƨȍǿǺǃƨȌǁȅǪ Ʃ2    ƩƢȍƟƢǐƷ˨ơ ǞȍǻƳ ǞǺ
(ǱǶƿ λǶƛ ƢǺȄ ƍ ǒȌǂǻǶơ ǵȍǏƢǫƫȄ ƍ ǹƴƸǶơȄ ƍ ƭȄƾƸǶơ ƺȌǁƢƫ) ƨǷǐǶơ Ʃơƿ . 

  Üùÿ )Ćå¹wă Ćêĉ¾Öz wþ£wýwĊz øĉºê¤z wþõ ²úÆĉ Ăýč )ć½ÿ¾Ñ ĈæÍĀõv ôĊö´¤õvIìõ»    ½º¬£
 ĆöuÅl ĔöÝ Ćzw«ďv ÿl ĆĊö{ê¤Æúõv ªtw¤þõwz o{þ¤õwz ìõ ²úÆĉ üõ āº³ÿ ôĊö´¤õv v¼ă ûl Ĕõp ą½wÉďv

  iĈÉ ¥ÿº³ y{Å ô¨ùIwù    )¡wýwĊ{õv ¡wÝĀú¬ù ĆÖÅvĀz wĄöĉĀ´£ÿ ì£wýwĊz øĊÚþ£ ø¤ĉ üîõÿ
ôĊö´¤õv üù ºĉÀúõv iv¾«ď ąÀăw« ĈĄåĊúõv ¿v¾zpÿ ÌĊ¸ö£ èĉ¾Õ üÝ ìõ¼z ÷Āêĉ wù ą¹wÝÿ )  ¡vÀ

 
1 Descriptive Analysis 
2 R eal- time 



 
31                                              ǵǐǫǶơǴȄ˪ơ ƩƢǾƢȍƦǶơ ǹǷǟ : 

 
 

 ĆöĄÅ  Ïÿ¾Þõv  üù  wă¾Ċáÿ  ¡wÖÖ¸úõv  ÷vº¸¤Åv  Ĕõp  ĆåwÑďwz  wþĉºõ  ĆöÒæúõv  ĆĊÆĊt¾õv
÷vº¸¤Åđv. 

 y{Å Ô{Òõwz ±¾Êĉ ûl ûÿ¹ ą¾ăwÙ ĔöÝ iĀÒõv ÔöÆĉ ĈæÍĀõv ôĊö´¤õv ûl Āă Ĉ{öÆõv yýw¬õv
  v¼Ąõ )wĄ§ÿº³Iy{Æõv    ºtvĀæõv ĔöÝ óĀÎ´öõ ē¾·čv ¡ĒĊö´¤õv Üù ªĄþõv v¼ă ªù¹ wMútv¹ y¬ĉ

´õv )ìöúÞõ ĆĊêĊê 
ĈÎĊ¸Ê¤õv ôĊö´¤õv1 ( v¼ă ¥º³ v»wúõ 

  ǵȍǷƸƬǶơƍνǐȍƼǌƬǶơ   ȊǁǀƴǶơ ƤƦǈǶơ ǵȍǷƸƫ ǹǇƢƥ Ƣ˻ƦǶƢǣ ȁȍǶƛ ǁƢǌȌ ȊǀǶơ2    ǽǺ ǸƾǯƬǺ ǝȅǾ ȅȂ ƍ
  ."ƓơǀȂ ƭƾƷ ơƿƢǻǶ" ǴơƚǈǶơ λǷǟ ƨƥƢƳ˩Ƕ ȆȅƬƸǻǶơ ȄƗ ƩƢǾƢȍƦǶơ λǶƛ ȆǂƻƗ Ƨȅǘƻ ǸƾǯƬȌ ǵȍǷƸƬǶơ

  ǽǟ ƤȍǯǿƬǶơ ǵưǺ ƤȍǶƢǇƘƥ νǐȍƼǌƬǶơ ǵȍǷƸƬǶơ ǄȍǻƬȌƩƢǾƢȍƦǶơ ƍǕƢƦƫǁ˪ơȄ    λǷǟ ǭǻǟƗ ƧǂǜǾ νǯǷȌȄ
  ƭơƾƷ˦ơ ƣƢƦǇƗ ǹȃǫǶ ƩƢǾƢȍƦǶơƍƩƢȍǲȅǷǈǶơȄ    ǱƫƢǺȅǷǠǺ ǹȃǫƥ ǱǶ ƶǻǈȌ ƢǻǺ ƨƥƢƳ˨ơȄ ǂƦǲƗ ƨǟǂǈƥ

  ǁȅǲǀǻǶơ ƨȍƸǐǶơ ƨȌƢǟǂǶơ ǴƢưǺ ʣ.ƨǷǺƢǠǶơ ȆȅǯǶơ ǽǺ ƨǻȃǻǶơ ƨǷƠǇ˦ơ λǷǟƍƢŻǯƥƢǇ    ǵȍǷƸƬǶơ ǎƸǫȌ
  ǵȍƦǇ λǷǟ .ƨǶƽƢƦƬǻǶơ ƩƢǮ˫ǠǶơ ǵǠƴȌȄ ƩƢǾƢȍƦǶơ νǐȍƼǌƬǶơ ƍǴƢưǻǶơ    ơƿƛ ƢǺ ƾȌƾƸƫ ʣƾǟƢǈȌ ƾǮ

 ƨƳǁƽ ʣǝƢǫƫǁơ" :ǒȌǂǻǶơ ǑơǂǟƗ ǞȍǻƳ ƪǾƢǲƍƧǁơǂƸǶơ  ǴƢǠǇȄƍǨƢƳ Ȅ  ǵǺƢǟ λǶƛ ǂȍǌƫ "ǬƢȂǁƛ
 ƝǁơȅǘǶơ ƨǪǂǣ ʣǹƴƸǶơ ʣƨƠƳƢǫǻǶơ ƧƽƢȌǄǷǶ ǂȍǈǫƫ ǱȌƾǶ Ǽˤơ .ȊƾǠǺ. 

˫ưǺ .ǞǇơȄ ǬƢǘǾ λǷǟ ƩƢǾƢȍƦǶơ λǶƛ ǴȅǏȅǶơ ȅȂ ƲȃǿǶơ ơǀȂ ƵƢƴǾ ƵƢƬǫǺ    ǵȍǷƸƬǶơƍνǫǏȅǶơ  
  "ƨȍǷƻơƽ" ƩƢǾƢȍƥ νǐȍƼǌƬǶơ ǵȍǷƸƬǶơ ƤǷǘƬȌƍƨǯƥƢǇ    Ǩ˫Ƽƥ ǽψǶȄ  ǵȍǷƸƬǶơƍǭƥƢǈǶơ    ƢǺ Ƣ˻ƦǶƢǣ

  ƭƾƷ ƢǺ ƾȌƾƸƬǶ ǁƽƢǐǻǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ ǽǺ ƨȍƳǁƢƻ ƩƢǺȅǷǠǺ νǐȍƼǌƬǶơ ǵȍǷƸƬǶơ ǽǻǔƬȌ
  ǵȍƦǇ λǷǟ .ǵȍǐǫƬǶƢƥƍǴƢưǻǶơ    ǞƥǂǶơ ʣƪǔǫƼǾơ ƾǮ Ǳƥ ǍƢƼǶơ ƤȌȅǶơ ǞǮȅǺ ƩơƽơǂȌƛ ǼƗ ƾƴƫ ƾǮ

ơȅƻ ʣƩơǂȍȍǤƬǶơ λǶƛ ƨǪƢǓ˨Ƣƥ Ǽ˫ǟ˨ơ ǩȍǶƢǳƫ ǒǫƼƥ ƢŻǯǷǠƬǺ ơǀȂ ǼȅψȌ ǼƗ ǽψǻȌ .ǂȍƻ˦ơ  ƨȍǺǃǁ
Google ȀǀȃǶ ƨǶƽƗ λǷǟ ǁȅưǠǷǶ .ƍƨȍǷǻǠǶơ   ǵưǺ ƨǫǷƬƼǺ ǁƽƢǐǺ ǽǺ ƩƢǾƢȍƦǶơ ƾȌƾƸƫ ȊǁȄǂǔǶơ ǽǺ

 .ȀȅƦǌǺ ǖǻǾ λǷǟ ǁȅưǠǷǶ ƢȂǂȍǣȄ ƧƾȌƾƴǶơ Ʃ˫ƴǈǶơ 

Ĉu{þ¤õv ôĊö´¤õv  3(  ¥º´ĊÅ v»wù 

  ƨȍǐȍƼǌƬǶơ Ʃ˫ȍǷƸƬǶơ ʣǴȅȍǻǶơ ƾȌƾƸƫ Ǵ˫ƻ ǽǺ ƨǷǻƬƸǻǶơ ƲƟƢƬǿǶơ νƠƦǿƬǶơ ǵȍǷƸƬǶơ ƽƾƸȌ
  ƨǯƥƢǈǶơ ƩƢǾƢȍƦǶơ νƠƦǿƬǶơ ǵȍǷƸƬǶơ ǀƻƘȌ .ƨȍǫǏȅǶơȄ ƢȃȌƾǤȌȄʣ  ʣǀƻƘȌ ȊǀǶơ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ 

ƸȍǇ Ƣǻƥ ƚƦǿƬǷǶ ƨȍǶƢƸǶơ ƩƢǾƢȍƦǶơ λǷǟ ƱƿȅǻǿǶơ ǭȍƦǘƫ ǹƬȌ ǹƯ .ƨȍǈȍƟǂǶơ ǕƢǻǾ˦ơ ǁƢƦƬǟ˪ơ  ơǀȂ .ƭƾ
  ǵȍƦǇ λǷǟ .ƨȍƟƢǮȄ ƩơƔơǂƳƛ ƿƢƼƫ˪ ƨǻǜǿǻǷǶ ƶǻǈȌƍǴƢưǻǶơ    ƶƳǂǻǶơ ǂȍǣ ǽǺ ǵȍǻǠƥ ǴƢǐƫ˪ơ ǵưǺ

  νƬǶơ λǫǌƬǈǻǶơ ʣ.Ȁƾǯǟ ƽƾƴȌ ǼƗƍƢȂƢǾǂǲƿ   ǽȍȍǷƻơƾǶơ λǓǂǻǶơ ƽƾǟ ƧƽƢȌǄƥ νƠƦǿƬǶơ ǵȍǷƸƬǶơ ƘƦǿƬȌ ƾǮ

 
1 Descriptive Analysis 
2 R oot cause analysis 
3 Predictive Analysis 
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ȅƳȅǻǶơ ǕƢǻǾ˦ơ λǷǟ ˻ƔƢǿƥ .ƨǺƽƢǯǶơ ƨǷȍǷǯǶơ ǞȍƥƢǇ˦ơ Ǵ˫ƻ ƝǁơȅǘǶơ ǹǈǮ νǪ  ʣƧƽƍƩƢǾƢȍƦǶơ   ǂǌƬǿȌ
ƨǟǂǈƥ ǑǂǻǶơ.   

  ôĊö´¤õv ĈĄĊ«Ā¤õv1(  wă»w¸£v y¬ĉ Ĉ¤õv ¡viv¾«ďv Ĉă wù 
ǵȍǷƸƬǶơ    ƩƢǇǁƢǻǺ ǽȍǈƸƫ ƨȍǫȍǲ ǴȅƷ ƨȌǁȅǪ ƶƟƢǐǾ ǸƾǯƫȄ ƩƢǾƢȍƦǶơ ǵǷƸƫ ƨȍǷǻǟ νȂ νȃȍƳȅƬǶơ

  ʣ.ƨǠǮȅƬǻǶơ ƲƟƢƬǿǶơ ǽǺ ƾȌƾǠǶơ ƤǇƢǿƬǶ ǴƢǻǟ˦ơƍǞǮơȅǶơ    ȁǪǂǠǾ ƢǺ ǀƻƘȌ" νǫǏȅǶơ ǵȍǷƸƬǶơ
(ƩƢǾƢȍƦǶơ)  "ƍ    Ƣǻƥ ƚƦǿƬǷǶ ƩƢǾƢȍƦǶơ ǹȃǫȌȄƍƭƾƸȌ   λǷǟ ˻ƔƢǿƥ ƨȍǠǷǘƬǶơ ƩơȅǘƼǶơ ǵǔǪƗ ƵǂƬǯȌȄ
  ƧƢǲƢƸǻǶơơȅǶơƍƨȍǟ    ǵȍǷƸƬǶơ ǽǺ ǑǂǤǶơ .ƢȃǿǺ ǵψǶ ƨǷǻƬƸǻǶơ ƤǮơȅǠǶơ ƽƾƸȌȄƍνȃȍƳȅƬǶơ   ȅȂȄ

  ʣƢ˻Ǻƾǯƫ ǂưǲ˦ơ ƨǟȅǻƴǻǶơ ƾȍǲƘƬǶƢƥƍƢǿƬǻƟƢǮ    ƨȍǷƦǯƬǈǻǶơ ǵǲƢǌǻǶơ ƤǿƴƬǶ ƨȍǷǻǟ ƨǯȌǂǗ ƵơǂƬǮơ ȅȂ
 .ƧƾǟơȄ ƨȍǷǻǟ ǽǺ ƧƽƢǫƬǇơ λǐǮƗ ǭȍǯƸƬǶ ȄƗ 

  ǵȍǷƸƬǶơ ǖƦƫǂȌνȃȍƳȅƬǶơ  ǈȌ Ƣǻǿȍƥ .ȊƚƦǿƬǶơȄ νǫǏȅǶơ ǵȍǷƸƬǶƢƥ  ƨƳǀǻǾ λǶƛ νǫǏȅǶơ ǵȍǷƸƬǶơ λǠ
  ǵȍǷƸƬǶơȄ ƭƾƷ ƢǻǶ ƨƦǮƢƯ ƧǂǜǾ ǂȍǪȅƫ Ǵ˫ƻ ǽǺ ƭƾƸȌ ƾǮ Ƣǻƥ ƚƦǿƬǶơȄ ƍνƠƦǿƬǶơ    ǵȍǷƸƬǶơ λǠǈȌ

νȃȍƳȅƬǶơ  ƾȌƾƸƫ λǶƛƍǵǔǪ˦ơ  ƩơǁƢȍƼǶơ ǽȍƥ ǽǺ ƨƴȍƬǿǶơ ȄƗ ǵƸǶơ ǼȅψȌ .ƨǪȄǂǠǻǶơ ǂȍȌƢǠǻǷǶ ƢŻǯǪȄ
ƨǫǷƬƼǻǶơ.   

  ǵȍǷƸƬǶơ ƵǂƬǯȌ ǼƗ ǽψǻȌνȃȍƳȅƬǶơ    ƨǏǂǪ ǽǺ ƧƽƢǫƬǇ˪ơ ƨȍǫȍǲ ǼƘǌƥ ǁơǂǯǶơ ƿƢƼƫơ ƩơǁƢȍƻ Ƣ˻ǔȌƗ
  ǂǗƢƼǻǶơ ǵȍǷǯƫ ȄƗ ƨȍǷƦǯƬǈǺƍƨȍǷƦǯƬǈǻǶơ    ʣ.ǁơǂǯǶơ ƿƢƼƫơ ƩơǁƢȍƻ ǽǺ ǁƢȍƻ ǵǲ ƤǮơȅǟ ǁƢȃǛƛȄ

  ƨǇǁƢǻǻǶơơƍƨȍǷǻǠǶ    ǵȍǷƸƬǷǶ ǽψǻȌνȃȍƳȅƬǶơ    νƟƢǯǷƫȄ ǂǻƬǈǺ ǵψǌƥ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ
  λǶƛ ƽȅǠǾ Ƣǿǟƽ .ǁơǂǯǶơ ǞǿǐǶ ǵǔǪƗ ƩơǁƢȍƻ ǂȍǪȅƫȄ ƚƦǿƬǶơ ƨǮƽ ǽȍǈƸƬǶƍλǫǌƬǈǻǶơ    ǵȍƦǇ λǷǟ

  ǑǂǻǶơ ǼƗ ƪǪǂǟ ǼƗ ƾǠƥ Ǽˤơ :ǴƢưǻǶơƍǂǌƬǿȌ    ƩơȄƽƗ ǂȍǌƫ ƾǮǶơ  ǵȍǷƸƬνȃȍƳȅƬǶơ   ƽƾǟ ƧƽƢȌǃ λǶƛ
ƳƗ ǽǺ ǽȍǫǛȅǻǶơ .λǓǂǻǷǶ ǴƢǠǫǶơ Ʊ˫ǠǶơ ǵ 

  ôĊö´¤õvĈĄĊ«Ā¤õv    ĈæÍĀõv ôĊö´¤õv yĊõwÅč ĈÞĊ{Õ ½ĀÖ£ ĀăIćo{þ¤õvÿ    ąĀÖ· yă¼ĉÿ
 üĊú¸¤õv Ćõv¿ď ÷wùčv Ĕõp ē¾·l2    ¡wýwĊ{õv iwúöÞõ ¢éĀõv ¾åĀĉ Ăýl wúí )¡wýwĊ{õv ôĊö´£ üù

  Ćz¾¬£ ¾ĊåĀ¤õ wĄöĊÍĀ£ üîúĉ üĉlÿ øĄ£wýwĊz ĂĊþÞ£ wù øĄå ûĀõÿw´ĉ üĉ¼õv üĊéĀÆúõvÿ
ôùwîõwz ĆÎÎ¸ù ÷º¸¤Æù. 
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 ąwĊ³ ą½ÿ¹1   øöÝ ¡wýwĊ{õv 

  ǽȌǀǶơ ǱƠǶȄƗ ǹȂ ǼȅǶƢǠǫǶơ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ .ǵƷơǂǺ ǆǻƻ ǽǺ ƩƢǾƢȍƦǶơ ǹǷǟ ƧƢȍƷ ƧǁȄƽ ǼȅǳƬƫ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ νȂ ǆǻƼǶơ ƩơȅǘƼǶơ ȀǀȂ .ǵƷơǂǻǶơ ȀǀȂ ǽǺ ȊƗ ƔơƽƗ ǹȃǿψǻȌ: 

Á  Ƕơ ǷƷǂǻƨ   ơ ˪ ǶȄ λ  : ƩƢǾƢȍƦǶơ ǞǻƳ 
  νƷȅȌ ƢǻǲƍǹǇ˪ơ    ǽȍȌ˫Ǻ ǼȅǺƾƼƬǈǻǶơ ξǌǿȌ .ƩƢǾƢȍƦǶơ ǞǻƳ ȁȍǪ ǹƬȌ ȊǀǶơ ǼƢψǻǶơ ȅȂ ơǀȂ

  ǴƢǇǁƛȄ ƧǁȅǏ ǵȍǻƸƫȄ ƮƸƥ ƔơǂƳƛȄ ȁȍǷǟ ǂǯǿǶơ ǹƬȌ ǖƥơǁ ǵǲ ƨǪƢǓƛ ǹƬȌ .ǸȅȌ ǵǲ ƩƢǾƢȍƦǶơ
  ơǀȂ λǷǟ .ƩƢǾƢȍƦǶơ ǝƽȅƬǈǺ λǶƛ ƨǶƢǇǁƍȅƸǿǶơ    ƪǈȍǶ ƩƢǾƢȍƦǶơ ǞǻƳ ƨȍǷǻǟ ǼƜǪƨǷȃǇ ƤƴȌ .
ǂǌǻǶƢƥ ƨǷǐǶơ Ʃơƿ ƩƢǾƢȍƦǶơ ƾȌƾƸƫ ǂǪȅƬƫ .ƩƢǾƢȍƦǶơ ǞǻƳ ǞǮȅǺ ƾȌƾƸƫ ƨǻȃǺ Ƣ˻ǔȌƗ ǰƢǿȂ .ǝȄ

  ƩƢǟ˫ǘƬǇơȄ ƨȌǁƢƦƻ˨ơ ǞǮơȅǻǶơ Ǵ˫ƻ ǽǺ ƪǾǂƬǾ˨ơ ǂƦǟ ƩƢǾƢȍƦǶơ ǁƽƢǐǺ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ
νǟƢǻƬƳ˪ơ ǵǏơȅƬǶơ ǵƟƢǇȄȄ ǞǮȅǻǶơ λǷǟ ǱǶƿ λǶƛ ƢǺȄ ȊƗǂǶơ. 

Á  Ƕơ ǷƷǂǻƨ   ƨȍǾƢưǶơ  : ƩƢǾƢȍƦǶơ ǩȍǜǿƫ 
 ǹǶƢǟ λǷǟ ƤƴȌ .ƨǻǜǿǺ ǂȍǣ λǶȄ˦ơ ƨǷƷǂǻǶơ ʣƢȃǠǻƳ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǼƗ ƨǪǂǠǺ ǹȃǻǶơ ǽǺ

  ƩƢǾƢȍƥ) ƩƢǔǮƢǿƫ ȊƗ ǽǟ ƮƸƦǶơ νǿǠȌ ơǀȂ .ƢȃǫȍǿǐƫȄ ǸƢƼǶơ ƩƢǾƢȍƦǶơ ƨȍǯǿƫ ƩƢǾƢȍƦǶơ ƍƧǁǂψǺ  
  ƩƢǾƢȍƥƍƧƿƢǋ    ǸƢȃǻǶơ ƤƦǈƥ .ƨȍǶƢƬǶơ ƩơȅǘƼǶơ ʣƔƢǘƻƗ ȊƗ Ƥǿƴƫ ǵƳƗ ǽǺ ƩƢǾƢȍƦǶơ ʣ(ƺǶƛ

ƢȂǀȍǫǿƫ ǹƬȌ νƬǶơ ƍ    ǝȄǂǌǺ ʣ̿˫ȌȅǗ ƢŻƬǮȄ ǬǂǤƬǈȌ ȊǀǶơ ƔǄƴǶơ νȂ ƨȍǾƢưǶơ ƨǷƷǂǻǶơ Ǽȅǳƫ ƢǺ ƧƽƢǟ
νǻǷǟ. 

Á  Ƕơ ǷƷǂǻƨ   ƨưǶƢưǶơ  : ƩƢǾƢȍƦǶơ Ƥȍǯǿƫ 
ǾƢȍƦǶơ ƔƢǻǷǟ ǸȅǯȌ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǩȍǜǿƫ ƾǠƥ ǵȍǷƸƬǶơ ƗƾƦȌ  ǴȅǐƸǷǶ ƩƢǾƢȍƦǶơ ǎƸǫƥ ƩƢ

  ǂǘȍǈȌ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ʣƨȍǈȍƟǂǶơ ƩƢȂƢƴƫ˪ơȄ ǕƢǻǾ˦ơ ǽǟ ǞǇȄƗ ƧǂǳǪ λǷǟ ǵȍưǻƬǶơ
νƟǂǻǶơ    ǖǷǈȌ .ƨǷƷǂǻǶơ ȀǀȂ λǷǟ νƟƢǐƷ˨ơ ǵȍǷƸƬǶơȄƤȍǯǿƫ    ǕƢǯǿǶơ λǷǟ ƔȅǔǶơ ƩƢǾƢȍƦǶơ

  ƩơȄƽƗ ƶǻǈƫ .ǵȍǷƸƬǶơ ǽǺ ƾȌǄǺ λǶƛ ƱƢƬƸƫ νƬǶơƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ Ƣ˻ǔȌƗ  ƔƢǻǷǠ
ǂƦǲƗ ǵψǌƥ ƨǷǻȃǻǶơ ǂǏƢǿǠǶơ ǨƢǌǳƬǇơȄ ǵȍƴǈƬƥ ƩƢǾƢȍƦǶơ. 

Á  Ƕơ ǷƷǂǻƨ   ƨǠƥơǂǶơ  : ƩƢǾƢȍƦǶơ ƨƳǀǻǾ 
  ƩƢǾƢȍƦǶơ ǂǏƢǿǟ ǽȍƥ ƨǮ˫ǠǶơ ǹȃǪ ȁǾƛ .ƩƢǾƢȍƦǶơ ǸȅǷǟ ʣƮƸƦǶơ ƤȍǶƢǇƗ ǹȍǻǏ ʣνȂ ƨƳǀǻǿǶơ

  ƨƳǀǻǾ Ǵ˫ƻ ǽǺ .ƢȃǘȍǘƼƫȄƍƩƢǾƢȍƦǶơ    ǂưǲ˦ơ ǂǏƢǿǠǶơ ǵǟƢǫƬƫ ǩȍǲ ƩƢǾƢȍƦǶơ ǹǶƢǟ ȆǂȌ
 Ǵ˫ƻ ǽǺ ƨƳǀǻǿǶơ ȀǀȂ Ǽȅǳƫ ǼƗ ǽψǻȌ .ƱƿȅǻǾ ƔƢǿƦǶ ǬǂǗ Ƨƾǟ ǰƢǿȂ .Ƣ˻ǠǺ ǞǻƴƬƫȄ ƨȍǻȂƗ

 
1  Life Cycle 
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ơ ǹǷǠƬǶơ ƤȍǶƢǇƗ  ʣƩƢǾƢȍƦǶơ ǹǶƢǟ ƗƾƦȌ ƨƳǀǻǿǶơ ƾǠƥ ǖǯǪ .ƨȍƟƢǐƷ˨ơ ƨƳǀǻǿǶơ ȄƗ νǶˤ
ƢȃǿǺ ȆƙǂǶơ Ǎ˫ƼƬǇơ . 

Á  Ƕơ ǷƷǂǻ ƨǈǺƢƼǶơ ƨ  ǂʒǈǫƫ : ƩƢǾƢȍƦǶơ 
  ǽǺ ȆǄǤǺ Ʃơƿ Ȇƙǁ Ǎ˫ƼƬǇơ ƽǂƴǻƥ ƍƩƢǾƢȍƦǶơ   ƧǁȄƽ ʣƧǂȍƻ˦ơ ƧȅǘƼǷǶ ƪǮȅǶơ ǼƢƷ ƾǯǪ

  ǹǷǟ ƧƢȍƷƍƩƢǾƢȍƦǶơ   ǌƬǲơ ǀȍǫǿƫ ƾȌǂƫ ƪǿǲ ơƿƛ .ƩƢǾƢȍƦǶơ ǂȍǈǫƫ νȂȄ  ǱƫƢǪƢƍƨǻȍǯǶơ    ǼƗ ƤƴȍǪ
  ƨƸǷǐǻǶơ ƣƢƸǏƗ ǽψǻƬȌ λƬƷ ƨǺȅȃǫǺȄ ƨƥơǀƳ ƨǯȌǂǘƥ ǁƢǳǪ˦ơ ȀǀȂ ǹȌƾǯƫ λǷǟ ơ˻ǁƽƢǮ Ǽȅǳƫ

 .ƨǶȅȃǈƥ ƢȃǻȃǪ ǽǺ ǝȄǂǌǻǶơ νǪ 

 ¡wýwĊ{õv øõwÝ 

 Ʃ˫ψǌǻǶơ ǵƸǶ ƨȍǿǯƬǶơ ƩơǁƢȃǻǶơ ǹȃȌƾǶ ǽȌǀǶơ ƩƢǾƢȍƦǶơ νǷǷƸǺ ǽǺ ƾȌƾƳ ǵȍƳ ǹȂ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ
  ǴȅǔǪ ǹȃȌƾǶȄ ƧƾǯǠǻǶơ  ǹǶƢǟ ƨǻȃǺ ǵưǻƬƫ .ǵƷ λǶƛ ƱƢƬƸƫ νƬǶơ Ʃ˫ψǌǻǶơ ǨƢǌƬǲ˪ Ƣ˻ǔȌƗ

 Ƣǻƥ ƍ ƨǺƾǯƬǻǶơ ƨȍǷȍǷƸƬǶơ ƩƢȍǿǯƬǶơ ǸơƾƼƬǇơ ƤǷǘƬȌ ơǀȂȄ .ƨǮƽ ǂưǲ˦ơ ƩơƚƦǿƬǶơ ǵǻǟ νǪ ƩƢǾƢȍƦǶơ
  ƍ ƨȌƾȍǷǯƫ ƨȍǿǪ ǁơȄƽƗ Ƨƾǟ ǽǺ ƲȌǄǺ ȅȂ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǁȄƽ .ƨȌƚƦǿƬǶơ ƨƳǀǻǿǶơȄ νǶˤơ ǹǷǠƬǶơ ǱǶƿ νǪ

ǹǶƢǟ ǱǶƿ νǪ Ƣǻƥ   ǂȍưψǶƢƥ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǚƸȌ ǹǶ .ǂƫȅȍƦǻψǶơ νƟƢǐƻƗȄ νƟƢǐƷ˨ơȄ ƩƢȍǓƢȌǂǶơ
  νǪ Ǽˤơ ƩƢǲǂǌǶơ ǂǳǫƫ ǩȍǲ ǆǳǠƫ ƨƠƳƢǫǻǶơ ǹȃƬȍƦǠǋ ǽψǶ ƍ ǽǺǄǶơ ǽǺ ƾǯǟ ǵƦǮ ǸƢǻƬȂ˪ơ ǽǺ
 ǹƴǿǺ ơǀȂ .ƢȃǾƢȍǈǾȄ ƨǷψȍȃǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǽǺ ǂȍưψǶơ ǵȂƢƴƫ ǼƢψǺ˨Ƣƥ ƾǠȌ ǹǶ .ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ

 ǈȌ νǓơǂƬǪơ ƤȂƿƩơƽơǂȌ˨ơ ƧƽƢȌǃ λǷǟ ƾǟƢ . 
 Ɣƾƥ ǞǺ ǽψǶȄ .ƩƢǾƢȍƥ νǷǷƸǺ ȄƗ ǽȍȍƟƢǐƷƜǲ ƨȍǿȃǻǶơ ǹȃƫƢȍƷ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǽǺ ƾȌƾǠǶơ Ɨƾƥ

  ȀǀȂ ƩƗƾƥ ƍ (ƨƴǶƢǠǻǶơ ƩƢȍǿǯƫȄ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǽȌǄƼƫȄ) ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǁȅǘƫǁơȄƽ˪ơ    νǪ
ƩƢǺȅǷǠǻǶơ ƢȍƳȅǶȅǿǳƫ ƨƴǶƢǠǻǶ ƨȍǫǷƻ ƽǂƴǺ ƩƢǾƢȍƦǶơ ƾǠƫ ǹǶ .ǁȅǘƬǶơ  ƨȍǇƢǇƗ ƩƢǺȅǷǠǺ ȀǀȂ .

  ƧƾȌƾƳ ǬǂǗ λǶƛ ƧǁȅǘƬǻǶơ ƨȍƳȅǶȅǿǳƬǶơ ǁƢǳǪ˦ơ ƨǻƳǂƬǶ ƧǁƢȃǺȄ νǟơƾƥ˨ơ ǴȅǔǫǶơȄ ǵȍǷƸƬǶơ ƤǷǘƬƫ
ƧƽƢǫƬǇ˫Ƕ. 

  ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇ˪ ǬǂǪ νǪ ŻƧƽƢǟ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǵǻǠȌ ƍ ǴƢǻǟ˦ơ ǴƢƴǺ νǪ
 ǂǪ ƾȌƾƸƫȄ Ɣ˫ǻǠǶơ ǰȅǷǈƥ ƚƦǿƬǷǶ ƢȃǺơƾƼƬǇơ ǽψǻȌ νƬǶơ ƩƢǺȅǷǠǻǷǶ  νǪ .ƧƾȌƾƴǶơ ǁƢǻưƬǇ˪ơ Ǎ

 ƍ ƩƢǾƢȍƦǶơ ǞǻƴǶ ǬǂǘǶơ ǵǔǪƗ ƾȌƾƸƬƥ Ƣ˻ǔȌƗ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǩȍǷǳƫ ǹƬȌ ƍ ƩƢǈǇƚǻǶơ ǽǺ ƾȌƾǠǶơ
ƢȂǂȍǈǫƫȄ ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ƩơȄƽƗ ǸơƾƼƬǇƢƥ.   

  ¡wýwĊ{õv ąwĊ³ ą½ÿ¹ ¡wýwĊ{õv iwúöÝ ¾ĉºĉIwĄöúímz    ôĊö´¤õv Ĕõp øĊÚþ¤õvÿ ÜĊú¬¤õv üù
  ¡wýwĊ{õv øĊĊê¤z ûĀùĀêĉ øĄýl ĈþÞĉ v¼ăÿ )ĆĊåv¾Ê¤Åv ûĀî£ wù ą¹wÝ øĄ¤ĉn½ )¾ĊÆæ¤õvÿ
  ¡v¾ĊĊâ¤öõ ÃwÅmí wĄùvº¸¤Åv üîúĉ Ĉ¤õv ½wîåčv ©v¾¸¤Åvÿ ĆöÎõv ¡v» ĆêzwÆõv
  ÜÑĀz  ¡wúÚþúöõ  ²úÆĉ  v¼ă  )¡wăw¬£đv  ÿl  ìöĄ¤Æúõv  ëĀöÅ  Ĉå  Ćöú¤´úõv

 wĊ¬Ċ£v¾¤Åv ēºúõv ĆöĉĀÕ ¡ ) 
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 ÃºþĄùõv ¡wýwĊ{ 

  ƩƢǲǂǌǶơ ǹǜǠǺ Ǹȅǯƫ .ƢȃȍǶƛ ǴȅǏȅǶơ ȁǿψǻȌ νƬǶơ ƩƢǾƢȍƦǶơ ǵưǺ ơŻƾȍƳ ƾȍƴǶơ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǼȅψȌ
  ȁȍǪ νƫƘȌ ȊǀǶơ ǼƢψǻǶơ ȅȂ ơǀȂ .ƨȍǐǾ ƩƢǫǷǺȄ ƩƢǾƢȍƥ ƾǟơȅǮ ʣƨǫǷƬƼǺ ƩƢǯȍǈǿƬƥ ƢȃƫƢǾƢȍƥ ǽȌǄƼƬƥ

  ȅǇƾǿȃǺƒƩƢǾƢȍƦǶơ    ƔƢǻǷǠǶ ǽψǻȌ ƩƢǯȍǈǿƫ λǶƛ ƩƢǾƢȍƦǶơ ȀǀȂ ǴȅƸȌ ƤȍƥƢǾƗ ǖƻ ƔƢǿƦƥ ǼȅǺȅǯȌ
  .ƨȍǷȍǤǌƬǶơ ȄƗ ƨȍǷȍǷƸƬǶơ ƩƢǺơƾƼƬǇ˫Ƕ ƩƢǾƢȍƦǶơ ǂȍǪȅƫ νȂ ƨȍǈȍƟǂǶơ ǹȃƬǻȃǺ .ƢȃǺơƾƼƬǇơ ƩƢǾƢȍƦǶơ
  ǴȅǏȅǶơ ǵȍȃǈƫ ȅȂ ǹȃǪƾȂ .Ʃ˫ȍǷƸƬǶơ ƩƢǯȍƦǘƫ ʣƢȃǺơƾƼƬǇơȄ ƢȃǷȍǷƸƫȄ ƩƢǾƢȍƦǶơ ƲǺƾƥ ǼȅǺȅǯȌ

ƫȄ ƩƢǾƢȍƦǶơ λǶƛ  ǽȍǈƸǹƬǈȍǇȅψȌ˪ơ    ǼȅǷǯȌ ˪ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ .ǹȃƬǈǇƚǻǶ ƨǻƼǔǶơ ƩƢǾƢȍƦǷǶ
  ƔƢǻǷǟ ǽǟ ƨȍǻȂƗƍƩƢǾƢȍƦǶơ  Ƣ˻ƷȅǓȄ ǵǮƗ ǼȅǾȅψȌ ƢǺ ƧƽƢǟ ǹȃǿψǶ . 

  äÊî¤Æĉ wúþĊzøöÝ    Ă«ÿ ĔöÝ ¡wýwĊ{õv ¡wýwĊ{õv iwúöÝÿ ¡wýwĊ{õvIºĉº´¤õv    ēn½ ¹w¬ĉpÿ
IwĄýmÊz    øöÞ¤õv  ¡wĊù¿½vĀ·  iwþzÿIĈõċv    ā¼ă  ĆæĊÙĀz  ¡wýwĊ{õv  ÃºþĄù  ø¤Ąĉ

  )¡wýwĊ{õv ÓĀÖ¸õ ĆĊ¤´¤õv ĆĊþ{õvÿ ©w¤ýĐõ ĆĊ¤´¤õv ĆĊþ{õv Ĉå ¡wĊù¿½vĀ¸õvIĈõw¤õwzÿ    ûqå
  èöÞ¤ù Ûÿ¾Êù ćl ÿl ¡wýwĊ{õv ÷ĀöÝ èĉ¾å Ĉå ĈÅºþă ½ÿ¹ Ăõ ¡wýwĊ{õv ÃºþĄùI¡wýwĊ{õwz  

 þ{õv ą½v¹pÿ iwÊýp Ĕõp ©w¤´ĉ ¦Ċ³¡wýwĊ{õv ĆÎþúõ ĆĊ«ĀõĀþî¤õv ĆĊ¤´¤õv ĆĊ ) 

 ¡wýwĊ{õv ÃºþĄù ½ÿ¹ 

  ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǵƦǮ ǽǺ ƢȃǺơƾƼƬǇ˪ ƢȂƽơƾǟƛȄ ƩƢǾƢȍƦǶơ ǞǻƳ λǷǟ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ ǄǲǂȌ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨȍǈȍƟǁ ǁơȄƽƗ ƨƯ˫Ư ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ ǀƻƘȌ .ǽȍǷǷƸǻǶơȄ : 

Á  ǸƢǟ ǂȍƦƻ:    ǼȅǾȅψȌ ƾǮ .ƧǂȍǤǏ ǬǂǪ νǪ ǸƢǟ ǵψǌƥ ǼȄǄΠǲǂǻǶơ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ ǵǻǠȌ ƢǺ ƧƽƢǟ
  ǹǶƢǟ ƤǇƢǿƬȌ .ǹǜǿǶơ ƨǇƾǿȃƥ ǵǮƗ ƨǪǂǠǺ ǹȃȌƾǶ ǽψǶ ƍ ƩƢǾƢȍƦǶơ νǇƾǿȃǺ ǹǜǠǺ ǽǺ ƧǁƢȃǺ ǂưǲƗ
  ƍ ƩƢǾƢȍƥ ǅƾǿȃǺ ǼȄƾƥ .ǸƢǠǶơ ǂȍƦƼǶơ ǁȄƽ ǞǺ ƾȍƳ ǵψǌƥ Ƣ˻ǇƾǿȃǺ ǼȅψȌ ǼƗ ƾȌǂȌ ȊǀǶơ ƩƢǾƢȍƦǶơ

 ǽȍǷǷƸǻǶơ ȆƾǶ ǆȍǶ    ǹȃǺ ȅǔǟ ȅȂ ƩƢǾƢȍƦǶơ ǅƾǿȃǺ ǼƜǪ ƍ ǹƯ ǽǺȄ .ȁǾȅǷǷƸȌ ƢǺ ƩƢǾƢȍƦǶơ ƔƢǻǷǟȄ
  ǭȌǂǪ νǪǹǷǟ  ƩƢǾƢȍƦǶơ . 

Á  ƤȍƥƢǾƗ ǖƻ ŷ ǁȅƸǻǶơ:    ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ ǵǻǠȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ǹƴƸǶơ ƨǘǇȅƬǻǶơ ƩƢǲǂǌǶơ νǪ
  ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ƧƽƢǫƬǇơ λǐǮƗ ǭȍǯƸƬǶ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǞǺ ƤǿƳ λǶƛ Ƣ˻ƦǿƳ Ɣ˪ƚȂ .ƢȃǠǻƳ

  λǷǟ ǽȌƾǻƬǠǻǶơ ǽȍǇƾǿȃǻǷǶ Ƣ˻ȌǁȄǂǓ ơ˻ǂǺƗ ƨǟǃȅǻǶơ ƨǻǜǾ˦ơȄ ǂƫȅȍƦǻψǶơ ǸȅǷǠƥ ƨǪǂǠǻǶơ ƾǠƫ
 .Ʃ˫ȍǷƸƬǶơ ȀǀȂ ǵưǺ ƔơǂƳ˨ ƤȍƥƢǾ˦ơ Ǖȅǘƻ 

Á  ƩƢǾƢȍƦǶơ ƧƾǟƢǮ ŷ Ƕơ:ǁȅƸǻ    ƩƢǾƢȍƥ ƾǟơȅǮ ǀȍǫǿƫ ǽǟ ǼȅǶȄƚǈǺ Ɣ˪ƚȂ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ
Ǫ ŻƧƽƢǟ ǁȄƾǶơ ơǀȂ ƾƳȅȌ .ƢȃǠȍǻƴƫȄ ƢȃƬǾƢȍǏȄ Ʃ˫ȍǷƸƬǶơ  ǞȌǃȅƫ ǹƬȌ ƮȍƷ ȆǂƦψǶơ ƩƢǲǂǌǶơ ν

 ȅǇƾǿȃǺ ǄǲǂȌȄ ƍ ǵǺƢǲ ǸơȄƾƥ ƨǫȍǛȄ νȂ ƩƢǾƢȍƦǶơ ǭǪƾƫ Ƨǁơƽƛ .ƧƽƾǠƬǺ ƩƢǾƢȍƥ ƾǟơȅǮ ǂƦǟ ƩƢǾƢȍƦǶơ
ƩƢǾƢȍƦǶơ ƧƾǟƢǮ Ʃ˫ȍǷƸƫ λǷǟ ǵǺƢψǶƢƥ ǁȄƾǶơ ơǀȂ νǪ ƩƢǾƢȍƦǶơ  . λǷǟ ƾǻƬǠȌ Ƣ˻ǇƾǿȃǺ ǱƬǫǐƥ
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Ȅ ƧƽƾǠƬǺ ƩƢǾƢȍƥ ƾǟơȅǮ λǷǟ ǵǻǠƫ ǼƗ ƤƴȌ ƍ ƩƢǾƢȍƦǶơ ƧƾǟƢǮ  ƧƾǟƢǮ νǪ ƩƢǾƢȍƥ ǴȄơƾƳ ǁȅǘƫ ǼƗ
ƩƢǾƢȍƥ. 

 ĆĊÅwÅčv ¡v½wĄúõvÿ ¡đw¬úõvĆÅv½ºöõ  ¡wýwĊ{õv øöÝ Ĉå 
  ȀƢǾƽƗ ƨƳǁƾǻǶơ .ƢȃǾƢǯƫ˨ Ʃ˪ƢƴǻǶơ ǩǷƬƼǺ νǪ ƧƔƢǫψǶơ ƤǷǘƬȌ ǞǇơȄ ƶǷǘǐǺ ȅȂ ƩƢǾƢȍƦǶơ ǹǷǟ

ƩƢǾƢȍƦǶơ ǹǷǟ ǼƢǯƫ˨ ƨǺǃ˫Ƕơ ƨȍǈȍƟǂǶơ ƤǾơȅƴǶơȄ Ʃ˪ƢƴǻǶơ ǒǠƥ νȂ: 

Ćõċv øöÞ£ 

  ǹǷǠƫ ƾǠȌ ƍ ƩƢǾƢȍƦǶơ ǹǶƢǠǶ ƨƦǈǿǶƢƥˤơǶƨ    νǪ νǶˤơ ǹǷǠƬǷǶ ƨȍǇƢǇ˦ơ ƧǂǳǫǶơ ǵưǻƬƫ .ƨȍǇƢǇƗ ƧǁƢȃǺ
  ǃƢȃƴǶƢƥ ƢȃƬȌǀǤƫ ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơ ƨǷƬǲ ǸơƾƼƬǇƢƥ ǵǯƬǈǺ ǵψǌƥ ǹǷǠƬǶƢƥ Ʃ˪˥Ƕ ƵƢǻǈǶơ
  λǷǟ ƧǁƾǯǶơ νǪ ǂǌƦǶơ ǵưǺ ǨǂǐƬǶơ λǷǟ Ʃ˪ˤơ ƤȌǁƾƫ ǹƬȌ ƍ ƢȍƳȅǶȅǿǳƬǶơ Ǹƾǯƫ ǞǺ .Ʃ˫ƻƾǻǲ

ǁơǂǯǶơ ƿƢƼƫơ  . 

 èĊúÞõv øöÞ¤õv 

  ǹǷǠƬǶơ ǬǂǗ ǽǺ ǂȍưψƥ ǵǔǪƗ ǵψǌƥ ǵǻǠƫ ƢȃǾ˦ .ƩƢǾƢȍƦǶơ ǹǷǟ νǪ ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƾƼƬǈȌ ƢǺ Ƣ˻ƦǶƢǣ
  ǹǷǠƬǶơ ƱǂƼƬǈȌ Ƣǻǿȍƥ ȁǾƗ ǴȅǯǶơ ǽψǻȌ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ ǞǺ νǶˤơ ǹǷǠƬǶơ ǞǺ ƨǾǁƢǯǻǶƢƥ .ƨȌƾȍǷǯƬǶơ νǶˤơ

  ƩƢǾƢȍƦǶơ ƨȍǿƥ ǽǺ Ƣ˻ȍƟƢǯǷƫ ƩơǄȍǻǶơ ǭȍǻǠǶơ  ơƿƛȄ ƍ νǶˤơ ǹǷǠƬǶơ ǭȌǂǗ ǽǟ Ƣ˻ȌȄƾȌ ǱǶƿ ǹƬȌ ǼƗ ƤƴȌ ƍ
  ǴȄƢǿƬƫ ǼƗ ƤƴȌ ƲǺǂƦǻǶơ ȄƗ ǂȍƦƼǶơ ǼƜǪ ƍ ǁơǂǯǶơ ǞǿǏ ƨȍǷǻǟ νǪ ƨƸȍƸǏ ǂȍǣ ƩơƚƦǿƬƥ ǸȅǯȌ ǼƢǲ

ƨƷơǂǏ ƨǷψǌǻǶơ ȀǀȂ. 

 ¡wĊÑwĉ¾õv 

  .ƩƢȍǓƢȌǂǶƢƥ ƨǯȍǻǟ ƨǪǂǠǺ ƩƢǾƢȍƦǶơ ǹǶƢǟ ȆƾǶ ǼȅψȌ ǼƗ ƤƴȌ ƍνǶˤơ ǹǷǠƬǶơ ƩơǁƢȃǺ ǽȍǈƸƬǶ
  ǼƢǟȅǓȅǺ  νǪ .ƣƢǈƸǶơȄ ǂƦƴǶơ ƢǻȂ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ ǭȍƦǘƬǶơ ƮȍƷ ǽǺ ƩƢȍǓƢȌǂǶơ νǪ ǼƢǻȃǺ

  ƨȍǓƢȌǂǶơ ƨǇơǁƾǶơ ȅȂ ƣƢǈƸǶơ ǼƜǪ ƍ ƨȍǘƼǶơ ǩƟƢǛȅǶơȄ ƩƢȃƴƬǻǶơ ƨǇơǁƽ ǴȅƷ ǁȄƾȌ ǂƦƴǶơ ǼƗ ǽȍƷ
  ƾȌƾǠǶơ νǪ ƩƢȃƴƬǻǶơȄ ƩơǂƫȅǻǶơ ǵưǺ ƨȌǂƦƴǶơ ǹȍȂƢǫǻǶơ ǽǺ ƾȌƾǠǶơ ǸơƾƼƬǇơ ǹƬȌ .ǂǻƬǈǻǶơ ǂȍǤƬǷǶ

  Ʃ˪ƢƴǺ ǽǺ  ƍνǶˤơ ǹǷǠƬǶơ ǽǺ ƨǫǷƬƼǺ Ʃ˪ƢƴǺ νǪ ƨƥȅǷǘǺ ƩƢƥƢǈƸǶơ ǼƜǪ ƍ ǵưǻǶƢƥȄ .νǶˤơ ǹǷǠƬǶơ
ǽȍǈƸƬǶơ ƩƢȍǿǯƫ ǵưǺ . 
 ĆĊõwú¤³đvÿ iwÎ³đv 

  ǹǶƢǠǶơ  ȅȂ ƨǟȅǻƴǻǶ ƢŻǯǪȄ ȁǾƗ νǿǠȌ ơǀȂ ƒ ƨȍǶƢǻƬƷ˪ơ ƩƢǾƢȍƦǶơ ǞǺ ǵǻǠǾ ǽƸǾ ǱǶǀǶ ƍ νǶƢǻƬƷơ ǹǶƢǟ
ƩƢǾƢȍƦǶơ ǱǶ ǂȃǜƬǇ ƍ ƨȍǇƢǇ˦ơ ƩƢƦǷǘƬǻǶơ ǽǺ ƧƽƾƸǺ    ǹǷǟ ǸơƾƼƬǇ˪ .ǖǯǪ ƪǮȅǶơ ǽǺ ơ˻ƔǄƳ

 ƔƢǐƷ˨ơ .ƩơƔƢǐƷ˨ơȄ Ʃ˪ƢǻƬƷ˪Ƣƥ ƨȌơǁƽ λǷǟ ƔǂǻǶơ ǼȅψȌ ǼƗ ƤƴȌ ƍ ƶȍƸǏ ǵψǌƥ ƩƢǾƢȍƦǶơ
ƨȌǁȄǂǓ ǴƢƴǻǶơ ơǀȂ νǪ ƧƾȍƴǶơ ƨǪǂǠǻǶơȄ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ ƨȍǇƢǇ˦ơ ƩƢƦǷǘƬǻǶơ ǽǺ Ʃ˪ƢǻƬƷ˪ơȄ . 
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 ĆĊÞĊ{Öõv Ćâöõv Ć¬õwÞù 

  ƾǠƫ ƍ ƩƢǾƢȍƦǶơ ǹǷǟ ǴƢƴǺ νǪ  νǪ ƨǠǇơȄ ƩƢǯȍƦǘƫ ǞǺ ƨȌƢǤǷǶ Ƣ˻ǻȃǺ ƢŻǾȅψǺ ƨȍǠȍƦǘǶơ ƨǤǷǶơ ƨƴǶƢǠǺ
  Ʃ˪ˤơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ ƍ ƨǤǷǶơ ǹȃǪ ǂǌƦǶơ λǷǟ ǵȃǈǶơ ǽǺ .ƩƢǲǂǌǶơȄ ƨǟƢǿǐǶơ ƩƢǟƢǘǮ ǩǷƬƼǺ
  ƔƢǲǀǶơ ǝȄǂǪ ǽǺ ǝǂǪ νȂ ƨȍǠȍƦǘǶơ ƨǤǷǶơ ƨƴǶƢǠǺ .ŽǨƢǲ ǵψǌƥ ƢȃȍǷǟ ǨǂǠƬǶơ λǷǟ ƧǁƽƢǮ ǂȍǣ

  ƧȅƴǫǶơ ƾǇ λǷǟ ǄǲǂȌ νǟƢǿǘǏ˪ơ  ǂȍǈǫƬǶơ ǽǺ ƨǶˤơ ǽȍψǻƬǶ ƨǶˤơȄ ǼƢǈǾ˨ơ ǽȍƥ ǵǏơȅƬǶơ ǽȍƥ
ǹȃǫǶơȄ. 

õv Ï¾Þõv Ĉt¾ú ¡wýwĊ{öõ 

  ƾǠȌǂȌȅǐƫ    Ǒǂǟ νƸȍǓȅƬǶơ ǹǇǂǶơ ǽǻǔƬȌ ƍ ƨǗƢǈƦƥ .ƩƢǾƢȍƦǶơ ǹǷǟ ǝȄǂǪ ǹȂƗ ƾƷƗ ƩƢǾƢȍƦǶơ
  ƨȍǾƢȍƥ ǸȅǇǁ ǵψǋ νǪ ƩƢǾƢȍƦǶơƩƢǘǘƼǺȄ  ƨȍǾƢȍƥ. 

Ć¬ù¾{õv Ćâõ 

ƢǓ˨Ƣƥ ƍ ƩƢǾƢȍƦǶơ ǹǶƢǟ ǞƬǻƬȌ ǼƗ ƤƴȌ  νǪ ƧƔƢǫψǶơ ǵưǺ ƨȍǇƢǇ˦ơ ǂƫȅȍƦǻψǶơ ƩơǁƢȃǺ λǶƛ ƨǪ
Microsoft Excel    ƩƢǾƢȍƦǶơ ǞǺ ǵǻǠǷǶ ƢȃǺơƾƼƬǇơ ǽǺ ǽψǻƬȌ λƬƷ ƨƴǺǂƦǶơ ƩơǁƢȃǻƥ ƍ

  ƨƴǶƢǠǻǶơ)νƟǂǻǶơ ǵȍưǻƬǶơȄ    ǹǷǠƬǶơ ƩơǁƢȃǺȄ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơȄ (ǱǶƿ λǶƛ ƢǺȄ ǭȍǻǠǶơ    νǪ
 .ǝȄǂǌǻǶơ ǀȍǫǿƫ 

 ¡wĊù¿½vĀ¸õv 

 ǞȍǻƳ Ǽ˦ ơ˻ǂǜǾ  ȆƾǶ ǼȅψȌ ǼƗ ơŻƾƳ ȊǁȄǂǔǶơ ǽǻǪ ƍ ƩƢȍǺǃǁơȅƼǶơ λǷǟ ƾǻƬǠƫ νǶˤơ ǹǷǠƬǶơ ƨǻǜǾƗ
Ƣȃǻȍǻǐƫ ƨȍǫȍǲȄ ƩƢȍǺǃǁơȅƼǷǶ νǇƢǇƗ ǹȃǪ ƩƢǾƢȍƦǶơ ǹǶƢǟ. 

êĊ{Ö£¡w   ¡wýwĊ{õv øöÝ 
  ǹȃǻǶơ ǽǺ ƍ ȁǶ ƨǺǃ˫Ƕơ ƩơǁƢȃǻǶơȄ ƨȍǇƢǇ˦ơ ƩƢƦǷǘƬǻǶơȄ ƩƢǾƢȍƦǶơ ǹǷǟ ƨȍǻȂƗ ƪǪǂǟ ǼƗ ƾǠƥ Ǽˤơ

  ǽψǻȌ ǩȍǲ ǨǂǠƫ ǼƗ ƩƢǾƢȍƦǶơ ǹǷǟ ǂ˿ȍǣ ǩȍǲ ȆǂǿǇȄ ƍ νǯȍǯƸǶơ ǹǶƢǠǶơ νǪ ƩƢǾƢȍƦǶơ ǹǷǟ ǸơƾƼƬǇơ
ƢȃƫƢǯȍƦǘƫ ǽǟ ƾȌǄǻǶơ ƨǪǂǠǻǶ ƩƢǾƢȍƦǶơ ǸȅǷǟ ƩƢǯȍƦǘƬƥ ƨǻƟƢǮ ǱȍǶƛ ƍ ǱǶǀǶ .ǸȅȍǶơ ǹǶƢǠǶơ : 

¡ĒÍvĀúõv 

  ƾǯǶ .ƧƽƢȍǯǶơ ƨȍƫơƿ ƩơǁƢȍǈǶơ ǴƢƻƽƛ ȅȂ ǵǯǿǶơ ǴƢƴǺ νǪ ƩƢǾƢȍƦǶơ ǹǷǟ ȁǯǯƷ ǂȌȅǘƫ ȄƗ Ǹƾǯƫ ǹȂƗ
ǹǷǟ ǆǇƗ    ǰ˫ȃƬǇơ ǕƢǻǾ˦ ǩưψǻǶơ ǵȍǷƸƬǶơ Ǵ˫ƻ ǽǺ ǵǯǿǶơ ƨǟƢǿǏ νǪ ȊȅǮ ǸƾǮ ξǗȅǺ ƩƢǾƢȍƦǶơ

  ƍǽȍǯƟƢǈǷǶ ƢŻǾƢǺƗ ǂưǲƗ ƧƽƢȍǮ ƩƢƠȍƥ ǂȍǪȅƫȄ ƍ ǭƟƢǈǶơ ǰȅǷǇȄ ƨƦǲǂǻǷǶ ƨǘǌǿǶơ ƨƦǮơǂǻǶơȄ ƍ ƽȅǮȅǶơ
 ǃǄǠǻǶơ ǹǷǠƬǶơ ǸơƾƼƬǇƢƥ .ǱǶƿ ǂȍǣȄ ƩơǁƢȍǈǶơ λǶƛ ƨȍǶ˫ǯƬǇ˪ơ ƨǪƢǓƛȄ ƍ ƧǁƢȍǈǶơ ƔơƽƗ ǽȍǈƸƫȄ

˪ơȄǵǔǪƗ ƨȍǯǘǿǺ ƢŻǮǂǗȄ ˻ƔƢǲƿ ǂưǲƗ ƩơǁƢȍǇ ƔƢǿƥ ƩơǁƢȍǈǶơ ƨǟƢǿǏ ƩƢǲǂǌǶ ǽψǻȌ ƍ ƨȍǶ˫ǯƬǇ. 
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 ówĊ¤³đvÿ ¾Õw¸úõv äÊí 

  ƨȍǶƢǻǶơ ƩƢǈǇƚǻǶơ ǽǺ ƾȌƾǠǶơ ƪǾƢǲ .ǨǁƢǐǻǶơȄ ǵȌȅǻƬǶơ νǪ ƧǂǺ ǴȄ˦ ƩƢǾƢȍƦǶơ ǹǷǟ ǸơƾƼƬǇơ ǹƫ
  ǁƢƦƬǟơ ǹƫ ƍ ǱǶǀǶ .ǸƢǟ ǵǲ ƨȌƢȃǾ νǪ ǼȅȌƾǶƢƥ ƨǷǯưǺƤȍǶƢǇơ  ƢǾƢȍƦǶơ ǹǷǟ ƨȍǶƢǻƬƷơ ǵȍǷƸƬǶ .ǵƸǲ Ʃ

  ƩơǂȍǤƬǻǶơȄ ƨǯƥƢǈǶơ ǩȍǶƢǳƬǶơȄ ǵȍǻǠǶơ ƩƢǫǏơȅǺ λǷǟ ˻ƔƢǿƥ ƩƢǾƢȍƦǶơ ǵǐǪ ơȅǻǷǠƫ ƍ ǂǗƢƼǻǶơ
 ǵǲ ǵȍǻǟ ǵǲ ƩơƽơǂȌƛ λǷǟ ˻ƔƢǿƥ ǨƾȃƬǈǻǶơ ǭȌȅǈƬǶƢƥ ǸƢȍǯǶơ ǹȃǿψǻȌ ƍ νǶƢƬǶƢƥȄ .Ȇǂƻ˦ơ ƨȌǁȄǂǔǶơ

ǸƢǟ. 

ÿ Ć§v½Āõv øöÝĆĊ§v½Āõv ¡wþĊ¬õv 

  ǹǷǟ ƾǟƢǈȌ ȁǿǺ ǑǂǤǶơȄ .ƨǫǷƬƼǻǶơ ƨȌȄƽ˧Ƕ ƩƢǿȍƴǶơ ƨƥƢƴƬǇơ ǵȍǷƸƫ λǷǟ ƔƢȍƷ˦ơ ƔƢǻǷǟ ƩƢǾƢȍƦǶơ
  ǖƥơȄǁ ƽƢƴȌƛ λǶƛ λǠǈȌ ȊǀǶơȄ ƍǎƼǌǶơ ƨƸǏ λǷǟ ȊȄȅǿǶơ ǒǻƸǶơ ǂȍƯƘƫ ƨǇơǁƽȄ ǹȃǪ ȅȂ

ƨȌȄƽ˧Ƕ ƩƢƥƢƴƬǇ˪ơȄ ƩƢǿȍƴǶơȄ ǑơǂǺ˦ơ ǽȍƥ ƨȍƳȅǶȅȍƥ . 

 Ćĉÿ¹đv ¾ĉĀÖ£ 

  ƮƸƦǶơ ǽǺ ƩơȅǿǇ ƾȌƾƳ ƔơȄƽ ǨƢǌƬǲơ ƤǷǘƬȌ  ƨȌƢȃǿǶơ νǪȄ ƱƢƬǾ˨ơ ƨǷƷǂǺ λǶƛ ǴȅǏȅǷǶ ǁƢƦƬƻ˪ơȄ
  νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǽψǻȌ .λǓǂǻǷǶ ƩƢȍǫǌƬǈǻǶơȄ ƨȍƦǘǶơ ǂƳƢƬǻǷǶ ȁǐȍƻǂƫ ǹƬȌ
  ƨǺƾƼƬǈǻǶơ ƨȌȄƽ˦ơ ƩƢƦǲǂǻǶ νǶȄ˦ơ ǎƸǫǷǶ Ǹǃ˫Ƕơ ƪǮȅǶơ ǵȍǷǯƫȄ ƨȍǷǻǠǶơ ǖȍǈƦƬǶ ƩƢǾƢȍƦǶơ ǸȅǷǟȄ

ǁơȅƼǶơ ƘƦǿƬƫ ǼƗ ǽψǻȌ .ƨȌȄƽ˦ơ ƱƢƬǾƛ νǪ  ǹǈƴǶơ ƨƥƢƴƬǇơ ƨȍǫȍψƥ Ƣ˻ǔȌƗ ƩƢǾƢȍƦǶơ ǸȅǷǟȄ ƩƢȍǺǃ
  ǽǺ ǂȍưψƥ ǝǂǇƗ ơǀȂ .ƨǫǷƬƼǺ ƨȍǓƢȌǁȄ ƨȍƟƢǐƷƛ ƧƢǲƢƸǺȄ ƱƿƢǻǾ ǸơƾƼƬǇƢƥ ƨǿȍǠǺ ƨȍƟơȄƽ ƩƢƦǲǂǻǶ

  ƩơǁƢƦƬƻ˪ơƨȌǂƦƬƼǻǶơ  ƨǮƽ ǂưǲƗ ǵψǌƥ ƨȍǷƦǯƬǈǻǶơ ƲƟƢƬǿǶơ ǞǮȅƫ Ƣ˻ǔȌƗ ƱƿƢǻǿǷǶ ǽψǻȌ .ƨȌƾȍǷǯƬǶơ. 

ôÎæõv ĆÍĒ·  óÿđv 

Á   ƪƸƦǏƗ  ƿƢƼƫơ λǷǟ ƢȃƫƾǟƢǈǻǶ ƩƢǾƢȍƥ ƔƢǻǷǟ λǶƛ ƱƢƬƸƫȄ ƩƢǾƢȍƦǶơ λǷǟ ƾǻƬǠƫ ƩƢǟƢǿǐǶơ
.ǵǔǪƗ ƩƢƴƬǿǺ ƔƢǌǾƛȄ ˻ƔƢǲƿ ǂưǲƗ ƩơǁơǂǮ 

Á  .ƧƽȅƳȅǻǶơ ƩƢǾƢȍƦǶơ Ǵ˫ƻ ǽǺ ƩƢȍǷǻǠǶơ Ƶǂǋ ȅȂ ƩƢǾƢȍƦǶơ ǹǷǟ ǽǺ ǑǂǤǶơ 
Á   ǴȅǐƸǶơ ǹƫ νƬǶơ ƨǈǾƢƴƬǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǺ λǶƛ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǂȍǌƫ

Ƿǟ.ǁƽƢǐǻǶơ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ ǽǺ Ƣȃȍ 
Á   ǍƢƻ ǭȍƦǘƫ ǅƢǇ˦ơ νǪ νȂ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơǹǷǠǶ  .ƩƢǾƢȍƦǶơ 
Á   νǫǏȅǶơ ǵȍǷƸƬǶơ :ƾȍǯǠƬǶơ ƨƳǁƽ ƤǈƷ ƨȍǈȍƟǁ ƩƢƠǪ ǞƥǁƗ λǶƛ ǵȍǷƸƬǶơ ǬǂǗ ǹǈǯǿƫ

  ȊƚƦǿƬǶơȄ νǐȍƼǌƬǶơȄνȃȍƳȅƬǶơȄ. 
Á .ƨǮƽ ǂưǲ˦ơ ƩơƚƦǿƬǶơ ǵǻǟ νǪ ƩƢǾƢȍƦǶơ ǹǶƢǟ ƨǻȃǺ ǵưǻƬƫ 
Á ȍƦǶơ ǹǶƢǟ ǼȅψȌ.ƢȃȍǶƛ ǴȅǏȅǶơ ȁǿψǻȌ νƬǶơ ƩƢǾƢȍƦǶơ ǵưǺ ơŻƾȍƳ ƾȍƴǶơ ƩƢǾƢ 
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Á   νǷǷƸǺȄ ƔƢǻǷǠǶơ ǵƦǮ ǽǺ ƢȃǺơƾƼƬǇ˪ ƢȂƽơƾǟƛȄ ƩƢǾƢȍƦǶơ ǞǻƳ λǷǟ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺ ǄǲǂȌ
ƩƢǾƢȍƦǶơ. 

 ½¹wÎù  ĆĊåwÑvąiv¾êõv üù ºĉÀúõ 

Blum, A., Hopcroft, J., & Kannan, R. (2020). Foundations of data science. 

Cambridge University Press.  

Godsey, B. (2017). Think Like a Data Scientist: Tackle the data science 

process step-by-step. Simon and Schuster.  

Kotu, V., & Deshpande, B. (2018). Data science: concepts and practice. 

Morgan Kaufmann.  

Pearson, R. K. (2018). Exploratory data analysis using R. CRC Press.  

Peng, R. D., & Matsui, E. (2016). The Art of Data Science: A guide for 

anyone who works with Data. Skybrude consulting LLC.  

Pierson, L. (2021). Data science for dummies. John Wiley & Sons.  

Yu, K. (2019) . Data Science Foundations: Geometry and Topology of 

Complex Hierarchic Systems and Big Data Analytics. Boca Raton, FL: 

Chapman & Hall/CRC Press.  

O'Neil, C., & Schutt, R. (2013). Doing data science: Straight talk from the 

frontline. " O'Reilly Media, Inc." . 

Sharda, R., Delen, D., & Turban, E. (2020). Analytics, data science, & 

artificial intelligence: Systems for decision support. Pearson Education, 

Inc..  

Bruce, P., & Bruce, A. (2017). Practical statistics for data scientists: 50 

essential concepts. " O'Rei lly Media, Inc.".  

Dangeti, P. (2017). Statistics for machine learning. Packt Publishing Ltd.  

Irizarry, R. A. (2019). Introduction to data science: data analysis and 

prediction algorithms with R. CRC Press.  

Nandi, G., & Sharma, R. K. (2020). Data Science Fu ndamentals and 

Practical Approaches: Understand Why Data Science Is the Next. BPB 

Publications.  

Kroese, D. P., Botev, Z. I., Taimre, T., & Vaisman, R. (2019). Data science 

and machine learning: mathematical and statistical methods. Chapman 

and Hall/CRC.  

 

 



 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

ûĀ¨ĉwz Ĉå Ćùºêù2 
 

Á ûĀ¨ĉwz ½wĊ¤·v y{Å ¡wýwĊ{õv øöÝ Ĉå ) 
Á ûĀ¨ĉwz Ĉå Ć¬ù¾{õv øĊăwæù) 
Á  Ćùºêù Ĉå Ć{¤îùNumPy 

vđ5ãvºă    



 
41   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

 ûĀ¨ĉwz Ćâõ Ĉă wùK 

  ƩƢǾƢȍƥ ǹǶƢǠǲƍƾȌƾƳ   νƬǶơ ƩƢǤǷǶơ ǞȍǻƳ ǽȍƥ ǽǺ .ƢȃǻǷǠƫ λǶƛ ƱƢƬƸƫ νƬǶơ ƨƴǺǂƦǶơ ƨǤǷƥ ǰǁƢǈǺ ƗƾƦȌ
  ǽǺ ǁƢȍƬƻ˪ơ ǱǿψǻȌƍƢȃǿȍƥ    ǼƜǪǼȅưȌƢƥ  Python    .ǹǶƢǠǷǶ ƨƦǈǿǶƢƥ ƨȍƦǠǋ ǂưǲ˦ơ νȂǼȅưȌƢƥ    ƨǤǶ νȂ

  ǬƢǘǿǶơ Ʃơƿ Ʃ˫ψǌǻǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǻǶ ǸƾƼƬǈƫȄ ƩƢǿƟƢψǷǶ ƨȃƳȅǺ ȆȅƬǈǻǶơ ƨȍǶƢǟ ƨƴǺǂƥ
ƢǫƬǻǶơ ƾȍǯǠƬǶơȄ  ƩƢǤǷǶơ ǽǺ ƾȌƾǠǶơ ǆǳǟ λǷǟ .ǽȍƫȄƍƨǷƯƢǻǻǶơ    νȂȄ ƢȃǻǷǠƫȄ ƢȃǾƢǯƫƛ ǵȃǈǶơ ǽǺ

  ƪǈȍǶ ƨǶȅȃǈǶơ ȀǀȂ ǽψǶ .ǽȍƟƾƬƦǻǷǶ ƨȍǶƢưǺƾȍƷȅǶơ ƤƦǈǶơ  ˦ƍƢȃƬȍǻȂ    λƬƷ νǫψȌ Ƣǻƥ ƨȌȅǮ νȂ
  λǶƛ ƨǪƢǓ˨Ƣƥ .ǽȍǺƾǯƬǻǶơ ǽȍǺƾƼƬǈǻǷǶƍǱǶƿ    ƾǠƫǼȅưȌƢƥ    ƩƢǾƢȍƦǶơ ǸȅǷǟ ƩơȄƽƗ ǂưǲƗ ƍƢ˻ǺơƾƼƬǇơ  

ƩƢǾƢȍƦǶơ ǸȅǷǟ ǩƟƢǛȄ ƩƢǾ˫ǟƛ ǹƟơȅǮ ǹǜǠǺ ʣǕǂǌǲ ƨƳǁƾǺ νȂȄ  . 

¡wýwĊ{õv øöÝ Ĉå ûĀ¨ĉwz ½wĊ¤·v y{Å K 

  ƾǠƫ  ǼȅưȌƢƥ ǹǶƢǟ ʣƢȃƬȍƦǠǋ ƾȌơǄƬƫȄ ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ǸƢǻƬȂ˫Ƕ ƧǁƢƯƛȄ ƨǻȍǮ ƩƢǤǷǶơ ǂưǲƗ ǽǺ ƧƾƷơȄ
  Ǽ˦ ơ˻ǂǜǾ .ǸȅȌ ƾǠƥ Ƣ˻ǺȅȌ ƩƢǾƢȍƦǶơ ǸȅǷǟȄ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ  ǼȅưȌƢƥ ƨƴǺǂƦǶơ ƩƢǤǶ ǂưǲƗ ǽǺ ƧƾƷơȄ νȂ

ƍƨǾȄǂǺ    .˙ŻˠǔǫǺ Ƣ˻ǻǷǟ ƪƸƦǏƗ ƾǯǪƍƢ˻ǔȌƗ    ǸȅǷǠǶơ ǹǶƢǟ Ǵȅƻƽ ʣǼȅƦǣǂȌ ǽȌǀǶơ ǍƢƼǋ˦ơ ǵǔǫȌ
  ƨǤǶ  ǼȅưȌƢƥ  ʣƪǮȅǶơ ǽǺ ǂȍưψǶơ ƔƢǔǮ ǹȃȍǷǟ ǽȍǠƬȌ ˪ ȁǾ˦ .Ȇǂƻ˦ơ ƨƴǺǂƦǶơ ƩƢǤǶ ǽǺ ƾȌƾǠǶơ λǷǟ

  ʣǸǄƷ Ƣ˻ǔȌƗ ƾƳȅƫ .ȁǻǷǠƫ  ǼȅưȌƢƥ  ǸƢȃǻǶ Ƣ˻ǐȍǐƻ ƨǻǻǐǺƍƧƽƾƸǺ    ǱǶƿ ʣƢǻƥpandas  мNumPy  
  ȄSciPy  .ƍǁƢǐƬƻƢƥ    ƩǄǣǼȅưȌƢƥ   ƦǶơ ǹǷǟȀƢǾƽƗ ƢȂƢǾǂǲƿ νƬǶơ ƩơǄȍǻǶơ ƤƦǈƥ ƩƢǾƢȍ: 

Á  ƨǗƢǈƦǶơ: ǼȅưȌƢƥ  ˪ ƨǗƢǈƦǶơ ȀǀȂ ƍ ƢǔȌƗ .Ƣȃƥ ƔƾƦǷǶ ƩƢǤǷǶơ ǵȃǇƗ ǽǺ ƧƾƷơȄ νȂƾƸƫ   ǽǺ
ƩơǄȍǻǶơ  ƢȃƳƢƬƸƫ νƬǶơ. 

Á  ǂǗ˦ơȄ ƩƢƦƬψǻǶơ:    ǱǷƬǻƫ ƍ ƢȃƬȍƦǠǌǶ ơ˻ǂǜǾǼȅưȌƢƥ    ƨǫǷƬƼǻǶơ ǂǗ˦ơȄ ƩƢƦƬψǻǶơ ǽǺ ƩƢƠǻǶơ
  ǱƬǫǐƥ .ƪǮȅǶơ ǽǺ ǂȍưψǶơ ǂǪȅƫȄ Ǳƥ ƨǏƢƼǶơ ǂȌȅǘƬǶơ ƨȍǷǻǟ νǪ ǂȍƦǲ ǵψǌƥ ƾǟƢǈƫ νƬǶơ

  λǷǟ Ǆǲǂƫ ƩƢƦƬψǻǶơ ȀǀȂ ǽǺ ƾȌƾǠǶơ ǼƗ ƾƴƬǇ ƍ ƩƢǾƢȍƥ ǹǶƢǟǹǷǟ  νǶˤơ ǹǷǠƬǶơȄ ƩƢǾƢȍƦǶơ. 
Á  ǵƟƢȂ ǞǻƬƴǺ:    ǹǔƫ ƢȃǾƗ ȅȂ ǼȅưȌƢƥ Ƨǂȃǋ ƣƢƦǇƗ ƾƷƗ˻ǂȍƦǲ Ƣ˻ǠǻƬƴǺ ǽȍǇƾǿȃǻǶơ ǽǺ ơ

  ǁƢȍƬƻ˪ ƨȍǈȍƟǂǶơ ƣƢƦǇ˦ơ ƾƷƗ ǼȅψȌ ǼƗ νǤƦǿȌ ˪ ơǀȂ ǼƗ ƾǯƬǠƫ ƾǮ .ƔƢǻǷǠǶơȄǼȅưȌƢƥ    ǽψǶ ƍ
  ǹǷǠƬǶơ ǁƢǈǺ ǼȅψȍǈǪ ƍ ǽȌǂƻˤơ ƔơǂƦƼǶơ ǹǟƽȄ Ɣơǁƕ ǸƾƼƬǈƫ ǹǶ ơƿƛ .ƶȍƸǐǶơ ȅȂ ǆǳǠǶơ

Ƣ˻ƦǠǏ Ǳƥ ǍƢƼǶơ . 
Á  ƢȃƬȍǻȂơ   ǭȍǻǠǶơ ǹǷǠƬǶơ νǪ:    ȊȅƬƸƫǼȅưȌƢƥ    ǵưǺ ǸǄƸǶơ ǽǺ ƾȌƾǠǶơ λǷǟkeras    Ȅ

Tensorflow    ȄPyTorch   ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǂȌȅǘƫ λǷǟ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ƾǟƢǈƫ νƬǶơ
ǭȍǻǠǶơ. 
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Á  ǻƫ νƟǂǺ ǵȍư   ƩƢǾƢȍƦǷǶ ǵǔǪƗ:  ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ   ȁǾ˦ ƩƢǾƢȍƦǶơ ƔƢǻǷǠǶ ƵƢƬǫǺ ȅȂ
  ǰƾǟƢǈƫ ǼƗ ǽψǻȌ .ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹȃǪ λǷǟ ǹȂƾǟƢǈȌǼȅưȌƢƥ    ǸȅǇǂǶơ νǪ

  ǵưǺ ƩƢƦƬψǺ ǞǺ ƨǷȂǀǻǶơ ƨȍƸȍǓȅƬǶơggplot    ȄMatplotlib    ȄNetworkX  .ǱǶƿ λǶƛ ƢǺȄ 

 ûĀ¤ĉwz ¢Ċ{¨£ 
 ôĊú´¤õv 

  ơǀȂ νǪƍǹǈǯǶơ    ƪȍƦưƫ Ʃơȅǘƻ ǸƾǯǾ ǼȅưȌƢƥʣ  ǵȍǤǌƬǶơ ǸƢǜǾ ǃȄƾǿȌȄ  ƨƠȍƥ ƽȅƳȄ ǸƾǠǶ ơ˻ǂǜǾ . ǼȅưȌƢƥ  
  ǵȍǤǌƬǶơ ǸƢǜǾ ʣƨǿǻǔǺǃȄƾǿȌȄƍ    ǞǮȅǺ ǽǺ ƪȍƦưƬǶơ ƨǺǄƷ ǵȌǄǿƫ ǽψǻȌ .ǵǯƬǈǺ ǵψǌƥ ƢȃƬȍƦưƫ ƤƴȌ

ǼȅưȌƢƥ   ) νǻǇǂǶơwww. python.org  ǞǮȅǻǶơ ƶƬǪ ƾǠƥ .(ƍνǻǇǂǶơ    ǵǯǿƬǶơ ǖȌǂǋ ǽǟ ƮƸƥơ
 ǵȌǄǿƫ" ǁǄǶơ λǷǟ ȊȅƬƸȌ ȊǀǶơ1  ǖƥơǂƥ ƤȌȅǶơ ǞǮȅǺ νǏȅȌ ."ƍƢ˻ȍǓơǂƬǪơ    ǸƢǜǾ ƾȌƾƸƫ ȁǿψǻȌ ƮȍƷ

  ǽǺ ǁơƾǏƛ ƭƾƷƘƥ ƨȍǏȅƬǶơȄ Ǳƥ ǍƢƼǶơ ǵȍǤǌƬǶơPython 3.x  ǵȌǄǿƬǶơ ƨƸǫǏ λǶƛ ǴȅƻƾǶơ ƾǠƥ .
  Ȋƿ ǁơƾǏ˨Ƣƥ ƨǏƢƼǶơƍƨǷǐǶơ  ȌǄǿƫ ƾȌǂƫ νƬǶơ ƨƠȍƦǶơ ǴȅƷ ƨȍǇƢǇƗ ƨǺƾǯǺ ƾƳȅƫ  ƾȌƾǠǶơ ǹȍǻǐƫ ǹƫ .ƢȃǷ

  ǸƢǜǿǶơ ǼƢǲ ơƿƛ ƢǺ λǷǟ ơ˻ƽƢǻƬǟơ .ƨǫǷƬƼǻǶơ ǵȍǤǌƬǶơ ƨǻǜǾ˦ νǇƢǇƗ ǵψǌƥ ƨǫǷƬƼǻǶơ ƩơǁơƾǏ˨ơ ǽǺ
32    ȄƗ ƪƥ64  ƍƪƥ    νƬǶơ ƧƾȌƾƴǶơ ƨƸǫǐǶơ ʣ.ƢȃǷȌǄǿƬǶ ƨǫǷƬƼǺ ƩƢǫǷǺ ƾȌƾƸƫ ǱǿψǻȌƍƶƬǫƫ   ƢǿǿψǻȌ

  ƩơǁơƾǏƛ λǷǟ ǁȅưǠǶơƍȆǂƻƗ  Ǐ˨ơȄ ȋƦȌǂƴƫ ǁơƾǏƛ ƭƾƷƗ ǱǶƿ ʣƢǻƥ ƪǿǲ ơƿƛ .ƣȅǷǘǻǶơ ǁơƾ
  ǁơƾǏ˨ơ ƪȍƦưƫ ƾȌǂƫ64    ƪƥ3.9.6ƍ    ǬȅǪ ǂǯǾƢǪǖƥơǂǶơ  ƨȍǶƢƸǶơ ƨƸǫǐǶơ ʣƽȅƳȅǻǶơ. 

 ¢Ċ{¨¤õv 

  ǵȍǻƸƫ ƾǠƥǼȅưȌƢƥƍ    ƨǺǄƷ ƪȍƦưƫ ƾǠȌ .ȁƬȍƦưƫ ƪǮȄ ǼƢƷ ǃȄƾǿȌȄ    ƪȍƦưƫ ǵưǺ Ƣ˻ǺƢǻƫ .ƨȌƢǤǷǶ ̿˫ȃǇ ơ˻ǂǺƗ
 ƲǺơǂƥǃȄƾǿȌȄ ƍȆǂƻ˦ơ   ǴƢǻǲ˨ "νǶƢƬǶơ" ǁǄǶơ ǬȅǪ ǂǯǿǶơȄ ƤǇƢǿǻǶơ ǁƢȍƼǶơ ƾȌƾƸƫ λǶƛ ǖǯǪ ƱƢƬƸǾ

  ƔƢǿƯƗ ƩơǁƢȍƼǶơ ǂȃǜƫ ƢǺƾǿǟ .ƪȍƦưƬǶơƍƪȍƦưƬǶơ    ʣƨƷơǂǶơ ǵƳƗ ǽǺ ȁǾ˦ .ƨȍǶƢƬǶơ ƧȅǘƼǶơ ʣǝǂǈƬƫ ˪
ƍǵƦǯƬǈǻǶơ " ǁǃ ǁƢȍƬƻơ ǱȍǷǟAdd Python 3.9.6 to PATH ǂȍǤƬǻǶ "ƍƨƠȍƦǶơ   ǂǺơȄƗ ǀȍǫǿƫ ǽψǻȌ
ǼȅưȌƢƥ  ƢƦǺ  ǂǺơȄƗ ǂǘǇ λǷǟ ƨǶȅȃǈƥȄ ƧǂǋǃȄƾǿȌȄʣ" ƾȌƾƸƫ ƾǠƥ .ǵƦǯƬǈǻǶơ Add Python 3.9.6 

to PATHƍį    .ƣȅǷǘǻǶơ ƪȍƦưƬǶơ ƽƾƷ ƍǞƦǘǶƢƥ    ǞǮȅǺ ƾȌƾƸƫ Ƣ˻ǔȌƗ ǽψǻǻǶơ ǽǺƍƪȍƦưƬǶơ    ʣƪƦưǻǶơ
ƾǷƴǺ  ǸƾƼƬǈǻǶơ    ǍơǂǮ˦ơ ǰǂƸǺ λǷǟC    ǞǺȄ .Ƣ˻ȍǓơǂƬǪơƍǱǶƿ    ȅȂ ƢǺ ƨǪǂǠǺ ǵǔǪ˦ơ ǽǺƾǷƴǺ  

  ƩƢǫǷǺ λǷǟ ǁȅưǠǶơ ǽǺ ǽψǻƬƫ λƬƷ ǸƾƼƬǈǻǶơpython.exe   ƩƢǻȍǷǠƬǶơ ǞƦƫơ .ƨƳƢƸǶơ ƾǿǟ ƨƬƦưǻǶơ
  ƪȍƦưƬǶǼȅưȌƢƥ  ǱǺƢǜǾ λǷǟ ƵƢƴǿƥ . 
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  Üù lºzvûĀ¨ĉwz 

  ǼƢƬǯȌǂǗ ǰƢǿȂǵȍǤǌƫ ƔƾƦǶ  ǼȅưȌƢƥ : 
1(  ƾƼƬǇơ ơ  ǸIDLE   ǼȅưȌƢƦƥ ǍƢƼǶơ .    ǵȍǤǌƫ νǪ Ƥǣǂƫ ƪǿǲ ơƿƛǼȅưȌƢƥ    ǁǄǶơ ǬȅǪ ǂǯǿǶơ ǱǿψǻȌ ƍ

  ƤƬψǺ ƶǘǇ λǷǟ "Ɨƾƥơ"ǃȄƾǿȌȄ  " ƤƬǲơȄIDLE  λǶƛ ƨǟǂǈƥ ǴȅƻƾǷǶ "ƮƸƥ" ǞƥǂǺ νǪ "
Įread-evaluate-print-loopòȀƢǾƽƗ ƧǁȅǐǶơ ǵưǺ ƧǁȅǏ ȆǂƬǇ ƍ ƲǺƢǾǂƦǶơ ǵȍǤǌƫ ƾǠƥ: 

 

 
 

IDLE    ȅȂIDE   ƨǷǺƢǳƬǺ ǂȌȅǘƫ ƨƠȍƥ)1  (  ǼȅưȌƢƦǶ  ȁǷȍǤǌƫ ȄƾƦȌ .νǺȅǇǁ ǸƾƼƬǈǺ ƨȃƳơȄ ǁǂƸǺ ǂǪȅȌ
  ƨǤǶ ǹǷǠƫ ʣǽȍƟƾƬƦǻǷǶ Ƣ˻ƦǇƢǿǺȄ ƢŻǘȍǈƥǼȅưȌƢƥ  ǂǪȅȌ .IDLE    ƨƠȍƥREPL ƍ    ƤǈƸȌȄ ǹȍǯȌȄ ƗǂǯȌ ȁǾƗ ȊƗ

) ǸƾƼƬǈǻǶơ Ʃ˫ƻƾǺƍ(  ) ƨƴȍƬǿǶơ ǞƦǘȌ ǹƯƍ(   .(νǶƢƬǶơ ǴƢƻƽ˨ơ ǁƢǜƬǾơ νǪ) "ƨǯǷƷ" ƨǶƢǇǁ ǂȃǜƫȄ 
2(   ǸơƾƼƬǇơWindows Prompt  .  ǵȍǤǌƬǶ ȆǂƻƗ ƨǯȌǂǗ ǰƢǿȂǼȅưȌƢƥ    ƲǺơǂƥ ǵȍǤǌƫ νȂȄ

ǼȅưȌƢƥ   ǂǺơȄƗ ǂǘǇ ǽǺǃȄƾǿȌȄ " νƷƢƬǫǺ λǷǟ ǖǤǓơ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .Win + R  ǞƥǂǺ ƶƬǫǶ "
" ǵƻƽƗ ǹƯ ƍ ƩơǁƢǠǋ˨ơcmdȌƾƸƬƥ ƪǻǮ ơƿƛ .ƶƬǫȌ ȊǀǶơ ǞƥǂǻǶơ νǪ " " ƾ Add Python 

3.x to PATH    ƪȍƦưƫ ƾǿǟ "ǼȅưȌƢƥ  ƨǪƢǓƛ ƪǻƫ ƾǯǪ ƍǼȅưȌƢƥ    ƨƠȍƥ ǂȍǤƬǺ λǶƛ ƪƦưǻǶơǃȄƾǿȌȄ .
" ƨǻǷǲ ǴƢƻƽƜƥ Ǽˤơpython  ǁȅȃǛ ƾǠƥ ""<" ǵȍǤǌƫ ǹƬȍǇ ƍ    ǼȅưȌƢƥ  ƧǁȅǏ ȆǂƬǇȄ ƵƢƴǿƥ
ȀƢǾƽƗ ƧǁȅǐǶơ ǵưǺ: 

   
  ǂȍǌȌǂȍƦǠƬǶơ  "">>>"   ǸơƾƼƬǇƢƥ ƪȍƦưƬǶơ ǼƗ λǶƛ "ǼȅưȌƢƥ    ǼƗȄ Ƣ˻ƸƳƢǾ ǼƢǲǼȅưȌƢƥ  .ǵǻǠǶơ ʣƩƗƾƥ ƾǮ 

 
1 Integrated Development Environment 
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 Ĉå wĄ£½v¹pÿ ¡w{¤îúõvûĀ¤ĉwz 

 ʣƩƢƦƬψǻǶơǼȅưȌƢƥ   ǱǶƿ ʣƢǻƥ) ƢȃǺơƾƼƬǇơ ƧƽƢǟƛ ǽψǻȌ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ƔơǄƳƗ ǽǟ ƧǁƢƦǟ
  ǽǺ ƨǟȅǻƴǺǴơȄƾǶơ    ǼȄƽ ǸƢȃǻǶơ ǽǺ ƾȌƾǠǶơ ƔơƽƘƥ ǸƾƼƬǈǻǷǶ ƶǻǈƫ (ǬǂǘǶơȄ  ǸƾƼƬǈǻǶơ ǂǘǔȌ ǼƗ

  ƪǮȄ ƤǷǘƬƫ ƧƽƾƸǺ ƨǻȃǻǶ νǐǾ ƲǺƢǾǂƥ ƨƥƢƬǲ ʣƩƢǟƢǇ νǔǯƫ ƾǮ ǼƢȍƷ˦ơ ǒǠƥ ʣ.ƢȃƬƥƢƬǲ λǶƛ
  ǀȍǫǿƫὕὲ  ǞǺȄ . ƍǱǶƿ    ʣƢȃǶ ƨƦƬψǺ ƽȅƳȄ ơŻƾƳ ǵǻƬƸǻǶơ ǽǻǪǼȅưȌƢƥ    ƨǫȍǛȅǶơ ǆǫǾ λǷǟ ȊȅƬƸƫ
ǀǫǿƫȄʣ  ὕὲ.  

˾Ȍ ȊǀǶơ ǴơƚǈǶơ ƍ ƝƾƬƦǻǲ  ǹǷǟ νǪ ƔƾƦǷǶ ƢȃǺƾƼƬǇƗ ǼƗ ƤƴȌ νƬǶơ ƨƦƬψǻǶơ νȂ ƢǺ ƍƢ˻ǻƟơƽ Ƶǂǘ
  ȁǷǠƴǶ ƩƢǾƢȍƦǶơǖǈƥơ    νǪ ƍǱǶƿ ǞǺȄ .ǼȅưȌƢƥ νǪ ƩƢƦƬψǻǶơ ǽǺ Ǩ˪ˤơ ƾƳȅȌ ƓǀȍǫǿƬǶơ νǪ ǵȃǇƗȄ

  ƩƢƦƬψǺ ǹȂƗ ƱơǁƽƜƥ ǖǯǪ ǸȅǯǿǇ ƍ νǷȌ ƢǺǼȅưȌƢƥ    ǵǲ ǸơƾƼƬǇơ ƶǓȅǾȄ ƩƢǾƢȍƦǶơ ǹǷǟ ǴƢƴǺ νǪ
ƢȃǿǺ. 

 

 

NumPy 

NumPy    ą¹ºÞ¤ù ą¾Ċ{îõv ¡wåĀæÎúõvÿ ¡wåĀæÎúõv Ć{¤îúõv øÝº£ )ĆĊúöÞõvÿ ĆĊÑwĉ¾õv ¡wzwÆ´öõ ĆĊÅwÅl Ć{¤îù Ĉă
I¹wÞzčv    üù ą¾Ċ{í ĆÝĀú¬ù Ĕõp ĆåwÑďwzóvÿºõv   É đ wúù )¡wåĀæÎúõv ā¼ă ĔöÝ ôúÞöõ ēĀ¤Æúõv ĆĊõwÝ ĆĊÑwĉ¾õv ì  
 ûl ĂĊåNumPy   wMú¤Ąù ¢þí v»p wĄúöÞ¤£ ûl y¬ĉ Ć{¤îù Ĉăõv øöÞz¡wýwĊ{) 

 ¢Ċ{¨¤õv5 >>> pip install numpy 

 

 

Keras 

Keras    Ć{¤îù ĈăûĀ¨ĉwz    Ć{¤îúõv ā¼ă ¾åĀ£ )èĊúÞõv øöÞ¤õv ©»wúý øĊöÞ¤õ ÜÅvÿ çwÖý ĔöÝ ÷º¸¤ÆQ£ ½ºÎúõv Ć³Ā¤æù
  ½wÕď ĆĄ«vÿTensorFlowI    Ĕõp ĆåwÑďwz )ĆêĊúÞõv ĆĊ{ÎÞõv ¡wî{Êõv Üù ĆÞĉ¾Å x½w¬£ iv¾«p ²Ċ¤ĉ wúù Iìõ»  

Ćĉwâöõ ÔĊÆz Ć{¤îúõv ā¼ă ÷vº¸¤Åv ûqå ) 

 ¢Ċ{¨¤õv5 >>> pip install keras 

 

 

TensorFlow 

TensorFlow  ¡w{¤îù üù ąº³vÿ ĈăûĀ¨ĉwz   Ć{¤îù Ĕõp ĆåwÑďwz I Ć«¼úþõvÿ ¡wýwĊ{õv Ć¬õwÞúõ wMùvº¸¤Åv ¾¨íčv
  Ĉå Ĉõċv øöÞ¤öõ ĆúĄùûĀ¨ĉwz  ôúÞĉ )TensorFlow    ĔöÝ  ćĀ¤´£ Ĉ¤õv ¡wýwĊ{õv èåº¤õ ĆĊýwĊ{õv ÷ĀÅ¾õv ĔöÝ Miwþz

  ¼Ċæþ¤õv ĆĊõj ûč vM¾Úý )ãvĀ³ÿ ºêQÝ ĔöÝIĆĊùĀÅ½    ¹Āí ¼Ċæþ£ ¾Ċ¨îz ôĄÅčv üúåTensorFlow    ÷vº¸¤Åv iwþ§l
)¡wùĀÅ¾õv Ć¬õwÞù ąº³ÿ 

5¢Ċ{¨¤õv 

 

>>> pip install tensorflow 

 



 
45   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

 

 

PyTorch 

PyTorch    Ā¨³wz ā½ĀÕ ½ºÎúõv ±Ā¤æù èĊúÝ øöÞ£ÿ Ĉõj øöÞ£ ôúÝ ½wÕp ĀăFacebook AI  ºĉºÞõv ÷º¸¤Æĉ )
  øõwÞõv óĀ³ ¡wýwĊ{õv iwúöÝ üùPyTorch    Ć¬õwÞúõ ÜÅvÿ çwÖý ĔöÝôtwÆù   üîúĉ )¾£ĀĊ{úîõv Ćĉn½ÿ ĆĊÞĊ{Öõv Ćâöõv

 ¾{Ý wMĊîĊùwþĉ¹ ĆĊzwÆ´õv ĆĊýwĊ{õv ÷ĀÅ¾õv øĊúÎ£ ¡wýwĊ{õv iwúöÞõPyTorch) 
 ¢Ċ{¨¤õv5 >>> pip install torch torchvision torchaudio 

 

 

Scrapy  

 ºÞ£Scrapy  ¡w{¤îù ¾¨íl üù ąº³vÿûĀ¨ĉwz   Ĉå Ć{¤îúõv ā¼ă ºÝwÆ£ )yĉĀõv ÜévĀù üù ¡wýwĊ{õv ©v¾¸¤Åđ wMÝĀĊÉ
  ºÝwÆĉ )ĆõwÞå Ćêĉ¾Öz yĉĀõv ÜévĀù üù ¡wýwĊ{õv ¹v¹¾¤ÅvScrapy   Ĉ¤õvÿ yĉĀõv üù ĆúÚþúõv ¡wýwĊ{õv ¹v¹¾¤Åv Ĉå
ìz Ëw¸õv Ĉõċv øöÞ¤õv Ć«¼úþõ wMê³đ wĄùvº¸¤Åv üîúĉ ) 

 ¢Ċ{¨¤õv5 >>> pip install Scrapy 

 

 

BeautifulSoup 

BeautifulSoup  ¿ ªùv¾z ¡w{¤îù ôÒål üù ąº³vÿ ĈăvyĉĀõv ä³  Web crawler   üîúĉ Ĉ¤õvÿ wMÝĀĊÉ wă¾¨ílÿ
  ¡wæöù üù ¡wýwĊ{õv ©v¾¸¤Åđ wĄùvº¸¤ÅvHTML    ÿXML  ¡vºþ¤Æúõv ôĊö´£ÿ äĊÚþ£ Ĉå ąv¹čv ā¼ă ëºÝwÆ£ )

 ÷wĉl ÿl ¡wÝwÅ ¾åĀĉ v¼ă )yĉĀõv üù Ć«¾¸¤Æúõv )üĊöö´úõvÿ üĊ¬ù¾{úöõ 

 ¢Ċ{¨¤õv5 >>> pip install beautifulsoup4 

 

 

 

Pandas 

  ºÞ£Pandas    ¡w{¤îù øăl üù ąº³vÿ øöÝ    ¾åĀĉ )¡wýwĊ{õv ôíwĊă iwÊýď Ćùº¸¤Æúõv ¡wýwĊ{õvPandas   ĆĉĀé Ćýÿ¾ù
  ¡wýwĊ{õv ôíwĊă iwÊýp ĈåøöÞõ    ą¹ºÞ¤ù ¡wýwĊz ôíwĊă èö¸ĉ ûl üîúĉ Ăýč )¡wýwĊ{õvI¹wÞzčv  ĆöîĊĄùI    ¾Ċá IĆÆýw¬¤ù  
  Ĕõp ĆåwÑďwz )¶õpIìõ» )¡wýwĊ{õvÿ ĆĉĀ´þõv ºÝvĀêõv ôĊö´¤õ Ć{¤îúõv ā¼ă ÷º¸¤ÆQ£   

 ¢Ċ{¨¤õv5 >>> pip install pandas 

 

 

SciPy 

SciPy  Ć{¤îù ĈăûĀ¨ĉwz   ô´õ ÷º¸¤ÆQ£ ē¾·lĆĊÑwĉ¾õvÿ ĆĊúöÞõv ôtwÆúõv   ĈåwÑďv ûĀîúõv ĔöÝ ĆĊþ{ù ĈăÿNumPy )
  øöÝ üù wMúĄù wM{ýw« ĆĊúé¾õv Ć{ÅĀ´õv ºÞ£ I¡wýwĊ{õv    Lõ üîúĉÿSciPy    ô³ Ĉå ¡wýwĊ{õv iwúöÝ ĂĊ«Ā£ôtwÆúõv    )ąºêÞúõv ĆĊÑwĉ¾õv

  óĀêõv üîúĉûp  SciPy    üù ÷ºê¤ù ½vºÍp ĀăNumPy   vÀĊù ĔöÝ ćĀ¤´ĉ  )Ćöùwîõv Ćĉ¾{¬õv Ć¸Æþõv ô¨ù ĆĊåwÑp ¡SciPy  
 )ĆĊõwÝ Ć{ÅĀ³ ą½ºé Ăĉºõÿ Üĉ¾Å 

 ¢Ċ{¨¤õv5 >>> pip install scipy 
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Scikit-Learn 

 ¡wýwĊ{õv iwúöÝ ÷º¸¤ÆĉScikit-Learn   ÿ äĊþÎ¤õv ìõ» Ĉå wúz wMĊtwÎ³p ¡wýwĊ{õv Ć«¼úþõ ôĊöê£ ¹wÞzčv ÜĊú¬¤õvÿ  
ÜéĀ¤õvÿ  ºú¤Þĉ )Scikit-Learn    ¡w{¤îù ĔöÝNumPy  мMatplotlib  ¾¨íl º³l ¡wýwĊ{õv ø¬³ ôĊöê£ ºÞĉ )

 Ĉå ąºĊæúõv ¡vÀĊúõvScikit-Learn)vMºĊêÞ£ ôél ûĀî¤Å Ć¬£wþõv ¡wýwĊ{õv ûč ) 

 ¢Ċ{¨¤õv5 >>> pip install scikit-learn 

 

 

Matplotlib  

ºÞĉ   øÅ½  ¡wÖÖ¸úõv    ºÞ£ )wĄ£½v¹pÿ ¡wýwĊ{õv ôĊö´£ iwþ§l ĆĊÅwÅčv ¡vĀÖ¸õv º³lMatplotlib    ¾¨íl üù ąº³vÿ
 Üú¤¬ù Ĉå wMÝĀĊÉ ¡w{¤îúõvûĀ¨ĉwz õö øÅ¾Ĉt¾úõv ôĊ¨ú¤õvÿ õ )ĆĊöÝwæ¤õvÿ Ćí¾´¤úõvÿ Ć¤zw¨õv ¡wýwĊ{ö 

 ¢Ċ{¨¤õv5 >>> pip install matplotlib 

 

 

Seaborn 

Seaborn    Ć{¤îù ĈăûĀ¨ĉwz    ĔöÝ ºú¤Þ£Matplotlib    ÜÅvÿ çwÖý ĔöÝ ÷º¸¤Æ£ÿøÅ¾õ   ¡wýwĊ{õv iwúöÞõ üîúĉ )¡wýwĊ{õv
 Ćĉ½v¾³ Ôtv¾· iwÊýď Ć{¤îúõv ā¼ă ÷vº¸¤Åv1 wă¾åĀ£ Ĉ¤õv ¡v½wĊ¸õv ¹ºÝ )Seaborn )ôtwă ¡wýwĊ{õv ½ĀÎ¤õ 

 ¢Ċ{¨¤õv5 >>> pip install seaborn 

 

 

NetworkX 

NetworkX    Ć{¤îù ĈăûĀ¨ĉwz    ¾åĀ£ )ą¾Ċ{îõv ąºêÞúõv ¡wî{Êõv ôĊö´£ÿ ĆöîĊăÿ Ć¬õwÞùÿ iwÊýďNetworkX   ĆåwÑďwz I
  I ĈýwĊ{õv øÅ¾öõ ĆĊÅwĊêõv ¡wĊù¿½vĀ¸õvÿ ÄĊĉwêúõv üù ºĉºÞõv ÷º¸¤Æúöõ I ¹wÞzčv ĆĊ§Ē§ÿ ĆĊtwþ§ ą¿w¤úúõv ĆĊ´ĊÑĀ¤õv ÷ĀÅ¾õv Ĕõp

 )ºĉÀúõvÿ Ć´æÎõv yĊ£¾£ÿ Àí¾ùÿ ½wÆù ¾Îél ô¨ù 

 ¢Ċ{¨¤õv5 >>> pip install networkx 

 

 

NLTK  

  Ćâöõv ¡vÿ¹l ĆÝĀú¬ù ºÞ£IĆĊÞĊ{Öõv    ą¾Î¤¸úõvÿNLTK    Ć{¤îù IûĀ¨ĉwz    ĆÝĀú¬úõ ¡wýwĊ{õv iwúöÝ wĄùº¸¤Æĉ ĆúĄù
ºĉÀúõvÿ I ¾ĉ¼¬¤õvÿ I ÀĊù¾¤õvÿ I Ìþõv ĔöÝ ¡wùĒÝ ÜÑÿ ô¨ù I ĆĊÞĊ{Öõv Ćâöõv Ć¬õwÞù ÷wĄù üù ĆÝĀþ¤ù ) 

 ¢Ċ{¨¤õv5 >>> pip install nltk 

 
1 Heat Map 
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¡w{¤îúõv ¦ĉº´£ÿ ã¼³ÿ ¢Ċ{¨£ 

  ǸơƾƼƬǇơ ǱȍǷǟ ƤƴȌPip    ƩƢƦƬψǺ Ƨǁơƽ˨Pip. Pip    νƬǶơ ǸǄƸǶơ ǵȌǄǿƫ ǱǶ ƶȍƬƫ ƨȍǇƢǇƗ ƧơƽƗ νȂ
 λǶƛ ƨǪƢǓ˨Ƣƥ .ƢȃǪǀƷȄ ƢȃưȌƾƸƫȄ ƢȃƳƢƬƸƫƍǱǶƿ   ƨƦǇƢǿǻǶơ ƩƢȍǠƦƬǶơ ǽǺ ǭǯƸƬǷǶ ȁǺơƾƼƬǇơ ǽψǻȌ

ƩơǁơƾǏ˨ơ ǽȍƥ ǭǪơȅƬǶơȄ. 
  ǸơƾƼƬǇƢƥ ƨƦƬψǺ ƪȍƦưƫ ǹƬȌPipʣ  ǂǺơȄƗ ǂǘǇ ǃȄƾǿȌȄ  ǵȍƦǇ λǷǟ .ƍǴƢưǻǶơ   ƾȌǂǾ ƢǿǾƗ ǑǂƬǪơ

  ƨƦƬψǺ ƪȍƦưƫNumPyƶǓȅƫ .  ƨƦƬψǻǶơ ȀǀȂ ƪȍƦưƫ ƨȍǫȍǲ ƨȍǶƢƬǶơ ƩơȅǘƼǶơ : 

Á " νƷƢƬǫǺ λǷǟ ̝˪ȄƗ ǖǤǓơWin + R" ǵƻƽƗ ǹƯ ƩơǁƢǠǋ˨ơ ǞƥǂǺ ƶƬǫǶ "cmd  ǞƥǂǻǶơ νǪ "
ǂǺơȄ˦ơ ǂǘǇ νǪ νǶƢƬǶơ ǂǺ˦ơ ǵƻƽƗ ǹƯ .ƶƬǫȌ ȊǀǶơ : 

> pip install numpy 

 

Á   ǂǺơȄƗ ǂǘǇ ǵȍǤǌƬƥ ǹǮ ƍ ƨƦƬψǻǶơ ƪȍƦưƫ ǽǺ ƾǲƘƬǷǶǼȅưȌƢƥ  νǶƢƬǶơ ǂǺ˦ơ ƤƬǲơȄ : 
>>> import numpy 

Á  λǷǟ ƨƦƬψǻǶơ ƪȍƦưƫ ǹƬȌ ǹǶ ơƿƛ .ƶȍƸǏ ǵψǌƥ ƨƦƬψǻǶơ ƪȍƦưƫ ǹƫ ơƿƛ ƨǶƢǇǁ ȊƗ Ǒǂǟ ǹƬȌ ǽǶ
Ȁ˫ǟƗ ǂǺ˦ơ ǀȍǫǿƫ ǭȌǂǗ ǽǟ ƨǶƢǇǂǶơ ȀǀȂ ȆǂƬǈǪ ƍ Ǳƥ ǍƢƼǶơ ǂƫȅȍƦǻψǶơ ǃƢȃƳ: 

Traceback (most recent call last): 
   File "<stdin>", line 1, in <module> 
ImportError: No module named numpy 

  ǵȍƦǇ λǷǟ) ƨƦƬψǺ ǨǀƸǶ νǶƢƬǶơ ǂǺ˦ơ ǸơƾƼƬǇơ ǹƬȌƍǴƢưǻǶơ  numpy( : 

> pip uninstall numpy 

 ǒǠƥ νǪƍǼƢȍƷ˦ơ  ƨƦƬψǺ ƪȍƦưƫ Ǽ˦ ơ˻ǂǜǾ .ƨƦƬψǺ ƨȍǮǂƫ ȁȍǪ ǱȍǷǟ ǽȍǠƬȌ ǩǮȅǺ ʣǱǈǫǾ ƾƴƫ
  ǍƢƼǶơ ǂƫȅȍƦǻψǶơ ǃƢȃƳ λǷǟ ƢŻƬƦưǺ ƨƦƬψǻǶơ ǽǺ ƭƾƷƗ ơ˻ǁơƾǏƛ ƤǷǘƬȌ ȆǂƻƗƍǱƥ    ʣƤǣǂƫ ƾǯǪ
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  ǁơƾǏ˨ơ ǽǺ ƧƽƢǫƬǇ˪ơƍƭƾƸǻǶơ    .ƨȍǪƢǓƛ ƩơǄȍǺ λǷǟ ȊȅƬƸȌ ȊǀǶơƍǱǶǀǶ    λǷǟ) ƨƦƬψǺ ƮȌƾƸƬǶ
  ƨƦƬψǺ ǴƢưǻǶơ ǵȍƦǇnumpyƍ(  ǂǺơȄ˦ơ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƬƥ ǹǮ: 

> pip install --upgrade numpy 

ƨƦƬψǻǶơ ǽǺ ƨƬƦưǻǶơ ƨƼǈǿǶơ ǑǂǠǶ ǱǶǀƥ ǸƢȍǯǶơ ǽψǻȌ : 

>>> import numpy 

>>> numpy.__version__ 
'1.19.2' 

 

 ¾¤ĊzĀ« ëĀ{£Āý Jupyter Notebook 
 

  ǂƬȍƥȅƳ ǰȅƦƫȅǾJupyter Notebook    ǞȌǁƢǌǺ ǹȌƾǯƫȄ ǂȌȅǘƬǶ ǬƾǐȌ ˪ ǵψǌƥ ƨȌȅǮ ƧơƽƗ ȅȂ
ǹǷǟ    ǀȍǫǿƫ λǶƛ ƨǪƢǓ˨Ƣƥ ȅȌƾȍǪ ȄƗ ƢŻƫȅǏ ȄƗ ƧǁȅǏ ȄƗ Ƣ˻ǐǾ ǽǻǔƬƫ ǼƗ ǽψǻȌ νƬǶơ ƨȍǷǟƢǫƬǶơ ƩƢǾƢȍƦǶơ

  ǞǻƴȌ .ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ  ǰȅƦƫȅǿǶơNotebook    ǞǺ ƩƢƳǂƼǻǶơȄ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽȍƥ
˪ƽƢǠǻǶơȄ ȊƽǂǈǶơ ǎǿǶơȄ ƨȍƸȍǓȅƬǶơ ǸȅǇǂǶơ  .ƾƷơȄ ƾǿƬǈǺ ʣȆǂƻ˦ơ ǖƟƢǇȅǶơȄ ƨȍǓƢȌǂǶơ Ʃ

  λǿǠǻƥ ƍǂƻƕ    ǰȅƦƫȅǿǶơ  ǱǿψǻȌ ƾƷơȄ ƾǿƬǈǺ ȅȂ  ǽǺǴ˫ƻ  ǂƬȍƥȅƳ ǰȅƦƫȅǾ   ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǀȍǫǿƫ
  Ƣ˻ƷȅǓȄ ǂưǲƗ ǱǷǻǟ ǵǠƴǶ ƨȍǘȍǘƼƬǶơ ǸȅǇǂǶơȄ ǢȍǐǶơȄ ǨƢǏȄ˦ơ ƨǪƢǓƛȄ Ʊơǂƻ˨ơ ǑǂǟȄ

ȆǂƻƗ  ƩƢǐǿǺ  .ƨǲǁƢǌǻǶơȄ  ǁơǂǳƬǷǶ  ƨȍǷƥƢǮȄ  ǹȃǫǷǶ  ƨȍǷƥƢǮȄ  ƍƨǷƯƢǻǺ    ǵưǺSpyderƍ    ǂǪȅƫ
  ƪƸƦǏƗ .ǁȅǺ˦ơ ƾǯǠƫ ƧƽƾǠƬǺ ǀǪơȅǾ ǽȍǺƾƼƬǈǻǷǶǂƬȍƥȅƳ ǰȅƦƫȅǾ    ǽǺ ƨǶƢǠǪȄ ƨȌȅǮ ǸƾƼƬǈǺ ƨȃƳơȄ

  ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ƧǀǫǿǻǶơ ƔơǄƳ˦ơ Ǒǂǟ ƢȃȍǪ ǹƬȌ ǸƾƼƬǈǻǷǶ ƧƾƷơȄ ƧǀǪƢǾ ǂȍǪȅƫ Ǵ˫ƻ
ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǂȌȅǘƫ ǽȍǺƾƼƬǈǻǷǶ ǱǶƿ ƶȍƬȌ .Ƣ˻ȍǷƻơƽ ƢȃƳơǂƻƛȄ  ƍƧƔƢǫψƥ    ǂǜǿǶơ λǶƛ ƨǪƢǓ˨Ƣƥ

  ơǀȂ ʣ.ȁȍǷǟ ƩơǂȍȍǤƫ ƔơǂƳƛ λƬƷȄ ǞƳǂǻǲ ǭƥƢǈǶơ ǵǻǠǶơ λǶƛƍǹǈǯǶơ   ƪȍƦưƫ ƨȍǫȍǲ ǱǻǷǠǾ ǨȅǇ
  ǸơƾƼƬǇơȄǂƬȍƥȅƳ ǰȅƦƫȅǾ    ǞȌǁƢǌǻǶǹǷǟ  ƩƢǾƢȍƦǶơ . 

 ¢Ċ{¨£Jupyter 

  ƪȍƦưƬǶǂƬȍƥȅƳ ǰȅƦƫȅǾƍ    ƪȍƦưƫ λǶƛ ƱƢƬƸƫǼȅưȌƢƥ    ǸơƾƼƬǇ˪ ǖǘƼƫ ƪǿǲ ơƿƛ λƬƷ .ƢŻǯƦǈǺ ǰȅƦƫȅǾ
ǂƬȍƥȅƳ    ƨƴǺǂƦǶơ ƩƢǤǷǶƍȆǂƻ˦ơ    ƨȍǇƢǇ˦ơ ƧǄȍǲǂǶơ νȂ ǼȅưȌƢƥ ǼƜǪǂƬȍƥȅƳ ǰȅƦƫȅǿǶ  ƪȍƦưƬǶ .ǂƬȍƥȅƳ ƍ 

  ǂǺơȄƗ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ƨƥƢƬǲ ȆȅǇ ǱȍǷǟ ƢǺǃȄƾǿȌȄ: 



 
49   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

> pip install jupyter    

 ôĊâÊ£¾¤ĊzĀ« ëĀ{£Āý  iwÊýpÿëĀ{£Āý  ºĉº« 

  ǵȍǤǌƬǶǂƬȍƥȅƳ ǰȅƦƫȅǾƍ  ȁȍǪ νǶƢƬǶơ ǂǺ˦ơ ƤƬǲơȄ ǂǺơȄ˦ơ ǂǘǇ ƶƬǪơ: 

> jupyter notebook 

  ǂǺ˦ơ ǀȍǫǿƫ ƾǠƥƍȀ˫ǟƗ    ǞǺ Ǳƥ ǍƢƼǶơ νǓơǂƬǪ˪ơ ƤȌȅǶơ ƶǫǐƬǺ ǵȍǤǌƫ ǹƬȍǇǂƬȍƥȅƳ ƾǿǟ .
  ǵȍǤǌƫǂƬȍƥȅƳ ǰȅƦƫȅǾƍ    ǂǘǇ ǵȍǶƽ λǶƛ ȁƦƬǾơƍǂǺơȄ˦ơ    νǈȍƟǂǶơ ǵȍǶƾǶơ ȅȂ ǵȍǶƾǶơ ơǀȂ ƶƦǐȌ ƮȍƷ

  λǷǟ ǁȅǫǶơ λǷǟ ǂȃǜȌ ȊǀǶơǂƬȍƥȅƳ ǰȅƦƫȅǾ   ƨǶƽ˦ơȄ ƩƢǫǷǻǶơ λǶƛ ǴȅǏȅǶơ ǭƷ ǱȌƾǶ ǼȅψȍǇȄ
  ǂǺƗ ǵȍǤǌƬƥ ǹǮ .ǖǯǪ ȁȍǪ ƧƽȅƳȅǻǶơ ƨȍǟǂǫǶơǂƬȍƥȅƳ ǰȅƦƫȅǾ  ȀƢǾƽƗ ƨƸǫǐǶơ ǵưǺ ƨƸǫǏ ȆǂƬǇȄ: 

 

  ǞǺȄƍǱǶƿ    ƪǈȍǶ ƨƸǫǐǶơ ȀǀȂ ǼƜǪǰȅƦƫȅǾ   ǹǻǐǻǶơ ǂƬȍƥȅƳ ǽǺ ƾȍƷȅǶơ ƤƬψǻǶơ ƶǘǇ νȂȄ ƾǠƥ
  Ƨǁơƽ˨ǰȅƦƫȅǾ    ǵȍǶƾǲ ƢȃǺơƾƼƬǇơȄ Ǳƥ ƨǏƢƼǶơ ǂƬȍƥȅƳǨƢǌǳƬǇ˪1    ƔƢǌǾƛȄ ǂȌǂƸƫȄ ǰȅƦƫȅǿǶơ 

  ƾǻƬǠƫ .Ǳƥ ƨǏƢƼǶơǶơ  ǰȅƦƫȅǿȄ  ǽǺ ƤƬψǻǶơ ƶǘǇ ǂƬȍƥȅƳ    λǷǟ ƶǫǐƬǺ  ƤȌȅǶơ  ǸȅǯȌȄ ƍ  ǂƬȍƥȅƳ
  ǸƽƢƻ ƽơƾǟƜƥǼȅưȌƢƥ  .Ǳƥ ǍƢƼǶơ ƤȌȅǶơ ƶǫǐƬǻƥ ƩƢǯȍƦǘƬǶơ ȀǀȂ ǵȍǏȅƬǶ νǷƸǺ   
  ƔƢǌǾ˨ǰȅƦƫȅǾ  ƍƾȌƾƳ    ƔƢǌǾƛ ƾȌǂƫ ƮȍƷ ǵȍǶƾǶơ λǶƛ ǵǯƬǾơǰȅƦƫȅǿǶơ  ǴȄ˦ơ  ǱǶ    ǁǃ λǷǟ ǂǯǾơȄ

" ƽƾƷȄ ƤƬψǻǶơ ƶǘǇ ǽȍǻȌ λǷǟƗ "ƾȌƾƳ" ƨǶƾǈǿǻǶơ ƨǻƟƢǯǶơPython 3": 
 

 

  ƾǠƥƍǱǶƿ    ǹƬȍǇǰȅƦƫȅǿǶơ ƶƬǪ    ǴȄ˦ơʣǱǶ  ƤȌȅƦƫ ƨǺ˫ǟ  ƧƾȌƾƳ2  ȀƢǾƽƗ ƧƽȅƳȅǻǶơ ǱǷƫ ǵưǺ: 

 
1 exploring 

2 new tab 



 
50 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

 

  ƤƬψǺ ƶǘǇ λǶƛ Ʃƾǟ ơƿƛǂƬȍƥȅƳ ƍ    ǩǷǺ ȆǂƬǈǪUntitled.ipynb    ǂǔƻƗ Ƣ˻ǐǾ ȆǂƬǇȄ ƾȌƾƴǶơ
  ǼƗ ǰǂƦƼȌǱƥ ǍƢƼǶơ ǰȅƦƫȅǿǶơ  ǵȍǤǌƬǶơ ƾȍǮ.   

võ ĔöÝ ôúÞëĀ{£Āý  ¾¤ĊzĀ« 

ǰȅƦƫȅǿǶơ   .ǼƢǈǾ˨ơ ǵƦǮ ǽǺ ȁƫƔơǂǮ ǽψǻȌ ǎǾ ȄƗ ƽȅǲ λǷǟ ȊȅƬƸƫ νƬǶơ ƩƢǠƥǂǻǶơ .ƢȌ˫ƻ ǽǺ ǼȅψǺ
 ǝȅǾ λǷǟ ƢȌ˫ƼǶơ ȀǀȂ ǽǺ ƨȍǷƻ ǵǲ ȊȅƬƸƫ1  ƨǶƾǈǿǻǶơ ƨǻƟƢǯǶơ ƩơǁƢȍƻ ǽǺ ȀƾȌƾƸƫ ǽψǻȌ: 

 

" ȅȂ ƢȌ˫ƼǷǶ νǓơǂƬǪ˪ơ ǁƢȍƼǶơcodeǎǾ) ǼƢǈǾ˨ơ ƨǘǇơȅƥ ƢȃƫƔơǂǮ ǽψǻȌ ƨȍǷƻ ƔƢǌǾ˨ ."ƍ(   ƤƴȌ
" ƨȍǷƼǶơ ǝȅǾ ǸơƾƼƬǇơMarkdown  ƢŻǯǪȄ ȁƬƥƢƬǲȄ "ƾǟơȅǯǶ    ǭȍǈǿƫMarkdown . 

  ƤƬǲơ .νψȍǇ˫ǲ ǴƢưǻƥ ƨȍǷƼǶơ ƔơƽƗ ƨȍǫȍǲ ǂƦƬƼǾ Ƣǿǟƽprint ("Hello World!")    ƨȍǷƻ νǪ
ǁǄǶơ λǷǟ ǂǯǾơȄ      λǷǟ ǖǤǓơ ȄƗ ȊȅǷǠǶơ ƩơȄƽ˦ơ ǖȌǂǋ νǪCtrl + Enter ǼȅǳƬǇ .

ȅƸǿǶơ ơǀȂ λǷǟ ƨƴȍƬǿǶơ : 

 

 
1 type 



 
51   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

Markdown  ȁƬƦȍǲǂƫ .ǖȍǈƦǶơ ǎǿǶơ ǭȍǈǿƬǶ ǼǃȅǶơ ƨǫȍǫƻ ǄȍǺǂƫ ƨǤǶ νȂ1    ǞǺ ƨǯǪơȅƬǺ
 ƩƢǺ˫ǟ2  HTML ǱǶƿ ǵưǺ ǎǾ ǞǓȄ Ǵ˫ƻ ǽǺ ƍ ǞȌǂǇ ǴƢưǻƥ ƩƢȍǇƢǇ˦ơ νǘǤǾ ǽƸǾ .

  ǝȅǾ ƾȌƾƸƫ ǹƫ ƨȍǷƻ νǪ ƨȍǶƢƬǶơ ƨƸǫǐǶơ νǪ ƽȅƳȅǻǶơMarkdown   νǪ ƨƴȍƬǿǶơ ȆǂƬǇ ƍ ǵǠǫǶƢƥ
  Ʊơǂƻ˨ơ ơǀȂ ǴȅƸȌ ƍ ǀȍǫǿƬǶơ ƽǂƴǻƥ ȁǾƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫ ƍ ǱǶƿ ǞǺȄ .ǀȍǫǿƬǶơ ƾǠƥ ƨȍǶƢƬǶơ ƧǁȅǐǶơ

ǎǾ λǶƛ ƨȍǷƼǶơ ǆǫǾ ǑȄǂǠǻǶơ. 

 

 

 ǁǄǶơ ǬȅǪ ǂǯǾơ  λǷǟ ƧƾȌƾƳ ƨȍǷƻ ƔƢǌǾ˨ǂƬȍƥȅƳ ƍ ƨƸǫǐǷǶ ǹƟơȅǯǶơ ǖȌǂǋ ǭȌǂǗ ǽǟ  Ȅơ ǖǤǓơ
 λǷǟesc + b Ƣ˻ȍǓơǂƬǪơ) ƧƾȌƾƳ ƨȍǷƻ ƔƢǌǾƛ λǶƛ ơǀȂ ȊƽƚȌ .ƶȍƫƢǫǻǶơ ƨƷȅǶ ǁƢǐƬƻơ ǂƦǟ   ǝȅǾ ǽǺ

CodeƢ˻ȍǶƢƷ ƧƽƾƸǻǶơ ƨȍǷƼǶơ ǽǻǓ (. 

 
1 syntax 

2 tags 



 
52 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

ûĀ¨ĉwz Ćâöz Ć¬ù¾{õv 

yĊí¾£  Ćöú¬õv1 ûĀ¨ĉwz Ĉå 

  ƨǤǶ ǂȌȅǘƫ ǹƫǼȅưȌƢƥʣ  ƨǤǷǲ ǵǏ˦ơ ƍƨȍǻȍǷǠƫ  ƤȍǲǂƫȄ ƢȃǺơƾƼƬǇơ ƨǶȅȃǇ ǽψǶȄ  ƨǷǻƴǶơ    ǩȍǜǿǶơ
 ǒǠƦǶƢƥ ǩȍǜǿǶơ ǼȅưȌƢƥ ƨǷǻƳ ƔƢǿƥ ǞǪƽ .ƔơȅǇ ŽƾƷ λǷǟ ǽȍǪǂƬƸǻǶơȄ ǽȍƟƾƬƦǻǶơ ȆƾǶ ƨǠƟƢǋ ƢȃǷǠƳ

ƨȌǀȍǫǿƬǶơ ƨǫƟơǄǶơ ƧǂǫǌǶơ" ȁƬȍǻǈƫ λǶƛ2  ǽǺ ǂǘǇ ǹȃǪȄ ƧƔơǂǮ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ ."ǼȅưȌƢƥ   ǽǺ ǂȍưψƥ ǵȃǇƗ
  ʣȁƥƢǌǺ ǂǘǇ ƧƔơǂǮCƍ  ǴƢưǻǶơ ǵȍƦǇ λǷǟ. 

  ǂȍǌȌ  ƨǷǻƴǶơ Ƥȍǲǂƫʣ  λǿǠǻƥ .ƨǤǷǶơ ƨȍǿƥ λǶƛ ƨƴǺǂƦǶơ ƨǤǶ ƍǂƻƕ    ƨǟȅǻƴǺ ȅȂ ȊȅǤǷǶơ ƤȍǲǂƬǶơ
ƢǺ ƨǤǷƥ ƨƴǺǂƦǶơ ƨƥƢƬǲ ƨȍǫȍǲ ƽƾƸƫ νƬǶơ ƾǟơȅǯǶơ ǽǺ. 

 ¡wúöîõv ą¿Ā¬´úõv 

  ƩƢǻǷψǶơƨȍƷƢƬǫǻǶơ    ʣƧǃȅƴƸǻǶơ ƩƢǻǷψǶơ ǒǠƥ νȂǼȅưȌƢƥ    ǸƾƼƬǈƫ .ƨǏƢƻ νǾƢǠǺ ƢȃǶ νƬǶơȄ
  ƩƢǻǷψǶơƨȍƷƢƬǫǻǶơ    ƨǻǷψǶơ ǸơƾƼƬǇơ ǽψǻȌ ˪ .ƨǤǷǶơ ǵψȍȂȄ ƨȌȅƸǿǶơ ƾǟơȅǯǶơ ǩȌǂǠƬǶƨȍƷƢƬǫǻǶơ  

 ƩƢǻǷψǶơ .ǂȍǤƬǺ ǹǇơ ȄƗ ƨǫȍǛȄ ȄƗ ǨǂǠǻǲƨȍƷƢƬǫǻǶơʣ ǼȅưȌƢƥ  ƨǶƢƸǶ ƨǇƢǈƷƍǨǂƷ˦ơ   ƤƴȌ ơǀǶ
 ǞȍǻƳ .νȂ Ƣǻǲ ƢȃƬƥƢƬǲ    ƩƢǻǷψǶơƨȍƷƢƬǫǻǶơʣ  ǼȅưȌƢƥƍ    ƔƢǿưƬǇƢƥTrue  мFalse  мNoneƍ    ǨǂƷƗ νȂ

  ƩƢǻǷψǶơ ǂȍǤƬƫ ƾǮ .ƧǂȍǤǏƨȍƷƢƬǫǻǶơʣ  ǽǺ ƨǫǷƬƼǺ ƩơǁơƾǏƛ ǼȅưȌƢƥ ǒǠƥ ƨǪƢǓƛ ǹƬȌ ƾǮ .
  ƩƢǻǷψǶƢƥ ƨǻƟƢǮ λǷǟ ǴȅǐƸǶơ Ƣ˻ǻƟơƽ ǱǿψǻȌ .ǂƻˤơ ǒǠƦǶơ ƨǶơǃƛ ǹƬƫ ƾǮ ȄƗ ƩƢǪƢǓ˨ơ ƨȍƷƢƬǫǻǶơ 

ȌǂǗ ǽǟ νǶƢƸǶơ ǰǁơƾǏƛ νǪƨȍǶƢƬǶơ ǂǺơȄ˦ơ ƨƥƢƬǲ ǭ: 
In     [1]: import keyword  

keyword.kwlist  
Out  [1]: ['False',ŕ'None',ŕ'True',ŕ'and', 'as','assert',ŕ'async',ŕ'await',ŕ

'break',ŕ'class',ŕ'continue',ŕ'def',ŕ'del',ŕ'elif',ŕ'else',ŕ'except', 

 'finall y',ŕ'for',ŕ'from',ŕ'global',ŕ'if',ŕ'import', 'in', ŕ'is', 'lambda',  

 'nonlocal', 'not','or', 'pass', 'raise', 'return', 'try', 'while',  

 'with', 'yield']  

 ã¾Þúõv 

ȍǤƬǺ ƾȌƾƸƬǶ ȁǺƾƼƬǈǾ ȊǀǶơ ǹǇ˪ơ ȅȂ ǨǂǠǻǶơ  ȄƗ ǂ ƨǶơƽ    ƾǟƢǈȌ ơǀȂ .ǽƟƢǲ ȄƗ ƨȍǘǻǾ ƧƾƷȄ ȄƗ ƨƠǪ ȄƗ
ǂƻˤơ ǽǟ ƾƷơȄ ǼƢȍǲ Ǆȍȍǻƫ λǷǟ . 

 
1 Syntax 
2 executable pseudocode 



 
53   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

    

  Ȋƿ ƝƽƢƥ .ƩƢǪǂǠǻǶơ ƨƥƢƬψǶ ƾǟơȅǯǶơ ǒǠƥ ǰƢǿȂƍƔƾƥ    ƨǤǶ ǼƗ ƨǪǂǠǺ λǶƛ ƱƢƬƸǾǼȅưȌƢƥ    ƨǇƢǈƷ
  ǼƗ νǿǠȌ ơǀȂ .ǨǂƷ˦ơ ƨǶƢƸǶName  Ȅname   νȂ ȀƢǾƽƗ ƨƳǁƾǻǶơ .ǼȅưȌƢƥ ʣǼƢǫǷƬƼǺ ǼƢǪǂǠǺ ƢǻȂ

  ʣƩƢǪǂǠǻǶơ ƨƥƢƬψǶ ƾǟơȅǯǶơ ǒǠƥ :ǼȅưȌƢƥ 
1.   ƧǂȍǤǐǶơ ǨǂƷ˦ơ ǽǺ Ƣ˻ƴȌǄǺ ƩƢǪǂǠǻǶơ Ǽȅǳƫ ǼƗ ǽψǻȌ ) ǽǺa   λǶơ z  ( ƧǂȍƦψǶơ ǨǂƷ˦ơ ȄƗ  

 )  ǽǺA   λǶơ  Z  (  ǸƢǮǁ˦ơ ȄƗ )  ǽǺ0   λǶơ  9  (  ƨȍǷǫǈǶơ ƨǗǂǌǶơ ȄƗ1   ) _ ( .    ǵưǺ ǨǂƷƗ
myPython  ƍmy_Python    Ȅvar_1   ƨƸǶƢǏ ƢȃǷǲ . 

2.  ǹǮǂƥ ǨǂǠǻǶơ ƗƾƦȌ ǼƗ ǽψǻȌ ˪  . 
3.  ǵưǺ ƨǿȍǠǺ ǃȅǺǁ ǸơƾƼƬǇơ ǽψǻȌ ˪ ! ƍ   @ ƍ   # ƍ   $ ƍ   %   ƩƢǪǂǠǻǲ ƺǶơ . 
4.  ǴȅǗ ȊƘƥ ǨǂǠǻǶơ ǼȅψȌ ǼƗ ǽψǻȌ . 

 ¾Ċâ¤úõv 

  ƔƢǌǾƛ ƾǿǟ ȁǾƗ νǿǠȌ ơǀȂ .ƧǂǲơǀǶơ ʣƩƢǾƢȍƦǶơ ǽȌǄƼƬǶ ǸƾƼƬǈȌ ǞǮȅǺ ȅȂ ǂȍǤƬǻǶơƍǂȍǤƬǺ    ǵǤǌƫ ǱǾƜǪ
  ǽǺ ȁȍǶƛ ǴȅǏȅǶơȄ ȀƾȌƾƸƫ ǽψǻȌ ƮȍƸƥ ǂȍǤƬǺ ǵψǶ ǹǇơ ǽȍȍǠƫ ǹƬȌ .ƧǂǲơǀǶơ ʣƨƷƢǈǻǶơ ǒǠƥ

ȆǂƻƗ ƩơǂȍǤƬǺ  . 

     

  ʣƩơǂȍǤƬǻǶơ ƔƢǌǾƛ ƾǠȌǼȅưȌƢƥ    ơ˻ǂǺƗƍƢŻǘȍǈƥ  Ƿǟ ƢǺ ƨǻȍǮȄ = ǁƢǈȍǶơ λǷǟ ǂȍǤƬǻǶơ ǹǇơ ƨƥƢƬǲ ȆȅǇ Ǳȍ
ǽȍǻȍǶơ λǷǟ ǂȍǤƬǻǶơ : 

In     [1]: num = 5 

In     [2]: str = " Python "  
  ǝȅǾ ƾȌƾƸƫ λǶƛ ƱƢƬƸƫ ˪ƍǂȍǤƬǻǶơ    ƲƬǿƬǈƫǼȅưȌƢƥ  ƢȃǐǐƼǾ νƬǶơ ƨǻȍǯǶơ λǷǟ ˻ƔƢǿƥ ǝȅǿǶơ. 

    

 ʣƧƽƾǠƬǺ ƩơǂȍǤƬǻǶ ƨǻȍǮ ǽȍȍǠƬƥ ǼȅưȌƢƥ ƢǿǶ ƶǻǈƫƧǂǲơǀǶơƍ  Ȍ λǻǈƽƢǿǇ˪ơ  ǭȍƦǘƫ ƢǿǿψǻȌ .ƽƾǠƬǻǶơ
ƽƢǿǇơ  ƽƾǠƬǺ  ƍǽȍƬǯȌǂǘƥ    ǽȍȍǠƫ ǭȌǂǗ ǽǟ ȄƗ ƧƽƾǠƬǺ ƩơǂȍǤƬǻǶ ƧƾƷơȄ ƨǻȍǮ ǽȍȍǠƫ ǭȌǂǗ ǽǟ ƢǺƛ

ƨȍǶƢƬǶơ ƨǷưǺ˦ơ ǵǺƘƫ .ƧƽƾǠƬǺ ƩơǂȍǤƬǻǶ ƧƽƾǠƬǺ ǹȍǮ: 
In     [3]: a=b=c=20   

print("a:",a)  

print("b:",b)  

print("c:",c)  
Out  [3]: a: 20 

 
1 underscore 
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b: 20 

c: 20 
In     [4]: a,b,c=1,2.54,"python"    

print("a:",a)  

print("b:",b)  

print("c:",c)   
Out  [4]: a: 1 

b: 2.54 

c: python  

 ¡wýwĊ{õv ÛvĀýl 
  νǪƍƨƴǺǂƦǶơ    ǝơȅǾƗ ǽǺ ƩƢǾƢȍƦǶơ ǽȌǄƼƫ ƩơǂȍǤƬǻǷǶ ǽψǻȌ .Ƣ˻ǻȃǺ Ƣ˻ǺȅȃǫǺ ƩƢǾƢȍƦǶơ ǝȅǾ ƾǠȌƍƨǫǷƬƼǺ  

  ƨƴǺǂƥ ʣƔνǋ ǵǲ Ǽ˦ ơ˻ǂǜǾ .ƨǫǷƬƼǺ ƔƢȍǋƘƥ ǸƢȍǯǶơ ƨǫǷƬƼǻǶơ ǝơȅǾ˧Ƕ ǽψǻȌȄǼȅưȌƢƥ    ȅȂƍǽƟƢǲ    ǼƜǪ
ƩƢƠǪ ǞǮơȅǶơ ʣνȂ ƩƢǾƢȍƦǶơ ǝơȅǾƗ1  ơǀȂ ʣ.ǽƟƢψǷǶ ƨǷưǺƗ νȂ ƩơǂȍǤƬǻǶơȄ ƍƍǹǈǯǶơ  ǎƸǪ ǹƬȌ   ǝȅǾ

 ƩƢǾƢȍƦǶơ ƨȍǻǮǂǶơ  ǝȅǾȄǶơ  ƩƢǾƢȍƦƨȍǐǿǶơ   ʣǖǯǪǼȅưȌƢƥƍ   ǵǲƢȍȂ ǹǈǮ ʣȆǂƻ˦ơ ǝơȅǾ˦ơ ǩǏȄ ǹƬȌȄ
ǶơƩƢǾƢȍƦ. 

¹vºÝđv 

 νǪǼȅưȌƢƥ Ǽȅǳƫ ǼƗ ǽψǻȌ .ƨȍǻǮǁ ƨǻȍǮ λǷǟ ȊȅƬƸƫ νƬǶơ ƩƢǾƢȍƦǶơ λǶƛ ƨȍǻǮǂǶơ ƩƢǾƢȍƦǶơ ǝȅǾ ǂȍǌȌ ƍ
 ȄƗ ƨǻƟƢǟ ƨǷǏƢǪ Ƣ˻ǺƢǮǁƗ ȄƗ ƨƸȍƸǏ ơ˻ƽơƾǟƗ ƨȍǻǮǂǶơ ǹȍǯǶơ   ǹȍǯǶơ ȀǀȂ ǩȌǂǠƫ ǹƬȌ .ƧƾǯǠǺ Ƣ˻ǺƢǮǁƗ λƬƷ

  ƩƢƠǪ ƢȃǾƗ λǷǟint  Ȅfloat    Ȅcomplex    νǪǼȅưȌƢƥ  ƨǫȍǛȄ ǸơƾƼƬǇơ ǹƬȌ .()type    ǝȅǾ ƾȌƾƸƬǶ
ƩƢǾƢȍƦǶơ. 

In     [1]: a = 6 

b = 7.0 

c = 4 + 3j 

print("Type of a: ", type(a))  

print("Type of b: ", type(b))  

print("Type of c: ", type(c))   
Out  [1]: Type of a:  <class 'int'>  

Type of b:  <class 'float'>  

Type of c:  <class 'complex'> 

 
1 Classes 
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 ĆĊÎþõv ôÅĒÆõv 

  νǪǼȅưȌƢƥƍ    ǨǂƷƗ ǵưǻƫ νƬǶơ ƩƢƬȌƢƦǶơ ǽǺ ƩƢǪȅǫǐǺ ǽǟ ƧǁƢƦǟ ǵǇ˫ǈǶơUnicodeƨǷǈǷǈǶơ .  
ƨȍǐǿǶơ    ȄƗ ƾƷơȄ ǨǂƷ ǽǺ ƨǟȅǻƴǺ ǽǟ ƧǁƢƦǟ.ǂưǲƗ    ƩƢǾƢȍƥ ƾƳȅƫ ˪ƨȍǪǂƷʣ  ƍǼȅưȌƢƥ    ǨǂƸǶƢǪ

ƾƷơȄ Ǵȅǘƥ ƨǷǈǷǇ ǽǟ ƧǁƢƦǟ. 
In     [2]: Str_1 = 'Python Data Types'  

Str_1  
Out  [2]: 'Python Data Types ' 
In     [3]: Str_2 = "data science"  

Str_2 
Out  [3]: "data science" 
In     [3]: type(Str_2)  
Out  [3]: str  
In     [3]: type("c")  
Out  [3]: str  

 ôùvĀÞõv 
 ǵǺơȅǟ ǸƾƼƬǈſƫ1  ǼȅưȌƢƥ    ǸƾƼƬǈſƫ ƨȍǇƢȍǮ ǃȅǺǁ ƢȃǾƛ .ƩơǂȍǤƬǻǶơȄ ǹȍǯǶơ λǷǟ ƩƢȍǷǻǟ ƔơǂƳ˨ Ƣ˻Ǻȅǻǟ

.ƨǾǁƢǯǻǶơȄ ƨȍƥƢǈƸǶơȄ ƨȍǯǘǿǻǶơ ƩƢȍǷǻǠǶơ Ɣơƽ˦ 

 ĆĊzwÆ´õv ôùvĀÞõv 

ƨǻǈǯǶơȄ ƣǂǔǶơȄ ƵǂǘǶơȄ ǞǻƴǶơ ǵưǺ ƨȍƥƢǈƷ ƩƢȍǷǻǟ ƔơǂƳ˨ ƨȍƥƢǈƸǶơ ǵǺơȅǠǶơ ǸƾƼƬǈſƫ. 
 ǵǺƢǠǶơ  ǵǺƢǠǶơ Ƶǂǋ  ƨȍǷǻǠǶơ 

+ ǞǻƴǶơ x + y 

ï  ƵǂǘǶơ x ï y 

*  ƣǂǔǶơ x * y 

/  ƨǻǈǮ) ƨǻǈǯǶơx λǷǟy ( x / y 

// ƨǻǈǯǶơ )ƨȍƬƸƬǶơ ƨǻǈǯǶơ ǵǏƢƷ x λǷǟy ( x // y 

% ƨǻǈǯǶơ νǮƢƥ x % y 

**  ƧȅǯǶơ x ** y  
In     [1]: x=10 

y=3 

add = x+y  

sub = x - y 

mul = x * y  

div1 = x / y  

div2 = x // y 

 
1 operators 
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mod = x % y 

p = x ** y  

print("Additi on:",add) 

print("Subtraction:",sub)  

print("Multiplication:",mul)  

print("Division(float):",div1)  

print("Division(floor):",div2)  

print("Modulo:",mod)  

print("Power:",p)  
Out  [1]: Addition: 13  

Subtraction: 7  

Multiplication: 30  

Division(float): 3.3333333333333335 

Division(floor): 3  

Modulo: 1  

Power: 1000 

 ĆĊêÖþúõv ôùvĀÞõv 

  ƨȍǯǘǿǻǶơ ǵǺơȅǠǶơ ǭȍƦǘƫ ǹƬȌ)and  ƍor    Ȅnot  ( ȄƗ ƣơȅǏ ƨƴȍƬǿǶơ ǼȅǳƫȄ ƨȍǯǘǿǻǶơ ƩơǂȍƦǠƬǶơ λǷǟ
  ǵǺơȅǠǶơ ȀǀȂ ǸơƾƼƬǇơ ǹƬȌ .ƘǘƻǕȄǂǌǷǶ  ǶơƧƾǯǠǻ . 

 ǵǺƢǠǶơ  Ƶǂǋ ǵǺƢǠǶơ  ƨȍǷǻǠǶơ 
and True  ǽȍǷǺƢǠǻǶơ ˫ǲ ǼƢǲ ơƿƛTrue x and y 

or True  Ʃ˫ǺƢǠǻǶơ ƾƷƗ ǼƢǲ ơƿƛTrue x or y 

not  ǼƢǲ ơƿƛTrue Ǫ ǵǺƢǠǻǶƢFalse not x 

 
In     [1]: X = True  

Y = False 

print(X and Y)  

print(X or Y)  

print(not X)  
Out  [1]: False 

True  

False 

Ćý½wêúõv ôùvĀÝ 

ƫ  Ƣ˻ǔȌƗ ƨǾǁƢǯǻǶơ ǵǺơȅǟ λǻǈƫ .Ƣǻȃǿȍƥ ƨǮ˫ǠǶơ ǼơƽƾƸȌȄ ƢǻȃȍƦǾƢƳ ǹȍǮ Ǽ˫ǺƢǠǶơ ǼơǀȂ ǼǁƢǯƥ  ǵǺơȅǠǶƢ
ƨȍǗƢƦƫǁ˪ơ. 

 ǵǺƢǠǶơ  Ƶǂǋ ǵǺƢǠǶơ  ƨȍǷǻǠǶơ 

>  :ǽǺ ǂƦǲƗTrue  ǽǻȌ˦ơ ǵǺƢǠǻǶơ ǽǺ ǂƦǲƗ ǂǈȌ˦ơ ǵǺƢǠǻǶơ ǼȅψȌ ƢǺƾǿǟ . x > y 

<  :ǽǺ ǂǤǏƗTrue  ǽǻȌ˦ơ ǵǺƢǠǻǶơ ǽǺ ǂǤǏƗ ǂǈȌ˦ơ ǵǺƢǠǻǶơ ǼȅψȌ ƢǺƾǿǟ. x < y 
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==  :ȊȄƢǈȌTrue  .ǽȍȌȄƢǈƬǺ ǽȍǷǺƢǠǻǶơ ˫ǲ ǼƢǲ ơƿƛ x == y 

!=  ǂȍǣȊȄƢǈǺ :True  ˫ǲ ǼƢǲ ơƿƛ .ǽȍȌȄƢǈƬǺ ǂȍǣ ǽȍǷǺƢǠǻǶơ x! = y 

>= ǂƦǲƗ Ȅơ ǽǺ  ǽǻȌ˦ơ ǵǺƢǠǻǶơ ȊȄƢǈȌ ȄƗ ǽǺ ǂƦǲƗ ǂǈȌ˦ơ ǵǺƢǠǻǶơ ǼƢǲ ơƿƛ :ȊȄƢǈȌ. x >= y 

<=  ǽǻȌ˦ơ ǵǺƢǠǻǶơ ȊȄƢǈȌ ȄƗ ǽǺ ǵǮƗ ǂǈȌ˦ơ ǵǺƢǠǻǶơ ǼƢǲ ơƿƛ :ȊȄƢǈȌ ǽǺ ǂǤǏƗ . x <= y 

 
In     [1]: a = 11 

b = 26 

print(a > b)  

print(a < b)  

print(a == b)  

print(a != b)  

print(a >= b)  

print(a <= b)  
Out  [1]: False 

True  

False 

True  

False 

True  

 ¡wýwĊ{õv ôíwĊă 
  ƩƢǾƢȍƦǶơ ǹȍǜǿƫ ƾǠȌ  ƶǻǈƫ .ǴƢǠǫǶơ ǂȍȍǤƬǶơȄ ǵȃǈǶơ ǴȅǏȅǶơ ƶȍƬȌ ȁǾ˦ Ƣ˻ǻȃǺ ơ˻ǂǺƗ ƢȃǿȌǄƼƫȄ ƢȃƫǁơƽƛȄ

  ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ǽȌǄƼƫ ƢȃǶ˫ƻ ǽǺ ǱǿψǻȌ ƨǯȌǂǘƥ ǱƫƢǾƢȍƥ ǹȍǜǿƬƥ ƩƢǾƢȍƦǶơ ǵǲƢȍȂ ǱǶ
  Ʃ˫ψǌǻǶơ ǵƸǶ ƨȍǇƢǇ˦ơ ǵƬψǶơ νȂ ƩƢǾƢȍƦǶơ ǵǲƢȍȂ .ƢȃȍǷǟ ˻ƔƢǿƥ ƩƢȍǷǻǠǶơ ǀȍǫǿƫȄ Ƣ˻ǠǺ ƢȃǘƥǁȄ

ǠǶơ ʣƧƔƢǫψƥƩƢǯȍƦǘƬǶơ ǹȍǜǿƬǶ ̿˫ȃǇ ơ˻ǁƢǗƛ ǱƸǿǻƫ ƨǿ˿ǈƸǺȄ ƨƬƦư˾Ǻ ƩơȄƽƗ ƢȃǾƛ .νǯȍǯƸǶơ ǹǶƢ. 
  ǹǟƾƫǼȅưȌƢƥ    ƾƳȅȌ .ƢȃȍǶƛ ǴȅǏȅǶơȄ ƩƢǾƢȍƦǶơ ǽȌǄƼƬƥ ǱǶ ƶǻǈƫ νƬǶơ ƩƢǾƢȍƦǶơ ǵǲƢȍȂ Ƣ˻ȍǿǻǓ

  ǽǻǔƬƫ .ǼȅưȌƢƥ ƨƴǺǂƥ ƨǤǶ ʣƨȍǷƻơƽ ƩƢǾƢȍƥ ǵǲƢȍȂ ƨǠƥǁƗ νǶƢǻƳƛǵǲƢȍȂ    ȀǀȂ ƩƢǾƢȍƦǶơ  ǹƟơȅǯǶơ
 ǨȅǫǐǶơȄ   ơȄƩƢǟȅǻƴǻǶơȄ ǆȍǺơȅǯǶ  ƩƢǾƢȍƥ ǵǲƢȍȂ .  ǼȅưȌƢƥ  ǼƢǯƫƛ ƾǠȌ .ơŻƾƳ ƨȌȅǮ ƢȃǿψǶȄ ƨǘȍǈƥ

  λǶƛ ƨǪƢǓ˨Ƣƥ .ǼȅưȌƢƥ ƨǤǶ ʣơ˻ǂȂƢǺ Ƣ˻ƴǺǂƦǺ ƶƦǐƫ ǼƗ ǽǺ Ƣ˻ǻȃǺ ơ˻ƔǄƳ ƢȃǺơƾƼƬǇơƍǱǶƿ    ƮƸƦȌ
  ǹǶƢǠǶơ ʣƨƴǺǂƦǶơ Ʃ˫ψǌǺ ǵƷ ƾǿǟ ƽǁơȅǻǶơ ƧƔƢǫǲȄ ǀȍǫǿƬǶơ ƪǮȄ ǽǟ ǼȅǫǛȅǻǶơȄ ǵǻǠǶơ ƣƢƸǏƗ

  Ǽƛ .νǯȍǯƸǶơ  ƨǪǂǠǺǵǲƢȍȂ    ƪǮȅǶơ ǽǺ ǵǷǯȌȄ ƲǺƢǾǂƦǶơ ƔơƽƗ ǽǺ ƾȌǄȌ νǶƢƸǶơ ǵƸǷǶ ƤǈǾ˦ơ ƩƢǾƢȍƦǶơ
  ơǀȃǶ .ȁƟƢǌǾ˨ Ǹǃ˫ǶơƍƤƦǈǶơ    ƩƢǾƢȍƦǶơ ǵǲƢȍȃǶ ȊȅǮ ǹȃǪ λǶƛ ȆǂƦψǶơ ƩƢǲǂǌǶơ ǹǜǠǺ ƱƢƬƸƫ

  Ʃ˫ƥƢǯǺ ʣƨǮƾƥ ƢȂǁƢƦƬƻơȄƨƴǺǂƦǶơ  ǹȃƥ ƨǏƢƼǶơ. 
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 ¡wýwĊ{õv ôíwĊă ºÝwÆ£wúĊå  Ĉöĉ: 
¶  ą½v¹p )¡wýwĊ{õv ĆÝĀú¬ù ÷vº¸¤Åvÿ 

¶  ą¹º´ù ¡wýwĊz üÝ Üĉ¾Æõv ¦´{õvĈå  )¡wýwĊ{õv ąºÝwé 

¶ ¡wýwĊ{õv Ówêý üĊz ¡wéĒÝ ÿl ĆĊù¾ă ¡đwÎ£v iwÊýp ) 

¶  ¡wýwĊ{õv Ć¬õwÞù Üĉ¾Æ£ÿ ÔĊÆ{£) 

 øtvĀêõv  
ƨǻƟƢǯǶơ ǩȌǂǠƫ ǹƬȌ  )list(    λǿǠǻƥ .ǂǏƢǿǠǶơ ǽǺ ƨƦƫǂǺ ƨǟȅǻƴǺ ƢȃǾƗ λǷǟƍǂƻƕ    ƨǻƟƢǮ λǷǟ ȊȅƬƸȌ

 Ǽ˦ ơ˻ǂǜǾ .ƨǻƟƢǯǶơ ǂǻǟ ǴơȅǗ ƨƬƥƢƯ ǵǜƫ ƨǷǏƘƬǺ ƨȍǏƢƻ ȅȂ ǂǏƢǿǠǶơ Ƥȍƫǂƫ .ǂǏƢǿǠǶơ ǽǺ ƨǷǈǷǈƬǺ
  ʣƔνǋ ǵǲǼȅưȌƢƥ    ǽǟ ƧǁƢƦǟƍǽƟƢǲ    ǽƟƢǲ ƔƢǌǾƛ λǶƛ νǇƢǇƗ ǵψǌƥ ȊƽƚȌ ƨǻƟƢǮ ƔƢǌǾƛ ǼƜǪ ǼȅưȌƢƥ  

ǌǾƛ ƾǿǟ .ǽȍǠǺ ǝȅǾ ǽǺ  ƔƢƍƨǻƟƢǮ    ǵǏơȅǫƥ ƨǶȅǐǫǺȄ [] ʣƨǻƟƢǯǶơ ʣǂǏƢǿǠǶơ ǞȍǻƳ ǞǓȄ ƤƴȌ
  ǁƢǘƻ˨ǼȅưȌƢƥ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǼȅưȌƢƥ ʣƨǻƟƢǮ ƔƢǌǾƛ ǽψǻȌ .ƢȂƙƢǌǾƛ ǹƫ ƾǮ ƨǻƟƢǯǶơ ǼƘƥ: 

List_A = [item 1, item 2, item 3 , é., item n] 

 
In     [1]: my_list = [1, 2, 3, 4]  

In     [2]: my_list  

Out  [2]: [1, 2, 3, 4]  

  ǵƻơƽ ǂǏƢǿǟ ȊƗ Ǟǔƫ ǹǶ ơƿƛƍǅȅǯǶơ   ƱơǂƻƜǲ ƨǣǁƢǪ ƨǻƟƢǮ λǯǷƬƬǈǪ: 
In     [1]: my_list1 = []  

In     [2]: my_list1  

Out  [2]: []  
ƩƢǾƢȍƦǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƘƥ ǂǏƢǿǠǶơ ǽǺ ơ˻ƽƾǟ ƨǻƟƢǮ ǵǲ Ǽȅǳƫ ǼƗ ǽψǻȌ: 

In     [3]: my_list = [1, 'example', 5.45]  

In     [4]: my_list  

Out  [4]: [1, 'example', 5.45]  

  λǶƛ ƨǪƢǓ˨ƢƥƍǱǶƿ    ƨǻƟƢǮ λǷǟ ƨǻƟƢǯǶơ ȊȅƬƸƫ ǼƗ ǽψǻȌ  ƨǻƟƢǯǶƢƥ ƨǻƟƢǯǶơ ȀǀȂ ǨǂǠſƫ .ǂǐǿǠǲ ȆǂƻƗ
ƨǷƻơƾƬǻǶơ: 

In     [5]: my_list1 = [1.56, 'python']  

In     [6]: my_list2 = ['example', 1]  

In     [7]: my_list = [5, my_list1 ,'data scientist', my_list2]  

In     [8]: my_list  

Out  [6]: [5, [1.56, 'python'], 'data scientist', ['example', 1]]  
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  ʣƨǻƟƢǮ λǶƛ ǂǐǿǟ ƨǪƢǓƛ ǽψǻȌǼȅưȌƢƥ    ǸơƾƼƬǇƢƥǴơȄƾǶơ  ()append    Ȅ()extend    Ȅ()insert : 

Á  ƨǶơƾǶơ ()append  ƾƷơȄ ǂǐǿǠǲ ƨǻƟƢǯǶơ λǶƛ ƨǶȅǯǿǻǶơ ǂǏƢǿǠǶơ ǵǲ ǩȍǔȌ . 
Á  ƨǶơƾǶơ ()extend    λǶƛ ǂǏƢǿǟ ǩȍǔȌ Ȇǂƻ˦ơ ȅǷƫ ƧƾƷơȄ ƨǻƟƢǯǶơ . 
Á   ƨǶơƾǶơ()insert   ƨǻƟƢǯǶơ λǶƛ ǽȍǠǺ ǅǂȃǪ νǪ ơ˻ǂǐǿǟ ǩȍǔȌ . 

In     [7]: my_list = [7, 2, 1]  

In     [8]: my_list  

Out  [8]: [7, 2, 1]  

In     [9]: my_list.append([44, 15,'python'])  

In     [10]: my_list  

Out  [10]: [7, 2, 1, [44, 15, 'python']]  

In     [11]: my_list.extend(['example',2])  

In     [12]: my_list  

Out  [12]: [7, 2, 1, [44, 15, 'python'], 'example', 2]  

In     [13]: my_list.insert(1, 'insert_example1')  

In     [14]: my_list.insert(6, 'insert_example2')  

In     [15]: my_list  

Out  [15]: [7, 'insert_e1', 2, 1, [44, 15, 'python'], 'example', 

'insert_e2', 2]  

    

  νǪ ƨǻƟƢǮ ǽǺ ǂǐǿǟ ƨǶơǃƛ ǽψǻȌǼȅưȌƢƥ    ǸơƾƼƬǇƢƥǴơȄƾǶơ  ()clear  ƍpop()  ƍ()remove 
Ȅdel() : 

Á  ǸơƾƼƬǇƢƥ ƨǶơƾǶơ ()clear   ƨǻƟƢǯǶơ ǂǏƢǿǟ ǞȍǻƳ ǨǀƷ ǹƬȌ ƍ . 
Á  ƨǶơƾǶơ ǨǀƸƫ ()pop   ƩƢƳǂƼǻǶơ νǪ ȁƬǻȍǮ ǑǂǠƫȄ ǅǂȃǫǶơ λǷǟ ˻ƔƢǿƥ ơ˻ǂǐǿǟ . 
Á  ǸơƾƼƬǇƢƥ ƨǶơƾǶơ  ()remove    ˻ƔƢǿƥ ǂǐǿǟ ƨǶơǃƛ ǽψǻȌ ȁƬǻȍǮ λǷǟ . 
Á   ǸơƾƼƬǇƢƥ ƨǶơƾǶơ  del()    ȅȂ ǴȄ˦ơ ǅǂȃǫǶơ .ǅǂȃǫǶơ λǷǟ ˻ƔƢǿƥ ƨǪȅǫǐǻǶơ ǂǏƢǿǟ ǨǀƷ ǽψǻȌ0  

  ȅȂ ǂȍƻ˦ơ ǅǂȃǫǶơȄ1 ŷ . 

In     [16]: my_list = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]  

In     [17]: my_list  

Out  [17]: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]  
In     [18]: my_list.clear()  

Out  [18]: []  

In     [19]: my_list = [8, 2, 3, 7, 9, 1]  
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In     [20]: my_list.pop(0)  

Out  [20]: 8 

In     [21]: my_list.pop(4)  

Out  [21]: 1 

In     [22]: my_list = [12, 1, 5, 2, 4]  

In     [23]: my_list.pop( -3) 

Out  [23]: 5 

In     [24]: my_list = ['Ali', 'Mohammad', 'Milad', 1, 5.69]  

In     [25]: my_list.remove('Milad')  

In     [25]: my_list  

Out  [25]: ['Ali', 'Mohammad', 1, 5.69]  

In     [26]: my_list.remove( 1) 

In     [27]: my_list  

Out  [27]: ['Ali', 'Mohammad', 5.69]  

In     [28]: my_list = [4, 7, 5, 1, 4]  

In     [29]: del my_list[0]  

In     [30]: my_list  

Out  [30]: [7, 5, 1, 4]  

In     [31]: del my_list[ -1] 

In     [32]: my_li st 

Out  [32]: [7, 5, 1]  
   

  ǽǺ ƾȌƾǠǶơ ǰƢǿȂǴơȄƾǶơ  ǹƟơȅǯǶơ ǞǺ ǵǻǠǶơ ƾǿǟ ƢȃǺơƾƼƬǇơ ǽψǻȌ νƬǶơ Ȇǂƻ˦ơ: 

Á ƨǶơƾǶơ ǞƳǂƫ  ()len  .ƨǻƟƢǯǶơ ǴȅǗ 
Á ƨǶơƾǶơ ǞƳǂƫ  ()index    ƍ ƩơǂǺ Ƨƾǟ ƨǻƟƢǯǶơ νǪ ǂǐǿǟ ǂȃǛ ơƿƛ :ƨǜƷ˫Ǻ) ǂǏƢǿǠǶơ ƾƷƗ ǅǂȃǪ  ǹƬȍǈǪ

 .(ǭƥƢǘǻǶơ ǴȄ˦ơ ǅǂȃǫǶơ ǝƢƳǁƛ 
Á   ƨǶơƾǶơ ǸơƾƼƬǇƢƥ()sort   .ȊƽȅǠǏ ƤȍƫǂƬƥ ƨǻƟƢǯǶơ ǃǂǪ ǹƬȌ 

 

In     [33]: my_list1 = [4, 7, 5, 1, 4, 12]  

In     [34]: len(my_list)  

Out  [34]: 6 

In     [35]: my_list.index(5)  

Out  [35]: 2 
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In     [36]: my_lis t.sort()  

In     [37]: my_list  

Out  [37]: [1, 4, 4, 5, 7, 12] 

ĀæÎõvã  

) ǨȅǫǐǶơTuples(   Ƣȃǿȍƥ ǬǂǪ ǹȂƗ .ǼȅưȌƢƥ ʣǂǏƢǿǠǶơ ǽǺ ǂȍȍǤƬǷǶ ƨǷƥƢǮ ǂȍǣȄ ƨƬƥƢƯ ƨǷǈǷǇ νȂ
  ƨǷƥƢǮ ǹƟơȅǯǶơ ǼƗ ǽȍƷ ʣ.ƢȃƫƢƦƯ ȅȂ ǹƟơȅǯǶơ ǽȍƥȄƍǂȍȍǤƬǷǶ  ʣƧǄȍǻǶơ ȀǀȂ ǂǪȅƬƫ ˪  ȅǫǐǶơ  .Ǩ 

  ƔƢǌǾ˨ ƨǯȌǂǗ ǵȃǇƗǩǏ  νǷȌ Ƣǻǲ νȂ: 

tuple_A = item 1, item 2, item 3,é, item n 

  ǸơƾƼƬǇơ ƾǠȌ ƨȌơƾƥ ǽȍƥ ǄȍȍǻƬǶƢƥ λǏȅȌ ǽψǶ ƍ Ƣ˻ȌǁƢȍƬƻơ ơ˻ǂǺƗ ƨǟȅǻƴǻǶơ ǽȌȅǳƫ νǪ ǅơȅǮ˦ơ
ƢȃƬȌƢȃǾȄ ƨǟȅǻƴǻǶơ: 

tuple_A = (item 1, item 2, item 3,é, item n) 

 

In     [1]: my_tuple = (1, 2, 3)  

In     [2]: my_tuple  

Out  [2]: (1, 2, 3) 
  ƔƢǟƾƬǇƢƥtupleƍ    ǵǲ ǵȌȅƸƫ ǱǿψǻȌƨǷǈǷǇ    Ƨƾǟ λǶƛǨȅǫǏ : 

In     [3]: tuple([1, 3, 8])  

Out  [3]: (1, 3, 8) 

In     [4]: tup_A = tuple('Python')  

In     [5]: tup_A  

Out  [5]: ('P', 'y', 't', 'h', 'o', 'n') 

  

  ǽǺ ƾȌƾǠǶơ ǰƢǿȂǴơȄƾǶơ    ǞǺ ǵǻǠǶơ ƾǿǟ ƢȃǺơƾƼƬǇơ ǽψǻȌ νƬǶơǨȅǫǐǶơ : 
Á   ǞƳǂƫ()len  ƨǟȅǻƴǻǶơ ǴȅǗ ƨǶơƾǶơ . 
Á  ƨǶơƾǶơ ()index  ǂǐǿǠǶơ ǅǂȃǪ ǞƳǂƫ . 
Á   ƨǶơƾǶơ ǞƳǂſƫ ()max   ƨǟȅǻƴǻǶơ νǪ ƨǻȍǮ ǂƦǲƗ . 
Á   ƨǶơƾǶơ ǞƳǂſƫ ()min   ƨǟȅǻƴǻǶơ νǪ ƨǻȍǮ ǂǤǏƗ . 
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In     [6]: tup_A = tuple('Python')  

In     [7]: tup_A.index('y')  

Out  [7]: 1 

In     [8]: my_tuple = (8, 1, 4, 5, 3)  

In     [9]: max (my_tuple)  

Out  [9]: 8 

In     [9]: min (my_tuple)  

Out  [9]: 1 

  ƨƥƢƬǲ ƾǿǟǩǏ    ǂǐǿǠƥƍƾƷơȄ    ƔƢǌǾƛ ǽψǻȌ .ǂǐǿǠǶơ ƾǠƥ ƨǷǏƢǪ ǸơƾƼƬǇơ ƤƴȌǩǏ    λǷǟ ȊȅƬƸƫ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƾƷơȄ ǂǐǿǟ: 

tuple_A = (item 1 ,) 

  ƔƢǌǾ˨ǩǏ  ƍǡǁƢǪ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǣǁƢǫǶơ ǅơȅǮ˦ơ ǽǺ ƱȄǃ ƔƢǌǾƛ ǸƾƼƬǈǻǶơ λǷǟ ƤƴȌ : 

tuple_A = () 

 

In     [10]: Empty_tuple= ()  

In     [11]: Empty_tuple  

Out  [11]: () 

 

 ôÒæĉ v»wúõ   äÎõv Tuple   Ćútwêõv ĔöÝ List K 
¶   ¾{¤Þ£ãĀæÎõv   üù ąº³vÿ Ćö¤í Ĉå ĆÝĀú¬úõv üĉÀ¸£ ø¤ĉ )øtvĀêõv üù Û¾Ål

  Ĕõp Ć«w³ ëwþă ¢ÆĊõ ìõ¼õ I ¾ĊĊâ¤öõ Ćözwé ¾Ċá ¡wÝĀú¬úõv ¾{¤Þ£ )ą¾ív¼õv
 )ąºĉº¬õv ¾ÍwþÞõv üĉÀ¸¤õ ĆĊåwÑp Ć³wÆù 

¶   ôÒæQĉäÎõv    I ûwĊ³čv ÐÞz Ĉå )¡wýwĊ{õv ¾ĊĊâ£ Ĉå ÷º¸¤Æúõv yá¾ĉ đ wùºþÝ
  ¾Ċá ¡wÝĀú¬úõv ¾{¤Þ£ )Ă£wĊ³ óvĀÕ MwúĊöÅ ôÚĉ ütwí iwÊýp ÷º¸¤Æúõv ºĉ¾ĉ
  ĈÑ¾Þõv ã¼´õv ÿl ôĉºÞ¤õv ÿl ĆåwÑďv Üþúõ wĄùvº¸¤Åv üîúĉ v¼õ I¾ĊĊâ¤öõ Ćözwé

¡wýwĊ{öõ ) 

  ÄĊùvĀêõv 

  ǅȅǺƢǯǶơ(Dictionary)ʣ  ǼȅưȌƢƥ  ȅȂ    ǹȍǯǶơ ǽǺ ƨƦƫǂǺ ǂȍǣ ƨǟȅǻƴǺ νƬǶơȄ   ǵǲƢȍȂ ǆǳǟ λǷǟ
  ǖǯǪ ƧƾƷơȄ ƨǻȍǮ λǷǟ ȊȅƬƸƫ νƬǶơ Ȇǂƻ˦ơ ƩƢǾƢȍƦǶơƍǂǐǿǠǲ    ƨǻȍǯǶơ ƱơȄǃƗ ǽȌǄƼƬǶ ƢȃǺơƾƼƬǇơ ǹƬȌ
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  ʣ.ǽȍǈƸƬǶơ ǽǺ ƾȌǄǻǶ ǅȅǺƢǯǶơ ʣƵƢƬǫǻǶơ ƨǻȍǮ ǂȍǪȅƫ ǹƬȌ .ƵƢƬǫǻǶơȄƍǅȅǺƢǯǶơ    Ǽȅǳƫ ǼƗ ƤƴȌ
ƧƾȌǂǪ ƶȍƫƢǫǻǶơ  . 

my_dictionary = {key 1 : value 1,  key 2 : value 2} 

 

In     [1]: my_dict = {'First': 'Python', 'Second': 'Julia'}  

In     [2]: my_dict  

Out  [2]: {'First': 'Python', 'Second': 'Julia'}  

  ǹȍǮ ǂȍȍǤƬǶƍǅȅǺƢǯǶơ    .ƶȍƫƢǫǻǶơ ǸơƾƼƬǇƢƥ ǱǶǀƥ ǸƢȍǯǶơ ǱȍǷǟƍǱǶǀǶ    ƵƢƬǫǻǶơ λǶƛ ǴȅǏȅǶƢƥ ̝˪ȄƗ ǹǮ
ȁƬǻȍǮ ǂȍȍǤƬƥ ǹǮ ǹƯ : 

In     [3]: my_dict['Second'] = 'golang' 

In     [4]: my_dict  

Out  [4]: {'First': 'Python', 'Second': 'golang'}  

  ƨǪƢǓ˨ƍǹȍǮ  ǹȍǮ ƱȄǃ ƨǪƢǓƛ ȆȅǇ ǱȍǷǟ ƢǺŷνǶƢƬǶơ ǂǺ˧Ƕ ƢŻǯǪȄ ǂƻƕ ƵƢƬǫǺ : 

In     [3]: my_dict['Third'] = 'Rust'  

In     [4]: my_dict  

Out  [4]: {'First': 'Python', 'Second': 'golang', 'Third': 'Rust'}  

  ǸƾƼƬǈſƫƨǶƾǶơ  pop()    ȀǀȂ ǞƳǂſƫ) ƨǻȍǮ ǨǀƸǶƨǶơƾǶơ  (ƨǪȄǀƸǻǶơ ƨǻȍǯǶơ Ƣ˻ǔȌƗ : 

In     [5]: my_dict.pop('Third')  

Out  [5]: Rust  

In     [6]: my_dict  

Out  [6]: {'First': 'Python', 'Second': 'golang'}  

  ǸơƾƼƬǇơ ǹƬȌƨǶƾǶơ  () clear  ȁǷǻǲƘƥ ǅȅǺƢǯǶơ ƶǈǻǶ : 

In     [7]: my_dict.clear()  

In     [8]: my_dict  

Out  [8]: {} 

  λǶƛ ǴȅǏȅǷǶƍǂǐǿǟ  ȁƷƢƬǫǺ λǷǟ ǖǤǔǶơ ȆȅǇ ǱȍǷǟ ƢǺ : 

In     [9]: my_dict = {'First': 'Python', 'Second': 'Julia'}  
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In     [10]: my_dict['First']  

Out  [10]: Python  

  ǸơƾƼƬǇơ ǹƬȌƨǶơƽ  ()keys    ǸơƾƼƬǇơ ǹƬȌȄ ƶȍƫƢǫǻǶơ ǑǂǠǶƨǶơƽ  ()values    ǽψǻȌ .ǹȍǯǶơ ǑǂǠǶ
  ǸơƾƼƬǇƢƥ ƨǻȍǯǶơȄ ƵƢƬǫǻǶơ ƱȄǃ ǑǂǟƨǶơƽ  ()items : 

In     [11]: my_dict = {'First': 'Python', 'Second': 'Julia'}  

In     [12]: my_dict.keys()  

Out  [12]: dict_keys(['First', 'Second'])  

In     [13]: my_dict.values()  

Out  [13]: dict_values( ['Python', 'Julia'])  

In     [14]: my_dict.items()  

Out  [14]: dict_items([('First', 'Python'), ('Second', 'Julia')])  

 ¡wÝĀú¬úõv 

  ǩȌǂǠƫ ǹƬȌƨǟȅǻƴǻǶơ  (Set)    .ƢŻǿȍǠǺ Ƣ˻Ʀȍƫǂƫ ǞƦƬƫ ˪ νƬǶơ ƧƾȌǂǫǶơ ǂǏƢǿǠǶơ ǽǺ ƨǟȅǻƴǺ ƢȃǾƗ λǷǟ
 ƽƾǟ ǽǺ ƨȍǻȂƗ ǂưǲƗ ƩƢǿƟƢψǶơ ǽǺ ƨǟȅǻƴǺ ʣǽƟƢǲ ƽȅƳȄ ǼȅψȌ ƢǺƾǿǟ ƩƢǟȅǻƴǻǶơ ǸƾƼƬǈſƫ

  ʣ.ƢȃƦƫǂƫ ȄƗ ƩƢǿƟƢψǶơ ƢȃȍǪ ǂȃǜƫ νƬǶơ ƩơǂǻǶơ ƍƩƢǟȅǻƴǻǶơ    ǽǺ ǂưǲƗ ƩƢǾƢȍƦǶơ Ʃǁǂǳƫ ơƿƛ ƍƧǂǺ   ǹƬȌ
  ƨǟȅǻƴǻǶơ ʣƢȃǶƢƻƽƛ  ǆǳǟ λǷǟ .ǖǯǪ ƧƾƷơȄ ƧǂǺǨȅǫǐǶơƍ    ƨǷƥƢǮ ƩƢǟȅǻƴǻǶơ ǼƜǪƒǂȍȍǤƬǷǶ    ȊƗ

νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǴƢưǺ ƨǟȅǻƴǺ Ǒǂǟ ǽψǻȌ .ƢȃƬǶơǃƛ ȄƗ ƢȃǶơƾƦƬǇơ ȄƗ ƢȃƬǪƢǓƛ ȄƗ ƢȃǷȌƾǠƫ ǽψǻȌ ȁǾƗ: 

set_a = {"item 1", "item 2", "item 3",é.., "item n"} 

 

In     [1]: my_set = {2, 2, 3, 1, 4, 5, 5, 5} 

In     [2]: my_set 

Out  [2]: {1, 2, 3, 4, 5} 

  ǸơƾƼƬǇơ ǱǿψǻȌƨǶơƾǶơ  ()add  ǂǐǿǟ ƨǪƢǓ˨: 

In     [3]: my_set = {8, 1, 5} 

In     [4]: my_set.add(6)  
In     [5]: my_set 

Out  [5]: {1, 5, 6, 8} 
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ǱǶƢǿȂ    ƩƢȍǷǻǟǭƦǘƫ    ǵưǺ ƩƢȍǓƢȌǂǶơ ƩƢǟȅǻƴǺ λǷǟ  ƽƢƸƫ˪ơ(Union)  ǰơǂƬǋ˪ơȄ 
(Interaction)    νǶƢƬǶơ ǴƢưǻǶơ ƶǓȅȌ .ǱǶƿ λǶƛ ƢǺȄ  ƨǟȅǻƴǻǶơǾȅψǻǶơƨ    ǽǺ  ƽƢƸƫơǽȍƬǟȅǻƴǺ : 

In     [3]: a = {1, 2, 3, 4, 5} 

In     [4]: b = {6, 4, 5, 1, 3, 8, 7} 
In     [5]: a.union(b)  

Out  [5]: {1, 2, 3, 4, 5, 6, 7, 8} 

¡wêö´õvÿ øî´¤õv ôíwĊă 
  λǷǟ ˻ƔƢǿƥ ƨȍǶƢƬǶơ ƩơȅǘƼǶơ ǀƼƬǾȄ ǸȅȌ ǵǲ ƩơǁơǂǯǶơ ǀƼƬǾ ƍ ƨȍǺȅȍǶơ ƧƢȍƸǶơ νǪ  νƬǶơ ƩơǁơǂǯǶơ

  νǪ ȁƥƢǌǺ ǩǮȅǺ ƘǌǿȌ .ƢȂǀƼƬǾ νƬǶơ ƩơǁơǂǯǶơ λǷǟ ƾǻƬǠƫ ƨȍǺȅȍǶơ ƢǿƬǘǌǾƗ ǞȍǻƳ ǼƜǪ ơǀǶ .ƢȂǀƼƬǾ
  ƨǤǶ νǪ .ǱǶƿ λǷǟ ˻ƔƢǿƥ ƲǺƢǾǂƦǶơ ǀȍǫǿƫ ǹƬȌȄ ƩơǁơǂǯǶơ ǒǠƥ ƿƢƼƫơ ƢǿȍǷǟ ǽȍǠƬȌ ƮȍƷ ƨƴǺǂƦǶơ ƨǤǶ

ǭǪƾƬǶơ νǪ ǹψƸƬǶơ ƍ ƨǗƢǈƦƥ .ǹψƸƬǶơ ǵǲƢȍȂ ǭȌǂǗ ǽǟ ǱǶƿ ǹƬȌ ƍ ƨƴǺǂƦǶơ    ǵǈǷǈƫ ȅȂ ƨƴǺǂƦǶơ νǪ
  ǵǛ νǪ ǵǻǠȌ νǐǾ ƲǺƢǾǂƥ ƢǿȌƾǶ ǼȅψȌ ǼƗ ƾȌǂǾ ƢǿǾƗ ǑǂƬǫǿǶ ƍ ǖȍǈƥ ǴƢưǻƥ ƗƾƦǿǶ .ƧƽƾƸǺ ƩƢȍǷǻǟ

  ƾǿǟ ƔơȅȃǶơ ƧǁơǂƷ ƨƳǁƽ ǅƢȍǯƥ ƢǿǻǮ ơƿƛ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǫǷƬƼǺ ǨȄǂǛ3   ƍ ƨȌȅƠǺ ƩƢƳǁƽ
  ƧǁơǂƸǶơ ƨƳǁƽ ƪǾƢǲ ơƿƛ ǽψǶȄ ƍ "ƽǁƢƥ ƔơȅȃǶơ" ƨǟƢƦǗ ǹƬȍǈǪ21  ƠǺ ƨƳǁƽ  ƔơȅȃǶơ" ƨǟƢƦǗ ǹƬȍǈǪ ƍ ƨȌȅ

 ƨǟƢƦǗ ǹƬƫ) ƨǻȃǻǶơ ǀȍǫǿƫ ǹƬȌ ƍ ǕǂǌǷǶ ƢŻǯǪȄȄ ǕȄǂǌǶơ ǒǠƥ ǎƸǪ ǹƬȌ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ ."ǽƻƢǇ
(ƨǿȍǠǺ ƧǁƢƦǟ. 

 ĆĊÕ¾Êõv ¾ùvÿđv 

  .ƢǿƴǺƢǾǂƥ ǀȍǫǿƫ νǪ ǹψƸƬǶơ ƢǿȍǷǟ ǽȍǠƬȌ ƍ ǞȌǁƢǌǻǶơ νǪ ǼƢȍƷ˦ơ ǹǜǠǺ νǪ ƍƨƴǺǂƦǶơ ƩƢǤǶ νǪ
˦ơ ǒǠƥ ǀȍǫǿƫ ƾȌǂǾ ƍ ǂƻƕ λǿǠǻƥ  ƩƢǾƢȍƦǶơ ƔƢǌǾƛ ǹƬȌ .ƧƽƾƸǻǶơ ǕȄǂǌǶơ ƔƢǫȍƬǇơ ƨǶƢƷ νǪ ǖǯǪ ǂǺơȄ

  Ǖǂǋ ǼƢǲ ơƿƛ ƢǺ λǷǟ ˻ƔƢǿƥ ǨǂǐƬǶơȄ ǱǶǀƥ ǸƢȍǯǷǶ ƍ ǁơǂǯǶơ ƩƢǾƢȍƥ ǹǇƢƥ Ƣ˻ǔȌƗ ƨǪȄǂǠǻǶơ ƍ ƨȍǗǂǌǶơ
ƨȍǶƢƬǶơ ǂǺơȄ˦ơ ǸơƾƼƬǇƢƥ ƩơǁơǂǯǶơ ƿƢƼƫơ ƢǿǿψǻȌ ǼȅưȌƢƥ νǪ .Ƙǘƻ ǸƗ Ƣ˻ƸȍƸǏ ǽȍǠǺ: 

¶  ǂǺơ  if 
¶  ǂǺơ  if -else 
¶  ǂǺơ  elif 
¶  ǂǺơ  if -else   ƨǷƻơƾƬǻǶơ 

 

 



 
66 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

 if   

  ƧǁƢƦǟ Ǽȅǳƫ ƍ ǹψƸƬǶơ ǂǺơȄƗ νǪif   .ƢȃǶƢψǋƗ ǖǈƥƗ νȂ  ǕǂǌǶơ ǀǫǿȌ  ȄƗ ƨƸȍƸǏ ƢȃǾƗ λǷǟ ƢȃǻȍǯȌȄ
ƨƠǗƢƻ: 

if condition:  

     statement 1  

     statement 2  

       statement n  

 Υ 
In     [1]: num = 3  

if (num < 7):  

  print("Num is smaller than 7")  
Out  [1]: Num is smaller than 7  
In     [2]: a = 3 

b = 2 

if (a > b):  

  print("a is greater than b")  
Out  [2]: a is greater than b  

  if -else   

  ƨǻȍǷǠƫ ǸơƾƼƬǇƢƥif -else    ǵƻơƽ ƧƽȅƳȅǻǶơ ƩơǁƢƦǠǶơ ǀȍǫǿƫ ǹƬȍǈǪ ƍ Ƣ˻ƸȍƸǏ ǽȍǠǺ Ǖǂǋ ǼƢǲ ơƿƛ ƍ
ǰȅǷƥ  if    ǀȍǫǿƫ ǹƬȍǈǪ ƍ Ƣ̍ȉǗƢƻ ǕǂǌǶơ ǼƢǲ ơƿƛȄ ƍǰȅǷƥ  else : 

if condition:  

    statement 1  

else: 

    statement 2  
 

 Υ 
In     [1]: a = 1 

b = 2 

if (a > b):  

  pri nt("a is greater than b")  

else: 

  print("b is greater than a")  
Out  [1]: b is greater than a  
In     [2]: passing_Score = 70 

my_Score = 59 

if(my_Score >= passing_Score): 

  print("Congratulations! You passed the exam")  
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  print("You are passed in the exam")  

else: 

  print("Sorry! You failed the exam")  
Out  [2]: Sorry! You failed the exam  

 elif 

  ǂǺƗ ƧƾǟƢǈǻƥelif    ǂǺ˦ơ ǭǯƸƬȌ .ƾǯǠǺ ǁơǂǮ ƿƢƼƫơ ƢǿǿψǻȌ ƍelif    Ȇǂƻ˦ơ ȅǷƫ ƧƾƷơȄ ǕȄǂǋ Ƨƾǟ ǽǺ
  ǀǫǿȌȄǰȅǷƥ  ǕǂǌǶơ ƔƢǫȍƬǇơ ǹƫ ơƿƛ ȀǀȂ ƽȅψǶơ : 

if condition -1:   

     statement 1  

elif condition -2: 

     stetement 2  

elif condition -3: 

     stetement 3  

     ...          

else:             

     statement   

 Υ 
In     [1]: num = -1 

if (num > 0):  

  print("Number is positive")  

elif (num < 0):  

  print("Number is negative")  

else: 

  print("Number is Zero")  
Out  [1]: Number is negative  

 if -else   

 ƧǁƢƦǟ νǿǠƫif- else  ǼƗ ƨǷƻơƾƬǻǶơǂǺơ if  ȄƗif- else  ǵƻơƽ ƧƽȅƳȅǺǰȅǷƥ if  ȄƗif- else  .ȆǂƻƗ
  ǎƸǪ λǷǟ ƢǾƾǟƢǈȌ ȀǁȄƾƥ ơǀȂȄƩ˪ƢƷ  ǽȍǠǺ ƲǺƢǾǂƥ νǪ ƧƽƾǠƬǺ. 

if conditon_outer:  

    if condition_inner:  

        statement of inner if  

    else: 

        statement of inner else:  

    statement ot outer if  

else: 

    Outer else  

statement outside if block  
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 Υ 
In     [1]: num = 0  

if (num != 0):  

  if (num > 0):  

    print("Number is positive")  

  else: 

    print("Numbe r is negative")  

else: 

  print("Number is Zero")  
Out  [1]: Number is Zero  

 Ćĉ½v¾î¤õv ¡wêö´õv 

  ǵǲ ǁȄƾȌ ǼƗ ƤƴȌ .ƨǶƢǠǪ ƨȍƴǺǂƥ ƩƢǻȍǷǠƫ ƨƥƢƬǲ ȅȂ ƨǺƢǠǶơ ƢǿǪơƾȂƗ ƾƷƗ ǼƜǪ ƍ ǽȍƴǺǂƦǺ ƢǿƬǫǐƥ
 ƔƢǌǾƛȄ ƍ ƨȌǄǲǂǻǶơ ƨƴǶƢǠǻǶơ ƧƾƷȄ ƽǁơȅǺ ǵȍǷǯƫȄ ƍ ƧƾȍƳ ǸƾƼƬǈǺ ƨƥǂƴƫ ǂȍǪȅƫ ǴȅƷ ȁƥ ǸȅǯǾ Ɣνǋ
 ǱǶƿ ǭȍǯƸƫ ƢȃǶ˫ƻ ǽǺ ƢǿǿψǻȌ νƬǶơ ǬǂǘǶơ ȆƾƷƛ .ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ǽψǻǺ ǁƾǮ ǵǮƘƥ ƲǺơǂƥ
 ǽǺ ƔǄƳ ǁơǂǳƬƥ ƩƢǯǷƸǶơ ƢǿǶ ƶǻǈƫ .ǼȅưȌƢƥ νǪ ǼƢǟȅǾ ƢȃǿǺ ƾƳȅȌ νƬǶơȄ ƍ ƩƢǯǷƸǶơ ǸơƾƼƬǇơ νȂ

  ǁơǂǳƫ ǵȍǷǯƫ νǪ ƩƢǯǷƸǶơ ƢǾƾǟƢǈƫ .ȀƢǾƽƾƷ ȊǀǶơ ǕǂǌǶơ ƔƢǫȍƬǇơ ǹƫ ƢǻǶƢǗ ƒ ƢǾƽǁƗ λƬǺ ƽȅψǶơ  ƽȅψǶơ
ƩơǂǺ Ƨƾǟ ƨȍǷǻǟ ǵȍǤǌƫ ƢǿǶ ƶȍƬȌ ƮȍƷ ƍ Ƣǿƥ ǍƢƼǶơ . 

  for 

 ƨǯǷƷ ǸơƾƼƬǇƢƥfor   ƧǁƢƦǟ ǵǈǷǈƬǶơ ǼȅψȌ ǼƗ ǽψǻȌ .ǂȍǤƬǺ ȄƗ Ȋǁơǂǳƫ ǵǈǷǈƫ ȊƗ ǂȌǂǻƫ ǽψǻȌ ƍ
 ȄƗ ǅȅǺƢǮ ȄƗ ƨǻƟƢǮ ȄƗ ƨǷǈǷǇ ǽǟǨȅǫǏ    ƨǯǷƷ ǸơƾƼƬǇơ ƨȍǫȍǲ .ƨǟȅǻƴǺ ȄƗfor    ǵǯǿƬǶơȄ ǁơǂǳƬǷǶ

νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

for ite rator_var in sequence:  

    statements(s)  

 Υ 
In     [1]: n = 4 

for i in range(n):  

    print(i)  
Out  [1]:  ̮ 0 

 ̮ 1 

 ̮ 2 

 ̮ 3 
In     [2]: Str = 'Persian'  

for i in Str:  

    print(i)  
Out  [2]: P 

e 

r  
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s 

i  

a 

n 
In     [3]: l = ["machine", "learning", "and"]  

for i in l:  

    print(i)  
Out  [3]: machine  

learning  

and 

  while 

  νǪǼȅưȌƢƥ    ƨǯǷƷ ǸƾƼƬǈſƫ ƍwhile   ƔƢǫȍƬǇơ ǹƬȌ λƬƷ ǁǂǳƬǺ ǵψǌƥ ǂǺơȄ˦ơ ǽǺ ƨǟȅǻƴǺ ǀȍǫǿƬǶ
  ƨȍǫȍǲ .ƲǺƢǾǂƦǶơ ƨǯǷƷ ƾǠƥ ƧǂǋƢƦǺ ǂǘǈǶơ ǀȍǫǿƫ ǹƬȌ ƍ Ƣ̍ȉǗƢƻ ǕǂǌǶơ ǼȅψȌ ƢǺƾǿǟȄ ƍ ǽȍǠǺ Ǖǂǋ

  ƨǯǷƷ ǸơƾƼƬǇơwhile  νǷȌ Ƣǻǲ ȅȂ: 

while expression:  

    statement(s)  

 Υ 
In     [1]: num = 10  

sum = 0 

i = 1 

while i <= num:  

    sum = sum + i  

    i = i + 1  

print("Sum of first 10 number is:", sum)  
Out  [1]: Sum of first 10 number is: 55  
In     [2]: count = 0  

while (count < 3):    

    count = count + 1  

    print("Hello")  
Out  [2]: Hello  

Hello  

Hello  

 óvÿºõv 
  ǸƾƼƬǈſƫǴơȄƾǶơ  (Functions)    ƢȃǺơƾƼƬǇơ ƾȌǂƫ νƬǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ƨǟȅǻƴǻǶ ƨƴǺǂƦǶơ νǪ

  ƾǿǟ Ƣȃƥ ǴƢǐƫ˪ơȄ ǂƻƕ νǟǂǪ ǽȍƫȄǁ νǪ ƢȃǠǓȄ ǵǔǪ˦ơ ǽǻǪ ƍ ƢȂƾȍǯǠƫ ƤƦǈƥ ȄƗ ƍ ǁǂǳƬǺ ǵψǌƥ
 ƦƬǠƫ .ƧǁȄǂǔǶơ  ǂǴơȄƾǶơ  ǽȍƦƦǈǶ ƨƴǺǂƥ ƨǤǶ ȊƗ ǽǺ Ƣ˻ǻȃǺ ơ˻ƔǄƳ  .  ǸơƾƼƬǇơ ƧƽƢǟƜƥ ǱǶ ǼȅƸǻǈȌ ƍ ̝˪ȄƗ
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  Ƣ˻ǻƟơƽ ǱȍǷǟ ƤƴȍǪ ƍ ƩƢǾƢȍƥ ƧƾǟƢǮ ǸơƾƼƬǇƢƥ ǵǻǠƫ ƪǿǲ ơƿƛ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ȁƬƦƬǲ ȊǀǶơ ƽȅψǶơ
 ƍ ƨǶơƽ ƨƥƢƬǲ ǭȌǂǗ ǽǟ .ȁȍǶƛ ǴȅǏȅǶơ ƾȌǂƫ ȊǀǶơ ǴȄƾƴǶƢƥ ƢȃǺ˫ǟƛȄ ƩƢǾƢȍƦǶơ ƧƾǟƢǮ ǞǺ ǵǏơȅƬǶơ

Ȍ  λǶƛ ƱƢƬƸȌ ƲǺƢǾǂƥ ȊƗ νǪ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ǂǘǇ ƨƥƢƬǲ ǭȌǂǗ ǽǟ ǱǶǀƥ ǸƢȍǯǶơ Ǳǿψǻ
  λǶƛ ƨƳƢƸƥ ƪǿǲ ơƿƛ ȁǾƗ νȂ ǱǶǀƥ ǸƢȍǯǷǶ ƨǶơƽ ǸơƾƼƬǇ˪ ȆǂƻƗ ƧǄȍǺ .ƩƢǾƢȍƦǶơ ƧƾǟƢǮ λǶƛ ǴȅǏȅǶơ
  ȁȍǪ ƪƦƬǲ ȊǀǶơ ǭǘǿǻǶơ νǪ Ƣ˻Ʀȍǟ ƩƾƳȄ ơƿƛ ȄƗ ƍ ƢȃǺƾƼƬǈƫ νƬǶơ ƩƢǾƢȍƦǶơ ƧƾǟƢǮ ǝȅǾ ǂȍȍǤƫǶơƾǶơƨ  

  ǽǺ ƧƾƷơȄ ƨƼǈǾ ǵǻǟ ƨǗƢǈƦƥ ǱǿψǻȍǪ ƍ ƧǂǺ ǴȄ˦ƨǶơƾǶơ    ǸơƾƼƬǇơ Ȇǂƻ˦ơ ƩƢǯȍƦǘƬǷǶ ǽψǻȌȄ
ǁȅǫǶơ λǷǟ ƢȃưȌƾƸƫ ǹƬȍǶ ƨǶƾǠǻǶơ ƨƼǈǿǶơ  . 

  ǸơƾƼƬǇ˪ νǾƢưǶơ ƤƦǈǶơǴơȄƾǶơ    ƨȍǟǂǫǶơ ǸƢȃǻǶơ ǽȍƥ νǯǘǿǻǶơ ǵǐǫǶƢƥ ǱǶ ƶǻǈȌ ȁǾƗ ȅȂ
  ǴƢưǺ νǪ .ƢȃƬƥƢƬǲ λǶƛ Ƣ˻ǻƟơƽ ƱƢƬƸƫ νƬǶơȄ ƩƢǯȍƦǘƬǶơ ƾƷƗ λǷǟ ǵǻǠǶơ ƾǿǟ ǱȌƾǶ νƬǶơ ƨǫǷƬƼǻǶơ
  ȄƗ ƩƢǾƢȍƦǶơ ƧƾǟƢǮ νǪ ƮƸƦǶơ ǹƯ ƩƢǾƢȍƦǶơ ƧƾǟƢǯƥ ǴƢǐƫ˪ơ λǶƛ Ƣ˻Ǻȅǻǟ ƱƢƬƸƫ ƍ ƩƢǾƢȍƦǶơ ƧƾǟƢǮ

Ƭǲ Ǵ˫ƻ ǽǺ .ƩơǂȍȍǤƬǶơ ǒǠƥ ƔơǂƳƛ  ƍ ƮȌƾƸƬǷǶ ƨưǶƢưǶơȄ Ǹ˫ǠƬǇ˫Ƕ ƨȍǾƢưǶơȄ ƍ ǴƢǐƫ˫Ƕ ƨǶơƽ ƨƥƢ
  ƲǺƢǾǂƦǶơ ơǀȂ ǵưǺ ƶȍƸǐƫ ƶƦǐȌ .ƾȌƾǋ ǁƢǐƬƻƢƥ ǱƴǺƢǾǂƥ ǽǺ νǈȍƟǂǶơ ƔǄƴǶơ ƨƥƢƬǲ ǱǿψǻȌ

  ǽǺ ƨǟȅǻƴǺ ǂȌȅǘƫ ƽǂƴǻƥ ȁǾ˦ .ǂȍưψƥ ǵȃǇƗǴơȄƾǶơ    ơƿƛ ƢǺ ƨǪǂǠǺ ƤǠǐǶơ ǽǺ ǆȍǶ ƍ ƢȂǁƢƦƬƻơȄ
  ȆƾƷƜƥ ǭǷǠƬƫ ƨǷψǌǻǶơ ƪǾƢǲǴơȄƾǶơ  Ǫ ȄƗƢȃȍǟƾƬǈȌ ȊǀǶơ ƽȅψǶơ ν. 

  ƾǟƢǈƫǴơȄƾǶơ   ƍ ǂƦǲƗȄ ǂƦǲƗ ǵψǌƥ ȅǻǿȌ ƢǿǯȍƦǘƫ Ǽ˦ ơ˻ǂǜǾ .ǂǤǏƗ ƔơǄƳƗ λǶƛ ƢǿƴǺƢǾǂƥ ǹȍǈǯƫ νǪ
 ǼƜǪǴơȄƾǶơ  Ǽȅǳƫ ǼƗ ǽψǻȌ .ǁơǂǳƬǶơ ǞǿǻȌ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .Ƨǁơƽ˩Ƕ ƨȍǷƥƢǮȄ ŻƢǻȍǜǿƫ ǂưǲƗ ȁǷǠƴƫ
ǴơȄƾǶơ  ǸƾƼƬǈǻǶơ ǵƦǮ ǽǺ ƨǪǂǠǺȄ ƨȍǷƻơƽ . 

 Ćõvºõv äĉ¾Þ£ 

ǪǼȅưȌƢƥ νǪ ƨǶơƽ ǩȌǂǠƬǶ Ʃơȅǘƻ ǞƥǁƗ νǷȌ Ƣǻȍ : 

1.   ƨȍǇƢǇ˦ơ ƨǻǷψǶơ ǸƾƼƬǇơdef   ǽǟ Ǽ˫ǟ˩ǶƨǶơƾǶơ    Ƣ˻ǻǇơ ǂƬƻơ ǹƯ ƍƨǶơƾǷǶ. 
2.   ǩǓƗƩ˫ǺƢǠǺ    λǶƛƨǶơƾǶơ  ƔƢȃǾƜƥ ǹǮȄ ǽȍǇȅǮ ǽȍƥ ǹȃǠǓ .ǂǘǈǶơ  .(:) ǽȍƬǘǯǿƥ 
3.   ƢȂǀǫǿƫ ǼƗ ƤƴȌ νƬǶơ ƩơǂȍƦǠƬǶơ ǩǓƗƨǶơƾǶơ. 
4.   ǑǂǠƫ ǼƗ ƤƴȌ ǼƢǲ ơƿƛƨǶơƾǶơ    ƧǁƢƦǠƥ ƨǶơƾǶơ ƔƢȃǾƜƥ ǹǯǪ ƍ Ʊơǂƻ˨ơ νǪ ƢǺ Ƣ̍ȉȍǋreturn  .

  ƧǁƢƦǟ ǼȄƾƥreturn   ǽƟƢǲ ǝƢƳǁƜƥ ƨǶơƾǶơ Ǹȅǯƫ ƍNone . 

Ȁ˫ǟơ ƩơȅǘƼǶơ ǭȍƦǘƫ ǽψǻȌʣνǷȌ Ƣǻǲ ǼȅưȌƢƥ  : 

def function_name(parameters):  

    statement(s)  

    return expression  

 Υ 
In     [1]: def greet(name):  

    print("Hello, " + name + ". Good morning!")  
In     [2]: greet("ali")  
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Out  [2]: Hello, ali. Good morning!  
In     [3]: def absolute_value(num):  

    if num >= 0:  

        return num  

    else: 

        return -num  
In     [3]: absolute_value(5)  
Out  [3]: _5 
In     [4]: absolute_value( -8) 
Out  [4]: _8 
In     [5]: def evenOdd(x): 

    if (x % 2 == 0):  

        print("even")  

    else: 

        print("odd")  
In     [6]: evenOdd(5) 
Out  [6]: odd 
In     [7]: evenOdd(8) 
Out  [7]: even 

 

Ć{¤îù Üù ôúÞõv  NumPy 
NumPy    ƨƦƬψǺ νȂǼȅưȌƢƥ    ƩƢǾƢȍƦǶơ ǹǷǟ ƨȍǻȂƗ νǪ ƤƦǈǶơ .ƩƢǪȅǫǐǻǶơ ǞǺ ǵǻǠǷǶ ǸƾƼƬǈƫ
  ǸơƾƼƬǇƢƥǼȅưȌƢƥ    λǷǟ ƾǻƬǠƫ ǭȍǻǠǶơ ǹǷǠƬǶơȄ νǶˤơ ǹǷǠƬǶơ νǪ ƩƢƦƬψǻǶơ ǹǜǠǺ ǼƗ ȅȂNumPy  

  ƤƦǇ ǽǟ ǴƔƢǈƬƫ ƾǮ .ƢȃǶ ƨƦǈǿǶƢƥ ơŻƾƳ ƨǻȃǺ ƽǁơȅǻǶơȄ ƨǟǂǈǶơ Ǽ˦ ƍ ƨȍǇƢǇ˦ơ ƢȃǷƬǲ ƾƷƘǲ
 ƩƢǪȅǫǐǻǶ ƢǿǺơƾƼƬǇơNumPy  Ǯ ƽȅƳȄ ƾǿǟ ƨǻƟƢǮ νǪ .ǼȅưȌƢƥ ǹƟơȅǼȅưȌƢƥ  ƍǑǂǠ˾Ȍ ǽǺ ǑǂǤǶơ  

  νǪ ǽƟƢψǶơ ǽȌǄƼƫ ƨȍǫȍǲ νǪ ǽǻψȌ ƢȂƔǖƥȄ ƍ ƨƴǶƢǠǻǶơ νǪ ƨƠȍǘƥ νȃǪ ƍ ǱǶƿ ǞǺȄ .ƩƢǪȅǫǐǻǶơ
  ǽƟƢǲ .ƧǂǲơǀǶơǼȅưȌƢƥ    ƪȌƢƦǶơ ǵưǺ ƍ ǽƟƢǲ ǵȍǏƢǫƫ ǵǲ ǼǄƼȌ Ƨǂǲơƿ ǞǮȅǺ λǶƛ ǂǋƚǺ ǞǮơȅǶơ νǪ ȅȂ

  ƨȍǪƢǓ˨ơ ƩƢǺȅǷǠǻǶơ ȀǀȂ ǼƗ ǽȍƷ νǪ .ȁƬǻȍǮȄ  ǵǠƴȌ ƢǺ νȂǼȅưȌƢƥ    νƫƘƫ ƢȃǾƗ ˪ƛ ƍ ƨȍψȍǺƢǿȌƽ ƨǤǶ
  ƩƢǪȅǫǐǺ ǸƾƼƬǈǾ ƍ ƨǷψǌǻǶơ ȀǀȂ λǷǟ ƤǷǤƬǷǶ .ƨǫǷǳƬƥ Ƣ˻ǔȌƗNumPy    ǂǏƢǿǟ λǷǟ ȊȅƬƸƫ νƬǶơ

  ƩƢǪȅǫǐǻǶơ ǽȌǄƼƫ ǵǠƴȌ ơǀȂ .ƩƢǾƢȍƦǶơ ǝȅǾ ǆǫǾ ƢȃǶ νƬǶơ ǂǏƢǿǠǶơ ȊƗ ƍ ǖǯǪ ƨǈǾƢƴƬǺ
  ǨƾȃȌ .ƧƔƢǫǲ ǂưǲƗ ƢȃƬƴǶƢǠǺȄNumPy   ǐǺ ǽƟƢǲ ǂȍǪȅƫ λǶƛ  λǶƛ ǵǐȌ Ƣǻƥ ǝǂǇƗ ƨǪȅǫ50   ǽǺ ƧǂǺ

  ǹƟơȅǮǼȅưȌƢƥ    ƩƢǪȅǫǐǺ ǽȌǄƼƫ ǹƬȌ ƍ ǹƟơȅǯǶơ ǆǳǟ λǷǟ .ƨȌƾȍǷǯƬǶơNumPy    ǂǻƬǈǺ ǼƢψǺ νǪ
  ǰȅǷǈǶơ ơǀȂ λǻǈȌ .ǴƢǠǪ ǵψǌƥ ƢȃǠǺ ǵǺƢǠƬǶơȄ ƢȃȍǶƛ ǴȅǏȅǶơ ƩƢȍǷǻǠǷǶ ǽψǻȌ ƮȍƸƥ ƍ ƧǂǲơǀǶơ νǪ

ƨȍǷƸǻǶơ ƨǶƢƷ˨ơ1    νǈȍƟǂǶơ ƤƦǈǶơ ȅȂ ơǀȂ .ǂƫȅȍƦǻψǶơ ǸȅǷǟ νǪ  Ǽȅǲ ƔơǁȄNumPy   ǽǺ ǝǂǇƗ

 
1 locality of reference 
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  ƩƢǪȅǫǐǺ ǸơƾƼƬǇƢƥ ƨȍǶȄ˦ơ ƩƢȍǷǻǠǶơ ƔơǂƳƛ ǽψǻȌ ƍ Ƣ˻ǔȌƗ .ǹƟơȅǯǶơNumPy   ǂȍǣ ǂǺƗ ȅȂȄ ƍ
  ǹƟơȅǮ ǞǺ ǽψǻǺǼȅưȌƢƥ  ƩƢǪȅǫǐǺ ǵȍǔǫƫ ƤƦǇ ȅȂ ơǀȂ !NumPy    ǹƟơȅǮ λǷǟǼȅưȌƢƥ   ƔơǂƳƛ ƾǿǟ

.ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ ƨȍƥƢǈƷ ƩƢȍǷǻǟ 

NumPy  Ƭǫǐƥ .ƨȍǶƢǠǪȄ ƧƔƢǫψƥ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǂȌƾȌ  Ǳ  νǪ ǂȍƦƼǲ ȄƗ ƩƢǾƢȍƥ ǹǶƢǟ
ǹǷǟ    ƍ ƩƢǾƢȍƦǶơƫ  ǥǶ ǵǺƢǋ ǹȃǪ λǶƛ ƱƢƬƸNumPy    ǩȍǲȄ  νǪ ǵǻǠȌǼȅưȌƢƥ . 

 ¹v¾Ċ¤ÅvNumPy 
  ƨǏƢƼǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ʣƨƦƬψǺ ȄƗ ƨǺǄƷ ǸơƾƼƬǇơ ƾȌǂƫ ƢǺƾǿǟƍǱƥ   .ƢȃƬƷƢƫƛ ̝˪ȄƗ ǱȍǷǟ ƤƴȌ

 ǸơƾƼƬǇơ ƔƾƦǶNumPy  ǞȍǻƳȄǴơȄƾǶơʣ NumPyƍ  ǱȍǷǟ ƤƴȌƢȂƽơǂȍƬǇơ  ǱǶǀƥ ǸƢȍǯǶơ ǽψǻȌ .
ƽơǂȍƬǇ˪ơ ǂǺƗ ǸơƾƼƬǇƢƥ ƨǶȅȃǈƥ : 

In     [1]: import numpy as np  

  ǄǺǂȌnp    λǶƛNumPy  Ƕơ  ǞǻƬƴǺ ȁǺƾƼƬǈȌ ȊǀǹǷǟ    ǂȍǐǯƬƥ ǸȅǯǾ .ƩƢǾƢȍƦǶơNumPy    λǶƛnp  
  ƽȅψǶơ ǸơƾƼƬǇƢƥ ǵǻǠȌ ǎƼǋ Ȋ˦ ǽψǻȌ ƮȍƸƥ νǇƢȍǯǶơ ƽȅψǶơ λǷǟ Ƣ˻ǔȌƗ ǙƢǫƸǶơȄ ƪǮȅǶơ ǂȍǪȅƬǶ

ƨǶȅȃǈƥ ȀǀȍǫǿƫȄ ȁǻȃǪ Ƣǿƥ ǍƢƼǶơ. 

 ĆåĀæÎù iwÊývNumPy 
  ƨǯȌǂǗ ǸƾƼƬǈſƫ()np.array    ʣƨȍǇƢǇƗ ƨǪȅǫǐǺ ƔƢǌǾ˨NumPy  ƤƴȌ ȊǀǶơ ƾȍƷȅǶơ ƔνǌǶơ .

ƨǻƟƢǯǲ ƨǪȅǫǐǻǶơ ǹȍǮ ȅȂ ȁǿȍǻǔƫ: 
In     [1]: np.array([1,2,3,4])  

Out  [1]: array([1, 2, 3, 4])  

  ȀǀȂ ȊȅƬƸƫƨǪȅǫǐǻǶơ    ƨǘȍǇȄ ʣƩƢǾƢȍƦǶơ ǝȅǾ ƾȌƾƸƫ ǱǿψǻȌ .ƶȍƸǏ ƽƾǟ ǹȍǮ λǷǟdtype: 
In     [2]: np.array([1,2,3,4],dtype=np.float32)  

Out  [2]: array([1., 2., 3., 4.], dtype=float32)  

  λǶƛ ǴȅǏȅǶơ ƾǿǟ .ƨǪȅǫǐǻǶơ ǂǏƢǿǟ λǶƛ ǴȅǏȅǶơ ƢǿǿψǻȌ ([]) ƨǠƥǂǻǶơ ǅơȅǮ˦ơ ǸơƾƼƬǇƢƥ ƍǂǏƢǿǠǶơ 
  ʣƨǇǂȃǫǶơ ǼƗ ǰǁƢƦƬǟơ ʣǞǓNumPy    ǽǺ ƗƾƦƫ0  ǂǐǿǠǶơ λǶƛ ǴȅǏȅǶơ ƾȌǂƫ ƪǿǲ ơƿƛ ȁǾƗ νǿǠȌ ơǀȂ .

  ʣǴȄ˦ơƨǪȅǫǐǻǶơƍ    ǸơƾƼƬǇƢƥ ȁȍǶƛ ǴȅǏȅǶơ ǱǿψǻȍǪ0: 
In     [3]: a= np.array([5 , 1, 3, 7])  

a[0]  
Out  [3]: _5 

  ƩƢǪȅǫǐǺ Ǽȅǳƫ ǼƗ Ƣ˻ǔȌƗ ǽψǻȌNumPy  ƽƢǠƥ˦ơ ƧƽƾǠƬǺ: 
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In     [4]: a = np.array([[1 , 5, 2], [6, 8, 1], [10, 3, 11]])  

a 
Out  [4]: array([[ 1,  5,  2],  

       [ 6,  8,  1],  

       [10,  3, 11]])  
In     [5]: a[0]  

Out  [5]: array([1, 5, 2])  

In     [6]: a[2] 

Out  [6]: array([10,  3, 11])  

In     [7]: a[0][0]  

Out  [7]: _1 

 Ćĉ¾æÎõv ĆåĀæÎúõv 

  ǱǶ ƶȍƬȌNumPy  ƨǯȌǂǗ ǸơƾƼƬǇƢƥ ǁƢǫǏ˦ơ ǽǺ ƨǪȅǫǐǺ ƔƢǌǾƛ  ()np.zeros  .  ǱȍǷǟ ƢǺ ǵǲ
ǵψǋ ǴƢƻƽƛ ȅȂ ȁǷǠǪ1ƨǪȅǫǐǻǶơ  ƣȅǷǘǻǶơ: 

In     [1]: np.zeros(7) 

Out  [1]: array([0., 0., 0., 0., 0., 0., 0.])  

νǷȌ Ƣǻƥ ǹǮ ƍ ƽƢǠƥ˦ơ ƨȍƟƢǿƯ ƨǪȅǫǐǺ ƔƢǌǾ˨ .ƾƷơȄ ƾǠƥ Ʃơƿ ƨǪȅǫǐǺ ǽǟ ƧǁƢƦǟ ƨǯƥƢǈǶơ ƨǪȅǫǐǻǶơ : 
In     [2]: np.zeros((2,6)) 

Out  [2]: array([[0., 0., 0., 0., 0., 0.],  

       [0., 0., 0., 0., 0., 0.]])  

 Ćĉº³vĀõv ĆåĀæÎúõv 

  ƔƢǌǾƛ Ƣ˻ǔȌƗ ǱǿψǻȌƨǪȅǫǐǺ    ǽǺƩơƾƷơȅǶơ    ƨǯȌǂǗ ǸơƾƼƬǇƢƥ()np.ones:   
In     [1]: np.ones(6) 

Out  [1]: array([1., 1., 1., 1., 1., 1.])  

¾ÍwþÞõv ¿¾åÿ ã¼³ÿ ĆåwÑp 

  ƨǯȌǂǗ ǸơƾƼƬǇƢƥ Ǳƥ ƨǏƢƼǶơ ƨǪȅǫǐǻǶơ λǶƛ ǂǏƢǿǟ ƨǪƢǓƛ ǱǿψǻȌ()np.append : 
In     [1]: a = np.array([5, 1, 2, 3, 9, 4, 7])  

 
1 shape 
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a 

Out  [1]: array([5, 1, 2, 3, 9, 4, 7])  

In     [2]: np.append(a, [12,2,1])  

Out  [2]: array([ 5,  1,  2,  3,  9,  4,  7, 12,  2,  1])  

  ƨǯȌǂǗ ǸơƾƼƬǇơ ǹƬȌ ()np.delete  ǽȍǠǺ ǞǮȅǺ ʣǂǐǿǟ ǨǀƸǶ: 
In     [3]: a = np.array([5, 1, 2, 3, 9, 4, 7])  

a 
Out  [3]: array([5, 1, 2, 3, 9, 4, 7])  

In     [4]: np.delete(a, 0)  

Out  [4]: array([1, 2, 3, 9, 4, 7])  

  Ȋ˦ ƨƦǈǿǶƢƥƍƲǺǂƦǺ    ƨȍǇƢǇƗȄ ƨǻȃǺ ƨȍǷǻǟ ǃǂǫǶơ ǂƦƬǠȌ .ơŻƾƳ Ƣ˻ǻȃǺ ƨȍǺǃǁơȅƻ ǵψǶ νǿǺǄǶơ ƾȍǯǠƬǶơ ƾǠȌ
  .Ƣ˻ȍǺȅȌ ƩƢǾƢȍƥ ǹǶƢǠǲ ƢȃǺƾƼƬǈƫ ƾǮ ƨȌƢǤǷǶƍǱǶǀǶ    ǁƾǮ ǵǮƘƥ ƧƾȍƳ ǃǂǪ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǹȃǻǶơ ǽǺ
  ƨƦƬψǺ ȊȅƬƸƫ .νǿǺǄǶơ ƾȍǯǠƬǶơ ǽǺNumPy    ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ λǷǟǴơȄƽ   ǱǿψǻȌ νƬǶơ ǃǂǫǶơ

ƾƼƬǇơǱƥ ƨǏƢƼǶơ ƨǪȅǫǐǻǶơ ǂǏƢǿǟ ǃǂǫǶ ƢȃǺơ: 
In     [5]: a = np.array([5,4,2,5,3,6,8,7,9,1,8])  

np.sort(a, kind='quicksort')  
Out  [5]: array([1, 2, 3, 4, 5, 5, 6, 7, 8, 8 , 9]) 

In     [6]: a = np.array([[8,5,7,4,1,6],  

              [9,2,3,7,5,1]])  

np.sort(a, kind='mergresort')  
Out  [6]: array([[1, 4, 5, 6, 7, 8],  

       [1, 2, 3, 5, 7, 9]])  

 ĆåĀæÎúõv ø¬³ÿ ôîÉ ºĉº´£ 

  ǸơƾƼƬǇƢƥndimƍ  ƨǪȅǫǐǻǶơ ƽƢǠƥƗ ȄƗ ǁȄƢƸǺ ƽƾǟ λǷǟ ǴȅǐƸǶơ ǽψǻȌ: 
In     [1]: a = np.array([[8,5,7,4,1,6],  

              [9,2,3,7,5,1]])  

a.ndim  
Out  [1]: _2 

size  ƨǪȅǫǐǻǶơ ǂǏƢǿǠǶ νǶƢǻƳ˨ơ ƽƾǠǶƢƥ ǰǂƦƼȌ : 

In     [2]: a = np.array([[8,5,7,4,1,6],  

              [9,2,3,7,5,1]])  

a.size 



 
75   :νǾƢưǶơ ǵǐǫǶơ ǼȅưȌƢƥ νǪ ƨǺƾǯǺ 

 
 

Out  [2]: _12 

  ǸƾƼƬǈȌshape ƨǪȅǫǐǻǶơ ǵψǋ ƽƢƴȌ˨ : 
In     [3]: a = np.array([[8,5,7,4,1,6],  

              [9,2,3,7,5,1]])  

a.shape 
Out  [3]: (2, 6) 

 

ôÎæõv ĆÍĒ· Ĉýw¨õv 

Á ǼȅưȌƢƥ  .ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ǸƢǻƬȂ˫Ƕ ƧǁƢƯƛȄ ƨǻȍǮ ƩƢǤǷǶơ ǂưǲƗ ǽǺ ƧƾƷơȄ νȂ 
Á ǼȅưȌƢƥ    ˪ ƨǗƢǈƦǶơ ȀǀȂ ƍ ƢǔȌƗ .Ƣȃƥ ƔƾƦǷǶ ƩƢǤǷǶơ ǵȃǇƗ ǽǺ ƧƾƷơȄ νȂƾƸƫ    Ʃ˫ȍȃǈƬǶơ ǽǺ

 .ƢȃƳƢƬƸƫ νƬǶơ 
Á Jupiter Notebook    ǞȌǁƢǌǺ ǹȌƾǯƫȄ ǂȌȅǘƬǶ ǬƾǐȌ ˪ ǵψǌƥ ƨȌȅǮ ƧơƽƗ ȅȂǹǷǟ    ƩƢǾƢȍƦǶơ

  ƩƢǻȍǷǠƬǶơ ǀȍǫǿƫ λǶƛ ƨǪƢǓ˨Ƣƥ ȅȌƾȍǪ ȄƗ ƢŻƫȅǏ ȄƗ ƧǁȅǏ ȄƗ Ƣ˻ǐǾ ǽǻǔƬƫ ǼƗ ǽψǻȌ νƬǶơ ƨȍǷǟƢǫƬǶơ
ơ.ƨȍƴǺǂƦǶ 
Á NumPy    ƨƦƬψǺ νȂǼȅưȌƢƥ  .ƩƢǪȅǫǐǻǶơ ǞǺ ǵǻǠǷǶ ǸƾƼƬǈƫ 
Á   ǨƾȃȌNumPy    λǶƛ ǵǐȌ Ƣǻƥ ǝǂǇƗ ƨǪȅǫǐǺ ǽƟƢǲ ǂȍǪȅƫ λǶƛ50    ǹƟơȅǮ ǽǺ ƧǂǺǼȅưȌƢƥ  

ƨȌƾȍǷǯƬǶơ . 
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 ¡wýwĊ{õv 

  ƩƢǾƢȍƦǶơ ƨƥǂƴƫ ǴȅƷ ƩƢǾƢȍƦǶơ ǹǷǟ ǁȄƾȌǸƢƼǶơ   ǴƢǻǟ˦ơ ȁȍƳȅƫ ȁǿψǻȌ ǄǪƢƷ νȂ ƩƢǾƢȍƦǶơ .ƨǻǜǿǻǶơ ȄƗ
  ƲƬǿǺ Ǭ˫Ǘƛ ƩƢȍǷǻǟ ǹȍǜǿƫ ƨǶȅȃǈƥ ƢȃǿψǻȌ ƨƦǮƢƯ Ȇƙǁ ǹȌƾǯƫ ǵǮ˦ơ λǷǟ ȄƗ ƍ ƶȍƸǐǶơ ȀƢƴƫ˪ơ νǪ
  .ƩƢǾƢȍƦǶơ νȂȄ ƍ ǰǂƬǌǺ ȊǄȍǫƸƫ ǂǐǿǟ ƢȃǶ ǂǏƢǿǠǶơ ȀǀȂ ǵǲ .ƨǫǷƬƼǺ ƣǁƢƴƫ ǁƢƦƬƻơ ȄƗ ƾȌƾƳ

ǂȍưψǶơ ƲƬǿǾ ƮȍƷ νǻǮǂǶơ ǂǐǠǶơ ǵƻƾǾ ǽƸǾ    ơŻƾƳ ƨǻȃǺ ƩƢǾƢȍƦǶơ ȀǀȂ Ǽȅǳƫ ƢǺƾǿǟ .ƩƢǾƢȍƦǶơ ǽǺ
 ǵǺƢǠƬǶơ ƾǿǟ .ƔƢǘƻƗ ǼȄƽ ƶȍƸǏ ǵψǌƥ ƢȃƬƴǶƢǠǺȄ ƩƢǾƢȍƦǶơ ȀǀȂ ǽȌǄƼƫ ǹȃǻǶơ ǽǻǪ ƍ ƢǿƫƢȍƷ νǪ
  ƨǯƦǈǻǶơ ƨƴǶƢǠǻǶơ ƨȍƴȍƫơǂƬǇơ ƾȌƾƸƫ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ ƩƢǾƢȍƦǶơ ǝȅǾ ƤǠǷȌ ƍ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ

  λǷǟ ǴȅǐƸǷǶ ƨǿȍǠǺ ƨǟȅǻƴǻǶ ǵǻǠƫ νƬǶơ  ƤƴȌ ȊǀǶơ νƟƢǐƷ˨ơ ǵȍǷƸƬǶơ ǝȅǾ ȄƗ ƨƦǇƢǿǻǶơ ƲƟƢƬǿǶơ
  ƩƢǾƢȍƦǶơ ǝȅǾ ǁƢȍƬƻơ ƨǫǷƬƼǻǶơ ƩƢǾƢȍƦǶơ ǝơȅǾƗ ǹȃǪ ǱǶ ƶȍƬȌ .ƲƟƢƬǿǶơ ǵǔǪƗ λǷǟ ǴȅǐƸǷǶ ȁǺơƾƼƬǇơ
  ƢŻǪǂƬƸǺ ȄƗ ƩƢǾƢȍƥ ǹǶƢǟ ȄƗ ƢŻǮȅǈǺ ȄƗ ǴƢǻǟƗ ǵƳǁ ƪǿǲ ƔơȅǇ .ǱǪơƾȂƗȄ ǱƫƢƳƢȍƬƷơ ƤǇƢǿȌ ȊǀǶơ

 ƴȌ ƍ ƩƢǾƢȍƦǶơ ǝơȅǾƗ ǞǺ ǵǻǠȌ ǂƻƕƩƢǾƢȍƦǶơ ǝơȅǾ˦ ƨȍǈȍƟǂǶơ ƨǻƟƢǯǶƢƥ ƨȌơǁƽ λǷǟ Ǽȅǳƫ ǼƗ Ƥ. 

 ĆĊÝĀþõv ¡wýwĊ{õv1 
  ƩƢǾƢȍƥ ȄƗ ƍ ƨȍǟȅǿǶơ ƩƢǾƢȍƦǶơ ǩǐƫ ƨȌȅƠǫǶơ2    ƩƢƠǫǶơ ǽǺ ƧƽȄƾƸǺ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ ƢŻǿƟƢǲ ƍ

  ǸƢǮǁ˦ơ ǸơƾƼƬǇƢƥ ƨǶȅȃǈƥ ȁǇƢȍǮ ȄƗ Ȁƾǟ ǽψǻȌ ˪ ƩƢǾƢȍƦǶơ ǽǺ ǝȅǿǶơ ơǀȂ ǼƗ νǿǠȌ ơǀȂȄ .ƨǷǐǫǿǻǶơ
ǶƢƬǶƢƥȄ ơǀȂ λǷǟ ƾȍƳ ǴƢưǺ ȅȂ (ǹȂǂȍǣ ȄƗ λưǾƗ ȄƗ ǂǲƿ) ǎƼǌǶơ ǆǿƳ .ƩƢƠǪ λǶƛ ǹǈǯǺ ȅȃǪ ν

λǶƛ ƨȍǟȅǿǶơ ƩƢǾƢȍƦǶơ Ȋƽƚƫ ǼƗ ǽψǻȌ .ǝȅǿǶơ  λǷǟ ƨƥƢƳ˪ơ    ơƿƢǻǶ" ȄƗ "ƓơǀȂ ƭƾƷ ǩȍǲ" ǵưǺ ƨǷƠǇƗ
  ǵȍƦǇ λǷǟ .ƩƢǾƢȍƦǶơ ǽǺ ǝȅǿǶơ ơǀȂ λǷǟ ƨǷưǺƗ ȁǮơǂǟƗȄ ȁǾơȅǶƗȄ ǎƼǌǶơ ǆǿƳ ƾǠȌ ."ƓơǀȂ ƭƾƷ

Ƽƫ ƍ ǴƢưǻǶơ  ǵȍŻơǀȍǻǷƫ    ƣƢƬψǶơ λǶƛ ǞǻƬǈȌ ȊǀǶơ ǹǷǠǻǶơ νǘǠȌ .ƨȍǫǏ ƨǈǷƳ νǪ ƣƢƬǲ ǽǺ ƧǂǯǪ ƗǂǯȌ
  ǹǷǠǻǶơ ǸƾǮ ơƿƛ .ƧǂǯǫǶơ ǱǷƬǶ ǵǫǘǶơ ƧƔơǂǮ ƨȍǫȍǲ ǴȅƷ ƩƢǜƷ˫Ǻ  ƩƢǜƷ˫Ǻ  ǅƢǇƗ λǷǟ ǵǫǘǷǶ

 ǂƻƕ ǴƢưǺ .ƨȍǟȅǿǶơ ƩƢǾƢȍƦǶơ λǷǟ ̝˪ƢưǺ ǂƦƬǠȌ ơǀȂ ǼƜǪ ƍ ƨƳǁƽ ƔƢǘǟƛ ǼȄƽ ǭǘǿǶơȄ ƧǂƦǿǶơȄ ƨǣ˫ƦǶơ
Ɨ ǽψǻȌ  ǩƫƢȃǶơ ǼȅǶȄ νǶƢƸǶơ ƤȍƫǂƬǶơ ǴȅƷ ƩƢǺȅǷǠǺ ǂǪȅƫ ƨȍǲǀǶơ ǩƫơȅȃǷǶ ƨȌǁƢƴƫ ƨǺ˫ǟ ǼȅψȌ Ǽ

.ǱǶƿ λǶƛ ƢǺȄ ǩƫƢȃǶơ ƨƠǪȄ    ǼƢǟȅǾ ǰƢǿȂ .ƨȍǟȅǾ ƩƢǾƢȍƥ ƢȃǾƗ λǷǟ ƩƢǺȅǷǠǻǶơ ȀǀȂ ǵǲ ǩȍǿǐƫ ǽψǻȌ
  :ƨȍǟȅǿǶơ ƩƢǾƢȍƦǶơ ǽǺ ǼƢǺƢǟ ƨȍǻǇ˪ơ ƩƢǾƢȍƦǶơ3   ƨǷǈǷǈƬǻǶơȄ4 . 

 
1 Qualitative Data  
2 Categorical Data 
3 Nominal 

4 Ordinal 
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 ĆĊúÅđv ¡wýwĊ{õv 

  ȄƗ ƩơǂȍǤƬǻǶơ ƨȍǻǈƬǶ ǸƾƼƬǈſƫ ƩƢǾƢȍƥ ƢȃǾƗ λǷǟ ƨȍǻǇ˪ơ ƩƢǾƢȍƦǶơ ǩȌǂǠƫ ǹƬȌƢȃƬǾȅǿǟ    ȊƗ ǼȄƾƥ
  ǼȅǶ ǁƢƦƬǟơ ǽψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨȍǻǇ˪ơ ƩƢǾƢȍƦǷǶ ȊǂȂȅƳ Ƥȍƫǂƫ ƾƳȅȌ ˪ ƧƽƢǟ .ƨȍǻǲ
 λǿǠǻƥ .Ȇǂƻ˦ơ ǼơȅǶ˦ơ ǞǺ ƾƷơȄ ǼȅǶ ƨǾǁƢǯǺ ǞȍǘƬǈǾ ˪ ƢǿǾ˦ .νǻǇơ ƩƢǾƢȍƥ ǝȅǾ νǲǀǶơ ǩƫƢȃǶơ 
 ȁǶ νǻǇơ ǂȍǤƬǺ ȅȂ ǽȍǠǶơ ǼȅǶ ƍ ǂƻƕ ǴƢưǻǲ ."Ǭǁǃ˦ơ" ǽǺ ǂƦǲƗ "ǂǻƷ˦ơ" ǼƗ ǴȅǯǶơ ǽψǻȌ ˪ ƍ ǂƻƕ
λǾƽ˦ơ λǶƛ λǷǟ˦ơ ǽǺ ƩƢƠǫǶơ ȀǀȂ ƤȍƫǂƬǶ ƨǯȌǂǗ ƾƳȅƫ ˪Ȅ (νǿƥ ƍ ǂǔƻƗ ƍ ǬǁǃƗ) ƩƢƠǪ Ƨƾǟ . 

 ĆöÆöÆ¤úõv ¡wýwĊ{õv 

ǤƬǺ .νǠȍƦǗ ƤȍƫǂƬƥ ƨǫǿǐǻǶơ ƩƢǾƢȍƦǶơ ǽǺ ǝȅǾ νȂ ƨǷǈǷǈƬǻǶơ ƩƢǾƢȍƦǶơ  ƨǷǈǷǈƬǻǶơ ƩƢǾƢȍƦǶơ Ʃơǂȍ
 ƍ ǱǶƿ ǞǺȄ .ƨǻƟƢǯǶơ Ƥȍƫǂƫ λǶƛ ƧǁƢǋ˩Ƕ ƨȍǷǈǷǈƬǶơ ƩơǂȍǤƬǻǶơ ǹȍǮǂƫ ǹƬȌ ƢǺ ƧƽƢǟ .ƤȍƫǂƬǶƢƥ ƨƳǁƾǺ

  ǖǯǪ ǽψǶȄ ƍ Ƣ˻ȍǓƢȌǁ ƢȂƾȌƾƸƫ ȄƗ ǸƢǮǁ˦ơ ǅƢȍǮ ǹƬȌ ˪ƢȃǿȍȍǠƫ ǹƬȌ  ƍǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǭȍǷǠƫ ǼơȅǿǠǲ
  ƨȌǁƢƴƬǶơ ƩƢǺ˫ǠǶơ ȆƾƷƛ ǹƴƷ ǁƢƦƬǟ˪ơ νǪ ƢǾǀƻƗ ơƿƛ  λǶƛ ƨǶȅȃǈƥ Ƣȃǫȍǿǐƫ ƢǿǿψǻȍǪ ƍ ǆƥ˫ǻǷǶ

Ƣȃƥ ƨǏƢƼǶơ ƔƢǻǇ˦ơ ƩƢǺ˫ǟ λǷǟ ˻ƔƢǿƥ ƍ νǶơȅƬǶơ λǷǟ ƍ ƧǂȍƦǲȄ ƨǘǇȅƬǺȄ ƧǂȍǤǏ . 

  ĆĊ¬Ċ£v¾¤Åv ºĉº´£ ĔöÝ ¡wæĊþÎ¤õv ā¼ă wýºÝwÆ£ÀĊù¾¤õv    ÛĀý ĔöÝ wĄêĊ{Ö£ üîúĉ Ĉ¤õv
  ¡wýwĊ{öõ wMúĄù ¡wýwĊ{õv ÀĊù¾£ ºÞĉ )¡wýwĊ{õvIĆĊÝĀþõv   wĄþîúĉ đ Ĉõċv øöÞ¤õv ©»wúý ûč

  ¡v» ©»wúþõv ûč ĆĊúé½ ÛvĀýl Ĕõp wĄöĉĀ´£ Ĕõp ©w¤´£ÿ ¾Éw{ù ôîÊz øĊêõv ā¼ă ÷vº¸¤Åv
ý½wêù º«Ā£ đ ¦Ċ³ ĆĊúÅđv ¡wýwĊ{õv ÛvĀýč Ć{Æþõwz )ĆĊÑwĉ½ ĆÞĊ{Õ  üĊz ĆI¡wuæõv    üîúĉ

  ÷vº¸¤ÅvÀĊù¾£  one-hot  ¡wýwĊ{õv ÛvĀýč Ć{Æþõwzÿ IIĆöÆöÆ¤úõv    ÷vº¸¤Åv üîúĉÀĊù¾£  
labelI  )²Ċ´Îõv ¹ºÞõv ówîÉl üù ôîÉ Āăÿ 

 ĆĊúîõv ¡wýwĊ{õv1 

 ǴȅǐƸǶơ ǽψǻȌȄ ƢȃǇƢȍǮ ȄƗ ƢȃƥƢǈƷ ǽψǻȌ ƍ ǂƻƕ λǿǠǻƥ .ǅƢȍǯǷǶ ƨǷƥƢǮ ƩƢǾƢȍƥ νȂ ƨȍǻψǶơ ƩƢǾƢȍƦǶơ
  ƨǻȍǮ λǷǟ  ȄƗ νǲǀǶơ ǩƫƢȃǶơ ƲǶƢǠǺ ƽƽǂƫȄ ƍ ǑȄǂǠǻǶơ ǹǐƼǶơȄ ƍ νǲǀǶơ ǩƫƢȃǶơ ǂǠǇ .ƢȃǶ ƨȌƽƾǟ

  ǴȅǯǶơ ƨǏ˫ƻ .ƧǂȍǤǐǶơ ƩƢǾƢȍƦǶơ ǝơȅǾƗ ƨƠǪ νǪ Ʊǁƾǿƫ ƢȃǷǲ ƍ ǩƫƢȃǶơ ơǀȃǶ νƟơȅǌǠǶơ ǴȅǏȅǶơ Ƨǂǲơƿ
  ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǻǈǶơ ƢȃȍǷǟ ȊȅƬƸƫ ǼƗ ǽψǻȌ νƬǶơ ǹȍǯǶơ ǽǺ ȁǶ ǂǐƷ ˪ ơ˻ƽƾǟ ǰƢǿȂ ǼƗ νȂ

  ǽψǻȌǽǺ νǲǀǶơ ǩƫƢȃǶơ ǂǠǇ ǩǷƬƼȌ ǼƗ  ƨǻȍǮ  ὼ    ƩƢǾƢȍƦǶơ .ƨǻȍǮ ȊƗ λǶƛƨǠǘǯƬǻǶơ   ƧǂǻƬǈǻǶơȄ
ƨȍǻψǶơ ƩƢǾƢȍƦǶơ ǽǺ ǼƢȍǈȍƟǁ ǼƢǟȅǾ. 

 
1 Quantitative Data  
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 ĆÞÖê¤úõv ¡wýwĊ{õv1 

  ƩƢǾƢȍƦǶơƨǠǘǯƬǻǶơ    ƍƨǶȅǻƸǻǶơ ƩȅǐǶơ ƩơǂƦψǺ ƽƾǟ .ǖǯǪ ƨƸȍƸǏ ƽơƾǟƗ λǷǟ ȊȅƬƸƫȄ ƾǠǷǶ ƨǷƥƢǮ
ǟȄ ƍ ƲǶƢǠǻǶơ ǄǲơǂǺ ƽƾǟȄ ƍ ƩơǂȍǺƢψǶơ ƽƾǟȄ  ƩƢǮƢǘƥ ƽƾSIM    ǝơȅǾƗ λǷǟ ƨǷưǺƗ ƢȃǷǲ ƨǺȅǟƾǻǶơ

.ƨǷǐǫǿǻǶơ ƩƢǾƢȍƦǶơ 

 ą¾ú¤Æúõv ¡wýwĊ{õv2 

  ǽψǻȌ .ƨǮƽ ǂưǲƗ ƩƢȌȅƬǈǺ λǶƛ ǂȍƦǲ ǵψǌƥ Ƣȃǻȍǈǯƫ ǽψǻȌ νƬǶơ ƩƢǾƢȍƦǶơ νȂ ƧǂǻƬǈǻǶơ ƩƢǾƢȍƦǶơ
 ǅƢȍǯǺ λǷǟ ȁǇƢȍǮ3  ǂǻƬǈǺ ǵψǌƥ ȄƗ4    ǵȍƦǇ λǷǟ .Ƣ˻ƦȌǂǯƫ ƨȌƽƾǟ ƨǻȍǮ ȊƗ ȁǶ ǼȅψȌ ǼƗ ǽψǻȌȄ

 ƍ ƩơǂƬǻȍǷǻǶơȄ ƍ ǂƬǻȍƬǿǈǶơȄ ƍ ǁƢƬǺ˦ơ ǵưǺ ƍ ƨȌƢǤǷǶ ƨǯȍǮƽ ǆȍȌƢǯǻƥ ǱǶȅǗ ǅƢȍǮ ǱǿψǻȌ ƍǴƢưǻǶơ
  ƧǁơǂƸǶơ ƨƳǁƽȄ ǑǂǠǶơ ǖƼǶ ƨǫǷƬƼǺ ƩƢǇƢȍǮ νǪ ƧǂǻƬǈǻǶơ ƩƢǾƢȍƦǶơ ǵȍƴǈƫ ǱǿψǻȌ .ǱǶƿ λǶƛ ƢǺȄ

  ǼƢψǻǶơ ȅȂ ơǀȂ .ǱǶƿ λǶƛ ƢǺȄ ƪǮȅǶơȄ  ƩƢǾƢȍƦǶơ ǝơȅǾƗ ǞǺ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ȁȍǪ ƤǠǷȌ ȊǀǶơ
ƨǠǘǯƬǻǶơ ǽȍƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǽȍǻǮǁ ǽȍƥ ƨǻȍǮ ȊƗ ƧǂǻƬǈǻǶơ ƩơǂȍǤƬǻǶơ ǀƻƘƫ ǼƗ ǽψǻȌ .60 

  Ȅ80    ƧǂǻƬǈǺ ƩƢǾƢȍƦǶơ ƪǾƢǲ ơƿƛ ƢǺ ƾȌƾƸƬǶ ƧƾȍƴǶơ ƨȍǇƢǇ˦ơ ƾǟơȅǯǶơ ǽǺ .ȆǂƻƗ ǽȍȌ˫Ǻ ǰƢǿȂ ƍ ǹǇ
  ȄƗƨǠǘǯƬǺ   ƧǂǻƬǈǺ ƩƢǾƢȍƦǶơ ǼƗ νȂ   ǴơǄȌ ˪Ȅ ǩǐǿǶơ λǶƛ ǅƢȍǯǶơ ƨǘǯǾ ǒǫƻ ǽψǻǻǶơ ǽǺ ǼƢǲ ơƿƛ

.̝˪ȅǯǠǺ ȁȍǷǟ ǴȅǐƸǶơ ǹƫ ȊǀǶơ ǹǮǂǶơ 

ĆĊþùÀõv ôÅĒÆõv ¡wýwĊz  5 

  ƤƴȌ ǹȃǺ ǵǺƢǟ ƪǮȅǶơ ǼƜǪ ƍ ƔƢƥǂȃψǶơ ǰ˫ȃƬǇơ ȄƗ ƨȍǶƢǻǶơ ǬȅǈǶơ ƩƢȂƢƴƫƢƥ ƚƦǿƬǶơ ƾȌǂǾ Ƣǿǲ ƔơȅǇ
  ǽǺ ǼȅψȍǇ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƢǿƳƿƢǻǾ νǪ ȁƫƢǟơǂǺ Ǽˤơ  ǰ˫ȃƬǇơ ƧȄǁƿ ƪǮȄ ǞǮȅƫ ǸƢǻƬȂ˫Ƕ ǂȍưǻǶơ

ƔƢƥǂȃψǶơ    ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ƩƢǾƢȍƥ .ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ƩƢǾƢȍƥ ǸơƾƼƬǇơ νǫψȌ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .ǸȅȍǶơ νǪ
 ƍƨȍǿǺǄǶơ ƨǷǈǷǈǶơ νǪ .ƨȍǿǺǃ ƧǂƬǪ Ǵ˫ƻ ƨǻǜƬǿǺ ƩơǂƬǪ λǷǟ ƢȃǠǻƳ ǹƬȌ νƬǶơ ǸƢǮǁ˦ơ ǽǺ ƨǷǈǷǇ νȂ

̿˫ǯƬǈǺ ơ˻ǂȍǤƬǺ ƪǮȅǶơ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣ  ǵƦǯƬǈǻǷǶ ƩơƚƦǿƫ ǵǻǟ ȅȂ ŻƧƽƢǟ ǨƾȃǶơȄ.   
  ƢȃǠǻƳ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǕƢǯǿǶ ǵǈǷǈƬǻǶơ ǵȍǷƸƬǷǶ ƨǏƢƻ ƨǯȌǂǗ ȅȂ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ
  ƩơǂƬǪ λǷǟ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǼȅǷǷƸǻǶơ ǵƴǈȌ ƍ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ νǪ .ƨȍǿǺǃ ƧǂƬǪ Ǵ˫ƻ

 ƦǶơ ǕƢǯǾ ǵȍƴǈƫ ƽǂƴǺ ǽǺ ̝˪ƾƥ ƍ ƨȍǿǺǃ ƧǂƬǪ Ǵ˫ƻ ƨǻǜƬǿǺ  ǞǺȄ .νƟơȅǌǟ ȄƗ ǞǘǯƬǺ ǵψǌƥ ƩƢǾƢȍ
 ƩƢǾƢȍƥ ǄȍǻȌ ƢǺ .ƪǮȅǶơ ǁȄǂǻƥ ƩƢǾƢȍƦǶơ ǞǻƳ ƨȍǷǻǟ ƽǂƴǺ ǆȍǶ ǵȍǷƸƬǶơ ǽǺ ǝȅǿǶơ ơǀȂ ǼƜǪ ƍ ǱǶƿ

 
1 Discrete 
2 Continuous 
3 scale 
4 continuum 

5 Time Series Data 
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 ǁȄǂǻƥ ƩơǂȍǤƬǻǶơ ǂȍǤƬƫ ǩȍǲ ǂȃǜ˾Ȍ ǼƗ ǽψǻȌ ǵȍǷƸƬǶơ ǼƗ ȅȂ Ȇǂƻ˦ơ ƩƢǾƢȍƦǶơ ǽǟ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ
Ǿ˦ ƍ Ƣ˻ǻȃǺ ơ˻ǂȍǤƬǺ ƪǮȅǶơ ƾǠȌ ƍ ǂƻƕ λǿǠǻƥ .ƪǮȅǶơ  ǁƢǈǻǶơ ǴȅǗ λǷǟ ƩƢǾƢȍƦǶơ ǹȍǜǿƫ ƨȍǫȍǲ ƶǓȅȌ ȁ

 ǽȍƥ ƩƢȍǠƦƬǶơ ǽǺ ƨǟȅǻƴǺȄ ƨȍǪƢǓ˨ơ ƩƢǺȅǷǠǻǷǶ ơ˻ǁƾǐǺ ǂǪȅȌ .ƨȍƟƢȃǿǶơ ƲƟƢƬǿǶơ λǶƛ ƨǪƢǓ˨Ƣƥ
ƩƢǾƢȍƦǶơ  . 

  ǁơǂǯƬǇ˪ơ ǼƢǻǔǶ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽǺ ơ˻ǂȍƦǲ ơ˻ƽƾǟ ŻƧƽƢǟ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ ƤǷǘƬȌ
ψǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǻǔƫ .ƨȍǮȅƯȅǻǶơȄ  ǵȍǷƸƫ ǵȍǷǯƫȄ ǅǂȃǫǶơ ƩƢǿȍǟ ǽǺ νǫψȌ ƢǺ ǱȌƾǶ ǼƗ ƧǂȍƦ

ǴƢǿǻǶơ ƧƾȍǠƥ ǕƢǻǾƗ ȄƗ ƩƢȂƢƴƫơ ǨƢǌƬǲơ Ǹƾǟ ǽǻǔȌ ȁǾƗ Ƣǻǲ .ƨƦƻƢǐǶơ ƩƢǾƢȍƦǶơ . 
  ȄƗ ƩƢȂƢƴƫ˪ơ ƔơǁȄ ƨǿǺƢψǶơ ƣƢƦǇ˦ơ ǹȃǪ λǷǟ ƩƢǈǇƚǻǶơ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ ƾǟƢǈȌ

ƨȍǺƢǜǿǶơ ǕƢǻǾ˦ơ1    ǸơƾƼƬǇƢƥ .ƪǮȅǶơ ǁȄǂǻƥȊǁȅǐǶơ ǵȍưǻƬǶơ  ǷǶ  ǴƢǻǟ˦ơ νǺƾƼƬǈǻǶ ǽψǻȌ ƍ ƩƢǾƢȍƦ
  ƱƿƢǻǾ ǸơƾƼƬǇƢƥ .ǂƦǲƗ ǭǻǠƥ ƩƢȂƢƴƫ˪ơ ȀǀȂ ƤƦǇ ǨƢǌǳƬǇơȄ ƨȍǻǇȅǻǶơ ƩƢȂƢƴƫ˪ơ ƨȌƙǁ
  ǵǷƸƫ ƢǺƾǿǟ .ƨȍǘƼǶơ ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ ǃȄƢƴƬƫ ǼƗ ƨȍƸȍǓȅƬǶơ ǸȅǇǂǶơ ȀǀȃǶ ǽψǻȌ ƍ ƨưȌƾƸǶơ ǵȍǷƸƬǶơ

  ƩƢǾƢȍƦǶơ ƩƢǈǇƚǻǶơ ƚƦǿƬǷǶ ƨȍǿǺǄǶơ ǵǇ˫ǈǶƢƥ ƚƦǿƬǶơ ǸơƾƼƬǇơ Ƣ˻ǔȌƗ ƢȃǿψǻȌ ƍ ƨǻǜƬǿǺ ƩơǂƬǪ λǷǟ
  ƶƳǂǻǶơ ǽǺ .νƠƦǿƬǶơ ǵȍǷƸƬǶơ ǽǺ ơ˻ƔǄƳ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǞǮȅƫ ƾǠȌ .ƨȍǷƦǯƬǈǻǶơ ƭơƾƷ˦ơ ƨȍǶƢǻƬƷƢƥ
  Ƣ˻ǻȃǪ ǂǪȅƫ νƬǶơȄ ƍ ȊǁȄƾǶơ ȄƗ νǻǇȅǻǶơ ǰȅǷǈǶơ ǵưǺ ƍ ƩƢǾƢȍƦǶơ νǪ ƩơǂȍȍǤƬǶơ λǶƛ ơǀȂ ǂȍǌȌ ǼƗ

Ƕ ǵǔǪƗǵǔǪƗ ǵψǌƥ ƚƦǿƬǶơ λǷǟ ƾǟƢǈƫȄ ƩƢǾƢȍƦǶơ ƩơǂȍǤƬǻ. 
 ǁȄǂǻƥ ǁơǂǻƬǇƢƥ ƤǷǯƬƫ νƬǶơ ǂǏƢǿǠǶơ ƒ ƨƬƥƢưǶơ ǂȍǣ ƩƢǾƢȍƦǷǶ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ ǸƾƼƬǈȌ
  ǵȍǷƸƫ ƽƢǐƬǮ˪ơȄ ƨƟǄƴƬǶơȄ ǵȌȅǻƬǶơ ǵưǺ ƩƢǟƢǿǐǶơ ǸƾƼƬǈƫ ƢǺ Ƣ˻ƦǶƢǣ .ƪǮȅǶơ ǁȄǂǻƥ ǂƯƘƬƫ ȄƗ ƪǮȅǶơ

˫ǻǠǶơ ǂȍǤƬƫ ƮȍƷ ƍ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ȅȂ ƨȍǶƢǻǶơ ǬơǁȄ˦ơ ǬȅǇ ǵȍǷƸƫ .ǁơǂǻƬǇƢƥ ƩƢǠȍƦǻǶơȄ Ʃ
  ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ ƾǠȌ ƍ ǵưǻǶƢƥȄ .ƨǇǁƢǻǻǶơ νǪ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ λǷǟ ǞƟơǁ ǴƢưǺ
  ǆǯǘǶơ ǂȌǂǯƫ ǽǺ ơ˻Ɣƾƥ Ɣνǋ ǵǲ ǞǮȅƫ λǷǟ ƨȌȅƴǶơ ƽƢǏǁ˦ơ ƔơǂƦƻ ƾǟƢǈȌȄ ƹƢǿǻǶơ ǂȍǤƬƥ ƚƦǿƬǷǶ Ƣ˻ȍǶƢưǺ

Ƕ ƹƢǿǻǶơ ǂȍǤƫ λƬƷȄ ƾǤǶơ νǪνȂ ƨǇǁƢǻǻǶơ νǪ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ǵȍǷƸƫ λǷǟ ƨǷưǺƗ .ƨǺƽƢǮ Ʃơȅǿǈ: 

¶ ǆǯǘǶơ ƩƢǾƢȍƥ . 
¶ ǁƢǘǺ˦ơ ǴȅǘȂ ǅƢȍǮ. 
¶  ƤǷǯǶơ ƩƢƥǂǓ ǴƾǠǺ ǅƢȍǮ2  )EKG(. 
¶  ǡƢǺƾǶơ ƨƦǮơǂǺ3. 
¶ ƨȌȅǿǇ Ǟƥǁ ƩƢǠȍƦǺ . 
¶ ǹȃǈǶơ ǂǠǇ . 

 
1 Systemic 
2 Heart rate monitoring 

3 Brain monitoring 



 
82 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

¶ νǶˤơ ǹȃǇ˦ơ ǴȄơƾƫ. 
¶ ƧƾƟƢǫǶơ ǂǠǇ. 

 ¡wýwĊ{õv ĆÝĀú¬ù ¡vÀĊúõvÿ 
  .ǎƟƢǐƼǶơ ǆǫǾ ƢȃǶ ƩƢǾƢȍƥ ƩƢǿƟƢǲ ƨǟȅǻƴǺ ƢȃǾƗ λǷǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǁƢƦƬǟơ Ƣ˻ƦǶƢǣ ǽψǻȌ

  ǵǻǌƫƔƢǻǇơ    :ƩƢǾƢȍƦǶơ ǽƟƢψǶ ȆǂƻƗƍǵƴǇ    ȄƗƍƨǘǯǾ    ȄƗƍȁƴƬǺ    ȄƗƍǖǻǾ    ȄƗƍƭƾƷ   ȄƗ ƍǂǐǿǟ ȄƗ
ƨǿȍǟƍ    ȄƗƍǴƢưǺ    ȄƗƍǑǂǟ    ʣ.ǼƢȍǲ ȄƗƍǵƥƢǯǻǶơ   ǽǺ ƽƾǟ Ǵ˫ƻ ǽǺ ƩƢǾƢȍƦǶơ ƩƢǿƟƢǲ ǩǏȄ ǹƬȌ

  ǽƟƢψǶ ƨȍǈȍƟǂǶơ ǎƟƢǐƼǶơ ǵưǻƫ νƬǶơ ƩƢǻǈǶơƍƢǺ    ǵȍƦǇ λǷǟ .ƭƾƸǶơ ƭȄƾƷ ƪǮȄ ǵưǺ ƍǴƢưǻǶơ 
  ǎƼǋ ǽǺ ǽȍǠǶơ ǼȅǶ ǩǷƬƼȌƍǂƻˤ    ƧǁƢǋ˨ơ ǁƾƴƫȄ .ƪǮȅǶơ ǁȄǂǻƥ ǹǈƴǶơ ƧǁơǂƷ ƨƳǁƽ ǩǷƬƼƫȄ

ƨǿψǻǻǶơ ǹȍǯǶơ ǽǺ ǵȍǷǮ ƽƾǠƥ ƨȌǄǺǁ ƨȍǏƢƻ ǽȍǠǶơ ǼȅǶ ǼƗ λǶƛ  ) ƍνǿƥ  ƍƽȅǇƗ  ƍǬǁǃƗ  ƍǂǔƻƗ  ƺǶƛ ƍ(  
 .ǹȍǯǶơ ǽǺ ƽȄƾƸǺ ǂȍǣ ƽƾǠƥ ƨȌƽƾǟ ƨȍǏƢƻ νȂ ƧǁơǂƸǶơ ƨƳǁƽ ƢǻǿȍƥƔƢǻǇ˪ơ  νȂ Ȇǂƻ˦ơȁƴƬǺ   ȄƗ

  ȄƗ ǂȍǤƬǺ ƨǿȍǟ  ƾǠ˾ƥ ȄƗ ƨǻǇ ȄƗ. 
  ǭǪơȅƬȌ ƽȅǻǟ ǵǲȄ ǩǏ ʣǽƟƢǲ ǵǲ ȁȍǪ ǼȅψȌ ǩǷǺ ǽǟ ƧǁƢƦǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ

  ȆƾƷƛ ǞǺƩơǄȍǺ  .ƩƢǿƟƢψǶơ ȀǀȂ    ǵȍƦǇ λǷǟƍǴƢưǻǶơ    ǴȄƾƴǶơ ƶǓȅȌ3ŷ1   ȊȅƬƸƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ
  λǶƛ ǩǏ ǵǲ ǂȍǌȌ .ƤǶƢǘǶơ ƩƢǺȅǷǠǺ λǷǟƍƤǶƢǗ   ǒǠƥ ǩǐƫ ƧǄȍǺ ǽǟ ƧǁƢƦǟ ƽȅǻǟ ǵǲȄ

  ƤǾơȅƳƍƤǶƢǘǶơ    ǖǇȅƬǺȄ ǬƢƸƬǶ˪ơ ƨǿǇȄ ƤǶƢǘǶơ ǹǮǁ ǵưǺ .ƨǇơǁƾǶơ ǴƢƴǺȄ ƩƢƳǁƾǶơ ƨƳǁƽ 

 ǴȄƾƳ3ŷ1   λǷǟ ȊȅƬƸƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷǟ ǴƢưǺƤǶƢǘǶơ ƩƢǺȅǷǠǺ 
 ƤǶƢǘǶơ ǹǮǁ  ǬƢƸƬǶ˪ơ ƨǿǇ  ǴƾǠǻǶơ  ƨǇơǁƾǶơ ǴƢƴǺ 

976001 
974120 
990245 

1397 
1397 
1399 

18.45 
19.03 
18.95 

ƩƢƦǇƢƷ ƨǇƾǿȂ 
 ƩƢƦǇƢƷ ǸȅǷǟ 
ƔƢƥǂȃǲ ƨǇƾǿȂ 

õv ĆùwÞõv ¡vÀĊúõ ¡wýwĊ{õv ĆÝĀú¬ú 

  ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǽǺ ƾȌƾǠǶơ ǸơƾƼƬǇơ ƾǿǟ ǸƾƼƬǈſƫ ƨǺƢǟ ǎƟƢǐƻ ƭ˫Ư  λǷǟ ǂȍƦǲ ǂȍƯƘƫ ƢȃǶȄ
ƽƢǠƥ˦ơ :νȂ νǶˤơ ǹǷǠƬǶơ ƩƢȍǿǯƫ ǸơƾƼƬǇơ1  ƪƬǌƬǶơȄ2  ƨǮƾǶơȄ3. 

Á  ˪ ơ:ƽƢǠƥ    ƽƾǟ νȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƽƢǠƥƗ ƩơǄȍǻǶơ    ƨǟȅǻƴǺ νǪ ƩƢǿƟƢψǶơ ƢȃψǷƬǻƫ νƬǶơ
  νǪ .ƽƢǠƥ˦ơ ƨȍǶƢǟ ȄƗ ƨǘǇȅƬǻǶơ ƩƢǾƢȍƦǶơ ǽǟ ŻƢȍǟȅǾ ƽƢǠƥ˦ơ ƨǔǫƼǿǺ ƩƢǾƢȍƦǶơ ǩǷƬƼƫ .ƩƢǾƢȍƦǶơ

 
1 dimensionality 
2 sparsity 

3 resolution 
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  ǞǮơȅǶơ  ƧƽƾǠƬǺ Ʃ˫ψǌǻǶƢƥ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ ǵȍǷƸƬƥ ƨǯǷǠƬǻǶơ Ʃ˫ψǌǻǶơ λǻǈƫ ƢŻǾƢȍƷƗ ƍ
ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ νǪ Ƣ˻ǻȃǺ ơ˻ǄǪƢƷ ƽƢǠƥ˦ơ ǂƦƬǠƫ ƍ ƤƦǈǶơ ơǀȃǶ .ƽƢǠƥ˦ơ. 

Á  ƪƬǌƬǶơ:    ǂȍǌȌ ƍ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪƪƬǌǻǶơ   .ƨǻȍǮ ȁǶ ǆȍǶ ǴȄƾƳ νǪ Ʃ˫ƴǈǶơ ƽƾǟ λǶƛ
  ǹȍǮ λǷǟ ǽƟƢψǶơ ǎƟƢǐƻ ǹǜǠǺ ȊȅƬƸƫ ƍ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǒǠƥ νǪ ƍ ǂƻƕ λǿǠǻƥ0  ǽǺ .

  ǂưǠƦƬǶơ ƾǠȌ ƍ ƨȍǷǻǠǶơ ƨȍƷƢǿǶơ  ƪƬǌƬǶơ Ȅơ  ƨȌǂǫǐǶơ ǂȍǣ ǹȍǯǶơ ƤȍƫǂƫȄ ǽȌǄƼƫ ƤƴȌ ƮȍƷ ƍ ƧǄȍǺ
ǽȌǄƼƬǶơȄ ƣƢǈƸǶơ νǪ ơ˻ǂȍƦǲ ƢŻƬǮȄ ǂǪȅȌ ơǀȂ .ǖǯǪ. 

Á  Ǯƽ) ƨǮƾǶơ (ǑǂǠǶơ ƪ:    ƨǫǷƬƼǺ ƩƢȌȅƬǈǻƥ ƩƢǾƢȍƥ λǷǟ ǴȅǐƸǶơ ǽψǻǻǶơ ǽǺ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣ
 ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǮƾǶơ ƩƢƳǁƽ Ǩ˫ƬƻƢƥ ƩƢǾƢȍƦǶơ ǎƟƢǐƻ ǩǷƬƼƫ ǱǶǀǲȄ ƍ ƨǮƾǶơ ǽǺ
  ƨǮƾƥ Ƣ˻ȍƦǈǾ ƶǘǈǺ ȁǿψǶȄ ƍ ǁƢƬǺƗ ƨǠǔƥ λǶƛ ǵǐƫ ƨǮƾƥ ƨȌƢǤǷǶ ŽȅƬǈǺ ǂȍǣ Ǒǁ˦ơ ƶǘǇ ȄƾƦȌ

Ǡƫ .ƩơǂƬǺȅǷȍψǶơ Ʃơǂǌǟ λǶƛ ǵǐƫ  ǼƢǲ ơƿƛ .ƨǮƾǶơ ȆȅƬǈǺ λǷǟ Ƣ˻ǔȌƗ ƩƢǾƢȍƦǶơ νǪ ǕƢǻǾ˦ơ ƾǻƬ
  ƪǾƢǲ ơƿƛ .ƔƢǓȅǔǶơ ǽȍƥ ȁǪǀƷ ǹƬȌ ƾǮ ȄƗ Ƣ˻ȍƟǂǺ ǖǻǿǶơ ǼȅψȌ ˪ ƾǯǪ ƍ ơŻƾƳ ơŻƾȍƳ ƨǮƾǶơ ȆȅƬǈǺ

ƨǮƾǶơ    ȊȅƴǶơ ǖǤǔǶơ νǪ ƩơǂȍǤƬǶơ ǆǳǠƫ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǖǻǿǶơ νǫƬƼȌ ƾǯǪ ƍ ơŻƾƳ ƧǂȍƦǲ
Ȅ ǩǏơȅǠǶơ ƨǲǂƷ ƨǟƢǈǶơ ǅƢȍǯǺ λǷǟ ǽψǻȌ ˪ ƍ ǂȃǋƗ Ƨƾǟ ǬƢǘǾ λǷǟ .Ȇǂƻ˦ơ ǆǯǘǶơ ƨǻǜǾƗ

ǂȂơȅǜǶơ ȀǀȂ ǨƢǌƬǲơ. 

¹wÞzčv ĆĊõwÝ ¡wýwĊ{õv ĔöÝ Ćö¨ùl 

  Ʃ˪ƢƴǺ ʣƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƥ ƨȍǶƢƬǶơ ƨǷưǺ˦ơ ƶǓȅƫǩǷƬƼǺ : 
 ǴƢưǺ  1:   ƨȍƸǐǶơ ƩƢǾƢȍƦǶơ 

  ǽȍǠǺ ǎƼǋ ǎƟƢǐƻ ƽƾǟ ǼƗ ƨȍƸǐǶơ ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ʣƨǠƟƢǋ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ
  ơ˻ǂȍƦǲ ǼȅψȌ ǼƗ ǽψǻȌ ƍơŻƾƳ    ǵȍƦǇ λǷǟ ƍǴƢưǻǶơ    ǖǤǓƍǸƾǶơ    ƔƢǿƯƗ ƤǷǯǶơ ƩƢƥǂǓ ǴƾǠǺȄ ƍƨƷơǂǶơ 

  ƨǶƢƸǶơȄƍƨȍǟƢǿǻǶơ    ƺȌǁƢƬǶơȄƍνƷơǂƴǶơ  ƍǴȅǘǶơȄ  ƍǼǃȅǶơȄ  ƍƨǶƢƸǶơȄ    ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ʣ.ƺǶƛ ƍȀǀȂ 
Ǻ  ƽƾǟ ƩƢǻǈǶơ ƽƾǟ ǃȄƢƴƬȌ ǼƗ ǞƟƢǌǶơ ǽƩơƾȂƢǌǻǶơ. 

 ǴƢưǺ  2:  ƨȍǶƢǻǶơ ƩƢǾƢȍƦǶơ 
  ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ʣƢ˻ǔȌƗ ƨǠƟƢǋ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơƍƨȍǶƢǻǶơ    ƽƾǟ ǼȅψȌ ǼƗ ǽψǻȌ ƮȍƷ

  ơ˻ǂȍƦǲ ǽȍǠǺ ǹȃǇ ǎƟƢǐƻƍơŻƾƳ    ǵȍƦǇ λǷǟƍǴƢưǻǶơ    ƨƦǈǾȄ ǴȄơƾƬǶơ ǹƴƷPE    ƢǺȄ ƵƢƥǁ˦ơ ǴƾǠǺȄ
  ǽǺ ǝȅǿǶơ ơǀȂ ʣ.ǱǶƿ λǶƛƍƩƢǾƢȍƦǶơ   ƽƾǟ ǽǺ ǂȍưψƥ ǂƦǲƗ ƩƢǻǈǶơ ƽƾǟ ǼȅψȌ ǼƗ ǞƟƢǌǶơ ǽǺ

ƨȌƽǂǫǶơ ƩƢǲǁƢǌǻǶơ . 

 ǴƢưǺ  3:   νǿȍƴǶơ ȆȅƬƸǻǶơ 
  ʣƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ ƭƾƸƫ ƢǺ Ƣ˻ƦǶƢǣȆȅƬƸǻǶơ  ƍνǿȍƴǶơ    ƩƢǻǇ ƽƾǟ ǼȅψȌ ǼƗ ǽψǻȌ ƮȍƷ

 .̿˫ƟƢȂ ǽȍǠǺ ƽǂǫǶ ƩƢǿȍƴǶơ 
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ĊæĊí ¹wÞzčv ĆĊõwÝ ¡wýwĊ{õv ą½v¹p Ć 

  Ƣ˻ǺƢȌƗ ǂǺ˦ơ ǬǂǤƬǈȌ ƾǮ .ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ ʣǂȍǤǏ ǬƢǘǾ λǷǟ ƨȌƽǂǫǶơ ƽƢǠƥ˦ơ ǵȍǷƸƫ ǽψǻȌ ˪
  ƢǿǶ ƤƦǈȌ ǨȅǇ .ǴƢǻǶơȄ ƪǮȅǶơ ǽǺ ǂȍưψǶơ ƤǷǘƬȌ ȆǄǤǺ Ȋƿ ǵȍǷƸƫ ƔơǂƳ˨ ơ˻ǁȅȃǋ ȄƗƤȌǁƾƫ  

ǵǲƢǌǺ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ : 

Á   ƧƽƢȌǃ ǞǺƽƢǠƥ˪ơ   .ƩƢǺȅǷǠǻǶơ ǽȌǄƼƬǶ ƨƥȅǷǘǻǶơ ƨƷƢǈǻǶơ ƽơƽǄƫ ƍ 
Á   ƧƽƢȌǃ ƨȍǾƢψǺƛ Ƣ˻ǔȌƗ ƽơƽǄƫ ƍ ƽƢǠƥ˦ơ ƧƽƢȌǃ ǞǺ  ƾƟơǄǶơ ǖƦǔǶơOverfitting. 
Á .ƱƿȅǻǿǶơ ƤȌǁƾƫ νǪ ƪǮȅǶơ ƾȍǯǠƫ ƽơǃ ƍ ƽƢǠƥ˦ơ ƩǂƦǲ ƢǻǷǲ 
Á  ǽǺ .ƩƢǾƢȍƦǶơ ǽǺ ǂȍƦǲ ǹƴƷ ǁȅǐƫ ƢǿǿψǻȌ ˪  λǶƛ ƩƢǾƢȍƦǶơ ǵȍǷǯƬƥ ǸȅǯǾ ƍ ƽƢǠƥ˦ơ ǵȍǷǯƫ Ǵ˫ƻ

  ǽȍǈƸƬǶ ƽƢǠƥ˦ơ ƨȍƯ˫Ư ȄƗ ƨȍƟƢǿƯȊǁȅǐǶơ ǵȍưǻƬǶơ. 

ƍǱǶǀǶ    ȀǀȂ ǞǺ ǵǺƢǠƬǷǶƍǵǲƢǌǻǶơ    ǼƢƬǯȌǂǗ ǰƢǿȂ .ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ Ƨǁơƽƛ ȊǁȄǂǔǶơ ǽǺ
ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ ǞǺ ǵǺƢǠƬǷǶ ǼƢƬǠƟƢǋ : 

1.  ǁƢȍƬƻơ   ǵǮƗ ƩơǄȍǺ 
  ǵǮƗ ƩơǄȍǺ ǁƢȍƬƻơ ƨǗƢǈƦƥ νȂ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ǞǺ ǵǺƢǠƬǶơ ƤǿƴƬǶ Ƣ˻ƷȅǓȄ ǂưǲ˦ơ ƨǯȌǂǘǶơ
  ƨǟȅǻƴǺ ǽǺ ƩƢǻǈǶơ ƨǶơǃƛ ƾȌǂƫ ƪǿǲ ơƿƛ ƢǺ ƾȌƾƸƬǶ ǬǂǗ Ƨƾǟ ǰƢǿȂ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ

ƍƩƢǾƢȍƦǶơ  ǱǶƿ ʣƢǻƥ: 

Á  ƧƽȅǯǫǻǶơ ǹȍǯǶơ ǽǺ ƾȌƾǠǶơ ǞǺ ƩƢǻǈǶơ ǨǀƷ:    ƨǟȅǻƴǺ νǪ ǽȍǠǺ ƽȅǻǟ ǼƢǲ ơƿƛ
ǾƢȍƥ  ƢȃǪǀƷ ǽǺ ǽψǻƬƫ ƾǯǪ ƍ ƧƽȅǯǫǻǶơ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ ȊȅƬƸȌ ƩƢ

.ƩƢǺȅǷǠǻǶơ ǽǺ ǂȍưψǶơ ƾǯǪ ǼȄƽ ǵǺƢψǶƢƥ 
Á  ǒǫƼǿǻǶơ ǽȌƢƦƬǶơ Ʃơƿ ƩƢǻǈǶơ ǨǀƷ:    ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ǽȍǠǺ ƽȅǻǟ ǼƢǲ ơƿƛ

 ǵǻƬƸǻǶơ ǂȍǣ ǽǺ ȁǾ˦ ƍ ƢȃǪǀƷ ǽǺ ǽψǻƬƫ ƾǯǪ ƍ ̿˫ȍǷǮ ˪ƛ ǂȍǤƬƫ ˪ ǹȍǮ λǷǟ ȊȅƬƸȌ
.Ȇǂƻ˦ơ ƩƢǻǈǶƢƥ ƨǾǁƢǯǺ ƨƥƢƴƬǇơ ǂȍǤƬǺ ǴȅƷ ƧƾȍǫǺ ƩƢǺȅǷǠǺ ǂǪȅƫ ǼƗ 

Á ƨƥƢƴƬǇ˪ơ ǂȍǤƬǺ ǞǺ ǒǫƼǿǻǶơ ǕƢƦƫǁ˪ơ Ʃơƿ ƩƢǻǈǶơ ƽƢǠƦƬǇơ  ƨǿȍǠǺ ƨǻǇ ƪǾƢǲ ơƿƛ :
˫ǟ ˪  ǽǺ ƢȃƬǶơǃƛ ƶƳǁ˦ơ λǷǟ ǱǿψǻȍǪ ƍ ǸƢǻƬȂ˪ơ ǵƸǺ ƨƥƢƴƬǇ˪ơ ǂȍǤƬǻƥ ƢȃǶ ƨǮ

 .ƱƿȅǻǿǶơ νǪ ƧƾȍǫǺ ƨǻǇ Ǽȅǳƫ ǼƗ ǵǻƬƸǻǶơ ǂȍǣ ǽǺ ȁǾ˦ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ 
2.  ƩơǄȍǻǶơ ƱơǂƼƬǇơ 

 ƱơǂƼƬǇơ ǽǺ ǑǂǤǶơ .ƩơǄȍǻǶơ ƱơǂƼƬǇơ νȂ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǶơ Ƨǁơƽ˨ ƨǠƟƢǋ ȆǂƻƗ ƨȍǿǯƫ
ƩơǄȍǻǶơ    ƽƾǟ ǵȍǷǯƫ ȅȂ ƩơǄȍǻǶơʣ  ƔƢǌǾƛ ǭȌǂǗ ǽǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƩơǄȍǺ   ǽǺ ƧƾȌƾƳ
ƩơǄȍǻǶơ    ǨǀƷ ǹƯ) ƧƽȅƳȅǻǶơƩơǄȍǻǶơ   ƧƾȌƾƴǶơ ƩơǄȍǻǶơ ƨǟȅǻƴǺ Ǽȅǳƫ ǼƗ ƤƴȌ .(ƨȍǷǏ˦ơ

ƧǁƽƢǮ ȀǀȂ ƧǂǤǐǻǶơ   .ƨȍǈȍƟǂǶơ ƩơǄȍǻǶơ ƨǟȅǻƴǺ ʣƧƽȅƳȅǻǶơ ƩƢǺȅǷǠǻǶơ ǹǜǠǺ ǎȍƼǷƫ λǷǟ



 
85                                                   ơƮǶƢưǶơ ǵǐǫǶ  : ƩƢǾƢȍƦǶơ 

 

 

  ȀǀȃƥƍƨǯȌǂǘǶơ    ǎƼǷǺ ƔƢǌǾƛ ǽψǻȌƩơǄȍǻǷǶ   ƨǟȅǻƴǻǶơ ǽȍƥ ǞǻƴǶơ Ǵ˫ƻ ǽǺ ƨȍǈȍƟǂǶơ
ƨȍǷǏ˦ơ. 

  ½wĊ¤·v üĊz ãĒ¤·đv ô¨ú¤ĉąÀĊúõv    ©v¾¸¤ÅvÿąÀĊúõv    ½wĊ¤·v ûl ĈåąÀĊúõv    ĆĊúăl y£¾ĉ
 ¡vÀĊúõv  ¤ĉÿ ¡wýwĊ{õv ĆÝĀú¬ù Ĉå  ôăw¬ ¡vÀĊúõv    iwÊýp ø¤ĉ đ$ ĆĊúăl ôéčv ¡vÀĊù  
 ąºĉº«I#    ą¹Ā«Āúõv ¡vÀĊúõv üù ąºĉº« ¡vÀĊù iwÊýp Ĕõp ¡vÀĊúõv ©v¾¸¤Åv ć¹oĉ wúþĊz

 ¡vÀĊúõv ôĊöê£ èĉ¾Õ üÝ ) 
 

 ¡wýwĊ{õv Üú«1 

  ƨǫǷƬƼǺ ƩƢȍƴȍƫơǂƬǇơ ǸơƾƼƬǇơ ƤƴȌ .Ƣȃƥ ƔƢǪȅǶơ ƤƴȌ νƬǶơ ƨǏƢƼǶơ ȁƫƢƦǷǘƬǺȄ ȁǪơƾȂƗ ƲǺƢǾǂƥ ǵψǶ
 ƧƾȌƾƳ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ƔƢǌǾƛ ƧǂǳǪ λǶƛ ƨƳƢƸǶơ ȀǀȂ Ȋƽƚƫ .ƨȌƢȃǿǶơ νǪ ƨǮȅƯȅǺ ƩƢƳǂƼǺ ǭȍǯƸƬǶ
ơ˻ǂǺƗ ƧǂȍƦǲ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ƔƢǌǾƛ ƾǠȌ .Ǒơǂǣ˦ơ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǻǶ ƢŻǯƷ˪ ƢȃǺơƾƼƬǇơ ǽψǻȌ 

  ǩȌǂƴƫ ǵưǺ ƤȍǶƢǇ˦ ǽψǻȌ ǽψǶȄ .Ƣ˻ȌȄƾȌ ȀƙơǂƳƛ ǹƫ ơƿƛ ƢŻǮƢǋǶơƤȌȅ2  Ȅ   ƨƬǻƫƗ  ƨψƦǌǶơ ǩƷơǃ
ǵȍǷƸƬǷǶ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ƔƢǌǾƛ ǵȍȃǈƫȄ ƩƢǾƢȍƦǶơ ǞǻƳ ƨȍǷǻǟ. 

 yĉÿ äĉ¾¬£ 
  ǸȅȍǶơ ǹǶƢǟ νǪƍνǈǪƢǿƬǶơ    ǂǪȅȌ .ƧƾȌƾƳ ƩƢȍǿǯƫ ǸơƾƼƬǇơȄ ǁƢǳƬƥ˫Ƕ ǬǂǗ ǽǟ ǞȍǻƴǶơ ƮƸƦȌ

  ǩȌǂƴƫǶơƤȌȅ   ƾǠȌ .ƨǻǜǿǻǶơ ƤȌȅǶơ ƩƢǾƢȍƥ λǶƛ Ƣ˻ȍƟƢǯǷƫ ǴȅǏȅǶơ νǪ ǼȅƦǣǂȌ ǽȌǀǶơ ǱƠǶȄ˦ ̿˫Ʒ
  ǩȌǂƴƫǶơƤȌȅ    λǷǟ ȊȅƬƸȌ ˪ ȁǿǺ ƩƢǺȅǷǠǻǶơ νǯǷƫ ƾȌǂƫ ȊǀǶơ ǸƢǠǶơ ƤȌȅǶơ ǞǮȅǺ ǼƢǲ ơƿƛ ơŻƾȍǫǺ

ȁȌƾǶ ȄƗ ƩƢǯȍƦǘƫ ƨƴǺǂƥ ƨȃƳơȄ  .ƩƢǾƢȍƦǶơ λǶƛ ǖǯǪ ƽȄƾƸǺ ǴȅǏȄ 
  ǵψǌƥƍǸƢǟ    ǼȅƦǣǂȌ ǽȌǀǶơ ƩƢǲǂǌǶơȄ ƽơǂǪ˦ơ ǵƦǮ ǽǺ ƤȌȅǶơ ƩƢǾƢȍƥ ǽǟ ƤȍǯǿƬǶơ ǸơƾƼƬǇơ ǹƬȌ

  ǸƢȍǯǶơ ǽψǻȌ .ƨȍǲƿ ƩơǁơǂǮ ƿƢƼƫ˪ ǁȅȃǻƴǷǶ ƨƷƢƬǻǶơ ƤȌȅǶơ ƩƢǾƢȍƥ ǽǺ ƨǷƟƢȃǶơ ƨȍǻψǶơ ǸơƾƼƬǇơ νǪ
 ƺǈǿǶơ Ʊơǁƽƛ ǬǂǗ ǸơƾƼƬǇƢƥ Ƣ˻ȌȄƾȌ ƨǯȌǂǘǶơ Ȁǀȃƥ3  ƍƨȌƾȍǷǯƬǶơ    ǵǔǫ˾Ȍ Ʃ˪ƢƸǶơ ǹǜǠǺ ʣǽψǶȄ

  ƨȍǷǻǟ ǹȍǈǯƫ ǽψǻȌ .ǝǂǇƗ ǵψǌƥ ǵǻǠƫȄ ƨǫǷǳƫ ǵǮƗ ƢȃǾ˦ ƨȍǶˤơ ƩơȄƽ˦ơ ǸơƾƼƬǇơǩȌǂƴƫ    ƤȌȅǶơ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǃƢƴȌƜƥ ƢȃƷǂǋȄ ƨǫǷƬƼǺ ǵƷơǂǺ λǶƛ ƢȃǷǻǲƘƥ : 

 
1 Data collection 
2 web scraping 

3 copy-pasting 



 
86 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

Á   λǶȄ˦ơ ƨǷƷǂǻǶơ Ĩ   ƤǷƳ   ƩƢǾƢȍƦǶơ  1:    ǽψǻȌ νƬǶơ ƤȌȅǶơ ǞǮơȅǺ ƾȌƾƸƫ ƤƴȌ ƍ ƧȅǘƼǶơ ȀǀȂ νǪ
  ǴȅǲȅƫȄǂƥ ǸơƾƼƬǇƢƥ ƤǷƴǶơ ƔơǂƳƛ ǱǶƿ ƾǠƥ ǽψǻȌ .ƩƢǾƢȍƦǶơ λǶƛ ǴȅǏȅǶơ ƢȃǶ˫ƻ ǽǺHTTP   ƍ

ƤȌȅǶơ ǸƽƢƻ ǽǺ ƢȃȍǯǷƫȄ ƩƢƦǷǘǶơ ǴƢǇǁ˨ ǸƾƼƬǈ˾Ȍ ƪǾǂƬǾƛ ǴȅǲȅƫȄǂƥ ȅȂȄ . 
Á   ƨȍǾƢưǶơ ƨǷƷǂǻǶơ ŷ    ƱơǂƼƬǇơ ƩƢǺȅǷǠǻǶơ  2:    ƩơƾǿƬǈǺ ƤǷƳ ƾǠƥHTML    ƧȅǘƼǶơ ǼƜǪ ƍ ƨƥȅǷǘǻǶơ

  Ƨƾǟ ǸơƾƼƬǇƢƥ ǱǶǀƥ ǸƢȍǯǶơ ǽψǻȌ .ƤȌȅǶơ ǞǮȅǺ ǽǺ ƢȃƳƢƬƸǾ νƬǶơ ƩƢǺȅǷǠǻǶơ ƱơǂƼƬǇơ νȂ ƨȍǶƢƬǶơ
  ǵȍǷƸƫ ǵưǺ ƩƢȍǿǯƫHTML    ȄDOM    ȄXPath   .ǎǿǶơ ǕƢǻǾƗ ƨǯƥƢǘǺȄ 

Á  ƨǷƷǂǻǶơ   ƨưǶƢưǶơ ŷ   ƩƢǾƢȍƦǶơ ǵȌȅƸƫ  3 :    ƨƥȅǷǘǻǶơ ǞǮơȅǻǶơ ǽǺ ƨƥȅǷǘǻǶơ ƩƢǺȅǷǠǻǶơ ƱơǂƼƬǇơ ƾǠƥ
)UR L  ǵưǺ ǹǜǿǺ ƱƿȅǻǾ λǶƛ ƢȃǷȌȅƸƫ ǱǶƿ ƾǠƥ ǽψǻȌ .ƨǻǜǿǺ ǂȍǣ ƩƢǾƢȍƦǶơ ǼȅǳƬǇ ƍ (CSV  

  ȄƗ ƩƢǾƢȍƥ ǴȄƾƳ ȄƗpdf  ǽȌǄƼƬǶơ ȄƗ νǻȌƾǯƬǶơ ǑǂǠǷǶ ƍ . 

 ¡wĊþê£äĉ¾¬£  yĉĀõv 

  ǭȍƦǘƬǶ ǬǂǘǶơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂƤȌȅǶơ ǩȌǂƴƫ   ˻ƔƢǿƥ ƨǯȌǂǗ ǵǔǪƗ ǁƢȍƬƻơ ƢȃǶ˫ƻ ǽǺ ǽψǻȌ νƬǶơȄ ƍ
  ƨǷƷǂǺ νǪ ǸƾƼƬǈſƫ ƩƢȍǿǯƬǶơ ȀǀȂ ǼƗ ƨǜƷ˫Ǻ ǽψǻȌ ƍ ǭƦǇ ƢǻǶ ƢŻǯǪȄ .ƲǺǂƦǻǶơ ƩƢƳƢȍƬƷơ λǷǟ

  :ǽȍƬƠǪ λǶƛ νǇƢǇƗ ǵψǌƥ ǹǈǯǿƫȄ ƱơǂƼƬǇ˪ơǩȌǂƴƫ  ƤȌȅǶơ    ȊȄƾȍǶơǩȌǂƴƫȄ  ƤȌȅǶơ    .νƟƢǯǷƬǶơ
  ǵǲ νǪ ƨȍǈȍƟǂǶơ ƩƢȍǿǯƬǶơ ǒǠƥ ǹǈǯǶơ ơǀȂ ǊǮƢǿȌ ƢǻȍǪ ƨƦǇƢǿǻǶơ ƨȍǿǯƬǶơ ǁƢȍƬƻ˪ Ƣ˻ǇƢǇƗ ǂǪȅȌȄ ƨƠǪ

.Ƣȃǿȍƥ 

 ȊȄƾȍǶơ ƤȌȅǶơ ǩȌǂƴƫ 

ƫ ǹƬȌ ǼƗ ƣǂǤƬǈǻǶơ ǽǺ ǆȍǶǩȌǂƴ    ǹƬȌ ƨȌȄƾȌ ƨǯȌǂǗ ȊƾȍǷǯƬǶơ ǎǿǶơ Ʊơǁƽƛ ƾǠ˾Ȍ .Ƣ˻ȌȄƾȌ ƤȌȅǶơ
 ǹƬȌ ǹƯ .ƾǿƬǈǺ ʣƢȃƳơǁƽƛȄ ƨǟȅǻƴǻǲ Ƣ˻ȌȄƾȌ ƤȌȄ ǞǮȅǺ ǽǺ ƢȃƳơǂƼƬǇơ ƽơǂǻǶơ ƩƢǾƢȍƦǶơ ƺǈǾ ƢȃȍǪ

ƢǾƢȍƦǶơ ǞǻƳ  ǒǠƥ ʣ.ƨǻǜǿǺ ƨǯȌǂǘƥ ƢȃƦȍƫǂƫȄ ƨǟȅǻƴǻǶơ ǽǺ ƨƥȅǷǘǻǶơ ƩƍǼƢȍƷ˦ơ    λǷǟ ǴȅǐƸǷǶ
  ƩƢǺȅǷǠǺƍǵǮƗ   ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǺ ƔƢǌǾƛ ƨȍǷǻǟ ʣǽψǶȄ .ƣȅǷǇƗ ǵǔǪƗ ȅȂ ơǀȂ ǼȅψȌ ǼƗ ǽψǻȌ
ƍƩƢǾƢȍƦǶơ    ƨǓǂǟȄ ƨǷǻǺ ƨȍǿǯƬǶơ ȀǀȂ Ǽȅǳƫ ǼƗ ǽψǻȌƍƘǘƼǷǶ   ǵǻǠǶơ ǽǺ ǂȍưψǶơ λǷǟ Ȋȅǘǿƫ ƢȃǾ˦

ȌǂǘǶơ ȀǀȂ .ȊȄƾȍǶơƣȅȍǠǶơȄ ƢȌơǄǻǶơ ǽǺ ƾȌƾǠǶơ ƢȃǶ ƨǯ : 

Á  Ƕơ ƢʑơǄǻ 
ă Ǿƛ ǴȅǯǶơ ǽψǻȌƢȃ    ƨǯȌǂǗ ǵȃǇƗǩȌǂƴƬǶ   Ƕơ  ǹǷǠƫ λǶƛ ƨƳƢƸƥ ƪǈǶ ǱǾƗ ƮȍƷ ƍ ƤȌȅ

 .ǱǶǀƥ ǸƢȍǯǷǶ ƧƾȌƾƳ ƩơǁƢȃǺ 
ă  ǨǀƷ ȄƗ ƔƢǘƻ˦ơ ƤǿƴƫȄ ƩƢǾƢȍƦǶơ ǽǺ ƨǘǯǾ ȊƗ ƶǈǻƥ ǍƢƼǋ˧Ƕ ƶǻǈȌ ƽơǂǪơ

ƱơǂƼƬǇ˪ơ ƔƢǿƯƗ ƨǷǐǶơ Ʃơƿ ǂȍǣ ƩƢǾƢȍƦǶơ. 

 
1 Fetch data 
2 Extracting Information 

3 Data Transformation 



 
87                                                   ơƮǶƢưǶơ ǵǐǫǶ  : ƩƢǾƢȍƦǶơ 

 

 

ă   ƨǟǂǇ ƔǖƦǶ ơ˻ǂǜǾȊȄƾȍǶơ ƤȌȅǶơ ƤȌǂƴƫ   ǴȅǏȅǶơ ǂǜƷ ǹƬȌ ǼƗ ǵǻƬƸǻǶơ ǂȍǣ ǽǻǪ ƍ
.ȁǿǺ ƩƢǾƢȍƦǶơ ƱǂƼƬǈƫ ȊǀǶơ ƤȌȅǶơ ǞǮȅǺ λǶƛ 

Á  ƣȅȍǠǶơ 
ă   ƨǯȌǂǗ ƘǘƥƗ ƾȍǲƘƬǶƢƥ ƢȃǾƛǩȌǂƴƬǶ  ơ ǼȅψȌ ƍ ƨǟǂǇ λǐǮƘƥ λƬƷ .ƤȌȅǶơǶ  ƩȅƥȄǂ

  λǶƛ ƾǿƬǈǻǶơƤȌȅǶơ ǩȌǂƴƫ   .ǼƢǈǾ˨ơ ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ νǪ ǝǂǇƗ 
ă   ȊƽƚȌǶơǵǻǠ   ǼƗ ǽψǻȌ ƍ ƩƢǾƢȍƦǶơ ƨȍǻȂƗ λǷǟ ơ˻ƽƢǻƬǟơ .Ȋǂǌƥ Ƙǘƻ λǶƛ Ƣ˻ǔȌƗ ȊǂǌƦǶơ

ŻƢȍǶƢǣ ȊǂǌƦǶơ ƘǘƼǶơ ǱǫǷψȌ. 

    

 ǽǺ ǂƻˤơ ƤǾƢƴǶơ λǷǟȊȄƾȍǶơ ƤȌȅǶơ ǩȌǂƴƫ ƍƨȌȄƾȌ ƤȌȄ ǩȌǂƴƫ ǰƢǿȂ .νƟƢǯǷƫ  ƤȌȄ ǩȌǂƴƫ  
νƟƢǯǷƫ   ƲȃǿǶơ ơǀȂ ǀȍǫǿƫ ǹƬȌ .ƨǫǷǳƬǶơȄ ƪǮȅǶơ ǂȍǪȅƫȄ ȁǺơƾƼƬǇơ ƨǶȅȃǇ ƤƦǈƥ ƾȌơǄƬǺ ǵψǌƥ ǁȅȃǌǺ

  ƩƢȍǿǯƫ Ǵ˫ƻ ǽǺƍƨǫǷƬƼǺ    ƢȌơǄǻǶơ ǽǺ ƾȌƾǠǶơ Ƣ˻ǔȌƗ ƢȃǶ ƨǯȌǂǘǶơ ȀǀȂ .νǷȌ ƢǻȍǪ ƢȃǫǐǿǇ νƬǶơȄ
ƣȅȍǠǶơȄ: 

Á  Ƕơ ƢʑơǄǻ 
ă   ƨƦǈǿǶƢƥƤȌȅǶơ ǩȌǂƴƬǶ    νǪ Ʃ˫ƴǈǶơ ƩƢƠǺ ƱǂƼƬǈȌȄ ƍ ƨǷȂǀǺ ƨǟǂǈƥ ǵǻǠȌ ȅȃǪ ƍ

Ư .ŽǼơȅ 
ă   ǹǜǠǺ ǱǷƬǻȌ .ȁǺơƾƼƬǇơ ǵȃǈǶơ ǽǺƤȌȅǶơ νǪǂƴǺ    ǸƾƼƬǈǺ ƩƢȃƳơȄ ǽȌǂǏƢǠǻǶơ

  ǼȄƽ ƤȌȅǶơ ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇƢƥ ǎƼǋ Ȋ˦ ƶǻǈƫ ƨǗƢǈƦǶơ ƧƾȌƾǋ ƨƴǺƾǺ
 .ƨƴǺǂƦǶơ ƩơǁƢȃǺ λǶƛ ƨƳƢƸǶơ 

Á  ƣȅȍǠǶơ 
ă   ƲǶƢǠƫ .ƢȃǈǫǾ Ƨơƽ˦ơ ǸơƾƼƬǇơ ƨȍǫȍǲ ǴȅƷ νǷȍǐǫƬǶơ ƤȌǁƾƬǶơ ǒǠƥ λǶƛ ǼȅƳƢƬƸȌ ƾǮ

.ƨǘȍǈƥ ǸƾƼƬǈǺ ƩƢȃƳơȄ ǀȍǫǿƫ Ǵ˫ƻ ǽǺ ƨǷψǌǻǶơ ȀǀȂ ƩơȄƽ˦ơ ǒǠƥ 
ă   ǽǺ ƤȌȅǶơ ƩƢƸǫǏ ǞǿǺ ǕƢǌǿƥ ƤȌȅǶơ ǞǮơȅǺ ǒǠƥ ǴȄƢƸƫǩȌǂƴƫ    ƨǏƢƼǶơ ƤȌȅǶơ

.ǹȃƥ 
ă   ǵƦǮ ƩƢǾƢȍƦǶơ ǽǺ ǭǯƸƬǶƢƥ λǏȅȌ .ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ ƔƢǿƯƗ Ȋǂǌƥ ǹψƸƫ ƽȅƳȄ Ǹƾǟ

  ǽǺ ƨƳǂƼƬǈǻǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǸơƾƼƬǇơǽȍȍƟƢǯǷƬǶơ ƤȌȅǶơ νǪǂƴǺ. 

  HTTP 

  ǵψǌƥƍǸƢǟ  ǵȍǷƸƫ ƨȍǷǻǟ ǹƬƫ1   ƩƢǾƢȍƦǶơ ƨȍǿƥ ȄƗ ǂƫȅȍƦǻψǶơ ƨǤǶ ȄƗ ƨȍǠȍƦǘǶơ ƨǤǷǶơ ʣǃȅǺǂǶơ ƨǷǈǷǇ
ƢŻǯǪȄ  ǷǶ ǽǺ ƨǟȅǻƴǺ Ƣȃƥ Ƨǂƴǋ ǽǟ ƧǁƢƦǟ ƾǿƬǈǻǶơ ǵȍǷƸƫ ƨƴȍƬǾ Ǽȅǳƫ ƢǺ ƧƽƢǟ .ƨȌȅƸǿǶơ ƾǟơȅǯ

  ǵȍǷƸƫ ʣ.ƢȃǷψȍȂ ǵưǻƫ νƬǶơ ƾǯǠǶơHTMLƍ    ƾǿƬǈǺ ƤǷƳ ƾǠƥHTMLƍ    ƾǯǠǶơ ǽǺ Ƨǂƴǋ ƔƢǌǾƛ ǹƬȌ

 
1 parsing 



 
88 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ƔƢǿƯƗƍǵȍǷƸƬǶơ   ǻȌ νƬǶơȄ  ǽȌȄƢǿǠǶơȄ ƩƢƸǫǐǶơ ǽȌȄƢǿǟ ǵưǺ ƩƢǺȅǷǠǺ Ǎ˫ƼƬǇơ ƢȃǶ˫ƻ ǽǺ ǽψ
  ƾǯ˾ǟ λǷǟ ǨǂǠƬǶơ ǭȌǂǗ ǽǟ ƨƸǫǐǶơ ƩơǂǯǪȄHTML  ǒǠƥ ǸơƾƼƬǇơ ǽψǻȌ .  Ǹ˫ǠƬǇ˪ơ ƩƢǤǶ

ƨǷψȍȃǻǶơƍ    ǵưǺXQuery  мHTQLƍ    ƩƢƸǫǏ ǵȍǷƸƬǶHTML  .ȁǷȌƾǠƫȄ ƨƸǫǐǶơ ȆȅƬƸǺ ƽơƽǂƬǇơȄ 

 DOM 

  ƾǠȌDOM  ƨȌǁƢǻǠǺ1    Ƨǁơƽ˨ ƨǠƟƢǋ ƨȍǇƢǇƗǵψȍȂ    ƩơƾǿƬǈǺ λǷǟ ǵǻǠƫ νƬǶơ ƩơƾǿƬǈǻǶơXML   ǽǺ
  λǶƛ ǴȅǏȅǷǶ ƨȃƳơȄ ƔƢǌǾƛ Ǵ˫ƻǵψȍȂ    Ʃ˫ǷƸǺ ǵưǺ .ƢȃƫƢȌȅƬƸǺȄ ƩơƾǿƬǈǻǶơ ȀǀȂHTML ƍ

  ƾǿƬǈǺ ƤǷƳ ǹƬȌ ƢǺƾǿǟXML    ǵǷƸǺ ǸơƾƼƬǇƢƥ ȁǯȍƦǘƫȄDOMƍ    ȊȅƬƸƫ Ƨǂƴǋ ƨȍǿƥ ǵȍψǌƫ ǹƬȌ
  ƧƾǟƢǈǻƥ  .ƾǿƬǈǻǶơ  ǂǏƢǿǟ  ǞȍǻƳ  λǷǟDOM ƍ  Ȍ  ƨǯȍƯȅǶơ  ǵψȍȂȄ  ƩƢȌȅƬƸǺ  ǎƸǪ  ǽψǻ

ƱơǂƼƬǇ˫Ƕ ƢȃǺơƾƼƬǇơȄ . 

 XPath 

XPath   ǁƢǈǺ ƨǤǶ νǿǠƫ2  XML  ƩơƾǿƬǈǺ ʣƨȍǿǯƬǶơ ȀǀȂ ǸơƾƼƬǇơ ǽψǻȌ .XML    λǶƛ ǴȅǏȅǷǶ
  ǸơƾƼƬǇơ Ƣ˻ǔȌƗ ǽψǻȌ .ƢȂơȅƬƸǺȄ ƢȃǷψȍȂ ʣƨǫǷƬƼǻǶơ ǂǏƢǿǠǶơXPath    ƩơƾǿƬǈǺ λǶƛ ǴȅǏȅǷǶ

HTMLƍ    ǥǶ ƨȃƥƢǌǺ ƨȍǿƥ ƢȃǶ ǼƗ ƮȍƷXML  ƢǿǶ ƶȍƬȌ .XPath    ƧǂǋƢƦǺ ǴȅǏȅǶơ ƢȃǿψǻȌ ƩơǁƢƦǟ ƨƥƢƬǲ
  ǂǏƢǿǟ λǶƛHTML    ǵψǌƥ .ƢȃǷǻǲƘƥ ƧǂƴǌǶơ ǎƸǪ ǽǺ ̝˪ƾƥ ƍǸƢǟ    ǵȍǷƸƫ ƾǠƥDOMƍ   ǽψǻȌ

ƬǇơ  ǸơƾƼXPath  Ǩǂƴǻǲ    .ƩƢǾƢȍƦǶơ ƱơǂƼƬǇ˪ ƤȌȄXPath    ƩơǁƢƦǟ ǵψǋ ʣνƫƘƫ ƢȃǾƛ ƍ ƨǤǶ ƪǈȍǶ
ƧƽƾƸǺ Ǽȅǳƫ ǼƗ ƤƴȌ. 

 CSS 

  ƨȍǿǯƫƤȌȅǶơ ǩȌǂƴƫ    ƩơƾǿƬǈǺ ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇ˪ Ȇǂƻ˦ơ ƨǠƟƢǌǶơHTML    ǸơƾƼƬǇơ νȂ
  ƩơƽƾƸǺCSS. 3

CSS    ƩơƾǿƬǈǺ ƲǺƾǶ ǸƾƼƬǈƫ ƨǤǶ νȂHTML    Ǒǂǟ νǇƢǇƗ ǵψǌƥ ǩǐƫȄ
  ǵưǺ ƨǷψȍȃǻǶơ ƩơƾǿƬǈǻǶơHTML    ȄXML  ǎƟƢǐƻ λǷǟ ˻ƔƢǿƥ .CSS  ƍƨǫǷƬƼǻǶơ    ǸơƾƼƬǇơ ǹƬȌ

˾ƥ λǶƛ ƧǁƢǋ˩Ƕ ǱǶƿ λǶƛ ƢǺȄ ǨǂǠǻǶơȄ ƨǻǈǶơȄ ǝȅǿǶơ ǵưǺ ƨǫǷƬƼǺ ƩơƽƾƸǺ  ǞǮȅǺ ȆȅƬƸǺȄ ƨȍǿ
ƼƬǇơȄ ƨǯƥƢǘǻǶ ǂǏƢǿǠǶơ ȀǀȂ ǸơƾƼƬǇơ ǽψǻȌ .ƤȌȅǶơ  ǂǏƢǿǟ ƱơǂHTML. 

    

 ƨǯƥƢǘǺ ƨȍǿǯƫ νȂ ǎǿǶơ ǖǻǾ ƨǯƥƢǘǺ4    ǸƾƼƬǈƫǂȍƥƢǠƬǶơ  ƨȍǘǻǿǶơ5    ƩƢǺ˫ǟ ƨǯƥƢǘǻǶHTML  
  ƩơƾǿƬǈǺ ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄHTML  .ǂȍƥƢǠƬǶơ  ƨȍǘǻǿǶơ    ǨȄǂƸǶơ ǽǺ ƨǷǈǷǇ ǸƢǟ ǵψǌƥ νȂ
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  Ǽ˦ ơ˻ǂǜǾ .ƮƸƥ ǖǻǾ λǶƛ ȊƽƚƫHTML    ǵǇ˫ǈǶơ ǽǺ ƾȌƾǠǶơ ǽǺ ǼȅǳƬȌƍƢ˻ƦȌǂǯƫ    ǭȍƦǘƫ ǽψǻȌ
ǂȍƥƢǠƬǶơ    ǽψǶ .ƨǫǷƬƼǺ ǵǇ˫Ǉ ƨǯƥƢǘǺ ǭȌǂǗ ǽǟ ƢǿȂ ƨȍǘǻǿǶơǂȍƥƢǠƬǶơ   ƨȍǘǻǿǶơ   ǁƢȍƼǶơ Ǽȅǳƫ ˪ ƾǮ

  ǵȍǷƸƫ ʣǴȄ˦ơHTMLƍ  ƧƽȅǯǫǻǶơ ƩƢǺ˫ǠǶơ ǵưǺ ƔƢǘƻƗ ƣƢǳƫǁ˪ ƨǏǂǪ ƾƳȅƫ ƮȍƷ. 

 yĉĀõv äĉ¾¬£ ¡w{¤îù 

  ƩƢƦƬψǺ ǽǺ ƨǻƼǓ ƨǟȅǻƴǺ ƾƳȅƫơǼȅưȌƢƦǶ  ƤȌȅǶơ ǩȌǂƴƬǶ  ȀǁƢȍƬƻơ ǹƬȌ ǼƗ ƤƴȌ ƢǻȃȌƗ ǽψǶȄ .
  ȅȂ ǹǈǯǶơ ơǀȂ ǽǺ ǑǂǤǶơ ƓƨǾȄǂǻǶơ ǽǺ ǁƾǮ ǂƦǲƘƥ ǞƬǻƬƫ ƩƢƦƬψǻǶơ ȀǀȂ ǽǺ ȊƗ ƓǽȍǠǺ ǝȄǂǌǻǶ

  ƩƢƦƬψǺ ǽǺ ƾȌƾǠǶơ ƨǠƳơǂǺ Ǵ˫ƻ ǽǺ ƨǷƠǇ˦ơ ȀǀȂ λǷǟ ƨƥƢƳ˨ơǼȅưȌƢƥ    ƨǠƟƢǌǶơ ƤȌȅǶơ ǩȌǂƴƬǶ  
ƥ ǹǷǟ λǷǟ ǹƬȃǺ ǎƼǋ ȊƗ ǼȅψȌ ǼƗ ƤƴȌ νƬǶơ .Ƣȃ 

Requests 

 Requests ск    ƨƦƬψǺǼȅưȌƢƥ    ƨȍǇƢǇ˦ơƤȌȅǶơ ǩȌǂƴƬǶ  ƩƢƦǷǗ ǴƢǇǁƛ ȁǿψǻȌ .HTML    ǸƽƢƻ λǶƛ
 ƨƦƬψǻǶơ ȀǀȂ ǸƾƼƬǈſƫ .ƤȌȅǶơ ƨƸǫǏ ǽǺ ƩƢǾƢȍƦǶơ ƽơƽǂƬǇ˪ ƤȌȅǶơ    ʣƤȌȅǶơ ǩȌǂƴƫ ƨȍǷǻǟ ƨǷƷǂǺ  

ǁƢǔƷƛ  ƩƢǺȅǷǠǻǶơ  ƨƦƬψǺ ƶǿǻƫ .ǼȅưȌƢƥ   ǂȍǪȅƫ Ǵ˫ƻ ǽǺ ƨǾȄǂǻǶơ ǽǺ ƨȍǶƢǟ ƨƳǁƽ ǽȍǺƾƼƬǈǻǶơ ȀǀȂ
  ƩƢƦǷǗ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗHTTP    ǵưǺGET   ȄPOST ǽψǻȌ ˪ ƨȍǇƢǇƗ ƨƦƬψǺ ȀǀȂ Ǽ˦ ơ˻ǂǜǾ .

  ƩƢƸǫǏ ƤǷƴǶ ˪ƛ ƢȃǺơƾƼƬǇơƍƤȌȅǶơ   .ƩƢǾƢȍƦǶơ ǞǻƴǶ ǵǐǫǿǺ ǵψǌƥ ƢȃǺơƾƼƬǇơ ǽψǻȌ ˫Ǫ
ƍǱǶǀǶ   ȅǺ ƩƢƳǂƼǺ λǷǟ ǴȅǐƸǷǶ ȆǂƻƗ ƩƢƦƬψǺ ǞǺ ȁƴǺƽ ƤƴȌƨǮȅƯ. 

 λǷǟ ǴȅǐƸǶơ ƾǠȌ ƓƨƦƬψǻǶơ ȀǀȂ ǸơƾƼƬǇơ ƢǿǿψǻȌ ǩȍǲHTML  ƤȌȄ ƨƸǫǏ ǸƢƻƍƨǘȍǈƥ    ƪǾƘǪ
  ǴƢưǺ λǷǟ ƧǂǜǾ νǯǷǾ ƢǾȅǟƽ .ƢȃƳƢƬƸƫ νƬǶơ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ ƢȃǷȍǷƸƫ λǶƛ ƨƳƢƸƥƢǿǪǂƳ    ȁȍǪ

."ǭȍǻǠǶơ ǹǷǠƬǶơ" ǴȅƷ ƢȌƾȍƦȍψȌȄ ƨƸǫǏ 

  ƨƦƬψǺ ǽȍǻǔƫ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣRequestsʣ  ƩƢƦƬψǺ ǼȅưȌƢƥ  ƍƨȍǷƻơƾǶơ   ǽǺ ǽψǻƬƫ ǹǶ ơƿƛ ǽψǶȄ
  ƤƦǈǶ ƢȃǶƢƻƽƛƍƢǺ  ǂǺơȄ˦ơ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƫ ȆȅǇ ǱȍǷǟ ƢǻǪ: 

> pip install requests 
  ƪȍƦưƫ ƾǠƥƍƨƦƬψǻǶơ    ƾǠƥ .ƢǿǟȄǂǌǺ λǶƛ ƢȂƽơǂȍƬǇơ λǶƛ ƱƢƬƸǾƍǱǶƿ    ƤǷǗ ǴƢǇǁƛ λǶƛ ƱƢƬƸǾ

GET    Ǽơȅǿǟ λǶƛURL : 
In     [1]: import requests  

r =ŕrequests.get('https://fa.wikipedia.org/wi ki/  ǭȍǻǠǶơ_ǹǷǠƬǶơ') 

print(r.content)  
Out  [1]: b'<!DOCTYPE html> \ n<html class="cli ent -nojs" 

lang="fa" dir="rtl"> \ n<head>\ n<meta charset="UTF -

8"/>\ n<title> ....... 
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LXML 

ʣǁȅǲǀǺ ȅȂ Ƣǻǲ  ǹǈǯǶơ ƍǭƥƢǈǶơ  ǼƢǲ  ǥǷǶ  Requests    .ǵǷƸǻǲ ƢȃǺơƾƼƬǇơ ǽψǻȌ ˪ ƽȅȍǮLXML  
 ǵȍǷƸƬǶ ƨǠȌǂǇ ƧơƽƗ νȂHTML    ȄXMLʣ ǼȅưȌƢƥ   ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ ǵȍǷƸƬǶ ƢȃǺơƾƼƬǇơ ǽψǻȌ

  ǸƾƼƬǈƫȄ ǽȍǷǷƸǻǶơ ǹǜǠǺ ǽǺ ǝǂǇƗ ƨƦƬψǻǶơ ȀǀȂ .ƤȌȅǶơ ƩƢƸǫǏ ǽǺAPI    ǼȅưȌƢƥ  ǵȍȃǈƬǶ
  ƩơƾǿƬǈǺ ǞǺ ƾȍƳ ǵψǌƥ ǵǻǠƫ ˪ ƢȃǿψǶ .ƢȃǺơƾƼƬǇơHTML    ǵǠƴȌ ơǀȂ .ǹȍǻǐƬǶơ ƨƠȍǇLXML 

.Ȇǂƻ˦ơ ƩƢƦƬψǻǶơ ǽǺ ƨǾȄǂǺ ǵǮƗ . 

  ȀǀȂ ƪȍƦưƬǶ ƍƨƦƬψǻǶơ  ȅǇ ǱȍǷǟ ƢǺǂǺơȄ˦ơ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƫ Ȇ: 

> pip install lxml 

  ơǀȂ νǪƍǴƢưǻǶơ    ǑǂǠǾ ƢǿǿψǶȄ) ƧƾƷơȄ ƤȌȄ ƨƸǫǏ λǷǟ ƧƽȅƳȅǻǶơ ǖƥơȄǂǶơ ǞȍǻƳ ǁƢȃǛƛ ǴȄƢƸǾ
  ƨƦƬψǺ ǸƾƼƬǈǾ .(Ʊơǂƻ˨ơ ʣǖǯǪ ƢȃǿǺ Ƣ˻ǔǠƥRequests    ƽȅǲ λǷǟ ǴȅǐƸǷǶ ȆǂƻƗ ƧǂǺHTML  
  ǸơƾƼƬǇƢƥ ƢȃǷȍǷƸƫ ǹƯ ƤȌȅǶơ ƨƸǫǐǶ ǸƢƼǶơLXML. 

In     [1]: import requests  

import lxml.html  

r =ŕrequests.get('https://fa.wikipedia.org/wiki/ ǹǷǠƬǶơ_ǭȍǻǠǶơ) 
content = r.content  

doc = lxml.html.fromstring(content)  

for element in doc.xpath('//a/@href'):  

  print(element)  
Out  [1]:  

https://da.wikipedia.org/wiki/Deep_ learning  

https://de.wikipedia.org/wiki/Deep_Learning  

https://en.wikipedia.org/wiki/Deep_learning  

https://es.wikipedia.org/wiki/Aprendizaje_profundo  

https://et.wikipedia.org/wiki/S%C3%BCgav%C3%B5pe  

https://eu.wikipedia.org/wiki/Ikaskun tza_sakon 

https://fi.wikipedia.org/wiki/Syv%C3%A4oppiminen  

https://fr.wikipedia.org/wiki/Apprentissage_profond  

https://it.wikipedia.org/wiki/Apprendimento_profondo  

https://ms.wikipedia.org/wiki/Pembelajaran_dalam  

..... 

  ƧǂǫǌǶơ ǩǘƬǯǺ νǪƍȀ˫ǟƗ    ƧǁƢƦǟ ƢǿǺƾƼƬǇơXPath   ƢȂƢǾƾƳȄ νƬǶơ ǖƥơȄǂǶơ ǞȍǻƳ ƾȌƾƸƬǶ
ƢȃƬǟƢƦǗȄ. 

BeautifulSoup 

BeautifulSoup    ƨƦƬψǺ νȂǼȅưȌƢƥ    ƩƢǫǷǺ ǽǺ ƩƢǺȅǷǠǻǶơ ƱơǂƼƬǇ˪ ǸƾƼƬǈſƫXML    Ȅ
HTML  .  ƨƳǂƼƬǈǻǶơ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ λǷǟ ǰƾǟƢǈƫ ƢȃǾ˦ ƨǷȍǻƳ ƣƢƦǇ˦ ƨƦƬψǻǶơ ȀǀȂ ƔƢǟƾƬǇơ ǹƫ
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ǖǯǪ ƢȂǁƢƬƼƫ νƬǶơ ƩƢǾƢȍƦǶơ ǁƢȍƬƻơȄ ƢȃǶ˫ƻ ǂȌǂǻƬǶơȄ ƨǶȅȃǈƥ  ƤǈƬǲơ .BeautifulSoup    ơ˻ǂǜǾ Ƨǂȃǋ
  ƨǶȅȃǈǶƍȁǺơƾƼƬǇơ    ǽǺ ƘǘƥƗ ȁǿψǶȄLXML ǻƬƫ . ƨƦǇƢǿǺ ƢȃǾƗ ʣƨƦƬψǻǶơ ȀǀȃǶ ƨǻȃǻǶơ ƢȌơǄǻǶơ ȆƾƷƛ ǵư

 ǄȍǺǂƫ λǷǟ ǨǂǠƬǶơ λǷǟ ƧǁƾǯǶơ ƢȃȌƾǶ) ƤȌȅǶơ ǞǮơȅǺ ǽǺ ǝȅǾ Ȋ˦1    ƩƢǺȅǷǠǺ νǯǷƫ νǶƢƬǶƢƥȄ ƨƸǫǐǶơ
  ǎǾ ǽǺ ƨǮƽ ǂưǲƗHTML  ǞǺ ƢȃǺơƾƼƬǇơ ǽψǻȌȄ (Requests    ǀȍǫǿƬǶ  ƤǷƴǶơ ƩơȅǘƼǶ
ƨƸƳƢǿǶơ ƱơǂƼƬǇ˪ơȄ.    ǵǷƸǻǶơ ǞǺ ȁƴǺƽ ǽψǻȌLXML . 

  ȀǀȂ ƪȍƦưƬǶ ƍƨƦƬψǻǶơ  ǂǺơȄ˦ơ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƫ ȆȅǇ ǱȍǷǟ ƢǺ: 

> pip install bs4 

  ǵȍǷǯǶơ Ǒǂǟ ǹƬȌ) ȆȅƬƸǻǶơ ƨǟƢƦǗȄ ǭƥƢǈǶơ ǴƢưǻǶơ ƩơǂǯǪ ǞȍǻƳ ǵȍǷƸƫ ǴȄƢƸǾ ǴƢưǻǶơ ơǀȂ νǪ
(ƢǿȂ ƢȃǿǺ: 

In     [1]: import requests  

from bs4 import BeautifulSoup  

r =ŕrequests.get('https://fa.wikipedia.org/wiki/ ǹǷǠƬǶơ_ǭȍǻǠǶơ) 
content = r.content  

soup = BeautifulSoup(content, features="html.parser")  

for element in soup.findAll('p'):  

  print(element.text)  
Out  [1]:  

 ƾǮ Ƣǻǿȍƥ ƍ ǨơȅƸǶơ λǷǟ ǨǂǠƬǶơ ƨȍǷǫǈǶơ ƩƢǯƦǘǷǶ ǽψǻȌ ƍ ǁȅǐǶơ ƨƴǶƢǠǺ ʣƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ
ȀȅƳȅǶơ ȄƗ ǨȄǂƸǶơ ǵưǺ ƍ ƨȍǻȂƗ ǂưǲƗ ƨȌǂǌƥ ƩơǄȍǺ λǷǟ ƢȍǷǠǶơ ƩƢǯƦǘǶơ ǨǂǠƬƫ. 

 
Ǜ ǵƦǮ ǁƢȍƬƻơ) Ʃ˫ȍưǻƬǶơ λǷǟ ǂȍƦǲ ǵψǌƥ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ ƩƾǻƬǟơ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ ǁȅȃ

 ƱơǂƼƬǇơ ƔơǂƳ˨ ǝȅǓȅǻǶơ ǴƢƴǺ ʣơ˻ǂȍƦƻ ƤȍǶƢǇ˦ơ ȀǀȂ ƤǷǘƬƫ .ƩƢǾƢȍƦǶơ ǽǺ ƧƾǻƬǈǻǶơ (ƩơǄȍǻǶơ
Ǘ ƢŻƬǮȄ ǬǂǤƬǈƫȄ ƨƦǠǏ ƨȍǷǻǟ Ƣ˻ȌȄƾȌ ƩơǄȍǻǶơ ƱơǂƼƬǇơ ƾǠȌ ƍ ǱǶƿ ǞǺȄ .Ƣ˻ȌȄƾȌ ƩơǄȍǻǶơ ǼƢǲ .̿˫Ȍȅ

 ƱơǂƼƬǇơ ȁǿψǻȌ ȁǾ˦ .ƨǟǂǈƥ ƨȌƾȍǷǯƬǶơ ƤȍǶƢǇ˦ơ ȀǀȂ ǴơƾƦƬǇơ λǷǟ ơ˻ǁƽƢǮ ǭȍǻǠǶơ ǹǷǠƬǶơ ǁȅȃǛ
ƨǷψǌǺ ȊƗ ƤǇƢǿƬǶ Ƣ˻ȍƟƢǯǷƫ ǎƟƢǐƼǶơ 

  ƧǂǫǌǶơ  ǩǘƬǯǺ  νǪƍǭƥƢǈǶơ    ǽǺ  ƢǿƦǷǗBeautifulSoup    ȊȅǤǷǶơ  ǵǷƸǻǶơ  ǸơƾƼƬǇơ
"html.parser  ƩƢǺ˫ǟ ǞȍǻƳ ƾȌƾƸƫȄ ƱǂƼƬǈǻǶơ ȆȅƬƸǻǷǶ "<P>  ƢǿǶ . 

Selenium 

  ǸơƾƼƬǇƢƥ ƨǻǻǐǻǶơ ƤȌȅǶơ ǞǮơȅǺ ǞǺ ǵǻǠǶơ ƢȃǿψǻȌ ˪ ƽȅȍǮ ƢȃǶ Ǽˤơ λƬƷ ƧǁȅǲǀǻǶơ ƩƢƦƬψǻǶơ
JavaScript  ʣƨȍψȍǺƢǿȌƾǶơ ƤȌȅǶơ ƩƢƸǫǏ ǞǺ ǵǻǠǶơ ƤǠǐǶơ ǽǺ ǵǠƴȌ ơǀȂ .ƤȌȅǶơ ǩȌǂƴƫ  .

  ʣƩƢȌƾƸƬǶơ ǂƦǲƗ ƾƷƗ ƨȍψȍǺƢǿȌƾǶơ ƤȌȅǶơ ƩƢƸǫǏ ǞǺ ǵǻǠǶơ ƾǠȌƤȌȅǶơ ǩȌǂƴƫƍ    ǽψǶSelenium 
  ƧƾƷơȄ νȂ  ƩƢƦƬψǺ ǽǺǼȅưȌƢƥ    .ƨǷψǌǻǶơ ȀǀȂ λǷǟ ƤǷǤƬǶơ ƢȃǿψǻȌ νƬǶơSelenium   ƨƷȅƬǫǺ ƧơƽƗ νȂ

 
1 encoding 
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  ƨƸǫǏ ƶƬǫǶ ƢȃǺơƾƼƬǇơ ǱǿψǻȌ ȁǾƗ νǿǠȌ ƢǻǺ ƍ ƤȌȄ ǵȍǤǌƫ ƲǺƢǾǂƥȄ ƤȌȅǶơ λǷǟ ƨǻƟƢǮ ǁƾǐǻǶơ
ƲƟƢƬǿǶơ λǷǟ ǴȅǐƸǶơȄ ǁǃ ǬȅǪ ǂǯǿǶơȄ ƍ ƤȌȄ . 

 ǽǺ ǹǣǂǶơ λǷǟƍƢȃƫȅǮ  ǂƦƬǠȌSelenium   ƧơƽƗƨȍƟơƾƥ  .ȊǂǌƦǶơ ǰȅǷǈǶơ ƾȍǷǯƬƥ ƧǂǫǌǷǶ ƶǻǈȌ Ƣǻǲ .
 ǞǺȄƍǱǶƿ  ǀȍǫǿƫȄ ǵȌǄǿƫ ȅȂ ƨƦƬψǻǶơ ȀǀȃǶ ƨȍǈȍƟǂǶơ ƽȅȍǯǶơ ƾƷƗ ǼƜǪJavaScript  ǵψǶƍƨƸǫǏ   ƢǻǺ

ƧǂȍƦψǶơ ǞȌǁƢǌǻǷǶ ƨƦǇƢǿǺ ǂȍǣȄ ƘǘƥƗ ƩƢȍǷǻǠǶơ ǵǠƴȌ. 

  ȀǀȂ ƪȍƦưƬǶ ƍƨƦƬψǻǶơ  ǂǺơȄ˦ơ ǂǘǇ ʣνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƫ ȆȅǇ ǱȍǷǟ ƢǺ: 

> pip install selenium 

  ǸơƾƼƬǇơ ǼƗ ǚƷ˪Selenium   ƩƢƦƬψǻǶơ ƧƾǟƢǈǺ ƤǷǘƬȌ ˪ ƤȌȅǶơ ƨƸǫǏ ƩƢȌȅƬƸǺ ǵȌǄǿƬǶ
ƍȆǂƻ˦ơ    ǽψǻȌ ƮȍƷSelenium    ƤȌȅǶơ ǵȍǤǌƫ ƲǺƢǾǂƦǶ ƢǾǁƢƦƻƛ ƽǂƴǻƥ !Ȁƽǂǫǻƥ Ɣνǋ ǵǲ ǵǠǫȌ ǼƗ

  ǸƾƼƬǈǿǇ ƢǿǾƘƥchromedriver    Ǽơȅǿǟ ȊƗȄURL    ǼƗ ƤƴȌǨǂƴȌƍ    ƮƸƦǾ ƢǺ ƾȌƾƸƫ λǶƛ ƱƢƬƸǾ
  ơǀȂ ʣ.ƨƳǂƼƬǈǻǶơ ƩƢǾƢȍƦǶơ ʣȁǿǟƍǴƢưǻǶơ  ǶȄƢƷƢǿ  ȆǂƻƗ ƧǂǺ ǖƥơȄǂǶơ ǞȍǻƳ λǷǟ ǴȅǐƸǶơ : 

In    

[1]: 
from selenium import webdriver  

from webdr iver_manager.chrome import ChromeDriverManager  

import requests  

from selenium import webdriver  

chrome_options = webdriver.ChromeOptions()  

chrome_options.add_argument(' --headless') 

chrome_options.add_argument(' --no-sandbox') 

chrome_options.add_argument(' --disable-dev-shm-usage') 
wd = webdriver.Chrome('chromedriver',chrome_options=chrome_options)  

driver=webdriver.Chrome('chromedriver',chrome_options=chrome_option

s) 

driver.get('https://fa.wikipedia.org/wiki/ ǭȍǻǠǶơ_ǹǷǠƬǶơ') 

links = driver.find_elements_by_tag_name('a')  

for element in links:  

  print(element.get_attribute('href'))  
Out  

[1]: 
https://da.wikipedia.org/wiki/Deep_learning 
https://de.wikipedia.org/wiki/Deep_Learning 
https://en.wikipedia.org/wiki/Deep_learning 
https://es.wikipedia.org/wiki/Aprendizaje_profundo 
https://et.wikipedia.org/wiki/S%C 3% BCgav%C 3% B5pe 
https://eu.wikipedia.org/wiki/Ikaskuntza_sakon 
https://fi.wikipedia.org/wiki/Syv%C 3% A4oppiminen 
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wĄÑ¾Ýÿ ¡wýwĊ{õv üĉÀ¸£ 

  ƨǠȍƦǗ λǷǟ ơ˻ƽƢǻƬǟơƍƩƢǾƢȍƦǶơ    ǒǠƥ ǼǄƼƫ .ƩƢǯȍǈǿƬǶơ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ ʣƢȃǿȌǄƼƫ ǽψǻȌ
  ƢȃȍǪ ǹψƸƬǶơ Ʃ˪˥Ƕ ǽψǻȌ ƨǯȌǂǘƥ ƩƢǾƢȍƦǶơ ƩƢǯȍǈǿƬǶơƍƨǶȅȃǈƥ    ǽȌǄƼƬƥ ǂƻˤơ ǒǠƦǶơ ǸȅǯȌ Ƣǻǿȍƥ

  ƩơƾǿƬǈǺ .ƢȃƫƔơǂǮ ǂǌƦǷǶ ǽψǻȌ ƨǯȌǂǘƥ ƩƢǾƢȍƦǶơMicrosoft Word    ʣ.ǂȍƻ˦ơ ơǀȂ λǷǟ ǴƢưǺ νȂ
ƍǵƥƢǯǻǶơ  CSV    ȄJSON    ȄXML  νȂ    λǷǟ ƨǷưǺƗλǶȄ˪ơ ƨǯȌǂǘǶơ  ơǀȂ ʣ.ƍǹǈǯǶơ    ̝˪ȄƗ ǊǮƢǿǿǇ

  ƩƢǾƢȍƦǶơ ǽȌǄƼƫ ƩƢǯȍǈǿƫ ǽǺ ǵǲ ǃƢƴȌƜƥƍȀǀȂ   ǹψƸƬȌ νƬǶơ ƩƢǫǷǻǶơ ȀǀȂ ƧƔơǂǮ ƨȍǫȍǲ ǎƸǫǾ ǹƯ
ǃƢȃƴǶơ ƢȃȍǪ.   

CSV  $ôÍvĀæz ĆõĀÎæù øĊé  1# 

  ǩǷǺ ȅȂ ȁƫƔơǂǮ ƧǄȃƳ˧Ƕ ǽψǻȌ ǩǷǺ ǴȄƗCSV  ǩǷǺ ʣ.CSV ƍ   ƩƢǾƢȍƦǶơ ƧƾǻǟƗ ǵǐǪ ǹƬȌ
ǵǏơȅǫƥ  λǶƛ ƧǁȄǂǔǶƢƥ ƱƢƬƸƫ ˪ νƬǶơ ƩƢǯȍƦǘƬǶơ ǽȍƥ ƨǷψȍȃǻǶơ ƩƢǾƢȍƦǶơ ǴƽƢƦƬǶ ƨǯȌǂǗ ȀǀȂ .

.ǒǠƦǶơ ƢȃǔǠƥ ǞǺ ƧǂǋƢƦǺ ƭƾƸƬǶơ 

  ¡wýwĊz ¹v¾Ċ¤Åv ĆĊæĊíCSV ûĀ¨ĉwz Ĉå 

  ǩǷǺ ƧƔơǂǯǶ ǬǂǗ Ƨƾǟ ǰƢǿȂCSV    ƧƾƷȄ ǸƾƼƬǈȌCSV    ƨƦƬψǺ ȄƗpandas: 

Á  ƧƾƷȄcsv:  ƧƾƷȄCSV  ƩơƾƷȄ ȆƾƷƛ νȂǼȅưȌƢƥ  ǂǪȅƫ νƬǶơƩƢƠǪ   ƩƢǾƢȍƥ ƨƥƢƬǲȄ ƧƔơǂǯǶ
  ǩǷǺ ǭȍǈǿƬƥ ǴȄƾƴǶơCSV. 

Á  ƨƦƬψǺ  pandas:    ƨƦƬψǺpandas    ƩƢƦƬψǺ ȆƾƷƛ νȂǼȅưȌƢƥ    ǂǪȅƫ νƬǶơ ǁƾǐǻǶơ ƨƷȅƬǫǺ
.ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƩƢȍǿǯƫȄ ƩơȄƽƗ 

 csv.reader() 

  ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǽǺ ǂǘǇƗ ƨǠǔƥ ǸơƾƼƬǇƢƥƍȀƢǾƽƗ  ǥǶ ǽψǻȌ  ǼȅưȌƢƦ  ƩƢǾƢȍƥ ǩǷǺ ƶƬǪCSV  
  ǽψǻƬƫ  λƬƷ  ƩƢǾƢȍƦǶơ  ǵȌȅƸƫȄǼȅưȌƢƥ    νǶƢƬǶơ  ƽȅψǶơ  ǩǘƬǯǺ  ǸƾƼƬǈȌ  .ƢȃǻȃǪ  ǽǺ  ƨǶơƽ

csv.reader()    ǩǷǺ ƧƔơǂǯǶdata.csv  ǹƟơȅǯǶơ λǶƛ ƩƢǾƢȍƦǶơ ǽȍȍǠƬǶ: 

In     [1]: import csv  

  

# opening the CSV file  

with open('data.csv', mode ='r')as file:  

    

  # reading th e CSV file  

 
1 Comma-Separated Values 
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  csvFile = csv.reader(file)  

  

  # displaying the contents of the CSV file  

  for lines in csvFile:  

        print(lines)  
Out  [1]:  

['id', 'name', 'age', 'Field of Study']  

['9396321', 'sara', '26', 'electrical engineering']  

['9496328', 'mahsa', '24', 'Computer Engineering']  

['9896325', 'maryam', '23', 'computer science']  

['9496352', 'sepideh', '25', 'electrical engineering']  

['9896389', 'sima', '26', 'computer science']  

['9896325', 'mina', '21', 'electrical engineering']  

ƍƢ˻ȍƟƾƦǺ    ǩǷǺ ƶƬǪ ǹƬȌCSV    ƨǯȌǂǗ ǸơƾƼƬǇƢƥopen()   ǞǓȅǶơ νǪ'r'    ƶƬǪ ƾǿǟ ƧƔơǂǯǶơ ǞǓȄ ƽƾƸȌ)
  ƾǠƥ .ǩǷǻǶơ ǽƟƢǲ ƾȍǠ˾Ȍ ȊǀǶơȄ (ǩǷǺƍǱǶƿ    ƨǶơƾǶơ Ʊơǂƻƛ ǽȌǄƼƫ ǹƬȌcsv.reader(file)ʣ  ǂȍǤƬǺ 

csvFile  ǂȍǤƬǻǶơ ȊȅƬƸȌ .csvFile    ƝǁƢǮ λǷǟ ǼˤơCSV    ƝǁƢǮ ƢǿǶ ƶȍƬȌ .ƵȅƬǫǻǶơ ǩǷǻǶƢƥCSV 
  ǂǺơȄƗ ǸơƾƼƬǇƢƥ ƨǶȅȃǈƥ ƢǿƫƢǫǷǺ ƩƢǾƢȍƥ Ǒǂǟ ơǀȂǼȅưȌƢƥ  ƨǘȍǈƦǶơ.   

ƨǜƷ˫Ǻ  ƨǻǷψǶơ ǸƾƼƬǈſƫ :ƧǃȅƴƸǻǶơ  "with  ƨǯȌǂǗ ǞǺ ƤǿƳ λǶƛ Ƣ˻ƦǿƳ "open()   ǖǈƦƫ ƢȃǾ˦ ƍ
  ǩǷǺ ǭǷǤƫȄ ƩơƔƢǿưƬǇ˪ơ ƨƴǶƢǠǺCSV  Ƣ˻ȍƟƢǯǷƫ . 

 csv.DictReader() 

  ǩǷǺ ƶƬǪ ǹƬȌ ̝˪ȄƗ ƍ ƨǯƥƢǈǶơ ƨǯȌǂǘǶơ ƨǯȌǂǘǶơ ȀǀȂ ȁƦǌƫCSV    ƨǯȌǂǗ ǸơƾƼƬǇƢƥopen() ǹƬȌ ǹƯ ƍ
  ǩǷǺ νǪ ƧƽȅƳȅǻǶơ ƩƢǾƢȍƦǶơ ǽȍȍǠƫCSV    ǸơƾƼƬǇƢƥ ǅȅǺƢǮ λǶƛǅ˫ǲ  DictReader    ǽǺ ƧƾƷȄ 

csv: 
In     [1]: import csv  

  

# opening the CSV file  

with open('data.csv', mode ='r')as file:  

    

  # reading th e CSV file  

  csvFile = csv.DictReader (file)  

  

  # displaying the contents of the CSV file  

  for lines in csvFile:  

        print(lines)  
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Out  [1]:  

OrderedDict([('id', '9396321'), ('name', 'sara'), ('age', '26'), 

('Field of Study', 'electrical engineering')])  

OrderedDict([('id', '9496328'), ('name', 'mahsa'), ('age', 

'24'), ('Field of Study', 'Computer Engineering')])  

OrderedDict([('id', '9896325'), ('name', 'maryam'), ('age', 

'23'), ('Field of Study', 'computer science')])  

OrderedDict([('id', '9496352'), ('name', 'sepideh'), ('age', 

'25'), ('Field of Study', 'electrical engineering')])  

OrderedDict([('id', '9896389'), ('name', 'sima'), ('age', 

'26'), ('Field of Study', 'computer science')] ) 

OrderedDict([('id', '9896325'), ('name', 'mina'), ('age', '21'), 

('Field of Study', 'electrical  engineering')])  

 pandas.read_csv() 

  ǩǷǺ ƧƔơǂǮCSV    ǸơƾƼƬǇƢƥǴơȄƽ    ƨƦƬψǺpandas    ƨǯȌǂǗ ǸƾƼƬǈſƫ .ƨȌƢǤǷǶ ǖȍǈƥȄ ǵȃǇ ǂǺƗ
read_csv()   ƨƦƬψǻƥ ƨǏƢƼǶơpandas   ǩǷǺ ƩƢǾƢȍƥ ƧƔơǂǯǶCSV . 

In     [1]: import pandas  

  

# reading the CSV file  

csvFile = pandas.read_csv('data.csv')  

  

# displaying the contents of the CSV file  

print(csvFile)  
Out  [1]:  

        id     name  age          Field of Study  

0  9396321     sara   26  electrical engineering  

1  9496328    mahsa   24    Computer Engineering  

2  9896325   maryam   23        computer science  

3  9496352  sepideh   25  electrical engineering  

4  9896389     sima   26        computer science  

5  9896325     mina   21  electrical engineering  

  ƲǺƢǾǂƦǶơ νǪƍȀ˫ǟƗ    ƨǯȌǂǗ Ǹȅǯƫread_csv()    ƨƦƬψǻƥ ƨǏƢƼǶơpandas    ǩǷǺ ƧƔơǂǯƥdata.csv  
.ƽƢǠƥ˦ơ ƨȍƟƢǿƯ ƨǻƟƢǮ λǶƛ ȁƫƢǾƢȍƥ ǽȍȍǠƫȄ 
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XML $õĆÞÅĀ¤öõ Ćözwêõv Ìþõv äĊÍĀ£ Ćâ  1# 

  ǹȍǻǐƫ ǹƫXML    ǂǌƦǶơ ǽǺ ǵǲ ƨǘǇơȅƥ ȁƫƔơǂǮ ǽψǻȌ ƮȍƸƥƍƩ˪ˤơȄ    ȁǺơƾƼƬǇơ ǽψǻȌ ǱǶǀǶ
  ǹǶƢǠǶơ ʣ.ƢȃǷǯǾȄ ƩƢǾƢȍƦǶơ ǽȌǄƼƬǶƍνǯȍǯƸǶơ    ƩƢǾƢȍƥ λǷǟ ƩƢǾƢȍƦǶơ ƾǟơȅǮȄ ǂƫȅȍƦǻψǶơ ƨǻǜǾƗ ȊȅƬƸƫ

  ǂȍǣ ƩƢǯȍǈǿƬƥƍƨǯǪơȅƬǺ    ƩƢǾƢȍƥ Ǽ˦XML    ǎǾ ʣƢȃǿȌǄƼƫ ǹƬȌƍȊƽƢǟ    ƨǷǯƬǈǺ ƨǯȌǂǗ ǂǪȅȌ ƢǻǺ
  ƨǘǇơȅƥ ƢȃƬǲǁƢǌǺ ǽψǻȌ νƬǶơ ƩƢǾƢȍƦǶơ ƔƢǌǾƛ ǵǠƴȌ ơǀȂ .ƩƢǾƢȍƦǶơ ǽȌǄƼƬǶ ƧǄȃƳ˦ơȄ ƲǺơǂƦǶơ ǽǟ

  ǴƢưǺ ƢǿȂ .ǂȍưψƥ ǵȃǇƗ ƨǫǷƬƼǺ ƩƢǯȍƦǘƫ  ƨƸǫǏ λǷǟXML: 
<?xml version="1.0" encoding="UTF-8"?> 

<breakfast_menu> 

<food> 

    <name>Belgian Waffles</name> 

    <price>$5.95</price> 

    <description> 

   Two of our famous Belgian Waffles with plenty of real maple syrup 

   </description> 

    <calories>650</calories> 

</food> 

<food> 

    <name>Strawberry Belgian Waffles</name> 

    <price>$7.95</price> 

    <description> 

    Light Belgian waffles covered with strawberries and whipped cream 

    </description> 

    <calories>900</calories> 

</food> 

</breakfast_menu>  

 ¡wýwĊz ¹v¾Ċ¤Åv ĆĊæĊíXML ûĀ¤ĉwz Ĉå 

  ƧƾƷȄ ƢǿǶ ǂǪȅƫElemenTree    ƩƢǫǷǺ ƨƴǶƢǠǻǶ ƩơȄƽ˦ơ ǽǺ ƾȌƾǠǶơXML ƨƷƢƬǺ ƧƾƷȅǶơ ȀǀȂ .
  ƨƦƬψǺ νǪǼȅưȌƢƥ    ǂǪȅƫ .ƢȃǺơƾƼƬǇ˪ ƨȍƳǁƢƻ ƩơƾƷȄ ȊƗ ƪȍƦưƫ λǶƛ ƱƢƬƸƫ ˪ ǱǶǀǶ ƍ ƨȍǇƢȍǯǶơ

  ƨȍǘǻǿǶơ ƧƾƷȅǶơElementTree    ƾǿƬǈǺ ǑǂǠǶ ƢŻǮǂǗXML    ƧƔơǂǯǶ .Ƨǂƴǋ ǵψǋ λǷǟ ǵǺƢψǶƢƥ
  ǩǷǺXML    ̝˪ȄƗ ǵƻƾǾ ƍǅ˫ǲ  ElementTree    ƨƦƬψǺ νǪXML ǩǷǺ ǹǇơ ǵǯǾơ ƍ ǱǶƿ ƾǠƥ .

XML    λǶƛƨǶơƽ  ElementTree.parse()   ƦǶ  λǷǟ ǵǐƸǾ ǹƯ .ǵȍǷƸƬǶơ Ɣƾ  ǁǀƳ ƨǺ˫ǟ  ǩǷǺXML  
  ǸơƾƼƬǇƢƥgetroot()  ƨǺ˫ǟ ǑǂǠǾ ǹƯ .ǁǀƳ    ǩǷǺXML  ǸơƾƼƬǇơ ǹƬȌ .root[0].attrib    ǴȅǐƸǷǶ

  ƨȍǟǂǫǶơ ƨǺ˫ǠǶơ ǎƟƢǐƻ λǷǟǁǀƴǷǶ  ǩǷǺ ƢǿȌƾǶ ǼƗ ǑơǂƬǪƢƥ .XML  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

<model> 

 
1 eXtensible Markup Language 
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  <child name=òAcerò qty=ò12ò>Acer is a laptop</child> 

  <unique>Add model number here</unique> 

  <child name=òOnidaò qty=ò10ò>Onida is an oven</child> 

  <child name=òAcerò qty=ò7ò>Exclusive</child> 

  <unique>Add price here</unique> 

  <data>Add content here 

     <family>Add company name here</family> 

     <size>Add number of employees here</size> 

  </data> 

</model> 

  ƧƾƷȄ ǸơƾƼƬǇƢƥ ȁƫƔơǂǮ ƨȍǫȍǲ νǶƢƬǶơ ƽȅψǶơ ǩǘƬǯǺ ƶǓȅȌElemenTree    νǪ:ǼȅưȌƢƥ 

In     [1]: import xml.etree.ElementTree as ET  

 

# Pass the path of the xml document  

tree = ET.parse('data -text.xml')  

 

# get the parent tag  

root = tree.getroot()  

 

# print the root (parent) tag along with its memory 

location  

print(root)  

 

# print the attributes of the first tag   

print(root[0].attrib)  

 

# print the text contained within first subtag of the 5th 

tag from the parent  

print(root[5][0].text)  
Out  [1]:  

<Element 'model' at 0x0000028C44F2F548>  

{'name': 'Acer', 'qty': '12'}  

Add company name here  
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JSON $¢{ĉ¾îÅ wåw« ówúÞ¤Åwz ¡wþtwîõv ÀĊù¾£  1# 
JSON    ȁƬƥƢƬǲȄ ȁƫƔơǂǮ ǂǌƦǶơ λǷǟ ǵȃǈǶơ ǽǺ ǆȍǶ ǞƟƢǋȄ ǩȍǫƻ ƩƢǾƢȍƥ ǴƽƢƦƫ ǭȍǈǿƫ ȅȂ

  Ƣ˻ǟȅȍǋ ƩƢǾƢȍƦǶơ ƩƢǯȍǈǿƫ ǂưǲƗ ƾƷƗ Ƣ˻ǔȌƗ ȁǾƛ .ȁƟƢǌǾƛȄ ȁǷȍǷƸƫ Ʃ˪ˤơ λǷǟ Ƣ˻ǔȌƗ ǵȃǈȌ ǵƥ ƍ ƤǈƸǪ
  λǶƛ ƩƢǾƢȍƦǶơ ǵǯǾ ƾǿǟ ƤȌȅǶơ ǞǮơȅǺ ƢȃǺƾƼƬǈƫ νƬǶơJavaScript   .ƨǋƢǌǶơ λǷǟ 

   ƔƢǿƥ ǹƫJSON  ȍǷψȍȂ λǷǟǽ : 
Á  ƨǻȍǯǶơȄ ǹǇ˪ơ ƱơȄǃƗ ǽǺ ƨǟȅǻƴǺ.    ǵƴǇ ȄƗ ǽƟƢǲ ȁǾƗ λǷǟ ơǀȂ ǹȃǫ˾Ȍ ƍ ƨǫǷƬƼǺ ƩƢǤǶ νǪ

ƶȍƫƢǫǺ ƨǻƟƢǮ ȄƗ ƨƟǄƴƫ ǴȄƾƳ ȄƗ ǅȅǺƢǮ ȄƗ ǕƢƦƫǁơ ƨǪȅǫǐǺ ȄƗ. 
Á  ƨǻǜǿǺ ǹȍǮ ƨǻƟƢǮ.   ȄƗ ƨǻƟƢǮ ȄƗ ȁƴƬǺ ȄƗ ƨǪȅǫǐǺ ȁǾƗ λǷǟ ơǀȂ ǹȃǫ˾Ȍ ƍ ƩƢǤǷǶơ ǹǜǠǺ νǪ

ǵǈǷǈƫ . 
 ǸƽƢƼǶơȄ ƶǫǐƬǻǶơ ǽȍƥ ƩƢǺȅǷǠǻǶơ ǴƽƢƦƫ ǹƬȌ ƢǺƾǿǟ2    .ǖǯǪ ǎǿǲ ƩƢǾƢȍƦǶơ ǴƢǇǁƛ ǹƬȌ ƍJSON 

  ǽƟƢǲ ȊƗ ǵȌȅƸƫ ƢǿǿψǻȌȄ ƍ ǎǾ ȅȂJavaScript    λǶƛJSON    ǴƢǇǁƛȄJSON   ƢǿǿψǻȌ .ǸƽƢƼǶơ λǶƛ
  ȊƗ ǵȌȅƸƫ Ƣ˻ǔȌƗJSON  ǹƫ    ƩƢǿƟƢǲ λǶƛ ǸƽƢƼǶơ ǽǺ ȁǺ˫ƬǇơJavaScript  ƢǿǿψǻȌ ƨǯȌǂǘǶơ Ȁǀȃƥ .

  ǒǠƥ λǷǟ ƧǂǜǾ ͜ǭǷǿǶ .ƧƾǯǠǺ ƨǻƳǂƫȄ ǵȍǷƸƫ ǼȄƾƥ ƪƦȌǂψǇ ƢǪƢƳ ƩƢǿƟƢψǲ ƩƢǾƢȍƦǶơ ǞǺ ǵǻǠǶơ
  ǸơƾƼƬǇƢƥ ƩƢǾƢȍƦǶơ ǴƢƦǯƬǇơȄ ǴƢǇǁƛ ƨȍǫȍǲ ǴȅƷ ƨǷưǺ˦ơJSON 

1.   ǴƢǇǁơ ƩƢǾƢȍƦǶơ:    ǽƟƢǲ νǪ ƨǾǄƼǺ ƩƢǾƢȍƦǶơ ƪǾƢǲ ơƿƛJavaScript    λǶƛ ƢȃǷȌȅƸƫ ƢǿǿψǻȍǪ ƍ
JSON  ǱǶƿ λǷǟ ǴƢưǺ νǷȌ ƢǻȍǪȄ .ǸƽƢƼǶơ λǶƛ ƢȃǶƢǇǁƛȄ : 

<!DOCTYPE html> 
    <html> 
    <body> 
    <p id=Ȱdemoȱ></p>  
    <script> 
        var obj = {Ȱnameȱ:ȰMiladȱ, Ȱageȱ:29, Ȱstateȱ: ȰTehranȱ}; 
        var obj_JSON = JSON.stringify(obj); 
        window.location = Ȱjson_Demo.php?x=ȱ + obj_JSON; 
    </script>  
    </body>  
    </html>  

2.  Ǹ˫ƬǇơ   ƩƢǾƢȍƦǶơ:    ǭȍǈǿƬƥ ƨǻǷƬǈǻǶơ ƩƢǾƢȍƦǶơ ƪǾƢǲ ơƿƛJSON    ǽƟƢǲ λǶƛ ƢȃǷȌȅƸƫ ƢǿǿψǻȍǪ ƍ
JavaScriptǴƢưǻǶơ ǵȍƦǇ νǷǟ . : 

<!DOCTYPE html> 
    <html> 
    <body> 
    <p id=Ȱdemoȱ></p>  
    <script> 
        var obj_JSON = Ȱ{Ȱnameȱ:ȰMiladȱ, Ȱageȱ:29, Ȱstateȱ:   ȰTehranȱ}ȱ; 

 
1 JavaScript Object Notation 
2 server 
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       var obj = JSON.parse(obj_JSON); 
      document.getElementById(Ȱdemoȱ).innerHTML=obj.name; 
    </script>  
    </body>  
    </html>  

 ¡wýwĊz ów·¹p ĆĊæĊíJSON  ûĀ¨ĉwz Ĉå 

  ǽƟƢǲ ǵȍǻƸƫJSON ʣ  ǼȅưȌƢƥ    ȆƾǶ .ƨȌƢǤǷǶ ǵȃǇǼȅưȌƢƥ    λǻǈƫ ƨȍǷƻơƽ ƨǺǄƷJSON   ǽψǻȌ
  ƩƢǾƢȍƥ ǞǺ ǵǻǠǷǶ ƢȃǺơƾƼƬǇơJSON  ƧƾƷȄ ƢǿǶ ǂǪȅƫ .JSON    ǽǺ ƾȌƾǠǶơ ȀǀȂƍǬǂǘǶơ   Ƣȃǿȍƥ ǽǺ

  ƨǯȌǂǗloads()    ǩǷǺ ƧƔơǂǮ λǷǟ ƢǾƾǟƢǈƫJSON  ǩǷǺ ƢǿȌƾǶ ǼƗ ǑơǂƬǪƢƥ .JSON  νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 
[ 
 { 
  "Name": "Debian", 
  "Version": "9", 
  "Install": "apt", 
  "Owner": "SPI", 
  "Kernel": "4.9" 
 }, 
 { 
  "Name": "Ubuntu", 
  "Version": "17.10", 
  "Install": "apt", 
  "Owner": "Canonical", 
  "Kernel": "4.13" 
 }, 
 { 
  "Name": "Fedora", 
  "Version": "26", 
  "Install": "dnf",  
  "Owner": "Red Hat", 
  "Kernel": "4.13" 
 }, 
 { 
  "Name": "CentOS", 
  "Version": "7", 
  "Install": "yum", 
  "Owner": "Red Hat", 
  "Kernel": "3.10" 
 }, 
 { 
  "Name": "OpenSUSE", 
  "Version": "42.3", 
  "Install": "zypper", 
  "Owner": "Novell", 
  "Kernel": "4.4" 
 }, 
 { 
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  "Name": "Arch Linux", 
  "Version": "Rolling Release", 
  "Install": "pacman", 
  "Owner": "SPI", 
  "Kernel": "4.13" 
 }, 
 { 
  "Name": "Gentoo", 
  "Version": "Rolling Release", 
  "Install": "emerge", 
  "Owner": "Gentoo Foundation", 
  "Kernel": "4.12" 
 } 
] 

  ƧƾƷȄ ǸơƾƼƬǇƢƥ ȁƫƔơǂǮ ƨȍǫȍǲ νǶƢƬǶơ ƽȅψǶơ ǩǘƬǯǺ ƶǓȅȌJSONʣ   :ǼȅưȌƢƥ 
In     [1]: import json  

# Opening JSON file  

json_data = open('data.json').read()  
# returns JSON object as  

# a dictionary  

data = json.loads(json_data)  
# Iterating through the json  

# list  

for item in data:  

    print (item ) 
Out  [1]:  

{'Name': 'Debian', 'Version': '9', 'Install': 'apt', 'Owner': 

'SPI', 'Kernel': '4.9'}  

{'Name': 'Ubuntu', 'Version': '17.10', 'Install': 'apt', 

'Owner': 'Canonical', 'Kernel': '4.13'}  

{'Name': 'Fedora', 'Version': '26', 'Install': 'dnf', 'Owner': 

'Red Hat', 'Kernel': '4.13'}  

{'Name': 'CentOS', 'Version': '7', 'Install': 'yum', 'Owner': 

'Red Hat', 'Kernel': '3.10'}  

{'Name': 'OpenSUSE', 'Version': '42.3', 'Install': 'zypper', 

'Owner': 'Novell', 'Kernel': '4.4'}  

{'Name': 'Arch Linux', 'Version': 'Rolling Release', 

'Install': 'pacman', 'Owner': 'SPI', 'Kernel': '4.13'}  

{'Name': 'Gentoo', 'Version': 'Rolling Release', 'Install': 

'emerge', 'Owner': 'Gentoo Foundation', 'Kernel': '4.12'}  
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 Ćê{Æúõv Ć¬õwÞúõvõ¡wýwĊ{ö wă¾ĊÒ´£ÿ 

  ʣƣȅȍǟ ȄƗ Ȋǂǌƥ Ƙǘƻ ƤƦǈƥ ǵǲƢǌǺ ǰƢǿȂ Ǽȅǳƫ ƾǮ .ƩƢǾƢȍƦǶơ ǴƢǻƬǲơ ǞǮȅƫ ǴȅǯǠǻǶơ ǂȍǣ ǽǺ
  ǹȍǯǶơ ǒǠƥ Ǽȅǳƫ ˪ ƾǮ .ƩƢǾƢȍƦǶơ ǞǻƳ ƨȍǷǻǟƍƧƽȅƳȅǺ    Ʃ˪ƢƷ νǪȄƍȆǂƻƗ    ƩƢǿƟƢǲ ƾƳȅƫ ƾǮ

  ǵȍƦǇ λǷǟ .ƧǁǂψǺ ȄƗ ƨǫȌǄǺƍǴƢưǻǶơ    ʣơ˻ǂƻƚǺ ǉƢǟ ǎƼǌǶ ǼƢƬǫǷƬƼǺ ǼƢƬǶƢƷ ǰƢǿȂ Ǽȅǳƫ ƾǮ
ȍǫǷƬƼǺ ǽȍǾơȅǿǟ  ȄƾƦƫȄ ƧǂǪȅƬǺ ƩƢǾƢȍƦǶơ ǞȍǻƳ ƪǾƢǲ ơƿƛ λƬƷ .ǽƍƧƾȍƳ    ǰƢǿȂ ǼȅψȌ ƾǯǪ ƍƩƢǔǮƢǿƫ  
  ǵȍƦǇ λǷǟƍǴƢưǻǶơ    ǎƼǌǶơ ǴȅǗ ǢǷƦȌƍǽȌǂƬǺ    ǼǄȌ ȁǿψǶ2  .ǖǯǪ ǹƴǲ 

  λǶƛ ƨǪƢǓ˨ƢƥƍǱǶƿ    ƨǘǇơȅƥ ƣȅǷǘǺ ȅȂ Ƣǻǲ ƨƷƢƬǺ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ Ǽȅǳƫ ǼƗ ơŻƾƳ ǁƽƢǿǶơ ǽǺ
  ƩƢȍǺǃǁơȅƻǹǷǟ  Ǻǃǁơȅƻ ǹǜǠǺ ƤǷǘƬƫ .ƩƢǾƢȍƦǶơ  ƩƢȍǹǷǟ    ǴȄơƾƳ ǵψǋ ʣƩƢǾƢȍƥ ǵǲƢȍȂ ƩƢǾƢȍƦǶơ

  ǭȍǈǿƬƥ ƩƢǾƢȍƦǶơ ƪǾƢǲ ơƿƛ .ƧƾǻǟƗ ʣǎƟƢǐƻȄ ǨȅǫǏ ʣƩ˫ƴǇ Ƣȃƥƍǂƻƕ    ƩƢǾƢȍƦǶơ ǽȍȍǠƫ ƤƴȍǪ
˾ƦǶơ νȂ ƩƢǾƢȍƦǶơ ƶƦǐƫ ƮȍƸƥ  .ƨƥȅǷǘǻǶơ ƨȍǿƍǱǶǀǶ  ƢȃǷȌȅƸƫȄ ƩƢǾƢȍƦǶơ ǩȍǜǿƫ ƤƴȌ  . 

 ¡wýwĊ{õv äĊÚþ£ 
ǩȍǜǿƫ   ƨƸȍƸǐǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǵȌƾǠƫ ȄƗ ƨǶơǃƛ ǭȌǂǗ ǽǟ ǵȍǷƸƬǷǶ ƩƢǾƢȍƦǶơ ƽơƾǟƛ ƨȍǷǻǟ ƩƢǾƢȍƦǶơ

  ƨȌǁȄǂǓ ǂȍǣ ƩƢǾƢȍƦǶơ ȀǀȂ Ǽȅǳƫ ƢǺ ƧƽƢǟ .ƨƦǇƢǿǻǶơ ǂȍǣ ȄƗ ƧǁǂψǻǶơ ȄƗ ƨǻƟ˫ǻǶơ ǂȍǣ ȄƗ ƨǷǺƢψǶơ ǂȍǣ ȄƗ
  ǵȍǷƸƫ ʣƧƾȍǫǺ ȄƗƍƩƢǾƢȍƦǶơ   ǿȂ .ƨǯȍǮƽ ǂȍǣ ƲƟƢƬǾ Ǹƾǯƫ ȄƗ ƨȍǷǻǠǶơ ǵǘǠƫ ƾǮ ƢȃǾ˦  ǬǂǗ Ƨƾǟ ǰƢ

  ǩȍǜǿƬǶƍƩƢǾƢȍƦǶơ    .ƩƢƥƢƴƬǇ˪ơȄ ƩƢǺȅǷǠǻǶơ ǽȌǄƼƫ ƨȍǫȍǲ λǷǟ ơ˻ƽƢǻƬǟơǩȍǜǿƫ    ǭǷǠƬƫ ˪ ƩƢǾƢȍƦǶơ
  ƩƢǾƢȍƦǶ ǴƢƴǻǶơ ƵƢǈǪ˨ ƩƢǺȅǷǠǻǶơ ƶǈǻƥ ǖǯǪƍƧƾȌƾƳ    ƨǮƽ ǹȍǜǠƬǶ ƨǯȌǂǗ ƽƢƴȌƜƥ ǭǷǠƬƫ ƢȃǾƛ

  ǂƦƬǠȌ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺǩȍǜǿƫ  ƢȍƦǶơ ǹǷǟ ƩƢȍǇƢǇƗ ʣƢ˻ȍǇƢǇƗ ơ˻ǂǐǿǟ ƩƢǾƢȍƦǶơ  ơ˻ǁȄƽ ƤǠǷȌ ȁǾ˦ ƩƢǾ
  ƨǯǈƬǻǶơ ǂȍǣ ȄƗ ƨƸȍƸǐǶơ ǂȍǣ ƩƢǾƢȍƦǶơ .ƨǮȅƯȅǻǶơ ƩƢƥƢƳ˨ơ ǨƢǌƬǲơȄ ǵȍǷƸƬǶơ ƨȍǷǻǟ ʣƢ˻ǻȃǺ

  .ƨƸȍƸǏ ǂȍǣ ƲƟƢƬǾ λǶƛ ȊƽƚƫƍǱǶǀǶ    ƧƽȅƳ λǷǟ ǂȍƦǲ ǂȍƯƘƫ ƢȃǶ ƢȃǻȃǪȄ ƩƢǾƢȍƦǶơ ǩȍǜǿƫ ƨǯȌǂǗ ǼƜǪ
ƲƟƢƬǿǶơ.   

  ǵȍƦǇ λǷǟ ƍǴƢưǻǶơ  Ƕơ ƩơƔƢǐƷƛ ǵȍǷƸƫ ʣƨǺȅψƸǶơ Ƥǣǂƫ ƾǮ νƬǶơ Ʃ˪ƢƴǻǶơ ƾȌƾƸƬǶ ƽơƾǠƬ
˾ƦǶơ ʣǁƢǻưƬǇ˪ơȄ ǬƢǫǾ˨ơ ǽǺ ƾȌǄǺ λǶƛ ƱƢƬƸƫ  ȀǀȂ ʣ.ƩƢǺƾƼǶơȄ ƨȍƬƸƬǶơ ƨȍǿƍƨǶƢƸǶơ    ǼȅψȍǇ

  ǹǶƢǟ ʣȄƗ .ƨƠǗƢƼǶơ ƨȍǶƢǻǶơ ƩơǁơǂǯǶơ ǞǿǻǶ Ƣ˻ǻȃǺ ƨƸȍƸǐǶơ ƩƢǾƢȍƦǶơ λǶƛ ǴȅǏȅǶơƍǴƢǻǟ˦ơ    Ǽȅǳƫ ƾǮ
ǂǌǶơ ǽǺ ƾȌƾǠǶơ ǸƾƼƬǈƫ .ƨǫǷψǺ ƨƸȍƸǐǶơ ǂȍǣ ƩƢǾƢȍƦǶơ  ƩƢǺȅǷǠǺ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ƩƢǲ

  ǵȍƦǇ λǷǟ .ǽȌȄƢǿǠǶơȄ ǴƢǐƫ˪ơ ƩƢǺȅǷǠǺ ǵưǺ ƩƢǺȅǷǠǺ ǵƴǈƫ νƬǶơ Ɣ˫ǻǠǶơƍǴƢưǻǶơ    ƪǾƢǲ ơƿƛ
  ǂȍǣ ǽȌȄƢǿǠǶơƍƨǯǈƬǺ  .Ɣ˫ǻǠǶơ ǼơƾǯǪ λƬƷ ȄƗ ƣƢǘƼǶơ ǴƢǇǁƛ ƧƽƢǟƛ ƨǫǷǳƫ ƨǲǂǌǶơ ǵǻƸƬƬǈǪ 

Ý ôÎ´£ wĄýl ¹¾¬úõ ąºêÞù ĆĊù¿½vĀ· ĔöÝ yöâ¤õv ĆÖĊÆz ĆĊù¿½vĀ¸õ üîúĉ  ¡wýwĊz Ĕö
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õv øĊêõvą¹Āêæú 1 

  ǭȍǈǿƬǶƢƥ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƾǮ ǼƢȍƷ˦ơ ǒǠƥ νǪƍƶȍƸǐǶơ    ǰǁƢƦƬǟơ ʣǞǓ .ƧƽȅǯǫǺ ǹȍǯǶơ ǒǠƥ ǽψǶȄ
  ơǀȂ ǼȅψȌ ƾǮ .ǴǄǿǻǶơ ǩƫơȅȂ ǸƢǮǁƗ ǒǠƥ ǽǻǔƬƫ ˪ νƬǶơ ǵȍǻǠǶơ ƩƢǺȅǷǠǺ λǷǟ ȊȅƬƸȌ ˘Μ˜ȄƾƳ
  ǹȃǫƫơȅȂ ǼȅǺƾƼƬǈȌ ǱǶƿ ǽǺ ̝˪ƾƥȄ νǶǄǿǺ ǩƫƢȂ ǹȃȌƾǶ ǆȍǶ ǍƢƼǋ˦ơ ǒǠƥ ǼƗ ƤƦǈƥ

  Ʃ˪ƢƷ ʣ.νǈȍƟǁ ǩƫƢȃǲ ƨǶȅǻƸǻǶơƍȆǂƻƗ   ǵǲƢǌǺ ƤƦǈƥ ƩƢǾƢȍƦǶơ ƾǯǫƫ ƾǮʣ ǞǻƳ ƨȍǷǻǟ 
  λǶƛ ƨǪƢǓ˨Ƣƥ .ƩƢǾƢȍƦǶơƍǱǶƿ    ǵȍƦǇ λǷǟ .ǞȍǻƴƬǶơ ƪǮȄ ʣƨǻȃǺ ƨȍǶȅǻǌǶơ ǂƦƬǠƫ ˪ ƾǮ ƍǴƢưǻǶơ 

  ƩƢǺȅǷǠǺ ǞǻƳ ʣƢǾƗƾƥ ƢǺƾǿǟƍǵȍǻǠǶơ    ƨǯǘǿǺ ȄƗ ƨǿȌƾǺ λǷǟ ơ˻ǁȅǐǯǺ ǱǶƿ ǼƢǲ ƍƨǿȍǠǺ   ǹǶ ǱǶǀǶ
  .ǩƫƢȂ ǹǮǂǶ ƨǯǘǿǻǶơ ǄǺǁ ǞǻƳ ȊǁȄǂǔǶơ ǽǺ ǽψȌƍǼˤơ  Ǿ ƢǺƾǿǟ ǵǲƢǌǺ ȁƳơȅǾ ƾǮ  ǂȌȅǘƬǶơ ǁǂǯ

 ƨƥƢƳƛ ǵǔǪƗ ƾƳȅƫ ˪ ƓƧƽȅǯǫǺ ƩƢǾƢȍƥ ȁƳơȅǾ ƢǺƾǿǟ ǵǠǫǾ ơƿƢǺ Ǽƿƛ .ƨǯǘǿǻǶơ ȄƗ ƨǿȌƾǻǶơ ǱǷƫ ƱǁƢƻ
  ǱƫƢǾƢȍƥ ʣƧƽȅǯǫǺ ǹȍǮ ƽȅƳȄ .ǨȄǂǜǶơ λǷǟ ˻ƔƢǿƥ ƨƸȍƸǐǶơ ƨȍƴȍƫơǂƬǇ˨ơ ƾƴǾ ǼƗ ƢǿȍǷǟ .ƧƾƷơȄ

  ǞǺȄ .ƨǇƢǳƬǾơ ƧǁȄǂǔǶƢƥ ǆȍǶƍǱǶƿ  ƨƦǇƢǿǻǶơ ƩơǄȍǻǶơ ƨǇƾǿȂ Ɣơƽ˦ ƨǏǂǪ ȀǀȃǪ   ƱƿȅǻǿǶơ ȁȍƳȅƬǶ
  ȀǀȂ ǞǺ ǵǺƢǠƬǷǶ ƨǫǷƬƼǺ ǬǂǗ Ƨƾǟ ǰƢǿȂ .ƶȍƸǏ ǵψǌƥ ƧƽȅǯǫǻǶơ ƩƢǾƢȍƦǶơ ǂȍǈǫƫ ǵƳƗ ǽǺ

ƍƨǷψǌǻǶơ    ƤƦǇ ǹȃǪ ʣƧƽȅǯǫǻǶơ ǹȍǯǶơ Ƨǁơƽƛ ʣλǶȄ˦ơ ƧȅǘƼǶơ ǵưǻƬƫ .ƣȅȍǟȄ ƢȌơǄǺ ƨǯȌǂǗ ǵψǶ ǽψǶ
ȍǺƢǜǿǶơ Ʃ˫ψǌǻǶơ ƾȌƾƸƫ λǶƛ ƩƢǾƢȍƦǶơ ǁƾǐǺ ǞƦƬƫ ȊƽƚȌ ǼƗ ǽψǻȌ .ǹȍǮ ƽȅƳȄ Ǹƾǟ  ǴƢƻƽƛ ƔƢǿƯƗ ƨ

  ƤƴȌ νƬǶơ ƨǯȌǂǘǶƢƥ ƧƽȅǯǫǻǶơ ƨǻȍǯǶơ ǁƾǐǺ ƨǪǂǠǺ ǰǂƦƼƫ ƢǺ Ƣ˻ƦǶƢǣ .ǵȌȅƸƬǶơ ƔƢǘƻƗ ȄƗ ƩƢǾƢȍƦǶơ
  Ƨǁơƽ˨ ƨȍǟƢǿǘǏ˪ơ ƩƢǾƢȍƦǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǻƥ ƧƽȅǯǫǻǶơ ƨǻȍǯǶơ ǴơƾƦƬǇơ ǽψǻȌ .ƢȃǺơƾƼƬǇơ

ǂǇ ǹƬȌ .ƩƢǾƢȍƦǶơ ǹǷǟ ƨȍǷǻǟ ǽǺ ƨǯƷ˫Ƕơ ǵƷơǂǻǶơ ʣǵȍƠǓ ǂȍƯƘƫ ǞǺ ƨǷψǌǻǶơ  ǽǺ ƾȌƾǠǶơ ƽ
ȀƢǾƽƗ ƧƽȅǯǫǻǶơ ƩƢǾƢȍƦǶơ Ƨǁơƽ˨ ƨǫǷƬƼǻǶơ ƩƢȍƴȍƫơǂƬǇ˪ơ: 

Á  ƩƢǾƢȍƦǶơ ǎƟƢǐƻ ȄƗ ƩƢǿƟƢψǶơ ǨǀƷ:   Ʃơƿ ƩƢǿƟƢψǶơ ǨǀƸǶ ƨǶƢǠǪȄ ƨǘȍǈƥ ƨȍƴȍƫơǂƬǇƛ
  ǞǺȄ .ƧƽȅǯǫǻǶơ ǹȍǯǶơƍǱǶƿ    ǒǠƥ λǷǟ ȊȅƬƸȌ ƩƢǾƢȍƦǶơ ǽƟƢǲ λƬƷƍƩƢǺȅǷǠǻǶơ    ǼƢǲ ơƿƛȄ

  ǹȍǮ λǷǟ ȊȅƬƸȌ ƩƢǿƟƢψǶơ ǽǺ ơ˻ǂȍƦǲ ơ˻ƽƾǟƍƧƽȅǯǫǺ   ȄƗ Ƣ˻ƦǠǏ ȁƥ ǬȅƯȅǻǶơ ǵȍǷƸƬǶơ ǼȅψȌ ƾǯǪ
  ǞǺȄ .˙ŻˠȍƸƬǈǺƍǱǶƿ    ǹȍǮ λǷǟ ȊȅƬƸƫ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ʣƩƢǿƟƢψǶơ ǽǺ ǵȍǷǮ ƽƾǟ ǼƢǲ ơƿƛ

ƍƧƽȅǯǫǺ    νƬǶơ ƩƢǻǈǶơ ǨǀƷ ʣƨǷǐǶơ Ʃơƿ ƨȍƴȍƫơǂƬǇ˨ơ ǵưǻƬƫ .ơŻƾȍǫǺ ƢȃǪǀƷ ǼȅψȌ ƾǯǪ
Ƹƫ  ǞǺȄ .ƧƽȅǯǫǺ ǹȍǮ λǷǟ ȊȅƬƍǱǶƿ    ǱǶƿ ǹƬȌ ǼƗ ƤƴȌƍǁǀƸƥ   ƩơǄȍǻǶơ Ǽȅǳƫ ƾǮ ƮȍƷ

ǵȍǷƸƬǶơ ʣƨǻȃǺ ƧǄȍǺ ƨǪȄǀƸǻǶơ. 
Á  ƧƽȅǯǫǻǶơ ǹȍǯǶơ ǂȌƾǯƫ :ʣ  λǷǟ .ǬȅƯȅǺ ǵψǌƥ ƧƽȅǯǫǻǶơ ƩƢǾƢȍƦǶơ ǂȌƾǯƫ ǽψǻȌ ǼƢȍƷ˦ơ ǒǠƥ 

  ǵȍƦǇƍǴƢưǻǶơ  ơ ǹȍǯǶơ ǒǠƥ Ƣȃƥ ǽψǶȄ Ƣ˻ȍǯǘǿǺ ǂȍǤƬƫ ƨȍǿǺǃ ƨǷǈǷǇ ǰǁƢƦƬǟơ ʣǞǓ ƧǂưǠƦǻǶ
  ȀǀȂ ǵưǺ ʣ.ƧƽȅǯǫǻǶơƍƩ˪ƢƸǶơ  ) ƧƽȅǯǫǻǶơ ǹȍǯǶơ ǂȌƾǯƫ ǽψǻȌǴƢǻǳƬǇơ2  ǹȍǯǶơ ǸơƾƼƬǇƢƥ (
  ǴƢưǻǲ .ƨȍǯƦƬǻǶơ ƍǂƻƕ    ǕƢǯǾ ǽǺ ƾȌƾǠǶơ λǷǟ ȊȅƬƸƫ νƬǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǰǁƢƦƬǟơ ʣǞǓ
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  ȀǀȂ ʣ.ƨȃƥƢǌƬǻǶơ ƩƢǾƢȍƦǶơƍƨǶƢƸǶơ    ƨǻȍǯǶơ Ʃơƿ ƨƦȌǂǯǶơ ƨǘǯǿǶơ ǹȍǮ ǸƾƼƬǈſƫ ƢǺ Ƣ˻ƦǶƢǣ
  ƨǻǈǶơ ƪǾƢǲ ơƿƛ .ƧƽȅǯǫǻǶơ ƨǻȍǯǶơ ǂȌƾǯƬǶ ƧƽȅǯǫǻǶơƍƨǷǐƬǺ    ǖǇȅƬǺ ǸơƾƼƬǇơ ǹƬȍǈǪ  ƨǻȍǮ

  ƨǫǐǶơ ƪǾƢǲ ơƿƛ .ƣǂǮ˦ơ ǼơǂȍƴǶơ ƨǻǇƍƨǷǐǫǿǺ  ƨǻǈǷǶ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ƨǻȍǯǶơ ǁƢƦƬǟơ ǽψǻȍǪ. 
Á  ǵȍǷƸƬǶơ ƔƢǿƯƗ ƧƽȅǯǫǻǶơ ǹȍǯǶơ ǵȂƢƴƫ:    ǰƢǿȂ  ƧƽȅǯǫǻǶơ ƩƢǾƢȍƦǶơ ǞǺ ǵǺƢǠƬǷǶ ȆǂƻƗ ƨǯȌǂǗ

  ǵȍƦǇ λǷǟ .ǹȍǯǶơ ȀǀȂ ǵȂƢƴƫ νȂȄƍǴƢưǻǶơ    ƣƢǈƷ ƤƴȌȄ ƨǠǻƴǺ ƩƢǿƟƢψǶơ ǼƗ ǑǂƬǪơ
  ǹȍǮ λǷǟ ȊȅƬƸȌ ƢǻȂ˫ǲ ȄƗ ƩƢǿƟƢψǶơ ƾƷƗ ǼƢǲ ơƿƛ .ƩƢǾƢȍƦǶơ ƩƢǿƟƢǲ ƱơȄǃƗ ǽȍƥ ȁƥƢǌƬǶơ

  ǒǠƦǶ ƧƽȅǯǫǺƍǎƟƢǐƼǶơ    ǎƟƢǐƼǶơ ǸơƾƼƬǇƢƥ ˪ƛ ȁƥƢǌƬǶơ ƣƢǈƷ ǽψǻȌ ˫Ǫ  ˪ νƬǶơ
.ƧƽȅǯǫǺ ǹȍǮ λǷǟ ȊȅƬƸƫ 

 ¡wýwĊ{õv #Ćå¾Ö¤úõv$ ąºĊÞ{õv 1 

 ǹǷǠƬǶơ νǪƍνǶˤơ  ǞǺȄ .νƠƦǿƬǶơ ǩȍǿǐƬǶơ ȄƗ ƱƿȅǻǿǶơ ƧƽȅƳ ǽǟ ƨȍǻȂƗ ƩƢǾƢȍƦǶơ ƧƽȅƳ ǵǯƫ ˪ƍǱǶƿ  
 ƨǟȅǻƴǺ ʣǼƢȍƷ˦ơ ǒǠƥ νǪƍƩƢǾƢȍƦǶơ   Ʃ˪ƢƸǶơ ǽǟ ơ˻ǂȍƦǲ ƢŻǪ˫Ƭƻơ ǩǷƬƼƫ ƨǷƴǈǺ ƩƢǾƢȍƥ ƾƳȅƫ

ƍȆǂƻ˦ơ    ȀǀȂ .ǂưǲƗ ȄƗ ƧƾƷơȄ ƧǄȍǺ ʣƢȃǈǫǾ ǄȍǻƫȄƍƩƢǾƢȍƦǶơ    ƩƢǾƢȍƦǶơ ǹǇƢƥ ƨǪȄǂǠǻǶơƨǪǂǘƬǻǶơ ƍ
  Ǵ˫ƻ ǽǺ ƢȃȍǷǟ ǴȅǐƸǶơ ǹƫ νƬǶơ ƲƟƢƬǿǶơ ʣƧƿƢǋ Ʃ˪ƢƷ ƭȄƾƷ λǶƛ (ȊƽƚƬǇ ƢǻƥǁȄ) ǽψǻȌ

  ʣ.ƨȍǷȍǷƸƬǶơ ƨǻǜǾ˦ơȄ ƩƢȍǺǃǁơȅƼǶơǶơ  ƱƿƢǻǿ ƍǨơǂǋ˫Ƕ ƨǠǓƢƼǶơ    ǝƾƼƫ ǼƗ ǽψǻȌ  ƩƢǾƢȍƦǶơ
  ƨǪǂǘƬǻǶơ.ƨǮƽ ǵǮƗ ƱƿƢǻǾ λǶƛ ȊƽƚȌ ȄƗ ǴȅǗƗ ƤȌǁƾƫ ƩơǂƬǪ λǶƛ ȊƽƚȌ ƾǮ ƢǻǺ ƍ ƤȌǁƾƬǶơ ƨȍǷǻǟ 

  ǹȍǯƥ ƱƿȅǻǾ ǂȍǈǫƫ ƨȍǷƥƢǮ ǼƛƨǪǂǘƬǺ    ƩƢǾƢȍƦǶơ λǷǟ ǨǂǠƬǶơȄ ƨǪǂǘƬǻǶơ    ƨȌƢǤǷǶ ǼƢǻȃǺ ǼƢƦǾƢƳ ƢǻȃǶ
ǣǂǶơ λǷǟ ƍ ̝˪ȄƗ .ƩƢǾƢȍƦǶơ ǵȍǷƸƫ νǪ  ƩƢǾƢȍƦǶơ ǽǺ ǹƨǪǂǘƬǻǶơ    ǽǟ ƧǁƢƦǟ ƢȃǷǻǲƘƥ ƨƴȍƬǿǶơ Ǽȅǳƫ ƾǮ ƍ

  ƩƢǾƢȍƦǶơ ǰȅǷǇ ǼȅψȌ ƾǮ ƍ Ƣ˻ȍǾƢƯ .ȋƦǷǇ ǄȍƸƫ ǵȍǷƸƫƨǪǂǘƬǻǶơ    ƍǞǮơȅǶơ νǪ .ȁǿǟ ƮƸƦǾ ƢǺ ǖƦǔǶƢƥ ȅȂ
  ƩƢǾƢȍƦǶơ Ǽȅǳƫ ǼƗ ǽψǻȌƨǪǂǘƬǻǶơ   ƩƢǯȍƦǘƫ ǒǠƥ νǪ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƧƾȍǫǺ ƩơǂǋƚǺ ƢŻǾƢȍƷƗ
ưǺ ƍ ƩƢǾƢȍƦǶơ Ʃ˫ȍǷƸƫ  ơ˻ǂǺƗ ƾǠ˾ƥ ǽǟ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƾǠȌ ƍ ǼƢǻƬƟ˪ơ ƨǮƢǘƥ νǪ ǴƢȍƬƷ˪ơ ǨƢǌƬǲơ ǵ

.ǵǷƸǻǶơ ǸƢǻƬȂơ ǞǓȅǺ ƧƾǟƢǯǶơ ǆȍǶȄ ƔƢǿưƬǇ˪ơ ǼȅψȌ ƾǮ ƮȍƷ ƍ Ƣ˻ǻȃǺ 

  ¡wýwĊ{õv ½w{¤Ýv üîúĉ đĆå¾Ö¤úõv  āĀÊ£    Üùÿ )mÖ· ÿlIìõ»    ø¤ĉ øõ wĄýl Ĉå Ă{¤Êĉ
 )#¡wþtwîõv$ ē¾·čv ¡wýwĊ{öõ Ćö§wúù Ćêĉ¾Öz wănwÊýp 

     

  ǕƢǯǾ ƽȅƳȅǶ ƨǠƟƢǌǶơ ƣƢƦǇ˦ơ ǒǠƥ νǷȌ ƢǻȍǪƨǪǂǘƬǺ  ƨǿȍǠǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ: 

Á   Ƙǘƻ) ǅƢȍǯǶơ Ƙǘƻ ƩơȄƽ˪ơ (:  ƨƦȍǠǺ ƨǺƾƼƬǈǻǶơ ǅƢȍǯǶơ ƧơƽƗ Ǽȅǳƫ ƢǺƾǿǟ ƭƾƸȌ. 
Á  (ƨȌǂǌƦǶơ ƔƢǘƻ˦ơ) ƩƢǾƢȍƦǶơ ǴƢƻƽƛ ƔƢǘƻƗ  :  ƔƢǘƻ˦ơ ǵưǺ ƍ ƨȌǂǌƦǶơ ƔƢǘƻ˦ơ ƤƦǈƫ ǼƗ ǽψǻȌ

 .ƩƢǾƢȍƦǶơ νǪ ƨǷȌȅǗ ƩƢǪƢǈǺ ƍ ƢȃǶƢƻƽƛ ȄƗ ƢȃǷȍƴǈƫ ȄƗ ƩƢǾƢȍƦǶơ ǞǻƳ ƔƢǿƯƗ ƭƾƸƫ νƬǶơ 

 
1 Outliers 
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Á  ȋƦȌǂƴƫ Ƙǘƻ :  ƢȍƦǶơ ƱơǂƼƬǇơ ƔƢǿƯƗ ƔƢǘƻ˦ơ ȀǀȂ ƭƾƸƫǁƢƦƬƻ˪ơ ƔƢǿƯƗ ȄƗ ƩƢǾ. 
Á  ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ Ƙǘƻ :  ƢȃƳơǂƼƬǇơ ȄƗ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ƨƴǶƢǠǺ ƾǿǟ ƭƾƸȌ . 
Á  ƩƢǿȍǠǶơ ǀƻƗ νǪ Ƙǘƻ:   ȄƗ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇƢƥ ƢǺ ǎƼǋ ǸȅǯȌ ƢǺƾǿǟ ƘǘƼǶơ ơǀȂ ƭƾƸȌ

.ƨǫǷƬƼǺ ǁƽƢǐǺ ǽǺ ȄƗ ξǗƢƻ ǁƾǐǺ ǽǺ ƢȃƳǄǺ 
Á  ƧƽȅǐǯǺ:  ƬǶơ ǬǂǗ ǁƢƦƬƻ˪ ƨǻǻǐǺ ƨǫȌǄǺ ƨȍƳǁƢƻ Ʃ˪ƢƷ ȀǀȂǎȍƼǌ. 
Á :ƨʒǠʒƦǗ    ǕƢǯǿǶơ νƫƘƫ ǼƗ ǽψǻȌ ƍ ƢȃǷȍǷƸƫȄ ƢȃƬƴǶƢǠǺȄ ƢȃǠǻƳȄ ƩƢǾƢȍƦǶơ ƱƢƬǾƛ ƨȍǷǻǟ νǪ

ƨǪǂǘƬǻǶơ    .ƨǫǷƬƼǺ ƽƢǠƥƗ νǪ ƨȍǫƼǺ ǼȅǳƫȄ ƨǫǷƬƼǺ ǁƽƢǐǺ ǽǺƩƢǾƢȍƦǶơ  νƬǶơ  ƪǈȍǶ    ƱƢƬǾ
ȃȍǷǟ ǭǷǘȌ ƘǘƻƢ  ƨǪǂǘƬǺ   .ƨȍǠȍƦǗ 

      

ƩƢǾƢȍƦǶơ  ƨǪǂǘƬǻǶơ   ǂưǲ˦ơ ƩơǂȍƯƘƬǶơ ǒǠƥ νǷȌ ƢǻȍǪ .ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƨƴȍƬǾ λǷǟ ǂȍƦǲ ǂȍƯƘƫ ƢȃǶ
Ƣ˻ǟȅȍǋ: 

Á   ǖǇȅƬǻǶơ λǷǟ ǂȍƦǲ ǂȍƯƘƫ ƢȃǶ ǼȅψȌ ƾǮ .ȊǁƢȍǠǻǶơ ǨơǂƸǾ˪ơȄ 
Á   ǕƢǯǿǶơ ƪƬǌƫ ǞȌǃȅƫ ǹƬȌ ǹǶ ơƿƛ ƨǪǂǘƬǻǶơ    ǵȍǷǯƫ ƢȃǿψǻȍǪ ƍ νƟơȅǌǟ ǵψǌƥ  ƨǶƢƸǶơ

 ƨȍǠȍƦǘǶơ1 . 
Á  ) ǄȍƸƬǶơ ƤƦǈƫ ǼƗ ǽψǻȌBias  ȄƗ ( .ƩơǂȌƾǯƬǶơ λǷǟ ǂƯƚƫ 
Á   νǇƢǇ˦ơ ǑơǂƬǪ˪ơ λǷǟ ǂƯƚƫ ǼƗ ǽψǻȌ (ǁơƾƸǾ˪ơ) ǞǮȅƬǷǶ   Ȇǂƻ˦ơ ƨȍƟƢǐƷ˨ơ ƱƿƢǻǿǶơȄ . 

   

  ƩƢǾƢȍƦǶơ ǹǈǯǿƫ ƍ ƔƢǐƷ˨ơȄ ƩƢǾƢȍƦǶơ ǹǷǟ νǪƨǪǂǘƬǻǶơ  ƨȍǈȍƟǁ ƩƢƠǪ ƭ˫Ư λǶƛ Ƣ˻Ǻȅǻǟ: 

1.   ƧƾȍǠƦǶơ ƨȍǻǶƢǠǶơ ƩƢǾƢȍƦǶơ2   ) ƧƿƢǌǶơ ǕƢǯǿǶơ ( :    ƩƢǾƢȍƦǶơ ǴƢψǋƗ ǖǈƥƗ νȂ ȀǀȂƨǪǂǘƬǻǶơ  .
  ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ǕƢǯǾ νǮƢƥ ǽǟ ƽƢƷ ǵψǌƥ ƧƾƷơȄ ƩƢǾƢȍƥ ƨǘǯǾ ƪǪǂƸǾơ ơƿƛ

  ǹǇƢƥ ǨǂǠſƫ ƢȃǾƜǪ ƍ ƨǿȍǠǺƲƫƢǿǶơ    ƍǵǫǘƬǶơ ǽǟ ǩǌψǶơ ǸƢǜǾ νǪ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .νǻǶƢǠǶơ
  ƍ ơŻƾƳ ƧǂȍǐǮ ƨȍǿǺǃ ƧǂƬǪ νǪ ǸǄƸǶơ ǽǺ ǂȍƦǲ ƽƾǟ ǞȌǃȅƫ ǹƫ ơƿƛ  Ƣ˻ƴƫƢǾ ǱǶƿ ǁƢƦƬǟơ ǽψǻȍǪ

.ȁǮơǂƬƻơ ǹƫ ƾǮ ǽȍǠǻǶơ ǸƢǜǿǶơ Ǽƛ ǴȅǯǶơ ǽψǻȌȄ Ƣ˻ȍǻǶƢǟ 
2.  ơ  ƧƾȍǠƦǶơ ƩƢǾƢȍƦǶ  ȁƳȅǺ  ȆȅƬƸǻǶơ3   ) ƨȍǗǂǌǶơ ( :    ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ǽƟƢǲ ǼƢǲ ơƿƛ

  ƧƽƾƸǺ ǕȄǂǋ ȄƗ (ǬƢȍǇ) ȆȅƬƸǺ λǷǟ ˻ƔƢǿƥ ƩƢǾƢȍƦǶơ ǽǺ ȆǂƻƗ ƔơǄƳƗ ǽǟ ǨǂƸǿȌ ƨǿȍǠǺ
ȍƦǶơ ƨǘǯǾ Ǽȅǳƫ ƾǮ .ǖǯǪ  νǪ νǠȍƦǗ ǵψǌƥ ǨǂǐƬƫȄ ǽȍǠǺ ǩǮȅǺ ƤƦǈƥ ơŻƾƳ ƧƾȍǠƥ ƩƢǾƢ

  ƾȌƾƸƫ ǵƳƗ ǽǺ ƨǷψǌǻǶơ ǼƢȍƥ ǽǺ ƔǄƴǲ ȆȅƬƸǻǶơ ƾȌƾƸƫ ƤƴȌ ƍ ǱǶǀǶ .ȆǂƻƗ ǩǮơȅǺ

 
1 normality 

2 Global outliers 

3 Contextual outliers 
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  ȆȅƬƸǻǶơ ǕƢǯǾƨǪǂǘƬǺ ȆȅƬƸǻǶơ ǎƟƢǐƻ λǷǟ ˻ƔƢǿƥ ƩƢǾƢȍƦǶơ ƨǘǯǾ ǎƟƢǐƻ ƾȌƾƸƫ ǹƬȌ .
  ƧǁơǂƷ ƨƳǁƽ ǵǻǠƫ ƾǮ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǰȅǷǈǶơȄ40  ȌȅƠǺ ƨƳǁƽ  ƧǁơǂƷ ƨƳǁƾǲ ƨƨǪǂǘƬǺ  

."ǩȍǐǶơ" ȆȅƬƸǺ νǪ ƨȌƽƢǟ ƩƢǾƢȍƥ ƨǘǯǿǲ ǨǂǐƬƫ ƢȃǿψǶȄ ƍ "ƔƢƬǌǶơ" ȆȅƬƸǺ νǪ 
3.   ƩƢǾƢȍƦǶơ ƨȍǟƢǻƴǶơ   ƨǪǂǘƬǻǶơ  1 :   ƨǿȍǠǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǒǠƥ ƪǾƢǲ ơƿƛ

  ƨȍǟƢǻƳ ǕƢǯǾ ƢȃǾƗ λǷǟ ƢȃȍǶƛ ǁƢǌȌ ƾǯǪ ƍ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƨȍǯƥ ǽǟ ǂȍƦǲ ǵψǌƥ ǨǂƸǿƫ
ƨǪǂǘƬǺ  νǪ ȊƽǂǪ ǵψǌƥ ƨȌƽƢǟ ǂȍǣ ƪǈȍǶ ȀǀȂ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǹȍǮ ǼƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫȄ .

  ǽǟ ƨǯƥƢǇ ƩƢǾƢȍƥ λǶƛ ƱƢƬƸǾ ƾǮ ƍ ƧƾȍǠƦǶơ ǞǮơȅǻǶơ ǽǟ ơǀȂ ǄȍȍǻƬǶ .ǸƢǟ ǵψǌƥ ȄƗ ȆȅƬƸǻǶơ
.ƧƾȍǠƦǶơ ƩƢȍǲȅǷǈǶơ λǶƛ ǂȍǌƫ νƬǶơ ǱǷƫ ƩƢǾƢȍƦǶơ ƩƢǿƟƢǲ ǽȍƥ ƨǮ˫ǠǶơ 

    

ǠǷǶ ǬǂǗ Ƨƾǟ ǰƢǿȂ  ǞǮơȅǻǶơ λǷǟ ǁȅưƨǪǂǘƬǻǶơ  ǹȍǮ λǷǟ ǁȅưǠǷǶ Ƣ˻ƥȅǷǇƗ ǬǂǘǶơ ȀǀȂ ǵǲ ǸƾƼƬǈƫ .
ƩƢȍǿǯƬǶơ ȀǀȂ ǽǺ ǵȍǷǮ ƽƾǟ ƱơǁƽƜƥ ƢǿǻǮ ƢǿȂ .Ȇǂƻ˦ơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻƥ ƨǾǁƢǯǺ ƧƽƢƬǠǺ ǂȍǣ: 

Á  Ƕơ ƤȍƫǂƬ.  ƤȍƫǂƬǶơ    ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ƨȍǿǯƫ ǖǈƥƗ ȅȂƨǪǂǘƬǻǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǵȍǻƸƬƥ ǹǮ .
 ȊƗ λǶƛ Ǳƥ ƨǏƢƼǶơ ǹǮȄ ƍ (ǴȄƾƳ ȄƗ) ƩƢǾƢȍƥ ǴȄƾƳ ǵưǺ ƍ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ ƩơȄƽƗ ǽǺ ǝȅǾ

  ƪǾƢǲ ơƿƛ .ƨǫǷƬƼǻǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǹȍǮ ǬƢǘǾ ǽǺ ǭǯƸƫ ƍ ǱǶƿ ƾǠƥ .ǹƴƸǶơ ƤǈƷ ǹȍǯǶơ ǃǂǫƥ
 ƍ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ Ȇǂƻ˦ơ ǕƢǯǿǶơ ǽǺ ǙȅƸǷǺ ǵψǌƥ ǵǮƗ ȄƗ λǷǟƗ ƩƢǾƢȍƥ ƨǘǯǾ ǵǲ

ƨǯȌǂǗ .ơŻƾȍǠƥ ơ˻ǂǐǿǟ ƢȂǁƢƦƬǟơ ǽψǻȍǪ  ƨȌƢǤǷǶ ƨǶƢǠǪ ƧǂȍǤǏ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷǟ ƩƢǾƢȍƦǶơ ǃǂǪ. 
Á  ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ ǸơƾƼƬǇƢƥ .    ǹǇǁơ .ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ νȂ ƧƾȍǠƦǶơ ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ȆǂƻƗ ƨǯȌǂǗ

  ǸơƾƼƬǇƢƥ .Ȇǂƻ˦ơ ǕƢǯǿǶơ ǽǟ ƾǠƥ˦ơ ǕƢǯǿǶơ ǨǂǟơȄ νǾƢȍƦǶơ ǹǇǂǶơ λǷǟ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǞȍǻƳ
ƨǯȌǂǗ    ƨǾǁƢǯǺ νǘȍǘƼƬǶơ ǹǇǂǶơƨǯȌǂǘƥ  ƤȍƫǂƬǶơ    νƬǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽǺ ƾȌǄǻǶơ ǁȅǐƫ ƢǿǿψǻȌ ƍ

  ƨȌƙǁ  ǵȃǈƫƨǪǂǘƬǻǶơ  ǕƢǯǿǶơ  ǕƢǯǿǶơ  ƾȌƾƸƫ  ƢǿǿψǻȌ  .ƨǪǂǘƬǻǶơ    ƩƢǘǘƼǻǶơ  ǸơƾƼƬǇƢƥ
ƨȍǮȄƾǿǐǶơ2  Ƕơ ƩƢǘǘƼǺȄȄ  Ʊǁƾǻ ǶơȊǁơǂǳƬ  3  ȄǘǘƼǺƩƢ  ƪƬǌƬǶơ  4 . 

Á   ƨƳǁƽ ǸơƾƼƬǇơz.    ƨƳǁƽz  )ƨȌǁƢȍǠǻǶơ ƨƳǁƾǶơ(    ǖǇȅƬǻƥ ƨǘǯǿǶơ ƨǮ˫ǠǶ ǅƢȍǯǺ νȂ ǞȍǻƳ
  ƾǿǟ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǕƢǯǿǶơǨƾȃǶơ ǭȍǯƸƫ Ǵ˫ƻ ǽǺ .Ƣ˻ƦǶƢǇ ȄƗ Ƣ˻ƦƳȅǺ ơ˻ƽƾǟ ǹȍǯǶơ λǯǷƬƫ ƍ

  ƨƳǁƽ ƣƢǈƷ5z    ǽǟ ơŻƾȍǠƥ ǰǂƸƬƫ νƬǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƨǪǂǠǺ ǵȃǈǶơ ǽǺ ƍ ƩƢǾƢȍƥ ƨǘǯǾ ǵψǶ
  ǖǇȅƬǻǶơǤƬǻǶơ ǼƗ ƨǯȌǂǘǶơ ȀǀȂ ǑǂƬǫƫ .ǖǇȅƬǻǶơ νǪνǇȄƢǣ ǞȌǃȅƫ ȁǶ ǂȍ. 

 
1 Collective outliers 
2 boxplot 
3 histogram 
4 scatter plot 

5 ᾀ  

  ƍ ƨǶƽƢǠǻǶơ ȀǀȂ νǪὼ  Ȅ ƍ ƨȍǶȄ˦ơ ƨƳǁƾǶơ νȂ‘  ǖǇȅƬǺ νȂƩƢǿȍǠǶơ   Ȅ„  ȊǁƢȍǠǻǶơ ǨơǂƸǾ˪ơ .ƩƢǿȍǠǷǶ 



 
106 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

 ą½¾îúõv ¡wýwĊ{õv1 

 ƾǿǟ ƧǁǂψǺ ƩƢǾƢȍƥ ƔƢǌǾ˨ ǍǂǪ ǰƢǿȂ .ƩƢǾƢȍƦǶơ ǞǻƳ ƔƢǿƯƗ ƧǁǂψǻǶơ ƩƢǜƷ˫ǻǶơ ƭƾƸƫ ƢǺ Ƣ˻ƦǶƢǣ
  νǯǷƫ ȄƗ ƤȌȅǶơ ƶǫǐƫ Ǵ˫ƻ ǽǺ ƩƢǾƢȍƦǶơ ǞǻƳ ȄƗ ƧƽƾǠƬǺ ǞǮơȅǺ ǽǺ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ƲǺƽ

  ǨǀƷ ƾǠȌ .ƧƽƾǠƬǻǶơ ǝȄǂǫǶơ ȄƗ Ɣ˫ǻǠǶơ ǽǺ ƩƢǾƢȍƦǶơ  Ʃ˫ψǌǻǶơ ǂƦǲƗ ƾƷƗ ƧǁǂψǻǶơ ƩƢǾƢȍƦǶơ ȀǀȂ
 ƨȍǷǻǠǶơ ȀǀȂ ʣƢȃƫƢǟơǂǺ ƤƴȌ νƬǶơ. 

 ¡wýwĊ{õv ¾Ċá Ćĉ½ÿ¾Òõv2 

  ʣƨƦǇƢǿǺ ƪǈȍǶȄ ƢŻǯƷ ƨƥȅǷǘǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǱǷƫ νȂ ƨȌǁȄǂǔǶơ ǂȍǣ ȄƗ ƨǷǐǶơ Ʃơƿ ǂȍǣ ƩƢǾƢȍƦǶơ
  ǵȍƦǇ λǷǟ .ƢȃǷƷ ǴȄƢƸǾ νƬǶơ ƨǷψǌǻǶơ ǬƢȍǇƍǴƢưǻǶơ    ƩƢǾƢȍƥ ǵȍǷƸƬƥ ƢǿǻǮ ơƿƛ  ƨƸǐǶơƍƨǺƢǠǶơ    ǼƜǪ

  ǴƢưǻǲ .ƨǷǏ Ȋƿ ǂȍǣ ǩƫƢȃǶơ ǹǮǁƍǂƻƕ    ǵȍƴǶơ ƩƢǾƢȍƥ ǵȍǷƸƫ ƾȌǂƫ ƪǿǲ ơƿƛƍƾȌƾƴǶơ   ƨǟȅǻƴǺ ǽψǶ
  ǴƢȍƳ˦ơ ǽǻǔƬƫ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơƍƨǻȌƾǯǶơ    Ʃơƿ ǂȍǣ ƩƢǜƷ˫ǻǶơ ǱǷƫ ǨǀƷ ǱȍǷǟ ƤƴȍǪ

ȍƟǂǶơ ǱǪƾȂ ǴȅƷ ǅƢƦƬǶ˪ơ ǽǺ ǵǷǯȌȄ ƧƔƢǫǲ ǂưǲƗ ǵȍǷƸƬǶơ ǵǠƴȌ ǼƗ ǽψǻȌ ơǀȂ .ƨǷǐǶơ .νǈ 
  Ǩ˫ƻ .ƨǷǏ Ȋƿ ǂȍǣ (ƨǻǇ) ƩƢǾƢȍƦǶơ ǽǺ ƔǄƳ ǨǀƷ ǖǯǪ ǱǿψǻȌƍǱǶƿ    ƨǪȅǫǐǺ ǩǌƬǲơ

 ƩơǂȍǤƬǺ ǽȍƥ ǕƢƦƫǁ˪ơƍƨǻǈǶơ  ȊƗ ǚƷ˫ƫ ǹǶ ơƿƛ λƬƷȄƍǕƢƦƫǁơ   Ƣ˻ǐǐƼƬǺ Ƣ˻ǐƼǋ ǴƘǈƫ ǼƗ ƤƴȌ
ǱǶ ƨǻƟ˫Ǻ ǂȍǣ ȄƾƦƫ νƬǶơ ƧǄȍǻǶơ Ǽȅǳƫ Ƣǻƥǁ .ǴƢƴǻǶơ ơǀȂ νǪƍ ƨǯǘǿǺ ǽǺ ơŻƾƳ ƨǷǐǶơ ƨǯȍƯȄ Ȇǂƻơ  

  ǵưǺǶơ  ǁȅǜǿǻǶơȊǂȌǂǈ . 

 ¡wýwĊ{õv ôĉĀ´£3 
 ǹƬȌ νƬǶơ ƨǺƢȃǶơ ƩƢȍǷǻǠǶơ ǒǠƥ νǷȌ ƢǻȍǪ .ǭǪơȅƬǺȄ ƧƔơǂǯǷǶ ǵƥƢǮ ǸƢǜǾ λǶƛ ƩƢǾƢȍƦǶơ ǵȌȅƸƫ ƤƴȌ

ȌȅƸƬǶ ƢȃǺơƾƼƬǇơƩƢǾƢȍƦǶơ ǵ . 

 ÜĊú¬¤õv4 

 ǵȍƦǇ λǷǟ .ǵȍǷƸƬǷǶ ǃƢƴȌƜƥ ƢȃǺơƾƼƬǇơȄ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǞǻƳ ƢȃȍǪ ǹƬȌ ƨǯȌǂǗ ȅȂ ƩƢǾƢȍƦǶơ Ǟȍǻƴƫ
ƍǴƢưǻǶơ    ǖǇȅƬǻǶơ ǵưǺ ƩƢȍƟƢǐƷƛ ǹȌƾǯƬǶ ƨȍǿǺǃ ƧǂƬǪ Ǵ˫ƻ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǞǻƳ ǽψǻȌ  ƾƸǶơȄ ƍ
ƍλǾƽ˦ơ    ƾƸǶơȄƍλǐǮ˦ơ  ǝȅǻƴǻǶơȄ  ƢȃƬƥƢƬǲȄ ƩƢǾƢȍƦǶơ Ǟȍǻƴƫ ƾǠƥ .ƍǂȌǂǯƬǲ    ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǱǿψǻȌ

  λǿǠǻƥ .ƧƽƾƸǺ ǁƽƢǐǺ ǴȅƷ Ȇƙǁ ƣƢǈƬǲ˪ ƨǠǻƴǻǶơƍǂƻƕ    ƩƢǾƢȍƦǶơ Ǟȍǻƴƫ ǽΠψǻȌ ǼƗ ǽψǻȌ
  ǽȍǷǷƸǻǶơ  ǼƗ ǽψǻȌ .ƨǶȅǯǠǺ ƨȍǿǺǃ ƧǂƬǪ ʣƢȃǐƸǪȄ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǶƛ ǴȅǏȅǶơ ǽǺ

  ʣǞǓ .ƨǯȍǮƾǶơ ƩƢǾƢȍƦǶơ ǽǺ ǂưǲƗ λƬƷ ȄƗ Ǩ˪ˤơ ȄƗ ƩƢƠǻǶơ ƨǠǻƴǻǶơ ƩƢǾƢȍƦǶơ ǽǺ ǩǏ ǵưǻȌ

 
1 Duplicate Data 
2 Irrelevant data 
3 Data transformation 

4 Aggregation 
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 ƩƢƴƬǿǻǷǶ ƨȍǺȅȍǶơ ƩƢǠȍƦǻǶơ ǵƴǈƫ νƬǶơ Ʃ˫ǺƢǠǻǶơ ǽǻǔƬƫ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ǰǁƢƦƬǟơ
ǷƬƼǺ ǞǮơȅǺ νǪ  ƨǟȅǻƴǺ ʣƩ˫ǺƢǠǻǶơ Ǟȍǻƴƫ ǬǂǗ ȆƾƷƛ ǵưǻƬƫ .ƨǿǈǶơ ʣǸƢȌ˦ ǂƴƬǺ ʣƨǫ

 Ǩ˪ƕ ȄƗ ƩƢƠǺ ǽǺ ǵǷǯȌ ơǀȂ .ƧƾƷơȄ ƨǷǺƢǠǻƥ ǂƴƬǺ ʣƩ˫ǺƢǠǻǶơ ǞȍǻƳ ǴơƾƦƬǇơ ʣȀǀȂ ƩƢǾƢȍƦǶơ
.ǂƳƢƬǻǶơ ƽƾǟ λǶƛ ƩƢǾƢȍƦǶơ ƩƢǿƟƢǲ ƽƾǟ ǽǺ ǵǷǯȌȄ ǽȍǠǺ ǂƴƬǺ ʣƢ˻ȍǺȅȌ ƭƾƸƫ νƬǶơ Ʃ˫ǺƢǠǻǶơ 

 ƦǶơ ƨǷưǺƗ ǽǻǔƬƫνǷȌ ƢǺ ƨǠǻƴǻǶơ ƩƢǾƢȍ: 

Á  ǵψǌƥ ǽȍƦƻƢǿǶơ Ʃ˫ƴǇ ǂȍǪȅƫ ǹƬȌ ˪ .ƨǿȌƾǻǶơ ȄƗ ƨǠǗƢǯǻǶơ ƤǈƷ ǽȍƦƻƢǿǶơ ǴƢƦǮƛ ƨƦǈǾ
.ƨǿȍǠǺ ƨȍƥƢƼƬǾơ ƧǂƟơƽ νǪ ƶǋǂǻǶ ƩơȅǏ˧Ƕ νǶƢǻƳ˨ơ ƽƾǠǶơ ǖǯǪ ƍ ǵǐǫǿǺ 

Á   ǖǇȅƬǺ  ǽψǶȄ ƍ ǵǐǫǿǺ ǵψǌƥ ǵȍǻǟ ǵǲ ƾȌƾƸƫ ǹƬȌ ǹǶ .ƲƬǿǻǶơ ƤǈƷ ǵȍǻǠǶơ ǂǻǟ
Ȍ ƍ ƲƬǿǺ ǵψǶ ƨƦǈǿǶƢƥ  ǖǇȅƬǺ ǽȌǄƼƫ ǹƬ .ǵȍǻǠǶơ ǂǻǟ 

Á   ǽǺ Ɣ˫ǻǠǶơ ǽǺ ƽƾǟ ǂȍǪȅƫ ǹƬȌ ƍ ǵȍǻǟ ǵǲ ƨǠƳơǂǺ ǽǺ ̝˪ƾƥ .ƨǶȄƾǶơ ƤǈƷ Ɣ˫ǻǠǶơ ƽƾǟ
ƾǷƥ ǵǲ. 

 ÜĊÖê¤õv1 

  ƔȅǔǶơȄ ƧǁơǂƸǶơ ƨƳǁƽ ǵưǺ ƧǂǻƬǈǻǶơ ƩƢȍǷǻǠǶơ ǽǺ ƢȃǠǻƳ ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơ ȁƳơȅǾ ƢǺ Ƣ˻ƦǶƢǣ
  λǶƛ ƧǂǻƬǈǻǶơ ǹȍǯǶơ ȀǀȂ ǹȍǈǯƫ λǶƛ ƱƢƬƸǾ ǼƢȍƷ˦ơ ǒǠƥ ʣǽψǶ .ƨǲǂǌǶơ ǹȃǇ ǂǠǇȄ ǖȍƸǻǶơ

  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǒǠƥ Ǽ˦) ǹψƸƬǷǶ ƨȍǷƥƢǮ ǂưǲƗ ƔơǄƳƗƍνǶˤơ    ƩƢȍǺǃǁơȅƻ ƨǏƢƻȄ ƍǩȍǿǐƬǶơ  
  ƤǷǘƬƫ  ǹȍǯǶơ λǶƛ ƧǂǻƬǈǻǶơ ǹȍǯǶơ ǽǺ ƩƢǾƢȍƦǶơ ǽȍȍǠƫ λǻǈȌ .(ƨǠǪƽ ƩƢǻǇ ǼȅǳƬǶ ƩƢǾƢȍƦǶơ
ƨǷǐǫǿǻǶơ   ǶƢƥǞȍǘǯƬ  ǂȍƦǠƬƥ .ƍǬƽƗ   ƧǂǻƬǈǻǶơ ƩƢǾƢȍƦǶơ ƩơǄȍǺ ǹȍǮ ǵȌȅƸƬǶ ƨǯȌǂǗ ƩƢǾƢȍƦǶơ ƾȌƾƸƫ ƾǠȌ

  ǸȅȃǫǻǶơ ơǀȂ ǹȃǪ ƢǿǿψǻȌ .ƩƢǾƢȍƦǶơ ǼơƾǯǪ ǽǺ λǾƽ˦ơ ƾƸǶơ ǞǺ ƩƢǪƢǈǻǶơ ǽǺ ƧƽȄƾƸǺ ƨǟȅǻƴǺ λǶƛ
ǈǻƥȀƢǾƽƗ ƧƽǁơȅǶơ ǹȍǯǶƢƥ ǂǻǠǶơ ǵưǺ ƨǻǇ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶ .ǴƢưǺ ƧƾǟƢ: 

1,5,9,4,7,11,14,17,13,18,19,31,33,36,42,44,46,70,74,78,77 ơǂǻǠǶ 
ơ ƾǠƥ ƩƢǾƢȍƦǶơ ȀǀȂ ȀƢǾƽƗ ǴȄƾƴǶơ ƶǓȅȌ:ǞȍǘǯƬǶ 

ơ ƨǻǈǶ  ơ ǂǻǠǶ  ơ ǂǻǠǶ  ơ ǂǻǠǶ  ơ ǂǻǠǶ 
 1,5,4,9,7 11,14,17,13,18,19 31,33,36,42,44,46 70,74,77,78 

 ǞȍǘǯƬǶơ ƾǠƥ  ǴƢǫǗ˪ơ ƣƢƦǌǶơ  ǁƢƦψǶơ ǽȍǿǈǻǶơ 

øĊÞþ¤õv2 

  ǀȍǫǿƫ ǹƬȌǹȍǠǿƫ    .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ ƔƢǓȅǔǶơ ƨǶơǃ˨ ƨǐǐƼƬǺ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ƩƢǾƢȍƦǶơ
  ƾǟƢǈȌ ǼƗ ǽψǻȌ .ƨǻȃǻǶơ ƩƢǾƢȍƦǶơ ǕƢǻǾƗ ǃơǂƥƜƥ ƨȍǷǻǠǶơ ȀǀȂ ƶǻǈƫǹȍǠǿƫ    ƚƦǿƬǶơ ʣƩƢǾƢȍƦǶơ

 
1 Discretization 

2 Smoothing 
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  ǼƗ ǽǺ ǹǣǂǶơ λǷǟ .ƩƢȂƢƴƫ˪ƢƥǹȍǠǿƫ    ƩƢǾƢȍƦǶơ ʣǕƢǻǾ˦ơ ǩǌǲ ʣƾǟƢǈȌ ǼƗ ǽψǻȌ ƩƢǾƢȍƦǶơ
ƍƧƾǯǠǻǶơ  ǼƗ ˪ƛ  ǹȍǠǿƫ    ʣƾǟƢǈƫ νƬǶơ ǕƢǻǾ˦ơ ȄƗ ǝȅǓȅǻǷǶ ơ˻ǂȍǈǫƫ ƧǁȄǂǔǶƢƥ ǂǪȅȌ ˪ ƩƢǾƢȍƦǶơ

  ǒǠƥ ʣ.ȁȍǷǟ ǨǂǠƬǶơƍǼƢȍƷ˦ơ    ȊƽƚȌ ƾǮǹȍǠǿƫ    .ǸơƾƼƬǇ˫Ƕ ƨǷƥƢǯǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƨǶơǃƛ λǶƛ ƩƢǾƢȍƦǶơ
  ǕƢǯǾ ǽǟ ƲƫƢǿǶơ ǞǮơȅǶơ ǵǺƢǲ ǵψǌƥ ǆǳǠƫ ˪Ȅ ƨȍǻǇȅǺ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƪǾƢǲ ơƿƛƍƩƢǾƢȍƦǶơ    ƾǯǪ

.ƨƸȍƸǏ ǂȍǣ ƩơƚƦǿƫ λǶƛ ǱǶƿ ȊƽƚȌ  

 øĊ¬´¤õv1 

  ǵǔǪƗ λǷǟ ǴȅǐƸǶơ ƢǾƽǁƗ ơƿƛ .ǖǷƬƼǺ ǂȍǐǟ ǞǿǏ ǵưǺ νǶˤơ ǹǷǠƬǶơƍǂȍǐǟ    ǞȍǻƳ ǖǷƼǾ ǼƗ ƢǿȍǷǠǪ
  .ƨƦǇƢǿǻǶơ ƢȃƦǈǿǶ ƢŻǯǪȄ ǽψǶȄ ƢȃǻƴƸǶ ƢŻǯǪȄ ǆȍǶ ȁǲơȅǫǶơƍǵưǻǶƢƥȄʣ  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ ƾȌƾǠǶơ 

ƍνǶˤơ    ǩǮȅǺ ʣƩơǄȍǻǶơ ǞȍǻƳ ƤǷƴǶƾƷơȄƍ    ƢǿȍǷǟ ǽȍǠƬȌǹȍƴƸƬǶơ   ǂȍƦǲ ƽƾǟ λǷǟ ǂƯƚǾ ˪ λƬƷ
  ƾǠƫ .ǂȍƦψǶơ ƢȃǻƴƷ ƽǂƴǻǶ ƱƿƢǻǿǶơ ǽǺ  ƩơǄȍǺ ǹȍƴƸƬǶơ2ʣ  ƩơȅǘƼǶơ ǹȂƗ ǽǺ ƧƾƷơȄ νǶˤơ ǹǷǠƬǶơ 

  ǬǂǫȌ ǼƗ ǽψǻȌ .νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ƔƢǌǾƛ ǵƦǮ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ νǪǹȍƴƸƬǶơ   ǹǷǠƬǶơ ƱƿȅǻǾ ǽȍƥ
ǵǔǪ˦ơ ƱƿȅǻǿǶơȄ ƞȍǈǶơ νǶˤơ  . 

 ƩƢȍǿǯƫ ǂưǲƗǹȍƴƸƫ  νȂ Ƣ˻ǟȅȍǋ ƩƢǻǈǶơνǇƢȍǯǶơ ƾȍƷȅƬǶơ3 ƨȌȅǈƬǶơȄ4 ǸơƾƼƬǇơ ǹƬȌ . ƾȍƷȅƬǶơ 
ƾȍȍǯƫ ƾȌǂǾ ƢǺƾǿǟ    ǽȍƥ ƢǿǻȍǮƍǽȍǻǮǁ  ] ǽȍƥ ƧƽƢǟ0ƍ1] ȄƗ [1ƍ1ŷ  ǴȅƸȌ Ƣǻǿȍƥ .[ ƨȌȅǈƬǶơ    ƩƢǾƢȍƦǶơ

  λǶƛǖǇȅƬǺ    ǽȌƢƦƫȄ ǂǫǏ1. 

    

  ǽǺȄ .ǖǯǪ ǸƢǮǁ˦ơ Ȇǂƫ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻƍǹƯ    ǬƢǘǾ ʣǂȍƦǲ Ǩ˫Ƭƻơ ǰƢǿȂ ǼƢǲ ơƿƛ ƍǸƢǮǁ˦ơ  
  .ƢȌơǄǺ ƢȃǶ λǷǟ˦ơ ǬƢǘǿǶơ ʣǸƢǮǁ˦ơ ǼƘƥ νǇƢǇ˦ơ ǑơǂƬǪ˪ơ ǼȅǠǔȌ ǹȃǾƜǪƍơǀψȂȄ    ƽƾǠǶơ ơǀȂ ƗƾƦȌ

  λǶƛ ƨǪƢǓ˨Ƣƥ .ƱƿȅǻǿǶơ ƤȌǁƾƫ ƔƢǿƯƗ ŻƢǻǈƷ ǂưǲƗ ǁȄƽ ƤǠǶ ʣǂȍƦψǶơƍǱǶƿ    ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǵǻǠƫ
  ȁǾǃȄ ǢǷƦȌ .ǹǮǂǶơ ȁǷưǻȌ ƢǺ ǨǂǠƫ ˪Ȅ ǸƢǮǁ˦ơ λǷǟ νǶˤơ10    ȀǂǠǇȄ ƩƢǺơǂƳ10  ȄƽƍƩơǁ˪   ȅȂȄ

  ǽȍǫǷƬƼǺ ǽȍƠȍǋ ǵưǻȌƍƢ˻ǺƢǻƫ    ƶǓơȄ ǂǺƗ ȅȂȄƍǂǌƦǷǶ  ƱƿȅǻǿǷǶ ƨƦǈǿǶƢƥ ǽψǶȄƍ  ƢǻȂ˫ǲ  ƧǄȍǺ ǂƦƬǠȌ .
  ǽǺȄ .ǂƦǲƗ ơ˻ƽơƾǟƗ Ǽȅǳƫ ǼƗ ƤƴȌ ˪ ǼǃȅǶơ ǹȍǮ ǼƗ ǂǠǈǶơȄ ǼǃȅǷǶ ǽȍƬȍǏƢƻ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶƍǹƯ 

  ǽǺ ǂƦǲƗ ǼǃȅǶơ Ǽ˦ ơ˻ǂǜǾ ȁǾƗ ƨȍǺǃǁơȅƼǶơ ǑǂƬǫƫƍǂǠǈǶơ  ơ ǽǺ ǹȂƗ ǼǃȅǶơ ǼƜǪ  ơǀȃǶ .ǂǠǈǶ ƍƤƦǈǶơ  
  .ƱƿȅǻǿǶơ ƤȌǁƾƫ ʣŻƢǻǈƷ ǂưǲƗ ơ˻ǁȄƽ ƨȍǻȂƗ ǂưǲ˦ơ ǸƢǮǁ˦ơ ȀǀȂ ƤǠǷƫƍǱǶǀǶ    ǼƜǪǹȍƴƸƫ    ƩƢǻǈǶơ
 .ƨȍǶȄƗ ƨȍǻȂƗ ȊƗ ǼȄƽ ƾƷơȄ ǩǮȅǺ ʣƩƢǻǈǶơ ǞȍǻƳ ǁƢǔƷ˨ ƣȅǷǘǺ 

 
1 Scaling 
2 Feature scaling 
3 Standardization 

4 normalization 
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  ǭȍƦǘƬǶ ǂƻƕ ƤƦǇ ƩƢǻǈǶơ ǹȍƴƸƫ    ǽǺ ơ˻ǂȍǤǏ ơ˻ƽƾǟ ǼƗ ȅȂƍƩƢȍǺǃǁơȅƼǶơ    ƨȍƦǐǠǶơ ƨψƦǌǶơ ǵưǺ
 ǞǺ  ơƾƸǾ˪ơνǮƢǯƬǋ˪ơ ǁƍ    ǵψǌǶơ) ƢȃǾȄƽ ǽǺ ƧǄȍǻǶơ ǹȍƴƸƫ ǞǺ ǝǂǇƗ ǵψǌƥ ƣǁƢǯƬƫ3ŷ1.( 

 
 Ƕơ  ǵψǌ3 ŷ1 νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ ǞǺ / ǼȄƾƥ ǹȍƴƸƬǶơ 

ĈÅwĊêõv ºĊ³Ā¤õv1 

Ƕơ  ƾȍƷȅƬƩƢǾƢȍƦǷǶ νǇƢȍǯǶơ    ǽǺ ƾȌƾǠǶơ ǵƦǮ ƨǯƦǈǺ ƨƴǶƢǠǺ ƧȅǘƼǲ ȀƙơǂƳƛ ǹƬȌ ǹȃǺ ƣȅǷǇƗ ȅȂ
  ƭƾƸȌ .ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ƩơǄȍǺ ǬƢǘǾ ƾȍƷȅƬǶ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾǶơ  ƾȍƷȅƬ  νǇƢȍǯǶơ  ƢǺƾǿǟ

  ƩơǁƢƦǠƥ .ƢȃǮƢǘǾ ʣơ˻ǂȍƦǲ ƢŻǪ˫Ƭƻơ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǎƟƢǐƻ ǩǷƬƼƫƍǖǈƥƗ    ǹƬȌ ƢǺƾǿǟ
  ǅƢȍǮ ƩơƾƷȅƥ ƩƢǾƢȍƦǶơ ǅƢȍǮ  ǵȍƦǇ λǷǟ) ƨǫǷƬƼǺ ƍǴƢưǻǶơ  ƍƩƢǺơǂǣȅǷȍǲ  ƍǁƢƬǺƗ  ƍƩơǂƬǺȅǷȍǲ    .(ƺǶƛ

 λǷǟ .νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǽǺ ƾȌƾǠǶơ ʣǵǲƢǌǺ ƨȍǇƢǇ˦ơ ƩơǄȍǻǶơ ǬƢǘǾ ʣƩƢǪ˫Ƭƻ˪ơ ȀǀȂ ƤƦǈƫ
 ǵȍƦǇƍǴƢưǻǶơ  ƣƢǈƷ λǶƛ ƾǿƬǈƫ νƬǶơ ƱƿƢǻǿǷǶ ƨƦǈǿǶƢƥƍƨǪƢǈǻǶơ   ǬƢǘǾ ǎƟƢǐƼǶơ ȆƾƷ˨ ǼƢǲ ơƿƛ

  ǽǺ ǞǇơȄƍǹȍǯǶơ  ǖƦǓ ǹƬȌ    ƨȍƟƢǿƯ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶ .ƨǿȍǠǺ ƨȍǏƢƻ ƨǘǇơȅƥ ƨǪƢǈǻǶơ
  ǼǃȅǶơȄ ǁƢƬǺ˦Ƣƥ ǴȅǘǷǶ ǽȍƬȍǏƢƼƥ ƽƢǠƥ˦ơƍǸơǂƳȅǷȍψǶƢƥ  ] ǽȍƥ ƵȄơǂƬƫ νƬǶơȄ1    λǶƛ2] Ȅ ǂƬǺ [30  

  λǶƛ90  [ƍǹƴǲ    ˻ƔƢǿƥ ȁǺƾƼƬǈƫ ȊǀǶơ ƨǪƢǈǻǶơ λǷǟ ǹƟƢǯǶơ ƱƿȅǻǿǶơ ǽǟ ǂǜǿǶơ ǒǤƥ .νǶơȅƬǶơ λǷǟ
ƢȍƦǶơ ƨǟȅǻƴǺ λǷǟ  ƩƢǾƍȀǀȂ   ǂƦǲƗ ƨǐƷ ƢȃǶ ǼȅǳƬǇȄ ǝƢǫƫǁ˪ơ ƨǻǇ λǷǟ ƽȅǈƬǇ ǼǃȅǶơ ƨǻǇ ǼƜǪ
  ƣƢǈƷ νǪƒƨǪƢǈǻǶơ    .ǝƢǫƫǁ˪Ƣƥ ƨǾǁƢǯǺ λǷǟƗ ǹȍǮ λǷǟ ȊȅƬƸȌ ȁǾ˦ ǖǯǪƍǱǶǀǶ    ȀǀȂ ƤǿƴƬǶ
  ƨǷψǌǻǶơƍƢȃǷƷȄ    ǸơƾƼƬǇƢƥ ƨǷƯƢǻǺ ǆȍȌƢǯǺ λǶƛ ƩơǄȍǻǶơ ǵȌȅƸƫ ȊǁȄǂǔǶơ ǽǺƩƢǾƢȍƦǶơ ƾȍƷȅƫ. 

 

 
1 Standardization 

νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ 
ǹȍƴƸƬǶơ ǞǺ 

νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ 
ǼȄƾƥ ǹȍƴƸƬǶơ 



 
110 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

       

  ƨƳǁƾǶơ ǂƦƬǠƫᾀ   ƨȍǇƢȍǯǶơ ƨƳǁƾǶơ Ƣ˻ǔȌƗ λǻǈƫ νƬǶơȄ ƍ1  ƾȍƷȅƬǶ Ƣ˻ǟȅȍǋ ǬǂǘǶơ ǂưǲƗ ǽǺ ƧƾƷơȄ ƍ
ƍƩƢǾƢȍƦǶơ    ǖǇȅƬǻǶơ ƵǂǗ ǭȌǂǗ ǽǟ ƢȂƙơǂƳƛ ǽψǻȌ νƬǶơȄ  ǵψǶ ȊǁƢȍǠǻǶơ ǨơǂƸǾ˪ơ λǷǟ ȁǻȍǈǯƫȄ

νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨȍǓƢȌǂǶơ ƢȃƬǶƽƢǠǺ .ƨǻǇ ǵψǶ ƨǻȍǮ : 

ᾀ
ὼ ‘

„
 

  ƍ ƨǶƽƢǠǻǶơ ȀǀȂ νǪὼ    Ȅ ƍ ƨȍǶȄ˦ơ ƨƳǁƾǶơ νȂ‘    ǖǇȅƬǺ νȂ ƨǿȍǠǶơ    Ȅ„    νȂ  ȊǁƢȍǠǻǶơ ǨơǂƸǾ˪ơ
.ƨǿȍǠǷǶ 

  ǴƢǻƬǲơ ƽǂƴǻƥƩƢǾƢȍƦǶơ ƾȍƷȅƫ  ǖǇȅƬǺ ƩƢǻǈǶơ ǞȍǻƴǶ ǼȅψȍǇ ƍƍǂǫǏ   ƍƾƷơȅƥ ȊǁƢȍǠǺ ǨơǂƸǾơȄ
ƍνǶƢƬǶƢƥȄ  ǅƢȍǯǻǶơ ǆǫǾ . 

        

  ƢǾǂǲƿ ƢǻǲƍƢŻǯƥƢǇ    λǷǟ ƨǻƟƢǯǶơ ƱƿƢǻǿǷǶ ƨƦǈǿǶƢƥƍƨǪƢǈǻǶơ    ƔơǂƳƛ ǹƬȌǶơ Ʃơƿ ƩơǄȍǻǶơ ƤǿƴƬǶ ƾȍƷȅƬ
  ǞǺȄ .ƨǪƢǈǻǶơ ǁƢȍǠǺ λǷǟ ƤǷǤƬǷǶ ǞǇȄ˦ơ ǬƢǘǿǶơƍǱǶƿ    ȁǈǫǾ ȅȂ ǆȍǶ ƩƢǾƢȍƦǶơ ƾȍƷȅƫ ƤƦǇ ǼƜǪ

 νǶˤơ ǹǷǠƬǶơ ȊǁȅǘǺ ǒǠƥ ǵȍǻȌ .ǂƻƕ λǶƛ ƱƿȅǻǾ ǽǺ ǩǷƬƼȌȄ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǞȍǻƴǶ ƨƦǈǿǶƢƥ
ȍƥ ǎȍǐƼƫ λǶƛ  ǹǷǠƬǷǶ ƱƿȅǻǾ ȊƗ ǵƦǮ λǻǟƗ ǵψǌƥ ǹȃƫƢǾƢƍνǶˤơ   ƤƦǇ ƨǪǂǠǺ ƨǶȄƢƸǺ ǼȄƽ
  .ƢȃǺơƾƼƬǇơƍǱǶǀǶ    ǹǷǠƬǶơ ǬǂǗȄ ƱƿƢǻǾ ǽǺ ȊƗ ǸơƾƼƬǇơ ǵƦǮƍνǶˤơ    ơƿƢǻǶȄ λƬǺ ƨǪǂǠǺ ǵǔǪ˦ơ ǽǺ

  ǸơƾƼƬǇơ ƢǿȍǷǟ ƤƴȌƩƢǿƦǷǶ νǇƢȍǯǶơ ƾȍƷȅƬǶơ: 

1.  ǵƦǮ  PCA  :  ǵȍǷƸƫ νǪƩƢǾȅψǻǶơ   ƨȍǈȍƟǂǶơ2  )PCA ǽȌƢƦƬǶơ Ʃơƿ ƩơǄȍǻǶơ ƤǈƬǳƫ ƍ (
  ƢȃǾƜǪ ƍ ǱǶǀǶ ƨƴȍƬǾȄ ƍ ǒǫƼǿǻǶơ ǽȌƢƦƬǶơ Ʃơƿ ǱǷƫ ǽǺ ǂƦǲƗ ƢŻǾǃȄ ǞǇơȅǶơ ǬƢǘǿǶơ / νǶƢǠǶơ

  ǞǿǻȌ ǼƗ ǽψǻȌ .λǶȄ˦ơ ƨȍǈȍƟǂǶơ ƩƢǾȅψǻǶơ λǷǟ ǴȅǯǠǺ ǂȍǣ ǵψǌƥ ǽǻȍȃƫƾȍƷȅƬǶơ   ǽǺ ơǀȂ
ƩơǄȍǻǶơ ǞȍǻƴǶ ǼǃȅǶơ ǆǫǾ ǂȍǪȅƫ Ǵ˫ƻ . 

2.   :ǞȍǻƴƬǶơ ǵƦǮ  ƱƿƢǻǾ ǞȍǻƴƬǶơ3    ǁƢȍǠǺ ǸƾƼƬǈƫ ƨǪƢǈǻǶơ λǷǟ ƾǻƬǠƫ ƩƢȍǺǃǁơȅƻ νȂ
  ǂȍƯƘƫ ǬƢǘǿǶơ ƨȍǶƢǟ ƩơǄȍǻǷǶ ǼȅψȍǇ ƍ ǱǶǀǶ .ƩƢǜƷ˫ǻǶơ ǽȍƥ ȁƥƢǌƬǶơ ǅƢȍǯǶ ƨǪƢǈǻǶơ

  ǼƜǪ ƍ ǹƯ ǽǺȄ .ǞȍǻƴƬǶơ λǷǟ ǂƦǲƗƾȍƷȅƬǶơ    ƱƿȅǻǾ ƔƢǌǾƛ ǵƦǮ ƣȅǷǘǺ ǞȍǻƴƬǶơ . 
3.  ǵƦǮ  KNN  :Kŷ ǼơǂȍƴǶơ ƣǂǮƗ4    ǩǿǐƫ ƨǪƢǈǻǶơ λǷǟ ƾǻƬǠƫ ǩȍǿǐƫ ƨȍǺǃǁơȅƻ νȂ

  ǵȍƦǇ λǷǟ) ȁƥƢǌƬǶơ ȁƳȄƗ λǷǟ ˻ƔƢǿƥ ƧƾȌƾƴǶơ ƩƢǜƷ˫ǻǶơƍǴƢưǻǶơ    ǞǺ (ƨǪƢǈǻǶơ ǂȍȌƢǠǺ

 
1 standard score 
2 Principal Component Analysis 
3 Clustering 
4 k-nearest neighbors 



 
111                                                   ơƮǶƢưǶơ ǵǐǫǶ  : ƩƢǾƢȍƦǶơ 

 

 

  ƶǻǈȌ .ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǽǺ ƨǺȅǇȅǻǶơ ƩƢǜƷ˫ǻǶơƾȍƷȅƬǶơ   ƩơǂȍǤƬǻǶơ ǞȍǻƴǶ
ȁƥƢǌƬǶơ ǅƢȍǮ νǪ ȊȄƢǈƬǶƢƥ ƨǲǁƢǌǻǶƢƥ . 

4.   ǵƦǮSVM  :ƴƬǻǶơ ƨǶƕ ƨȍǺǃǁơȅƻ ǴȄƢƸƫ ƨǻǟơƾǶơ ƩƢȃ1    ǵǏƢǫǶơ ƨƷȅǶ ǽȍƥ ƨǪƢǈǻǶơ ǹȍǜǠƫ
ǹǟƾǶơ ƩƢȃƴƬǺȄ  λǷǟ ǽǻȍȃƫ ƢȃǾƜǪ ƍ ơŻƾƳ ƧǂȍƦǲ ǹȍǮ λǷǟ ȊȅƬƸƫ ƨȍǏƢƼǶơ ƪǾƢǲ ơƿƛ .

  νǘǠȌ ƍǱǶǀǶ .ƨǪƢǈǻǶơ ƣƢǈƷ ƾǿǟ Ȇǂƻ˦ơ ǎƟƢǐƼǶơƾȍƷȅƬǶơ    ǆǫǾ ƩơǄȍǻǶơ ǞȍǻƳ
ƨǪƢǈǻǶơ ǁƢȍǠǺ λǷǟ ǂȍƯƘƬǶơ. 

ĆĉĀÆ¤õv2 

ƨȌȅǈƬǶơ    ƨȍǯǿƫȄ ƨǯƦǈǻǶơ ƨƴǶƢǠǻǶơ ƩƢȍǿǯƫ ǽǺ ƔǄƳ ȅȂƍƩƢǾƢȍƦǶơ    ǂưǲƗ ǵψǌƥȄƍƨȍǺȅǻǟ   ǽǺ ǝȅǾ
 Ʃ˫ƴǈǶơ ǞȍǻƳ ǂƦǟ ƨǯǈƬǺ ƩƢǾƢȍƦǶơ ǵǠƳ ȅȂ ƨȍǿǯƬǶơ ȀǀȂ ǽǺ νǈȍƟǂǶơ ǑǂǤǶơ .ƩơǄȍǻǶơ ǹȍƴƸƫ

  ƩƢǾƢȍƥ ǽȍƥ Ʃ˪Ƣǐƫơ ƔơǂƳƛ ʣơǀȂ ƾǟƢǈȌ .(ǹȍǯǶơ ǬƢǘǾ ǂȍȍǤƫ ǼȄƽ) ǴȅǯƸǶơȄƍǴƢƻƽ˨ơ    ƾǟƢǈȌ ƢǻǺ
ʣȀǁȄƾƥ  ǽǺ ǝȅǿǶơ ơǀȂ ǸơƾƼƬǇơ ǹƬȌ .ƢȃƫƽȅƳ ǽȍǈƸƫȄ ƩƢǾƢȍƦǶơ ǩȍǜǿƫ ǹȍƴƸƬǶơ    ǼȅψȌ ƢǺƾǿǟ

  ǹƬȌ νƬǶơ ƩƢȍǺǃǁơȅƼǶơ ǑǂƬǫƫ ˪Ȅ (ƨǫǷƬƼǺ ƩƢǮƢǘǾ ǎƟƢǐƼǷǶ) ǝȅǿƬǺ ǬƢǘǾ ƩƢǾƢȍƦǷǶ ƢȃƦȌǁƾƫ  
.(ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǵưǺ) ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ƢŻǯƦǈǺ ƢȃȍǷǟ   

  νǘǠȌƨȌȅǈƬǶơ  ǂȍǤƬǺ ǵψǶ ƨȌȄƢǈƬǺ ƨȍǻȂƗ / ŻƢǾǃȄ    νǪ ƱƿȅǻǿǶơ ƔơƽƗ ƾƷơȄ ǂȍǤƬǺ ȀȅǌȌ ˪ ƮȍƸƥ
  ƣȅǷǇƗ Ǽƛ .ơƽƾǟ ǂưǲƗ ǹȃǾ˦ ǖǯǪ ƒ ƾƷơȄ ȀƢƴƫơǹȍƴƸƬǶơ   ȅȂ Ƣ˻ǺơƾƼƬǇơ ǂưǲ˦ơȄ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ

 ŻơƽƾƴǺ ǹȍƴƸƬǶơ3    ǹǇƢƥ Ƣ˻ǔȌƗ ǨȄǂǠǻǶơȄ ƍƨȌȅǈƫ    ƾƸǶơǵǮ˪ơŷ  ƾƸǶơǂưǲ˪ơ ȁƥƢǈƷ ǹƬȌ ȊǀǶơȄ ƍ
 :νǶƢƬǶơ ȅƸǿǶơ λǷǟ 

ὼǲ
ὼ άὭὲὼ

άὥὼὼ άὭὲὼ
 

KĆĉĀÆ¤õv ÿv ºĊ³Ā¤õv 

  λǿƸǿǺ) νǇȄƢǤǶơ ǞȌǃȅƬǶơ ǞƦƬȌ ˪ Ǳƥ ǍƢƼǶơ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ǼƗ ǹǷǠƫ ƢǺƾǿǟ ƧƾȍǫǺ ƨȌȅǈƬǶơ ƾǠƫ
  ǞȌǃȅƫ ȊƗ ǑǂƬǫƫ ˪ νƬǶơ ƩƢȍǺǃǁơȅƼǶơ ʣơŻƾȍǫǺ ơǀȂ ǼȅψȌ ǼƗ ǽψǻȌ .(ǅǂƴǶơƍƩƢǾƢȍƦǷǶ    ǵưǺ

KNN  ƷƢǾ ǽǺ .ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ȄƗ  ƨȍ ƍȆǂƻƗ    ǼȅψȌ ǼƗ ǽψǻȌƾȍƷȅƬǶơ    νƬǶơ Ʃ˪ƢƸǶơ ʣơŻƾȍǫǺ
  ǑǂƬǫȌ) Ƣ˻ȍǇȄƢǣ Ƣ˻ǠȌǃȅƫ ƩƢǾƢȍƦǶơ ƢȃȍǪ ǞƦƬƫƾȍƷȅƬǶơ    ǞǺȄ .(νǇȄƢǣ ǞȌǃȅƫ ƢȃǶ ǱƫƢǾƢȍƥ ǼƗ ƍǱǶƿ  

  Ƣ˻ƸȍƸǏ ǆȍǶ ơǀȂƍƧǁȄǂǔǶƢƥ    ȅȂ Ǳƥ ǍƢƼǶơ ƩơǄȍǻǶơ ǞȌǃȅƫ ǼƢǲ ơƿƛ ǽψǶȄƍνǇȄƢǣ    ȀǀȂ ǼƜǪ
  .ƨȍǶƢǠǪ ǂưǲƗ Ǽȅǳƫ ƨȍǿǯƬǶơƍƢ˻ǔȌƗ  λǷǟ  ƾȍƷȅƬǶơ ǆǳǟƍ    ǆȍǶƨȌȅǈƬǷǶ    .ƽȄƾƷƍǱǶǀǶ   ǼƢǲ ơƿƛ λƬƷ

 
1 Support Vector Machine 
2 normalization 

3 Rescaling 



 
112 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ƩƢǾƢȍƦǶơ ǽǺ ǂȍưψǶơ ǱȌƾǶƨǪǂǘƬǻǶơʣ  ƍǱƫƢǾƢȍƥ    ǂƯƘƬƫ ǽǷǪ ƨȌȅǈƬǶƢƥ  ǞǺȄ .ƍǱǶƿ   ǁƢȍƬƻơ ƾǻƬǠȌ
  ȄƗ ƾȍƷȅƬǶơ ǸơƾƼƬǇơƨȌȅǈƬǶơ    ƧƾǟƢǮ ƾƳȅƫ ˪ .Ǳƥ ƨǏƢƼǶơ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻȄ ǱƬǷψǌǺ λǷǟ

  ƾȍƷȅƫ ƾǟȅǻƥ ǰǁƢƦƻ˨ ƨǠȌǂǇȄ ƨǺǁƢǏƨǺƔ˫Ǻ Ƣ˻ǻƟơƽ ǱǿψǻȌ .ǱƫƢǾƢȍƥ1   ƩƢǾƢȍƦǶơ ǞǺ ǱƳƿȅǻǾ
ǸƢƼǶơ  ƧƾƷȅǻǶơȄ  ƧơȅǈǻǶơȄ  ƲƟƢƬǿǶơ ǵǔǪƗ λǷǟ ǴȅǐƸǷǶ Ɣơƽ˦ơ ƨǾǁƢǯǺȄ. 

  çwÖý üúÑ ĆĊÅwÅčv øĊêõv ºĊ³Ā¤õv ÜÒĉ wúþĊz IüĊÞù    wĄÞÒĉ ĆĉĀÆ¤õv    Üĉ¿Ā£ Ĉå
 )º³vÿ ć½wĊÞúõv Ăåv¾´ývÿ ¾æÍ ĂÖÅĀ¤ù 

 

 

Ĉt¾úõv ôĊ¨ú¤õv ¡wýwĊ{öõ 

ȍƥ ǹǇǁ νǪ ƩƢǺȅǷǠǻǶơ ȄƗ ƩƢǾƢȍƦǶơ Ǒǂǟ ȅȂ ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ  ȄƗ νǾƢǖǘƼǺ   ȊƗ ȄƗ νǾƢȍƥ
 ƩơȅǘƼǶơ ǹȂƗ ƾƷƗ ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ ƾǠȌ .ǁȅǐǶƢƥ ƩƢǾƢȍƦǶơ ǴƢǐƫơ ǵǯǿȌ ǂƻƕ νƟǂǺ ǭȍǈǿƫ
  ƩƢǾƢȍƦǶơ ǁȅȃǛ ǞǺ .ƨǶȅȃǈƥ ǕƢǻǾ˦ơȄ ƩƢȂƢƴƫ˪ơ ƨȌƙǁ ƶȍƬȌ ƮȍƷ ƍ νǶˤơ ǹǷǠƬǶơȄ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ

ȍƦǲ ƩƢǟȅǻƴǺ ǂȍǈǫƫ λǷǟ ǽȌǁƽƢǮ ǼȅǳǾ ǼƗ λǶƛ ƱƢƬƸǾ ƍ ƨǻƼǔǶơ λǶƛ ƱƢƬƸǾ .ƩƢǾƢȍƦǶơ ǽǺ Ƨǂ
  ǕƢǻǾ˦ơ ƾȌƾƸƫ ǵȃǈǶơ ǽǺ ǵǠƴȌ ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǎƼǷǻǶơ Ǽ˦ ƍ ƩƢǾƢȍƦǷǶ νƟǂǻǶơ ǵȍưǻƬǶơ
  Ƣȃƥ ǵǻǠȌ νƬǶơ ƨǯȌǂǘǶơ νȂ ȀǀȂ .ƩƢǾƢȍƥ ǴȄƾƳ νǪ ǨȅǫǐǶơ Ǩ˪ƕ λǶƛ ǂǜǿǶơ ǽǺ ̝˪ƾƥ ƩƢȂƢƴƫ˪ơȄ

λǷǟ ǴȅǐƸǶơ ȅȂ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǽǺ ǑǂǤǶơ Ǽ˦ ơ˻ǂǜǾ .ȊǂǌƦǶơ ǡƢǺƾǶơ   ǽψǻȌ ƍ ƨƦǮƢƯ ƧǂǜǾ
  ƩƢǾƢȍƦǶơ ǵǷƸǺ ǽψǻƫ ơƿƛ λƬƷ .ƢȃƸȍǓȅƫ ƾǿǟ ƩƢǾƢȍƦǶơ ǽǺ ƩƢǺȅǷǠǻǶơ ǽǺ ƾȌǄǺ λǷǟ ǴȅǐƸǶơ

  ǼȄƽ ǸȅȃǫǻǶơ ǵǯǾ ƤǠǐǶơ ǽǺ ǼȅψȍǈǪ ƍ ƶȍǓȅƫ ǼȄƽ ƩƢǾƢȍƦǶơ ǽǺ Ȇƙǁ Ǎ˫ƼƬǇơ ǽǺ  ǵȍưǻƫ
νƟǂǺ  . 

  ǹȃǻǶơ ǽǺ ƍƨǺƾǯƬǺ ȊƚƦǿƫ ǵȍǷƸƫ ƩƢȍǺǃǁơȅƻ ƩƢǾƢȍƦǶơ ǹǶƢǟ ƤƬψȌ ƢǺƾǿǟǂȌȅǐƫ  Ƕơ  ƩƢƳǂƼǻ
  Ǽ˦ ơǀȂ .ƱƿƢǻǿǶơ ƔơƽƗ ǼƢǻǓȄ ƲƟƢƬǿǶơ ƨƦǮơǂǻǶνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  ǵψǌƥ ǵȃǇƗ ƧƾǯǠǻǶơ ƩƢȍǺǃǁơȅƼǷ

 
1 fitting 

ƨȌȅǈƬǶơ ƾǠƥ ƾȍƷȅƬǶơ ƾǠƥ  ƨȍǯȍǯƸǶơ ƩƢǾƢȍƦǶơ 
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  ǼȅψȌ Ƣǻƥǁ .ƨȍǻǮǂǶơ ƩƢƳǂƼǻǶơ ǽǺ ǸƢǟνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  νǪ ƩƢǾƢȍƦǷǼȅưȌƢƥ   ƩơǄȍǻǶơ ǂưǲƗ ƾƷƗ
 ǞǺ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ ƨǺƾƼƬǈǻǶơ ƧƾȍǫǻǶơǼȅưȌƢƥ   ǝơȅǾƗ ǹȌƾǯƫ ƾǠƥ ƍ ǹǈǯǶơ ơǀȃǶ ǁơǂǻƬǇơ νǪ .ǸȅȍǶơ

  ȀǀȂ ǽǺ ǵǲ ǀȍǫǿƬƥ ǸȅǯǿǇ ƍ ƢȃǿǺ ǵǲ ǁƢȍƬƻơ ƣƢƦǇƗȄ ƩƢǾƢȍƦǷǶ ƨȍƸȍǓȅƬǶơ ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ
  ƩƢƦƬψǺ ǸơƾƼƬǇƢƥ ƩƢǘǘƼǻǶơǼȅưȌƢƥ  .ǴƢƴǻǶơ ơǀȂ νǪ ƧƽȅƳȅǻǶơ ƨȌȅǯǶơ   

l  ºtvĀåÿ ĆĊúă ¡wýwĊ{öõ Ĉt¾úõv ôĊ¨ú¤õv 
  ƾǟƢǈȌ ǼƗ ǽψǻȌ ƍ ƢȂǁƢƬƼƫ νƬǶơ ƨǿȃǻǶơ ǽǟ ǂǜǿǶơ ǒǤƥνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  ƩƢǾƢȍƦǶơ Ǒǂǟ νǪ ƩƢǾƢȍƦǷ

  .ƨȍǶƢǠǪ ǬǂǘǶơ ǂưǲƘƥνƟǂǻǶơ ǵȍưǻƬǶơ    ƩƢǾƢȍƦǶơ ǑǂǠȌȄ ƍ ƱƿƢǻǾ νǪ ƢȃǠǔȌȄ ƍ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǖǯƬǷȌ
 ƍǽȍǈƸƫ λǶƛ ƱƢƬƸƫ νƬǶơ Ʃ˪ƢƴǻǶơ ƾȌƾƸƫ νǪ ƩƢǲǂǌǶơ ơǀȂ ƾǟƢǈȌ ǼƗ ǽψǻȌ .ƨƴȍƬǾ λǶƛ ǴȅǏȅǷǶ
 λǶƛ) ƨǿȍǠǺ ƩƢƴƬǿǻƥ ǵǠǫƫ ơƿƢǺȄ ƍ ǹȂƢǓǁ ǸƾǟȄ Ɣ˫ǻǠǶơ ƢǓǁ λǷǟ ǂƯƚƫ νƬǶơ ǵǺơȅǠǶơ νȂ ƢǺȄ

ȍƥ ƤƴȌ ǽǻǶȄ ơȅƦȂǀȌ ǼƗ ƤƴȌ ǽȌƗ  ƣƢƸǏƗȄ ƨƸǷǐǻǶơ ƣƢƸǏƗ ƧǁȅǐǻǶơ ƩƢǾƢȍƦǶơ ƶǿǻƫ .(ƢȃǠ
ǵƦǯƬǈǻǶơ νǪ ȅǻǿǶơȄ ƩƢǠȍƦǻǷǶ ǵǔǪƗ ƩƢǠǮȅƫ ǁơǂǯǶơ ǝƢǿǏȄ ǴƢǻǟ˦ơ.  

ǵȍưǻƬǶ  ƩƢǾƢȍƦǶơ  ŻƢȍƟǂǺ    Ǵ˫ƻ ǽǺ ƩƢǲǂǌǶơȄ ƩƢǻǜǿǻǶơ νǪ ƩơǁơǂǯǶơ ƿƢƼƫơ λǷǟ ȋƥƢƴȌƛ ǂȍƯƘƫ
λǷǟ ǨǂǠƬǶơ Ǽˤơ ƩƢǲǂǌǷǶ ǽψǻȌ .ƩƢǾƢȍƦǷǶ νǷǟƢǫƬǶơ νƟǂǻǶơ ǑǂǠǶơ    ƢȃǾ˦ ǝǂǇƗ ǵψǌƥ ǕƢǻǾ˦ơ

  ƾȍǫƫ ǼƗ ǽψǻȌ νƬǶơ ƧƽƾƸǻǶơ ǬǂǘǶơ ǒǠƥ νǷȌ ƢǻȍǪ .ŻƢȌǂǐƥ ȄƗ ŻƢȍǾƢȍƥ ƩƢǾƢȍƦǶơ ǂȍǈǫƫ ǞȍǘƬǈƫ
ƩƢǾƢȍƦǶơ ǁȅǐƫ ƢȃǶ˫ƻ ǽǺ ƨǈǇƚǻǶơ: 

Á  ƩƢǮ˫ǠǶơ νǪ ǕƢƦƫǁ˪ơ:    ǼȄƾƥνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ ƨǮ˫ǟ ǽȍƥ ƨǮ˫ǠǶơ ƾȌƾƸƫ ǼȅψȌ ƍ ƩƢǾƢȍƦǷ
  ơ˻ǂǺƗ ƨǷǯƬǈǻǶơ ƩơǂȍǤƬǻǶơ  ƩơǁơǂǮ ƿƢƼƫơ ǽψǻȌ ƍ ƨǷǯƬǈǻǶơ ƩơǂȍǤƬǻǶơ ǹȃǪ Ǵ˫ƻ ǽǺ .Ƣ˻ƦǠǏ

ǵǔǪƗ ǵǻǟ. 
Á  ƪǮȅǶơ ǁȄǂǻƥ ƩƢȂƢƴƫ˪ơ :  ƩƢǯȍƦǘƫ ǂưǲƗ ƾƷƗ ơǀȂ ƾǠȌνƟǂǻǶơ ǵȍưǻƬǶơ ǶŻƨǻȍǮ ƩƢǾƢȍƦǷ  ǽǺ .

  ƢǾǂƦƼƫ .ǂǓƢƸǶơȄ νǓƢǻǶơ ǽǺ ƨǺǃ˫Ƕơ ƩƢǺȅǷǠǻǶơ λǷǟ ǴȅǐƸǶơ ǼȄƾƥ ƚƦǿƬǶơ ǵȍƸƬǈǻǶơ
  Ƣǿǲ ǽȌƗ ƪǮȅǶơ ǁȄǂǻƥ ƩƢȂƢƴƫ˪ơ.ƣƢȂǀǶơ ƢǿǿψǻȌ ǽȌƗ λǶƛ ǵǻƬƸǻǶơ ǽǺȄ 

Á  ǽǟ ƮƸƦǶơ   ǬơȅǇ˪ơ:    ǀƻƘȌȊǁȅǐǶơ ǵȍưǻƬǶơ  Ƕ  ǱƸǿǻǶ ƨǫǷƬƼǺ ǬơȅǇƗ ǽǺ ƩƢǺȅǷǠǺ ƩƢǾƢȍƦǷ
 ǽǺ .ȁƦǿƴƫ ƤƴȌ ǹȃǿǺ ȊƗȄ ȁȍǷǟ ǰǄȍǲǂƫ ǼȅψȌ ǼƗ ƤƴȌ ȊǀǶơ ǁȅȃǻƴǶơ λǷǟ ƨƦǮƢƯ ƧǂǜǾ
ǂǫǷǶ ƶǓȄƗ ƧǁȅǏ λǷǟ ǵǐƸǾ ƍ ƨǫǷƬƼǺ ƨȍǾƢȍƥ ǸȅǇǁ νǪ ƩƢǾƢȍƦǶơ ȀǀȂ Ǒǂǟ Ǵ˫ƻ  Ǎ

 .ǬȅǈǶơ νǪ ƨƷƢƬǻǶơ 
Á  ǬȅǈǶơ ƨƥƢƴƬǇơ:    ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ ƨǶȅȃǇȄ ƨǟǂǈƥ ƩƢǺȅǷǠǻǶơ λǷǟ ǴȅǐƸǶơ λǷǟ ƧǁƾǯǶơ

  ƨǟǂǈƥ ǨǂǐƬǶƢƥ ƩƢǲǂǌǷǶ ƶǻǈȌ ƢǻǺ ƍ νǫȍǛȄ ƤƬψǺ ƶǘǇ λǷǟ ƵȅǓȅƥ ƨǓȄǂǠǻǶơ
.ƔƢǘƻ˦ơ Ƥǿƴƫ νǪ ƧƾǟƢǈǻǶơȄ ƍ ƲƟƢƬǿǷǶ ƨƥƢƴƬǇ˪ơȄ 

  Ȇǂƻ˦ơ ƾƟơȅǫǶơ ǵǻǌƫνƟǂǻǶơ ǵȍưǻƬǷǶ  Ƕ:νǷȌ ƢǺ ƩƢǾƢȍƦǷ 
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Á   ǵψǌƥ ƩơǁơǂǯǶơ ƿƢƼƫơȄ ƨȌƙǂǶơ ǽȍǈƸƫȄ ƨǟǂǈƥ ƩƢǺȅǷǠǻǶơ ƣƢǠȍƬǇơ λǷǟ ƧǁƾǯǶơ
ǝǂǇƗ . 

Á ƨǻǜǿǻǶơ ǽȍǈƸƬǶ ƢȂƿƢƼƫơ ƤƴȌ νƬǶơ ƨȍǶƢƬǶơ ƩơȅǘƼǶơ ǴȅƷ ƾȌǄǻǶơ ǹȃǪ . 
Á  ǽȍȍǿǠǻǶơ ǞȍǻƳ ǞǺ ǁƢǳǪ˦ơ ƨǲǁƢǌǺ ƨǏǂǪ ǽǺ ƾȌǄƫ νƬǶơ ƩƢǺȅǷǠǻǶơ ǞȌǃȅƫ ƨǶȅȃǇ . 

  üù Ï¾âõv Āă wù¾úõv ôĊ¨ú¤õvĈt õ ¡wýwĊ{öK 
  ǽǺ ǑǂǤǶơνƟǂǻǶơ ǵȍưǻƬǶơ   Ƕ  ƶǓơȄ ƩƢǾƢȍƦǷƒƢ˻ǺƢǻƫ    ƩƢǺȅǷǠǻǶơ ǸơƾƼƬǇơȄ ƩƢǾƢȍƦǷǶ λǿǠǺ ƔƢǘǟƛ

 λǶƛ ƨǪƢǓ˨Ƣƥ .ƨǻǜǿǻǶơ ƶǶƢǐǶƍǱǶƿ  ǼȄƾƥ .ƢȃƸȍǓȅƫ ǹƫ ƢǻǷǲ ƨǻȍǮ ǂưǲƗ ƶƦǐƫȄ ƧƾǯǠǺ ƩƢǾƢȍƦǶơ
ǶơƬνƟǂǻǶơ ǵȍưǻƍ    ƣƢǈƬǲ˪ ǕƢǻǾ˦ơ ƾȌƾƸƫȄ ƩƢǾƢȍƦǶơ ǽǺ Ʃ˪Ƣǐƫơ λǷǟ ƨǟǂǈƥ ǁȅưǠǶơ ƤǠǐǶơ ǽǺ

  ǞǺȄ .ƶȍǓȅƫ ǼȄƽ ƔƢǘƻƗ ȄƗ ǕƢǻǾƗ λǷǟ ǁȅưǠǶơ ƩƢǾƢȍƦǶơ ƔƢǻǷǠǶ ǽψǻȌ .ƧǂȍǐƦǶơƍǱǶƿ    ǵǯǾ ƾǠȌ
ƨȍǻȂ˦ơ ǢǶƢƥ ơ˻ǂǺƗ ƢȃǿǺ ƨǺƢȃǶơ ƩƢǺȅǷǠǻǶơ ƾȌƾƸƫȄ ƩƢǾƢȍƦǶơ ǽǺ ƲƟƢƬǿǶơ  ǵǻǠȌ . νƟǂǻǶơ ǵȍưǻƬǶơ 

Ƕ  λǷǟ ƩƢǾƢȍƦǷ ǂưǲ˦ơ ƨǯȌǂǘǶƢƥ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƲƟƢƬǾ ǸƾǯȌȄ ǰǁȅȃǻƳ λǷǟ ǵƟƢǇǂǶơ ǂȍƯƘƫ ǽȍǈƸƫ
  ǱǶ ƶǻǈȌ .Ƣ˻ǟƢǿǮƛ νƟǂǻǶơ ǵȍưǻƬǶơ    .ƨƸǻǶ ʣǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ ǹȃǫƥ ƩƢǾƢȍƦǶơ

  Ƣ˻Ȍǂǐƥ ǁƢǳǪ˦ơ ǵǯǾȄ ƨȌǁƢƴƬǶơ ǴƢǻǟ˦ơ λǷǟ ƢȂǂȍƯƘƫ ǅƢȍǯǶ ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹȃǪ ʣơǀȂ ƾǟƢǈȌ
Ƕƛ  λǁȅȃǻƴǶơ  ȋƦǿƳ˦ơȄ νǷƸǻǶơ. 

  øÅ¾õv ÛĀý wùĈýwĊ{õv Ăùº¸¤Æý ûl y¬ĉ ć¼õv K 
  ǝơȅǾƗ λǶƛ ǂǜǿǶơ ʣƗƾƦƫ ǼƗ ǵƦǮƍƩƢǘǘƼǻǶơ    ǱǈǫǾ ǴƘǈƫ ǼƗ ǱȍǷǟ5   ƩƢǾƢȍƦǶơ ǴȅƷ ƨǻȃǺ ƨǷƠǇƗ

  ǵψǌƥ ǱƫƢǾƢȍƥ ǹȃǪ λǷǟ ƨǷƠǇ˦ơ ȀǀȂ ǰƾǟƢǈƬǇ .ǱȌƾǶ νƬǶơ ƍǵǔǪƗ    ǹǇǂǶơ ǝȅǾ ǁƢȍƬƻơ νǶƢƬǶƢƥȄ
.ƢȃǓǂǠǶ ƤǇƢǿǻǶơ νǾƢȍƦǶơ 

1.  ȁǻȌƾǯƫ ǱƫƢǾƢȍƥ ǴȄƢƸƫ ȊǀǶơ (ǂȌǂǯƬǶơ) ǝȅǓȅǻǶơ ȅȂ ƢǺ Ɠ 

  ǹƫ ơƿƢǻǶ ƓȁǻȌƾǯƫ ǴȄƢƸƫ ȊǀǶơ ǂȌǂǯƬǶơ ȄƗ ǝȅǓȅǻǶơ ƢǺ ȅȂ ǱƫƢǾƢȍƥ ǽǟ ȁǪǂǠƫ ǼƗ ƤƴȌ Ɣνǋ ǴȄƗ
  ƩơǁƢȍƼǶơ ƨǾǁƢǯǻǶ ƓƩƢȂƢƴƫ˪ơ λǷǟ ǁȅưǠǷǶ ǱƫƢǾƢȍƥ ǞǻƳ ǹƫ ǵȂ ƓǩȍǲȄ ƩƢǾƢȍƦǶơ ȀǀȂ ǞǻƳ

  ǵȂ ƓƨǫǷƬƼǻǶơǂȃǜſƫ    Ǽƛ ƓƨǫǷƬƼǻǶơ ǹȍǯǶơ ƩƢǟȅǻƴǺ ǽȍƥ ƨǮ˫ǠǶơ ƨƦǮơǂǻǶ ǸƾƼƬǈƫ ƢȃǾƗ ǸƗ ƓǞȌǃȅƬǶơ
Ǫ  ǝȅǾ ǁƢȍƬƻơ ǱȍǷǟ ǵȃǈȍǇ ȁǻȌƾǯƫ ǴȄƢƸƫ ƢǺ ƨǪǂǠǺȄ ǱƫƢǾƢȍƥ ǁƾǐǺ ǹȃνǾƢȍƦǶơ ǹǇǂǶơ . 

2.  ǱƴƟƢƬǾ ǸƾǯƬǇ ǽǻǶ Ɠ 

  ƔơǁȄ ƨǿǺƢψǶơ ƨǷψǌǻǶơ ǹȃǪ ƽǂƴǻƥ ƍǱƫƢǾƢȍƥʣ  ƧȅǘƼǶơ ƍƨȍǶƢƬǶơ    ǱƴƟƢƬǾ Ǹƾǯƫ ǽǺ ƨǪǂǠǺ λǶƛ ƱƢƬƸƬǇ
  ǒǠƥ λǶƛ ǱƴƟƢƬǾ ǹȌƾǯƫȄ ǹȃǇ˦ơ ǬȅǇ ƩƢȂƢƴƫơ ǵȍǷƸƬƥ Ǹȅǯƫ ƪǿǲ ơƿƛ .ȁȍǶƛƍǽȍǶȄơƾƬǻǶơ    ǱǿψǻȍǪ

  ơȄƗƾƥ ǽȌǀǶơ ǍƢƼǋ˧Ƕ ǱƴƟƢƬǾ ƪǺƾƼƬǇơ ƢǺƾǿǟ ȁȍǷǟ ǼƢǲ Ƣǻǟ ǩǷƬƼǺ ǖǘƼǺ ǝȅǾ ǸơƾƼƬǇơ
  ȅƬǷǶʣ  ǸơƾƼƬǇơ ǽǺ ǸƢǠǶơ ǨƾȃǶơ .ǹȃǇ˦ơ ǬȅǇ νƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  ƩƢǾƢȍƦǶơ ǴƢǐƫơ ǵǠƳ ȅȂ ƩƢǾƢȍƦǷ
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  ơǀȃǶ .ƧƔƢǫǲ ǂưǲƗƍƤƦǈǶơ    ǖǘƼǺ ǵǔǪƗ ǁƢȍƬƻơ ǽǺ ǽψǻƬƫ λƬƷ ǰǁȅȃǻƳ ƨǪǂǠǺ λǶƛ ƱƢƬƸƫ
ǱƫƢǾƢȍƦǶ . 

3.  Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ǹƴƷ ȅȂ ƢǺ Ɠ 

  ǒǠƥ ǸơƾƼƬǇơ Ǹƾǟ ƤƴȌ .ȁǺƾƼƬǈƫ ȊǀǶơ νǾƢȍƦǶơ ǹǇǂǶơ ǝȅǾ λǷǟ ǂȍƦǲ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹƴƷ ǂƯƚȌ
  ƩƢǟȅǻƴǻǶ ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ  ƩƢǾƢȍƦǶơƍƧǂȍƦψǶơ    ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ƤǇƢǿǺ ǂƻˤơ ǒǠƦǶơ Ƣǻǿȍƥ

  ǵȍƦǇ λǷǟ .ƧǂȍƦψǶơƍǴƢưǻǶơ   ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ ǵǔǪƗ ǵψǌƥ ƨȌǂƟơƾǶơ ƩƢǘǘƼǻǶơ ǵǻǠƫ
  ǞǺȄ .ƧǂȍǤǐǶơƍǱǶƿ    ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸƾƼƬǈƫ ƪǿǲ ơƿƛƍƧǂȍƦǲ    ǸƾƼƬǈƫ ǼƗ ǂưǲƗ νǯǘǿǻǶơ ǽǻǪ

  ǖǘƼǺƪƬǌƬǶơǶơ ǝȅǾ ǁƢȍƬƻơ λǶƛ ƱƢƬƸƫ .  ƢȂǂȃǜȌȄ ǱƫƢǾƢȍƥ ǹƴƷ ƤǇƢǿȌ ȊǀǶơ νǾƢȍƦǶơ ǹǇǂ
λǓȅǪ ǼȄƽ ƵȅǓȅƥ . 

4.  Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ǝȅǾ ȅȂ ƢǺ Ɠ 

  ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ ǰƢǿȂƍƩƢǾƢȍƦǶơ  ƍƨȍǻǇơ  ƍƨǷǈǷǈƬǺ    ȄƗ ƧǂǻƬǈǺƨǠǘǯƬǺ  ǝȅǾ ǸơƾƼƬǇơ ǱǿψǻȌ .
  ǵȍƦǇ λǷǟ .ƩƢǘǘƼǻǶơ ǝơȅǾƗ ǒǠƥ ǨǀƸǶ ƩƢǾƢȍƦǶơƍǴƢưǻǶơ    ƩƢǾƢȍƥ ǱȌƾǶ ƪǾƢǲ ơƿƛƍƧǂǻƬǈǺ    ƾǯǪ

 ǽǺ ̝˪ƾƥ νǘƻ ǖǘƼǺ ǸơƾƼƬǇơ λǶƛ ƱƢƬƸƫ ƾǮ .ǵǔǪ˦ơ ǁƢȍƼǶơ ȅȂ νǘȌǂǌǶơ ǖǘƼǻǶơ ǼȅψȌ ˪
  .ǱǶƿƍǵưǻǶƢƥȄ    ƩƢǾƢȍƥ ǱȌƾǶ ƪǾƢǲ ơƿƛƨǠǘǯƬǺƍ   ǻǶơ ǸơƾƼƬǇơ ƾȍƴǶơ ǽǺ ǼȅψȌ ƾǯǪ  ƩƢǘǘƼ

 .ƨȌǂƟơƾǶơ ƩƢǘǘƼǻǶơ ȄƗ ƨȍǘȌǂǌǶơ 

5.   ǒǠƦǶơ ƢȃǔǠƦƥ ǱƫƢǾƢȍƦǶ ƨǫǷƬƼǻǶơ ǂǏƢǿǠǶơ ǖƦƫǂƫ ǩȍǲ Ɠ 

ƍơ˻ǂȍƻƗ   ƾǻƬǠȌ ǵȂ .ǒǠƦǶơ ƢȃǔǠƦƥ ǱƫƢǾƢȍƦǶ ƨǫǷƬƼǻǶơ ǂǏƢǿǠǶơ ǖƦƫǂƫ ǩȍǲ ǱǈǫǾ ǴƘǈƫ ǼƗ ǱȍǷǟ
  ƩơǂȍǤƬǻǶơ ǽȍƥ ǕƢƦƫǁ˪ơ ȄƗ ƓǝȅǿǶơȄ ǹƴƸǶơȄ ƪǮȅǶơ ǵưǺ ǵǺơȅǠǶơ ǒǠƥ λǷǟ ǱƫƢǾƢȍƥ Ƥȍƫǂƫ

Ƕơ  ǹȍǯǶơ ǽȍƥ ƨǮ˫ǠǶơ ǰƾǟƢǈƫ ƓǞȌǃȅƬǶơ ǽǺ ƾȌǄǻǶơ ǸƗ ƓƨȍǿǺǃ ƨǷǈǷǇ ǽǟ ƧǁƢƦǟ ǱƫƢǾƢȍƥ ǵȂ ƓƨǫǷƬƼǻ
ǖǘƼǺ ǵǔǪƗ ƾȌƾƸƫ λǷǟ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ . 

 ĆĊýwĊ{õv ÷ĀÅ¾õv ÛvĀýlĈt¾úõv ôĊ¨ú¤öõ õ ¡wýwĊ{ö 
  ȅȂ ƢǺ ƢǿǪǂǟ ǼƗ ƾǠƥ ǼˤơνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  ǩȍǲȄ ƩƢǾƢȍƦǷƍǵǻǠȌ    ǝơȅǾ˦ơ λǷǟ ƧǂǜǾ νǯǷǾ ƢǾȅǟƽ

  Ǹȅǯƫ νƬǶơ ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ ǽǺ ƨǫǷƬƼǻǶơνƟǂǻǶơ ǵȍưǻƬǶƢƥ  ǶƩƢǾƢȍƦǷ  . 

ĈÖ¸õv ĈýwĊ{õv øÅ¾õv 

  ǖǘƼǻǶơ ǸơƾƼƬǇơ ǹƬȌνǘƼǶơ νǾƢȍƦǶơ   ƧǂƬǪ Ǵ˫ƻ ȄƗ ƨǷǐƬǺ ƨȍǿǺǃ ƧǂƬǪ Ǵ˫ƻ ƩƢǾƢȍƦǶơ ǂȍȍǤƫ ǁƢȃǛ˨
  ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ ǸơƾƼƬǇơ ǹƬȌ ƍǂƻƕ λǿǠǻƥ .ƨȍǿǺǃƨȍǘƼǶơ    ƩƢȂƢƴƫ˪ơ ǹȃǪ ƾȌǂǾ ƢǺƾǿǟ ǴƢǠǪ ǵψǌƥ

.ƪǮȅǶơ ǁȄǂǻƥ 
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¶ .ƪǮȅǶơ ǁȄǂǻƥ ǂȍǤƬƫ ƧǂǻƬǈǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǱȌƾǶ ǼƢǲ ơƿƛ 
¶   ơƿƛ .νǘȌǂǌǶơ ǖǘƼǻǶơ λǶƛ ƨƦǈǿǶƢƥ ơŻƾƳ ƧǂȍƦǲ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƪǾƢǲ 
¶   ǁƢȃǛƛ νǶƢƬǶƢƥȄ ƨȍǿǺǄǶơ ƧǂƬǫǶơ ǆǫǾ Ǵ˫ƻ ƨǫǷƬƼǺ ƩƢƠǫǶ ƩƢȂƢƴƫ˪ơ ǁƢȃǛƛ ƾȌǂƫ ƢǺƾǿǟ

 .ƩƢǾǁƢǯǻǶơ 
¶ ǹǇǁ  ƨǯȍǮƾǶơ ǹȍǯǶơ ǽǺ ̝˪ƾƥ ƩƢȂƢƴƫ˪ơ . 

        

¶   ǵǻǠȌ  ǹǇǂǶơνǾƢȍƦǶơ  νǘƼǶơ    ǱȌƾǶ ǼƢǲ ơƿƛ ǱǶǀǶ ƍǂƦǲƗ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǞǺ ǵǔǪƗ ǵψǌƥ
.ǱǶƿ ǽǺ ̝˪ƾƥ νǘȌǂǋ ǖǘƼǺ ǸƾƼƬǇƢǪ ƍ ƧǂȍǤǏ ƩƢǾƢȍƥ ƨǟȅǻƴǺ 

     Matplotlib   

# Importing  packages 

import  matplotlib.pyplot  as plt  

# Define  x and y values 

x = [7, 14, 21, 28, 35, 42, 49] 

y = [8, 13, 21, 30, 31, 44, 50] 

# Plot  a simple line  chart  without  any feature  

plt.plot(x,  y) 

plt.show()  

 
# Importing  packages 

import  numpy  as np 

# Define  x  value  

x = np.random.randint(low=1,  high=10,  size=25) 

plt.plot(x,  linewidth=3)  

plt.show()  
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# Define x and y values  

x = [7, 14, 21, 28, 35, 42, 49]  

y = [8, 13, 21, 30, 31, 44, 50]  

# Plot points on the line chart  

plt.plot(x, y, 'o --', linewidth=2)  

plt.show()  

 

 
# Define  x and y values 

x = np.array([7,  11, 24, 28, 35, 34, 41]) 

y = np.array([8,  20, 13, 30, 31, 48, 50]) 

 

# Drawn  a simple  scatter  plot  for  the data  given 

plt.scatter(x,  y, marker='*',  color='k')  

 

# Generating  the paramet ers of the best fit  line  

m, c = np.polyfit(x,  y, 1) 

# Plotting  the straight  line  by using  the generated parameters  

plt.plot(x,  m*x+c)  

plt. show() 
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import pandas as pd  

# Let's create a Dataframe using lists  

Name = ['Sara', 'Mahsa', 'Zahra', 'Maryam', 'Ayda']  

Score = ['19.02', '19.74', '18.34', '17.26', '19.87']  

# Now, create a pandas dataframe using above lists  

df_ = pd.DataFrame(  

    {'Name' : N ame, 'Score' : Score}) 

# Plotting  the data  from  the dataframe  created using  matplotlib  

plt.figure(figsize=(9,  5)) 

plt.plot(df_['Name'],  df_['Score'], '-b', linewidth=2)  

plt.xticks(rotation=60)  

plt.xlabel('Name')  

plt.ylabel('Score')  

plt.sho w() 
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#importing the required libraries  

import matplotlib.pyplot as plt  

import seaborn as sns  

#Creating the dataset  

df = sns.load_dataset("iris")  
df=df.groupb y('sepal_length')['sepal_width'].sum().to_frame().reset_index()  

#Creating the line chart  

plt.plot(df['sepal_length'], df['sepal_width'])  

#Adding the aesthetics  

plt.title('Chart title')  

plt.xlabel('X axis title')  

plt.ylabel('Y axis title')  

#Show the plot  

plt.show()  

 
import  numpy  as np 

from  mpl_toolkits  import  mplot3d  

 

# Setting  3 axes for  the graph  

plt.axes(projection='3d')  

 

# Define  the z, y, x data  

z = np.linspace( 0, 1, 100) 

x = 4.5 *  z 

y = 0.8 *  x + 2 

 

# Plotting  the line  

plt.plot(x,  y, z, 'r',  linewidth=2)  

plt.title('Plot  a line  in  3D') 

plt.show()  
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    Seaborn  

#importing the required libraries  

import  seaborn as sns 

 

# Define  the  x and y data  

x = [1, 2, 3, 4, 5] 

y = [1, 5, 4, 7, 4] 

 

sns.lineplot(x,  y) 

plt.show()  

 
# Define  the  x and y data  

x = ['day 1', 'day 2', 'day 3'] 

y = [1, 5, 4] 

 

sns.lineplot(x,  y) 

plt.show()  
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 ĈÖĉ¾Êõv ĈýwĊ{õv øÅ¾õv 

  ǁƢȃǛ˨ ǸƾƼƬǈƫȄ ƨȍǯǪƗ ƨǗǂǋƘǲ ƨǓȄǂǠǻǶơ ƩƢǾƢȍƦǶơ ǹȍǮ ǑǂǠǶ ƨǯȌǂǗ νȂ ƨȍǘȌǂǌǶơ ƩƢǘǘƼǻǶơ
Ǻ ƨǫǷƬƼǺ ƨȍǟǂǪ ƩƢǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ƨǾǁƢǯǺȄ ƩƢǾƢȍƦǶơ ȀƢƴƫơƢ˻Ǡ . 

          

¶ .ƨǫǷƬƼǺ ƩƢƠǪ Ƨƾǟ ƨǾǁƢǯǺ λǶƛ ƱƢƬƸƫ ƢǺƾǿǟ 
¶ .ƪǮȅǶơ ǁȄǂǻƥ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ǂȍǤƬƫ ǩȍǲ ǁƢȃǛƛ λǶƛ ƱƢƬƸƫ ƢǺƾǿǟ 
¶ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ƨƦǶƢǈǶơȄ ƨƦƳȅǻǶơ ǹȍǯǶơ ǁƢȃǛƛ ƾȌǂƫ ƪǿǲ ơƿƛ. 

         

¶   ǱȌƾǶ ǼƢǲ ơƿƛ  Ǳƥ ǍƢƼǶơ ǖǘƼǻǶơ ǃȄƢƴƬȌ ˪Ɨ ƤƴȌ .ƩƢƠǫǶơ ǽǺ ƾȌƾǠǶơ10  ƨǗǂǋƗ . 

    Matplotlib   

import  numpy  as np 

import  matplotlib.pyplot  as plt  

# Dataset  generation  

objects = ('Python',  'C++', 'Julia',  'Go', 'Rust',  'c') 

y_pos = np.arange(len(obje cts)) 

performance  = [10,8,6,4,2,1]  

#  Bar  plot  

plt.barh(y_pos,  performance,  align='center',  alpha=0.5)  

plt.yticks(y_pos,  objects) 

plt.xlabel('Usage')  

plt.title('Programming  language usage') 

plt.show()  
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    Seaborn  

import  matplotlib.pyplot  as plt  

import  seaborn as sns 

 

x = ['A',  'B', 'C'] 

y = [1, 5, 3] 

 

sns.barplot(y,  x) 

plt.show()  

 

 

 ć¹ĀúÞõv ÔÖ¸úõv 

  ǖǘƼǻǶơȊƽȅǻǠǶơ    ǽǺ ǝȅǾ ȅȂƨȍǾƢȍƦǶơ ƩƢǺȅǇǂǶơ    ǁƢȃǛ˨ ƨȌƽȅǻǟ ƨǗǂǋƗ ǸƾƼƬǈƫ νƬǶơ ƨȍǘȌǂǌǶơ
  ƪǮȄ νǪ ǩǮȅǻǶơ ǑǂǠǶ ƨȍǘȌǂǌǶơ ƩƢǘǘƼǻǶơ ǸơƾƼƬǇơ ǵǔǪ˦ơ ǽǺ .ƩƢƠǫǶơ ǽȍƥ ƩƢǾǁƢǯǻǶơ
 ȅȂ ƢȃǿǺ νǈȍƟǂǶơ ǑǂǤǶơ .(ƤȌȄ ǞǮȅǺ λǷǟ ƨǟƢƦǻǶơ ƩƢƴƬǿǻǶơ ƽƾǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ǽȍǠǺ

  ƩƢȂƢƴƫ˪ơ) ƩƢȂƢƴƫ˪ơ ǽǺ ̝˪ƾƥ ǸƢǮǁ˦ơ λǶƛ ȀƢƦƬǾ˪ơ ƪǫǶ.(ƨȍǘƼǶơ ƨȍǾƢȍƦǶơ ǸȅǇǂǷǶ ƨǺƔ˫Ǻ ǂưǲƗ 
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¶  .ƤǿƳ λǶƛ Ƣ˻ƦǿƳ ƩƢǾǁƢǯǺ λǶƛ ƱƢƬƸƫ ƢǺƾǿǟ ƨǫǷƬƼǺ Ƣ˻ǻȍǮ Ǒǂǟơ 
¶ .ǹȍǯǶơ ǽȍƥ ǬǂǫǶơ λǷǟ ƾȍǲƘƬǶơ ƾȌǂƫ ƢǺƾǿǟ 
¶ ƩƢȂƢƴƫ˪ơ ǽǺ ̝˪ƾƥ ǸƢǮǁ˦ơ ǞȍǻƳ ǃơǂƥƛ ƾȌǂƫ ƢǺƾǿǟ. 

          

¶ .ǖǯǪ ƨǘǇȅƬǻǶơȄ ƧǂȍǤǐǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ƤǇƢǿǺ 
¶ ơŻƾƳ ơ˻ǂȍƦǲ Ƨƾǻǟ˦ơ ƽƾǟ ǼȅψȌ ˪Ɨ ƤƴȌ. 

 

    Matplotlib   

import  numpy  as np 

import  matplotlib.pyplot  as plt  

# Dataset  generation  

data_dict  = {'CSE':33, 'ECE':28,  'EEE':30}  

courses = list(data_dict.keys())  

values = list(data_dict.values())  

fig  = plt.figure(figsize  = (10, 5)) 

#  Bar  plot  

plt.bar(courses,  values, color ='green', 

        width  = 0.5) 

plt.xlabel("Courses  offered")  

plt.ylabel("No.  of students  enrolled")  

plt.title("Students  enrolled  in  different  courses") 

plt.show()  
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import  pandas as pd 

plotdata  = pd.DataFrame({  

 

    "2018":[57,67,77,83],  

 

    "2019":[68,73,80,79],  

 

    "2020":[73,78,80,85]},  

 

    index=["Django",  "Gafur",  "Tommy",  "Ronnie"])  

plotdata.plot(kind="bar",figsize=(15,  8)) 

plt.title("FIFA  ratings")  

plt.xlabel("Footballer")  

plt.ylabel("Rati ngs") 

 

 
#Creating the dataset  

df = sns.load_dataset('titanic')  

df_pivot = pd.pivot_table(df, 

values="fare",index="who",columns="class", aggfunc=np.mean)  

#Creating a grouped bar chart  

ax = df_pivot.plot(kind="bar",alpha=0.5)  

#Adding the aesthetics  

plt.title('Chart title')  

plt.xlabel('X axis title')  

plt.ylabel('Y axis title')  

# Show the plot  

plt.show()  
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    Seaborn  

#Reading the dataset  

titanic_dataset  = sns.load_dataset('titanic')  

#Creating  column  chart  

sns.barplot(x  = 'who',y  = 'fare',data  = titanic_dataset,palette  = "B

lues") 

#Adding  the aesthetics  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

# Show the plot  

plt.show()  
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#Reading the dataset  

titanic_dataset  = sns.load_dataset('titanic')  

#Creating  the bar plot  grouped across classes 

sns.barplot(x  = 'who',y  = 'fare',hue  = 'class',data  = titanic_datase

t,  palette  = "Blues")  

#Adding  the aesthetics  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

# Show the plot  

plt.show()  

 

 

 ć¾tvºõv ĈýwĊ{õv øÅ¾õv 

 ƩƢǫȍǿǐƬǶơ ƤǈǾ ǁƢȃǛ˨ Ʃ˪ƢƴǻǶơ ǩǷƬƼǺ νǪ ǞǇơȄ ǬƢǘǾ λǷǟ ƨȌǂƟơƾǶơ ƩƢǘǘƼǻǶơ ǸƾƼƬǈƫ
ƼǻǶơ ƾǠƫ .ǅȅǯǶƢƥ ƨǫǷƬƼǻǶơ ƩƢǫȍǿǐƬǶơ ƨǾǁƢǯǻǶȄ ƨǫǷƬƼǻǶơ  Ƣ˻ǠƟơǁ ơ˻ǁƢȍƻ ƨȌǂƟơƾǶơ ƩƢǘǘ ǵȍưǻƬǶ 

.ǵψǶơ ǽǺ ƔǄƴǲ ǂǐǿǟ ǵǲ ǵưǻƫ ƢȃǾ˦ ƍ ƨȌȅƠǻǶơ ƤǈǿǶơ 

      

¶  .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶ ƨȌȅƠǻǶơ ƤǈǿǶơȄ ƤǈǿǶơ ǁƢȃǛƜƥ Ǹȅǯƫ ƢǺƾǿǟ 
¶ .ƧǂȍǤǐǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ ȁǺơƾƼƬǇơ ǵǔǪ˦ơ ǽǺ 
¶   λǷǟ ƾƷơȄ ǵǺƢǟ ǂȍƯƘƫ ƨǾǁƢǯǺ ƾǿǟ.ƨǫǷƬƼǺ ƩƢƠǪ 
¶   λǶƛ ǵǐȌ ƢǺ ǱȌƾǶ ǼƢǲ ơƿƛ6  .ƩƢƠǪ 
¶ ƨǷǈǷǈƬǺ ƪǈȍǶȄ ƨȍǻǇơ ǱƫƢǾƢȍƥ Ǽȅǳƫ ƢǺƾǿǟ . 



 
127                                                   ơƮǶƢưǶơ ǵǐǫǶ  : ƩƢǾƢȍƦǶơ 

 

 

       

¶ .ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǺ ǱȌƾǶ ǼƢǲ ơƿƛ 
¶ ǹȍǯǶơ ǽȍƥ ƨǯǷǘǺ ȄƗ ƨǯȍǮƽ ƨǾǁƢǯǺ ƔơǂƳƛ ƾȌǂƫ ƪǿǲ ơƿƛ. 

    Matplotlib   

#Creating the dataset  

cars = ['AUDI', 'BMW', 'NISSAN',  

        'TESLA', 'HYUNDAI', 'HONDA']  

data = [20, 15, 15, 14, 16, 20]  

#Creating the pie chart  

plt.pie(data, labels = cars)  

#Adding the aesthetics  

plt.title('Chart title')  

#Show the plot  

plt.show()  

 
#Creating the dataset  

cars = ['AUDI', 'BMW', 'NISSAN',  

        'TESLA', 'HYUNDAI', 'HONDA']  

data = [20, 15, 15, 14, 16, 20]  

myexplode = [0.2, 0, 0, 0,0,0.6] 

#Creating the pie chart  

plt.pie(data,  labels = cars,explode = myexplode) 

#Adding the aesthetics  

plt.title('Chart title')  

#Show the plot  

plt.show()  
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    Seaborn  

import  seaborn as sns 

 

#define data  

data  = [15, 25, 25, 30, 5] 

labels = ['Group  1', 'Group  2', 'Group  3', 'Group  4', 'Group  5'] 

 

#create pie chart  

plt.pi e(data, labels = labels) 

plt.show()  

 

 ĈÖêþõv ĈýwĊ{õv øÅ¾õv 

νǘǯǿǶơ ǖǘƼǻǶơ  ƪƬǌƬǶơ ǖǘƼǺ Ȅơ    ǸƢǜǾ λǷǟ ƨǘǯǿǲ ǽȌǂȍǤƬǺ ǽȍƥ ƨǮ˫ǠǶơ ƶǓȅȌ νǾƢȍƥ ǹǇǁ ȅȂ
  ǕƢǯǾ ǞȌǃȅƫ ƨƦǮơǂǺ Ǵ˫ƻ ǽǺ .ǂȍǤƬǻǶơ ƨǻȍǮ ƨǘǇơȅƥ ƨǘǯǿǶơ ǞǓȅǺ ƾȌƾƸƫ ǹƬȌ .ǵȍǘƬǈǺ ƩƢȍƯơƾƷƛ



 
129                                                   ơƮǶƢưǶơ ǵǐǫǶ  : ƩƢǾƢȍƦǶơ 

 

 

  ƍƩƢǾƢȍƦǶơ ǽǺ ǂȍưψǶơ νǘǯǾ ǖǘƼǺ ƔƢǌǾƛ ƤǷǘƬȌ .ƩơǂȍǤƬǻǶơ ǽȍƥ ƨǮ˫ǠǶơ ƱƢƬǿƬǇơ ǽψǻȌ ƍ ƩƢǾƢȍƦǶơ
˻ƸǓơȄ ǆȍǶ ǕƢƦƫǁ˪ơ ǼƜǪ ˪ƛȄƢ . 

           

¶  .ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢǟȅǻƴǺ νǪ ǞȍǻƴƬǶơȄ ǕƢƦƫǁ˪ơ ǁƢȃǛ˨ 
¶  .ǹȍǮ ƱȄǃ ƢȃǶ ǕƢǯǾ λǷǟ ȊȅƬƸƫ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƪǾƢǲ ơƿƛ 
¶ .ǽȍȌƽƾǟ ǽȌǂȍǤƬǺ ǽȍƥ ƩƢǮ˫ǠǶơ ǁƢȃǛƛȄ ƨǜƷ˫Ǻ λǶƛ ƱƢƬƸƫ ƢǺƾǿǟ 
¶   ƨǟȅǻƴǺ νǪ ǕƢǯǿǶơ Ƥȍƫǂƫ ǼƢǲ ơƿƛȊǁȄǂǓ ǂȍǣ ƩƢǾƢȍƦǶơ. 

           

¶ .ƧǂȍǤǏ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǱȌƾǶ ǼƢǲ ơƿƛ 
¶ ƨǘƦƫǂǺ ǂȍǣ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǹȍǯǶơ ƪǾƢǲ ơƿƛ. 

    Matplotlib   

import  matplotlib.pyplot  as plt  

import  numpy  as np 

 

#define data  

x = np.array([5,7,8,7,2,17,2,9,4,11,12,9,6])  

y = np.array([99,86,87,88,111,86,103,87,94,78,77,85,86])  

 

#Show the plot  

plt.scatter(x,  y) 

plt.show()  
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#Creating  the dataset  

df = sns.load_dataset("tips")  

#Creating  the scatter  plot  

plt.scatter(df['total_bill'],df['tip'],alpha=0.5  ) 

#Adding  the aesthetics  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

#Show the plot  

plt.show()  

 
    Seaborn  

#Creating  the dataset  

bill_dataframe  = sns.load_dataset("tips")  

#Creating  scatter  plot  

sns.scatterplot(data=bill_dataframe,  x="total_bill",  y="tip")  

#Adding  the aesthetics  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

# Show the plot  

plt.show()  
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 Ć³wÆúõv ÔÖ¸ù1 

  ƩƢǘǘƼǺ ǸƾƼƬǈſƫƨƷƢǈǻǶơ    ƢǺƾǿǟ .ǂưǲƗ ȄƗ ƧƾƷơȄ ƨǟȅǻƴǻǶ ƪǮȅǶơ ǁȄǂǻƥ ƩơǂȍȍǤƬǶơ ƤǯǠƬǶ
  ƨȍƷƢǈǻǶơ ƩƢǘǘƼǻǶơ ǵǔǫ˾Ȍ ƍ ƧƾƷơȄ ƨǟȅǻƴǺ ǽǺ ǂưǲ˦ ƪǮȅǶơ ǁȄǂǺ ǞǺ ƩơǂȍȍǤƬǶơ ǵȍƴǈƫ ƾȌǂǾ

.ƨȍǘƼǶơ ƩƢǘǘƼǻǶơ λǷǟ 

      

¶   ƨǪǂǠǺ Ƣ˻ǔȌƗ ƾȌǂƫ ǵƥ ƍ ƤǈƸǪ ƢȃǷǻǲƘƥ ǹȍǯǶơ ǝƢƦƫơ νǪ Ƥǣǂƫ ˪ ƢǺƾǿǟ  Ƣȃǻȍǈǯƫ ƨȍǫȍǲ
.ƩƢǟȅǻƴǺ λǶƛ 

¶   νǪ Ƥǣǂƫ ƪǿǲ ơƿƛνƟǂǻǶơ ǵȍưǻƬǶơ  Ƕ  ǁȄǂǻƥ ǖǯǪ ǆȍǶȄ Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ǹƴƸ
ƪǮȅǶơ . 

      

¶   ƩƢǾƢȍƦǶơ ǞǺ ȁǺơƾƼƬǇơ ǽψǻȌ ˪ƨǠǘǯƬǻǶơ. 

   Matplotlib   

#Reading the dataset  

x=range(1,6)  

y=[  [1,4,6,8,9],  [2,2,7,10,12],  [2,8,5,10,6]  ] 

#Creating  the area chart   

ax = plt.gca()  

ax.stackplot(x,  y, labels=['A', 'B','C'],alpha=0.5)  

 
1 Area Chart 
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#Adding  the aesthetics  

plt.legend(loc='upper  left')  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

#Show the plot  

plt.show()  

 
   Seaborn  

# Data  

years_of_experience =[1,2,3]  

salary=[  [6,8,10],  [4,5,9],  [3,5,7]  ] 

# Plot  

plt.stackplot(years_of_experience,salary,  labels=['Company  A','C

ompany B','Company  C']) 

plt.legend(loc='upper  left')  

#Adding  the aesthetics  

plt.title('Chart  title')  

plt.xlabel('X  axis title')  

plt.ylabel('Y  axis title')   

# Show the plot  

plt.show()  
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ĈÝwêæõv ÔÖ¸úõv1 
ǘǘƼǺ ǽǺ ǝȅǾȄ ƩơǂȍǤƬǻǶơ ƽƾǠƬǺ ǖǘƼǺ ȅȂ νǟƢǯǫǶơ ǖǘƼǻǶơƩƢ  ƪƬǌƬǶơ    ǸƾƼƬǈȌ ȊǀǶơ

  νǯǪ˦ơ ǞǮȅǻǶƢƥ ƨǘǯǾ ǵψǶ ƩơǂȍǤƬǻǶơ ǹȍǮ Ǒǂǟ ǹƬȌ .ƩơǂȍǤƬǺ ƨƯ˫Ư ǽȍƥ ƩƢǮ˫ǠǶơ ǵȍưǻƬǶ
  ǞǓȅǻǶơȄȊƽȅǻǠǶơ  ƨǘǯǿǶơ ǹƴƷȄ. 

       

¶ .ƨǷǯƬǈǻǶơ ǹȍǯǶơ ƨǾǁƢǯǺ ƾȌǂƫ ƪǿǲ ơƿƛ 
¶ .ƨǮ˫ǠǶơ ȄƗ ǞȌǃȅƬǶơ ǁƢȃǛƛ ƾȌǂƫ ƪǿǲ ơƿƛ 
¶  ǻǶơ ǽȍƥ ƩƢǮ˫ǠǶơ ǹǇǁ ƾȌǂƫ ƢǺƾǿǟƢȂǁƢȃǛƛȄ ƨƯ˫ưǶơ ƩơǂȍǤƬ. 

        

¶ ƧǂȍǤǏ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǱȌƾǶ ǼƢǲ ơƿƛ. 

   Matplotlib   

import  matplotlib.pyplot  as plt  

import  numpy  as np 

  

# create data  

x = np.random.rand(40)  

y = np.random.rand(40)  

z = np.random.rand(40)  

colors = np.random.rand(40)   

# use the scatter  function  

plt.scatter(x,  y, s=z*1000,c=colors) 

plt.show()  

 

 
1 Bubble Chart 
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   Seaborn  

import  matplotlib.pyplot  as plt  

import  numpy  as np 

import  seaborn as sns 

import  pandas as pd 

 

# data  

x=["IE EE",  "Elsevier",  "Others",  "IEEE",  "Elsevier",  "Others"]  

y=[7,  6, 2, 5, 4, 3] 

z=["conference", "journal",  "conference", "journal",  "conference", "

journal"]  

 

# create pandas dataframe  

data_list  = pd.DataFrame(  

    {'x_axis':  x, 

     'y_axis':  y, 

     'category':  z 

    }) 

# change size of data  points  

minsize  = min(data_list['y_axis'])  

maxsize = max(data_list['y_axis'])  

# scatter  plot  

sns.catplot(x="x_axis",  y="y_axis",  kind="swarm",  hue="category

",sizes=(minsize*100,  maxsize*100),  data=data_list)  

plt.grid()  
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 ĆÍĒ·ôÎæõv ¦õw¨õv 

Á .ƶȍƸǐǶơ ȀƢƴƫ˪ơ νǪ ǴƢǻǟ˦ơ ȁȍƳȅƫ ȁǿψǻȌ ǰǂƸǺ νȂ ƩƢǾƢȍƦǶơ 
Á   ǆǫǾ ƢȃǶ ƩƢǾƢȍƥ ƩƢǿƟƢǲ ƨǟȅǻƴǺ ƢȃǾƗ λǷǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǁƢƦƬǟơ ǽψǻȌ Ƣ˻ƦǶƢǣ

 .ǎƟƢǐƼǶơ 
Á   ǽǻǔƬƫƔƢǻǇ˪ơ   ƭƾƷ ȄƗ ƍ ǖǻǾ ȄƗ ƍ ȁƴƬǺ ȄƗ ƍ ƨǘǯǾ ȄƗ ƍ ǵƴǇ :ƩƢǾƢȍƦǶơ ǽƟƢψǶ Ȇǂƻ˦ơ

  ȄƗ ƍ ǂǐǿǟ ȄƗ ƍ ƨǿȍǟ  .ǼƢȍǲ ȄƗ ƍ Ǒǂǟ ȄƗ ƍ 
Á ǩȍǜǿƫ   ǂȍǣ ƩƢǾƢȍƦǶơ ǵȌƾǠƫ ȄƗ ƨǶơǃƛ ǭȌǂǗ ǽǟ ǵȍǷƸƬǷǶ ƩƢǾƢȍƦǶơ ƽơƾǟƛ ƨȍǷǻǟ ƩƢǾƢȍƦǶơ

.ƨƦǇƢǿǻǶơ ǂȍǣ ȄƗ ƧǁǂψǻǶơ ȄƗ ƨǻƟ˫ǻǶơ ǂȍǣ ȄƗ ƨǷǺƢψǶơ ǂȍǣ ȄƗ ƨƸȍƸǐǶơ 
Á   ǂƦƬǠȌǩȍǜǿƫ    ơ˻ǂǐǿǟ ƩƢǾƢȍƦǶơŻƢȍǈȍƟǁ  .ƩƢǾƢȍƦǶơ ǹǷǟ ƩƢȍǇƢǇƗ νǪ 
Á ƤǷǤƬǶơ ƨǘȍǈƥ ƨȍǺǃǁơȅƼǶ ǽψǻȌ    ƩƢǾƢȍƥ λǷǟ ǵǐƸƫ ƢȃǾƗ ƽǂƴǻǶ ƧƾǯǠǺ ƨȍǺǃǁơȅƻ λǷǟ

.ƧƽȅƴǶơ ƨȍǶƢǟȄ ƨȍǪƢǲ 
Á .νƠƦǿƬǶơ ǩȍǿǐƬǶơ ȄƗ ƱƿȅǻǿǶơ ƧƽȅƳ ǽǟ ƨȍǻȂƗ ǵǯƫ ˪ ƩƢǾƢȍƦǶơ ƧƽȅƳ 
Á   ƩƢǾƢȍƦǶơ ǁƢƦƬǟơ ǽψǻȌ ˪ƨǪǂǘƬǻǶơ   ǹƬȌ ǹǶ ƢȃǾƗ νǪ ȁƦƬǌȌ ƍ ǱǶƿ ǞǺȄ .Ƙǘƻ ȄƗ ƔƢǓȅǓ

˦ơ (ƩƢǿƟƢψǶơ) ƩƢǾƢȍƦǶơ ƱƢƬǾƛ ƨǯȌǂǗ ǆǫǿƥ ƢȃƳƢƬǾƛ.Ȇǂƻ 
Á   ƩƢǾƢȍƦǶơ  ƨǪǂǘƬǻǶơ.ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƨƴȍƬǾ λǷǟ ǂȍƦǲ ǂȍƯƘƫ ƢȃǶ 
Á  ȄƾƦƫ νƬǶơ ƧǄȍǻǶơ Ǽȅǳƫ Ƣǻƥǁ .ƨǷǏ Ȋƿ ǂȍǣ (ƨǻǇ) ƩƢǾƢȍƦǶơ ǽǺ ƔǄƳ ǨǀƷ ǖǯǪ ǱǿψǻȌ

 .νψȍǿȍǷǲƛ ǁȅǜǿǺ ǵưǺ ǴƢƴǻƥ ƨǷǐǶơ ƨǯȍƯȄ ǱǶ ƨƦǈǿǶƢƥ ƨǻƟ˫Ǻ ǂȍǣ 
Á   ƩƢǾƢȍƦǶơ ǞǻƳ ƢȃȍǪ ǹƬȌ ƨǯȌǂǗ ȅȂ ƩƢǾƢȍƦǶơ Ǟȍǻƴƫ .ǵȍǷƸƬǷǶ ǃƢƴȌƜƥ ƢȃǺơƾƼƬǇơȄ ƨȍǶȄ˦ơ 
Á   λǻǈȌǂȍȍǤƫ    ƨǷǐǫǿǻǶơ ǹȍǯǶơ λǶƛ ƧǂǻƬǈǻǶơ ǹȍǯǶơ ǽǺ ƩƢǾƢȍƦǶơ ǞȍǘǯƬǶƢƥ . 
Á   ǹƬȌǹȍǠǿƫ    ƨǟȅǻƴǺ ǽǺ ƔƢǓȅǔǶơ ƨǶơǃ˨ ƨǐǐƼƬǺ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ƩƢǾƢȍƦǶơ

.ƩƢǾƢȍƦǶơ 
Á   ȊƽƚȌ ƾǮ ƍ ǼƢȍƷ˦ơ ǒǠƥ νǪǹȍǠǿƫ  ˫Ƕ ƨǷƥƢǯǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƨǶơǃƛ λǶƛ ƩƢǾƢȍƦǶơ.ǸơƾƼƬǇ 
Á   ƩƢȍǿǯƫ ǂưǲƗǹȍƴƸƬǶơ    νȂ Ƣ˻ǟȅȍǋνǇƢȍǯǶơ ƾȍƷȅƬǶơ  ƨȌȅǈƬǶơȄ . 
Á   ƣǁƢǯƬȌνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǽǺ ǂȍưψƥ ǝǂǇƗ ǵψǌƥ ǹȍƴƸƬǶơ ƧǄȍǺ ǞǺ ƨȍƦǐǠǶơ ƨψƦǌǷǶ

.ƢȃǾȄƾƥ 
Á   ƭƾƸȌƾȍƷȅƬǶơ    νǪ ơ˻ǂȍƦǲ ƢŻǪ˫Ƭƻơ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǎƟƢǐƻ ǩǷƬƼƫ ƢǺƾǿǟ

 .ƢȃǮƢǘǾ 
Á ǷǠƫ ƢǺƾǿǟ ƧƾȍǫǺ ƨȌȅǈƬǶơ ƾǠƫ  νǇȄƢǤǶơ ǞȌǃȅƬǶơ ǞƦƬȌ ˪ Ǳƥ ǍƢƼǶơ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ǼƗ ǹ

(ǅǂƴǶơ λǿƸǿǺ) . 
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óĀÎæõv ôúÊĉ ĆĊõw¤õv5  
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èĊúÞõv øöÞ¤õv 5ÜzwÆõv ôÎæõv) 
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ċv øöÞ£ Ĉå ĆùºêùĆõ 4 
 

Á ¤õv Āă wùKĈõċv øöÞ 
Á ĔöÝ ã¾Þ¤õv øöÞ¤õv ªăwþù üù Ćæö¤¸ù ÛvĀýl ) 
Á ē¾·čv ¡wÎÎ¸¤õvÿ Ĉõċv øöÞ¤õv üĊz ĆéĒÞõv) 
Á Ĉõċv øöÞ¤õv èĊ{Ö£ ) 
Á ã¾Þ¤õv  ĔöÝĈõċv øöÞ¤õv ¡vÿ¹l) 
Á  ĔöÝ ã¾Þ¤õv ¾ĊÆæ¤õv ĆĊözwé)²ĊÑĀ¤õvÿ 

vđ5ãvºă    
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  ƾǠƥƍǂǘǻǶơ    ƣȄǂǣ ƲȂȅƫ ƨȌƙǁȄ ǩȍǘǷǶơ ǹȍǈǿǶƢƥ ǁȅǠǌǶơ ǞǺ .ǵƬƦǺ ǝǁƢǋ ʣνǌǺƗƍǆǻǌǶơ    ǽȂơǂǾ
 ǵǐǫǶơ ơǀȂ ƧƾȍƳ ƩƢƳǁƽ λǷǟ ǴȅǐƸǶơ ǞǮȅƬǾ ƢǿǶǃ ƢǺ .ơŻƾǣ ơŻƾȍƳ ǼȅψȌ ǼƗ ƤƴȌ ǆǯǘǶơ ǼƗ

  ȀǀȂ λǷǟ ƨǐƷƢǪ ƧǂǜǾ ƔƢǯǶƜƥ .ƧƽƢƴǶơ ƨǇơǁƾǶơȄ ƽƢƴǶơ ǵǻǠǶơ ƾǠƥ νǇơǁƾǶơƍƨǷưǺ˦ơ    ƾȌƾǠǶơ ǼƗ ƾƴǾ
ƫ ƢǿƫƢǠǮȅƫ ǽǺ  ǵȍƦǇ λǷǟ .ƧǂƦƼǶơ λǶƛ ƾǿƬǈƍǴƢưǻǶơ   ǹȍǈǾ ƨȌƙǁ ƾǠƥ ơŻƾǣ ơŻƾȍƳ Ƣ˻ǈǯǗ ǞǮȅƬǾ ơƿƢǻǶ

  νǶƢƬǶơ ǸȅȍǶơ ʣǆǯǘǶơ ǼƗ ƨƥǂƴƬƥ ǞƬǻƬǾ ƢǿǾ˦ ƾȍƴǶơ ǆǯǘǶơ ơǀȂ λǶƛ ǞǷǘƬǾ ƓǆǻǌǶơ ǬǂǋȄ ǩȍǘǶ
  .Ǽˤơ ƾȃǌǻǶơ ơǀȂ ǵưǺ ƾȃǌǾ ƢǺƾǿǟ ơŻƾȍƳ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣƍǵưǻǶƢƥȄ    ǼƗ ƢǿȌƾǶ ǹǷǠƬǶơ ƨƥǂƴƫ ƢǾǂƦƼƫ

ơ  ʣǼȅǯƯơȄ ǽƸǾ .ƧƾȍƳ ƨȍǻȌƽƢǲƗ ƩƢƳǁƽ λǶƛ ȊƽƚȌ ƽƢƴǶơ ǵǻǠǶƍƢǿƫƢǠǮȅƫ    ƨƥǂƴƬǶơ ǽǺ ƢǿǻǷǠƫ ƢǿǾ˦
  ǽǺ ǂǌƦǶơ ǹǷǠƬȌ Ƣǻǿȍƥ .ƨƥǂƴƬǶơ λǷǟ ˻ƔƢǿƥ ƩơǁơǂǮ ƢǾǀƼƫơȄƍƨƥǂƴƬǶơ    ǼƗ ǂƫȅȍƦǻψǶơ ƧǄȃƳ˦ ǽψǻȌ ǵȂ

  ƣơȅƴǶơ ƓȁǈǫǾ ƔνǌǶơ ǵǠǫƫƍǹǠǾ  ȌǂǗ ȅȂ νǶˤơ ǹǷǠƬǶơ .ȁǷǠǫȌ ƢǺ ȅȂ νǶˤơ ǹǷǠƬǶơȄ λǷǟ ǵǻǠƫ ƨǯ
) ƨȍƥƢǈƸǶơ ƤȍǶƢǇ˦ơ Ǵ˫ƻ ǽǺ ȋƦȌǂƴƬǶơ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ǸƢǜǿǶơ ƔơƽƗ ǽȍǈƸƫZhou  ƍ2021.( 

 ǂƯǁƕ ǡƢǏƍǵȍƟȅǻǏ  ƔƢǲǀǶơȄ ǂƫȅȍƦǻψǶơ ƣƢǠǶƗ ƾƟơǁƍνǟƢǿǘǏ˪ơ   ǸƢǟ ʣ"νǶˤơ ǹǷǠƬǶơ" ƶǷǘǐǺ
1959ʣ  ƨǲǂǋ IBM" ȁǾƘƥ νǶˤơ ǹǷǠƬǶơ ǩǏȄȄ .ƧǄȃƳƗ ȁȍǪ ǹǷǠƬƫ ǼƗ ǽψǻȌ ȊǀǶơ ǬƢȍǈǶơ   ǂƫȅȍƦǻψǶơ

ƨƸǓơȄ ƨƴǺǂƥ ǼȄƾƥ ƧǄȃƳƗ ƔƢǌǾ˨ ȀƙƢǌǾƛ ǹƫ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǝȄǂǪ ǽǺ ǝǂǪ ȅȂ νǶˤơ ǹǷǠƬǶơ ."
  ǼƗ ȅȂ ƨǿȍǠǶơ λǷǟ ǹƟƢǯǶơ νǶˤơ ǹǷǠƬǶơ ǝơǂƬƻ˪ ƨȍǈȍƟǂǶơ ƧǂǳǫǶơ .ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ƢȃȌƾǶ ǂƫȅȍƦǻǲ

ƥƢǇ ƨǷưǺƗ λǶƛ ƧǁƢǋ˨ơ Ǵ˫ƻ ǽǺ ƨǿψǻǺ ƨǿȍǠǺ ƨǷψǌǺ ʣǂȍǳǫƬǶơ ƨȍǷǻǟ  ƨǯƥƢǈǶơ ƨǷưǺ˦ơ .ƨǷƯƢǻǺ ƨǯ
  .ǹǷǠƬǶơ λǻǈƫ ǱǶǀƥ ǸƢȍǯǶơ ƨȍǷǻǟȄ (ƩƢǾƢȍƦǶơ) ƤȌǁƾƬǶơ ƨǷưǺƗ λǻǈƫ ƩơǁƾǯǶơ ƔƢǿƦǶ ƨǺƾƼƬǈǻǶơ

  ǹǷǠƬǶơ ʣǂưǲƗ ǭǻǠƬǾ ǼƗ ǵƦǮ ǽψǶȄƍνǶˤơ    ǹǷǠƬǶơ ǩȌǂǠƫ ǽψǻȌ .ǹǷǠƬǶơ ƨȍȂƢǺ λǷǟ ƧǂǜǾ νǯǷǾ ƢǾȅǟƽ
ơȄ ƧǂƦƼǶơ ǸơƾƼƬǇƢƥ ƨǿȍǠǺ ƨǻȃǺ ʣƔơƽ˦ơ ǽȍǈƸƫ" ȁǾƘƥ  ǼƢǈǾ˩Ƕ νǲǀǶơ ǰȅǷǈǶơ ƭƾƸȌ ."ƨǇǁƢǻǻǶ

 ʣǹǷǠƬǶơ Ǵ˫ƻ ǽǺƍƣǁƢƴƬǶơ   Ɣνǋ ȅȂ ȊǂǌƦǶơ ǹǷǠƬǶơ .ƨȌƽǂǫǶơ ƧƢȍƸǶơ ʣƨǾȄǂǻǶơ ǭǶƢƻ ȅȂ ǹǷǠƬǶơȄ
  ǞǺȄ .Ƣ˻Ǻƾǯƫ ǂưǲ˦ơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ Ƣ˻Ǻƾǯƫ ǂưǲƗȄ ǵƥ ǃȄƢƴƬȌƍǱǶƿ    ǹǷǠƬǶơ ƭƾƸȌ ǩȍǲ

  ƨǻǜǾƗ ʣƓǂƫȅȍƦǻψǶơ ƧǄȃƳƗ λǷǟƍǂƫȅȍƦǻψǶơ    ǵψǋ ʣƧǂƦƼǶơ ƾƳȅƫƍƩƢǾƢȍƥ   ƨȍǈȍƟǂǶơ ƨǻȃǻǶơ ǵưǻƬƫȄ
  ƩƢǾƢȍƦǶơ ƨȌǀǤƫ Ǵ˫ƻ ǽǺ .ƩƢǾƢȍƦǶơ ƨƳǀǻǿƥ Ǹȅǯƫ νƬǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǂȌȅǘƫ ʣνǶˤơ ǹǷǠƬǷǶ

  ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ λǶƛ ƨȍƦȌǂƴƬǶơƍνǶˤơ    ƩƢǜƷ˫ǻǶơ ʣƩơƚƦǿƫ ǵǻǟ ȁǿψǻȌ ƱƿȅǻǾ λǷǟ ǵǐƸǾ
.ƧƾȌƾƴǶơ   

  äĉ¾Þ£ øöÞ¤õv 
ęėĆz¾¬£ėĈåė¾ÚþõvėóĒ·ėüùėøöÞ¤õvėĔöÝėvM½¹wéė¾£ĀĊ{úîõvėªùwý¾zėûĀîĊÅEėėĆúĄúöõTėėiv¹čvė½wĊÞúõėwMêåÿPėėėv»pėI

ėĆz¾¬£ėºÞzėĂtv¹lėüÆ´£EėėĆúĄúöõTęĥ 

 

Ĉõċv øöÞ¤õv Āă wùK 
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Ćö¨ùv5 
Á  ºĊõv Ô· ĔöÝ ã¾Þ¤õv øöÞ£ 

¶ ĆúĄúõvT   ½ĀÎõv  Ĉå  ºĊõv  Ô¸z  ĆzĀ¤îúõv  ¡wúöîõv  ĔöÝ  ã¾Þ¤õv  5
wĄæĊþÎ£ÿ ) 

¶ iv¹đv P 5²Ċ´Í ôîÊz wĄæĊþÎ£ ø£ Ĉ¤õv ¡wúöîöõ ĆĉĀuúõv Ć{Æþõv ) 

¶   Ćz¾¬£E  ¡wæĊþÎ£ Üù ºĊõv Ô¸z ĆzĀ¤îúõv ¡wúöîõv üù ĆÝĀú¬ù 5
ĆþĊÞù ) 

Á  ¡Āzÿ¾õv øöÞ£   ètwÆõv 

¶    ĆúĄúõvT  ¡v¾ÞÊ¤Æúõv ÷vº¸¤Åwz ĆÞĉ¾Æõv ç¾Öõv ĔöÝ ą¹wĊêõv 5
 Ćĉ¾Î{õv ) 

¶  iv¹čvP ÔÅĀ¤ù 5ĆåwÆúõv ĆÝĀÖêúõv ô{é  mÖ¸õv ) 

¶  Ćz¾¬£Eć¾Êz ètwÅ wă¹Āêĉ wùºþÝ ¾ùvÿčvÿ ½ĀÎõv üù ĆöÆöÅ 5 

Á  ªý¾ÖÊõv øöÞ£ 
¶  ĆúĄúõvTªý¾ÖÊõv yÞõ 5 ) 

¶  ąiwæîõvP÷ĀÎ¸õv ºÑ ¡wĉ½w{úõwz ¿Āæõv Ć{Æý 5 ) 

¶  Ćz¾¬£Eù 5úĂÆæý ºÑ xwÞõčv ĆÅ½w 

 ƧƾȍǫǺ ƩƢǺȅǷǠǺ ƱơǂƼƬǇ˪ ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ νǶˤơ ǹǷǠƬǶơ ƨȍǷǻǟ ƗƾƦƫ  νǪ ƧƾǟƢǈǻǷǶ
" :ȁǾƗ λǷǟ νǶˤơ ǹǷǠƬǶơ ǩȌǂǠƫ ǽψǻȌ ƍ νǶƢƬǶƢƥȄ .ǵǔǪƗ ƩơǁơǂǮ ƿƢƼƫơȌ ǹȍǻǐƫ λǷǟ νǶˤơ ǹǷǠƬǶơ Ǆǲǂ

 ǹǷǠƬǶơ ƱƿȅǻǿǶ ƧƢǘǠǻǶơ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǷǟ ƾǻƬǠƫ ǂƫȅȍƦǻǲ ƨȍǺǃǁơȅƻ ƢȃȍǪ Ǽȅǳƫ νƬǶơ ƱƿƢǻǿǶơ
  ƨƥǂƴƬǶơ Ǵ˫ƻ ǽǺ Ƣ˻ȍƟƢǯǷƫ ǵǐƸƫ "ƨǿȍǠǺ ƨǯǘǿǺ νǪ Ƣ˻ȍƟƢǯǷƫǁƢƦƬƻ˪ơȄ   ȀƔơƽƗ ǽǈƸȌȄ ƩƢǾƢȍƦǶơ λǷǟ

  ǴƢƴǻǶơ ǆǫǾ νǪ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ƨȃƳơȅǺ νǪ ǂǌƦǷǶ ȁƥƢǌǺ ǵψǌƥ ǨǂǐƬȌ λƬƷ  ǹǣǂǶơ λǷǟ ."
  ƢǿǺƾǮ ƢǿǾƗ ǽǺ  .νǶˤơ ǹǷǠƬǷǶ ƨǫǷƬƼǺ ƩƢǫȌǂǠƫ ǼȅǫǷƬƼǺ ǼȅǫǶƚǺ ǸƾǯȌ ƍ νǶˤơ ǹǷǠƬǷǶ Ƣ˻ǺƢǟ ƢŻǫȌǂǠƫ

νǶˤơ ǹǷǠƬǷǶ ȆǂƻƗ ƩƢǫȌǂǠƫ ƨƯ˫Ư νǷȌ ƢǻȍǪ: 

Á Ȃ νǶˤơ ǹǷǠƬǶơ  ƩƢǾƢȍƥ ǸơƾƼƬǇƢƥ Ɣơƽ˦ơ ǆȍȌƢǯǺ ǽȍǈƸƬǶ ǂƫȅȍƦǻψǶơ ƧǄȃƳƗ ƨƴǺǂƥ ȅ
  ǒǠƦǶ ƽƾƸǺ ƱƿȅǻǾ ƢǿȌƾǶ .ƨǯƥƢǇ ƨƥǂƴƫ ȄƗ ƨȍƳƿȅǻǾƩ˫ǺƢǠǻǶơ    ǀȍǫǿƫ ȅȂ ǹǷǠƬǶơȄ ƍ

  ǽȍǈƸƬǶ ǂƫȅȍƦǻǲ ƲǺƢǾǂƥƩ˫ǺƢǠǺ    ƧǂƦƼǶơ ȄƗ ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ ƱƿȅǻǿǶơ
 ǿƫ ǵǻǠǶ Ƣ˻ȌƚƦǿƫ ƱƿȅǻǿǶơ ơǀȂ ǼȅψȌ ƾǮ .ƨǯƥƢǈǶơ  ƨǪǂǠǻǶơ ƣƢǈƬǲ˪ ȄƗ ƍ ǵƦǯƬǈǻǶơ νǪ ƩơƚƦ

.ƢǻȃȍǷǲ ȄƗ ƍ ƩƢǾƢȍƦǶơ ǽǺ   )Alpaydin, 2004 ( 
Á  ǹƬȌ νƬǶơ ǂƫȅȍƦǻψǶơ ƲǺơǂƥ ƔƢǌǾƛ ƨȍǫȍψƥ νǶˤơ ǹǷǠƬǶơ ǹǇƢƥ ǨȄǂǠǻǶơ ƮƸƦǶơ ǴƢƴǺ ǹƬȃȌ

.ƨƥǂƴƬǶơ Ǵ˫ƻ ǽǺ Ƣ˻ȍƟƢǯǷƫ ƢȃǿȍǈƸƫ  (Mitchell, 1997) 
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Á   ƧǄȃƳƗ ǼƗ νǶˤơ ǹǷǠƬǶơ νǿǠȌ ȄƗ ƨȌƚƦǿƫ ƪǾƢǲ ƔơȅǇ) ƢȃƫơƔơǂƳƛ ǩȍǳƫ ȄƗ ǴƾǠƫ ǂƫȅȍƦǻψǶơ
 ƧƽƾƸǻǶơ ƩơƔơǂƳ˨ơ ǁơƾǯǺ νǪ ƨǮƾǶơ ǆǳǠǿƫ ƮȍƷ ƍ ƨǮƽ ǂưǲƗ ƢȃǷǠƴǶ (ƩȅƥȄǁ νǪ ǹψƸƬƫ

ƶȍƸǏ ǵψǌƥ.  (Marsland, 2015) 

  ȁǾƗ ǂƫȅȍƦǻψǶơ ǨǂǠȌ ǩȍǲ ƍ ̝˪ȄƗ :ǽȍȍǇƢǇƗ ǽȍǶơƚǇ νǶˤơ ǹǷǠƬǶơ ƵǂǘȌ ƍ ƩƢǫȌǂǠƬǶơ ȀǀȃǶ ƢŻǯǪȄ
  ǵǻǠȌ  νǪ ǽȍǈƸƫ λǶƛ ƨƳƢƸƥ ȁǾƗ ƲǺƢǾǂƦǶơ ǹȃǫȌ ǩȍǲ ƍ Ƣ˻ȍǾƢƯ ƓƨǿȍǠǺ ƨǻȃǺ νǪ ȁƟơƽƗ ǽȍǈƸƫ λǷǟ

  ƍνǶˤơ ǹǷǠƬǷǶ ƨǫǷƬƼǻǶơ ƤȍǶƢǇ˦ơ ǽǺ ƾȌƾǠǷǶ ƢŻǫȍǿǐƫ ƨǷƠǇ˦ơ ȀǀȂ λǷǟ ƩƢƥƢƳ˨ơ ǂǪȅƫ ƓƨǻȃǻǶơ ȀǀȂ
  ƍǨơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣȄ ƍ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ǽȌȄƢǿǟ ƪƸƫ ǵǐǫǶơ ơǀȂ νǪ ƢȃǫǐǿǇ νƬǶơȄ

Ȅ.ǃǄǠǻǶơ ǹǷǠƬǶơ  

  ǽȍƬǷƷǂǺ λǶƛ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ ǹȍǈǯƫ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣ(Hertzmann and Fleet, 2012) : 

1. ǹȍǷǠƬǶơ:  ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǸơƾƼƬǇƢƥ ǹǷǠƬǶơ ǭǯƸȌ ƱƿȅǻǾ. 
2. ǭȍƦǘƬǶơ:    ƩƢǾƢȍƦǶơ ǒǠƥ λǷǟ ƩơƚƦǿƬǶơȄ ƩơǁơǂǯǶơ ƿƢƼƫ˪ ƣǁƾǻǶơ ƱƿȅǻǿǶơ ǸƾƼƬǈȌ

  ƨȍƦȌǂƴƬǶơ .(ƤȌǁƾƬǶơ ƨȍǷǻǟ νǪ ƱƿȅǻǿǶơ ƢȃǜƷ˫Ȍ ǹǶ νƬǶơ ƩƢǾƢȍƦǶơ) 

 ãv¾ÉĒõ ÜÑw¸õv øöÞ¤õv 

  νǪƨǯȌǂǗ  Ǩơǂǋ˫Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơƍ    ƨȍǺǃǁơȅƼǷǶ ƤȌǁƾƬǶơ ƩƢǿȍǟ ǽǺ ƨǟȅǻƴǺ ƨȌǀǤƫ ǹƬȌ
  ǹǷǠƫ ƨȍǺǃǁơȅƼǶơ ǴȄƢƸƫȄ (ƢȃƴƟƢƬǾȄ ƨȍǶȄƗ ǴƢƻƽƛ ƩƢǾƢȍƥ ƢǿȌƾǶ) (ǨơƾȂ˦ơ) ƨƸȍƸǐǶơ ƩƢƥƢƳ˨Ƣƥ

ƨǶơƽ  ǀȂ λǷǟ ˻ƔƢǿƥ) ƨƸȍƸǐǶơ ƩƢƥƢƳ˨ơȄ ƩƢǾƢȍƦǶơ Ȁ  ǁȄǂǻƥ ƨǮƽ ǂưǲƗ ƶƦǐȌȄ ƪǮȅǶơ ǁȄǂǻƥ ǹǷǠƬȌ
 ƪǮȅǶơ  λǿǠǻƥ .ƧƾȌƾƴǶơ ƩƢǿȍǠǷǶ ƨǪƾȃƬǈǻǶơ ǹȍǯǶƢƥ ƨǮƾƥ ƚƦǿƬǶơ λǷǟ ƧǁƽƢǮ ǼȅǳƬǶ (ƍǂƻƕ   ȅȂ ǨƾȃǶơ

  ˻ƔƢǿƥ ƧƾȌƾƴǶơ Ʃ˫ƻƾǻǷǶ ƨƸȍƸǐǶơ ƩƢƳǂƼǻǶƢƥ ƚƦǿƬǶơ ǽǺ ǸƢǜǿǶơ ǽψǻƫ ƨǯȌǂǘƥ ǸƢǜǿǶơ ǩȍȍǳƫ
  ǽǺ ǝȅǿǶơ ơǀȂ λǻǈȌ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ Ǽˤơ λƬƷ ȁǻǷǠƫ ƢǺ λǷǟƨǯȌǂǗ    ǽǺ ǹǷǠƬǶơ Ƣ˻ǔȌƗ ǹǷǠƬǶơ

  ǹǷǠƬǶơ ʣ.ƨǷưǺ˦ơ Ǩơǂǋ˫Ƕ ǑƢƼǶơ  ƬȌ ƍ ƨǷǐǫǿǺ ǹǷǠƬǶơ ƨǷψǌǺ ƩƢǾƢȍƥ ƪǾƢǲ ơƿƛ ƍ ơƿƛȄ ƍ Ƣȃǫȍǿǐƫ ǹ
ǁơƾƸǾ˪ơ λǻǈƫ ƢȃǾƜǪ ƍ ƧǂǻƬǈǺ ƩƢǾƢȍƦǶơ ǹȍǮ ƪǾƢǲ  (ǞǮȅƬǶơ) . 

 

  äĉ¾Þ£  ÜÑw¸õv  øöÞ¤õv
 ãv¾ÉĒõ 

ėėÜÑw¸õvėøöÞ¤õvãv¾ÉĎõėėėėów·¹ďvė¡v¾Ċâ¤ùėĂĊåėìĉºõėûĀîĉėć¼õvėûwîúõvėĀăὢ ėėėė©v¾·ďvė¾Ċâ¤ùÿὣ ėėė

ėøöÞ¤õėĆĊù¿½vĀ·ė÷vº¸¤ÅvÿĆõv¹ėèĊ{Ö¤õvėė©v¾·ďvėĔõpėów·¹ďvėüùėıė
ὣ Ὢὢ 
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ėė¾ĉºê£ėĀăėãºĄõvĆõv¹ėėèĊ{Ö¤õvėėėėąºĉº«ėów·¹pė¡wýwĊzė¾ĊåĀ£ėø¤ĉėwùºþÝė¦Ċ´zėvMºĊ«ὢ ėėėwĄþîúĉėIėĆĊù¿½vĀ¸öõ

ėė©v¾·ďvė¡v¾Ċâ¤úzėo{þ¤õvὣ ė¡wýwĊ{õvėìö¤õĥė

  wă½w{¤Ýv üîúĉ ĆĊúĊöÞ¤õv ¡wýwĊ{õv ĆÝĀú¬ù üù ĆĊù¿½vĀ¸õv øöÞ£ ĆĊöúÝ ûč vM¾Úý
wúöÞù    ĆĊöúÝ ĔöÝ ã¾ÊĉIøöÞ¤õv    øöÞ¤õv ĔúÆ£ wĄýqåĎõ ÜÑw¸õvãv¾É  ü´ý )ã¾Þý  

  ¡wzw«ďvIĆ´Ċ´Îõv    ¡wýwĊ{õv  óĀ³  ¡vo{þ£  ôúÞz  ½¾î¤ù  ôîÊz  ĆĊù¿½vĀ¸õv  ÷Āê£
  Ĕõp ĆĊù¿½vĀ¸õv ôÎ£ wùºþÝ øöÞ¤õv äéĀ¤ĉ )øöÞúõv ô{é üù wĄ´Ċ´Î£ ø¤ĉÿ ĆĊúĊöÞ¤õv

 iv¹čv üù óĀ{êù ēĀ¤Æù ) 
 

ºtvĀå ãv¾ÉĒõ ÜÑw¸õv øöÞ¤õv 

¶   ƨǪǂǠǻǶơ ȄƗ ƨǯƥƢǈǶơ ƧǂƦƼǶơ ǽǺ ƲƟƢƬǿǶơ Ǎ˫ƼƬǇ˪ ƾȍǫǺ Ǩơǂǋ˧Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ
.ƨǯƥƢǈǶơ 

¶  .ƨȍǷǻǠǶơ ƨȍƥƢǈƸǶơ ǵǲƢǌǻǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ ǵƷ ȁǿψǻȌ 
¶   ǂȍǣ ǹǷǠƬǶơ ƨǯȌǂǗ ǽǺ ǬƽƗ ƨƴȍƬǿǶơǨơǂǋ˫Ƕ ǞǓƢƼǶơ . 
¶   ƽƾǟ ǖƦǔǶƢƥ ǨǂǠƫ ƪǾƗ ƍ ƤȌǁƾƬǷǶ ƩƢǾƢȍƦǶơ ǹȌƾǯƫ ǵƦǮƩƢƠǫǶơ  ƧƽȅƳȅǻǶơ. 

 rÿwÆù ãv¾ÉĒõ ÜÑw¸õv øöÞ¤õv 

¶  .ƣƢǈƸǶơ νǪ ̿˫ȌȅǗ ƢŻƬǮȄ ƤȌǁƾƬǶơ ǬǂǤƬǈȌ 
¶   ǼƜǪ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǟ ƨǫǷƬƼǺ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƪǾƢǲ ơƿƛ

Ƕơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ˫ Ƕ ǞǓƢƼȅƫ ƾǿǟ ǵǲƢǌǺ ȁƳơȅƬǇ Ǩơǂǋ.ƲƟƢƬǿǶơ ǞǮ 
¶   ǽψǻȌ ˪ ǼƢȍƷ˦ơ ǒǠƥ νǪȄ ƍ ƢŻǫǷψǺȄ ƪǮȅǷǶ ƨǠȍǔǺ ƩƢǾƢȍƦǶơ λǷǟ ƩƢǺ˫ǟ ǞǓȄ ƾǠȌ

.ŽǨƢǲ ǵψǌƥ ƨǫǿǐǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǞǻƳ 
¶ Ƕơ ǹǷǠƬǶơ ˫ Ƕ ǞǓƢƼ  νǶˤơ ǹǷǠƬǶơ ǸƢȃǺ ǒǠƥ ǀȍǫǿƫ ǽψǻȌ ˪ ƮȍƸƥ ƨȌƢǤǷǶ ƽȄƾƸǺ Ǩơǂǋ

.ȁǺơƾƼƬǇƢƥ ƧƾǯǠǻǶơ 
¶ Ƕơ ǹǷǠƬǶơ ǂǪȅȌ ǼƗ ǽψǻȌ ˪˫Ƕ ǞǓƢƼ ǠǺ Ǩơǂǋ ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ƨǪȄǂǠǺ ǂȍǣ ƩƢǺȅǷ

  ǂȍǣ ǹǷǠƬǶơ ǵưǺǨơǂǋ˫Ƕ ǞǓƢƻ . 
¶   ƢǿǺƾǮ ơƿƛ ƍ ǩȍǿǐƫ ƨǶƘǈǺ ƪǾƢǲ ơƿƛ  ƨǟȅǻƴǺ νǪ ƩƢƠǫǶơ ǽǺ ȊƗ ǽǺ ơ˻ƔǄƳ ƪǈȍǶ Ʃ˫ƻƾǺ

  ƨȍǻǈƫ ƲƫƢǾ ǼȅψȌ ƾǯǪ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥƨƠǫǶơ    ǑǂƬǪơ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƶȍƸǏ ǂȍǣ
  ƧǁȅǏ ƪȍǘǟƗ ơƿƛ ǹƯ .ƣ˫ψǶơȄ ǖǘǯǶơ ƩƢǾƢȍƥ ǸơƾƼƬǇƢƥ ǁȅǐǶơ ǩǿǐǺ ƤȌǁƾƬƥ ƪǻǮ ǱǾƗ

ƶȍƸǏ ǂȍǣ ơǀȂȄ ƍ Ƣ˻ƦǷǲ ȄƗ ƨǘǮ ƲƫƢǿǶơ ǼȅψȌ ƾǯǪ ƍ ƨǪơǁǃ. 
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 øöÞ¤õv ¾Ċá ãv¾ÉĒõ ÜÑw· 

  ƨƸȍƸǐǶơ ƩƢƥƢƳ˨ơ ǹȌƾǯƫ ǹƬȌ ˪ ƍ Ǩơǂǋ˫Ƕ ǞǓƢƻ ǂȍǣ ƲȃǿǶơ νǪ  ǩȍǿǐƫ ǹƬȌ ǹǶ) ƨȍǺǃǁơȅƼǷǶ
  ƮȍƸƥ Ʃ˫ƻƾǻǶơ ǽȍƥ ȁƥƢǌƬǶơ ȁƳȄƗ ƾȌƾƸƫ ƨȍǺǃǁơȅƼǶơ ǴȄƢƸƫ ǱǶƿ ǽǺ ̝˪ƾƥ ǽψǶȄ ƍ (ƩƢǾƢȍƦǶơ
 ƩƢƳǂƼǻǶơ λǷǟ ǸƢǜǿǶơ ȊȅƬƸȌ ˪ ƍ ǂƻƕ λǿǠǻƥ .Ƣ˻ǠǺ ƨǲǂƬǌǺ ƧǄȍǺ ƢȃǶ νƬǶơ Ʃ˫ƻƾǻǶơ Ǟȍǻƴƫ ǹƬȌ

  ǽǺ ƩƢƳƢƬǿƬǇơ Ǎ˫ƼƬǇơ ȁǿψǻȌȄ ƩƢǾƢȍƦǶơ ǩǌǳƬǈȌ ȁǿψǶ ƍ ƨƦǇƢǿǻǶơ  ǩǏȅǶ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ
Ȅ ǕƢƦƫǁ˪ơ ƾǟơȅǮȄ ǞȍǻƴƬǶơ .ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǷǶ ƨȍǫƼǻǶơ ǵǲƢȍȃǶơ  ǵȍǷǯƫ  λǷǟ ƨǷưǺƗ νȂ ƽƢǠƥ˦ơ

Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ. 

  äĉ¾Þ£  ÜÑw¸õv  ¾Ċá  øöÞ¤õv
 ãv¾ÉĒõ 

ėėøöÞ¤õvėė¾ĊáĐõėÜÑw¸õvėė¡wýwĊzėĂĊåėìĉºõėûĀîĉėć¼õvėûwîúõvėĀăėãv¾ÉὢėėĥĆözwêùė©v¾·pė¡v¾Ċâ¤ùėº«Ā£ėđÿėÔêå

ėøöÞ¤õvėüùėãºĄõvė¾ĊáĐõėÜÑw¸õv¡wýwĊ{õvėüùėºĉÀúõvėĆå¾ÞùėĀăėãv¾Éĥė

  ¡wzw«p º«Ā£ đ I Ĉåv¾Éďv øöÞ¤õv ÄîÝ ĔöÝ I Ăýč Ĉåv¾Éďv ¾Ċá øöÞ¤õv ĔúÆĉ wù v¼ăÿ
  º«Āĉ đÿ Ć´Ċ´ÍøöÞù  Üê£ )  ĆĊþz øĉºê£ÿ ãwÊ¤ív ĆĊõÿoÆù ¡wĊù¿½vĀ¸õv è£wÝ ĔöÝ

 ¡wýwĊ{õv Ĉå ÷wú¤ăĒõ ą¾Ċ¨ù ) 
  ĆÞÑw¸õv ¾Ċá ¡wĊù¿½vĀ¸õv Üùãv¾ÉĒõ    üù Ăþù ©ÿ¾¸õv ºĉ¾£ ć¼õv wù ã¾Þ£ đ I

  üĊz Ów{£½đv ÿl ĆéĒÞõv üù ÛĀý ëwþă ûĀîĉ ûl y¬ĉ Ăýl Ĉå ìÊ£ ºé )©»Āúþõvì£wýwĊzI  
  ā¼ă Ĉå ìõ¼õ )wĄþĊú¸£ üîúĉ đ ¦Ċ´z Ćĉwâöõ ąºêÞù ¡wýwĊ{õv üîõI¡đw´õv    ÷Āê£
þõv ë¾£ ø§ Ćý½wêúöõ Ćözwé wĄöÞ¬õ Ćĉ¹wÝ ¡wýwĊz Ĕõp ì£wýwĊz ôĉĀ´¤z  ôúÞĉ ©»Āú

  Ĉå ©»wúþõv ā¼Ąõ ĆÍw¸õv ¡vÀĊúõv ēº³p ô¨ú¤£ )¡wéĒÞõv ā¼ă ÐÞz ĔöÝ ½Ā¨Þõv Ćõÿw´ùÿ
  ÿl ì£wýwĊz ÜĊú¬¤õ Ćæö¤¸ù ç¾Õ ±v¾¤év ©»Āúþöõ üîúĉ wúþĊz ĂýlIwĄ{öÕ   ¾ùčv ûqå

 )ºĊæù iĈÉ üÝ äÊîöõ ©»wúþõv ā¼ă óĀ³ ¦´{õv üù ºĉÀúõv iv¾«ď ìõ ëÿ¾¤ù 
 

Ñw¸õv ¾Ċá øöÞ¤õv ºtvĀå ãv¾ÉĒõ Ü 

¶  ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ .ǴƢǻǶơȄ ǵǻǠǶơ ǽǺ ǂȍưψǶơ ƩƢǾƢȍƦǶơ λǷǟ ƩƢǺ˫ǠǶơ ǞǓȄ ƤǷǘƬȌ
ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ƨǷψǌǻǶơ ȀǀȂ ǵƸȌ Ǩơǂǋ˩Ƕ  (ƨǻǷǠǺ ǂȍǣ). 

¶   ǬǂǘǶơ ǸơƾƼƬǇƢƥ ƢȃȍǷǟ ǁȅưǠǶơ ǽψǻȌ ˪ νƬǶơ ƩƢǾƢȍƦǶơ ǕƢǻǾƗ λǷǟ ǁȅưǠǶơ νǪ ơŻƾƳ ƾȍǫǺ ȁǾƛ
 .ƨȌƾȍǷǯƬǶơ 

¶ ǹǷǠƬǶơ ǽǺ ǝȅǿǶơ ơǀȂ ǸơƾƼƬǇƢƥ ƨǶȅȃǈƥ ƩƢǾƢȍƦǶơ ǹƴƷ ǵȍǷǯƫ ǹƬȌ. 
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rÿwÆù  ãv¾ÉĒõ ÜÑw¸õv ¾Ċá øöÞ¤õv 

¶   ƩƢǾƢȍƦǷǶ ƩƢȍǻǈƫ ȊƗ ǱǷǻǾ ˪ ƢǿǾ˦ .νǪơǂǋ˨ơ ǹǷǠƬǶơ ƨǯȌǂǗ ǽǺ ƨǮƽ ǵǮƗ ƨƴȍƬǿǶơ Ǽȅǳƫ ƾǮ
 .ƨȍǶȄ˦ơ ƩƢǾƢȍƦǶơ ǽǺ ƨƦǈƬψǻǶơ ƨǪǂǠǻǶƢƥ ƱƿȅǻǿǶơ ǹǷǠƬȌ ǼƗ ƤƴȌȄ 

¶ Ʃƽơǃ ƢǻǷǲ  .ƢȂƾȍǯǠƫ Ʃƽơǃ ƍ ƩơǄȍǻǶơ 
¶   ǽǺ ǂȍưψǶơ ǬǂǤƬǈƫ ƾǮ ƨȍǺǃǁơȅƼǶơ ǹǷǠƫ ƨǷƷǂǺ Ǽ˦ .̿˫ȌȅǗ ƢŻƬǮȄ ǬǂǤƬǈƫ ƨȍǷǻǟ ƢȃǾƛ

Ʃ˪ƢǻƬƷ˪ơ ǞȍǻƳ ƣƢǈƷȄ ǵȍǷƸƬǶ ƪǮȅǶơ  . 

¿ÀÞúõv øöÞ¤õv 

  ǹǷǠƬǶơ νǪƍǃǄǠǻǶơ    ǞǺ ǵǟƢǫƬǶơ Ǵ˫ƻ ǽǺ ƘǘƼǶơȄ ƨƥǂƴƬǶơ ǭȌǂǗ ǽǟ ƨǷψǌǺ ǵƷ ǵȍǲȅǶơ ǴȄƢƸȌ
  ƨƠȍƥƢȃƬǠȍƦǗ    νǯǷƫ ƔƢǿƯƗ ȁǶƢǠǪƗ Ǵ˫ƻ ǽǺ ƨƠȍƦǶơ ƨǶƢƷ ǂȍȍǤƫ ǵȍǲȅǷǶ ǽψǻȌ .ǵȍǲȅǷǶ ƨǪȄǂǠǺ ǂȍǣ

 ƩơƔơǂƳ˨ơ ƨǷǈǷǇ ƽƢƴȌƛ Ǵ˫ƻ ǽǺ ƨǷψǌǻǶơ ǵƷ ȅȂ ǵȍǲȅǶơ ǨƾȂ .ƨƠȍƦǶơ ǽǺ ƨȌǁȅǪ ƩƢǯȍǷǠƫ
ǼƗ ǽǺ ǹǣǂǶơ λǷǟ .λǷưǻǶơ    ǹǷǠƬǶơ Ʃ˪ƢƴǺ ƾƷƗ ȅȂ ǃǄǠǻǶơ ǹǷǠƬǶơƍνǶˤơ    ƢŻǪ˫Ƭƻơ ǩǷƬƼȌ ȁǾƗ ˪ƛ

) ƨȍǇƢȍǯǶơ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ ǽǟ Ƣ˻ȌǂȂȅƳνǪơǂǋ˪ơ    ǂȍǣȄνǪơǂǋ˪ơ  .Ƨǂȍưǲ ƵơȅǾ ǽǺ ( ƍ̝˪ȄƗ   ˪
  ǽǺ ̝˪ƾƥ .ƩƢǾƢȍƦǶơ ǹǷǠƫ λǷǟ ǃǄǠǻǶơ ǹǷǠƬǶơ ƾǻƬǠȌ ƍǱǶƿʣ  ǹǷǠƬǶơ ƍǃǄǠǻǶơ    ȁƫǂƦƻ ǽǺ ǵȍǲȅǶơ ǹǷǠƬȌ

 ƦǈƬψǻǶơ  λǷǟ ƾǻƬǠȌ ˪Ȅ ƨƠȍƦǶơ ǞǺ ǵǟƢǫƬǶơ ƔƢǿƯƗ ƨǨǂǌǻǶơ  .ƍƢ˻ȍǾƢƯ   ƽƢƴȌƛ λǷǟ ǃǄǠǻǶơ ǹǷǠƬǶơ ǄǲǂȌ
.ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǽǺ ̝˪ƾƥ λǷưǻǶơ ƨǇƢȍǈǶơ 

 øöÞ¤õv üĊz ç¾æõvĈåv¾Éđv  ¾ĊáÿĈåv¾Éđv  ¿ÀÞúõvÿ 

ƢƳ˨Ƣƥ ƨȍǻȍǷǠƬǶơ ƨǷưǺ˦ơ ǽǺ ƨǟȅǻƴǻƥ ƨȍǺǃǁơȅƼǶơ ƨȌǀǤƫ ǹƬȌ ƢǺƾǿǟ νǪơǂǋ˨ơ ǹǷǠƬǶơ ƭƾƸȌ  ƩƢƥ
  .ƨǷψǌǻǶơ ǵƷ νǪ ƧƾǟƢǈǻǷǶ ǵȍǶƾǲ ƩƢƥƢƳ˨ơ ȀǀȂ ƨȍǺǃǁơȅƼǶơ ǸƾƼƬǈƫȄ (ǨơƾȂ˦ơ) ƨƸȍƸǐǶơ
  ǵƸȌ ȊǀǶơ ȅȂ ȁǈǫǾ ƱƿȅǻǿǶơȄ ƍ ƨǾȅǿǠǺ ƩƢǾƢȍƥ νǪơǂǋ˨ơ ǂȍǣ ǹǷǠƬǶơ ƤǷǘƬȌ ˪ ƍ ǵƥƢǯǻǶơ νǪ
  ǨƢǌƬǲơȄ Ʃ˫ƻƾǻǶơ ǽȍƥ ȁƥƢǌƬǶơ ȁƳȄƗ ƽƢƴȌƛ Ǵ˫ƻ ǽǺ ƍ νƳǁƢƻ ƤǮơǂǺ ǼȄƾƥ ƍ Ȁƽǂǫǻƥ ƨǷψǌǻǶơ

Ǿ˦ơ ǵǟƢǫƬȌȄ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǃǄǠǻǶơ ǹǷǠƬǶơ ƤǷǘƬȌ ˪ ƍ ǽȍƴȃǿǶơ ǽȌǀȂ ǆǳǟ λǷǟ .ƨȍǫƼǻǶơ ǕƢǻ
  ƘǘƼǶơȄ ƨƥǂƴƬǶơ ǭȌǂǗ ǽǟ ƨǷψǌǻǶơ ǵƸǶ ƔơǂƳƛ ǵǔǪƗ λǷǟ ǴȅǐƸǷǶ ȁƬƠȍƥ ǞǺ ǵȍǲȅǶơ ȄƗ ǃƢȃƴǶơ

  ǆȍǶ ǃǄǠǻǶơ ǹǷǠƬǶơ .ƨƠȍƦǶơ ǽǺ ƩƖǪƢψǻǶơ νǯǷƫȄŻƢȍǪơǂǋơ  ƢǟȅǻƴǺ λǷǟ Ƣ˻ȍǷǲ ƾǻƬǠȌ ˪ ȁǾ˦ ƍ Ƣ˻ǺƢǻƫ Ʃ
) ƤȌǁƾƬǶơ ƩƢǾƢȍƥƧƢǻǈǻǶơ  ǵǠǫǶơ ƽǁ ƨƦǮơǂǺ λǷǟ ƧǁƾǯǶơ λǷǟ ǃǄǠǻǶơ ǹǷǠƬǶơ ƾǻƬǠȌ ƍ ǞǮơȅǶơ νǪ .(

  λƬǺ ǵǠǫǶƢƥ ǨǂǠǾ ƢǿǾ˦ ƍ ƨȍǪơǂǋƛ ǂȍǣ ƪǈȍǶ ƢȃǾƗ Ƣǻǲ .ƧƘǪƢψǻǶƢƥ ƢȃǇƢȍǮȄ ƧǀƼƬǻǶơ ƩơƔơǂƳ˨ơ λǷǟ
  ǹǷǠƬǶơ νǪ ƍ ǁƢǐƬƻƢƥ .ƨǠǮȅƬǻǶơ ƧƘǪƢψǻǶơ νȂȄ ƍ "ǹǷǠƬǻǶơ" ǵưǻǾǨơǂǋ˫Ƕ ǞǓƢƼǶơ   ȅȂ ǨƾȃǶơ ƍ

 ǹƫ ƍ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ νǪ .ƩƢƳǂƼǻǶơȄ Ʃ˫ƻƾǻǶơ ǹȍǮ λǷǟ ƾǻƬǠƫ ƨǤȍǏ ƔƢǌǾƛ
  ǵǟƢǫƬǶơ Ǵ˫ƻ ǽǺ ǵȍǲȅǶơ ǹǷǠƬȌ ƍ ǃǄǠǻǶơ ǹǷǠƬǶơ νǪ .ƢȃǠȍǻƴƫȄ ǴƢƻƽ˨ơ ǹȍǮ ǽȍƥ ǴƢǐƫơ λǷǟ ǁȅưǠǶơ
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ǹǷǠƬǷǶ ƨƯ˫ưǶơ ƤȍǶƢǇ˦ơ ȀǀȂ ǽȍƥ ǬǂǫǶơ ƨȌƙǁ ǽψǻȌ ƍ ǱǶƿ λǷǟ ˻ƔƢǿƥ .ƨƠȍƦǶơ ǞǺ    ǴȄƾƴǶơ νǪ νǶˤơ
1-4 . 

 ǴȄƾƳ4ŷ1   ǹǷǠƬǶơ ǽȍƥ ƨǾǁƢǯǺνǪơǂǋ˪ơ  ǂȍǣȄ νǪơǂǋ˪ơ ǃǄǠǻǶơȄ 

  νǪơǂǋ˪ơ ǹǷǠƬǶơ  ǹǷǠƬǶơ νǪơǂǋ˪ơ ǂȍǣ  ǃǄǠǻǶơ ǹǷǠƬǶơ 

Ƕơ ǩʑǂǠƬ 
 ƩƢǟȅǻƴǺ Ǵ˫ƻ ǽǺ ǹǷǠƬȌ
ƩƢǺ˫ǠǶơ Ʃơƿ ƩƢǾƢȍƦǶơ. 

 ǹƬȌ ƍ ȁȍƳȅƫ ǼȄƾƥȁƦȌǁƾƫ   Ǵ˫ƻ ǽǺ
ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ . 

ǵǻǠǶơ ƨƠȍƥ ǞǺ ǵǟƢǫƬȌ. 

 ƩƢǾƢȍƦǶơ ǝȅǾ  ƨǫǿǐǻǶơ ƩƢǾƢȍƦǶơ  ƩƢǾƢȍƦǶơ ǂȍǣ ƨǫǿǐǺ  ǩȌǂǠƫ ƾƳȅȌ ˪ǷǶƩƢǾƢȍƦ 

 ǝȅǾ ƨǷƠǈǻǶơ  ǞǮȅƬǶơȄ ǩȍǿǐƬǶơ ǞȍǻƴƬǶơȄ ǕƢƦƫǁ˪ơ ƾǟơȅǮ  ƩƖǪƢψǻǶơ ǅƢǇƗ λǷǟ 

ǨǂǌǻǶơ  νǪƢǓơ ǨǂǌǺ  ǼȄƾƥǨǂǌǺ  ǼȄƾƥǨǂǌǺ 

ǨƾȃǶơ  ǽȍȍǠƫ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ
ƧƽƾƸǺ ƩƢƳǂƼǻǶ 

ǌƬǲơƢ ǖǻǿǶơ Ǩ  ƩơƔơǂƳ˨ơ ǽǺ ƨǷǈǷǇ ǹǷǠƫ 

Ĉõwê¤ýđv øöÞ¤õv 

  ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ λǷǟ νǶƢǯƬǾ˪ơ ǹǷǠƬǶơ ǄǲǂȌǴƢƴǺ    ǵȍǷǯƫ ȄƗ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ƧƽƢȌǄǶ ȁƥƢǌǺ
  ǹǷǠƬǶơ ʣ.ǨƾȃƬǈǻǶơ ǴƢƴǻǶơ ʣƨƥȅǷǘǻǶơ ƩƢǺ˫ǠǶơ Ʃơƿ ƩƢǿȍǠǶơ ƽƾǟƍνǶƢǯƬǾ˪ơ    ƾƷƗ ǸƾƼƬǈȌ

  ǹǷǠƬǶơ ǽǺ ǑǂǤǶơ .ǂƻƕ ƱƿȅǻǾ λǷǟ ǹȍǻǠƬǶơ ǽȍǈƸƬǶ ǭƥƢǈǶơ ǵǻǠǶơ ǽǺ ƨƦǈƬψǻǶơ ƨǪǂǠǻǶơ ƱƿƢǻǿǶơ
 Ʃ˫ψǌǻǶơ ǵƷ ǽǺ ƨƦǈƬψǻǶơ ƧǂƦƼǶơ ǸơƾƼƬǇƢƥ ƧƾȌƾƴǶơ ǸƢȃǻǶơ ǹǷǠƫ ƨȍǷǻǟ ǽȍǈƸƫ ȅȂ νǶƢǯƬǾ˪ơ

 .ƢǺ ƾƷ λǶƛ ƨȃƥƢǌƬǻǶơ ƨǯƥƢǈǶơ 

  äĉ¾Þ£  Ĉõwê¤ýđv øöÞ¤õv 
ėėĆúĄùėĔõpė©»Āúþõvėv¼ăėüùėĆå¾ÞúõvėôêþõėwMê{Æùėx½ºùė©»Āúýė÷vº¸¤ÅvIĆö§wúùėėėėā¼ăėiv¹lėüĊÆ´£ėô«lėüù

ąºĉº¬õvėĆúĄúõvėĥė
  øöÞ¤öõ ĈúÅ¾õv äĉ¾Þ¤õv øĄæõIĈõwê¤ýđv    ºĉº´£ Mđÿl ć½ÿ¾Òõv üùów¬úõv  Ćõvºõvÿ  )ów¬úõv  

  ôĊ¨ú£ ø¤ĉÿ ÷vº¸¤Åđv øĊöÞ¤õ wĄùvº¸¤Åv ø¤ĉ Ĉ¤õv ¡wýwĊ{õv üù ĆÝĀú¬ù üÝ ą½w{Ý
  Ăýl ĔöÝ ów¬úõvὈ …ȟὖὢ    5üĊýĀîù üù ûĀî¤ĉ ć¼õvÿ…    Ć³wÆùąÀĊúõv   ÿ ὖὢ 

  Ĉå Ĉõwú¤³v Üĉ¿Ā£v¼ă   äĉ¾Þ¤õv ὢ ὼȟȣȟὼ  ‭ …  ôĊ¨ú£ üîúĉ )Ćõvºõv   Ć³wÆúz
  ĆĊúÆ¤õvώ  Ćõv¹ÿ  v ©»ĀúþõvãºĄ¤Æúõ Ὢὼ  Ā´þõv ĔöÝÿ  Ὕ ώȟὪὼ  wMÒĉl üîúĉ ))
  Ćzw¤íὪὼ  ĔöÝ wMĊúÅ½ Ĉõwê¤ýđv øöÞ¤õv äĉ¾Þ£ ûċv üîúĉ )ĆÕÿ¾Êù ĆĊõwú¤³v Ćõvºí

Ĉõw¤õv Ā´þõv5 
  ½ºÎúõv ów¬úõv Ĕõp ¾Úþõwz╓▼   Ćõv¹ÿ    ½ºÎúõv øöÞ¤õv╣▼  ãºĄõv ów¬úõvÿ I╓◄    I Ćõv¹ÿ  

  ãºĄõv øöÞ¤õv╣◄    ø¬³ ûĀîĉ ¦Ċ³ I╓▼    ø¬³ üù ¾{íl╓◄    Ćêĉ¾Õ Ĉõwê¤ýđv øöÞ¤õv ºÞĉ I
  ãºĄõv ©»Āúþõv iv¹l üĊÆ´¤õ█╣Ȣ Ćõvºõ    ãºĄz øöÞ¤õv╣◄  )ĔöÝ óĀÎ´õv Üù    Ćå¾Þù

  üù ĆĊþúÑ╓▼  ÿ╓◄    ¦Ċ³ I╓▼ ╓◄   ÿ╣▼ ╣◄ ) 
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÷wĄúõv ¹ºÞ¤ù øöÞ¤õv 
  ƾƷơȄ ƪǮȄ ʣƨǷǐǶơ Ʃơƿ ǸƢȃǻǶơ ǽǺ ƾȌƾǠǶơ ǹǷǠƫ ȁǶ˫ƻ ǽǺ ǹƬȌ Ƣ˻ȍǻȍǷǠƫ Ƣ˻ƳƿȅǻǾ ǸƢȃǻǶơ ƽƾǠƫ ƾǠȌ

 ƾƸǶơ λǶƛ ƱƿȅǻǿǶơ ƧƔƢǫǲ ƧƽƢȌǃ ǵƳƗ ǽǺƍλǐǮ˦ơ  ǽǺ ƾȌƾǠǶơ ǽȍǈƸƫ ǹƬȌ ƢǻǲǴơȄƽ ƘǘƼǶơʣ  ƪǮȄ 
  ȀǀȂ ʣ.ƾƷơȄƍƨȍǷǻǠǶơ  ǵȍưǻƬǶơ ƨǪǂǠǻǶ ƨǫǷƬƼǺ ǸƢȃǺ ʣƩƢǾƢȍƦǶơ ǞȍǻƳ ƱƿȅǻǿǶơ ǸƾƼƬǈȌ    ǸƢǠǶơ

  ǽǺ ƩƢǲǁƢǌǻǶơ ȀǀȂ ƾȌǄƫ .ƨǫǷƬƼǻǶơ ǸƢȃǻǶơ ǽȍƥ ƢȃƬǲǁƢǌǺȄ ƨǫǷƬƼǺ ƩƢǮƢȍǇ ʣƧƾȍǫǻǶơ ƩƢǾƢȍƦǷǶ
  ǹǷǠƫ ƩƢǟǂǇ λǶƛ Ȋƽƚƫ ǼƗ ǽψǻȌȄ (ȆǂƻƗ ƨǻȃǺ ǽǺ ƨǻȃǺ ǵǲ ƾȍǫƬǈƫ ǼƗ ǽψǻȌ) ƱƿȅǻǿǶơ ƧƔƢǫǲ

ƽƾǠƬǺ ǸƢȃǺ ǵƷ ȁǿψǻȌ "ǸƢǟ" ƱƿȅǻǾ ƔƢǌǾƛ ȅȂ ǸƢȃǻǶơ ƽƾǠƬǺ ǹǷǠƬǷǶ νǈȍƟǂǶơ ǞǪơƾǶơ .ǝǂǇƗ  ƪǮȄ ʣƧ
  ǽǺ .ƧƽƾƸǺ ƨǻȃǻǶ ǖǯǪ ƢȃƦȌǁƾƫ ǹƬȌ "ƨǐǐƼƬǺ" ƱƿƢǻǾ Ƨƾǟ ƔƢǌǾƛ ǽǺ ̝˪ƾƥ ƾƷơȄ ƱƿȅǻǾ ʣƾƷơȄ

  ǂǜǾ ƨȃƳȄƍƨȍƳȅǶȅȍƥ    ǸƢȃǺ ǹǷǠƬǶ .ǂǌƦǶơ ǽƸǾ Ƣȃƥ ǹǷǠƬǾ νƬǶơ ƨǯȌǂǘǶơ ǽǺ λƷȅƬǈǺ ǸƢȃǻǶơ ƽƾǠƫ ǼƜǪ
ƍƧƾȌƾƳ  .ƨǷǐǶơ Ʃơƿ ǸƢȃǻǶơ ǹǷǠƫ ǽǺ ƢȂƢǿƦǈƬǲơ νƬǶơ ƨǪǂǠǻǶơ ǭƦǘǾ ƢǺ ƧƽƢǟ 

æõvÿ Ĉõwê¤ýđv øöÞ¤õv üĊz ç¾ øöÞ£÷wĄúõv ¹ºÞ£ 

  ǩǷƬƼȌ  ƽƾǠƬǺ ǹǷǠƬǶơǸƢȃǻǶơ    ǹǷǠƫ ǹƬȌ .ƨǪǂǠǻǶơ ǵǯǾ ƨȍǫȍǲ νǪ ǩǷƬƼȌȄ ƍ νǶƢǯƬǾ˪ơ ǹǷǠƬǶơ ǽǺ
  ǸƢȃǻǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ǼƗ ǽȍƷ νǪ .ǂƻƕ λǶƛ ƾƷơȄ ǽǺ ƢȃǷǯǾȄ νǶƢǯƬǾ˪ơ ǹǷǠƬǶơ νǪ ǵǈǷǈƬǶƢƥ ǸƢȃǻǶơ
 ǂǜǿȌ νƬǶơ ǸƢȃǻǶơ ǞȍǻƳ νǪ ƾȍƳ ƔơƽƗ λǶƛ ȊƽƚȌ ǸƢȃǻǶơ ǞȍǻƳ ǽȍƥ ƩƢǺȅǷǠǻǶơ ƨǲǁƢǌǺ Ǵ˫ƻ ǽǺ

ǮȄ νǪ ƾƷơȄ ƱƿȅǻǾ ƢȃȍǪ.ƾƷơȄ ƪ 

ąº³vÿ ĆþĊÝ Üù øöÞ¤õv1 

 ƾƷƘƥ ǹǷǠƬǶơ .ƱƿȅǻǿǶơ λǶƛ ƨƠǪ ǵǲ ǽǺ ƩƢǿȍǠǶơ ǽǺ ǂȍƦǲ ƽƾǟ ƨȌǀǤƫ ƨȍǷǻǠǶơ ǩȍǿǐƫ ǽǻǔƬȌ ƢǺ ŻƧƽƢǟ
ƩƢǿȍǠǶơ    Ǩ˪ƕ ǸƾƼƬǈƫ νƬǶơ ƍ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǆǳǟ λǷǟƩƢǿȍǠǶơ  ƨȍƦȌǁƾƬǶơ    ƍ ǹǷǠƬǷǶ

ơ˻ƽƾǟ ȄƗ ǖǯǪ ơŻƾƷơȄ ǸƾƼƬǈȌ ǹǷǠƬǶơ ǽǺ ǝȅǾ ȅȃǪ    ǽǺ ̿˫ȍǷǮ ƩƢǿȍǠǶơ    λǷǟ ǴƢưǺ .ǹǷǠƬǷǶ ƨȍǻȍǷǠƬǶơ
  ǵψǌƥ ǍƢƼǋ˦ơ ǩȍǿǐƫ ƤƴȌ ƮȍƷ .ȀȅƳȅǶơ λǷǟ ǨǂǠƬǶơ ȅȂ ǹǷǠƬǶơ ǽǺ ǝȅǿǶơ ơǀȃǶ ǭȍƦǘƫ
  ƢŻǯǪȄ ǂǠǌǶơ ƩƢƸȌǂǈƫȄ Ʃơǁơȅǈǈǲ˨ơȄ ƧƔƢǓ˨ơ ǨȄǂǛȄ ƨǫǷƬƼǻǶơ ȁƳȅǶơ ƩơǂȍƦǠƬǶ ƢŻǯǪȄ ƶȍƸǏ

ǂưǲƗ ȄƗ ƧƾƷơȄ ƨȍǘǻǾ ƧǁȅǐǶ . 

õv  ûÿºz øöÞ¤ ¡wþĊÝ  2 

  ǹƫ νƬǶơ ǂǏƢǿǠǶơ ǩȍǿǐƫ λǷǟ ǸȅȍǶơ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ ǽǺ ƾȌƾǠǶơ ǄǲǂƫƤȌǁƾƫ  ƢȃƫƢƠǪ    .ǵǠǫǶƢƥ
  .ǵƦǮ ǽǺ ƢȃƫƢƠǪ ƨȌƙǁ ǹƬȌ ǹǶ νƬǶơ ǂǏƢǿǠǶơ ǩȍǿǐƫ Ʃ˪ƢƸǶơ ǽǺ ǂȍưǲ νǪ ȊǁȄǂǔǶơ ǽǺ ƍ ǱǶƿ ǞǺȄ

 
1 One-shot Learning 

2 Zero-shot learning 
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  ǹǷǠƫƩƢǿȍǟ ǼȄƾƥ  Ȃ ǽǺ ƨȍǻȍǷǠƫ ƩƢǾƢȍƥ ǼȄƾƥ ǽψǶȄ ƨȍǪơǂǋƛ ǹǷǠƫ ƨǯȌǂǗ ȅȂƨƠǫǶơ ȀǀǷǠƬǶơ .  ǹ  ǼȄƾƥ
ƩƢǿȍǟ    ǵȍƦǇ λǷǟ .ƨǷψǌǻǶơ ǱǷƫ ǽǺ ƨȌƽƢǋǁƛ ƩƢǻȍǷǠƫ ȊƗ νǯǷƫ ǼȄƽ ƢǺ ƨǷψǌǺ ǵƷ λǷǟ ǁƽƢǮ

  ƢŻǯƦǈǺ ƪȌƗǁ ƾǮ Ǽȅǳƫ ǼƗ ǼȄƽ ƢǺ ƧǁȅǏ νǪ ƩƢǿƟƢψǶơ ǽǺ ƨǟȅǻƴǺ λǷǟ ƪǪǂǠƫ ǱǾƗ ǵȍƼƫ ƍ ǴƢưǻǶơ
.ƔƢȍǋ˦ơ ǽǺ ǝȅǿǶơ ơǀȃǶ ƧǁȅǏ 

Ĉtv¾ê¤Åđv øöÞ¤õv  1 $ øöÞ¤õvĈùĀĄæúõv  2# 

  ǹǷǠƬǶơ ǹǇƢƥ Ƣ˻ǔȌƗ ǨȄǂǠǻǶơ ƍ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǽǻǔƬȌ νǺȅȃǫǻǶơ ǞȍǻƴǶ ƨǺƢǟ ƧƾǟƢǮ ƔƢǌǾƛ ƍ
 ƲƟƢƬǿǶơȄ Ʃ˫ƻƾǻǲ ƩƢǾƢȍƦǶơ ƢǿȌƾǶ ƍ ƲȃǿǶơ ơǀȂ νǪ .ƨȍǺǃǁơȅƼǶơ νǪ ƢȃƬȌǀǤƫ ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơ
  ơŻƾǯǠǺ ơǀȂ ǼȅψȌ ǼƗ ǽψǻȌ .ƩƢƳǂƼǻǶơȄ Ʃ˫ƻƾǻǶơ ǽȍƥ ƨǮ˫ǠǶơ ƽƢƴȌƛ λǶƛ ƱƢƬƸǾȄ ƍ ƩƢƳǂƼǻǲ
  ǩǷƬƼǺ νǪ νǶˤơ ǹǷǠƬǶơ νǪ ǸƾƼƬǈƫ ƨǶƢǠǪ ƨǯȌǂǗ νȃǪ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ λǷǟ ơ˻ƽƢǻƬǟơ ƨȌƢǤǷǶ
  ǝȅǿǶơ ơǀȂ .ǱǶƿ λǶƛ ƢǺȄ Ʊ˫ǠǶơȄ ǑơǂǺ˦ơ ǎȍƼǌƫȄ ȀȅƳȅǶơ λǷǟ ǨǂǠƬǶơ ƨȍǿǯƫ ǵưǺ Ʃ˪ƢƴǻǶơ

λǷǟƗ λǶƛ ǵǫǇƗ ǽǺ ƲȃǾ ȅȂ ǹǷǠƬǶơ ǽǺ. 
  ƨǯȌǂǘƥ ƱƿȅǻǿǶơ ƔƢǌǾƛ ǹƬȌ ƍ ǹǷǠƬǶơ ǽǺ ǝȅǿǶơ ơǀȂ νǪ  ƾȍƳ ƤȌǂǯƫ ƾȌƾǻƫ ȁǾƢψǺƜƥ ǼƢǲ ơƿƛ ȁǾƗ

ƨǶơƾǷǶ    ȀǀȂ ǂȌƾǯƫ ȁǿψǻȍǪ ƍ ƨȍǻȍǷǠƬǶơ ƩƢǟȅǻƴǻǶơ ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǻǶ ƨȍǟȅǓȅǻǶơ ƨǶơƾǶơ 
 ƨǟȅǻƴǺ νȂ ƨƷƢƬǻǶơ ƧƾȍƷȅǶơ ƩƢǺȅǷǠǻǶơ ƍ ǹǷǠƬǶơ ơǀȂ νǪ .ƨȍƟǂǻǶơ ǂȍǣ ƨǷưǺ˦ơ ƨǶƢƷ νǪ ƨȍǟȅǓȅǻǶơ

ǃǁơȅƼǶ ǽψǻȌ ǴơȅƷ˦ơ ǽǈƷƗ νǪ ǱǶǀǶ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ  ǁƾǯƫ ƨȍǓǂǪ Ǹƾǯƫ ǼƗ ǹǷǠƬǶơ ƨȍǺ ƨǶơƾǶơ  
ƤȌǁƾƬǶơ ƩƢǿȍǟ νǪ ƨȍǟȅǓȅǻǶơ. 

  νǪ ƢȃȍǶƛ ǝȅƳǂǷǶ ƢȃǺơƾƼƬǇơ ǽψǻȌ νƬǶơ ƩƢǾƢȍƦǶƢƥ ƨǮ˫ǟ ƢǿȍǘǠȌ ȁǾ˦ ơŻƾƳ ǹȃǺ ǹǷǠƬǶơ ơǀȂ
  ǂȍǤƬƫ ƢǺƾǿǟ ǭȍƦǘƬǷǶ ƨǷƥƢǮ ƨȌǂǌƦǶơ ƧǂƦƼǶơ Ǽȅǳƫ ˪ ƢǺƾǿǟ ƲȃǿǶơ ơǀȂ ǸơƾƼƬǇơ ǹƬȌ .ǵƦǯƬǈǻǶơ

  .ƩƢƳǂƼǻǶơǴƢưǻǶơ ǵȍƦǇ νǷǟ .ǭƟƢǯƸǶơ ƲƟƢƬǾ ǹȍǻǠƬƥ ǸȅǯǾ ƍ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ νǪ ƍ ǁƢǐƬƻƢƥ: 

 ƕ.   ƨȃǲƢǪ ƵƢǫƬǶơ. 
ƣ.  ȅǷƷ ƵƢǫƬǶơ ǹǠǗ. 
 Ƕơ Ƭǿ ʒ ƴ ƨ:  ȅǷƷ ǹǠǗ ƢȃǶ ȁǲơȅǫǶơ ǞȍǻƳ. 

  ƩƢƷơǂƬǮ˪ơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂ Ǽ˦ .ƮƸƦǶơȄ ƨǇơǁƾǶơ ƾȍǮ νǶˤơ ǹǷǠƬǶơ ǽǺ ǴƢƴǻǶơ ơǀȂ ǴơǄȌ ˪
  ƨǟǂǇȄ ƔơƽƗ ǽȍǈƸƬǶƨȍǺǃǁơȅƼǶơ. 

  wM«»Āúý øöÞýÿ Ĉþ{ý ü´ý )ćºĊöê¤õv øöÞ¤õwz ą¹wÝ ĂĊõp ¾ĊÊý wù Āă Ĉtv¾ê¤Åđv øöÞ¤õv
  yĉ½º¤õv ¡wýwĊz ¡wÝĀú¬ù ĔöÝ Miwþz Ĉõċv øöÞ¤öõ ąwúÆúõv    ø§ )ôÞæõwz wþĉºõ Ĉ¤õv

 
1 Inductive Learning 

2 Concept Learning 
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  øõ Ĉ¤õv ĆĊ{ĉ¾¬¤õv ¡wýwĊ{õv ĆÝĀú¬ù ¡wĊúÆ¤z o{þ¤öõ x½ºúõv ©»Āúþõv v¼ă ÷º¸¤Æý
{é üù wĄĄ«vĀý )ô 

 Ĉ«w¤þ¤Åđv øöÞ¤õv  1 

  ǽǺ ǂƻƕ ̿˫ψǋ νƳƢƬǿƬǇ˪ơ ǂȍǳǫƬǶơ ȄƗ νƳƢƬǿƬǇ˪ơ ǹǷǠƬǶơ ƾǠȌ ƍ νƟơǂǯƬǇ˪ơ ǂȍǳǫƬǶơ ǵưǺ Ƣ˻ǺƢǻƫ
  νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǽǺ ǵǲȄ ƍ νǟƢǿǘǏ˪ơ ƔƢǲǀǷǶ ǸȅȃǫǺ ȅȂ ǂȍǳǫƬǶơ ƍ ǞǮơȅǶơ νǪ .ǂȍǳǫƬǶơ ǴƢψǋƗ

  ȅȂ νƳƢƬǿƬǇ˪ơ Ǵ˪ƾƬǇ˪ơ .ȁǿǺ ƔǄƳ νƳƢƬǿƬǇ˪ơȄ  ƩƢǺȅǷǠǻǶơ ǽǺ ƧƾȌƾƳ ƨǪǂǠǺ ƱƢƬǿƬǇơ ƨȍǷǻǟ
  ƤƴȌ ƱƢƬǿƬǇ˪ơ ǼƗ νǿǠȌ ƢǻǺ ƍ ǭǘǿǻǶơ ǽǺ ƶȍƸǏ ǵψǋȄ Ƣ˻ȍǯǘǿǺ ƨǷǐǶơ Ʃơƿ ƧƽȅƳȅǻǶơ ƧƽȅƳȅǻǶơ

ƨƸȍƸǏ ƩơƔƢǟƽ˪ơ ƪǾƢǲ ơƿƛ Ƣ˻ƸȍƸǏ ǼȅψȌ ǼƗ.   
 ǹǷǠƬǶơ ǸƾƼƬǈȌ ƍ ƧƽƾƸǺ ǭƟƢǯƷ ǹȍǻǠƫ λǷǟ ƾǻƬǠȌ ȊǀǶơ ƍ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǆǳǟ λǷǟ

ƸǶơ νƳƢƬǿƬǇ˪ơ  ǽǺ Ƣ˻ƴȃǾ ǸƾƼƬǈȌȄ ƨƸȍƸǏ ƩƢƳƢƬǿƬǇơ λǶƛ ǵǏȅƬǷǶ ƧƽȅƳȅǻǶơ ƩƢǺȅǷǠǻǶơȄ ǭƟƢǯ
  νǪ ȁǾƗ νȂ ƢȃƬǜƷ˫Ǻ ƤƴȌ νƬǶơ ƨǻȃǻǶơ ƨǘǯǿǶơ .(νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǆǳǟ λǷǟ) ǵǫǇƗ λǶƛ λǷǟƗ
 νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ƾǻƬǠȌ Ƣǻǿȍƥ .˪ ȄƗ ǹǠǾ ƢǺƛ ƍ ȅȂ ơǀȂ ƒ ƧƽƾƸǺ ƲƟƢƬǿǶơ Ǽȅǳƫ ƍ νƳƢƬǿƬǇ˪ơ ǹǷǠƬǶơ

˪ơ λǷǟǩȍǠǓ λǶƛ ȊȅǮ ǽǺ ǩǷƬƼȌ ǼƗ ǽψǻȌ ȁǾƗ ˪ƛ ƍ Ʃ˪ƢǻƬƷ . 
 ƨƸǏ2   ƝƽƢƦǻǶƢƥ ŻƧƽƢǟ νƳƢƬǿƬǇ˪ơ ǂȍǳǫƬǶơ ƗƾƦȌ .νǯǘǿǻǶơ ƱƢƬǿƬǇ˪ơ ƨǯȍǯƷ ǽǻǔƫ Ǵ˪ƾƬǇ˪ơ

ǴƢưǻǶơ ǵȍƦǇ νǷǟ .ƧƽƾƸǺ ƨƴȍƬǾ λǶƛ ǵǐȌȄ ƨȍǇƢǇ˦ơ : 

 ƕ.  ǸȅƸǷǶơ ǵǲƘƫ ǸȅƸǷǶơ ƨǷǲƕ ƩƢǾơȅȍƸǶơ ǞȍǻƳ . 

ƣ.  ƾǇ˪ơ    ȅȂǸȅƸǶ ǵǲƕ. 

 Ƕơ Ƭǿ ʒ ƴ ƨ:  ƾǇ˪ơ  ǸȅƸǷǶơ ǵǲƘȌ . 

  Ĉå )ÃwĊêõvÿ  iv¾ê¤ÅĒõ ĈúöÞõv ©»Āúþõv Ĉõċv øöÞ¤öõ ĆĊîĊÅĒîõv Ćêĉ¾Öõv Ü{¤£
  Ćö³¾úõvIĆĊtv¾ê¤Åđv    Ĉåÿ #ĆĊúĊöÞ¤õv ĆÝĀú¬úõv$ ĆĊõÿčv ¡wýwĊ{õv üù ©»Āúþõv øöÞ¤ý
 Ćö³¾úõvIĆĊÅwĊêõv  )ąºĉº¬õv ¡wýwĊ{õv ëĀöÆz o{þ¤öõ ©»Āúþõv èĊ{Ö£ ø¤ĉ 

ć¿w¬úõv øöÞ¤õv  3 

  ƨƦǈƬψǻǶơ ƨǪǂǠǻǶơ .ƢŻǯƦǈǺ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơȄ ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ǹƬȌ ƍ ȊǃƢƴǻǶơ ǹǷǠƬǶơ νǪ
 ƨǟȅǻƴǻǶ ƩƢǺ˫ǠǶơ ǞǮȅƫ ƱƿȅǻǿǶơ ơǀȂ ǴȄƢƸȌ .ƧƾȍǫǻǶơ ƨǪǂǠǻǶơ νȂ ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ

ơ ƩƢǾƢȍƦǶơƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǺ ǹǷǠƬǶơ ƾǠƥ ƨȍƦȌǂƴƬǶ. 

 
1 Deductive Learning 
2 validity 

3 Transductive Learning 
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 ć¿w¬úõv øöÞ¤õvÿ Ĉtv¾ê¤Åđv øöÞ¤õv üĊz ç¾æõv 

  Ǩơǂǋ˩Ƕ ƨǠǓƢƼǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƔơǁȄ ǽǺƢψǶơ ƗƾƦǻǶơ ȆȅǇ ǆȍǶ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ
  ǎƸǪ Ǵ˫ƻ ǽǺ ǨƾȃƬǈǻǶơ ǂȍǤƬǻǶơȄ ƧǄȍǻǶơ ƩơǂȍǤƬǺ ǽȍƥ ƨǮ˫ǟ ƔƢǌǾƛ ƱƿȅǻǿǶơ ǴȄƢƸȌ ƮȍƷ
 ǽǺ ƧƽȄƾƸǺ ƨǟȅǻƴǻǶ ƱƿȅǻǿǶơ ǑǂǠƫ ǽǺ ǹǣǂǶơ λǷǟ .ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ νǪ ƨȍǫƼǻǶơ ǕƢǻǾ˦ơ

ơ ƩƢǾƢȍƦǶơ ȁǿψǻȌ ƮȍƸƥ ƩƢǾƢȍƦǷǶ ƨǺƢǠǶơ ƨǠȍƦǘǶơ ǞǺ ƢŻǯǈƬǺ ǼȅψȍǇ ƱƿȅǻǿǶơ ǹǷǠƫ ǼƜǪ ƍ ƨȍǻȍǷǠƬǶ
  ǵưǻƬȌ .(ƨȍƦȌǂƴƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ) ƧƢǻǈǺ ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǺ ƩƢǾƢȍƥ ƨǘǯǾ ǵǲ ƨǻȍǯƥ ƚƦǿƬǶơ
  ƪȃƳơȄ ƍ ȊǃƢƴǻǶơ ǹǷǠƬǶơ ƔƢǿƯƗ ȁǾƗ νǪ ȊǃƢƴǻǶơ ǹǷǠƬǶơȄ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǽȍƥ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ

  ƾǿǟ ƨȍƦȌǂƴƫȄ ƨȍǻȍǷǠƫ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ǵǠǫǶƢƥƤȌǁƾƫ    ǹǷǠƬǶơ ȁƳơȅȌ ƍ ǱǶƿ ǞǺȄ .ƱƿȅǻǿǶơ
  ƾǿǟ ǖǯǪ ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ νƟơǂǯƬǇ˪ơƤȌǁƾƫ   λǷǟ ȁǻǷǠƫ ǹƫ ȊǀǶơ ƱƿȅǻǿǶơ ǭƦǘȌȄ ƱƿȅǻǾ

.ǵƦǮ ǽǺ ǵȍưǺ ƢȃǶ ǭƦǈȌ ǹǶ νƬǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ 
 ǻƫ ơƿƛ .Ƣ˻ȌƚƦǿƫ Ƣ˻ƳƿȅǻǾ ȊǃƢƴǻǶơ ǹǷǠƬǶơ ǞǿǐȌ ˪  ƨǟȅǻƴǺ λǶƛ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ƨǪƢǓƛ ƪ

  ȁǺơƾƼƬǇơ ǹƯ ƍ ƱƿȅǻǿǶơ ƤȌǁƾƫȄ ƍ ƨȌơƾƦǶơ ǽǺ ƨȍǺǃǁơȅƼǶơ ǵȍǤǌƫ ƧƽƢǟƛ ƢǿȍǷǠǪ ƍ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ
  ǕƢǯǾ ȁƳơȅƫ ƢǺƾǿǟ .Ƣ˻ȌƚƦǿƫ Ƣ˻ƳƿȅǻǾ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǵψǌȌ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .ƩƢǺ˫ǠǶƢƥ ƚƦǿƬǷǶ

ȍǤǌƫ ƧƽƢǟ˨ νǟơƽ ˫Ǫ ƍ ƧƾȌƾƳ ƩƢǾƢȍƥ  ǹǷǠƬǶơ ǴȄƢƸȌ ƍ ǖǈƥƗ ƩơǁƢƦǠƥ .ƨȌơƾƦǶơ ǽǺ ƨȍǺǃǁơȅƼǶơ ǵ
  ǕƢǯǾ ƨǟȅǻƴǺ λǷǟ ˻ƔƢǿƥ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ǵψƥ ƚƦǿƬǶơ ȁȍǪ ǹƬȌ ǸƢǟ ƱƿȅǻǾ ƔƢǌǾƛ νƟơǂǯƬǇ˪ơ
  ǂȍǣ ǕƢǯǿǶơ Ǩ˫Ƽƥ ƍ ƨǘǯǿǶơ ƨƷƢǈǺ νǪ ƨǘǯǾ ȊƗ ǞǮȅƫ ǱǿψǻȌ ƢǿȂ .ƧƽȅǏǂǻǶơ ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ

ƬǶơ ǭǷƼȌ ƍ ǵƥƢǯǻǶơ νǪ .ƧƢǻǈǻǶơ  ƩƢǾƢȍƦǶơ ǕƢǯǾ ƤǇƢǿȌ Ƣ˻ƳƿȅǻǾ ȊǃƢƴǻǶơ ǹǷǠƨȍƦȌǁƾƬǶơ   ƨȍƦȌǂƴƬǶơȄ
  ǕƢǯǿǶƢƥ ƨǪǂǠǻǶơ ǸơƾƼƬǇƢƥ ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƩƢȍǻǈƬƥ ƲȃǿǶơ ơǀȂ ƘƦǿƬȌ .ǵǠǫǶƢƥ ƪǜƷȅǶ νƬǶơ
  ƩƢǾƢȍƥ ǕƢǯǾ ǹȌƾǯƫ ǹƬȌ ƢǺƾǿǟ ƢŻǫǷψǺ ȊǄǺǂǶơ ǹǷǠƬǶơ ǼȅψȌ ǼƗ ǽψǻȌ .ƨȍǪƢǓ˨ơ ƩƢǺȅǷǠǻǶơȄ ƧǄȍǻǻǶơ

Ǫƽ ƨǘǇơȅƥ ƧƾȌƾƳ ǴƢƻƽƛ ǭ1 ǵǲ ǵȍǤǌƫ ƧƽƢǟƛ ǱȍǷǟ ƍ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ƢȃȍǪ ǵǐƫ ƧǂǺ ǵǲ νǪ .
  ǕƢǯǾ ƨȍǻǈƫ ǽψǻȌȄ ƍ Ƣ˻ȍƟƾƦǺ Ƣ˻ȌƚƦǿƫ Ƣ˻ƳƿȅǻǾ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ξǌǿȌ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .Ɣνǋ

 .ƨȍƥƢǈƸǶơ ƩƢȍǷǻǠǶơ ǽǺ ǵǮƗ ƽƾǟ ǞǺ ơŻƾƳ ǂȍǐǮ ƪǮȄ νǪ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ 
  ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǱȌƾǶ ǼƗ ǵȍƼƫƨȍƦȌǁƾƫ    λǷǟ .ƧƢǻǈǺ ƢȃǿǺ ǖǯǪ ƧƾƷơȄ ƨȍǟǂǪ ƨǟȅǻƴǺ ǽψǶȄ ƍ

  ǱȌƾǶ .ƧǁȅǐǶơ νǪ ƧǂȂǃ ǰƢǿȂ ƪǾƢǲ ơƿƛ ƢǺ ǩȍǿǐƫ ǴȄƢƸƫ ƍ ǴƢưǻǶơ ǵȍƦǇ100000   ǽψǶȄ ƍ ƧǁȅǏ
  ǖǯǪ ǱȌƾǶ1000    Ȅ ƍ ƧǂȂǃ λǷǟ ƾȍǲƘƬǶƢƥ ȊȅƬƸƫ ƧǁȅǏ1000    ȊȅƬƸƫ ˪ ƢȃǾƗ ǨǂǠƫ ȆǂƻƗ ƧǁȅǏ
 ƍ ƧǂȂǃ λǷǟ ǽǟ ƧǂǳǪ ǱȌƾǶ ǆȍǶȄ98000  .˪ ȄƗ ǁƢȂǃƗ ǹȃȌƾǶ ǼȅψȌ ƾǮ ƍ ǂƻƕ λǿǠǻƥ .ǂƻƕ ǴƢưǺ

  ǎƸǪ ǭȌǂǗ ǽǟ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǵǻǠȌ2000    λǷǟ ǩǿǐǺ ƔƢǿƥȄ ƧǄȍǻǺ ƨǿȍǟ2000   .ƨǿȍǟ
  ǥǶơ ǩȍǿǐƫ ǹƬȌ ˪ ƾǮ ƍ ǂǜƬǾơ" ȊǃƢƴǻǶơ ǹǷǠƬǶơ ǴȅǯȌ98000   ǽǟ Ƣ̍ȉȍǋ νǿǾȄǂƦƼȌ ǹȃǿψǶ ƍ ǽȌǂƻˤơ

ƬǶơ ƨǷψǌǻǶơ ƨƷƢǈǺ ."νƬǮƽ ǽȍǈƸƫ νǪ ƧƾǟƢǈǻǷǶ ƢȃǺơƾƼƬǇơ λǷǟ ƧǁƽƢǮ ǼȅǲƗ ƾǮ ν 

 
1 input stream 



 
150 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

ƥǁƢǐƬƻƢ : 
¶  ǻǈǻǶơ ƩƢǾƢȍƦǶơ ǕƢǯǿƥ ƱƿȅǻǿǶơ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǹǷǠȌƧƢ    ƩƢǾƢȍƦǶơ ǕƢǯǿƥ ƚƦǿƬǶơ ǴȄƢƸȌȄ

  ǹǷǠƬǶơ νǪ ƍ ǵƥƢǯǻǶơ νǪ .ƧƢǻǈǻǶơ ǂȍǣȊǃƢƴǻǶơ    ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǸơƾƼƬǇƢƥƨȍƦȌǁƾƬǶơ 
  ǹƬȌ ƍ ƨȍƦȌǂƴƬǶơȄƢȃƦȌǁƾƫ  .ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƨȍǻǈƬƥ ƚƦǿƬǶơ ǴȄƢƸȌȄ 

¶   ǸơƾƼƬǇơ ƢǿǿψǻȍǪ ƍ ƧƢǻǈǺ ǂȍǣ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ǹȌƾǯƫ ǹƫ ơƿƛ ƍ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ νǪ
  λǶƛ ƱƢƬƸǾ ƾǮ ƍ ȊǃƢƴǻǶơ ǹǷǠƬǶơ νǪ ƍ ǱǶƿ ǞǺȄ .ƚƦǿƬǷǶ ƢŻǯƦǈǺ ȁƦȌǁƾƫ ǹƫ ȊǀǶơ ƱƿȅǻǿǶơ

ƱƿȅǻǿǶơ ƤȌǁƾƫ ƧƽƢǟƛ   .ȁǷǻǲƘƥ 
¶   ǸƾƼƬǈƫ ƮȍƸƥ ƍ ƢŻǯƦǈǺ ƨƷƢƬǺ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ Ǽȅǳƫ ǼƗ ƤƴȌ ƍ ȊǃƢƴǻǶơ ǹǷǠƬǶơ νǪ

 ǽǺ ƨǫǿǐǻǶơ ǂȍǣ ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥ ǽǺ ƨƷƢƬǻǶơ ƩƢǺȅǷǠǻǶơ ƨǷψǌǻǷǶ ƨȌǃƢƴǻǶơ ƨƳǀǻǿǶơ
.ǵǔǪƗ ƨǮƽ ǵƳƗ 

¶ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ ǽǺ ƨȍƥƢǈƸǶơ ƨȍƷƢǿǶơ ǽǺ ƨǫǷǳƫ ǂưǲƗ ȊǃƢƴǻǶơ ǹǷǠƬǶơ ƾǠȌ . 

õv øöÞ¤õv ÔÊþ1 
  ǸƾƼƬǈǻǶơ ǞǺ ǵǏơȅƬǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ǽψǻȌ ƮȍƷ νǶˤơ ǹǷǠƬǶơ ǝȄǂǪ ǽǺ ǝǂǪ ȅȂ ǖǌǿǶơ ǹǷǠƬǶơ

  ƨǷưǺ˦ơ ǹǷǠƬǻǶơ νǿƦȌ .ƨƥȅǣǂǻǶơ ƩƢƳǂƼǻǶƢƥ ƩƢǾƢȍƦǶơ ǄȍȍǻƬǶƨȍƦȌǁƾƬǶơ   ǒǠƥ λǷǟ ˻ƔƢǿƥ ȁƥ ƨǏƢƼǶơ
 ǁơǂǻƬǇƢƥ ƨȍǺǃǁơȅƼǶơ ǁƢƬƼƫ ƍ ǖǌǿǶơ ǹǷǠƬǶơ νǪ .ȁƟơƽƗ ǽȍǈƸƬǶ ƩƢȍƴȍƫơǂƬǇ˪ơ  ƨǟȅǻƴǺ (ǕƢǌǿƥ)

 .ƧƢǻǈǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ ƨȍǶƢƬǶơ ƧȅǘƼǶơ νǪ Ƣȃǫȍǿǐƫ ǹƬȍǇ νƬǶơ ƩƢǿȍǠǶơ ǽǺ ƨȍǟǂǪ
  νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ƶǻǈƫ ƢȃǾƗ νǪ ǖǌǿǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƧǂǳǪ ƔơǁȄ νǈȍƟǂǶơ ƽƢǯƬǟ˪ơ ǵưǻƬȌ

λǷǟƗ ƨƳǁƽ ǭȍǯƸƫ ǵƳƗ ǽǺ ƢȃǿǺ ǹǷǠƬǶơ λǶƛ ƱƢƬƸƫ νƬǶơ ƩƢǾƢȍƦǶơ ƾȌƾƸƬƥ    ǸơƾƼƬǇƢƥ Ƣ˻ȌǂǜǾ ƨǮƾǶơ ǽǺ
  ǽǺ ƽȄƾƸǺ ƽƾǟƩƢǺ˫ǟ    ƨǷƠǇ˦ơ Ƶǂǘƥ ǽȍƸƳƢǿǶơ ǽȍǻǷǠƬǻǷǶ ƶǻǈ˾Ȍ ƍ ǱǶǀǶ ƨƴȍƬǾ .ƤȌǁƾƬǶơ

 ƧƢǻǈǺ ǂȍǣ ƩƢǾƢȍƥ ǵψǋ νǪ ƩƢǺ˫ǠƬǇ˪ơ ȀǀȂ Ǽȅǳƫ ƢǺ ƧƽƢǟ .ƤȌǁƾƬǶơ ƨǷƷǂǺ ƔƢǿƯƗ νǷǟƢǫƫ ǵψǌƥ
ƶƦǐȌ ƍ ǱǶǀǶ ƨƴȍƬǾȄ .ƩƢǺ˫ǠǶơ ǞǓȅǶ ȊǂǌƦǶơ νƸȍǓȅƬǶơ ǭȍǷǠƬǷǶ ƤǷǗ ǞǺ   ơ˻ƔǄƳ ǖǌǿǶơ ǹǷǠƬǶơ

 .Ɣơƽ˦ơ ƨǷưǺƗ ǹȂƗ ƾƷƗ ƾǠȌ ƮȍƷ ƍ ƨǯǷƸǶơ νǪ ȊǂǌƦǶơ ƱƿȅǻǿǶơ ǽǺ 
 ƩƢǿȍǠǶơ ƽƾǟ λǷǟ ǙƢǫƸǶơ ǞǺ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƔơƽƗ ƧƽƢȌǃ ȅȂ ǖǌǿǶơ ǹǷǠƬǶơ ǽǺ ǑǂǤǶơ

ƨȍƦȌǁƾƬǶơ    ǬǂǤƬǈȌ ȄƗ ƢŻǫǷψǺ ƤȌǁƾƬǶơ ƩƢǿȍǟ ƱƢƬǾƛ ǼȅψȌ ƢǺƾǿǟ ƲȃǿǶơ ơǀȂ ǸƾƼƬǈȌ ƢǺ Ƣ˻ƦǶƢǣ .ƢŻƬƥƢƯ
  ƢǻȂ ǖǌǿǶơ ǹǷǠƬǶơ νǪ ǼƢƬȍǇƢǇ˦ơ ǼƢƬȍƴȍƫơǂƬǇ˪ơ .̿˫ȌȅǗ ƢŻƬǮȄ  ƩƢǿȍǟ ǀƻƗ ƧƾǲƚǻǶơ ǂȍǣ2    ǀƻƗȄ

 ƨƷƢǈǺ ǽǺ ƩƢǿȍǟ   ƨǿȍǠǶơ3 . 

 
1 Active learning 
2 uncertainty sampling 

3 version space sampling 



 
151                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 
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ơ ǁƢƬƼȌ ƍ ƧƾǲƚǻǶơ ǂȍǣ ƩƢǿȍǠǶơ ǀƻƗ νǪ  ƮȍƸƥ ƍ ȁƥ ƨǏƢƼǶơ ƤȌǁƾƬǶơ ƩƢǿȍǟ ǁǂǳƬǺ ǵψǌƥ ǹǷǠƬǻǶ
  ǹǷǠƬǻǶơ ȆƾǶ ǼȅψȌ ƢǺ ŻƧƽƢǟ .ƢȃȍǪ ƨǯƯ ǵǮƗ ǹǷǠƬǻǶơ ǼȅψȌ νƬǶơ ƩƢǿȍǠǶơ νȂ ƧǁƢƬƼǻǶơ ƩƢǿȍǠǶơ Ǽȅǳƫ

  ǹƬȌ ƱƿȅǻǾȁƦȌǁƾƫ    ǵǐǪ λǶƛ ǂǏƢǿǠǶơ νǻƬǿƫ ǼƗ ƨȍǶƢǻƬƷƢƥ ƘƦǿƬƫ νƬǶơ ƨȍǶƢƸǶơ ƨȍǻȍǷǠƬǶơ ǹȃƳƿƢǻǾ λǷǟ
ǹǷǠƬǻǶơ ǸƾƼƬǈȌ ǹƯ .ǽȍǠǺ    ǼƜǪ νǶƢƬǶƢƥȄ) ǴƢǻƬƷ˪ơ ơǀȂ ǽǺ ǵǷǯȌ ǖǻǾ λǷǟ ǁȅưǠǷǶ ǂȍǤǐƬǶơ ƨȍǿǯƫ

  ƢȃƬǪƢǓƛȄ ƮǶƢƯ ǨǂǗ ƨǘǇơȅƥ ƨǘǯǿǶơ ȀǀȂ ǩȍǿǐƫ ǹƫ .(ǩȍǿǐƬǶơ ƨȍǫȍǲ νǪ ƨǯƯ ǵǮƗ ȁȌƾǶ ƱƿȅǻǿǶơ
  ǀȍǫǿƬǶơ ƾǠȌ .ǩǿǐǻǶơ ƔơƽƗ ǽǟ ǹǷǠƬǻǶơ νǓǂȌ λƬƷ ƨȍǷǻǠǶơ ȀǀȂ ǁǂǳƬƫ .νǻȍǷǠƬǶơ ƲǺƢǾǂƦǶơ λǶƛ

  ǀƻƗ ƔơǁȄ Ǵ˪ƾƬǇ˪ơȄ ƨȍƴȍƫơǂƬǇ˨ơ ȀǀȂ ǵǠƳ ƢǻǺ ƍ ƨȌƢǤǷǶ ƢŻǘȍǈƥ ơ˻ǂǺƗ ǽȍǯȍǶơ Ǹƾǟ ǽǺ ƩƢǿȍǠǶơ
  ƔǄƳ ƨƠǪ ǽǺ ơŻƾǲƘƬǺ ǹǷǠƬǻǶơ ǼȅψȌ ƢǺƾǿǟ ȁǾƗ ȅȂ ƨȍƴȍƫơǂƬǇ˪ơ ȀǀȂ Ƥȍǟ .ǖǌǿǶơ ǹǷǠƬǶơ νǪ ƨǠƟƢǋ
  Ʃ˪ƢƷ ǹǷǠƬǻǶơ ǁƢƬƼȌ ˪ ƍ (ƶȍƸǏ ǂȍǣ ǵψǌƥ ƔǄƴǶơ ơǀȂ ǩǿǐȌ ƾǮ Ƣǻǿȍƥ) ǴƢƻƽ˨ơ ƨƷƢǈǺ ǽǺ

ƔǄƴǶơ ơǀȃǶ ƧƾȌƾƳ  ƨƷƢǈǺ ǽǺ ƔǄƴǶơ ơǀȂ νǪ νƟƢȃǿǶơ ƱƿȅǻǿǶơ ǵǌǪ νǪ ơǀȂ ƤƦǈƬȌ ǼƗ ǽψǻȌ .
ǴƢƻƽ˨ơ. 

ĆþĊÞõv Ć³wÆù üù ¡wþĊÝ ¼·l 

  ƨǿȍǠǶơ ƨƷƢǈǺǷǶ  ƨǟȅǻƴǻ ƨȍƦȌǁƾƬǶơ    ƨǷưǺ˦ơ ǞǺ ǭƥƢǘƬƫ νƬǶơ ƱƿƢǻǿǶơ ǞȍǻƳ ǽǻǔƬƫ ƨƷƢǈǺ νȂ
ƨȍƦȌǁƾƬǶơ    λǷǟ ǙƢǫƸǶơ νǪ ƾǟƢǈȌ ǵψȍȂ ǽǟ ƧǁƢƦǟ ƨǿȍǠǶơ ƨƷƢǈǺ ƍ ǂƻƕ λǿǠǻƥ .ƶȍƸǏ ǵψǌƥ

  ƧƽƢȌǃ νǪ ƧǂǳǫǶơ ǽǻǳƫ .ǵǺƢǲ ǵψǌƥ ƨȍǶƢƸǶơ ƢǿƫƢǜƷ˫Ǻ ǩȍǿǐƫ λǷǟ ƧǁƽƢǯǶơ ƩƢȍǓǂǫǶơ ǞȍǻƳ
  ǵǲ ǞǺ ƨǟǂǈƥ ƨǿȍǠǶơ ƨƷƢǈǺ ǵǷǯƫ ƨǯȌǂǘƥ ƩƢǿȍǠǶơ ǁƢȍƬƻơ ǭȌǂǗ ǽǟ ǹǷǠƬǶơ ƨǟǂǇƨǺ˫ǟ.  

  ƍ ƨǿȍǠǶơ ƨƷƢǈǺ ǩȌǂǠƫ ǽǺȌ  ǵǷǯƫ ǼƗ ǽψǻȌ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ λǶƛ ƤȌǁƾƫ ƨǿȍǟ ƨǪƢǓƛ ǼƗ ƲƬǿƬǈ
ƩƢǿȍǠǶơ ǀƻƗ ǅƢǇƗ ȅȂ ơǀȂ .ƨǿȍǠǶơ ƨƷƢǈǺ ǹƴƷ ǽǺ ǖǯǪ    ǽǺ ǽǺ ƩƢǿȍǠǶơ ǀƻƗ νǪ .ƨǿȍǠǶơ ƨƷƢǈǺ

  .ƾƷ λǐǮƗ λǶƛ ƨǿȍǠǶơ ƨƷƢǈǺ ǹƴƷ ǵȍǷǯƫ ǼȅψȌ ƮȍƸƥ ƨȍǶƢƬǶơ ƨǿȍǠǶơ ǁƢȍƬƻơ ǹƬȌ ƍ ƨǿȍǠǶơ ƨƷƢǈǺ
ƬȌ  νǪ ƧƽȅƳȅǻǶơ ƱƿƢǻǿǶơ ƢȃȍǶƛ νǻƬǿƫ νƬǶơ ƩƢǿȍǠǶơ ǁƢȍƬƻơ ǭȌǂǗ ǽǟ ǱǶƿ ǹǶơ ƨƷƢǈǺƨǿȍǠ  . 

 üĉĒýÿđv øöÞ¤õv1 
  ǹǷǠƬǶơ ƾǠȌ ƍ ȁǶƢψǋƗ ǖǈƥƗ νǪǽȌ˫ǾȄ˪ơ   ƪǮȅǶơ νǪ ƩƢǾƢȍƦǶơ ǽǺ ƨǷưǺƗ ǹǷǠƬȌ νǶˤơ ǹǷǠƬǷǶ Ƣ˻ƥȅǷǇƗ

ǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǵǻǠƫ ƍ ǂƻƕ λǿǠǻƥ .ƾƷơȄ ƪǮȄ νǪ ƨǜƷ˫ǻǶơ ǽǺ νǷǠǫǶơ  ǹǽȌ˫ǾȄ˪ơ   ƩƢǾƢȍƦǶơ ǞǺ
  ƩƢȍǺǃǁơȅƼǶơ ǽǈƸƬƫ .ƨƷƢƬǻǶơǽȌ˫ǾȄ˪ơ   ǵȂƢƴƫ ǹƯ ƍ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǿȍǟ ǵǲ ǴȅǏȄ ǞǺ Ƣ˻ȍƴȌǁƾƫ

 ǆȍǶ ơǀȂ .ƢȃǺơƾƼƬǇơ ǽǟ ǩǮȅƫȄ ƩƢǾƢȍƦǶơ ǱǷƫŻƢȌǁƢƦƳơ  λǈǿƫ ǼƗ ŻƧƽƢǟ ȁȍǪ ƣȅǣǂǻǶơ ǽǺ ǽψǶȄ ƍ

 
1 Online learning 



 
152 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ƨȍǺǃǁơȅƼǶơǽȌ˫ǾȄ˪ơ  Ǻ ǽψǻƬƫ λƬƷ ƪǮȅǶơ ǁȄǂǻƥ ƨǻȌƾǯǶơ ƩƢǿȍǠǶơ  ƩƢǟȅǻƴǺ ǞǺ ǩȍǳƬǶơ ǽ
ƩƢǿȍǠǶơ  ƨƬƥƢưǶơ ǂȍǣ1 . 

ǭȍƦǘƫ ǽψǻȌ  ǹǷǠƬǶơ    ǽȌ˫ǾȄ˪ơ  ƪǮȅǶơ ǁȄǂǻƥ ƩƢǿȍǠǶơ ǹȌƾǯƫ ƢȃȍǪ ǹƬȌ νƬǶơ Ʃ˫ψǌǻǶơ λǷǟ
  ƾǠȌ .ƪǮȅǶơ ǁȄǂǻƥ ƩƢǿȍǠǷǶ νǶƢǻƬƷ˪ơ ǞȌǃȅƬǶƢƥ ƚƦǿƬǶơȄνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  νǫǷƼǶơ ǁƢǌƬǾ˫Ƕ  Ƣǻǲ)

.ǹǷǠƬǶơ ǽǺ ǝȅǿǶơ ơǀȂ λǷǟ ̝˪ƢưǺ (ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ǸƾƼƬǈǺ ȅȂ 

 üĉĒåÿđv øöÞ¤õv 
Ǻ ǽȌ˫ǪȄ˪ơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǵǻǠƫ ƍ ǂƻƕ λǿǠǻƥ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ ƨǠǻƴǻǶơ ƩƢǾƢȍƦǶơ Ǟ

  ƩƢȍǺǃǁơȅƻ ǵȍǤǌƫ ƧƽƢǟƛ ƤƴȌ .ǵǠǫǶƢƥ ȁȌƾǶ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬȌ ǼƗ ƤƴȌǽȌ˫ǪȄ˪ơ    ǹǷǠƬǷǶ
 ƾǠƫ .ƨǶƾǠǻǶơ ƩƢǾƢȍƦǶơ ǽǺ  ƩƢȍǺǃǁơȅƻ  SVM    ƩƢȍǺǃǁơȅƻ ƨȍƟơȅǌǠǶơ ƩƢƥƢǤǶơȄǽȌ˫ǪȄơ    λǷǟ) Ƣ˻ǺƢǻƫ

  ǹȃƫơǂȍǤƬǺ ƔƢǿƦƥ ơȅǺƢǮ ǽȍưƷƢƦǶơ ǼƗ ǽǺ ǹǣǂǶơǽȌ˫ǾȄơ .( 

 øöÞ¤õv üĊz ç¾æõvüĉĒýÿđv ÿüĉĒåÿđv 

) ǖȍǈƥ ǴƢưǻƥ ǹǷǠƬǶơ ǽǺ ǽȍǟȅǿǶơ ǽȌǀȂ ǽȍƥ ǬǂǫǶơ ǂȍǈǫƫ ǽψǻȌDulhare et al.   ƍ2020 .(
Ƕơ ơǀȃǶ ǽψǻȌ ƍ ǹǷǠƬǶơ ǽǺ ǴȄ˦ơ ǝȅǿǶơ νǪ .ǂƦƴǶơ ǹǷǠƫ ƾȌǂȌ Ƣ˻ƦǶƢǗ ǼƗ ǑǂƬǪơ  ǹǷǠƫȄ ƧƔơǂǮ ƤǶƢǘ

  ȁƬǪǂǠǺ ǸƾƼƬǈȌ ǹƯ ƾȌƾƳ Ɣνǋ ȊƗ ǹǷǠƬȌ ˪ ƍ ƤƬψǶơ ȀǀȂ ǽǺ ǹǷǠƬǶơ ƾǠƥ .ǂƦƴǶơ ƤƬǲ ǽǺ ƾȌƾǠǶơ
  ǹǷǠƬǶơ ǽǺ ǝȅǾ ơǀȂ .ǖǯǪǽȌ˫ǾȄ˪ơ  ƤȌǁƾƬǶơ ƔƢǿƯƗ ƩƢǾƢȍƦǶơ ǞȍǻƳ ǂǪȅƬƫ ƍ ȀǀȂ ǹǷǠƬǶơ ƨǯȌǂǗ νǪ .

 ǵƥƢǯǻǶơ νǪ .ǹǷǠƬǶơ ǽǺ ƾȌǄǻǶơ ƢǿȌƾǶ ǼȅψȌ ǽǶ ƍ ƤȌǁƾƬǶơ ƨǷƷǂǺ ƾǠƥȄ ǹǷǠƬǶơ ȄƗ νǾƢưǶơ ǹǷǠƬǶơ νǪ ƍ
ǽȌ˫ǪȄ˪ơ  Ƣ˻ƥƢƬǲ ƾƳȄ ƢǻǷǲ ƍ ȁƬǪǂǠǺ ǸơƾƼƬǇơ ƔƢǿƯƗ ƍ ǹƯ ǹǷǠƬȌ .̝˪ȄƗ ƢȂƗǂǯȌȄ ȁƦƬǲ ƤǶƢǘǶơ ƗǂǯȌ ƍ

 .ȁǻǷǠƫ ǴƾǠǺ ǽǈƸȌ ȁƫƔơǂǮ Ǵ˫ƻ ǽǺȄ ƍ ȀƗǂǯȌ ƍ ǂƦƴǶơ ǴƢƴǺ νǪ ơŻƾȌƾƳ 
  ǹǷǠƬǶơ ǼƜǪ ơǀǶǽȌ˫ǾȄ˪ơ  .ƢȃǻǷǠƬƫ ǼƗ ǱȍǷǟȄ ƤƬψǶơ ǽǺ ƨǟȅǻƴǺ ǰ˫ƬǺơ ȁƦǌȌ    ǰǁƽƢǐǺ ǵǲ

  ǩȍǔƫȄ ƧƾȌƾƳ ƔƢȍǋƗ ǹǷǠƫ ǱȍǷǟ ȁǾƗ ǑǂƬǫǿǶ ǽψǶȄ ƍ ƩƢǾƢȍƦǶơ ǵǲ ǵǠǫǶƢƥ ǱȌƾǶȄ ƤƬψǶơ ȀǀȂ νȂ
 νȂ ȀǀȂ .ǸȅȌ ǵǲ ǱǶ λǘǠſƫ νƬǶơ ƧƾȌƾƴǶơ ƩƢǺȅǷǠǻǶơ ǞǺ ǊȌƢǠƬǶơ ǬƢȍǇ νǪ ƨǯƥƢǈǶơ ǱƬǪǂǠǺ λǶƛ

  ǹǷǠƬǷǶ ƨȍǾƢưǶơ ƨǶƢƸǶơǽȌ˫ǾȄ˪ơ  Ƣ˻ȍǶƢƷ ƨƷƢƬǺ ƩƢǾƢȍƦǶơ ǞȍǻƳ Ǽȅǳƫ ˪ ƢǺƾǿǟ ƍ. 
  ǹǷǠƬǶơǽȌ˫ǾȄ˪ơ  ǼƢƬȍǈȍƟǁ ǼƢƫƾƟƢǪ ȁǶ: 
1.   .ƩƢǾƢȍƦǶơ ǽǺ ơŻƾƳ ƧǂȍƦǲ ƩƢȍǻǲ ƤȌǁƾƫ ƨǯȌǂǘǶơ ȀǀȃǶ ǽψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ

ǂȍƦψǶơ ǹƴƸǶơ ƤƦǈƥ ƧǂǲơǀǶơ νǪ ƧƽȅƳȅǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ. 
2.   .ƨǯȌǂǘǶơ Ȁǀȃƥ ƩƢǾƢȍƦǶơ ƨǠȍƦǗ νǪ ƭƾƸƫ ƾǮ νƬǶơ ƩơǂȍȍǤƬǶơ ƨȍǘǤƫ ǹƬȌ  ǼƗ ǑǂƬǫǿǶ

Google  ǁơȅƻ ƩǁȅǗ ƾǮ  ǩǌƬǳƫ νƬǶơȄ Ƣȃƥ ǍƢƼǶơ νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǸƢǜǿǶ ƨȍǺǃ
  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǵƟƢǇǁ ƔƢǲǀƥ(ƨǺƢȃǶơ ǂȍǣ)ƨƴǟǄǻǶơ   ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ

 
1 non-stationary 



 
153                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 

 

νǶˤơ.    νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǵƟƢǇǁ ȆȅƬƸǺ ǂȍǤƬȌ ƍ ǞǮȅƬƫ ƾǮ ƢǻǲƨƴǟǄǻǶơ   ƍ ǁơǂǻƬǇƢƥ
  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǵƟƢǇǁ ǼȅǷǇǂȌ ǽȌǀǶơ ǍƢƼǋ˦ơ ǵǻǠȌȄƨƴǟǄǻǶơ    ǽȍǈƸƫ λǷǟ

  ƩƢȍǺǃǁơȅƻ ƾǓ ǸȅȌ ǵǲ ǹȃǈǫǾƗGoogle    ǨƢǌƬǲơ ƨȍǺǃǁơȅƼǶ ǽψǻȌ ƍ ǱǶǀǶ .ȀǀȂ
  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơƲǟǄǻǶơ    ǽǺGoogle    ǵƟƢǇǁ ǨƢǌƬǲ˪ ƪǾǂƬǾ˨ơ ǂƦǟ ƤȌǁƾƫ ƔơǂƳƛ
  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơƨƴǟǄǻǶơ  Ǥƫ νƬǶơ  ǹǷǠƫ ƮȌƾƸƫ ǹƬȌ ƍ ǞǮơȅǶơ νǪ .ƪǮȅǶơ ǁȄǂǻƥ Ʃǂȍ

  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǵƟƢǇǁ ǭȍǈǿƫȄ ȆȅƬƸǺ ǵȌƾǠƫ ǭȌǂǗ ǽǟ ȁǿȍǈƸƫȄ ƨȍǺǃǁơȅƼǶơ
ƨƴǟǄǻǶơ . 

ĊÝĀý üĊz üùüù ü  I¡wĊù¿½vĀ¸õv    ¡wĊù¿½vĀ¸õv ºÞ£üĉĒýÿđv    Ăýč vM¾Úý )wMÝĀĊÉ ¾¨íčv Ĉă
  ĆĊù¿½vĀ· iwÊýp ĆõĀĄÆz ìþîúĉüĉĒåÿv    ĆĊù¿½vĀ· üùüĉĒýÿv    Ĕõp ĆåwÑďwz Ćéºz

  ¡wýwĊz ĆÝĀú¬ùIĆýÀ¸ù    ĆĊù¿½vĀ¸õ Ć{Æþõwz wḾ Ċ´Í ÄĊõ ÄîÞõv üîõüĉĒåÿv    )wMùwú£
  ÜùÿIìõ»  ³ üù ¡đ¿wþ£ iv¾«p ø¤ĉ wù wM{õwá$ ĆéĀæ¤ù ą½ÿ¾Òõwz wĄöÞ¬ĉ đ v¼ă ûqå ¦Ċ

  Ćæöî£ ÿl ĆþĊÞõv ąiwæíCPU    ĆĊù¿½vĀ· ÷vº¸¤Åv ºþÝ Ćéºõv ÿlüĉĒýÿv  ½w{¤Ýv üîúĉ )#
 ô³ ¹w¬ĉď Ćõÿw´ù wĄýl ĔöÝ ĆĊ{ÎÞõv Ćî{Êõv yĉ½º£ Ĉå ą¾ĊâÎõv ĆÞåºõv ô¨ù yĊõwÅčv

 ĆöÎ¤úõv ¡wĊù¿½vĀ¸õv üĊz ÔÅÿ üĉĒåÿđvÿ üĉĒýÿđv ) 

 ĈÝwú¬õv øöÞ¤õv1 
  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ νǪνǟƢǻƴǶơ    ǽǺ ǹǷǠƬǶơ ǵȍǲȄ ǽǺ ǵǺƢψǶƢƥ ƨƷƢƬǺ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ Ǽȅǳƫ ƍ

ǠƥȄ ƍ ƨȌơƾƦǶơ  ȀǀȂ νǪ .ǸƢǜǿǶơ λǶƛ ƧƾȌƾƳ ƤȌǁƾƫ ƩƢǾƢȍƥ ƨǪƢǓƛ ǽψǻȌ ˪ ƍ ƤȌǁƾƬǶơ ƨǷƷǂǺ ƾ
  ǬǂǤƬǈƫȄ ƨǷȌȅǗ ƨȍƦȌǁƾƬǶơ ƧǁȄƾǶơ ǼȅǳƬǈǪ ƍ ơŻƾƳ ƧǂȍƦǲ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƪǾƢǲ ơƿƛ ƍ ƩƢȍǺǃǁơȅƼǶơ
ǵǺƢψǶƢƥ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽȌǄƼƬǶ ƨȍǪƢǲ ƨƷƢǈǺ ǰƢǿȂ Ǽȅǳƫ ˪ ƾǮ Ʃ˪ƢƸǶơ ǒǠƥ νǪȄ ̿˫ȌȅǗ ƢŻƬǮȄ. 

 õv øöÞ¤õv ºĉvÀ¤ú2 
  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ νǪƾȌơǄƬǻǶơ   ȄƗ ƨȌơƾƦǶơ ǽǺ ƨǷǻƬψǺ ȄƗ ƨǪȄǂǠǺ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ Ǽȅǳƫ ˪ ƾǮ ƍ

  ƤȌǁƾƫ ƩƢǾƢȍƥ ǴƢƻƽƛ ƩƢȍǺǃǁơȅƼǶơ ȀǀȃǶ ǽψǻǻǶơ ǽǺ ƍ ǂƻƕ λǿǠǻƥ .ƪǮȅǶơ ǁȄǂǻƥ ƢȃƬǪƢǓƛ ǽψǻȌ
  ǵƷơǂǻǶơ ƲƟƢƬǾ λǷǟ ǙƢǫƸǶơ ȅȂ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǽǺ ǑǂǤǶơ .ƤȌǁƾƬǶơ ƨǷƷǂǺ ƾǠƥ ƧƾȌƾƳ

ǺƢǟ ƔơƽƗ ǽȍǈƸƫȄ ƤȌǁƾƬǶơ ǽǺ ƨǯƥƢǈǶơ ƍ ǞǮơȅǶơ νǪ .ƧƾȌƾƳ ǕƢǻǾƗ ǹǷǠƫ Ǵ˫ƻ ǽǺ ǖǯǪ ǹǷǠƬǶơ ǵ
  ƧƽƢǟƛ λǶƛ ƨƳƢƸǶơ ǼȄƽ ƧƾȌƾƳ ƩƢȍǺǃǁơȅƻ ǴƢƻƽƜƥ ƢȃǈǫǾ ƭƁƾƸƫȄ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǩȍǳƬƫ

.ƧǂǪȅƬǺ ƾǠƫ ǹǶ Ƣǻƥǁ νƬǶơ ƨǻȌƾǯǶơ ƩƢȍǺǃǁơȅƼǶơ ƤȌǁƾƫ 

 
1 Batch Learning 

2 Incremental Learning 



 
154 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ǹǷǠƬǶơ ƾǠȌƾȌơǄƬǻǶơ  ȌǂǠƫ λǷǟ ǁȅưǠǶơ ǽψǻȌ .νǶˤơ ǹǷǠƬǶơ νǪ ƩƢǟȅǓȅǻǶơ ǹȂƗ ƾƷƗ  ƩƢǫ
  ǹǷǠƬǷǶ ƨǫǷƬƼǺ ƩơǂȍǈǫƫȄƾȌơǄƬǻǶơ    ǹǷǠƬǶơ ǵưǺ ǍȅǐǾ νǪǽȌ˫ǾȄ˪ơ   ǂȍǣ ǩȍǿǐƬǶơ ƧƽƢǟƛ ȄƗ ƍ

  ǹǷǠƬǶơ ǸƢǜǿǶ ǸƢǠǶơ ǨƾȃǶơ .ƢȃǻȍǷǯƫȄ ƩƢǟȅǻƴǻǶơ ƨȍǿƥ ǂȌȅǘƫ ȄƗ ƍ ƨǯƥƢǈǶơ ƨǷưǺ˧Ƕ ƨƸȍƸǐǶơ
ƾȌơǄƬǻǶơ    ƧƽƢǟƛ ǼȄƽ ƍ ƧƾȌƾƳ ƨǷưǺƗ ǹȌƾǯƫ ƾǿǟ ƨǯƥƢǈǶơ ƩƢǺȅǷǠǻǶơȄ ƩƢǓơǂƬǪ˪ơ ƮȌƾƸƫ ȅȂ

ơ ƩƢǿȍǟ ǹȌƾǯƫ ƾǿǟ ƍ ǸƢǜǿǶơ ơǀȂ ǵưǺ ǼƗ λǶƛ ƍ ǱǶƿ ǞǺ ƍ ƧǁƢǋ˨ơ ǁƾƴƫȄ .ƨǯƥƢǈǶơ ƨǷưǺ˦ơ ǸơƾƼƬǇ
  ȁƬǪǂǠǺ ǽǈƸȌ ǵƥ ƍ ƨǻȌƾǯǶơ ƩƢǿȍǠǶơ λǷǟ ƨǯƥƢǈǶơ ȁƫơȅǘƼǶ ƤȌǁƾƬǶơ ƲƟƢƬǾ λǈǿȌ ˪ ƍ ƧƾȌƾƳ

Ǻƾǿǟ ƾȌơǄƬǻǶơ ǹǷǠƬǶơ ƾȌơǄƬǻǶơ ǹǷǠƬǶơ λǷǟ ǭǷǘ˾Ȍ ƍ ǂƻƕ λǿǠǻƥ .ƧƾȌƾƴǶơ ƩƢǿȍǠǶƢƥ ƨǯƥƢǈǶơ  ȁǶ ǼȅψȌ Ƣ
) ƨȍǶƢƬǶơ ǎƟƢǐƼǶơDulhare et al.   ƍ2020( : 

Á  .ƧƾȌƾƳ ƩƢǾƢȍƥ ǴƢƻƽƛ ƾǿǟ ƨȍǪƢǓƛ ƨǪǂǠǺ ƣƢǈƬǲơ λǷǟ ƧǁƾǯǶơ 
Á  .ƨǯƥƢǈǶơ ǹǷǠƬǶơ ǵƷơǂǺ ǽǺ ƧƽƢǫƬǈǻǶơ ƩƢǺȅǷǠǻǶƢƥ ǙƢǫƬƷ˪ơ λǷǟ ƧǁƾǯǶơ 
Á   ǹǷǠƫ λǷǟ ƧǁƾǯǶơ ƨƠǪ   ƾȌƾƳ Ƨ   ƧƾȌƾƳ ƨǿȍǟ ǂȍǪȅƫ ǹƫ ơƿƛ . 

  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ λǷǟ ƪȌǂƳƗ νƬǶơ ƩƢǇơǁƾǶơ λǷǟ ˻ƔƢǿƥƾȌơǄƬǻǶơ  ȀǀȂ ǩȍǿǐƫ ǽψǻȌ ƍ
  ƭ˫Ư λǶƛ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǹȍǈǯƫ ǽψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǫǷƬƼǺ ǂȍȌƢǠǻǶ ƢŻǯǪȄ ƩƢȍǺǃǁơȅƼǶơ

.ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ǽȌǄƼƫ λǷǟ ƢȃƫǁƾǮ λǷǟ ˻ƔƢǿƥ ƩƢƠǪ  

¶  :ƨǷǺƢψǶơ ƩƢǾƢȍƦǶơơȅƼǶơ ǽǺ ƨǟȅǻƴǻǶơ ȀǀȂ ƩƢǾƢȍƥ ǞȍǻƳ ǽȌǄƼƫ λǷǟ ƧǁƽƢǮ ƩƢȍǺǃǁ
  ƩƢȍǮǂƫ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ƢȌơǄǺ ǵǻǌƫ .ƨǻȌƾǯǶơ ƩƢǾƢȍƦǶơ ǼơƾǯǪ ǼȄƽ ƤȌǁƾƬǶơ
  ƤǷǘƬƫ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǞȍǻƳ ǂǪȅƬǶ ơ˻ǂǜǾ ƍ ǱǶƿ ǞǺȄ .ƨǯȍǮƽ ƨǮƽȄ ƨǶƢǠǪ ƩƢưȌƾƸƫȄ

.ƧǂȍƦǲ ǽȌǄƼƫ ƨƷƢǈǺ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ 
¶   :ƨȍƟǄƴǶơ ƩƢǾƢȍƦǶơƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ȊȅƬƸƫ    ǼȅǷǐȌ νǶƢƬǶƢƥȄ .ǖǯǪ ƨǿȍǠǺ ƩƢǾƢȍƥ λǷǟ

.ƧǂǲơǀǶơ ǸơƾƼƬǇơȄ ƨǮƾǶơ ǽȍƥ ǴǃƢǿƬǶơ ǽǺ ƨƳǁƽ λǶƛ 
¶  ƩƢǾƢȍƥ ǼȄƾƥ  :  ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǼǄƼƫƩƢǺȅǷǠǻǶơ    ƩƢǾƢȍƦǶƢƥ ƨǯǷǠƬǻǶơ ƨȍƟƢǐƷ˨ơ

 Ǽȅǳƫ ƍ ƨǾǄƼǻǶơ ƩƢǾƢȍƦǶơ ǝȅǾ λǷǟ ơ˻ƽƢǻƬǟơ ƍ ǱǶǀǶ .ƩƢǾƢȍƦǶơ ǞȍǻƳ ǵȂƢƴƬƫȄ ǖǯǪ
ǮƗ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ƨǮƽ  ǸơƾƼƬǇơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .Ȁ˫ǟƗ ǽȍƫǁȅǲǀǻǶơ ǽȍƬƠǫǶơ ǽǺ ǵ

Ƣ˻ǔȌƗ ǒǫƼǿǺ ƩƢȍǺǃǁơȅƼǶơ ȀǀȃǶ ƧǂǲơǀǶơ. 

 Ĉ£v¼õv øöÞ¤õv1 
νƫơǀǶơ ǹǷǠƬǶơ ƨȍǻǈƫ ǽψǻȌ    ƤǷǘƬȌ ȊǀǶơ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ ǽǺ Ƣ˻Ǻƾǯƫ ǂưǲƗ ǁơƾǏƜƥ

  ƍ ƩƢǾƢȍƦǶơ λǷǟ ƩƢǺ˫ǠǶơ ǞǓȅƥ ǂǌƦǶơ ǸȅǯȌ ˪ ƍ ǖǯǪ ƨǶƢƸǶơ ȀǀȂ νǪ .ƨȍǻȍǜǿƫ ƩƢǾƢȍƥƢǻǾơȄ    ƱƿȅǻǿǶơ
  ȅȂ  λǷǟ ǵǐƸȌ ȊǀǶơƩƢǺ˫ǠǶơ    ǴȅƷ ƨȌǂǌƦǶơ ƩƢǯȍǷǠƬǷǶ ƨƳƢƷ ƽȅƳȄ ǸƾǠǶ ơ˻ǂǜǾ .ƩƢǾƢȍƦǶơ ǽǺ

 
1 Self-Supervised Learning 
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  ǽψǻȌ ƍ ƩƢǾƢȍƦǶơ ǩȍǿǐƫ  ǹǷǠƬǶơ ǁƢƦƬǟơνƫơǀǶơ    ǸȅǯȌ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ǽǺ ̿˫ǯƬǈǺ ̿˫ψǋ
 ƨǿǻǔǻǶơ ƨȍǫǏȅǶơ ƩƢǾƢȍƦǶơ ƧƾǟƢǈǻƥ ƩƢǺ˫ǠǶơ ǞǓȅƥ νƫơǀǶơ ǹǷǠƬǶơǲƨȍǻȍǜǿƫ ƩƢǾƢȍƦ . 

 Ćö¨ùđv ¹ºÞ¤úõv øöÞ¤õv1 
  ƽƾǠƬǺ ǹǷǠƬǶơ ƵơǂƬǮơ ǹƫ ƨǷưǺ˪ơ    ƨǪǂǠǻǶƢƥ ƨǯǷǠƬǻǶơ ƢȌƢǔǯǷǶ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ǽǺ ǝȅǿǲ  ǂȍǣ

 ǴȅƷ ƨǷǺƢψǶơƩƢǺ˫ǟ  ƨǻȍǮ ȄƗ ƨǷǐǫǿǺ ƨȍǻǈƫ ǽȍȍǠƫ ǹƬȌ ƍ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ νǪ .ƩƢǿȍǠǶơ
 ƨǿȍǟ ǵψǶ ƨȍǯȍǯƷƨȍƦȌǁƾƫ  ƢȃǐȍǐƼƫ ǹƬȌ ƍ ƩƢǺ˫ǠǶơ ǽǺ ƧƽƾǠƬǺ Ʃ˪ƢƷ ǹǷǠƫ νǪ ƍ ǵƥƢǯǻǶơ νǪ .

ƤƟƢǯƸǶ   ƦȍǯƸǶơ Ǆȍȍǻƫ ǹƬȌȄ ƍ ƨƦȍǯƷ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ƨǻǜƬǿǺ ƨǟȅǻƴǺ λǻǈƫ) ƩƢǿȍǠǶơ ǽǺ  ƨ
  ǼƜǪ ƍ ƨƦƳȅǺ ƨƦȍǯƸǶơ ǱǷƫ νǪ ǵǮ˦ơ λǷǟ ƧƾƷơȄ ƨǿȍǟ ƪǾƢǲ ơƿƛ ƍ νƟƢǿưǶơ ǞǓȅǶơ νǪ .(ƢȃǷǻǲƘƥ

ƨƦȍǯƸǶơ  ƫ  ǼȅψȍǈǪ ƍ ƨȍƦǷǇ ȁȍǪ ƧƽȅƳȅǻǶơ ƩƢǿȍǠǶơ ǞȍǻƳ ƪǾƢǲ ơƿƛȄ ƍ ƤƳȅǺ ǭǐǷǺ ǵǻƸƨƦȍǯƸǷǶ  
  ǼƜǪ ƍ ƨƴȍƬǿǶơ ǞǺ ƨǿȍǠǶơ ƪǯƥƢǘƫ ơƿƛ ƍ ǂƻƕ λǿǠǻƥ .ȋƦǷǇ ǭǐǷǺƨƦȍǯƸǶơ  ȃǷǲƢ   ơƿƛȄ ƍ Ƣ˻ƦƳȅǺ ǼȅψȌ

  ǩȍǿǐƫ ȅȂ ƨǷưǺ˦ơ ǽǺ ƾȌƾǠǶơ ǽǺ ǑǂǤǶơ .ƨȍƦǷǇ ƢȃǷǻǲƘƥ ƨƦȍǯƸǶơ ǼƜǪ ƍ ǭƥƢǘƬȌ ǹǶƤƟƢǯƸǶơ   ȄƗ
  λǷǟ ˻ƔƢǿƥ ƨȍƟǂǻǶơ ǂȍǣ ƩƢǿȍǠǶơƤƟƢǯƷ    ƩƢǾƢȍƥ ƢȃǾƗ λǷǟ ƨǫǿǐǺ ƨȍƦȌǁƾƫ. 

Ćõċv ôúÞ£ äĊí øöÞ£K  

  ǽǺ ǕƢǻǾ˦ơ ƱǂƼƬǈƫ ƨƬǻƫƚǺ ƨȍǷǻǟ ȁǾƘƥ νǶˤơ ǹǷǠƬǶơ Ǩ̈ǂǠ˾Ȍ  ǞǓƢƼǶơ νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈǾ .ƩƢǾƢȍƦǶơ
 νǶˤơ ǹǷǠƬǶơ ƲȃǾ ǹǷǠƬȌ .ƨȌƚƦǿƬǶơ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƲǺơǂƥ νǪ ƨǺƾƼƬǈǻǶơ ƱƿƢǻǿǶơ ƔƢǿƦǶ Ǩơǂǋ˩Ƕ
  ǎƟƢǐƼǶơȄ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ƨǟȅǻƴǺ ǽȍƥ ƨǮ˫ǠǷǶ Ƣ˻ƳƿȅǻǾ Ƣ˻ȍƟƢǯǷƫ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ

ǈǶơ ƨǷưǺ˦ơ ȄƗ ƨǷưǺ˦ơ ǽǺ ƨǟȅǻƴǺ λǷǟ ˻ƔƢǿƥ ƍ ƨǪƾȃƬǈǻǶơ ơǀȂ ǸơƾƼƬǇơ ƢǿǿψǻȌ ƍ ǱǶƿ ƾǠƥ .ƨǯƥƢ
  ǵψǌǶơ νǪ ǼƢƬƸǓȅǺ ǼƢƬǷǐǫǿǺ ǼƢƫȅǘƼǶơ ǼƢƫƢȂ .ƧƾȌƾƳ ƨǷưǺƘƥ ƚƦǿƬǷǶ ƱƿȅǻǿǶơ4ŷ1. 

  ǴȄƾƴǶơ ƽǂǈȌ4ŷ2   ƢȃƸǿǺ νƬǶơ ǼƢψǇ˨ơ ǑȄǂǮ ƩƢǾƢȍƥ ƾǟơȅǮ ȄƗ ƨǯƥƢǈǶơ ƨǷưǺ˦ơ ǽǺ ƨǟȅǻƴǺ
Ƕơ ǩǐƫ ƨȍǫǏȄ ƩƢǻǇ λǷǟ ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ȊȅƬƸƫ .νǓƢǻǶơ νǪ ǱǿƦǶơ  ȊǁƢǯǠǶơ ǽȂǂ

  ǨƢǘǻǶơ ƨȌƢȃǾ νǪ ǵǌǪ ƾǮ ȊǁƢǯǠǶơ ǽȂǂǶơ ƤǷǗ ǸƾǯǺ ǼƢǲ ơƿƛ ƢǺ λǶƛ ǂȍǌƫ νƬǶơ ƨǪƾȃƬǈǻǶơ ƨǻǈǶơȄ
  Ʃ˫ƴǇ ƨƯ˫Ư λǷǟ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ȊȅƬƸƫ .ǵǺƢψǶƢƥ Ȁƽơƾǈƥ ǸƢǮ ȄƗ ǑǂǯǶơ ƽơƾǇ νǪ
Ǻ ǂǻǟȄ ƍ (ƨȍǟƢǿǏ ȄƗ ƨȌǁơƽƛ Ǽȅǳƫ ǼƗ ǽψǻȌ νƬǶơ) ƨǿȃǻǶơ :ȊǁƢǯǠǶơ ǽȂǂǶơ ǴȅƷ (ƩƢǺȅǷǠǺ)  Ǹƾǯ

  ǽȍȍǠƫ ǹƬȌ .(ƤƫơǂǶơ λǶƛ ǑǂǯǶơ ƨƦǈǾ) ǑǂƬǯǻǶơ ǢǷƦǻǶơȄ ƤǷǘǶơ ǸƾǯǺ Ƥƫơǁ ǽȍƥ ƨƦǈǿǶơȄ ƤǷǘǶơ
  ǵǲ λǶƛ ǁƢǌ˾Ȍ ƍ νǶˤơ ǹǷǠƬǶơ ƩƢƸǷǘǐǺ νǪ .ƽơƽǂƬǇơ ȄƗ νǓơǂƬǪơ ǵψǌƥ (ƨƴȍƬǿǶơ) ǨƾȃǶơ ƨǻǈǶơ

  ȁǾƗ λǷǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǩǏ ƨǿȍǟ  ƤȌǁƾƫ    ƢȃǾƗ λǷǟ ƨǺƢǠǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǶƛ ǁƢǌȌȄ
 ƤȌǁƾƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ . 

 
1 Multiple Instance Learning 
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 Ƕơ  ǵψǌ4 ŷ1  (ƣ) Ȅ ǹǷǠƬǶơ (Ɨ) :Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ νǶˤơ ǹǷǠƬǶơ νǪ ǼƢƫȅǘƻǞǮȅƬǶơ . 

  ǴȄƾƳ4 ŷ2  ǑȄǂǯǶơ ǹȍȍǯƫ ƩƢǾƢȍƥ ƧƾǟƢǮ 

 ǵǈǷǈƬǶơ  ƨǿȃǻǶơ  ǂǻǠǶơ 
  λǶƛ ǑǂǯǶơ ƨƦǈǾ
 ƤƫơǂǶơ 

 ƨƴȍƬǿǶơ 

1 ƨȍǟƢǿǏ 34 2.96  ƽơƽǂƬǇơ 
2  ƨȌǁơƽơ 41 4.64 ǓơǂƬǪơν 
3  ƨȌǁơƽơ 36 3.22 ǓơǂƬǪơν 
4  ƨȌǁơƽơ 41 3.11 ǓơǂƬǪơν 
5 ƨȍǟƢǿǏ 48 3.80 ǓơǂƬǪơν 
6 ƨȍǟƢǿǏ 61 2.52  ƽơƽǂƬǇơ 
7  ƨȌǁơƽơ 37 1.50  ƽơƽǂƬǇơ 
8  ƨȌǁơƽơ 40 1.93  ƽơƽǂƬǇơ 
9 ƨȍǟƢǿǏ 33 5.25 ǓơǂƬǪơν 
10 ƨȍǟƢǿǏ 32 4.15 ǓơǂƬǪơν 

ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶ ƨȌƢǤǷǶ ǖȍǈƥ ƚƦǿƫ ƱƿȅǻǾ λǷǟ ǴƢưǺ νǷȌ ƢǻȍǪ : 
if  ƤƫơǂǶơ λǶƛ ǑǂǯǶơ ƨƦǈǾ > 3 then 

ƨƴȍƬǿǶơ = νǓơǂƬǪ˪ơ       
else 

ǝƢƳǁơ  ǴơȅǺ˦ơ(ƽơƽǂƬǇơ) ƨƴȍƬǿǶơ =        
end if 

ƨȍǺǃǁơȅƻ 
ǹǷǠƫ ƨǶ˪ơ ƨǟȅǻƴǺ 

ƩƢǾƢȍƦǶơ 

ƱƿȅǻǿǶơ 
ơνƠƦǿƬǶ 

ƱƿȅǻǿǶơ 
νƠƦǿƬǶơ ƦǿƬǶơƘ  ƮƸƥƨǿȍǠǶơ 

ƩƢǿȍǠǶơ 

ǞǮȅƬǷǶ ƱƿȅǻǿǶơ ǸơƾƼƬǇơ (ƣ) ǞǮȅƬǷǶ ƱƿȅǻǿǶơ ǸơƾƼƬǇơ (ƣ) 

ǞǮȅƬǷǶ ƱƿȅǻǿǶơ ǸơƾƼƬǇơ (ƣ) )ƕ (ƨǯƥƢǈǶơ ƨǷưǺ˦ơ ǽǺ ƨǟȅǻƴǺ ǽǺ ƱƿȅǻǾ ǹǷǠƫ 

ǞǮȅƬǷǶ ƱƿȅǻǿǶơ ǸơƾƼƬǇơ (ƣ) ǨƾȃǶơ ƨǻǇ ƨȍǫȍǏȅƬǶơ ƩƢǻǈǶơ 
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  ˪ ȁǾ˦ ƍ ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǞǺ ǭǪơȅƬǺ ƱƿȅǻǿǶơ ơǀȂ ǼƗ ǴȅǯǶơ ǽψǻȌ ƨǟȅǻƴǺ νǪ ƨǷưǺƗ ƾƳȅƫ
 ƢǿǿψǻȌ ƍ ƧƾȌƾƴǶơ ȊǁƢǯǠǶơ ǽȂǂǶơ ƩƢƦǷǗ ǹȌƾǯƫ ƾǿǟ .ƶȍƸǏ ǵψǌƥ ƱƿȅǻǿǶơ Ƣȃƥ ƘƦǿƬȌ ˪ ƩƢǾƢȍƦǶơ
 ƿƢƼƫơȄ ƍ ˪ ǸƗ ƢȂƽƾǈȌ ǨȅǇ ȊǁƢǯǠǶơ ǽȂǂǶơ ƤǷǗ ǸƾǯǺ ǼƢǲ ơƿƛ Ƣǻƥ ƚƦǿƬǷǶ ƱƿȅǻǿǶơ ơǀȂ ǸơƾƼƬǇơ

ƩƢǠǮȅƬǶơ ǱǷƫ λǷǟ ˻ƔƢǿƥ ǑơǂǮ˨ơ ƩơǁơǂǮ . 
  ǵǻǠƫ  ǽȍƥ ƨǮ˫ǠǶơ ƶǓȅȌ ƢǻǺ ƍ ƱƿȅǻǿǶơ ǹǷǠƫ ƨȍǷǻǟ ƨƬǻƫƗ λǷǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ

  ƨǘȍǈƦǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ƨƦǈǿǶƢƥ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǨƾȃǶơ ƨȍǏƢƻȄ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ
  ǴȄƾƴǶơ νǪ ƨǓȄǂǠǻǶơ ǱǷƫ ǵưǺ4ŷ2   λǷǟ ǴƢưǺ νǪȄ ƍ Ƣ˻ȌȄƾȌ ƚƦǿƫ ƱƿȅǻǾ ƔƢǌǾƛ ǽǺ ǽψǻƬǾ ƾǮ ƍ

  ƍ ǅƢȍǯǻǶơ ơǀȂ  ȊȅƬƸƫ ƢȃǈǫǾ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǼƗ Ǽˤơ ǑǂƬǫǿǶ .ƢǿǶ ƨƦǈǿǶƢƥ νǶˤơ ǹǷǠƬǶơ ǵǻǠȌ ˪
  ƍ ǽȃƫǂǻǶơ ƤƫơǁȄ ƍ ǎƼǌǶơ ƢȂƢǯǷƬȌ ȊǀǶơ ȊǁƢǯǠǶơ ǽȂǂǶơ ǢǷƦǺ ǵưǺ ƍ ǂưǲƗ ƨȍǫǏȄ ƩơǄȍǺ λǷǟ
  ǹǶ ƍ Ǽˤơ .ǎƼǌǶơ ƢȃȍǪ ǑǂƬǮơ νƬǶơ ƩơǂǻǶơ ƽƾǟȄ ƍ ȊǁƢǯǠǶơ ǽȂǂǶơ ȁƥ ǭǷǠƬȌ ȊǀǶơ ǁƢǯǠǶơ ǝȅǾȄ

ƱƿȅǻǾ ƾǠȌ    ƨǟȅǻƴǺ ǞǺ ƢŻǯǪơȅƬǺ ƍ ǞǪƾǶơ ǸȅȌ ǑǂǮ ƧǄȍǺ ǖǯǪ ǸƾƼƬǈȌ ǹǶ ȊǀǶơ ƍ ǖȍǈƦǶơ ƚƦǿƬǶơ
  .ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ƧƾǟƢǯǶơ ȀǀȂ ǵưǺ λǷǟ ǁȅưǠǶơ ơŻƾƳ ƤǠǐǶơ ǽǺ ƍ νǶƢƬǶƢƥȄ .ȀǀȂ ƩƢǾƢȍƦǶơ
  ơǀȂ .ƩƢǾƢȍƦǶơ ǎƸǪ ǭȌǂǗ ǽǟ Ƣ˻ȌȄƾȌ ƱƿȅǻǿǶơ ơǀȂ ǹǷǠƫ ǵȍƸƬǈǻǶơ ǽǺ ǼȅψȌ ƽƢψȌ ƍ ǂƻƕ λǿǠǻƥ

 ǻǶơ ȅȂ ǽǺȄ .νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ƨƦǈǿǶƢƥ ƨȌƢǤǷǶ ǖȍǈƥ ȁǾ˦ ƍνǶˤơ ǹǷǠƬǶơ ȁȍǪ ƤǠǷȌ ȊǀǶơ ǼƢψ
  ǼƜǪ ƍ ƧƽƾǠƬǺ ǎƟƢǐƻ Ʃơƿ ƧǂȍƦǲ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ǽǺ ƨȌƚƦǿƫ ƱƿƢǻǾ ƔƢǿƥ ƾȌǂǾ ƢǺƾǿǟ ƍǹƯ

 .νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ νȂ ƨǯȌǂǘǶơ 
ƸǻǶơ ƚƦǿƬǶơ ƱƿƢǻǾ ǽǺ ƨǟȅǻƴǺ ǽǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƮƸƦƫ  ƔƢǿƦǶ ƨǶȄƢƸǺ νǪ ƨǷǻƬ

  νǪ ƨȍǟȅǓȅǻǶơ ǎƟƢǐƼǶơȄ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ǽȍƥ ƨǮ˫ǠǶơ ǵǔǪƗ ǵψǌƥ ƶǓȅȌ ƱƿȅǻǾ
 ǞǺ ƨǯǪơȅƬǻǶơ ƱƿƢǻǿǶơ ǽǟ ƮƸƦǶơ ȅȂ ƮƸƦǶơ ơǀȂ ȁȍƳȅƬǶ ƶǓơȅǶơ ǁƢȍǠǻǶơ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ

ơȅƬǻǶơ ƱƿƢǻǿǶơ ǽǟ ǖȍǈƦǶơ ƮƸƦǶơ ƧƾƟƢǪ ǸƾǠǶ ǵǮ˦ơ λǷǟ ǼƢƦƦǇ ǰƢǿȂ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ Ƣǻƥ ƨǯǪ
 ǵǻƬƸǻǶơ ǽǺ ƍ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ ǵǺƢǠƬǶơ ƾǿǟ ƍ ̝˪ȄƗ .ƨȌƚƦǿƬǶơ ƱƿƢǻǿǶơ ǹǷǠƬǶ νǫψȌ
  Ǹƾǯƫ ƨƦƻƢǐǶơ ƩƢǾƢȍƦǶơ ǞǺ ƨǯǪơȅƬǻǶơ ƨȌƚƦǿƬǶơ ƱƿƢǻǿǶơȄ ƍ Ƣ˻ǔȌƗ ƩƢǾƢȍƦǶơ νǪ ƔƢǓȅǓ ǰƢǿȂ ǼȅψȌ ǼƗ

˪ ƍ νǶˤơ ǹǷǠƬǶơ ƩƢǟȄǂǌǺ νǪ ƩƢǮȄ˦ơ ǹǜǠǺ νǪ ƍ Ƣ˻ȍǾƢƯ .ƨƠǗƢƻ ƩơƚƦǿƫ  ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǵưǻƫ 
  νǶˤơ ǹǷǠƬǶơ ƾǠȌ ƍ ǱǶǀǶ ƨƴȍƬǾ .ǴƢƴǻǶơ νǪ ƨǷǻƬƸǻǶơ ƨǷưǺ˦ơ ƨǟȅǻƴǺ ǽǺ ƧǂȍǤǏ ƨǿȍǟ ȆȅǇ

  ƨǷψǌǺ  ǵψǌƥ ƨƷȄǂǘǺ ƨƠȍǇ1    ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ ƢȃǶ ƾȌǂǪ ǵƷ λǷǟ ǁȅưǠǶơ ǽψǻȌ ˪ ƨǷψǌǺ νȂȄ ƍ
  ǭȌǂǪ ƢȃȍǪ ƾȌǂȌ ƨǷψǌǺ ȅȂ νǶˤơ ǹǷǠƬǶơ ǼƗ ǩȍǲ ƶȍǓȅƬǶ ǴƢưǺ ǸơƾƼƬǇơ ƢǿǿψǻȌ .ƢȂƾƷȄ ƧƽȅƳȅǻǶơ

  ƩƢǟȅǻƴǺ λǶƛ ȁƟ˫ǻǟ ǩȍǿǐƫ ƪǲǁƢǺ ǂƥȅǇ ƨǷǈǷǇ νǪ Ʃ˫ȍǷƸƬǶơƨƥǃƢǟ   ƨȍǷƟƢǟ ȄƗ ƨƳȄǄƬǺ ȄƗ
ƼǶơ ǬȅǈƬǶơ ƩơƽƢǟ λǷǟ ˻ƔƢǿƥ  ǴȄƾƴǶơ νǪ ƧƽǁơȅǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ȊȅƬƸƫ .ǖǯǪ ǹȃƥ ƨǏƢ4ŷ2 

  ơǀȂ νǪ ƨȍǫǏȅǶơ ƩơǄȍǻǶơ ƶǓȅƫ .Ɣ˫ǻǟ ƨǈǻƼǶ ǬȅǈƬǶơ ƩơƽƢǟ ǩǐƫ ƨȍǫǏȄ ƩơǄȍǺ λǷǟ
 ƨȍƫƢƦǿǶơ ƩƢƴƬǿǻǶơ ȄƗ ƨȌǃƢǤǶơ ƩƢƥȄǂǌǻǶơ ȄƗ ǴƢǫǗ˦ơ ƨȌǀǣƗ ȊǂƬǌȌ ǵȍǻǠǶơ ǼƢǲ ơƿƛ ƢǺ ǴȄƾƴǶơ

 
1 ill -posed problem 
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  ƧƾƷơȄ λǷǟ ƨǻǇ ǵǲ ȊȅƬƸƫ .˪ ǸƗ ƨȌȅǔǠǶơ  ƍ ǽȍƬǻȍǮ ǽǺǹǠǾ    ȄƗ˪  ƩơǄȍǻǶơ ȀǀȂ λǶƛ ƨǪƢǓ˨Ƣƥ .
) ǵȍǻǟ ǵψǶ ƨȍǪơǂǣȅǻȌƾǶơ ƨǟȅǻƴǻǶơ ǩǐƫ ƨǪƾȃƬǈǺ ƨǻǇ ǰƢǿȂ ƍ ƨȍǫǏȅǶơ ƣǄǟơ   ȄƗ ƱȄǃ ȄƗ

  ǴȄƾƴǶơ νǪ ƧƽǁơȅǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǻǈƫ .(ƨǷƟƢǟ4ŷ3    ȊȅƬƸƫ ƢȃǾ˦ ƨǾȅǿǠǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ
 .ǨƾȃǶơ ƨǻǈǷǶ ǹȍǮ λǷǟ 

  ǴȄƾƳ4 ŷ3  Ƕơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ƨǘȍǈƦǶơ ƨƟǄƴƬǶƢƥ ǞȍƦ 

 ǹǮǂǶơ  ǴƢǫǗ˦ơ ƨȌǀǣƗ  ȊǃƢǣ ƣȄǂǌǺ  ƨȌȅǔǟ ƨȍƫƢƦǾ ƩƢƴƬǿǺ  ǨƾȃǶơ 

1  ˪ ˪ ˪ƱȄǃ 
2  ǹǠǾ  ǹǠǾ  ǹǠǾ νǷƟƢǟ 
3  ǹǠǾ  ǹǠǾ  ˪νǷƟƢǟ 
4  ˪ ˪ ǹǠǾ ƱȄǃ 
5  ˪ ǹǠǾ  ǹǠǾ ƣǄǟơ 

 ƱƿȅǻǾ ǽǟ ƮƸƦǶơ Ǵ˫ƻ ǽǺ ơǀȂ ƨƟǄƴƬǶƢƥ ǞȍƦǶơ ȅȌǁƢǿȍǈǶ ȊƚƦǿƫ ƱƿȅǻǾ ǹǷǠƫ ǴȄƢƸǾ ƢǿǾƗ ǵȍƼƫ
 ƨǫǷƬƼǻǶơ ƱƿƢǻǿǶơ ƽƾǟ ƨǪǂǠǺ ȅȂ ȁƥ ǸƢȍǯǶơ ƢǿȍǷǟ ǽȍǠƬȌ Ɣνǋ ǴȄƗ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƤǇƢǿȌ

  νƬǶơ ƚƦǿƬǶơ ƱƿƢǻǾ ƨǟȅǻƴǺ ƧȅǘƼǶơ ȀǀȂ ƽƾƸƫ .ȅȌǁƢǿȍǈǶơ ơǀȃǶ ǵǠǫǶƢƥ ƨǿψǻǻǶơƮƸƦƫ  Ƣȃǿǟ  
  ǹǷǠƫ ƨȍǺǃǁơȅƻƨǶˤơ ƚƦǿƬǶơ ƱƿȅǻǿǶ ƨȍǻȂƗ ǂưǲ˦ơ ƧǄȍǻǶơ ǼƜǪ ƍ ǭǈƬǺ ƱƿȅǻǾ ǽǟ ƮƸƦǶơ ǁȅǜǿǺ ǽǺ .

  ƨȍǏƢƼǷǶ ƚƦǿƫ νǪ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ǹȍǮ ǽǺ ƨǷǻƬƸǺ ƨǟȅǻƴǺ ȊƗ ǽȍȍǠƫ ƽƾƸȌ ȁǾƗ νȂ
  ǱǶǀǶ ƍ ǖǯǪ ƨȍƟƢǿƯ ƨȍǫǏȄ ǎƟƢǐƻ ƭ˫Ư ǰƢǿȂ ƍ ƨƟǄƴƬǶƢƥ ǞȍƦǶơ ȅȌǁƢǿȍǈǶ ƨƦǈǿǶƢƥ .ƨȍǟȅǓȅǻǶơ

  ǰƢǿȂς ψ    ȀǀȂ ǽǺ ǵψǶ ƍ ǱǶƿ ǞǺȄ .ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ǹȍǮ ǽǺ ƨǷǻƬƸǺ ƩƢǟȅǻƴǺ
  ǰƢǿȂ ƍ ƨȍǫǏȅǶơ ƩƢǻǈǶơ ǹȍǮ ǽǺ ƨǿψǻǻǶơ ƨȍǾƢǻưǶơ ƩƢǟȅǻƴǻǶơ3    .ƨǷǻƬƸǺ ƨȍǟȅǓȅǺ ƩƢǻǇ ǹȍǮ

  ǰƢǿȂ ǼƗ νǿǠȌ ơǀȂ ƍ ǱǶǀǶ6566    (Ɨ) ǴȄƾƴǶơ ƶǓȅȌ .ƢȃǺơƾƼƬǇơ ǽψǻȌ ƚƦǿƬǷǶ ƢŻǿψǻǺ Ƣ˻ƳƿȅǻǾ
3ŷ4  ǽǺ ƨǟȅǻƴǺ ǽȍƥ ƨǮ˫ǠǶơ ǹƬȌ .ƨƟǄƴƬǶƢƥ ǞȍƦǶơ ȅȌǁƢǿȍǈǶ ƚƦǿƬǶơ ƱƿƢǻǾȄ ƨȍǫǏȅǶơ ƩƢǻǈǶơ ǹȍǮ

 ƱƿƢǻǿǶơ ƨǟȅǻƴǺ Ǒǂǟ ǹƬȌȄ ƍ ǴȄƾƴǶơ ǽǺ ǽǻȌ˦ơ ƤǾƢƴǶơ λǷǟ ƨȍǫǏȅǶơ ƩơǄȍǻǶơ ƨǟȅǻƴǺ ƽǂǇ
  ǽǺ ǴƢƴǻǶơ ơǀȃǶ ƨǷǻƬƸǻǶơὓ    λǶƛὓ    ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ .ǴȄƾƴǶơ ǽǺ ǂǈȌ˦ơ ƤǾƢƴǶơ λǷǟ
  ǴȄƾƴǶơ νǪ ƤȌǁƾƬǶơ4ŷ2    ǵǻǳƫ ƍ  ƨǟȅǻƴǺ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ6561    ǒȍǫƼƬǶơ ƱƿƢǻǾ ǽǺ

  (ƣ) ǴȄƾƴǶơ ƶǓȅȌ .ƤȌǁƾƬǶơ ƨǷưǺƗ ǞǺ ǭǪơȅƬƫ νƬǶơ ƱƿƢǻǿǷǶ ǖǯǪ ȅȌǁƢǿȍǈǶơ ơǀȃǶ ƨǷǻƬƸǻǶơ4 ŷ
3    ƶǓȅȌ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǞǺ ǭǪơȅƬƫ ˪ νƬǶơ ƱƿƢǻǿǶơ ǴȄƾƴǶơ νǪ ƨǣǁƢǫǶơ Ƨƾǻǟ˦ơ ƶǓȅƫ .ơǀȂ

  (ƣ) ǴȄƾƴǶơ4ŷ4  ƢǾƢȍƥ ƨǟȅǻƴǺ ǼƗ Ƣ˻ǔȌƗ ƨǿψǻǺ ƨǟȅǻƴǺ ǵψǶ ƨǿȍǟ λǷǟ ȊȅƬƸƫ ˪ ƤȌǁƾƬǶơ Ʃ
 νƬǶơ ƨǷǻƬƸǻǶơ ƚƦǿƬǶơ ƱƿƢǻǾ ǽǺ ǂȍƦǲ ƽƾǟ ǰƢǿȂ ǴơǄȌ ˪ ƍ ǂƻƕ λǿǠǻƥ .ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ ǹȍǮ ǽǺ
  ƭ˫Ư ǰƢǿȂ ǼƗ ȊƗ .ƨǯǪơȅƬǻǶơ ǂȍǣ ƱƿƢǻǿǶơ ƨǶơǃƛ ƾǠƥ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǞǺ ƨǯǪơȅƬǺ ǵǜƫ

˪ νƬǶơ ƨȍǫǏȅǶơ ƩƢǻǈǶơ ǹȍǮ ǽǺ ƩƢǟȅǻƴǺ   ƍ ǱǶǀǶ .ƢȃǶ ƨǯȍǮƾǶơ ƨȍǟȅǓȅǻǶơ ƨǻǈǶơ ƨǻȍǮ ǨǂǠſƫ
  ǰƢǿȂσ ςχ    ̿˫ǻƬƸǺ Ƣ˻ƳƿȅǻǾƨǯǪơȅƬǺ    Ʃ˪ƢƸǶơ ȀǀȂ ǽǺ ƨƯ˫Ư .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǞǺὓ  ƍὓ 
  Ȅὓ     ƨǿȍǟ λǷǟ ˻ƔƢǿƥ ǱǇƢǻƬǺ ƾƷơȄ ƱƿȅǻǾ λǷǟ ǁȅưǠǶơ ǽψǻȌ ˪ ȁǾ˦ ơ˻ǂǜǾ .ǴȄƾƴǶơ νǪ ƨƸǓȅǺ
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Ǽƛ ǴȅǯǾ ƢǿǾƜǪ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ    ǅƢǇ˦ơ νǪ ȅȂ νǶˤơ ǹǷǠƬǶơ  ǵψǌƥ ƨƷȄǂǘǺ ƨǷψǌǺ
ƨƠȍǇ. 

  ǴȄƾƳ4 ŷ4  ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǂǪơȅƫ ƾǠƥ (ƣ) Ȅ ǵƦǮ (Ɨ) ƨǷǻƬƸǻǶơ ƚƦǿƬǶơ ƱƿƢǻǾ 

 (ƕ) ǵƦǮǂǪȅƫ   ƤȌǁƾƬǶơ ƩƢǾƢȍƥ 

 ǹǮǂǶơ 
  ƨȌǀǣƗ
 ǴƢǫǗ˦ơ 

  ƣȄǂǌǺ
 ȊǃƢǣ 

  ƩƢƴƬǿǺ
  ƨȍƫƢƦǾ
 ƨȌȅǔǟ 

 Ƕơ Ǩƾȃ ╜  ╜  ╜  ╜  ╜  ȣ ╜  

1  ˫ ǲ  ˫ ǲ  ˫ ǲ Ɠ  ƱȄǃ  ƱȄǃ  ƣǄǟơ  ƱȄǃ  ƱȄǃ   ƱȄǃ 
2  ˫ ǲ  ˫ ǲ  ǹǠǾ Ɠ  ƽǂƴǺ  ƱȄǃ  ƣǄǟơ  ƱȄǃ  ƱȄǃ   ƣǄǟơ 
3  ˫ ǲ  ǹǠǾ  ˫ ǲ Ɠ  νǷƟƢǟ  νǷƟƢǟ  ƣǄǟơ  ƱȄǃ  ƽǂƴǺ   νǷƟƢǟ 
4  ˫ ǲ  ǹǠǾ  ǹǠǾ Ɠ  ƽǂƴǺ  ƣǄǟơ  ƣǄǟơ  ƱȄǃ  ƽǂƴǺ   ƱȄǃ 
5  ǹǠǾ  ˫ ǲ  ˫ ǲ Ɠ  ƱȄǃ  ƱȄǃ  νǷƟƢǟ  νǷƟƢǟ  νǷƟƢǟ   νǷƟƢǟ 
6  ǹǠǾ  ˫ ǲ  ǹǠǾ Ɠ  ƱȄǃ  νǷƟƢǟ  νǷƟƢǟ  νǷƟƢǟ  νǷƟƢǟ   ƱȄǃ 
7  ǹǠǾ  ǹǠǾ  ˫ ǲ Ɠ  ƣǄǟơ  νǷƟƢǟ  νǷƟƢǟ  νǷƟƢǟ  νǷƟƢǟ   ƣǄǟơ 
8  ǹǠǾ  ǹǠǾ  ǹǠǾ Ɠ  ƣǄǟơ  ƽǂƴǺ  νǷƟƢǟ  νǷƟƢǟ  ƱȄǃ   νǷƟƢǟ 

 ƾǠƥ (ƣ) ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǂǪȅƫ 
 ǹǮǂǶơ 

  ƨȌǀǣƗ
 ǴƢǫǗ˦ơ 

  ƣȄǂǌǺ
 ȊǃƢǣ 

  ƩƢƴƬǿǺ
 ƨȌȅǔǟ ƨȍƫƢƦǾ 

 Ƕơ Ǩƾȃ  ╜   ╜  ╜  ȣ  

1  ˫ ǲ  ˫ ǲ  ˫ ǲ  ƱȄǃ   ƱȄǃ   ƱȄǃ  ƱȄǃ   
2  ˫ ǲ  ˫ ǲ  ǹǠǾ  ƱȄǃ   ƱȄǃ   ƱȄǃ  ƱȄǃ   
3  ˫ ǲ  ǹǠǾ ǂʒƻ Ɠ   νǷƟƢǟ   ƱȄǃ  ƣǄǟơ   
4  ˫ ǲ  ǹǠǾ  ǹǠǾ  ƣǄǟơ   ƣǄǟơ   ƱȄǃ  ƣǄǟơ   
5  ǹǠǾ  ˫ ǲ  ˫ ǲ Ɠ   ƱȄǃ   νǷƟƢǟ  νǷƟƢǟ   
6  ǹǠǾ  ˫ ǲ  ǹǠǾ  νǷƟƢǟ   νǷƟƢǟ   νǷƟƢǟ  νǷƟƢǟ   
7  ǹǠǾ  ǹǠǾ ǂʒƻ  νǷƟƢǟ   νǷƟƢǟ   νǷƟƢǟ  νǷƟƢǟ   
8  ǹǠǾ  ǹǠǾ  ǹǠǾ Ɠ   ƣǄǟơ   νǷƟƢǟ  ƱȄǃ   

 ƨǷψǌǻǶơ ǽǻǳƫ ƍ ǱǶƿ ǞǺȄ .ƾȍƳ ǂǺƗ ƩƢǾƢȍƦǶơ ǞǺ ƨǯǪơȅƬǻǶơ ƱƿƢǻǿǶơ ǽǺ ƾȌƾǠǶơ ƽȅƳȄ ǼƗ ƾǯƬǠǾ ƾǮ
 ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ƢȂƙơǂƳƛ ƤƴȌ νƬǶơ ƩơƚƦǿƬǶơ λǷǟ ǭǫƬƫ ƱƿƢǻǿǶơ ȀǀȂ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ ȁǾƗ νǪ

ƨȍƦȌǁƾƬǶơ   ƧƽȅƳȅǻǶơ ǂȍǣ Ʃ˪ƢƸǷǶ ƢȂƙơǂƳƛ ƤƴȌ νƬǶơ ƩơƚƦǿƬǶơ λǷǟ ǭǫƬƫ ˪ ƢȃǾƗ ˪ƛ ƍ   ƨǟȅǻƴǺ νǪ
  ƩƢǾƢȍƦǶơƨȍƦȌǁƾƬǶơ  ƢȃǟƢƳǁƛ ƤƴȌ νƬǶơȄ) ǵȍǻǟ Ɨƾƥ ơƿƛ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .(ƾȍƳ ǵψǌƥ ǵǻǠƫ ˪

  ƩƢƴƬǿǻǶơȄ ƨȌǃƢǤǶơ ƩƢƥȄǂǌǻǶơȄ ǴƢǫǗ˦ơ ƨȌǀǣƗ ȆǂƬǋơȄ ƪǲǁƢǺ ǂƥȅǇ νǪ ǬȅǈƬǶơ νǪ ƾȌƾƳ
ƴȌ νƬǶơ ƩƢǠǮȅƬǶơ ǞǺ ǑǁƢǠƬƬǇ ƢǿȌƾǶ ƨƬƥƢưǶơ ƱƿƢǻǿǶơ ƨǟȅǻƴǺ ǼƜǪ ƍ ƨȌȅǔǠǶơ ƨȍƫƢƦǿǶơ  ƢȃƫƽƢǟƛ Ƥ

  ǞƳǂſƫ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǵȍǻǠǶơ ơǀȂ λǶƛὓ    ǨƾȃǶơŻƢƥǄǟơ    ǞƳǂƫȄ ƍὓ   νǷƟƢǟ ǨƾȃǶơ  
  ǞƳǂƫȄ ƍ ƨǪƾȃƬǈǻǶơὓ  .Ƣ˻ȍƳȄǃ ǨƾȃǶơ 
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  ƩƢǾƢȍƦǶơ ǞǺ ǭǪơȅƬǶơ ǂȍȌƢǠǺ ǂǪȅƫ ˪ƨȍƦȌǁƾƬǶơ    ǵǺƢǠƬȌ ƨǯǪơȅƬǻǶơ ƱƿƢǻǿǶơ ǽǺ ȊƗ ǼƘǌƥ ƩơƽƢǋǁƛ ȊƗ
 ƩƢǺ˫ǠƬǇ˪ơ ǞǺ1  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƱǁƢƻ Ǟǯƫ νƬǶơƨȍƦȌǁƾƬǶơ  ǸơƾƼƬǇơ ƢǿǿψǻȌ ˪ ƍ ǱǶǀǶ ƨƴȍƬǾ .

 ƱƿƢǻǾ ǽǟ ƮƸƦǶơ ƾǠȌ ƍ ǞǮơȅǶơ νǪ .ƩƢǺ˫ǠƬǇ˪ơ Ȁǀȃƥ ƚƦǿƬǷǶ ƨǯǪơȅƬǻǶơ ƱƿƢǻǿǶơ ǽǺ ƨǟȅǻƴǺ
 ǻƥ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǞǺ ǭƥƢǘƬƫ ƨȌƚƦǿƫ  Ȁǀȃƥ ǹǷǠƬǶơ ǹƬȌ ˪ ƍ ǱǶǀǶ ƢŻǯǪȄ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǂǲǀƫ ƨƥƢư

  ǎƟƢǐƼǶơ ǽȍƥ ƨȍǇƢǇ˦ơ ƨǮ˫ǠǶơ ǽǟ Ƣ̍ȉȍǋ ƢǾǂƦƼƫ ˪ ƨǯǈƬǻǶơ ƱƿƢǻǿǶơ ǽǺ ƨǟȅǻƴǺ Ǽ˦ .ƨǯȌǂǘǶơ
  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǷǟ ƨǘȍǈƥ ƧǂǜǾ ȀǂǪȅƫ ƢǺ Ǩ˫Ƽƥ ǑǂǤǶơȄ ƨȍǫǏȅǶơƨȍƦȌǁƾƬǶơ. 

  ƤƴȍǪ ƍ ơŻƾȍǫǺ νƠƦǿƬǶơ ƱƿȅǻǿǶơ ǼƢǲ ơƿƛ  ƩƢǺ˫ǠƬǇ˫Ƕ ƧƾȍƳ ƩơƚƦǿƫ ǵǻǟ λǷǟ ơ˻ǁƽƢǮ ǼȅψȌ ǼƗ
 ƨǷƠǇ˦ơ ȀǀȃǶ ƨƸȍƸǐǶơ ƩơƚƦǿƬǶƢƥ ǸȅǯȌ ȊǀǶơ νƠƦǿƬǶơ ƱƿȅǻǿǶơ ǂȃǜ˾Ȍ .ƩƢǾƢȍƦǶơ νǪ ƧƽȅƳȅǻǶơ ǂȍǣ

 ǹǻǠǺ ȁǾƛ ǴƢǯȌȄ ǑǂǤǶơȄ ƨȍǫǏȅǶơ ƩƢǻǈǶơ ǽȍƥ ƨȍǇƢǇ˦ơ ƨǮ˫ǠǶơ2   ƍ ƨȍǷǻǠǶơ ƨǇǁƢǻǻǶơ νǪ .ơŻƾȍƳ
ǁȅưǠǶơ ȅȂ νǶˤơ ǹǷǠƬǶơ ǽǺ ǨƾȃǶơ   ƱƿȅǻǿǶơ ơǀȂ λǷǟ ǁȅưǠǷǶ .ƨȍǺȅǻǟ ǂưǲ˦ơ νƠƦǿƬǶơ ƱƿȅǻǿǶơ λǷǟ

  νƬǶơ ƨƸǋǂǻǶơ ƱƿƢǻǿǶơ ǽȍƥ ǽǺ ǁƢȍƬƻ˫Ƕ ǂȍȌƢǠǺ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǸƾƼƬǈƫ ǼƗ ƤƴȌ ƍ ǵǔǪ˦ơ
 ǵǔǪƗ ǁƢȍƬƻ˪ ơŻƾȍƳ ơ˻ǁƢȍǠǺ ǆȍǶ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǞǺ ǭǪơȅƬǶơ ǼƗ λǶƛ ǂǜǿǶƢƥ .ƮƸƦǶơ ƔƢǿƯƗ ƢȂơǂƫ

  ƢǺ ƍ ȊƚƦǿƫ ƱƿȅǻǾ  ơǀȃǶ ƨǷǻƬƸǻǶơ ƩƢƥƢƳ˨ơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂ ƓȁǺƾƼƬǈǾ ǼƗ ƤƴȌ ȊǀǶơ ǁƢȍǠǻǶơ ȅȂ
  ƨǶˤơ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǵǲ ǸƾƼƬǈƫ .νǶˤơ ǹǷǠƬǷǶ ƨǫǷƬƼǺ ƩƢȍǺǃǁơȅƻ ƽȅƳȄ ƤƦǇ ȅȂ ơǀȂȄ ǴơƚǈǶơ
  ǁƢƬƼǾ ƢǺƾǿǟ ƍ ǱǶǀǶ .ȊƚƦǿƫ ƱƿȅǻǾ ǵǔǪƗ ǽǟ ƢȃưƸƥ ȁȍƳȅƬǶ ƨǫǷƬƼǺ ƱƿȅǻǾ ǁƢȍƬƻơ ǂȍȌƢǠǺ

ǹǷǠƫ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇơ    ǁƢȍƬƻơ ǁƢȍǠǺ ǸơƾƼƬǇơ ǁƢƬƼǾ ƍ ƨȍǷǻǠǶơ ƨǇǁƢǻǻǶơ νǪ ƍ ȆǂƻƗ ǽǺ ̝˪ƾƥ ƨǶˤơ
 .ǂƻƕ ǽǺ ̝˪ƾƥ ƱƿȅǻǾ 

  ǎƟƢǐƻ ǴȅƷ ƩƢǓơǂƬǪ˪ơ ǽǺ ƨǟȅǻƴǺ ƨǫǷƬƼǻǶơ ƱƿȅǻǿǶơ ǁƢȍƬƻơ ǂȍȌƢǠǺ ǞȍǻƳ ǽǻǔƬƫ
 ǁƢȍƬƻơ ǂȍȌƢǠǺ ƽƾƸƫ νƬǶơ ƩƢǓơǂƬǪ˪ơ ƨǟȅǻƴǺ ǨǂǠſƫ .ƨȍǺǃǁơȅƼǶơ ƢȃƴƬǿƬǈƫ ǼƗ ƾȌǂǾ νƬǶơ ƱƿȅǻǿǶơ

ơ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ǹǇƢƥ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ƱƿȅǻǿǶ3    ǽǺ ǼƢǟȅǾ ǰƢǿȂ .νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ
  :ƢǻȃǺơƾƼƬǇơ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ǽψǻȌ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ  ǄȍƸƬǶơ ƽȄƾƸǻǶơ   ǵǔǫǻǶơ ǄȍƸƬǶơȄ  . 

  äĉ¾Þ£ ¹ÿº´úõv ÀĊ´¤õv 
ėė¾ÍwþÞõvėûĀî£ė¦Ċ´zėĆĊÑ¾æõvėĆ³wÆùėºĉº´£ėė¹ºÝėôĊöê£ėø¤ĉÿėą¹ÿº´ùėĆĊÑ¾æõvėĆ³wÆùėĈåėą¹Ā«Āúõv

¦´{õvėĔöÝė¾Ċ§m¤õvėûÿ¹ė¦´{õvė¡wĊöúÝėĥė
ÀĊ´¤õv  ¹ÿº´úõv    wă¼·m¤Å Ĉ¤õv ¡wĊÑ¾æõv üù ĆÝĀú¬ù ÿl ĆĊù¿½vĀ¸õ ĆĊöĊ¨ú¤õv ąĀêõv Āă

½w{¤Ýđv Ĉå ĆĊù¿½vĀ¸õv  ) 
 

 
1 queries 
2 generalize 

3 inductive bias 
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  äĉ¾Þ£  ÀĊ´¤õvôÒæúõv 
¾ĊĊâ£ė¡wĊÑ¾æõvė¡wåwÆùėÜĊú¬õėôùwîõvė¾Ċáė¦´{õvÿė¦´{õvėĆêĉ¾Õĥė

  ôĊ{Å ĔöÝ )ãv¾ÉĐõ ÜÑw¸õv øöÞ¤õv ĆĊù¿½vĀ· ĂöÒæ£ wù ĆÕwÆ{z Āă ĈöĊÒæ¤õv ÀĊ´¤õv
Iów¨úõv    ą½w{Þz )vMºĊêÞ£ ôéčvÿ ¾Îéčv ½w¬Éčv ½v¾êõv ą¾¬É ĆĊù¿½vĀ· ôÒæ£ ºéIē¾·l    v¼ă

 )ąºĊ¬õv ĆĊÑ¾æõv ÜþÎĉ wúz wþ¤Ċù¿½vĀ· ûwúĉp Āă ÀĊ´¤õv 
  ƾƸȌǄȍƸƬǶơ  ƽȄƾƸǻǶơ    ǞǪƾȌ .ǹǷǠƬǶơ ƨȍǷǻǟ ƔƢǿƯƗ ƨȍǺǃǁơȅƼǶơ ƢȂơǂƫ νƬǶơ ƱƿƢǻǿǶơ ƨǟȅǻƴǺ ǽǺ

 ƨǻȃǻǶơ ƨǘǯǿǶơ .Ȇǂƻ˦ơ ƱƿƢǻǿǶơ λǷǟ ƨǿȍǠǺ ƱƿƢǻǾ ǵȍǔǫƫ λǶƛ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǵǔǫǻǶơ ǄȍƸƬǶơ
 ƍ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ǼȄƾƥ .ǹǷǠƬǶơ ƭȄƾƸǶ νǇƢǇƗ Ǖǂǋ ȅȂ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ǸơƾƼƬǇơ ǼƗ νȂ

Ƕơ ƨȍǺǃǁơȅƼǶ ǽψǻȌ ˪ νǶˤơ ǹǷǠƬǶơ ǵǻǠȌ ƍ ǁƢǐƬƻƢƥ .ȁǺƾǯƫ ƢǺ Ǩ˫Ƽƥ Ƣ̍ȉȍǋ ǹǷǠƬƫ ǼƗ νǶˤơ ǹǷǠƬ
  ǵψǌƥ ƾƬǻȌ ȊǀǶơ νƠƦǿƬǶơ ƱƿȅǻǿǶơ λǷǟ ǁȅưǠǷǶ ƨǷǻƬƸǻǶơ ƱƿƢǻǿǶơ ǽǺ ƨǟȅǻƴǺ νǪ ƮƸƦǶơ Ǵ˫ƻ ǽǺ
  ƩƢǺȅǷǠǻǷǶ ǽȌǁƾǐǺ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸƾƼƬǈƫ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƔơǁȄ ƢǺ λǶƛ ǵǔǪƗ

  ƍ ƮƸƦǶơ ơǀȂ ȁȍƳȅƬǶ .ƨȍǺǃǁơȅƼǶơ ȁǓǂƬǫƫ ȊǀǶơ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơȄ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ 

øöÞ¤õv Ĉå Ă£½ÿ¾Ñÿ Ĉtv¾ê¤Åđv ÀĊ´¤õv 

  λǷǟ ˻ƔƢǿƥ ƨǺƢǠǶơ ƝƽƢƦǻǶơ ǹǷǠƫ ƨȍǷǻǟ ȅȂ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ .νƟơǂǯƬǇơ ǄȍƸƫ ƢȃǶ ǹǷǠƬǶơ ǬǂǗ ǞȍǻƳ
  νǶˤơ ǹǷǠƬǷǶ ƨȍǺǃǁơȅƻ ȊƗ ȁǷǠǫƫ ƢǺ ơǀȂ ƍ ǂƻƕ λǿǠǻƥ .ƧƽƾƸǺ ƨǷưǺƗ  ƨǿȍǟ ǵψǶ ơΊȅƦǿƫ ƾǶȅȌ ƢǺƾǿǟ ƒ

  νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ǂȍǌȌ ƍ ǞǮơȅǶơ νǪ .ƤȌǁƾƬǶơ ƩƢǿȍǟ ǽǺ ƽȄƾƸǺ ƽƾǟ λǷǟ ˻ƔƢǿƥ ƨȍƟǂǺ ǂȍǣ ǁƢƦƬƻơ
  ǰƢǿȂ ǼƗ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ νǿǠȌ .ǹǷǠƬǶơ ƨǯȌǂǗ νǪ ƨǟȅǓȅǻǶơ ƩƢǓơǂƬǪ˪ơ ƢȃǓǂǫƫ νƬǶơ ƽȅȍǯǶơ λǶƛ

ƫ ˪ νǶƢƬǶƢƥȄ ƢȃǪƢǌƬǲơ ƢǿǿψǻȌ ˪ ƨǷǻƬƸǺ ˘Μ˜ȅǷƷ  ơǀȂ ȄƾƦȌ ƾǮ .ƢȃǇǁƾǾ νƬǶơ ƨǿȍǠǶơ ƨƷƢǈǺ νǪ ƾƳȅ
  ǹǷǠƬǺ λǷǟ ǴȅǐƸǷǶ .ǹǷǠƬǷǶ ȊǁȄǂǓ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ƍ ǞǮơȅǶơ νǪ ƍ ǽψǶ .ƨȌƢǤǷǶ ƔνǇ ƾȍǮ ȁǾƘǲȄ
 ơǀȂ ǞǔȌ .Ƣȃǿǟ ǂȍƦǠƬǶơ ǽψǻȌ ƨǷǻƬƸǺ ƩƢȍǓǂǪ ȊƗ ƨǿȍǠǶơ ƨƷƢǈǺ ǽǻǔƬƫ ǼƗ ƤƴȌ ƍ ǄȍƸƬǺ ǂȍǣ

  ȊǀǶơ ǵƸǶơ ǼȅψȌ ǼƗ ǽψǻȌ ˪ :ơŻƾȌƾǋ ơŻƾȍǮ  ǽǺ ƨǷǺƢǲ ƨǟȅǻƴǺ ǽǺ ˘Μ˜ƢǻƬǲơ ǂưǲƗ ǹǷǠƬǻǶơ ȁƴƬǿȌ
  ƩƢǾƢȍƦǶơƨȍƦȌǁƾƬǶơ  ơ˻ǁƽƢǮ ǼȅψȌ ǽǶ ȁǿψǶ ƍ ǵǠǫǶƢƥ ƢȂƾȂƢǋ νƬǶơ ƩƢǾƢȍƦǶơ ǩȍǿǐƫ ȁǿψǻȌ ƍ ǂƻƕ λǿǠǻƥ .

.Ƣȃǿǟ νǓƢǤƬǶơ ǹƫ νƬǶơȄ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ǩȍǿǐƫ ǵƳƗ ǽǺ ǹȍǻǠƬǶơ λǷǟ 

  ÀĊ´¤õv ûÿºzIĈtv¾ê¤Åđv    Ćö¨ùl Ĕõp ą¹ĀÍ¾úõv Ćö¨ùčv üù øĊúÞ¤õv øöÞ¤úöõ üîúĉ đ
ĈtvĀÊÞõv üĊú¸¤õv üù ôÒål ąºĉº« ) 

ƛ ǸƢȍǷȌȄ ƵǂƬǮơ ƍ ǂǌǟ ǞƥơǂǶơ ǼǂǯǶơ νǪȄ " ǸƢǲ ǸƢǲȄƗ Ƨǂǫǋ1 ǽǺ ȁǾƗ λǷǟ ƨǗƢǈƦƥ ǎǿƫ νƬǶơȄ ƍ "
  ȊǀǶơ νƟơǂǯƬǇ˪ơ ǄȍƸƬǶơ ǽǺ Ƣ˻ǟȅǾ ơǀȂ ǁƢƦƬǟơ ƢǿǿψǻȌ .ƧǂȂƢǛ ȊƗ ƵǂǌǶ ƨȍǓǂǪ ǖǈƥƗ ǁƢȍƬƻơ ǵǔǪ˦ơ

 
1 Occamôs Razor 
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  ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ƤǇƢǿƬǶ ƨȍǓǂǪ ǵǔǪƗ ǼƗ λǷǟ ǎǿȌƨƦȌǁƾƬǶơ    νǿǠȌ ơǀȂ .ƨȍǓǂǪ ǖǈƥƗ νȂ
ơ ǂȍȌƢǠǻǶ Ƣ˻ƦȌǂǯƫ Ɣơƽ˦ơ ǆǫǾ ǽȍƬȍǺǃǁơȅƼǷǶ ǼƢǲ ơƿƛ ȁǾƗ  ǵǔǫǾ ǼƗ ƤƴȍǪ ƍ ǽȍǠǺ ǝȄǂǌǺ νǪ ǹȍȍǯƬǶ

"ǖǈƥ˦ơ" ǁƢȍƼǶơ . 
  ƢȃȌƾǶ ƨȍǺǃǁơȅƻ ǂȍǈǫƫ ǵȃǇ˦ơ ǽǺ ƍ ǸƢǟ ǵψǌƥ ƓǬƢȍǈǶơ ơǀȂ νǪ "ǖǈƥƗ" ƨǻǷǲ νǿǠƫ ơƿƢǺ ǽψǶȄ
 ƩơǄȍǺ ƨǇƾǿȂ ƤǷǘƬƫȄ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ ǵǮƗ ƩơǂȍǤƬǺ ǸƾƼƬǈƫ ƢȃǾ˦) Ǵ˪ƾƬǇ˫Ƕ ƾȍǯǠƫ ǵǮƗ

ǁƾƴƫ ƍ ǱǶƿ ǞǺȄ .ƢȂǂȍǈǫƫ ǵȃǈȌȄ (ǵǮƗ    Ǽȅǳƫ ƢǺ ƧƽƢǟ Ʃ˪ƽƢƦƬǶơ ǽǺ ǝơȅǾ˦ơ ȀǀȂ ǼƗ λǶƛ ƧǁƢǋ˨ơ
 ǂưǲ˦ơ ƱƿȅǻǿǶơ ǵưǺ ǬƢǘǿǶơ ǆǫǾ ǽǻǓ ǵǮ˦ơ λǷǟ ƍ ǖǈƥƗ ƱƿȅǻǿǶơ ƨǮƽ Ǽȅǳƫ ƢǺƾǿǟ ǖǯǪ ƨȍǯǘǿǺ
 ȄƗ ƨȍǪƢǓ˨ơ ƩơƽơǂȌ˨ơ νǪ Ʃơǁ˪ȄƾǶơ ǽȍȌ˫Ǻ ƨǮƾǶơ ǩǐǾ ǽǟ ƲƬǿȌ ƾǮ ƮȍƷ ȅȌǁƢǿȍǇ νǪ .ơŻƾȍǯǠƫ

ƻơ ǱǿψǻȌ ƍ ǩȍǶƢǳƬǶơ νǪ ǂȍǪȅƬǶơȀǂȌȅǘƬǶ ƪǮȅǶơ ǽǺ ơŻƾȌǄǺ ƤǷǘƬȌ ȄƗ Ȁǂȍǈǫƫ ƤǠǐȌ ƱƿȅǻǾ ǁƢȍƬ.   
  Ȋȅǿƫ νƬǶơ ǵǻǠǶơ ƨǷψǌǺ λǷǟ ̝˪ȄƗ ǄȍǲǂƬǶơ Ƣ˻ǻƟơƽ ǵǔǪ˦ơ ǽǺ ƍ νǶˤơ ǹǷǠƬǷǶ ǝȄǂǌǺ ȊƗ νǪ
  ƨȍǈȍƟǂǶơ ǆȍȌƢǯǻǶơ ǞȍǻƳ ǼƗ ǑơǂƬǪƢƥ .ǵȍǷƸƬǷǶ ƨȍǈȍƟǂǶơ ƵƢƴǿǶơ ǆȍȌƢǯǺ ƨǣƢȍǐƥ ƔƾƦǶơȄ ƢȃƬƴǶƢǠǺ

  (Ƣ˻ƦȌǂǯƫ) ƨȌȄƢǈƬǺ Ȇǂƻ˦ơ  Ƨǂǫǋ ǸƾƼƬǇơ ƍǸƢǲȄơ    ƵǂǌǶơȄ ǂȍǈǫƬǶơ νǪ ǵȃǇ˦ơ ƱƿȅǻǿǶơ ƽƾƷȄ
 ǽψǶȄ ƍ ƨȍǪƢǲ ƨƳǁƾƥ ƢŻǯȍǮƽ ǼȅψȌ ȊǀǶơ ǖǈƥ˦ơ ƱƿȅǻǿǶơ ǵǔǫƫ ƍ ȆǂƻƗ ƧǁƢƦǠƥ .ƨǾƢȍǐǶơȄ ǂȌȅǘƬǶơȄ
  "ƨȍǪƢǲ ƨƳǁƾƥ ƨǯȍǮƽ" ƧǁƢƦǟ ȁȍǿǠƫ ƢǺ ǨǂǠƬǶ νǫψȌ Ƣǻƥ ơŻƾȍƳ ƨǷψǌǻǶơ ƨƷƢǈǺ ǨǂǠƫ ǱǾƗ ǽǺ ƾǲƘƫ

˦ .ƨȍǷǻǠǶơ ƨǇǁƢǻǻǶơ νǪ ǼƗ ƤƴȌ" ƍ ƧǂǺ Ʃơƿ (ǸƢǲȄƗ ǀȍǻǷƫ ǹǜǟƗ Ƣǻƥǁ) ǽȌƢƬǌǿȌƕ ǴƢǮ Ƣǻǲ ƍ ȁǾ
".ƨǗƢǈƦǶơ Ȁǀȃƥ ǆȍǶ ǽψǶȄ ƍ ǼƢψǺ˨ơ ǁƾǮ ƢŻǘȍǈƥ Ɣνǋ ǵǲ ǼȅψȌ. 

õċv øöÞ£ ¡wêĊ{Ö£Ć  

Ƕˤơ ǹǷǠƫ ƾǠȌƨ    ǹǷǠƫ ơ ƾȃǺ ƍ ƨǟƢǿǐǶơ νǪ .ǸȅȌ ƾǠƥ Ƣ˻ǺȅȌ ƾȌơǄƬȌ ȅȂȄ ǸȅȍǶơ ƢȍƳȅǶȅǿǳƫ νǪ ƨǠƟƢǋ ƨǻǷǲ
Ƕˤơƨ    λǶƛ ƨǪƢǓ˨Ƣƥ .ƩơȅǿǇ Ǟǔƥ ǵƦǮ ƨǷȍƸƬǈǺ ƪǾƢǲ νƬǶơ ƩơȄƽ˦ơȄ νƳȅǶȅǿǳƬǶơ ǸƾǯƬǷǶ ǭȌǂǘǶơ

Ƕˤơ ǹǷǠƫ ǸƾƼƬǈǾ ƍ ǱǶƿ ƨ   ǂȃǋƗ ǒǠƦƥ ƨǻƟƢǮ νǷȌ ƢǻȍǪ .ǱǶƿ ǰǁƾǾ ǼƗ ǼȄƽ ƨȍǺȅȍǶơ ƢǿƫƢȍƷ νǪ
ǯȍƦǘƫǶˤơ ǹǷǠƫ ƩƢƨ  νǯȍǯƸǶơ ǹǶƢǠǶơ νǪ . 

 ½ĀÎõv ĔöÝ ã¾Þ¤õv 
  ƾȌƾƸƬǶ ȁǺơƾƼƬǇơ ǹƬȌ .ƨȍǻȂƗȄ Ƣ˻ǟȅȍǋ νǶˤơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǂưǲƗ ƾƷƗ ǁȅǐǶơ λǷǟ ǨǂǠƬǶơ ƾǠȌ
  ǨǂǠƬǶơ ǵưǺ ǵȍǷƸƬǶơ ǽǺ ƾȌǄǻǶ ƨȍǿǯƬǶơ ȀǀȂ ǸƾƼƬǈƫ .ǱǶƿ λǶƛ ƢǺȄ ǽǲƢǺ˦ơȄ ǍƢƼǋ˦ơȄ ƔƢȍǋ˦ơ

ȀȅƳȅǶơ λǷǟ ǨǂǠƬǶơ ȄƗ ǕƢǻǾ˦ơ λǷǟ. 

÷Ēîõv ĔöÝ ã¾Þ¤õv 
  λǶƛ Ǹ˫ψǶơ" ǹǇƢƥ Ƣ˻ǔȌƗ ǨǂǠ˾Ȍ ƍ ǎǾ λǶƛ ƨȍƫȅǐǶơ ƩƢǻȍǷǠƬǶơ ǵȌȅƸƫ ƨȍǷǻǟ ȅȂ Ǹ˫ψǶơ λǷǟ ǨǂǠƬǶơ

  Ǹ˫ǲ λǷǟ ǨǂǠƬǶơ" ȄƗ "ǎǾǶơ  ǞǇơȄ ǬƢǘǾ λǷǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸƾƼƬǈſƫ ƍ Ƣ˻ȍǶƢƷ ."ǂƫȅȍƦǻψ
.Ǹ˫ψǶơ λǷǟ ǨǂǠƬǶơ ƲǺơǂƥ ǽǺ ƾȌƾǠǶơ νǪ. 



 
163                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 

 

 ±v¾¤év ¬¤þúõv ¡w 
  ǽǺ  ǞǮȅǺ ǵǲ νǪ ƧǃǁƢƥ ƧǄȍǺ ƲƬǿǻǶơ ƨȍǏȅƫ ǂƦƬǠƫ .ƲƬǿǻǶƢƥ ƨȍǏȅƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǂȃǋƗ

  ǹǷǠƬǶơ ǸơƾƼƬǇƢƥ .νǶˤơ ǹǷǠƬǶơ ƩƢȍǿǯƬǶ ǸƾǯƬǺ ǭȍƦǘƫ ȅȂȄ ƍ ǸȅȍǶơ Ƣ˻ƦȌǂǯƫ ƨȍǾȄǂƬψǶ˨ơ ƧǁƢƴƬǷǶ ƤȌȄ
ƥƢǈǶơ ƔơǂǌǶơ ƨȍǷǻǟ λǷǟ ˻ƔƢǿƥ ǱǲȅǷǇ ƤȌȅǶơ ǞǮơȅǺ ƤǯǠƬƫ ƍ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơȄ νǶˤơ  ǖǻǾȄ ƨǯ

ƲƬǿǻǶơ ƩƢȍǏȅƫ ǹȌƾǯƫȄ ǬȅǈƬǶơ ƨƥǂǟ ǵƴǇȄ ƮƸƦǶơ. 

 Ćâöõv Ćú«¾£ 
  ˪Ȅ ƾȌƾƳ ǼƢψǺ ƧǁƢȌǄƥ ƢǿǻǮ ơƿƛ ƍ ǸȅȍǶơ .ȆǂƻƗ λǶƛ ƨǤǶ ƨǻƳǂƫ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ νǶˤơ ǹǷǠƬǶơ ƤǠǷȌ
  ǎǿǶơ ƨǻƳǂƫ Ǵ˫ƻ ǽǺ ƢǾƾǟƢǈȌ νǶˤơ ǹǷǠƬǶơ Ǽ˦ ƍ Ǭ˫Ǘ˨ơ λǷǟ ƨǷψǌǺ ƪǈȍǶ ȀǀȃǪ ƍ ƨǤǷǶơ ǨǂǠǾ

ȄǂǠǺ ƩƢǤǶ λǶƛ  ǸƾǯȌ .ƨǪ1GNMT    ǽǺ Google  .ȋƦǐǠǶơ νǶˤơ ǹǷǠƬǶơ νȂȄ ƧǄȍǻǶơ ȀǀȂ 

 ĆĊõwúõv ¡wùº¸õv 
 ƨǻȍǮ Ȇƙǁ ƾȌƾƸƫ :ǽȍȍǈȍƟǁ ǽȍǓǂǤǶ νǶˤơ ǹǷǠƬǶơ ƨȍǿǯƫ Ȇǂƻ˦ơ ƨȍǶƢǻǶơ ƩƢǲǂǌǶơȄ ǰȅǿƦǶơ ǸƾƼƬǈƫ

  ƾǟƢǈƫ ȄƗ ǁƢǻưƬǇ˪ơ ǍǂǪ ǁƢǳǪ˦ơ ȀǀȂ ƽƾƸƫ ǼƗ ǽψǻȌ .ǂǗƢƼǻǶơ ǵȍǷǯƫȄ ƩƢǾƢȍƦǶơ νǪ  ǽȌǂǻưƬǈǻǶơ
  ǽȍǓǂǠǻǶơ Ɣ˫ǻǠǶơ ƾȌƾƸƫ ȁǿψǻȌ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ǴȄơƾƬǷǶ ƤǇƢǿǻǶơ ƪǮȅǶơ λǷǟ ǁȅưǠǶơ νǪ

ǴƢȍƬƷ˪ơ ƩƢȃȍƦǿƫ ǨƢǌƬǲ˪ ƨȍǾȄǂƬψǶ˨ơ Ʃ˫ȍǷƸƬǶơ ǸơƾƼƬǇơ ȄƗ ƨȍǶƢǟ ǂǗƢƼǻǶ . 

 ¿wâõvÿ Ôæþõv 
ǫƥ ƚƦǿƬǶơȄ ƍ Ǒǁ˦ơ λǷǟ ǼƽƢǠǻǶơ ǵȍǷƸƫȄ ƍ ƨǮƢǘǷǶ ƧƾȌƾƳ ǁƽƢǐǺ ǽǟ ƮƸƦǶơ ǴơǄȌ ˪  ǵǌ

ǂǠǌƬǈǺƩơ    ƩƢǯȍƦǘƬǶơ ǽǺ ƾȌƾǠǶơȄ ƍ ƨǫǷǳƬǶơȄ ƨȍƳƢƬǾ˨ơ ƧƽƢȌǄǶ ǖǫǿǶơ ǞȌǃȅƫ ǵȍȃǈƫȄ ƍ ǂȌǂǳƬǶơ
 ǞǇȅƬǶơ νǪ Ƨǀƻƕ νǶˤơ ǹǷǠƬǶơ νǪ Ȇǂƻ˦ơ. 

õv ¡ĒÍvĀú 
  λǷǟ ƾǟƢǈȌȄ ǵǯǿǶơ ƨǟƢǿǏ νǪ ǕƢǻǾ˦ơȄ ƩƢȂƢƴƫ˪ơ ƾȌƾƸƫ νǪ Ƣ˻ǻȃǺ ơ˻ǁȄƽ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƤǠǷȌ

ȍƸƥǂǶơ Ʃ˫ψǌǺ ǞǮȅƫȄ ǬǂǘǶơ ǖȍǈƦƫ  ǸƢǠǶơ ǵǯǿǶơȄ ǽƸǌǶơ ƩƢǲǂǌǶ ƨƦǈǿǶƢƥ .ƨǷǻƬƸǻǶơ ƨ
 .ƨǻȃǺ ƩơȄƽƗ νǶˤơ ǹǷǠƬǶơ ƨƳǀǻǾȄ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ ƾǠȌ ƍ Ȇǂƻ˦ơ ǵǯǿǶơ ƩƢǈǇƚǺȄ 

 ĆĊ´Îõv ĆĉwÝ¾õv 
ǆǪƢǿƬǶơ    ƨƠǋƢǿǶơ ƩƢǲǂǌǶơ ǽǺ ƾȌƾǠǶơ ƮƸƦƫ .ȋƦǘǶơ ǵȍǷƸƬǷǶ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ νȂ ǸȅȍǶơ

  Ǩƾȃƥ ƢŻǪơǂƬƷơ ǂưǲ˦ơ ƨȍƦǘǶơ ƨȌƢǟǂǶơ ǂȍǪȅƬǶ ƨǻƼǔǶơ ƩƢǾƢȍƦǷǶ νǶˤơ ǹǷǠƬǶơ ƾƟơȅǪ ǽǟ ƨǫǷƬƼǻǶơ

 
1 Google Neural Machine Translation 
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 λƬƷ ƍ ǽȍψǷȃƬǈǻǶơ ǽǺ λǐƸȌ ˪ ƽƾǠǶ ǽψǻȌ ƍ ǸȅȍǶơ .ƨȍǯǘǿǺ ǂưǲ˦ơ ƩơǁơǂǯǶơ ƿƢƼƫơ ȅȂȄ ǰǂƬǌǺ
  ǞǺ  ǼƗ ǽψǻȌ .ǹǜƬǿǺ ǅƢǇƗ λǷǟ ƨȍƸǐǶơ ƩƢǺȅǷǠǻǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ ǅƢȍǮ ƍ ƨȍǲǀǶơ ǹȃǫƫơȅȂ

  ǸƢǜǿǶơ ǸȅǯȌ νƬǶơ ƩƢȍǏȅƬǶơ ǸơƾƼƬǇơȄ ǎƼǌǷǶ ƨȍƸǐǶơ ƨǶƢƸǷǶ Ƣ˻ƳƿȅǻǾ νǶˤơ ǹǷǠƬǶơ ƨǻǜǾƗ ǂǪȅƫ
 ǎƼǌǶơ ƨƸǏ ǽȍǈƸƬǶ ƢȃưȌƾƸƬƥ. 

ē¾·čv ¡đw¬úõwz ĆéĒÞõv   

  ƽƾǠƬǺ ˘Μ˜ƢƴǺ νǶˤơ ǹǷǠƬǶơ ƾǠȌ  ǸȅǷǠǶơȄ ǴƢƴǻǶơ ơǀȂ ǽȍƥ ǭȍƯȄ ǕƢƦƫǁơ ǰƢǿȂ ǞǮơȅǶơ νǪȄ ƩƢǐǐƼƬǶơ
  νǪ νǶˤơ ǹǷǠƬǶƢƥ ƨǯǷǠƬǻǶơ ƨǻȃǻǶơ Ʃ˪ƢƴǻǶơ ȀǀȂ ǒǠƥ ƨǌǮƢǿǺ ǹƬƫ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ Ȇǂƻ˦ơ

ǹǈǯǶơ ơǀȂ ǁơǂǻƬǇơ . 

 ĈÝwþÖÍđv iwí¼õv 
ǩȌǂǠƬǶơ ơǀȂ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .Ƣ˻ȍǲƿ ȄƾƦȌ ǸƢǜǾ ǅƢǇ˦ơ νǪ ȅȂ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ    ƢŻǯȍǮƽ ǆȍǶ

  ƔƢǲǀǶơ ǼƜǪ ƍ ǄǿȍǶȅǲ ǅȅǺƢǯǶ ƢŻǯǪȄ ƓǖƦǔǶƢƥ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ νǿǠȌ ơƿƢǺ ǽψǶ .ƨȌƢǤǷǶ ơŻƾȍƳȄ
  ǸƢǜǾ ƍ ǖǈƥƗ ƩơǁƢƦǠƥ ".ǂƫȅȍƦǻǲ ƲǺƢǾǂƥ ƨǘǇơȅƥ ƨȍǷǯǠǶơ ǹȃƫƢȍǲȅǷǇȄ ǂǌƦǶơ ƧƢǲƢƸǺ" ȅȂ νǟƢǿǘǏ˪ơ

  ǹǷǠƬǶơȄ Ʃ˫ψǌǻǶơ ǵƷ ƩƢȍǲȅǷǈǶơ ȀǀȂ ǵǻǌƫ .ȊǂǌƦǶơ ǰȅǷǈǶơ ƧƢǲƢƸǺ ȁǿψǻȌ νƬǶơȄ ƍ ǖȍǘƼƬǶơȄ
  ǵƳƗ ǽǺ ƢȃǷƻơƽ ǕƢǻǾ˦ơ ƾȌƾƸƫȄ ƩƢǾƢȍƦǶơ ǵȍǷƸƫ Ǵ˫ƻ ǽǺ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ ƢȃǯȍǯƸƫ ǹƬȌ

ƩƢȍǲȅǷǈǶơ ǱǷƫ ǁơǂǳƫ.   
  ǂȃǜƫ νƬǶơ νǪǂǠǻǶơ ǹȃǫǶơ ƨƠǪ νǲƢƸƫ ǼƗ ǽψǻȌ νƬǶơ ƨȍǺǃǁơȅƼǶơ ȄƗ ƨȍǿǯƬǶơ ȄƗ ƽȅψǶơ ƍ ǂƻƕ λǿǠǻƥ

  ƔƢǲǀǶơ νȂ ȁƫơǃƢƴǾƛ νǪ ȄƗ Ƣȃƫơƿ ƾƷ νǪ ƔƢǿƥ ƨǿƦǶ ȅȂ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǼƜǪ ƍ ǹƯ ǽǺȄ .νǟƢǿǘǏ˪ơ
 ȁǿψǻȌȄ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǽǺ ƨȍǈȍƟǁ ƨȍǟǂǪ ƨǟȅǻƴǺ νǶˤơ ǹǷǠƬǶơ ƾǠȌ ƍ ǞǮơȅǶơ νǪ .νǶˤơ ǹǷǠƬǶơ
 ơǀȂ ƶǻǈȌ .ƨǮƽȄ ƧƽȅƳ ǂưǲƗ ǹȃƥǁƢƴƫ ǵǠƴǶ ƨȍƟƢǐƷ˨ơ ƤȍǶƢǇ˦ơ ǸơƾƼƬǇơ ǽǺ Ʃ˪ˤơ ǽȍψǻƫ

ǀȍǫǿƬƥ Ʃ˪ˤơȄ ǂƫȅȍƦǻψǶơ ƧǄȃƳ˦    ȄƗ ƲǺơǂƦǶơ ȀǀȂ ǹȍǻǐƫ ǹƫ .ǹȃǻǷǠƫȄ ǹȃƫƢǾƢȍƥ λǷǟ ˻ƔƢǿƥ ǂǺơȄ˦ơ
ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ǞǺ ǩȍǳƬǶơȄ ǩȍǳƬǶơȄ ƪǮȅǶơ ǁȄǂǻƥ ƾȌǄǻǶơ ƨǪǂǠǻǶ ƩƢȍǺǃǁơȅƼǶơ . 

õvyĊêþ¤ Ĉå  ¡wýwĊ{õv  1 
 νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌƤȍǯǿƬǶơȄ  νǪ ǹǷǠƬǶơ ǄǲǂȌ Ƣǻǿȍƥ ƍ ǱǶƿ ǞǺȄ .ǵƻơƾƬǶơ ƩƢȍǿǯƫ ǆǫǾ ƩƢǾƢȍƦǶơ

  ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǶơ λǷǟ ƩơǄȍǻǶơ λǷǟ ǹƟƢǯǶơ νǶˤơƨȍƦȌǁƾƬǶơ    ǁȅưǠǶơ λǷǟ ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ǄǲǂȌ ƍ
  .(ƩƢǾƢȍƦǶơ ƧƾǟƢǮ νǪ ƨǪǂǠǻǶơ ƱơǂƼƬǇ˪ Ƨȅǘƻ νȂ ȀǀȂ) ƨǪȄǂǠǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƩơǄȍǺ λǷǟ

 ƤȍǯǿƬǶơ ǸƾƼƬǈȌνǪ  ƦǶơ  ƨȍƷƢǾ ǽǺ .ƨǫǷƬƼǺ Ǒơǂǣ˦ ǽψǶȄ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ ǽǺ ƾȌƾǠǶơ ƩƢǾƢȍ

 
1 data mining 
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  ȄƗ Ǩơǂǋ˩Ƕ ǞǓƢƻ ǂȍǣ ǹǷǠƬǲ ƩƢǾƢȍƦǶơ ǽǟ ƤȍǯǿƬǶơ ƩƢȍǿǯƫ Ƣ˻ǔȌƗ νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌ ƍ ȆǂƻƗ
ǹǷǠƬǻǶơ ƨǮƽ ǽȍǈƸƬǶ ƨǯƦǈǺ ƨƴǶƢǠǺ ƧȅǘƼǲ . 

K¡wýwĊ{õv Ĉå yĊêþ¤õvÿ Ĉõċv øöÞ¤õv üĊz ë¾¤Êúõv iĈÊõv Āă wù  

ơ ǹƬȌ  ƤȍǯǿƬǶơ ǽǺ ǵǲ ǸơƾƼƬǇνǪ    Ǽ˦ νǯǘǿǺ ǂǺƗ ȅȂȄ ƍ ƩƢǾƢȍƦǶơ ǹǷǟ νǪ νǶˤơ ǹǷǠƬǶơȄ ƩƢǾƢȍƦǶơ
  ǹǇơȅǯǶơ ǽǺ ǂȍưψǶơ ȁȌƾǶ ƢǻȂ˫ǲȄ ƍ ǒǠƦǶơ ƢǻȃǔǠƥ Ǽ˫ǻψȌ ƢǻȃǾƛ .ƩƢǾƢȍƦǶơ ǸƾƼƬǈȌ ƢǻȂ˫ǲ

  ƤȍǯǿƬǶơ ǽǺ ǵǲ λǜƸȌ .ƨǫǷƬƼǺ ƢŻǪơƾȂƗ ǼƢǯǯƸȌ ƢǻȃǿψǶ ƍ ƨǲǂƬǌǻǶơνǪ   νǶˤơ ǹǷǠƬǶơȄ ƩƢǾƢȍƦǶơ
 ƦǠǌƥ .ƨƟǄƴƬǶơ ƧǁƢƴƫȄ ƍ ƨȍǾȄǂƬψǶ˨ơ ƧǁƢƴƬǶơȄ ƍ ƨǫȌǄǻǶơ ǼƢǻƬƟ˪ơ ƩƢǮƢǘƥ ǨƢǌƬǲơȄ ƍ ǭȌȅǈƬǶơ νǪ ƨȍ

 ǽǺ ǵǲ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢǲǂǌǶơ ƧƾǟƢǈǻǶ ƢǻȃȍǷǲ ƩƢǾƢȍƦǶơ ȅǇƾǿȃǺȄ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǸƾƼƬǈȌ
ȍǤǌƬǶơ ƧƔƢǫψǶơȄ ƧƽȅƴǶơ ƨƦǮơǂǺȄ ǼȄǄƼǻǶơ Ƨǁơƽƛ ǵǠƴȌ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ νǶˤơ ǹǷǠƬǶơ ƨǿψǻǺ ƨȍǷ

 ǵƻơƾƬǶơ ǽǺ ǂȍưψǶơ ǰƢǿȃǪ ƍ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ νǶˤơ ǹǷǠƬǶƢƥ ǂǺ˦ơ ǭǷǠƬȌ ƢǺƾǿǟ .Ȋǂǌƥ ǵƻƾƫ ǼȄƽ
  ƩƢǪ˫Ƭƻ˪ơ ǹȃǪ ǹȃǻǶơ ǽǺ ǽψǶ .ǒǠƦǶơ ǹȃǔǠƥ ǽǺ ̝˪ƾƥ (ƘǘƼǶơ ǭȌǂǗ ǽǟ) ǅƢǿǶơ ȁǺƾƼƬǈȌȄ

Ǻƾǿǟ .ǰƽǁơȅǺȄ ǱǪơƾȂƗ λǷǟ ơ˻ƽƢǻƬǟơ ƨǫǷƬƼǺ λǿƥȄ ƩƢȍǷǻǟ ǸƾƼƬǈƬǇ ǱǾ˦ ƍ Ƣǻȃǿȍƥ  ǸƾƼƬǈƫ Ƣ
  ƩƢǾƢȍƦǶơ ǵȌȅƸƬǶ ƶȍƸǐǶơ ǭȌǂǘǶơ λǷǟ ƪǾƘǪ ƍ ƶȍƸǏ ǵψǌƥ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ νǶˤơ ǹǷǠƬǶơ
 ȄƗ ƨȍƴȍƫơǂƬǇơ ȄƗ ƨȍǷȍǤǌƫ ȆƙǂǶơ ȀǀȂ Ǽȅǳƫ ǼƗ ǽψǻȌ .ǱƴƟƢƬǾ λǷǟ ǂƯƚƬǇ ƨǻȍǮ Ȇƙǁ λǶƛ ƨȍǶȄ˦ơ

  ƤȍǯǿƬǶơ ǸƾƼƬǈǾ ƍ ǝƽȅƬǈǻǶơ νǪ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨȍƟƢǐƷƛνǪ  Ƿǟ ǨǂǠƬǶơȄ ƩƢǾƢȍƦǶơ  ǕƢǻǾ˦ơ λ
  ȁȍƳȅƬǶơ Ʃ˫ψǌǺ ǵƸǶ ƧƢǯƬǿǻǶơ1  ƤȍǯǿƬǶơ ǸƾƼƬǈȌ ƍ ȅȌǁƢǿȍǈǶơ ơǀȂ νǪ .νǪ   ǹǷǠƬǶơ ƩƢȍǿǯƫ ƩƢǾƢȍƦǶơ

.ƧƔƢǫψǶơ ƧƽƢȌǄǶ ƨǮƾƥ ǽψǻǺ ǁƢǈǺ ǂǐǮƗ ǴȅǗ ǂȌƾǯƬǶ νǶˤơ 
  ƤȍǯǿƬǶơνǪ   .ƩơƔƢǐƷ˨ơȄ ǭȍǻǠǶơ ǹǷǠƬǶơȄ νǶˤơ ǹǷǠƬǶơȄ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ƤǷǮ ȅȂ ƩƢǾƢȍƦǶơ

ơ νǪ ƩǂȃƬǋơ Ƣǻǿȍƥ  ǽǺ ǂưǲ˦ ƺȌǁƢƫ ƢȃǶ ƍ ƨȍǓƢǻǶơ Ƣ˻ǺƢǟ ǽȍƯ˫ưǶ200    ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǸƾƼƬǈȌ .ǸƢǟ
  νƬǶơ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ƾǟơȅǮ νǪ ƧƾȍǫǺ ƢȃǿψǶȄ ƨȍǫƼǺ ǕƢǻǾƗ λǷǟ ǁȅưǠǷǶ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ ƩƢȍǿǯƫ
  ǵψǌƥ ȅǻǿƫ ƩƢǾƢȍƦǶơ Ǽ˦ ơ˻ǂǜǾ .ǂȌǁƢǯƬǶơ ƽơƾǟƛȄ Ǹ˫ǠƬǇ˪ơ ƩƢȍǿǯƫ Ǵ˫ƻ ǽǺ ƢȃƬƴǶƢǠǺ ƢǿǿψǻȌ ˪

Ǉ  ƩƢȍǿǯƫ ƾǟƢǈƫ .ƾȍǫǺ ǵψǌƥ ƚƦǿƬǶơȄ ǵȍǷƸƬǷǶ ƤȍǶƢǇ˦ơ ȀǀȂ ǸơƾƼƬǇơ ƢǿȍǷǟ ƤƴȌ ƍ νǇƗȄ ǞȌǂ
  ƩƢȍǿǯƫ ǖǷǈƫ .νƟƢǯǷƫ ǵψǌƥ ǝǂǇƗ ƲƟƢƬǾ λǷǟ ǴȅǐƸǶơȄ ƨǟǂǈƥ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ νǪ νǶˤơ ǹǷǠƬǶơ

  ƤȍǯǿƬǶơνǪ    ƚƦǿƬǷǶ ƨǯƥƢǈǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ νǪ ƩƢȂƢƴƫ˪ơȄ ǕƢǻǾ˦ơ λǷǟ ƔȅǔǶơ ƩƢǾƢȍƦǶơ
 ǿǶƢƥ  ǵψǋ νǪ ƲƟƢƬǿǶơ ȀǀȂ .ƨȍǷƦǯƬǈǻǶơ ƲƟƢƬƩƢǘǘƼǺ  ƾȌǄǻǶơȄ ƨȍǾƢȍƥ ǸȅǇǁȄ. 

ÿ Ĉõċv øöÞ¤õv üĊz ç¾æõv Āă wùõvþ¤yĊê  Ĉå¡wýwĊ{õv K 

  ǽȍǈƸƬǶơȄ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ƨǻǜǾ˦ơ ƶǿǻȌ ȊǀǶơ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǽǺ ơ˻ƔǄƳ νǶˤơ ǹǷǠƬǶơ ƾǠȌ
  ƩƢǟȅǻƴǺ ƲǶƢǠƫ ƧƾǯǠǺ ƩƢȍǺǃǁơȅƻ ƔƢǿƥ ƢǿǿψǻȌ ƍ ȅȌǁƢǿȍǈǶơ ơǀȂ νǪ .ƧǂƦƼǶơ λǷǟ ˻ƔƢǿƥ Ƣ˻ȍƟƢǯǷƫ

 
1 picker routing problems 
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ƢȍǺǃǁơȅƻ νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌ .ƨƸǓơȄ ƨƴǺǂƥ ǼȄƾƥ ǹǷǠƬǷǶ ƢȃǺƾƼƬǈƫȄ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ  ƧƾǯǠǺ Ʃ
  Ǵ˫ƻ ǽǺ ǁơǂǻƬǇƢƥ ƨȍǲǀǶơ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǽǈƸƬƫ .ƨƥǂƴƬǶơ Ǵ˫ƻ ǽǺ Ƣȃƥ ƚƦǿƬǶơȄ ƢȃǻǷǠƫ ǹƬȌ

  ƩƢǾƢȍƥ ǴƢƻƽƛƨȍƦȌǁƾƫ  ǽǺ νǈȍƟǂǶơ ǑǂǤǶơ .  ƤȍǯǿƬǶơ ǹǷǠƬƫ νƬǶơ ƱƿƢǻǿǶơ ƔƢǿƥȄ ƩƢǾƢȍƦǶơ ǹȃǪ ȅȂ
  ƤȍǯǿƬǶơ ǩǐȌ ƍ ǵƥƢǯǻǶơ νǪ .ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽȍƥ ƩƢǮ˫ǠǶơνǪ  ȍǷǻǟ ȄƗ ƍ ƩƢǾƢȍƦǶơ  ǨƢǌƬǲơ ƨ

  ǨƢǌƬǲ˪ ǞƟƢǋ ƣȅǷǇƗ ȅȂ ƲȃǿǶơ ơǀȂ .ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǽȍƥ ǨƢǌǳƬǇ˪ơ ǵǠǪ ƍƨǪǂǠǻǶơ
  ǵȍǷƸƫ ƽǂƴǺ ƩƢǾƢȍƦǶơ ƾǟơȅǮ νǪ ơǀȂ ƨǪǂǠǻǶơ ǨƢǌƬǲơ ǃȄƢƴƬȌ .ƨǪȄǂǠǻǶơ ǂȍǣ ƩƢȂƢƴƫ˪ơȄ ǕƢǻǾ˦ơ
  ƨǟȅǻƴǺ ǽǺ ǸơƾƼƬǇ˫Ƕ ƨǷƥƢǯǶơ ƩƢǾƢȍƦǶơ ƱǂƼƬǈȌ ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ǼƗ νǿǠȌ ơǀȂ .ǖȍǈƥ  ǞǇȄƗ

ǸƢƼǶơ ƩƢǾƢȍƦǶơ ǽǺ . 
  νǶˤơ ǹǷǠƬǶơ ǽȍƥ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ǵưǻƬȌνǪ ƤȍǯǿƬǶơȄ    ȊǂǌƦǶơ ǵƻƾƬǶơ ȆȅƬǈǺ νǪ ƩƢǾƢȍƦǶơ

  ǵƸȌ ǂƫȅȍƦǻǲ ǃƢȃƳ ȅȂ ƍ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ λǷǟ ǹƟƢǯǶơ ƍ νǶˤơ ǹǷǠƬǶơ .ƨǻȃǻǶơ ǴƢǻǲ˨ ƣȅǷǘǻǶơ
  ƤȍǯǿƬǶơ ƤǷǘƬȌ ƍ ǵƥƢǯǻǶơ νǪ .ƢǺ Ɣνǌƥ ǸƢȍǯǷǶ ǂǌƦǶơ ǵƸǺνǪ    ǴƢǻǲ˨ Ƣ˻Ȍǂǌƥ ˙Żˠƻƾƫ ƩƢǾƢȍƦǶơ

  ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǸƾƼƬǈȌ ƍ ȅȌǁƢǿȍǈǶơ ơǀȂ νǪ .ƨǻȃǻǶơ  ƧƾȍǫǻǶơ ǕƢǻǾ˦ơ ǨƢǌƬǲơȄ ƱơǂƼƬǇ˪ ƩơȄƽƗ
  ǹƬȌ νƬǶơ ƲƟƢƬǿǶơ ƍ ƨǾǁƢǯǻǶƢƥ .ȊǂǌƦǶơ ƘǘƼǷǶ ǂȍƦǲ ǴƢƴǺ ǰƢǿȂ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ .ƩƢǾƢȍƦǶơ νǪ
  νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌ .ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ǽǺ ƨǮƽ ǂưǲƗ νǶˤơ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ƢȃȍǷǟ ǴȅǐƸǶơ

ǶơȄ ƨȍƟƢǐƷ˨ơ ƩƢȍǺǃǁơȅƼǶơȄ ƨȌƚƦǿƬǶơ ƱƿƢǻǿǶơ  ƤȍǯǿƬǶơ ǸƾƼƬǈȌ .ǱǶƿ ǭȍǯƸƬǶ ƨȍƦǐǠǶơ ƩƢψƦǌ
νǪ    ǁȅưǠǶơ ǽψǻȌ .ƨǻȍǮ Ȇƙǁ λǷǟ ǁȅưǠǷǶ ǕƢǻǾ˦ơ ǹȍȍǯƫ ƩƢȍǿǯƫȄ ƩƢǾƢȍƦǶơ ƩƢǟƽȅƬǈǺ ƩƢǾƢȍƦǶơ

  ǀȍǫǿƬǶơȄ ǹȍȂƢǫǻǶơȄ ǭȍƦǘƬǶơ νǪ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơȄ νǶˤơ ǹǷǠƬǶơ ǽȍƥ ƨȍǈȍƟǂǶơ ƩƢǪ˫Ƭƻ˪ơ λǷǟ
ǹǷǠƬǶơ ƩơǁƾǮȄ: 

Á  ǭȍƦǘƬǶơ:  ơ ƩƢȍǺǃǁơȅƻ ƤǷǘƬƫ  ƩƢǾƢȍƥ ǵψǋ νǪ ƩƢǾƢȍƥ νǶˤơ ǹǷǠƬǶ) ƨȌƽƢǟƨȍǇƢȍǮ(  ǵȍǷƸƬǶ .
  λǶƛ νǷǏ˦ơ ƢȃǷψǋ ǽǺ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǵȌȅƸƫ λǶƛ ƱƢƬƸƫ ƍ νǶˤơ ǹǷǠƬǶơ ǭȌǂǗ ǽǟ ƩƢǾƢȍƦǶơ
  νǶˤơ ǹǷǠƬǶơ ƤǷǘƬȌ .ƨǟǂǈƥ ƩƢǾƢȍƦǶơ ǹȃǪ λǷǟ ƨȍǲǀǶơ ƩƢȍǺǃǁơȅƼǶơ ƾǟƢǈȌ ơǀȂ .νǇƢȍǮ ǭȍǈǿƫ

Ƕ ƩƢǾƢȍƦǶơ ǽǺ ƨǷƟƢȂ ƩƢȍǻǲ Ƣ˻ǔȌƗ  νǪ ƤȍǯǿƬǶơ ǽǟ ƲƬǿȌ ǼƗ Ƣ˻ǔȌƗ ǽψǻȌ .ƨǯȍǮƽ ƲƟƢƬǾ ǹȌƾǯƬ
ƩƢǾƢȍƦǶơ ǽǺ ǂǤǏƗ ƩƢȍǻψƥ ǽψǶȄ ƍ ƲƟƢƬǾ ƩƢǾƢȍƦǶơ. 

Á   :ǹȍȂƢǫǻǶơ .ƧƽȅƳȅǻǶơ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬƫ Ʃ˪ˤơ ǼƗ ǸȅȃǫǺ λǷǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƾǻƬǠƫ
 ǭǘǿǻǶơ λǷǟ ˻ƔƢǿƥ ƱƿƢǻǿǶơ νǶˤơ ǹǷǠƬǶơ ǁȅǘȌ .ƩơǀǶơ ǽȍǈƸƫ λǷǟ Ƣ˻ǔȌƗ ƲȃǿǶơ ơǀȂ ƾǟƢǈȌ
  ƤȍǯǿƬǶơ ǬǂǗ ǸơƾƼƬǇƢƥ) ƨȍǷƦǯƬǈǻǶơ ƲƟƢƬǿǶƢƥ ƚƦǿƬǶơ λǷǟ ƾǟƢǈȌ ơǀȂ .ƩƢǾƢȍƦǶơ ƔơǁȄ ǽǺƢψǶơ

νǪ  (ƩƢǾƢȍƦǶơ  ǸơƾƼƬǇƢƥ ƩƢǺȅǷǠǻǶơ ƱơǂƼƬǇơ λǷǟ ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ǄǲǂȌ ƍ ǵƥƢǯǻǶơ νǪ .
ƩƢǾƢȍƦǶơ νǪ ƩƢȂƢƴƫ˪ơȄ ǕƢǻǾ˦ơ ƾȌƾƸƫ νǪ ƾǟƢǈƫ ƩƢȍǿǯƫ . 

Á   :ǀȍǫǿƬǶơ  ƍ νǘƼǶơ ǁơƾƸǾ˪ơ ǵưǺ ƨȍǲǀǶơ ƩƢȍǺǃǁơȅƼǶơ ǸơƾƼƬǇƢƥ νǶˤơ ǹǷǠƬǶơ ǀȍǫǿƫ ƢǿǿψǻȌ
ơ ǸƾƼƬǈȌ .ƺǶƛ ƍ ƨȍƦǐǠǶơ ƩƢψƦǌǶơȄ ƍ ǁơǂǯǶơ ƧǂƴǋȄ  ƨȍǶˤơ ƩƢȍǺǃǁơȅƼǶơ Ƣ˻ǇƢǇƗ νǶˤơ ǹǷǠƬǶ

  ǂǺ˦ơ ǭǷǠƬȌ ƢǺƾǿǟ ƍ ǵƥƢǯǻǶơ νǪ .ƲƟƢƬǿǶƢƥ ƚƦǿƬǷǶ ƨȍƦǐǠǶơ ƩƢψƦǌǶơȄνǪ ƤȍǯƬǶƢƥ   ƍ ƩƢǾƢȍƦǶơ



 
167                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 

 

  ƩƢǲǂƸǺȄ ƩƢǾƢȍƦǶơ ƾǟơȅǮ ǸơƾƼƬǇƢƥ ƱƿƢǻǾ ƔƢǿƥ λǶƛ ƱƢƬƸǾνǪ Ƥȍǯǿƫ  ƩƢǾƢȍƦǶơ1   ƩƢȍǿǯƫȄ
ǕƢǻǾ˦ơ ǹȍȍǯƫ . 

Á   :ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌ  ƨǷƯƢǻǺ ƩƢȍǿǯƫ νǶ  νǪ ƤȍǯǿƬǷǶ  ƨǯȌǂǘǶơ ǽψǶȄ ƍ ƩƢǾƢȍƦǶơ
  ǼȅψȌ ƍ ǱǶǀǶ ƨƴȍƬǾ .ǂȍǤƬȌȄ ǩȍǳƬȌȄ Ƣ˻ȍƟƢǯǷƫ ǹǷǠƬȌ νǶˤơ ǹǷǠƬǶơ ǼƗ νǿǠȌ ơǀȂ .ƨƬǻƫƚǺ λǶȄ˦ơ

  ƤȍǯǿƬǶơ ƤǷǘƬȌ ƍ ǵƥƢǯǻǶơ νǪ .ƚƦǿƬǶơ ƾǿǟ ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ǽǺ ƨǮƽ ǂưǲƗνǪ    ˙ŻˠȍǷƸƫ ƩƢǾƢȍƦǶơ
ƨǯȌǂǗ λǶƛ ƢȃǶȅƸȌȄ Ƣ˻Ȍǂǌƥ   .ƨȌȄƾȌ 

Á   :ȊǂǌƦǶơ ǵǺƢǠǶơ  ȊǂǌƦǶơ ǵƻƾƬǶơ λǷǟ ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶơ ƾǻƬǠȌ .ƢǿȂ Ƣ˻ȍƦǈǾ ǂȍƦǲ ǬǂǪ ǰƢǿȂ
  ǹǷǠƬǷǶ νǈȍƟǂǶơ ƤƦǈǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƽơǂǪ˦ơ ǵƦǮ ǽǺ ǸơƾƼƬǇ˫Ƕ ƨȌƢȃǿǶơ νǪ ȀƙƢǌǾƛ ǹƬȌȄ

Ƕơ ǵǏơȅƬǶơ) ǵǠǫǶơ ȄƗ ȊǂǌƦǶơ ǂȍƯƘƬǶơ λǷǟ ƾǻƬǠȌ ˪Ȅ ȁǈǫǾ ƤȌǁƾƫ ȁǿψǻȌ ȁǾƗ ȅȂ νǶˤơ  ȊǂǌƦ
(ƨȍǇƢǇ˦ơ ƩƢȍǺǃǁơȅƼǶơ ƽơƾǟƛ λǷǟ Ƣ˻ƦȌǂǯƫ ǂǐƬǯȌ νǶˤơ ǹǷǠƬǶơ ǞǺ . 

 iwÎ³ďv 
ȌƢǐƷ˨ơ ǖƦƫǂ  Ɣ  ǽȌƾȂƢƳ ǼȅǠǈȌ νƬǶơ ǨơƾȂ˦ơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƢŻǯȍƯȄ ƢŻǗƢƦƫǁơ νǶˤơ ǹǷǠƬǶơȄ

 ǹƬȌ ƍ ǵƥƢǯǻǶơ νǪ .ǞǻƬƴǻǶơ ǽǺ ƨǿȍǟ ƱƢƬǿƬǇơ ȅȂ ƔƢǐƷ˨ơ ǽǺ ǑǂǤǶơ .Ƣ˻ǺƢǻƫ ƨǫǷƬƼǺ ƢȃǯȍǯƸƬǶ
  ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ƩƢǾƢȍƦǶơ νǪ ǕƢǻǾƗ ƽƢƴȌƛ Ǵ˫ƻ ǽǺ ƧǁǂǳƬǻǶơ ƩơƚƦǿƬǷǶ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ
  ƔƢǌǾƛ ǹƬȌ .ƨǯȍǮƽ ƩơƚƦǿƫ ǵǻǟ λǷǟ ƧǁƽƢǮ ǼȅǳƬǶ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ νǶˤơ ǹǷǠƬǶơ ƤǷǘƬȌ

 ƨǮƾƥ ƢȃǘƦǓ ǹƬȌȄ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǸơƾƼƬǇƢƥ ƱƿƢǻǿǶơ2  ƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ  ǽǺ ǭǯƸ
  λǷǟ ƨǶˤơ ƾǟƢǈƫ ƩơȅǘƼǶơ ȀǀȂ ǵǲ .ƨȍƦȌǂƴƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ ƢȃǻȍȍǯƫȄ ƍ ƨƸǐǶơ
  .ƚƦǿƬǶơ ǴȄƢƸƫ ˪ ƢȃǾ˦ ƍ ƧƽƾǠƬǺ ƨȍǟǂǪ ƩƢǟȅǻƴǺ ƩƢȍƟƢǐƷ˨ơ ǽǻǔƬƫ ˪ ƍ ǵƥƢǯǻǶơ νǪ .ǹǷǠƬǶơ

ƨƴȍƬǿǶơ ǂȍǤƬǺȄ ƩƢǾƢȍƦǶơ ǽȍƥ ƨǮ˫ǠǶơ ǁƢȃǛƛ ȅȂ ƨǶƢƸǶơ ȀǀȂ νǪ ƨƳǀǻǿǶơ ǽǺ ǑǂǤǶơ. 

¡vÿ¹l ôúÞõv ĆuĊzÿ3 õ Ĉõċv øöÞ¤ö 

 ǹǷǠƬǶơ ƱƿƢǻǾ ǂǌǾȄ ƔƢǿƦƥ ƔƢǻǷǠǶơȄ ǽȌǁȅǘǻǷǶ ƶǻǈƫ ƧơƽƗ ȄƗ ƨƦƬψǺ ȄƗ ƨȃƳơȄ νȂ νǶˤơ ǹǷǠƬǶơ ƨƠȍƥ
  ƨǟǂǇȄ ƨǶȅȃǈƥ νǶˤơƒǂƦǲƗ    ƨƸǓơȄ ƨǯȌǂǗ ǂǪȅƫ ƢȃǾƛ .ƨȍƬƸƬǶơ ƨȍǿƦǶơ ƩƢȍǺǃǁơȅƻ ʣǑȅƼǶơ ǼȄƽ

 ǒǠƥ .ƨǿǈƸǻǶơȄ ƧǄȂƢƴǶơ ƩƢǾȅψǻǶơ ǽǺ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ƾȌƾƸƬǶ ƧǄƳȅǺȄ
  ƧƾȍƴǶơ ƨǶˤơ ǹǷǠƫ ƨƠȍƦǶ ƨȍǈȍƟǂǶơ ƩơǄȍǻǶơ:νȂ 

 
1 data mining engines 

ʣƤȍǯǿƬǶơ ǰǂƸǺ    ƣƢǈƬǲ˪ ƨǺƾƼƬǈǻǶơ ƲǺơǂƦǶơȄ ƩơȄƽ˦ơ ǱǶƿ ǽǻǔƬȌ .ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ ƨǇƾǿȃǶ νǯȍǯƸǶơ ƤǷǯǶơ ȅȂ ƩƢǾƢȍƦǶơ
ƧǂȍǐƦǶơ .ƩƢǾƢȍƦǶơ ƩƢǟƽȅƬǈǺ ʣƨǾǄƼǻǶơȄ ƩƢǾƢȍƦǶơ ǁƽƢǐǺ ǽǺ ƢȃȍǷǟ ǴȅǐƸǶơ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ƨǪǂǠǻǶơȄ 

2 fine tuned 

3 Framework 



 
168 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

¶ .ǵưǺ˦ơ Ɣơƽ˧Ƕ 
¶  .ǽȌǁȅǘǻǷǶ ǭȌƾǏ ȁǾƛ 
¶ .ƢȂǄȍǺǂƫȄ ƢȃǻȃǪ ǵȃǈȌ 
¶ ơȅƬǶơ ǂȍǪȅƫƨȍƥƢǈƸǶơ ƨȍǷǻǠǶơ ǞȌǃȅƬǶ Ȋǃ. 

  ǵψǌƥƍǸƢǟ    ƨǶȅȃǇ ǂưǲƗ ȁǷǠƴƫȄ νǶˤơ ǹǷǠƬǶơ ƾȍǯǠƫ ǽǺ νǶˤơ ǹǷǠƬǷǶ ƨǶƢǠǫǶơ ǵǻǠǶơ ƨƠȍƥ ǵǷǯƫ
ǽȌǁȅǘǻǷǶ . 

  ƨǷȍǷǯǶơ ƩơȅǿǈǶơ ȆƾǺ λǷǟƍƨȍǓƢǻǶơ    ƨȍǇƢǇ˦ơ ƨǻǜǾ˦ơȄ ǂȌȅǘƬǶơ ƩơȄƽƗ ʣơ˻ǁƢƴǫǾơ ƢǾƾȃǋ
 ƨƥǁƾǻǶơ ƱƿƢǻǿǶơȄ ǵǻǠǶơ ƩƢƠȍƥ λǶƛ ƩƢƦƬψǻǶơ ǽǺ .νǟƢǿǘǏ˪ơ ƔƢǲǀǶơȄ νǶˤơ ǹǷǠƬǶƢƥ ƨǯǷǠƬǻǶơ

  .ƢŻǯƦǈǺƍǱǶǀǶ   .ǹȃƫƢǯȍƦǘƫ ʣνǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ǴƢƻƽ˨ ƩơǁƢȍƼǶơ ǽǺ ƾȌƾǠǶơ ǽȌǁȅǘǻǶơ ȆƾǶ
  ƩƢƠȍƥ ǹȌƾǯƫ ȅȂ ǹǈǯǶơ ơǀȂ ǽǺ ǑǂǤǶơ  ǹȃƫơǄȍǺ λǷǟ ǄȍǲǂƬǶơ ǞǺ ǽȌǁȅǘǻǷǶ ƨǫǷƬƼǻǶơ ƨǶˤơ ǹǷǠƫ

ƧƾȌǂǫǶơ . 

Ĉõċv øöÞ¤öõ Ć{Åwþúõv ôúÞõv ĆuĊz ½wĊ¤·v ĆĊæĊí 

 ƍǱǶƿ ǞǺȄ .νǶˤơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǂǌǾȄ ǂȌȅǘƫ ǖȍǈƦƬǶ νǶˤơ ǹǷǠƬǶơ ǵǻǟ ƩƢƠȍƥ ǽǺ ƾȌƾǠǶơ ƩǂȃǛ
 ǿǻǶơ ǵǻǠǶơ ƨƠȍƥ ǁƢȍƬƻơ ʣƨƦǠǏ ƩơǁƢȍƻ ƿƢƼƫơ ǽȌǁȅǘǻǶơ λǷǟ ǽȍǠƬȌ  ǒǠƦǶơ ƤǣǂȌ ƾǮ ȁǾ˦ .ƨƦǇƢ
  ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǆȌǁƾƫ ƾǿǟ ǸơƾƼƬǇ˪ơ ƨǶȅȃǇ λǷǟ ǄȍǲǂƬǶơ νǪƍνǶˤơ   ǒǠƦǶơ νǘǠȌ ƾǮ Ƣǻǿȍƥ

  ǽȍǈƸƬǶ ƨȌȅǶȄ˦ơ ǂƻˤơ Ʃ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ    ǂǌǾȄ  .ƱƢƬǾ˨ơƍǱǶǀǶ    ƨȍǇƢǇ˦ơ ǕƢǯǿǶơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂ
ȄǂǌǻǶ νǶˤơ ǹǷǠƬǶơ ǵǻǟ ƨƠȍƥ ǁƢȍƬƻơ ƾǿǟ ƢȃƫƢǟơǂǺ ƤƴȌ νƬǶơǱǟ : 

Á   .ǱƫƢƳƢȍƬƷơ ǹȍȍǯƫνǶˤơ ǹǷǠƬǷǶ ƨƠȍƥ ǵǔǪƗ ǽǟ ƮƸƦǶơ Ɣƾƥ ƾǿǟ ƨƯ˫ưǶơ ƨǷƠǇ˦ơ ȀǀȂ ƵǂǗơ: 
1.   νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ȄƗ ǭȍǻǠǶơ ǹǷǠƬǷǶ ƨǺƾƼƬǈǺ ȀǀȂ ǵǻǠǶơ ƨƷƢǈǺ ǵȂ

 ƓƨȌƾȍǷǯƬǶơ 
2. ƓνǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǂȌȅǘƬǶ ƨǷǔǫǻǶơ ƨƴǺǂƦǶơ ƨǤǶ νȂ ƢǺ 
3.   ƲǺơǂƦǶơȄ ƧǄȃƳ˦ơ νȂ ƢǺǅƢȍǯǶơ νǪ ƨǺƾƼƬǈǻǶơ ƨȍƥƢƸǈǶơ ƩƢǺƾƼǶơȄ Ɠ 

ǼȅưȌƢƥ  ȄR  ǹǷǠƬǶơ ʣǞǇơȄ ǬƢǘǾ λǷǟ ƨǺƾƼƬǈǺ ƩƢǤǶ νȂƍνǶˤơ  ǞǺȄƍǱǶƿ   ƩƢǤǶ Ƣ˻ǔȌƗ ǂǪȅƬƫ
 ǵưǺ ȆǂƻƗJulia  ȄC   ȄJava  ȄScala ƨǤǷƥ ǸȅȍǶơ νǶˤơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǹǜǠǺ ƨƥƢƬǲ ǹƬƫ . ǼȅưȌƢƥ  

  ǽǺ ƢȃǷǯǾ ǹƬȌȄR  Ǽ˦ .R    .ƢǺ ƾƷ λǶƛ ƶȌǂǺ ǂȍǣ ƢȃǠǺ ǵǻǠǶơȄ ǽȍȍƟƢǐƷ˨ơ ǵƦǮ ǽǺ ǹǻǐǺǼȅưȌƢƥ  
.ǸơƾƼƬǇ˪ơ ʣǵȃǇƗȄ ƧǄƳȅǺȄ ƨǘȍǈƥȄ ƨƯơƾƷ ǂưǲƗ ƨƴǺǂƥ ƨǤǶ νȂ   

Á   ǽȍǈƸƫ Ʃ˫ǺƢǠǻǶơ    .ƨǯƟƢǫǶơ ȅȂȄ νǶˤơ ǹǷǠƬǶơ ǵǻǟ ƨƠȍƥ ǁƢȍƬƻơ ƾǿǟ ǂƻƕ νǈȍƟǁ ǁƢƦƬǟơ ǰƢǿȂ
  ƩƢǻǷǠǻǶơ ǽȍǈƸƫƨǯƟƢǫǶơƢȃǶ ƨǶˤơ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǵǲ .    ƩƢǾƢȍƦǶơ ǵȍǷƸƬǶ ǩǷƬƼǺ ƲȃǾƨȍƦȌǁƾƬǶơ  

  λǷǟ ƩƢȍǺǃǁơȅƼǶơ ȊȅƬƸƫ .ƧƾȌƾƳ ƨǷưǺƗ λǷǟ ȁǻǷǠƬƫ ƢǺ ǭȍƦǘƫȄƩ˫ǺƢǠǺ   ǱǿψǻȌ ƨǯƟƢǪ
  ǸȅǯȌ .ƨȍǺǃǁơȅƼǶơ ǵǻǟ ƨȍǫȍǲ νǪ ǹψƸƬȌ ǴƢǐƫơȄ ƶȍƫƢǫǺ Ƣȃƥ ƩƢǺȅǷǠǺ ƨƷȅǷǲ ƢȃȍǪ ǂȍǳǫƬǶơ
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Ǻ ǁơƾǯǺ ƾȌƾƸƫȄ ƍ ǁƢƦƬǟ˪ơ νǪ ƢȂǀƻƗ ƤƴȌ νƬǶơ ƩơǂȍǤƬǻǶơ ǼǃȄ ǖƦǔƥ  ƍ ȁƫƢǟơǂǺ ƤƴȌ Ƣ
 ơƿƛ ƢǺ ƧƢǟơǂǺ ǹȃǻǶơ ǽǺ ƍ ƨǶˤơ ǹǷǠƫ ƨƠȍƥ ǁƢȍƬƻơ ƾǿǟ .ƨȍǺǃǁơȅƼǶơ λǷǟ ȆǂƻƗ Ʃ˫ȌƾǠƫ ƔơǂƳƛȄ

Ƣ˻ȌȄƾȌ ǸƗ Ƣ˻ȍƟƢǯǷƫ ǼȅψȌ ǼƗ ƤƴȌ ƽơƾǟ˨ơ ơǀȂ ǼƢǲ. 
Á   .ƤȌǁƾƬǶơȄ ǂȌȅǘƬǶơ νǪ ǞǇȅƬǶơ  νǪƨȍǺǃǁơȅƼǶơ ƤȌǁƾƫ ƨǷƷǂǺ  ǰƢǿȂ   ƨȍǻǲȄ ƍ ǞǇȅƬǶơ ƨȍǷƥƢǮ

ȍǷƸƫ ǽψǻȌ νƬǶơ ƩƢǾƢȍƦǶơ  ƩƢȍǺǃǁơȅƼǶơ Ǵ˫ƻ ǽǺ Ɣơƽ˦ơ ǽȍǈƸƫ ǽψǻȌ .ǵȍǷƸƬǶơ ƨǟǂǇȄ ƍ ƢȃǷ
ǺȅǇǂǶơ ƨƴǶƢǠǺ ƩơƾƷȄ ǸơƾƼƬǇơ Ǵ˫ƻ ǽǺ ƨƴǶƢǠǻǶơȄ ƨǟǃȅǻǶơȍ  ǝȄǂǌǺ ǂȌȅǘƫ ƨǷƷǂǺ νǪ .ƩƢ

  λǶƛ ǴȅǏȅǶơ ƢȃǿψǻȌ νƬǶơ ƩƢǯȍƦǘƬǶơ ȄƗ ǽȍǺƾƼƬǈǻǶơ ƽƾǠƥ ǞǇȅƬǶơ ƨȍǷƥƢǮ ǖƦƫǂƫ ƍ νǶˤơ ǹǷǠƬǶơ
ƾƷơȄ ƪǮȄ νǪ ƾƷơȄ ƪǮȄ νǪ ƱƿȅǻǿǶơ  ƤȌǁƾƬǶơ ƨǷƷǂǺ νǪ ƨǫǷƬƼǺ ƩƢƦǷǘƬǺ ƽȅƳȅǶ ơ˻ǂǜǾ .

 ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ƨƠȍƦǶơ ǽǺ ƾƷơȄ ǝȅǾ νǪ ƱƿƢǻǾ ǂȌȅǘƫ λǶƛ ƩƢǈǇƚǻǶơ ǵȍǻƫ ƍ ǂȌȅǘƬǶơȄ
  λǶƛ ƧƾǿƬǈǻǶơ νǶˤơ ǹǷǠƬǶơ ǵǻǟ ƨƷƢǈǺǼȅưȌƢƥ    ƾǿǟ ƍ ǱǶǀǶ .(ƨƥƢƸǈǶơ νǪ ƢȃǷȍǤǌƫ ǹƬȌ νƬǶơȄ

ơƿƛ ƢǻȍǪ ǂǜǿǶơ ǹȃǻǶơ ǽǺ ƍ ǵǻǠǶơ ƨƠȍƥ ǁƢȍƬƻơ   .ǞǇȅƬǶơ ƨȍǷƥƢǮ ǽǺ ǽȍǟȅǿǶơ ˫ǲ ǹǟƾƫ ƪǾƢǲ 

 wMÝĀĊÉ ¾¨íčv Ĉõċv øöÞ¤õv ¡vÿ¹l 

ǸȅȍǶơ ƨǺƾƼƬǈǻǶơ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ νǶˤơ ǹǷǠƬǶơ ƩơȄƽƗ ǒǠƥ λǷǟ ƧǂǜǾ νǯǷǾ ƍ ǹǈǯǶơ ơǀȂ νǪ . 

SciKit -Learn 
Scikit-learn    ƢȂǁȅǗ νƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢƠȍƥ ǸƾǮƗ ǽǺ ƧƾƷơȄ νȂDavid Cornapo    ǝȄǂǌǻǲ

Google Code    ǸƢǟ νǪ νǫȍǐǶơ2007 ƨƦƬψǻǲ ƵƢƬǺ .
ǼȅưȌƢƥ    Ǩơǂǋ˩Ƕ ƨǠǓƢƼǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǹǟƾȌ ȅȂȄ ƍ

  .Ǩơǂǋ˩Ƕ ƨǠǓƢƼǶơ ǂȍǣȄScikit- Learn   ǵǔǪƗ νȂ
  ȊǁȅǘǻǶ ǵǻǟ ƨƠȍƥǼȅưȌƢƥ    .νǶˤơ ǹǷǠƬǶơ ƩƢȍǇƢǇƗ ǹǷǠƬǶ

  ƨǠƟƢǌǶơ ƩƢȍǺǃǁơȅƼǶơ ǀȍǫǿƫ ȀǀȂ ƩơȄƽ˦ơ ƨǟȅǻƴǺ ǵȃǈƫ
 ƍƨȍƟơȅǌǠǶơ ƨƥƢǤǶơȄ ƍ ǹǟƾǶơ ȁƴƬǺ ƨǶƕȄ ƍ ǁƢƳ ƣǂǮƗȄ ƍ νƬǈƳȅǷǶơ ǁơƾƸǾ˪ơȄ ƍ νǘƼǶơ ǁơƾƸǾ˪ơ ǵưǺ

  ǸơƾƼƬǇơ ǽψǻȌ ƍ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ǽǟ ǂǜǿǶơ Ǩǂǐƥ .ǁơǂǯǶơ ƧǂƴǋȄScikit- Learn 
ǣ ǹǷǠƬǷǶ  ƨȍǈȍƟǂǶơ ƩƢǾȅψǻǶơ ǵȍǷƸƫȄ ǞȍǻƴƬǶơ ǵưǺ ƩƢȍǺǃǁơȅƼǶơ ǹǟƾȌȄ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍ

  Ǽ˦ ơ˻ǂǜǾ .ƾȌǄǻǶơȄScikit- Learn    ˪ νƬǶơ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǿǯƫ ǞǺ ǖǯǪ ǵǺƢǠƬȌ
  ȊǁȅǘǻǶ ǽψǻȌ .ƩƢǺȅǇǂǶơ ƨƴǶƢǠǺ ƧƾƷȄ ƤǷǘƬȌ ˪ ȁǾƜǪ ƍ ƤȌǁƾƬǷǶ ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƾƼƬǈƫ ǼȅưȌƢƥ  

Ǻ ƨǟǂǈƥ ƔƾƦǶơ  ǞScikit- Learn    ǼȅǺƾƼƬǈȌ ǽȌǀǶơ ǽȌǁȅǘǻǶơ λƬƷ .ƨǺǄƸǶơ ƪȍƦưƫ ǭȌǂǗ ǽǟ
TensorFlow    ȄƗKeras    ȄƗPyTorch    ǼȅǷǔǫȌ ƤȌǁƾƬǷǶScikit- Learn  ǴơȄƾǷǶ    ƨȍǪƢǓ˨ơ

  ǵȌƾǠƫȄ ǴƽƢƦƬǻǶơ ǭǯƸƬǶơȄ ǂȍǫǌƬǶơȄ ƩƢǾƢȍƦǷǶ ƨǯƦǈǻǶơ ƨƴǶƢǠǻǶơ ǵưǺƩ˫ǺƢǠǻǶơ   .ƨǯƟƢǫǶơ 
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¶   ƍ ǁơƾƸǾ˪ơȄ ƍ ǩȍǿǐƬǷǶ ƩƢȍǺǃǁơȅƻȄ ƱƿƢǻǾ ǂǪȅȌ ǞȍǻƴƬǶơȄ  Ȅ ƍ  ǵȍǷǯƫ  ǁƢȍƬƻơȄ ƍ ƽƢǠƥ˦ơ
.ƨǯƦǈǻǶơ ƨƴǶƢǠǻǶơȄ ƍ ƱƿȅǻǿǶơ 

¶   ƤȍǯǿƬǶơ νǪ ƾǟƢǈȌνǪ  ƩƢǾƢȍƦǶơ ǵȍǷƸƫȄ ƩƢǾƢȍƦǶơ. 

PyTorch 
PyTorch    λǷǟ ƾǻƬǠƫ νǶƕ ǹǷǠƫ ƨƠȍƥ νȂTorch    ǂȌȅǘƫ ǹƫ .ƨȍƦǐǠǶơ ƨψƦǌǶơ ǹȍǻǐƬǶ ƨȍǶƢưǺ νȂȄ
PyTorch    νǪ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ƭƢƸƥƗ ǂƦƬƼǺ ƨǘǇơȅƥ

Facebook    ǂȌƢǿȌ νǪ ȀǁơƾǏƛ ǹƫȄ ƍ2016   ƨȍǾƢƴǺ ƨƦƬψǻǲ
  ƨȌƙǁ νǪ νǇƢǇƗ ǵψǌƥ ǸƾƼƬǈȌȄ ƍ ǁƾǐǻǶơ ƨƷȅƬǫǺ
  ƨǤǷǶơ  ƨƴǶƢǠǺ  ƩƢǯȍƦǘƫȄ  ǭȍǻǠǶơ  ǹǷǠƬǶơȄ  ǂƫȅȍƦǻψǶơ

 ƦǶơ ǂȌȅǘƫ ǹǟƾȌȄ ƍƨȍǠȍƦǘǶơ  νǪ ƨȍƦǐǟ ƨψƦǋ ǀȍǫǿƫ ƾǠȌ .ƨƥƢƸǈǶơ λǶƛ ƧƾǿƬǈǻǶơ ƲǺơǂPyTorch 
  ƨƴǶƢǠǺ ƧƾƷȄȄ ƨȌǄǲǂǻǶơ ƨƴǶƢǠǻǶơ ƧƾƷȄ ǹǟƽ ǞǺ .Ȇǂƻ˦ơ ƩƢƠȍƦǶơ ǽǺ ƨǶȅȃǇ ǂưǲƗȄ ǖǈƥƗ

ǺȅǇǂǶơȍƧǂȍƦǲ ƩƢǾƢȍƥ ƩƢǟȅǻƴǻƥ ƧƾǯǠǻǶơ ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƤȌǁƾƫ ǽψǻȌ ƍƩƢ.  

  

¶ ϽТнт  ƩƢȍǺǃǁơȅƻ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ  .ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƔƢǿƦǶ ǽȍǈƸƬǶơ 
¶ еЫгт    ǸơƾƼƬǇơPyTorch  ƨȍƥƢƸǈǶơ ƩƢǐǿǻǶơ λǷǟ . 

TensorFlow 
TensorFlow    ǹǷǠƬǶơȄ νǶˤơ ǹǷǠƬǶơ ƩƢƠȍƥ ǂȃǋƗ ǽǺ ƧƾƷơȄ νȂǭȍǻǠǶơ    ƢȃǺƾƼƬǈȌ νƬǶơ

  Ǭ˫Ǘƛ ǹƫ .ǼȅưƷƢƦǶơȄ ǼȄǁȅǘǻǶơTensorFlow    ǭȌǂǪ ƨǘǇơȅƥ ƧǂǺ ǴȄ˦Google Brain    νǪ
  ǸƢǟ2007   ƨȌǄǲǂǻǶơ ƨƴǶƢǠǻǶơ ƩơƾƷȄ λǷǟ ȁǷȍǤǌƫ ǽψǻȌȄ

  ǱǶƿ νǪ Ƣǻƥ ƍ ƨǐǐƼƬǻǶơ νǟƢǿǘǏ˪ơ ƔƢǲǀǶơ ƩƢǟǂǈǺȄ
) ƩƢǺȅǇǂǶơ ƨƴǶƢǠǺ ƩơƾƷȄGPU) Ȅ (TPU  ǂǪȅƬȌ .(

TensorFlow    ƨǻǜǾƗ  λǷǟLinux    ȄmacOS   Ȅ
Windows   64    νǪ Ƣǻƥ ƍ ƨǶȅǻƸǻǶơ ƨƦǇȅƸǶơ ƩƢǐǿǺȄ ƪƥ

  ǱǶƿAndroid    ȄiOSǂǌǾ ǽψǻȌ .    λǷǟ ƨƥǁƾǻǶơ ƱƿƢǻǿǶơTensorFlow    ƶǘǇ ƧǄȃƳƗ λǷǟ
  ǵǠƴȌ  ǵǺƢǌǶơ  ǹǟƾǶơ  ơǀȂ  .ƨǯȍǮƾǶơ  ǹψƸƬǶơ  ƩơƾƷȄ  λƬƷȄ  ƩƢƸǫǐƬǻǶơȄ  ƤƬψǻǶơ

TensorFlow    ƨǤǷǶơ ƨƴǶƢǠǺ ȄƗ ǂƫȅȍƦǻψǶơ ƨȌƙǁ λǷǟ ǵǻǠƫ ƪǿǲ ƔơȅǇ .Ǭ˫ǘǾ˫Ƕ ơ˻ǄȂƢƳȄ ơŻƾȌǂǪ
 ǼƜǪ ƍ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ƱƿƢǻǾ ȄƗ ƨȍǠȍƦǘǶơTensorFlow ǟ ƧǁƢƦǟ  ƨȍǶƢǟȄ ƨȌȅǮ νǶƕ ǹǷǠƫ ƨǐǿǺ ǽ

Ɣơƽ˦ơ . 
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¶      .ƧƽƾǠƬǺ ƩƢǐǿǺ λǷǟ ǂǌǿǶơ  ƪȍƦưƫ ǽψǻȌTensorFlow    ƤƬψǻǶơ ƶǘǇ ƧǄȃƳƗ λǷǟ
 ƨǯȍǮƾǶơ ǹψƸƬǶơ ƩơƾƷȄ λƬƷȄ ƩƢƸǫǐƬǻǶơȄ . 

¶   .ǝǃȅǻǶơ ƤȌǁƾƬǶơ  ǂǪȅȌTensorFlow   ƨƴǶƢǠǻǶơ ƧƾƷȄ νǪ ǝǃȅǻǶơ ƤȌǁƾƬǷǶ Ƣ˻ȌȅǮ Ƣ˻ǻǟƽ
.ƩƢǺȅǇǂǶơ ƨƴǶƢǠǺ ƧƾƷȄȄ ƨȌǄǲǂǻǶơ 

¶   .ƨȌǃơȅǺ ƨȍƦǐǟ ƨψƦǋ ƤȌǁƾƫ  ǂǪȅȌTensorFlow    ƤȌǁƾƫ ǱǶ ƶȍƬƫ ƤȍƥƢǾƗ Ǖȅǘƻ
ŽǃơȅƬǺ ǵψǌƥ ƧƽƾǠƬǺ ƩƢǺȅǇǁ ƨƴǶƢǠǺ ƩơƾƷȄȄ ƧƽƾǠƬǺ ƨȍƦǐǟ ƩƢψƦǋ. 

 

¶  .ǹǷǠƬǶơ ƤǠǐǶơ ǽǺ 
¶   νǪ ƘǘƼǶơ ǵƟƢǇǁ ǒǠƥ ǹȃǪ ǼȅψȌ ƾǮTensorFlow  ƨȌƢǤǷǶ Ƣ˻ƦǠǏ ơ˻ǂǺƗ. 

Keras 
Keras    νǶˤơ ǹǷǠƬǶơ ƨǐǿǺ λǶƛ ƨǶȅȃǈƥ ǴȅǏȅǶơ ǽǺ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ǽψǻƫ ƨƴǺǂƥ ƨȃƳơȄ νȂ

TensorFlow  ) ƩƢǯȍƦǘƫ ƨƴǺǂƥ ƨȃƳơȄ ƢȃǾƛ .ƢȃǺơƾƼƬǇơȄAPI ǭȍǻǟ ǹǷǠƫ ǵǻǟ ƨƷƢǈǺȄ (
  ƨǤǷƥ ƨƥȅƬψǺ ǁƾǐǻǶơ ƨƷȅƬǫǺǼȅưȌƢƥ   λǷǟ ǵǻǠƫ

TensorFlow    ǸƢǜǿǶơ νǪ Ǽˤơ ƢȃƴǺƽ ǹƫȄ
  ƪǻǟƽ .νǇƢǇ˦ơKeras    ǽǺ ƾȌƾǠǶơ ƢŻǯƥƢǇ

backend    ǥƥ Ƣ˻ȌǂǐƷ ƪǘƦƫǁơ ƢȃǿψǶȄTensorFlow    ǁơƾǏ˨ơ ǁơƾǏƛ ǀǿǺ2.4.0   ȅȍǾȅȌ νǪ
2020 ǹȍǻǐƫ ǹƫ .Keras   ƣǁƢƴƫ ƔơǂƳ˨ ƍ ȆȅƬǈǻǶơ ƨȍǶƢǟ ƩƢǯȍƦǘƫ ƨƴǺǂƥ ƨȃƳơȄ ƢȂǁƢƦƬǟƢƥ ƍ

ȃǇȄ ƨǠȌǂǇ  ƤǷǘƬƫ ƨǷƨƴǺǂƥ   ǀȍǫǿƫ ǞȌǂǈƫ ȅȂ ǨƾȃǶơ .Ȇǂƻ˦ơ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩơǁƢȍƻ ǽǺ ǵǮƗ
 ǁơǂǳƬǶơ ǴƾǠǺ" ǂȌȅǘƫ ƨȍǷǻǟ Ǵ˫ƻ ǽǺ ƍ ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƢǻȍǇ ˪Ȅ ƍ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ

  ƩơǃơǂǗ ǵȍǤǌƫ ǽψǻȌ ."νǶƢǠǶơKeras    ƨƴǶƢǠǺ ƧƾƷȄ ȄƗ ƨȌǄǲǂǻǶơ ƨƴǶƢǠǻǶơ ƧƾƷȄ λǷǟ
ǺȅǇǂǶơȍǷǟ ƢȂǂǌǾȄ ƩƢ  ƧǄȃƳƗȄ ƤȌȅǶơ ƩƢƸǫǐƬǺ ǱǶƿ νǪ Ƣǻƥ ƍ ƧƽƾǠƬǺ ƩƢǐǿǺ λAndroid   Ȅ
iOS    ƾǠƫ .ƨǶȅǻƸǻǶơKeras    ǽǺ ƘǘƥƗTensorFlow    ȄPyTorch   ƨǘȍǈƥ ƨȍǿƦƥ ǄȍǻƬƫ ƢȃǿψǶȄ

  ƾǠȌ .ǂȌȅǘƬǷǶ ƨǷƥƢǮȄ ǸơƾƼƬǇ˪ơ ƨǷȃǇȄ ƧǄƳȅǺȄ ƧƔơǂǯǷǶ ƨȍǷƥƢǮ ǂưǲƗ νȂȄKeras   ƨǺƔ˫Ǻ ǂưǲƗ
ȁƥ λǏȅȌȄ ƧǂȍǤǐǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ  ǸȅȃǫǻǶơȄ ǖȍǈƦǶơ ȁǻȍǻǐƬǶ ơ˻ǂǜǾ ǽȍƟƾƬƦǻǷǶ. 

 

  

¶ ƫǸƾƼƬǈǻǶơ ƨƥǂƴƫ λǷǟ Ǆǲǂ . 
¶ ƱƿƢǻǿǶơ ƱƢƬǾƛ ƨǶȅȃǇ. 
¶   ƩƢψƦǌǶơ ǹǟƽƨȍǪƢǫƬǶ˪ơ. 
¶   ǹǟƽǶơ  ƩƢψƦǌ .ƧǁǂǳƬǻǶơ 
¶   ƨǤǶ λǷǟ ƨǻƟƢǮ ǵǻǟ ƨƷƢǈǺ ǼȅưȌƢƥ   .ǨƢǌǳƬǇ˪ơȄ ƶȍƸǐƬǶơ ǵȃǈƫ 
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¶ ƨǟǂǈƥ ǁƢƦƬƻ˪ơ λǷǟ ƧǁƾǯǶơ λǷǟ ǄȍǲǂƬǶơ ǞǺ ȀǂȌȅǘƫ ǹƫ. 
¶ .ƨǠȌǂǇȄ ƨǷȃǇ ƨȍǶȄƗ ƱƿƢǻǿǶ ȁǺơƾƼƬǇơ ǽψǻȌ 
¶  .ǽȍƬψƦǋ ǽȍƥ ǞǻƴǶơ ǹǟƾȌ 
¶ ǂȌȅǘƬǷǶ ǵƥƢǮȄ ǸơƾƼƬǇ˪ơ ǵȃǇ . 

Colab 
Colaboratory    ȄƗ ƍColab    ǽǺ νưƸƥ ƲƬǿǺ ǽǟ ƧǁƢƦǟ ƍGoogle    ƶǻǈȌ (ƨȍƥƢƸǇ ƨǺƾƻ)

  ƽȅǲ ǀȍǫǿƫȄ ƨƥƢƬψƥ ǽȌǁȅǘǻǷǶǼȅưȌƢƥ    ƾǠȌ .ǹȃƸǫǐƬǺ Ǵ˫ƻ ǽǺGoogle Colab   ƨǠƟơǁ ƧơƽƗ
  ƱƿƢǻǿǶơ ǂȌȅǘƫ λǷǟ ƾǟƢǈȌȄ ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƢȃǻǶ

  ǵưǺ  ƧƽƾǠƬǺ  ƩƢƦƬψǺ  ǸơƾƼƬǇƢƥKeras   Ȅ
Pytorch    ȄOpenCv    ȄTensorflow 
  .ƾȌǄǻǶơȄColab    ƾǿƬǈȌ ƩƢǜƷ˫Ǻ ǂƬǪƽ ǽǟ ƧǁƢƦǟ
  λǶƛJupyter    ƽǁơȅǺ λǶƛ Ƣ˻ȍǾƢƴǺ ̝˪ȅǏȄ ǂǪȅȌ ǞƟơǁ νǾƢƴǺ ǁơƾǏƛ ȁȌƾǶȄ ƪȍƦưƫ λǶƛ ƱƢƬƸȌ ˪Ȅ

  ƨƦǇȅƷGoogle   ǵưǺGPU   ȄTPU. 

    Colab 

  ǂƦƬǠȌColab    ƩơǁƢȃǺ ǽȍǈƸƫ ǽǺ ơ˻Ɣƾƥ Ɣνǋ ǵψǶ Ƣ˻ȍǶƢưǺƨƴǺǂƥ  ǼȅưȌƢƥ   ƩƢƦƬψǺ ǞǺ ǵǻǠǶơ λǶƛ
  ǵưǺ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơPyTorch    ȄKeras    ȄTensorFlow    ȄOpenCV  ƔƢǌǾƛ ǱǿψǻȌ .

  νǪ ƩƢǜƷ˫ǻǶơ ǂƫƢǪƽ ƨǲǁƢǌǺȄ ǚǫƷȄ ǵȍǻƸƫȄColab    ƪȍƦưƫȄ ƍGoogle Drive    ǍƢƼǶơ
  ǽǺ ƧǂǋƢƦǺ ƩƢǜƷ˫ǻǶơ ǂƫƢǪƽ ǵȍǻƸƫȄ ƍ ǰƢǿȂ ȁǜǫƸƫ ƢǺ ǵǲ ǸơƾƼƬǇơȄ ǱƥGitHub    ǵȍǻƸƫȄ ƍ

  ƩƢǫǷǺKaggle  .Ǳƥ ƨǏƢƼǶơ ƩƢǜƷ˫ǻǶơ ǂƫƢǪƽ ǵȍǻƸƫȄ ƍ 

 νǪ ƨǠƟơǁ ȆǂƻƗ ƧǄȍǺColab Google  ƧǄȍǺ νȂǼȄƢǠƬǶơ1 ǽȌƽƾǠƬǺ ǽȌǁȅǘǺ ǞǺ ǵǻǠƫ ƪǿǲ ơƿƛ .
  ǂƫƢǪƽ ǸơƾƼƬǇơ ǼƜǪ ƍ ƢǺ ǝȄǂǌǺ νǪGoogle Colab    νǪ ǼȄƢǠƬǶơ ǵưǺ Ƣ˻ǺƢǻƫ .Ƣ˻ǠƟơǁ ơ˻ǂǺƗ ƾǠȌ

ƾǿƬǈǺ  Docs  Google  ƨƴǺǂƦǶơ ǱǿψǻȌ ƍǽȌǂƻơ ǽȍƴǺǂƦǺ ǞǺ    ƩƢǜƷ˫Ǻ ǂƬǪƽ ǸơƾƼƬǇƢƥ
Colab  ǱǷǻǟ ƨǲǁƢǌǺ Ƣ˻ǔȌƗ ǱǿψǻȌ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ǽȌǂƻƕ ǽȌǁȅǘǺ ǞǺ ǵǻƬψǻǶơ  . 

  ǸơƾƼƬǇ˪ ƨǫǷƬƼǻǶơ ƣƢƦǇ˦ơ ƽǂǇ ǽψǻȌ ƍ ǁƢǐƬƻƢƥColab  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

¶ ƢŻǯƦǈǺ ƨƬƦưǺ ƩƢƦƬψǺ. 
¶ ƨƥƢƸǈǶơ νǪ ƨǾǄƼǺ. 
¶ ǶơǼȄƢǠƬ . 
¶ ƾƼƬǇơơ  ǸGPU    ȄTPU  ƢŻǾƢƴǺ. 
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  ǸơƾƼƬǇơ ǱȍǷǟ ƤƴȌ ǼƢȂȅȌǁƢǿȍǇ ǰƢǿȂ ƍ ǱǶƿ ǞǺȄJupyter Notebook    νǪǰǃƢȃƳ: 
1.   ƤǿƴƫGoogle Colab    ƨȌǂǇ λǷǟ ǙƢǫƸǶơ νǪ ƤǣǂƫȄ ƨȍǏȅǐƼǶƢƥ ǹƬȃƫ ƪǿǲ ơƿƛ

.ǰǄǺǁ 
2.   ǞǺ ǬƾǐȌ ˪ ǵψǌƥ ȊȅǮ ǃƢȃƳ ǱȌƾǶ ǼƢǲ ơƿƛǂǪȅƫ  GPU    ȄTPU. 

 Google Colab   

  ƽơƾǟƛ ƨȍǷǻǟ ƾǠƫColab  ƧǄȃƳ˦ơ ǽǺ ǝȅǾ ȊƗ λǷǟ ƨȍǶƢƬǶơ ƩơȅǘƼǶƢƥ ƢȃǶƢǻǲƛ ǽψǻȌȄ Ƣ˻ȍƦǈǾ ƨǷȃǇ: 

1.   ƨƸǫǏ ƧǁƢȌǄƥ ǹǮGoogle Colab : 
http://colab.research.google.com 

  ǥƥ  ƨǏƢƼǶơ  ƤȍƷǂƬǶơ  ƨƸǫǏ  λǶƛ  Ȁ˫ǟƗ  ǞǮȅǻǶơ  ǵȍǻƸƫ  ǱǷǯǿȍǇGoogle 
Colaboratory . 

2.      ǴȅƻƾǶơ ǵȍƴǈƫ ǁǄǶơ ǬȅǪ ǂǯǾơ   )Sign in (   ǽǻȌ˦ơ ȊȅǷǠǶơ ƔǄƴǶơ νǪ : 

3.   ƣƢǈƷ ǸơƾƼƬǇƢƥ ǴȅƻƾǶơ ǵȍƴǈƬƥ ǹǮGMail    ƣƢǈƷ ǱȌƾǶ ǽψȌ ǹǶ ơƿƛ .Ǳƥ ǍƢƼǶơ
GMail   ƣƢǈƷ ƔƢǌǾƜƥ ǹǯǪ ƍ : 
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4.   ǸơƾƼƬǇ˪ ơ˻ǄȂƢƳ Ǽȅǳƫ ƍ ǴȅƻƾǶơ ǵȍƴǈƫ ǽǺ ƔƢȃƬǾ˪ơ ƽǂƴǻƥGoogle Colab . 
5.   ǬȅǪ ǂǯǿǶơ Ǵ˫ƻ ǽǺFile> New notebook    ǂƬǪƽ ƔƢǌǾƛ ƨǶȅȃǈƥ ǱǿψǻȌ ƍ

  ǽǺ ƾȌƾƳ ƩƢǜƷ˫ǺColab   .ƨƸǫǐǶơ ȀǀȂ νǪ . 

 

Ćõċv øöÞ£ ¹ĀĊé  

  λǶƛ ƩƢǾƢȍƦǶơ ǁƢƴǫǾơ ȆƽƗ .νǓƢǻǶơ ƾǯǠǶơ ǁơƾǺ λǷǟ ȁǪǂǠǾ Ƣǻǲ ǹǶƢǠǶơ ʣ˘Μ˜ȅƸƫ νǶˤơ ǹǷǠƬǶơ ƭƾƷƗ
  ǽǺ ƨǷƟƢȂ ƩƢȍǻǲ ǞǻƳƍƩƢǾƢȍƦǶơ    ǵưǺ ƧǂȍƦψǶơ ƩƢǲǂǌǶơ ǵƦǮ ǽǺ ƨǏƢƻFacebook    ȄGoogle  .
  ǽǺ ǹƴƸǶơ ơǀȂƍƩƢǾƢȍƦǶơ   ƧǄȃƳƗ ǞǺ ȊǃơȅƬǶơȄ ƲǶƢǠǻǶơ ƧȅǯǶ ǞȌǂǈǶơ ǁȅǘƬǶơ ǞǺ ƤǿƳ λǶƛ Ƣ˻ƦǿƳ

ƍǂƫȅȍƦǻψǶơ   .ƨȍƦǈǾ ƨǶȅȃǈƥ ƢȃƬǇơǁƽȄ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ ǴȅǐƸǶơ ǽψǻǻǶơ ǽǺ ǵǠƳ
  λǷǟ ǭȍǻǠǶơ ǂȍƯƘƬǶơ ơǀȂ ǵưǺ νǶˤơ ǹǷǠƬǷǶ ǼƢǲ ơƿƢǻǶ ǹȃǫǾ ǼƗ ǵȃǈǶơ ǽǺƍǹǶƢǠǶơ    Ƣ˻ƷȅǓȄ ǵǮƗ ȅȂ ƢǻǪ

  ȅȂ  νȂ ƢǺƽȅȍǮ  ƬǶơ  ơǀȃǶ ǁơǂǻƬǇơ ʣƓνǶˤơ ǹǷǠƍǹǈǯǶơ    ǨȅǇƶǓȅǾ  ƽȅȍǯǶơ ȀǀȂ. 

 çĒ·đv 

 " λǻǈȌ ơŻƾȌƾƳ Ƣ˻ƸǷǘǐǺ ƧǂǺ ǴȄ˦ ǆǲȄǂƥ ƾȍǫȌƽ ǂǲƿ ƩƢǾƢȍƦǶơ ƽƢǯƬǟơ1  ȁƬǶƢǯǺ ʣƩƢǾƢȍƦǶơ ȀƢƴƫơ ȄƗ "
  ǸƢǟ2013 ʣ  νǮ˫ƻƗ ǸƢǜǾ ȅȂ ƩƢǾƢȍƦǶơ ƽƢǯƬǟơ ."ƩƢǾƢȍƦǶơ ƨǫǈǷǪ" ǼơȅǿǠƥ ǄǻȌƢƫ ǰǁȅȌȅȍǾ ƨǫȍƸǏ 

ǟ ȁƬǇơǁƽ ƪǻƫ  ƢŻǯǪȄ .ȊǁơǂȂ ƵȅǾ ǴƢǪȅȌ ǂȍȃǌǶơ ƹǁƚǻǶơ ǵƦǮ ǽǺ ȀǂǌǾȄ ǞǇơȄ ǬƢǘǾ λǷ ƍȊǁơǂȃǶ  
  ƧǁƢǔƸǶơ ǽǺ ƧƾȌƾƳ ƨǷƷǂǺ λǶƛ ƩƢǾƢȍƦǶơ ƽƢǯƬǟơ ǂȍǌȌƍƢȃǷƻƾǾ    ƩƢȍǺǃǁơȅƼǶơ λǷǟ ƾǻƬǠǾ ƮȍƷ

  ǼƢǻȌ˨ơ ǁȅǜǿǺ ǽǺ .ƢǿǯǘǿǺȄ ƢǿǻψƷ λǷǟ ƢǾƽƢǻƬǟơ ǽǺ ǂưǲƗ ƩƢǾƢȍƦǶơȄƍƩƢǾƢȍƦǶƢƥ   ȁƳơȅǾ ƢǿǾƗ ȄƾƦȌ
 ǽǺ ̝˪ƾƥ .ƢǾƽƢǈƳƗȄ ƢǿǶȅǯǟ ǹȃǪȄ ǹǶƢǠǶơ ƢȃƴƬǿȌ νƬǶơ ƩƢǾƢȍƦǶơ Ƨǁơƽƛ ʣƨƥȅǠǏ ƍǱǶƿ  ǰǂƬǾ ǼƗ ƤƴȌ

ǹȃǾƛ .ǵǔǪƗ ǵψǌƥ ƢǿǪǂǠƫ νƬǶơ ƩƢȍǺǃǁơȅƼǷǶ ƢǿƫơǁơǂǮ    ǽǺ ǼȄǁǂǯȌƍǼȄƾǟơȅȍǇ    ơƿƢǺȄƍǼȅǷǲƘȌ    ǽȌƗȄ
  ƢǿǾƗ ƶǓơȅǶơ ǽǺ .ƢǿǻψƷ ǽǺ ǂưǲƗ ƣȅȍǟȄ ƢȌơǄǺ ƢȃǶ ƩƢȍǺǃǁơȅƼǶơȄ ƩƢǾƢȍƦǶƢƥ ǬȅƯȅǶơ ƧǂǳǪ .ǼȅƦȂǀȌ

  ȀǀȂ ǽǺ ƾȍǫƬǈǾƍƩƢȍǺǃǁơȅƼǶơ    ȀǀȂ ƢǿǶ ƶǻǈƫ .ǴȄ˦ơ ǸƢǯǻǶơ ʣƢȃǺƾƼƬǈǾ ˪ ƢǿǾƜǪ ˪ƛȄ
ǸƢψƷƗ ǁơƾǏƛ Ǵ˫ƻ ǽǺ ƩƢȍǷǻǠǶơ ƨƬǻƫƘƥ ƩƢȍǺǃǁơȅƼǶơ   .ƧƽȅƳȅǻǶơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ ƧǂȍǿƬǈǺ
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  ǞǺȄƍǱǶƿ    .ƨȍǮ˫ƻƗ ƤǮơȅǟ ƢȃǶ ƨȍǺǃǁơȅƼƥ ƨȍǐƼǋ ƨǫȍǛȄ ǴơƾƦƬǇơ ǼƢȍƷ˦ơ ǒǠƥ ʣơǀȂ νǿǠȌ
  λǷǟ ƧȄ˫ǟƍǱǶƿ    Ƙǘƻ ƭƾƷ ơƿƛƍƢǺ    νǶƢƸǶơ ƪǮȅǶơ ʣƢ˻ǟȅȍǋ ƨǌǮƢǿǻǶơ ǞȍǓơȅǺ ǂưǲƗ ƓǸȅǷǾ ǽǻǪ

  ƨȍƫơƿ ƩơǁƢȍǈǶơ νȂƍƧƽƢȍǯǶơ  ƧǁƢȍǈǶơ ǵǟƢǫƬƫ ǼƗ ƤƴȌ ǩȍǲʣ ǵȂ ƓƪȍǻǺ ǸƽƢǐƫ ƭȄƾƷ ƨǶƢƷ 
  ƪǷƬǮ ơƿƛ ǸȅǷǶơ ǞǯȌ ǽǺ λǷǟ ƓǵƦǯƬǈǻǶơ ʣƧǁƢȍǇ Ɣơǂǋ ƾǿǟ ǽȍǠǺ νǮ˫ƻƗ ǁƢǗƛ ǝƢƦƫơ ǁƢƬƼǾ ǼƗ ƤƴȌ

  ǽǺ ƓǭȌǂǘǶơ λǷǟ Ƣ˻ǐƼǋ νƫǁƢȍǇƍƶǓơȅǶơ    ǞǺƍǱǶƿ    Ɣνǋ ȊƘƥ ƢǾǁƢƦƻƛ ȁǿψǻȌ ˪ νǶˤơ ǹǷǠƬǶơ ǼƗ
  ǼƗ ƤƴȌ νƬǶơ ƨȌǁƢȍǠǻǶơ ǹȍǯǶơ ǽǟƒƢȃǷƦǯǾ  ƍλǿǠǻƥ  ƴȌ ǩȍǲ  ǩǮȅǺ ʣǹǶƢǠǶơ ʣǨǂǐƬǾ ǼƗ Ƥ ƓǽȍǠǺ 

 ¡wýwĊ{õv 
ƍƩƢǾƢȍƦǶơ    ȅȂ ơǀȂƾȍǯǶơ    ǵψǌƥ ƱƿȅǻǾ ǸƢǠǗƜƥ ƪǻǮ ơƿƛ .ƢƷȅǓȄ ǂưǲ˦ơƍƞȍǇ    ƲƟƢƬǾ ǱȍǘǠȌ ǨȅǈǪ

ƧƾȍƴǶơ ƩƢǾƢȍƦǶơ ǎǯǾȄ ƩƢǾƢȍƦǶơ ǎǯǾ :ǽȍƬǯȌǂǘƥ ǱǶƿ λǷƴƬȌ ǼƗ ǽψǻȌ .ƨƠȍǇ. 

¡wýwĊ{õv Ìêý 

  νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ ƾȌƾǠǶơ ƤǷǘƬƫ  ƲƟƢƬǾ ǹȌƾǯƫ ʣƗƾƦƫ ǼƗ ǵƦǮ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ
ƩƢǾƢȍƦǶơ ǱǷȃƬǈƫ Ʃ˪ƕ νȂ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ .ƨȍƦǐǠǶơ ƨψƦǌǶơ ȅȂ ǱǶƿ λǷǟ ǴƢưǺ ǂȍƻȄ .ƧƾȍǫǺ1 

  ƨȍǿƦǶơ ƪǾƢǲ ƢǻǷǲ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ ƤǷǘƬƫȄƍǂƦǲƗ    ǽǺ ƾȌǄǺ λǶƛ ƨƳƢƸǶơ Ʃƽơǃ
˻ƦǶƢǣ .ƨǶȅƦǯǺ ƲƟƢƬǾ ǭȍǯƸƬǶ ƩƢǾƢȍƦǶơǵǔǫǻǶơ ǵƸǶơ νȂ ƩƢǾƢȍƦǶơ ƧƽƢȌǃ Ǽȅǳƫ ƢǺ Ƣ. 

ąºĊ¬õv ¡wýwĊ{õv Ìêý 

  ƨǫȌǄǻǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽǺ Ǩ˪ˤơ Ʃơǂǌǟ ƔƢǌǾƛ Ǵ˫ƻ ǽǺ ǊǤǶơ ǱǿψǻȌ ȁǾƗ ƾǯƬǠƫ ǱǾƗ ǑǂƬǫǿǶ
  ƩƢǾƢȍƦǶơ ȀǀȂ λǷǟ ƢȃƦȌǁƾƫ ǹƬȌ ƓƨψƦǌǷǶ ȁǻǠǘƫ ƢǺƾǿǟ ƭƾƸȌ ơƿƢǺ .ƨȍƦǐǟ ƨψƦǋ λǷǟ ƢȃǠǓȅǶ

ǁƢƦƬƻơ ƾǿǟ ƾȍƳ ǵψǌƥ ǵǻǠƫ ǽǶȄ  ƪǾƢǲ .(ƨȍƦȌǂƴƫ ƨǟȅǻƴǺ) ƨȍƟǂǺ ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷǟ ƢȂ
 ƧƾȍƳ ƩơǄȍǺ ƽȅƳȄ Ǹƾǟ ȊƽƚȌ ǼƗ ǽψǻȌ ƢǻǷưǺ .ƨȍǶƢǟ ǽǳƫ ǹǶ ƩƢǾƢȍƦǶơ ƧƽȅƳ ǽψǶȄ ƩƢǾƢȍƦǶơ ǱȌƾǶ

  ƔơƽƗ ǩǠǓ λǶƛƍƨȍǺǃǁơȅƼǶơ    ƱƿȅǻǿǶơ ƩƢǾƢψǺƛ ǽǺ ƾƸȌ ǼƗ ǽψǻȌ ƧƾȍƳ ƩƢǾƢȍƥ ƽȅƳȄ Ǹƾǟ ǼƜǪ
 ǻǾ ǀȍǫǿƬƥ ƨǲǂǋ ȊƗ Ǹȅǯƫ ǽǶ .Ǳƥ ǍƢƼǶơ  λǷǟ ƘǘƼǶơ ǽǺ ƗȅǇƗ ˻ƔơƽƗ ȊƽƚȌ ȊǀǶơ νǶˤơ ǹǷǠƬǶơ Ʊƿȅ

  .ȊǂǌƦǶơ ȆȅƬǈǻǶơƍǵưǻǶƢƥȄ    ǩǮȅǺ ʣƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ λǷǟ ȁƦȌǁƾƫ ǹƫ ƱƿȅǻǾ ǸơƾƼƬǇơ ǼƜǪ
 ȅȂ ƽƾǐǶơ ơǀȂ ʣȀƙƢǘǟƛ ǽψǻȌ ǴƢưǺ ǵǔǪƗȄ .νǾƢưǶơ ǩǮȅǻǶơ λǷǟ ƧǁȄǂǔǶƢƥ ǭƦǘǿȌ ˪ ƾǮ ǽȍǠǺ

ǾƢȍƥ ƾǟơȅǮ ȊȅƬƸƫ .ȊƾưǶơ ǼƢǗǂǈƥ ƚƦǿƬǶơ  ǽǺ ƾȌƾǠǶơ λǷǟ ȊƾưǷǶ νǟƢǠǌǶơ ǂȌȅǐƬǶơ ƩƢ ƍǁȅǐǶơ  
  :Ƨǂȍƻ˦ơ ƩơȅǿǈǶơ ʣƧǂȍƦǲ ǵǲƢǌǺ ʣƪƦƦǈƫ ƨǷψǌǺ ǽǺ νǾƢǠƫ ƢȃǿψǶ ƨȍǿȍǈǶơ ƨǠǋ˦ơ ǁȅǏ ǞȍǻƳ

ǒȍƥ ƔƢǈǿǶ Ƣ˻ƦȌǂǯƫ  ƨǷψǌǺ ơǀȂ ȄƾƦȌ ˪ ƾǮ .ƍƧǂȍƦǲ    ʣǽψǶȄƍǞǮơȅǶơ    ǂưǲƗ ƩơȄơƽȅǈǶơ ƔƢǈǿǶơ ǼƜǪ
  ƨƦǈǿƥ ƨǓǂǟ42ʣǇ ǽǺ ƧƢǪȅǷǶ ƨƟƢǻǶơ   ƾǮ νƬǶơ ǵǺơȅǠǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ ƤƦǈƥ ȊƾưǶơ ǼƢǗǂ

 
1 data-eating 



 
176 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

 ƨȍƸǐǶơ ƨȌƢǟǂǶơ λǷǟ ǴȅǐƸǶơȄ ǎȍƼǌƬǶơ ʣƩƢǪ˫Ƭƻ˪ơ ǵǻǌƫ* .ƍǱǶǀǶ   ƨȍǺǃǁơȅƻ ǆȌǁƾƫ ǼƜǪ
  ȀǀȂ ʣȁƳƢƬƸǾ ƢǺ .ƽƾǐǶơ ơǀȂ ʣƽȅǈǶơ ƔƢǈǿǶơ λǷǟ ȋƦǷǇ ǂȍƯƘƫ ȁǶ ǒȍƦǶơ ƔƢǈǿǶơ λǷǟ νǇƢǇƗ ǵψǌƥ

Ǡǋ˦ơ ǁȅǏ ǽǺ ƾȌǄǻǶơ ȅȂ ƩơǀǶƢƥ ƨǶƢƸǶơ  ƩƢǾƢȍƦǶơ ƧƾǟƢǮ ʣƽȅǈǶơ λǓǂǻǷǶ ƨȍǿȍǈǶơ ƨƨȍƦȌǁƾƬǶơƍ  
  ƨƦǈǿƥ ƧƽƢȌǄǶơ ȀǀȂ ƤƦǈƥ ƨǯǷǠƬǻǶơ ƩơǄȍǻǶơ ǽǺ ƾȌǄǻǶơȄ42   ǩȍǿǐƬǶơ ƨȍǺǃǁơȅƻ ƔơƽƗ ƨȍǶƢǻƬƷơ ʣȘ

 .ǵǔǪƗ ǵψǌƥ 

¾ĊÆæ¤õv ĆĊözwé 
  ƨȍǷƥƢǮ ơ ǂȍǈǫƬǶ1    ǴȄƢƸƫ νǟƢǿǘǏơ ƔƢǲƿ ƩơǁƢǌƬǇơ ƨǲǂǋ .νǶˤơ ǹǷǠƬǷǶ ƨȍǈȍƟǂǶơ ǵǲƢǌǻǶơ ȆƾƷƛ νȂ

  ƨȌƾȍǷǯƬǶơ ƨȍƟƢǐƷ˨ơ ƤȍǶƢǇ˦ơ ǸƾƼƬǈƫ ƨǲǂǌǶ ƩƢƷơǂƬǮơ ǹȌƾǯƫƍǖǯǪ    ǵƥƢǮ ǂȍǣ ƱƿȅǻǿǶơ ǼƢǲ ơƿƛ
  ơǀȂ λǶƛ ƪǷǏȄ ƾǮ ƨȍǺǃǁơȅƼǶơ ȀǀȂ ǼƗ ƪǲǁƽƗ ǩȍǲ ǱǷȍǻǟ ǝƢǿǮƛ ǱǿψǻȌ ˪Ȅ ǂȍǈǫƬǷǶƍǁơǂǯǶơ    ƢǺ

ƨȍǶƢǻƬƷơ ȆƾǺ    Ǳƥ ǱƬǯƯǱƫǂƦƻȄ  ƧǄƳƢǟ ǱǶƿ ƾǠƥ ƱƿƢǻǿǶơ ȀǀȂ ȄƾƦƫ ǼƗ ǽψǻȌ ƓƍƨȌƢǤǷǶ    ǹǶ ƢǺ
  ơǀȃǶ .ƢȂǂȍǈǫƫ ǼƢψǺ˨Ƣƥ ǽψȌƍƤƦǈǶơ    ǂƦƬǠƫǂȍǈǫƬǶơ ƨȍǷƥƢǮ    ƤȍǶƢǇƗ ƢȃǠƦƬƫ ǼƗ ƤƴȌ ƨȌƢǤǷǶ ƨǻȃǺ ƧǄȍǺ

  ƨƥǁƢǯǻǶ ƭƢƸƥ˦ơ ǽǺ ǂȍưψǶơ ƔơǂƳƛ ǹƫ) Ƣ˻ȍǷǻǟ ƢȃǯȍƦǘƫ ǵƳƗ ǽǺ νǶˤơ ǹǷǠƬǶơǂȍǈǫƬǶơ ƨȍǷƥƢǮ(   

±¾Êõv  ¾ĊÆæ¤õv ôzwêù 

  ƩƢȂȅȌǁƢǿȍǇ λǶƛ ƨȍƦǘǶơ ƩƢǐȍƼǌƬǶơ ǽǺƍǴƢǻǟ˦ơ    ƩơǁơǂǮ ƿƢƼƫ˪ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǸƾƼƬǈſƫ
  ȀǀȂ ǞǺ ǵǻǠƫ νƬǶơ ƨǻǜǾ˦ơ ʣƨǯưǷǶ .ƨǻȃǺ ƍƱƿƢǻǿǶơ   ơǀȂ .ƱƿƢǻǿǶơ ȀǀȂ ƘƦǿƬƫ ǩȍǲ ƨǪǂǠǺ λǶƛ ƱƢƬƸǾ

  νƬǶơ ƨǯȌǂǘǶơ ƾǻƬǠƫ .νƸȍǓȅƬǶơ ƱƿȅǻǿǶơȄ ǂȍǈǫƬǷǶ ǵƥƢǯǶơ ƱƿȅǻǿǶơ ǽȍƥ ǬǂǫǶơ ƨȍǻȂƗ ƤƦǇ ȅȂ
ǷƥƢǮ ƪǾƢǲ ơƿƛ ƢǺ λǷǟ ƢŻǯƷ ƢȃǻȃǪ ƢȃǶ˫ƻ ǽǺ ƢǿǿψǻȌ νƬǶơ ƨƳǁƾǶơȄ ƱƿƢǻǿǶơ Ƣȃƥ ǰǁƾǾȍ  ƨƵǂǌǶơ    ȄƗ

  ƨǷƥƢǮơ ǂȍǈǫƬǶ2  νǶˤơ ǹǷǠƬǶơ ǴƢƴǺ ʣ.  ƔƢǲǀǶơȄƍνǟƢǿǘǏ˪ơ    ǸơƾƼƬǇơ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣƵǂǌǶơ    ǂȍǈǫƬǶơȄ
  ƢŻǗƢƦƫǁơ ǼȅǘƦƫǂǺ ǹȃǾƗ ǽȍƷ ʣ.ǴƽƢƦƬǶƢƥƍƢŻǯȍƯȄ    .ǹȃƫƢǪ˫Ƭƻơ ǹȃǪ ǵǔǪ˦ơ ǽǻǪƍǼ˦   ȆƾǺ ȆǂǾ Ƣǿǟƽ

.νǶˤơ ǹǷǠƬǶơ ƨǻǜǾƗ ʣǂưǲƗ ǭǻǠƬǶơ ʣƗƾƦǾ ƢǺƾǿǟ ƢȂƾȍǯǠƫ 

  ƨȍǷƥƢǮ νǿǠƫ ƵǂǌǶơʣ λǶƛ ǴƢƻƽ˨ơ ǽǺ ƱƿȅǻǿǶơ ʣƭƾƸȌ ƢǺ Ƶǂǋ ǱǿψǻȌ ȁǾƗ νǶˤơ ǹǷǠƬǶơ 
ƍƱơǂƻ˨ơ    ƧǁƢƦǠƥ .ƢŻǪƢǫǋ ƱƿȅǻǿǶơ ǵǠƴȌ ƢǻǺƍȆǂƻƗ   ƚƦǿƬǶơ ʣơ˻ǁȄƽ ƤǠǷƫ νƬǶơ ƩơǄȍǻǶơ ǹȃǪ ǼƜǪ

ǂȍǈǫƬǷǶ ǵƥƢǮ ǸȅȃǫǺ ȅȂ ǱǶƿ ǼȅǷǠǫȌ ơƿƢǻǶȄ ƱƿȅǻǿǶƢƥ  . 
  νǪƍǵƥƢǯǻǶơ    ƨȍǷƥƢǮ ǩȌǂǠƫ ǹƬȌǶơƳǁƾǶơ ƢȃǾƗ λǷǟ ǂȍǈǫƬ  ƤƦǇ Ƣȃƥ ǹȃǫȌ ǼƗ ǼƢǈǾ˩Ƕ ǽψǻȌ νƬǶơ ƨ

  λǿǠǻƥ .νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ƨƴȍƬǿƥ ǁơǂǻƬǇƢƥ Ƣȃƥ ƘƦǿƬȌ ǼƗ ǼƢǈǾ˩Ƕ ǽψǻȌ νƬǶơ ƨƳǁƾǶơ ȄƗ ǁơǂǯǶơ ƍǂƻƕ 
  ȄƗ Ʃ˫ƻƾǻǶơ ʣƩơǂȍȍǤƬǶơ λǷǟ ˻ƔƢǿƥ ƭƾƸȍǇ ƢǺ ǞǮȅƫ ƢȃǶ˫ƻ ǽǺ ǱǿψǻȌ νƬǶơ ƨƳǁƾǶơ ƢȃǾƛ

 
 * ǴƢǯǻǶơ ơǀȂ ƧƔơǂǯƥ νǏȄƗ ƍ ơǀȂ ǽǟ ƾȌǄǻǶơ ƨǪǂǠǺ ƾȌǂƫ ƪǿǲ ơƿƛ : 

https://news.mit.edu/2019/using-ai-predict-breast-cancer-and-personalize-care-0507 
1 Explanability 

2 interpretability 



 
177                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 

 

Ʃ˫ǺƢǠǻǶơ    ǵȍƦǇ λǷǟ .ƨȍƥƢǈƸǶơƍǴƢưǻǶơ    ƱƢƬƸƫ  ƽȅǮȄ λǶƛ ƧǁƢȍǈǶơƍǰǂƸƬƬǶ    ǞǪƾȌ ȊǀǶơ ƽȅǮȅǶơ ȊƗ
 .ȁƷǂǋ ǽψǻȌ :ƽȅǮȅǶơ ǸƾƼƬǈȌȄ ǰǂƸǻǶơ ǱǷȃƬǈȌ ơƿƢǻǶȄ ǩȍǲ ǹȃǪ .ǂȍǈǫƬǷǶ ǵƥƢǮ :ƩƢǲǂƸǻǶơ

ƍǁƢǐƬƻƢƥ    .ƧǁȄǂǔǶƢƥ ƤƦǈǶơ ƨǪǂǠǺ ǼȄƽ ƨȍǶƕ λǷǟ ǨǂǠƬǶơ λǷǟ ƧǁƾǯǶơ νǿǠƫ ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơ
ǵǺƢǲ ǵψǌƥ ƭƾƸȌ ƢǺ Ƶǂǋ λǷǟ ƧǁƾǯǶơ ȅȂ ǂȍǈǫƬǶơ . 

ƢƥƍǁƢǐƬƻ   λǿǠǻƥ .ȆǂƻƗ ƨȍǿǯƫ ȄƗ ƧƾǟƢǈǺ ȊƗ ǼȄƽ ǂȍǈǫƬǷǶ ǵƥƢǯǶơ ƱƿȅǻǿǶơ ǹȃǪ ǂǌƦǷǶ ǽψǻȌ
ƍǂƻƕ    ʣǂǜǿǶơ Ǵ˫ƻ ǽǺ ˪ƛ ƱƿƢǻǿǶơ ȀǀȂ ǞǮȅƫ ƨȍǫȍǲ ǹȃǪ ƢǿǿψǻȌ ˪Ʃ˫ǺƢǠǺ    .ƱƿȅǻǿǶơ  ǴȅǯǶơ ǽψǻȌ
 Ǽƛ  ʣ.Ȁǂȍǈǫƫ ǸƾǯȌ ǂȍǈǫƬǷǶ ǵƥƢǯǶơ ƱƿȅǻǿǶơ ƍǵƥƢǯǻǶơ   ȅȂȄ ơ˻ǂȍǈǫƫ ƵǂǌǷǶ ǵƥƢǯǶơ ƱƿȅǻǿǶơ ǸƾǯȌ ˪

 ơŻƾȍǯǠƫ ǂưǲƗ  ǂưǲƗ ƱƿȅǻǿǶơ ǼƢǲ ƢǻǷǲ .ƍơŻƾȍǯǠƫ    ǵƦǮ ǽǺ ǹȃǫǷǶ ƨȍǷƥƢǮ ǵǮƗ νǶƢƬǶƢƥȄ Ƣ˻ȍƸȍǓȅƫ ǵǮ ƍǂǌƦǶơ  
.ƩơƚƦǿƬǶơ ǵǻǟ ƨȍǫȍǲ ǹȃǫǶ ƢȃƳƢƬƸȌ νƬǶơ ƩƢȍǿǯƬǶơ Ʃƽơǃ ƢǻǷǲȄ .  

  ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơ ǼƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫȄƵǂǌǶơȄ  ƢŻǾƢȍƷƗ Ȇǂ˾Ȍ    ǽȍƬƠǪ λǶƛ ǼƢǻǈǯǿȌȄ ƤǿƳ λǶƛ Ƣ˻ƦǿƳ
 ˻ƔƢǿƥ (ǒȍƥ˦ơ ǬȄƾǿǐǶơ ȄƗ νƳƢƳǄǶơ ǬȄƾǿǐǶơ) ǨƢǫǌǶơ ǬȄƾǿǐǶơ ƱƿƢǻǾȄ ƽȅǇ˦ơ ǬȄƾǿǐǶơ ǽǺ

 ʣƾȍǯǠƬǶơ ƨƳǁƽ λǷǟƵǂǋ   νǪȄ ǨƢǫǌǶơ ǬȄƾǿǐǶơ ƱƿȅǻǾ Ƶǂǋ λǷǟ ƧǁƾǯǶơ ǞǺ ƱƿȅǻǾ .ƱƿƢǻǿǶơ
  λǿǠǻƥ .ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƱƿȅǻǾ ȅȂ ƨǈǲƢǠǻǶơ ƨǘǯǿǶơƍǂƻƕ   ǻǾ ǩǯȌ  ʣƽȅǇ˦ơ ǬȄƾǿǐǶơ Ʊƿȅ

  ǞǺ ƹǁƢǏ ǒǮƢǿƫǨƢǫǌǶơ ǬȄƾǿǐǶơ ƱƿȅǻǾ  ơǀȂ ǽǺ .ƍǁȅǜǿǻǶơ    ǬȄƾǿǐǶơ ƱƿƢǻǾ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ
  ƤǠǐȌȄ ƧƾǯǠǺ ƽȅǇ˦ơƢȂǂȍǈǫƫ  ƨȍƷƢǾ ǽǺ . ƍȆǂƻƗ    ƨȌƢǤǷǶ ƨǘȍǈƥ ƨǪƢǫǌǶơ ǭȌƽƢǿǐǶơ ƱƿƢǻǾ ǼƜǪ

.ƧǂǋƢƦǺ ƢȃǷȍǤǌƫ Ƶǂǋ ǽψǻȌ ƮȍƸƥ 

 ¾ĊÆæ¤öõ ôzwêõv Ĉõċv øöÞ¤õv 

  ǴȅǯǾȁǾƛ    ʣơǀȂ ǞǓȄ ǞǺ .ȁǻȃǪ ǽψǻȌ ƢǺ ǂȍǈǫƫ ǽψǻȌƍǁƢƦƬǟ˪ơ    ƱƿȅǻǿǶơ ǂȍǈǫƫ ǽψǻȌ ȁǾƛ ǴȅǯǾ
  λǶƛ ǂǜǿǾ ǼƗ ƢǿǿψǻȌ .ǂƻƕ ƣȅǷǇƗ ǽǺ ƧƾǟƢǈǺ ǼȄƽ ȁǻȃǪ ȀƾƷȄ ǼƢǈǾ˩Ƕ ǽψǻȌ ǼƢǲ ơƿƛƩ˫ǺƢǠǺ  

  ơ˻ǁơǂǮ ȆǂƻƗ ƧǁƢƦǠƥ ȄƗ ƚƦǿƬǷǶ ƱƿȅǻǿǶơ ƿƢƼƫơ ƤƦǇ ǖƦǔǶƢƥ ǹȃǫǾȄ ƱƿȅǻǿǶơ ǎƼǷǺ ȄƗ ƱƿȅǻǿǶơ
ǔƬƫ .ƢŻǿȍǠǺ  ǎƸǪ ƢǿǿψǻȌ ȁǾ˦ .νǘƼǶơ ǁơƾƸǾ˪ơȄ ǁơǂǯǶơ ǁƢƴǋƗ ǂȍǈǫƬǷǶ ƨǷƥƢǯǶơ ƱƿƢǻǿǶơ ƨǷưǺƗ ǽǻ
Ʃ˫ǺƢǠǺ    .ƩƢƳǂƼǺ λǶƛ Ƣȃƫ˫ƻƾǻǶ ƱƿƢǻǿǶơ ȀǀȂ ǵȌȅƸƫ ƨȍǫȍǲ ƱƢƬǿƬǇơȄ ƧǂǋƢƦǺ ƱƿȅǻǿǶơ ƍǱǶǀǶ  

 .ƵǂǌǶơ ǽǺ ƾȌǄǺ λǶƛ ƱƢƬƸƫ ˪Ȅ Ƶǂǋ λǶƛ ƱƢƬƸƫ ˪ ƱƿƢǻǿǶơ ȀǀȂ ǼƜǪƍǁƢǐƬƻƢƥ   ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơ
Ƹƫ ˪  λǶƛ ƱƢƬƵǂǋ . 

 ôzwêõv Ĉõċv øöÞ¤õv±¾Êöõ 

 ȁǾƗ λǷǟ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǁƢƦƬǟơ ǽψǻȌ ƨǶơƽ  νȂ ƩơƚƦǿƬǶơȄ Ʃ˫ƻƾǺ ƢȃƳƿȅǻǾ ǎƟƢǐƻ Ǽȅǳƫ
  .ƩƢƳǂƼǺƨǶƾǶơ    λǿǠǻƥ .ƽȅǇ˦ơ ǬȄƾǿǐǶơ λǻǈƫ ǂǌƦǷǶ ƢȃƷǂǋ ƤǠǐȌ νƬǶơ ƍǂƻƕ   λǶƛ ƱƢƬƸǾ

˦ơ ǬȄƾǿǐǶơ λǶƛ ǂǜǿǶơ ǽǺ ǽψǻƬǾ λƬƷ ƨȍǪƢǓƛ ƨȍǿǯƫ ȄƗ ƨǯȌǂǗ .ƱƿȅǻǿǶơ ǵǻǟ ƨȍǫȍǲ ǹȃǪȄ ƽȅǇ
  .ƨȍƟơȅǌǠǶơ ƨƥƢǤǶơ ȅȂ ƱƿȅǻǿǶơ ơǀȂ λǷǟ ǴƢưǺƍƨǗƢǈƦƥ    ǁƢƴǋƗ ǽǺ ƾȌƾǠǶơ ǽǺ ƨȍƟơȅǌǠǶơ ƨƥƢǤǶơ ǼȅǳƬƫ

  ǹȃǫǶ .νƟƢȃǿǶơ ƚƦǿƬǶơ ƔơǂƳƛ ƾǿǟ ǁƢƦƬǟ˪ơ ʣƨȌƽǂǫǶơ ǁƢƴǋ˦ơ ǞȍǻƳ ƩơƚƦǿƫ ǀƻƗ ƢȃȍǪ ǹƬȌ νƬǶơ ǁơǂǯǶơ
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  ƨƥƢǤǶơ ǵǻǟ ƨȍǫȍǲƍƨȍƟơȅǌǠǶơ  ʣǹȃǫǾ ǼƗ ƤƴȌ  λƬƷ .ƨȌƽǂǫǶơ ǁƢƴǋ˦ơ ǵǲ ǵǻǠƫ ǩȍǲ ƪǮȅǶơ ǆǫǾ 
  ǽǺ ǵȍǷǮ ƽƾǟ ƽȅƳȄ ǞǺƍǁƢƴǋ˦ơ  ƢŻǿψǻǺ ơǀȂ ǼȅψȌ ǽǶ. 

  ƨƳǁƽ ǖƦƫǂƫƵǂǌǶơ ƨȍǷƥƢǮ    ƱƿƢǻǿǶơ .ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƱƿȅǻǾ ƩơƾȍǯǠƫ Ȇƾǻƥ ơ˻ǂǋƢƦǺ ƢŻǗƢƦƫǁơ
  ƨȍǷƥƢǮ ǵǮƗ ơŻƾȍǯǠƫ ǂưǲ˦ơƵǂǌǷǶ  Ȃǂȍǫǌƫ ǱǫǶ ǵǻǠǶơ ǽǺ ƾȌǄǻǶơ ƤǷǘƬƫȄ ƢȃƷǂǋ ƤǠǐȌ)  λǷǟ .(Ƣ

  ǵȍƦǇƍǴƢưǻǶơ    ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǵưǺ ƩƢȍǺǃǁơȅƼǶơ ƨǇơǁƽ ʣƗƾƦǾ ƢǺƾǿǟ ƍƨǯȍǻǠǶơ    ǩǮȅǻǶơ ƶƦǐȌ
  .ơŻƾȍǯǠƫ ǂưǲƗAlexNet    ƨȍƦǐǟ ƨψƦǋ νȂȄ ƍƨȍǪƢǫƬǶơ    ƢȃȌƾǶ ƍ ǁȅǐǶơ λǷǟ ǨǂǠƬǷǶ ǸƾƼƬǈƫ
62378344  ǵǺƢǠǺ  ǼǃȄ λǶƛ ǂǜǿǶơ ƽǂƴǻƥ .Ʃ˫ǺƢǠǺ    ơǀȂƍƱƿȅǻǿǶơ    ƨȍǫȍǲ ǹȃǪ ǂǌƦǷǶ ǽψǻȌ ˪

ȁǷǻǟ . 

 ¾{¤Þĉ v»wúõ±¾Êõv Ĉõċv øöÞ¤õv Ĉå üĊúĄù ¾ĊÆæ¤õvÿ  K 

  ƔƢǲǀǶơ ǂǌǾ λǶƛ λǠǈƫ ƨȍƸǐǶơ ƨȌƢǟǂǶơ ǵưǺ Ʃ˪ƢƴǺ Ǽ˦ ơ˻ǂǜǾƍνǟƢǿǘǏ˪ơ    ǂưǲƗ ǵψǌƥ ȄƗƍƨǮƽ  
  ǹǷǠƬǶơ ƨǻǜǾƗ ƍǭȍǻǠǶơ    ƨȍǻȂƗ Ʃơƿ ƨȍǪƢǫǌǶơ ƨǷƠǇƗ Ǽȅǳƫ ƮȍƷƍƨǏƢƻ    ǽȍǈƸƫ ǽǺ ǽψǻƬǾ ǹǶ ơƿƛ

ǷƥƢǯǶơ  ʣǨƢǘǻǶơ ƨȌƢȃǾ ʣǂȍǈǫƬǶơ ǹȌƾǯƫȄ ƶȍƸǏ ǵψǌƥ ǂȍǈǫƬǷǶ ƨȍƍƢǿƫƢȍǺǃǁơȅƻ    ǂȍƯƘƬǶơ ǼƜǪ
  ǽψǶȄ .ƨǮƢǘǶơ ƨǔǫƼǿǺ ǱƫǁƾǮ ǂȃǜƫ ƾƴǶơ ǵǻƸǺ λǷǟ ǼȅψȍǇ νǟƢǿǘǏ˪ơ ƔƢǲǀǷǶ ǵǻƬƸǻǶơ

  ƤƴȌ νƬǶơ ƨȍǿȃǻǶơ ƩơǁƢƦƬǟ˪ơ ǽǟ ǂǜǿǶơ ǨǂǐƥƍƢȂƙơǂƳƛ    ǽȍǈƸƫ ǼƗ ƢȂƽƢǫǺ ƨƴƷ Ƣ˻ǔȌƗ ǰƢǿȂ
  ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơȄƵǂǌǶơ    ƨȍǫȍǲ ǹȃǪ ƾǟƢǈȌ ǼƗ ǽψǻȌ .ǖǈƥ˦ơ ǴƢǻǟ˦ơ ƩƢȂȅȌǁƢǿȍǇ ʣλƬƷ ǹȃǺ

  ǹȃƫƢƳƢȍƬƷơȄ ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ νǷǷƸǺȄ ƔƢǻǷǟ ƨǘǌǾƗ ƨǺƔơȅǺ ʣƢŻǯƷ ƨȍǺǃǁơȅƼǶơ ǵǻǟ
 .ƨȍǈȍƟǂǶơ ƨȍǻȍǜǿƬǶơ 

  ƨȍǷƥƢǯǶơ ǵȃǈƫ ǼƗ ǽψǻȌƵǂǌǷǶ   ǽψǻȌ Ȇƙǁ λǶƛ ȊƽƚƫȄ ƱƿȅǻǿǷǶ ƨǫǷƬƼǻǶơ ƤǾơȅƴǶơ ǹȃǪ
ǽǺ ƢȃǺơƾƼƬǇơ   ƨȍǶƢƬǶơ ƨȍǈȍƟǂǶơ ƩƢǺƢǻƬȂ˪ơ ƨƴǶƢǠǺ ʣƧƾǟƢǈǻǷǶ ƨƸǷǐǻǶơ ƣƢƸǏƗ ǩǷƬƼǺ ǵƦǮ

ƨȍǶˤơ ƩƢǠǮȅƬǶơ λǷǟ ˻ƔƢǿƥ ƩơǁơǂǮ ƿƢƼƫơ ȄƗ ƲƬǿǺ ǂǌǾ ƾǿǟ: 

¶  ƨǯȍǯƸǶơ  :  νǪ ơ˻ǁȄƽ ƪƦǠǶ ǖǯǪ ǸƢǻƬȂ˪ơ ƩơǂȍǤƬǺ ǞȍǻƳ ǼƗ ǽǺ ǽȍǯȌ λǷǟ ǽƸǾ ǵȂ
  ǕƢǻǾ˦ơ ƨǶơǃƛ ǽǺ ǽȍǯȌ λǷǟ ǽƸǾ ǵȂ ƓƢǾǁơǂǮ  ǽǺ ƨƸȍƸǐǶơ ǂȍǣ ƩƢǗƢƦƫǁ˪ơȄ

 ƓƢǿƴƟƢƬǾ 
¶   :ƧȅǯǶơ  ȄƗ ƧƽȅǯǫǺ ƩƢǾƢȍƥ ƽȅƳȄ ƨǶƢƷ νǪƨǋȅǌǺ   ơǀȂ ǼƗ ǽǺ ǽȍǯȌ λǷǟ ǽƸǾ ǵȂ ƍ

 ƓƶȍƸǏ ǵψǌƥ ǵǻǠȌ ˪ ƱƿȅǻǿǶơ 
¶   :ǄȍƸƬǶơ  ǍƢƼǋ˦ơ ǽǺ ƨǟȅǻƴǺ ƤǮƢǠƫ ƧƽƾƸǺ ƩơǄȍƸƫ ȊƘƥ ƨȌơǁƽ λǷǟ ǽƸǾ ǵȂ

ƢȂƾȌƾƸƫ ƢǿǿψǻȌ ǵȃǪ ƍ ǱǶǀǲ ǂǺ˦ơ ǼƢǲ ơƿƛȄ ƍ ǴƽƢǟ ǂȍǣ ǵψǌƥ   ƓƢȃƸȍƸǐƫȄ 
¶   :ǽȍǈƸƬǶơ  ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǂƯƚƬǇ ǩȍǲ ƓνƠƦǿƬǶơ ƱƿȅǻǿǶơ ǽȍǈƸƫ ǽψǻȌ ǩȍǲ

 ǨǂǠƫ ƪǿǲ ơƿƛ ƍ ǂƻƕ λǿǠǻƥ ƓƱƿȅǻǿǶơ λǷǟ ƨǺƾǯƬǻǶơ ƩơǄȍǻǶơ ƨƷƢǈǺ ȄƗ ƨȍǪƢǓ˨ơ
.ȁǿȍǈƸƫȄ ȁǷȌƾǠƫ λǶƛ ƱƢƬƸƫ ƢǺ ǖƦǔǶƢƥ ǨǂǠƫ ƪǾƘǪ ƍ ǱƳƿȅǻǾ ǵǻǟ ƨȍǫȍǲȄ ƤƦǇ 
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¶   :ǵǯǿǶơ ƨȍǷƥƢǮƱƿȅǻǿǶơ ǭȍƦǘƫ ǽψǻȌ ǩȍǲ    ƩơǄȍǺ νȂ ƢǺ Ɠǂƻƕ λǷǟ ǴƢƴǻǶ νƠƦǿƬǶơ
 ƓǵǯǿǷǶ ƨȍǷƥƢǯǶơ ȀǀȃǶ Ƣȃǫȍȍǳƫ νǤƦǿȌ νƬǶơ ƱƿƢǻǿǶơȄ ƩƢǾƢȍƦǶơ 

¶   :ƨǯưǶơ .ƨȍǶƢǻǶơ ȄƗ ƨȍƸǐǶơ ƨȌƢǟǂǶơ ǵưǺ ƧǁȅǘƼǶơ ƨȍǶƢǟ Ʃ˪ƢƴǻǶơ νǪ ơŻƾƳ ƨǻȃǺ ƨǯưǶơ
  ƣƢƸǏƗ ǞȍǻƳ ƱƢƬƸȌ ƍ Ƣȃƥ ǬȅƯȅǶơȄ νǶˤơ ǹǷǠƬǶơ ǴȅǷƷ ǸơƾƼƬǇơ ǹƬȌ ǼƗ ǵƦǮ

  λǶƛ ƨƸǷǐǻǶơ  ƩơǁơǂǮ ǀƼƬȌ ǱƳƿȅǻǾ ǼƗ ƪǟƽơ ơƿƛ .ƱƿȅǻǿǶơ ȁǷǠǫȌ ƢǻǶ ǵǺƢǲ ǹȃǪ
 .ƨǶƽ˦Ƣƥ Ƣȃǻǟƽ λǷǟ ơ˻ǁƽƢǮ Ǽȅǳƫ ǼƗ ƤƴȍǪ ƍ ǂǌƦǶơ ƢȂơǂȌ ˪ ƢŻǗƢǻǾƗ ǚƷ˫ȌȄ ǵǔǪƗ
 ƢȃǾƗ νǟƾƫ ƨȍǿǯƫ ȊƗ ǼƘǌƥ ǴƢƸǶơ ƨǠȍƦǘƥ ǽȍǻƟƢǌƬǺ ǴƢƴǻǶơ ơǀȂ νǪ ƔơǂƦƼǶơ ǼȅψȍǇ

.ǼȅǷǠǫȌ ƢǻǺ ǵǔǪƗ ǵψǌƥ ƨǷψǌǻǶơ ǹȃǫƫ 
¶  ƨǯƥƢǘǻǶơ : Ƕơ ǼƢǻǔǶ ƨȍǻȂ˦ơ ǢǶƢƥ ǂǺƗ ǁơǂǯǶơ ǝƢǿǏȄ ƔƢǻǷǠǷǶ ƱƿȅǻǿǶơ Ƶǂǋ λǷǟ Ƨǁƾǯ

  ƧƽƢǻǷǶ ƢŻǯǪȄ .ƨȍǺȅψƸǶơ ƶƟơȅǷǶơȄ ƨǟƢǿǐǶơ ǂȍȌƢǠǺȄ ƨǲǂǌǶơ ƩƢǇƢȍǈǶ ǴƢưƬǺ˪ơ14   ǽǺ
 ) ȋƥȄǁȄ˦ơ ƩƢǾƢȍƦǶơ ƨȌƢǻƷ ǼȅǾƢǮGDPR ǞǿǐǶ ƨȍǶƕ ƩơȄƽƗ ƨǲǂǋ ǸƾƼƬǈƫ ƢǺƾǿǟ ƍ (

ơ ǴȅƷ ƧƾȍǫǺ ƩƢǺȅǷǠǺ ǂǪȅƫ ǼƗ ƤƴȌ ƍ ǁơǂǯǶơ  ƨȍǻȂ˦ơ λǶƛ ƨǪƢǓ˨Ƣƥ ƨǷǐǶơ Ȋƿ ǭǘǿǻǶ
.ǹǶƢǠǶơ ƔƢƸǾƗ ǞȍǻƳ νǪ ƨǷƯƢǻǺ ƶƟơȅǶ ǽǇ ǹƫ .ƨƴǶƢǠǻǶơ ȀǀȃǶ ƨǠǮȅƬǻǶơ ƤǮơȅǠǶơȄ 

ÑlwåĆ ºĊêÞ¤õv Üù ôùwÞ¤öõ ºĊêÞ¤õv 

  ȊƾǯǿǶơ ǂȍǳǫƬǶơ ǱǶƿ νǪ Ƣǻƥ ƍ ƨȍǪǂǠǻǶơ ǸƢȃǻǶơ ǽǺ ƾȌƾǠǶơ νǪ ǬȅǫƬǾ ǂǌƦǲ ƢǿǾƗ ǽǺ ǹǣǂǶơ λǷǟ
  ǼƗ ǆǫǿǶơ ƔƢǻǷǟ ƾƳȄ .ƩơƾȍǯǠƬǶơ Ƨǁơƽƛ νǪ ǽȌǃƢƬǻǺ ƢǿǈǶ ƢǿǾƗ ˪ƛ ƍ ƨȍǷǯǠǶơȄ ǩǗƢǠƬǶơȄ ǝơƾƥ˨ơȄ

  νǶơȅƷ ǞƦƬƫ ǖǯǪ ǹȃǿψǻȌ ǂǌƦǶơ2±7    ȍƦǻψǶơ ǵưǺ) ƧǄȃƳ˦ơ ǽψǶ .ƨǷǺƢǠǶơ ǹȃƫǂǲơƿ νǪ Ɣνǋ  (ǂƫȅ
  ǹƴƸƥ ǖǯǪ ƧƾȍǯǺ) ǂǏƢǿǠǶơ ƩơǁƢȍǷǺȄ ǽȍȌ˫Ǻ ǞƦƬƫ ƢȃǿψǻȌRAM ǬȄƾǿǐǶơ ƨǷψǌǺ Ǽ˦ ơ˻ǂǜǾ .(

  Ȇǂƻ˦ơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ȄƗ ƨǶˤơ ǵȍǷƸƫ ǸơƾƼƬǇơ ƢǿǿψǻȌ ƍ ƧƾǯǠǺ ƨǷψǌǺ ƽǂƴǺ νȂ ƽȅǇ˦ơ
ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƵǂǌǶ.   

ơȅǶơ νǪ .ǂȌȅǘƬǶơ ƨȍǷǻǟ λǶƛ ƨȍǪƢǓƛ Ƨȅǘƻ ǩȍǔƫ ƪǾƘǪ ƍ ǱǶƿ ǞǺȄ  Ƨƾǟ ǩȍǔƫ Ƣǻƥǁ ƍ ǞǮ
 ơǀȂȄ ƍ ƾȍǯǠƬǶơ ǽǺ ƾȌǄǻƥ ƾȍǯǠƬǶơ ǞǺ ǵǺƢǠƬǶơ ǴȄƢƸƫ ǱǾƗ ȄƾƦȌ ƍ ȀǀȂ ǂǜǿǶơ ƨȃƳȄ ǽǺ .Ʃơȅǘƻ
  ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơ ǼƘǌƥ ƢŻǯƷ ǽȌƽƢƳ ǼȅǳǾ ǼƗ ƢǾƽǁƗ ơƿƛ ƢǿǾƗ ȅȂ Ƣ˻ȍǷǻǟ ơǀȂ ȁȍǿǠȌ ƢǺ .ƢǺ ƾƷ λǶƛ ƶȍƸǏ

ƵǂǌǶơȄ  ǹƬȌ νƬǶơ ƨǯȌǂǘǶơ νǪ ǞǇȄƗ ǂȍȍǤƫ ǰƢǿȂ ǼȅψȌ ǼƗ ƤƴȍǪ ƍ    ǅƢǿǶơ ƾǯƬǠȌ ǩȍǲȄ ǹǷǠǶơ Ƣȃƥ
.ȁƥ ǸƢȍǯǶơ νǤƦǿȌ ȁǾƗ 

  ƢȂǂȍǈǫƫ ǽψǻȌ ƍ ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƱƿƢǻǾ ǂȍǈǫƫ ȊǂǌƦǶơ ǡƢǺƾǶơ λǷǟ ƤǠǐȌ Ƣǻǿȍƥ ƍ ơ˻ǂȍƻƗ
  ǂǗƗȄ νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇ˦ ƾȌơǄƬǻǶơ ƽƾǠǶơ ƢǿǶ ƶǻǈȌ .ƩƢȍǺǃǁơȅƼǶơȄ ǵȍǷƸƬǶơ ƧƾǟƢǈǻƥ Ƣ˻ǠȍǻƳ

 ǿǶƢƥ ǴƢƴǻǶơ ơǀȂ νǪ ƢȂǂȌȅǘƫ ǹƫ νƬǶơ ǵǻǠǶơ  ǭȌƽƢǿǏ λǶƛ ƢȃǷȌȅƸƫȄ ƔơƽȅǈǶơ ǭȌƽƢǿǐǶơ ǵƻơƽ ǂǜ
  ǽψǻȌ ˪ ƨǷψǌǺ ƨǯȍǯƸǶơ νǪ ƪǈȍǶ "ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƨǷψǌǺ" ǼƗ ǴȅǯǶơ ǽψǻȌ ƍ ǱǶǀǶ .ƨȍƳƢƳǃ
  ǹǷǠƬǶơ ǸơƾƼƬǇƢƥ ǼȅƸǔȌ ǽȌǀǶơ ǴƢǻǟ˦ơ ƧƽƢǮ Ǽƛ .ƱƿƢǻǿǶơ ȀǀȂ ƧȅǮ νǪ ǱȍψǌƬǶơ νǶƢƬǶƢƥȄ ƍ ƢȃǷƷ
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Ȍ ƱƿƢǻǿǷǶ ƽȅǇ˦ơ ǬȄƾǿǐǶơ ƨǠȍƦǗ ƤƦǈƥ νǶˤơ  ƨǮȅƯȅǺȄ ƨǶƢǠǪ ƨǯȌǂǗ νǇƢǇƗ ǵψǌƥ ǼȅǷȂƢƴƬ
ǖǯǪ ȁǷƷ ǽψǻȌ ƔνǌǶ ǹȃǶƢǻǟƗ ƩơǁơǂǮ ǽȍǈƸƬǶ.   

 Ćözwêõv ©»wúþõv øĄæõ Ćùº¸¤Æúõv ¡wĊþê¤õv±¾Êöõ 

ǽȍƬǯȌǂǘƥ ǂȍǈǫƬǷǶ ƨȍǷƥƢǯǶơ ǞǺ ǵǺƢǠƬǶơ ǽψǻȌ : 

1. ƨǺƢǟ  .  ǂƯƚƫ ǩȍǲȄ ƱƿȅǻǿǷǶ ƧǂȍƦǲ ƧǁȅǏ ƢǿȍǘǠȌȄ ƱƿȅǻǿǶơ ǰȅǷǈǶ ǸƢǟ Ƶǂǋ ơǀȂ
  ǎƟƢǐƻ.ƨƴȍƬǿǶơ λǷǟ νǟƢǻƳ ǵψǌƥ ƩƢǾƢȍƦǶơ 

2.  νǷƸǺ  .ƨƴȍƬǿǶơ λǷǟ ȊƽǂǪ ǵψǌƥ ƩơǄȍǻǶơ ǂƯƚƫ ǩȍǲ ƨǯȌǂǘǶơ ȀǀȂ ƢǾǂƦƼƫ. 

 ȀǀȂ Ǽ˦ ơǀȂ .ƤȍǶƢǇ˦ơ ȀǀȂ ǸơƾƼƬǇƢƥ ƲƟƢƬǿǶơ Ǎ˫ƼƬǇơ ƾǿǟ ǁǀƸǶơ ǽǺ ȆȅƬǈǺ νƻȅƫ ƤƴȌ
  ǵǲ ƾȍǲƘƬǶ .ǵǠǫǶƢƥ ƱƿȅǻǿǶơ ǞǮȅƫ ƨȍǫȍψǶ Ƣ˻ƦȌǂǯƫ ǖǯǪ ǂǪȅƫ ǼƗ ǽψǻȌ ƩƢȍǿǯƬǶơƱƢƬǿƬǇơƍ    ǽψǻȌ

 Ǽȅǳƫ ǼƗ ǽψǻȌ .ƩƢǾƢȍƦǶơ ǁȅǐƫ ǸơƾƼƬǇƢƥ ƢȂƾȍǲƘƫ ǽψǻȌ ȄƗ Ƣ˻ǠǺ ƩƢȍǿǯƬǶơ ǽǺ ƾȌƾǠǶơ ǸơƾƼƬǇơ
  ƧơƽƗ Ƣ˻ǔȌƗ ǴƢƴǻǶơ ƨǪǂǠǺƍƨǻȃǺ    ƨǯƥƢǈǶơ ƨǪǂǠǻǶơ ȄƗ ƧǂƦƼǶơ ǞǺ ǑǁƢǠƬƫ ƨƴȍƬǾ ȊƗ ǵȍǷƸƫ ƤƴȌȄ
.ǵȍǐǫƬǶơ ǽǺ ƾȌǄǻƥ 

Ăùº¸¤Æý ûl y¬ĉ ć¼õv Ĉõċv øöÞ¤õv ªĄý Āă wùK 

  ǽǺ ǹǣǂǶơ λǷǟ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơȄ ƍ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ) ƨǫǷƬƼǻǶơ ǹǷǠƬǶơ ƲȂƢǿǺ
  ȊǀǶơ ƲȃǿǶơ ƾȌƾƸƫ ƨȍǫȍǲ ȅȂ ǴơƚǈǶơ ǼƜǪ ƍ ƨǫǷƬƼǻǶơ ƩƢȍǺǃǁơȅƼǶơȄ (ǃǄǠǻǶơ ǹǷǠƬǶơȄ ƍǨơǂǋ˩Ƕ

ƨǿȍǠǺ ƨǷψǌǺ ǵƸǶ ȁǺơƾƼƬǇơ ƤƴȌƓ 
  ƲȃǿǶơ ǽǺ ǭǯƸƬǶơ ǹƯ ƨǿψǻǻǶơ νǶˤơ ǹǷǠƬǶơ ƲȂƢǿǺ ǞȍǻƳ ƨƥǂƴƫ νǪ ƩƢȍƴȍƫơǂƬǇ˨ơ ȆƾƷƛ ǵưǻƬƫ
  ǽǺ ƩơǂǌǠǶơ ǰƢǿȂ .̿˫ȌȅǗ ƢŻƬǮȄ ǬǂǤƬǈƫ ƾǮ ƢȃǾƗ νǪ ƨǯȌǂǘǶơ ȀǀȂ ƨǷψǌǺ ǽǻǳƫ .ǵǔǪ˦ơ
 ƾǮ ƍ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǷǟ ơ˻ƽƢǻƬǟơ .ǩǷƬƼǺ ǵȍǤǌƫ ƪǮȄ ƢȃǿǺ ǵψǶȄ ƍ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ

ǬǂǤƬǈƫ    ǀȍǫǿƬǶ Ȇǂƻ˦ơ ǂǗƢƼǻǶơ ǽǺ .ǵǻƬǳƫ λƬƷ ǸƢȌƗ λƬƷ ȄƗ ƩƢǟƢǇ ƩƢȍǺǃǁơȅƼǶơ ǒǠƥ
  ǞȍǻƳ ƣǂƳ" ƨȍƴȍƫơǂƬǇơ ƲȂƢǿǻǶơ  ǝȅǿǶ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ǂǺ˦ơ Ǳƥ νȃƬǿȌ ƾǮ ȁǾƗ "

  ƾȌƾǌƬǶ ƨǮǂǘǺ ǸơƾƼƬǇơ ǵưǺ ȁǾƛ .ƨǿȍǠǻǶơ ƨȍǺǃǁơȅƼǶơ ǱǷƬǶ ƢŻǯƷ ƤǇƢǿǺ ǂȍǣ Ʃ˫ψǌǻǶơ ǽǺ
ƨǮǂǘǻǶơ .ǁƢǻǈǻǶơ    .ƢȃǿǺ ƽȅǐǯǻǶơ ǑǂǤǷǶ ƢȃǺơƾƼƬǇơ ƾǿǟ ǖǯǪ ǽψǶȄ ƍ ƧƾȍǫǺ ƧơƽƗ ƾȍǲƘƬǶƢƥ νȂ

ƨǮǂǘǺ ǆȍǶȄ ƢΜǳǫǺ ǸƾƼƬǇƢǪ ƍ νǣǂƦǶơ ǖƥǁ ǸƢψƷƛ ƾȌǂƫ ƪǿǲ ơƿƛ . 
  ǹƯ Ƣ˻ǺƢǻƫ ƨǷψǌǻǶơ ǹȃǪ ̝˪ȄƗ ƤƴȌ ƍ ƢȃǺơƾƼƬǇơ ƽơǂǻǶơ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǝȅǾ ƾȌƾƸƫ ƾǿǟ

ǫǺ ǵǻǟ ǁƢǗƛ νǷȌ ƢǻȍǪ .ȁǯȍǯƸƫ ƾȌǂƫ ƢǺ ƾȌƾƸƫƨƦǇƢǿǻǶơ ƨȍǺǃǁơȅƼǶơ ƾȌƾƸƬǶ ȁǺơƾƼƬǇơ ǽψǻȌ ƾȍ: 
Á   ǵǲ ǞƬǻƬƫ ƮȍƸƥ ƩƢǟȅǻƴǺ λǶƛ ƧƢǻǈǺ ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǹȍǈǯƫ νǪ Ƥǣǂƫ ǵȂ

  Ɠ(Ɣ˫ǻǠǶơ ǹȍǈǯƫ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ƨȃƥƢǌƬǺ ǎƟƢǐƼƥ ƨǟȅǻƴǺ  ƨƥƢƳ˨ơ ƪǾƢǲ ơƿƛ
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  ǂȍǣ ǹǷǠƬǶơ) ǞȍǻƴƬǶơ ƨȍǺǃǁơȅƻ ǸƾƼƬǇƢǪ ƍ ǹǠǿƥǶ ǞǓƢƼǶơ  ǵưǺ (Ǩơǂǋ˩k- mean  
  ȄƗ ǞȍǻƴƬǶơ    ƨǘǷƬƼǻǶơ ƱƿƢǻǿǶơ ȄƗ νǺǂȃǶơǼƢȍǇȄƢǣ . 
Á   ǂǠǇ ƩƢǠǮȅƫ ǵưǺ) ƩơǄȍǻǶơ ǽǺ ƨǟȅǻƴǺ λǷǟ ˻ƔƢǿƥ ƧǂǻƬǈǺ ƨǻȍǮ ǞǮȅƫ ƾȌǂƫ ǵȂ

  Ɠ(ǽψǈǶơ  ǞǓƢƼǶơ ǹǷǠƬǶơ) ǁơƾƸǾ˪ơ ƨȍǺǃǁơȅƻ ǸƾƼƬǇơ ƍ ǹǠǿƥ ƨƥƢƳ˨ơ ƪǾƢǲ ơƿƛ
.νǘƼǶơ ǁơƾƸǾ˪ơ ǵưǺ (Ǩơǂǋ˩Ƕ 

Á   ǞǮȅƫ ƾȌǂƫ ǵȂ ƩƢƠǪ    ǵǠǫǶƢƥ ƢȂǄȍȍǻƫ ǹƫ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ƢǿȌƾǶ ǵȂ ƓƨǷǐǫǿǺ
 ƓƩƢƠǫǶƢƥ    ǩȍǿǐƫ ƨȍǺǃǁơȅƻ ǸƾƼƬǇƢǪ ƍ ǽȍǶơƚǈǶơ ˫ǲ λǷǟ ǹǠǿƥ ƨƥƢƳ˨ơ ƪǾƢǲ ơƿƛ

  ǵưǺ (Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ)  ǩǿǐǺNaive Bayes    ȄƗKNN    ƩƢψƦǌǶơ ȄƗ
 .ƨǻǟơƾǶơ ƩƢȃƴƬǻǶơ Ʃ˪ƕ ȄƗ ƨȍƦǐǠǶơ 

Á   ƽƾǟ λǶƛ ƩơǄȍǻǶơ ƽƾǟ ǵȍǷǯƫ ǴȄƢƸƫ ǵȂ  ƓƩơǄȍǻǶơ ǽǺ ǵǮƗ ƩƢȍǺǃǁơȅƻ ǸƾƼƬǇơ  
ǵȍǷǯƫ  ƨȍǈȍƟǂǶơ ƩƢǾȅψǻǶơ ǵȍǷƸƫ ǵưǺ ƍ ƽƢǠƥ˦ơ  PCA . 

Á   ǵǠǫȌ Ƣǻǲ ƍ ƨƥǂƴƬǶơ ǽǺ ǁơǂǻƬǇƢƥ ǹǷǠƬƫȄ ƢȃƬƠȍƦǶ ƤȍƴƬǈƫ ƨȍǺǃǁơȅƻ λǶƛ ƱƢƬƸƫ ǵȂ
  ƓǂǌƦǶơ .ǃǄǠǻǶơ ǹǷǠƬǶơ ƲȃǾ ǸƾƼƬǇơ ƍ ǹǠǿƥ ƨƥƢƳ˨ơ ƪǾƢǲ ơƿƛ 
  ƨǷƠǇ˦ơ ǽǺ ǵψǶƍȀ˫ǟƗ    .ǸơƾƼƬǇ˫Ƕ ƨƦǇƢǿǻǶơ ƨȍǺǃǁơȅƼǶơ ǽǺ ǭǯƸƬǷǶ ƨȍǶƢƬǶơ ƨǷƠǇ˦ơ ƵǂǗ ǱǿψǻȌ
ǴƢưǻǶơ ǵȍƦǇ νǷǟ: 
¶  Ɠƨǟǂǈƥ ƢȂǁƢƦƬƻơȄ ƢȃƦȌǁƾƫȄ ƢȂƙƢǿƥ ǽψǻȌ ƨȍǺǃǁơȅƻ λǶƛ ƱƢƬƸǾ ǵȂ 
¶  Ɠƨǟǂǈƥ ƚƦǿƬǶơ ȁǿψǻȌ ƱƿȅǻǾ λǶƛ ƱƢƬƸǾ ǵȂ 
¶  ƓƱƿȅǻǿǶơ ƨǮƽ ȆƾǺ ƢǺ 
¶  ƓƩƢǿȍǠǶơ ƽƾǟ ǽǺ ǂƦǲƗ ƩơǄȍǻǶơ ƽƾǟ ǵȂ 
¶  ȅǻǾ λǶƛ ƱƢƬƸǾ ǵȂ ƓȀǂȍǈǫƫ ǵȃǈȌ Ʊƿ 
¶  ƓǵǻǠǶơ ƩƢƳƢȍƬƷơ ƨȍƦǷƬǶ ƨǻȃǻǶơ ǹȍȍǯƬǶơ ǂȍȌƢǠǺ νȂ ƢǺ 
¶  ƓƢȃƥ ǸƢȍǯǶơ ƾȌǂǾ νƬǶơ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǺ ǁơƾǯǺ ƢǺ 

ôÎæõv ĆÍĒ· Üzv¾õv 

Á   Ǵ˫ƻ ǽǺ ȋƦȌǂƴƬǶơ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ǸƢǜǿǶơ ƔơƽƗ ǽȍǈƸƫ λǷǟ ǵǻǠƫ ƨǯȌǂǗ ȅȂ νǶˤơ ǹǷǠƬǶơ
 .ƨȍƥƢǈƸǶơ ƤȍǶƢǇ˦ơ 

Á   ƨǻǜǾƗ νǪ  ǹǷǠƬǷǶ ƨȍǈȍƟǂǶơ ƨǻȃǻǶơ ǵưǻƬƫȄ ƍ ƩƢǾƢȍƥ ǵψǋ νǪ ƧǂƦƼǶơ ƾƳȅƫ ƍ ǂƫȅȍƦǻψǶơ
.ƩƢǾƢȍƦǶơ ƨƳǀǻǿƥ Ǹȅǯƫ νƬǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǂȌȅǘƫ νǪ νǶˤơ 

Á  ƲȃǿǶơ νǪ Ǩơǂǋ˫Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ   ƩƢƥƢƳ˨Ƣƥ ƤȌǁƾƬǶơ ƩƢǿȍǟ ǽǺ ƨǟȅǻƴǺ ƨȌǀǤƫ ǹƬȌ ƍ
  ǹǷǠƫ ƨȍǺǃǁơȅƼǶơ ǴȄƢƸƫȄ ƨȍǺǃǁơȅƼǷǶ ƨƸȍƸǐǶơƨǶơƽ    ƩƢƥƢƳ˨ơȄ ƩƢǾƢȍƦǶơ ȀǀȂ λǷǟ ˻ƔƢǿƥ

.ƧƾȌƾƴǶơ ƩƢǿȍǠǷǶ ƨǪƾȃƬǈǻǶơ ǹȍǯǶƢƥ ƶȍƸǏ ǵψǌƥ ƚƦǿƬǶơ ǽǺ ǽψǻƬƫ λƬƷ ƨƸȍƸǐǶơ 
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Á   ǹǷǠƬǶơ νǪǨơǂǋ˫Ƕ ǞǓƢƼǶơ  ǹǷǠƬǶơ ƨǷψǌǺ ƩƢǾƢȍƥ ƪǾƢǲ ơƿƛ ƍƨǠǘǯƬǺ    ƍ  ƨǷψǌǺ νȃǪ
ǩȍǿǐƬǶơ   .ǁơƾƸǾ˪ơ λǻǈƫ ƢȃǾƜǪ ƍ ƧǂǻƬǈǺ ƩƢǾƢȍƦǶơ ǹȍǮ ƪǾƢǲ ơƿƛȄ ƍ 

Á   ǂȍǣ ƲȃǿǶơ νǪǨơǂǋ˫Ƕ ǞǓƢƼǶơ  ǽψǶȄ ƍ ƨȍǺǃǁơȅƼǷǶ ƨƸȍƸǐǶơ ƩƢƥƢƳ˨ơ ǂȍǪȅƫ ǹƬȌ ˪ ƍ
 Ǟȍǻƴƫ ǹƬȌ ƮȍƸƥ Ʃ˫ƻƾǻǶơ ǽȍƥ ȁƥƢǌƬǶơ ȁƳȄƗ ƾȌƾƸƫ ƨȍǺǃǁơȅƼǶơ ǴȄƢƸƫ ǱǶƿ ǽǺ ̝˪ƾƥ

.Ƣ˻ǠǺ ƨǲǂƬǌǺ ƧǄȍǺ ƢȃǶ νƬǶơ Ʃ˫ƻƾǻǶơ 
Á   Ǵ˫ƻ ǽǺ ƘǘƼǶơȄ ƨƥǂƴƬǶơ ǭȌǂǗ ǽǟ ƨǷψǌǺ ǵƷ ǵȍǲȅǶơ ǴȄƢƸȌ ƍ ǃǄǠǻǶơ ǹǷǠƬǶơ νǪ

ǵǟƢǫƬǶơ    ƨƠȍƥ ǞǺƢȃƬǠȍƦǗ   .ǵȍǲȅǷǶ ƨǪȄǂǠǺ ǂȍǣ 
Á  ȄƗ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ƧƽƢȌǄǶ ȁƥƢǌǺ ǴƢƴǺ ǽǺ ƩƢǾƢȍƦǶơ ƱơǂƼƬǇơ λǷǟ νǶƢǯƬǾ˪ơ ǹǷǠƬǶơ ǄǲǂȌ

.ǨƾȃƬǈǻǶơ ǴƢƴǻǶơ νǪ ƨƥȅǷǘǻǶơ ƨǫǿǐǻǶơ ƩƢǿȍǠǶơ ƽƾǟ ǵȍǷǯƫ 
Á   ƾǠȌƽƾǠƬǻǶơ ǹǷǠƬǶơ  ơƿ ǸƢȃǻǶơ ǽǺ ƾȌƾǠǶơ ǹǷǠƫ ȁǶ˫ƻ ǽǺ ǹƬȌ Ƣ˻ȍǻȍǷǠƫ Ƣ˻ƳƿȅǻǾ ǸƢȃǻǶơ Ʃ

  ǽȍǈƸƫ ǹƬȌ Ƣǻǲ ƍ λǐǮ˦ơ ƾƸǶơ λǶƛ ƱƿȅǻǿǶơ ƧƔƢǫǲ ƧƽƢȌǃ ǵƳƗ ǽǺ ƾƷơȄ ƪǮȄ νǪ ƨǷǐǶơ
  ǽǺ ƾȌƾǠǶơǴơȄƽ  ƘǘƼǶơ  .ƾƷơȄ ƪǮȄ νǪ 

Á Ƕơ  ǹǷǠƬƩƢǿȍǟ ǼȄƾƥ    ǹǷǠƫ ƨǯȌǂǗ ȅȂǨơǂǋ˫Ƕ ƨǠǓƢƻ    ƩƢǾƢȍƥ ǼȄƾƥ ǽψǶȄƨȍƦȌǁƾƫ    ǽǺ ȀǀȂ 
ƨƠǫǶơ. 
Á   ǹǷǠƬǶơƩƢǿȍǟ ǼȄƾƥ  ƩƢǻȍǷǠƫ ȊƗ νǯǷƫ ǼȄƽ ƢǺ ƨǷψǌǺ ǵƷ λǷǟ ǁƽƢǮ    ǱǷƫ ǽǺ ƨȌƽƢǋǁƛ

.ƨǷψǌǻǶơ 
Á  ǞǺ ǵǏơȅƬǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƼǶ ǽψǻȌ ƮȍƷ νǶˤơ ǹǷǠƬǶơ ǝȄǂǪ ǽǺ ǝǂǪ ȅȂ ǖǌǿǶơ ǹǷǠƬǶơ

 .ƨƥȅǣǂǻǶơ ƩƢƳǂƼǻǶƢƥ ƩƢǾƢȍƦǶơ ǄȍȍǻƬǶ ǸƾƼƬǈǻǶơ 
Á   ƽƾǟ λǷǟ ǙƢǫƸǶơ ǞǺ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƔơƽƗ ƧƽƢȌǃ ȅȂ ǖǌǿǶơ ǹǷǠƬǶơ ǽǺ ǑǂǤǶơ

.ƢŻƬƥƢƯ ƨȍǻȍǷǠƬǶơ ƩƢǿȍǠǶơ 
Á ǂƬǇ˪ơ  ƩƢǿȍǟ ǀƻƗȄ ǽȍǯȍǶơ Ǹƾǟ ƩƢǿȍǟ ǀƻƗ ƢǻȂ ǖǌǿǶơ ǹǷǠƬǶơ νǪ ǼƢƬȍǇƢǇ˦ơ ǼƢƬȍƴȍƫơ

 .ƨƷƢǈǺ ǽǺ 
Á   ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ νǪνǟƢǻƴǶơ    λǶƛ ƨȌơƾƦǶơ ǽǺ ǵǺƢψǶƢƥ ƨƷƢƬǺ ƨȌƽƢǋǁ˨ơ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƍ

.ǹǷǠƬǶơ ǵȍǲȄ 
Á   ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ νǪƾȌơǄƬǻǶơ  ơ ǽǺ ƨǷǻƬψǺ ȄƗ ƨǪȄǂǠǺ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ Ǽȅǳƫ ˪ ƾǮ ƍ  ƨȌơƾƦǶ

 .ƪǮȅǶơ ǁȄǂǻƥ ƢȃƬǪƢǓƛ ǽψǻȌ ȄƗ 
Á   ǽȍƥ ƨǮ˫ǠǶơ ƶǓȅȌ ƢǻǺ ƍ ƱƿȅǻǿǶơ ǹǷǠƫ ƨȍǷǻǟ ƨƬǻƫƗ λǷǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǵǻǠƫ

.ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǨƾȃǶơ ƨȍǏƢƻȄ ƨȍǫǏȅǶơ ǎƟƢǐƼǶơ 
Á .ƨȍǺȅǻǟ ǂưǲ˦ơ νƠƦǿƬǶơ ƱƿȅǻǿǶơ λǷǟ ǁȅưǠǶơ ȅȂ νǶˤơ ǹǷǠƬǶơ ǽǺ ǨƾȃǶơ 
Á   νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǈȌƬǶơȄνǪ Ƥȍǯ  Ȅ ƩƢȍǿǯƬǶơ ǆǫǾ ƩƢǾƢȍƦǶơƫǵƻơƾƬ  Ƣȃǿȍƥ ƢǻȍǪ . 



 
183                                                      νǪ ƨǺƾǯǺ :ǞƥơǂǶơ ǵǐǫǶơǹǷǠƫ  ƨǶˤơ 

 

ĆĊåwÑp ½¹wÎù ąiv¾êõv üù ºĉÀúõ 

Abu-Mostafa, Y. S., Magdon -Ismail, M., & Lin, H. T. (2012). Learning from 

data (Vol. 4, p. 4). New York, NY, USA:: AMLBook.  

Alpaydin, E. (2020). Introduction to machine learning. MIT press.  

Brink, H., Richards, J., & Fetherolf, M. (2016). Real -world machine 

learning. Simon and Schuster.  

Chen, L. P. (2019). Mehryar Mohri, Afshin Rostamizadeh, and Ameet 

Talwalkar: Foundations of machine learning.  

Flach, P. (2012). Machine l earning: the art and science of algorithms that 

make sense of data. Cambridge University Press.  

Marsland, S. (2011). Machine learning: an algorithmic perspective. 

Chapman and Hall/CRC.  

Murphy, K. P. (2012). Machine learning: a probabilistic perspective. MI T 

press. 

Theodoridis, S. (2015). Machine Learning: A Bayesian and Optimization 

Perspective. .NET Developers Series.  

Watt, J., Borhani, R., & Katsaggelos, A. K. (2020). Machine learning 

refined: Foundations, algorithms, and applications. Cambridge 

Universit y Press. 



 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 
 

 

 

 

  

ĂúĊĊê£ÿ ©»Āúþõv ½wĊ¤·v5 
 

Á ĆĊù¿½vĀ¸õvÿ ©»Āúþõv üĊz ç¾æõv) 
Á ĔöÝ ã¾Þ¤õv üĉw{¤õvÿ ÀĊ´¤õv øĊăwæù ) 
Á øĊĊê¤õv ç¾Õ) 
Á  Ô{Ñ ç¾Õ¡ĒùwÞúõv Ćêtwæõv) 
Á iv¹čv øĊĊê£) 

 

vđ5ãvºă    



 
185                                              ȁǻȍȍǯƫȄ ƱƿȅǻǿǶơ ǁƢȍƬƻơ :ǆǺƢƼǶơ ǵǐǫǶơ 

 

ĆĊù¿½vĀ¸õvÿ ©»Āúþõv 

 ƱƿȅǻǾ" Ȅ "νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ" ǽȍƥ ǬǂǫǶơ ȅȂȄ νǶˤơ ǹǷǠƬǶơ νǪ ǽȍƟƾƬƦǻǷǶ ǞƟƢǋ ǰƢƦƫǁơ ǰƢǿȂ
  ǹǷǠƬǶơ ƢǻȃǾƛ ƍ ǁƢǐƬƻƢƥ .ƢΜψƥǂǺ ǼȅψȌ ƾǮ ƢǻǺ ƍ ǴƽƢƦƬǶƢƥ ǽȍƸǷǘǐǻǶơ ǸơƾƼƬǇơ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣ ."νǶˤơ

  ǁȅưǠǷǶ ƩƢǾƢȍƦǶơ λǷǟ ȁǷȍǤǌƫ ǹƬȌ ȊǀǶơ ƔơǂƳ˨ơ ȁƦǌƫ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǼƜǪ ƍ ǽȍǷƯƢǻƬǺ ƢǈȍǶ
ǈǯǶơ ơǀȂ νǪ .νǶˤơ ǹǷǠƬǷǶ ƱƿȅǻǾ ƔƢǌǾ˨ ƨǺƾƼƬǈǻǶơȄ ƨǾǄƼǻǶơ ƾǟơȅǯǶơȄ ǕƢǻǾ˦ơ λǷǟ  ǰǂƦƼǿǇ ƍǹ

νǶˤơ ǹǷǠƬǶơ νǪ ƱƿƢǻǿǶơȄ ƩƢȍǺǃǁơȅƼǶơ ǽȍƥ ǬǂǫǶơ ȅȂ ƢǺ Ɠ 

 ĆĊù¿½vĀ¸õv 
  λǿǠǻƥ .νǶˤơ ǹǷǠƬǷǶ "ƱƿȅǻǾ" ƔƢǌǾ˨ ƩƢǾƢȍƦǶơ λǷǟ Ȁǀȍǫǿƫ ǹƬȌ ƔơǂƳƛ νȂ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ
  ǖȍǈƦƬǶ .ƩƢǾƢȍƦǶơ ǽǺ "ǹǷǠƬǶơ" Ȅ "ǕƢǻǾ˦ơ λǷǟ ǨǂǠƬǶơ" νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ Ȋƽƚƫ ƍǂƻƕ

νǶƢƬǶơ ȅƸǿǶơ λǷǟ Ƣǻȃǿȍƥ ƨǮ˫ǠǶơ ǁƢȃǛƛ ǽψǻȌ ƍ ǝȅǓȅǻǶơ: 

 νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ O  νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ 

  .ƨǫǷƬƼǺ ǑơǂǣƗȄ ǩƟƢǛȅƥ ƩƢȍǺǃǁơȅƼǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ ǰƢǿȂ  ǩƟƢǛȅǶơνȂ ƨȍǈȍƟǂǶơ ƨƯ˫ưǶơ: 

Á   :ǁơƾƸǾ˪ơ.ƧǂǻƬǈǺ ƨǻȍǮ ƲƫƢǿǶơ ǼȅψȌ ƮȍƷ ƩơƚƦǿƬǷǶ 
Á   :ǩȍǿǐƬǶơ  ǸƾƼƬǈȌ.ƨǫǿǐǺ ƨǻȍǮ ƢȃƴƫƢǾ ǼȅψȌ νƬǶơ ƩơƚƦǿƬǷǶ 
Á   :ǞȍǻƴƬǶơƩƢǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ǕƢǯǾ ȄƗ ƨȃƥƢǌƬǻǶơ ƔƢȍǋ˦ơ ǞȍǻƴƬǶ. 

 ÷Āê£ wùºþÝyĉ½º¤z ͼ ĆĊù¿½vĀ·ͼ I¡wýwĊ{õwz  ²{Î£ wĄýqåͼwM«»Āúýͼ) 

  ǼƜǪ ƍ νǶƢƬǶƢƥȄ .ǂƫȅȍƦǻψǶơ ǸȅǷǟ νǪ ȆǂƻƗ ƨȍǺǃǁơȅƻ ȊƗ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ȁƦǌƫ  ƩƢȍǺǃǁơȅƻ
ƨȍǶƢƬǶơ ǎƟƢǐƼǶơ ƢȃǶ νǶˤơ ǹǷǠƬǶơ: 

¶   ƩƢȍǓƢȌǂǶơ ǸơƾƼƬǇƢƥ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǩǏȄ ǽψǻȌ) ƽȅψǶơ ȁȍƦǋȄƽȅǲȄƽȅǇ(. 
¶  .ƢȃǫǏȄȄ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƔơƽƗ ǵȍǷƸƫ ǽψǻȌ 
¶ ƨưȌƾƸǶơ ƨƴǺǂƦǶơ ƩƢǤǶ ǽǺ ȊƗ ǞǺ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǀȍǫǿƫ ǽψǻȌ. 

 Ʃơƿ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ Ȇǂƫ ƾǮ ƍǴƢưǻǶơ ǵȍƦǇ λǷǟ ƽȅǲ ȁȍƦǌǶơ   Ʃ˪ƢǯǻǶơ νǪ ƩƢȍǓƢȌǂǶơ ȄƗ
  ȆǂƻƗ ƨȍǺǃǁơȅƼƥ ƨǾǁƢǯǺ ƨǿȍǠǺ ƨǶƕ ǹǷǠƫ ƨȍǺǃǁơȅƼǶ ȋƥƢǈƸǶơ Ɣơƽ˦ơ Ȇǂƫ ƾǮ .ƨȍǇǁƾǻǶơ ƤƬψǶơȄ
ǠƬǶơ νǐǐƼƬǻǶ ǽψǻȌȄ ƍ νǶˤơ ǹǷǠƬǷǶ Ƣ˻ǺƢǻƫ ƧƾȌƾƳ ƩƢȍǺǃǁơȅƻ ǂȌȅǘƫ ǽȍưƷƢƦǷǶ ǽψǻȌ .ƨǿȍǠǺ  ǹǷ
  νǪ ǂƻƕ ǴƢƴǺ ȊƗ ǵưǺ Ƣ˻ǺƢǻƫ ơǀȂ .ǹȃǠȌǁƢǌǺ νǪ ƨȍǇƢȍǯǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇơ νǶˤơ
 ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ Ƣ˻ǺƢǻƫ ƧƾȌƾƳ ǃǂǪ ƩƢȍǺǃǁơȅƻ ǝơǂƬƻơ ǽȍưƷƢƦǷǶ ǽψǻȌ ƮȍƷ ǂƫȅȍƦǻψǶơ ǸȅǷǟ

.ǹȃƫƢǯȍƦǘƫ νǪ ƨȍǇƢȍǯǶơ ǃǂǫǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǽȍƴǺǂƦǻǷǶ ǽψǻȌȄ 
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 ©»Āúþõv 
 ǹƫ ƢǺ ǵưǻƫȄ ƩƢǾƢȍƦǶơ λǷǟ ǵǻǠƫ νƬǶơ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƲƫƢǾ ȅȂ νǶˤơ ǹǷǠƬǶơ νǪ "ƱƿȅǻǿǶơ"
ƨȍǶƢƬǶơ ƨǮ˫ǠǶơ ǸơƾƼƬǇơ ƢǿǿψǻȌ ƍ Ƣǻȃǿȍƥ ƨǮ˫ǠǶơ ǁƢȃǛ˨ .νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƨǘǇơȅƥ ȁǻǷǠƫ: 

 νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ  =  ƱƿȅǻǿǶơ ƩƢǾƢȍƥ  + ƚƦǿƬǶơ ƨȍǺǃǁơȅƻ 

  ȅȂ ƱƿȅǻǿǶơ ƍ ơ˻ǂȍƻƗ  νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǀȍǫǿƫ ƾǠƥ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǷǟ ȁǿȌǄƼƫ ǹƬȌ "Ɣνǋ"
ƚƦǿƬǷǶ ƨǺǃ˫Ƕơ ƨȍǺǃǁơȅƼǷǶ Ȇǂƻ˦ơ ƧƽƾƸǻǶơ ƩƢǾƢȍƦǶơ ǵǲƢȍȂȄ ǸƢǮǁ˦ơȄ ƾǟơȅǯǶơ ǑǂǠȌȄ . 
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Ĉõċv øöÞ¤õv Ĉå ¡wĊù¿½vĀ¸õvÿ ©»wúþõv üĊz ¡wåĒ¤·đv 

  Ƣǻǲ .ƢǻȃǗƢƦƫǁơ ƨȍǫȍǲ ƨǪǂǠǺ ǵȃǈǶơ ǽǺ ƶƦǏƗ ƍ ƱƿȅǻǿǶơȄ ƨȍǺǃǁơȅƼǶơ νȂ ƢǺ ƢǿǪǂǟ ǼƗ ƾǠƥ Ǽˤơ
  ƩƢǾƢȍƥ ǽǺ ƱƿȅǻǿǶơ ơǀȂ ǼȅǳƬȌ .ƱƿȅǻǾ ƔƢǌǾ˨ ƩƢǾƢȍƦǶơ λǷǟ ƨȍǺǃǁơȅƻ ǵȍǤǌƫ ǹƬȌ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ

  ƚƦǿƬǶơ ƨȍǺǃǁơȅƻ ȁƦǌƫ ƨǯȌǂǘǶơ ȀǀȂ .ƧƾȌƾƳ ƩƢǾƢȍƦƥ ƚƦǿƬǷǶ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇ˪ ƨǯȌǂǗȄ ǞǺȄ .Ƣ˻ƦȌǂǯƫ
  ǵưǺ ƍ ǒǠƦǶơ .ƚƦǿƫ ƨȍǺǃǁơȅƻ ƱƿƢǻǿǶơ ǞȍǻƳ ǼǄƼƫ ˪ ƍ ǱǶƿKNN    ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǼǄƼȌ ƍ

  .ƚƦǿƫ ƨȍǺǃǁơȅƼǲ ǵǻǠƫ νƬǶơȄ ƍ ƢȃǷǻǲƘƥ  ǽƸǾ  ǹƬȃǾ ˪Ȅ νǶˤơ ǹǷǠƬǷǶ "Ƣ˻ƳƿȅǻǾ" ƾȌǂǾ Ƣ˻ǇƢǇƗ
  ȁǠƦƬǾ ȊǀǶơ ǁƢǈǻǶơ ƽǂƴǺ νȂ ƨȍǺǃǁơȅƼǶơ ƍ ǂƻƕ λǿǠǻƥ .ȀƔơǁȄ ǩǯƫ νƬǶơ ƨȍǺǃǁơȅƼǶƢƥ  ǴȅǐƸǷǶ

 ǱƳƿȅǻǾ λǷǟ ƢȃǯȍƦǘƫ ƤƴȌ νƬǶơ ƨȍǺǃǁơȅƼǶơ ƨǪǂǠǺ ǹȃǻǶơ ǽǺ ƍ ǱǶƿ ǞǺȄ .ƱƿȅǻǿǶơ λǷǟ
  ƩƢǻȍǷǠƬǶơ ǽǺ ǂǘǇƗ ƨǠǔƥ ȆȅǇ ƾƳȅȌ ˪ ƍ ơǀȂ ǨǂǠƫ ǼƗ ƽǂƴǻƥ .ƲƟƢƬǿǶơ ǵǔǪƗ λǷǟ ǴȅǐƸǷǶ
  .ǵǺƢψǶƢƥ ǴƢǠǪ ƱƿȅǻǾ λǷǟ ǴȅǐƸǶơ ǽǺ ǽψǻƬƫ λƬƷ ǵǟƢǫƬǶơ ƩƢȌȅƬǈǺ ǽǺ ǵȍǷǮ ƽƾǟȄ ƨȍƴǺǂƦǶơ

  ƍ ǁƢǐƬƻƢƥνǶƢƬǶơ ȅƸǿǶơ λǷǟ νǶˤơ ǹǷǠƬǶơ νǪ ƨȍǺǃǁơȅƼǶơȄ ƱƿȅǻǿǶơ ǽȍƥ ǬǂǫǶơ ƾȌƾƸƫ ǽψǻȌ  :    

¶ .ǹǷǠƬǶơȄ ǕƢǻǾ˦ơ λǷǟ ǁȅưǠǷǶ ƩƢǾƢȍƦǶơ λǷǟ ƢȂƙơǂƳƛ ǹƬȌ ƩơƔơǂƳƛ νȂ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ 
¶ .ƚƦǿƫ ƨȍǺǃǁơȅƻȄ ƩƢǾƢȍƥ ǽǺ ǼȅǳƬƫȄ ƩƢȍǺǃǁơȅƼǶơ ƱƢƬǾ νȂ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ 
¶ ǠƬǶơ ƩƢȍǺǃǁơȅƻ ǂǪȅƫ  ƲǺƢǾǂƦǶơ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǵưǻƫ ƮȍƷ ƨȍǶˤơ ƨƴǺǂƦǶơ ǽǺ Ƣ˻ǟȅǾ νǶˤơ ǹǷ

 .ȁǈǫǾ 
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  ĆĊù¿½vĀ· ĆÖÅvĀz wMĊtwêö£ ĂúöÞ£ ÿl ānwÊýp ÿl Ă¤zw¤í ø¤£ ªùwý¾z Āă Ĉõċv øöÞ¤õv ©»Āúý
  wþ¤æÎz )wþ¤öîÊù ô´õ Ĉõċv øöÞ¤õv½ĀÖùüĉ I    Lz wMùwú¤ăv ôél wþýqåͼøöÞ¤õvͼ    ÷Āê£ ć¼õv

  ¡wĊöúÝ ąwíw´úz ø¤Ąý đ ü´ý )ĈÝwþÖÍđv iwí¼õv ĔþÞúz Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ· Ăz
  vM¾Ċ¨ù v¼ă Ãwþõv ÐÞz º¬ĉ ºé )øöÞ¤õvI÷wú¤ăĒõ    wþùvº¸¤Åv y{Å ÄĊõ v¼ă üîõ

  üù Mđºz )Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ¸õIìõ»  {õv ¡v½ºêz ¾¨íl ûĀú¤Ąù ü´ý  Ć¬ù¾ ĆĊ£v¼õv    Ĉ¤õv
  Ĉå Ă¬ù¹ üù üîú¤ý Ĕ¤³ ówÞå ©»Āúý iwÊýp ºĉ¾ý )Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ· wă¾åĀ£

  Ć¬ù¾{õwz Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ· ÷Āê£ )Ĉ¬ù¾{õv wþÝÿ¾ÊùĆĊ£v¼õvI    Ĉõċv øöÞ¤õv ©»wúýÿ
 )wþõ wănwÊýp ø£ ªùv¾z Ĉă 

 

 Ĉõċv øöÞ¤õv ¡wĊù¿½vĀ¸õ ÷wÞõv ½wÕďv 

  ǹǶ ƧƾȌƾƳ Ʃ˫ƻƾǻǶ ƩƢƳǂƼǺ ƾȍǶȅƬǶ ƱƿȅǻǾ ƔƢǿƥ ʣνǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƼǶ ǸƢǠǶơ ǁƢǗ˨ơ ǵưǻƬȌ
  ƢȃƬǜƷ˫Ǻ ǹƬƫƍƾǠƥ    ǁƢǗƛ ǵǻƬǌȌ ǼƗ ǽψǻȌ .ƩƢǾƢȍƦǶơ ǽǺ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥƍǹǷǠƬǶơ    ʣƶǓȅǻǶơ

  ǵψǌǶơ5ŷ1ƍ  ƣǁƢƴƬǶơȄ ƤȌǁƾƬǶơ) ƩƢǾƢȍƦǶơ :λǷǟƍ(    ƔƢǿƦǶ ƨǺƾƼƬǈǻǶơ ƨȍǺǃǁơȅƼǶơȄ ƍƱƿȅǻǿǶơ 
  ƱƢƬǾ˨ ƱƿȅǻǿǶơ ǹȍȍǯƫ ơ˻ǂȍƻƗȄƍƩƢƳǂƼǻǶơ  ƨȍǶƢƬǶơ ǸƢǈǮ˦ơ ʣƢȃǿǺ ǵǲ Ƶǂǋ ǹƬȍǇȄ . 

 
Ƕơ ǵψǌ5ŷ1   νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƼǶ ǸƢǠǶơ ǁƢǗ˨ơ 

ƩƢǾƢȍƦǶơ 

ƨȍƦȌǁƾƬǶơ ƩƢǾƢȍƦǶơ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ 

ƱƿȅǻǿǶơ ƔƢǿƦǶ ƨȍƦȌǁƾƬǶơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇơ 

ǹȍȍǯƬǶơ 

ƩƢƳǂƼǻǶơ 

ƱƿȅǻǿǶơ ǁƢƦƬƻơ 

νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ 
 ƱƿȅǻǿǶơ  ƔƢǿƥ 
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©»Āúý ¾ĉĀÖ£ 

 øöÞ¤õv ĆĊù¿½vĀ·Ćõv¹ÿ  mÖ¸õv 

 ǹǷǠƬǶơ ƨȍǺǃǁơȅƻA  ƧƽȄƾƸǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽȍȍǠƫ νȂS  λǶƛ ƨǶơƾǶơ   ƨƸǋǂǻǶơὪ  Ǽȅǳƫ ƮȍƷὪ 
  ƢǿƫƢǾƢȍƥ ǼƗ ǑǂƬǫǾ .ǅƢȍǯǷǶ ƨǷƥƢǮὼȟώ    ǴƢǻƬƷ˪ơ ƨƷƢǈǺ ǽǺ ƾƷȅǺȄ ǵǯƬǈǺ ǵψǌƥ ƨǟǃȅǺ

ὢ  ὣ    ǹƴƸǶƢƥ” " λǿǠǺ ƽƾƸǾ . ƾȍƴǶơ Ɣơƽ˦ơʣ"    ƨǶơƽ ǴƢƻƽƛ ǭȌǂǗ ǽǟ ƢǺ ƨǻȃǺƘǘƼǶơƍ    ƨǶơƽ
ǮƨǷƥƢ  ǅƢȍǯǷǶ  ὒȡὢ  ὣ Ὂᴼ πȟЊ  ȀǀȂ  Ǽȅǳƫ  .ƘǘƼǶơ    ǵψǋ  ʣƢ˻ƦȌǂǯƫ  Ƣ˻ǻƟơƽ

ὒὼȟώȟὪ ὒώȟὪὼ    ǒǠƦǶ ǴơȄƽ  ὒ    ǽǺȄ .ƍǹƯ    ȀǀȂ ƨƥƢƬψǶơ ƨǯȌǂǗ ǸƾƼƬǈǾ ǨȅǇƢǻȍǪ  
  ƨǠȍƦǘƥ .νǷȌƍǴƢƸǶơ    ǂƦƬǠǾ ǼƗ ƤƴȌὒώȟὪὼ    ǥǶ ƚƦǿƬǶơ ƨǫǷǳƬǶ Ƣ˻ǇƢȍǯǺὪὼ  ƮȍƷ ƍώ  Ȃ ν 

 ǥǶ ƨȍǯȍǯƸǶơ ƨȍǻǈƬǶơὼ  ǼƗ ƢǿǠǮȅƫ ơƿƛ .Ὢὼ ώ ƚƦǿƫ Ǽƛ ǴȅǯǾ ƢǿǾƜǪ ƍ  ƾǿǟ ƢǾὼ   ȁƥȅǌƫ ˪) ǃƢƬǻǺ
  ȊƗ ǽǺ νǾƢǠǾ ˪Ɨ ǞǮȅƬǾȄ (ƨƦƟƢǋƘǘƻ    ƾǿǟὼ    ǴƢưǻǶơ ǵȍƦǇ λǷǟ)ὒώȟὪὼ π  ǁƢȍƬƻơ ƾǠȌ .(

ƨǶơƽ  ƘǘƼǶơ    .ƨǇǁƢǻǻǶơ ʣνǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ ǽǺ Ƣ˻ǻȃǺ ơ˻ƔǄƳ ƨƸȍƸǐǶơƢǻȍǪ  ƍνǷȌ    ǸƾǯǾƩƢǿȍǟ  
  Ʃơƿ ǸƢȃǻǶơ λǷǟƩƢƷƢǈǺ    ƨǫǷƬƼǻǶơ ƩƢǾƢȍƦǶơὢȟὣ  ǴơȄƽȄ  ƘǘƼǶơ    ƨǫǷƬƼǻǶơὒ. 

 м   Υ 

  ƧǁȅǐǶơ  ǩȍǿǐƬƥ  ǂǺ˦ơ  ǭǷǠƬȌ ƧǁȅǐǶơ  ǩȍǿǐƫὼ    ƨǷǻƬƸǻǶơ  ƩƢƠǫǶơ  ȆƾƷƛ λǶƛὅ ƢǿȂ .
ὼ‭Ὑ    ƮȍƷὌ    Ȅὡ    Ȅ ƢȃǓǂǟȄ ƧǁȅǐǶơ ǝƢǫƫǁơ ƢǻȂ3   ǂǻƷ˦ơ) ǼơȅǶ˦ơ ƩơȅǿǮ νȂ

ȍǻǈƬǶơ ƨƷƢǈǺ .(Ǭǁǃ˦ơȄ ǂǔƻ˦ơȄ  ƧƽȄƾƸǺ ƨǟȅǻƴǻǶ ƧƽȄƾƸǺ ƨὣ ὅ  ƱƿȅǻǾ ƲƫƢǾ ƲƬǿȌ .
  Ƣ˻ǠȌǃȅƫ ǩǿǐǻǶơŻƢǠǘǯƬǺ  Ὢὼ ὴȟȣȟὴ    ǭǪơȅƬƫ ƮȍƷ ƍ ƩƢƠǫǶơ λǷǟὴ   ǴƢǻƬƷơ ǞǺ

  ǴƢƻƽ˨ơ ƧǁȅǏ Ǽȅǳƫ ǼƗὼ    ƨƠǫǶơ ǽǺὧ  ƨǶơƾǲ .Ƙǘƻ    ǸƾƼƬǈǾ ƍ Ƙǘƻ   ƨǠǗƢǯƬǻǶơ ƢȍƥȄǂƬǾ˪ơ1    ȀǀȃǶ
ƨǷψǌǻǶơ: 

ὒώȟὪὼ
ρ

ὔ
ρώ ὧÌÏÇὴ ȟ   ὴ Ὢὼ  

 н   Υ 

  ƨǮƢǗ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ƧǁȅǷƦǶơ ǎƟƢǐƼƥ ƚƦǿƬǶơ ƽơȅǻǶơ ǹǷǟ νǪ ƨǠƟƢǌǶơ ƩƢǇǁƢǻǻǶơ ǽǺ
  ǞǺ ǁơƾƸǾơ ƨǷψǌǺ ƢȃǾƛ ƍ ǹǷǠƫ ƨǷψǌǻǲ .(ȀƢƴƫơ ˫ƥ νǾƢȍƥ ǹǇǁ) ȊǁǀǶơ ƢȃǷψȍȂ ǽǺ (ǽȌȅǳƬǶơὢ  

 
1 cross-entropy loss 



 
189                                              ȁǻȍȍǯƫȄ ƱƿȅǻǿǶơ ǁƢȍƬƻơ :ǆǺƢƼǶơ ǵǐǫǶơ 

 

  Ȅ ȀƢƴƫơ ˫ƥ ƨȍǾƢȍƦǶơ ǸȅǇǂǶơ ǽǺ ƨǟȅǻƴǻǲὣ ᴙ  ƨƦǈǿǶƢƥ .ƨǶơƾǶ  ƘǘƼǶơ    ǸơƾƼƬǇơ ǞƟƢǌǶơ ǽǺ ƍ
  ǖǇȅƬǺ) ǭǷǘǻǶơ ƘǘƼǶơMAEƧƾȍǠƦǶơ ǕƢǯǿǶơ λǶƛ ƨƦǈǿǶƢƥ ȁƫƢƦƯ ƤƦǈƥ (: 

ὒώȟὪὼ ȿώ Ὢὼȿ 

 øöÞ¤õv ĆöîÊù 
 ǁȄƾȌ ǹǷǠƬǶơ .ƢȃǻȃǪȄ ƩƢǾƢȍƦǶơ ǹǷǠƬǶ ƨȍƟƢǐƷ˨ơ ƩơȄƽ˦ơ ǸơƾƼƬǇơ ƨȍǷǻǟ λǶƛ νǶˤơ ǹǷǠƬǶơ ǂȍǌȌ

  ƽƢƴȌƛ ǴȅƷƨǶơƾǶơ  Ὢ  ƍ    ƧƽȄƾƸǻǶơ ƩƢǾƢȍƦǶơ ǽǺ ƾƬǻƫ νƬǶơȄS    ƨȍƟƢȃǾ˫Ƕơ ƨƷƢǈǻǶơ λǶƛὢ  ὣ .
  ǵȍǷǯƫ ƢȃǾƗ λǷǟ ƧǂǳǫǶơ ȀǀȂ ǽǟ ǂȍƦǠƬǶơ ǽψǻȌƘǘƼǶơ  ƍǞǮȅƬǻǶơ   ǂǗƢƼǻǶơ Ƣ˻ǔȌƗ λǻǈƫȄ1: 

ᴊὪ ὒώȟὪὼ ὒώȟὪὼ Ὠ ὼȟώ
  

 

ǂǗƢƼǻǶơ ǵȍǷǯƫ ȅȂ ǹǷǠƬǶơ ʣƢǿǪƾȂ : 

Ὢᶻ ὥὶὫάὭὲ
ὪɴὊ

ὒώȟὪὼ  

ὥὶὫάὭὲ
ὪɴὊ

ὒώȟὪὼ Ὠ”ὼȟώ
ὢ  ὣ

 

  ƩƢǾƢȍƥ ƢǿȌƾǶ Ǽ˦ ơ˻ǂǜǾƍƧƽȄƾƸǺ    ǽǺ ̝˪ƾƥ .ǂǗƢƼǻǶơ ƣƢǈƷ Ƣ˻ǔȌƗ ǵȍƸƬǈǻǶơ ǽǻǪƍǱǶƿ    ǸȅǯǾ
  ξǌǿǾȄ ƢǿƫƢǾƢȍƥ ǸơƾƼƬǇƢƥ ƢȃƦȌǂǯƬƥ ƨȍƦȌǂƴƫ ǂǗƢƼǺ2 : 

2-1 
ᴊὪ

ρ

ὲ
ὒώȟὪὼ  ὒώȟὪὼ Ὠ ὼȟώ

  

 

 
  ơǀȂƍǸȅȃǫǻǶơ    λǻǈǻǶơ  ǂǗƢƼǻǶơ ǵȍǷǯƬƥ ƨȍƦȌǂƴƬǶơƍ  ƮȌƾƸǶơ νǶˤơ ǹǷǠƬǶơ ǅƢǇƗ ȅȂ . 

  ǞȍǻƳ λǷǟ ƨȍƦȌǂƴƬǶơ ǂǗƢƼǻǶơ ǵȍǷǯƫ Ǵ˫ƻ ǽǺ ȁǾƗ ǵǺƘǾ ǼƗ ǽψǻȌǴơȄƾǶơ    ƢǿǿψǻȌ ƍǅƢȍǯǷǶ ƨǷƥƢǯǶơ
  ǽȍǻȍǶơ λǷǟ ƽȅƳȅǻǶơ ǂȍƦǠƬǶơ ƤȌǂǯƫ2ŷ1    λǷǟ ǴȅǐƸǶơȄƨǶơƾǶơ  Ὢ ὥὶὫάὭὲᶰᴊὪ 

ǥǶ ƨȃƥƢǌǺ  ƨǶơƾ  ƨǶƢƸǶơὪᶻ    .  ǞǺȄƍǱǶƿ    ǼȄƾƥ ǽψǻǺ ǂȍǣ ơǀȂ ǼƜǪƩƢǓơǂƬǪơ    ƨǯƦǈǺ ǕȄǂǋ ȄƗ
  ǂȍǣ Ʃơƽơƾǟ˨ơ ȀǀȂ ʣ.ƨȍǪƢǓƛƍƧƾȍǯǻǶơ   ǞȍǻƳ ʣǒǫƼǿǺ Ƙǘƻ ǭȍǯƸƫ ƱƿȅǻǾ Ȋ˦ ǽψǻȌ ˪

  ƩƢǠȌǃȅƫƍƩƢǾƢȍƦǶơ    ǹǇƢƥ ǨǂǠſƫ ˪ ƨƴȍƬǾ νȂȄ  ƨȌǂǜǾ ǼƢƴǻǶƢƥ ǆȍǶ ƔơƾǤǶơ  3. 

 
1 Risks 
2 empirical risk 
3 No Free Lunch Theorem 
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  ƔơƽƗ ǽȍƥ ǬǂǫǶơ λǻǈȌƨǶơƽ    ƨȍƦȌǂƴƬǶơ ǹǷǠƬǶơὪ  ǵǔǪƗȄ  ƔơƽƗ  ǽψǻǺ   Ƨȅƴǫƥ   ǹȍǻǠƬǶơ   ȄƗ   Ƙǘƻ  
 ǹȍǻǠƬǶơ1  .ƢǿǪƾȂ  ȅȂ  ǵȍǷǯƫ  ƨȍǶƢǻƬƷơ  ƭȄƾƷ  ơǀȂ  ƘǘƼǶơ: 

ᴊὪ ὭὲὪ
ὪɴὊ
‐Ὢ ‭ 

  λǶƛ νƟƢȃǾ ˪ ǵψǌƥ ƧȅƴǫǶơ ȀǀȂ ǎȍǷǯƫ ǹƫ ơƿƛƍǂǫǐǶơ  ȅȂ ƣȅǷǘǻǶƢǪ: 

ÌÉÍ
ᴼ

ᴊὪ ὭὲὪɴ‐Ὢ ‭ π  ᶅ π 

  v¼ă )øĊúÞ¤õv mÖ· wMýwĊ³l Ĉ{ĉ¾¬¤õv mÖ¸õv ĔúÆĉIĂýč    ĈåIÜévĀõv    øÚÞù ĈåI¡đw´õv    ÄĊõ
  ów¬ù Ĕõp óĀÍÿ wþĉºõX    ĂöúímzI¡Ē·ºúöõ    ĆĊÝ¾æõv yĉ½º¤õv ĆÝĀú¬ù Ĕõp Ôêå üîõÿ

SI  ĔöÝ Miwþz øĊúÞ¤õv ºĉ¾ýÿSI Ĉtv¾ê¤Åđv øöÞ¤õv wMÒĉl ĔúÆĉ ć¼õvÿ2 ) 

ûw¬úõwz ÄĊõ ivºâõv ! 

) νǾƢƴǻǶơ ƔơƾǤǶơ ƨȌǂǜǾNFL  ˪ ȁǾƗ Ƣ˻ǇƢǇƗ νǿǠƫ ƨȌǂǜǾ νȂ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ νǶˤơ ǹǷǠƬǶơ ʣ(
  ǒǠƥ ŻƢƦȌǂǣ ȄƾƦȌ ƾǮ .Ɣνǋ ǵψǶ ǸƢǟ ǵψǌƥ ƨȍǺǃǁơȅƻ ǵǔǪƗ νȂ νǶˤơ ǹǷǠƬǷǶ ƨȍǺǃǁơȅƻ ƾƳȅƫ

ƍƔνǌǶơ  ƪǻȃǶƗ Ƣǻƥǁ νƬǶơ ƧǂǳǫǶơ ǽψǶ  ƨȌǂǜǾ  NFL    ǽǺƢưǶơ ǼǂǯǶơ ʣƧǂǺ ǴȄ˦ ǨȅǈǷȍǪ ƢȃƷǂƬǮơ
  .ǂǌǟƍǹǠǾ    ȄƗ ƩƢȍǓƢȌǁ ǹǶƢǟ ǆȍǶ !ƶȍƸǏ ǵψǌƥ ǱǶƿ ƩƗǂǮ ƾǯǶƍƢ˻ȍƟƢǐƷƛ    ʣ.ǨȅǈǷȍǪ ǵƥ

  ǂǌǟ ǽǺƢưǶơ ǼǂǯǶơ ǩǐƬǿǺƍȊƽ˫ȍǻǶơ    ǨȅǈǷȍǫǶơ ƵǂƬǮơȊƾǿǷƬψǇ˦ơ    ȀƢǻǇƗ ƢǺ ǸȅȍȂ ƾȍǫȌƽ  ƨǷψǌǺ
 ƔơǂǯƬǇ˪ơ3  ƨǪǂǠǻǶơ λǶƛ ƢŻǯƷ ƢǾƽȅǯȌ νƟơǂǯƬǇ˪ơ Ǵ˪ƾƬǇ˪ơ ǼƢǲ ơƿƛ Ƣǻǟ ǴƘǈȌ νǫǈǷǪ ǴơƚǇ ơǀȂ .

 ƩƢƳƢƬǿƬǇ˪ơ ȁȍǪ ǎǷƼƬǈǾ ȊǀǶơ ǂȍǳǫƬǶơ ǴƢψǋƗ ǽǺ ǵψǋ ȅȂ νƟơǂǯƬǇ˪ơ Ǵ˪ƾƬǇ˪ơ .ƨȍǯȍǯƸǶơ
  ƩƢȍǺǃǁơȅƻ ȁǷǠǫƫ ƢǺ ǖƦǔǶƢƥ ȅȂ ơǀȂ ǼƗ ƨǌȂƾǷǶ ǂȍưǻǶơȄ .ǼȅψǷǶ ƨǯƥƢǈǶơ ƩƢǜƷ˫ǻǶơ λǷǟ ˻ƔƢǿƥ

ơ ǹǷǠƬǶơ  ƨȍƦǐǠǶơ ƨψƦǌǶơ ƩƾȂƢǋ ơƿƛ .νǶˤ100    ƨǠƴƦǶ ƧǁȅǏ ƍƔƢǔȍƥ    ǼƗ ƲƬǿƬǈƫ ǼƗ ǵǻƬƸǻǶơ ǽǻǪ
 ǖǻǿǶơ ǒǪǁ Ǽˤơ ǹƬȌ ƓƔơƽȅǇ ƨǠƴƥ ƨȍƦǐǠǶơ ƨψƦǌǶơ ƩƗǁ ơƿƛ ƭƾƸȌ ơƿƢǺ ǽψǶ .ǒȍƥƗ ǞƴƦǶơ ǞȍǻƳ
  ƧǂǳǫǶơ ȀǀȂ λǶƛ ǁƢǌȌ ƢǺ Ƣ˻ƦǶƢǣ .ƾƷơȄ ǴƽƢƦƬǺ ǴƢưǺ Ǵ˫ƻ ǽǺ ξƳƢǫǺ ǵψǌƥ ƨȍǺǃǁơȅƼǶơ ȁƬǻǷǠƫ ȊǀǶơ

ǇƢƥ  ǹ ƔơƽȅǈǶơ ƨǠƴƦǶơ ƨǮǁƢǫǺ4.  
 ƢǿǿψǻȌ ˪ ȊǀǶơ νƟơǂǯƬǇ˪ơ Ǵ˪ƾƬǇ˪ơ ƽȅȍǮ λǷǟ ƔȅǔǶơ ǖȍǷǈƬǶ ǭǘǿǻǶơ ơǀȂ ǸȅȍȂ ǸƾƼƬǇơ
 .ƩƢǜƷ˫ǻǶơ ǽǺ ƨȍǺȅǻǟ ǂưǲƗ ƨǟȅǻƴǺ λǷǟ ƩƢǜƷ˫ǻǶơ ǽǺ ƨǟȅǻƴǺ ǴȅƷ ƩƢƳƢƬǿƬǇ˪ơ ǭȍƦǘƫ

 
1 generalization error 
2 inductive learning 
3 the problem of induction 

4 the black swan paradox 
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" :ƨȌǂǌƦǶơ ƨǠȍƦǘǶơ ǽǟ ƨǶƢǇǁ ʣǸȅȍȂ ƾȍǫȌƽ ǴȅǯȌ  ƪƦưȌ ǵȍǶƽ ƾƳȅȌ ˪ƍǱǶƿ   ǹǶ νƬǶơ ƔƢȍǋ˦ƢǪ
ȀƢǾǂƦƬƻơ ƢǻǶ ƨȃƥƢǌǺ ƢȂǂƦƬƼǾ  ǽǺ ǂưǲƗ ƾǠƥ ."200  ƍǸƢǟ   ǻȃǶƗƪ  ƨȌǂǜǾ  NFL  νǶˤơ ǹǷǠƬǶơ . 

 ȁƬǶƢǯǺ νǪ1  ǸƢǟ1996ƍ  ǹǷǠƬǷǶ νǾƢƴǻǶơ ƔơƾǤǶơ ƨǶƘǈǺ ƩǂȍƦǷȌȄ ǸƾǮƍνǶˤơ   ǅƢƦƬǮ˪ơ Ƣ˻ǺƾƼƬǈǺ
  ǽǺ ƨȍǶƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶ ƨƦǈǿǶƢƥ ȁǾƗ λǷǟ ƨȌǂǜǿǶơ ȀǀȂ ǎǿƫ .ȁƬǶƢǯǺ ƨȌơƾƥ ʣǸȅȍȂ ƾȍǫȌƽ ǽǺ

ƍƔƢǓȅǔǶơ    νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ ǵψǶA  ȄBƍ    ǖǇȅƬǺ ǼȅψȍǇ  ƔơƽƗA  ȄB    ʣȁǈǫǾ ȅȂ
.ƾƷȅǻǶơ ǴƢǻƬƷ˪ơ ǞȌǃȅƫ ǽǺ ƧƿȅƻƘǻǶơ ƨǷǻƬƸǻǶơ Ʃ˫ψǌǻǶơ ƩƢǿȍǟ ǞȍǻƳ 

    νǶˤơ ǹǷǠƬǷǶ ƨȍǺǃǁơȅƻ ǵǲ Ǟǔƫ .νƟơǂǯƬǇ˪ơ ǂȍǳǫƬǶơ ǸȅȃǫǺ λǶƛ ơǀȂ ƽȅǠȌ ƓƶȍƸǏ ơǀȂ ơƿƢǻǶ
  ƢǺ Ƣ˻ƦǶƢǣ .ƨǶˤơ ǹǷǠƫ ƨǷψǌǻǶ ƨǪƾȃƬǈǻǶơ ƩơǂȍǤƬǻǶơȄ ƩƢǻǈǶơ ǽȍƥ ƨǮ˫ǠǶơ ǴȅƷ ƨǯƥƢǇ ƩƢǓơǂƬǪơ

ǀȂ λǻǈƫ ƨǯƥƢǈǶơ ƩƢǓơǂƬǪ˪ơ ƩƢǓơǂƬǪ˪ơ Ȁ2  λǷǟ ƨǷψǌǺ ȊƗ ʣνǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƔơƽƗ ƾǻƬǠȌ .
  ƨǷψǌǺ ǵƸǶ ơŻƾȍƳ ƨȍǺǃǁơȅƼǶơ ǵǻǠƫ ƾǮ .ƨǷψǌǻǶơ ƨǯȍǯƷ ǞǺ ƨȍǺǃǁơȅƼǶơ ƩƢǓơǂƬǪơ ǭǪơȅƫ ȆƾǺ

ƍƢǺ   ǵǻǠƫ ˪ ƾǮ ƮȍƷ ƨǫǷƬƼǺ ƨǷψǌǺ λǷǟ ơŻƾȍƳ ǵǻǠƫ ƢȃǾƘƥ ƽƢǯƬǟ˫Ƕ ƤƦǇ ƾƳȅȌ ˪ ǽψǶȄ
  .ƩƢȍǓǂǫǶơνǶˤơ ǹǷǠƬǶơ ʣƔơƽȅǈǶơ ƨǠƴƦǶơ ƨǮǁƢǫǺ ǅƢǇ˦ơ ʣȅȂ ǸȅȃǫǻǶơ ơǀȂ. 

  ǵƥƢǯǺ ȁǠǪƾƫ ȊǀǶơ ǂǠǈǶơ ǆǫǾ νȂ ƨȍǺǃǁơȅƻ ȊƗ ǁƢȍƬƻơ ƾǿǟ Ƣȃƥ Ǹȅǯƫ νƬǶơ ƧƾȍǯǻǶơ ƩƢǓơǂƬǪ˪ơ
  ƢȌƢǔǯǶơ ǒǠƥ ʣνǠȍƦǗ ǵψǌƥ ǵǔǪƗ Ǳƥ ƨǏƢƼǶơ ƨȍǺǃǁơȅƼǶơ ǵǠƴƫ ƩƢǓơǂƬǪ˪ơ ȀǀȂ .ƔơƾǤǶơ

 ƦǗ ǵψǌƥ ƪǮȅǶơ ǆǫǾ ʣƢǻǿȍƥǂƻˤơ ǒǠƦǶơ ʣƗȅǇƗ νǠȍ. 
  ƩƢȌǂǜǿǶơ ȀǀȂ ǵǲƍƨǠƟơǁ    νǿǠȌ ơƿƢǺ ǽψǶȄNFL    νǶƕ ǹǷǠƫ ǅƾǿȃǺ ȄƗ ƩƢǾƢȍƥ ǹǶƢǠǲ ǱǶ ƨƦǈǿǶƢƥ

  ǞƦǘǶƢƥ ƓƨȌȄƢǈƬǺ ƩƢȍǺǃǁơȅƼǶơ ǞȍǻƳ ǼƗ νǿǠȌ ơǀȂȄ ƓƝƾƬƦǺ ƽǂƴǺ ȄƗ!!˪ʣ  ƨǇǁƢǻǻǶơ  ƍƨȍǷǻǠǶơ   ˪
  νǶˤơ ǹǷǠƬǶơ ǵǲƢǌǺ ǽǺ ƨǷǺƢψǶơ ƨǟȅǻƴǻǶơ Ǽ˦ ơǀȂ .ƨǯȌǂǘǶơ ǆǫǿƥ ƩƢȍǺǃǁơȅƼǶơ ǵǲ ƔƢǌǾƛ ǹƬȌ

  ƨǶƢƷ ʣȊǂǜǾ ǸȅȃǫǺ νȂNFL  ưψƥ ǂƦǲƗ νȂȄ  νƬǶơ ƨȍǷǻǠǶơ νǶˤơ ǹǷǠƬǶơ ǵǲƢǌǺ ƨǟȅǻƴǺ ǽǺ ǂȍ
  Ʃ˫ψǌǻǶơ ǽǺ ƨǿȍǠǺ ǝơȅǾƗ ʣǵǔǪƗ ˻ƔơƽƗ ŻƧƽƢǟ ƩƢȍǺǃǁơȅƼǶơ ǒǠƥ Ȋƽƚƫ ƾǮ .ǵǠǫǶƢƥ ƢȃǷƷ ǴȄƢƸǿǇ

 ǽǺ ǂưǲƗƍƢȂǂȍǣ   ǱǷƫ ƢȃƬǺƾǮ νƬǶơ ƨǯƥƢǈǶơ ƩƢǓơǂƬǪ˪ơ ƤƦǈƥ ƣȅȍǟȄ ƢȌơǄǺ ƨȍǺǃǁơȅƻ ǵψǶ ǽψǶȄ
  ǵưǺ ƨȍǺǃǁơȅƻ Ǽȅǳƫ Ƣǻƥǁ .ƨȍǺǃǁơȅƼǶơXGBoost    ƩƢǮƢƦǇ ǽǺ ƩƢƠǻǶƢƥ ƩǃƢǪ ƾǮKaggle  ƍ

  λǷǟ ƨǻƟƢǯǶơ ƱƿƢǻǿǶơ ʣƧƽȄƾƸǻǶơ ƩƢǓơǂƬǪ˪ơ ƤƦǈƥ ǽψǶȄƍǁƢƴǋ˦ơ    ʣƢ˻ǠȌǁƿ ̿˫ǌǪ ƪǷǌǪ ƾǯǪ
 ǁȅǐǶơ ǩȍǿǐƫ ǵưǺ ƧƾǯǠǻǶơ ǸƢȃǻǶơ ʣơŻƾȍƳ ˻ƔơƽƗ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ Ȋƽƚƫ ƾǮ .ǸƢȃǻǶƢƥ ƚƦǿƬǶơ

  λǷǟ ǨǂǠƬǶơȄƍǸ˫ψǶơ    ƢȃƦȌǁƾƫ ǹƬȌ ǹǶ ơƿƛ ǽψǶȄ  ǵψǌƥƍƶȍƸǏ    ǽǺ νǾƢǠƫ ƾǯǪ ƾƟơǄǶơ ǖƦǔǶơ3    ƤƦǈƥ
 .ƢȂƾȍǯǠƫ 

 ȁȍǿǠȌ ƢǺ ơǀȂ ƍ ƨȍǷǻǠǶơ ƨȍƷƢǿǶơ ǽǺNFL: 

 
1 The Lack of A Priori Distinctions Between Learning Algorithms 
2 priori assumptions 

3 Overfitting 
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¶   ƨȍǺǃǁơȅƻ ȊƗ ǽǺ ǵǔǪƗ νǶˤơ ǹǷǠƬǶơ Ʃ˫ψǌǺ ǞȍǻƳ ǵƸƫ ƧƾƷơȄ ƨȍǺǃǁơȅƻ ƾƳȅƫ ˪
.ȆǂƻƗ 

¶   νǶˤơ ǹǷǠƬǶơ ƨǷψǌǻǶ ǵǺƢψǶơ ǱǻȃǪ ǽǺ ƾǲƘƫ ƍ ƢȃǺơƾƼƬǇ˪ ƨȍǺǃǁơȅƻ ǁƢȍƬƻơ ǵƦǮ
 .ƢȃƫƢǾƢȍƥȄ 

¶ ơ λǶƛ ǵȍǻƫȄ λǷǟƗ ǃƢȍƸǾƢƥ ƍ νƬǈƳȅǷǶơ ǁơƾƸǾ˪ơ ǵưǺ ƍ ǖǈƥ˦ơ ƱƿƢǻǿǶơ ǄȍǻƬƫ  ǖƦǔǶ
ǎǮƢǿǶơ   ǽȌƢƦƬǶơ ǽǺ ƾȌǄǻƥ ƍ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǵưǺ ƍ ơŻƾȍǯǠƫ ǂưǲ˦ơ ƱƿƢǻǿǶơ ǞƬǻƬƫ Ƣǻǿȍƥ ƍ

  λǶƛ ǵȍǻƫȄƾƟơǄǶơ ǖƦǔǶơ . 
¶  ǽȌƢƦƬǶơ νƬǪƢƷ ǽȍƥ ƢǺ ǼƢψǺ νǪ Ǟǯƫ ƨǿȍǠǺ ƨǷψǌǻǶ ƱƿƢǻǿǶơ ǵǔǪƗŷơ .ǄȍƸƬǻǶ 
¶   ƢȃƬǾǁƢǯǺȄ ƨǫǷƬƼǺ ƱƿƢǻǾ ƨƥǂƴƫ λǶƛ ǂǘǔƫ ƾǮ ƍ ƢǺ ƨǷψǌǻǶ ƾȍƳ ƱƿȅǻǾ λǷǟ ǁȅưǠǷǶ

 .ƨȌȅǮ ǭǯƸƫ ƨȍƴȍƫơǂƬǇơ ǸơƾƼƬǇƢƥ 

 óđº¤Åđv ôzwêù o{þ¤õv 

  ǵψǌƥƍǸƢǟ    νǟȅǾ ȄƗ νǻǲ ǂȍǤƬǺ ǞǮȅƫ ȅȂ Ǩơǂǋ˩Ƕ ƨǠǓƢƻ ǹǷǠƫ ƨȍǷǻǟ ȊƗ ǽǺ ǨƾȃǶơώ   ˻ƔƢǿƥ
  ǽǺ ƨǟȅǻƴǺ λǷǟὴ    ǽȍƠƦǿƬǻǶơὼȟὼȣȟὼ  λǶƛ ƨǪƢǓ˨Ƣƥ .ƍǱǶƿ   ǽȍƥ ƨǮ˫ǟ ǰƢǿȂ ǼƗ ǑǂƬǫǾ

ώ   Ȅὼ  ǖǈƥƗ ʣ.ƍƩ˪ƢƸǶơ    ȅƸǿǶơ λǷǟ ƨǮ˫ǠǶơ ȀǀȂ ǽǟ ǂȍƦǠƬǶơ ǽψǻȌ:νǶƢƬǶơ 

ώ Ὢὼὴ ‭ 

  ƮȍƷὪ   ƨǶơƽ    ƪƥơȅưǶơ ǞǺ ǽψǶȄ ƨǪȄǂǠǺ ǂȍǣὼȟὼȣȟὼ   Ȅ‭   ǞȍǻƳ ǵưǻȌ Ƙǘƻ ǂȍƦǠƫ ȅȂ
  ǥƥ ǭǷǠƬƫ νƬǶơ ƩơǂȍǤƬǻǶơώ    ʣ.ƱƿȅǻǿǶơ ʣƨǿǻǔǺ ǂȍǣ ƢȃǿψǶȄƍƔƢǐƷ˨ơ    ƘǘƼǶơ ǂȍƦǠƫ ǼƗ ǑǂƬǫǾ

  ǽǟ ǵǯƬǈǺὼ      ƍ ǂƻƕ λǿǠǻƥ .ǂǫǏ ȅȂ ȁǘǇȅƬǺ ǼƗȄὪ   νȂ ƨǶơƽ    ǽȍƥ ƨǮ˫ǠǶơ ǹǇǂƫ (ƨǪȄǂǠǺ ǂȍǣ)
  Ǽ˦ ơ˻ǂǜǾ .ƞƦǿƬǻǶơȄ ƨƥƢƴƬǇ˪ơ ǂȍǤƬǺƨǶơƾǶơ    ǂȍǣƍƨǪȄǂǠǺ    ȀǀȂ ǂȌƾǯƫ ƢǿȍǷǟ ǽȍǠƬȌƨǶơƾǶơ   λǷǟ ˻ƔƢǿƥ
  ǵȍǷƸƬǶơ ʣ.ƧƽȅǏǂǻǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾƍνƟƢǐƷ˨ơ    ǂȌƾǯƬǶ ǸƢǻƬȂ˫Ƕ ǼƢȍǈȍƟǁ Ǽ˪ƢƴǺ ǰƢǿȂ  ƨǶơƽ  Ὢ ƍ

  ƢǻȂȄƚƦǿƬǶơȄ Ǵ˪ƾƬǇ˪ơ . 
Ƕˤơ ǹǷǠƬǶơ ǹƬȃȌ  ȁƳȄ λǷǟ .ƚƦǿƬǶƢƥ νǇƢǇƗ ǵψǌƥ νƍǍȅǐƼǶơ   ƨǟȅǻƴǺ ƾȌƾƸƬƥ ƨǻƬȃǺ νȃǪ

  ƩƢƳǂƼǻǶ ƨǮƽ ƩơƚƦǿƬǶơ ǂưǲƗ ǂǪȅƫ νƬǶơ ǽȍƠƦǿƬǻǶơώ    λǿǠǻƥ .ƨǮ˫ǠǶơ ƨǠȍƦǘƥ Ƣ˻ǺƢǻƬȂơ ǵǮƗ νȂȄ ƍǂƻƕ 
  ƨȍǶƢǟ ǞǮȅƬǶơ ƧȅǮ ǼƗ ƢǻǶƢǗ ƍƨǯǈƬǺȄ    ƞƦǿƬǺ ǽȍƥ ƨȍƦƦǇ ƨǮ˫ǟ ƽȅƳȄ ȊǁȄǂǔǶơ ǽǺ ǆȍǷǪὼ    ǂȍǤƬǺȄ

  ƨƥƢƴƬǇ˪ơώ  ƨƴȍƬǾ .ƍǱǶǀǶ    ǥǶ ǭȍǮƾǶơ ǵψǌǶơȄ ƩƢǾƢȍƦǶơ ǴȅƷ ƩƢǓơǂƬǪơ ǞǓȄ λǶƛ ƱƢƬƸǾ ˪Ὢ .
  ǖǇȅƬǻǶơ ʣǂǫǏ ȅȂ ƘǘƼǶơ ǼƢȍƥ Ǽ˦ ơ˻ǂǜǾ  ǥƥ ƚƦǿƬǶơ ƢǿǿψǻȌ ƍώ   ǽǺ ƨǟȅǻƴǻǶơ ȀǀȂ λǷǟ ˻ƔƢǿƥ

 .ǽȍƠƦǿƬǻǶơ 

ώ Ὢὼ 
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  ƮȍƷὪ  νȂ ƨǶơƽ    ǂȌƾǯƫὪ    Ȅώ    ǥǶ ƨǠǮȅƬǻǶơ ǹȍǯǶơ νȂώ  ǹǷǠƬǶơ ʣ.ƍνǶˤơ   ȅȂ ŻƧƽƢǟ ǨƾȃǶơ ǼȅψȌ
  ǂȌƾǯƫƾǶơơƨǶ  Ὢ  .ƚƦǿƬǶơ Ƙǘƻ ǵǷǯȌ ƢǻǺ ƍ 

  äĉ¾Þ£ o{þ¤õv 
ėąºĉº¬õvė¡wýwĊ{õvėÓwêþzėo{þ¤öõė©»Āúþõvė÷º¸¤Åv 

í Ăùvº¸¤Åv ºþÝ I o{þ¤õv ¾ĊÊĉm  Ĉå ¥¹w³ ÿl ¥º³ óĀ³ ĆÞÕwé ¡wýwĊz Ĕõp I øÅ
  Ĕõp ºþ¤Æĉ đ ÿl wĄúĊĊê£ ºþ¤Æĉ ºé )ô{ê¤Æúõv üù ÄĊõ )Ćõ¹čvÿ ètwê´õvÿ ¡wýwĊ{õv

  ¾Ċá ô{ê¤Æúõwz o{þ¤õv ûč v¼ă )đ ÷l wḾ Ċ´Í ûĀîĊÅ o{þ¤õv ûwí v»p wù wMútv¹ ²ÑvĀõv
  ĈþÞĉ ²öÖÎúõv ûqå I ôÞæí Ăùvº¸¤Åv ºþÝ )ãÿ¾Þùͼo{þ¤õvͼ  ûl ìõ» ĔöÝ Ćö¨ùčv üùÿ )

  ĆĉĀ¬õv ¹wÍ½čv øõwÝͼ   {þ£oͼ    ÿl )đ ÷l ¾Öú¤Å ¢ýwí v»p wùͼm{þ£ͼ  v  )Mw{ĉ¾é óÀþúõv ÜĊ{z ãv¾Þõ
  ²öÖÎù ĔöÝ Ćö¨ùčv ÐÞzͼo{þ¤õvͼ    5Ĉă ąº³vÿ Ćöú« Ĉåͼ  āo{þ£ͼ    ûwí ô{ê¤Æúõv üÝ

 ÿl )wMuÕw·ͼo{þ£ͼ ÷ĀĊõv ìõ» Ĉå ĆõĀÖ{õwz ¾ú³čv èĉ¾æõv ¿Āæĉ ûl ĈöÝ ) 
 

  äĉ¾Þ£  ©w¤þ¤Åđv 
ėº¸¤Åvėv¡wýwĊ{õvėºĊõĀ£ėĆĊöúÝėĔöÝėã¾Þ¤öõė©»Āúþõvė÷ 

  ¾ĊÊĉí Ăùvº¸¤Åv ºþÝ I ©w¤þ¤Åđvm ĔöÝ wĄúĊĊê£ ø£ Ć¬Ċ¤ý Ĕõp óĀÍĀõv ôÞå Ĕõp I øÅ
 üĊz ĆéĒÞõv äÎĉ ©»Āúý iwþz ìõ» üúÒ¤ĉ )Ć³w¤úõv Ćõ¹čvÿ ètwê´õvÿ ¡wýwĊ{õv ÃwÅl
  I ĈêĊê³ øĊĊê¤õv ûč vM¾Úý )ĆĊtwÎ³ďv ¡wýwĊ{õv ÷vº¸¤Åwz ¥º³ ÿl ¥º³ ªtw¤ýÿ ¡v¾Ċâ¤úõv

  )üĊêĊõv üù ¾Ċ¨îõv ëwþĄå  ½ÿºĉ đ ºé I ìõ» Ĕõp ĆåwÑďwz©w¤þ¤Åđv    óĀ³ ą½ÿ¾Òõwz
  ²öÖÎù ÷º¸¤Æĉ )ãÿ¾Þù ¾Ċá ô{ê¤Æùͼ  ©w¤þ¤Åđvͼ    ©w¤þ¤Åđv èöÞ¤ĉ wùºþÝ ą¹wÝ

  øÅwz ²öÖÎúõv ã¾ÞQĉ I ôÞæí Ăùvº¸¤Åv ºþÝ )¾Ñw´õwzͼ©w¤þ¤Åvͼ  ôÍĀ¤õv ĈþÞĉ v¼ă )
Ý wMuĊÅ ówæÕčv ¾ĄÚù ûwí v»p I ów¨úõv ôĊ{Å ĔöÝ )Ć¬Ċ¤ý Ĕõp ûqå I wMùwÞÕ ûĀöímĉ wùºþ

  øĄ£wĄùlͼü¬¤þ¤Æĉͼ    øÞÖù óĀ³ wMĊ{öÅ wMĉl½ Ãwþõv ĔÖÝl v»p ÿl )÷wÞÖõv ûĀ{´ĉ đ øĄýl
  I wùͼ ª¤þ¤ÆQĉͼ    ²öÖÎù ĔöÝ Ćö¨ùčv ÐÞz )iĈÅ øĄùwÞÕ ûlͼ©w¤þ¤Åđvͼ    Ćöú« Ĉå

  5Ĉă ąº³vÿͼ ª¤þ¤Åvͼ    āºÝwÆù üù èê´úõv yöÕ ÿl I ĆõÿwÖõv ¢´£ ûwí wù ĈöÝ
ͼ©w¤þ¤Åđvͼ  )Ć³w¤úõv ütv¾êõv ĔöÝ Miwþz 
 

  Ĉå Io{þ¤õv    ¾ĉºê¤z ûĀú¤Ąù ü´ýὪ    ÜéĀ£ üù üîú¤ý Ĕ¤³ Ćéºõv üù üîúù ½ºé ¾{ímz
 ãºĄ¤Æúõv ¾Ċâ¤úõvὣ   Ćöê¤Æúõv ¡v¾Ċâ¤úõv ĔöÝ Miwþzὢ  Ĉå )©w¤þ¤ÅđvI    Iē¾·l ĆĊ³wý üù

  ¾ĉºê¤z üĊú¤Ąù wþõ¿ wùὪ    ĆéĒÞõv øĄæõ üîõÿ I ¡vo{þ£ ôúÞõ ÄĊõ ą¾úõv ā¼ă üîõ I
 üĊzὢ   ÿὣ) 
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 ą½ÿ¾Ñ Āă ¾ĊÆæ¤õv©w¤þ¤ÅĒõ 

  ǵψǌƥƍνǇƢǇƗ    ƨƦǇƢǿǻǶơ ƱƿƢǻǿǶơ ǽȍƥ Ǩ˫Ƭƻ˪ơ ǵȍǷǯƫ ǹƬȌƱƢƬǿƬǇ˫Ƕ   λǶƛ ƨƦǇƢǿǻǶơ ǂȍǣ ƱƿƢǻǿǶơȄ
 ǽψǻȌ ƱƿȅǻǾ ȁǾƗ λǷǟ Ȁǂȍǈǫƫ ǽψǻȌ ƓƱƿȅǻǿǶơ ǂȍǈǫƫ ƨȍǷƥƢǯƥ ƽȅǐǯǻǶơ ƢǺ .ƱƿȅǻǿǶơ ǂȍǈǫƫ ƨȍǷƥƢǮ

ƚƦǿƬǷǶ ƨȍǶƢƬǶơ ǬǂǘǶơ ǰǁƢƦƬǟơ ʣǞǓ .ȁƫơǂȌƾǯƫ ƔƢǌǾƛ ƨȍǫȍǲ ʣǂǜǿǶơ ƧƽƢǟƛ ȁǶ˫ƻ ǽǺ ǼƢǈǾ˩Ƕ: 

¶   :ǂȍǈǫƬǷǶ ǵƥƢǮơ ǁơƾƸǾ˪ơ ǵưǺ) ƨǻǻǠǻǶơ ƨȍǘƼǶơ ƱƿƢǻǿǶơ  (νƬǈƳȅǷǶơ ǁơƾƸǾ˪ơȄ νǘƼǶ
 νǘƼǶơ ǵǐǫǶơ ǵȍǷƸƫȄ1  ǁơǂǯǶơ ǁƢƴǋƗȄ νǘƼǶơ ǹǟƾǶơ ȁƴƬǺ Ʃ˪ƕȄ. 

¶   ǂȍǈǫƬǷǶ ǵƥƢǮ ǂȍǣ (ǂȍǈǫƬǷǶ ƨȍǷƥƢǮ ǵǮƗ) ƨȍǘƼǶơ ǂȍǣ ǹǟƾǶơ Ʃ˪ƕȄ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ :
ƨȍƟơȅǌǠǶơ ƩƢƥƢǤǶơȄ . 

  ʣƧƾȍǫǺ ǂȍǈǫƬǷǶ ƨǷƥƢǯǶơ ǬǂǘǶơ ǽǺ ƨȍǟǂǪ ƨǟȅǻƴǺ ǖǯǪ ƱƢƬǿƬǇ˪ơ  ǵȍƦǇ λǷǟ . ǻǶơƍǴƢư   ǽψǻȌ
  ǂȍƯƘƫ ǂȍǈǫƫ ǽψǻȌ ƮȍƸƥ ƨȍǏƢƻ ǵψǶ ˙ŻˠǺƢǠǺ ǂǪȅƫ ƢȃǾ˦ νǘƼǶơ ǹǟƾǶơ ȁƴƬǺ Ʃ˪ƕ ǂȍǈǫƫ

  ǞǺȄ .ƚƦǿƬǶơ λǷǟ ƨȌƽǂǫǶơ ǎƟƢǐƼǶơƍǱǶƿ  ȃƴƬǻǶơ Ʃ˪ƕ ƶǻǈƫ ˪ ƩƢ  Ƕơƨǻǟơƾ    Ǹƾǟ Ʃ˪ƢƷ ǂȌƾǯƬƥ
  νǿǻǓ ǅƢȍǯǺ λǷǟ ǴȅǐƸǶơ ǽψǻȌ ˪Ȅ (ǽȌƢƦƬǶơ ǵưǺ) ƱƿȅǻǿǶơ Ʃ˫ǺƢǠǻƥ ƨǯǷǠƬǻǶơ ǽȍǯȍǶơ

  Ʃ˪ƕ ǼƗ ǚƷ˪ .ƱƿȅǻǿǶơ ƨȍǮȅƯȅǻǶǶơ  ȁƴƬǻǹǟơƾǶơ    Ʃ˪ƢǻƬƷơ ƾȍǶȅƫ λǷǟ ƧǁƽƢǮƍƱơǂƻ˨ơ   ȀǀȂ ǽψǶȄ
  ǂȌƾǯƫ ƨȍǮȅƯȅǺ λǶƛ ƾǿƬǈƫ ˪Ȅ ǁơǂǯǶơ ǹȍǯǶ ǵȌȅƸƫ ȆȅǇ ƪǈȍǶ Ʃ˪ƢǻƬƷ˪ơǺƢǠǻǶơƩ˫ ȅȂ ơǀȂ .

  Ʃ˪ƕ ǵưǺ ǂȍǈǫƬǷǶ ƨǷƥƢǯǶơ ǬǂǘǶơ λƬƷ ǼƗ ʣƤƦǈǶơƩƢȃƴƬǺ    ǂȍǣ ǁơǂǯǶơ ǁƢƴǋƗȄ νǘƼǶơ ǹǟƾǶơ
  ƨȍǪƢǲƱƢƬǿƬǇ˫Ƕ  ʣ.ƍǵƥƢǯǻǶơ    ǁơƾƸǾ˪ơ ǰǁƢƦƬǟơ ʣǞǓƍνǘƼǶơ   ǞƦƬƫ ƩƢǾƢȍƦǶơ ǼƗ ǑǂƬǫȌ ȊǀǶơȄ

ǮȅƯȅǺ ƩơǂƬǪȄ Ʃ˫ǺƢǠǺ ǂȌƾǯƬǶ ȊǁƢȍǠǻǶơ ƘǘƼǶơ ƱƿƢǻǿǶơ ȀǀȂ ƽƾƸƫ .νǇȄƢǣ ǞȌǃȅƫ  .ƩƢƳǂƼǻǶơ ƨȍ
  ƱƢƬǾƛ ƨȍǷǻǠǶ ƨǷǻƬƸǻǶơ ƨǠȍƦǘǶơ ǹȃǫƥ ƢǿǶ ƶǻǈȌ νǘƼǶơ ǁơƾƸǾ˪ơ Ǽ˦ ơ˻ǂǜǾƍƩƢǾƢȍƦǶơ    ƨǯȌǂǗ νȃǪ

 ƱƿƢǻǿǶơ ȀǀȂ ǩȍȍǳƫ ǽψǻȌ ȁǾ˦ ƧǂȍƦǲ ƨȍƦǠǌƥ Ǵ˪ƾƬǇ˫Ƕ ƨȌǄȌƢƦǶơ ǬǂǘǶơ λǜƸƫ .ƱƢƬǿƬǇ˫Ƕ ƧƾȍƳ
 .ƩƢǾƢȍƦǶơ ƱƢƬǾƛ ƨȍǷǻǟ ǴȅƷ ƨǫǷƬƼǺ ƩƢǓơǂƬǪơ ǽȍƥ ǞǻƴƬǶ 

 ǻǾ ǱȌƾǶ Ǽ˦ ǖǯǪ  ƨȍǫȍǲ ȅȂ ǹȃȌ ƢǺ .ƢŻǯƷ ǱǶƿ ǵǠǫƫ ǱǾƗ νǿǠȌ ˪ Ǵ˪ƾƬǇ˫Ƕ ơŻƾȍǫǺ Ƣ˻Ƴƿȅ
  ǵȍƦǇ λǷǟ .ƱƿȅǻǿǶơ ǸơƾƼƬǇơƍǴƢưǻǶơ   ƨƦǇƢǿǺ ƨǻǻǠǻǶơ ƨȍǘƼǶơ ƱƿƢǻǿǶơ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ

ƍǴ˪ƾƬǇ˫Ƕ    νƬǶơ ƨȍǶƢƬǶơ ƨǷưǺ˦ơ ǰǁƢƦƬǟơ ʣǞǓ .ƨȌƚƦǿƬǶơ Ǒơǂǣ˧Ƕ ˪ƛ ƢȃǺơƾƼƬǇơ ǽψǻȌ ˪ ȁǾƗ ˪ƛ
ǽȍƥ ǄȍȍǻƬǶơ ǵǠƴƫ  Ƣ˻ƷȅǓȄ ǂưǲƗ Ǵ˪ƾƬǇ˪ơȄ ƚƦǿƬǶơ: 

Á   :ƚƦǿƬǶơ  ƾǯƬǠƫ ǱǾ˦ ơ˻ǂǜǾ .ƨǯƥƢǈǶơ ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥ ƨȍǷƦǯƬǈǻǶơ ǼȄǃȄ˦ơ ƩƢȌȅƬǈǻƥ ƚƦǿƬǶơ ƾȌǂƫ
  νǈǻǌǶơ ǝƢǠǋ˨ơȄ ƧǁơǂƸǶơ ƨƳǁƽ ǅƢȍǮȄ ǼȄǃȄ˦ơ ȆȅƬǈǺ ǽȍƥ ƨȍǘƻ ƨǮ˫ǟ ǰƢǿȂ ǼƗ ƍƵƢȌǂǶơȄ  

  ʣƘǘƼǶơ ǵǷǯȌ ȊǀǶơ ƱƿȅǻǿǶơ ǁƢƬƼƫȄ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǷǟ ƨȍǘƻ ƱƿƢǻǾ Ƨƾǟ Ǟǔƫ ǱǾƜǪ
ǂƴƬǶơ ƨǟȅǻƴǻǶơ  .ƨȍƦȌƍơ˻ǂȍƻƗ    .ǼȄǃȄ˦ơ ƩƢȌȅƬǈǻƥ ƚƦǿƬǷǶ ƽƾƸǻǶơ ƱƿȅǻǿǶơ ǸơƾƼƬǇơ ǱǿψǻȌ

 
1 Linear Discriminant Analysis (LDA) 
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  Ƙǘƻ ǽǺ ǵǷǯȌ ƱƿȅǻǿǶơ ǼƗ ƢǻǶƢǗ ȁǾƗ ǚƷ˪ƍǁƢƦƬƻ˪ơ    ƱƿȅǻǾ ǑơǂƬǪƢƥ Ǭ˫Ǘ˨ơ λǷǟ ǹƬȃƫ ˪ ƪǾƘǪ
ǼƢȍǇȄƢǲ  .ƱƿȅǻǿǶơ ǂȌƾǯƫ ʣƧƽǁơȅǶơ ƨȍǪƢǓ˨ơ ƩƢǺȅǷǠǻǶơ ȄƗ 

Á   :Ǵ˪ƾƬǇ˪ơǼȄǃȄ˦ơ ƶǘǇ ǂƯƘƬȌ ǩȍǲ ǹȃǫƫ ǼƗ ƾȌǂƫ    .ƵƢȌǂǶơȄ νǈǻǌǶơ ǝƢǠǋ˨ơȄ ƧǁơǂƸǶơ ƨƳǁƾƥ
 .νǠȍƦǗ ǵψǌƥ ƢȃǠȌǃȅƫ ǹƬȌ ƩƢǾƢȍƦǶơ ǼƗ ǑǂƬǫƫ ǱǾ˦ νǘƼǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ǸơƾƼƬǇơ ǱǿψǻȌ
 ǼƗ ƢǻƥȄ ƩƢǺȅǷǠǻǶơ λǷǟ ǴȅǐƸǶơ ǵƳƗ ǽǺ ƨƳǀǻǿǷǶ ƨǷǺƢψǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǸơƾƼƬǇơ ǹƬȌ

  ƱƿȅǻǿǶơ λǷǟ ˻ƔƢǿƥ .ǱǶ ƨƦǈǿǶƢƥ ƨǻȃǺ ƪǈȍǶ ƚƦǿƬǶơ ƨǮƽǻǶơƍƤǇƢǿ    ǎƟƢǐƼǶơ ǁȄƽ ǂȍǈǫƫ ǱǿψǻȌ
  ǵȍƦǇ λǷǟ .ǅƢǯ˾ǻǶơ ǼȄǃȄ˦ơ ȆȅƬǈǺ λǷǟƍǴƢưǻǶơ    ƩơǂƬǪ) ƨǯưǶơ ƩƢǮƢǘǾ ƩơǂȌƾǯƫ ʣǂǜǿǶơ

(ƨǯưǶơ . 

 ¡wýwĊ{õv ĆtÀ¬£   
  Ǒơǂǣ˧Ƕ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǀȍǫǿƫ ƾǿǟƍƨȌƚƦǿƬǶơ    ǹȍȍǯƬǶ ƶȍƸǏ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹȍǈǯƫ ǹȃǻǶơ ǽǺ

  ƢȃȍǪ ƾƳȅƫ νƬǶơ Ʃ˪ƢƸǶơ ʣ.ƩƢǾƢȍƦǶơ ʣǁȅǐǯǶơ ȁƳȄƗ ƤǿƴƬǶȄ νǟȅǓȅǺ ǵψǌƥ ƱƿƢǻǿǶơ ƔơƽƗ
  ƩƢǾƢȍƥƍƨȍǪƢǲ    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ :ƩƢǟȅǻƴǺ ƭ˫Ư λǶƛ νƟơȅǌǟ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹȍǈǯƫ ǽψǻȌ

  ƨǟȅǻƴǺ ǸƾƼƬǈƫ .ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺȄ ǭǯƸƬǶơ ƨǟȅǻƴǺȄ ǁƾƬǶơƍƤȌ    νƷȅȌ ƢǻǲƍƢȃǻǇơ    ƤȌǁƾƬǶ
  ǹȍǮ λǷǟ ǴȅǐƸǷǶ ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ƨǟȅǻƴǺ ǸƾƼƬǈſƫ .ƢȃƦǇƢǿƫȄ ƱƿƢǻǿǶơƩ˫ǺƢǠǻǶơ    ƨǯƟƢǫǶơ

  ǽȍǈƸƫ) λǷưǻǶơƩ˫ǺƢǠǻǶơ    ƾȌƾƸƫ ʣƧƾǟƢǈǻǷǶȄ (ƨǯƟƢǫǶơƍƱƿȅǻǿǶơ   ƨǟȅǻƴǺ ǸơƾƼƬǇơ ǹƬȌȄ
ƨȍǷǻǟ ʣǂȃǜƫ νƬǶơ ƩƢǿȍǠǶơ ʣνƟƢȃǿǶơ ƱƿȅǻǿǶơ ƔơƽƗ ǹȍȍǯƬǶ ǁƢƦƬƻ˪ơ  .ǹǷǠƬǶơ    ƨƸǓơȄ ƾǟơȅǮ ƾƳȅƫ ˪

 ƩƢǟȅǻƴǺ ǽǺ ƨǫǷƬƼǺ ƩƢǟȅǻƴǺ ǹƴƷ ǴȅƷƍƩƢǾƢȍƦǶơ   ǂǪơȅƫ λǷǟ ǂȍƦǲ ƾƷ λǶƛ ƾǻƬǠȌ ơǀȂ Ǽ˦
  ǞǺȄ .ƩƢǾƢȍƦǶơƍǱǶƿ    ǽǺ ǂƦǲ˦ơ ƔǄƴǶơ νȂ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ Ǽȅǳƫ ƢǺ ŻƧƽƢǟƍƩƢǾƢȍƦǶơ   ƤƴȌ ƮȍƷ

ƢǠǪ ǼȅǳƬǶ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ƤȌǁƾƫ.ƨǶ 

ĂúĊĊê£ÿ ©»Āúþõv ½wĊ¤·v 

  .ƨȍƟƢǐƷƛ ƩơǂȌƾǯƬƥ ǵǠǫǶƢƥ Ǹȅǯƫ νƬǶơ ƱƿƢǻǿǶơ ȄƗ ƩƢȍǺǃǁơȅƼǶơ ǸȅȃǫǺ ǴȅƷ νǶˤơ ǹǷǠƬǶơ ǁȄƾȌ
  ǼȅψȌ ǼƗ ǽψǻȌ ˪ .ƩƢǾƢȍƦǶơ ǞȌǃȅƫ λǷǟ ơ˻ƽƢǻƬǟơ ƽȅȍǯǶơ ǽǺ ƾȌƾǠǶơ ȁǶ ƱƿȅǻǾ ǵǲ ǼƜǪ ƍ ǱǶƿ ǞǺȄ

ơȄ ǄȍƸƬǶơ ǹǇƢƥ Ƣ˻Ǻȅǻǟ ƽȅȍǯǶơ ȀǀȂ ǨǂǠſƫ .ƩơǂȌƾǯƫ ƽǂƴǺ ƢȃǾ˦ ƍ Ƣ˻ǺƢǻƫ ƢŻǯȍǮƽ ƢȃǿǺ ȊƗ  ǹƬȌ .ǽȌƢƦƬǶ
 νǪ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ƤȌǁƾƬǶơ ǕƢǯǾ λǶƛ ȀƢƦƬǾ˪ơ Ǹƾǟ Ǵ˫ƻ ǽǺ νǶƢǠǶơ ǄȍƸƬǶơ ƱƿȅǻǾ ǖȍǈƦƫ
 ƍ Ƣ˻ǔȌƗ .(ƨȍǘƻ ƨǮ˫ǟ Ƣ˻ǻƟơƽ ƱƿȅǻǿǶơ ǂƦƬǠȌ ƍ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ǽǟ ǂǜǿǶơ ǒǤƥ ƍ νǘƼǶơ ǁơƾƸǾ˪ơ

  ƩƢǾƢȍƦǶƢƥ ȁǈǫǾ νǶƢǠǶơ ǽȌƢƦƬǶơ ƱƿȅǻǾ ƾƸȌƨȍƦȌǁƾƬǶơ  Ǿ ǹȍǻǠƫ Ǹƾǟ Ǵ˫ƻ ǽǺ  ǹǶ νƬǶơ ǁƢƦƬƻ˪ơ ǕƢǯ
ǵƦǮ ǽǺ ƢȂǂȌ  . 
 ǻǷǠƬǻǶơȅƾȍƴǶơ ǼȄ  ƍǱǶǀǶ .ƧƾȌƾƴǶơ ƨǷưǺ˦ơ νǪ ơŻƾȍƳ ˻ƔơƽƗ ǼȄƽƚȌ ǽȌǀǶơ ǹȂ ǹȃǿǟ ƮƸƦǾ ǽȌǀǶơ Ǽ

  ƨǷưǺ˦ơ ǽǺ ƨǺƢǠǶơ ƾǟơȅǯǶơ ǼȄƾȍƴǶơ ǼȅǻǷǠƬǻǶơ ǹǷǠƬȌ ǼƗ ƤƴȌƨȍƦȌǁƾƬǶơ    ƾǟơȅǯǶơ ǭƦǘǿƫ ƮȍƸƥ
ƨȍƟǂǻǶơ ǂȍǣ) ƨǷǻƬƸǻǶơ Ʃ˪ƢƸǶơ ǞȍǻƳ λǷǟ ƧƽƢǫƬǈǻǶơ ƨǷưǺ˦ơ ǹǷǠƬǻǶơ ǹǷǠƬȌ ƢǺƾǿǟ ƍ ǱǶƿ ǞǺȄ .(
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ƨȍƦȌǁƾƬǶơ    ƩơǄȍǺ ǒǠƥ ǁƢƦƬǟơ ǹƬȌ ǼƗ ǵǻƬƸǻǶơ ǽǻǪ ƍ "ơŻƾƳ ơŻƾȍƳ"ƨǿȍǠǶơ   ƨȍƦȌǁƾƬǶơ   ƨǺƢǟ ƩơǄȍǻǲ
 ƍ νǶˤơ ǹǷǠƬǶơ νǪ .ǸƢǠǶơ Ɣơƽ˦ơ ǑƢǫƼǾơ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƨǷǻƬƸǻǶơ Ʃ˪ƢƸǶơ ǞȍǻƳ Ƣȃƥ ǞƬǻƬƬǇ

 ƧǂȂƢǜǶơ ȀǀȂ ǨǂǠſƫƾƟơǄǶơ ǖƦǔǶƢƥ ǎǮƢǿǶơ ǖƦǔǶơ ȁǈǳǟȄ   ƩƢǻǈǶơ ǹǷǠƫ νǪ ǹǷǠƬǻǶơ ǵǌǫȌ ȊƗ ƍ
  ƨǷưǺ˧Ƕ ƨǺƢǠǶơ.ƨȍƦȌǁƾƬǶơ 

  äĉ¾Þ£ ºtvÀõv  Ô{Òõv 
Overfitting 

ė¾ĊÊĉºtvÀõvėÔ{ÒõvėėėÛw{£vėüùėMđºzėiwÖ·čvėÿlėiwÑĀÒõvėĆĊõwÝėĆéºzėĈtwÎ³ďvė©»ĀúþõvėĂĊåėÜ{¤¤ĉėć¼õvėäéĀúõvėĔõp

ĥ¡wýwĊ{õvėĈåėą½wÉp 

  yĉ½º£ mÖ·$ yĉ½º¤õv ¡wýwĊz Ĉå Ćĉwâöõ ºĊ« ôîÊz ôúÞĉ Ĉõċv øöÞ¤õv ©»Āúý ûwí v»p
v mÖ·$ ąºĉº« ¡wýwĊz ½w{¤·v ºþÝ äĊÞÑ ôîÊz ôúÞĉ Ăþîõÿ #Ðæ¸þù  I #Üæ£¾ù ½w{¤·

  ©»Āúþõv ûl ĔöÝ ĆùĒÝ ûĀîĉ wù ą¹wÝ v¼ĄåOverfitting  ĈþÞĉ Ăýč I Ćĉwâöõ iĈÅ ÜÑÿ v¼ă )
  ¡wéĒÝ øĊúÞ£ ĔöÝ ½¹wé ¾Ċáÿ yĉ½º¤õv ¡wýwĊz Üù Ćĉwâöõ èÆ¤ù ©»Āúþõv ûl¡wúÆõv    ĔöÝ

  ĔöÝ wĄúĊúÞ£ Ăþîúĉ đÿ wăºăwÉ Ĉ¤õv ¡wýwĊ{õv ¾í¼¤ĉ ©»Āúþõv ûč v¼ă )ąºĉº¬õv ¡wýwĊ{õv
 )ĆĊt¾úõv ¾Ċá ¡wþĊÞõv 

  ¥º´ĉ I ãv¾ÉĐõ ÜÑw¸õv øöÞ¤õv Ĉåõv Ô{ÒõvºtvÀ   wM{þ« iwÑĀÒõv wþ«»Āúý Ôê¤öĉ wùºþÝ
  ÄîÝ ĔöÝ )¡wýwĊ{õv Ĉå ĈÅwÅčv Ôúþõv Üù yþ« ĔõpºtvÀõv Ô{Òõv    ÜÑw¸õv øöÞ¤õv Ĉå I

  ¥º´ĉ I ãv¾ÉĐõ Ìéwþõv Ô{Òõv    ĈÅwÅčv Ôúþõv ĔöÝ óĀÎ´õv Ĉå ©»Āúþõv ôÊæĉ wùºþÝ
 )¡wýwĊ{öõ 

  Ƣ˻ǠƟƢǋ Ƣ˻ƦƦǇ ƨǗǂǫǺ Ƨȅǯƥ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ƾǠƫ ƍ ƨǷǻƬƸǻǶơ ƧƾȌƾǠǶơ ƣƢƦǇ˦ơ ǽȍƥ ǽǺ  ǖƦǔǷǶ
ƾƟơǄǶơ    ƨǷưǺ˧Ƕ ƨǺƢǠǶơ ǂȍǣ ƩƢǻǈǶơ ǹǷǠƫ ǽȍǻǷǠƬǻǶơ Ɣ˪ƚȂ ǵưǻǶ ǽψǻȌ ƮȍƷ ƍƨȍƦȌǁƾƬǶơ  ƍǵƥƢǯǻǶơ νǪ .

  ǼȅψȌ ƢǺ ƧƽƢǟǎǮƢǿǶơ ǖƦǔǶơ  Ǻ ƍ ƨȍǷǻǠǶơ ƨǇǁƢǻǻǶơ νǪ .ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ ǩǠǓ ƤƦǈƥ  ǵȃǈǶơ ǽ
  λǷǟ ƤǷǤƬǶơ Ƣ˻ȍƦǈǾƾƟơǄǶơ ǖƦǔǶơ  ǹǷǠƫ νǪ ǝǂǫƬǶơ ǽǺ ƾȌǄǻǶƢƥ ǸƢȍǯǶơ ƢǿǿψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .

 Ƣǻǲ ƍ ǱǶƿ ǞǺȄ .ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǹǷǠƫ νǪ ƨȍƦȌǁƾƬǶơ ƩơǁȄƾǶơ ǽǺ ƾȌǄǻǶơ ƨǪƢǓƛ ȄƗ ǁơǂǯǶơ ǁƢƴǋƗ
  ǵưǻȌ ƍ ƢŻǯƷ˪ ȆǂǿǇƾƟơǄǶơ ǖƦǔǶơ  ǶƢƬǶƢƥȄ ƍ νǶˤơ ǹǷǠƬǶơ νǪ ƧǂȍƦǲ ƨǷψǌǺ  ƨǫǷƬƼǺ ǬǂǗ ǀȍǫǿƫ ǹƫ ƍ ν

  ǼƗ ǹǷǠǾ ǼƗ ƤƴȌ ƍ ǱǶƿ ǞǺȄ .ƢȃǷȍǷǯƬǶƾƟơǄǶơ ǖƦǔǶơ   ȅȂ ȁǷǠǪ ƢǿǿψǻȌ ƢǺ ǵǲ ǼƗȄ ȁǿǺ ǂǫǺ ˪ ǂǺƗ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǃƢƴȌƜƥ ƨƴƸǶơ ȀǀȂ ǂȌǂƦƫ ǽψǻȌ .Ƣ˻ǺƢǻƫ ȁȍǷǟ ƔƢǔǯǶơ ǆȍǶȄ ȁǷȍǷǯƫ: 

  νǶˤơ ǹǷǠƬǶơ Ʃ˫ψǌǺ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣNP-hard    ǵǻǳƫ ǼƗ ƤƴȌ ǽψǶȄ ƍ ƨƥȅǠǏ ǂưǲƗ ȄƗ
  ǽψǻǻǶơ ǽǺ ǼƢǲ ơƿƛ ƍ ǱǶǀǶ .ƽȄƾƸǶơ ƽƾǠƬǺ ƪǮȄ νǪ ǹǷǠƬǶơ ƨȍǷǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻǖƦǔǶơ  

ƾƟơǄǶơ    λǷǟ ƔƢǿƥ ǵȍǶƽ ƢǿȌƾǶ νǶƢƬǶƢƥȄ ƍ ǵưǺ˦ơ ǵƸǶơ λǶƛ ȊƽƚȌ ȋƦȌǂƴƬǶơ ƘǘƼǶơ ǵȍǷǯƫ ǼƜǪ ƍP=NP  .
  ǥƥ ǽǺƚǾ ƢǿǾƗ ƢǻǶƢǗ ƍ ȆǂƻƗ ƧǁƢƦǠƥP NP   ǼƜǪ ƍǔǶơƾƟơǄǶơ ǖƦ  .ȁǿǺ ǂǫǺ ˪ ǂǺƗ 
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 λƬƷȄ ƍ ƨƸǋǂǻǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ ƾȌƾǠǶơ ǰƢǿȂ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ƨȍǷǻǠǶơ ƨȍƷƢǿǶơ ǽǺ
  ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ νȂ ƢǺ Ǽƿƛ .ƨǫǷƬƼǺ ǂȍȌƢǠǻǶ ƢŻǯǪȄ ƨǫǷƬƼǺ ƱƿƢǻǾ ƲƬǿƫ ƾǮ ƧƾƷơȄ ǹǷǠƫ ƨȍǺǃǁơȅƻ

  Ʃơƽơƾǟƛ νȂ ƢǺȄ ƢȂǁƢƬƼǾ ǼƗ ƤƴȌ νƬǶơƩ˫ǺƢǠǻǶơ  ƼƬǇơ ƤƴȌ νƬǶơ  ǁƢȍƬƻơ λǻǈȌ ơǀȂ ƓƢȃǺơƾ
 .ǹȍǻǠƬǶơ νǪ Ƙǘƻ ǵǮ˦ơ ƱƿȅǻǿǶơ ǁƢȍƬƻơȄ ƨƸǋǂǻǶơ ƱƿƢǻǿǶơ ǞȍǻƳ ǹȍȍǯƫ ȅȂ νǶƢưǻǶơ ǵƸǶơ .ƱƿȅǻǿǶơ

  ǽǺ ȋƦȌǂƴƬǶơ ƘǘƼǶơ νǾƢǠȌ Ƣǻǿȍƥ ƍ ƧǂǋƢƦǺ ǹȍǻǠƬǶơ Ƙǘƻ λǷǟ ǴȅǐƸǶơ ƢǿǿψǻȌ ˪ ƍ ǱǶƿ ǞǺȄ  ǖƦǔǶơ
ƾƟơǄǶơ  ƓƢ˻ȍǷǻǟ ƱƿƢǻǿǶơ ǁƢȍƬƻơȄ ǹȍȍǯƫ ƢǿǿψǻȌ ǩȍǲ ƍ Ǽƿƛ .  ǼǃơȅƬǶ ƧǄƳȅǺ ƨǠƳơǂǺ ƾǠƥ ƍ νǷȌ ƢǺ νǪ

.ƱƿȅǻǿǶơ ǁƢȍƬƻơ ǂȍȌƢǠǺȄ ǬǂǗ ǩǐǿǇ ƍ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ 

 üĉw{¤õvÿ ÀĊ´¤õv û¿vĀ£1 
 ˻ƔƢǿƥ ƩơƚƦǿƫ ǵǻǟȄ ƢȃƬȌǀǤƫ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǶơ ȅȂ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǽǺ νǈȍƟǂǶơ ǑǂǤǶơ
 ƔơǂƳƛ ƢǿȍǷǟ ǽȍǠƬȌ .ƢǿƬǻȃǺ ƨȌƢȃǾ ƪǈȍǶ ȀǀȂ ƍ ǱǶƿ ǞǺȄ .ǹǷǠƬǶơ ƨȍǷǻǟ ƔƢǿƯƗ ǚƷȅǶ ȊǀǶơ ǖǻǿǶơ λǷǟ

ƽƗ ƽƾƸǾ .ƢȃƴƬǿƫ νƬǶơ ƲƟƢƬǿǶơ ǝȅǾ λǷǟ ˻ƔƢǿƥ ƍ ƱƿƢǻǿǶơ λǷǟ ǁơǂǻƬǇƢƥ ƩƢǿȍǈƸƫ  ǸơƾƼƬǇƢƥ ƱƿȅǻǿǶơ Ɣơ
  ǖǇȅƬǺȄ ƨǮƾǶơ ǵưǺ ǂȍȌƢǠǺ  ƨƳǁƽȄ νǠȍƥǂƬǶơ ƘǘƼǶơF1    ȀǀȂ ǽȍǈƸƫ ǴȄƢƸǾȄ ƍ ǱǶƿ λǶƛ ƢǺȄ

 ƔơƽƗ Ǽ˦ .ƱƿȅǻǿǶơ ƨǾȄǂǺ λǷǟ ǙƢǫƸǶơ λǶƛ ƱƢƬƸǾ ƢǺƾǿǟ ƨǷψǌǺ ơǀȂ ƶƦǐȌ ƢǺ Ƣ˻ƦǶƢǣ .ǂȍȌƢǠǻǶơ
ǟ ȁǻȍǻǠƫ ƨƳǁƽȄ ȁǠǮȅƫ ƨǮƽ ƨƳǁƽ λǷǟ ˻ƔƢǿƥ ȁǻȍȍǯƫ ǹƬȌ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷ

.ǹǷǠƬǶơ ƨȍǷǻǟ νǪ ƢȂơǂȌ ǹǶ ȆǂƻƗ ƨǷǯƬǈǺ 
  ǴƢƻƽ˨ơ ƩơǂȍǤƬǺ λǷǟ ȁǈǫǾ ƤȌǁƾƫ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǸǄƬǠȌὢ   ƮȍƸƥ

  ƨǠǮȅƬǻǶơ ǹȍǯǶơ Ǽȅǳƫὣ   ǹȍǮȄ ƨȍǷǠǫǶơ ǹȍǯǶơ ǽȍƥ ǬǂǫǶơ ȅȂ ơǀȂ .ƨȍǷǠǫǶơ ǹȍǯǶơ λǶƛ ǽψǻȌ ƢǺ ƣǂǮƗ
ơ ǹȍȍǯƬǶ ǸƾƼƬǈȌȄ ƨǠǮȅƬǻǶơ ƘǘƼǶơ  ǹǷǠƬǷǶ ƨȍǺǃǁơȅƻ ȊƗ Ƙǘƻ ǹȍǈǯƫ ǽψǻȌ ƍ ǸƢǟ ǵψǌƥ .ƱƿȅǻǿǶ

ǽȍƬƠǪ λǶƛ νǶˤơ: 

1. ƔƢǘƻ˦ơ ǵȍǷǯƫ. 
2. ƢȃȍǪ ǝȅƳǁ ˪ ƔƢǘƻƗ. 

 λǷǟ .νǶˤơ ǹǷǠƬǷǶ ǂƻƕ ƱƿȅǻǾ ȊƗ ǞǺ λƬƷ ƢȃǷȍǷǯƫ ǽψǻȌ ˪ ƔƢǘƻƗ νȂ ƢȃȍǪ ƨǠƳǁ ˪ νƬǶơ ƔƢǘƻ˦ơ
  ǵȍƦǇƍǴƢưǻǶơ    ƨȍƷƢǾ ǽǺ .ȁȍǷǟ ƔƢǔǯǶơ ƢǿǿψǻȌ ˪Ȅ ȁȍǪ ǝȅƳǁ ˪ Ƙǘƻ ƲȍƴǔǶơ ƍȆǂƻƗ   ǄȍƸƬǶơ ƾǠȌ

ǽȌƢƦƬǶơ ơǀȂ ƤƦǈƥ .ǼƢψǺ˨ơ ǁƾǮ ƢȃǷȍǷǯƫ ƨǶȄƢƸǺ ƢǿǿψǻȌ ǅƢȍǯǷǶ ƨǷƥƢǮ ƔƢǘƻƗ ǽȌƢƦƬǶơȄŷ ơǄȍƸƬǶƍ  
  λǶƛ ƨǺƾǯǻǶơ ƩƢǾƢȍƦǶƢƥ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ȊƽƚȌǎǮƢǿǶơ ǖƦǔǶơȄ ƾƟơǄǶơ ǖƦǔǶơ  ǽǺ ƾƸǶơ ƤǷǘƬȌ .

 ǹȃǪ λǶƛ ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ƱƢƬƸȌ .ǽȍƦǇƢǿǻǶơ ƨǾȄǂǻǶơȄ ƾȍǯǠƬǶƢƥ ǞƬǻƬƫ νƬǶơ ƱƿƢǻǿǶơ ǁƢȍƬƻơ ƔƢǘƻ˦ơ
 .ƨǯȍǮƽ ƱƿƢǻǾ ƔƢǿƥȄ ƔƢǘƻ˦ơ ǵȍǷǯƬǶ ǵǺƢǲ ǵψǌƥ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǽȍƥ ǬǂǫǶơ 

 
1 Bias-Variance Trade-Off 



 
198 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ƩơǂȍǤƬǺ ǽȍƥ ƨȍǯȍǯƷ ƨǮ˫ǟ λǷǟ ǴȅǐƸǶơ λǷǟ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ƧǁƾǮ Ǹƾǟ ȅȂ ǄȍƸƬǶơ
 ǵȍƦǇ λǷǟ .ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǵƻơƽ ƨƠǗƢƼǶơ ƩƢǓơǂƬǪ˪ơ ƤƦǈƥ ơǀȂ .ƩƢǾƢȍƦǶơƍǴƢưǻǶơʣ ǁơƾƸǾ˪ơ 

ƍνǘƼǶơ    ǽȍƥ ƨǮ˫ǠǶơ Ǽȅǳƫ ǼƗ ǑǂƬǫ˾Ȍὢ    ǂȍǤƬǻǶơȄὣ  ƍƨȍǘƻ  ǠǶơ ȀǀȂ Ǽȅǳƫ ˪ ƾǮ ǞǮơȅǶơ ʣƢǻǿȍƥ  ƨǮ˫
  ʣ.Ƣ˻ǺƢǻƫ ƨȍǘƻƍǵƥƢǯǻǶơ    ǆǳǟ λǷǟƍǄȍƸƬǶơ    ƩƢƦǷǯƫ ǁƢƦƬǟ˪ơ ʣƱƿȅǻǿǶơ ǀƻƘȌ ƢǺƾǿǟ ǽȌƢƦƬǶơ ǼȅψȌ
ƍƩƢǾƢȍƦǶơ    λǿǠǻƥƍǂƻƕ    .ƔƢǓȅǔǶơƍǱǶǀǶ    ǽȌƢƦƫ λǷǟ ƢǿƳƿȅǻǾ ȊȅƬƸȌ ƢǺƾǿǟ ƍǂȍƦǲ   ƱƿȅǻǿǶơ ǼƗ ȊƗ

  ǸȅȃǫǺ ȆȅǇ ǆȍǶ ǽȌƢƦƬǶơ) ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ǂȍưψǶơ ǹǷǠƬȌƾƟơǃ ǖƦǓ  ǶʣƱƿȅǻǿǷ   ƩƢǾƢȍƥ ƨǟȅǻƴǺ
ƨǿȍǠǺƍ(  ƣǁƢƴƬǶơ) ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ƨȃƳơȅǺ ʣƮȍƸƥƍ((  ƨǮƾƥ ƚƦǿƬǶơ λǷǟ ǁƽƢǮ ǂȍǣ ȅȃǪ. 

  äĉ¾Þ£  ÀĊ´¤õv 
ėÔÅĀ¤ùėüĊzėç¾æõvėĀăėÀĊ´¤õvÜéĀ£ėwþ«»ĀúýėĆúĊêõvÿėĆ´Ċ´ÎõvėĈ¤õvėóÿw´ýėwĄÞéĀ£ėĥ 

  ¡wýwĊ{z vM¾Ċ{í wMùwú¤ăv ĈõwÞõv ÀĊ´¤õv ÿ» ©»Āúþõv ĈõĀĉ đ  wMÖĊÆz ©»Āúþõv ôÞ¬ĉÿ yĉ½º¤õv
½w{¤·đvÿ yĉ½º¤õv ¡wýwĊz Ĉå ¾Ċ{í mÖ· Ĕõp wMútv¹ ć¹oĉÿ Ćĉwâöõ ) 

 

  äĉ¾Þ£  üĉw{¤õv 
ėüĉw{¤õvĈåė¾Ċâ£ėĀăė¡wýwĊ{õvė¢¤Ê£ėwþõė²ÑĀ£ėĆúĊéėÿlėĆþĊÞùė¡wýwĊzėĆÖêþõė©»ĀúþõvėÜéĀ£ĥ 

  ¡wýwĊ{õ ÷wú¤ăđv üù ¾Ċ¨îõv ĈõwÞõv üĉw{¤õv ©»Āúý ĈõĀĉ  ¡wýwĊ{õv ĔöÝ øúÞĉ đÿ yĉ½º¤õv
  üîõÿ I yĉ½º¤õv ¡wýwĊz ĔöÝ vMºĊ« ©»wúþõv ā¼ă ôúÞ£ I ìõ¼õ Ć¬Ċ¤ý )ô{é üù wăv¾ĉ øõ Ĉ¤õv

ĆĊ{ĉ¾¬¤õv ¡wýwĊ{õv Ĉå Üæ£¾ù mÖ· óºÞù wĄĉºõ ) 
  ¾ĉºê£ ¾Ċâ£ ēºù üĉw{¤õv ²ÑĀĉĆõvºõv    )Ćæö¤¸ù yĉ½º£ ¡wýwĊz ÷vº¸¤Åv ø£ v»p ĆĊÝĀÑĀúõv

  üîúĉ )ĆÞéĀ¤úõv Ă¤úĊé üÝ ĈtvĀÊÝ ¾Ċâ¤ù ãĒ¤·v ēºù üÝ üĉw{¤õv ¾{Þĉ I ¾·j ĔþÞúz
  Ĕõp üĉw{¤õv ć¹oĉ ûlºtvÀõv Ô{Òõv  ºé )yĉ½º¤õv ĆÝĀú¬ù Ĉå ą¾ĊâÎõv ¡w{öê¤õv ¹v¹À£ ¦Ċ³ I

¬ù Ĉå ĆĊtvĀÊÝ iwÑĀÑ ĈõwÞõv üĉw{¤õv ÿ» ©»Āúþõv ÄîÞĉ üù Mđºz yĉ½º¤õv ¡wýwĊz ĆÝĀú
Ćõvºõv    ¡vo{þ£ Ĉå ą¾Ċ{í ¡v¾ĊĊâ£ Ĕõp ĈõwÞõv üĉw{¤õv ÿ» ©»Āúþõv ć¹oĉ )ĆĊÝĀÑĀúõv Ćõvºõv  
ãºĄõv ) 

  ǽȌƢƦƫȄ ǃƢȍƸǾơ ǭȍǯƸƫ ȅȂ ǨƾȃǶơ ǼƜǪ ƍ Ǩơǂǋ˩Ƕ ƨǠǓƢƻ νǶƕ ǹǷǠƫ ƨȍǺǃǁơȅƻ ƔƢǿƥ ƾǿǟ
ǽȌƢƦƬǶơ ƱƿȅǻǾ ǵưǻȌ ƾǮ .ƨǮƽ ƩơƚƦǿƬǶơ ǂưǲƗ λǷǟ ǴȅǐƸǷǶ ǽȍǔǫƼǿǺ    ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǶƢǠǶơ

  λǶƛ ȊƽƚȌ ǼƗ ǽψǻȌ ǽψǶȄ ƍ ƨǮƾƥƾƟơǄǶơ ǖƦǔǶơ  νǶƢǠǶơ ǄȍƸƬǶơ ƱƿȅǻǾ ǼȅψȌ ˪ ƾǮ ƍ ǵƥƢǯǻǶơ νǪ .
  ǹǷǠƫ ƨȍǺǃǁơȅƻ ǂȃǜſƫ .νǿǠǻǶơ ƱƿȅǻǿǶơ ǝȅǾ λǷǟ ǼǃơȅƬǶơ ȊƾƸƫ ƾǻƬǠȌ .ƤȌǁƾƬǶơ ƩƢǾƢȍƦǶ Ƣ˻ƦǇƢǿǺ

ƢǾ ǽǺ .Ƣ˻ǔǫƼǿǺ ƢŻǿȌƢƦƫ ǽψǶȄ Ƣ˻ǠǫƫǂǺ ơŻǃƢȍƸǾơ ƨȍǘƼǶơ ƨǶˤơ  ǂȍǣ ƨȍǺǃǁơȅƼǶơ ǂȃǜƬǇ ƍ ȆǂƻƗ ƨȍƷ
  ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǞǺ νǘƻ ƱƿȅǻǾ ǸơƾƼƬǇơ ȊƽƚȌ .ơ˻ǂȍƦǲ ƢŻǿȌƢƦƫ ǽψǶȄ Ƣ˻ǔǫƼǿǺ ơŻǃƢȍƸǾơ ƨȍǘƼǶơ

  ƤǇƢǿǺ ǂȍǣ ƱƿȅǻǿǶơ ơǀȂ .ƱƿȅǻǿǶơ νǪ ǄȍƸƫ ǴƢƻƽƛ λǶƛ ƨȍǘƻǨƾȃǶơ ǴơȄƾǶ   ƨǟȅǻƴǻƥ ƨǾǁƢǯǺ



 
199                                              ȁǻȍȍǯƫȄ ƱƿȅǻǿǶơ ǁƢȍƬƻơ :ǆǺƢƼǶơ ǵǐǫǶơ 

 

ƿȅǻǾ ǸƾƼƬǈƫ ƪǿǲ ơƿƛ ƍ Ƣ˻ǔȌƗ ƶȍƸǏ ǆǳǠǶơ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷǟ νǘƻ ǂȍǣ Ƣ˻Ƴ
  ǞǺ ơŻƾƳ ƢŻǯǈƬǺ νǘƼǶơ ǂȍǣ ƱƿȅǻǿǶơ ǼȅψȍǈǪ ƍ ƨȍǘƻƨǶơƾǶơ  ǨƾȃǶơ. 

  νǫψȌ Ƣǻƥ ƨǾǂǺ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǂȌȅǘƫ ƩƢǾƢȍƦǶơ ǹǶƢǟ λǷǟ ƤƴȌ ƍ ȀǀȂ ǼǃơȅƬǶơ ƩƢȌƾƸƫ ƨȃƳơȅǻǶ
νǪ .ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǽȍƥ ǂƫȅƫ Ƣ˻ǻƟơƽ ǰƢǿȂ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ ǞǺ ƶȍƸǏ ǵψǌƥ ǩȍǳƬǷǶ   ƍǞǮơȅǶơ

  ǽȍƥ ƨǮ˫ǠǶơ ǽǺ ǂǫǺ ˪) ǒǫƼǿǻǶơ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǽǺ ǵǲ λǷǟ ȊȅƬƸȌ ƱƿȅǻǾ ƔƢǌǾƛ ƤǠǐǶơ ǽǺ
(νǶˤơ ǹǷǠƬǶơ νǪ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ:   

 ǽȌƢƦƬǶơ ǵǷǯȌ ǄȍƸƬǶơ ƧƽƢȌǃ. 

 ǄȍƸƬǶơ ǵǷǯȌ ǽȌƢƦƬǶơ ƧƽƢȌǃ . 

  ǄȍƸƬǶơ Ǽǃơȅƫ ƾǠȌŷ ȁȍǪ ǱǿψǻȌ ˪ ȊǀǶơ ǩǮȅǻǶơ ȅȂ ơǀȂ .νǶˤơ ǹǷǠƬǶơ νǪ Ƨǂȍǘƻ ƨǷψǌǺ ǽȌƢƦƬǶơ
 ǄȍƸƬǶơ ƣƢǈƷ ƢǿǿψǻȌ ˪ ƍ ǞǮơȅǶơ νǪ .ǒǫƼǿǻǶơ ǽȌƢƦƬǶơȄ ǒǫƼǿǻǶơ ǄȍƸƬǶơ ǽǺ ǵǲ λǷǟ ǴȅǐƸǶơ

  ǨǂǠǾ ˪ ƢǿǾ˦ ǽȍȍǷǠǫǶơ ǽȌƢƦƬǶơȄƨǶơƽ   ǄȍƸƬǶơ ǂǪȅȌ ƍ ǵǻǟ ǁƢǗƜǲ ƍ ǱǶƿ ǞǺȄ .ƨȍǷǠǫǶơ ƨȍǈȍƟǂǶơ ǨƾȃǶơ
ǽȌƢƦƬǶơȄ    ǱǻȍǷǠƫ ƤƴȌȄ ƍ νƠƦǿƬǶơ Ɣơƽ˦ơ ǞƦƬƫ νǪ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǰȅǷǇ ǹȃǫǶ ƩơȄƽƗ

  .ƩƢǾƢȍƦǶơ ǽǺ ƨǫǷƬƼǺ ƨǟȅǻƴǺ νǪ ƨȍǶƢƸǶơ ƨǻǜǾ˦ơ λǷǟ ǹȍǻǠƬǷǶ ǵƥƢǮȄ ƨȍǪƢǲ ƨƳǁƾƥ ƢŻǯȍǮƽ Ƣ˻ƳƿȅǻǾ
ǵǐƸȌ    ƍ ƾƷơȄ ǁƾǐǺ ǽǺ ǕƢǯǾ λǷǟȄǵưǺ˦ơ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǞǺ Ǽǃơȅƫ ȁȌƾǶ. 

 vmÖ· üĉw{¤õvÿ ÀĊ´¤õv  Iº³vÿ mÖ· ôĊöê£ ¢õÿw³ v»p I øöÞ¤õv ĆĊù¿½vĀ· Ĉå Ĉöîõv mÖ¸õv Ĉå û
¾·j mÖ· ºĉÀĉ ºêå. 

ǽȌƢƦƫ ȀƢǾƽƗ ƧǁȅǐǶơ ƶǓȅƫŷ  ȁǯȍǯƸƫ ƾȌǂǾ ȊǀǶơ ƱƿȅǻǿǶơ ȅȂ ƨƴȍƬǿǶơ ǄǲǂǺ .ǵǔǪƗ ǵψǌƥ ǄȍƸƬǶơ
  ǵǻǟ νǪ ƢǿƳƿȅǻǾ ƗƾƦȌ ƍ ǄǲǂǻǶơ ǽǟ ƾǠƬƦǾ ƢǺƾǿǟ .ƶȍƸǏ ǵψǌƥ ǹȍǯǶơ Ǟȍǻƴƥ ƘƦǿƬȌ ȊǀǶơȄ  ƩơƚƦǿƫ

  ǵψǌƥ ƧƽȅƳȅǻǶơ ǕƢǯǿǶƢƥ νǶƢǠǶơ ǽȌƢƦƬǶơȄ ǒǫƼǿǻǶơ ǄȍƸƬǶơ Ȅƿ ƱƿȅǻǿǶơ ƘƦǿƬȌ .ǂưǲƘǪ ǂưǲƗ ƨƠǗƢƻ
  ǽǟ ƾȍǠƥ ǒǫƼǿǻǶơ ǽȌƢƦƬǶơȄ νǶƢǠǶơ ǄȍƸƬǶơ Ȅƿ ƱƿȅǻǿǶơ .ơŻƾƳ ƧƾǟƢƦƬǺ ƢȃǿψǶȄ ƍ ǄǲǂǻǶơ ǴȅƷ ǸƢǟ

λǶƛ ƣǂǮƗ Ǽȅǳƫ ƨǠǮȅƬǻǶơ ǕƢǯǿǶơ ǼƜǪ ƍ ǒǫƼǿǺ ǽȌƢƦƬǶơ Ǽ˦ ơ˻ǂǜǾ ǽψǶȄ ƍ ǄǲǂǻǶơ    .ǒǠƦǶơ ƢȃǔǠƥ
  ƶǓȅǺ ȅȂ Ƣǻǲ) ǵǮƗ ƨǮƽ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ơ˻ǁƢǌƬǾơ ǂưǲƗ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƍ ǽȌƢƦƬǶơ ƽơǃ ơƿƛ ƍ ǂƻƕ λǿǠǻƥ
 ƘǘƼǶơ ƽơƽǄȌ ƍ ǄȍƸƬǶơ ƽơǃ ơƿƛ ƍ ǱǶƿ ǽǺ ǆǳǠǶơ λǷǟ .(ƧǁȅǐǶơ νǪ ƨȌȅǷǠǶơ λǿǻȍǶơ ƧǂƟơƾǶơ νǪ

 (ƧǁȅǐǶơ νǪ ƨȍǷǫǈǶơ ȆǂǈȍǶơ ƧǂƟơƾǶơ νǪ ƶǓȅǺ ȅȂ Ƣǻǲ) ƣȅǈƸǻǶơ. 



 
200 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

 
  ȊƽƚȌ ǄȍƸƬǶơ ǵȍǷǯƫ λǷǟ ǵǻǠǶơ ǼƜǪ ƍ ƨȍǶƢǟ ǄȍƸƫ ƨǷψǌǺ λǷǟ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ȊȅƬƸƫ ƢǺƾǿǟ

  ƨǷψǌǺ ǭǷƼȌȄ ǽȌƢƦƬǶơ ƧƽƢȌǃ λǶƛƾƟơǄǶơ ǖƦǔǶơ  ǽȌƢƦƫ ƨǷψǌǺ ǽǺ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ νǾƢǠƫ ƢǺƾǿǟȄ ƍ
ǶƢǟ  ǭǷƼƫ ƨǷψǌǻǶơ ƧƽƢȌǃȄ ǄȍƸƬǶơ ƧƽƢȌǃ λǶƛ ȊƽƚȌ ǽȌƢƦƬǶơ ǵȍǷǯƫ λǷǟ ǵǻǠǶơ ǼƜǪ ƍ ƨȍǎǮƢǿǶơ ǖƦǔǶơ  .

  ƍ ƱƿȅǻǿǶơ ǽȍǈƸƫ λǶƛ ȊƽƚȌ ˪ ȀƾƷȄ ǄȍƸƬǶơ ǵȍǷǯƫ Ǽ˦ ƍ "ǼǃơȅƬǶơ" ƶǷǘǐǺ ǁȄƽ νƫƘȌ ƢǿȂȄ
  ǽȌƢƦƫȄ ǵưǺƗ ǄȍƸƫ ȁȍǪ ƾƳȅȌ ǼƢψǺ νǪ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǞǓȄ νȂ "λǷưǻǶơ ƨǘǯǿǶơ" .ƶȍƸǏ ǆǳǠǶơȄ

Ɨ  ǂȍǤƫ νƬǶơ ǨơǂǗ˦ơ ǂǏƢǿǟ ǽǺ ȊƗ ǸơƾƼƬǇơ Ǹƾǟ Ǵ˫ƻ ǽǺ ǖǻǾ ǽǟ ƮƸƥơ ƍ νǇƢǇƗ ǵψǌƥ .ǵưǺ
 ƩƢǾƢȍƦǶơ ƔƢǻǷǟ ȁȃƳơȅȌ ȊǀǶơ ǂƦǲ˦ơ ȊƾƸƬǶơ ȅȂ ǕƢǯǿǶơ ȀǀȂ ǁƢȍƬƻơȄ ǖȍǘƼƫ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣ .ƨǮƾǶơ
  ǞǺ ǵǺƢǠƬǷǶ ƨǺƾǯǻǶơ ǴȅǷƸǶơ ǒǠƥ .ƱƿȅǻǿǶơ ƨǺƔ˫Ǻ ǁƢƦƬƻ˪ ǬǂǗ ǰƢǿȂ ƍ ǱǶƿ ǞǺȄ .ǼȅǷǷƸǻǶơȄ

ȂνȂ ƧǂȂƢǜǶơ Ȁǀ: 

Á   :ơŻƾȍǯǠƫ ǂưǲƗ ƱƿȅǻǾ ƔƢǿƥ  ƨǷψǌǻǶ ǵȃǇ˦ơȄ ǴȄ˦ơ ǵƸǶơǎǮƢǿǶơ ǖƦǔǶơ   ƱƿȅǻǾ ǹȍǷǠƫ ȅȂ
Ƕ ƩƢǾƢȍƦǶơ ǽǺ ƾȌǄǻǶơ ǴƢƻƽƛȄ ƍ ƨǷψǌǻǶơ ǵƸǶ ơŻƾȍǯǠƫ ǂưǲƗǷ  Ʊƿȅǻǿ  ǖƦǔǶơ ǽǺ νǾƢǠȌ ȊǀǶơ

ǎǮƢǿǶơ . 
Á   ƔƢǓȅǓ ǁơƾƸǾ˪ơ1 : νȂȄ ƍ ƤȌǁƾƬǶơ ƔƢǿƯƗ ƨƳǁƾƬǺ ƔƢǓȅǓ ƨǪƢǓƛ ƨǯȌǂǘǶơ ȀǀȂ ǽǻǔƬƫ

  ƱƿȅǻǿǶơ ƨǮƽ ǽǺ ƾȌǄƫ ƢȃǾƗ ƪƦƯ ƨǯȌǂǗ*. 

 
1 Gradient Noise 

  :ǴƢǯǻǶơ ơǀȂ ǂǜǾơ * 

Adding Gradient Noise Improves Learning for Very Deep Networks: https://arxiv.org/abs/1511.06807 
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Á   :ǹȍǜǿƬǶơ  ƧǂȂƢǛ ǽǺ ƾƸǷǶ ƨǠƟƢǋ ƨǯȌǂǗƾƟơǄǶơ ǖƦǔǶơ  ǸƾƼƬǈſƫ νƬǶơ ƍ ƨȍǿǯƬǶơ ȀǀȂ ǽǻǔƬƫ .
ǵψǶ λǷǟƗ ƨǮƽ ǭȍǯƸƬǶ ǼơǃȄ˦ơȄ Ʃ˫ǺƢǠǻǷǶ ǭȍǮƾǶơ ǖƦǔǶơ ƍ νǶƢǠǶơ ǽȌƢƦƬǶơ ƨǷψǌǺ ǵƸǶ  

ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥȄ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ . 
Á  ƨȌȅǈƬǶơ  :.ƤȍǲǂƬǶơȄ ƤȍǲǂƬǶơ νǪ ǕơǂǪ˨Ƣƥ ƨǯǷǠƬǻǶơ ǵǲƢǌǻǶơ ǵƸȌ 

ǁƢǐƬƻƢƥ: 

Á   ƤȌǂǯƫ ǵȍȃǈƬǶ (ƩƢǾƢȍƦǶơ ǵȂƢƴƬȌ ȁǾ˦) ƱƿȅǻǿǶơ ȁƥ ǸȅǯȌ ǖǈƦǺ ǑơǂƬǪơ ȅȂ ǄȍƸƬǶơ  ƨǶơƽ
ǨƾȃǶơ . 

Á   νǪ ǂȍƦǲ ǽȌƢƦƫ Ƙǘƻ ȁƥ ȊǀǶơ ƱƿȅǻǿǶơ ƤƦǈƬȌƾƟơǄǶơ ǖƦǔǶơ  .ǂȍưψǶơ ȁǿǺ ǹǷǠƬȌȄ 
Á  ǽȌƢƦƫȄ ǂȍƦǲ ǃƢȍƸǾơ ƱƿȅǻǿǷǶ ǼȅψȍǈǪ ƍ νǶˤơ ǹǷǠƬǷǶ ƢŻǘȍǈƥ Ƣ˻ƳƿȅǻǾ ǸƾƼƬǈƫ ƪǿǲ ơƿƛ

) ǒǫƼǿǺ ǎǮƢǿǶơ ǖƦǔǶơ.( 
Á   ǒǫƼǿǺ ǃƢȍƸǾơȄ ǂȍƦǲ ǽȌƢƦƫ ȁǶ ǼȅψȍǈǪ ƍ νǶˤơ ǹǷǠƬǷǶ ơ˻ǁȅǘƬǺ Ƣ˻ƳƿȅǻǾ ǸƾƼƬǈƫ ƪǿǲ ơƿƛ

)ơƾƟơǄǶơ ǖƦǔǶ.( 
Á   ơǀȂ .ȁǺƾƼƬǈƫ ȊǀǶơ ƱƿȅǻǿǶơ νǪ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǽȍƥ ƾȍƳ Ǽǃơȅƫ ƽƢƴȌƛ λǶƛ ƱƢƬƸƫ

ǄȍƸƬǶơ Ǽǃơȅƫ ǹǇƢƥ ǨǂǠ˾Ȍ ƢǺ ȅȂ ǼǃơȅƬǶơŷǽȌƢƦƬǶơ  . 

 øĊĊê¤õv ç¾Õ 

  ƍ ǱǶǀƥ ǸƢȍǯǷǶ .ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥ λǷǟ ƣǁƢƴƬǶơ Ǵ˫ƻ ǽǺ ǹȍǻǠƬǶơ Ƙǘƻ ǹȍȍǯƫ ƢǿǿψǻȌ ƍ ǸƢǟ ǵψǌƥ
  ƨǟȅǻƴǺ ǸƾƼƬǈǾ  Ƙǘƻ ǸƾƼƬǈǾȄ ƍ ƧƾȌƾƳ ƩƢǿȍǟ ǩȍǿǐƫ λǷǟ ǹǷǠƬǻǶơ ƧǁƾǮ ǂȌƾǯƬǶ ǁƢƦƬƻơ

  ƩƢǯȍƦǘƫ νǪ ǽψǶȄ ƍ ǖǯǪ ǹȍǻǠƬǶơ Ƙǘƻ ǁƢƦƬǟ˪ơ νǪ ǀƻƘǾ ƍ ƢǿȂ .ǹȍǻǠƬǶơ ƘǘƼǶ ƤȌǂǯƬǲ ǁƢƦƬƻ˪ơ
  ƢǺȄ ƧǂǲơǀǶơ ƨǫǷǳƫȄ ƨȍƥƢǈƸǶơ ƨǫǷǳƬǶơ ǵưǺ ǵǺơȅǠǶơ ǽǺ ƾȌǄǻǶơ νǪ ǂǳǫǾ ƢǺ Ƣ˻ƦǶƢǣ ƍ νǠǮơȅǶơ ǹǶƢǠǶơ

ƧƽƢǟ .ǱǶƿ λǶƛ    ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ ǼƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫȄ .ƨǷǯƬǈǺ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ ǼƗ ǑǂƬǫǾ ƍ
  νǪ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ ǂȃǜƫ ˪Ɨ ƤƴȌ ȊƗ ƍ ǼƢψǺ˨ơ ǁƾǯƥ ƧƽƾƸǺ Ǽȅǳƫ ǼƗ ƤƴȌ ƤȌǁƾƬǶơ ƨǟȅǻƴǺȄ

ƤȌǁƾƬǶơ ƨȍǷǻǟ νǪ ǴƢψǋ˦ơ ǽǺ ǵψǋ ȊƘƥ ǸƾƼƬǈſƫ ȄƗ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ. 
ƢǾǂƦǶơ νǪ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ ǂȃǜƫ ˪ ơƿƢǻǶ  ƲǺȋƦȌǁƾƬǶơ  .νǶƢƬǶơ ȅȌǁƢǿȍǈǶơ νǪ ǂǳǫǾ Ƣǿǟƽ ƍ ơǀȂ ǹȃǫǶ Ɠ

  ǆǳǠȌ ǵȃǪ ƍ ǼƢƸƬǺ˪ơȄ ƨǇǁƢǻǻǶơ ǽǺ ͛ǵψǶ ƨǷƠǇƗ Ƨǂǌǟ ǽǺ ƨǟȅǻƴǺ ǸƾƼƬǈǾ ƢǿǾƗ ǑǂƬǫǿǶ
  ƩƢƳǁƽ λǷǟ ǴȅǐƸǶơ ǹȃǿψǻȌ ƣ˫ǘǶơ ǒǠƥ Ǽ˦ ."˪" ƣơȅƴǶơ Ɠƣ˫ǘǶơ ǹǷǠƫ ƲƟƢƬǾ ǁƢƦƬƻ˪ơ

  ƨǷƠǇ˦ơ ȀǀȂ ǵƷ ǽǺ ơȅǿψǻƫ ȅǶ λƬƷ ƧƾȍƳ  νƬǶơ ǹȍǻǠƬǷǶ ƨǷƥƢǯǶơ ƧǁƾǯǶơ ǼƜǪ ƍ ǵưǻǶƢƥȄ .ǖǯǪ ƧǂǌǠǶơ
  ǞǺ ƤȌǁƾƬǶơ ƩƢǿȍǟ Ǽȅǳƫ ȁȍǷǟȄ .ȁǾƢǯƫƛȄ ȁƬǇơǁƽ ƣ˫ǘǶơ ǽǺ ƾȌǂǾ ƢǺ νȂ Ƣȃǻȍǻǐƫ νǪ ƤǣǂǾ
  ơƿƛ ƨȌƢǤǷǶ ̿˫ƟƢǫƬǺ ǂȌƾǯƬǶơ ǼȅψȌ ǼƗ ǽψǻȌ ƍ ǹƯ ǽǺȄ .ǁƢƦƬƻ˫Ƕ ƨǯƥƢǘǺ ƨȍƦȌǂƴƬǶơ ƩƢǿȍǠǶơȄ ǽȌǁƢǻƬǶơ

  ǹƫ ƾǮ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ ƪǾƢǲ .ƤȌǁƾƬǶơ ƨȍǷǻǟ νǪ ǵǠǫǶƢƥ ƢȃƦȌǁƾƫ 
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  ƩƢǾƢȍƦǶơ  ǽǺ  ǖǯǪ  ƧƾƷơȄ  ƨǟȅǻƴǺ  λǶƛ  ǂǜǿǶƢƥ  ƍ  ǱǶƿ  ǞǺȄὈ

ὼȟώ ȟὼȟώ ȟȣ ὼȟώ  ƤȌǁƾƬǶơ ǽǺ ǵψƥ ǸƢȍǯǶơ ƢǿǿψǻȌ ǩȍǲ ƍ ƩƢǿȍǠǶơ ǽǺ
  ƤȌǁƾƫ ƨǟȅǻƴǺ ƔƢǌǾƛ νȂ ƨƥƢƳ˨ơ ƓǁƢƦƬƻ˪ơȄS    ƨǟȅǻƴǺȄὝ    ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǺ ƨȍƦȌǂƴƫὈ .

ǒǠƥ ǩǐǾ ǨȅǇ  ȀƢǾƽƗ ƽƾǐǶơ ơǀȂ νǪ ƨǺƾƼƬǈǻǶơ ƨǠƟƢǌǶơ ƤȍǶƢǇ˦ơ. 

ĆýwĊÎõv Ćêĉ¾Õ 1 

  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƨǾƢȍǐǶơ ƨǯȌǂǗ ǹǈǯƫὈ   ƨǟȅǻƴǻǲ ƧƾƷơȄ :ǽȍƬǷǐǫǿǺ ǽȍƬȍǟǂǪ ǽȍƬǟȅǻƴǺ λǶƛ
  ƤȌǁƾƫὛ   ƨȍƦȌǂƴƫ ƨǟȅǻƴǻǲ Ȇǂƻ˦ơȄὝ  ƮȍƷ: 

Ὀ Ὓ᷾ Ὕ Ȅ   Ὓ᷊ Ὕ ᶮ 

  ǸȅǯǾƤȌǁƾƬƥ    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ λǷǟ ƱƿȅǻǾὛ   ƨȍƦȌǂƴƬǶơ ƨǟȅǻƴǻǶơ λǷǟ ǁƢƦƬƻ˪ơ Ƙǘƻ ƤǈƸǾ ǹƯ
Ὕ    ǼƗ ǑǂƬǪơ ƍ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƨǷψǌǺ λǶƛ ǂǜǿǶƢƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƘǘƼǷǶ ǸƢǟ ǂȌƾǯƬǲὈ   νȂ

  λǷǟ ȊȅƬƸƫ ƩƢǾƢȍƥ ƨǟȅǻƴǺ1000   ƨǟȅǻƴǺ λǶƛ ƢȃǻǈǯǾ νƬǶơȄ ƍ ƨǿȍǟ ƨȍƦȌǁƾƫ Ὓ    Ƣȃƥ700  ƨǿȍǟ
ƴƫ ƨǟȅǻƴǺȄ  ƨȍƦȌǂὝ    ǞǺ300   λǷǟ ƤȌǁƾƬǶơ ƾǠƥ .ƨǿȍǟὛ    ǩǿǏ ƱƿȅǻǿǶơ ǼƗ ǑǂƬǪơ ƍ90   ƨǿȍǟ

  νǪ ƶȍƸǏ ǂȍǣ ǵψǌƥὝ    Ƙǘƻ ǴƾǠǺ ƢǿȌƾǶ ǱǶǀǶ ƍ30%=100) Ö %90/300(    ǼƜǪ νǶƢƬǶƢƥȄ
  ƨǮƾǶơ70=%30%-1 . 

  ǄȍƸƬǶơ ǞǿǻǶ νǷǏ˦ơ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ λǷǟ ǚǪƢƸȌ ǼƗ ƤƴȌ ǹȍǈǯƬǶơ ǼƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫ
  λǷǟ .νǪƢǓ˨ơ  λǷǟ ǙƢǫƸǶơ ǴȄƢƸǾ ǼƗ ƤƴȌ ƍ ǩȍǿǐƬǶơ ƨǷψǌǺ νǪ ǂȍǳǫƬǶơ ƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ

  ƨƠǫǶơ ƤǈǾ λǷǟ ǚǪƢƸƫ νƬǶơ ƩƢǿȍǠǶơ ǀƻƗ ǬǂǗ λǻǈƫ .ƨǫǷƬƼǻǶơ ƨȍǟǂǫǶơ ƩƢƠǫǶơ νǪ ƨƠǫǶơ ƨƦǈǾ
 ƨǫǿǐǻǶơ ƩƢǿȍǠǶơ ǀƻƘƥ2  ƩƢǾƢȍƥ ƨǟȅǻƴǺ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .Ὀ    λǷǟ ȊȅƬƸƫ

500    Ȅ ƨƦƳȅǺ ƨǿȍǟ500    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ λǶƛ Ƣȃǻȍǈǯƫ ƾȌǂǾȄ ƍ ƨȍƦǷǇ ƨǿȍǟὛ    ǞǺ70 ǽǺ Ș
  ƨȍƦȌǂƴƬǶơ ƨǟȅǻƴǻǶơȄ ƩƢǿȍǠǶơὝ    ǞǺ30 ƩƢǿȍǠǶơ ǀƻƗ ƨǯȌǂǗ ǼƜǪ ƍ ǹƯ ǽǺȄ .ƩƢǿȍǠǶơ ǽǺ Ș
  ȊȅƬƸȌ ǼƗ ǽǻǔƫ ƨǫǿǐǻǶơὛ    λǷǟ350    Ȅ ƨȍƥƢƴȌƛ ƨǿȍǟ350    ǼƗȄ ƨȍƦǷǇ ƨǿȍǟὝ    λǷǟ ȊȅƬƸȌ150  

  Ȅ ƨȍƥƢƴȌƛ ƨǿȍǟ150    ƩƢƠǫǶơ ƤǈǾ Ȋƽƚƫ ǼƗ ǽψǻȌ ƍ ƨȌȅƠǫǶơ ƩƢǿȍǠǶơ ǀƻƗ ǼȄƾƥ .ƨȍƦǷǇ ƨǿȍǟ
  νǪ ƨǫǷƬƼǻǶơὛ    ȄὝ  ǄȍƸƬǶơ Ƙǘƻ ƩơǂȌƾǯƫ λǶƛ3   Ȋƽƚƫ ƍ ǱǶƿ ǞǺȄ .ǂȍǤƬƫ ƩƢǾƢȍƦǶơ ƩƢǠȌǃȅƫ Ǽ˦

ƫ ƩƢǟȅǻƴǺ λǶƛ ƨǫǷƬƼǻǶơ ǩȍǿǐƬǶơ ǬǂǗ  ƲƟƢƬǾ λǶƛ ȊƽƚƬǇ νǶƢƬǶƢƥȄ ƍ ƨǫǷƬƼǺ ƨȍƦȌǂƴƫȄ ƨȍƦȌǁƾ
ȁƥ ǬȅƯȅǺ ǂȍǣ Ƙǘƻ ǂȌƾǯƫ ƧƽƢǟ ƾƷơȄ ǁƢƦƬƻơ ǽǟ ƲƬǿȌ ƍ ǹƯ ǽǺȄ .ƨǫǷƬƼǺ ǹȍȍǯƫ. 

 
1 Hold-out Method 
2 Stratified sampling 

3 biased error estimation 
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  ǁƢƦƬƻơ ȊǂƴǾ ƢǺ Ƣ˻ƦǶƢǣ ƍ ƨȍǷǻǠǶơ ƨȍƷƢǿǶơ ǽǺƨǾƢȍǏ   ƩƢǾƢȍƦǶơ ǹȍǈǯƫ ǹƬȌ ƮȍƷ ƍ ƩơǂǺ Ƨƾǟ
  ǖǇȅƬǺ ǸƾƼƬǈȌȄ ǁƢƦƬƻơ ǵǲ νǪ Ƣ˻ȍƟơȅǌǟ  ǂȌƾǯƬǲ ƘǘƼǶơ  ǹȍǈǯƫ ƢǿǿψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .νƟƢȃǾ

  Ƣ˻ȍƟơȅǌǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ100    ƱƢƬǾ˨ ƧǂǺ100    ǖǇȅƬǻǶơ ǁƢƦƬǟơ ǹƯ ǹȍȍǯƫ ƨƴȍƬǾ  ǂȌƾǯƫ ƨƥƢưǻƥ
 ƨǾƢȍǐǶơ ƘǘƼǶ. 

  ƨǾƢȍǐǶơ ƨǯȌǂǗ ǹǈǯƫὈ    ƾȌǂǾ ȊǀǶơ ƱƿȅǻǿǶơ ǽψǶ ƍ ƨȍƦȌǂƴƫ ƨǟȅǻƴǺȄ ƤȌǁƾƫ ƨǟȅǻƴǺ λǶƛ
  ǹƬȌ ȊǀǶơ ƱƿȅǻǿǶơ ȅȂ ȁǻȍȍǯƫȁƦȌǁƾƫ    λǷǟὈ  ƨǷưǺ˦ơ ǹǜǠǺ ƢǿǠǓȄ ơƿƛ .ƨǷǔǠǺ ǸƢǺƗ ǽƸǾ ǱǶǀǶ .

  ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪὛ    λǷǟ ƣǁƾǻǶơ ƱƿȅǻǿǷǶ ơŻǃƢƬǻǺ ơ˻ǂȌƾǯƫ ƾǠȌ ƣǁƾǻǶơ ƱƿȅǻǿǶơ ǼƜǪ ƍὈ .
Ǻ ǵǮƗ ǹȍȍǯƬǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ  ǹƴƷ ǂǤǐǶ ơ˻ǂǜǾ ƨȍǮȅƯȅὝ  ǽǺ ƾȌǄǻǶơ ƢǿǠǓȄ ơƿƛ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .
  ǁƢƦƬƻơ ƨǟȅǻƴǺ νǪ ƩƢǿȍǠǶơὝ  ǹƬȌ ȊǀǶơ ƤȌǁƾƬǶơ ƱƿȅǻǾ ǽȍƥ ǬǂǫǶơ ǼƜǪ ƍȁƦȌǁƾƫ  νǪὛ  ƱƿȅǻǾȄ

  ǹƬȌ ȊǀǶơ ƤȌǁƾƬǶơȁƦȌǁƾƫ    νǪὈ   ȀǀȃǶ νǶƢưǺ ǵƷ ƾƳȅȌ ˪ .ǵǮƗ ǹȍȍǯƬǶơ ƨǮƽ ǼƗ ȊƗ ƍ ơ˻ǂȍƦǲ ƶƦǐȌ

  ǸơƾƼƬǇơ ƨǠƟƢǌǶơ ƩƢǇǁƢǻǻǶơ ǽǺ .ǼǃơȅƬǶơ ǭǯƸǾ ǼƗ ƢǿȍǷǟȄ ƨǷψǌǻǶơ  λǶơ      νǮƢƦǶơȄ ƤȌǁƾƬǷǶ ƨǿȍǟ
.ǁƢƦƬƻ˫Ƕ 

ó¹w{¤úõv èê´¤õv Ćêĉ¾Õ 1 

  ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǴƽƢƦƬǻǶơ ǭǯƸƬǶơ ǹǈǯȌὈ    λǶƛὯ     ƨȍǟǂǪ ƨǟȅǻƴǺ  ǆǫǾ ǽǺȊƗ ƍ ǹƴƸǶơ: 

Ὀ  Ὀ᷾Ὀ  ᷾   ᷾Ὀ ȟὈ  ᷊Ὀ  ɲὭ Ὦ   

  ƨȍǟǂǪ ƨǟȅǻƴǺ ǵǲ ǴȄƢƸƫ ƍ ƧƽƢǟὈ    ƩƢǿȍǠǶơ ǀƻƗ Ǵ˫ƻ ǽǺ νǷǏ˦ơ ƩƢǾƢȍƦǶơ ǞȌǃȅƫ λǷǟ ǙƢǫƸǶơ
ǫǿǐǻǶơƨ ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ƨǯȌǂǗ νǪ .ǴƽƢƦƬǻǶơ ǭǯƸƬǷǶ ƩƢǾƢȍƦǶơ ƨǲǁƢǌǻǶ ǬǂǗ Ƨƾǟ ǰƢǿȂ .

ǸơƾƼƬǇơ ǹƬȌ ƍƔơǄƳ˦ơ ƧƽƾǠƬǺ    ƨȍǟǂǫǶơ ƨǟȅǻƴǻǶơK- 1   ƱƿȅǻǾ ǹȍǷǠƬǶ ƤȌǁƾƫ ƨǟȅǻƴǻǲ
  ƨȍǷǻǠǶơ ȀǀȂ ǁǂǲ .ƱƿȅǻǿǶơ ǹȍȍǯƬǶ ƨȍƦȌǂƴƫ ƨǟȅǻƴǻǲ ƨȍǯƦƬǻǶơ ƨȍǟǂǫǶơ ƨǟȅǻƴǻǶơȄK   ƧǂǺ

 ƨƴȍƬǾ λǷǟ ǴȅǐƸǷǶ ƍ ơ˻ǂȍƻƗ .ǖƦǔǶƢƥ ƧƾƷơȄ ƧǂǺ ǁƢƦƬƻơ ƨǟȅǻƴǻǲ ƨȍǟǂǪ ƨǟȅǻƴǺ ǵǲ ǸƾƼƬǇơȄ
  ǖǇȅƬǻƥ ǸȅǯǾ ƍ ǹȍȍǯƬǶơ  ǁƢƦƬƻơK˦ơ ƨǻȍǯǶơ .  ǥǶ ƨǺƾƼƬǈǻǶơ Ƣ˻ǟȅȍǋ ǂưǲK    νȂ10  ǹȍǮ ǽǻǔƬƫ .K 

  Ȇǂƻ˦ơ ƨǠƟƢǌǶơ5    Ȅ20 . 

  ąº³vÿ ą¾ù ¡wýwĊ{õv üù iÀ« ôí ÜÑÿ ø¤ĉ I ivÀ«čv ą¹ºÞ¤ù Ć´Îõv üù èê´¤õv ĆĊþê£ Ĉå
  ą¾ùÿ ĆĊ{ĉ¾¬£ ĆÝĀú¬ù Ĉå Ô{Òõwząº³vÿ  Ĉå  ĆÝĀú¬ù   yĉ½º¤õv  )v¼ă  ôöêĉ  ôîÊz  ¾Ċ{í  

üù  ÀĊ´¤õv  üĉw{¤õvÿ  I  Ăýč  üúÒĉ  ûl  ôí  ôĊ¨ù  üù  ĆÝĀú¬ù  ¡wýwĊ{õv  ĆĊöÍčv  Ăĉºõ  ĆÍ¾å  
½ĀĄÚöõ  Ĉå  ĆÝĀú¬ù  yĉ½º¤õv   ĆĊ{ĉ¾¬¤õvÿ  )ºÞĉ  èê´¤õv  ¹ºÞ¤ù   v  ç¾Öõv ôÒål º³l ivÀ«č

ą¹ÿº´ù ów·¹p ¡wýwĊz wþĉºõ ¢ýwí v»p ©»Āúþõv iv¹l øĊĊê¤õ ) 

 
1 Cross-Validation 



 
204 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

Bootstrapping 

  ǹƫ ȊǀǶơ ƱƿȅǻǿǶơ ȅȂ ȁǻȍȍǯƫ ƾȌǂǾ ƢǺȁƦȌǁƾƫ    ǸơƾƼƬǇƢƥὈ  ƨȍǿǯƫ ƢǿǺƾƼƬǇơ ơƿƛ λƬƷ ƍ ǱǶƿ ǞǺȄ .
  ǽǺ ǂǤǏƗ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǵǜƬǈǪ ƍ ǴƽƢƦƬǻǶơ ǭǯƸƬǶơ ȄƗ ƨǾƢȍǐǶơὈǄȍƸƬǶơ ǂȌƾǯƫ ǼƜǪ ƍ ǹƯ ǽǺȄ .1    
  Ȅ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǽȍƥ ǹƴƸǶơ Ǩ˫Ƭƻơ ƤƦǈƥ ȁǿǺ ǂǫǺ ˪ ǂǺƗὈ  .bootstraping   ǵƷ ȅȂ

Ȍ  ƩƢǿȍǟ ǀƻƗ ƨȍǿǯƫ ǸƾƼƬǈbootstraping  .  ƨǟȅǻƴǺ λǶƛ ǂǜǿǶƢƥὈ    ƩƢǿȍǟ λǷǟ ȊȅƬƸƫά   ƍ
  ƨǟȅǻƴǻǷǶ ƾȍȃǻƬǶơ ǁƢƬƼȌὈ Ӣ   ǽǺ ƨǿȍǟ νƟơȅǌǟ ǵψǌƥὈ    λǶƛ ƢȃƼǈǿȌȄὈ Ӣ    νǪ ƢȃǠǔȌ ǹƯὈ  

.ƨǺƽƢǯǶơ ƧǂǻǶơ νǪ ǁƢȍƬƻ˫Ƕ ƨǏǂǪ ƢȃǺƢǺƗ ǴơǄȌ ˪ ƮȍƸƥ ƩơǂǺ ƽƾǟ ǞǺ ƨȍǷǻǠǶơ ȀǀȂ ǁơǂǳƫ ȊƽƚȌ .
  ƩƢǿȍǟ ǀƻƗ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǁȅȃǛ λǶƛBootstrap Ὀ Ӣ    ƩƢǿȍǟ λǷǟ ȊȅƬƸƫ ȁǟȅǻƴǺά ƤƦǈƥ .
  νǪ ƩƢǿȍǠǶơ ǒǠƥ ǂȃǜƫ ˪ ƾǮ ƍǴơƾƦƬǇ˪ơὈ    νǪὈ ӢƧǂǺ ǽǺ ǂưǲƗ ȆǂƻƗ ƩƢǿȍǟ ǂȃǜƫ ƾǮ Ƣǻǿȍƥ ƍ .  .

  νǪ ǁƢȍƬƻ˪ơ Ǹƾǟ ƨǏǂǪ :ǞȌǂǇ ǂȌƾǯƬƥ ƢǿǻǮ ơƿƛά    ȊȄƢǈƫρƾƷ ƢǿȌƾǶ ǱǶǀǶ ƍ: 

ÌÉÍ
ᴼ
ρ
ρ

ά

ρ

Ὡ
πȢσφψ 

  ǽǺ ƣǂǯȌ ƢǺ ǼƗ νǿǠȌ ơǀȂ36.8  ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǪ ǂȃǜƫ ˪ ƨȍǷǏ˦ơ ƩƢǿȍǠǶơ ǽǺ ȘὈ ƍǹƯ ǽǺȄ .
  ǸơƾƼƬǇơ ƢǿǿψǻȌὈ Ӣ    Ȅ ƤȌǁƾƫ ƨǟȅǻƴǻǲὈ͵Ὀ    ǽǺ ǵǲ ǸƾƼƬǈȌ ƮȍƸƥ ƍ ƨȍƦȌǂƴƫ ƨǟȅǻƴǻǲ

  λǷǟ ȁǻȍȍǯƫ ƾȌǂǾ ȊǀǶơ νǷǠǫǶơ ƱƿȅǻǿǶơȄ ǹ̈ȍǯǻǶơ ƱƿȅǻǿǶơὈ    ƤȌǁƾƬǶơ ƩƢǿȍǟά  λǶƛ ƨǪƢǓ˨Ƣƥ .
  ƨȍǷǏ˦ơ ƩƢǿȍǠǶơ ƮǷƯ νǶơȅƷ λǷǟ ȊȅƬƸƫ ƩơǁƢƦƬƻ˪ơ ǽǺ ƨǷǐǫǿǺ ƨǟȅǻƴǺ ƢǿȌƾǶ ǴơǄȌ ˪ ƍ ǱǶƿ

ȍȍǯƬǶơ ƨƴȍƬǾ λǻǈƫ .ƤȌǁƾƬǷǶ ƢȃǺơƾƼƬǇơ ǹƬȌ ǹǶ νƬǶơ  ƨǯȌǂǘǶơ ȀǀȂ ǽǺ ƢȃȍǷǟ ǴȅǐƸǶơ ǹƫ νƬǶơ ǹ
 ƨƦȍǯƸǶơ ƱǁƢƻ ǂȌƾǯƫ2. 

  ûĀîĉBootstraping    º«Ā£ đ wùºþÝ ÿl ą¾ĊâÍ ¡wýwĊ{õv ĆÝĀú¬ù ûĀî£ wùºþÝ vMºĊæù
  I ìõ» Ĕõp ĆåwÑďwz )ĆĊ{ĉ¾¬¤õv ¡wÝĀú¬úõvÿ yĉ½º¤õv ¡wÝĀú¬ù øĊÆê¤õ ĆõwÞå Ćêĉ¾Õ
  ç¾Öõ ąºĊæù ûĀî£ ûl üîúĉ ą¹ºÞ¤ù ¡wýwĊz ¡wÝĀú¬ù iwÊýp ºĊĄú¤õv ĆĊöúÞõ üîúĉ

õv  Üĉ¿Ā£  ¾Ċâ¤õ  vM¾Úý  I  ìõ»  Üùÿ  )ĈÝwú¬õv  øöÞ¤õv  ô¨ù  ÷vº¸¤Åwz  ĆĊöÍčv  ¡wýwĊ{
Bootstraping    I ¡wýwĊ{õv üù ¾Ċ¨îõv wþĉºõ ûĀîĉ wùºþÝ I ìõ¼õ )wMÒĉl ÀĊ´¤ù ¾ĉºê¤õv ûqå I

 ÷vº¸¤Åv ø¤ĉ wù wM{õwáĆýwĊÎõv èê´£  )ìõ» üù Mđºz ó¹w{¤úõv èê´¤õvÿ 

Ô{Ñ  ¡ĒùwÞúõv  ĈtwĄþõv ©»Āúþõvÿ Ćêtwæõv 
  λǷǟ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǹǜǠǺ ȊȅƬƸƫƩ˫ǺƢǠǺ  Ǫ  ǵȌƾǠƫ ȊƽƚȌ ƢǺ Ƣ˻ƦǶƢǣȄ ƍ ƢȃǘƦǔǶ ƨǯƟƢ

Ʃ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ   ȀǁƢȍƬƻơȄ ƱƿȅǻǿǶơ ǹȍȍǯƫ ǼƜǪ ƍ ǱǶǀǶ .ǩǷƬƼǺ ƔơƽƗ Ʃơƿ ƱƿƢǻǾ λǶƛ ƨǫǷƬƼǻǶơ

 
1 estimation bias 

2 out-of-bag estimate 



 
205                                              ȁǻȍȍǯƫȄ ƱƿȅǻǿǶơ ǁƢȍƬƻơ :ǆǺƢƼǶơ ǵǐǫǶơ 

 

  ǽȍȍǠƬƥ Ƣ˻ǔȌƗ ǭǷǠƬȌ ǵƥ ƍ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǁƢȍƬƻƢƥ ǖǯǪ ǭǷǠƬȌ ˪Ʃ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ  ƨȍǷǻǟ λǻǈƫ .
  ƽƢƴȌƛƩ˫ǺƢǠǻǶơ    ƨƸȍƸǐǶơ ƨǯƟƢǫǶơ ǖƦǓ   Ʃ˫ǺƢǠǻǶơ   ƨǯƟƢǫǶơ1  ƾǠƫ .Ʃ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ    ƩƢǘȍǇȄ

  ƾȌƾƸƫ ȅȂ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƵƢƬǫǺ .ǹǷǠƬǶơ ƨȍǷǻǟ Ɣƾƥ ǵƦǮ ƢȃǻȍǮ ǽȍȍǠƫ ǹƬȌ ƨȍƳƿȅǻǾ
Ʃ˫ǺƢǠǻǶơ  ƍ ǂƻƕ λǿǠǻƥ .ǖƦǓ  Ʃ˫ǺƢǠǻǶơ   ǽǺ ƨƸȍƸǐǶơ ƨƦȍǲǂƬǶơ ƾȌƾƸƫ ƨȍǷǻǟ ȅȂ ƨǯƟƢǫǶơ
Ʃ˫ǺƢǠǻǶơ  ƬǶơ ƨǯƟƢǫǶơ ƨƦȍǲǂƬǶơ ǖƦǓ ƾǠȌ .λǐǮ˦ơ ƾƸǶơ λǶƛ ƱƿȅǻǿǶơ ƔơƽƗ ƧƽƢȌǄƥ ƱƿȅǻǿǷǶ ƶǻǈƫ ν
  ƨƸȍƸǐǶơƩ˫ǺƢǠǻǷǶ  ƱƿƢǻǿǶơ ǽǺ ƔơƽƗ λǐǮƗ ƱơǂƼƬǇ˪ ƧƾȍƷȅǶơ ƨǯȌǂǘǶơ ƨǯƟƢǫǶơ . 

  ƽơƾǟƛ ǽȍƥ ȊǂȂȅƳ ǬǂǪ ƾƳȅȌ ˪ ȁǾƗ ƔơǂǯǶơ ƾǯƬǠȌ ƾǮǵǺƢǠǺ    ǵǲ :ƨȍǺǃǁơȅƻ ǁƢȍƬƻơȄ ǭƟƢǪ ǖƦǓ  
ǵǺƢǠǻǷǶ    ƱƿȅǻǾ λǶƛ ȊƽƚȌ ǭƟƢǫǶơ ȀǀȂ .νƟƢȃǾ Ʊƿȅǻǿǲ ƲƟƢƬǿǶơ ǵǔǪƗ ƲƬǿȌ ȊǀǶơ ƱƿȅǻǿǶơ ǁƢƬƼǾȄ ƍ

  Ǽ˦ ơ˻ǂǜǾ ƍ ƨǷψǌǺ ǰƢǿȂ ƍ ǱǶƿ ǞǺȄ .ǅƢǇ˦ơ νǪ ƨƸȍƸǏ ƧǂǳǫǶơƩ˫ǺƢǠǻǶơ    Ƣ˻ǻȍǮ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ
 ƨȍǯȍǯƷ2    Ʃơƽơƾǟƛ ǞȍǻƳ ǁƢƦƬƻơ ǵȍƸƬǈǻǶơ ǽǻǪ ƍƩ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ  ƨǇǁƢǻǻǶơ νǪ ƍ νǶƢƬǶƢƥȄ .

ƢǘǾ ŻƧƽƢǟ ƽƾƸǾ ƍ ƨȍǷǻǠǶơ  ǵψǶ Ƨȅǘƻ ǹƴƷȄ ƢŻǮǵǺƢǠǺ  ] ǬƢǘǿǶơ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǭƟƢǪ0.2    ƍ0 [
  ȅȂ ƧȅǘƼǶơ ǹƴƷȄ0.05    Ʃơƽơƾǟƛ ƨǈǻƻ ȁǿǟ ƲƬǿȌ ƢǻǺ ƍ Ʃ˫ǺƢǠǻǷǶ    ǵưǺ .ǖǯǪ ƨƸǋǂǻǶơ ǭƟƢǫǶơ

  ơǀȂƨǾǃơȅǻǶơ3    ǼƗ ǽǺ ǹǣǂǶơ λǷǟ ƍ ƢŻǿψǻǺ ǹǷǠƬǶơ ǵǠƴȌ ƧǁƾǯǻǶơ ƧƽȅƴǶơȄ ƨȍƥƢǈƸǶơ ƨǫǷǳƬǶơ ǽȍƥ
  ƽơƾǟƛǵǺƢǠǻǶơ    ơǀȂ ǵưǺ ƔơǂƳƛ ƾǠƥ λƬƷ ƍ ǞǮơȅǶơ νǪ .ǵưǺ˦ơ ȅȂ ŻƧƽƢǟ ǼȅψȌ ˪ ǁƢƬƼǻǶơ ǭƟƢǫǶơ

  ǴơǄȌ ˪ ƍƣƢǈƸǶơǖƦǓ  ǵǺƢǠǺ    ǼƗ ǑǂƬǪơ .ǖȍǈƥ ǂȌƾǯƫ ǵǻǟ ƢǿǿψǻȌ .ơ˻ǂȍƦǲ Ƣ˻ȌƾƸƫ ǵưǻȌ ǭƟƢǪ
ƨȍǺǃǁơȅƼǶơ    ƨƯ˫Ư λǷǟ ȊȅƬƸƫƩ˫ǺƢǠǺ    ƨƸǋǂǺ ǹȍǮ ǆǻƻ ǁƢƦƬǟ˪ơ νǪ ǀƻƘȌ ƢȃǿǺ ǵǲȄ ƨǯƟƢǪ

  ǹȍȍǯƫ ƢǿȍǷǟ ǽȍǠƬȌ ǱǶǀǶ ƍǖǯǪυ ρςυ ƦȌǁƾƬǶơ ƩƢǟȅǻƴǺ ǽǺ ƱȄǃ ǵψǶ Ƣ˻ƳƿȅǻǾƨȍ  
  ǽǺ ơŻƾƳ ǂȍƦǲ ƽƾǟ λǷǟ ƨȌȅǯǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ȊȅƬƸƫ ƢǺ Ƣ˻ƦǶƢǣ .ƨȍƦȌǂƴƬǶơȄƩ˫ǺƢǠǻǶơ    ƨǯƟƢǫǶơ

λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƢȃǷȌƾǠƬǶ    ƾȌƾƸƫ νǪ ǵȍǯƯ ǵǻǟ ƔƤǟƩ˫ǺƢǠǻǶơ  . 
  ƧƽȅƳ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣǖƦǓ  Ʃ˫ǺƢǠǻǶơ    .νǯȍǯƸǶơ ǹǶƢǠǶơ ƩƢǯȍƦǘƫ νǪ ƨȍǻȂ˦ơ ǢǶƢƥ ơ˻ǂǺƗ ƨǯƟƢǫǶơ

  ǽǺ ƨƸȍƸǐǶơ ƨǟȅǻƴǻǶơ ǁƢȍƬƻơ ǼƜǪ ƍ ǱǶƿ ǞǺȄƩ˫ǺƢǠǻǶơ    ǰƢǿȂ .ƨǷȃǈǶơ ƨǻȃǻǶƢƥ ǆȍǶ ƨǯƟƢǫǶơ
ƢǻȃǷȌƾǠƬǶ ǼƢƬȍǈȍƟǁ ǼƢƬǯȌǂǗ : 

Á   :ƨǯƟƢǫǶơ ƩƢǻǷǠǻǷǶ ȊȄƾȍǶơ ƽơƾǟ˨ơ  ƩƢǟȅǻƴǺ ǁƢƦƬƻơȄ ǖƦǓ ǹƬȌ ƍ ƨǯȌǂǘǶơ ȀǀȂ νǪ
  ǽǺ ƨǫǷƬƼǺƩ˫ǺƢǠǻǶơ    Ʃ˪ƢƸǶơ νǪ ƨȍǷǻǟ Ǽȅǳƫ ˪ ƾǮȄ ƨǮƢǋ ƨȍǷǻǟ ȀǀȂ .Ƣ˻ȌȄƾȌ ƨǯƟƢǫǶơ

  ǽǺ ơŻƾƳ ǂȍƦǲ ƽƾǟ ƢȃȍǪ ƾƳȅȌ νƬǶơƩ˫ǺƢǠǻǶơ   ƧǂǺ ǵǲ νǪ ƍ ǂƻƕ λǿǠǻƥ .ǁƢƦƬƻ˫Ƕ ƨǯƟƢǫǶơ
  ǁƢƦƬƻƢƥ ƢȃȍǪ ǸȅǯǾƩ˫ǺƢǠǺ   ƩƢǾƢȍƥ λǷǟ ƱƿȅǻǾ ƤȌǁƾƫ ƢǿȍǷǟ ǽȍǠƬȌ ƍ ƨǫǷƬƼǺ ƨǯƟƢǪ

  .ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ǂȍȌƢǠǺ ƣƢǈƷ ǹƯ ƍ ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ƩƢǾƢȍƦƥ ƚƦǿƬǶơȄ ƍ ƤȌǁƾƬǶơ
  ǽǺ ǂȍƦǲ ƽƾǟ ǞǺ ǵƸǷǶ ƨǷƥƢǮ ǂȍǣ ƨȌȄƾȍǶơ ƨȍǷǻǠǶơ ǵǠƴȌ ơǀȂ˫ǺƢǠǻǶơƩ    νǪ ƨǯƟƢǫǶơ

 
1 Hyperparameter Tuning 
2 real- valued 
3 trade off 



 
206 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ǬǂǤƬǈƫ ƾǮ νƬǶơ ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ȄƗ νǟƢǻƴǶơ ǹǷǠƬǶơ ǵưǺ ƧƾǯǠǻǶơ ƱƿƢǻǿǶơ
ǸƢȌƗ Ƨƾǟ! 

Á   νƟƢǯǷƬǶơ ƽơƾǟ˨ơ Ʃ˫ǺƢǠǻǷǶ    :ƨȍƦǠǌƬǶơ  λǷǟ ǁȅưǠǶơ ǹƬȌ ƍ ƨǯȌǂǘǶơ ȀǀȂ νǪ Ʃ˫ǺƢǠǻǶơ  
ƨǯƟƢǫǶơ    ƮƸƦǶơ .ƢȃǿȍǈƸƫȄ ƨȍǷǻǠǶơ ƨƬǻƫƗ λǷǟ ǵǻǠƫ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ λǷưǻǶơ
ȅǌǠǶơȄ ƍ νƟơǶơψƦǌǶơ ƮƸƦν    ǽȍǈƸƫȄ ƍBayesian    νƟƢǯǷƬǶơ ǖƦǔǶơ λǷǟ ƨǷưǺƗ νȂ

νƟƢǯǷƬǶơ ǵǺƢǠǻǷǶ . 

Ĉî{Êõv ¦´{õv 

  ƮƸƦǶơ ƨǯȌǂǗ νǪψƦǌǶơνƍ    ƨǿψǻǻǶơ ǹȍǯǶơ ǽǺ ƨψƦǋ ƔƢǌǾƜƥ ǸȅǯǾƩ˫ǺƢǠǻǷǶ  ƨǯƟƢǫǶơ  ǵǲ ǂƦƬƼȌ .
  ǽǺ ƨǟȅǻƴǺ ǁơǂǳƫƩ˫ǺƢǠǻǶơ   ǽǺ ƨǟȅǻƴǺ ȊƗ ǞǺ ƱƿȅǻǿǶơ ơǀȂ ƤǇƢǿȌ .ǽȍǠǺ ƤȍƫǂƬƥ ƨǯƟƢǫǶơ

Ʃ˫ǺƢǠǻǶơ    .ƱƿȅǻǿǶơ ƔơƽƗ ǵƴǈȌȄ ƨǿψǻǻǶơ ƨǯƟƢǫǶơƍơ˻ǂȍƻƗ    ǵǔǪƘƥ ƱƿȅǻǾ ǵǔǪƗ ǝƢƳǁƜƥ ǸȅǯȌ
Ʃ˫ǺƢǠǺ  ƨǯƟƢǪ  ƩƢǟȅǻƴǺ ǞȍǻƳ ǂƦƬƼƫ ƨǯȌǂǘǶơ ȀǀȂ Ǽ˦ ơ˻ǂǜǾ .Ʃ˫ǺƢǠǻǶơ  ƍƨǯƟƢǫǶơ    ƾȌǄƫ ƢȃǾƜǪ

.ƩƢƥƢǈƸǷǶ νǿǺǄǶơ ƾȍǯǠƬǶơ ǽǺ 

{õvĈtvĀÊÞõv ¦´ 

  ǴơƾƦƬǇ˪ ƨǘȍǈƥ ƨǯȌǂǗ ǰƢǿȂǶơψƦǌǶơ ƮƸƦν    ǵǺƢǠǻǶơ ƨƷƢǈǺ ǽǺ ƨȍƟơȅǌǟ ƩƢǿȍǟ ǀƻƗ ǭȌǂǗ ǽǟ
ǭƟƢǫǶơ  ƍƨǷψǌǻǶơ ƨƷƢǈǺ νǪ ƨǷǺƢψǶơ ǹȍǯǶơ ƨǟȅǻƴǺ λǷǟ ƨǻǜƬǿǻǶơ ƣǁƢƴƬǶơ ǽǺ ̝˪ƾƥ ƍ ǂƻƕ λǿǠǻƥ .

ƨǯȌǂǗ νǪ .ƢȃǷǻǲƘƥ ƨǿȍǠǶơ ƨƷƢǈǺ ǽǺ ƨȍƟơȅǌǠǶơ ǹȍǯǶơ ǁƢƦƬƻơȄ ƾȌƾƸƫ ǵǔǪ˦ơ ǽǺ    ƮƸƦǶơ
  ƨǿψǻǻǶơ ǹȍǯǶơ ǽǺ ƨψƦǋ ƔƢǌǾƜƥ ǸȅǯǾ ƍνƟơȅǌǠǶơƩ˫ǺƢǠǻǷǶ  ƨǯƟƢǫǶơ  ƨǟȅǻƴǺ ǁơǂǳƫ ǵǲ ǂƦƬƼȌ .

  ǽǺ ƨȍƟơȅǌǟƩ˫ǺƢǠǻǶơ    ƨǟȅǻƴǺ ƨȌƢȃǿǶơ νǪ ǞƳǂ˾Ȍ ǹƯ ƍ Ɣơƽ˦ơ ǵƴǈȌȄ ƍ ƨψƦǌǶơ ȀǀȂ ǽǺ ƨǯƟƢǫǶơ
ƩƢǻǶƢǠǻǶơ   .ƔơƽƗ ǵǔǪƗ ǂǪȅƫ νƬǶơ ƨǯƟƢǫǶơ 

£ üĊÆ´Bayesian 

 ƽƢƴȌƛȄ ƽơƾǟƛ ƾǠȌƩ˫ǺƢǠǻǶơ ƨǯƟƢǫǶơ  λǿǠǻƥ .ǽȍǈƸƫ ƨǻȃǺ ƱƿȅǻǿǷǶ ƨƸȍƸǐǶơƍǂƻƕ  ǵȍǷǯƫ ƾȌǂǾ
  ƨǶơƽƘǘƼǶơʣ  ǂȍȍǤƫ ǭȌǂǗ ǽǟ ƢǿƳƿȅǻǾ Ʃ˫ǺƢǠǺ    ǽȍǈƸƫ ƢǾƾǟƢǈȌ .ƨǯƟƢǫǶơ ƱƿȅǻǿǶơBayesian ʣ  

  ǽȍǈƸƫ ǸƾƼƬǈȌ .ƩơȅǘƼǶơ ǽǺ ƽƾǟ ǵǮƗ ʣǕƢǯǿǶơ ǽǺ λǾƽ˦ơ ƾƸǶơ λǷǟ ǁȅưǠǶơBayesian    Ƣ˻ǔȌƗ
ƨǶơƽ    ǵǔǪƗ λǷǟ ǽȍǈƸƬǶơ ƢȃȍǪ ǼȅψȌ ǼƗ ǵǻƬƸȌ νƬǶơ ǭǗƢǿǻǶơ λǶƛ ƩƢǿȍǠǶơ ǀƻƗ ȁƳȅƫ ƨǷǺƢǋ

  ǵψǌƥ .ƨȍǶƢƸǶơ ƩƢǜƷ˫ǻǶơƍǸƢǟ    ǽȍǈƸƬǶ νǇƢǇ˦ơ ǸȅȃǫǻǶơBayesian  " :ȅȂ  Ƣ˻ȍƟơȅǌǟ ƢǿưƸƥ ơƿƛ
  ǽǺ ǂưǲƗ ƧƾǟơȄ ǕƢǯǿǶơ ȀǀȂ ǒǠƥ ǼƗ ƢǾƾƳȄȄ ǕƢǯǿǶơ ǒǠƥ ǽǟƍƢȂǂȍǣ  ƓƢȃȍǶƛ ǂǜǿǾ ˪ ơƿƢǻǷǪ". 

  yöÖ¤ĉ  üĊÆ´£Bayesian    øĊé üù ĆzĀá¾úõv ĆÝĀú¬úõv èĊê´¤õ ôél vM½v¾î£ Mą¹wÝ
Ćêtwæõv ¡ĒùwÞúõv    Ć³wÆù èÕwþù ôăw¬¤ĉ Ăýč IôùwÞúõv    ĔöÝ ºÝwÆ£ đ wĄýl ºê¤Þĉ Ĉ¤õv

 )çĒÕďv 
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  ûÿ½w¤¸ĉ đ øĄýč )wMĊ{Æý ĆõwÞå ¾Ċá ĈtvĀÊÞõvÿ Ĉî{Êõv ¦´{õv ç¾Õ ûl wúí ¡ĒùwÞúõv  
  ¾Ċá ĈtvĀÊÞõv ¦´{õvÿ ¦´{õv Ćî{É )ĆêzwÆõv ªtw¤þõv ĔöÝ Miwþz øĊĊê¤öõ ĆĊõw¤õv Ćêtwæõv
  Ĉå MĒĉĀÕ wM¤éÿ ûĀÒêĉ wù wM{õwá I ìõ¼õ Ć¬Ċ¤ýÿ I ĆêzwÆõv ¡wúĊĊê¤öõ wMùwú£ üĊí½ºù

 ¡wúöÞúõv øĊĊê£ ĆêtwæõvͼĆuĊÆõvͼ) ) 

 iv¹čv øĊĊê£ 
  ƣƢƸǏƗ ǱǶƿ νǪ Ƣǻƥ ƍ ǂȍȂƢǻƴǶơ ǞȍǻƳ ȆƾǶ ǼȅψȌ ƍ νǶˤơ ǹǷǠƬǷǶ Ƣ˻ƳƿȅǻǾ ƢȃȍǪ ξǌǿƫ ƧǂǺ ǵǲ νǪ
  ƨǏƢƼǶơ ǹȍȍǯƬǶơ ǂȍȌƢǠǺ νȂ ƢǺ ƓƱƿȅǻǿǶơ ǵǻǠȌ ǩȍǲ :ǖǯǪ ƾƷơȄ ǴơƚǇ ƍ ǴƢǻǟ˦ơ νǪ ƨƸǷǐǻǶơ

  ǹȍȍǯƬǶ ƍ ǂƻƕ λǿǠǻƥ ƓƱƿȅǻǿǶơ ƨǮƽ νȂ ƢǺ ƓƱƿȅǻǿǶƢƥ  λǶƛ ǖǯǪ ƱƢƬƸǾ ˪ ƍ ƱƿƢǻǿǶơ ǹȍǻǠƫ ƨȍǷƥƢǮ
  ƨȍǷƥƢǮ ƽƾƸƫ ǼƗ ǽψǻȌ νƬǶơ Ɣơƽ˦ơ ǂȍȌƢǠǺ ǒǠƥ λǶƛ Ƣ˻ǔȌƗ ƱƢƬƸǾ ǵƥ ƍ ƧƚǫǲȄ ƨǶƢǠǪ ǂȌƾǯƫ ǬǂǗ
 .ƨǫǷƬƼǺ ǹȍȍǯƫ ƲƟƢƬǾ ƲƬǿƫȄ ƢȌƢǔǯǷǶ ƨǫǷƬƼǻǶơ ƩƢƦǷǘƬǻǶơ ƨǫǷƬƼǻǶơ Ɣơƽ˦ơ ǆȍȌƢǯǺ ǆǳǠƫ .ǹȍǻǠƬǶơ

 Ȍ ȋƦǈǾ ǸȅȃǫǺ νȂ ƱƿȅǻǿǶơ ƧƽȅƳ ƍ ǂƻƕ λǿǠǻƥ  ƩƢƦǷǘƬǺ ǱǶǀǲȄ ƩƢǾƢȍƦǶơȄ ƨȍǺǃǁơȅƼǶơ λǷǟ ƾǻƬǠ
ǵǻǠǶơ. 

  ǹȍȍǯƫȄ ǂȌȅǘƫ νǪ ǂǻƬǈƬǇ ƍ ǹƯ ǽǺȄ .ƱƿȅǻǿǶơ ǵȌƾǠƫ λǷǟ ǁȅǘǻǶơ ƱƿȅǻǿǶơ ǹȍȍǯƫ ǰƾǟƢǈȌ
  λǷưǻǶơ ƧƔƢǫψǶơ νǿǠƫ ˪) ǵưǺ˦ơ ƱƿȅǻǿǶơ ƧƔƢǫǲ ȆȅƬǈǺ λǶƛ ǵǐƫ λƬƷ Ǳƥ ǍƢƼǶơ ƱƿȅǻǿǶơ

  ƨǮƽ ƱƿȅǻǿǷǶ100ǷǷƸǺ ǽǺ ƾȌƾǠǶơ ƨȌƙǁ ǽψǻȌ .(!! Ș ȄƗ ƱƿȅǻǿǶơ ƔơƽƘƥ ǽȍǻƬȃǺ ǂȍǣ ƩƢǾƢȍƦǶơ ν
 ƽƾǟ ƔƢǌǾƛ ǱǿψǻȌ .ƱƿȅǻǿǶơ ǹȍȍǯƫ ǂȍȌƢǠǺὲ   ǴơƚǈǶơ ǽψǶȄ ƍ ƨǿȍǠǺ ƩƢǾƢȍƥ ƨǟȅǻƴǻǶ ƱƿƢǻǿǶơ ǽǺ

ǴơƚǈǶơ ơǀȂ λǷǟ ƨƥƢƳ˨ơ νȂ ƨȍƳƿȅǻǿǶơ ǹȍȍǯƬǶơ ǂȍȌƢǠǺȄ .ȀǁƢȍƬƻơ ƤƴȌ ȊǀǶơ ƱƿȅǻǿǶơ ǽǟ νǈȍƟǂǶơ . 
Ƕơ  ǽǺ  ƨǟȅǻƴǺ  ƢǿȌƾǶ  ƍ  Ʃ˫ψǌǻǶƢƥ  ƚƦǿƬǶơ  νǪ  ƩƢǾƢȍƦὈ

ὼȟώ ȟὼȟώ ȟȣ ὼȟώ    ƮȍƷώ    ƨȍǯȍǯƸǶơ ƨȍǻǈƬǶơ νȂƨǿȍǠǶ  ὼ ƔơƽƗ ǹȍȍǯƬǶ .
  ǹǷǠƬǻǶơὪ    ȁǠǮȅƫ ǼǁƢǯǾ ƍὼ    ƨȍǯȍǯƸǶơ ȁƬǻǈƥώ  . 

 ƢǺƾǿǟ .ƨȍƳƿȅǻǿǶơ ǹȍȍǯƬǶơ ǂȍȌƢǠǺ ǁƢȍƬƻơ ǱǿψǻȌ ƍ ȁǮƢǘǾȄ ǱǷǻǟ ǽǺ ǑǂǤǶơ λǷǟ ơ˻ƽƢǻƬǟơ
ƤƴȌ ƍ ƨȌƚƦǿƬǶơ ƱƿƢǻǿǶơ ǽǟ ƭƾƸƬǾ    ƍǸƢǟ ǵψǌƥ .ƨȌƚƦǿƬǶơ ƱƿƢǻǿǷǶ ƨǫǷƬƼǻǶơ ǝơȅǾ˦ơ ǹȃǪ ̝˪ȄƗ ƢǿȍǷǟ

  ƢǿǾƜǪ ƍ ơ˻ǂǻƬǈǺ ǞƥƢƬǶơ ǂȍǤƬǻǶơ ǼƢǲ ơƿƛ .ƨǠƥƢƬǶơ ƩơǂȍǤƬǻǶơ λǷǟ ǼơƾǻƬǠƫ ƱƿƢǻǿǶơ ǽǺ ǼƢǟȅǾ ƢǿȌƾǶ
  ǞƥƢƬǶơ ǂȍǤƬǻǶơ ǼȅψȌ ƢǺƾǿǟȄ ƍ ǁơƾƸǾ˫Ƕ Ƣ˻ƳƿȅǻǾ ξǌǿǾŻƢǠǘǯƬǺ    ơƿƛ .ǩȍǿǐƫ ƱƿȅǻǾ ƢǿȌƾǶ ǼȅψȌ ƍ

ƨǷψǌǻǶơ ƪǾƢǲ    ǖǇȅƬǺ ȅȂ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ƧƔƢǫψǶơ ǅƢȍǯǺ ǼƜǪ ƍ ǁơƾƸǾơ ƨǷψǌǺ ǵưǻƫ  ƘǘƼǶơ
 νǠȍƥǂƬǶơ1    )MSE( : 

ὉὪȠὈ
ρ

ά
Ὢὼ ώ  

 
1 Mean Squared Error 



 
208 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ǂȍȌƢǠǺ ǒǠƥ ƵǂǋȄ ǸƾǯǾ ǨȅǇ ƍ ǹǈǯǶơ ơǀȃǶ ǁơǂǻƬǇơ νǪƔơƽ˪ơ   .ǩȍǿǐƬǶơ ƢȌƢǔǮ νǪ 

 Ćéºõvÿ mÖ¸õv óºÞù 

  ǵǲƢǌǺ νǪ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ Ɣơƽ˦ơ ǆȍȌƢǯǺ  ǩȍǿǐƬǶơȄ νƟƢǿưǶơ ǩȍǿǐƬǶơ ǱǶƿ νǪ Ƣǻƥ ƍ ǩȍǿǐƬǶơ
 ƘǘƼǶơ Ʃ˪ƾǠǺ νȂ ƍ (ƩƢƠǫǶơ ƽƾǠƬǺ) ƽƾǠƬǻǶơ1  ƨǮƾǶơȄ2 ƨǫǿǐǻǶơ ƩƢǿȍǠǶơ ƨƦǈǾ ȅȂ ƘǘƼǶơ ǴƾǠǺ .

  ǩȍǿǐƬǶơ ƩƢǿȍǟ ƨƦǈǾ νȂ ƨǮƾǶơ ǼƜǪ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .ƩƢǿȍǠǶơ ǞȍǻƳ λǶƛ ƶȍƸǏ ǂȍǣ ǵψǌƥ
ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢǿȍǠǶơ ǞȍǻƳ λǶƛ ƨȍǯȍǯƸǶơ    ǰƢǿȂ ǼƢǲ ơƿƛ ƍ100    ǽǺ ƨǿȍǟὼ   λǶƛὼ 

Ȅ  (ǩǿǐǻǶơ) ƱƿȅǻǿǶơ20    ƘǘƼǶơ ǴƾǠǺ ǼȅψȍǈǪ ƍ ƶȍƸǏ ǵψǌƥ ƨǿȍǟ0.  0.2=100/20  ƢŻǯǪȄ .
 ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶὈ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƘǘƼǶơ ǴƾǠǺ ǼȅψȌ ƍ : 

ὉὪȠὈ
ρ

ά
Ὢὼ ώ  

νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǮƾǶơ ƽƾƸǾȄ : 

ὃὧὧόὶὥὧώὪȠὈ
ρ

ά
Ὢὼ ώ  

                                    ρ ὉὪȠὈ 

(.) ƮȍƷ  ǂǋƚǻǶơ ƨǶơƽ νȂ3    ǞƳǂƫ νƬǶơ1    ǵƳƗ ǽǺtrue   Ȅ0  ǱǶƿ Ǩ˫ƻ λǷǟ. 

 ĆéºõviwÝº¤Åđvÿ  ÿF1 

  Ʃ˪ƾǠǺ ǸƾƼƬǈǾ ƢǺ Ƣ˻ƦǶƢǣ ƢǿǾƜǪ ƍ ƢǺ ƱƿȅǻǾ ǹȍȍǯƫ ƢǿȍǷǟ ǽȍǠƬȌ ƢǺƾǿǟ ǄǲǂǾ ƢǺ ǽψǶȄ ƍ ƨǮƾǶơȄ ƘǘƼǶơ
  ƨȍǷƥƢǮ) ƨǫǷƬƼǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǷǟ ǵǻǠȌ ǩȍǲȄ ƍ ƢǿƳƿȅǻǾ ƨȍǮȅƯȅǺ ȆƾǺ ȅȂ νǇƢǇƗ ǵψǌƥ ȁȍǷǟ
 ˪ ƢȃǿψǶȄ ƍ ǁƢƦƬǟ˪ơ νǪ ȀǀƻƗ ƤƴȌ ƨȌƢǤǷǶ ǹȃǺ ǁƢȍǠǺ ƨǮƾǶơ ǼƗ Ǳǋ ˪ .ȁƬǾȄǂǺ ȆƾǺȄ (ǹȍǻǠƬǶơ

ƱƿȅǻǿǶơ Ɣơƽ˦ ƨǷǺƢǲ ƧǁȅǏ Ƣ˻ǻƟơƽ Ǹƾǯƫ. 
ȅǻǿǶơ ǼƗ ǴȅǯǾ ƢǺƾǿǟ  ƶȍƸǏ ǵψǌƥ ƩƢǾƢȍƦǶơ λǷǟ ǵǐƷ ƾǮ ƱƿȅǻǿǶơ ǼƗ νǿǠǾ ƢǿǾƜǪ ƍ ǬȅƯȅǺ Ʊƿ

  ƍƩ˪ƢƸǶơ ǒǠƥ νǪ .ƨȍǷǠǫǶơ ǹȍǯǶơ ǽǺ ƨƦȌǂǮ ƢȃƬǺƾǮ νƬǶơ ƩơƚƦǿƬǶơ ǼƜǪ ƍ ǱǶǀǶ .ǹǷǠƬǶơ ƤǷǘǶ ƢŻǯǪȄȄ
  ǵψǌƥ ȊƽƚȌ νǶƢƬǶƢƥȄ ƶȍƸǏ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹȃǫȌ ˪ ƾǮ ȁǿψǶ ƍ ǵǔǪƗ ƨǮƽ λǶƛ ƱƿȅǻǿǶơ ȊƽƚȌ ƾǮ

 
1 Error Rate 
2 Accuracy 

3 indicator function 
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ơ Ǽȅǳƫ ƢǺƾǿǟ ƔνǇ  νǶƢƬǶƢƥȄ ƨȍǪƢǲ ƨƳǁƾƥ Ƣ˻ȌȅǮȄ ƢŻǮȅƯȅǺ ǆȍǶ ƱƿȅǻǿǶơ ǼƗ νǿǠȌ ơǀȂ .ƨǫǷƬƼǺ ƩƢǾƢȍƦǶ
ȁǺơƾƼƬǇơ ǽǺ ƾƸȌ . 

  ƢǿȌƾǶ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ980    Ȅ ƨƷƢǫƫ20    ƢȃǾƗ λǷǟ ƨȃǲƢǪ ǵǲ ǩǿǐȌ ƱƿȅǻǾ ƢǿȌƾǶȄ ƨǶƢǯƫǂƥ
  ƨǮƽ ƍ ǱǶǀǶ .ƨƷƢǫƫ 98%=1000/980.ƨȌƢǤǷǶ ǭȍǮƽ ƱƿȅǻǾ ƢǿȌƾǶ ƨǮƾǶơ ǁƢȍǠǺ λǷǟ ˻ƔƢǿƥȄ ƍ   ǞǺȄ

 ƱƿȅǻǿǶơ ơǀȂ Ǽ˦ .ǵǌǫǾ ǨȅǈǪ ƍ ƨȍǷƦǯƬǈǻǶơ ǁƢǻưǶƢƥ ƚƦǿƬǷǶ ƱƿȅǻǿǶơ ơǀȂ ƢǿǺƾƼƬǇơ ơƿƛ ƍ ǱǶƿ
ǖǯǪ ƧƾƷơȄ ƨƠǫƥ ƘƦǿƬȌ ǼƗ ǽψǻȌ . 

  ǽψǻȌ ǩȍǲȄ ƩƢǾƢȍƦǶơ ǰǁƾȌ ǩȍǲ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ ƱƿȅǻǿǷǶ ƨǷǺƢǲ ƧǁȅǏ λǷǟ ǴȅǐƸǶơ
ȍǈƸƫ λǷǟ ƾǟƢǈȌȄ ƱƿȅǻǿǷǶ ǭǻǠƬǻǶơ ƢǿǻȃǪ νǪ ǹȂƢǈȌ ƍ Ƣȃƥ ƚƦǿƬǶơ ǱȌƾǶ ǼƗ ǑǂƬǪơ ƍ ơǀǶ .ȁǿ

  ƨǮƽ ǭǯƸȌ Ƣ˻ƳƿȅǻǾ90  .̝˪ȄƗ ȁǲǁƾǾ ǼƗ ƤƴȌ ƍ ƘǘƼǶơ ƶȍƸǐƬǶ ƓȁǿȍǈƸƫ ǱǿψǻȌ ǩȍǳǪ ƍ Ș
 ǞǺȄ .ǭǻǟƗ ȆȅƬǈǺ λǷǟ ƱƿȅǻǿǶơ ǵǻǟ ƨȍǫȍǲ νǪ ǂǜǿǶơ λǶƛ ƱƢƬƸǾ ƍ ƱƿȅǻǿǶơ ǽȍǈƸƬǶ ƍ ǵưǻǶƢƥȄ

ǂǜǿǶơ ǹƬȌ νǶƢƬǶƢƥȄ ƍ ƨǮƾǶơ ǁƢȍǠǺ λǶƛ ǂǜǿǶơ ƽǂƴǻƥ ǱǶƿ ǭȍǯƸƫ ǹƬȌ ˪ ƍ ǱǶƿ    .ȆǂƻƗ ǂȍȌƢǠǺ νǪ
  ƨǮƾǶơ ǵưǺ ǂȍȌƢǠǺ,ƔƢǟƾƬǇ˪ơȄ    ȄF1  ǂȍȌƢǠǻǶơ ȀǀȂ λǷǟ ƨǷưǺƗ νȂ. 

 ƨƠǪȄ ƨȍǯȍǯƸǶơ ƨƠǫǶơ ǽǺ ƩƢǟȅǻƴǺ ǞƥǁƗ λǶƛ ƱƢƬƸǾ ƍ ǩȍǿǐƬǶơ ƱƿȅǻǿǶ ǹȍȍǯƬǶơ ǂȍȌƢǠǺ ƣƢǈƸǶ
  ƍ ǽȌȄƢǿǠǶơ ǞǺ ƚƦǿƬǶơƤƳȅǻǶơ  νǯȍǯƸǶơ    ƍƤƳȅǻǶơ    ƍ ξǗƢƼǶơ νǫǿǻǶơ  νǯȍǯƸǶơ  νǫǿǻǶơȄ   ξǗƢƼǶơ  ƍ

  ǴȄƾƴǶơ) ǰƢƦƫǁ˪ơ ƨǪȅǫǐǺ νǪ ƢȃǷȍưǻƫ ǽψǻȌ νƬǶơȄ5-1ǽȌƗ .(: 

¶  ) νǯȍǯƷ ƤƳȅǺTP  :(  "ǹǠǾ" ƨƠǫǷǶ ƨȍǷǠǫǶơ ƨǻȍǯǶơ ƪǾƢǲ ƢǺƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ
.(ƶȍƸǏ ǞǮȅƫ ȊƗ) "ǹǠǾ" Ƣ˻ǔȌƗ ƱƿȅǻǿǶơ ǞǮȅƫ ƍ 

¶  ) ξǗƢƻ ƤƳȅǺFP  :(  ǽψǶ "˪" ƨƠǫǷǶ ƨȍǷǠǫǶơ ƨǻȍǯǶơ ƪǾƢǲ ƢǺƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ
ƿȅǻǿǶơ .(ξǗƢƻ ǞǮȅƫ ȊƗ) "ǹǠǾ" ǞǮȅƫ Ʊ 

¶  ǫǿǺ κ   ) ξǗƢƻFN  :(" ƨƠǫǷǶ ƨȍǷǠǫǶơ ƨǻȍǯǶơ Ǽȅǳƫ ƢǺƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟYes  ƍ "
 .(ξǗƢƻ ǞǮȅƫ ȊƗ) "˪" ǞǮȅƫ ƱƿȅǻǿǶơ ǽψǶ 

¶  ǫǿǺ κ   ) νǯȍǯƷTN  :(  "˪" ƨƠǫǷǶ ƨȍǷǠǫǶơ ƨǻȍǯǶơ Ǽȅǳƫ ƢǺƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ
  ǞǮȅƬǶơ ǼƢǲ ƍ ȊƗ) "˪" ƱƿȅǻǿǶơ ǞǮȅƫȄ(Ƣ˻ƸȍƸǏ. 
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  ǴȄƾƳ5 ŷ1  ǰƢƦƫǁ˪ơ ƨǪȅǫǐǺ 

 ƨǠǮȅƬǻǶơ ƨƠǫǶơ   
 ǫǿǺ κ  ƪƦưǺ   

 ξǗƢƻ κǫǿǺ 
(FN) 

  νǯȍǯƷ ƤƳȅǺ
(TP) 

 ƪƦưǺ  
ν
ǯ
ȍ
ǯ
Ƹ
Ƕ
ơ
 
ƨ
Ơ
ǫ
Ƕ
ơ

 

 νǯȍǯƷ κǫǿǺ 
(TN) 

 ξǗƢƻ ƤƳȅǺ 
(FP) 

 κǫǿǺ 

  Ȅ ƔƢǟƾƬǇ˪ơȄ ƨǮƾǶơ ǂȍȌƢǠǺ ƾȌƾƸƫ ƢǿǿψǻȌ ƍ ǱǶƿ λǷǟ ˻ƔƢǿƥ ƍ ǼˤơF1 : 

¶ .ƔƢǟƾƬǇ˪ơ   Ʃ˪ƢƸǶơ ǞȍǻƳ ǽȍƥ ǽǺ ƨȍƥƢƴȌ˨ơ Ʃ˪ƢƸǶƢƥ ƚƦǿƬǶơ λǷǟ ƱƿȅǻǿǶơ ƧǁƾǮ λǶƛ ǂȍǌȌ
ƨȍǯȍǯƸǶơ ƨȍƥƢƴȌ˨ơ: 

ƔƢǟƾƬǇ˪ơ
Ὕὖ

Ὂὔ Ὕὖ
 

  üĉl ÷º¸¤Æĉ  iwÝº¤Åđv K 
  ºÞĉiwÝº¤Åđv    ĆuÕw¸õv ĆĊ{öÆõv äĊõwî¤õv wĄĊå ûĀî£ Ĉ¤õv ¡đw´öõ vMºĊ« vM½wĊÞù

  yöÖ¤ĉ Ðĉ¾úõv ÌĊ¸Ê£ ÿl ówĊ¤³đv ÌĊ¸Ê£ Ĉå I ów¨úõv ôĊ{Å ĔöÝ )ĆÞæ£¾ù
  ĆĊõwĊ¤³đv ¡ĒùwÞúõv ûĀî£ ûl ÜéĀ¤úõv üù ûwí v»p )ĔæÊ¤Æúõv óĀ·¹  ¾Ċá  IĆĊõwĊ¤³v

I ô¨úõwzÿ )ìþ{õv ĔöÝ Ćĉwâöõ ĆúĊ·ÿ yévĀÞõv ûĀî£ ºêå    óĀ·¹ Ĕõp Ðĉ¾úõv ©w¤´ĉ
  ½w{¤·v iv¾«ď ĔæÊ¤Æúõv óĀ·¹ Ĕõp Ðĉ¾úõv ©w¤³v v»p )ÌĊ¸Ê¤õv ºþÝ ĔæÊ¤Æúõv
  Ćæöî£ ûqå I wMĉºÞù Ï¾úõv ûwíÿ ĔæÊ¤Æúõv óĀ·¹ Ĕõp ©w¤´ĉ đ Ăýl ÜéĀ¤úõv üùÿ

¡wĊæþúõv  )vMº« ĆĊõwÝ ûĀî¤Å Ćz»wîõv 

¶  ƨǮƾǶơ  .  ǽȍƥ ƨȍǯȍǯƸǶơ ƩƢȍƥƢƴȌ˨ơ ƔǄƳ ǂȃǜ˾ȌƨƦƳȅǺ Ǽȅǳƫ ǼƗ ǞǮȅƬ˾Ȍ νƬǶơ ƩƢǿȍǠǶơ: 

 ƨǮƾǶơ
Ὕὖ

Ὂὖ Ὕὖ
 

 

  üĉl ÷º¸¤Æ£  Ćéºõv K 
  ĔöÝ )ĆÞæ£¾ù ĆuÕw¸õv ĆĊzw¬ĉďv äĊõwî¤õv wĄĊå ûĀî£ Ĉ¤õv ¡đw´öõ ºĊ« ½wĊÞù Ćéºõv
  Ĉýÿ¾¤îõďv ºĉ¾{õv ãwÊ¤ív ºþÝ )ĈtvĀÊÞõv Ĉýÿ¾¤îõďv ºĉ¾{õv ãwÊ¤ív I ów¨úõv ôĊ{Å

  ĈþÞ£ I ĈtvĀÊÞõv  vMºĉ¾z ÄĊõ ć¼õv Ĉýÿ¾¤îõďv ºĉ¾{õv ûl ĆuÕw¸õv ĆĊzw¬ĉďv ªtw¤þõv
$ wMĊtvĀÊÝĈæþù    v»p )#ÜéĀ¤ù ĈtvĀÊÝ ºĉ¾z$ ĈtvĀÊÝ ºĉ¾z Ăýl ĔöÝ āºĉº´£ ø£ #ĈêĊê³

  ºêæĉ ºêå I ĆĊõwÝ wĄĊå xĀá¾úõv ¾Ċá ôtwÅ¾õv üÝ äÊîõv ©»Āúý Ćé¹ ¢ýwí
ĆúĄúõv Ĉýÿ¾¤îõďv ºĉ¾{õv ôtwÅ½ ÷º¸¤Æúõv ) 
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¶ F1 .    ǂƦƬǠȌF1   ƍ ƨǗƢǈƦƥ .ƔƢǟƾƬǇ˪ơȄ ƨǮƾǶơ ǽȍƥ Ǽǃơȅƫ λǶƛ ƨƳƢƸƥ ƪǿǲ ơƿƛ ǵǔǪƗ ơ˻ǁƢȍǠǺ
  ǞǻƴƫF1    ǽȍƥ νǯǪơȅƬǶơ ǖǇȅǶơ ƣƢǈƷ ǭȌǂǗ ǽǟ ƾƷơȄ ǁƢȍǠǺ νǪ ƔƢǟƾƬǇ˪ơȄ ƨǮƾǶơ ǽȍƥ
ǽȍǿƯ˪ơ: 

&ρ ς
 ƨǮƾǶơƔzƢǟƾƬǇ˪ơ
 ƨǮƾǶơƔƢǟƾƬǇ˪ơ

 

õv ĆĊÅwÆ´1  ÿõvĆĊÝĀþ  2 5Ć´Ċ´Îõv ¡vo{þ¤õv ĔöÝ Àí½ 

  ƨȍǇƢǈƸǶơ ƨǠȍƦǗƨȍǟȅǿǶơȄ    ƱƿȅǻǿǶơ ǼȅψȌ ƍ ǱǶǀǶ .ƨƸȍƸǐǶơ ƩơƚƦǿƬǶơ ƨƦǈǾ λǷǟ ǼơǄǲǂȌ ƢǻȃǾƗ νȂ
  .ƨƠǫǶơ ǱǷƬǶ ƨǷƥƢǯǻǶơ ƩơƚƦǿƬǶơ νǶƢǻƳƛ ȅȂ Ƣ˻ǻƟơƽ ǸƢǯǻǶơ ǼȅψȌȄ ƨƸȍƸǐǶơ ƩơƚƦǿƬǷǶ ǁƢȍǠǻǶơ ȅȂ Ƣ˻ǻƟơƽ

ƴȌ˨ơ ǹȍǯǶơ ǞȍǻƳ λǶƛ ƨǠǮȅƬǻǶơ ƨȍǯȍǯƸǶơ ƩƢȍƥƢƴȌ˨ơ ƨƦǈǾ ƨȍǇƢǈƸǶơ ǆȍǯƫ Ƣǻǿȍƥ  ƍ ƨȍǯȍǯƸǶơ ƨȍƥƢ
  ǆȍǯƫƨȍǟȅǿǶơ    λǻǈƫ .ƨȍǯȍǯƸǶơ ƨȍƦǷǈǶơ ǹȍǯǶơ ǞȍǻƳ λǶƛ ƨǠǮȅƬǻǶơ ƨȍǯȍǯƸǶơ ƩƢȍƦǷǈǶơ ƨƦǈǾ ƨȍǟȅǿǶơ 
  Ƣ˻ǔȌƗ νǯȍǯƸǶơ ȋƦǷǈǶơ ǴƾǠǻǶơ    ƨȍǇƢǈƸǶơ λǻǈƫȄ νǯȍǯƸǶơ ȋƥƢƴȌ˨ơ ǴƾǠǻǶơ . 

 ǿǠǻƥ .ǒǫƼǿǺ ƣƿƢǲ ȋƦǷǇ ǴƾǠǺ νǿǠƫ ƨȍǶƢǠǶơ ƨȍǇƢǈƸǶơ .ƨƥƿƢψǶơ ƩƢȍƦǷǈǶơ ǸȄƢǯƫ ƨȍǇƢǈƸǶơ  λ
ƨȍǯȍǯƸǶơ ƩƢȍƥƢƴȌ˨ơ ƨƦǈǿǶ ƨȍǇƢǈƸǶƢƥ ƶȍƸǏ ǵψǌƥ ƚƦǿƬǶơ ǹƬȌ ƍ ǂƻƕ: 

 ƨȍǇƢǈƸǶơ
Ὕὖ

Ὂὔ Ὕὖ
ρ ƣƿƢψǶơ  ȋƦǷǈǶơ ǴƾǠǻǶơ  

ŻƢȍǓƢȌǁ ƨǯƥƢǘƬǺ ƨȍǇƢǈƸǶơȄ ƔƢǟƾƬǇ˪ơ Ʃ˪ƽƢǠǺ ǼƗ ǚƷ˪ . 

 ĆĊÅwÆ´õv ÷º¸¤Æ£ üĉv K 
ĆĊõwÝ ĆĉĀõÿl wĄõ ûĀîĉ I ¡wĊzw¬ĉďv äĊþÎ£ ºþÝ. 

 5ów¨úõv ôĊ{Å ĔöÝ ¡v½wÖúõv Ĉå ĆĊþùčv ¡wÍĀ´æõv ) 
  ȋƥƢƴȌ˨ơ ǴƾǠǻǶơ ǑƢǫƼǾơ νǿǠƫ ƨȍǶƢǠǶơ ƨǮƾǶơ .ƨƥƿƢψǶơ ƩƢȍƥƢƴȌ˨ơ ǞǺ ǑǁƢǠƬƫ ƨȍǏȅǐƼǶơ

  ǼƜǪ ƍ ǂƻƕ λǿǠǻƥ .ƣƿƢψǶơǶơƨȍǏȅǐƼ  νȂ   ǵψǌƥ ƢȃǠǮȅƫ ǹƬȌ νƬǶơ νȂ ƨȍǯȍǯƸǶơ ƩƢȍƦǷǈǶơ ƨƦǈǾ
ƶȍƸǏ : 

ƨȍǟȅǿǶơ
Ὕὔ

Ὕὔ Ὂὖ
ρ ƣƿƢψǶơ  ȋƥƢƴȌ˪ơ ǴƾǠǻǶơ 

 ÷º¸¤Æ£ üĉv ĆĊÝĀþõv K 
 I ¡wĊ{öÆõv äĊþÎ£ ºþÝwĄõ ûĀîĉ ĆĊõwÝ ĆĉĀõÿl. 

 ©ĒÞõv ô{é ĆĊ´Í Ćõw³ ÌĊ¸Ê£ 5ów¨úõv ôĊ{Å ĔöÝ ) 

 
1 Sensitivity 

2 Specificity 
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Ćêĉ¾Õ  äĊþÎ¤õv ©»Āúý Ĉå ÜÖêõv 

 ǱǿψǻȌ .˪ ǸƗ ƭƾƸǶơ ǝȅǮȄ ǴƢǻƬƷơ ƱƿȅǻǿǶơ ơǀȂ ǱƸǿǻȌ ƍ ƱƿȅǻǾ ǂȌȅǘƬƥ ƢȃȍǪ Ǹȅǯƫ ƧǂǺ ǵǲ νǪ
 ǂƦǲƗ ǴƢǻƬƷ˪ơ ǼƢǲ ơƿƛ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ȁȍǷǟ ǴȅǐƸǶơ ǹƫ ȊǀǶơ ǴƢǻƬƷ˪ơ νǪ ǒȍǫƼƫ ƔơǂƳƛ

  ǽǺ0.50    ǼȅψȌ ǞǮȅƬǶơ ǼƜǪ ƍ1   ǴƢǻƬƷ˪ơ ǼȅψȌ ƢǺ ŻƧƽƢǟ .ơ˻ǂǫǏ ǞǮȅƬǶơ ǼȅψȌ ǱǶƿ Ǩ˫ƼƥȄ
ǂƬǪ˪ơ  ƨƦƬψǺȄ ƲǺƢǾǂƥ ǵǲ νǪ ƩƢȍǺǃǁơȅƼǶơ ǞȍǻƴǶ νǓơ0.50  ƨǘǯǾ ǂȍȍǤƫ ǱǿψǻȌ ƍ ǱǶƿ ǞǺȄ .

 ǁƢȍƬƻơ ǱǿψǻȌ ƍ ǂǗƢƼǻǶơ ǽǺ ƾȌǄǻǶơ ǵǻƸƫ νǪ Ƥǣǂƫ ƪǿǲ ơƿƛ .ǱǷǻǟ ǑǂǤǶ ƢŻǯǪȄ ȀǀȂ ǞǘǯǶơ
 ǞǘǮ    ǽǺ ǵǮƗ0.50    ǁƢȍƬƻơ ǱǿψǻȌ ƍ ǱǠǮȅƫ νǪ ƧǂǗƢƼǻǶơ Ƥǿƴƫ νǪ Ƥǣǂƫ ƪǿǲ ơƿƛȄ ƍ ǞǘǮ    λǷǟƗ
  ǽǺ0.50 . 

ôÎæõv ĆÍĒ· Äùw¸õv 

Á  .νǶˤơ ǹǷǠƬǷǶ "ƱƿȅǻǾ" ƔƢǌǾ˨ ƩƢǾƢȍƦǶơ λǷǟ Ȁǀȍǫǿƫ ǹƬȌ ƔơǂƳƛ νȂ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ 
Á .ƩƢǾƢȍƦǶơ λǷǟ ǵǻǠƫ νƬǶơ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ȅȂ "ƲƫƢǿǶơ" νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ 
Á  ƨȍǺǃǁơȅƻ ȊƗ ǽǺ ǵǔǪƗ νǶˤơ ǹǷǠƬǶơ Ʃ˫ψǌǺ ǞȍǻƳ ǵƸƫ ƧƾƷơȄ ƨȍǺǃǁơȅƻ ƾƳȅƫ ˪

ǂƻƗȆ. 
Á   ƤȌǁƾƫ Ƙǘƻ) ƤȌǁƾƬǶơ ƩƢǾƢȍƥ νǪ ƨȌƢǤǷǶ ƾȍƳ ǵψǌƥ ǵǻǠȌ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ ǼƢǲ ơƿƛ

  ƍ (ǞǫƫǂǺ ǁƢƦƬƻơ Ƙǘƻ) ƧƾȌƾƳ ƩƢǾƢȍƥ ǁƢƦƬƻơ ƾǿǟ ǩȍǠǓ ǵψǌƥ ǵǻǠȌ ȁǿψǶȄ (ǒǫƼǿǺ
ƱƿȅǻǿǶơ ǼƗ λǷǟ ƨǺ˫ǟ ǼȅψȌ ƢǺ ƧƽƢǟ ơǀȃǪ  ƾƟơǄǶơ ǖƦǔǶơ ǽǺ νǾƢǠȌ  overfitting. 

Á ƤƦǇ νȂ Ƨȅǯƥ ǹǷǠƬǶơ λǷǟ ƧǁƾǯǶơ  ƾƟơǄǶơ ǖƦǔǶơ. 
Á   ƾǠƫƩ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ   .ǹǷǠƬǶơ ƨȍǷǻǟ Ɣƾƥ ǵƦǮ ƢȃǻȍǮ ǽȍȍǠƫ ǹƬȌ ƨȍƳƿȅǻǾ ƩƢǘȍǇȄ 
Á   ǖƦǓ ƾǠȌƩ˫ǺƢǠǻǶơ    ǽǺ ƨƸȍƸǐǶơ ƨƦȍǲǂƬǶơ ƾȌƾƸƫ ƨȍǷǻǟ ƨǯƟƢǫǶơƩ˫ǺƢǠǻǶơ    νƬǶơ ƨǯƟƢǫǶơ

 .λǐǮ˦ơ ƾƸǶơ λǶƛ ƱƿȅǻǿǶơ ƔơƽƗ ƧƽƢȌǄƥ ƱƿȅǻǿǷǶ ƶǻǈƫ 

ĆĊåwÑv ½¹wÎù ąiv¾êõv üù ºĉÀúõ ĆĊåwÑp 
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 ãv¾ÉĒõ ÜÑw¸õv øöÞ¤õv6 
 

Á  KäĊþÎ¤õv Āă wù 
Á Ćæö¤¸úõv äĊþÎ¤õv ÛvĀýl ) 
Á üĊúöÞ¤úõv ÛvĀýl üĊz çÿ¾æõv ) 
Á ĔöÝ ã¾Þ¤õv äĊþÎ¤õv ¡wĊù¿½vĀ·) 
Á  K½vº´ýđv Āă wù 
Á ½vº´ýđv ÛvĀýl ) 

vđ5ãvºă    
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 äĊþÎ¤õv 

 ƨƠǪ λǶƛ ƨǶƢƷ ǵǲ ǽȍȍǠƫ ƢȃȍǪ ǹƬȌ νƬǶơ ƨȌƚƦǿƬǶơ ƨƳǀǻǿǶơ ƨǷψǌǺ λǶƛ ǩȍǿǐƬǶơ ǂȍǌȌ ƍ νǶˤơ ǹǷǠƬǶơ νǪ
  ǵưǺ ƍ Ʃ˪ƢƸǶơ ǒǠƥ νǪ ȄƗ)  ƧƽƾƸǺ ƩƢƠǫǶơ ȀǀȂ .(ƾƷơȄ ǽǺ ǂưǲƗ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơ

 ƨȍǷǻǟ νǪ ƩƢȍǻǈƫ ƽȅƳȅǶ ơ˻ǂǜǾ .ƩƢƠǪ ȄƗ ƩƢǺ˫ǟ ȄƗ ǨơƾȂƗ ƢȃǾƗ λǷǟ ƢȃȍǶƛ ǁƢǌȌ ƢǺ Ƣ˻ƦǶƢǣȄ ƢŻǯƦǈǺ
ơ ǹǷǠƬǶơ ƨƠǪ νǪ ƲȃǿǶơ ơǀȂ ǞǯȌ ƍ ǩȍǿǐƬǶơ˫Ƕ ǞǓƢƼǶ  ǽǺ ǩȍǿǐƬǶơ ƢȌƢǔǮ Ǒǂǟ ǽψǻȌ .Ǩơǂǋ

  ǂǜǾ ƨȃƳȄ ǽǺ ƍ ǽȍǫǷƬƼǺ ǽȌǁȅǜǿǺ  ƽƾǟƩƢǺ˫ǠǶơ    :ǽȍƬǶƘǈǺ λǶƛ Ƣȃǻȍǈǯƫ ǽψǻȌ νƬǶơȄ ƍ  ǩȍǿǐƬǶơ
 ƧƾƷơȄ ƨǺ˫ǟ Ȅƿ1   ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơȄ2    λǶƛ ǹǈǯǿƫ ǽψǻȌ ƍ ƩƢƠǫǶơ ƽƾǟ ǁȅǜǿǺ ǽǺȄ ƍ

  :ǽȍƬǶƘǈǺ ) ƽƾǠƬǻǶơȄ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƩƢƠǫǶơ ƽƾǠƬǺ (.   
  ǽȍƬƠǪ ǽǺ ǖǯǪ ƧƾƷơȅǶ ƨǿȍǟ ǵǲ ǎȍǐƼƫ ǹƬȌ ƮȍƷ ƍ νƟƢǿưǶơ ǩȍǿǐƬǶơ  ȅȂ ƍ ƢŻǯƦǈǺ ǽȍƫƽƾƸǺ

  ǽǺ ƾȌǄǻǶơ ƾȌƾƸƫ Ǵ˫ƻ ǽǺ ƧƽƾǠƬǺ ƩƢǫȍǿǐƫ λǶƛ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƾƬǻȌ .ǩȍǿǐƬǶơ ǝơȅǾƗ ǖǈƥƗ
 ƮȍƷ ƍ ƨȌƽǂǫǶơ ƩƢǺ˫ǠǶơ Ȋƿ ǩȍǿǐƬǶơ ǽǺ ǸƢǟ ǵψǋ ȅȂ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơ .ƩƢƠǫǶơ

ƨǺ˫ǠǶơ ǽǺ ̝˪ƾƥ ƩƢǺ˫ǠǶơ ǽǺ ƨǟȅǻƴǻƥ ƨǶƢƷ ǵǲ ǖƥǁ ǽψǻȌ . 

  äĉ¾Þ£  äĊþÎ¤õv 
ėėów·¹pė¡v¾Ċâ¤ùėüĊĊÞ£ėĆĊöúÝėĀăėäĊþÎ¤õvὢėėėėyĉ½º¤õvė¡wýwĊzėĔöÝėºú¤ÞĉėäĊþÎ£ė©»ĀúýėĔõpėvM¹wþ¤ÅvĠėąºĉº«

ėğwMê{ÆùėĆùĀÅĀúõvĆuæöõėėĥ²«½čvėĔöÝėĂĊõpėûĀú¤þĉėć¼õvė

  Ćö¨ùčv üĊz Ôz¾õv äĊþÎ¤õv óÿw´ĉĆĊ{ĉ½º¤õv    )ĆöîÊúöõ wMê{Æù ą¹º´úõv ¡wuæõvÿ
  ĆæþÎúõv ¡wýwĊ{õv ÷º¸¤ÆQ£äþÎúõv yĉ½º¤õ    ¡wýwĊz ĔöÝ ºĊ« ôîÊz ôúÞ£ ¦Ċ´z

õ Ć´Ċ´Îõv Ćuæõwz o{þ¤õv wĄþîúĉÿ ąºĉº¬õv ów·¹ďvā¼Ą  ĆþĊÞõv  Āă ãºĄõv I ¾·j ĔþÞúz )
  Lõ ºĊ« yĉ¾ê£ ĔöÝ ½Ā¨ÞõvὪὼ    ĆĊöúÝ Ĉå ¾ĄÚ£ øõ ¡wýwĊ{õ ¡vo{þ£ ôúÝ Ăþîúĉ ¦Ċ´z

 )ąºĉº¬õv ĆþĊÞõv wĄĊõp Ĉú¤þ£ Ĉ¤õv ¡wuæõv ºĉº´£ÿ yĉ½º¤õv ) 

õv  ÿ» äĊþÎ¤õv ĆùĒÞõvąº³vĀ 
  ǵψǶ ƨƠǪ ƨǺ˫ǟ ǽȍȍǠƬƥ Ƣ˻ȍƟƢǯǷƫ (ƨȌƾȍǷǯƬǶơ ȄƗ) ƨȌƽǂǫǶơ ƩƢǺ˫ǠǶơ Ʃơƿ ƩƢǫǿǐǻǶơ Ǹȅǯƫƨǿȍǟ    ƍǴƢƻƽƛ

  ǵψƥ ǖƦƫǂȌ ǼƗ ǩǿǐǻǶơ ǹǷǠƬȌ ƮȍƷ ƨǿȍǟ  ǷǻȃǺƨ   ǽψǻȌ ƍ ǸƢǟ ǵψǌƥ .˘Μ˜ƢǻƬƷơ ǂưǲ˦ơ ƨƠǫǶơ ȄƗ ƨƠǫǶƢƥ
 ƨȍƟƢǿưǶơ ǵƟƢǈǻǶơ :ǽȍƬȍǈȍƟǁ ǽȍƬǟȅǻƴǺ λǶƛ ƧƾƷơȅǶơ ƨǺ˫ǠǶơ Ȅƿ ǩȍǿǐƬǶơ ǵǲƢǌǺ ǹȍǈǯƫ

ƧƽƾǠƬǻǶơȄ. 

 
1 single-label classification 
2 multi-label classification 
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  λǷǟ ƩƢƠǫǶơ ƨǟȅǻƴǺ ǂǐƬǯƫ ƮȍƷ ǩȍǿǐƬǶơ ƨǷψǌǻǶ ƨǶƢƷ ǖǈƥƗ νȂ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƨǷψǌǺ
ƜǪ ƍ ƽƾǐǶơ ơǀȂ νǪ .ǖǯǪ ǽȍǿƯơ  ƨǷψǌǺ λǷǟ ǖȍǈƥ ǴƢưǺ .ƨȍƦǷǇ ƨƠǪȄ ƨȍƥƢƴȌƛ ƨƠǪ ǽȍƥ ǄȍǻǾ ƢǿǾ

 ƨȍƥƢƴȌƛ ǁƢƦƬƻ˪ơ ƨƴȍƬǾ Ǽȅǳƫ ƾǮ .ǵǺƢƷ ƢȃǾƗ ǩǌƬǳƬǶ Ƣ˻ƦȍƦǗ ƧƗǂǺơ Ȇǂƫ ƢǺƾǿǟ ȅȂ νƟƢǿưǶơ ǩȍǿǐƬǶơ
ƨȍƦǷǇ ȄƗ . 

  ƽƾǟ ǼȅψȌ ƢǺƾǿǟƩƢƠǫǶơ    ǽǺ ǂưǲƗǽȍƬƠǪ    ǽǺ .ƽƾǠƬǻǶơ ǩȍǿǐƬǶơ λǻǈƫ ǹǷǠƬǶơ ƨǷψǌǺ ǼƜǪ ƍ
Ƕơ Ǽȅǳƫ ǼƗ ǑǂƬǫǻǶơ ƨǶƢƷ ǵǲ νǻƬǿƫ ƍ ǂƻƕ λǿǠǻƥ .ƢȃǟȅǾ ǽǺ ƧƾȌǂǪȄ ƨǷǐǫǿǺ ƨǪƾȃƬǈǻǶơ ƩƢƠǫ

  ƨǠƥǁ˦ơ ǝơȅǾ˦ơ ǽȍƥ ǽǺ Ǹƽ ƨǷȍǐǪ ǎƼǌǶơ ȆƾǶ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǖƦǔǶƢƥ ƧƾƷơȄ ƨƠǪ λǶƛA   ȄƗ
B    ȄƗAB    ȄƗO . 

 Ĉtwþ¨õv äĊþÎ¤õv 

  ȅȂ νƟƢǿưǶơ ǩȍǿǐƬǶơ .ǽȍƬǟȅǻƴǺ λǶƛ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ǩȍǿǐƫ ƢȃȍǪ ǹƬȌ ƨȍǷǻǟ ƢȃǾƛ  ǅƢǇ˦ơ νǪ
 νƬǟȅǻƴǺ ǽǺ ƨǟȅǻƴǺ ȊƗ ǞǺ ǵǺƢǠƬȌ ȊǀǶơ ƚƦǿƬǶơ ǽǺ ǝȅǾƩƢƠǫǶơ ƫ ƢȃȍǶƛ νǻƬǿƨǿȍǠǶơ ȁǾƗ ǑǂƬǪơ .

 ǱǿƦǶơ ǽǺ Ȇǂƻ˦ơȄ ǱǾ˫ǟƛ ǵǇǂƫ ǽȍǺƘƫ ƨǲǂǋ ǽǺ ƧƾƷơȄ ƍ ǱȍǶƛ ǽȍƬȍǾȄǂƬψǶƛ ǽȍƬǶƢǇǁ ǴƢǇǁƛ ǹƫ
  νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ƨǺƾƻ ǂǪȅǺ ǩǿǐȌ .ƨȍǾƢǻƬƟ˪ơ ǱƬǮƢǘƥ ƧǁȅƫƢǪ ǍȅǐƼƥ  ƍνǾȄǂƬψǶƛ ƾȌǂƥ νƬǶƢǇǁ

 νƟơȅǌǠǶơ ƾȌǂƦǶơ ƾǷƴǺ λǶƛ ǴȄ˦ơ νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǴƢǇǁƛ ǹƬȌ1    νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ ǽȌǄƼƫ ǹƬȌȄ
 ǽȍƬƠǪ ƽȅƳȅǶ ơ˻ǂǜǾ νƟƢǿưǶơ ǩȍǿǐƬǶƢƥ ƨȍǷǻǠǶơ ȀǀȂ ǨǂǠſƫ .νǈȍƟǂǶơ νǾȄǂƬψǶ˨ơ ƾȌǂƦǶơ νǪ νǾƢưǶơ
  ǵψǌǶơ ƶǓȅȌ .νƟƢǿƯ ǩȍǿǐƫ ƨǷψǌǺ ȀǀȂ ƍ Ǽƿƛ .νǈȍƟǁ ǂƻˤơȄ νƟơȅǌǟ ƾȌǂƥ ƢǻȂƾƷƗ ƍ ǽȍƫǄȍǻƬǺ

1ŷ6   .νƟƢǿưǶơ ǩȍǿǐƬǶơ 

 

 Ƕơ  ǵψǌ6 ŷ1  (νƟơȅǌǠǶơ ƾȌǂƦǶơ ǩǌǲ) νƟƢǿưǶơ ǩȍǿǐƬǶơ 

õv äĊþÎ¤ õv ¹ºÞ¤ú#¡wuæõv ¹ºÞ¤ù$ 

  ǩȍǿǐƬǶơ ǆǳǟ λǷǟ .ƨǫǷƬƼǺ ƩƢƠǪ λǶƛ ǂǏƢǿǠǶơ ǩȍǿǐƫ ȅȂ ƩƢƠǫǶơ ƽƾǠƬǺ ȄƗ ƽƾǠƬǻǶơ ǩȍǿǐƬǶơ
 ǽǺ ǂưǲƗ ǩȍǿǐƫ ȁǿψǻȌȄ ƩƢƠǫǶơ ƽƾǠǶ ƾƷ ƾƳȅȌ ˪ ȁǾƜǪ ƍ ǖǯǪ ǽȍƬƠǪ λǷǟ ǂǐƬǯȌ ȊǀǶơ ƍ νƟƢǿưǶơ
  ƤǈƷ ƤƬψǶơ ǩȍǿǐƫȄ ƍ ƨǫǷƬƼǺ ƩƢƠǪ λǶƛ ǁƢƦƻ˦ơ ǩȍǿǐƫ ƾǠȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǽȍƬƠǪ

 
1 Spam 

y¤i¢ E 

Spam 

Spam 

¹½vĀõv çÿºþÍ 

ºö¬ù  óvSpam 
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  ƍ ǝȅǓȅǻǶơ  ǵψǌǶơ) ƧƽƾǠƬǺ ƩƢƠǪ λǷǟ ƨǷưǺƗ ƧǁȅǏ νǪ ƨǫǷƬƼǻǶơ ƩƢǾơȅȍƸǶơ ǩȍǿǐƫȄ2ŷ6    ȅȂ
  ǩȍǿǐƬǷǶ ǖǯǪ ơŻƾƷơȄ Ƣ˻ƳƿȅǻǾ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƤǷǘƬȌ Ƣǻǿȍƥ ƍ ǱǶƿ ǞǺȄ .(ƧƽƾǠƬǺ ƩƢƠǪ λǷǟ ǴƢưǺ
  ƍ νǷȌ ƢǺ νǪ .ǩȍǿǐƬǶơ ƨȍǿǯƫ λǷǟ ƾǻƬǠȌ ƽƾǠƬǻǶơ ǩȍǿǐƬǶơ νǪ ƨǺƾƼƬǈǻǶơ ƱƿƢǻǿǶơ ƽƾǟ ǼƜǪ ƍ

ȍƬȍǿǯƫ ǩǐǾ ǨȅǇƧƽƾǠƬǻǶơ ǩȍǿǐƬǶơ ƩƢȍǺǃǁơȅƼǶ ǽ . 

 
 Ƕơ  ǵψǌ2 ŷ6 ƬǶơ ƩƢǫȍǿǐǶơ (ǝȅǓȅǻǶơ ƤǈƷ ǹǷȍǫǶơ ǩȍǿǐƫ) ƧƽƾǠƬǻ 

 ό   ύ   1 

  ƩƢǫȍǿǐƬǶ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƨȍǺǃǁơȅƻ ƢȃǺƾƼƬǈƫ ƧǂǳƬƦǺ ƨǯȌǂǗ νȂ ǵψǶơ ǵƥƢǯǺ λǶȄ˦ơ ƨǯȌǂǘǶơ
 ǽǺ ƩƢǟȅǻƴǺ Ƨƾǟ λǶƛ ƩƢƠǫǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǹȍǈǯƫ ƨȍǿǯƬǶơ ȀǀȂ ǽǻǔƬƫ .ƧƽƾǠƬǺ

  ƩƢƠǫǶơ Ʃơƿ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶ ƍ ǵψǶơ ǵƥƢǯǺ λǶȄ˦ơ ƨƠǫǶơ νǪ .ƨȍƟƢǿưǶơ Ʃ˫ψǌǻǶơN    ƱƢƬƸǾ ƍ
Ǿƛ λǶƛ  ƨƠǪ ƔƢǌN   ǵȍƦǇ λǷǟ .ƚƦǿƫ ǵǻǠǶ ƨȍƟƢǿưǶơ ƩƢǫǿǐǻǶơ ǽǺ ǵǲ ƤȌǁƾƫ ǹƬȌ ƍ ǱǶƿ ƾǠƥ .ƨȍƟƢǿƯ

 ƔơǂǻƸǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ ƩƢǫȍǿǐƬǶơ ƧƽƾǠƬǺ ƨǷψǌǺ ƽȅƳȄ ǽǺ ǹǣǂǶơ λǷǟ ƍ ǴƢưǻǶơ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǷψǌǻǶơ ȀǀȂ ǵƸǶ νƟƢǿưǶơ ǩȍǿǐƬǶơ ƔơǂƳƛ ǽψǻȌ ƍ ƔƢǮǁǄǶơȄ ƔơǂǔƼǶơȄ: 

¶ ƨǶƘǈǻǶơ  1  : Ʒ˦ơ Ǭǁǃ˦ơ / ǂǔƻ˦ơ ǵƥƢǯǺ ǂǻ . 
¶ ƨǶƘǈǻǶơ  2  : ǂǻƷ˦ơ / ǂǔƻ˦ơ ǵƥƢǯǺ Ǭǁǃ˦ơ . 
¶ ƨǶƘǈǻǶơ  3  : ǂǻƷ˦ơ / Ǭǁǃ˦ơ ǵƥƢǯǺ ǂǔƻ˦ơ . 

    2 

  ǵưǺƨǯȌǂǗ    ǼƜǪ ƍ ǞȍǻƴǷǶ ƾƷơȄƨǯȌǂǗ    ƨȍǺǃǁơȅƻ ǸƾƼƬǈƫ ȆǂƻƗ ƨǯȌǂǗ ȅȂ ƾƷơȄ λǶƛ ƾƷơȄ
  ǹȍǈǯƫ ǹƬȌ ƍ Ƣ˻ǔȌƗ ƨǯȌǂǘǶơ ȀǀȂ νǪ .ƩƢƠǫǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǩȍǿǐƬǶ νƟƢǿƯ ǩȍǿǐƫ

 
1 One vs. All (One-vs-Rest) 

2 One Vs. One 

 y¤i¢ E 
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 ǩȍǿǐƬǶơ νǪ .ƧƽƾǠƬǻǶơ ƨȍƟƢǿưǶơ ƩƢǫȍǿǐƬǶơ ǽǺ ƨǟȅǻƴǺ λǶƛ ƩƢƠǫǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ
  ƩƢƠǫǶơ Ʃơƿ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ƍƾƷơȄ ƾǓ ƾƷơȄN  ǹǮǂǶơ ƍ: 

ὔᶻὔ ρ

ς
 

  ǸơƾƼƬǇƢƥ .ƨƠǪ ƔƢǌǾƛ ǹƬȌƨǯȌǂǗ   ƨǟȅǻƴǺ ƨȍǷǏ˦ơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƶƦǐƫ ƍ ơǀȂ ǩȍǿǐƬǶơ
  ƧƽƾǠƬǺ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǶƛ ǂǜǿǶƢƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǂƻˤơ ǞǺ ƨƠǪ ǵǲ ǒǮƢǿƬȌ ƮȍƷ ƍƩƢǾƢȍƥ

  ƢȃǻǈǯȌ ƍ ǂǫǏ˦ơȄ ǂǔƻ˦ơȄ ǂǻƷ˦ơȄ Ǭǁǃ˦ơ ǽǺ ƩƢƠǪ ǞƥǁƗ λǷǟ ȊȅƬƸƫ ƩƢƠǫǶơƨǯȌǂǗ    ƾƷơȄ
.ƨȍƟƢǿƯ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ƪǇ λǶƛ ƾƷơȅǶ : 

¶   ƨǶƘǈǻǶơ1ǂǔƻ˦ơ ǵƥƢǯǺ ǂǻƷ˦ơ :. 
¶   ƨǶƘǈǻǶơ2Ǭǁǃ˦ơ ǵƥƢǯǺ ǂǻƷ˦ơ :. 
¶   ƨǶƘǈǻǶơ3ǂǫǏ˦ơ ǵƥƢǯǺ ǂǻƷ˦ơ : . 
¶   ƨǶƘǈǻǶơ4 ǂǫǏ˦ơ ǵƥƢǯǺ ǂǔƻ˦ơ :. 
¶   ƨǶƘǈǻǶơ5ǂǔƻ˦ơ ǵƥƢǯǺ Ǭǁǃ˦ơ : . 
¶   ƨǶƘǈǻǶơ6ǂǫǏ˦ơ ǵƥƢǯǺ Ǭǁǃ˦ơ : . 

 ć¹¾æõv äĊþÎ¤õv 

  ǹǟƽ ǹƬȌ ƍ ƧƽƾǠƬǻǶơȄ ƨȍƟƢǿưǶơ ǩȍǿǐƬǶơ ǵǲƢǌǺ νǪ ƨǶơƽ   Ʃ˪ƢƷ ƽȅƳȄ Ǵ˫ƻ ǽǺ ǩȍǿǐƬǶơ ǁơǂǮ
  Ƨƾǟ ǽǺ ƧƾƷơȄ νǪ ƧƾȌƾƳ ƨǶƢƷ ǵǲ ǩȍǿǐƬǶ ƨǷǐǶơ Ʃơƿ ƩƢȍǺǃǁơȅƼǶơ ǹȍǻǐƫ ǹƫȄ ƍ ƨƠǪ ǵǲ ǽǺ
  Ʃ˪ƢƷ ǖǯǪ ƨƷƢƬǻǶơ ƩƢǾƢȍƦǶơ ƽƾƸƫ ƍ ƨȍǟƢǿǐǶơ ƨǻǜǾ˦ơ ǵưǺ ƩƢǯȍƦǘƫ νǪ .ƢŻǯƦǈǺ ƧƽƾƸǺ ƩƢƠǪ

 ǻǿȍƥ ƍ ƨǇơǁƾǶơ ƾȍǮ ƨȍƟƢȌǄȍǫǶơ ƨȍǷǻǠǷǶ ƨȌƽƢǠǶơ ǵȍǤǌƬǶơ  ƨǯǷǠƬǻǶơ ƩƢǾƢȍƦǶơ λǷǟ ǴȅǐƸǶơ ƤǠǐȌ Ƣ
 ƔƢǘƻƗ ǨƢǌƬǲơȄ ƨȍǟƢǿǐǶơ ƩƢȍǷǻǠǶƢƥ ǂǺ˦ơ ǭǷǠƬȌ ƢǺƾǿǟ .ƨƳǂƸǶơ Ʃ˪ƢƸǶơȄ ƨǶƢǠǫǶơ ǂȍǣ Ʃ˪ƢƸǶƢƥ

ǂƫȅȍƦǻψǶơ    νƬǶơ ƩƢǻƴȃǶơ ƽƾǟ νǪ ƧƽƢȌǄǶơȄ ǵǌǫǶơ ǝƢǓȄƗ ƽƾǟ ǼȅψȌ ˪ ƾǮ ƍ ǸƢǟ ǵψǌƥ ƍ ǵǫǘƬǶơȄ
 Ɨ νǪ ƤƦǈǶơ ȅȂ ơǀȂ .ơ˻ƽȄƾƸǺ ƢŻưȌƾƷ ƢȂƙƢǌǾƛ ǹƫ  ǽǺ ǵǲƢǌǺ ǵƸǶ ƩƢȍǺǃǁơȅƻ ơȄǁȅǗ ǽȍưƷƢƦǶơ Ǽ

 .ƧƾƷơȄ ƨƠǪ λǶƛ ƨȍǶƢƸǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǂȍǌƫ ƮȍƷ ƨȍǓƢǻǶơ ƨǷȍǷǯǶơ ƩơȅǿǈǶơ ȆƾǺ λǷǟ ƧƾƷơȄ ƨƠǪ 
  ƩƢǫǿǐǻǶơ ǨǂǠƬƫƨȌƽǂǫǶơ    ǂȌȅǘƬƥ ǼȅǺȅǯȌ .ƨǇơǁƾǶơ ƾȍǮ ǸƢǜǿǷǶ ƨȌƽƢǠǶơ ƨȍǲȅǷǈǶơ ǕƢǻǾ˦ơ λǷǟ

Ʃ˪ơƽ    ǁƢƦƬƻ˪ ǁơǂǯǶơƩƢǿȍǟ  ȅƬǺ ǂȍǣ ƧƾȌƾƳ  ƩƢǾƢȍƦǶơ ƧƾǟƢǮ νǪ ƧǂǪƨȍƦȌǁƾƬǶơ   ƽƾǟ ǂƦǲƗ ǴȅƦǮȄ ƍ
  ȊƗ) ƧƾȍǠƦǶơ ǕƢǯǿǶơ ƾȌƾƸƫȄ Ʃ˪ƢƸǶơ ǽǺ ǽψǻǺƨǿȍǟ    ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǞȌǃȅƫ ǆǫǾ λǶƛ νǻƬǿȌ ˪

ƨȍƦȌǁƾƬǶơ(.   
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¹ºÞ¤úõvÿ Ĉtwþ¨õv äĊþÎ¤õv ôzwêù ć¹¾æõv äĊþÎ¤õv 

  ǩȍǿǐƬǶơ ǩǷƬƼȌȊƽǂǫǶơ    ƨǟȅǻƴǻǶơ Ǽ˦ ƽƾǠƬǻǶơȄ νƟƢǿưǶơ ǩȍǿǐƬǶơ ǽǟƨȍƦȌǁƾƬǶơ   ǖǯǪ ȊȅƬƸƫ
 ǞǓȄ νǪ ƢȃƬǻȃǺ ǵưǻƬƫȄ .Ȇǂƻ˦ơ ƩƢƠǫǶơ ǴȅƷ ƩƢǺȅǷǠǺ ǂǪȅƬƫ ˪Ȅ ƨǪƾȃƬǈǻǶơ ƨƠǫǶơ ƩƢǿƟƢǲ λǷǟ

.ƧƾȍǠƦǶơ ƔƢȍǋ˦ơ ǴƢƦǯƬǇơ ƨǏǂǪ ǵȍǷǯƫȄ ƨǪƾȃƬǈǻǶơ ƔƢȍǋ˦Ƣƥ ǖȍƸƫ νƬǶơ ƽȄƾƸǶơ  
  ǩȍǿǐƬǶơ ǩǷƬƼȌ ƍ ǂƻƕ λǿǠǻƥȊƽǂǫǶơ  Ƕơ νǪ ȁǾƗ νǪ (ƽƾǠƬǻǶơ ȄƗ) νƟƢǿưǶơ ǩȍǿǐƬǶơ ǽǟ  ƨǶƢƸ

  ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƢŻǯƦǈǺ ƧƽƾƸǻǶơ ƩƢƠǫǶơ ǞȍǻƳ ǽǺ ƩƢǾƢȍƦǶơ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ƽƾƸƫ ƍ Ƨǂȍƻ˦ơ
 ǽǺ Ʃ˪ƢƷ ƾƳȅƫ ˪ ȁǾƗ ȊƗ .ƧƾƷơȄ ƨƠǪ ǩȍǿǐƫ νǪ ƧƽȅƳȅǺ ǂȍǣ ȀǀȂ ƨǷǺƢǌǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ

ƨƠǫǶơ  ȍǾƢưǶơƨ    Ƨƾǟ ȄƗ)ƩƢƠǪ    ǩȍǿǐƫ ǹƬȌ ƍ ǱǶǀǶ .ƤȌǁƾƬǶơ ƔƢǿƯƗ ƨƷƢƬǺ (ȆǂƻƗƩƢǿȍǟ    ƨǠǮȅƬǻǶơ ƨƠǫǶơ
  ǸơƾƼƬǇƢƥƩƢǿȍǟ    ƨȍψȍǇ˫ψǶơ ǩȍǿǐƬǶơ ǵǲƢǌǺ Ǽ˦ ơ˻ǂǜǾ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ǖǯǪ ƧƾƷơȄ ƨƠǪ
  ǭǷƼƫǴơȄƽ    .νǠȍƦǗ ǵψǌƥ ƢȂƾȌƾƸƫ ǽψǻǻǶơ ǽǻǪ ƍ ƩƢƠǫǶơ ǞȍǻƳ ǽǺ Ʃ˪ƢƷ λǷǟ ˻ƔƢǿƥ ƨȍǐȍƼǌƫ

  ƨǟȅǻƴǺ ƧǄȍǻǶơ ȀǀȂ ƤǷǘƬƫ ƨƠǪ ǽǺ ƩƢǿȍǠǶơ Ǽȅǳƫ ƢǺƾǿǟ .ƨǶƢǠǪ ǁơǂǮ ƽȄƾƷ ƔƢǌǾ˨ ƨǾǃơȅƬǺ ƩƢǾƢȍƥ
  .ƢȃǺơƾƼƬǇơ ǹƬȌ ˪ ƾǮȄ ƾȍƳ ǵψǌƥ ǎȍƼǌƬǶơ ǬǂǗ ǵǻǠƫ ˪ ƾǮ ƍ ȆǂƻƗ ƨƠǪ ǽǺ ƧǂǪȄ ǂưǲƗ ƢǺ

  ǩȍǿǐƬǶơ ƶƦǐȌ ƍ ǱǶǀǶ ƨƴȍƬǾȊƽǂǫǶơ    ȄƗ) νƟƢǿưǶơ ǩȍǿǐƬǶƢƥ λǏȅȌ ƍ ǁƢǐƬƻƢƥ .ǴȅǠǫǻǶơ ȊǁƢǇ
ȅǻƴǺ ƪǾƢǲ ơƿƛ (ƩƢƠǫǶơ ƽƾǠƬǺ  ǽǺ ǂȍƦǲ ƽƾǟ ǽǺ ǼȅǳƬƫ ƩƢǾƢȍƦǶơ ƨǟ ƩƢǿȍǟ   λǷǟ .ƩƢƠǫǶơ ǞȍǻƳ

  ǵƸǶơ ǼȅψȌ ƍ ƨǿȍǠǺ ƨƠǪ Ʃ˪ƢƷ ǁơǂǳƫ ƨǜƷ˫Ǻ ƾǿǟ ƨǾǃơȅƬǻǶơ ǂȍǣ Ʃ˪ƢƸǶơ νǪ ƍ ǱǶƿ ǽǺ ǆǳǠǶơ
  ǸơƾƼƬǇơ ȅȂǶơ  ǩȍǿǐƬȊƽǂǫǶơ . 

  ƍ ƢŻǯƦǈǺ ƧƽƾƸǺ ƨƠǫǶ ǁƢƦƬƻơ ƨǿȍǟ ǽȍȍǠƫ ƽǂƴǺ ǩȍǿǐƬǶơ ƨǻȃǺ Ǽȅǳƫ ˪ ƍ ǼƢȍƷ˦ơ ǒǠƥ νǪ
Ƹƫ ǽψǶȄ  ȊƾȍǷǯƬǶơ ǩȍǿǐƬǶơ ǽǺ ǑǂǤǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƨǿȍǠǺ ƨƠǪ λǶƛ νǻƬǿƫ ƪǾƢǲ ơƿƛ ƢǺ ƾȌƾ

  ǩȍǿǐƫ ȅȂ ƩƢƠǫǶơ ƽƾǠƬǺƩƢǿȍǟ    .ƢŻǯƦǈǺ ƧƽƾƸǺ ƩƢƠǪ Ƨƾǟ ǽǺ ƧƾƷơȄ λǶƛ ǨȄǂǠǺ ǂȍǣ ƩƢǾƢȍƥ
  ǼƗ ǑǂƬǫǿǶ .ƩƢƠǫǶơ ȀǀȂ ǽǺ ȊƗ λǶƛ ƨǪȄǂǠǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƨǿȍǟ νǻƬǿƫ ˪ ƢǺƾǿǟ ƨǷψǌǻǶơ Ƙǌǿƫ

ǟȅǻƴǺ ƢǿȌƾǶ  ƩƢǾƢȍƥ ƨƨȍƦȌǁƾƫ   ǁƢƦƬƻơ ƨǿȍǟ ǩȍǿǐƫ ǹƫ ơƿƛ .ƩơȄǂǔƼǶơȄ ȁǲơȅǫǶơ ǽǺ ƨǷưǺƗ ǽǻǔƬƫ
  ǸơƾƼƬǇơ ǽψǻȍǪ ƍ (ǆǗƢǘƦǶơ ȄƗ ƵƢǫƬǶơ ǵưǺ ƍ ƩơȄǂǔƼǶơȄ ȁǲơȅǫǶơ ǴƢƴǺ νǪ) ƨǪȄǂǠǺ ǂȍǣ
  Ƣ˻ǺƢǻƫ ǩǷƬƼǺ ǴƢƴǺ ǽǺ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ ƨǿȍǟ ƪǾƢǲ ơƿƛ Ǽˤơ .ƨǷψǌǻǶơ ȀǀȃǶ νƟƢǿưǶơ ǩȍǿǐƬǶơ

 Ƕơ ǵȍƦǇ λǷǟ) ȄƗ ƨȃǲƢǪ ƢȃǾƗ λǷǟ ƨǘǯǶơ ǩǿǐȌ Ƣ˻ǻƟơƽ ǩǿǐǻǶơ ǼƜǪ ƍ (ƨȍǾơȅȍƷ ƨƠǪ ǽǺ ƨǘǮ ƍ ǴƢưǻ
 .ǽȍƬǶƢƸǶơ ƢƬǷǲ νǪ ƨƠǗƢƻ ƨƴȍƬǾ νȂȄ ƍ ƩơȄǂǔƻ 

 èĊ{Ö£õv äĊþÎ¤  ć¹¾æõv 

  ƩƢǫȍǿǐƬǶơ ǸƾƼƬǈƫƨȌƽǂǫǶơ  ƨȍǶƢƬǶơ Ʃ˪ƢƴǻǶơ νǪ ǞǇơȄ ǬƢǘǾ λǷǟ : 
¶   .ǃƢȃƴǶơ ƔƢǘƻƗ ǽǟ ǩǌψǶơ νǪ  ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ  ƾǿǟ  ƍǂƬƥȅψȍǷȃǶơ ǅȄǂƫ ƨƦǷǟ ƨƦǮơǂǺ

ƢǿȂ .νǘǫǾ ƣƢψǈǾơ ǨƢǌƬǲơ ƾǿǟ ȄƗ ƍ ƨȌȄȅǾ ƨǮƢǗ ƨǘƸǺ ǵȍǤǌƫ ƨǶƢƷ ƨƦǮơǂǺ νǪ ȄƗ   ƍ
 νǪ ơŻƾƳ ƧǁƽƢǾ ƢȃǿψǶ ƍ ƨǷǻƬƸǻǶơ ƨȍǠȍƦǘǶơ ǂȍǣ ƩƢȍǲȅǷǈǶơ ǞȍǻƳ ƨȍƦǷǈǶơ ƨƠǫǶơ ǵǻǌƫ

ơ ǝƢǫƫǁơ λǶƛ Ƣ˻ǔȌƗ ȊƽƚƫȄ ǅƢǿǶơ λǷǟ ơ˻ǂǘƻ ǵψǌƫ ƾǮ ƍ νǶƢƬǶƢƥȄ ƍ ǴȄ˦ơ ǸƢǯǻǶơ  .ǩȍǶƢǳƬǶ
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  ƔƢǿƥ ƾǠȌ ƍ ǱǶƿ ǽǺ ̝˪ƾƥ .ƧƾȍƳ ƨȍƴȍƫơǂƬǇơ ǆȍǶ ƔƢǘƻ˦ơ ƭȄƾƷ ǁƢǜƬǾơǶơ  ǩȍǿǐƬ
ȊƽǂǫǶơ  ̿˫Ʒ ƨȌƽƢǠǶơ ƨǶˤơ ƩƢǜƷ˫Ǻ λǷǟ ˻ƔƢǿƥ . 

¶   .ǑǂǻǷǶ νƟƢǯǷƬǶơ ǎȍƼǌƬǶơ  νƬǶơ "ƨǠƟƢǌǶơ" ǑơǂǺ˦ơ ǞǺ ƨȍƥƢƴȌ˨ơ ƩƢǾƢȍƦǶơ ǹȌƾǯƫ ǹƬȌ
  ƨƠǫǶơ ǼȅǳƬƫ Ƣǻǿȍƥ .Ƣ˻ǠǺ ƨǶȅȃǈƥ ƢȃǠȍǻƴƫ ǽψǻȌ  ƤǠǐǶơ ǽǺ ."ƧǁƽƢǾ" ǑơǂǺƗ ǽǺ ƨȍƦǷǈǶơ

  λǓǂǺ ǰƢǿȂȄ ǽǻưǶơ ƨǜȂƢƥ ƧǁƽƢǿǶơ ǑơǂǺ˦ơ ƩơǁƢƦƬƻơ Ǽ˦ ƍ ƾǠƥ ǽǟ ǹψƸƬǶơ ƨƠǪ ƔǵǺ
.ƨȍƦǷǈǶơ ƩƢǿȍǠǶơ ƨƠǪ ǽǺ ǼȅǷǷǯȌ ǼȄǁƽƢǾ 

¶   .ǴȅǻƸǻǶơ ǩƫƢȃǷǶ ƨǘǌǿǶơ ƨǮƽƢǐǻǶơ νǪ  ǸƾƼƬǈǻǶơ ǽǺ ǁȅǐǶơ λǷǟ ǖǯǪ ǵǐƸǾ
ǈǶơ ƩƢƠǫǶơ ƩƢǿȍǟ ǞǻƳ ƨƥȅǠǐǶ ơ˻ǂǜǾ .νǶƢƸǶơ  ƤƦǈƥ (ǼȄǂƻˤơ ǼȅǺƾƼƬǈǻǶơ) ƨȍƦǷ

ƨȍǏȅǐƼǶơ Ʃ˫ψǌǺ . 
¶  ƿȄǀǌǶơ ǩǌǲ ƲǺơǂƥ1   .ƨψƦǌǶơ νǪ 
¶  .ƨȍǟƢǿǐǶơ ƨǻǜǾ˦ơ νǪ ǵǷǈƬǶơ ǩǌǲ 
¶  .ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ƨƯơƾƷ λǷǟ ǨǂǠƬǶơ 
¶   ǵȍǷƸƫ ǝǂǐǶơ ƩƢƥȅǾ2   ǽǺ   .ƨǻƴǻƴǶơ ǵƻơƽ ǡƢǺƾǶơ ƨȍƥǂȃǲ ǖȍǘƼƫ ƩơǁƢǋƛ 
¶   ǬƢȍǇ νǪ ƨȍƟǂǻǶơ ƔƢȍǋ˦ơ λǷǟ ǨǂǠƬǶơ νǶˤơ ǼƢǈǾ˨ơ Ʃ˫ǟƢǫƫ3     )HRI .( 

  λǶƛ Ƣȃǫȍǿǐƫ ǽψǻȌƭ˫Ư    :ƨǺƢǟ ƩƢǯȍƦǘƫ  ǨƢǌƬǲơ ƨƯơƾƸǶơ4 ƍ    ǨƢǌƬǲơȄ ƍƿȄǀǌǶơ    ƨǮƽƢǐǻǶơȄ
 ƨǷǯǿƬǻǶơ ƨȌȅǷƼǶơ  ǎȍƼǌƫ ʣ.ƍƨƯơƾƸǶơ    .ƧƽȅǏǂǻǶơ ƩƢǿȍǠǷǶ ƢŻǯǪȄ ƧƾȌƾƳ Ʃ˪ƢƷ ƽƢƴȌƛ ȅȂ ǨƾȃǶơ

ƍǱǶǀǶ    Ʃ˪ƢƸǶơ ǽǟ ǩǌψǶơ ǽǺ ǑǂǤǶơ .ƨǪȄǂǠǺ ǂȍǣ ƧƾȌƾƴǶơ ƨƠǫǶơ ƩƢǾƢȍƥ Ǽȅǳƫ ǼƗ νǠȍƦǘǶơ ǽǺ
  .ƧƿƢǌǶơ ƩƢǾƢȍƦǶơ ƾȌƾƸƫ ȅȂ ƧƿƢǌǶơ  ƤƴȌ ƍ ƨȌƽƢǠǶơ ƧƽƢȍǯǶơ ƨǷưǺƗ ǸơƾƼƬǇƢƥ ǹƬȌ ƤȌǁƾƬǶơ Ǽ˦ ơ˻ǂǜǾ

ȍǠȍƦǗ Ǽȅǳƫ ǼƗ ǸȅȃǫǺ ƢǿƬƠǪ ǹǷǠƬƫ ǼƗƨ.  ƩơƔơǂƳƛ ƨǮƽƢǐǺ ʣ.ƍǴơȅƴǶơ    ƨȌȅȂ ǽǺ ǭǯƸƬǶơ ǹƬȌ
ǶơƨȍƦǷǈǶơ ƩƢǿȍǠǶơ ǽǟ ǩǌψǷǶ ȁƫƢǿȍǟ ǖǯǪ ǂǪȅƬƫ .ǁơǂǻƬǇƢƥ ǸƾƼƬǈǻ. 

ąº³vĀõv Ćuæõv ¡v» äĊþÎ¤õv ¡wĊù¿½vĀ· ÷º¸¤ÆQ£ #ć¹w³đv äĊþÎ¤õv$    ¹Ā«ÿ ÷ºÝ Ćõw³ Ĉå
 )vMºĊ« wăºĉº´£ ÷ºÝ ÿl I ¡wþĊÞõv ¼·l äÞÑ ÿl I ĆĊ{öÅ Ćuå 

 ¡wùĒÞõv ¹ºÞ¤ù äĊþÎ£ 
  ǴƢƻƽ˨ơ ƩƢǿȍǟ ǽȍƥ ƩƢǮ˫ǠǶơ ƱƢƬǿƬǇƢƥ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ ǹƬȃȌƩƢǺ˫ǟȄ  ƨƠǫǶơ  ǵǲƢǌǺ ʣ.

  ǩȍǿǐƬǶơƍƨȌƾȍǷǯƬǶơ    ǵǲ ǖƦƫǂȌƨǿȍǟ    ǞǺȄ .ƨƠǪ ƨǺ˫ǠƥƍǱǶƿʣ  ǹǶƢǠǶơ ƩƢȂȅȌǁƢǿȍǇ ǽǺ ƾȌƾǠǶơ 
ƍνǯȍǯƸǶơ    ǼơǂǮƛ ǹƬȌ ƾǮƨǿȍǟ    ǵȍƦǇ λǷǟ .ƧƽƾǠƬǺ ƩƢǺ˫Ǡƥ ƍǴƢưǻǶơʣ  ƨƠǪ ƍǁƢƦƻ˦ơ  ǄƳ ǖƦƫǂȌ  ǽǺ Ɣ

 
1 anomaly detection 

2 seizure 
3 Human-Robot Interaction 

4 novelty detection 
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  Ǭ˫Ǘƛ ǴȅƷ ǁƢƦƻ˦ơǵƥơ    ǃƢȃƴǶǼȅǫȌ˪ơ    .ƢȍƳȅǶȅǿǳƬǶơ ƨǺ˫ǟȄ ƨȌǁƢƴƬǶơ ƨǺ˫ǠǶơ ǽǺ ǵψƥ ƾȌƾƴǶơ
  λǿǠǻƥ ƍǂƻƕ    ǵǲ ǖƦƫǂȌƨǿȍǟ   ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ .ǖǯǪ ƧƾƷơȄ ǽǺ ̝˪ƾƥ ƩƢǺ˫ǠǶơ ǽǺ ƨǟȅǻƴǻƥ

  ƢȃȍǪ ǖƦƫǂȌ νƬǶơ ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǶơ λǶƛ ǂȍǌȌ νǶƕ ǹǷǠƫ ǬƢȍǇ ȅȂ  ǵǲƨǿȍǟ    ƾȌƾǠǶƢƥ
.ƨǷǻƬƸǻǶơ ƩƢǺ˫ǠǶơ ǽǺ   

  ǼƗ ʣƽƾǠƬǻǶơ ȄƗ νƟƢǿưǶơ ȊƾȍǷǯƬǶơ ǹǷǠƬǶơȄ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ǽȍƥ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ǵưǻƬȌ
  λǿǠǻƥ .ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ʣƨȌǂǐƷ ƪǈȍǶ ƩƢǺ˫ǠǶơ ƍǂƻƕ   ƩƢǺ˫Ǡƥ ƨǶƢƷ ǵǲ ǖƥǁ ǹƬȌ ƾǮ

  .ƧƽƾǠƬǺƍνǶƢƬǶƢƥȄ  ȍǈȍƟǂǶơ ƩƢȌƾƸƬǶơ ƾƷƗ ǼƜǪ  Ǵ˫ǤƬǇơ ƨȍǫȍǲ ȅȂ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǷǶ ƨ
  λǶƛ ƨǪƢǓ˨Ƣƥ .ǴƢǠǪ ǵψǌƥ ƨǫǷƬƼǻǶơ ƩƢǺ˫ǠǶơ ǽȍƥ ƨǶƽƢƦƬǻǶơ ƩƢǮ˫ǠǶơƍǱǶƿ    ǩȍǿǐƫ ǆǳǟ λǷǟ

  ƨǺ˫ǠǶơƍƧƽǂǫǻǶơ    .ƩƢǺ˫ǠǶơ ǽȍƥ ƨǷǏƘƬǻǶơ ƨȍǫƼǻǶơ ƩƢǗƢƦƫǁ˪Ƣƥ ƧƽƾǠƬǻǶơ ƩƢǺ˫ǠǶơ ƨǷψǌǺ ǂƯƘƬƫ
  .Ƣȃƥ ƨǏƢƼǶơ ƩƢǺ˫ǠǶơ ƨǟȅǻƴǻƥ ƚƦǿƬǷǶ ƧƾȍǫǺ Ǽȅǳƫ ǼƗ ǽψǻȌ ƢǺ ƨƠǪ ʣƨǿȍǟ ƨȌȅǔǟ ǼƗ νǿǠȌ ơǀȂ

  ǵȍƦǇ λǷǟƍǴƢưǻǶơ    ǑơǂǺƘƥ ƨƥƢǏ˩Ƕ ƨǓǂǟ ǂưǲƗ ǸƾǶơ ǖǤǓ ǝƢǫƫǁƢƥ ƣƢǐǻǶơ ǎƼǌǶơ ǼȅψȌ
  ǽǺ ǂưǲƗ ƤǷǯǶơǂȍǣƍȀ    ƨƥƢǏ˩Ƕ ƨǓǂǟ ǵǮƗ ǽψǶȄƥ.νǷǔǠǶơ ƨȌǀǤƬǶơ Ɣȅǈ 

 ¡wùĒÞõv ¹ºÞ¤ù øöÞ¤õv 
  λǷǟ ˻ƔƢǿƥ ƨƠǪ ƔƢǌǾƛ Ǵ˫ƻ ǽǺ ƨȍƟǂǻǶơ ǂȍǣ ƩƢǿȍǠǶơ ƩƢǺ˫Ǡƥ ƚƦǿƬǶƢƥ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ǖƦƫǂȌ

  ƩƢǾƢȍƦǶơƨȍƦȌǁƾƬǶơ  ǼƗ ǑǂƬǪơ .ת    Ȅ+    ƨƷƢǈǺȄ ǴƢƻƽ˨ơ ƨǿȍǟ ƨƷƢǈǺ Ǽ˫ưǻȌƨǺ˫ǟ  ƍƱơǂƻ˨ơ    λǷǟ
νǶơȅƬǶơ  ƽƾǠƬǺ ǹǷǠƬǶơ ʣ.ƍƩƢǺ˫ǠǶơ    ƨƷƢǈǺ ǩȌǂǠƫ ǹƬȌƨǺ˫ǠǶơ  +    ƢȃǾƗ λǷǟ+ πȟρ   ƍ
  ƮȍƷὯ    ƽƾǟ ȅȂƩƢǺ˫ǠǶơ  .ƍȊƗ  ǾƢǲ ơƿƛƪ  ƨǿȍǠǶơ  ǘƦƫǂǺŻƨ    ƨȍǻǈƬǶƢƥὮ    ǼƗ ƔƢǿưƬǇƢƥ ƍὮ   ȁƴƬǺ νȂ
 ƨȍǻǈƬǶơ1ƍ  ǩȍǿǐƬǶơ ǁơǂǣ λǷǟ .ơ˻ǂǫǏ ȊȄƢǈƫ ƢȃƬǻȍǮ ǼƜǪ ˪ƛȄƍȊƾȍǷǯƬǶơ   ƩƢǾƢȍƥ ƨǟȅǻƴǻǶ ƢŻǯǪȄ
ƍƤȌǁƾƬǶơ    ǹǷǠƫ ȅȂ ǨƾȃǶơ ǼƜǪὪת ᴼ+    ȊǀǶơ ǩǿǐǻǶơ ƨǘǇơȅƥ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ
  ƘƦǿƬȌƩƢǺ˫Ǡƥ    ǵǲƨǿȍǟ ὼɴ ȁƳȄ λǷǟ .ƍƾȌƾƸƬǶơ    ƨƠǫǶơ ƲƫƢǾὪ  ƨǿȍǠǶ   ǿȍǠǺƨ   ȅȂὼɴ  ת  : ת

Ὢὼ ὪὼȟὪὼȟȣȟὪὼ  

  ƮȍƷὪὼ Ὦ πȟȣȟὯ    ȄƗ ơŻƾƷơȄ ȊȄƢǈƫƍơ˻ǂǫǏ    ƨǮ˫ǟ λǶƛ ǂȍǌȌ ƢǻǺὼ  ƨǺ˫ǠǶƢƥ  Ὦ  . 
  ǼƗ ǑǂƬǫǿǶ .ƨǯȌǂǘǶơ Ȁǀȃƥ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ǩȌǂǠƫ Ƣ˻ǔȌƗ ǽψǻȌת    ƨǿȍǟ ƨƷƢǈǺ ǵưǻƫ

  Ȅ ǴƢƻƽ˨ơ+ נּ ȟȣȟּנ    ƪǾƢǲ ơƿƛ ƍ Ƣ˻ǔȌƗ .ƩƢǺ˫ǠǶơ ǽǺ ƧƽȄƾƸǺ ƨǟȅǻƴǺ νȂ
ὼρȟὣρȟȣ ὼὭȟὣὭ    ǽǺ ƨǾȅψǻǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǵưǻƫὲ    ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƩƢǿȍǟ

ὼȟὣȟὼᶰתȟὣṖ+    ǹǷǠƫ ǽǺ ǑǂǤǶơ ǹƯ ƍƩƢǺ˫ǠǶơ ƽƾǠƬǺ   ƨǺ˫ǟ ƔƢǌǾƛ ȅȂ ꞊   νƬǶơ
  ǽȍǠƫƨǿȍǟ ὼ  Ǻ˫ǟ ǽǺ ƨǘƦƫǂǻǶơ ƨǟȅǻƴǻǶơ λǶƛ  ƩƢὣ  .ǹȍȍǯƬǶơ ǂȍȌƢǠǺ ǒǠƥ ǽȍǈƸƫȄ 
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  :ƢȃǷƸǶ ǼƢƬȍǈȍƟǁ ǼƢƬǯȌǂǗ ǰƢǿȃǪ ƍ ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǶƢƥ ǂǺ˦ơ ǭǷǠƬȌ ƢǺƾǿǟ
  ǵȌȅƸƫ ƨǶƘǈǻǶơ1   Ȅ ơ ƨȍǺǃǁơȅƼǶ   ƨȍǫȍȍǳƬǶơ2  νǪ .ƨǯȌǂǗ    ǵȌȅƸƬƥ ̝˪ȄƗ ǸȅǯȌ ƍ ƨǶƘǈǻǶơ ǵȌȅƸƫƨǶƘǈǺ  

  ǽǺ ƨǷǈǷǇ λǶƛ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơǵƟƢǈǻǶơ    ǹǷǠƬǶơ ƤȍǶƢǇƗ ǸơƾƼƬǇƢƥ ƢȃǷƸȌ ǹƯ ƨǺ˫ǠǶơ ƨȌƽƢƷƗ
  ǽǺ ǨƾȃǶơ .ƨȍǶƢƸǶơ ƨǺ˫ǠǶơ ƨȌƽƢƷƗƨǯȌǂǘǶơ  ȍǾƢưǶơƨ    ƮȍƸƥ ƨȍǶƢƸǶơ ǩȍǿǐƬǶơ ƩƢȍǺǃǁơȅƻ ǩȍȍǳƫ ȅȂ

ƷơȄ ǽǺ ̝˪ƾƥ ƧƽƾǠƬǺ ƩƢƳǂƼǺ ƔƢǌǾƛȄ ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ǞǺ ǵǺƢǠƬǶơ ƢȃǿψǻȌ .ǖǯǪ Ƨƾ
  ƧǂǋƢƦǺ ǵǺƢǠƬǷǶ ƨȌƽǂǫǶơ ƩƢǺ˫ǠǶơ ƩƢȍǺǃǁơȅƻ ǞȍǇȅƫ λǷǟ ƨȍǺǃǁơȅƼǶơ ǩȍǳƫ ǵǻǠȌ ƍ ȆǂƻƗ ƧǁƢƦǠƥ

ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƩƢǾƢȍƦǶơ ǞǺ. 

 ĆõmÆúõv ôĉĀ´£ Ćêĉ¾Õ 
  ȅȂ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǷǶ ǵƷ ǖǈƥƗƨǯȌǂǗ    ȊƗ ǞǺ ȁǺơƾƼƬǇơ ǽψǻȌ ȊǀǶơ Ʃ˫ψǌǻǶơ ǵƷ
ƶƦǐƫ ƍ ƨǯȌǂǘǶơ ȀǀȂ νǪ .ǹǷǠƫ ƨȍǺǃǁơȅƻ   ǂưǲƗ ȄƗ ƧƾƷơȄ ƨǷψǌǺ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơ ƨǷψǌǺ

  ǵƸǶ Ʃ˫ψǌǻǶơ ȀǀȂ ǴȅǷƷ ƲǺƽ ǱǶƿ ƾǠƥ ǹƬȌ .ƧƾƷơȅǶơ ƨǺ˫ǠǶơ Ʃơƿ ǩȍǿǐƬǶơ ǵǲƢǌǺ ǽǺ
  :ƨȍǈȍƟǁ ƲȂƢǿǺ ƨƯ˫Ư Ʃ˫ψǌǻǶơ ǵƷ ƨǯȌǂǗ ǽǻǔƬƫ .ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǷǶ ƨȍǈȍƟǂǶơ ƨǷψǌǻǶơ

 νƟƢǿưǶơ ǴƢǐƫ˪ơ3    ƨǟȅǻƴǺȄ ƍ ƧȅǮ   ƨȍǻǈƬǶơ4    ƤȍƫǂƫȄ ƍ ƨǺ˫ǠǶơ5 . 

   

ƫ  ǹǈǯƨǯȌǂǗ  ) νƟƢǿưǶơ ǴƢǐƫ˪ơBRƍ(  ǪȄǂǠǻǶơƨ    ƨǷψǌǺ ƍ ǵψǶơ λǷǟ ƽǂǫǶơ ƨȍƴȍƫơǂƬǇƛ ǹǇƢƥ Ƣ˻ǔȌƗ
  ƩƢƠǪ ǞǺ ƧƽƾǠƬǻǶơ ƩƢǺ˫ǠǶơὗ    ǩȍǿǐƫ ǵǲƢǌǺ λǶƛ ƨǷǻƬƸǻǶơὗ    ǽψǻȌ νƬǶơȄ ƧƾƷơȄ ƨǺ˫ǟ Ʃơƿ

 ƨȍƟƢǿưǶơ ƩƢǫǿǐǻǶơ ǆȌǁƾƫ ǭȌǂǗ ǽǟ ƢȃǻǷǠƫὗ ὬȟȣȟὬ ǹƬȌ .ƢȃǷƷ ǹƫ .ƤȌǁƾƫ  ǵǲή  
  ǩǿǐǺή‭ρȟȣȟὗ    ƨǮ˫ǟ ƾȌƾƸƫ ȅȂ ȁǿǺ ǑǂǤǶơȄ ƨȍǈȍƟǂǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǷǟ ƨǺ˫ǠǶơ  

  ƧƾȌƾƳ ƨǿȍǟ ǩȍǿǐƫ ƾǿǟ .ǽȍǠǺ ǵȍưǻƥ ȁƥ ƨǏƢƼǶơ  ὼ    ƲƬǿȌ ƍBR  ơ ǽǺ ƨǟȅǻƴǺ  νƬǶơ ƩƢǺ˫ǠǶ
 ǹƯ .ƨȍƟƢǿưǶơ ƩƢǫǿǐǻǶơ ƨǘǇơȅƥ ȋƥƢƴȌƛ ǵψǌƥ ƢȃǠǮȅƫ ǹƬȌ  ƾȌƾƸƫ ǹƬȌ  Ƕơ ƧƽƾǠƬǺ ƩƢǺ˫ǟ Ʃơƿ ƩƢƠǫ

ƨǘǇơȅƥ: 
꞊ נּ ‭ +ȿὬ ὼ ρ 

  ƨǯȌǂǗBR   ƽƾǟ ǞǺ νǘƻ ƢȂƾȍǯǠƫȄ ǀȍǫǿƬǶơ ƨǷȃǇƩƢǺ˫ǠǶơ    ǵȂƢƴƬȌ ƍ ǱǶƿ ǞǺȄ .ƨǿψǻǻǶơBR  
  ǥǶ ƨȍƦǷǈǶơ ƤǾơȅƴǶơ ƨȃƳơȅǻǶ .ƧƾƷ λǷǟ ƨǺ˫ǟ ǵψƥ ƩƢǺ˫ǠǶơ ǽȍƥ ǕƢƦƫǁ˪ơBR    ǹȌƾǯƫ ǹƫ ƍ  ƨǷǈǷǇ

 ƩƢƠǪ6  )CC(    ǽǻǔƬƫ νƬǶơȄ ƍ  ƩƢǫǿǐǺ  ƨȍƟƢǿƯὗ    ǴȅǗ λǷǟ ƨǘƥơǂƬǺǶơ  .ƨǷǈǷǈƨǯȌǂǗ    ƨǟȅǻƴǺ
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6 Classifier Chain 
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ƧȅǮ  ƨǺ˫ǠǶơ    ƨȍƦǷǈǶơ ƤǾơȅƴǶơ ȀǀȂ ǞǺ ǵǺƢǠƬǷǶ ǵƟơƾƦǶơ ƾƷƗ Ƣ˻ǔȌƗ ȅȂ νǶƢƬǶơ ǹǈǯǶơ νǪ ǸƾǯǻǶơ ƨǯȌǂǘǶ  
BR. 

    

  ƤȌǁƾƬǶơ ƨǟȅǻƴǻǶ ƢŻǯǪȄὈ    ǞǺὲ    ǼƜǪ ƍ ƩƢǿȍǠǶơ ǽǺƨǯȌǂǗ  ) ƨǺ˫ǠǶơ ƧȅǮ ȁǟȅǻƴǺLP  ( ƫ  νǪ ǀƻƘ
  νǪ ƩƢǺ˫ǠǶơ ǽǺ ƧƾȌǂǪ ƨǟȅǻƴǺ ǵǲ ǁƢƦƬǟ˪ơὈ  ǟ ǩǿǐǺ ǹǷǠȌ ǹƯ ƨǺ˫Ǡǲ ƽƾǟ .ƧƾƷơȄ ƨǺ˫

  λǾƽ˦ơ ƾƸǶƢƥ ƽȄƾƸǺ ƩƢƠǫǶơÍÉÎ ςȟὲ  ƾȍǯǠƫ ƾǻƬǠȌ .LP    Ʃơƿ ƩƢƠǫǶơ ƾȍǯǠƫ ȆƾǺ λǷǟ
  λǷǟ ǴȅǐƸǷǶ .ƩƢƠǫǶơ ƽƾǠǶ ƢŻǯǪȄ ƧƾƷơȅǶơ ƨǺ˫ǠǶơƨǿȍǟ  ƾȌƾƳƧ    ƲȃǾ ƱǂƼ˾Ȍ ƍLP    ǂưǲ˦ơ ƨƠǫǶơ

  ǞƬǻƬƫ .ƩƢǺ˫ǠǶơ ƽƾǠƬǺ νǷǏ˦ơ ǑǂǠǶơ νǪ ƩƢǺ˫ǠǶơ ǽǺ ƨǟȅǻƴǺ νȂȄ ƍ ˘Μ˜ƢǻƬƷơLP   ƧǄȍǻƥ
 ƩƢǗƢƦƫǁơ νǪ ǂǜǿǶơƨǺ˫ǠǶơǀȃǶ ƨȍƦǷǈǶơ ƤǾơȅƴǶơ ƾƷƗ ǼƜǪ ƍ ǱǶƿ ǞǺȄ . ƨǯȌǂǘǶơ ȀȂν  ƾǮ ȁǾƗƫ  Ȋƽƚ

 .ƨǷȍǷǮ ƩƢǿȍǟ ǞǺ ƩƢƠǫǶơ ǽǺ ǂȍƦǲ ƽƾǟ ǞǺ ƨǾǃơȅƬǺ ǂȍǣ ƩƢǾƢȍƥ ƨǟȅǻƴǺ λǶƛ 

Ćêĉ¾Õ ĆĊæĊĊî¤õv ĆĊù¿½v¿Ā¸õv 

  ǹȍȂƢǫǺ Ƨǁơƽ˨ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǎȍǐƼƫ λǷǟ Ʃ˫ψǌǻǶơ ƨǯƥƢǘǺ ǬǂǗ ǵǻǠƫ
  ƧǄȍǺ .ƧƽƾƸǺ ƨȍǺǃǁơȅƻ λǷǟ ǄȍǲǂƬǶơ ƧǄȍǺ ƢȃǶ ƤȍǶƢǇ˦ơ ȀǀȂ .ǂǋƢƦǺ ǵψǌƥ ƧƽƾǠƬǻǶơ ƩƢǺ˫ǠǶơ

 ǮȄ νǪ ƢȃǷǻǲƘƥ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸƾƼƬǈƫ ƤȍǶƢǇ˦ơ ȀǀȂ ǼƗ νȂ ȆǂƻƗ  ƤȌǁƾƬǶ ƾƷơȄ ƪ
  ƨƦǠǐǶơ νǯȍǯƸǶơ ǹǶƢǠǶơ ǵǲƢǌǺ νǪ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ƔơƽƗ ƍ ǸƢǟ ǵψǌƥ .ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ƨƠǪ

ƾȍǯǠƬǶơ ǽǺ ƾȌǄǻǶơ ƣƢǈƷ λǷǟ ơǀȂȄ ƍ Ʃ˫ψǌǻǶơ ǵƷ ǬǂǗ ǽǺ ǵǔǪƗ. 

¡wùĒÞõv ą¹ºÞ¤ù äĊþÎ¤õv ¡wêĊ{Ö£ 

  ƽƾǠƬǺ ǩȍǿǐƬǶƢƥ ƨǯǷǠƬǻǶơ ƨȍǇƢǇ˦ơ ǹȍȂƢǫǻǶơ ǹȌƾǯƫ ƽǂƴǻƥƍƩƢǺ˫ǠǶơ    ȊǀǶơ νǶƢƬǶơ ǴơƚǈǶơ ǼƜǪ
  ƢǾǂǲƿ Ƣǻǲ .ȁȍǪ ǭƦǘǿƫ ȊǀǶơ ǼƢψǻǶơ ȅȂ ȁǈǫǾ ƵǂǘȌ ƾǮƍƢŻǯƥƢǇ    ƽƾǠƬǺ ǩǿǐǻǶơ ǽǺ ǑǂǤǶơ ǼƜǪ
  ƨǷǐǶơ Ʃơƿ ƩƢǺ˫ǠǶơ ǽǺ ƨǟȅǻƴǻƥ ƚƦǿƬǶơ ȅȂ ƩƢǺ˫ǠǶơƨǿȍǠǶ  ƾȌƾƳ ƩƢǾƢȍƥƧ  ơǀȂ ʣ.ƍǹǈǯǶơ  ǹƬȌ  

ƧǄȍǻǶơ ȀǀȂ ǽǺ ƾȍǫƬǈƫ ǼƗ ǽψǻȌ νƬǶơ ǭȍƦǘƬǶơ Ʃ˪ƢƴǺ ǽǺ ƾȌƾǠǶơ ƶȍǓȅƫ . 

  1 

  ƧǂȍƸƦǶơȄ ǵƦƴǶơ ǵưǺ ƨǷǐǶơ Ʃơƿ ƨȍǶ˪ƾǶơ ƩƢǺ˫ǠǶơ ƾȌƾƸƬǶ ƨǻȃǻǶơ ǽȍȍǠƫ ǹƬȌ ƍ ƾȃǌǻǶơ ǩȍǿǐƫ νǪ
 ǱǶƿ νǪ Ƣǻƥ ƍ Ʃ˪ƢƴǻǶơ ǽǺ ƾȌƾǠǶơ νǪ ƾȃǌǻǶơ ǩȍǿǐƫ ǸơƾƼƬǇơ ǹƬȌ .ǁȅǐǷǶ ǱǶƿ λǶƛ ƢǺȄ

ƨǇǂȃǪ   ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ȆȅƬƸǻǷǶ ƨǇƢǈƸǶơ ƧǁȅǐǶơ ǽȍǈƸƫȄ ȆȅƬƸǻǶơ λǷǟ ƨǻƟƢǯǶơ ǁȅǐǶơ
 ƢǻǺ ƍ ȆȅƬƸǻǶơ λǶƛ ƾǿƬǈǻǶơ ǁȅǐǶơ ǝƢƳǂƬǇơ ƨȍǶƢƸǶơ ƨȍǻǮǂǶơ ƩƢƦƬψǻǶơ ƨǻǜǾƗ ǽǺ ƾȌƾǠǶơ ǹǟƾƫ
 Ȋƽƚƫ ǼƗ ǽψǻȌ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ .Ǹ˫ǠƬǇ˪ơ ƧǁȅǏ ȁƦǌƫ νƬǶơ ǁȅǐǶơ ƽơƽǂƬǇƢƥ ǸƾƼƬǈǻǷǶ ƶǻǈȌ
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˫ǠǶơ ƨǪǂǠǺ  .ǝƢƳǂƬǇ˪ơ ƨǮƽ ǽȍǈƸƫȄ ƮƸƦǶơ ƨƷƢǈǺ ǵȍǷǯƫ λǶƛ Ǹ˫ǠƬǇ˪ơ ƧǁȅǐǶ ƨȍǶ˪ƾǶơ ƩƢǺ
  .ƧƽƾǠƬǺ ƩƢǺ˫Ǡƥ ƧǁȅǏ ǵǲ ǖƥǁ ǽψǻȌ ƍ ƧƽƾǠƬǺ ƩƢǿƟƢǲ λǷǟ ȊȅƬƸȌ ƾǮ νǠȍƦǘǶơ ƾȃǌǻǶơ Ǽ˦ ơ˻ǂǜǾ

ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ǹǷǠƫ ƨǷψǌǺ ǴƢƸǶơ ƨǠȍƦǘƥ ȅȂ ƾȃǌǻǶơ ǩȍǿǐƫ ǼƜǪ ƍ ǹƯ ǽǺȄ . 

   

  ǎǿǶơ ǩȍǿǐƫ  ƩƢƠǫǶơ ǽǺ ǂưǲƗ ȄƗ ƧƾƷơȄ ƨǟȅǻƴǺ νǪ ƨȍǐǿǶơ ƩơƾǿƬǈǻǶơ ǩȍǿǐƫ ƨǻȃǺ ȅȂ
  ƨȍǶƢǠǪ ƪǿǈƸƫ ƾǯǪ ƍ ǱǶƿ ǞǺȄ .ƩƢȍǿȍƬǈǶơ ǵƟơȄƗ λǶƛ ǎǿǶơ ǩȍǿǐƫ ƨǷψǌǺ ƽȅǠƫ .ƢŻǯƦǈǺ ƧƽƾƸǻǶơ
  ǽψǻȌ .νǶˤơ ǹǷǠƬǶơ ƤȍǶƢǇƗ νǪ ǸƾǯƬǶơ ƤƦǈƥ Ƨǂȍƻ˦ơ ƽȅǯǠǶơ νǪ ǙȅƸǷǺ ǵψǌƥ ǎǿǶơ ǩȍǿǐƫ

 ǿǶơ ƩơƾǿƬǈǻǶơ λǷǟ ǁȅưǠǶơ ƨǟȅǻƴǺ ǼǄƼƫ νƬǶơ ƧǂȍƦψǶơ ƩƢǲǂǌǶơ ǽǺ ơ˻Ɣƾƥ ƍ ǼƢψǺ ǵǲ νǪ ƨȍǐ
  ƾȌǂƦǶơ ǵƟƢǇǁȄ ǹȂǂȍƫơȅǪ ǵȍƴǈƬƥ ǼȅǺȅǯȌ ǽȌǀǶơ ƽơǂǪ˦ơ λǶƛ ǂȌǁƢǯƬǶơȄ ƩƢȍǮƢǫƫ˪ơ ǽǺ ƨǟȅǿƬǺ
  ǱǶǀǲȄ ƨȍƼȌǁƢƬǶơ ƨȍƦǘǶơ Ƣǿƫ˫ƴǇȄ ƧǁȅǌǿǻǶơ Ʃ˫ƴǻǶơȄ ƤƬψǶơ ǞȍǻƳ .ǹȃƥ ƨǏƢƼǶơ νǾȄǂƬψǶ˨ơ

ǂƬψǶ˨ơ ǖƟƢǇȅǶơ νǪ Ʃ˪ƢǯǻǶơƨȍǐǾ ƩơƾǿƬǈǺ Ƣ˻ǔȌƗ νȂ ǱǶƿ λǶƛ ƢǺȄ ƩƢǾȄƾǻǶơ ƩơǁȅǌǿǺȄ ƨȍǾȄ. 
  ǨǂǠƬǶơȄ ƤȌȅǶơ ƩƢƸǫǏ ǩȍǿǐƫ ǵưǺ Ʃ˪ƢƴǻǶơ ǽǺ ƾȌƾǠǶơ νǪ ǎǿǶơ ǩȍǿǐƫ ǸơƾƼƬǇơ ǹƫ
  (ƩƢƠǫǶơ ȄƗ) ƩƢǺ˫ǠǶơ ǂƦƬǠƫ ˪ ƍ ŻƧƽƢǟ .ǱǶƿ λǶƛ ƢǺȄ ȆȅƬƸǻǶơ ƨȍǫǐƫȄ ǎǿǶơ ǝȅǓȅǺ λǷǟ

 ƦƬǺ ǵψǌƥ ƨȌǂǐƷ ǎǿǶơ ǩȍǿǐƫ νǪ ƢŻǯƦǈǺ ƧƽƾƸǻǶơ ǩȍǿǐƫ ǩǿǐȌ ǼƗ ǽψǻȌ νǶƢƬǶƢƥȄ .ǴƽƢ
  ƨǷψǌǺ ȁǾƗ λǷǟ νǠȍƦǗ ǵψǌƥ ǎǿǶơƨȍƦȌǁƾƫ   ǰǁƢƦƬǟơ νǪ ǞǓ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ

 ǴȅƷ ƨȌǁƢƦƻƛ ƨǶƢǯǺ ȊȅƬƸƫ ƾǮ .ǁƢƦƻ˦ơ ƨƠǪ νǪ ƨǇƢȍǈǶơȄ ȁȍǪǂƬǶơȄ ƢȍƳȅǶȅǿǳƬǶơȄ ǴƢǻǟ˦ơ ƩƢǺ˫ǟ
  Ǭ˫Ǘƛǵƥơ    ǃƢȃƴǶǼȅǫȌ˪ơ  ƨȌǁƢƴƫ ƨǺ˫ǟ λǷǟ ƾȌƾƴǶơ  ƨȍǻǈƫ ƨȍǿǯƫȄ . 

   1 

 ƩƢǿȍƫȄǂƦǶơȄ ƩƢǿȍƴǶơ ƨǫȍǛȄ ǅǁƾȌ ƨȌȅȍƸǶơ ƨȍƫƢǺȅǷǠǻǶơ νǪ ǹȃǺ ǴƢƴǺ ȅȂ νǫȍǛȅǶơ ǸȅǿȍƴǶơ ǹǷǟ
  ƨǘǇơȅƥ ƢȃǠǻƳ ǹƫ νƬǶơ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ λǷǟ ǬƢǘǿǶơ ǞǇơȄ ǵȍǷƸƫ ƔơǂƳƛ Ǵ˫ƻ ǽǺ

ƢǪȅǫǐǻǶơ ƶǻǈƫ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǸȅǿȍƴǶơ ǞȌǁƢǌǺ ǽȍưƷƢƦǷǶ ȊȄȅǿǶơ ǒǻƸǷǶ ƨǯȍǮƾǶơ Ʃ
ƾƷơȄ ƪǮȄ νǪ ƨǫǷƬƼǻǶơ ƩƢǿȍƴǶơ Ǩ˪ˤ ǂȍƦǠƬǶơ ƩƢȌȅƬǈǺ ǅƢȍǯƥ. 

 ƍ ǸƢǟ ǵψǌƥȄ ƍ ƩƢǿȍƴǶơ ƨǫȍǛȅƥ ƚƦǿƬǶơ νǪ ƨǻȃǻǶơ ǵưǻƬƫ ƍ νǶˤơ νǿȍƴǶơ ǂȍƦǠƬǶơ ǵȍǷƸƫ νǪ
  νǪ ƨȃƥƢǌƬǺ ǂȍƦǠƫ ƶǺ˫Ǻ ƢȃǶ ƨȃƥƢǌƬǻǶơ ǩƟƢǛȅǶơ Ʃơƿ ƩƢǿȍƴǶơ ǼƗ ǑơǂƬǪơ λǷǟ ƾǻƬǠƫ  .ƢȌ˫ƼǶơ

 ƍ ǩƟƢǛȅǶơ ƨȍǻǈƫ ǹƬȌ ƢǺƾǿǟ .ƨȍǫȍǛȅǶơ ƩƢȍǺȅǿȍƴǶơ νǪ ǩƟƢǛȄ ƧƾǠƥ ǖƦƫǂȌ ƾǮ ǽȍƳ ǵǲ ǼƗ ǚƷ˪
ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ǹǷǠƫ ƨǷψǌǻǲ ƨȍǫȍǛȅǶơ ƩƢȍǺȅǿȍƴǶơ νǪ νǫȍǛȅǶơ ƚƦǿƬǶơ ƨǷψǌǺ ƨƳǀǻǾ ǽψǻȌ . 

 
1 Functional Genomics Analysis 
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¡wùĒÞõv ¹ºÞ¤ù äĊþÎ¤õv ¡wĉº´£ 

  ƨȌƾȍǷǯƬǶơ ƩƢǫȍǿǐƬǶơ ǞǺ ƨǾǁƢǯǻǶƢƥ  ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơ ƨǷψǌǺ ǵƷ ǼƜǪ ƍ ƧƽƾǠƬǻǶơȄ ƨȍƟƢǿưǶơ
  ƵƢƴǿƥ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ǭȍƦǘƫ νǪ ƨȍǈȍƟǂǶơ ƩƢȌƾƸƬǶơ ǒǠƥ νǷȌ ƢǻȍǪ .ƨƥȅǠǏ ǂưǲƗ ƾǠȌ

.νǯȍǯƸǶơ ǹǶƢǠǶơ ƢȌƢǔǮ λǷǟ  . 
  ǵψȍȃǶ ǴƢǠǫǶơ Ǵ˫ǤƬǇ˪ơ ƨȍǫȍǲ νǪ ǴȄ˦ơ ȊƾƸƬǶơ ǽǻψȌƨǺ˫ǠǶơ    νǪ .ǩȍǿǐƬǶơ ƔơƽƗ ǽȍǈƸƬǶ

ǷǠƬǶơ ǵψǌƥ ƢȃǟȅǾ ǽǺ ƧƾȌǂǪ ƪǈȍǶ ƢȃǾ˦ .ƨǘƥơǂƬǺ ƩƢǺ˫ǠǶơ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ ƍ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹ
  ƨƷƢǈǺ νǪ ƢȃǷȍƴǈƫȄ ƩƢǗƢƦƫǁ˪ơ ǅƢȍǮ ƨȍǫȍǲ ǼƜǪ ƍ ǱǶǀǶ .ǴƽƢƦƬǺƨǺ˫ǠǶơ    ǽȍǈƸƬǶ ơŻƾƳ ƨǻȃǺ

.ƚƦǿƬǶơ 
  ƨǏƢƻ ƒ ǬƢǘǿǶơ ƨǠǇơȄ ǵǲƢǌǻǷǶ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ ƧƔƢǫǲȄ ƨȍǶƢǠǪ ȅȂ νǾƢưǶơ ȊƾƸƬǶơ

  ǽǺ Ƣ˻ǔȌƗ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǹǷǠƬǶơ νǾƢǠȌ .ơ˻ǂȍƦǲ ƢȂƽƾǟȄ ƩƢǺ˫ǠǶơ ǹƴƷ ǼȅψȌ ƢǺƾǿǟ ƽƢǠƥ˦ơ ƨǿǠǶ1  ƍ
  Ǽ˦ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƩƢǾƢȍƦǷǶ ƨȍǶƢǠǪ ǵǮƗ ƨȍǶƢƸǶơ ƩƢǺ˫ǠǶơ ƧƽƾǠƬǺ ǹǷǠƬǶơ ǬǂǗ ǽǺ ƾȌƾǠǶơ ǼƗ Ƣǻǲ

ǇƗ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƽƢǠƥ˦ơ νǶƢǟ ƔƢǔǫǶơ νǪ ƧƾǟƢƦƬǺȄ ƧǂưǠƦǺ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƤȍǶƢBR  ȄLP  
  ǸƢƴƷƗ λǷǟ ǂǐƬǯƫ ƢŻǯƦǈǺ ƢȃƬǌǮƢǿǺ ƪǻƫ νƬǶơƩƢǺ˫ǟ   ǹƫ ƍ Ƨǂȍƻ˦ơ ƨǾȄˤơ νǪ .Ƣ˻ȍƦǈǾ ƧǂȍǤǏ

  ƨƷƢǈǺ ǹƴƷ ǵȍǷǯƫ ǹƬȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢǺ˫ǠǶơ ǽǺ ǂȍƦǲ ƽƾǟ ǞǺ ǵǺƢǠƬǷǶ ǬǂǗ ƵơǂƬǮơ
ƨǺ˫ǠǶơ   ƶƦǐȌ ƍ ơ˻ǂȍƦǲ ƩƢǺ˫ǠǶơ ƽƾǟ ǼȅψȌ ƢǺƾǿǟ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .νƟơȅǌǟ ǽȍȍǠƫ ǸơƾƼƬǇƢƥ

ƧǂǲơǀǶơ νǪ ƚƦǿƬǶơ ƱƿƢǻǾ ǽǺ ǂȍƦǲ ƽƾǟ ǚǫƷ ƤǠǐǶơ ǽǺ . 

äĊþÎ¤õv ¡wĊù¿½vĀ· 

 ƍ (ƨǿȍǠǶơ ƨƷƢǈǺ ǽǺ ǕƢǯǿǶơ νƫƘƫ ƮȍƷ) ƩƢǾƢȍƥ ƨǟȅǻƴǻƥ ƗƾƦǾ ƍ νǶˤơ ǹǷǠƬǶơ ǩȍǿǐƫ ƨǷψǌǺ νǪ
 ǞǺ ƤǿƳ λǶƛ Ƣ˻ƦǿƳƨǺ˫ǟ   ǽǺ ƽȄƾƸǺ ƽƾǟ ƾƳȅȌ ƮȍƷ) ƨǘǯǾ ǵψǶ (ƨƠǪ ȄƗ)ƩƢǺ˫ǠǶơ  .(ƨǿψǻǻǶơ

  ƍ ƾƷȅǺȄ ǵǯƬǈǺ ǵψǌƥ ƢȃǠȌǃȅƫ ǹƬȌ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ǕƢǯǿǶơ ǼƗ ǑǂƬǫǾ ƩƢǾƢȍƥ ƨǘǯǾ ƢǿȌƾǶȄ
 λǻǈƫ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǻǶ ȁƥƢǌǺ ǞȌǃȅƫ ǽǺ ƧƾȌƾƳ Ǹ˫ǠƬǇ˪ơ2    ǽǟ ƨǷǯƬǈǺ ƢȃǾƗ Ƣ˻ǔȌƗ ǑǂƬǫȌȄ ƍ

 ƨȍǻǈƫ ǞǮȅƫ ƾȌǂǾ ƍ νǶƢƬǶƢƥȄ .Ǹ˫ǠƬǇ˫Ƕ ƨǺ˫ǟ ƢǿȌƾǶ ǆȍǶ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǕƢǯǾ
ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǷǟ ˻ƔƢǿƥ Ǹ˫ǠƬǇ˪ơ. 

  ǑơǂǺƘƥ ƨƥƢǏ˩Ƕ Ƣ˻ȍƯơǁȄ Ƣ˻ǓǂǠǺ ǎƼǌǶơ ǼƢǲ ơƿƛ Ƣǻƥ ƚƦǿƬǶơ ƾȌǂǾ ƢǿǾƗ ǑǂƬǫǿǶ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ
  ǽǺ ǼȅǾƢǠȌ ơȅǾƢǲ ơƿƛ ƢǺȄ νǿȍƳ ǵǈǷǈƫ ǹȃȌƾǶ ǽȌǀǶơ ǍƢƼǋ˦ơ ƩƢǺȅǿȍƳ ǽǺ ƩƢǾƢȍƥ ƢǿȌƾǶ .ƤǷǯǶơ

Ǻ ǼƢǲ ơƿƛ ƢǺ ǨǂǠǾ ˪ ƢǿǿψǶȄ ȁǺȅǿȍƳ ƢǿȌƾǶ ƾȌƾƳ ǒȌǂǺ Ǽˤơ ƢǿȌƾǶ .˪ ǸƗ ƤǷǯǶơ ǑơǂǺƗ  Ǒǂǻƥ Ƣ˻ƥƢǐ

 
1 curse of dimensionality 

2 query 



 
226 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ǵǈǷǈƬǶơ λǷǟ ˻ƔƢǿƥ ƤǷǯǶơ ǑơǂǺƘƥ Ƣ˻ƥƢǐǺ ǎƼǌǶơ ǼƢǲ ơƿƛ Ƣǻƥ ƘƦǿƬǾ ǼƗ ƾȌǂǾ ƍ ǱǶǀǶ .ƤǷǯǶơ νǪ
νǿȍƴǶơ ǵǈǷǈƬǶơȄ ƽǂǫǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ȊƗ ƍ ƢǿǶ ƨƷƢƬǻǶơ ƧƾȍƷȅǶơ ƩƢǺȅǷǠǻǶƢƥ ƒ νǿȍƴǶơ . 

  ƪǾƢǲ ơƿƛὢ    Ȅ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǟ ƧǁƢƦǟὣ    ǩǿǐǻǶơ ǼƜǪ ƍ ƩƢƠǫǶơ ǽǺ ƨǟȅǻƴǺ ǽǟ ƧǁƢƦǟ
Ὢȡὢᴼὣ    ȅȂƨǶơƽ    ƨƠǫǶƢƥ ƚƦǿƬǶơ ǴȄƢƸƫώ    ƩƢǾƢȍƦǶơ ƨǘǯǿǶὼ  ƨƠǫǶơ ƨǮƽ .Ὢ    ƢǿǠǮȅƫ ǴƢǻƬƷơ νȂ
ƨǺ˫ǠǷǶ    ƨƠǫǶơ ƘǘƻȄ ƍ Ǹ˫ǠƬǇ˫Ƕ ƨƸȍƸǐǶơὪ    ƢǿǠǮȅƫ ǴƢǻƬƷơ ȅȂƨǺ˫ǠǷǶ   ƾȌǂǾ .ƨƸȍƸǐǶơ ǂȍǣ

ǩǿǐǺ λǷǟ ǁȅưǠǶơ Ὢ  ƾǮ ƨȍǶƢǟ ȁƬǮƽ Ǽȅǳƫ ȊǀǶơ  ȀƘǘƻ ǼȅψȌ ƍ ξǪƢψǺ ȅƸǾ λǷǟ ƍ ȄƗ) ǼƢψǺ˨ơ ǁ
  ƨƠǪ ǽȌȅǳƫ ƨȍǷǻǟ .(ǼƢψǺ˨ơ ǁƾǮ ơ˻ǂȍǤǏὪ    λǻǈƫǹǷǠƬǶơ  ǽǺ ƨǟȅǻƴǺ νȂ ǹǷǠƬǶơ ƧƾǟƢǮ .ǴơȄƾǶơ 

  ȁǺơƾƼƬǇơ ƢǿǿψǻȌ ƩƢƳǂƼǻǶơ νǪ ƢŻǫǿǐǺ νǘǠƫȄ ƧƢǻǈǻǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽǺ ƨǟȅǻƴǺ ǀƻƘƫ νƬǶơ
ǹǷǠƬǶơ ƧƾǟƢǮ ǭȍƦǘƫ ƾǿǟ .Ǹ˫ǠƬǇ˪ơ ǕƢǯǾ ǩȍǿǐƬǶ    ƢǺ Ƣ˻ƦǶƢǣ ƢǿǾƜǪ ƍ ǕƢǯǿǶơ ǩȍǿǐƬǶ ƢȃǺơƾƼƬǇơ ǹƯ

ƨƠǫǲ ƨƠǫǶơȄ ǹǷǠƬǶơ ƧƾǟƢǮ ƨǟȅǻƴǺ λǶƛ ǂȍǌǾ . 
  ǽȍƬȍǟǂǪ ǽȍƬǟȅǻƴǺ λǶƛ ƢȃǻǈǯǾȄ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǀƻƘǾ ƍ ǩǿǐǺ ǵǲ ƨǮƽ ǁƢƦƬƻ˪
  ƔƢǿƦǶ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǸƾƼƬǈſƫ .ƨȍƦȌǂƴƬǶơ ƨǟȅǻƴǻǶơȄ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ƍǽȍƬǷǐǫǿǺὪ   ƍ

  ǞǮȅƬǾ νǶƢƬǶƢƥȄƩƢǺ˫ǟ    ǼǁƢǯǾ ǹƯ .ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǕƢǯǾƩƢǺ˫ǠǶơ    ƨǠǮȅƬǻǶơ ƩƢǺ˫ǠǶƢƥ  
 .ƢǾƚƦǿƫ ƨǮƽ ƤǈƸǾȄ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ νǪ ƨƸȍƸǐǶơ 

 Ćĉ¾¤ùv½w{õv ¾Ċáÿ Ćĉ¾¤ùv½w{õv üĊúöÞ¤úõv 
  ƍ ǽȍƬƠǪ λǶƛ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǩȍǿǐƫ ǽψǻȌȊǂƬǺơǁƢƥ    ǂȍǣ ȄƗȊǂƬǺơǁƢƥȄ ǽψǻȌ . ǩǏ

ǵǺƢǠǻǶơ    ƨǻȍǮ ǁƢƦƬǟơ ǽψǻȌ .ƱƿȅǻǿǶơ νǪ ǵǏƘƬǺ ǽȌȅǳƫ ǂȍǤƬǺ ƢȃǾƘƥǵǺƢǠǻǶơ   .ƨȍǻȍǷǠƬǶơ ƩƢǾƢȍƦǶơ ǽǺ
  ǸơƾƼƬǇơ ǹƬȌ ƍ ƤȌǁƾƬǶơ ƾǠƥƩ˫ǺƢǠǻǶơ   ƍ ǂƻƕ λǿǠǻƥ .ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥ νǪ ƱƿȅǻǿǶơ ƔơƽƗ ƾȌƾƸƬǶ

  ǽǺ ƽƾǟ ǞǺ νǶˤơ ǹǷǠƬǶơ ƱƿȅǻǾ .ƚƦǿƬǷǶ ƱƿȅǻǿǶơ ǹȃǺƾƼƬǈȌƩ˫ǺƢǠǻǶơ    ƱƿȅǻǾ ȅȂȊǂƬǺơǁƢƥ .
  ǸȅǯǾ ƱƿȅǻǿǶơ λǷǟ ǹƟƢǮ ƲȃǾ λǷǟ νǶˤơ ǹǷǠƬǶơ νǪ ƨȌǂƬǺơǁƢƦǶơ ƱƿƢǻǿǶơ ȊȅƬƸƫ ƢǺ ŻƧƽƢǟ ƍ ǁƢǐƬƻƢƥ

  ǵψǌǶ ƢŻǯǪȄ ǑơǂƬǪƢƥ ȁȍǪƨǶơƾǶơ   ơǀȂ λǷǟ ˻ƔƢǿƥ ƤǇƢǿǻǶơ ƱƿȅǻǿǶơ ƾȌƾƸƫ ǹƯ ƢȂǂȌƾǯƫ ƽơǂǻǶơ
  ƨǟȅǻƴǺ ǂȌƾǯƬǶ ǑơǂƬǪ˪ơƩ˫ǺƢǠǻǶơǪ˪ơ ǼƗ ȅȂ ƨȌǂƬǺơǁƢƦǶơ ǬǂǘǷǶ Ƥȍǟ ǂƦǲƗ .  νƬǶơ ƩƢǓơǂƬ

 ǵψǋ ǼƗ ǑǂƬǫƫ ƾǮ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨƸȍƸǏ Ƣ˻ǻƟơƽ Ǽȅǳƫ ˪ ƾǮ ƢȂǀƼƬǾƨǶơƾǶơ  Ƣǻǿȍƥ ƍ νǘƻ
  ǽǺ ǂȍưψƥ ǵǮƗ ƩƢǾƢȍƥ Ƣ˻ǔȌƗ ƤǷǘƬƫȄ ơŻƾƳ ƨǠȌǂǇ ƨȌǂƬǺơǁƢƦǶơ ǬǂǘǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ǱǶǀǲ ǼȅψȌ ˪

  ǂȍǣ ǬǂǘǶơƨȌǂƬǺơǁƢƦǶơ  ƨȌǂƬǺơǁƢƦǶơ ƨȍǺǃǁơȅƼǶơ λǷǟ ƨǠƟƢǌǶơ ƨǷưǺ˦ơ ǽǺ .νǘƼǶơ ǁơƾƸǾ˪ơ . 
 ǝȅǾ ǴȅƷ ƧƽƾƸǺ ƩƢǓơǂƬǪơ ƢȃǶ ǆȍǶ νƬǶơ ƩƢȍǺǃǁơȅƼǶơ ǨǂǠſƫ ƍ ǵƥƢǯǻǶơ νǪƨǶơƽ ǎȍǐƼƬǶơ  

  ƩƢȍǺǃǁơȅƼǶƢƥƨȌǂƬǺơǁƢƦǶơ ǂȍǣ  ǂȌƾǯƫ ǹȃǿψǻȌ ƍ ǬǂǘǶơ ȀǀȂ νǪ ǑơǂƬǪơ ƽȅƳȄ ǸƾǠǶ ơ˻ǂǜǾ .ƨǶƾǶơ  
  ƨǶȅȃƴǻǶơὪ    ǬǂǘǶơ Ǽȅǳƫ ƢǺ ŻƧƽƢǟ .ǵψǋ ȊƘƥ Ǽȅǳƫ ǼƗ ǽψǻȌ νƬǶơȄ ƍƨȌǂƬǺơǁƢƦǶơ ǂȍǣ    ƢȃǾ˦ ƨǮƽ ǂưǲƗ

  ǽǺ ƨǮƽ ǂưǲƗ ƤǾơȅƳ ǕƢǯƬǶơ ƢȃǿψǻȌȄ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǞǺ ƨǺƔ˫Ǻ ǵǔǪƗ λǷǟ ǴȅǐƸǷǶ λǠǈƫ
  ǂȌƾǯƬǶ ƩƢǜƷ˫ǻǶơ ǽǺ ǂȍƦǲ ƽƾǟ λǶƛ ƨƳƢƸǶơ ƣƢǈƷ λǷǟ ơǀȂ νƫƘȌ ƍ ǱǶƿ ǞǺȄ .ƩƢǾƢȍƦǶơ ƨǶơƾǶơ  

ƨǶȅȃƴǻǶơ  ƾƥ  ƨǮ  Ὢ  ƢŻǾƢȍƷƗ ǹǷǠƬƫ ƾǯǪ ƍ ƨǾȄǂǺ ǂưǲƗ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ Ǽ˦ ơ˻ǂǜǾ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .
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  ǂȍǣȄ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ λǷǟ ƾȍƳ ǵψǌƥ ƢȃǻȍǻǠƫ ǽψǻȌ ˪ ƨǯȌǂǘƥ ƔƢǓȅǔǶơȄ ƔƢǘƻ˦ơ
  ƨǫǷǳƬǶơ νǪ ǽȍȌǂƬǺơǁƢƦǶơ ǂȍǣȄ ǽȍȌǂƬǺơǁƢƦǶơ ǽȍǻǷǠƬǻǶơ ǽȍƥ ǴƽƢƦƬǶơ ǼȅψȌ ƍ ǁƢǐƬƻƢƥ .ƨȍƟǂǻǶơ

ǈƸǶơ  ƨȍǺǃǁơȅƼǷǶ ǞƟƢǌǶơ ǴƢưǻǶơ .ƨǮƾǶơȄ ƨȍƥƢƨȌǂƬǺơǁƢƦǶơ ǂȍǣ    ȅȂ  ƨȍǺǃǁơȅƻǁƢƳ ƣǂǮƗ νǲ . 

ĆþĊÞõv ÃwÅl ĔöÝ üĊúöÞ¤úõv 

  ǂȍǣ ǩȍǿǐƫ ƩƢȍǺǃǁơȅƻ ǹȂ ƨǿȍǠǶơ λǷǟ ǽȌƾǻƬǠǻǶơ ǽȍǻǷǠƬǻǶơƨȌǂƬǺơǁƢƥ   ǂȍǣ ƧƾȌƾƳ ƨǿȍǟ ǩǿǐƫ
Ȃ ǂȂȅƳ νǪ .ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪ ƨǷƯƢǻǻǶơ ƩƢȍǻǈƬǶơ ǽǺ ƨǿȍǠǶ ƢŻǯǪȄ ƧƢǻǈǺ  ƩƢȍǺǃǁơȅƼǶơ Ȁǀ

 ǽǺ Ƣ˻ȍƦǈǾ ǂȍǤǏ ƽƾǟ ǽǺ ƧƾǯǠǺ ƩƢǫȍǿǐƫ ƩƢȍǿǯƬǶơ ȀǀȂ ƲƬǿƬǈƫ ǼƗ ǽψǻȌ .ƨǘȍǈƥ ƮƸƥ ƨǯȌǂǗ
  ƨǇƢǈƷ Ǽȅǳƫ ǼƗ ǽψǻȌ ƍ ǱǶƿ ǞǺȄ .ƨȌƽƾǠǶơ Ʃ˪ƢƴǻǷǶ νǠȍƦǗ ǵψǌƥ ƨƦǇƢǿǺ ǼȅǳƫȄ Ʃ˪ƢƸǶơ
ƢǈǺ ǽǺ ƨǫǷƬƼǺ ǭǗƢǿǺ νǪ ƨǫǷƬƼǺ ƩơǄȍǺ ƾȌƾƸƫ ƢȃǿψǻȌ ˪Ȅ ƨǷǐǶơ Ʃơƿ ǂȍǣ ƩơǄȍǻǷǶ ƨȌƢǤǷǶ  ƨƷ

 ˪ƛ ƍ ǒǫƼǿǺ ƱƿƢǻǿǶơ ȀǀȂ ƤȌǁƾƬǶ νǿǺǄǶơ ƾȍǯǠƬǶơ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ƨǿȍǠǶơ
 .Ƣ˻ȍƦǈǾ ̿˫ȌȅǗ ƢŻƬǮȄ ǬǂǤƬǈȌ ƧƾȌƾƳ ƨǿȍǟ ǩȍǿǐƫ ǼƗ 

ǖǈƥƗ    ǹǷǠƬǺ νȂ ƨǿȍǠǶơ λǷǟ ƨǻƟƢǮ ƨȍǺǃǁơȅƻ  ƣǂǮƗ ǁƢƳ    ǖǻǾ ǩȍǿǐƬǶ ȁƫƾǟƢǮ Ǽȅǳƫ ȊǀǶơȄ ƍ
  ƣǂǮƗ ƨƠǪ ƾȌƾƸƫȄ ǅƢȍǯƥ ǹǮ :νǷȌ Ƣǻǲ ǨȄǂǠǺ ǂȍǣƨǿȍǟ    ƨǪƢǈǺ ǁƢȍǠǻƥ ƩƢǻȍǷǠƬǶơ ƨǟȅǻƴǺ νǪ

  ǬǂǘǶƢƥ ƨǾǁƢǯǺ ƢȌơǄǻǶơ ǽǺ ƾȌƾǠǶƢƥ ƣǂǮ˦ơ ǁƢƴǶơ ƨƠǪ ǞƬǻƬƫ ƍ ƢȃƬǗƢǈƥ ǽǺ ǹǣǂǶơ λǷǟ .ƽƾƸǺ
 ƦȌǁƾƫ ƨǺǄƷ Ǵ˫ƻ ǽǺ ƢȃǻȍǻǠƫ ǽψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .Ȇǂƻ˦ơ ƍ νǿǠȌ ơǀȂȄ .Ƣ˻ȍƦǈǾ ƧǂȍǤǏ ƨȍ

  ƤǷǘƬȌ ǁƢƳ ƣǂǮƗ ǩǿǐǺ ǼƗ ƍ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ȄƗ ǁơǂǯǶơ ǁƢƴǋƗ ǵưǺ ƍ Ȇǂƻ˦ơ ǬǂǘǶƢƥ ƨǾǁƢǯǺ
ƩƢǿȍǟ    ǭȍǯƸƬǶ ǂǤǏƗ ƤȌǁƾƫ ƨǶơƽ    ǁƢƴǶơ ǩǿǐǻǶ ǽψǻȌ .ƢȃǈǫǾ ǩȍǿǐƬǶơƣǂǮ˪ơ    ǭȍǯƸƫƨǶơƽ  

Ƕơ ȄƗ ǁơǂǯǶơ ǁƢƴǋƗ ǵưǺ ơŻƾȍǯǠƫȄ ƨƯơƾƷ ǂưǲƗ ǬǂǗ ǞǺ ǆǪƢǿƬǶơ ƢȃǿψǻȌ.ƨȍƦǐǠǶơ ƩƢψƦǌ 

            

  λǷǟ ǽȌƾǻƬǠǻǶơ ǽȍǻǷǠƬǻǶơȄ ƨǿȍǠǶơ λǷǟ ǽȌƾǻƬǠǻǶơ ǽȍǻǷǠƬǻǶơ ǽȍƥ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ǎȍƼǷƫ ǹƬȌ
  ƩƢǾƢȍƦǶơ ǞȍǻƳ ƩƢǿȍǠǶơ λǷǟ ǼȄƾǻƬǠǻǶơ ǼȅǻǷǠƬǻǶơ ǚǫƸȌ .ǹȃƫƢǺȅǷǠǺ ǹȍǻǠƫ ƨȍǫȍǲ νǪ ƱƿȅǻǿǶơ

ƳȅǻǶơ  ȄƗ ƩƢƳǂƼǻǶơ ƨǻȍǮ ǆǫǿƥ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ǼȄƽƾƸȌ ǹƯ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪ Ƨƽȅ
  ǖǇȅƬǺ  λǶƛ ƾǿƬǈǻǶơ ǹǷǠƬǻǶơ ǸȅǯȌ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ .ƢȃǜǫƷ ǹƬȌ νƬǶơ ƢȃǈǫǾ ƩƢǾƢȍƦǶơ ǕƢǯǾ

  ǹƫ νƬǶơ ƩƢǾƢȍƦǷǶ ƨǫǷƬƼǻǶơ ǎƟƢǐƼǶơ λǷǟ ˻ƔƢǿƥ ƚƦǿƫ ǹǈǮ ȄƗ ƚƦǿƫ ǖƻ ƔƢǌǾƜƥ ƱƿȅǻǿǶơƢȃƦȌǁƾƫ  .
ƬȌ ƍ ơ˻ǂȍƻƗ  λǷǟ ˻ƔƢǿƥ ƧƽƾƸǺ ǸƢǈǮƗ νǪ ȄƗ ǖƼǶơ ơǀȂ ǴȅǗ λǷǟ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ǞǓȄ ǹ
 .ƢȃǐƟƢǐƻ 

  νǪ .ǵǔǪƗ ǵψǌƥ ǬǂǫǶơ (ƨǐǯǶơ) νǶƢƬǶơ ǴƢưǻǶơ ƶǓȅȌ ƍ ǵǔǪƗ ǵψǌƥ ǽȍǻǷǠƬǻǶơ ǽȌǀȂ ǹȃǫǶ
  ǁơƾǯǺ Ǹ˦ơ ǨǂǠƫ ǼƗ ƤƴȌ .ƢȃƬǿƥơȄ ǸƗ ȀǂȌƾƫ ǂȍȃǋ ǆƥ˫Ǻ ǂƴƬǺ ǰƢǿȂ ǼƢǲ ƍ ƧǂȍǤǏ ƧƾǷƥ ǖǇȄ

 ǿȍǇ νƬǶơ ǴơȅǺ˦ơ  ƨƴȌǂƻ ƍ ƢȃƬǿƥơ ƩǁǂǮ .ƩƖƳƢǫǻǶơ Ȁǂǳƫ ƪǾƢǲ ƢȃǾ˦ ƍ ƢȂǂƴƬǺ νǪ ǵȍǻǠǶơ Ƣȃǯǫ
  ǂȍǣ ǬƢǫǾ˨ơ ƩơƽƢǟ ǕȅǤǓ ǞǺ ǵǺƢǠƬǶơ λǶƛ ƢȃƫƾǶơȄ ǂǘǔƫ ˪ λƬƷ ǸƢǜǾ ƔƢǿƥ ƍ ǂƫȅȍƦǻψǶơ ǸȅǷǟ
 ƩơǄȍǻǶơ ǒǠƥ ƪǿǻǔƫ .ǂƴƬǻǶơ ȁǶȅƻƽ ƾǿǟ ǵȍǻǠǶơ ǎƟƢǐƻ λǶƛ ǸƢǜǿǶơ ǂǜǿȌ .ƢȃȌƾǶ ƨǪȄǂǠǻǶơ
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ǲǂȌ νƬǶơ ƧǁƢȍǈǶơ ǝȅǾ  ǼƗ ƨǿȌƾǻǶơ ȀǀȂ νǪ ǞƟƢǌǶơ ǽǺ ǼƢǲ .ƢȃǾȄƾƫǂȌ νƬǶơ ǆƥ˫ǻǶơ ǂǠǇȄ Ɣ˫ǻǠǶơ ƢȃƦ
  ƽƢƬǠǻǶơ ǵȍǻǠǶơ ǼƢǲ .Ǳǈƥ˫ǺȄ ǱƫǁƢȍǇ Ǵ˫ƻ ǽǺ Ǳƥ ƨǏƢƼǶơ ǬƢǫǾ˨ơ ƩơƽƢǟ Ƣ˻ǻƟơƽ ǆǳǠƫ

  λǟƾȌ Ƣ˻ƥƢǋ ǵƸǻǷǶǽȍǪǂȍǋ  ǼƢǲ .ǽȍǪǂȍǋ   ƽȅǯȌ .ƨǿȌƾǻǶơ ƔƢǔǟƗ λǿǣƗ ƾƷƗȄ Ƣ˻ƸƳƢǾ ǴƢǻǟƗ ǵƳǁ
  ƧǁƢȍǇBMW   ƽƾƳ Ɣ˫ǻǟ ȁƬǿƥơ ȁƬǿƥ ȊǀǶơ ƱƿȅǻǿǶơ ǁƢƬƻơ .ǽǻưǶơ ƨǜȂƢƥ ȁǈƥ˫ǻƥ ǁơǂǻƬǇƢƥ λȂƢƦƬȌȄ

  .ǂƴƬǻǶơ νǪ ǼȄǂȍǋ ȁǯǫǿȌ ƢǺ ǼȅǯǫǿȍǇ ǹȃǾƗ ǞǮȅƫȄ ƍ ǽǻưǶơ ƨǜȂƢƥ ǆƥ˫ǺȄ ƧǂƻƢǪ ƩơǁƢȍǇ ǹȃȌƾǶ
Ǿ ƱƿȅǻǿǶơ ơǀȂ ǼƢǲ ƍ Ʃ˪ƢƸǶơ ǹǜǠǺ νǪ  ƧǂȍǤǐǶơ ƧƾǷƦǶơ ȀǀȂ νǪ ȊǂƯ ǎƼǋ ǵǲ Ǽ˦ ƍ Ƣ˻ǺƢǻƫ Ƣ˻ƸƳƢ

 νǷǟ ȁǻǇơ ǹȍǜǟ ǸƾǮ Ƨǂǲ Ƥǟ˪ ǵƻƽ ǸƢȌ˦ơ ǽǺ ǸȅȌ νǪ ǹƯ .ǴƢǻǶơ ǽǺ Ƣ˻ƦȌǂǯƫ ǢǷƦǻǶơ ǆǫǾ ȁȌƾǶ ǼƢǲ
  ǆƥ˫ǻǶơ ǵǔǪƗȄ νǿȍǣǁȅƦǺ˪ ǃơǂǗ ƭƾƷƗ ǽǺ ǵǮƗ Ɣνǋ ȊƘƥ Ȇǂ˾Ȍ ǼƗ νǷǟ ǒǪǁ .ƨǿȌƾǻǶơ

ơ ƢǺƾǿǟ .ƢȍǶƢǘȌƛ ǽǺ ƢȂơǂƬǋơ νƬǶơ ƨǐǐƼǻǶơ  νǷǟ ǭǫǿȌ ǼƗ ƱƿȅǻǿǶơ ǞǮȅƫ ƍ ǂƴƬǻǶơ ǽǺ νǷǟ ƣǂƬǮ
  ȁǯǫǿȌ ȊǀǶơ ǢǷƦǻǶơ ǆǫǾǽȍǪǂȍǋ  ǽǺ ǂȍưψƥ λǷǣƗ ƪǾƢǲ ȁǈƥ˫ǺȄ νǷǟ ƩơǁƢȍǇ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ .

ǽȍǪǂȍǋ    ƨȌƢȃǿǶơ νǪ νǷǟ ǭǫǾƗ .ǸƢǜǿǶơ ƢȃȍǶƛ ǂȍǌȌ ǼƗ ƤƴȌ ƩƢǾƢȍƥ ƨǘǯǾ ƣǂǮƗ ƪǾƢǲ ȀǀȂ ǼƗ ˪ƛ ƍ
  ǽǺ ǂȍưψƥ ǂưǲƗ ǂƴƬǻǶơ λǷǟǽȍǪǂȍǋƴǟǄǾơ .  νǪ ǂǜǿǶơ ƧƽƢǟƜƥ ƢȃƬǿƥ˪ ƪƸǻǇȄ ơǀȂ ǽǺ Ǹ˦ơ ƪ

 ǽǺ ̝˪ƾƥ ƱƿȅǻǿǶơ λǶƛ ƾǿƬǈǻǶơ ǹǷǠƬǻǶơ ǸƾƼƬǈȌ ǸƢǜǾ ǸơƾƼƬǇơ ƧƢƬǫǶơ ƩǁǂǮ ƍ ǹƯ ǽǺȄ .ƢȃƳƿȅǻǾ
 λǶƛ ƾǿƬǈǻǶơ ǹǷǠƬǻǶơ ȊƗ) ȁǺƾƼƬǈƫ ȊǀǶơ ǸƢǜǿǶơƨǿȍǠǶơ ǼȄƾƥ ƍ ƾȌƾƳ ǵȍǻǟ ǵƻƽ ơƿƛ ƍ νǶƢƬǶƢƥȄ .(

ȂǂǲǀƬȌ νƬǶơ ƩƢǾƢȍƦǶơ ƨǮƾƥ ǆǳǠƫ ƩơǄȍǺ  ƩƢǠǮȅƬǶơ ǆǳǠƫ ǼƗ ƶƳǂǻǶơ ǽǻǪ ƍ ǵǠǫǶƢƥ ƱƿȅǻǿǶơ Ƣ
  ȊƾƫǂȌ ˙Żˠȍǻǟ ƨǪȅǶƘǺ ǂȍǣ ƧǁƢȍǇ ƢȃȍǪ ƪȃƳơȄ νƬǶơ ƨȍǶƢƬǶơ ƧǂǻǶơ νǪ .ǂƴƬǻǶơ νǪ ȁǯǫǿȌ ȊǀǶơ ǢǷƦǻǶơ
 ƪǿψǻƫ ƍ ǱǶƿ ƾǠƥ .ǂƴƬǻǶơ νǪ ȁǾȅǯǫǿȍǇ ȊǀǶơ ǢǷƦǻǷǶ ƢŻǯȍǮƽ ơΊȅƦǿƫ ƱƿȅǻǿǶơ ǸƾǮ ƍ ƨǪȅǶƘǺ ǂȍǣ ǆƥ˫Ǻ

ǱǶƿ ǼƗ ǽǺ ƾǲƘƬǶơ ǽǺ Ǹ˦ơ  νǷǟ ƭƾƷ ƢǻǷưǺ ƭƾƸȌ ǽǶ. 
  .ƢŻǯȍǮƽ ơΊȅƦǿƫ ƨǿȍǠǶơ λǷǟ ǹƟƢǯǶơ ǹǷǠƬǶơ ƱƿȅǻǾ ȁȍǪ ǂǪȅȌ ˪ ǩǮȅǺ ƨȌƙǁ ǽǺ Ƣǿψǻƫ ƍ ƨǐǯǶơ ȀǀȂ νǪ
  ƤȌǁƾƫ ǹƫ νƬǶơ ƩƢǾƢȍƦǶƢƥ ƨǾǁƢǯǺ ƧƾȍǠƥ ƨǘǯǿǲ ƪǷǻǟ (ƨȍƦƦǈǶơ) ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ƨǘǯǾ Ǽ˦ ǱǶƿȄ

Ƿǟ ƨǻƟƢǯǶơ ǹǷǠƬǶơ ƱƿƢǻǾ Ȋƽƚƫ ǼƗ ǽψǻȌ .ƢȃȍǷǟ ƱƿȅǻǿǶơ  ƪǾƢǲ ơƿƛ ƨȌƢǤǷǶ ơŻƾȍƳ ˻ƔơƽƗ ƩƢǿȍǠǶơ λ
  ǹƬȌ νƬǶơ ƩƢǾƢȍƦǶơƢȃƦȌǁƾƫ    νǪ ƍ ǱǶƿ ǞǺȄ .Ƣȃƥ ƚƦǿƬǶơ ǼȅǶȄƢƸȌ νƬǶơ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǷǶ ƨǷƯƢǻǺ

 ƨǻȍǯǶơ νǪ ƨǿȍǠǶơ λǶƛ ƾǿƬǈǻǶơ ƱƿȅǻǿǶơ ξǘƼȌ ƾǮ ƍ ƧƾȍǠƥ Ʃ˪ƢƷ ƢȃȍǪ Ǽȅǳƫ ƾǮ νƬǶơ ǩǮơȅǻǶơ
ǈƫ ȊǀǶơ ƱƿȅǻǿǶơ ǝȅǾ ƾǻƬǠȌ ƍ ǱǶƿ ǞǺȄ .ƨǠǮȅƬǻǶơ  λǷǟ νǶˤơ ǹǷǠƬǶơ ƨǷψǌǻǶ ƨȌƢȃǿǶơ νǪ ȁǺƾƼƬ

ǨȄǂǜǶơ  ȅǻǶơȄơ .ǩǮ 

 

 Ćĉ¾¤ùv½w{õv ¡wĊù¿½vĀ¸õv*üĊúöÞ¤úõv üĊz ç¾æõv Ćĉ¾¤ùv½w{õv ¾Ċáÿ 

   

 ƍ Ʊơǂƻ˨ơ ƩơǂȍǤƬǻǶ ǴƢƻƽ˨ơ ƩơǂȍǤƬǺ ǽȍȍǠƫ ǴȅƷ ƧǂȍƦǲ ƩƢǓơǂƬǪơ ƨȌǂƬǺơǁƢƦǶơ ƤȍǶƢǇ˦ơ Ǟǔƫ
  νǪ ǝǂǇƗ Ǽȅǳƫ ƢȂǁȄƾƥ νƬǶơȄƨȌȅǮ Ǽȅǳƫ ˪ ƾǮ ƢȃǿψǶȄ ƍ ǵǮƗ ƩƢǾƢȍƥ ƤǷǘƬƫȄ ƍ ǹǷǠƬǶơ . 
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¶  νƬǈƳȅǷǶơ ǁơƾƸǾ˪ơ 
¶  ǼȄǂƬǈȍƥǂȍƥ 
¶  ǄȌƢƥ ǩȌƢǾ 

 Υ 

¶  .ƲƟƢƬǿǶơ ǂȍǈǫƫ ǵȃǇ˦ơ ǽǺ ƒ ǹȃǫǷǶ ƨȍǷƥƢǮ ǂưǲƗȄ ǖǈƥƗ 
¶  .ƩƢǾƢȍƦǶơ ǽǺ ǝǂǇƗ ǹǷǠƬǶơ 
¶   ƩƢǾƢȍƥ λǶƛ ƨƳƢƷ ǰƢǿȂ ƨƦȌǁƾƫ    ǹǷǠƬǶ ǵǮƗ ƨǶơƽ   .ǭȍƦǘƬǶơ 

 Υ 

¶  .ƨǿȍǠǺ ƨǶơƽ ƨǤȍǏ λǶƛ ƨȍǺǃǁơȅƼǶơ ƾƸƫ ƨȌǂƬǺơǁƢƦǶơ ƤȍǶƢǇ˦ơ .ƱƿȅǻǿǶơ ƽȅȍǮ 
¶   ǞǺ ƨǇǁƢǻǻǶơ νǪ ƨǺƔ˫ǻǶơ ǩǠǓ ǭǪơȅƬȌ ǼƗ ǵǻƬƸǻǶơ ǂȍǣ ǽǺ ƨǶơƽ   ǭȍƦǘƬǶơ  

  λǷǟ ǹȂ .ƩƢǾƢȍƦǷǶ ƤǈǾ˦ơ ƤȍǶƢǇ˦ơ ȀǀȂ ǂǪȅƫ ˪ ƍ ȆǂƻƗ ƧǁƢƦǠƥ .ƨȍǇƢǇ˦ơ
  ǞǺ ǼȅǯƥƢǘƬȌ ˪ ƶƳǁ˦ơ ƨǶơƽ   ƼƬǶơ ǎȍǐ . 

¶  Ƕơ  ƨǺƔ˫Ǻ ǂưǲƗ ƢȃǾƗ νǿǠȌ ơǀȂ .ƽȄƾƸǺ ƾȍǯǠƫ ƢȃǶ ƨȌǂƬǺơǁƢƦǶơ ƩƢȍǺǃǁơȅƼǶơ .ƾȍǯǠƬ
 ơŻƾȍǯǠƫ ǵǮ˦ơ Ʃ˫ψǌǻǷǶ . 

    

  ǬǂǘǶơ ǞǔƫȊǂƬǺơǁƢƦǶơ ǂȍǣ    ǴȅƷ ƨǷȍǷǮ ƩƢǓơǂƬǪơƨǶơƽ  ǨƾȃǶơ    ǴȅƷ ƩƢǓơǂƬǪơ ƢȃȌƾǶ ǆȍǶ ȄƗƨǶơƽ 
ǨƾȃǶơ    λǷǟƗ ƾȍǯǠƫ ƢȃǶȄ ƍ ƤȌǁƾƬǶơ νǪ ƘǘƥƗ ǼȅǳƫȄ ƍ ǂȍưψƥ ǂưǲƗ ƩƢǾƢȍƥ ƢȂǁȄƾƥ ƤǷǘƬƫȄ ƍ

.ƧȅǮ ǂưǲƗ ƱƿƢǻǾ ƲƬǿƫ ǼƗ ǽψǻȌ ƢȃǿψǶȄ ƍƱƿȅǻǿǷǶ 

    

¶  νǲ ŷ .ǁƢƳ ƣǂǮơ 
¶  νǶˤơ ǹǟƾǶơ ǝƢǠǋ . 
¶   ǵưǺ ǹȍǻǐƬǶơ ǁƢƴǋơCART    ȄC4.5 

  Υ 

¶   ǴȅƷ ƨǺȄƾǠǺ ȄƗ ƨǫȍǠǓ ƩƢȍǓǂǪ ǞǓȄ Ǵ˫ƻ ǽǺ ƨȍǶƢǟ ƧȅǮ ƨǶơƾǶơ   .ƨȍǇƢǇ˦ơ 
¶   ǴƢψǋƗ ǽǺ ơ˻ǂȍƦǲ ơ˻ƽƾǟ ƤǟȅƬǈƫ ǼƗ ǽψǻȌ ƢȃǾƗ νǿǠȌ ƢǻǺ ƍ ƨȍǶƢǟ ƨǾȄǂǺ ǴơȄƾǶơ . 
¶  ƨȌƚƦǿƬǶơ ƱƿƢǻǿǶơ νǪ νǶƢǟ ƔơƽƗ ƱƢƬǾƛ ǹƫ . 
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 Υ 

¶  Ƕơ  ƩƢǾƢȍƦ ƨȍƦȌǁƾƬǶơ  ǂȌƾǯƬǶ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ƾȌǄǺ λǶƛ ƨƳƢƷ ǰƢǿȂ . ƨǶơƽ   ǭȍƦǘƬǶơ . 

¶    Ƕơ .ƘǘƥƗ ƤȌǁƾƬǶơ .ƨǟǂǈ 

¶  ƾƟơǄǶơ ǖƦǔǶơ  ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ƨǺƔ˫Ǻ λǶƛ ƩƢȍǺǃǁơȅƼǶơ ȀǀȂ ǵȍǻƫ ƢǺ ǁƾǯƥ .
  ƨǓǂǟ ǂưǲƗ νȃǪ ƍ ƨȌǂƬǺơǁƢƦǶơ ƩƢȍǺǃǁơȅƼǶơ ǽǺ ƾƟơǄǶơ ǖƦǔǷǶ . 

 Äú´¤úõvÿ óĀÆîõv øöÞ¤úõv 
 ǹǇơ ƢȃȍǷǟ ǭǷǘȌ ƍ ƨȌƽƢǋǁƛ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǯǷƫ ǁȅǪ Ƣ˻ƳƿȅǻǾ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ νǿƦƫ ƢǺƾǿǟ

  ǹǷǠƬǻǶơǆǻƸƬǻǶơ  ǼƜǪ ƍ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ λǯǷƬȌ ƢǺƾǿǟ ȁǾ˦ ƍ νǇƢǻƸǶơ ƲȃǿǶơ ơǀȂ λǷǟ ǭǷǘ˾Ȍ .
  ƢŻǯƷ˪ ƱƿȅǻǿǶơ ơǀȂ ǸƾƼƬǈƫȄ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǈǿƫ ǹƯ .ƱƿȅǻǿǶơ ƔƢǿƥ ȅȂ ȁǷǠǫȌ Ɣνǋ ǴȄƗ ƢȃǻȍȍǯƬǶ

  ǽȍǻǷǠƬǻǷǶ ƨǐǐƼǺ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǹǜǠǺ .ǴƢƻƽ˨ơ ƩƢǾƢȍƥ νƫƘƫ ƢǺƾǿǟǽȍǈǻƸƬǻǶơ.   
  ƢȃǿψǶ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ νǯǷƫ ǁȅǪ Ƣ˻ƳƿȅǻǾ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ νǿƦƫ ˪ ƢǺƾǿǟ ƍ ǵƥƢǯǻǶơ νǪ

ǀȂ λǻǈƫ .ǴȅǈψǶơ ǹǷǠƬǻǶơ ǹǇơ ƢȃȍǷǟ ǭǷǘȌ ƍ ǹȍȍǯƬǷǶ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ǹȌƾǯƫ ǂǜƬǿƫ  ƨǯȌǂǘǶơ Ȁ
  ƩƢǾƢȍƥ λǯǷƬȌ ƢǺƾǿǟ ƍ ǂƻƕ λǿǠǻƥ .ƨȌƢǤǷǶ Ƣ˻ȌǁȄǂǓ ƶƦǐȌ λƬƷ ƱƿȅǻǿǶơ ƔƢǿƥ ǂƻƚƫ ƢȃǾ˦ ǵǈψǶƢƥ
  ǸƾƼƬǈƫ ǖǯǪ ƢȂƾǿǟ ƍ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ νƫƘƫ ƢǺƾǿǟ ƍ ǭƷ˪ ƪǮȄ νǪ .ǖǯǪ ƢȃǾǄƼȌ ȁǾƜǪ ƍ ƤȌǁƾƬǶơ

  ǴȅǈψǶơ ǹǷǠƬǻǶơ ǹǷǠƬȌ ˪ .ƨƴȍƬǿǶơ ǹȍȍǯƬǶ ƨǾǄƼǻǶơ ƩƢǾƢȍƦǶơƨǶơƽ  ǵǐǫǷǶ ƨǷƥƢǮ    ƩƢǾƢȍƦǶơ ǽǺƨȍƦȌǁƾƬǶơ  ƍ
  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǂǲǀƬȌ ȁǿψǶȄƨȍƦȌǁƾƬǶơ  ǹǷǠƬǻǶơ ǹǷǠƬȌ ƍ ǱǶƿ ǽǺ ǆǳǠǶơ λǷǟ .ǆǻƸƬǻǶơ   ǼǃȄ

) ȁƳƿȅǻǾƩ˫ǺƢǠǻǶơ  ǴȅǈψǶơ ǹǷǠƬǻǶơ λǷǟ ƨǠƟƢǌǶơ ƨǷưǺ˦ơ ǽǺ .ƪǮȅǶơ ǁȄǂǻƥ (νǲŷ  ǁƢƳ ƣǂǮƗ . 

Ĉí( ½w« x¾év 
ǂƦƬǠȌ    ǩǿǐǻǶơ νǲ ŷ ǁƢƳ ƣǂǮơ  )KNN1(    ǞǓƢƼǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǖǈƥƗȄ ǸƾǮƗ ǽǺ ơŻƾƷơȄ

  ƨȍǺǃǁơȅƻ ƾǻƬǠƫ .ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǩȍǿǐƬǶ ƨȍǷǟƢǪ ǂưǲ˦ơȄ Ǩơǂǋ˩ǶKNN   ǼƗ ǑơǂƬǪơ λǷǟ
  ǼƜǪ ƍ Ȇǂƻ˦ơ ǩȍǿǐƬǶơ ƩƢȍǺǃǁơȅƻ ǞǺ ƨǾǁƢǯǻǶƢƥ .ǒǠƦǶơ ƢȃǔǠƥ ǽǺ ƨƦȌǂǮ ƨȃƥƢǌƬǻǶơ ƔƢȍǋ˦ơ

ƻƕ λǿǠǻƥ .ǴȅǈψǶơ ǹǷǠƬǶơ ƣȅǷǇƗ ǸƾƼƬǈȌ ǁƢƳ ƣǂǮƗ  ƨǷƷǂǺ νǪ ƩƢǿȍǠǶơ ǽȌǄƼƬƥ ƨǗƢǈƦƥ ǸȅǯȌ ƍ ǂ
.ǁƢƦƬƻ˪ơ ƩƢǿȍǟ Ǹ˫ƬǇơ ǹƬȌ λƬƷ Ƣ̍ȉȍǋ ǵǠǫȌ ˪Ȅ ƤȌǁƾƬǶơ 

  ǵψǌǶơ ǸƾǯȌ6ŷ3    ƤǠǷƫ ƍ ƶǔƬȌ Ƣǻǲ .ƣǂǮ˦ơ ǁƢƴǶơ ƨƠǪ λǷǟ ƨǺƢǟ ƧǂǜǾǵǺƢǠǻǶơ  k    Ƣ˻ǻȃǺ ơ˻ǁȄƽ
  ǩȍǿǐƫ νǪƨǿȍǠǶơ  ƾȌƾƴǶơƧ  ǹȍǮ Ǽ˦ .k    .ơŻƾƳ ƨǫǷƬƼǺ ǩȍǿǐƫ ƲƟƢƬǾ λǶƛ Ȋƽƚƫ ƾǮ ƨǫǷƬƼǻǶơ

  λǶƛ ƨǫǷƬƼǻǶơ ƨǪƢǈǻǶơ ƩƢƥƢǈƷ Ȋƽƚƫ ƾǮ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨ƢƥǼơǂȍƳ   λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƨǫǷƬƼǺ

 
1 The Nearest Neighbor  
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  ƨǻȍǮ ǼƜǪ ƍ ǹƯ ǽǺȄ .ƨǫǷƬƼǺ ǩȍǿǐƫ ƲƟƢƬǾK   ơǀǶ ƍ ƔƢǘƻ˦ơ ƽƾǟȄ ƩơƚƦǿƬǶơ ƨǮƽ ƽƾƸƫ ƧƽƾƸǻǶơ
  ǁƢȍƬƻơ ǼƜǪK  ǀȂ νǪ ƨȍǇƢǇƗ ƨȍǻȂƗ ȁǶ ƶȍƸǐǶơ  ǁƢȍƬƻơ ƾǻƬǠȌ .ƨȍǺǃǁơȅƼǶơ ȀK    ƩƢǾƢȍƦǶơ λǷǟ νǶƢưǻǶơ

  ǽǺ ƧǂȍƦψǶơ ƩƢȍǻψǶơ ǽψǶ ƍK   ǽȍƥ ǄȍȍǻƬǶơ ǵǯƫ Ƣǻǿȍƥ ƍ ǩȍǿǐƬǶơ λǷǟ ƔƢǓȅǔǶơ ǂȍƯƘƫ ǽǺ ǵǷǯƫ
.ƩƢǠǻƴƬǶơȄ ƽȄƾƸǶơ 

 
 ǵψǋ  6 ŷ3.    ǩǿǐǻǶơνǲŷ ǁƢƳ ƣǂǮƗ . 

Ȍ  ƾǻƬǠνǲ ǩǿǐǻǶơŷǁƢƳ ƣǂǮơ    Ǵ˫ƻ ǽǺ ǹǷǠƬǶơ λǷǟ ȁƥƢǌƬǶơ1  ƨǷưǺ˦ơ ǩǏȄ ǹƬȌ .ƨȍƦȌǁƾƬǶơ  
  ƨȍǏƢƼǶơ ƨǘǇơȅƥὴ  .ƫ  ǵǲ ǵưǻƨǿȍǟ   ƨƷƢǈǺ νǪ ƨǘǯǾὴ    ǞȍǻƳ ǽȌǄƼƫ ǹƬȌ ƍ ƨǯȌǂǘǶơ Ȁǀȃƥ .ƨȍǶƢƬǶơ

 ǖǻǾ ƨƷƢǈǺ νǪ ƤȌǁƾƬǶơ ƩƢǿȍǟὴ ƔƢǘǟƛ ƾǿǟ ƍ ǹƯ ǽǺȄ .ƨǿȍǟ  ǪȄǂǠǺ ǂȍǣȁ  ƍ ȁǶȌ ƮƸƦ  ǩǿǐǻǶơ
νǲŷ  ǖǻǿǶơ ƨƷƢǈǺ νǪ ǁƢƴǶơƩƢǿȍǠǶ    ƩƢǻȍǷǠƫk    λǶƛ ƣǂǮ˦ơƨǿȍǠǶơ  ǪȄǂǠǻǶơ ǂȍǣƨ ƨǷưǺ˦ơ ȀǀȂ .

  ƨȍƦȌǁƾƬǶơk  Ƕ .ƨǪȄǂǠǻǶơ ǂȍǣ ƨǿȍǠǷǶ ǼơǂȍƳ ƣǂǮƗ νȂ ǼƗ ƤƴȌ ƍ ƩƢǾƢȍƥ ƨǘǯǿǶ ǁƢƳ ƣǂǮƗ ƾȌƾƸƬ
  ȄƗ ȁƥƢǌƬǶơ ǂȍȌƢǠǺ ǽǺ ƾȌƾǠǶơ ǰƢǿȂ .ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽȍƥ Ǩ˫Ƭƻ˪ơ ȄƗ ȁƥƢǌƬǶơ ǁƢȍǠǺ ǸƾƼƬǈǾ
 ǵǺƢǠǺȄ ƍ ƲǿȍǻȍȂ ƨǪƢǈǺȄ ƍ νψǈǪȅǳǿȍǺ ƨǪƢǈǺȄ ƍ ƨȌƾȍǷǮ˨ơ ƨǪƢǈǻǶơ ǱǶƿ νǪ Ƣǻƥ ƍ Ǩ˫Ƭƻ˪ơ

  ƍ ǸƢǻƬǶơ ƤȍƳ ȁƥƢǌƫȄ ƍ ǼȅǇǂȍƥ ǕƢƦƫǁơȄ  ǹǈǯǶơ ơǀȂ νǪƨȌƾȍǷǮ˨ơ ƨǪƢǈǻǶơ Ƶǂǋ ǹƫ ƍ . 
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨȌƾȍǷǮ˨ơ ƨǪƢǈǻǶơ ƾȌƾƸƫ ǹƬȌ : 

Ὠὼȟὼ ὼȟ ὼȟ ȟὭ ὮȢ 

 
1 analogy 

:ǁƢƦƬƻ˪ơ ƨǿȍǟx 

x ƨƠǫǶơ νǪ+   

x ƨƠǫǶơ νǪ ŷ  

x ƨƠǫǶơ νǪ+   
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  ƨǿȍǠǶơ νǪ ƨȍǏƢƼǶơ ǱǷƬǶ ƨǷƥƢǯǻǶơ ǹȍǯǶơ ǽȍƥ ǬǂǫǶơ ǀƻƘǾ ƍ ƨȌƽƾǟ ƨȍǏƢƻ ǵψǶ ƍ ǂƻƕ λǿǠǻƥὼ   νǪȄ
 ƨǿȍǠǶơὼ    ǝȅǻƴǺ ǽǺ ǞƥǂǻǶơ ǀƻƗ ǹƬȌ ƨȌƢȃǿǶơ νǪȄ ƍ Ǩ˫Ƭƻ˪ơ ơǀȂ ǞȍƥǂƬƥ ǸȅǯǾ ƍƽƾǟ    .ƩƢǪƢǈǻǶơ

  ǸȅǯǾ ƍ ƧƽƢǟƨȌȅǈƬƥ  Ɨ ǼƢǻǓ νǪ ơǀȂ ƾǟƢǈȌ .ƨǶƽƢǠǻǶơ ǸơƾƼƬǇơ ǵƦǮ ƨȍǏƢƻ ǵǲ ǹȍǮ  ƩơǄȍǻǶơ Ǽ
.ǂǤǏ˦ơ ƨȍǶȄ˦ơ Ʃ˪ƢƴǻǶơ Ʃơƿ ƩơǄȍǻǶơ νǤǷƫ ˪ ƧǂȍƦψǶơ ƨȍǶȄ˦ơ Ʃ˪ƢƴǻǶơ Ʃơƿ 

  ÃwĊêù Ĉă ĆĉºĊöéďv ĆåwÆúõv  ãĒ¤·Ēõ  ¡wýwĊz Ĉ¤Öêý üĊzὼ    ÿὼ  ¢ýwí wúöí )
wMåĒ¤·v ¾¨íl ¡wýwĊ{õv w¤Öêý ¢ýwí wúöí I ¾{íl ĆĉºĊöéďv ĆåwÆúõv) 

  ƨȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǹƬȌKNN  ǁơƾƸǾ˪ơȄ ǩȍǿǐƬǶơ ǽǺ ǵψǶ  (ǞǮȅƬǶơ)  ǴȄƢƸȌ .KNN   ƚƦǿƬǶơ
  ǕƢǯǾ ǞȍǻƳȄ ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥ ǽȍƥ ƨǪƢǈǻǶơ ƣƢǈƷ ǭȌǂǗ ǽǟ ǁƢƦƬƻ˪ơ ƩƢǾƢȍƦǶ ƨƸȍƸǐǶơ ƨƠǫǶƢƥ
 ƢȂǁƢƦƬǟƢƥ ǁƢƦƬƻ˪ơ ƨǿȍǠƥ ƚƦǿƬǷǶ ƪȌȅǐƬǶơ ǸơƾƼƬǇơ ǽψǻȌ ƍ ǩȍǿǐƬǶơ ƢȌƢǔǯǶ ƨƦǈǿǶƢƥ ŻƧƽƢǟ .ƤȌǁƾƬǶơ

  νǪ Ƣ˻ǟȅȍǋ ǵǐǫǶơ ƩƢǫȍǿǐƫ ǂưǲƗk  ơ ǽψǻȌ ƍ ǁơƾƸǾ˪ơ ǵǲƢǌǻǶ ƨƦǈǿǶƢƥ .ǼơǂȍƴǶơ  ǸơƾƼƬǇ
  ǖǇȅƬǻǶơ  ǖǇȅƬǺ ƢȃǾƗ λǷǟ ƨȍƦȌǂƴƬǶơ ƨǿȍǠǶƢƥ ƚƦǿƬǷǶ  ƲƫƢǾk  .ƨȍǯȍǯƸǶơ ƨǻȍǯǷǶ   

  ĆĊù¿½vĀ· ćĀ¤´£ đĈí(½w« x¾év    ûqå IĈõw¤õwzÿ )¡wýwĊ{õv Üĉ¿Ā£ ĆĊæĊí óĀ³ ¡wÑv¾¤åv ĔöÝ
  èĊ{Ö£ üîúĉ Ăýl ĈþÞĉ v¼ă )ą¾Ċ{í ąÀĊù ºÞĉ Üĉ¿Ā¤õv ûmÊz èöêõv ÷ºÝKNNs    ĔöÝ

¸ù ¡wýwĊz ¡wÝĀú¬ù )Ćæö¤ 

 ĆĊù¿½vĀ· ôúÞ£ äĊíĈí(  ½w« x¾él 

  ǵǻǟ ƨȍǫȍǲ ƨȍǶƢƬǶơ ƨȍǺǃǁơȅƼǶơ ƶǓȅƫKNN : 

  ƨȍǺǃǁơȅƻ νǲ ŷ    ƣǂǮƗ ǁƢƳ : 

¶   ƧȅǘƼǶơ1  :  ǹǮǁ ƽƾƷK  ǁȄƢƴǻǶơ . 
¶   ƧȅǘƼǶơ2  :ǼơǂȍƳ ƽƾǟ ƤǈƷơ (Ȇǂƻ˦ơ ƨǪƢǈǻǶơ ǂȍȌƢǠǺ ȄƗ) ƨȌƾȍǷǮ˨ơ ƨǪƢǈǻǶơ   K . 
¶   ƧȅǘƼǶơ3  :  ǼơǂȍƴǶơ ƣǂǮƗ ƽƾƷȄ ƨǪƢǈǻǶơ ƤƫǁK    ƢȍǾƾǶơ ƨȌƾȍǷǮ˨ơ ƨǪƢǈǻǶơ λǷǟ ˻ƔƢǿƥ

.ƨƥȅǈƸǻǶơ 
¶   ƧȅǘƼǶơ4  :  ǁƢƴǶơ ơǀȂ ǽǺK  .ƨƠǪ ǵǲ νǪ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƽƾǟ ƤǈƷơ ƍ 
¶   ƧȅǘƼǶơ5  :ǼơǂȍƴǶơ ǽǺ ƽƾǟ λǐǮƗ ǞǺ ƨƠǫǷǶ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽȍȍǠƬƥ ǹǮ. 

  ƨȍǺǃǁơȅƻ ƾǻƬǠƫKNN  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǹǷǠƬǶơ ǝȅǾ λǷǟ : 

Á  :ƨǿȍǠǶơ λǷǟ ǹƟƢǯǶơ ǹǷǠƬǶơ  ƚƦǿƬǷǶ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ǼơǃȄ˦ơ ǹǷǠƬǾ ˪ ƍ ƨǯȌǂǘǶơ ȀǀȂ νǪ
  ƤȌǁƾƫ ƩƢǿȍǟ ǸƾƼƬǈǾ ƢǿǿψǶȄ (ƱƿȅǻǿǶơ λǷǟ ƨǻƟƢǯǶơ ƩƢȍǺǃǁơȅƼǶơ ǵưǺ) ƩƢƳǂƼǻǶƢƥ

 .ƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƩƢƳǂƼǻƥ ƚƦǿƬǷǶ ƨǷǺƢǲ 
Á   :ǴȅǈψǶơ ǹǷǠƬǶơƬȌ ˪  ǵȍƳƘƫ ǹƬȌȄ ƨǯƥƢǈǶơ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǸơƾƼƬǇƢƥ ƱƿȅǻǿǶơ ǹǷǠƫ ǹ

 .ƧƾȌƾƴǶơ ƨǿȍǠǶơ νǪ ƚƦǿƬǶơ ƤǷǗ ǹƬȌ λƬƷ ǹǷǠƬǶơ ƨȍǷǻǟ 
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 ƨȌǂƬǺơǁƢƦǶơ ǂȍǣ  :  νǪKNN    ƢŻǯƦǈǺ ƽƾƸǺ ǵψǋ ƾƳȅȌ ˪ ƍƨǶơƾǶ  ǎȍǐƼƬǶơ . 

¡vÀĊúù Ĉí ĆĊù¿½vĀ·( ½w« x¾él5 

¶ .ǀȍǫǿƬǶơ ǵȃǇ ȁǾƛ 
¶   ǵȍǷǯǶơ ȄƗ) ǂǫǏ ƤȌǁƾƬǶơ ƪǮȄ (ơŻƾƳ 
¶ .ƩƢǾƢȍƦǶơ ǞȌǃȅƫ ƨȍǫȍǲ ǴȅƷ ƩƢǓơǂƬǪơ ȁȌƾǶ ǆȍǶ 
¶   ƨȍǺǃǁơȅƻ ǹȃǪ ơŻƾƳ ǵȃǈǶơ ǽǺKNN  νǶˤơ ǹǷǠƬǶơ νǪ ǽȍƟƾƬƦǻǷǶ. 

xĀĊÝ Ĉí ĆĊù¿½vĀ·( ½w« x¾él 5 

¶   λǷǟ ȁǘƦǓ Ƣ˻ǻƟơƽ ƤƴȌK  .ǼƢȍƷ˦ơ ǒǠƥ νǪ ơŻƾǯǠǺ ǼȅψȌ ƾǮ ȊǀǶơ ǂǺ˦ơ ƍ 
¶  ǾƢȍƦǶơ ǕƢǯǾ ǽȍƥ ƨǪƢǈǻǶơ ƣƢǈƷ ƤƦǈƥ ƨȍǶƢǟ ƩƢƥƢǈƸǶơ ƨǫǷǳƫ ƩƢǿȍǟ ǞȍǻƴǶ ƩƢ

 .ƤȌǁƾƬǶơ 
¶  ǵǮ˦ơ ƩƢǾƢȍƦǶơ Ǟȍǻƴƫ ǹƬȌ ƾǮ ƍ ǱǶǀǶ .ƨǾǃơȅƬǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ λǷǟ ƾȍƳ ǵψǌƥ ǵǻǠȌ ˪

ƶȍƸǏ ǂȍǣ ǵψǌƥ ƧǂǪȄ . 

 

Ĉí( ûĀ¨ĉwz Ĉå ½w« x¾év 

  ơǀȂ νǪƍǹǈǯǶơ    ƨƦƬψǺ ǸơƾƼƬǇơ ǽψǻȌ ǩȍǲ ȆǂǿǇScikit- Learn  ǼȅưȌƢƥ   ƨȍǺǃǁơȅƻ ǀȍǫǿƬǶ
KNN. 

  

  ƨǟȅǻƴǺ ǸƾƼƬǈǾ1iris    ǴƢưǻǶ ƧǂȍȃǌǶơKNN   λǷǟ ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ȊȅƬƸƫ .Ƣǿƥ ǍƢƼǶơ
  ǝơȅǾƗ ǎƟƢǐƻ νȂ ȀǀȂ .ƨǷƬƦǶơ ǴȅǗȄ ƨǷƬƦǶơ ǑǂǟȄ ǴƢƦȍǈǶơ ǴȅǗȄ ǴƢƦȍǈǶơ Ǒǂǟ :ƩơǄȍǺ ǞƥǁƗ

  ƩƢƦǾ ǽǺ ƨǿȍǠǺǶơ  ƩƢƠǪ ƭ˫Ư ǰƢǿȂ .ƩƢƫƢƦǿǶơ ȀǀȂ ƢȃȍǶƛ νǻƬǿƫ νƬǶơ ƨƠǫǶƢƥ ƚƦǿƬǶơ νȂ ƨǻȃǻǶơ .ǽǇȅǈ
  :ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪIris- setosa    ȄIris- versicolor    ȄIris- virginica  . 

  

In     [1]: import numpy as np  

import matplotlib.pyplot as plt  

import pandas as pd  

 

 
1 https://archive.ics.uci.edu/ml/datasets/Iris 
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  ƩƢǾƢȍƥ ǭȍǈǿƬƥ ƢȃǷȍǻƸƫȄ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǴƢƻƽ˨pandas  νǶƢƬǶơ ƽȅψǶơ ǵȍǤǌƬƥ ǹǮ ƍ : 
In     [2]: url = "https://archive.ics.uci.edu/ml/machine -learning -

databases/iris/iris.data"  

 

# Assign colum names to the dataset  

names = ['sepal -length', 'sepal -width', 'petal -length', 

'petal -width', 'Class']  

 

# Read dataset to pandas dataframe  

dataset = pd.read_csv(url, names=names)  

ơ ƨǟȅǻƴǺ ȁȍǷǟ ȄƾƦƫ ȊǀǶơ ǵψǌǶơ ƨǪǂǠǻǶνǶƢƬǶơ ǂǺ˦ơ ǵȍǤǌƬƥ ǹǮ ƍ ƢŻǯƷ ƩƢǾƢȍƦǶ : 
In     [3]: 

dataset.head( 8) 

  ȅȂ Ƣǻǲ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ λǶȄ˦ơ ƨȍǾƢǻưǶơ ǨȅǫǐǶơ Ǒǂǟ λǶƛ Ȁ˫ǟƗ ƽȅψǶơ ǀȍǫǿƫ ȊƽƚȌ  ƶǓȅǺ
ƨȍǶƢƬǶơ ƨƸǫǐǶơ νǪ: 

 
   

  νǶƢƬǶơ ƽȅψǶơ ǸƾƼƬǇơ .ƢȃƫƢǺ˫ǟȄ ƢȃƫƢǻǇ λǶƛ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǹȍǈǯƫ νǪ ƨȍǶƢƬǶơ ƧȅǘƼǶơ ǵưǻƬƫ
ǱǶǀƥ ǸƢȍǯǷǶ : 

In     [4]: X = dataset.iloc[:, : -1].values  

y = dataset.iloc[:, 4].values  

  ǂȍǤƬǻǶơ ȊȅƬƸȌX    ȊȅƬƸȌ Ƣǻǿȍƥ (ƩƢǻǈǶơ ȊƗ) ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ λǶȄ˦ơ ƨǠƥǁ˦ơ Ƨƾǻǟ˦ơ λǷǟ
y  ƩƢǫȍǿǐƬǶơ λǷǟ. 
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 ƢǻǺ ƍ ȋƦȌǂƴƫȄ ȋƦȌǁƾƫ ƍ ǽȍǻǈǮ λǶƛ Ƣǿƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǹǈǯǿǇ ƍ ƨȍǶƢƬǶơ ƧȅǘƼǶơ νǪ
 ǁƢƦƬƻơ ǹƬȌ ƍ ƨǯȌǂǘǶơ Ȁǀȃƥ .ƨȍƦȌǂƴƬǶơ ƨǷƷǂǻǶơ νǪ ƨȍǺǃǁơȅƼǶơ ǵǻǟ ƨȍǫȍǲ ǽǟ ǵǔǪƗ ƧǂǳǪ ƢǿƸǿǻȌ

ƨȍƟǂǺ ǂȍǣ ƩƢǾƢȍƥ λǷǟ Ƣǿƥ ƨǏƢƼǶơ ƨȍǺǃǁơȅƼǶơ . 
ǈǮ λǶƛ ƩƢǾƢȍƦǶơ ǹȍǈǯƬǶνǶƢƬǶơ ƽȅψǶơ ǵȍǤǌƬƥ ǹǮ ƍ ȋƦȌǂƴƫȄ ȋƦȌǁƾƫ ƍ ǽȍǻ : 

In     [5]: from sklearn.model_selection import train_test_split  

X_train, X_test, y_train, y_test = train_test_split(X, y, 

test_size =0.25, random_state=42 ) 

 ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ Ȁ˫ǟƗ ƽȅψǶơ ǹǈǯȌ λǶƛ75 Ȅ ƨȍǻȍǷǠƫ ƩƢǾƢȍƥ Ș25 νǿǠȌ ơǀȂ .ƨȍƦȌǂƴƫ ƩƢǾƢȍƥ Ș
  νǶƢǻƳƛ ǽǺ ȁǾƗ150    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǵǻǌƬǇ ƍ ̿˫ƴǇ112    ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ ǽǻǔƬƬǇȄ ̿˫ƴǇ

38  ̿˫ƴǇ: 
In     [6]: X_train.shape  

Out  [6]: (112, 4) 

In     [7]: X_test.shape 

Out  [7]: (38, 4) 

  ǹǮǂǶơ ǂȍǌȌ ƍ ǭƥƢǈǶơ ƽȅψǶơ νǪ4  ƩƢǻǈǶơ ƽƾǟ λǶƛ. 

   

  Ƣ˻ǻƟơƽ ǵǔǪ˦ơ ǽǺǹȍƴƸƫ  ǄȍǻǶơ  νǶƢƬǶơ ƽȅψǶơ .ƨȍǠǮơȄ ƩơƚƦǿƫ ȊƗ ƔơǂƳƛ ǵƦǮ ƩơǹƴƸȌ  ƩơǄȍǻǶơ: 
In     [1]: from sklearn.preproce ssing import StandardScaler  

scaler = StandardScaler()  

scaler.fit(X_train)  

 

X_train = scaler.transform(X_train)  

X_test = scaler.transform (X_test)  

   

  ƨȍǺǃǁơȅƻ ǹǷǠƫ ƾǠȌKNN    ǸơƾƼƬǇơ ƾǿǟ ƨȌƢǤǷǶ ̿˫ȃǇ ơ˻ǂǺƗ Ƣȃƥ ƚƦǿƬǶơȄScikit- Learn: 

In     [1]: from sklearn.neighbors import KNeighborsClassifier  

classifier = KNeighborsClassifier(n_neighbors=5)  

classifier.fit(X_train, y_train)  
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  ƽơǂȍƬǇơ  νǪ  λǶȄ˦ơ  ƧȅǘƼǶơ  ǵưǻƬƫǅ˫ǲ  KNeighboursClassifier    ƨƦƬψǺ  ǽǺ
sklearn.neighboursνǾƢưǶơ ǂǘǈǶơ νǪ .    ƍ ǵǺƢǠǻƥ ƨƠǫǶơ ȀǀȂ ƨƠȍȃƫ ǹƬƫ ƍn_neigbours    νȂȄ ƍ

  ƨǻȍǮK  ǥǶ ƨȍǶƢưǺ ƨǻȍǮ ƾƳȅƫ ˪ ȁǾƗ ǂǲƿ ǵǠǫǶƢƥ ǹƫ ƾǯǶ .K    .ǹȍȍǯƬǶơȄ ǁƢƦƬƻ˪ơ ƾǠƥ ƢȂǁƢȍƬƻơ ǹƬȌȄ
  ƨȍǺǃǁơȅƻ νǪ ƨǺƾƼƬǈǻǶơ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ǆǻƼǶơ ǹȍǯǶơ ƍ ƗƾƦƬǶ ƍ ǱǶƿ ǞǺȄKNN . 

  ƱƿȅǻǿǶƢƥ ƚƦǿƬǶơ νȂ Ƨǂȍƻ˦ơ ƧȅǘƼǶơ  ǵȍǤǌƬƥ ǹǮ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .ƨȍƦȌǂƴƬǶơ ƢǿƫƢǾƢȍƥ λǷǟ νǿƦǻǶơ
ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ: 

In     [1]: y_pred = classifier.predict(X_test)  

   

  ǹȍȍǯƬǶǶơ  ǼƜǪ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ ƍ ƨȍǺǃǁơȅƼǰƢƦƫǁ˪ơ ƨǪȅǫǐǺ  ƳǁƽȄ ƔƢǟƾƬǇ˪ơȄ ƨǮƾǶơȄƨ  F1   νȂ
  ǸơƾƼƬǇơ ǽψǻȌ .Ƣ˻ǺơƾƼƬǇơ ǂưǲ˦ơ ǂȍȌƢǠǻǶơConfusion_matrix    Ȅclassification_report  
ȀƢǾƽƗ ƽȅψǶơ ǂǜǾơ .ǂȍȌƢǠǻǶơ ȀǀȂ ƣƢǈƸǶ: 

In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusion_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [3]: [[15  0  0]  

 [ 0 11  0]  

 [ 0  0 12]]  

                 precision    recall  f1-score   support  

 

    Iris -setosa          1.00      1.00      1.00        15 

Iris -versicolor        1.00      1.00      1.00        11 

 Iris -virginica        1.00      1.00      1.00        12 

 

       accuracy                                     1.00        38 

      macro avg         1.00      1.00      1.00        38 

   weighted avg       1.00      1.00      1.00        38  

  ƱƿȅǻǾ ǼƗ ƲƟƢƬǿǶơ ǂȃǜƫKNN    ǥǶơ Ʃ˫ƴǈǶơ ǞȍǻƳ ǩȍǿǐƫ λǷǟ ǁƽƢǮ Ƣǿƥ ǍƢƼǶơ38    ƨǟȅǻƴǺ νǪ
  ƨǮƾƥ ǁƢƦƬƻ˪ơ100  ƨǟȅǻƴǺ ǞǺ ơŻƾȍƳ ƪǷǻǟ ƨȍǺǃǁơȅƼǶơ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ .ǃƢƬǻǺ ǂǺƗ ȅȂȄ ƍ Ș

 !! ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞȍǻƴǶ ƢȃǈǫǾ νȂ ƲƟƢƬǿǶơ ȀǀȂ Ǽȅǳƫ ǼƗ ǞǮȅƬƫ ˫Ǫ ƍ ȀǀȂ ƩƢǾƢȍƦǶơ 
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    K 

  ƨǻȍǮ ƨǪǂǠǻǶ ƨǯȌǂǗ ƾƳȅƫ ˪ ȁǾƗ ƢǿǷǮ ƍ ƚƦǿƬǶơȄ ƤȌǁƾƬǶơ ǹǈǮ νǪK   ǵǔǪƗ ǵψǌƥ ǵǻǠƬǇ νƬǶơ ƢŻǯƦǈǺ
  νƟơȅǌǟ ǵψǌƥ ƢǾǂƬƻơ .λǶȄ˦ơ ƧȅǘƼǶơ νǪ5    ƨǻȍǯǲK    ƨƦǈǿƥ ƨǯȍǮƽ Ǽȅǳƫ ǼƗ ǨƽƢǏȄ100 .Ș

  ǥǶ ƨǻȍǮ ǵǔǪƗ λǷǟ ǁȅưǠǶơ νǪ ǱƫƾǟƢǈǺ ǬǂǗ ȆƾƷƛ ǵưǻƬƫK    ƨǻȍǮ ǹǇǁ νǪK    ƘǘƼǶơ ǴƾǠǺȄ
ƥ ǖƦƫǂǻǶơƩƢǾƢȍƦǶơ ƨǟȅǻƴǻ. 

 ǖǇȅƬǻǶơ ƘǘƼǶơ ǹǇǂǾ ƍ ǹǈǯǶơ ơǀȂ νǪ ƍ ǱǶǀǶ ǹȍǮ ǞȍǻƴǶ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǻǶ ƨǠǮȅƬǻǶơ ǹȍǯǷǶ
K    ǽȍƥ1   Ȅ30  ǖǇȅƬǺ ̝˪ȄƗ ƤǈƸǾ ƍ ƽƾǐǶơ ơǀȂ νǪ .  ǩǷƬƼȌ νƬǶơ ƨǠǮȅƬǻǶơ ǹȍǯǶơ ǞȍǻƴǶ ƘǘƼǶơ
  ƢȃȍǪK    ǽǺ1    λǶƛ30ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǵȍǤǌƬƥ ǹǮ .: 

In     [1]: error = []  

 

# Calculating error for K values between 1 and 40  

for i in range(1, 40):  

    knn = KNeighborsClassifier(n_neighbors =i)  

    knn.fit(X_train, y_train)  

    pred_i = knn.predict(X_test)  

    error.append(np.mean(pred_i != y_test))  

 

ǀȍǫǿƬƥ Ȁ˫ǟƗ ƽȅψǶơ ǸȅǯȌ    ǽǺ ƨǯǷƷ1    λǶƛ30    ǖǇȅƬǺ ƣƢǈƷ ǹƬȌ ǁơǂǳƫ ǵǲ νǪȄ  ǹȍǯǷǶ ƘǘƼǶơ
.ƔƢǘƻ˦ơ ƨǻƟƢǮ λǶƛ ƨƴȍƬǿǶơ ǨƢǔƫȄ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǻǶ ƨǠǮȅƬǻǶơ . 

  νȂ ƨȍǶƢƬǶơ ƧȅǘƼǶơǹǇǁ    ǹȍǮ ǵƥƢǯǺ ƘǘƼǶơ ǹȍǮK  ƔƢǌǾ˨ ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ ǵȍǤǌƬƥ ǹǮ .
νǾƢȍƦǶơ ǹǇǂǶơ: 

In     [1]: plt.figure(figsize=(12, 6))  

plt.plot(range(1, 30), error, color= 'red', 

linestyle='dashed', marker='o',  

         markerfacecolor='blue', markersize=10)  

plt.title('Error Rate K Value')  

plt.xlabel('K Value')  

plt.ylabel('Mean Error')  

νǶƢƬǶơ ȅƸǿǶơ λǷǟ Ʊơǂƻ˨ơ ǖǘƼǺ : 
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  ǹȍǮ ƗȅǇƗȄ ǵǔǪƗ ƨȌƙǁ ƢǿǿψǻȌ ƲƫƢǿǶơ νǾƢȍƦǶơ ǹǇǂǶơ ơǀȂ Ǵ˫ƻ ǽǺK    ǁƢƦƬƻƢƥ λǏȅȌ .ƧƽƾƸǻǶơ

  ǥǶ ƨǫǷƬƼǺ ǹȍǯƥ ƱƿȅǻǿǶơK  .ƩơƚƦǿƬǶơ ƨǮƽ λǷǟ ǂƯƚȌ ǩȍǲ ƨǪǂǠǻǶ 

Ĉõċv øÝºõv ÛwÞÉ 

  νǶˤơ ǹǟƾǶơ ǝƢǠǋ)ƨǻǟơƾǶơ ƩƢȃƴƬǻǶơ ƨψƦǋ(  ȄƗ ƍ1SVMs   ǽǺ ƨȍǟǂǪ ƨǟȅǻƴǺ νȂ ƍ ǁƢǐƬƻƢƥ
  ǩǷƬƼƫ .ƧƾȍǠƦǶơ ǕƢǯǿǶơ ǨƢǌƬǲơȄ ǁơƾƸǾ˪ơȄ ǩȍǿǐƬǷǶ ƨǺƾƼƬǈǻǶơ ǹǷǠƬǶơ ǬǂǗ ƩƢψƦǋ 

ơ  ƾȌǄƫ νƬǶơ ǁơǂǯǶơ ƽȄƾƷ ƽƾƸƫ ƢȃǾƗ ƮȍƷ ǽǺ Ȇǂƻ˦ơ ǩȍǿǐƬǶơ ƩƢȍǺǃǁơȅƻ ǽǟ ƨǻǟơƾǶơ ƩƢȃƴƬǻǶ
 Ʃ˪ƕ ƨǘǇơȅƥ ȀƙƢǌǾƛ ǹƫ ȊǀǶơ ǁơǂǯǶơ ƾƷ λǻǈȌ .ƩƢƠǫǶơ ǞȍǻƴǶ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƣǂǮƗ ǽǺ ƨǪƢǈǻǶơ

νǶˤơ ǹǟƾǶơ ǝƢǠǋ   ƨƸǫǐǷǶ λǐǮ˦ơ ǊǺƢȃǶơ ȄƗ λǐǮ˦ơ ǊǺƢȃǶƢƥ  ǩǿǐǺ ǵǻǠȌ .SVM   νǘƼǶơ
  λǷǟ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǞȍǻƳ ǼƗ νǿǠȌ ơǀȂ .ǽȍƬƠǪ ǽȍƥ (ǵǏƢǪ) ǹȍǯƬǈǺ ǖƻ ƔƢǌǾƛ ǭȌǂǗ ǽǟ ǖȍǈƦǶơ
  .ƨǫǷƬƼǺ ƨƠǪ ǵưǻƫ ǖƼǶơ ǽǺ ǂƻˤơ ƤǾƢƴǶơ λǷǟ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǼƗȄ ƨƠǪ ǵưǻƫ ǖƼǶơ ǽǺ ƾƷơȄ ƤǾƢƳ
  ƨȍǺǃǁơȅƻ ǵǠƴȌ ƢǺ .ǕȅǘƼǶơ ǽǺ ȁǶ ǂǐƷ ˪ ƽƾǟ ƾȌƾƸƫ ǽψǻȌ ȁǾƗ νȃȌƾƥ ǵψǌƥ ƶǓơȅǶơ ǽǺ

SVM    ǵưǺ ƍ Ȇǂƻ˦ơ ƩƢȍǺǃǁơȅƼǶơ ǒǠƥ ǽǺ ǵǔǪƗ ƨȍǘƼǶơνǲ ŷ    ǁƢƬƼƫ ƢȃǾƗ ȅȂ ƍǁƢƳ ƣǂǮƗ
  ǵǔǪƗǖƻ  .Ǳƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǩȍǿǐƬǶ   

  .ƩƢǾƢȍƥ ǕƢǯǾ Ƨƾǟ ǱȌƾǶ ǼƗ ǑǂƬǪơ .ǵǔǪƗ ǵψǌƥ ơǀȂ ǹȃǪ λǷǟ ƽƢǠƥ˦ơ νƟƢǿƯ ǴƢưǻǶơ ƾǟƢǈȌ
  ƢȃȍǪ ƢȃǠǓȄ ƤƴȌ νƬǶơ ƨƠǫǶơ ƤǈƷ ȀǀȂ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǃǂǪ ǴȄƢƸƫ  ǱȌƾǶ ǼȅψȌ ǼƗ ƾȌǂƫ ˪ ǱǿψǶ ƍ

 ǕƢǯǿǶơ ǽȍƥ ǵǐǫȌ ǽȍƬǘǯǾ ƣǂǮƗ ǽȍƥ ǖƻ ƽƢƴȌƛ ǴȄƢƸƫ ǱǾƗ νǿǠȌ ơǀȂ .ƘǘƼǶơ ƨƠǫǶơ νǪ ƩƢǾƢȍƥ ȊƗ
  ƢȃǺƾƼƬǈƬǇ νƬǶơ ǹǟƾǶơ ƩƢȃƴƬǺ ǱȍǘǠƫ ƩƢǾƢȍƥ νƬǘǯǾ ƣǂǮƗ ǼƜǪ ơǀǶ .ƩƢǾƢȍƦǶơ νǪ Ȇǂƻ˦ơ

ǖƼǶơ ơǀȂ λǷǟ ǁȅưǠǷǶ  . 

 
1 Support- vector machine 
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 ĈÅwÅčv ©»Āúþõv©»Āúþõvÿ   $ ©ÿ¹Àúõvõv #ćĀýw¨ 

 .ƨƳȄƽǄǻǶơ ƨǷψǌǻǶơȄ ƨȍǇƢǇ˦ơ ƨǷψǌǻǶơ :ǽȍƬǫǷƬƼǺ ǽȍƬǯȌǂǘƥ ǽȍǈƸƬǶơ ǵǲƢǌǺ ǩȌǂǠƫ ǽψǻȌ
  .ƨȍǷǏ˦ơ ƨǷψǌǻǶơ ǵƷ ǽǺ ǵȃǇƗ ƨƳȄƽǄǺ ƨǷψǌǺ ǵƷ ǼȅψȌ ǼƢȍƷ˦ơ ǒǠƥ νǪ ȁǾƗ ȅȂ ơǀȂ ƧǄȍǺ

 νǪ ǽψǶȄ ƍ ƨǫǷƬƼǺ ƨƳȄƽǄǻǶơ ƨǷψǌǻǶơȄ ƨȍǇƢǇ˦ơ ƨǷψǌǻǷǶ ǴȅǷƸǶơ Ǽȅǳƫ ƾǮ ƍ ǱǶƿ ǞǺȄ  ǨȄǂǛ
 ƨƳȄƽǄǺ ƢȃǾƗ λǷǟ ƨǻǟơƾǶơ ƩƢȃƴƬǻǶơ ƨψƦǋ ǩȌǂǠƫ Ƣ˻ǔȌƗ ǽψǻȌ .ƨȌȄƢǈƬǺ ǴȅǷƸǶơ ǼƜǪ ƍ ƨǿȍǠǺ

ƨȍǇƢǇơȄ    ǩǷƬƼƫ ǽψǶ ƍ ǽȍǈƸƬǶơ ƲƟƢƬǾ ǆǫǾ λǷǟ ƢǻȂ˫ǲ ǵǐƸȌ .ǽȍǈƸƫ ƨǷψǌǺ ƢȃǾ˦ ơ˻ǂǜǾ ƍ
  ȁǺơƾƼƬǇơ ǹƬȌ ƢȃȌƗ ǰǂƦƻƗ νǿǟƽ ƍ ƩƢȍǓƢȌǂǶơ νǪ ǭǻǠƬǾ ǼƗ ǵƦǮ .ơ˻ǂȍƦǲ ƢŻǪ˫Ƭƻơ ƢǻȃȍǯǷƫ ƨǯȌǂǗ

  ƱƿȅǻǿǶơ ǵǔǫ˾Ȍ .λƬǺȄνǇƢǇ˪ơ    ƨǟƾƻ ǭȍƦǘƫ λǶƛ ƱƢƬƸǾ ˪ ƢǺƾǿǟǵǾǂȍψǶơ1    ǼȅǳƫȄ ƩƢǾƢȍƦǶơ λǷǟ
  ƨǟȅǻƴǺ Ǽȅǳƫ ƢǺƾǿǟ ƍ ǱǶƿ ǽǺ ǆǳǠǶơ λǷǟ .ƧǂȍǤǏ ƩƢǾƢȍƥ ƨǘǯǾ ǵǲ ƽƢǠƥƗ ǽψǶ ƍ ƧǂȍƦǲ ƩƢǾƢȍƦǶơ

 .ƱȄƽǄǻǶơ ƱƿȅǻǿǶơ ǵǔǫ˾Ȍ ƍ ƧơȅǿǶơ ƨǟƾƻ ǸơƾƼƬǇơ λǶƛ ƱƢƬƸǾȄ ƧǂȍƦǲ ƩƢǾƢȍƦǶơ 

ĆúÝvºõv ¡wĄ¬¤úõv Ćî{É  yöÎõv ÈùwĄõv ¡v» 

  ƤȌǁƾƬǶơ ƨǟȅǻƴǺ λǶƛ ǂǜǿǶƢƥὈ ὼȟώ ȟὼȟώ ȟȣȟὼȟώ  ƮȍƷ ƍώ ᶰ

ρȟρνǶˤơ ǹǟƾǶơ ǝƢǠǋ ƨȍǈȍƟǂǶơ ƧǂǳǫǶơ    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǸƾƼƬǈƫ νȂὈ    λǷǟ ǁȅưǠǷǶ
ǭƟƢǪ ȅƬǈǺ  ȁǿψǻȌ ƨǿȍǠǶơ ƨƷƢǈǺ νǪ ǂȍƦǲ ǵǏƢǪ    ƍ ǱǶƿ ǞǺȄ .ƨǫǷƬƼǻǶơ ƩƢƠǫǶơ ǽǺ ƩƢǿȍǠǶơ ǵǐǪ

  ǵψǌǶơ νǪ ƶǓȅǺ ȅȂ Ƣǻǲ ƍ ƨǷȂƚǺ ƨǷǏƢǪ ƩƢǟȅǻƴǺ Ƨƾǟ ǰƢǿȂ ǼȅψȌ ƾǮ6ŷ4 ȊƗ ƍ ǹƯ ǽǺȄ .
ơ νǤƦǿȌ ƾƷơȄ ƓȀǁƢȍƬƻ 

 
 Ƕơ  ǵψǌ6 ŷ4.   ǽǺ ǂưǲ˦ ǽψǻȌǭƟƢǪ ȅƬǈǺ  ǈȍƟǁ ν  ƩƢǿȍǠǶơ ǵǐǪƨȍƦȌǁƾƬǶơ . 

 
1 kernel trick 
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  ǽǺ ƍ ǂǻƷ˦ơ ƍ ǽȍƬƠǫǶơ ǩǐƬǿǺ νǪ ǂǐǿǠǶơ ƾȌƾƸƫ λǶƛ ƱƢƬƸǾǵǐǫǷǶ ǭƟƢǫǶơ ȅƬǈǻǶơ    ǵψǌǶơ)
6ŷ5" ǵǔǪƗ ȁȌƾǶ ǵǏƢǫǶơ ơǀȂ Ǽ˦ .( ȁƥ ƵȅǻǈǻǶơ ƘǘƼǶơ ƾƷ1    λǷǟ .ƨȍǷƸǻǶơ ƩƢǾƢȍƦǶơ ǨơǂƸǾ˪ "

  ƤƦǈƥ ǁơǂǯǶơ ƾƷ ǽǺ ƨƦȌǂǮ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪ ƧƽȅƳȅǻǶơ ǂȍǣ ƩƢǿȍǠǶơ Ǽȅǳƫ ƾǮ ƍǴƢưǻǶơ ǵȍƦǇ
  ǽǺ ƾȌƾǠǶơ ǼƜǪ ƍ ǱǶǀǶ ƨƴȍƬǾ .ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ƽȅȍǮ ȄƗ ƔƢǓȅǔǶơơǶȈȅƬǈǻƩƢ  ǯƟƢǫǶơƨ    ǵǐǫǷǶ
 ǻǿȍƥ ƍ ƔƢǘƻƗ ƤǳƫǂƬǇ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪ ƾȍƳ ǵψǌƥ ǵǻǠƫ νƬǶơ  ǵǏơȅǫǶơ ǂƯƘƫ ƨȍǶƢǻƬƷơ ǵǯƫ Ƣ

  ȀǀȂ ǞƬǻƬƫ ƍ ȆǂƻƗ ƧǁƢƦǠƥ .ƔơǂǻƸǶơƨƸǫǐǶơ  ǩȍǿǐƬǶơ νǪ ǹȍǻǠƫ ƧǁƾǮ ȆȅǮƘƥ ƨǷǏƢǫǶơ. 
  ƢȃǾƗ λǷǟ ƨǿȍǠǶơ ƔƢǔǪ νǪ ǵǐǫǷǶ ǭƟƢǫǶơ ȆȅƬǈǻǶơ ǵȍưǻƫ ǽψǻȌƨǶơƾǶơ  ƨȍǶƢƬǶơ ƨȍǘƼǶơ: 

ύὼ ὦ π 

  ƮȍƷύ ύȠύȠȣȠύ  ȀƢƴƫơ νǪ ǹψƸƬȌ νǠȍƦǗ ȁƴƬǺ ȅȂơ ȅƬǈǻǶơǭƟƢǫǶ    Ȅὦ    ȅȂ
  ǽȍƥ ƨǪƢǈǻǶơ νǪ ǹψƸƬȌ ȊǀǶơ ǃƢȍƸǾ˪ơǭƟƢǫǶơ ȅƬǈǻǶơ   νǠȍƦǘǶơ ȁƴƬǻǶơ ƽƾƸȌ .ǵǏ˦ơȄύ    ǄȍƸƬǶơȄ

ὦ  Ȅ  ǄǺǂǶƢƥ ȁȍǶƛ ǁƢǌ˾ȌȄ ƍ ǵǐǫǷǶ ǭƟƢǫǶơ ȆȅƬǈǻǶơύȟὦ  ƨǘǯǾ ȊƗ ǽǺ ƨǪƢǈǻǶơ ƨƥƢƬǲ ǽψǻȌ .ὼ    νǪ
  λǶƛ ƨǿȍǠǶơ ƨƷƢǈǺǭƟƢǫǶơ ȅƬǈǻǶơ  ύȟὦ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

ὶ
ȿύὼ ὦȿ

ᴁύᴁ
 

 
 Ƕơ  ǵψǌ6 ŷ5.  ơǶ ƩƢȃƴƬǻƨǻǟơƾǶơ  ǊǺƢȃǶơȄ 

  ǼƗ ǑǂƬǪơǭƟƢǫǶơ ȅƬǈǻǶơ  ύȟὦ    ƨǷưǺ˦ơ ǩȍǿǐƫ ȁǿψǻȌƨȍƦȌǁƾƬǶơ    ǥǶ ƨƦǈǿǶƢƥ ȊƗ ƍ ƶȍƸǏ ǵψǌƥ
ὼȟώ ᶰὈ   ƾƳȅȌ ƍύ ὼ ὦ π   ƮȍƷώ ρ   Ȅύ ὼ ὦ π    ƢǺƾǿǟώ

ρƢǿȌƾǶ ǼƢǲ ơƿơ  : 

 
1 tolerance 
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  )1ŷ6( ύ ὼὭ ὦ ρȟώ ρȟ 
ύ ὼὭ ὦ ρȟώ ρȢ   

 
  ǵψǌǶơ νǪ ǽȍƦǺ ȅȂ Ƣǻǲ6ŷ5  ) νǪ ƨǶƽƢǠǻǶơ ƔƢǌǾƛ ǹƫ ƍ6ŷ1  ǽǺ ƨƦȌǂǯǶơ ƨǿȍǠǶơ ǕƢǯǿǶ ( ȅƬǈǻǶơ  
 ǕƢǯǿǶơ ȀǀȂ λǻǈƫ .ǭƟƢǫǶơƨǻǟơƽ ƩƢȃƴƬǺ ǽȍȃƴƬǺ ƩƢǪƢǈǺ ǝȅǻƴǺ .ǽȍǻǟơƽ   ƨǫǷƬƼǺ ƩƢƠǪ ǽǺ

  λǶƛǭƟƢǫǶơ ȅƬǈǻǶơ  ȄƢǈǺ Ȋ 

‎
ς

ᴁύᴁ
 

  λǻǈȌǊǺƢȃǶơ . 
  λǷǟ ǁȅưǠǶơǵǏƢǫǶơ ȅƬǈǻǶơ    ƽƢƴȌƛ ξǪƢψȌ ǊǺƢȃǷǶ λǐǮ˦ơ ƾƸǶơ ƩơƿƩ˫ǺƢǠǻǶơ  ύ   Ȅὦ    νƬǶơ

) ƽȅȍǯǷǶ ƢŻǯǪȄ ƾȌǄƫ1ŷ6ȊƗ ƍ (: 

)2ŷ6( 
άὥὼȟ

ς

ᴁύᴁ
 

Ǽơ ƮȍƷ  ώύ ὼὭ ὦ ρ ƍὭ ρȟςȟȣȟά. 
  ǂȍƦǳƫ ǭȌǂǗ ǽǟ ǊǺƢȃǶơ ǽȍǈƸƫ ǽψǻȌᴁύᴁƍ  ȅȂȄ  ƢǺ  ǴƽƢǠȌ  ǂȍǤǐƫ  ᴁύᴁ ƍ ǹƯ ǽǺȄ .

 ) ƨǶƽƢǠǻǶơ ƨƥƢƬǲ ƧƽƢǟƛ ƢǿǿψǻȌ6ŷ2(: 

)3ŷ6( 
άὭὲȟ

ρ

ς
ᴁύᴁ 

  Ǽơ ƮȍƷώύ ὼὭ ὦ ρ   ȄὭ ρȟςȟȣȟά. 
  ƱƿȅǻǿǶơ ơǀȂνǇƢǇ˪ơ    λǻǈȌ  ȁƴƬǺ ƨǶƕǹǟƾǶơ  ƲǾơǂǣ˪ Ʃ˫ǺƢǠǺ ǴƢƻƽƜƥ ƨǷψǌǻǶơ ȀǀȂ ǵƷ ƢǿǿψǻȌ .

‌ƨƳȄƽǄǺ ƨǷψǌǺ λǶƛ ƢȃǷȌȅƸƫȄ: 

ὒύȟὦȟ‌
ρ

ς
ύύ ‌ ρ ώύ ὼ ὦ  

  λǻǈƫƨǶơƽ   ȁƴƬǺ ƨǶƖƥ ȀǀȂ ƲǾơǂǣ˪ǹǟƾǶơ    ƢȃȍǪ ǼȅǳƫƩ˫ǺƢǠǺ ύ Ȅ ὦ   Ȅ ƱƿȅǻǿǷǶ 
  ‌ ‌Ƞ‌ ȠȣȠ‌  ǽǺ ǭƬǌǺύ   Ȅὦ : 

ᶯ ὒύȟὦȟ‌ πᵼύ ‌ὭώὭὼὭ

ά

Ὥρ

 

ᶯ ὒύȟὦȟ‌ πᵼ ‌ὭώὭ

ά

Ὥρ

π 

νǪ ǹȃǶơƾƦƬǇơ   ὒύȟὦȟ‌    ǵȌǄȌύ    ƨǶƕ ƨǷψǌǺ λǷǟ ǵǐƸǾȄ ƍ ȁǿǺǹǟƾǶơ ƩƢȃƴƬǺ  ƨƳȄƽǄǻǶơ : 
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άὥὼ ‌Ὥ
ρ

ς
‌‌ώώὼ ὼ 

ίȢὸȢ    ‌Ὥώ πȟ 

‌ πȟὭ ρȟςȟȣȟάȢ 

  λǷǟ ǴȅǐƸǶơ ǹƬȌ ƍ ȀǀȂ ǽȍǈƸƬǶơ ƨǷψǌǺ ǵƷ Ǵ˫ƻ ǽǺ‌    νǶƢƬǶƢƥȄύ    Ȅὦ ƨƥƢƬǲ ƢǿǿψǻȌ ǹƯ ǽǺȄ .
  ȄƗ νƟƢȃǿǶơ ǩȍǿǐƬǶơƨǶơƽ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǁơǂǯǶơ : 

Ὢὼ ίὭὫὲ‌ώ
Ὥ
ὼὭ
Ὕὼ ὦ 

  Ǽȅǳƫ ƮȍƷίὭὫὲὼ  ƧǁƢǋ˩Ƕ ƨǶơƽ . 

ƳȄƽǄǻǶơ Ʃ˫ψǌǻǶơ ǵƷƨ  ƲǾơǂǣ˪ ǵǺƢǠǺ λǷǟ ǖǯǪ ȊȅƬƸȌ ȁǾ˦ ƍ ǵȃǇƗ . 

 

 Ă¬¤ù ĆõjøÝºõv  ôÎæöõ Ćözwêõv ĆĊÖ¸õv ¾Ċá ¡wýwĊ{öõ 

  ƨǷưǺ˦ơ ǼƗ ǑǂƬǫ˾Ȍ ƍ Ǽˤơ λƬƷƨȍƦȌǁƾƬǶơ    ǰƢǿȂ ǼƗ νǿǠȌ ƢǻǺ ƍ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƨǯƟƢǪ ƩƢȌȅƬǈǺ  
  ƨǷưǺ˦ơ ǞȍǻƳ ǩȍǿǐƫ ƢȃǿψǻȌƨȍƦȌǁƾƬǶơ    ƢǺ Ƣ˻ƦǶƢǣ ǑơǂƬǪ˪ơ ơǀȂ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƶȍƸǏ ǵψǌƥ

  ǸơƾƼƬǇơ ǽψǻȌ ˪Ȅ ƨȍǘƻ ǂȍǣ ǵǲƢǌǻǶơ ǹǜǠǺ ƍ ǞǮơȅǶơ νǪ .ƨǇǁƢǻǻǶơ νǪ ƶȍƸǏ ǂȍǣ ǼȅψȌSVM 

  ƽƢƴȌƛ λǶƛ ƱƢƬƸǾ ƍ ƨȍǶƢưǻǶơ ƨȍƷƢǿǶơ ǽǺ ƓƢȃǷƸǶ ǵǻǠǶơ ƢǺ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ .ƢȃǷƸǶ ǭƥƢǈǶơ νǘƼǶơ
  νǘƻ ǂȍǣ ǵȌȅƸƫ•  ȍƦǶơ ǹǇǁ ǽψǻȌ ƮȍƸƥ  ǼȅψȌ ƮȍƷ ƽƢǠƥ˦ơ ƨȍǶƢǟ ƧǄȍǺ ƨƷƢǈǺ νǪ ƩƢǾƢ

.ƢŻǿψǻǺ νǘƼǶơ ǩȍǿǐƬǶơ 
 ǵψǌǶơ ǂǜǾơ6ŷ6  ƨȍǺǃǁơȅƻ ǩȍǔƫ .ƚƦǿƬǷǶ ǽȌǂȍǤƬǺ ǸơƾƼƬǇƢƥ Ƣ˻ȍǘƻ ƩƢƠǫǶơ ǵǐǪ ǽψǻȌ ˪ .
  ȁƴƬǻǶơ ƨǶƕǹǟơƾǶơ    ǽψǻȌ ƮȍƸƥ ƍ ƩƢǾƢȍƦǷǶ Ƣ˻ȍǪƢǓƛ ơŻƾǠ˾ƥǭƟƢǫǶơ ȅƬǈǻǷǶ    νǪ ƩƢƠǫǶơ ǵǐǪ νǘƼǶơ

 ƽơƾƬǺơ ȄƗ ǴȅƸƬǶơ ǽǺ ǝȅǾ ȁǾƗ λǷǟ ơǀȂ νǪ ǂǳǫǾ ǼƗ ƢǿǿψǻȌ .λǷǟ˦ơ ƽƢǠƥ˦ơȄ ƧƾȌƾƴǶơ ƨƷƢǈǻǶơ ȀǀȂ
  λǻǈȌ νǪƢǓ˨ơ ƾǠƦǶơ ơǀȂ .ƧǄȍǻǶơ ƨƷƢǈǻǶǵǾǂȍψǶơ  .ǵǾǂȍψǶơ    ǂȍǣ Ʃ˫ψǌǻǶơ ǵƸǶ ƨǯȌǂǗ νȂ

  ƨǟƾƻ λǻǈƫ ƧǂǳǫǶơ ȀǀȂ .ƨȍǘƼǶơ ƩƢǫǿǐǻǶơ ƧƾǟƢǈǻƥ ƨȍǘƼǶơǵǾǂȍψǶơ)kernel trick( . 
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 Ƕơ  ǵψǌ6 ŷ6.    ƨȍǺǃǁơȅƻ ǩȍǔƫSVM   ƩƢǾƢȍƦǷǶ νǘƼǶơ ǵǐǫǷǶ Ƣ˻ȍǪƢǓƛ ơŻƾǠ˾ƥ .  νǪ ƧƽȅƳȅǻǶơ ƩƢƠǫǶơ

  ƨȍǺǃǁơȅƻ ǩȍǔƫ .Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ǂȍǣ ƨȍǷǏ˦ơ ƩƢǾƢȍƦǶơSVM    ƨȍƟƢǿƯ ƧǄȍǺ ƨƷƢǈǺ νǪ ƍ Ƣ˻ȍǪƢǓƛ ơŻƾǠƥ
ǠƦǶơ ơǀȂ ƶǻǈȌ .ƮǶƢưǶơ ƾǠƦǶơ λǶƛ ƩƢǾƢȍƦǶơ "ƾƬǻƫ" ƢȃǾƗ λǷǟ ƢȃǷȍưǻƫ ǽψǻȌ ƍ ƽƢǠƥ˦ơ  ƩƢǾƢȍƦǶơ ǵǐǫƥ νǪƢǓ˨ơ ƾ

Ƣ˻ȍǘƻ.   

  ƓƧƾȌƾƴǶơ ƧơȅǿǶơ ơǀȂ ƨȍǺǃǁơȅƼǶơ ƾƴƫ ǩȍǲ ȅȂ ǴơƚǈǶơ ƍ Ǽˤơ  Ƣ˻ȍǓƢȌǁ ˙ŻˠȌȅƸƫ ƨƥƢƳ˨ơ ǸƾƼƬǈƫ
  λǻǈȌ ƩƢǾƢȍƦǷǶ ƨǶơƽ  ǵǾǂȍψǶơ  ǽǺ ƾȌƾǠǶơ ǰƢǿȂ . ǴơȄƾǶơ   ǭƦǘȌ ƢȃǿǺ ǵǲ ƍ Ƣȃǿȍƥ ǽǺ ǁƢȍƬƻ˫Ƕ ƨȍǇƢǇ˦ơ

  ǵψǌǶơ ƶǓȅȌ .ƨǫǷƬƼǺ ǩǮơȅǻǶ νǘƼǶơ ǁơǂǯǶơ ƽȄƾƷ ƽƢƴȌ˨ Ƣ˻ƦǇƢǿǺȄ ƩƢǾƢȍƦǷǶ ƢŻǫǷƬƼǺ ˙ŻˠȌȅƸƫ
7ŷ6    ǒǠƦǶ ƢȃȍǪ ǽψǻȌ νƬǶơ ǩǮơȅǻǶơ λǷǟ ƨǷưǺƗǴơȄƽ  ǵǾǂȍψǶơ    ƨȍǘƼǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ǵǐǪ ƨǠƟƢǌǶơ

 .ǵǐǫǷǶ ƨǷƥƢǯǶơ 

ǵǾǂȍψǶơ ǞǺ ƩƢǾƢȍƦǶơ  ƩƢǾƢȍƦǶơƨȍǷǏ˪ơ 

 ǁơǂǮ ǵǏƢǪ ƾƳȅȌ˪
ƾȍƳ νǘƻ 

νǘƻ ǁơǂǮ ǭƟƢǪ ȅƬǈǺ 

ǵ
Ǿ
ǂ
ȍ
ψ
Ƕ
ơ
 
ƨ
Ƕ
ơ
ƽ
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 Ƕơ  ǵψǌ6 ŷ7.   λǷǟ ƨǷưǺƗ ǴơȄƽ ǵǾǂȍψǶơ 

 #ôý¾Ċîõv$ ąvĀþõv Ćõv¹ 

 ƪǾƢǲ ơƿƛ•ὼ  ǵưǻƫƧǄȍǻǶơ   ǥǶ ƨǿȍǠǻǶơὼ  ƱƿȅǻǾ ǽǟ ǂȍƦǠƬǶơ ǽψǻȍǪ ƍǭƟƢǫǶơ ȅƬǈǻǶơ ǵǐǫǷǶ   νǪ
  ƨƷƢǈǺƧǄȍǻǶơ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

Ὢὼ ύ•ὼ  ὦ 
  ƮȍƷύ   Ȅὦ    ƢǻȂƩ˫ǺƢǠǺ    ƨǶƽƢǠǺ ƢǿȌƾǶ .ƱƿȅǻǿǶơƨȃƥƢǌǺ  )6ŷ3(: 

 
άὭὲȟ

ρ

ς
ᴁύᴁ 

  ƮȍƷώύ•ὼ
Ὥ
ὦ ρ   ȄὭ ρȟςȟȣȟά. 

ȊȄƢǈƫ ƨƳȄƽǄǻǶơ ƢȃƬǷψǌǺ ǼƗ Ƣǻǲ: 

)4ŷ6( 
άὥὼ ‌Ὥ

ρ

ς
‌‌ώώ•ὼ •ὼ  

ίȢὸȢ    ‌Ὥώ πȟ 

Ư ƨƳǁƽ ƽȄƾƸǶơ ƽƾǠƬǺƨưǶƢ ƨȍǾƢƯ ƨƳǁƽ ƽȄƾƸǶơ ƽƾǠƬǺ νǘƻ 

Sigmoid RBF 
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‌ πȟὭ ρȟςȟȣȟάȢ 

 ) ƨǶƽƢǠǻǶơ ǵƷ ǽǻǔƬȌ6ŷ4  ƣƢǈƷ (•ὼ  •ὼ  νǷƻơƾǶơ ƣǂǔǶơ ƣǂǓ ǵǏƢƷ ȅȂȄ ƍ
  ƨǿȍǠǻǶơ ƨȍǏƢƼǶơ ƩƢȃƴƬǻǶὼ    Ȅὼ  . ơŻƾƳ ƧǂȍƦǲ Ǽȅǳƫ ǼƗ ǽψǻȌ ƨǿȍǠǻǶơ ƧǄȍǻǶơ ƨƷƢǈǺ Ǽ˦ ơ˻ǂǜǾ

 ƣƢǈƷ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ƧƽȄƾƸǺ ǂȍǣ λƬƷ ȄƗ•ὼ  •ὼ ˻ƦǠǏ ơ˻ǂǺƗ ƧǂǋƢƦǺƢ ȀǀȂ ƤǿƴƬǶ .
  ƽȅƳȄ ǑǂƬǫǾ ƍ ƨǷψǌǻǶơƨǶơƾǶơ  ƨȍǶƢƬǶơ: 

Ὧὼȟὼ •ὼȟ•ὼ •ὼ •ὼ   

  ǥǶ νǷƻơƾǶơ ƣǂǔǶơ ƣƢǈƷ ǽψǻȌ ȁǾƗ λǷǟ ǎǿƫ νƬǶơȄὼ    Ȅὼ   ƨǿȍǠǶơ ƨƷƢǈǺ νǪ ƧǄȍǻǶơ ƔƢǔǪ νǪ
  ǸơƾƼƬǇƢƥƨǶơƾǶơ  Ὧπȟπ  ȀǀȂ ǞǺ .ƨǶơƾǶơ    ƨƷƢǈǺ νǪ νǷƻơƾǶơ ƣǂǔǶơ ƣƢǈƷ λǶƛ ƨƳƢƸƥ ƾǠǾ ǹǶ ƍ

) ƨǶƽƢǠǻǶơ ƨƥƢƬǲ ƧƽƢǟƛ ƢǿǿψǻȌ ǹƯ ǽǺȄ .ƧǄȍǻǶơ6ŷ4νǶƢƬǶơ ȅƸǿǶơ λǷǟ (: 

 
άὥὼ ‌Ὥ

ρ

ς
‌‌ώώὯὼȟὼ  

ίȢὸȢ    ‌Ὥώ πȟ 

‌ πȟὭ ρȟςȟȣȟάȢ 
ƨǶƽƢǠǻǶơ ȀǀȂ ǵƷ ƢǿȍǷǟ ǽȍǠƬȍǇ : 

Ὢὼ ύ•ὼ  ὦ 

ίὭὫὲ‌Ὥ

ά

Ὥρ

ώ•ὼ •ὼ ὦ 

ίὭὫὲ‌Ὥ

ά

Ὥρ

ώὯὼȟὼ ὦ 

  ƨǶơƾǶơ Ǽȅǳƫ ƮȍƷὯπȟπ  ƧơȅǿǶơ νȂ . 

 ƧǄȍǻǶơ ƨƷƢǈǺ ƧƽȅƳ ǼƜǪ ƍ ƧǄȍǻǶơ ƨƷƢǈǺ νǪ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƩƢǿȍǠǶơ Ǽȅǳƫ ǼƗ ƾȌǂǾ ƢǿǾ˦ ơ˻ǂǜǾ
  Ʃ˪ƕ Ɣơƽ˦ ƨȍǻȂ˦ơ ǢǶƢƥ ǂǺƗǹǟƾǶơ ƩƢȃƴƬǺ  ȊƗ ǨǂǠǾ ˪ ƍ ǱǶƿ ǞǺȄ .ǵǾǂȍǲ ǴơȄƽ   ˪ ƢǿǾ˦ ƍ ƧƾȍƳ

ƧơȅǿǶơ ǁƢȍƬƻơ ǼƜǪ ƍ ǱǶǀǶ .ƩƢǻǈǶơ ǽȍȍǠƫ ǨǂǠǾ  ǵǾǂȍψǶơ Ȅơ    Ʃ˪ˤ ǽȍǯȌ Ǹƾǟ ǂƦǲƗ ȅȂƩƢȃƴƬǺ  
ǹǟƾǶơƔơƽ˦ơ ǩǠǓ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƨǫȍǠǓ ƧǄȍǺ ƨƷƢǈǺ λǶƛ ƩƢǿȍǠǶơ ǽȍȍǠƬƥ ƨǫȍǠǔǶơ ƧơȅǿǶơ Ǹȅǯƫ . . 
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 ƩƢǾƢȍƦǶơ ǽǺ ƨǿȍǠǺ ƨǷψǌǻǶ ƧơȅǿǶơ ƨǶơƽ ǝȅǾ ǹǷǠƫ ǹƬȌ ˪ ƍ ǂƻƕ λǿǠǻƥ    .ƢȂƾȌƾƸƫ ƢǿȍǷǟ ƤƴȌȄ
  ǁƢȍƬƻơ ǼƜǪ ƍ ǹƯ ǽǺȄƨǶơƾǶơ    ȅȂ ƨȍǇƢǇ˦ơǵǺƢǠǺ    ǁƢȍƬƻ˪ ƨǯȌǂǗ ǵǔǪƗ ǼƜǪ ƍ ǱǶǀǶ ƨƴȍƬǾ .ǭƟƢǪ

ƨǶơƾǶơ    ǖƦǓ νȂ ǵǔǪ˦ơ Ɣơƽ˦ơ Ʃơƿ ƨȍǇƢǇ˦ơǵǺƢǠǻǶơ  ǭƟƢǫǶơ. 

 ôý¾Ċîõv óvÿ¹ ÛvĀýv 

  ǒǠƦƥ ƨǻƟƢǮ νǷȌ ƢǻȍǪǴơȄƾǶơ    νǪ ƨǺƾƼƬǈǻǶơ ƨȍǇƢǇ˦ơSVM: 

Á  ǵǾǂȍψǶơ   Ƕơ ǘƼ ν .    ǼƢȍǻǈȌ ǽȍȃƴƬǺ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶὼ  Ȅ  ὼ    ǩȌǂǠƫ ǹƬȌ ƍǵǾǂȍψǶơ    ƨȍǘƼǶơ
  ƨǘǇơȅƥƣǂǔǶơ  ǽȍȃƴƬǻǶơ ǽȌǀȃǶ νǷƻơƾǶơ: 

Ὧὼȟὼ ὼȢὼ 
Á   ǵǾǂȍψǶơ ƽȄƾƸǶơ Ƨǂȍưǲ.  ƨȍǶƢƬǶơ ƨǶƽƢǠǻǶƢƥ ƽȄƾƸǶơ ǂȍưǲ ƧơȅǾ ǩȌǂǠƫ ǹƬȌ: 

Ὧὼȟὼ ὼȢὼ  
  ƮȍƷ ὨƽȄƾƸǶơ Ƨǂȍưǲ ƨƳǁƽ νȂ. 
Á   .νǇȄƢǣ ǵǾǂȍǲ    ƨǶƽƢǠǺǵǾǂȍψǶơ  ǤǶơƢνǷȌ Ƣǻǲ νȂ ƨȍǇȄ : 

Ὧὼȟὼ ÅØÐ 
ὼ ὼ

ς„
 

  νǪ ơŻƾƳ Ƣ˻ǻȃǺ ơ˻ǁȄƽ λǘǠǻǶơ ƢǻƴȍǇ ƤǠǷȌǴơȄƽ  ǵǾǂȍψǶơ    ƨȌƢǿǠƥ ȁǷȌƾǠƫ ƤƴȌȄ ƨȍǇȄƢǤǶơ
 .ƨǷψǌǻǷǶ ƢŻǯǪȄ 

Á   ǵǾǂȍǲ ƢȍǇ˫ƥ˪ .    ƨǶƽƢǠǺǵǾǂȍǲ  νǷȌ Ƣǻǲ νȂ ƢȍǇ˫ƥ˪ : 

Ὧὼȟὼ ÅØÐ 
ὼ ὼ

„
 

Á .ƾʑȅǻψʒǇ Ȅơ ȊƾƟơǄǶơ ƶǘǈǶơ ǵǾǂȍǲ    ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ƤǶƢǤǶơ νǪ ƧơȅǿǶơ ȀǀȂ ǸƾƼƬǈƫ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƢȃƬǶƽƢǠǺ ǼȅǳƫȄ : 

Ὧὼȟὼ ÔÁÎÈ ‌ὼώ ὧ 

 v»wúõìĊ¤î£ ôý¾Ċîõv øĄùK 

  ǵψǌǶơ νǪ ƶǓȅǻǶơȄ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ6ŷ5    νƟƢǿƯ ƔƢǔǫǶơ ǽǺ ƩƢǾƢȍƦǶơ ǽȍȍǠƬǶ ƨǯȌǂǗ ƢǾƾƳȄ ơƿƛ ƍ
  ǵưǻƬƫ .ƨǫǷƬƼǻǶơ ƩƢƠǫǶơ ǩȍǿǐƫ ȁǿψǻȌ ǁơǂǮ ƾƷ ƽƢƴȌƛ ƢǿǿψǻȍǪ ƍ ƽƢǠƥ˦ơ νƯ˫Ư ƔƢǔǫǶơ λǶƛ ƽƢǠƥ˦ơ

Ƕơ ǕƢǯǾ ǞȍǻƳ ǽȍȍǠƫ νǪ ƩƢǾƢȍƦǶơ ǵȌȅƸƫ ƨȍǷǻǟ ǴȅƷ ƨǷψǌǻǶơ ȀǀȂ ǵƸǶ λǶȄ˦ơ ƧǂǳǫǶơ λǶƛ ƩƢǾƢȍƦ
  ƍ ƨǶƢƸǶơ ȀǀȂ νǪ) λǷǟƗ ƾǠ˾ƥ3    ƨƸȍƸǏ ȄƾƦƫ ƧǂǳǫǶơ .ǩȍǿǐƬǶơȄ ƍ ƽȄƾƸǶơ λǷǟ ǁȅưǠǶơȄ ƍ (ƽƢǠƥƗ

 ơǀȂ .ǂȍưψƥ ǂƦǲƗ ƨƷƢǈǻǶơ ǱǷƫ νǪ ƩƢƥƢǈƸǶơ ƶƦǐƫ ƍ ƩƢǾƢȍƦǶơ ǹƴƷ ƧƽƢȌǃ ǞǺ ƍ ǱǶƿ ǞǺȄ .Ƣ˻ǺƢǻƫ
  ȊǀǶơ ǼƢψǻǶơ ȅȂƨǶƢǠǪ ǵǾǂȍψǶơ Ǳȍǿǳƫ ȁȍǪ ǼȅǳƫǈǺ νǪ ǵǻǠǶƢƥ ƢǿǶ ƶǻǈȌ ȁǾ˦ .  ƨȍǈȍƟǂǶơ ƧǄȍǻǶơ ƨƷƢ
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  νǯǷǾ Ƣǿǟƽ ƍ ǵǔǪƗ ǵψǌƥ ơǀȂ ǹȃǫǶ .λǷǟ˦ơ ƽƢǠƥ˦ơ ƨƷƢǈǺ νǪ ƩƢǾƢȍƦǶơ ƩƢȍƯơƾƷƛ ƣƢǈƷ ǼȄƽ
ǴƢưǺ λǷǟ ƧǂǜǾ: 

ὼ ὼȟὼȟὼ  
ώ ώȟώȟώ  

 ƢǿȂὼ  Ȅώ   ǽȍȍǠƫ ƤƴȌ ȁǾƗ ǑǂƬǪơ .ƽƢǠƥ˦ơ ƨȍƯ˫Ư ƨƷƢǈǺ νǪ ƩƢǾƢȍƥ ƢƬǘǯǾ ƢǻȂὼ  Ȅώ   ƔƢǔǪ νǪ
9  Ȅ .ƽƢǠƥƗƨȍǶƢƬǶơ ƩƢƥƢǈƸǶƢƥ ǸƢȍǯǶơ ƢǿȍǷǟ ǽȍǠƬȌ ƍ ǹƯ ǽǺ: 

•ὼ ὼȟὼὼȟὼὼȟὼὼȟὼȟὼὼȟὼὼȟὼὼȟὼ  
•ώ ώȟώώȟώώȟώώȟώȟώώȟώώȟώώȟώ  

•ὼ •ώ ὼὼώώ

ȟ

 

    ȅȂ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ ƍ ȋƥƢǈƸǶơ ƾȍǯǠƬǶơ .ƨȍƟƢȃǿǶơ ƨƴȍƬǿǶơ λǶƛ ǴȅǏȅǷǶὕὲό ƢǿǺƾƼƬǇơ ơƿƛ Ǽˤơ .
ǵǾǂȍψǶơ ƨǶơƽ  ὑὼȟώ    ƨƷƢǈǺ νǪ ƧƾǯǠǺ ƩƢƥƢǈƷ ƔơǂƳƛ ǽǺ ̝˪ƾƥ9    ƣƢǈƷ Ǵ˫ƻ ǽǺ ƍ ƽƢǠƥƗ

ǥǶ νǷƻơƾǶơ ƣǂǔǶơ  ǅȅƦǈǾơǂƬὼ    Ȅώ   Ǻ ƽƢǠƥ˦ơ νƯ˫Ư ƔƢǔǫǶơ νǪ ƨƴȍƬǿǶơ ǆǫǾ λǷǟ ǵǐƸǾ  ǵư
  ƍ ƨǶƢƸǶơ ơǀȂ νǪ ƍ ȋƥƢǈƸǶơ ƾȍǯǠƬǶơὕὲ : 

Ὧὼȟώ ὼώ  
                                           ὼώ ὼώ ὼώ  

                        ὼὼώώ

ȟ

 

νǶƢƬǶơ ȊƽƾǠǶơ ǴƢưǻǶơ ǰǁƢƦƬǟơ νǪ ǞǓ ƍ ǵǔǪƗ ǵψǌƥ ƨǷψǌǻǶơ ȀǀȂ ǹȃǫǶ : 

  ǼƢǲ ơƿƛνǶƢƬǶơ ȅƸǿǶơ λǷǟ ƽƢǠƥ˦ơ νƯ˫Ư ƔƢǔǫǶơ νǪ ǼƢƬǘǯǾ ƢǿȌƾǶ : 

ὼ ςȟσȟτ 
ώ σȟτȟυ 

  ƤǈƸǾ ̝˪ȄƗɫ•ὼ   Ȅ•ώ: 

•ςȟσȟτ τȟφȟψȟφȟωȟρςȟψȟρςȟρφ 
               •σ ȟτȟυ ωȟρςȟρυȟρςȟρφȟςπȟρυȟςπȟςυ 

•ὼȢ•ώ •ςȟσȟτȢ•σ ȟτȟυ 
σφ  χς  ρςπ  χς ρττ  ςτπ  ρςπ  ςτπ  τππ ρτττ 
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ƣƢǈƸǶơȄ  Ὧὼȟώ  ȊȄƢǈȌ: 

Ὧὼȟώ ςz σ  σz τ  τz υς 

φ  ρς  ςπ 

σψzσψ 

ρτττ 
  ǸơƾƼƬǇơ ƨǯȌǂǗ ǽψǶ ƍ ƨƴȍƬǿǶơ ǆǫǾ νǘǠȌ ƢǻȂ˫ǲ ƍ ƢǿȌƗǁ ƢǻǲǵǾǂȍψǶơ  ǵǮƗ Ƣ˻ƥƢǈƷ ƤǷǘƬƫ.   

 yþ¬¤õ ¡v½wÎ¤·v ēĀþõv ¾åĀ£ ąºêÞúõv ĆĊzwÆ´õv ¡wĊöúÞõv ) 
  ĂöÞæ£ wù I ĈÅwÅl ôîÊzî£¤ôý¾Ċîõv ìĊ    ôélÿ ąiwæí ¾¨íl Ćêĉ¾Õ ¾ĊåĀ£ Āă wþõ Ć{Æþõwz

  ÷vº¸¤Åv ¾Î¤êĉ đ I ìõ¼õ wMêåÿ )ĔöÝl ¹wÞzl Ĕõp ¡wýwĊ{õv ôĉĀ´¤õ Ćæöî¤õv ¦Ċ³ üù ĆĊõwÞå
  ¡wîĊ¤î£ôý¾Ċîõv    ĆĊù¿½vĀ· ĔöÝSVM  Ĉö·vºõv x¾Òõv üúÒ¤£ ĆĊzwÆ³ ĆĊöúÝ ćl )$x,y #

 ¡wîĊ¤î£ ÷º¸¤Æ£ ûl üîúĉôý¾Ċîõv ) 

 Ćõj ¡wĄ¬¤ùøÝºõv û¾úõv ÈùwĄõv ¡v»   

 ƍǱǶƿ ǞǺȄ .ƧǄȍǻǶơ ƨƷƢǈǺ ȄƗ ƨǿȍǠǶơ ƨƷƢǈǺ νǪ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƩƢǿȍǠǶơ ǼƗ ƢǿǓǂƬǪơ ƍ Ǽˤơ λƬƷ
  λǷǟ ǁȅưǠǶơ ƤǠǐǶơ ǽǺ ǼȅψȌ ƢǺ Ƣ˻ƦǶƢǣƨǶơƽ    νǪ ƤȌǁƾƬǶơ ƩƢǿȍǠǶ νǘƼǶơ ǵǐǫǷǶ ƨƦǇƢǿǺ ƨȍǇƢǇƗ

 νƬǶơ ǎƟƢǐƼǶơ ǼƗ ƨǯȍǯƷ λǶƛ ǱǶƿ ȆǄǠ˾Ȍ ǼƗ ǽψǻȌ .ƧǄȍǻǶơ ƨƷƢǈǺ  ˪ ƩƢǾƢȍƦǶơ ǽǺ ƢȃȍǷǟ ǵǐƸǾ
  νǪ ŻƧƽƢǟ ǴƢƸǶơ ȅȂ ơǀȂ) ƵȅǓȅƥ ƩƢƠǫǶơ ǵǐǪ ǽǺ ǽψǻƬǷǶ ƨȍǪƢǲ ƩƢǺȅǷǠǺ λǷǟ ŻƧƽƢǟ ȊȅƬƸƫ

  ȀǀȂ ǵưǺ ƢǾƾƳȄ ȅǶ λƬƷ .(νǯȍǯƸǶơ ǹǶƢǠǶơ ƩƢǯȍƦǘƫ ǽǺ ƾȌƾǠǶơƨǶơƾǶơ    ƤǠǐǶơ ǽǻǪ ƍ ƨȍǇƢǇ˦ơ
  ƨƴȍƬǿǶơ ȀǀȂ ƪǾƢǲ ơƿƛ ƢǺ ƨǪǂǠǺoverfitting. 

  ǬǂǗ ȆƾƷƛ ǵưǻƬƫǀȂ ǵȍǷǯƫ  ƨǶƢƸǶơ Ȁ  ǥǶ ƵƢǻǈǶơ νǪSVM   ƔƢǘƻ˦ơ ǽǺ ǽȍǠǺ ƽƾǟ ƣƢǳƫǁƢƥ
  Ǹȅȃǫǻƥ ƧǂǳǫǶơ ȀǀȂ ǀȍǫǿƫ ǹƬȌ .ƶȍƸǏ ǵψǌƥ ƨǫǿǐǺ Ȇǂƻ˦ơ ǕƢǯǿǶơ ǵǜƫ ƮȍƸƥ ƩƢǿȍǠǶơ νǪ

  ǊǺƢȃǶơ ǼǂǻǶơ  ǵψǌǶơ ƶǓȅȌ ƍ6ŷ8    ƨǯȌǂǘǶơ ȀǀȂ ǸơƾƼƬǇ˪ ǞǪơƾǶơ ƍ ǁƢǐƬƻƢƥ .ƧǂǳǫǶơ ȀǀȂ
ǽȍƦƦǈǶ: 

1. ǜǠǺ ȊȅƬƸƫ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ ǽψǻȌ ˪ ƩƢǾƢȍƥ λǷǟ νǯȍǯƸǶơ ǹǶƢǠǶơ ƩƢǯȍƦǘƫ ǹ
.Ƣ˻ȍǘƻ ƢȃǷǐǪ 

2.  νǪ ƤǣǂǾ ˪ ƾǮ ƍ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƮȍƷ ƧǁƽƢǾ Ʃ˪ƢƷ νǪ ƍ Ƣ˻ǔȌƗ
  Ƥǿƴƫ  ƾȌǂǾ  ƍ  ǂƻƕ  λǿǠǻƥ  .Ƣ˻ǺƢǻƫ  ƩƢǾƢȍƦǶơ  ǵǐǫȌ  ȊǀǶơ  ǁơǂǯǶơ  ƾƷ  ǁƢȍƬƻơ

Overfitting  ǵψǌǶơ ǀƻ .6ŷ9  ƽȄƾƷ ǵǐǫƫ ƢǿȂ .ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ   ǁơǂǯǶơ
 ǕƢǯǿǶơ ǞȍǻƳ ǽȍƥ Ƣ˻ǺƢǻƫ ƔơǂǻƸǶơƨȍƦȌǁƾƬǶơ  ǼȅψȌ ǼƗ ƢŻǯƷ ƾȍƴǶơ ǽǺ ǵȂ ƍ ǱǶƿ ǞǺȄ .

  ǵψǌƥ ƾƬǻƫ ǁơǂǯǶơ ơǀȂ ǵưǺ ƽȄƾƷ ǼƗ ƾǯƬǠƫ ǵȂ ƓǒǫƼǿǺ ǊǺƢȃƥ ǁơǂǮ ƽȄƾƷ ǱȌƾǶ
 ǞǇȄƗ ǊǺƢȂ ǂǔƻ˦ơ ǁơǂǯǶơ ƾƸǶ ǼȅψȌ .˪ ƣơȅƴǶơ ƓƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ λǶƛ ƾȍƳ
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  ǵǔǪƗ ǵψǌƥ ǹȍǻǠƬǶƢƥ ȁǶ ƶǻǈȌ  ƨǶƕ ǼƜǪ ƍ νǶƢƬǶƢƥȄ .ƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ λǷǟ
ƩƢȃƴƬǻǶơ  ƨǻǟơƾǶơ    ƨǪƢƸǶơ ƩơƿƨǾǂǻǶơ    ƨǷψǌǺ Ƥǿƴƫ λǷǟ ƾǟƢǈƫOverfitting. 

 

 
 Ƕơ  ǵψǌ6 ŷ8.   .ǼǂǻǶơ ǊǺƢȃǶơ 

 
 Ƕơ  ǵψǌ6 ŷ9.    ȄƗ ǂǔƻƗ ƓǁơǂǯǶơ ƽȄƾƷ ǵǔǪƗ(ǞǘǯƬǺ) ǂǻƷƗ Ɠ 
 ǼƜǪ ƍ ǬƽƗ ǂȍƦǠƬƥSVM   ƨǶƽƢǠǻǶơ)6ŷ1 ǼƗ νǿǠȌ ƢǻǺ ƍ ƽȅȍǯǶ ǞǔƼȌ ƢŻǯƦǈǺ ȁǻȌƾǯƫ ǹƫ ȊǀǶơ (

  ǊǺƢȃǶơƤǷǐǶơ    ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƔƢǘƻƗ ǼȄƾƥȄ ƶȍƸǏ ǵψǌƥ ƩƢǿȍǠǶơ ǞȍǻƳ ǩǿǐȌ ǼƗ ƤƴȌ
  ǊǺƢȃǶơǼǂǻǶơ   ƍǞƦǘǶƢƥ .(ƧƽƾǠƬǺ Ʃ˪ƢƷ νǪ Ƙǘƻ ƣƢǳƫǁơ ǭȌǂǗ ǽǟ) ƾȍȍǯƬǶơ ơǀȂ ǰƢȃƬǾƢƥ ƶǻǈȌ

  ǊǺƢȃǶơ ǵǷǯȌ ǼƗ ƤƴȌǼǂǻǶơ  Ƕơ ƽƾǟ ǽǺ  ƾƸǶơ λǶƛ ǊǺƢȃǶơ ƧƽƢȌǃ ǞǺ ƍ ƾȍǯǶơ ǱȃƬǿƫ νƬǶơ Ʃ˪ƢƸ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ǽȍǈƸƬǶơ ǨƾȂ ƨƥƢƬǲ ǽψǻȌ ƍ ǹƯ ǽǺȄ .λǐǮ˦ơ: 

)5ŷ6( 
άὭὲȟ

ρ

ς
ᴁύᴁ ὅ Љ ώύ ὼ ὦ ρ 
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  ƮȍƷὅ π    Ȅ ƪƥƢƯЉ    ƨǶơƽƘǘƼǶơ    ƢȂǁƾǮ0.1  ƍ ƢǿȂ .ὅ  Ȃ  ǵǺƢǠǺ ȅ ǽȍƥ ƨǔȌƢǯǻǶơ ƽƾƸƫ ǭƟƢǪ

 ƔƢǘƻ˦ ǵǮƗ ƨȍǻȂƗ ƔƢǘǟƛ ǹƬȌ ƍ ơŻƾƳ ƧǂȍǤǏ  Ǽȅǳƫ ƢǺƾǿǟ .ƔƢǘƻ˦ơ ǵȍǷǯƫȄ ǊǺơȅȃǶơ ǹȍǜǠƫ
 ƍ νƟƢȃǾ ˪ ǵψǌƥ ƧǂȍƦǲ  Ǽȅǳƫ ƢǺƾǿǟ Ƣǻǿȍƥ .ǊǺơȅȃǶơ ǹȍǜǠƫ λǷǟ ǂưǲƗ ǄȍǲǂƬǶơ ǼȅψȌȄ ǩȍǿǐƬǶơ

ȃǶơ λǷǟ ǙƢǫƸǶơ ƣƢǈƷ λǷǟ ξǗƢƼǶơ ǎȍƼǌƬǶơ Ƥǿƴƫ λǷǟ ǂưǲƗ ǄȍǲǂƬǶơ ǼȅψȌ  .ơ˻ǂȍǤǏ ǊǺƢ
  ƍ ƾȍǯǶơ ǝƢƦƫơ λǷǟ ƩƢǿȍǠǶơ ǞȍǻƳ ǂƦƴƫ ƢȃǾƜǪ ƍ νƟƢȃǾ ˪ ǵψǌƥ ƧǂȍƦǲ  Ǽȅǳƫ ƢǺƾǿǟ ƍ ǂƻƕ λǿǠǻƥ

  ȁƴƬǺ ƨǶƕ ǴƽƢǠȌ ƢǺ ȅȂȄ ǻǟơƽ  ƨƤǷǏ ǊǺƢȂ Ʃơƿ    ƨǶƽƢǠǻǶơ)6ŷ3.(  
) ƨǶƽƢǠǻǶơ ǵƷ ƤǠǐȌ6ŷ5  Ǽ˦ .ƧǂǋƢƦǺ (0.1   ǂȍǣ ƢȃǾƗ ȊƗ ƍ ƨǫȍǠǓ ƨȍǓƢȌǁ ǎƟƢǐƻ ƢȃǶ
  ƍ ǱǶǀǶ .ƨǠǘǯƬǺȄ ƨƥƾƸǺ  ǴƾƦƬǈǾ ƢǺ Ƣ˻ƦǶƢǣ0.1    ǒǠƦƥǴơȄƽ  ƘǘƼǶơ    ǎƟƢǐƻ ƢȃǶ νƬǶơ Ȇǂƻ˦ơ

  ǵψǌǶơ ƶǓȅȌ .(ǂǻƬǈǺȄ ƣƾƸǺ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ) ƧƾȍƳ ƨȍǓƢȌǁ6ŷ10    ƭ˫Ư ǴơȄƽ  Ƙǘƻ 
ƨǠƟƢǋ: 

Á  Ƙǘƻ   ǿʒȂ Ʋ :  Љ ᾀ άὥὼπȟρ ᾀ  
Á  Ƙǘƻ   νǇƗ :Љ ᾀ Ὡὼὴᾀ  
Á  Ƙǘƻ   νƬǈƳȅǶ :Љ ᾀ ὰέὫρ ÅØÐ ᾀ   
 

 

 Ƕơ  ǵψǌ6 ŷ10.    ǥǶ ƨǷȌƾƦǶơ ƘǘƼǶơ ǴơȄƽЉȾ 
  ƧǁƢǈƻ ƨǶơƽ ǸơƾƼƬǇơ ƾǿǟƲǿȍȂ  ƨǶƽƢǠǻǶơ ǵȌȅƸƫ ǹƬȌ ƍ6ŷ5  νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

)6ŷ6( 
άὭὲȟ

ρ

ς
ᴁύᴁ ὅ άὥὼπȟρ ώύ ὼ ὦ  

  ƾǟƢǈǻǶơ ǂȍǤƬǻǶơ ǴƢƻƽƜƥ‚ π    ƨǶƽƢǠǻǶơ ƨƥƢƬǲ ƧƽƢǟƛ ǹƬƫ ƍ6ŷ6 νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

 
άὭὲȟ

ρ

ς
ᴁύᴁ ὅ ‚

Ὥ
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ƨǯȌǂǘǶơ Ȁǀȃƥ  ώύ •ὼ
Ὥ
ὦ ρ ‚

Ὥ
  ƍ ‚

Ὥ
π  ȄὭ ρȟςȟȣȟά  ȀǀȂ ǸƾƼƬǈſƫ .

˦ ǞƟƢǋ ǵψǌƥ ƨǶƽƢǠǻǶơ  ƨǻǟơƾǶơ ƩƢȃƴƬǻǶơ Ʃ˪  ǊǺƢȃǶơ ƩơƿǼǂǻǶơ ȊȅƬƸȌ ƍ ƨǶƽƢǠǻǶơ ȀǀȂ νǪ .
  ǵǲƨǿȍǟ  .ƾȍǯǶơ ǰƢȃƬǾơ ƨƳǁƽ λǶƛ ǂȍǌȌ ǵƥƢǯǺ ƾǟƢǈǺ ǂȍǤƬǺ λǷǟ 

  ą½w{Ý øî´¤£ὅ    ÈùvĀă ûl üù ºím¤õvÿ ÈùvĀĄõv øĊÚÞ£ üĊz û¿vĀ¤õv Ĉå ãºĄõv Ćõv¹ Ĉå
  ¾{¸ĉ wMĊúĊÚþ£ vM¾Ċ§m£ v¼ă wþ´þúĉ )ûwîùďv ½ºé ĆĊõwÝ iv¹čvSVM    ÷ºÞzoverfitting   đ$

 )¡wýwĊ{õv ĆÝĀú¬ù Ĉå ąºĊÞz øĊé ëwþă ¢ýwí v»p Ĕ¤³ #¡wýwĊ{õv Üù wMùwú£ ÷iĒ¤£ 

KĆý¾úõv ÷v Ć{öÎõv ÈùvĀĄõv 

  ȄƗ ƨƦǷǐǶơ ǊǺơȅȃǶơ ǸơƾƼƬǇơ ǽǻψȌ ƨǾǂǻǶơ    ƨǶƕ νǪƨǻǟơƾǶơ ƩƢȃƴƬǻǶơ   ƪǾƢǲ ơƿƛ .ƩƢǾƢȍƦǶơ ƨǮƽ νǪ
  ǕƢǯǾ ƽȅƳȄ ǵǛ νǪ ƍ ǱǶƿ ǞǺȄ .ƨƦǷǐǶơ ƨǪƢƸǶơ λǶƛ ƤȂǀǾ ƢǿǾƜǪ ƍ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƢǿƫƢǾƢȍƥ
 ǂưǲƗ ǼȅǳǾ ǼƗ λǶƛ ƱƢƬƸǾ ƍ νǘƼǶơ ǩȍǿǐƬǶơ λǷǟ ǁȅưǠǶơ ǵȍƸƬǈǻǶơ ǽǺ ǵǠƴƫ νƬǶơ ƩƢǾƢȍƦǶơ

ǂƻƕ λǿǠǻƥ .ƶȍƸǏ ǂȍǣ ǵψǌƥ ƩƢǾƢȍƦǶơ ǕƢǯǾ ǒǠƥ ǩȍǿǐƬƥ ƶǻǈǾȄ ̿˫ȂƢǈƫ    ǊǺơȅȂ ǸƾƼƬǈǾ ƍ
  .ƨǾǂǺ 

 ǼȅψȌ ƮȍƸƥ ơŻƾƳ ǂȍǤǏ ǊǺƢȃǶơ ǽψǶ ƍ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƍ ǼƢȍƷ˦ơ ǒǠƥ νǪ
  ƨǓǂǟ ƱƿȅǻǿǶơƾƟơǄǶơ ǖƦǔǷǶ  ƧƾȍǠƦǶơ ǂǏƢǿǠǷǶ ƨǗǂǫǻǶơ ƨȍǇƢǈƸǶơ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ ƍ ǹƯ ǽǺȄ .

ƼƬǇƢƥ ǂƦǲƗ ǊǺƢȂ ƾȌƾƸƫ ƢǿǿψǻȌ ƍ ǵǔǪƗ ǵψǌƥ ƱƿȅǻǿǶơ ǹȍǻǐƫ νǪ ƧƾǟƢǈǻǷǶ  ǸơƾSVM   Ʃơƿ
  ǊǺƢȃǶơǼǂǻǶơ. 

 ǱǿψǻȌ ˪ ǱǶǀǶ ƍ Ƣ˻ȍǘƻ ƢȃǷǐǪ ǽψǻȌ ˪ Ƣ˻ƦǶƢǣ νǯȍǯƸǶơ ǹǶƢǠǶơ ǵǲƢǌǺ ǼƗ λǶƛ ƧǁƢǋ˨ơ ǁƾƴƫȄ
  ǊǺơȅȃǶơ ǸơƾƼƬǇơƨƦǷǐǶơ    .Ʃ˫ψǌǻǶơ ȀǀȂ νǪ  ǵǐǫȌ ƧơȅǿǶ ƢŻǘǘƼǺ ƩƾƳȄ ơƿƛ ƍ ǱǶƿ ǞǺȄ

  ǊǺơȅȃǶơ ǸơƾƼƬǇơ ǱǿψǻȌ ƍ Ƣ˻ȍǘƻ ƨǶȅƸǻǶơ ƩƢǾƢȍƦǶơƨƦǷǐǶơ.   

ĆúÝvºõv ¡wĄ¬¤úõv Ćõj ¡ĒùwÞù 

  ǵƦǮƤȌǁƾƫ    ǖƦǓ ƢǿȍǷǟ ƍ ƱƿƢǻǿǶơƩ˫ǺƢǠǻǶơ    ƾǠƫ .ƨǯƟƢǫǶơ Ʃ˫ǺƢǠǻǶơ   ƱƿƢǻǾ ƔƢǿƦǶ ƨȌǁȄǂǓ ƨǯƟƢǫǶơ
ƥ ǼǃơȅƬǶơ ƽƢƴȌƛ νǪ ƢǾƾǟƢǈƫ ƢȃǾƛ .ƨǯȍǮƽȄ ƨȌȅǮ  ǽǺ ƱƿȅǻǿǶơ Ǟǿǻƫ νǶƢƬǶƢƥȄ ǽȌƢƦƬǶơȄ ǄȍƸƬǶơ ǽȍ ǖƦǔǶơ

ƾƟơǄǶơ    ȄƗǎǮƢǿǶơ  λǷǟ ǹƟƢǮ ƱƿȅǻǾ ƔƢǌǾƛ ƾǿǟ .SVM    ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ ǽȌȅǳƫ λǶƛ Ƣ˻ǔȌƗ ƱƢƬƸǾ ƍ
Ʃ˫ǺƢǠǻǶơ  .ȀƢǾƽƗ ƢȃǻȂƗ ƽǂǇ ǹƬȌ νƬǶơȄ ƍ ƨǯƟƢǫǶơ : 

¶   ǵǾǂȍψǶơ ǵǺƢǠǺ  ǵψǋ)6ŷ7 .( 
¶  ǵǺƢǠǺ   Ƕơ Ƴǁƾ  ƨǹψƸƬȌ ȊǀǶơ    ǵψǌǶơ) ƽȄƾƸǶơ ƧƽƾǠƬǺ ƧơȅǿǷǶ ǁơǂǯǶơ ƽȄƾƷ ƨǾȄǂǺ ȆƾǺ νǪ

6ŷ7 ƨǾȄǂǺ ǂưǲƗ ǁơǂǯǶơ ƿƢƼƫơ ƽȄƾƷ ƪƸƦǏƗ ƍ ƽȄƾƸǶơ ƨȌƽƾǠƫ ƨƳǁƽ Ʃƽơǃ ƢǻǷǲ .(
  ƧƽƢȌǃ νǪ ƤƦǈƬȌ ǼƗ ǵǻƬƸǻǶơ ǽǺ ƍ ǱǶƿ ǞǺȄ .ơŻƾȍǯǠƫȄoverfitting. 
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¶  ǵǺƢǠǺ    ȄƗ ƨǫǷǳƬǶơ╒  ȊǀǶơ  Ȍ  ȄƗ "ǊǺƢȃǶơ" ǊǺƢȃǶơ ƨȍǫȍǲ νǪ ǹψƸƬ  ǵψǌǶơ) "ǹǟƢǿǶơ"6ŷ
11(. 
¶ ȌǹψƸƬ   ǵǺƢǠǺ   ǣ  ƢǺƢ ȀǀȂ ǸơƾƼƬǇơ ǹƬȌ .ǁơǂǯǶơ ƽȄƾƷ ǞǓȅǺ λǷǟ ƤȌǁƾƬǶơ ƨǘǯǾ ǂȍƯƘƫ νǪ

ǵǺƢǠǻǶơ    Ǵ˫ƻ ǽǺ ƨǯƟƢǫǶơƨǶơƾǶơ    ǹȍǮ ǂȍǌƫ .ƨȍǟƢǠǌǶơ ƧƾǟƢǯǷǶ ƨȍǇƢǇ˦ơƢǺƢǣ    ƨǔǫƼǿǻǶơ
ǹȍǯǶ ƨƦǈǿǶƢƥ .ǕƢǯǿǶơ Ǟȍǻƴƫ ǽǺ ƾȌǄǻǶơ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ǞǫƫǂǺ ȁƥƢǌƫ ǂǘǮ ǩǐǾ λǶƛ  ǣ  ƢǺƢ

 νǪ ǁƢƦƬǟ˪ơ νǪ ƢȂǀƻƗ ǹƬȌ λƬƷ ƢȃǔǠƥ ǽǺ ơŻƾƳ ƨƦȌǂǮ ǕƢǯǿǶơ Ǽȅǳƫ ǼƗ ƤƴȌ ƍ ƨǠǫƫǂǻǶơ
  ǹȍǮ Ʃơƿ ƱƿƢǻǿǶơ ǵȍǻƫ ƍ ǱǶǀǶ .(ƨƠǪ ȄƗ) ƨǟȅǻƴǺǣ  λǶƛ ơŻƾƳ ƧǂȍƦψǶơ ƢǺƢoverfitting  .

  ƪǾƢǲ ƢǻǷǲǣ  ƽȄƾƷ ƪǔǫƼǾơ ƢǻǷǲȄ ƨǶƢƷ ǵψǶ ȁȃȍƳȅƫ ǹƬȍǇ ȊǀǶơ ǸƢǻƬȂ˪ơ ǵǮ ƍ ǂǤǏƗ ƢǺƢ
  ǁơǂǯǶơ ƿƢƼƫơ  λǶƛ ǱǶƿ ȊƽƚȌ ǼƗ ǵǻƬƸǻǶơ ǽǺ)underfitting  ǂȍƯƘƫ ǂȃǜȌ .(ǣ  ƧơȅǿǶ ƢǺƢ

ǤǶơ ƨȍǟƢǠǌǶơ ƧƾǟƢǯǶơƢ  ǵψǌǶơ ǽǺ νǷǫǈǶơ ƔǄƴǶơ νǪ ƨȍǇȄ6ŷ11 . 

  
 Ƕơ  ǵψǌ6 ŷ11.  Ȅ  ƨǫǷǳƬǶơ Ʃ˫ǺƢǠǺ ǂʒƯƢƫǣ.ƢǺƢ 

 

 10=ƢǺƢǣ 0.1=ƢǺƢǣ 
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        ╒ 

  ƨǻǷǠǻǶơ ǽȍǈƸƫ λǶƛ ǖǯǪ ƱƢƬƸǾ ƍ ƨȍǘƼǶơ ƧơȅǿǷǶ ƨƦǈǿǶƢƥC  ƧơȅǾ ǸơƾƼƬǇơ ƢǾƽǁƗ ơƿƛ ƍ ǱǶƿ ǞǺȄ .
  ǽǺ ǵǲ ǽȍǈƸƫ ƤƴȍǪ ƍ ƨȍǟƢǠǋǵǺƢǠǻǶơ  C  ȄƢǺƢǣ    ƪǾƢǲ ơƿƛ .ƾƷơȄ ƪǮȄ νǪǣ  ǼƜǪ ƍ ƧǂȍƦǲ ƢǺƢ

 ǂȍƯƘƫC  ƪǾƢǲ ơƿƛ .˙ŻˠȍƠǓ ǼȅψȌǣ ǼƜǪ ƍ ƧǂȍǤǏ ƢǺƢC   λǷǟ ǂƯƚȌ Ƣǻǲ ǖƦǔǶƢƥ ƒ ƱƿȅǻǿǶơ λǷǟ ǂƯƚƫ
  ǥǶ ƨȍƳƿȅǻǿǶơ ǹȍǯǶơ .νǘƼǶơ ƱƿȅǻǿǶơC  ȄƢǺƢǣ    ǹȍǯǶơ ǒǠƥ ƾƳȅƫ ƾǮ ƍ ǱǶƿ ǞǺȄ .νǷȌ Ƣǻǲ νȂ

ǭȍƦǘƬǶơ λǷǟ ơ˻ƽƢǻƬǟơ λǷưǻǶơ : 

πȢπππρ ƢǺƢǣ ρπ 
πȢπρ # ρππ 

 

¡vÀĊúù ĆúÝvºõv ¡wĄ¬¤úõv Ćõj5 

¶  .ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ǞǺ λƬƷ ƨȌƢǤǷǶ ǴƢǠǪ ȁǾƛ 
¶   ǽψǻȌ.ƧơȅǿǶơ ƩƢψȍƬǳƫ ǸơƾƼƬǇƢƥ ǴƢǠǪ ǵψǌƥ ƨȍǘƼǶơ ǂȍǣ ƩƢǾƢȍƦǶơ Ƨǁơƽƛ 
¶ ǁơƾƸǾ˪ơȄ ǩȍǿǐƬǶơ ǵǲƢǌǺ ǵƸǶ ƢȃǺơƾƼƬǇơ ǽψǻȌ. 

xĀĊÝ ĆúÝvºõv ¡wĄ¬¤úõv Ćõj5 

¶   ǥǶ ƨȍǶƢưǺ ƧơȅǾ ǁƢƬƼǾ ǼƗ ƢǿȍǷǟSVM  .ƤǠǏ ǂǺƗ ȅȂȄ ƍ 
¶ .Ƣ˻ȍƦǈǾ ǴȅǗƗ ƢŻƬǮȄ ƤȌǁƾƬǶơ ǬǂǤƬǈȌ ƍ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ 
¶   ȁƴƬǻǶơ ƨǶƕƨǻǟơƾǶơ    ƮȍƷ ǽǺ ǩȍǿǐƬǶơ Ƶǂǋ ƢǿǿψǻȌ ˪ ǱǶǀǶ ƍ Ƣ˻ȍǶƢǻƬƷơ Ƣ˻ƳƿȅǻǾ ƪǈȍǶ

.ƨȍǶƢǻƬƷ˪ơ 
¶   ƱƿȅǻǾSVM ȀǂȍǈǫƫȄ ȁǻȃǪ ƤǠǐȌ (ǁơǂǯǶơ Ƨǂƴǌƥ ƨǾǁƢǯǺ) . 

 Ćõjõv Ă¬¤úøÝvºõv ûĀ¨ĉwz Ĉå 

  

  λǶƛ ƨƦǈǿǶƢƥSVM   ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸƾƼƬǈǾ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍiris    νǪ Ƣǻǲƨǿȍǟ  KNN . 

  

In     [1]: import numpy as np  

import matplotlib.pyplot as plt  

import pandas as pd  
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In     [2]: url = "https://archive.ics.uci.edu/ml/machine -learning -

databases/iris/iris.data"  

 

# Assign colum names to the dataset  

names = ['sepal -length', 'sepal -width', 'petal -length', 

'petal -width', 'Class']  

 

# Read dataset to pandas dataframe  

dataset = pd.read_csv(url, names=names)  

  ǹǮ ƍ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƧƾǻǟƗȄ ǨȅǫǏ ǑǂǠǶǀȍǫǿƬƥ  νǶƢƬǶơ ǂǺ˦ơ: 
In     [3]: 

dataset. shape 

Out     [3]: 
(150, 5) 

) ƨǻȍǯǶơ Ȇǂƫ Ʊơǂƻ˨ơ νǪ150.5  Ƣȃƥ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǼƗ λǶƛ ǂȍǌƫ νƬǶơ (150    ǞǺ ƨǿȍǟ5  ƧƾǻǟƗ . 

  

  ƨǟȅǻƴǺ ǹȍǈǯƫ νǪ ƨȍǶƢƬǶơ ƧȅǘƼǶơ ǵưǻƬƫ  ǸƾƼƬǇơ .ƢȃƫƢǺ˫ǟȄ ƢȃƫƢǻǇ λǶƛ Ƣǿƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ
ǱǶǀƥ ǸƢȍǯǷǶ νǶƢƬǶơ ƽȅψǶơ: 

In     [4]: X = dataset.iloc[:, : -1].values  

y = dataset.iloc[:, 4].values  

  ǂȍǤƬǻǶơ ȊȅƬƸȌX    ȊȅƬƸȌ Ƣǻǿȍƥ (ƩƢǻǈǶơ ȊƗ) ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǽǺ λǶȄ˦ơ ƨǠƥǁ˦ơ Ƨƾǻǟ˦ơ λǷǟ
y  ƩƢǫȍǿǐƬǶơ λǷǟ  (ƩƢǺ˫ǠǶơ) . 

    

ȍƦȌǁƾƫ ƍ ǽȍǻǈǮ λǶƛ Ƣǿƥ ƨǏƢƼǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǹǈǯǿǇ ƍ ƨȍǶƢƬǶơ ƧȅǘƼǶơ νǪƨ  ȍƦȌǂƴƫȄƨ    ƢǻǺ ƍ
 ǁƢƦƬƻơ ǹƬȌ ƍ ƨǯȌǂǘǶơ Ȁǀȃƥ .ƨȍƦȌǂƴƬǶơ ƨǷƷǂǻǶơ νǪ ƨȍǺǃǁơȅƼǶơ ǵǻǟ ƨȍǫȍǲ ǽǟ ǵǔǪƗ ƧǂǳǪ ƢǿƸǿǻȌ

ƨȍƟǂǺ ǂȍǣ ƩƢǾƢȍƥ λǷǟ Ƣǿƥ ƨǏƢƼǶơ ƨȍǺǃǁơȅƼǶơ . 
ȍƦȌǁƾƫ ƍ ǽȍǻǈǮ λǶƛ ƩƢǾƢȍƦǶơ ǹȍǈǯƬǶƨ  ȍƦȌǂƴƫȄƨ    ǹǮ ƍǀȍǫǿƬƥ  νǶƢƬǶơ ƽȅψǶơ: 

In     [5]: from sklearn.model_selection import train_test_split  

X_train, X_test, y_train, y_test = train_test_split(X, y, 

test_size =0.25, random_state=42 ) 
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 ǻƴǺ Ȁ˫ǟƗ ƽȅψǶơ ǹǈǯȌ  λǶƛ ƩƢǾƢȍƦǶơ ƨǟȅ75  ƩƢǾƢȍƥ ȘƨȍƦȌǁƾƫ    Ȅ25 νǿǠȌ ơǀȂ .ƨȍƦȌǂƴƫ ƩƢǾƢȍƥ Ș
  νǶƢǻƳƛ ǽǺ ȁǾƗ150    ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǵǻǌƬǇ ƍ ̿˫ƴǇ112    ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ ǽǻǔƬƬǇȄ ̿˫ƴǇ

38  .̿˫ƴǇ: 
In     [6]: X_train.shape  

Out  [6]: (112, 4) 

In     [7]: X_test.shape 

Out  [7]: (38, 4) 

  ǹǮǂǶơ ǂȍǌȌ ƍ ǭƥƢǈǶơ ƽȅψǶơ νǪ4  ƩƢǻǈǶơ ƽƾǟ λǶƛ. 

   

  Ƣ˻ǻƟơƽ ǵǔǪ˦ơ ǽǺǹȍƴƸƫ    νǶƢƬǶơ ƽȅψǶơ .ƨȍǠǮơȄ ƩơƚƦǿƫ ȊƗ ƔơǂƳƛ ǵƦǮ ƩơǄȍǻǶơǹƴƸȌ  ƩơǄȍǻǶơ: 
In     [1]: from sklearn.preprocessing im port StandardScaler  

scaler = StandardScaler()  

scaler.fit(X_train)  

 

X_train = scaler.transform(X_train)  

X_test = scaler.transform(X_test)  

   

  ƢǿǻǮ ǹƯ ƨȍƦȌǂƴƫȄ ƨȍƦȌǁƾƫ ƩƢǟȅǻƴǺ λǶƛ ƩƢǾƢȍƦǶơ ǹȍǈǯƬƥ ƢǿǻǮ ̝˪ȄƗǹȍƴƸƬƥ    λǷǟ ǎƟƢǐƼǶơ
  ƤȌǁƾƬǶ Ǽˤơ ƪǮȅǶơ ǼƢƷ .ƩƢǾƢȍƦǶơSVM    ǽǻǔƬȌ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǷǟScikit- Learn   ƨƦƬψǺ

svm    ƩƢȍǺǃǁơȅƼǶ ƨǿǻǔǺ ƩƢƠǪ ǽǻǔƬƫSVM    ƍ ǩȍǿǐƫ ƨǻȃǻƥ ǸȅǯǿǇ ƢǿǾ˦ ơ˻ǂǜǾ .ƨǫǷƬƼǻǶơ
  ǩǿǐǺ ƨƠǪ ǸƾƼƬǈǾ ƢǿǾƜǪǶơ  ȁƴƬǻǹǟơƾǶơ    ǥǲ ȁƬƥƢƬǲ ƪǻƫ ȊǀǶơȄ ƍSVC    ƨƦƬψǺ νǪScikit- Learn .
  λǷǟ ƨƠǫǶơ ȀǀȂ ȊȅƬƸƫǵǺƢǠǺ    ǝȅǾ ǽǺkernelȆȅǿǶơ ǽǺ ǝơȅǾƗ ƨƯ˫Ư ǸƾƼƬǈǾ ǨȅǇ ƍ νǷȌ ƢǺ νǪ . :  

  ƍ νǘƻǼƢȍǇȄƢǲ    ȄSigmoid  ƨǯȌǂǗ νǪ .fit    ƔƢǟƾƬǇơ ǹƬȌ ƍǅ˫ǲ  SVC    λǷǟ ƨȍǺǃǁơȅƼǶơ ǹȍǷǠƬǶ
  ǹǮ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥǀȍǫǿƬƥ  ƨȍǘƻ Ƨơȅǿƥ ƨȍǺǃǁơȅƼǶơ ǹȍǷǠƬǶ νǶƢƬǶơ ƽȅψǶơ: 

In     [1]: from sklearn.svm import SVC  

classifier = SVC(kernel=' linear ') 
classifier.fit(X_train, y_train)  

  ǹǮ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .ƨȍƦȌǂƴƬǶơ ƢǿƫƢǾƢȍƥ λǷǟ νǿƦǻǶơ ƱƿȅǻǿǶƢƥ ƚƦǿƬǶơ νȂ Ƨǂȍƻ˦ơ ƧȅǘƼǶơǀȍǫǿƬƥ  
ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ: 

In     [1]: y_pred = classifier.predict(X_test)  
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In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusion_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [7]: [[15  0  0]  

 [ 0 10  1]  

 [ 0  0 12]]  

                 precision    recall  f1-score   support  

 

    Iris -setosa         1.00      1.00      1.00        15 

Iris -versicolor       1.00      0.91      0.95        11  

 Ir is-virginica        0.92      1.00      0.96        12 

 

       accuracy                                     0.97        38 

      macro avg       0.97        0.97      0.97        38 

   weighted avg       0.98      0.97      0.97        38  

      

In     [1]: from sklearn.svm import SVC  

classifier = SVC(kernel= 'rbf' ) 
classifier.fit(X_train, y_train)  

In     [2]: y_pred = classifier.predict(X_test)  

   

In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusion_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [7]: [[15  0  0]  

 [ 0 11  0] 

 [ 0  0 12]]  

                 precision    recall  f1 -score   support  

 

    Iris -setosa       1.00      1.00      1.00        15 

Iris -versicolor       1.00      1.00      1.00        11  

 Iris -virginica       1.00      1.00      1.00        12 

 

       accuracy                                     1.00        38 

      macro avg         1.00      1.00      1.00        38 
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   weighted avg       1.00      1.00      1.00        38  

     

In     [1]: from sklearn.svm import SVC  

classifier = SVC(kernel= 'sigmoid ') 
classifier.fit(X_train, y_train)  

In     [1]: y_pred = classifier.predict(X_test)  

   

In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusion_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [7]: [[15  0  0] 

 [ 0  7  4]  

 [ 0  1 11]]  

                 precision    recall  f1 -score   support  

 

    Iris -setosa         1.00      1.00      1.00        15 

Iris -versicolor       0.88      0.64      0.74        11  

 Iris -virginica       0.73      0.92      0.81        12  

 

       accuracy                                     0.87        38 

      macro avg         0.87      0.85      0.85        38 

   weighted avg       0.88      0.87      0.87        38 

 

    

 ƧơȅǾ ƔơƽƗ ǼƗ ƨǜƷ˫Ǻ ǽψǻȍǪ ƍ ȆȅǿǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ ƔơƽƗ ƢǾǁƢǮ ơƿƛ  ƾʑȅǻϋʒǇ ȆȅǿǶơ ǽǺ ƗȅǇƗ ǼƢǲ
  ƨǶơƽ Ǽ˦ ơǀȂ .Ȇǂƻ˦ơ  ƾʑȅǻϋʒǇ  ǽȍƬǻȍǯǶơ ǞƳǂƫ0    Ȅ1    ǩȍǿǐƬǶơ ǵǲƢǌǻǶ ƨǺƔ˫Ǻ ǂưǲƗ νȃǪ ơǀǶ ƍ

  ǴƾǠǺ λǶƛ ƪǷǏȄ ƾǮ ǅȄƢǣ ƧơȅǾ ǼƗ ȆǂǾ ǼƗ ƢǿǿψǻȌ ƍ ƨȍǘƼǶơ ƧơȅǿǶơȄ ƨȍǇȄƢǤǶơ ƧơȅǿǶơ ǽȍƥ .νƟƢǿưǶơ
  ƨƦǈǿƥ ǵǺƢǲ ƚƦǿƫ100ƨǿȍǟ ǩȍǿǐƫ νǪ ƨȍǘƼǶơ ƧơȅǿǶơ ƩƘǘƻƗ Ƣǻǿȍƥ ƍ Ș ƧơȅǿǶơ ƔơƽƗ ǼƢǲ ƍ ǱǶǀǶ .

  .ȅȌǁƢǿȍǇ ȊƗ νǪ ǵǔǪƗ ǵψǌƥ Ȋƽƚƫ ƧơȅǾ ȊƗ ǴȅƷ ƨǺƢǟ ƧƾǟƢǮ ƾƳȅƫ ˪ ƍ ǱǶƿ ǞǺȄ .ǵǔǪƗ ƨȍǇȄƢǤǶơ
.ƨǷψǌǺ ǵǲ νǪ ƧơȅǿǶơ ǝȅǾ ƾȌƾƸƫ ǽψǻȌ ƲƟƢƬǿǶơ ƨƦǮơǂǺȄ ƨǫǷƬƼǺ ȆȅǾ ǁƢƦƬƻơ ǭȌǂǗ ǽǟ ǖǯǪ ƍ ǱǶǀǶ 
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 ½v¾êõv ą¾¬É 

Ȃ Ƣ˻ǟȅȍǋ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǂưǲƗ ǽǺ ƧƾƷơȄ  .ơŻƾƳ ƨǘȍǈƦǶơ ƢȃƫƢȍǷǻǠǶ ơ˻ǂǜǾ ǁơǂǯǶơ ǁƢƴǋƗ ν
  ǁƢƴǋƗ ǼƜǪ ƍ ƢȃǻȃǫǶ ƨȌƢǤǷǶ Ƣ˻ȌȅǮ Ƣ˻ȍǓƢȌǁ Ƣ˻ǇƢǇƗ ƤǷǘƬƫ νƬǶơȄ ƍ ƨǻǟơƾǶơ ȁƴƬǻǶơ ƨǶƕ ǆǳǟ λǷǟ
  :ǴƢưǻǶơ ǵȍƦǇ λǷǟ .νǺȅȌ ǅƢǇƗ λǷǟ ǂǌƦǶơ ǽƸǾ Ƣȃƥ ǸȅǯǾ νƬǶơ ƨǯȌǂǘǶơ ŻƢȍǪǂƷ νǲƢƸƫ ǁơǂǯǶơ

ƍ ƢȃǷǻƸǾ ǼƗ ƾȌǂǾȄ ƨȌ˫ǣ ƢǿȌƾǶ ǼƗ ǑǂƬǫǿǶ    ƢȃǗƢǯǇƛ ȄƗ ƢǿȌƾȌƗ ǬǂƷ ƾȌǂǾ ˪ ƍ ƪǮȅǶơ ǆǫǾ νǪ ǽψǶ
 .ƨǷȍǯƯ ƢȃǾ˦ 

  ǵψǌƥ ƩơǁơǂǯǶơ ƿƢƼƫơȄ ƩơǁơǂǯǶơ ǵȍưǻƬǶ ǁơǂǯǶơ ǁƢƴǋƗ ǸơƾƼƬǇơ ǽψǻȌ ƍ ǁơǂǯǶơ ǵȍǷƸƫ νǪ
  ǁơǂǯǶơ λǶƛ ǴȅǏȅǷǶ ƧǂƴǌǶơ ȁƦǌȌ ƱƿȅǻǾ ǸơƾƼƬǇơ ǹƬȌ ƍ ǹǇ˪ơ νƷȅȌ ƢǻǲȄ ƍ ƶȌǂǏȄ νǟȅǓȅǺ

ƧơƽƗ ƢȃǾƗ ǽǺ ǹǣǂǶơ λǷǟ .νƟƢȃǿǶơ    ƤȍǯǿƬǶơ νǪ ƨǠƟƢǋνǪ    ǭȍǯƸƬǶ ƨȍƴȍƫơǂƬǇơ ƱơǂƼƬǇ˪ ƩƢǾƢȍƦǶơ
.νǶˤơ ǹǷǠƬǶơ νǪ ǞǇơȄ ǬƢǘǾ λǷǟ ǸƾƼƬǈƫ ƢȃǾƗ ˪ƛ ƍ ǽȍǠǺ ǨƾȂ 

  ǂȍǣ Ƣ˻ƳƿȅǻǾ ǁơǂǯǶơ ǁƢƴǋƗ ǂƦƬǠƫ ƍ νǶˤơ ǹǷǠƬǶơ νǪȊǁȅƫơǂƥơ    ǩȍǿǐƬǶơ ǽǺ ǵψǶ ȁǺơƾƼƬǇơ ǽψǻȌ
  ƽƾǟ ǽǺ ƾȌǄƫ ˪ ƨǾǂǺ ƱƿƢǻǾ ǽǟ ƧǁƢƦǟ ǁơǂǯǶơ ǁƢƴǋƗ ǼƗ νǿǠȌ ơǀȂ .ǁơƾƸǾ˪ơȄƩ˫ǺƢǠǻǶơ    ǭȌǂǗ ǽǟ

  ƢǺ ǵưǺ) Ƣ˻ȌȅƠǪ ơΊȅƦǿƫ Ǽȅǳƫ ǼƗ ǽψǻȌȄ (ƶȍƸǏ ǵψǌƥ ƢȃƟƢǿƦƥ ƢǿǻǮ ơƿƛ) ƩơǄȍǻǶơ ǽǺ ƾȌǄǻǶơ ƨǪƢǓƛ
Ƕơ ƲƬǿȌ λƬƷ ȄƗ (˪ ǸƗ ǽȍǠǺ ǝȅǾ ǽǺ ƩƢƦǿǶơ ǼƢǲ ơƿƛ(ǴǄǿǻǶơ ǂǠǇ ǵưǺ) ȊƽƾǠǶơ ƚƦǿƬ  . 

  ƍ ƢȍǾǁȅǫȍǶƢǲ ƨǠǺƢƳ νǪ ƔƢǐƷ˨ơ ǂȍƦƻ ƍ ǽǻȌǂƥ ȅȍǶ ǵƦǮ ǽǺ ƧǂǺ ǴȄ˦ ǁơǂǯǶơ ǁƢƴǋƗ ƵơǂƬǮơ ǹƫ
  ƨȍǏƢƻ λǷǟ ƨƥǂƴƫ ƨȍǷƻơƽ Ƨƾǯǟ ǵǲ ƢȃȍǪ ǵưǻƫ Ƨǂƴǌǲ ƩƢǾƢȍƦǶơ Ǒǂǟ νȂ ȁƫǂǳǪ ƪǾƢǲ .νǷǲǂȍƥ

  Ƣ˻ǇƢǇƗ)  ǽǟ ƧǁƢƦǟψǶȄ ƍ ǁƢƦƬƻ˪ơ ƨƴȍƬǾ ǝǂǪ ǵǲ ǵưǻȌȄ ƍ (Ǖǂǋ  (ƨȍǪǂǗ Ƨƾǯǟ) ƨȍǮǁȄ Ƨƾǯǟ ǵ
 ȊƽƚȌȄ ƍ ƧǄȍǺ λǷǟ ƨƥǂƴƫ ȅȂ ǁơǂǯǶơ ƿƢƼƫơ ƨȍǷǻǟ νǪ ȁƷǂǗ ǹƬȌ ǴơƚǇ ǵǲ ƍ ǁƢǐƬƻƢƥ .ƨƠǪ ƨȍǻǈƫ
  ǁƢƴǋƗ ǹǷǠƬƫ ƍ νǇƢǇƗ ǵψǌƥ .ƨȍǶƢƸǶơ ƨƥƢƳ˩Ƕ ǞǔƼȌ νǪƢǓƛ ǁƢƦƬƻơ ȄƗ ƱƢƬǿƬǇơ λǶƛ ƢǺƛ ǁƢƦƬƻơ ǵǲ

ƚƫ νƬǶơ ƩƢǻǈǶơ ǹȍǮ ǴȅƷ ƨƸȌǂǐǶơ ƾǟơȅǯǶơ ǽǺ ƨǟȅǻƴǺ ǁơǂǯǶơ .ǨƾȃǶơ ƨǻȍǯƥ ƘƦǿƬȌ ǁơǂǮ λǶƛ Ȋƽ
 ˻ƔƢǿƥ ƨψǻǇ ȄƗ ƤǷǲ ȄƗ ǂƟƢǘǲ ǼơȅȍƷ ǩȍǿǐƬǶ ǸƾƼƬǈƫ ƨǘȍǈƥ ǁơǂǮ ƧǂƴǌǶ ǴƢưǺ ȅȂ νǶƢƬǶơ ǵψǌǶơ

  ȄƗ ƨƷƢƦǈǶơ) ƢȃǐƟƢǐƻ λǷǟ Ǟƥǁ˪ơ ƩơȄƿ ǽǺ.( : 

 

ƶƦǈƫ ǵȂ 

 ǵȂƓǵƳǁơ Ǟƥǁơ ƢȃǶ 

 

 ƨψǻǇ 

 ƤǷǲ ǂȍǗ 
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  ǄȍȍǻƬǷǶ ƨǺǃ˫Ƕơ ƨǷƠǇ˦ơ ƨǣƢȍǏȄ ƭ˫ưǶơ ƩƢƠǫǶơ ǵȍǷƸƬǶ ǁơǂǯǶơ Ƨǂƴǋ ƨȍǺǃǁơȅƻ Ƶǂǘƫ ǽȍƥ
ƨǷƠǇ˦ơ ȀǀȂ Ȁ˫ǟƗ ǴƢưǻǶơ νǪ ƨǫǷƬƼǻǶơ ƩƢƠǫǶơ: 

¶   ǵȂƫ ƓƶƦǈ 
¶ ƓǵƳǁơ Ǟƥǁơ ƢȃǶ ǵȂ 

  ƢȃȍǶƛ νǻƬǿȌ νƬǶơ ƨƠǫǶơ ƾȍǲƘƬǶƢƥ ǨǂǠǾ ƢǿǾƜǪ ƍ ˪ ȄƗ ǹǠǿƥ ƨǷƠǇ˦ơ ȀǀȂ λǷǟ ƨƥƢƳ˨ơ ǹƬƫ ƢǺƾǿǟǼơȅȍƸǶơ  .
  ǽǺȄƍǹƯ  ƨȌƢǤǷǶ ƨȍȃȌƾƥ ƢȃǾ˦ .ȁǻȃǫǶ Ƣ˻ȍƦǈǾ ǖȍǈƥ ǸȅȃǫǺ ƢȃȌƾǶ ǁơǂǯǶơ ǁƢƴǋƗ ǼƜǪ. 

  ƾǯǠǶơ ǽǺ ƾȌƾǠǶơȄ ƨȍǷƻơƾǶơ ƾǯǠǶơ ǽǺ ƾȌƾǠǶơȄ ǁǀƳ Ƨƾǯǟ ǽǺ ǁơǂǯǶơ Ƨǂƴǋ ǼȅǳƬƫ ƢǺ ŻƧƽƢǟ
 ǹƬȌ .ƨȍǏƢƼǶơ ǁƢƦƬƻơ ǞǺ ȆǂƻƗ Ƨƾǯǟ ǵǲ ǭǪơȅƬƫȄ ƍ ǁơǂǯǶơ ƲƟƢƬǾ ǞǺ ƨȍǪǂǘǶơ ƾǯǠǶơ ǭǪơȅƬƫ .ƨȍǪǂǘǶơ

  ǹȍǈǯƫ  ƧƾǯǠǶơ ǽǺ ǁƢǈǺ ǵǲ .ǝ˿ǂǫƬǻǶơ ǝǂǫƬǶơ ƲƟƢƬǿǶ ƢŻǯǪȄ ƨȍǟǂǪ ƾǯǟ λǶƛ Ƨƾǯǟ ǵǲ νǪ ƩƢǿȍǠǶơ
  ƨǯȌǂǘƥ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǞȌǂǫƫ ǁơǂǯǶơ ǁƢƴǋƗ ǴȄƢƸƫ .ǁơǂǮ ǵǈǷǈƫ ȅȂ ƨȍǪǂǘǶơ ƧƾǯǠǶơ λǶƛ ƨȌǁǀƴǶơ
ƧƾƷơȄ ƨǟȅǻƴǺ νǪ ƩƢǾƢȍƦǶơ ǩǷƬƼƫ Ƣǻǿȍƥ ƍ ǼƢψǺ˨ơ ǁƾǮ ƨȃƥƢǌƬǺ ƨǟȅǻƴǺ ǵǲ νǪ ƩƢǾƢȍƦǶơ ǵǠƴƫ  
 ƩƢǿȍǠǶơ ǹȍǻǠƫ ƢȃǿψǻȌ Ƨǂƴǋ ƱƢƬǾƛ ȅȂ ǨƾȃǶơ .Ȇǂƻ˦ơ ƩƢǟȅǻƴǻǶơ νǪ ƩƢǾƢȍƦǶơ ǽǟ ǼƢψǺ˨ơ ǁƾǮ

ƨȍƟǂǻǶơ ǂȍǣ . 
  ƨȍƴȍƫơǂƬǇơ ǁơǂǯǶơ ǁƢƴǋƗ ƔƢǿƥ ǞƦƬȌ ƾǈƫ ǬǂǪ1  λǷǟ˦) ǩǷƼǷǶ ǁơǂǯǶơ Ƨǂƴǋ ƱƢƬǾƛ ǹƬȌ ǹƯ ǽǺȄ ƍ

ƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǻƥ ǁơǂǯǶơ Ƨǂƴǋ ƨȍǺǃǁơȅƻ ƗƾƦƫ ƍ ǖǈƥƗ ƩơǁƢƦǠƥ .(ǵǫǇ˦Ȅ  ǁǀƴǶơ Ƨƾǯǟ νǪ ƤȌǁƾ
  νƬǶơ ƾǯǠǶơ ǖǯǪ .ǝǂǫƬǶơ ǁƢȍǠǺ λǷǟ ˻ƔƢǿƥ λǾƽƗ ȆȅƬǈǺ Ʃơƿ ƾǯǟ λǶƛ ǁǂǳƬǺ ǵψǌƥ ƩƢǾƢȍƦǶơ ǹǈǯƫȄ
  ƨȍǺǃǁơȅƻ ǩǮȅƫ ƍ ơ˻ǂȍƻƗ .ǂưǲƗ ƨǟǂǫƬǺ Ǽȅǳƫ ǼƗ ƤƴȌ ƨǫǷƬƼǻǶơ ƩƢƠǫǶơ ǽǺ ƨǟȅǻƴǺ λǷǟ ȊȅƬƸƫ

  λǷǟ ˻ƔƢǿƥ ƧǂƴǌǶơ ȅǻǾ ǁơǂǮ ƧǂƴǌǶơ  ǁƢȍǠǺ ǹȍǈǯƬǶơ2  ǁƢȍǠǺ ǖǈƥƗ .ȍǈǯƫǹ    ȁȍǪ νǻƬǿƫ ȊǀǶơ ǁƢȍǠǻǶơ ȅȂ
  ƨǷưǺ˦ơ ǞȍǻƳƨȍƦȌǁƾƬǶơ    ǁơǂǮ Ƨǂƴǋ ƔƢǿƥ ǼƗ νǪ Ʃ˫ψǌǻǶơ ȆƾƷƛ ǵưǻƬƫ .ƨƠǫǶơ ǆǫǾ λǶƛ ƨǮǁȅǶơ λǷǟ

  λǶƛ ȊƽƚȌ ƾǮ ȆȅƬǈǻǶơ ơǀȂ λǷǟoverfitting ƩƢǿȍǠǶơ λǷǟ ơŻƾȍƳ ǹǻǠƫ ˪ ƧǂƴǌǶơ ȀǀȂ ǵưǺ .
ǸƾƼƬǈȌ .ƨȍƟǂǻǶơ ǂȍǣ ƨȍƦȌǂƴƬǶơ Ƕƕƨȍ   ǹȍǷǯƬǶơ3    ƤƦǈƥ ƨǮƾǶơ ǵȍǷǯƫ ǞǿǻǶoverfitting. 

  ǵǫǇ˦ ǂȌǂǻƬǶơ ǸơƾƼƬǇƢƥ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ ǩȍǿǐƬǶ ƢȃǺơƾƼƬǇơ ǹƬȌ ƍ ǁơǂǯǶơ Ƨǂƴǋ ƔƢǌǾƛ ƽǂƴǻƥ
  ƶȍƸǐǶơ ǝǂǫǶơ ƾȌƾƸƬǶ ƨȍǷƻơƽ Ƨƾǯǟ ǵǲ νǪ ǝǂǫǶơ ƨǶƢƷ ǸơƾƼƬǇơ ǹƬȌ .ƨȌƽǂǫǶơ ƨǮǁȅǶơ λǶƛ ǁǀƴǶơ ǽǺ

  ǡ˫ƥ˨ơ ǹƬȌȄ ƍ ǂȌǂǻƬǶơ ǽǺ ƾȌǄǻǶ ǁơǂǯǶơ ƧǂƴǌǶ  ƢȃȍǶƛ ǴȅǏȅǶơ ǹƫ νƬǶơ ƨȍǪǂǘǶơ ƧƾǯǠǶơ ƨȍǻǈƫ ǽǟ
ǁƢƦƬƻ˪ơ ƨǿȍǠǶ . 

 Ĕõp ©w¤´£ đ wĄýl Ĉă ½v¾êõv ą¾¬Êõ ĆĊÆĊt¾õv ąÀĊúõvøĊ¬´£ wăºĊ³Ā£ÿ ¡wýwĊ{õv ) 

 
1 Divide-and-conquer 
2 split criterion 

3 pruning 
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 ½v¾êõv ą¾¬É yĉ½º£ ĆĊöúÝÿ #ô¨ùčv Û¾æ¤õv$ ąÀĊúõv ½wĊ¤·v ¾ĊĉwÞù 

  ƢȃȍǪ ǹƬȌ ǵǫǇƗ λǶƛ λǷǟƗ ǽǺ ƨȍǷǻǟ ȅȂ ǁơǂǯǶơ Ƨǂƴǋ ƤȌǁƾƫ  ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǹȍǈǯƫ
  ƾȌƾƸƫ ǭȌǂǗ ǽǟ ƨȍǟǂǫǶơ ƩƢǟȅǻƴǻǶơ ȀǀȂ ƾȌƾƸƫ ǹƬȌ .ǂǤǏƗ ƨȍǟǂǪ ƩƢǟȅǻƴǺ λǶƛ ǁǂǳƬǺ ǵψǌƥ
  ƽƾƸǺ ǁƢȍǠǺ λǷǟ ˻ƔƢǿƥ ƨǿȍǠǶơ ƨǟȅǻƴǺ ǞȌǂǫƫ λǷǟ ƧǁƾǮ ǵǔǪƗ νȂ νƬǶơȄ ƨǷƷǂǺ ǵǲ νǪ ƧǄȍǻǶơ ƽȅȍǮ

Ƭƻơ ȅȂ ǁơǂǯǶơ Ƨǂƴǋ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǹȍǻǏ νǪ .ǝǂǫƬǶơ ǁƢȍǠǺ λǻǈȌ  .λǷưǻǶơ ǝǂǫǶơ ƨȍǏƢƻ ǁƢȍ
 ƨƠǪ λǶƛ Ƨƾǯǟ ǵǲ νǪ Ʃ˪ƢƸǶơ ǽǺ ƾȌǄǻǶơ νǻƬǿƫ ǼƗ λǿǻƬǾ ƍ ǝǂǫƬǶơ ƨȍǷǻǟ Ǹƾǯƫ ǞǺ ƍ ǸƢǟ ǵψǌƥ
ƨȍǟǂǫǶơ ƾǯǠǶơ ǽȍƥ ƨǫǷƬƼǻǶơ ƩƢƠǫǶơ ǽȍƥ ǵǐǫǶơ ǹȍǜǠƫ ȅȂ ǝǂǫƬǶơ ǁƢȍǠǺ ǽǺ ǑǂǤǶơ .ƧƾƷơȄ.  

  ƾȌƾƸƫ νȂ ǁơǂǯǶơ Ƨǂƴǋ ƨȍǺǃǁơȅƼǶ ƨȍǇƢǇ˦ơ ƧǂǳǫǶơƩơǄȍǻǶơ  Ƹƫ νƬǶơ  ǹǜǠǺ λǷǟ ȊȅƬ
  .ǎƟƢǐƼǶơ ȀǀȂ ǹȍǮ ǴȅǗ λǷǟ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǹȍǈǯƫ ǹƯ ǨƾȃǶơ ƨȍǏƢƼǶơ ǴȅƷ ƩƢǺȅǷǠǻǶơ
 ǂưǲ˦ơ ƧǄȍǻǶơ νȂ ǨƾȃǶơ ƧǄȍǻǶơ ǴȅƷ ƩƢǺȅǷǠǻǶơ ǽǟ ǵǔǪƗ ǵψǌƥ ǽȍǯȍǶơ Ǹƾǟ ǵǐǫƫ νƬǶơ ƧǄȍǻǶơ

 ǻǔƬƫ .ƨȍǯǿǶơ ƨȍǮǁȅǶơ ƾǯǠǶơ λǶƛ ǵǐƫ λƬƷ ƧƽƢǪƛ ǂưǲ˦ơ ƧǄȍǻǶơ ǽǟ ƮƸƦǶơ ǂǻƬǈȌ .ƧƽƢǪƛ ƨȍǷǻǟ ǽ
  ǼȅψȌ ƢǺƾǿǟ Ǽˤơ .ǝǂǫƬǶơȄ ƨǠƥƢƬǻǶơ ǹƯ ƨǶƢƷ ǵǲ νǪ ƾƷơȄ ǴơƚǇ ƵǂǗ ǁơǂǯǶơ Ƨǂƴǋ ƱƿȅǻǾ ƔƢǿƥ

  ƨǪƾȃƬǈǻǶơ ƨǻȍǯǶơ ƽƾƸƫ νƬǶơ ƩƢǻǈǶơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂƨǿȍǠǶ   ǿȍǠǺƨ  ƨȍǶƢƬǶơ ƨǷƠǇ˦ơ ǂȃǜƫ ƍ: 
Á  ƓƔƾƦǷǶ ǁǀƴǶơ Ƨƾǯǟ νǪ ƢȂƾȌƾƸƫ ƤƴȌ νƬǶơ ƨǻǈǶơ νȂ ƢǺ 
Á   ƾȌƾƸƫ λǶƛ ǵǯƬǿǾ ǩȍǲ ƩơǄȍǻǶơ   ƓƧƾǯǠǶơ νǪ ǭƷ˪ ǝǂǪ ǵǲ νǪ 
Á   ƨȍǪǂǗ Ƨƾǯǟ ȄƗ ƨȍǷƻơƽ ƧƾǯǠǲ ǵǻǠƬǇ νƬǶơ ƧǄȍǻǶơ ƢǺ Ɠ 

  ǩǏȄ νǷȌ ƢǻȍǪ .ǝǂǫƬǶơ ǂȍȌƢǠǺ ǸƾƼƬǈǾ ƍ ƧǂƴǌǶơ ǞȌǂǫƫ ƨȍǫȍǲȄ Ʃ˪ƢƸǶơ ȀǀȂ ǼƘǌƥ ǁơǂǮ ƿƢƼƫ˪
ǁơǂǯǶơ ǁƢƴǋƗ ǹȍǷǠƫ νǪ ƨǺƾƼƬǈǻǶơ ̝˪ȅǻǋ ǂưǲ˦ơ ǝǂǫƬǶơ ǂȍȌƢǠǻǶ. 

  

  ƢȍƥȄǂƬǾƛ ǸȅȃǫǺ λǷǟ ǁƢȍǠǻǶơ ơǀȂ ƾǻƬǠȌƍƩƢǺȅǷǠǻǶơ    .ǸƢǜǿǶơ ʣǽȍǯȍǶơ Ǹƾǟ ȄƗ λǓȅǫǶơ ǆȍǯȌ ȊǀǶơ
 ƣƢǈƷȄ ƨǻǇ λǷǟ ˻ƔƢǿƥ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǹȍǈǯƫ ƾǠƥ ƢȍƥȄǂƬǾ˪ơ ƩơǂȍǤƫ ǅƢȍǮ ȅȂ ƩƢǺȅǷǠǻǶơ Ƥǈǲ

  ǁơƾǯǺ λǷǟ ơ˻ƽƢǻƬǟơ .ƢǺ ƨƠǪ ǴȅƷ ƩƢǻǈǶơ ȆƾƷƛ ƢȂǂǪȅƫ νƬǶơ ƩƢǺȅǷǠǻǶơ ǁơƾǯǺƤǈǲ  ǺȅǷǠǻǶơ ƍƩƢ  
  ǁơƾǯǺ ǹȍǜǠƫ Ƣ˻ǻƟơƽ ǁơǂǯǶơ Ƨǂƴǋ ƨȍǺǃǁơȅƻ ǴȄƢƸƫ .ǁơǂǯǶơ Ƨǂƴǋ ǵψǌȌȄ ƧƾǯǠǶơ ǹǈǯȌ ȁǾƜǪ
  ƩƢǺȅǷǠǻǶơ ǽǺ ǁƾǮ λǷǟƗ λǷǟ ȊȅƬƸƫ νƬǶơ ƨǻǈǶơ ȄƗ ƧƾǯǠǶơ ǹȍǈǯƫȄ ƩƢǺȅǷǠǻǶơ λǷǟ ǴȅǐƸǶơ

 .̝˪ȄƗ 
  ǼƗ ǑǂƬǫǿǶὴ    ƨƠǫǶơ ƨƦǈǾ ǵưǻȌὯ  ʣ  ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ Ὀ    ȄὯ ρȟςȟȣȟȿώȿ  ƢŻǯǪȄ .

ƍǱǶǀǶ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƢȍƥȄǂƬǾ˪ơ ǩȌǂǠƫ ǹƬȌ : 
)7ŷ6( 

ὉὲὸὈ ὴὰέὫ

 ȿȿ

ὴ 

  ǒǫƼǾơ ƢǻǷǲὉὲὸὈ  ƽơǃ ƍ   ƔƢǯǾὈ . 
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  ǼƗ ǑǂƬǪơƨȍǏƢƼǶơ    ƨǷǐǫǿǻǶơὥ    ǹȍǮ ƢȃǶὠ    ƨǷǻƬƸǻǶơὥȟὥȟȣȟὥ  ƢŻǯǪȄ ..ƍǱǶǀǶ    ƲƬǿȌ
  ƨǟȅǻƴǺ ǹȍǈǯƫ ǽǟὈ    λǶƛ ơ˻ƽƢǿƬǇơƨȍǏƢƼǶơ  ὥ  ƾǯǟƧ  ǽƥ˪ơ ὠ    ȊȅƬƸȌ ƮȍƷ ƍὠ    Ƨƾǯǟ λǷǟǽƥ˪ơ 

Ὀ  ʣƩ˪ƢƸǶơ ǞȍǻƳ λǷǟ ȊȅƬƸƫ νƬǶơὈ   ƨǻȍǯǶơ ǀƻƘƫ νƬǶơὥ ƨȍǏƢƼǷǶ ὥ ƾǠƥ .ƍǱǶƿ  ǽψǻȌ
  ƢȍƥȄǂƬǾ˪ơ ƣƢǈƷὈ  ) ƨǶƽƢǠǻǶơ ǸơƾƼƬǇƢƥ6ŷ7  ƾǯǠǶơ ʣƨǫǷƬƼǺ ƩƢǿȍǟ ƽȅƳȅǶ ơ˻ǂǜǾ .( ƍƨȍǟǂǫǶơ  

  ǼǃȅǶơ ǼƜǪȿ ȿ

ȿȿ
    ǵǲ ƨȍǻȂƗ ǁƢȃǛ˨ ǎǐƼǺ ȅȂȄƍƧƾǯǟ    ƽƾǟ ƽơǃ ƢǻǷǲ ȊƗƍƩƢǿȍǠǶơ    ƧƾǯǠǶơ ǂȍƯƘƫ ƽơǃ
  ǽǺȄ .ƨȍǟǂǫǶơƍǹƯ    ƣƢǈƷ ǹƬȌƤǈǲ    ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǝǂǫƫ ǽǺ ƩƢǺȅǷǠǻǶơὈ    ƨȍǏƢƼǶƢƥὥ 

  ƨǶƽƢǠǻǶơ ǸơƾƼƬǇƢƥƨȍǶƢƬǶơ: 

ὋὥὭὲὈȟὥ  ὉὲὸὈ
ȿὈȿ

ȿὈȿ
ὉὲὸὈ  

  ǵψǌƥƍǸƢǟ    ƽơǃ ƢǻǷǲƤǈǲ    ǞǺ ƩƢǺȅǷǠǻǶơǝǂǫƬǶơ  Ὀ  ƨȍǏƢƼǶơȄ  ὥ  .ȁǠǮȅƫ ƢǿǿψǻȌ ȊǀǶơ ƔƢǯǿǶơ ƽơǃ ƍ. 

ĆÝĀú¬úõv Äæý Ĕõp iwÒÝčv ÜĊú« ĂĊå Ĉú¤þĉ Ĉêý Üú¤¬ù Ăýp  ) 

   

ǵǺƢǠǻǶơ  Ƕơ  ǵȍǔǫƫ ƤƴȌ .ǁơǂǯǶơ ƽȄƾƷ ƔƢǌǾ˨ ǸƾƼƬǈǻǶơ ƔƢǯǿǶơ ȄƗ ƤƟơȅǌǷǶ ǅƢȍǯǺ ȅȂ νǿȍƴ
ƨȍǏƢƼǶơ    ƩơƿνǿȍƳ ǵǺƢǠǺ    ǂǋƚǺ λǷǟ ǒǫƼǿǻǶơνǿȍƳ  ) ǄǺǂǶơ ǆǫǾ ǸơƾƼƬǇƢƥ .νǶƢǠǶơ7ŷ6  ƍ (

  ƨǻȍǮ ǩȌǂǠƫ ǹƬȌGini    ƨǟȅǻƴǻǶD  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

ὋὭὲὭὈ ὴ

ȿȿ

ὴ  

ρ ὴ

ȿȿ

 

 ǵưǻƫ ƍ νǇƾƷ ǵψǌƥὋὭὲὭὈ  ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǽǺ Ƣ˻ȍƟơȅǌǟ ƢǻȂƢǾǂƬƻơ ǽȍƬǿȍǟ ƽȅƳȄ ǴƢǻƬƷơ
Ὀ    ǒǫƼǾơ ƢǻǷǲ .ƨǫǷƬƼǺ ƩƢƠǪ λǶƛ νǻƬǿƫ νƬǶơǵǺƢǟ    νǿȍƳὋὭὲὭὈ    ƔƢǯǾ ƨƳǁƽ Ʃƽơǃ ƍ

  ƩƢǾƢȍƥ ƨǟȅǻƴǺD . 
  ȁƥƢǌǺ ǄǺǁ ǸơƾƼƬǇƢƥƤǈψǶ    ǩȌǂǠƫ ǹƬȌ ƍ ƩƢǺȅǷǠǻǶơνǿȍƳ ǵǺƢǟ    ƨǻǈǷǶὥ  ơ ȅƸǿǶơ λǷǟνǶƢƬǶ: 

ὋὭὲὭᾭὲὨὩὼὈȟὥ  
ȿὈȿ

ȿὈȿ
ὫὭὲὭὈ  

  ƶǋǂǻǶơ ƩơǄȍǺ ƨǟȅǻƴǻǶ ƢŻǯǪȄὃ    Ʃơƿ ƧǄȍǻǶơ ǁƢƬƼǾ ƍνǿȍƳ ǵǺƢǟ  .ǝǂǫǶơ ƧǄȍǻǲ λǾƽ˦ơ 
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 øĊöê¤õvÿ äéĀ¤õv ½wĊÞù 

 ǁƢȍǠǺ ǖƦƫǂȌǩǮȅƫ   ǁơǂǯǶơ Ƨǂƴǋ ȅǻǿƫ ƢǺƾǿǟ .ǹȍǷǯƬǶơ ƨȍƴȍƫơǂƬǇƢƥ ƢŻǯȍƯȄ ƢŻǗƢƦƫǁơ ǁơǂǯǶơ Ƨǂƴǋ ȅǻǾ
 ƍ ƨǿȍǠǺ ƨƠǪ λǶƛ νǻƬǿƫ ƩƢǿȍǟ λǷǟ ǖǯǪ ȊȅƬƸƫ ƨǮǁȅǶơ νǪ Ƨƾǯǟ ǵǲ ƪǺơƽ ƢǺ ȊƗ ƍ ƨȌƢȃǿǶơ λƬƷ

  ƨƦǈǿƥ ƨǮƽ ƨƴƫƢǿǶơ ǁơǂǯǶơ Ƨǂƴǋ ǂȃǜƫ100  ƩƢǾƢȍƦǶơ λǶƛ νǻƬǿƫ νƬǶơ ƩƢǿȍǠǶơ νǪ ȘƨȍƦȌǁƾƬǶơ  ǞǺȄ .
  ǱǶƿ ơǀȂ .ƨȍƟǂǻǶơ ǂȍǣ ǁƢƦƬƻ˪ơ ƩƢǿȍǟ λǷǟ ƞȍǇ ǵψǌƥ ƢȃǻȍǻǠƫ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ƨǶƢƸǶơ ȀǀȂ νǪ ƍ

  ƨǷưǺ˦ơ νǪ ƨȍƟơȅǌǠǶơ ƩơǄȍǻǶơ ǞǺ λƬƷ Ǽˤơ ƨǯǪơȅƬǺ ǁơǂǯǶơ Ƨǂƴǋ Ǽ˦ƨȍƦȌǁƾƬǶơ  ȀǀȂ ǹǜǠǺ ƭƾƸƫ .
ſƫ ƍ ǹƯ ǽǺȄ .ǵǮƗ ƩƢǾƢȍƥ ǕƢǯǾ λǷǟ ȊȅƬƸƫ νƬǶơ λǾƽ˦ơ ȆȅƬǈǻǶơ Ʃơƿ ƾǯǠǶơ ƤƦǈƥ ƔƢǓȅǔǶơ  ǵǔǫ

  ơƿƛ (ǭȍǻǠǶơ ǁơǂǯǶơ ǁƢƴǋƗ) ơŻƾȍǯǠƫ ǂưǲ˦ơ ƱƿƢǻǿǶơ λǷǟ (ƨǷƸǔǶơ ǁơǂǯǶơ ǁƢƴǋƗ) ǖǈƥ˦ơ ƱƿƢǻǿǶơ
 .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ νǪ ƘǘƼǶơ ǆǫǾ ƪƦǳƫǁơ 

  ȆȅƬǈǺ ǵȍǷǯƬǶoverfitting    .̿˫ƳƢǟ ȅǻǿǶơ ǽǺ ƧǂƴǌǶơ ǞǿǺ νǪ ƩƢȍƴȍƫơǂƬǇ˨ơ ȆƾƷƛ ǵưǻƬƫ ƍ
  ƍǱǶǀǶ .ȅǻǿǶơ ǽǟ ƧǂƴǌǶơ ƢȂƾǿǟ ǩǮȅƬƫ νƬǶơ ƨǯȍǮƾǶơ ƨǘǯǿǶơ ƨǪǂǠǻǶ ƨǯȌǂǗ ƾƳȅƫ ˪ ƍ ǚƸǶơ ƔȅǈǶ
  ƾǯǠǶơ ǵȌȅƸƫȄ ǁơǂǯǶơ Ƨǂƴǋ ǽǺ ƨǻƼǔƬǻǶơ ƔơǄƳ˦ơ ǹȍǷǯƫ νǪ ƨȍǠȍƦǘǶơ ƨȍƴȍƫơǂƬǇ˨ơ ǵưǻƬƫ

 ǻǌƫ .ƨȍǮǁȄ ƾǯǟ λǶƛ ƨȍǷƻơƾǶơ  ƨǺƢǠǶơ ǹȍǷǯƬǶơ ƩƢȍƴȍƫơǂƬǇơ ǵ ǭƦǈǻǶơ ǹȍǷǯƬǶơ1   ǹȍǷǯƬǶơ ƾǠƥ ƢǺȄ2  . 
  ƍ ơ˻ǂȍǤǏ ǽǈƸƬǶơ ǼƢǲ ơƿƛȄ ƍ ǝǂǪ ǵǲ ǹȍǻǠƫ λǷǟ ƧǁƾǯǶơ ǽȍǈƸƫ ǹȍȍǯƬƥ ǭƦǈǻǶơ ǹȍǷǯƬǶơ ǸȅǯȌ
  ǎƸǪ ǭƷ˫Ƕơ ǹȍǷǯƬǶơ ƾȍǠȌ ƍ ǵƥƢǯǻǶơ νǪ .ƨȍǮǁȄ ƧƾǯǠǲ ƧƾǯǠǶơ ƾȌƾƸƫ ǹƬȌ ȊƗ ƍ ǝǂǫǶơ νǤǷȌ ȁǾƜǪ

  ǂȍǣ ƾǯǠǶơ ǹƬȌ ƍ ǹȍǻǠƬǶơ ƧǁƾǮ ǽȍǈƸƫ λǶƛ ǵȌƾƦǶơ ȆƽƗ ơƿƛȄ ƍ ǵǺƢψǶƢƥ ƧǁȅǘǺ ǁơǂǮ ƧǂƴǌǶ ƨȍǮǁȅǶơ
.ƨȍǮǁȅǶơ ƧƾǯǠǶƢƥ ƧƾƷơȄ Ƨƾǯǟ ǴơƾƦƬǇơ 

  ƾȍǯǠƬǶơ ƧƾȌƾǋ ƨȍǟǂǪ ǁƢƴǋƗ ƔƢǌǾƛ ƤǿƴƬȌ ȁǾ˦ ƍ ƧƔƢǫǲ ǂưǲƗȄ ǝǂǇƗ ȁǾƘƥ ǭƦǈǻǶơ ǹȍǷǯƬǶơ ǄȍǻƬȌ
  ƍ ǹȍǷǯƬǶơ ƾǠƥ ƢǺ ƨǷƷǂǺ νǪ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǞǺ ǭǪơȅƬƫ  ǸơƾƼƬǇƢƥ ǵǺƢψǶƢƥ ƧǂƴǌǶơ ƨǟơǁǄƥ Ǹȅǯƫ

  ǁơǂǯǶơ ƧƾǯǠƥ ƗƾƦƫ .ǵǫǇ˦Ȅ λǷǟ˦ ƨȍǟǂǫǶơ ǁƢƴǋ˦ơ ǹȍǷǯƫ ǹƯ Ǳƥ ƨǏƢƼǶơ ǁơǂǯǶơ Ƨǂƴǋ ƨȍǺǃǁơȅƻ
  ǵưǺ ǂȍȌƢǠǺ ǁǂǯƫȄ ƨȍǷǫǈǶơƤǈǲ   ȄƗ ȀǀȂ ǁơǂǯǶơ Ƨƾǯǟ λǷǟ ǙƢǫƸǶơ ƾȌǂƫ ƪǿǲ ơƿƛ ƢǺ ƩƢǺȅǷǠǻǶơ
.ƨȍǪǂǗ ƧƾǯǠƥ ƢȃǶơƾƦƬǇơ 

 :ǭƦǈǻǶơ ǹȍǷǯƬǶơ 

Á ƼƬǇơ ǹƬȌ .ǁơǂǯǶơ Ƨǂƴǋ ƔƢǿƥ ǵƦǮ ƨȍǿǯƬǶơ ȀǀȂ Ǹơƾ 
Á   ǖƦǓ ǭȌǂǗ ǽǟ ǭƦǈǻǶơ ǹȍǷǯƬǶơ ƔơǂƳƛ ǽψǻȌƩ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ . 

 :ǹȍǷǯƬǶơ ƾǠƥƢǺ 

Á  .ǁơǂǯǶơ Ƨǂƴǋ ǞǿǏ ƾǠƥ ƨȍǿǯƬǶơ ȀǀȂ ǸƾƼƬǈƫ 
Á  .ơ˻ǂȍƦǲ Ƣ˻ƳƿȅǻǾ ǂȃǜſƫȄ ơŻƾƳ ǂȍƦǲ ǭǻǟ ǁơǂǯǶơ ƧǂƴǌǶ ǼȅψȌ ƢǺƾǿǟ ƨȍǿǯƬǶơ ȀǀȂ ǸƾƼƬǈſƫ 

 
1 pre-pruning 

2 post-pruning 
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Á   ǹǇƢƥ Ƣ˻ǔȌƗ ƨȍǿǯƬǶơ ȀǀȂ ǨǂǠſƫ νǫǷƼǶơ ǹȍǷǯƬǶơ1 . 

¡vÀĊúù ½v¾êõv ą¾¬É 5 

¶ ǺȄƢǯǺƨ    Ƨǂƴǋ ƩƢȍǺǃǁơȅƻ ǼƜǪ ƍ ƔƢǘƻƗ λǷǟ ȊȅƬƸƫ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ƪǾƢǲ ơƿƛȄ ƍ ƘǘƼǷǶ
.Ʃ˫ψǌǻǶơ ȀǀȂ ǵưǺ ƨƴǶƢǠǻǶ ƨǺƔ˫Ǻ ǂưǲƗ ǼȅǳƬǇ ǁơǂǯǶơ 

¶ ƲƬǿƫ  .ƨȌƢǤǷǶ ƨȍȃȌƾƥȄ ƨǺȅȃǫǺ ƾǟơȅǮ 
¶ ȃǿψǻȌ  Ƣ ƧǂǻƬǈǻǶơ ƩơǂȍǤƬǻǶơ ƧǁơƽƛƨǠǘǯƬǻǶơȄ. 
¶  .ǎƼǋ Ȋ˦ ƨǶȅȃǈƥ ƢȃƷǂǋ ǽψǻȌȄ ƨȌƢǤǷǶ ƨǘȍǈƥ ƢȃǷǻǟ ƨǯȌǂǗ 
¶   ǆȍǶ  Ǽȅǳƫ ƢǺƾǿǟ ƢȃǺơƾƼƬǇơ ǽψǻȌ νǶƢƬǶƢƥȄ ƩƢǾƢȍƦǶơ ƨȍǘƻ ǴȅƷ ƩƢǓơǂƬǪơ ȊƗ ƢȃȌƾǶ

Ʃ˫ǺƢǠǻǶơ    ǂȍǣǶơ.ƨǷǏ Ʃơƿ ƨȍǘƼ 
¶ ƫ .ƧƾȍǠƦǶơ ǹȍǯǶơȄ ƧƽȅǯǫǻǶơ ǹȍǯǷǶ ƨǇƢǈƷ ƪǈȍǶ ƢȃǾ˦ ƍ ƩƢǾƢȍƦǶơ ƽơƾǟƛ ƪǮȄ ǂǪȅ 
¶   ƾȍƷȅƬǶ ƨƳƢƷ ǰƢǿȂ ƪǈȍǶǹȍƴƸƫȄ  .ƩƢǾƢȍƦǶơ 
¶ ƫ  ƨȌơǁƽ ǂưǲƗ ǁơǂǯǶơ Ƨǂƴǋ ǸȅȃǫǺ ǂƦƬǠ  ƩƢȍǺǃǁơȅƼǶơ ǽǺ ǹȃǫǶơ νǪ ǵȃǇƗȄ ǽȍƴǺǂƦǻǷǶ

.Ȇǂƻ˦ơ ƨǷƯƢǻǻǶơ 

xĀĊÝ ½v¾êõv ą¾¬É 5 

¶   ƨǷưǺ˦ơ ǽǺ Ƣ˻ȍƦǈǾ ǂȍǤǏ ƽƾǟȄ ƧǂȍƦψǶơ ǴȅǐǫǶơ ǞǺ ǩȍǿǐƬǶơ ǵǲƢǌǺ νǪ ƔƢǘƻ˧Ƕ ƨǓǂǟ
.ƨȍǻȍǷǠƬǶơ 

¶ .Ȇǂƻ˦ơ ƩƢȍǺǃǁơȅƼǶơ ǽǺ ơŻƾȍǯǠƫ ǂưǲƗ ƢŻǾƢȍƷƗ ƣƢǈƸǶơ ǼȅψȌ ƾǮ ƍ ǁơǂǯǶơ ƧǂƴǌǶ ƨƦǈǿǶƢƥ 
¶   ƢǺ Ƣ˻ƦǶƢǣ .ƪǮȅǶơ ǽǺ ơŻƾȌǄǺ ƱƿȅǻǿǶơ ƤȌǁƾƫ ǬǂǤƬǈȌ 
¶  ƧƽƢǟƛ ƤƴȌȄ ƍ ƧǂƴǌǶơ ƱƢƬǾƛ ƧƽƢǟƛ λǶƛ ƧƾȌƾƳ ƩƢǾƢȍƥ ƨǘǯǾ ƨǪƢǓƛ Ȋƽƚƫ ǼƗ ǽψǻȌ

 .ƢȃƟƢǌǾƛȄ ƾǯǠǶơ ǞȍǻƳ ƣƢǈƷ 
¶  ƍ ǵǔǪ˦ơ ƚƦǿƬǶơ ǵƳƗ ǽǺ ǱǶǀǶ ƍ ƢŻǫȍǠǓ Ƣ˻ǻǷǠƬǺ ƧƽǂǫǿǻǶơ ǁơǂǯǶơ Ƨǂƴǋ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ

ƢǌǾ˨ ǁơǂǯǶơ ǁƢƴǋƗ ǽǺ ƨǟȅǻƴǺ λǶƛ ƱƢƬƸǾ.ƨȍƟơȅǌǟ ƨƥƢǣ Ɣ 
¶   ƨǓǂǟƾƟơǄǶơ ǖƦǔǷǶ  νǪ ǂǻƬǈƫ ƍ (ƔƢǓȅǔǶơ ƩƢǾƢȍƥ λƬƷ) ƩƢǾƢȍƦǶơ ƨǺƔ˫Ǻ ǵƳƗ ǽǺ .

  .ƢȂǂȍǈǫƫ ǽψǻȌ ˪ ƮȍƸƥ ƨȌƢǤǷǶ ƧƾǯǠǺ ƧǂƴǌǶơ ƶƦǐƫ ƨȌƢȃǿǶơ νǪȄ ƍ ƧƾȌƾƳ ƾǯǟ ƔƢǌǾƛ
.ǹȍǻǠƬǷǶ ȁƬȍǷƥƢǮ ƾǯǫȌ ƨǯȌǂǘǶơ Ȁǀȃƥ 

 
1 backward pruning 
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¶   ƤƦǈƥƾƟơǄǶơ ǖƦǔǶơ  ƫ ǵƳƗ ǽǺ) ǽȌƢƦƬǷǶ ǂȍƦǲ ǴƢǻƬƷơ ǰƢǿȂ ƍ  ƢǻǺ ƍ ǄȍƸƫ ǂǫǏ ǭȍǯƸ
  ǂȌƾǯƬǶơ νǪ ƔƢǘƻ˦ơ ǽǺ ƾȌƾǠǶơ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƩƢƳǂƼǻǶơ νǪ (ǂȍƦǲ ǽȌƢƦƫ λǶƛ ȊƽƚȌ

 .ƲƟƢƬǿǶơ νǪ ƨǔǫƼǿǺ ƨǮƽ ǂȃǜȌȄ νƟƢȃǿǶơ 

ĉwz Ĉå ½v¾êõv ą¾¬É¨ûĀ 

  

  ƩƢǾƢȍƥ ƨǟȅǻƴǺ Ƣ˻ǔȌƗ ǸƾƼƬǈǾ ƍ ǴƢưǻǶơ ơǀȂ νǪiris ƨǟȅǻƴǺ λǶƛ ƢǿǷǏȄ ƍ ƨǯƥƢǈǶơ ƨǷưǺ˦ơ νǪ .
 ƨƦƬψǺ νǪ Ƣ˻ǔȌƗ ƨƷƢƬǺ ȀǀȂ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ .ƪǾǂƬǾ˨ơ λǷǟ ƢȃǠǮȅǺ Ǵ˫ƻ ǽǺ ȀǀȂ ƩƢǾƢȍƦǶơ

Scikit- LearnƨƦƬψǻǶơ Ǵ˫ƻ ǽǺ ȀƽơǂȍƬǇƢƥ ǸȅǯǾ ƍ ǴƢưǻǶơ ơǀȂ νǪ .. 

  

In     [1]: import numpy as np  

import matplotlib.pyplot as plt  

import pandas as pd  

   

In     [2]: from sklearn import datasets  
iris = datasets.load_iris()  

   

  ƨǟȅǻƴǺ ǹȍǈǯƫ νǪ ƨȍǶƢƬǶơ ƧȅǘƼǶơ ǵưǻƬƫ  νǶƢƬǶơ ƽȅψǶơ ǸƾƼƬǇơ .ƢȃƫƢǺ˫ǟȄ ƢȃƫƢǻǇ λǶƛ ƩƢǾƢȍƦǶơ
ǱǶǀƥ ǸƢȍǯǷǶ : 

In     [4]: X = iris.data  

y = iris.target  

    

In     [5]: from sklearn.model_selection import train_test_split  

X_train, X_test, y_train, y_test = train_test_split(X, y, 

test_size =0.25, random_state=42 ) 

   

  Ƨǂƴǋ ƨƦƬψǺ ǽǻǔƬƫScikit- Learn   ǸȅǯǿǇ ƢǿǾ˦ ơ˻ǂǜǾ .ǁơǂǯǶơ Ƨǂƴǋ ƩƢȍǺǃǁơȅƻ ǩǷƬƼǻǶ ƢŻǮǂǗ
  ǸƾƼƬǈǾ ƢǿǾƜǪ ƍ ǴƢưǻǶơ ơǀȂ νǪ ǩȍǿǐƫ ƨǻȃǻƥǅ˫ǲ  DecisionTreeClassifier   .ǴƢưǻǶơ ơǀȃǶ 
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In     [1]: from sklearn.tree import DecisionTreeClassifier  

classifier = DecisionTreeClassifier()  

classifier.fit(X_train, y_train)  

  ǸƢȍǯǷǶ .ǁƢƦƬƻ˪ơ ƩƢǾƢȍƥ ǴȅƷ ƩơƚƦǿƬǶơ ǒǠƦƥ ǹǯǿǷǪ ƍ Ƣǿƥ ǍƢƼǶơ ǩǿǐǻǶơ ƤȌǁƾƫ ǹƫ ƾǮȄ Ǽˤơ
ǂƦǶơ ƩƢǻȍǷǠƬǶơ ǵȍǤǌƬƥ ǹǮ ƍ ǱǶǀƥƨȍǶƢƬǶơ ƨȍƴǺ: 

In     [1]: y_pred = classifier.predict(X_test)  

   

  ȆǂǾ ǼƗ ƾȌǂǾ Ǽˤơ .ƩơƚƦǿƬǶơ ǒǠƦƥ ƢǿǻǮȄ Ƣǿƥ ƨǏƢƼǶơ ƨȍǺǃǁơȅƼǶơ ƤȌǁƾƬƥ ƢǿǻǮ ƍ ƧȅǘƼǶơ ȀǀȂ νǪ
  ƨǮƽ ȆƾǺǶơƢǿȌƾǶ ƨȍǺǃǁơȅƼ. 

In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusio n_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [3]: [[15  0  0]  

 [ 0 11  0]  

 [ 0  0 12]]  

                 precision    recall  f1 -score   support  

 

    Iris -setosa       1.00      1.00      1.00        15 

Iris -versicolor       1.00      1.00      1.00        11  

 Iris -virginica       1.00      1.00      1.00        12  

 

       accuracy                           1.00                 38 

      macro avg       1.00      1.00      1.00          38 

   weighted avg       1 .00      1.00      1.00        38 
 

  ǩȍǿǐƫ λǷǟ ǁƽƢǮ ƢǿȌƾǶ ǁơǂǯǶơ Ƨǂƴǋ ƱƿȅǻǾ ǼƗ ƲƟƢƬǿǶơ ǂȃǜƫ  ǥǶơ Ʃ˫ƴǈǶơ ǞȍǻƳ38    ƨǟȅǻƴǺ νǪ
  ƨǮƾƥ ǁƢƦƬƻ˪ơ100Ș . 

   

 ƨȃƳơȄ ǼȄƾƥ ƩƢǯȍƦǘƫ λǷǟ ǵǻǠǶơ ƾǿǟ ơŻƾȍǫǺ νǐǾ ǵȍưǻƬǲ ǁơǂǯǶơ Ƨǂƴǋ ƲƫƢǾ ǼȅψȌ ǼƗ ǽψǻȌ
ǸƾƼƬǈǺ    ƪǮȄ Ȅơ ǹǮ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .νǐǾ ǩǷǺ νǪ ƱƿȅǻǿǶơ ƩƢǺȅǷǠǺ ǽȌǄƼƫ ƾȌǂǾ ƢǺƾǿǟ ȄƗ ƍ
ǀȍǫǿƬƥ  ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ: 

In     [3]: from sklearn import tree  

text_representation = tree.export_text(classifier)  
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print(text_representation)  

Out  [3]: | --- feature_3 <= 0.80  

|   | --- class: 0 

| --- feature_3 >  0.80  

|   | --- feature_2 <= 4.75  

|   |   | --- feature_3 <= 1.65  

|   |   |   | --- class: 1 

|   |   | --- feature_3 >  1.65  

|   |   |   | --- class: 2 

|   | --- feature_2 >  4.75  

|   |   | --- feature_3 <= 1.75  

|   |   |   | --- feature_2 <= 4.95  

|   |   |   |   | --- class: 1 

|   |   |   | --- featu re_2 >  4.95 

|   |   |   |   | --- feature_3 <= 1.55  

|   |   |   |   |   | --- class: 2 

|   |   |   |   | --- feature_3 >  1.55  

|   |   |   |   |   | --- feature_2 <= 5.45  

|   |   |   |   |   |   | --- class: 1 

|   |   |   |   |   | --- feature_2  >  5.45 

|   |   |   |   |   |   | --- class: 2 

|   |   | --- feature_3 >  1.75  

|   |   |   | --- feature_2 <= 4.85  

|   |   |   |   | --- feature_1 <= 3.10  

|   |   |   |   |   | --- class: 2 

|   |   |   |   | --- feature_1 >  3.10  

|   |   |   |   |   | --- class: 1 

|   |   |   | --- feature_2 >  4.85  

|   |   |   |   | --- class: 2 

  ǹǯǪ ƍ ǩǷǺ νǪ ȁǜǫƷ ƾȌǂƫ ƪǿǲ ơƿƛǀȍǫǿƬƥ  :νǶƢƬǶơ ƽȅψǶơ 
In     [3]: with open("decistion_tree.log", "w") as fout:  

    fout.write(text_representation)  

    

  ƩƢƦƬψǻǶơ ǽǺ ƾȌƾǠǶơ ǰƢǿȂνƟǂǻǶơ ǵȍưǻƬǷǶ    ǸƾƼƬǈǾ ƍ ǴƢưǻǶơ ơǀȂ νǪ ƍ ǱǶƿ ǞǺȄ .ǁơǂǯǶơ ƧǂƴǌǶ
  ƨǯȌǂǗplot_tree    ƨƦƬψǺ νǪScikit- Learn  ƧǂƴǌǶơ ǵψǋ ƱƢƬǾƜƥ ƨǯȌǂǘǶơ ȀǀȂ ƢǿǶ ƶǻǈƫ .

  ǹǮ ƍ ǱǶǀƥ ǸƢȍǯǷǶ .ƨǶȅȃǈƥǀȍǫǿƬƥ  ƨȍǶƢƬǶơ ƨȍƴǺǂƦǶơ ƩƢǻȍǷǠƬǶơ: 

In     [3]: fig = plt.figure(figsize=(25,20))  

_ = tree.plot_tree(classifier,  
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                   feature_names=iris.feature_names,   

                   class_names=iris.target_names,  

                   filled=True)  
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 Àĉwz äĉwý 

ǄȌƢƥ ǩȌƢǾ  Naive Bayes   ǎƟƢǐƼǶơ ǞȍǻƳ ǼƗ ǑơǂƬǪƢƥ ƍ ǄȌƢƥ ƨȌǂǜǾ λǶƛ ƾǿƬǈƫ ǩȍǿǐƫ ƨȍǿǯƫ νȂ
 ƤǈƸƫ .ǒǠƦǶơ ƢȃǔǠƥ ǽǟ ƨǷǯƬǈǺ ƨǪƾȃƬǈǻǶơ ƨǻȍǯǶƢƥ ƘƦǿƬƫ νƬǶơ ǹƯ ƨƠǪ ǵǲ ƨȍǶƢǻƬƷơ ƨȍǿǯƬǶơ ȀǀȂ
" ƨȍǺǃǁơȅƼǶơ λǻǈƫ ơƿƢǻǶ ǽψǶ .ƨȍǶƢǻƬƷơ ǂưǲ˦ơ ƨƠǫǶơ ƽƾƸƫƨƳƿƢǇ  ǑǂƬǫȌ ǩǿǐǻǶơ Ǽ˦ ơǀȂ Ɠ"

  ǂȍȍǤƫ ǂƯƚȌ ˪ ƍ νǶƢƬǶƢƥȄ .ǒǠƦǶơ ƢȃǔǠƥ ǽǟ ƨǷǯƬǈǺ ƱƿȅǻǿǶơ ǵƻƾƫ νƬǶơ ǴƢƻƽ˨ơ ǎƟƢǐƻ ǼƗ
ǀȂ ǼƗ λǿǠǻƥ ƍ ơŻƾƳ ǖȍǈƥ .ȆǂƻƗ ƧǄȍǺ ȊƗ λǷǟ ƧƾƷơȄ ǴƢƻƽƛ ƧǄȍǺ  ǼȅψȌ ˪ ȄƗ ǼȅψȌ ƾǮ ǑơǂƬǪ˪ơ ơ

Ƣ˻ƸȍƸǏ.   
  ƨȌǂǜǿǶ ǅƢǇ˦ơ  ǄȌƢƥ ǩȌƢǾ  ȅȂ ȊǄȌƢƥ ƧƾǟƢǮ ȄƗὴὌȿὛ

ȿ  ǁƾǯƫ νƬǶơȄ ƍ  ǴƢǻƬƷ˪ơ
 ȊƾǠƦǶơ1  ὴὌȿὛ    ǥǶὥ    ƢǿȂ .ƱƿȅǻǿǶơ ȄƗ ƨȍǓǂǫǶơὴὛȿὌ    ȅȂ  ǴƢǻƬƷơ ǼƢψǺ˪ơ2    ƩƢǿȍǟ ƨƸǏ ǽǺ

  ǼƗ λǶƛ ǂǜǿǶƢƥ ƒ ƩƢǾƢȍƦǶơὌ    ǼƗȄ ƶȍƸǏὴὌ ǭƥƢǈǶơ ǴƢǻƬƷ˪ơ ȅȂ3    ƨȍǓǂǫǶ (νǇƢǇ˦ơ)Ὄ   ƍ
  ȊƗ ƢǺ ƨǯȌǂǘƥ ǽǻǔƬȌ ȊǀǶơȄ ƨǯƦǈǺ ƨǪǂǠǺ4    ǥƥὌ  ƢǿǿψǻȍǪ ƍ ƧǂǪȅƬǺ ƨǯƥƢǈǶơ ƨǪǂǠǻǶơ ǽǳƫ ǹǶ ơƿƛ .

Ƭǟơ ǽψǻȌ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ǵƦǮ ǽǺ ǼƢǲ Ƣǻǲ ƧƾƷȅǺ ƩƢǠȌǃȅƫ ǸơƾƼƬǇơ  ǁƢƦὴὛ   ƨƥƢưǻƥ
  ƨǿȍǠǶ ǭƥƢǈǶơ ǴƢǻƬƷ˪ơὛ  νǪ ƮƸƦǶơ ƢǿǿψǻȌ ƍ ƨǣƢȍǐǶơȄ ǄȍǲǂƬǶơ λǷǟ ơ˻ƽƢǻƬǟơ .  λǐǮ˪ơ ƾƸǶơ

ƨȍǓǂǫǷǶ  (MAP). 

άὥὼὭάὭᾀὩ ὴὌȿὛ θ  άὥὼὭάὭᾀὩ ὖὛȿὌὖὌ  

  ǽǟ ƮƸƦǶơ ƢǿǿψǻȌ ȄƗ ƶƳǁ˪ơ ǴƢǻƬƷ˪ơ5   )ML ( 

άὥὼὭάὭᾀὩ ὴὛȿὌ  

  ǽǺ ǵǲ ƪǾƢǲ ơƿƛὴὌ  ȄὴὛ    ǴƽƢǠƫ ƢȃǾƜǪ ƍ ƨƬƥƢƯMAP  ƨǯƥƢǈǶơ . 
  ƨȍǏƢƼǶơ λǷǟ Ǆǲǂƫ νƬǶơ ǩȍǿǐƬǶơ ƨǷψǌǻǶ ƨƦǈǿǶƢƥὊ ὼ    ǞǺὑ    ǹȍǮƩơǄȍǻǶơ    ƨǫǷƬƼǻǶơ

ὼȟὼȟȣȢȟὼ  ƱƿȅǻǿǶơ ƨǶơƽ ǵψǌƫώ Ὢὼ    ƧƽƾƸǻǶơ ǹȍǯǶơ ǽǺ ƨǟȅǻƴǺ ƨǠǘǯƬǻǶơ 
ώᶰ˨ǴƢǻƬƷ˪ơ ǂȌƾǯƫ ȅȂ ȊǄȌƢƦǶơ ǩǿǐǻǶơ ǽǺ ǑǂǤǶơώ    ƩƢǾƢȍƦƥὼ  ƨƠǫǶơ ǴƢǻƬƷơ ƽƢǿǇ    .‫ 

ÍÁØὴώȿὼ ὴώȿὼȟὼȟȣȢȟὼ ȟώᶰ‫ 
ǴƽƢǠȌ ƢǺ ȅȂȄ: 

 
1 posterior probability 
2 likelihood probability 
3 prior probability 
4 background knowledge 

5 maximum likelihood (ML) 
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ÍÁØ
ὴὼȟὼȟȣȢȟὼȿώὴώ

ὴὼȟὼȟȣȢȟὼ
ᶿÍÁØὴὼȟὼȟȣȢȟὼȿώὴώ  

  ǴƢǻƬƷ˪ơ ƣƢǈƷ ǼƜǪ ƍ ǱǶƿ ǞǺȄ  ὴὼȟὼȟȣȢȟὼȿώ    ǂǺƗ ȅȂƤǠǏ   Ʃ˪ƢƸǶơ ǹǜǠǺ νǪȄ
 ǽǟ ǕȄǂǌǺ ǵψǌƥ ƨǷǯƬǈǺ ƨǿȍǠǶơ ƩƢǾƢȍƥ ǹȍǮ ǞȍǻƳ ǼƗ ȅȂ ǖȍǈƦǶơ ǑơǂƬǪ˪ơ .ȁƥƢǈƷ ǵȍƸƬǈȌ
  ǽǺ ǽψǻƬǾ λƬƷ .ȊƽǂǫǶơ ǴƢǻƬƷ˪ơ ƱƢƬǾ ȅȂ ǰǂƬǌǻǶơ ǴƢǻƬƷ˪ơ ǼƜǪ νǶƢƬǶƢƥȄ ƍ ǒǠƦǶơ ƢȃǔǠƥ

ȁǺơƾƼƬǇơ : 

ὴὼȟὼȟȣȢȟὼȿώὴώ ὴὼȿώ  

ǴƽƢǠȌ ƢǺ ȅȂȄ: 

ÍÁØὴώ ὴὼȿώ  

  ƢŻǫǿǐǺ ƶƦǐȌ Ʃ˪ƢǻƬƷ˪ơ ǽȍȍǠƬǶ Ȁ˫ǟƗ ƨǶƽƢǠǻǶơ ǸƾƼƬǈȌ ȊǀǶơ νǶƢǻƬƷ˪ơ ǩǿǐǻǶơǄȌƢƥ ǩȌƢǾ.   
  ǩǿǐǺ ǹȍǷǠƬǶ  ǄȌƢƥ ǩȌƢǾ  ǭƥƢǈǶơ ǴƢǻƬƷ˪ơ ƤǈƸǾ ƍὴώ    ƨǟȅǻƴǺ ǽǺƤȌǁƾƬǶơ  Ὀ   ǹƯ ƍ

  νǗǂǌǶơ ǴƢǻƬƷ˪ơ ƤǈƸǾὴὼȿώ    ǵψǶƧǄȍǺ  ǼƢǲ ơƿƛ .Ὀ    ǽǺ ƨȍǟǂǪ ƨǟȅǻƴǺ ǵưǻȌὈ    ȊȅƬƸƫ
  ǞȍǻƳ λǷǟ ƩƢǿȍǟ    ƨƠǫǶơώ  ƩƢǿȍǠǶơ ǼƗ ǑơǂƬǪƢƥ . ǞȌǃȅƬǶơ ǆǫǾ ǽǟ ƨǷǯƬǈǺ1  )i.i.d ǽψǻȌ ƍ (

 .ƨǶȅȃǈƥ ǭƥƢǈǶơ ǴƢǻƬƷ˪ơ ǂȌƾǯƫ 

ὴώ
Ὀ

ȿὈȿ
 

  ǎƟƢǐƼǷǶ ƨƦǈǿǶƢƥƨǠǘǯƬǻǶơ    ƪǾƢǲ ơƿƛ ƍὈ
ȟ

    ǽǺ ƨȍǟǂǪ ƨǟȅǻƴǺ ǵưǻƫὈ    λǷǟ ȊȅƬƸƫ
  ƨǻȍǮ λǯǷƬƫ νƬǶơ ƩƢǿȍǠǶơ ǞȍǻƳὼ    ƨȍǏƢƼǶơ νǪith   νǗǂǌǶơ ǴƢǻƬƷ˪ơ ǭȍǯƸƫ ǽψǻȍǪ ƍ  

ὴὼȿώ  ƨǘǇơȅƥ  

ὴὼȿώ
Ὀ

ȟ

Ὀ
 

  ƩƢǿȍǠǶơ ǼƗ ǑơǂƬǪơ ǽψǻȌ ƍ ƧǂǻƬǈǻǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ ƨǏƢƻ ƍ Ʃ˪ƢƸǶơ ǒǠƥ νǪ
  ǼƗ ǑǂƬǫǾ ƢǿǾƜǪ ƍ ǹƯ ǽǺȄ .νǇȄƢǤǶơ ǞȌǃȅƬǶơ ǽǺ ƧƿȅƻƘǺὴὼȿώ ὔͯ‘ ȟ„  ƮȍƷ ƍɡ

‘   Ȅ„    ǖǇȅƬǺ νȂ  ƨȍǏƢƻ ǽȌƢƦƫȄi- th    ƩƢǿȍǟ ǥǶƨƠǫǶơ  ǱǶǀǶ ƢǯǪȄ ƢǿȌƾǶ .νǶơȅƬǶơ λǷǟ ƍ : 

 
1 Independent and identically distributed 
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ὴὼȿώ
ρ

Ѝς“„
ÅØÐ

ὼ ‘

ς„
Ȣ 

  ǹǯǿǶ ƍ ǼˤơƤȌǁƾƬƥ    ǩȍǿǐƫ  ǄȌƢƥ ǩȌƢǾ  ǴȄƾƴǶơ νǪ ƺȍǘƦǶơ ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥ(1-
6)    ƺȍǘƦǶơ ǩǿǏȄT1  νǶƢƬǶơ : 

ripe sugar density surface umbilicus texture sound root color ID 

? 0.460 0.697 hard hollow clear muffled curly green T1 

  ǴȄƾƳ6 ŷ1  ȁǟȅǻƴǺ) ƺȍǘƦǶơ ƩƢǾƢȍƥZhou, 2021 ( 
ripe sugar densit

y 

surfac

e 

umbilicu

s 

textur

e 

sound root colo

r 

ID 

true 0,46

0 

0.697 hard hollow clear muffle

d 

curly green 1 

true 0,37

6 
0.774 hard hollow clear dull curly dark 2 

true 0,26

4 

0.634 hard hollow clear muffle

d 

curly dark 3 

true 0,31

8 

0,608 hard hollow clear dull curly green 4 

true 0,21

5 

0,556 hard hollow clear muffle

d 

curly light 5 

true 0,23

7 

0,403 soft slightly 

hollow 

clear muffle

d 

slightly 

curly 

green 6 

true 0,14

9 

0,481 soft slightly 

hollow 

slightly 
blurry 

muffle

d 

slightly 

curly 

dark 7 

true 0,21

1 

0,437 hard slightly 

hollow 

clear muffle

d 

slightly 

curly 

dark 8 

false 0,09

1 

0,666 hard slightly 

hollow 

slightly 

blurry 

dull slightly 

curly 

dark 9 

false 0,26

7 

0,243 soft flat clear dull straigh

t 

green 10 

false 0,05

7 

0,245 hard flat blurry dull straigh

t 

light 11 

false 0,09

9 

0,343 soft flat blurry muffle

d 

curly light 12 

false 0,16

1 

0,639 hard hollow slightly 

blurry 

muffle

d 

slightly 

curly 

green 13 

false 0,19

8 

0,657 hard hollow slightly 

blurry 

dull slightly 

curly 

light 14 

false 0,37

0 

0,360 soft slightly 

hollow 

clear muffle

d 

slightly 

curly 

dark 15 

false 0,04

2 

0,593 hard flat blurry muffle

d 

curly light 16 

false 0,10

3 

0,719 hard slightly 

hollow 

slightly 

blurry 

dull curly green 17 

  ˪ȄƗ ǽƸǾǾǯ(ǽǻƼǾ) ǁƾ  ǴƢǻƬƷ˪ơ: 

ὖὶὭὴὩὸὶόὩ
ψ

ρχ
πȢτχρ 
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ὖὶὭὴὩὪὥὰίὩ
ω

ρχ
πȢυςω 

  ƨȍǏƢƻ ǵψǶ νǗǂǌǶơ ǴƢǻƬƷ˪ơ ǁƾǯǾ ƍ ǱǶƿ ƾǠƥὴὼȿώ: 

ὖ ȿ ὖὧέὰέὶὫὶὩὩὲȿὶὭὴὩὸὶόὩ
σ

ψ
πȢσχυ 

ὖ ȿ ὖὧέὰέὶὫὶὩὩὲȿὶὭὴὩὪὥὰίὩ
σ

ω
πȢσσσ 

ὖ ȿ ὖὶέέὸὧόὶὰώȿὶὭὴὩὸὶόὩ
υ

ψ
πȢφςυ 

ὖ ȿ ὖὶέέὸὧόὶὰώȿὶὭὴὩὪὥὰίὩ
σ

ω
πȢσσσ 

ὖ ȿ ὖίέόὲὨάόὪὪὰὩὨȿὶὭὴὩὸὶόὩ
υ

ψ
πȢφςυ 

ὖ ȿ ὖίέόὲὨάόὪὪὰὩὨȿὶὭὴὩὪὥὰίὩ
τ

ω
πȢτττ 

ὖ ȿ ὖὸὩὼὸόὶὩὧὰὩὥὶȿὶὭὴὩὸὶόὩ
χ

ψ
πȢψχυ 

ὖ ȿ ὖὸὩὼὸόὶὩὧὰὩὥὶȿὶὭὴὩὪὥὰίὩ
ς

ω
πȢςςς 

ὖ ȿ ὖόάὦὭὰὭὧόίὬέὰὰέύȿὶὭὴὩὸὶόὩ
υ

ψ
πȢφςυ 

ὖ ȿ ὖόάὦὭὰὭὧόίὬέὰὰέύȿὶὭὴὩὪὥὰίὩ
ς

ω
πȢςςς 

ὖ ȿ ὖίόὶὪὥὧὩὬὥὶὨȿὶὭὴὩὸὶόὩ
φ

ψ
πȢχυπ 

ὖ ȿ ὖίόὶὪὥὧὩὬὥὶὨȿὶὭὴὩὪὥὰίὩ
φ

ω
πȢφφχ 

ὖ ȡȢ ȿ ὖὨὩὲίὭὸώπȢφωχȿὶὭὴὩὸὶόὩ 

ρ

Ѝς“z πȢρςω
ÅØÐ 

πȢφωχπȢυχτ

ςz πȢρςω
ρȢωυω 

ὖ ȡȢ ȿ ὖὨὩὲίὭὸώπȢφωχȿὶὭὴὩὸὶόὩ 

ρ

Ѝς“z πȢρωυ
ÅØÐ 

πȢφωχπȢτωφ

ςz πȢρωυ
ρȢςπσ 

ὖ ȡȢ ȿ ὖίόὫὥὶπȢτφπȿὶὭὴὩὸὶόὩ 
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ρ

Ѝς“z πȢρπρ
ÅØÐ 

πȢτφππȢςχω

ςz πȢρπρ
πȢχψψ 

ὖ ȡȢ ȿ ὖίόὫὥὶπȢτφπȿὶὭὴὩὸὶόὩ 

ρ

Ѝς“z πȢρπψ
ÅØÐ 

πȢτφππȢρυτ

ςz πȢρπψ
πȢπφφ 

ƢǿȌƾǶ ǹƯ ǽǺȄ: 

ὖὶὭὴὩὸὶόὩὖ ȿ ὖ ȿ ὖ ȿ ὖ ȿ

ὖ ȿ ὖ ȿ ὖ ȡȢ ȿ

ὖ ȡȢ ȿ πȢπυς 

ὖὶὭὴὩὪὥὰίὩὖ ȿ ὖ ȿ ὖ ȿ

ὖ ȿ ὖ ȿ ὖ ȿ

ὖ ȡȢ ȿ ὖ ȡȢ ȿ φȢψπρπυ 

Ǽ˦ ơ˻ǂǜǾ  πȢπυςφȢψπρπ  ƽƾƸƫ ƍǩǿǐǺ    ǁƢƦƬƻ˪ơ ƨǿȍǟ ƨƠǪ ȊǄȌƢƥT1   ƢȃǾƗ λǷǟ
true . 

¡vÀĊúù Àĉwz äĉwý 5 

¶ .ǖǯǪ ǴƢǻƬƷ˪ơ ƣƢǈƷ ǹƬȌ ȁǾ˦ ƍ ǀȍǫǿƬǶơ ǵȃǇ ȁǾƛ 
¶ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ǽǺ ǂȍưψǶơ ƤǷǘƬȌ ˪ 
¶   ǼƗ ǽψǻȌȌ .νǗǂǌǶơ ƨȍǘƼǶơ Ǹƾǟ ǑơǂƬǪơ ǂǻƬǇơ ơƿƛ Ȇǂƻ˦ơ ƱƿƢǻǿǶơ ǽǺ ǵǔǪƗ ǵψǌƥ ǵǻǠ 
¶ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ ƩƢƠǫƥ ƚƦǿƬǷǶ ǝǂǇƗ ǵψǌƥ ǵǻǠȌ. 

xĀĊÝ Àĉwz äĉwý5 

¶ .Ƣ˻ǻƟơƽ Ƣ˻ƸȍƸǏ ǆȍǶ νǗǂǌǶơ ǑơǂƬǪ˪ơ 
¶  ǹƬȌ ǹǶ ƨƠǪ λǷǟ ȊȅƬƸƫ ƨǷǈǷǈǶơ ƨȍǏƢƻ ƪǾƢǲ ơƿƛ ƍ ƨȍƦȌǂƴƬǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ νǪ

  ƨǻȍǯƥ ˘Μ˜ƢǻƬƷơ ƢȃǿȍǠȌ ƱƿȅǻǿǶơ ǼƜǪ ƍ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪ ƢȃƬǜƷ˫Ǻ0   ǽǶȄ (ǂǫǏ)
 ȊǂǫǏ ƽƽǂƫ ȁǾƗ λǷǟ ơǀȂ λǶƛ ǁƢǌȌ ƢǺ Ƣ˻ƦǶƢǣ .ƚƦǿƬǶơ λǷǟ ơ˻ǁƽƢǮ ǼȅψȌ1 . 

  

 
1 Zero Frequency 
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 äĉwýûĀ¤ĉwz Ĉå Àĉwz 

  

  ƩƢǾƢȍƥ ƨǟȅǻƴǺ ǸƾƼƬǈǾ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟiris ƨǘȍǈƦǶơ  . 

  

In     [1]: import numpy as np  

import matplotlib.pyplot as plt  

import pandas as pd  

   

In     [2]: url = "https://archive.ics.uci.edu/ml/machine -learning -

databases/iris/iris.data"  

 

# Assign colum names to the dataset  

names = ['sepal -length', 'sepal -width', 'petal -length' , 

'petal -width', 'Class']  

 

# Read dataset to pandas dataframe  

dataset = pd.read_csv(url, names=names)  

  

In     [4]: X = dataset.iloc[:, : -1].values  

y = dataset.iloc[:, 4].values  

    

In     [5]: from sklearn.model_selection import train_test_split  

X_train, X_test, y_train, y_test = train_test_split(X, y, 

test_size =0.25, random_state=42 ) 

   

In     [1]: from sklearn.preproce ssing import StandardScaler  

scaler = StandardScaler()  

scaler.fit(X_train)  

 

X_train = scaler.transform(X_train)  

X_test = scaler.transform(X_test)  
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  ƢǿǻǮ ǹƯ ƨȍƦȌǂƴƫȄ ƨȍƦȌǁƾƫ ƩƢǟȅǻƴǺ λǶƛ ƩƢǾƢȍƦǶơ ǹȍǈǯƬƥ ƢǿǻǮ ̝˪ȄƗƲȌǁƾƬƥ    λǷǟ ǎƟƢǐƼǶơ
  Ǽˤơ ƪǮȅǶơ ǼƢƷ .ƩƢǾƢȍƦǶơ  ƤȌǁƾƬǶǄȌƢƥ ǩȌƢǾ    ǽǺ ƧȅǘƼǶơ ȀǀȂ νǪ .ƤȌǁƾƬǶơ ƩƢǾƢȍƥ λǷǟ ǅ˫ǲ  

GaussianNB  ƨƦƬψǺ ǸƾƼƬǈǾ  sklearn.naive_bayes ǰƢǿȂȄ ƍ Ƣ˻ȍǇȄƢǣ Ƣ˻ƳƿȅǻǾ ƢǿȂ ƢǿǺƾƼƬǇơ .
.ǱǶƿ λǶƛ ƢǺȄ ƽȄƾƸǶơ ƧƽƾǠƬǺȄ νǶȅǾǂƥ ǵưǺ Ȇǂƻ˦ơ ƱƿƢǻǿǶơ ǽǺ ƾȌƾǠǶơ 

In     [1]: from sklearn.naive_bayes import GaussianNB  

classifier = GaussianNB()  

classifier.fit(X_train, y_train)  

ƨȍƦȌǂƴƬǶơ ƢǿƫƢǾƢȍƥ λǷǟ νǿƦǻǶơ ƱƿȅǻǿǶƢƥ ƚƦǿƬǶơ νȂ Ƨǂȍƻ˦ơ ƧȅǘƼǶơ . 
In     [1]: y_pred = classifier.predict(X_test)  

   

In     [3]: from sklearn.metrics import classification_report, 

confusion_matrix  

print(confusion_matrix(y_test, y_pred))  

print(classification_report(y_test, y_pred))  

 
Out  [7]: [[15  0  0] 

 [ 0 11  0]  

 [ 0  0 12]]  

                 precision    recall  f1 -score   support  

 

    Iris -setosa       1.00      1.00      1.00        15 

Iris -versicolor       1.00      1.00      1.00        11  

 Iris -virginica       1.00      1.00      1.00        12  

 

       accuracy                           1.00        38 

      macro avg       1.00      1.00      1.00        38 

   weighted avg       1.00      1.00      1.00        38  

  ƱƿȅǻǾ ǼƗ ƲƟƢƬǿǶơ ǂȃǜƫνǇȄƢψǶơ ǄȌƢƥ ǩȌƢǾ    ǥǶơ Ʃ˫ƴǈǶơ ǞȍǻƳ ǩȍǿǐƫ λǷǟ ǁƽƢǮ38    νǪ
  ƨǮƾƥ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ100 .Ș 

 #ÜéĀ¤õv$ ½vº´ýđv 

 ƨȍǾƢưǶơȄ ǽȍȍǾơƾȍǻǶơ ƔơǂƦƼǶơ Ǵ˫ƻ ǽǺ λǶȄ˦ơ ƍ ƨǪǂǠǻǶơ ƱơǂƼƬǇ˪ ǼƢƬǯȌǂǗ ǰƢǿȂ ƍ ǸƢǟ ǵψǌƥ
  ǸƾƼƬǈǾ ǱǶǀǶ ƍ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦψǶơ ƩƢȍǻψǷǶ ơŻƾƳ ǽȌƾȍǫǺ ơȅǈȍǶ ƔơǂƦƼǶơ .νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇƢƥ

ǹǷǠƬǶơ ǸơƾƼƬǇơ ƢȃǶ˫ƻ ǽǺ ƢǿǿψǻȌ νƬǶơ ǬǂǘǶơ ȆƾƷƛ ǵưǻƬƫ .ǱǶǀƥ ǸƢȍǯǷǶ νǶˤơ ǹǷǠƬǶơ    νǪ νǶˤơ
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  ƢŻƬǮȄ ǬǂǤƬǈȌȄ ƨȌƢǤǷǶ ǬƢǋ ǂǺƗ ơǀȂ ǼƜǪ ƍ ǱǶƿ ǞǺȄ ƍ ƩƢȍǺǃǁơȅƻ ǵψǋ νǪ ƔơǂƦƼǶơ ǭǘǿǺ ǁơǂǳƫ
  ȅȂ ƨǷψǌǻǶơ ȀǀȂ ǵƷ ǼƜǪ ƍ ǹƯ ǽǺȄ .ȁȍǶƛ ƱƢƬƸǾ ƢǺ ǭǯƸȌ ˪ ƾǮ ȁǾƗ λǶƛ ƨǪƢǓ˨Ƣƥ ƍ ƢŻǫǷψǺȄ ̿˫ȌȅǗ

  ƩƢȍǺǃǁơȅƻ λǶƛ ǴƢǯƬǾ˪ơ νƟơǂǯƬǇ˪ơ ǹǷǠƬǶơ1   ˪Ȅ Ƣȃǈǫǿƥ ƢǺ ƨǻȃǻƥ ǸƢȍǯǶơ ƨȍƴȍƫơǂƬǇƛ ƾǶȅƫ νƬǶơ
  νǶˤơ ǹǷǠƬǶơ νǪ ƩƢȍǺǃǁơȅƻ ƢǻȂ ǁơƾƸǾ˪ơȄ ǩȍǿǐƬǶơ .ƨǷƷǂǺ ǵǲ νǪ ƨǷǐǫǿǺ ƩƢǻȍǷǠƫ ƤǷǘƬƫ
  ƩƢȍǻǈƬƥ ƚƦǿƬǷǶ Ʃ˪ȄƢƸǺ ƔơǂƳƛ ǹƬȌ ƮȍƷ ƍ ǩȍǿǐƬǶơ ƩƢȍǷǻǟ ǆǳǟ λǷǟ .ƨƠǫǶơ ȀǀȂ ǽǻǓ Ǟǯƫ

 ǶƢƥ ǁơƾƸǾ˪ơ ƱƿƢǻǾ ƘƦǿƬƫ ƍ ǵǐǫǿǺ ǵψǌƥ ƩƢƠǫǶơ  ƨǷψǌǺ ǁơƾƸǾ˪ơ ƾǠȌ ƍ ǂƻƕ λǿǠǻƥ .ƨȌƽƾǠǶơ ǹȍǯ
  Ʃ˫ƻƾǺ ƾƳȅȌ ƮȍƷ Ǩơǂǋ˩Ƕ ƨǠǓƢƻ ǹǷǠƫὼ    ƱǂƼǺȄώ    ƍƨǶơƾǶơȄ    ǹǷǠƫ νȂǭȍƦǘƬǶơ    ǽǺ

  ƧǁƢȍǈǶơ ǂǠǈƥ ƚƦǿƬǶơ ȁǿψǻȌ ǸƢǜǾ ƢǿȌƾǶ ǼȅψȌ ǼƗ ƾȌǂǾ ƢǿǾƗ ǑǂƬǫǿǶ .ƩƢƳǂƼǻǶơ λǶƛ Ʃ˫ƻƾǻǶơ
ƴƬǶơ ƨǺ˫ǠǶơ ǵưǺ ƧǁƢȍǈǶơ ǎƟƢǐƻȄ Ʃ˫ƻƾǻǶơ .ƨǷǻǠƬǈǻǶơ ƨǟȅǘǯǻǶơ ƨǪƢǈǻǶơȄ ƨǿǈǶơȄ ƨȌǁƢ

 ǂǳǪ ȄƗ .ƧǁƢȍǈǶơ ǂǠǇ ȅȂ ƱƢƬǾ˨ơȄ ƧǁƢȍǈǶơ ƨǻȍǮ λǷǟ ǂƯƚƫ ƢȃǾƗ ƾǯƬǠǾ νƬǶơ ƩƢǺȅǷǠǻǶơ ǽǺ ƢȂǂȍǣȄ
  ƢȃȍǪ ǁȄƾƫ ǼƗ ƤƴȌ νƬǶơ ƨȌȄơǄǶơ ȅȂ Ʊơǂƻ˨ơ ƒ (ƧƽƢȍǯǶơ ƨȍƫơƿ ƧǁƢȍǇ) ǰǂƸƬǺ ƩȅƥȄǁ ǞǺ ǵǯǿƬǶơ νǪ

 ǶƢƥ ǸơƾǘǏ˪ơ ǼȄƽ ǸƾǯƬǷǶ ƧǂǺ ǵǲ νǪ ƧƽƢȍǯǶơ ƨǷƴǟ Ʃ˫ƻƾǻǶơ ǂȍǪȅƫ ǹƬȌȄ ƍ ƩƢǪơǂƸǾ˪ơȄ ƩƢƦǯǠ
) νǻǶƢǠǶơ ǞǮơȅǻǶơ ƾȌƾƸƫ ǸƢǜǾȄ ȅȌƾȍǫǶơ ƩơǂȍǺƢǲ ǵưǺ ƧǁƢȍǈǶơ νǪ ǁƢǠǌƬǇơ ƧǄȃƳƗ ƨǘǇơȅƥGPS  (

.ǱǶƿ λǶƛ ƢǺȄ 

 ½vº´ýđv ôúÞĉ äĊí 
  νǻǮǂǶơ ƲƫƢǿǶơ ƨƥƢƬǲ ƾȌǂǾ ƍ ǁơƾƸǾ˪ơ νǪώ    ǵƻƾǻǷǶ ƨǶơƾǲ ƍ ǞƥƢƬǶơ ǂȍǤƬǻǶơ λǻǈȌ ȊǀǶơȄ ƍὼ   ƍ

  ǴƢƻƽ˨ơ ƨǶơƽ ǝȅǻƴǺ ȅȂ ƲƫƢǿǶơ ǼƗ ǑǂƬǪơ .ǵǯƬǈǻǶơ ǂȍǤƬǻǶơ λǻǈȌ ȊǀǶơȄὪ ὼ    ƘǘƼǶơ ǁơƾǯǺȄ
ƶǓȅǺ ȅȂ Ƣǻǲ νƟơȅǌǠǶơ : 

ώ Ὢὼ ‭ 

  ƢǿȂƨǶơƾǶơ  Ὢ ὼ   ǁƾǯǻǶƢƥ ƢȃƦȌǂǯƫ ƾȌǂǾȄ ƨǪȄǂǠǺ ǂȍǣὫὼȠ—   ǽǺ ƨǟȅǻƴǺ λǷǟ ȊȅƬƸȌ ȊǀǶơ
Ʃ˫ǺƢǠǻǶơ  ɝ  ǖǇȅƬǻƥ νǠȍƦǘǶơ ǞȌǃȅƬǶơ ǞƦƬȌ νƟơȅǌǠǶơ ƘǘƼǶơ ǼƗ ǑǂƬǪơ .0  ƪǾƢǲ ơƿƛ .
ὼȟȣȟὼ    νȂ ƨǿȍǟ  ȍƟơȅǌǟƩơƾȂƢǌǻǶ ƨ    ǴƢƻƽ˨ơ ǂȍǤƬǺὼ    Ȅώȟȣȟώ    ƧƽȅǏǂǻǶơ ǹȍǯǶơ

ƫǂǺƨǘƦ    Ʊơǂƻ˨ơ ǂȍǤƬǻƥώǃȅƬǶơ ǞƦƬȌ ƘǘƼǶơ ǼƗ ǑơǂƬǪơ ǸơƾƼƬǇƢƥ ƍ ǱǶƿ ƾǠƥ . ƢǿǿψǻȌ ƍ νǠȍƦǘǶơ ǞȌ
  ǹȍǮ ǂȌƾǯƬǶ ȆȅǐǯǶơ ƨȍǶƢǻƬƷ˪ơ ǂȌƾǯƫ ƨǯȌǂǗ ǸơƾƼƬǇơǵǺƢǠǻǶơ  ɝ  ǹȍǯǶơ ǼƗ ǁƢȃǛƛ ǽψǻȌ .ɝ  

ƨȍǶƢƬǶơ ƩƢǠƥǂǻǶơ ǝȅǻƴǺ ǵǷǯƫ νƬǶơ ǹȍǯǶơ νȂ ǴƢǻƬƷ˪ơ ƨǶơƽ ǹǜǠƫ νƬǶơ: 

Ὁ— ώ Ὣὼȟ— Ễ ώ Ὣὼȟ—  

 
1 inductive learning 
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  ƨǻȍǮ ƽƢƴȌƛ ƨǯȌǂǗ ǨǂǠſƫɝ    ǵǷǯƫ νƬǶơ ƨǻȍǯǲὉ—    ƨǯȌǂǗ ǹǇƢƥ ƨȌƽƢǟ ȆǂǤǏ ƩƢǠƥǂǺ1  
)OLS  ǂȌƾǯƬǶ ƨǯȌǂǘǶơ ȀǀȂ ǸƾƼƬǈǾ ƍ ǹǈǯǶơ ơǀȂ νǪ .(Ʃ˫ǺƢǠǻǶơ  . 

 Ćêĉ¾ÕĆĉ¹wÝ ē¾âÍ ¡wÞz¾ù 

  ǹȍǮ ƾȌƾƸƫ ǹƬȌ ƍƨȌƽƢǟ ȆǂǤǏ ƩƢǠƥǂǺ ƨǯȌǂǗ νǪǾ ǯǕƢ    ǁȅƸǺ ǞǺ ǞǗƢǯƬǶơώ    ǵȍǷǯƬǶ ǁƾƸǿǻǶơȄ
 ƨǻȍǮ ǽȍƥ ƨȌƽȅǻǠǶơ ƨǪƢǈǻǶơ ƩƢǠƥǂǺ ǝȅǻƴǺ ȊƗ ƒ ƔƢǘƻ˦ơ ƩƢǠƥǂǺ ǝȅǻƴǺώ   ƨǻȍǮȄ ƨǠǮȅƬǻǶơώ 

  ǵψǌǶơ) ƨȍǷǠǫǶơ6ŷ12(  . 

 
  ǵψǋ6 ŷ12 . ƧƽȅǏǂǻǶơ ǹȍǯǶơ νǪ Ƙǘƻ 

  ƪǾƢǲ ơƿƛώ   ƨǠǮȅƬǻǶơ ƨǻȍǯǶơ νȂώνǶƢƬǶơ ȅƸǿǶơ λǷǟ ƔƢǘƻ˦ơ ƩƢǠƥǂǺ ǝȅǻƴǺ ƔƢǘǟƛ ǹƬȍǈǪ ƍ: 

Ὁ ώ ώ  

ώ ‌ ‍ὼ  

  νƬǻȍǮ ƽƢƴȌƛ ƢǿȍǷǟ ǱǶǀǶ‌    Ȅ‍      ǵǠƴƫ ƨǯȌǂǘƥ ȄὉ   ǽψǻȌ ȁǾƗ ƩƢƦƯƛ ǽψǻȌ .λǾƽ˦ơ ƢȂƾƷ νǪ
  ǽȍƬǻȍǯǶơ λǷǟ ǴȅǐƸǶơὦ Ȅ ὥ    ǼƢƬǻȍǯǶơ ƢǻȂȄ ƍ‌    Ȅ‍      ǼȅψȌ ƮȍƷ ƍ νǶơȅƬǶơ λǷǟ ƍὉ    ƾƸǶơ ȅȂ

ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ ǵƷ ǭȌǂǗ ǽǟ ƍ λǾƽ˦ơ: 

 
1 Ordinary Least Squares 

ǁơƾƸǾ˪ơ ƱƿȅǻǾ 

ƨȍǷǠǫǶơ ǹȍǯǶơ 

ƨǠǮȅƬǻǶơ ǹȍǯǶơ 

ƘǘƼǶơ 
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ώ ὲὥ ὦ ὼ 

ὼώ ὥ ὼ ὦ ὼ 

 

   ╪   ╫ 

  ǖǇȅƬǺ ƔƢǘǟƛ ǹƬȌ ƍ ǂȍǲǀƬǷǶ Ȅὼ    ώ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

ὼӶ
ρ

ὲ
ὼ 

ώ
ρ

ὲ
ώ 

  ǽȌƢƦƬǶơ ǱǶǀǲȄὼ  ƨǘǇơȅƥ   :ƤǈƬƸ˾Ȍ ƨȍǶƢƬǶơ ƨǶƽƢǠǻǶơ 

ὠὥὶὼ
ρ

ὲ ρ
ὼ ὼӶ 

  ǩȌǂǠƫ ǹƬȌǂȌƢǤƬǶơ    ǽȍƥ ǰǂƬǌǻǶơὼ    Ȅώ      ƨǘǇơȅƥ ƢǻȃȍǶƛ ǁƢǌǻǶơ ƍὅέὺὼȟώ   ȅƸǿǶơ λǷǟ
 :νǶƢƬǶơ 

ὅέὺὼȟώ
ρ

ὲ ρ
ὼ ὼӶώ ώ 

 ǹȍǮ ǼƗ ƩƢƦƯƛ ǽψǻȌὥ Ȅ ὦ  ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ ǸơƾƼƬǇƢƥ ƢȃƥƢǈƷ ǽψǻȌ: 

ὦ
ὅέὺὼȟώ

ὠὥὶὼ
 

ὥ ώ ὦὼӶ 

ÔĊÆ{õv ĈÖ¸õv ½vº´ýđv 
  ƢȃǻǇǁ ǹƫ ơƿƛ ƍ νƬǶơȄ ƍ ǂưǲƗ ȄƗ ǽȌǂȍǤƬǺ ǽȍƥ ƨȍǘƼǶơ ƨǮ˫ǠǶơ λǶƛ ǂƦƴǶơ νǪ "ƨȍǘƼǶơ" ƶǷǘǐǺ ǂȍǌȌ
  ƾȌƾƸƫ ȁǶ˫ƻ ǽǺ ƾȌǂǾ ȅȌǁƢǿȍǇ ǰǁƢƦƬǟơ νǪ ǞǓ .ǹȍǯƬǈǺ ǖƻ Ƣȃǿǟ ƲƬǿȌ ƍ ƽƢǠƥ˦ơ ƨȍƟƢǿƯ ƨƷƢǈǺ νǪ

ǐƸȌ νƬǶơ ƩƢƳǁƾǷǶ ƨȌȅƠǻǶơ ƨƦǈǿǶơȄ ƤǶƢǘǷǶ ƨǇơǁƾǶơ ƩƢǟƢǇ ƽƾǟ ǽȍƥ ƨȍǘƼǶơ ƨǮ˫ǠǶơ  ƢȃȍǷǟ ǵ
  λǶƛ ǂǜǿǶƢƥ ƨȍǶƢǟ ƩƢƳǁƽ ǃǂƸȌ ǼƗ ƤǶƢǘǷǶ ǽψǻȌ ȆƾǺ ȊƗ λǶƛ ǨǂǠǾ ǼƗ ƾȌǂǾ .ǁƢƦƬƻ˪ơ νǪ ƤǶƢǘǶơ
  ǁȅƸǻǶơ λǷǟ (ƨǟƢǈǶơ) ǵǯƬǈǻǶơ ǂȍǤƬǻǶơ ǹǇǂƥ ƢǿǻǮ ơƿƛ .ǼƢƸƬǺ˫Ƕ ƢȂƾǠȌ νƬǶơ ƩƢǟƢǈǶơ ƽƾǟ
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 νǘƼǶơ ǁơƾƸǾ˪ơ ǼƜǪ ƍ ȊƽƢǐǶơ ǁȅƸǻǶơ λǷǟ (ƨȌȅƠǻǶơ ƨƦǈǿǶơ) ǞƥƢƬǶơ ǂȍǤƬǻǶơȄ νǿȍǈǶơ   ƢŻǘƻ ƢǿȍǘǠȌ
ǵǔǪƗ ǵψǌƥ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƤǇƢǿȌ Ƣ˻ǻȍǯƬǈǺ  . 

νǶƢƬǶơ ȅƸǿǶơ λǷǟ Ƣ˻ǇƢǇƗ νȂ ǹȍǯƬǈǻǶơ ǖƼǶơ ƨǶƽƢǠǺ ǼƗ ƨȌȅǾƢưǶơ ƨǇǁƾǻǶơ ǽǺ ǂǲǀƬǾ: 
ώ άὼ ὦ 

 ƮȍƷὦ   ȅȂǾ  ǁȅƸǺ ǞǺ ǞǗƢǯƬǶơ ƨǘǯώ   Ȅά   ǁơƾƸǾ˪ơ ƨȍǺǃǁơȅƻ ƢǿƸǿǻƫ ƍ ǱǶǀǶ .ǖƼǶơ ǵȍǺ ȅȂ
  λǷưǻǶơ ƨǻȍǯǶơ νǘƼǶơ ǿǶ  ǁȅƸǺ ǞǺ ǞǗƢǯƬǶơ ƨǘǯώ    ƩơǂȍǤƬǻǶơ ǵǜƫ .(ǽȌƾǠƥ νǪ) ǁƾƸǿǻǶơȄὼ Ȅ ώ  

 νȂ ƢȃȍǪ ǹψƸƬǶơ ƢǿǿψǻȌ νƬǶơ ǹȍǯǶơ ǼƜǪ ƍ ǹƯ ǽǺȄ .ƢȂǂȍȍǤƫ ǽψǻȌ ˪Ȅ ƩƢǾƢȍƥ ǎƟƢǐƻ ƢȃǾ˦ ƨƬƥƢƯ
Ǿ  ǁȅƸǺ ǞǺ ǞǗƢǯƬǶơ ƨǘǯώ  Ȍ .ǵȍǻǶơȄ ǹȍǮ λǷǟ ơ˻ƽƢǻƬǟơ ƨǻȍǯƬǈǺ Ǖȅǘƻ Ƨƾǟ ǰƢǿȂ ǼȅψȌ ǼƗ ǽψǻ
Ǿ  ǁȅƸǺ ǞǺ ǞǗƢǯƬǶơ ƨǘǯώ    ǞǓȄ ȅȂ νǇƢǇƗ ǵψǌƥ νǘƼǶơ ǁơƾƸǾ˪ơ ƨȍǺǃǁơȅƻ ȁǷǠǫƫ ƢǺ .ǵȍǻǶơȄ

  ƧƾǟǕȅǘƻ    ǝƢƳǁƛȄ ƩƢǾƢȍƦǶơ ǕƢǯǾ νǪǖƼǶơ  .Ƙǘƻ ǵǮƘƥ 
  ǼƗ ǑǂƬǫǿǶὼ    ǼƗȄ ǵǯƬǈǺ ǞǮȅƫ ǂȍǤƬǺώ  ƴǺ ƢǿȌƾǶ ǼƗ Ƣ˻ǔȌƗ ǑǂƬǪơȄ ƍ ǞƥƢƫ ǂȍǤƬǺ  ǽǺ ƨǟȅǻ

  ǥǶ ƧƽȅǏǂǻǶơ ǹȍǯǶơὼ Ȅ ώ  ǽȍƥ ƨǮ˫ǠǶơ ǖȍǈƦǶơ νǘƼǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ƽƾƸȌ .ὼ Ȅ ώ    ǸơƾƼƬǇƢƥ
:νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǶƽƢǠǺ ƨǘǇơȅƥ ǖƻ 

ώ ‌ ‍ὼ 
  ǥǶ λǷưǻǶơ ƩơǂȌƾǯƬǶơ ƾȌƾƸƫ ǵƳƗ ǽǺ‌   Ȅ‍    Ƣ˻ǟȅȍǋ ǵǮ˦ơ ƩƢǠƥǂǻǶơ ǂȌƾǯƫ ƨǯȌǂǗ ǸơƾƼƬǇơ ǹƬȌ ƍ

 .ƢŻǯƥƢǇ ƨǪȅǏȅǻǶơ 
  ǼƗ ǑơǂƬǪƢƥ .̝˪ƢưǺ ƶǓȅǾ ƢǾȅǟƽ ƍ ǵǔǪƗ ǹȃǫǶώ    νǘƻ ǁơƾƸǾơ λǷǟ ǵǐƸǾ ƍ ǵǯƬǈǺ ǂȍǤƬǺ

 :ƨȍǶƢƬǶơ ƩƢǾƢȍƦǷǶ 

5.0 4.0 3.0 2.0 1.0 ● 
2.25 3.75 1.30 2.00 1.00 ώ 

:ƢǿȌƾǶ 

ὲ υ 
ὼӶ
ρ

υ
ρȢπ ςȢπ σȢπ τȢπ υȢπ 

σȢπ 
ώ
ρ

υ
ρȢππςȢππρȢσπ σȢχυ ςȢςυ 

ςȢπφ 
ὅέὺὼȟώ

ρ

τ
ρȢπ σȢπ ρȢππςȢπφ Ễ υȢπ σȢπ ςȢςυςȢπφ 

ρȢπφςυ 
ὠὥὶὼ

ρ

τ
ρȢπ σȢπ Ễ υȢπ σȢπ  
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ςȢυ 

ὦ
ρȢπφςυ

ςȢυ
 

πȢτςυ 

ὥ ςȢπφπȢτςυσȢπ 
πȢχψυ 

  νǘƼǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ǼȅψȌ ƍ ǱǶǀǶνǶƢƬǶơ ȅƸǿǶơ λǷǟ ƩƢǾƢȍƦǷǶ : 

ώ πȢχψυπȢτςυὼ 

  νǪ νǶƢƬǶơ ƽȅψǶơ ǵȍǤǌƫ Ƣ˻ǔȌƗ ǱǿψǻȌ:ǼȅưȌƢƥ 
In     [1]: #data  

X=[[1.0],[2.0],[3.0],[4.0],[5.0]]  

Y=[1.00, 2.00, 1.30,  3.75, 2.25] 

 

from sklearn.linear_model import LinearRegression  

lr = LinearRegression()  

lr.fit(X, Y)  

#print  

print("b:","% .3f" % round(lr.coef_[0], 3))  

print("a:","%.3f" % round(lr.intercept_, 3))  
Out  [1]: b: 0.425 

a: 0.785 

¹ÿº´õv ¹ºÞ¤ù ½vº´ýđv 

  ǼƗ ǑǂƬǫǿǶὼ    Ȅ ǵǯƬǈǺ ǞǮȅƫ ǂȍǤƬǺώ    ƽȄƾƸǶơ ƽƾǠƬǺ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ǼƜǪ ǱǶǀǶ ƍ ǞƥƢƫ ǂȍǤƬǺ
  ǽȍƥ ƨǮ˫ǠǶơ ƽƾƸȌὼ Ȅ ώ   :νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǶƽƢǠǻǶƢƥ 

ώ ‌ ‌ὼ ‌ὼ Ễ ‌ὼ  

  λǷưǻǶơ ǹȍǯǶơ ƾȌƾƸƬǶ ȆǂǤǐǶơ ƩƢǠƥǂǻǶơ ƨǯȌǂǗ ǸơƾƼƬǇơ ǹƬȌ  Ʃ˫ǺƢǠǻǷǶ‌ȟ‌ȟȣȟ‌  ǹȍǮ .
Ʃ˫ǺƢǠǻǶơ  ƩƢǠƥǂǻǶơ ǝȅǻƴǺ ǵǷǯƫ νƬǶơ ǹȍǯǶơ νȂ: 

Ὁ ώ ‌ ‌ὼ ‌ὼ Ễ ‌ὼ  

λǷǟ ǴȅǐƸǶơ ǹƬȌ    λǷưǻǶơ ǹȍǯǶơƩ˫ǺƢǠǻǷǶ  ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ ǸƢǜǾ ǵƷ Ǵ˫ƻ ǽǺ: 
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‬Ὁ

‬ɻ
πȟὭ πȟρȟȣȟὯȢ 

  ǹȍǮ ǼƗ ǑǂƬǪơƩ˫ǺƢǠǻǶơ    ǵǷǯƫ νƬǶơὉ  νǷȌ Ƣǻǲ νȂ: 

‌ ὥȟὭ πȟρȟȣȟὲȢ 
  ǹȍǮ λǷǟ ǴȅǐƸǶơ ǽψǻȌ ȁǾƗ ƨǜƷ˫Ǻ ǽψǻȌ ƍ ǱǶǀǶ ƢŻǯǪȄὥ    Ʃ˪ƽƢǠǻǶơ ǸƢǜǾ ǵƷ Ǵ˫ƻ ǽǺ

  ƨȍǘƼǶơ)Ὧ ρ:( 

 

  λǷưǻǶơ ǹȍǯǶơ λǷǟ ǵǐƸǾ ƍ ơǀȂ ƨȍǘƼǶơ Ʃ˪ƽƢǠǻǶơ ǸƢǜǾ ǵƷ Ǵ˫ƻ ǽǺƩ˫ǺƢǠǻǷǶ  ƍǵǔǪƗ ǹȃǫǶ .
  ǁơƾƸǾơ ƱƿȅǻǾ ƽƢƴȌƛ λǷǟ ǼȅǺǃƢǟ ǽƸǾ .̝˪ƢưǺ ƶǓȅǾ ƢǾȅǟƽνǠȍƥǂƫ  ƨȍǶƢƬǶơ ƩƢǾƢȍƦǷǶ : 

7 6 5 4 3 ● 
11.5 6.5 3.8 3.2 2.5 ώ 

νǶƢƬǶơ ȅƸǿǶơ λǷǟ νǠȍƥǂƬǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ǼȅψȌ Ǽơ ơȅƸǻǇơ : 

ώ ‌ ‌ὼ ‌ὼȢ 

  ǹȍǯǶơ‌  ƍ‌    Ȅ‌    νȂ ƘǘƼǶơ ƩƢǠƥǂǺ ǝȅǻƴǺ ǽǺ ǵǷǯƫ νƬǶơὥ  ƍὥ    Ȅὥ  ǭǯƸƫ νƬǶơȄ ƍ
:ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ 

 
  ƩƢǾƢȍƦǶơ ǸơƾƼƬǇƢƥƪǺƾǮ νƬǶơ  ƢǿȌƾǶ ƍ: 

ςχȢυ υὥ ςυὥ ρσυὥ 
ρυψȢψ ςυὥ ρσυὥ χχυὥ 
ωφφȢς ρσυὥ χχυὥ τφυωὥ 

  ǵƷ Ǵ˫ƻ ǽǺƩ˪ƽƢǠǻǶơ ǸƢǜǾ  Ʃ˪ƽƢǠǻǶơ λǷǟ ǵǐƸǾ ƍ: 
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ὥ ρςȢτςψυχρτ 

ὥ υȢυρςψυχρ 

ὥ πȢχφτςψυχ 

νǷȌ Ƣǻǲ ȅȂ ƣȅǷǘǻǶơ νǠȍƥǂƬǶơ ƽȄƾƸǶơ ƽƾǠƬǺ ƱƿȅǻǾ ǼƜǪ ƍ ǹƯ ǽǺȄ: 

ώ ρςȢτςψυχρτυȢυρςψυχρὼ πȢχφτςψυχὼ 

  νǪ νǶƢƬǶơ ƽȅψǶơ ǵȍǤǌƫ Ƣ˻ǔȌƗ ǱǿψǻȌ:ǼȅưȌƢƥ 
In     [1]: #data  

X=[[3],[4],[5],[6],[7]]  

Y=[2.5, 3.2, 3.8, 6.5, 11.5]  

 

from sklearn.linear_model import LinearRegres sion 

from sklearn.pre processing import PolynomialFeatures  

poly_reg = PolynomialFeatures(degree=2)  

X_poly = poly_reg.fit_transform(X)  

lin_reg2 = LinearRegression()  

lin_reg2.fit(X_poly,Y)  

#print  

print( lin_reg2.coef_) 

print (lin_reg2.intercept_ ) 
Out  [1]: array([ 0.        , -5.51285714,  0.76428571]) 

a12.428571428571345 

¹ºÞ¤úõv ĈÖ¸õv ½vº´ýđv 

  ƩơǂȍǤƬǺ ǰƢǿȂ ǼƗ ǑǂƬǫǿǶὔ    ƨǷǯƬǈǺὼȟὼȟȣȟὼ  ǂȍǤƬǻǶơ Ƣ˻ǔȌƗȄώ    ǼƗ Ƣ˻ǔȌƗ ǑǂƬǪơ .ǞƥƢƫ
ƩơǂȍǤƬǻǶơ ȀǀȃǶ ƨǛȅƸǷǺ Ƣ˻ǻȍǮ ǰƢǿȂ: 

 ǹȍǯǶơ   ) ƩƢǿȍǠǶơ (  ƩơǂȍǤƬǻǶơ   ) ƩƢǻǈǶơ ( 
 ƨǿȍǟ  ὲ ĵ ƨǿȍǟ 2 ƨǿȍǟ 1 

ὼ  ĵ ὼ  ὼ  ὼ 
ὼ  ĵ ὼ  ὼ  ὼ 
    ĵ 
ὼ  ĵ ὼ  ὼ  ὼ  
ώ ĵ ώ ώ ώ 

  ǵǯƬǈǻǶơ ǂȍǤƬǻǶơ ǽȍƥ ƨǮ˫ǠǶơ ƽƾǠƬǻǶơ νǘƼǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ ƽƾƸȌὔ   ƨǶƽƢǠǻǶƢƥ ǞƥƢƬǶơ ǂȍǤƬǻǶơȄ
ƨȍǶƢƬǶơ: 
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ώ ‍ ‍ὼ Ễ ‍ὼ  

  ǴȅǐƸǷǶ Ƣ˻ǟȅȍǋ ǵǮ˦ơ ƩƢǠƥǂǻǶơ ƨǯȌǂǗ ǸƾƼƬǈǾ ƍ ǖȍǈƦǶơ νǘƼǶơ ǁơƾƸǾ˪ơ ǞǺ ǴƢƸǶơ ȅȂ Ƣǻǲ
λǷưǻǶơ ƩơǂȌƾǯƬǶơ λǷǟ  ‍ȟ‍ȟȣȟ‍  . : ơƿơ 

ὢ

ρ ὼρρ ὼςρ ȣ ὼὔρ
ρ ὼρς ὼςς ȣ ὼὔς
ể
ρ ὼρὲ ὼςὲ ȣ ὼὔὲ

ȟὣ

ώ
ώ
ể
ώ

ȟὄ

‍Ȣ
‍
ể
‍

 

νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƢȃǻȌƾǯƫ ǹƬȌ ǁơƾƸǾ˪ơ Ʃ˫ǺƢǠǺ ǼƗ ǁƢȃǛƛ ǽψǻȌ ƍ ǱǶƿ ƾǠƥ : 

ὄ ὢὢ ὢὣ 

ƬǶơ ƩƢǾƢȍƦǷǶ ƽƾǠƬǺ νǘƻ ǁơƾƸǾơ ƱƿȅǻǾ λǷǟ ǴȅǐƸǶơ ƾȌǂǾ .̝˪ƢưǺ ƶǓȅǾ ƢǾȅǟƽ ƍ ǵǔǪƗ ǹȃǫǶƨȍǶƢ: 

0 2 1 1 ● 
1 2 2 1 ὼ 
5.0 3.5 6.5 3.25 ώ 

 ȀǀȂ νǪƨǷψǌǻǶơ   ƢǿȌƾǶ ƍ ǹƯ ǽǺȄ .ƧǂȍǤƬǻǶơ ǹȍǯǶơ ǽǺ ƩƢǟȅǻƴǺ ǞƥǁƗȄ Ǽ˫ǯƬǈǺ ǼơǂȍǤƬǺ ƾƳȅȌ ƍ
ὲ  ς   Ȅὔ  τ    ȀǀȃǶ ƽƾǠƬǻǶơ νǘƼǶơ ǁơƾƸǾ˪ơ ƱƿȅǻǾ .Ȁ˫ǟƗ ƨǺƾƼƬǈǻǶơ ǃȅǺǂǷǶƨǷψǌǻǶơ  
νǷȌ Ƣǻǲ : 

ώ ‍ ‍ὼ ‍ὼ 

ȀƢǾƽƗ ƨǿȍƦǺ ƩƢƥƢǈƸǶơ : 

ὢ

ρ ρ ρ

ρ ρ ς

ρ ς ς
ρ π ρ

ȟὣ

σȢςυ
φȢυ
σȢυ
υȢπ

ȟὄ

‍Ȣ
‍
‍

 

ὢὢ
τ τ φ

τ φ χ

φ χ ρπ
 

ὢὢ

ụ
Ụ
Ụ
Ụ
ợ
ρρ

τ

ρ

ς
ς

ρ

ς
ρ ρ

ς ρ ςỨ
ủ
ủ
ủ
Ủ

 

ὄ ὢὢ ὢὣ 
ςȢπφςυ

ςȢσχυπ

σȢςυππ
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νǶƢƬǶơ ȅƸǿǶơ λǷǟ ȅȂ ƣȅǷǘǻǶơ ƱƿȅǻǿǶơ ǼƜǪ ƍ ǹƯ ǽǺȄ: 

ώ ςȢπφςυςȢσχυπὼ σȢςυππὼ 

  νǪ νǶƢƬǶơ ƽȅψǶơ ǵȍǤǌƫ Ƣ˻ǔȌƗ ǱǿψǻȌ:ǼȅưȌƢƥ 
In     [1]: #data  

X=[[1,1],[1,2],[2,2],[0,1]]  

Y=[3.25, 6.5, 3.5, 5.0]  
from sklearn.linear_mo del import LinearRegression  

lr = LinearRegression()  

lr.fit(X, Y)  

#print  

print(lr.coef_)  

print(lr.intercept_)  
Out  [1]: [-2.375  3.25 ] 

. 2.0625 

 ǴƢưǻǶơ ǵȍƦǇ λǷǟ ǁơƾƸǾ˪ơ ƨƸǫǏ : 

 

 

ôÎæõv ĆÍĒ· Ã¹wÆõv 

Á   ǽȍƫƽƾƸǻǶơ ǽȍƬƠǫǶơ ǽǺ ǖǯǪ ƧƾƷơȅǶ ƨǿȍǟ ǵǲ ǎȍǐƼƫ ǹƬȌ ƮȍƷ ƍ νƟƢǿưǶơ ǩȍǿǐƬǶơ
 .ǩȍǿǐƬǶơ ǝơȅǾƗ ǖǈƥƗ ȅȂ ƍ ƢŻǯƦǈǺ 

Á .ƧƾƷơȄ ƨǺ˫ǟ Ȅƿ ǩȍǿǐƬǷǶ ǹǻǠǺ ǵψǋ ȅȂ ƩƢǺ˫ǠǶơ ƽƾǠƬǺ ǩȍǿǐƬǶơ 
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Á   ƍ ǽȍƬƠǪ λǶƛ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǩȍǿǐƫ ǽψǻȌȊǂƬǺơǁƢƥ    ȄȊǂƬǺơǁƢƥ˪. 
Á  .ƨƸȍƸǏ Ƣ˻ǻƟơƽ Ǽȅǳƫ ˪ ƾǮ ƢȂǀƼƬǾ νƬǶơ ƩƢǓơǂƬǪ˪ơ ǼƗ ȅȂ ƨȌǂƬǺơǁƢƦǶơ ǬǂǘǷǶ Ƥȍǟ ǂƦǲƗ 
Á   ǝȅǾ ǴȅƷ ƧƽƾƸǺ ƩƢǓơǂƬǪơ ƢȃǶ ǆȍǶ νƬǶơ ƩƢȍǺǃǁơȅƼǶơ ǨǂǠſƫ ƨǶơƽ    ƩƢȍǺǃǁơȅƼǶƢƥ ǽȍȍǠƬǶơ

ƨȌǂƬǺơǂƥ˫Ƕơ . 
Á ƻ νǿƦƫ ƢǺƾǿǟ  ǭǷǘȌ ƍ ƨȌƽƢǋǁƛ ƩƢǾƢȍƥ ƨǟȅǻƴǺ νǯǷƫ ǁȅǪ Ƣ˻ƳƿȅǻǾ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅ

.ƵȅǻǘǶơ ǹǷǠƬǻǶơ ǹǇơ ƢȃȍǷǟ 
Á   ǂǜƬǿƫ ƢȃǿψǶ ƍ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ νǯǷƫ ǁȅǪ Ƣ˻ƳƿȅǻǾ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ νǿƦƫ ˪ ƢǺƾǿǟ

.ǴȅǈψǶơ ǹǷǠƬǻǶơ ǹǇơ ƢȃȍǷǟ ǭǷǘȌ ƍ ǹȍȍǯƬǷǶ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ǹȌƾǯƫ 
Á   ƨȍǺǃǁơȅƻ ƾǻƬǠƫKNN  .ǒǠƦǶơ ƢȃǔǠƥ ǽǺ ƨƦȌǂǮ ƨȃƥƢǌƬǻǶơ ƔƢȍǋ˦ơ ǼƗ ǑơǂƬǪơ λǷǟ 
Á   ƮƸƦȌνǲŷ  ǁƢƳ ƣǂǮơ    ƤȌǁƾƬǶơ ƩƢǿȍǠǶ ǖǻǿǶơ ƨƷƢǈǺ νǪk   .ƨǪȄǂǠǻǶơ ǂȍǣ ƨǿȍǠǷǶ ƣǂǮ˦ơ 
Á   ƨȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǹƬȌKNN  .ǁơƾƸǾ˪ơȄ ǩȍǿǐƬǶơ ǽǺ ǵψǶ 
Á ȃƴƬǺ Ʃ˪ƕ ǩǷƬƼƫƩƢ  ƨǻǟơƽ    ƽƾƸƫ ƢȃǾƗ ƮȍƷ ǽǺ Ȇǂƻ˦ơ ǩȍǿǐƬǶơ ƩƢȍǺǃǁơȅƻ ǽǟ

.ƩƢƠǫǶơ ǞȍǻƴǶ ƩƢǾƢȍƦǶơ ǕƢǯǾ ƣǂǮƗ ǽǺ ƨǪƢǈǻǶơ ƾȌǄƫ νƬǶơ ǁơǂǯǶơ ƽȄƾƷ 
Á   ǱǿψǻȌ ˪ ǱǶǀǶ ƍ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ǂȍǣ νǯȍǯƸǶơ ǹǶƢǠǶơ Ʃ˫ψǌǺ Ǽȅǳƫ ƢǺ Ƣ˻ƦǶƢǣ

  Ʃ˪ƕ ǸơƾƼƬǇơǶơȃƴƬǻƩƢ  ƨǻǟơƾǶơ  .Ʃ˫ψǌǻǶơ ȀǀȂ νǪ ƨƦǷǐǶơ 
Á ƻ ǂưǲƗ ǽǺ ƧƾƷơȄ  ƨǘȍǈƦǶơ ƢȃƫƢȍǷǻǠǶ ơ˻ǂǜǾ ǁơǂǯǶơ ǁƢƴǋƗ νȂ Ƣ˻ǟȅȍǋ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅ

.ơŻƾƳ 
Á   ƱƿƢǻǿǶơ ǽǺ ǝȅǾ νȂ ǁơǂǯǶơ ǁƢƴǋƗƨȌǂƬǺơǂƥ˫Ƕơ . 
Á   ƨȍƴȍƫơǂƬǇơ ƔƢǿƦǶơ ǁơǂǮ ǁƢƴǋƗ ǞƦƬƫƾǈƫ ǬǂǪ. 
Á  .ǵǫǇƗ λǶƛ λǷǟƗ ǽǺ ƨȍǷǻǟ ȅȂ ǁơǂǯǶơ Ƨǂƴǋ ǹǷǠƫ 
Á   ǭƦǈǻǶơ ǹȍǷǯƬǶơ ǁơǂǯǶơ ǁƢƴǋƗ νǪ ƨǺƢǠǶơ ǹȍǷǯƬǶơ ƩƢȍƴȍƫơǂƬǇơ ǽǻǔƬƫǭƷ˫Ƕơ ǹȍǷǯƬǶơȄ. 
Á   ƍơ˻ǂȍǤǏ ǽǈƸƬǶơ ǼƢǲ ơƿƛȄ ƍ ǝǂǪ ǵǲ ǹȍǻǠƫ λǷǟ ƧǁƾǯǶơ ǽȍǈƸƫ ǹȍȍǯƬƥ ǭƦǈǻǶơ ǹȍǷǯƬǶơ ǸȅǯȌ

 .ǝǂǫǶơ ƔƢǤǶƛ ǹƬȌ 
Á Ɨ ơƿƛȄ ƍ ǵǺƢψǶƢƥ ƧǁȅǘǺ ǁơǂǮ ƧǂƴǌǶ ƨȍǮǁȅǶơ ǂȍǣ ƾǯǠǶơ ǎƸǪ ǭƷ˫Ƕơ ǹȍǷǯƬǶơ ƾȍǠȌ  Ȇƽ

.ƨȍǮǁȄ ƧƾǯǠƥ ƧƾƷơȄ Ƨƾǯǟ ǴơƾƦƬǇơ ǹƬȌ ƍ ǹȍǻǠƬǶơ ƧǁƾǮ ǽȍǈƸƫ λǶƛ ǴơƾƦƬǇ˪ơ 
Á ǄȌƢƥ ǩȌƢǾ    ǎƟƢǐƼǶơ ǞȍǻƳ ǼƗ ǑǂƬǫƫ νƬǶơ ǄȌƢƥ ƨȌǂǜǾ λǷǟ ƾǻƬǠƫ ǩȍǿǐƫ ƨȍǿǯƫ νȂ

 .ǒǠƦǶơ ƢȃǔǠƥ ǽǟ ƨǷǯƬǈǺ ƨǪƾȃƬǈǻǶơ ƨǻȍǯǶƢƥ ƘƦǿƬƫ νƬǶơ 
Á ǈƬƥ ƚƦǿƬǷǶ Ʃ˪ȄƢƸǺ ƔơǂƳƛ ǹƬȌ ƮȍƷ ƍ ǩȍǿǐƬǶơ ƩƢȍǷǻǟ ǆǳǟ λǷǟ  ǵψǌƥ ƩƢƠǫǶơ ƩƢȍǻ

.ƨȌƽƾǠǶơ ǹȍǯǶƢƥ ǁơƾƸǾ˪ơ ƱƿƢǻǾ ƘƦǿƬƫ ƍ ǵǐǫǿǺ 
Á   νǻǮǂǶơ ƲƫƢǿǶơ ƨƥƢƬǲ ƾȌǂǾ ƍ ǁơƾƸǾ˪ơ νǪώ   ǵƻƾǻǷǶ ƨǶơƾǲ ƍ ǞƥƢƬǶơ ǂȍǤƬǻǶơ λǻǈȌ ȊǀǶơȄ ƍ

ὼ  .ǵǯƬǈǻǶơ ǂȍǤƬǻǶơ λǻǈȌ ȊǀǶơȄ ƍ 
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 èĊúÞõv øöÞ¤õv7 
 

Á KèĊúÞõv øöÞ¤õv Āă wù 
Á ¾æõv Āă wùüĊz ç èĊúÞõv øöÞ¤õv ÿKĈõċv øöÞ¤õv 
Á  Ĕ¤ùĉKèĊúÞõv øöÞ¤õv ÷º¸¤Æ 
Á  ¡wĉº´£ÿ xĀĊÝ )èĊúÞõv øöÞ¤õv 
Á ĔöÝ ã¾Þ¤õv ĆêĊúÞõv ĆĊ{ÎÞõv ¡wî{Êõv) 
Á ĆêĊúÞõv Ćî{Êõv üĊÆ´£ ) 

đv5ãvºă    
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èĊúÞõv øöÞ¤õv Āă wùK 

  Ƣȃƥ ƾǶȅȌ νƬǶơ ƔƢȍǋ˦Ƣƥ ǸƢȍǯǶơ Ʃ˪ˤơ ǹǷǠȌ ȊǀǶơ νǶˤơ ǹǷǠƬǶơ ǽǺ ƨȍǟǂǪ ƨǟȅǻƴǺ ȅȂ ǭȍǻǠǶơ ǹǷǠƬǶơ
  :νǠȍƦǗ ǵψǌƥ ǂǌƦǶơǶơ  ǹǷǠƬ  Ǵ˫ƻ ǽǺ ǂƦƬǠſƫ ƢǺ Ƣ˻ƦǶƢǣ ƨȍǿǯƬǶơ ȀǀȂ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ .ǕƢǻǾ˦ơ

  ȅȂ ƨǺƔ˫Ǻ ǂưǲ˦ơ ǩǏȅǶơ ǼƜǪ ƍ "ǡƢǺƾǶơ νǲƢƸƫ" νƬǶơ ƩƢȍǺǃǁơȅƼǶơ ǽǺ ƨǟȅǻƴǺ ǽǺ ƨǟȅǻƴǺ
  ƩƢǯƦǘǶơ Ǵ˫ƻ ǽǺ ǹǷǠƬǶơ ǽǻǔƬȌ ƍ ǂƻƕ λǿǠǻƥ ."ƩƢǯƦǘǶơ Ǵ˫ƻ ǽǺ ǹǷǠƬƫ" νƬǶơ ƩƢȍǺǃǁơȅƼǶơ
  ƣǀƳ ƾǯǶ .ǖǈƥ˦ơ ǹȍȂƢǫǻǶơ ǽǺ ƧƾǯǠǻǶơ ǹȍȂƢǫǻǷǶ νǺǂȂ ǵǈǷǈƫ ƔƢǌǾƛ ǽǺ ƨȍǺǃǁơȅƼǶơ ǽψǻƫ νƬǶơ

˦ .ǱǶǀǶ ƨȃȍƳȄ ƣƢƦǇƗ ǰƢǿȂȄ ƍ Ƨǂȍƻ˦ơ ƩơȅǿǈǶơ νǪ ǸƢǻƬȂ˪ơ ǽǺ ǂȍưψǶơ ǴƢƴǻǶơ ơǀȂ  ƩơǁȅǘƬǶơ Ǽ
 ǭƥƢǈǶơ νǪ ƢȂǁȅǐƫ ǽψǻǻǶơ ǽǺ ǽψȌ ǹǶ ƲƟƢƬǾ λǶƛ ƩƽƗ Ƨǂȍƻ˦ơ. 

  ǹǷǠƬǶơ ǩǐȌǭȍǻǠǶơ    νƬǶơ ƨǯȌǂǘǶơ ǁơǂǣ λǷǟ ƍ νǯǘǿǺ ǵψȍȃƥ ƩƢǾƢȍƦǶơ ǵǷƸƫ νƬǶơ ƩƢȍǺǃǁơȅƼǶơ
 ǂȍǣȄ Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ƭƾƸȌ ǼƗ ǽψǻȌ ơǀȂ ǼƗ ǚƷ˪ .ǼƢǈǾ˨ơ ƢȃƴƬǿƬǈȌ

ǀȂ ǭȍǯƸƬǶ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ˾ƥ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǸƾƼƬǈƫ ƍ ǨƾȃǶơ ơ ƩƢǯƦǗ Ʃơƿ ƨȍǿ
 ƨψƦǌǶơ ȀǀȂ ǵưǺ ǹȍǻǐƫ .ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ λǻǈƫ ƩƢȍǺǃǁơȅƼǶơ ǽǺ (ƨȍǺǂȂ)
 ƨȍǷǻǟ λǶƛ ȊƽƚȌȄ ȊǂǌƦǶơ ǡƢǺƾǷǶ ƨȍƳȅǶȅȍƦǶơ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǽǺ λƷȅƬǈǺ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ

ơ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ ǽǺ ǂȍưψƥ ǵǔǪƗ ǹǷǠƫ  ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ .ƨȍǇƢȍǯǶǭȍǻǠǶơ    Ʃ˪˥Ƕ ǽψǻȌ ƍ
 .ǼƢǈǾ˨ơ ȁƦǌƫ ƨǯȌǂǘƥ Ɣνǋ ȊƗ ǵǠǪȄ ƾȌƾƸƬǶ ƨȍƫȅǐǶơ ƩƢǫǷǻǶơ ȄƗ ǍȅǐǿǶơ ȄƗ ǁȅǐǶơ ǸơƾƼƬǇơ 
 ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ Ʃ˪ˤơ ǑǂǠƫ νƬǶơ ƧǁǂǳƬǻǶơ ǹǷǠƬǶơ ǬǂǗ λǷǟ ǭȍǻǠǶơ ǹǷǠƬǶơ ǄǲǂȌ

Ƕơ ƧǄȃƳƗ ƾǟƢǈȌ ȁǾƜǪ ƍ ǱǶǀƥ ǸƢȍǯǶơ Ǵ˫ƻ ǽǺ .ƧǂȍƦψǶơ ǽǺ ǎƟƢǐƻ λǷǟ ǁȅưǠǶơ νǪ ǂƫȅȍƦǻψ
 ǹȃǪ λǷǟ Ʃ˪ˤơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ǁǂǳƬǻǶơ ǑǂǠƬǶơ ƾǟƢǈȌ .ƩơǂȍȍǤƬǶơ ǞǺ ǩȍǳƬǶơȄ ƩƢǾƢȍƦǶơ

ƨǮȅƯȅǺ ƨƴȍƬǾ λǶƛ ǴȅǏȅǶơȄ ƩƢǾƢȍƦǶơ ǭǗƢǿǺȄ ƩƢǪ˫Ƭƻ˪ơ  . 

øĄù èĊúÞõv øöÞ¤õv v»wúõK 

ƲƬǿȌ ǸȅȍǶơ ƢǿǻǶƢǟ ǼƗ ƨǯȍǯƸƥ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨȍǻȂƗ ǖƦƫǂƫ ǼƗ ǽψǻȌ   .ƩƢǾƢȍƦǶơ ǽǺ ƨǷƟƢȂ ƩƢȍǻǲ
 ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƾƼƬǈȌ .ƩƢǾƢȍƦǶơ ǽǺ ǂȍƦψǶơ ǹƴƸǶơ ơǀȂ ƨǷψȍȂ ȁǿψǻȌ ǸƢǜǾ λǶƛ ƨƳƢƸǶơ νȂ ƨƴȍƬǿǶơȄ
 ƩƢǾƢȍƦǶơ ȀǀȂ ǽǺ ƢȃǠǻƳ ǹƫ νƬǶơ ƩƢǺȅǷǠǻǶơ ǞȍǻƳ ǸơƾƼƬǇơ ǹƬȌ .ƩƢǾƢȍƦǶơ ǽǺ ƾȌơǄƬǻǶơ ǹƴƸǶơ ơǀȂ

  ǹǷǠƬǶơ ƱƿƢǻǾ Ǵ˫ƻ ǽǺ ƨǯȍǮƽ ƲƟƢƬǾ ǭȍǯƸƬǶǭȍǻǠǶơƚȌ . ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǻǶ ǁǂǳƬǻǶơ ǵȍǷƸƬǶơ Ȋƽ
  νǪ ǭȍǻǠǶơ ǹǷǠƬǶơ ǂǻƬǈȌ .ƨǮȅƯȅǺ ƨƴȍƬǾ λǶƛ ƨȌƢȃǿǶơ νǪ ȊƽƚȌ ƢǻǺ ƍ ƔƢǘƻ˦ơ ǵȍǷǯƫ λǶƛ ƧǂȍƦψǶơ

.ǵƦǯƬǈǻǶơ νǪ ǵǻǠǶơ ǍǂǪ ǽǺ ƾȌƾǠǶơ ǭǷƼȌȄ ƨȍǐƼǌǶơ ƩƢƷƢǈǻǶơȄ ǴƢǻǟ˦ơ λǷǟ ǂȍƯƘƬǶơ 
    ƩƢǲǂǋȄ ƨƠǋƢǿǶơ ƩƢǲǂǌǶơ ǸƾƼƬǈƫ ǼƗ ƶƳǂǻǶơ ǽǺ ƍ ƨǷƦǯǻǶơ ƨǷȍǷǯǶơ ƩơȅǿǈǶơ ȆƾǺ λǷǟ

  ǹǷǠƬǶơ ƧǂȍǤǐǶơȄ ƧǂȍƦψǶơ ƢȍƳȅǶȅǿǳƬǶơ ǭȍǻǠǶơ   ƔƢǌǾƛȄ ƨȍǶƢƸǶơ ƩƢǯȍƦǘƬǶơ ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ ƨȍǮǂƬǶ
  ȀǀȂ ǵǠǫǶƢƥ ǸƾƼƬǈƫ ƩƢǲǂǌǶơ ǽǺ ƾȌƾǠǶơ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ) ƧƾȌƾƳ ƩƢǺƾƻȄ ƩƢƴƬǿǺ

ψǶơ ƢȍƳȅǶȅǿǳƬǶơ  λǶƛ ȊƽƚƬǇ ƢȂǁȄƾƥ νƬǶơȄ ƍ Ƣ˻ǺƢǻƫ ƧƾȌƾƳ ƨȌǁƢƴƫ ǬơȅǇƗȄ Ǖȅǘƻ ǂȃǜƬǇ .(ƧǂȍƦ
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  ǼƗ ǞǮȅƬǻǶơ ǽǺȄ ƍ ƨǶȅȃǇ ǂưǲƗȄ ǵȃǇƗ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨǻǜǾƗ ǸơƾƼƬǇơ ǼȅψȍǇ .ǁƢǳƬƥ˪ơ ǽǺ ƾȌǄǺ
 ƨǻǜǾƗ Ʃǂ˿ȍǣ ƢǻǷưǺ ƒ ƢȍƳȅǶȅǿǳƬǶơ ǞǺ ǅƢǿǶơ ǵǟƢǫƫ ƨǯȌǂǗ νǇƢǇƗ ǵψǌƥ ǂȍǤȍǇ ǭȍǻǠǶơ ǹǷǠƬǶơ

ǏȄ ƨǯȌǂǗ ǵȍǤǌƬǶơǂƫȅȍƦǻψǶơ ƧǄȃƳƗ λǶƛ ǽȍȌƽƢǠǶơ ǍƢƼǋ˦ơ Ǵȅ . 

KèĊúÞõv øöÞ¤õv ôúÞĉ äĊí 

  ǡƢǺƾǷǶ ƨưȌƾƸǶơ ƨȍƼǻǶơ ƧǂǌǯǶơ νǪ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǁơǂǣ λǷǟ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨǻǜǾƗ ǹȍǻǐƫ ǹƫ
  ƩƢǺȅǷǠǺ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǵǯǿƫ ƍ ǡƢǺƾǶơ νǪ .ȆȅƬǈǻǶơ νǶƢǟ ǰơǁƽ˨ơ ƭƾƸȌ ƮȍƷ ƍ ȊǂǌƦǶơ

 ǿǟ .ƨȍƟƢȍǻȍǲ ȄƗ ƨȍƟƢƥǂȃǲ  νǪ .ƨȍƦǐǟ ƨψƦǋ ǵψǌƫ ƢȃǾƜǪ ƍ Ȇǂƻ˦ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶƢƥ ǴƢǐƫ˪ơ ƾ
  ƢȌ˫ƼǶơ ȀǀȂ ǽǺ νǫψȌ ƢǺ ǵȍǏȅƬƥ ƪǻǮ ơƿƛȄ ƍ ǞǿǘǐǺ ǵψǌƥ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǼȅǳƬƫ ƍ Ʃ˪ˤơ

ƨȍǟƢǿǘǏơ ƨȍƦǐǟ ƨψƦǋ λǷǟ ǵǐƸƫ ƍ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ . 
  ǁƾƬǶ .ƤȌǁƾƫ λǶƛ ƱƢƬƸƫ ƢȃǾƜǪ ƍ ƧƾȍǫǺ ƨȍƦǐǠǶơ ƨψƦǌǶơ Ǽȅǳƫ νψǶ ƔƢǌǾƛ ǹƬȌ ƍ ƨȍƦǐǟ ƨψƦǋ ƤȌ

 ƨƥƢƴƬǇơ ƨȍǫȍǲ ƽƾƸȌ νƟơȅǌǟ νǻǮǁ "ǼǃȄ" ǎȍǐƼƫȄ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ƨǟȅǻƴǺ
 ƩƢƥƢƳ˨ơ ̝˪ȄƗ ƨǶˤơ Ȇǂƫ ƍ νǶƕ ǹǷǠƫ ȄƗ ƨȍƟƢǐƷƛ ƨǯȌǂǗ ȊƗ ǵưǺ .ƧƾȌƾƴǶơ ƩƢǾƢȍƦǷǶ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ

ƢưǻǶơ ǵȍƦǇ λǷǟ ƍ ƨǮƾƥ ƨψƦǌǶơ ǩǌƬǳƫ ǹǶ ơƿƛ ǱǶǀǶ .ƨƸȍƸǐǶơ ƍ ƢǺ ƧǁȅǏ νǪ ȁƳȄ ƨȌƙǁ Ǹƾǟ ƍ Ǵ
 ǵƳƗ ǽǺ ƍ ƩƢǾƢȍƦǷǶ ƨȍƦǐǟ ƨȍǷƻ ǵǲ ȁǠǪƾȌ ȊǀǶơ ǸƢǻƬȂ˪ơ ǁơƾǯǺ) ǼơǃȄ˦ơ ǖƦǔƥ ǸƢǜǿǶơ ǸȅǯȍǈǪ
  ǁơǂǻƬǇƢƥ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǩǌƬǳƬǇ ƍ ƤǇƢǿǻǶơ ƤȌǁƾƬǶơ ƾǠƥ ƍ ơ˻ǂȍƻƗ .(ƨƸȍƸǐǶơ ƨƥƢƴƬǇ˪ơ ƱƢƬǾƛ

ǁȅǐǶơ ȄƗ Ǹ˫ψǶơ νǪ ƨƸȍƸǐǶơ ǕƢǻǾ˦ơ.   
ƾǻƬǠȌ ƍ ǁƢǐƬƻƢƥ    ƔƢǲǀǶơ ƾȍǷǯƬǶ Ʃ˪ˤơ ƤȌǁƾƬǶ ƨȌǁơǂǳƫ ƨǯȌǂǗ λǷǟ ǭȍǻǠǶơ ǹǷǠƬǶơ ǂȂȅƳ

  ƩƢȌȅƬǈǺ Ƨƾǟ Ǵ˫ƻ ǽǺ ƨȌǁơǂǳƬǶơ ƨǯȌǂǘǶơ ȀǀȂ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƨψƦǌǶơ Ȋƽƚƫ .ȊǂǌƦǶơ
  ǵǲ λǶƛ ƪǷǯƬǾơ ƢǻǷǲ .ƨǘȍǈƥ ƩƢǺȅǷǠǺ ǹǷǠƫ λǷǟ Ʃ˪ˤơ ƨȍǇƢǇ˦ơ ƩƢȌȅƬǈǻǶơ ƾǟƢǈƫ .ƨȍǺǂȂ

ơ ƧǄȃƳ˦ơ Ǟǻƴƫ ƍ ƾȌƾƳ ȆȅƬǈǺ .ǂȍƻ˦ơ ȆȅƬǈǻǶơ νǪ ȁƬǻǷǠƫ ƢǺ ǞǺ ƢȃƴǺƾƫȄ ƩƢǺȅǷǠǻǶơ ǽǺ ƾȌǄǻǶ
 ȀǀȂ ǂǻƫ .ƢŻǘǷƬƼǺ ˘Μ˜Ƣƻƽƛ ǵưǻȌ ƩƢǺȅǷǠǻǶơ ǽǺ ơ˻ǂȍƻƗ ơ˻ƔǄƳ ǸƢǜǿǶơ ǞǻƴȌ ƍ ƨȍǷǻǠǶơ ƨȌƢȃǾ νǪ
 ƧƾǟƢǈǻƥ ǂưǲƗ ƢȃǻǈǯǾ Ƣǿǟƽ .ƾǯǠǻǶơ νǯǘǿǻǶơ ǂȍǳǫƬǶơ ȁƦǌƫȄ ƨȍǺǂȂ Ʃ˫ǈǷǈƫ ƧƾǠƥ ƩƢǺȅǷǠǻǶơ

ŻƾǟƢǈǺ ǰǁƢƦƬǟơ νǪ ǞǓ .ǴƢưǺ  ǵưǺ Ƣ˻ȍƫȅǏ ơAlexa    ȄƗSiri    ǹǷǠƬǶơ ǸƾƼƬǈȌ ǩȍǲ ȆǂƬǶ ǭȍǻǠǶơ 
  ƾǟƢǈǻǶơ ȆǀǤƬȌ ƢǺƾǿǟ ƍ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǽǺ λǶȄ˦ơ ǵƷơǂǻǶơ νǪ .ƨȍǠȍƦǘǶơ ƨƯƽƢƸǻǶơ ƣǁƢƴƬǶ
  ƍ ƢȍǷǠǶơ ƩƢȌȅƬǈǻǶơ νǪ .Ȇǂƻ˦ơ ƔƢȍǋ˦ơȄ ƩơȅǏ˦ơ ƾȌƾƸƫ ǴȄƢƸȌ ȁǾƜǪ ƍ ƩƢǾƢȍƦǶơ λǷǟ νƫȅǐǶơ

  ǩȍǔȌȄ ƩơƽǂǫǻǶơ ƩƢǺȅǷǠǺ ǖǯƬǷȌ  ǵǷƸȌ ƍ ƨȍǶƢƬǶơ ƩƢȌȅƬǈǻǶơ νǪ .ƨǯƥƢǈǶơ ƩƢȌȅƬǈǻǶơ ǽǺ ƲƟƢƬǿǶơ
  ƤȌǁƾƫ ǹƬȌ ƍ νǺǂȃǶơ ǵψȍȃǶơ ǽǺ ȆȅƬǈǺ λǷǟ˦ ƨƦǈǿǶƢƥ .ƢȃƴƟƢƬǾ ǵǲ ǞǻƴȌȄ (ǂǺơȄ˦ơ) ƩƢǾ˫ǟ˨ơ
  ǱǷƫ λǷǟ ˻ƔƢǿƥ Ʃ˫ƻƾǻǶơ ǹȌƾǯƫȄ ǁơȅƸǶơ ǵȍǷƸƫ λǷǟ ơ˻ǁƽƢǮ ǼȅψȍǶ ƨȍǪƢǲ ƨƳǁƾƥ νƫȅǐǶơ ƾǟƢǈǻǶơ

.Ʃ˫ƻƾǻǶơ 
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  ²Ċ¤£  ¾Ċá Ćêĉ¾Öz ¡wýwĊ{õv Ć¬õwÞù ¡đČõ èĊúÞõv øöÞ¤õv ĆúÚýč ĆĊù¾Ąõv ĆĊöúÞõv
  ĆĊ{ÎÞõv ºêÞõvÿ I ć¾Ê{õv ßwùºõv ô¨ù ĆĊÝwþÖÍđv ĆĊ{ÎÞõv ¡wî{Êõv ÜþÎ£ )ĆĊÖ·
  ēĀ¤Æúõv Ĉå wMÖĊÆz wMuĊÉ ĆĊÝwþÖÍđv ĆĊ{ÎÞõv ¡wî{Êõv øöÞ¤£ )Ćî{Êõv ô¨ù ĆöÎ¤ù

p Ăz ôê¤þ£ ø§ Ĉù¾Ąõv ôÆöÆ¤õv üù óÿčv  ø¤ĉ I Ĉõw¤õv ēĀ¤Æúõv Ĉå )Ĉõw¤õv ēĀ¤Æúõv Ĕõ
  Ĉõw¤õv ēĀ¤Æúõv Ĕõp wĄöêý ø¤ĉÿ vMºĊêÞ£ ¾¨íl iĈÉ Ĉå ĆÖĊÆ{õv ¡wùĀöÞúõv ā¼ă ªù¹
  ą¹½vĀõv ¡Ē·ºúõv üù vMºĊêÞ£ ¾¨íl wMuĊÉ Ĉù¾Ąõv ôÆöÆ¤õv Ĉå ēĀ¤Æù ôí Ĉþ{ĉ )v¼îăÿ

  ¡wúÆõv ©v¾¸¤Åv wMĊtwêö£ øöÞ¤ĉ ûl üîúĉÿ I èzwÆõv ēĀ¤Æúõv üù  ¡wýwĊ{õv ¡wÝĀú¬ù üù
ĆĉºĊöê£ ºÝvĀé ÿl Ć´ĉ¾Í Ć¬ù¾z ûÿºz I Ìþõv ÿl ĀĉºĊæõv ÿl ½ĀÎõv ô¨ù  ) 

  wMĊtwêö£ ã¾Þ¤õv øĄþîúĉ )iĈÉ ôîõ Ć´ĉ¾Í Ć¬ù¾z Ĕõp ©w¤´ý đ I èĊúÞõv øöÞ¤õv Ĉå
  üîúĉ )Ćĉÿºĉ ºÝvĀé øĉºê£ ûÿ¹ I Ìþõv ÿl ĀĉºĊæõv ÿl ½ĀÎõv ô¨ù ¡wýwĊ{õv ¡ĒĊ¨ú£ ĔöÝ

wĊþz øöÞ¤£ ûl  wĄtv¹l üù ºĉÀ£ ûl üîúĉÿ ÷w¸õv ¡wýwĊ{õv üù ą¾Éw{ù Ćýÿ¾úõv ĆĊõwÝ wĄ£
¡wýwĊ{õv üù ºĉÀúõv ¾ĊåĀ£ ø£ v»p Ĉu{þ¤õv ) 

  ǀǿǺ ƧƽȅƳȅǺ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ƧǂǳǪ ƪǾƢǲ60   λǷǟ Ƣ˻ǺƢǟƍǵǮ˦ơ    ǱǾơǂǪ ǁȅǗ ƢǺƾǿǟ
Ȅ ƔȅǔǶơ ƩƢǫǋƢψǶ "ƢΜǲǁƾǺ" νǓƢǻǶơ ǼǂǯǶơ ǽǺ ƩƢȍǿȍǈǻƼǶơ ʣƪǷȍƦǾǃȄǁ ǄȍȍǻƬǶơ λǷǟ ƵƢƴǿƥ ȁƥǁƽ

 ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ƽƾǟ ʣƨȌƢǤǷǶ ƧƽȄƾƸǺ ƪǾƢǲ ƨȍǶȄ˦ơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǽψǶ .ƨȍǈȍƟǂǶơ ǴƢψǋ˦ơ ǽȍƥ
  .ƧƾǯǠǻǶơ ǕƢǻǾ˦ơ λǷǟ ǨǂǠƬǶơ ǼȅǠȍǘƬǈȌ ˪ ǹȃǾƗ λǿǠǻƥ .ƢȃƻƢǈǿƬǇơ ƢȃǿψǻȌ νƬǶơƭ˫Ư   Ʃơǁȅǘƫ

ƨǺơƾƬǇơȄ ƨȍƦǠǋ ǂưǲƗ ǭȍǻǠǶơ ǹǷǠƬǶơ ƪǷǠƳ νǓƢǻǶơ ƾǯǠǶơ νǪ. 
 ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶ ƢȃǶ˫ƻ ǽǺ ǽψǻȌ ƨǯȌǂǗ ȅƬǾǁȅƫ ƨǠǺƢƳ ʣǼȄǂƻƕ ǼȅưƷƢƥȄ ǼȅƬǿȍȂ ȊǂǫȍƳ ǁȅǗ

  ǭȌǂǗ ǽǟ ƢȃǈǫǾ ƣǁƾƫ ǼƗ ƨȍƴǺǂƦǶơƩƢǯƦǘǶơ  ƨȍǫȍǲ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ λǶȄ˦ơ ƨǯƦǘǶơ ǹǷǠƬƫ .
  ƩơǄȍǻǶơ λǷǟ ǨǂǠƬǶơƍƨȍǇƢǇ˦ơ    ǹǷǠƬƫ ƢǺƾǿǟ .ƩƢǾƢȍƦǶơ ǕƢǯǾ ǽȍȌ˫Ǻ λǷǟ ȊȅƬƸƫ νƬǶơ ƨǪƢƸǶơ ǵưǺ

  ƔƢȍǋ˦ơ ȀǀȂ λǷǟ ǨǂǠƬǶơ ƨȍǫȍǲ ƩƢǯƦǘǶơ ȆƾƷƛƍƨǮƾƥ    ƨǯƦǘǶơ λǶƛ ǵǯƬǿƫ ƢȃǾƜǪƍƨȍǶƢƬǶơ    ƣǁƾƫ νƬǶơȄ
  ǂưǲƗ ƩơǄȍǺ ƾȌƾƸƫ λǷǟ ƢȃǈǫǾƍơŻƾȍǯǠƫ    ƨǯƦǘǶơ ȀǀȂ ƨȌǀǤƫ ǱǶƿ ƾǠƥ ǹƬȌ .ǽȍǾƿ˦ơ ȄƗ ǩǾ˦ơ ǵưǺ

  ƨǯƦǗ λǶƛƍȆǂƻƗ  ơȄ  ƩƢȌȅƬǈǺ ǽǺ ƾȌǄǻǶơ ǨƢǌƬǲơ λǷǟ ƢȃǈǫǾ ƣǁƾƫ νƬǶƍƾȌǂƴƬǶơ  ƍơǀψȂȄ    ƨǯƦǗ
  ȅǷƫƍȆǂƻ˦ơ   .ǼƢǈǾ˨ơ ǵưǺ ơŻƾƳ ƧƾǯǠǻǶơ ǂȂơȅǜǶơ ǨƢǌƬǲơ ǽǺ ǬȅƯȅǺ ǵψǌƥ ǸƢǜǿǶơ ǽψǻƬȌ λƬƷ 

 ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦψǶơ ƨȍǻψǶơ ȅȂ ǭȍǻǠǶơ ǹǷǠƬǶơ ʣƨưȌƾƸǶơ ƩơǁȅǘƬǶơ ǽǟ ǴȄƚǈǻǶơ νǾƢưǶơ ǁȅǘƬǶơ
ƩƽƗ .Ǽˤơ ƧǂǪȅƬǻǶơ  ƨǠǇơȄ ƩƢǾƢȍƥ ƱƢƬǾƛ λǶƛ ƨǠȌǂǈǶơ ƨǿǻǮǂǶơƍǬƢǘǿǶơ    ǸƾƼƬǈǻǶơ ǽȍƴǈǲ˦ơ νȂȄ

ǭȍǻǠǶơ ǹǷǠƬǶơ ƨǻǜǾƗ ǆȌǁƾƫ νǪ . 
ƍơ˻ǂȍƻƗ  ʣǭȌǂǪ ƾƳȄƍƽǁȅǫǾƢƬǇ  ƧƽƢȍǯƥ ȄǁƾǾƗƍƲǾƕ  ǭƟƢǮǁ ǼƗGPUƍ   ƨƴǶƢǠǻǷǶ ƢȃǟơǂƬƻơ ǹƫ νƬǶơ

  ƣƢǠǶ˦ ƨȍȃȌƾƦǶơƍȅȌƾȍǫǶơ    ƪǮȄ λƬƷ .ǭȍǻǠǶơ ǹǷǠƬǷǶ ƢȃǺơƾƼƬǇơ ǽψǻȌƤȌǂǮƍ    ǭƟƢǮǁ ǼƢψǺƜƥ ǼƢǲ
  ǵǲ ʣǖǯǪ ƾƷơȄ ƭƾƷ ƨƴǶƢǠǺ ƨȌƾȍǷǯƬǶơ ǂƫȅȍƦǻψǶơƍƧǂǺ    ƨƴǶƢǠǺ ƩơƾƷȄ ǹȍǻǐƫ ǹƫ ǽψǶȄ

  ǽȍȌ˫ǻƥ ƨȍƦǐǟ ƩƢψƦǋ ǀȍǫǿƬǶ ƶƟơǂǌǶơ ȀǀȂ ǸơƾƼƬǇơ ȆƽƗ .ƨȌǃơȅƬǻǶơ ƨƦǇȅƸǷǶ ƩƢǺȅǇǂǶơ
  ǹǷǠƬǶơ ƨǻǜǾƗ ƩƢȍǾƢψǺƛȄ ƤȌǁƾƫ ǞȌǂǈƫ λǶƛ ȊǃơȅƬǶƢƥ Ʃ˪Ƣǐƫ˪ơƍǭȍǻǠǶơ    ƨǶ˥Ƕ ƶǻǇ ƢǻǺ  ǹǷǠƬǶƢƥ

.ǭƥƢǈǶơ ʣǞȍƥƢǇƗ Ƨƾǟ ǬǂǤƬǈȌ ǼƢǲ Ƣ̍ȉȍǋ ƾƷơȄ ǸȅȌ νǪ   
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  ǞǺ ƨȍǲƢƸǻǶơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽȍȌ˫Ǻ ǽǺ ǸȅȍǶơ Ƣ˻Ǻƾǯƫ ǂưǲ˦ơ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢψƦǋ ǼȅǳƬƫ
  ȅȂ ơǀȂ .Ǩơǂǋ˩Ƕ ǞǓƢƼǶơ ǂȍǣ ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ƢȃƦȌǁƾƫ ǽψǻȌȄ Ƣȃǿȍƥ ƢǻȍǪ ǖƥơȄǂǶơ ƩơǁƢȍǷǺ

  ƨȍǶƢǠǪ ǂưǲ˦ơ νǷǻǠǶơ ǭȍƦǘƬǶơ ǒǠƦǶ ƨƦǈǿǶƢƥ .Ǭ˫Ǘ˨ơ λǷǟ ȁǟơǂƬƻơ ǹƫ ȊǀǶơ νǟƢǿǘǏ˪ơ ƔƢǲǀǷǶ
ƍǸƢȃǻǶơ  ǍƢƼǋ˦ơ ǞǺ ƧơȄƢǈǻǶơ ǸƾǮ λǷǟ ǕƢǻǾ˦ơ λǷǟ ǨǂǠƬǷǶ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨǻǜǾƗ ǵǔǪƗ Ǽȅǳƫ  . 

Ĉõċv øöÞ¤õvÿ èĊúÞõv øöÞ¤õv üĊz ç¾æõv  K 

  ǵǠƴȌ ȊǀǶơ ƢǺ ǴƔƢǈƬƫ ƾǮ ƍ ǹƯ ǽǺȄ .νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ νȂ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ
  :ƨƥƢƳ˨ơ .ơ˻ǄȍǻǺ ǭȍǻǠǶơ νǶˤơ ǹǷǠƬǶơ ˾ ƥ  λǶƛ ƨƳƢƸǶơȄ ƍ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƨψƦǌǶơ ƩƢȍǺǃǁơȅƻ ƨȍǿ

 ǂƦǲƗ ƩƢǾƢȍƥ λǶƛ ƨƳƢƸǶơȄ ƍ ǵǮƗ Ȋǂǌƥ ǵƻƾƫ . 
ǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǼƗ ǽȍƷ νǪ ƍ Ɣƾƥ Ȋƿ ƝƽƢƥ˾ƥ ƢȃǶ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹ ǵưǺ ƍ Ƣ˻ȍƦǈǾ ƨǘȍǈƥ ƨȍǿ

 ǼȅǳƬƫ .ƨȍǟƢǿǘǏơ ƨȍƦǐǟ ƨψƦǋ λǷǟ ƾǻƬǠȌ ǭȍǻǠǶơ ǹǷǠƬǶơ ǼƜǪ ƍ ǁơǂǯǶơ Ƨǂƴǋ ȄƗ νǘƼǶơ ǁơƾƸǾ˪ơ
  .ƨψƥƢǌƬǺȄ ƧƾǯǠǺ νȃǪ ƍ ȊǂǌƦǶơ ǡƢǺƾǶơ ǵưǺ ƍ ƩƢǯƦǗ Ƨƾǟ ǽǺ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƨψƦǌǶơ ȀǀȂ

  ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƤǷǘƬƫ ƍ Ƣ˻ȍǾƢƯ ƢǾƽǁƗ ơƿƛ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǂȍưψƥ ǵǮƗ Ƣ˻Ȍǂǌƥ ˙Żˠƻƾƫ ǭȍǻǠǶơ
  ǅƾǿȃǺ ǽǺ ƤǷǘƬƫ ƨȌƾȍǷǯƬǶơ ƨǶˤơ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǼƜǪ ƍ ƢǺ ƧǁȅǏ νǪ ǨƢǯȌ˨ơ ƨǺ˫ǟ λǷǟ ǨǂǠƬǶơ
 ơƿƛȄ .ƨƳƢƸǶơ ǭƥƢǘȌ Ʊơǂƻ˨ơ ǼƢǲ ơƿƛ ƢǻǺ ǭǯƸƬǶơȄ ǁȅǐǶơ ǃǂǫǶ Ƣ˻ȌȄƾȌ ƩƢƠǫǶơȄ ǎƟƢǐƼǶơ ƾȌƾƸƫ

ǯǪ ƍ ǱǶǀǲ ǂǺ˦ơ ǽψȌ ǹǶ  ƍǭȍǻǠǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ƢȂǁƢƦƬǟƢƥ ƍ ǱǶƿ ǞǺȄ .ƨȍǺǃǁơȅƼǶơ ǴƾǠȌ ǼƢǲ ƾ
  ƩƢǾƢȍƥ ǭȍǻǠǶơ ǹǷǠƬǶơ ƤǷǘƬȌ ƍ ƢŻưǶƢƯ .ƢȃƟƢǘƻƗ ǽǺ ƨȍǺǃǁơȅƼǶơ ǹǷǠƬƫȄ Ƣ˻ȍƟƢǯǷƫ ƩơǄȍǻǶơ ƱơǂƼƬǇơ ǹƬȌ
 ǞǺ νǶˤơ ǹǷǠƬǶơ ǵǻǠȌ .ƶȍƸǏ ǵψǌƥ ǵǻǠƬǶ ƨȌƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǽǺ ǂȍưψƥ ǂưǲƗ

Ǿ ǽǺ Ǩ˪ƕ  ǽǺ ƾȌƾǠǶơ ƨȍǿƦǶ ơ˻ǂǜǾ .ǕƢǯǿǶơ ǽȍȌ˫ǻƥ Ƣ˻ƦǶƢǣ ǭȍǻǠǶơ ǹǷǠƬǶơ ǵǻǠȌ Ƣǻǿȍƥ ƍ ƩƢǾƢȍƦǶơ ǕƢǯ
  ƩƢƦǷǯƬǶơ ǽǺ ǎǷƼƬǷǶ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƨǟȅǻƴǺ ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƢǜǾ ƤǷǘƬȌ ƍ ƧƾǯǠǻǶơ ƩƢǯƦǘǶơ

.ƧƽȅƴǶơ ƨȍǶƢǟ Ʃơǂȍǈǫƫ ƔƢǌǾƛȄ 
  ǹǷǠƬǶơȄ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ ǽǺ ǹǣǂǶơ λǷǟ ƍ ǱǶǀǶ ƢŻǯǪȄ  ƢǈȍǶ ƢǻȃǾƗ ˪ƛ ƍ ǴƽƢƦƬǶƢƥ ǭȍǻǠǶơ ƢƠȍǋ

ŻơƾƷơȄ ǹǷǠƬǶơ ǴȄƢƸȌ .ǹǷǠƬǶơ ƱƿƢǻǾ ƔƢǌǾƛȄ ƾȌƾƸƬǶ ƩƢǾƢȍƦǶơ ǸƾƼƬǈȌ ǞǇȄƗ ǬƢǘǾ ȅȂ νǶˤơ ǹǷǠƬǶơ .
˾ƥ ǹȃǪ νǶˤơ  ƱǂƼƬǈƫ ƮȍƷ .ƩƢǾƢȍƦǶơ νǪ ƤȍǯǿƬǶƢƥ ƗƾƦȌȄ ƨȍƟƢǐƷ˨ơ ƱƿƢǻǿǶơ ǸơƾƼƬǇƢƥ ƩƢǾƢȍƦǶơ ƨȍǿ

 ƨǟȅǻƴǺ ǽǺ Ƣ˻ȌȄƾȌ ƨǷǐǶơ Ʃơƿ ƩƢǺȅǷǠǻǶơ   ƧǄȃƳƗ ȁȍƳȅƬǶ ƩƢȍǺǃǁơȅƼǶơ ǸƾƼƬǈƫ ǹƯ ƩƢǾƢȍƦǶơ
 .ƩơƚƦǿƬǶơ ƔơǂƳƛȄ ƩƢǾƢȍƦǶơ ǽǺ ǹǷǠƬǷǶ ǂƫȅȍƦǻψǶơ  

  Ƣ˻ȍƦǈǾ ƾȌƾƳ ǴƢƴǺ ȅȂ ǭȍǻǠǶơ ǹǷǠƬǶơ .ƪǮȅǶơ ǁȄǂǻƥ ǁȅǘƫȄ ƨǷȌȅǗ ƧǂƬǫǶ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ ǹƫ
ơȄ ǹǷǠƬǶơ λǷǟ ǄǲǂȌ (ƪǮȅǶơ ǁȄǂǻƥ ǭȍǻǠǶơ ǹǷǠƬǶơ ǁȅǘƫ ƮȍƷ ƍ Ƣ˻ǺƢǻƫ ơŻƾȌƾƳ ǆȍǶ)  λǷǟ ǖǯǪ ǵǻǠǶ

 ƨǮƽ Ʃƽơǃ ƍ ƨψƦǌǶơ λǶƛ ƩƢǾƢȍƦǶơ ǽǺ ƾȌǄǻǶơ ƨȌǀǤƫ ǹƫ ƢǻǷǲ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ νǪ .ƨȍƦǐǠǶơ ƩƢψƦǌǶơ
  ǽȍǈƸƫ ǽψǻȌ Ƣǻǿȍƥ .νǶˤơ ǹǷǠƬǶơȄ ǭȍǻǠǶơ ǹǷǠƬǶơ ǽȍƥ ǂƻƕ Ǩ˫Ƭƻơ λǶƛ ơǀȂ ƢǾƽȅǯȌ .ƢȃƬǮƽȄ ƲƟƢƬǿǶơ

  ǹǷǠƫ ǼƜǪ ƍ ƩƢǾƢȍƦǶơ ǽǺ ǂƦǲƗ ǸƢƴƷƘƥ ǭȍǻǠǶơ ǹǷǠƬǶơ ƱƿƢǻǾ ǹǷǠƫ  λǷǟ ǂǐƬǯȌ νǶˤơ ǹǷǠƬǶơ ƱƿƢǻǾ
  ƨǪƢǓƛ ȊƗȄ ƍ ǹǷǠƬǶơ ǽǺ ŽǴƢǟ ȆȅƬǈǺ λǶƛ ǼȅǷǐȌ ƍ ǽȍǠǺ ȆȅƬǈǺ ƾǠƥ ƍ ǂƻƕ λǿǠǻƥ .ƾƷơȄ ȆȅƬǈǺ
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  ǽȍǶƢƴǻǶơ ǽȌǀȂ ǽȍƥ ƨȍǈȍƟǂǶơ ƩƢǪ˫Ƭƻ˪ơ ƍ ǁƢǐƬƻƢƥ .ƢŻǮǂǪ ƭƾƸƫ ˪ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǶơ ǽǺ ƾȌǄǻǶơ
νǷȌ Ƣǻǲ νȂ: 
Á   :ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ǹƴƷȍǻǠǶơ ǹǷǠƬǶơ ǵǻǠȌ ˪ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǞǺ ƾȍƳ ǵψǌƥ ǭ

 ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ƨƴǶƢǠǺ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƼǶ ǽψǻȌ ƍ ǱǶƿ ǞǺȄ .ƧǂȍǤǐǶơ
 ǹǷǠƬǶơ ƩƢǾƢȍƥ ƩƢǟȅǻƴǺ ǵưǺ ƧǂȍƦǲ ƪǈȍǶ ǽψǶȄ ƧǂȍƦψǶơ ƩƢǾƢȍƦǶơ Ƣ˻ǔȌƗ) ǂǤǏ˦ơ

 ƢȃƟơƽƘƥ ǅƢǈǻǶơ ǼȄƽ ƍ (ǭȍǻǠǶơ . 
Á   :ƩơǄȍǻǶơ ƨǇƾǿȂȅȂ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǞȍǻƳ ǂȂȅƳ    .ƢȂƾȍǯǠƫȄ ƩơǄȍǻǶơ ƨǇƾǿȂ

  νǪ .ƱƿȅǻǿǶơ λǷǟ ƢȃǯȍƦǘƫ ƤƴȌ νƬǶơ ƩơǄȍǻǶơ ǂȍƦƼǶơ ƽƾƸȌ ƍ ȊƾȍǷǯƬǶơ νǶˤơ ǹǷǠƬǶơ νǪ
  ǵψȍȃǶơ Ǵ˫ƻ ǽǺ Ƣ˻ȍƟƢǯǷƫ ƩơǄȍǻǶơ ƨǇƾǿȂ ǀȍǫǿƫ ǹƬȌ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ

ƨƸǓơȄ ƨƴǺǂƥ ǼȄƽ ƨǯȍǻǠǶơ ƩƢψƦǌǷǶ νǺǂȃǶơ. 
Á   :ƧǄȃƳ˦ơ ƩƢȍǠƦƫ  ǽǺ .ƨǷȍǯưǶơ ƨƦǇȅƸǶơ ƩƢȍǷǻǠǶ ƨǺƾǯƬǺ ƧǄȃƳƗ ǭȍǻǠǶơ ǹǷǠƬǶơ ƤǷǘƬȌ

 ƨǔǫƼǿǻǶơ ƧǄȃƳ˦ơ λǷǟ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǭȍƦǘƫ Ƣ˻ǔȌƗ ǽψǻȌ ƍ ȆǂƻƗ ƨȍƷƢǾ
  ǽȍǈƸƬǶ ƩƢǺȅǇǂǶơ ƨƴǶƢǠǺ ƩơƾƷȄ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ƤǷǘƬƫ .ƧƽȅƴǶơ

.ǴƢǠǪ ǵψǌƥ ƧƾǯǠǻǶơ ƨȍƥƢǈƸǶơ ƩƢȍǷǻǠǶơ 
Á  Ȅ  :ǀȍǫǿƬǶơ ƪǮ  ǀȍǫǿƫ ƪǮȄ ƢȃǶ ǼȅψȍǇ νǶˤơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǼƗ ǵȍƼƬǾ ǼƗ ǵȃǈǶơ ǽǺ

  ƍ ƤȌǁƾƬǷǶ ǴȅǗƗ Ƣ˻ȍǿǺǃ ơ˻ǁƢǗƛ ƤǷǘƬȌ ǭȍǻǠǶơ ǹǷǠƬǶơ Ǽ˦ .ǭȍǻǠǶơ ǹǷǠƬǶƢƥ ƨǾǁƢǯǺ ǂǐǮƗ
  ƨψƦǌǶơ ƩơƾȍǯǠƫ ƤƦǈƥ Ƣ˻ǔȌƗ ǽψǶȄ ƍ ƨǻƼǔǶơ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƤƦǈƥ ǖǯǪ ǆȍǶ

ȍǺǃǁơȅƻ ǹǷǠƫ ǬǂǤƬǈȌ ƾǮ .ƨȍƦǐǠǶơ ǽψǶȄ ƍ ƩƢǟƢǇ λǶƛ ŽǼơȅƯ ǽǺ νǶˤơ ǹǷǠƬǶơ ƨ
 .ǞȍƥƢǇƗ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǬǂǤƬǈƫ ƾǮ ƍƨǾǁƢǯǻǶƢƥ 
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 èĊúÞõv øöÞ¤õv ºtvĀå 

Ƕơ νǪ ǂǳǫǾ ƢǺƾǿǟ  .ǭȍǻǠǶơ ǹǷǠƬǷǶ ƨǌǮƢǿǺ ǰƢǿȂ ǼȅψȌ ǼƗ ǽψǻȌ ˪ ƍƢȍƳȅǶȅǿǳƬǴȅǯǷǶ νǟơƽ˪    ǼƗ
  ƩƢǲǂǌǶơ λǶƛ ƨǪƢǓ˨Ƣƥ ƍ ǸȅȍǶơ .ƢȍƳȅǶȅǿǳƬǶơ νǪ ƨȌȅȍƷ ǂưǲ˦ơ ƤǾơȅƴǶơ ƾƷƗ ƶƦǏƗ ǭȍǻǠǶơ ǹǷǠƬǶơ
  ƣƢƦǇ˦ơ ƾƷƗ .ǭǻǠƥ ǹǷǠƬǶơ λǶƛ ǼȅǷȍǻȌ νƳȅǶȅǿǳƬǶơ ƤǾƢƴǶơ νǪ ǍƢƼǋ˦ơ λƬƷ ƍ ƩƢǈǇƚǻǶơȄ
 .ƨǯȍǮƽ ƩơƚƦǿƫ ǵǻǟ λǷǟ ȁƫǁƾǮ ȅȂ ǞȍǻƴǶơ ȀƢƦƬǾơ ƣǀƴȌ ǭȍǻǠǶơ ǹǷǠƬǶơ ǵǠƴƫ νƬǶơ ƧƾȌƾǠǶơ
  ƨȍǶƢǻǶơ ƾƟơȅǫǶơ ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ ǽǺ ƧƽƢǫƬǇ˪ơ ǽǺ ƢȃǿψǻȌ ǞǓȄ νǪ ƩƢǲǂǌǶơ ƍ ǁƢǐƬƻƢƥ

  ǹǷǠƬǶơ Ǵ˫ƻ ǽǺ ƨȍǷȍǤǌƬǶơȄǭȍǻǠǶơ.  
  ƽƾǟ ǼƗ Ƣǻǲ ƍ ǸȅȍǶơ ǭȍǻǠǶơ ǹǷǠƬǶơ ƢȍƳȅǶȅǿǳƬǶơ ƨǯǶƢǻǟ ǽǺ ǂȍƦǲ ƽƾǟ ǸƾƼƬǈȌ ơƿƢǻǶ ǴƘǈƫ ƾǮ
  λǷǟ ƤƴȌ ƍ ƤƦǈǶơ ơǀȂ ǹȃǫǶ .ǸȅȌ ƾǠƥ Ƣ˻ǺȅȌ ƾȌơǄƬȌ ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƾƼƬǈƫ νƬǶơ ƩƢǲǂǌǶơ ȀǀȂ
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ȀƢǾƽƗ ƨƳǁƾǻǶơ .ǭȍǻǠǶơ ǹǷǠƬǶơ ƲȃǾ ǸơƾƼƬǇƢƥ ƢȃƥƢǈƬǲơ ǽψǻȌ νƬǶơ ƾƟơȅǫǶơ λǶƛ ǂǜǿȌ ǼƗ ƔǂǻǶơ    νȂ
ƢȍƳȅǶȅǿǳƬǶơ ȀǀȂ ǸơƾƼƬǇ˪ ƨȍǈȍƟǂǶơ ƾƟơȅǫǶơ ǒǠƥ: 

Á   :ƨǷψȍȃǻǶơ ǂȍǣ ƩƢǾƢȍƦǷǶ λǐǮ˦ơ ǸơƾƼƬǇ˪ơ ƩƢǾƢȍƥ ǽǺ ƧǂȍƦǲ ƨƦǈǾ ǼƗ ƭƢƸƥ˦ơ ǂȃǜſƫ
 ǂȍǣ ƨǈǇƚǻǶơƨǷψȍȃǺ    .ǱǶƿ λǶƛ ƢǺȄ ǍȅǐǿǶơȄ ǁȅǐǶơ ǵưǺ ƨǫǷƬƼǺ Ǣȍǐƥ ƢȃǻǜǠǺ Ǽ˦ ƍ

 ƦǶơ ǵȍǷƸƫ ƾǠȌ ƍ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǹǜǠǻǶ ƨƦǈǿǶƢƥ  .Ƣ˻ƦǠǏ ơ˻ǂǺƗ ƨǷψȍȃǻǶơ ǂȍǣ ƩƢǾƢȍ
  ƩƢǾƢȍƥ ƩƢǯȍǈǿƫ ǸơƾƼƬǇơ ǱǿψǻȌ ȁǾ˦ .ơŻƾȍǫǺ ǭȍǻǠǶơ ǹǷǠƬǶơ ȁȍǪ ǼȅψȌ ȊǀǶơ ǼƢψǻǶơ ȅȂ ơǀȂ
  ǽǺ ǑǂǤǶƢƥ ǭǷǠƬƫ Ȇƙǁ ƣƢǈƬǲơ Ƣ˻ǔȌƗȄ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǹȍǷǠƬǶ ƨǫǷƬƼǺ

Ǉ˪ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇơ ǱǿψǻȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƤȌǁƾƬǶơ  ǨƢǌǳƬ
  ǹȃǇ˦ơ ǁƢǠǇƘƥ ƚƦǿƬǷǶ ƾȌǄǻǶơȄ ƨȍǟƢǻƬƳ˪ơ ǖƟƢǇȅǶơ ƨǋƽǁƽȄ ƨǟƢǿǐǶơ ǵȍǷƸƫ ǽȍƥ ƩƢǮ˫ǠǶơ

 .ƨǈǇƚǻǷǶ ƨȍǷƦǯƬǈǻǶơ 
Á   :ƩơǄȍǻǶơ ƨǇƾǿȃǶ ƨƳƢƷ ˪ .ƨǺƢȂȄ ƨȍǇƢǇƗ ƨǻȃǺ ƩơǄȍǻǶơ ƨǇƾǿȂ ƾǠƫ ƍ νǶˤơ ǹǷǠƬǶơ νǪ

ƴǻǶơ ƨǪǂǠǺ ƨȍǷǻǠǶơ ȀǀȂ ƤǷǘƬƫ ƾǮ ǼƢȍƷ˦ơ ǒǠƥ νǪȄ ƍ ƨǮƾǶơ ǽǈƸȌ ȁǾ˦ ơǀȂ  ǴȅƷ ǴƢ
  ƔơƽƗ λǷǟ ȁƫǁƾǮ νǪ ǭȍǻǠǶơ ǹǷǠƬǶơ ƲȃǾ ǸơƾƼƬǇơ ƢȌơǄǺ ǂƦǲƗ ȆƾƷƛ ǵưǻƬƫ .ƨǿȍǠǺ ƨǷψǌǺ
 ƩơǄȍǻǶơ ƾȌƾƸƬǶ ƩƢǾƢȍƦǶơ ƶǈǻƥ ƨȍǺǃǁơȅƼǶơ Ǹȅǯƫ ƍ ƲȃǿǶơ ơǀȂ νǪ .Ƣ˻ȍƟƢǯǷƫ ƩơǄȍǻǶơ ƨǇƾǿȂ
 ƔƢǻǷǟ ƨȍǾƢψǺ˨ơ ȀǀȂ ƾǟƢǈƫ .ƨƷơǂǏ ƢȂǁƢƦƻƛ ǼȄƽ ƍ ǹǷǠƬǶơ ǞȌǂǈƬǶ ƢȃƴǺƽ ǹƯ ƨǷǐǶơ Ʃơƿ

ǾƢȍƦǶơ.ǵǔǪƗ ƲƟƢƬǾ ǭȍǯƸƫ ǹƯ ƪǮȅǶơ ǽǺ ǂȍƦǲ ǁƾǮ ǂȍǪȅƫ λǷǟ ƩƢ   
Á   :ƧƽȅƴǶơ ƨȍǶƢǟ ƲƟƢƬǾ ǹȌƾǯƫ  νǪ .ƢŻǾƢȍƷƗ ƔƢǘƻƗ ǼȅƦǳƫǂȌȄ ƤǠƬǶơ ȄƗ ǝȅƴǶƢƥ ǅƢǿǶơ ƣƢǐȌ

 ǹǷǠƬǶơ ƱƿȅǻǿǶ ǽψǻȌ .ƨȍƦǐǠǶơ ƩƢψƦǌǶƢƥ ǂǺ˦ơ ǭǷǠƬȌ ƢǺƾǿǟ ǴƢƸǶơ ȅȂ ơǀȂ ǆȍǶ ƍ ǵƥƢǯǻǶơ
ȃǻǶơ Ǩ˪ƕ ǄƴǿȌ ǼƗ ƶȍƸǏ ǵψǌƥ ƣǁƾǻǶơ ǭȍǻǠǶơ  ƨȍǿǺǃ ƧǂƬǪ νǪ ƧǁǂǳƬǻǶơȄ ƨȍǿȍƫȄǂǶơ ǸƢ

 ǵǻǠǶơ ƧƽȅƳ ǒǫƼǿƫ ǽǶ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ǼƢǈǾ˨ơ ȁƳƢƬƸȌ Ƣǻƥ ƨǾǁƢǯǺ Ƣ˻ȍƦǈǾ ƧǂȍǐǮ
 .ƢȃǷƷ ƾȌǂƫ ƨǷψǌǺ λǶƛ ǂȍǌƫ ˪ ƨȍǶȄƗ ƩƢǾƢȍƥ λǷǟ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ ȊȅƬƸƫ ǹǶ ƢǺ ƍ ơŻƾƥƗ 

Ǿ ǽǺ ǂƦǲƗ ǵψǌƥ ƧƽƢǫƬǇ˪ơȄ Ȁ˫ǟƗ ƧǁȅǲǀǻǶơ ƢȌơǄǻǶơ λǶƛ ǂǜǿǶƢƥ ǹǷǠƬǶơ ƲȃƍǭȍǻǠǶơ  ǴȅǯǶơ ǽψǻȌǼƛ  
  ǵƦǯƬǈǻǶơ ʣƔƢȍǋ˦ơ ƪǾǂƬǾƛ ǵưǺ ƨǫǷƬƼǻǶơ ƨǺƾǯƬǻǶơ ƩƢȍǿǯƬǶơ λǷǟ ǭȍǻǠǶơ ǹǷǠƬǷǶ ǂȍƦψǶơ ǂȍƯƘƬǶơ
  ǁơǂǻƬǇƢƥ ƢȃǺơƾƼƬǇơ ǹƬȌ ƨȌȅȍƷ ƨȍǿǯƫ Ƣ˻ǠȌǂǇ ƶƦǏƗȄ ̿˫ȌȅǗ ƢŻǗȅǋ ǭȍǻǠǶơ ǹǷǠƬǶơ ǞǘǮ ƾǯǶ .ƶǓơȄ

ǽǺ ƨǟȅǿƬǺ ƨǟȅǻƴǺ ʣƩƢǲǂǌǶơ ǽǺ ƨǟȅǻƴǺ ǵƦǮ ǽǺ   .ƩƢǟƢǿǐǶơ 

 èĊúÞõv øöÞ¤õv ¡wĉº´£ÿ xĀĊÝ 

  ƩƢȌƾƸƬǶơ ȄƗ ƤǾơȅƴǶơ ǒǠƥ ǰƢǿȂ ǼƗ ˪ƛ ƍ ȁƫơǁȅǘƫȄ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨȍǻȂƗ ƾȌơǄƫ ǽǺ ǹǣǂǶơ λǷǟ
  ƔƾƦǶ ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍƦǲ ƩƢȍǻǲ ƣȅǷǘǺ .ǭȍǻǠǶơ ǹǷǠƬǶơ ƱƿȅǻǾ ǂȌȅǘƬǶ ƢȃƬƴǶƢǠǺ ƤƴȌ νƬǶơ ƨȍƦǷǈǶơ
Ƣȍƥ Ǹ˫ψǶơ λǷǟ ǨǂǠƬǶơ ƲǺƢǾǂƥ ƤǷǘƬȌ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǭȍǻǠǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǹǷǠƫ  ƩƢǾ

  ƲƟƢƬǿǶơ λǷǟ ǴȅǐƸǷǶ ƨȍǿǺǃ ǆȍȌƢǯǺ Ʃơƿ ƩƢǾƢȍƥȄ ƍ ƨȍǾƢψǈǶơ ƨƦȍǲǂƬǶơȄ ƍ ƩƢƴȃǷǶơ ƧƽƾǠƬǺ
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  ǵưǺ ƩƢǲǂǋ ǼƗ ǽȍƷ νǪ .ƧȅƳǂǻǶơǵǲȅǲ    ȄƪǪȅǇȄǂψȌƢǺ    ƩƢǾƢȍƦǶơ ǽǺ ǂȍưψǶơ ǞǻƳ λǷǟ ƧǁƽƢǮ
  ƍ Ƣ˻ǔȌƗ .ǱǶǀƥ ǸƢȍǯǶơ ǽǺ ƧƾȍƴǶơ ǁƢǳǪ˦ơ Ʃơƿ ƧǂȍǤǐǶơ ƩƢǲǂǌǶơ ǽψǻƬƫ ˪ ƾǯǪ ƍ ƢȃȍǷǟ ǴȅǐƸǶơȄ

νǪ    ƨǺǃ˫Ƕơ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ˪ ƾǮ ƍ ǼƢȍƷ˦ơ ǒǠƥƤȌǁƾƬǶ  ƧǂǪȅƬǺ ȄƗ ƧǂưǠƦǺ ƱƿȅǻǾ.  
 ƨǿȍǠǺ ƨǷψǌǻǶ ƤǇƢǿǺ ǵƷ ƨǣƢȍǏ ƢȃǿψǻȌȄ ƨȌƢǤǷǶ ƨǶƢǠǪ ǭȍǻǠǶơ ǹǷǠƬǶơ ƱƿƢǻǾ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ
  λǶƛ ƱƢƬƸƫȄ ƨǷƯƢǻǺ ƨǷψǌǺ ǵƸǶ ǱǶǀƥ ǸƢȍǯǶơ λǷǟ ƧǁƽƢǮ ǂȍǣ ƢȃǾƗ ˪ƛ ƍ ƩƢǾƢȍƦǶơ ǞǺ ƤȌǁƾƬǶơ ƾǠƥ

ơ ƧƽƢǟƛ  Ʃ˫ǪƢƸǶơ ǼƗ ǹǷǠƬƫ νƬǶơ ǭȍǻǠǶơ ǹǷǠƬǶơ ƨȍǺǃǁơȅƻ ǰǁƢƦƬǟơ νǪ ǞǓ ƍ ǱǶƿ ƶȍǓȅƬǶ .ƤȌǁƾƬǶ
  ǽǺȄ .Ǭǁǃ˦ơ ǼȅǷǶơ λǶƛ ƨȍǇǁƾǻǶơ Ʃ˫ǪƢƸǶơ ǴȅƸƬƫ ƧƘƴǪ ǽψǶȄ ƍ ƔơǂǫǏ Ǽȅǳƫ ƢǺ Ƣ˻ǻƟơƽ ƨȍǇǁƾǻǶơ
 ƩơȅǿǇ ǆǻƻ ǂǻǠǶơ ǽǺ ǢǶƢƦǶơ ǵǫǘǶơ ȆƾǶ ǆȍǶ ƍ ǱǶƿ ǽǺ ǆǳǠǶơ λǷǟ .ƢȃǈȌǁƾƫ ƧƽƢǟƛ ƤƴȌ ƍ ǹƯ

ǷψǌǺ  ƨȍǇǁƾǺ ƨǷǪƢƸǲ ƧǁƢȍǈǶơ λǷǟ ǨǂǠƬǶơ νǪ ƨƔƢǮǁǃ  ǵǻǠƫ ˪ Ƣ˻ǔȌƗ νȃǪ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .
  .ƢȃȍǪ ơȅǇǁƢǺ νƬǶơ ƨƠȍƦǶơ ǽǟ ̿˫ȍǷǮ ƨǫǷƬƼǺ Ǽȅǳƫ ƾǮ νƬǶơ ǩǮơȅǻǶơ νǪ ƾȍƳ ǵψǌƥDeepMind ƍ

Ƭƥǁƽ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟƢȃ  ǵǲȅǲ    ƨǻȌǄȂ λǷǟ49    ƨƦǠǶAtari  ƢȃȍǪ ǸǄȃȌ ƧǂǺ ǵǲ νǪ ƍ ǱǶƿ ǞǺȄ .
ǜǿǶơ  λǶƛ ơǀȂ ƢǾƽȅǯȌ .ƨȍǶƢƬǶơ ƧơǁƢƦǻǶơ ƨǻȌǄȃǶ ȁƦȌǁƾƫ ƧƽƢǟƛ ƤƴȌ ƍ ƧƾƷơȄ ƧơǁƢƦǺ ǸƢƾȍǮ   ǹǷǠƬǷǶ ǂƻƕ

  ƍƩƢƳǂƼǻǶơ λǶƛ Ʃ˫ƻƾǻǶơ ǽȍȍǠƫ νǪ ƨȌƢǤǷǶ ơŻƾȍƳ ǼȅψȌ ƾǮ ƱƿȅǻǿǶơ ǼƗ ǽȍƷ νǪ ȁǾƗ ȅȂȄ ƍ ǭȍǻǠǶơ
 .ƢȃǾȄǂȌƾȌ νƬǶơ ƩƢǾƢȍƦǶơ ǬƢȍǇ ǹȃǪ νǪ ơŻƾȍƳ ǼȅψȌ ˪ ƾǯǪ 

ǩǠǔǶơ ǕƢǯǾ ǂưǲƗ ƍ ơ˻ǂȍƻƗ  ǠȍƦǗ νȂ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ƨǪȄǂǠǻǶơƨ   ."ƽȅǇ˦ơ ǬȄƾǿǐǶơ"
  ƍǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǽȍǠǺ ƲƫƢǾ λǷǟ ƨȍƦǐǠǶơ ǱƬψƦǋ ƪǷǐƷ ơƿƢǻǶȄ ǩȍǲ ǨǂǠƫ ˪ ƪǾƗ ƍ ƨǗƢǈƦƥ
 ƤƦǇ ǹȃǪ ơŻƾƳ ƤǠǐǶơ ǽǻǪ ƍ ǃƢȃƴǶơ Ƣȃƥ ƘƦǿƬȌȄ ƨȍƦǐǟ ƨψƦǋ λǶƛ ƨǘǮ ƧǁȅǏ ǴƢƻƽƜƥ Ǹȅǯƫ ƢǺƾǿǟ

  ȅȌǁƢǿȍǈǶơ ơǀȂ ǼȅψȍǇ .ǞǮȅƬǶơ ơǀȂ ǆȍƟǂǶơ ǼƗ ǵȍƼƬƫ ǼƗ ǱǿψǻȌ ǵȂ .ǵǻǠǶơ ƩơǁơǂǮ νǪ Ƣ˻ǻȃǺ
  ǖǯǪ ƓǱǶǀƥ ȁǺƢȍǮ ƤƦǇ ǹȃǫƫ ǼƗ ǼȄƽ Ʃơǁ˪ȄƾǶơ ǽȍȌ˫Ǻ ǼƘǌƥ ơ˻ǁơǂǮ ǀƼƬȌ ƧǂȍƦǲ ƨǲǂǌǶ ȊǀȍǫǿƬǶơ
  ƨǷƥƢǮ ǁơǂǯǶơ ǁƢƴǋƗ ǵưǺ ƩƢȍǺǃǁơȅƼǶơ ƍ ƨǾǁƢǯǻǶƢƥ ƓǱǶƿ ǵǠǫȌ ǼƗ ƤƴȌ ȁǾƗ ǴȅǯȌ "ǂƫȅȍƦǻψǶơ" Ǽ˦

.ǂȍƦǲ ǵψǌƥ ǂȍǈǫƬǷǶ 
ƍ ǸƢǟ ǵψǌƥ    ƔƢǲǀǶơ λǷǟ ǹƟƢǮ ǞǻƬƴǺ ƔƢǿƦǶ" ƨǠƟơǁ ƨǯȌǂǗ ǭȍǻǠǶơ ǹǷǠƬǶơ ƾǠȌ ƍ ƲǾƕ ȄǁƾǾ˦ ƢŻǯǪȄ

  ƶȍƸǐǶơ ǭȌǂǘǶơ ȅȂ Ȇǂƻ˦ơ ƩƢȍǿǯƬǶơ ƧƾǟƢǈǻƥ ȀǀȂ ǁȅǐǯǶơ ȁƳȄƗ λǷǟ ƤǷǤƬǶơȄ ƍ "νǟƢǿǘǏ˪ơ
ǨƾȃǶơ λǶơ ǴȅǏȅǷǶ . 

 đý üù øá¾õv ĔöÝ Ĉõċv øöÞ¤õv ÷º¸¤Æ ¹Ā«ÿ  KèĊúÞõv øöÞ¤õv   

  ơǀȂ .˪ ƣơȅƴǶơ ǽψǻǻǶơ ǽǺ ǼƢǲ ơƿƛ .ƨȍƥƢǈƸǶơ ƨȍƷƢǿǶơ ǽǺ ƢŻǫǷψǺ ǼȅψȌ ǼƗ ǽψǻȌ ǭȍǻǠǶơ ǹǷǠƬǶơ Ǽ˦
  ǞǺ ǵǺƢǠƬǶơ λǶƛ ƱƢƬƸƫ ˪ ƨȍǺǃǁơȅƻ ȊƗ ƍ ǖǈƥƗ νǶƕ ǹǷǠƫ ƨȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ƢǺ ƨǷψǌǺ ǵƷ
  .ǵǔǪ˦ơ ǁƢȍƼǶơ νȂ ǵǮƗ ƨȍƥƢǈƷ ƩơǁƢȍƻ ǼƜǪ ƍ ƩƢǾƢȍƦǶơ νǪ ƨȍǺǂȃǶơ ƩơǄȍǻǶơ ǽǺ ƧƾǯǠǺ ƨǟȅǻƴǺ

ƫ ƾǮ ƍ ǱǶǀǶ  ǝǂǇƗ νȃǪ .ǝǂǇƗ ƲƟƢƬǾ λǶƛ ƨƳƢƸƥ ƪǿǲ ơƿƛ ǂưǲƗ ƨƥȅǣǂǺ νǶˤơ ǹǷǠƬǶơ ƩƢȍǺǃǁơȅƻ Ǽȅǳ
.ǵǮƗ ƨȍƦǇȅƷ ƨǮƢǗ ƤǷǘƬƫȄ ƤȌǁƾƬǶơ νǪ 
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 ƍǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢǾƢȍƦǶơ λǶƛ ƾǿƬǈǻǶơ ƚƦǿƬǷǶ ǵǔǪ˦ơ ǁƢȍƼǶơ Ƣ˻ǔȌƗ ǭȍǻǠǶơ ǹǷǠƬǶơ ǼȅψȌ ˪ ƾǮ
 ǻǾ ƢŻǾƢȍƷƗ Ȋƽƚƫ ƾǯǪ ƍ ƧǂȍǤǏ ƩƢǾƢȍƦǶơ ƨǟȅǻƴǺ ƪǾƢǲ ơƿƛ  ƲƟƢƬǾ λǶƛ ǖǈƥ˦ơ ƨȍǘƼǶơ ƨǶˤơ ǹǷǠƫ ƱƿƢ

  ˪ ƤȌǁƾƬǶơ ƧƾȍƳ ƨǯȍǻǟ ƨȍƦǐǟ ƨψƦǋ ǼƘƥ νǶˤơ ǹǷǠƬǶơ ƔơǂƦƻ ǒǠƥ ǴƽƢƴȌ ƍ ǱǶƿ ǞǺȄ .ƨǮƽ ǂưǲƗ
 .ƩƢǾƢȍƦǶơ ǽǺ ƧǂȍǤǏ ƩƢȍǻǲ ǞǺ ƾȍƳ ǵψǌƥ ǵǻǠǶơ ƢȃǾƢψǺƜƥ ǴơǄȌ 

  λǷǟ ƾǻƬǠȌ ǱǶƿ ƓǭȍǻǠǶơ ǹǷǠƬǶơ ȄƗ νǶˤơ ǹǷǠƬǶơ ǸơƾƼƬǇơ ƤƴȌ λƬǺ ƍ ǱǶǀǶ ƢŻǯǪȄ ƩƢƳƢȍƬƷ˪ơ
Ǳƥ ƨǏƢƼǶơ : 

Á   ƓƨȌƢǤǷǶ ǭȍǮƽ ƱƿȅǻǾ λǶƛ ƱƢƬƸƫ ǵȂ.ǭȍǻǠǶơ ǹǷǠƬǶơ ǸƾƼƬǇơ 
Á   λǶƛ ƱƢƬƸƫ ǵȂ ƱƿȅǻǾ    ƓǼǃȅǶơ ǩȍǫƻ .νǶˤơ ǹǷǠƬǶơ ǸƾƼƬǇơ 
Á   ƓǂƫȅȍƦǻψǶơ ƨȌƙǁ νǪ ƨǷψǌǺ λǷǟ ǵǻǠƫ ǵȂ ǵưǺ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢψƦǋ ƪƸƦǏƗ

  ƩƢψƦǌǶơƨȍǪƢǫƬǶ˪ơ   .ȅȌǁƢǿȍǈǶơ ơǀȂ νǪ Ǽˤơ ƨȍǇƢȍǮ ƍ 
Á  ŻơƾǲƘƬǺ ƪǈǶ    ƓǱƫƢƳƢȍƬƷơ ǽǺ ơƿƛ ƍ ̝˪ȄƗ νǶˤơ ǹǷǠƬǶơ ǭȌǂǗ ǽǟ ƨǷψǌǻǶơ ǵƷ ǴȄƢƷ

  ƍ ƨȍǪƢǲ ƨƳǁƾƥ ƨȍǓǂǺ ǂȍǣ ƲƟƢƬǿǶơ ƪǾƢǲǂƦƬƻƢǪ  .ǭȍǻǠǶơ ǹǷǠƬǶơ 

 ĆĊ{ÎÞõv Ćî{Êõv 

ĆĊÝwþÖÍđv ĆĊ{ÎÞõv wĉĒ¸õv   

ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ (ƩƢǾȅƦǐǠǶơ)  .ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ ƨȍǈȍƟǂǶơ ƩƢǿƦǷǶơ νȂ
 ƨȍǇƢǇ˦ơ ƨǫȍǛȅǶơ ǵưǻƬƫ .ǡƢǺƾǶơ ʣƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ λƷȅƬǈǺ ƢŻǘȍǈƥ Ƣ˻ȍǓƢȌǁ Ƣ˻ƳƿȅǻǾ ǼȅǫǐȌ

  ƧƽƾǠƬǺ Ʃ˫ƻƾǺ νǯǷƫ ʣƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶὼȟȣȟὼ    ƣƢǈƷȄǼơǃȄ˪ơ ǝȅǻƴǺ  ᾀ  
  ǸơƾƼƬǇƢƥ Ʃ˫ƻƾǻǶơ ȀǀȃǶ  ǼơǃȄ˦ơύȟȣȟύ  ǝȅǻƴǺ .ǼơǃȄ˪ơ  ᾀ    Ʃ˫ƻƾǻǶ νǘƻ ǵȌȅƸƫ ȅȂ

  λǶƛ ƨǪƢǓ˨Ƣƥ .ƨȍƦǐǠǶơ ƢȌ˫ƼǶơƍǱǶƿ    ǄȍƸƬǶơ ǨƢǔȌὦ    λǶƛǼơǃȄ˪ơ ǝȅǻƴǺ    ǂȌǂǻƫ ǹƬȌȄ Ʃ˫ƻƾǻǷǶ
  Ǵ˫ƻ ǽǺ ƨƴȍƬǿǶơƨǶơƽ   ǖȍǌǿƬǶơ•   ǥǶ νƟƢȃǾ Ʊơǂƻƛ ȁǿǟ ƲƬǿȌ ƢǻǺ ƍώ: 

ώ •ὦ ύ ὼ  

  ǵψǌǶơ7ŷ1   .Ʊơǂƻ˨ơ ǂȍǤƬǺȄ ǴƢƻƽ˨ơ ȁƴƬǺ ǽȍƥ ƨǮ˫ǠǶơ ƶǓȅȌ ȆȅƬǈǻǶơ νǶƢǟ ǖǘƼǺ ǽǟ ƧǁƢƦǟ
  ǹȍǮƩ˫ǺƢǠǻǶơ  ὦ Ȅ ύ   ǹȍǯǶơ ȀǀȂ ǵȌƾǠƫ ǹƬȌ ƍ ǹǷǠƬǶơ ƨȍǷǻǟ ƨȌơƾƥ νǪ ƍ ǹƯ ǽǺȄ .ƨǪȄǂǠǺ ǂȍǣ

 ƍ ǹƯ ǽǺȄ .ǽȍǈƸƬǶơ ƩƢȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ƢȃǿȍǈƸƬƥ νǶˤơ ǹǷǠƬǶơ ǸƢǜǾ ǸȅǯȌ ǹƯ .ƨƦǣǂǶơ ƤǈƷ
 ǻȌ  ƤȌǂǯƬǶ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ƤȌǁƾƫ ǽψƨǶơƽ    Ʃ˫ƻƾǻƥ ǭǷǠƬȌ ƢǻȍǪὼ . 
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 Ƕơ  ǵψǌ7 ŷ1. .ƨȍǟƢǿǐǶơ ƨȍƦǐǠǶơ ƨȍǷƼǶơ 

 Ǒơǂǣ˦ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǸơƾƼƬǇơ ǽψǻȌ ƍ ƨȌƢǤǷǶ ǖȍǈƥ ƱƿȅǻǾ ơǀȂ ǼƗ ǽǺ ǹǣǂǶơ λǷǟ
 ƾȌƾƸƫ ǹƫ ơƿƛ .ƨǟȅǿƬǺƨǶơƾǶơ ȅǘƼǶơƨǶơƾǲ ƨȌ  ǿƬǶơ  ǩȍǿǐƬǷǶ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǸơƾƼƬǇơ ǽψǻȌ ƍ ǖȍǌ

  ǹǇơ νƟƢǿưǶơ ǩȍǿǐƬǶơ νǪ ƨǺƾƼƬǈǻǶơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ǝȅǿǶơ ơǀȂ λǷǟ ǭǷǘ˾Ȍ .νƟƢǿưǶơ ǼȄǂƬƦȍǇǂȍƥ  
Perceptron  ǵψǌƥ Ƣȃƫ˫ƻƾǺ ǩȍǿǐƫ ǖǯǪ ƢȃǿψǻȌ ǼȄǂƬƦȍǇǂȍƥ ƨȍǺǃǁơȅƻ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .

 ƵơǂƬǮơ ǹƫ ƍ ƨǷψǌǻǶơ ȀǀȂ ǵƸǶ .ƨƠǫǶơ ƤǈƷ Ƣ˻ȍǘƻ ǵǐǫǷǶ ƨǷƥƢǮ ƩƢǾƢȍƦǶơ Ǽȅǳƫ ƢǺƾǿǟ ƶȍƸǏ
  νǪ ǹǜǿǺ ǼȄǂƬƦȍǇǂȍƥ ǽǺ ƨǷǈǷǇ ȁǾƗ λǷǟ ȁƬȌƙǁ ǽψǻȌ ȊǀǶơȄ ƍ "ƩƢǯƦǘǶơ ƽƾǠƬǺ ǼȄǂƬƦȍǇǂȍƥ"

Ǻ λǯǷƬȌ ƢȃǿǺ ǵǲ ƍ "ƩƢǯƦǗ"  ǽǺ ȁƫ˫ƻƾǶơ.ǭƥƢǈǶơ ǼȄǂƬƦȍǇǂȍƦ 

 ĆĊ{ÎÞõv Ćî{Êõvõv ĆĊùwùv Ćĉ¼â¤ 

  ƨȍƦǐǠǶơ ƨψƦǌǶơ ȁƦǌƫ  ƨȍǺƢǺơơ  .ƢŻǯƥƢǇ ƢȃƬǌǮƢǿǺ ƪǻƫ νƬǶơ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ƨȌǀǤƬǶ
  ƤȌǂǯƫ ȅȂ Ƣ˻ǔȌƗ ȁǿǺ ǑǂǤǶơȄ ƨǶơƽ    Ʃ˫ƻƾǺὼ  λǷǟ ǁƢǐƬǮ˪ơ ǽǺ ̝˪ƾƥ ƍ ǱǶƿ ǞǺȄ .ǴơȄƽ    ƨǘȍǈƥ

  ǽǺ ǼȅǳƬƫ ƨȌƢǤǷǶƨǟȅǻƴǺ  ǼơǃȄ˪ơ    ǖǯǪƨǶơƽ ǞǺ  Ƕơ  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ Ǟǻƴƫ ƍ ǖȍǌǿƬ  ƨȍǺƢǺơǶơƬ  ƨȌǀǤ
Ƕ ǴƢưǺ ǂȃǜȌ .ȁƳȅǺ νǾƢȍƥ ǹǇǁ ǵȍψǌƬǶ ƩƢǾȅƦǐǟ Ƨƾǟ ǽȍƥǷ  ƨȍƦǐǠǶơ ƨψƦǌ  ƨȍǺƢǺơ  νǪ ƨȌǀǤƬǶơ

  ǵψǌǶơ7ŷ2  ƨψƦǋ ǵǲ ǼȅǳƬƫ .  ƨȍǺƢǺơ ƨȍƦǐǟ  ǽǺ ƨȌǀǤƬǶơƩ˫ƻƾǺ   ǹǇƢƥ ƧƽƢǟ ƢȃȍǶƛ ǁƢǌȌ)  ƨǯƦǗ
 ǴƢƻƽ˨ơ  λǻǈƫ ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶ ƨǘȍǇȅǶơ ƩƢǯƦǘǶơ ǽǺ νƟơȅǌǟ ƽƾǟȄ ƍ ( ƨȍǫƼǻǶơ ƩƢǯƦǘǶơ1 ƍ

  λǻǈƫ ƩƢƳǂƼǻǶơ ƤǈƸƫ ƨǯƦǗȄƩƢƳǂƼǻǶơ ƨǯƦǗ  ǼƢψǻǶơ ȅȂ ƨǯƦǘǶơ λǷǟ ǹƟƢǯǶơ ƲȃǿǶơ ơǀȂ .
  ƨȍƦǐǠǶơ ƨψƦǌǶơ ǭǻǟ Ǽ˦ ƍ ǭȍǻǠǶơ ǹǷǠƬǶơ λǻǈȌ ȊǀǶơơ ƨȍǺƢǺơ  νƬǶơ ƩƢǯƦǘǶơ ƽƾǟ ǩǐȌ ƨȌǀǤƬǶ

  ǵψǌƫǶơ  ƨψƦǌǶơȍƦǐǠ  ƨǶơ ƨȍǺƢǺơ  ƢȌ˫ƼǶơ Ǟȍǻƴƥ ƢǺ ƨǯƦǗ νǪ ƨȍƦǐǟ ƨȍǷƻ ǵǲ ǵǐƬƫ ƢǺƾǿǟ .ƨȌǀǤƬ
  ƨψƦǋ λǻǈƫ ƢȃǾƜǪ ƍ ƨȍǶƢƬǶơ ƨǯƦǘǶơ νǪ ƨȍƦǐǠǶơ ǵǺƢψǶƢƥ ƨǷǐƬǺ2    ơǀȂ ǂȃǜƫ νƬǶơ ƩƢǯƦǘǶơ λǻǈƫ ƒ

  ǰȅǷǈǶơ ǵǺƢψǶƢƥ ƨǷǐƬǺ ƩƢǯƦǗ ƨȍƦǐǠǶơ ƨψƦǋ . ƨȍǺƢǺơ ǵψǌǶơ νǪ ƨƸǓȅǻǶơ ƨǘȍǈƦǶơ ƨȌǀǤƬǶơ7 ŷ
2  ƥ ȆȅǮƗ Ǽˤơ νȂ  ƩƢψƦǌǶơ ǸơƾƼƬǇơ ǽψǻȌ ȁǾƗ ƩƢƦƯƛ ǽψǻȌ .ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ǂȍưψ

 
1 hidden layers 

2 fully -connected network 

ǂƼǻǶơƩƢƳ 

ƾǻǶơƩ˫ƻ 
(ƩơǄȍǻǶơ) 

ǼơǃȄ˪ơ 
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ƨȍǺƢǺƗ ƨȍƦǐǠǶơ  ƨȌǀǤƬǶơ    ȊƗ ƤȌǂǯƬǶ ƧƾƷơȄ ƨȍǫƼǺ ƨǯƦǗ ƩơƿƨǶơƽ    ǵưǻƫ .ƧǂǻƬǈǺǶơ  ƨȍƦǐǠǶơ ƩƢψƦǌ
  ƨȍǺƢǺơ  ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǭȍǻǠǶơ ǹǷǠƬǶơ ƩƢǯȍƦǘƫ ǹǜǠǺ ǅƢǇƗ ƨȌǀǤƬǶơ  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ
 ƨȍǪƢǫƬǶ˪ơ1    ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ ƩơƽơƾƬǺơ ƽǂƴǺ νȂ ƨƸƳƢǿǶơȄ ƧǂȍƦψǶơ ƨȍƦǠǌǶơ Ʃơƿ  ƨȍǺƢǺơ  ƨȌǀǤǻǶơ
 .ƨȍǇƢȍǯǶơ 

 
  ǵψǋ7 ŷ2. ˾ƦǶơ ƨȍƦǐǠǶơ ƨψƦǌǶ ƨǘȍǈƦǶơ ƨȍǿ ƨȍǺƢǺơ  ƨȌǀǤƬǶơ 

 ĆĊ{ÎÞõv Ćî{Êõv üĊÆ´£ 

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǽȍǈƸƫ ǽǺ ǑǂǤǶơǶơ ƨȍǺƢǺơ  ƩơǄȍƸƬǶơȄ ǼơǃȄ˦ơ λǷǟ Ƣ˻ȍƟƢǯǷƫ ǁȅưǠǶơ ȅȂ ƨȌǀǤƬ
  ƨǪƾȃƬǈǻǶơ ƨψƦǌǶơ Ʊơǂƻƛ ƣǁƢǯƫ νƬǶơώ    ǴƢƻƽ˨ơ ǞǺὼ  ǽǺ ƍ ǨƾȃǶơ ơǀȂ ǭȍǯƸƫ ǵƳƗ ǽǺ .

  ƨȍƦǐǠǶơ ƨψƦǌǶơ ǂȌƾǯƫ ǁơƾǯǻǶ ǅƢȍǯǺ ƾȌƾƸƫ ȊǁȄǂǔǶơǶơ ƨȍǺƢǺơ  ƧƽƢǟ ǁƢȍǠǻǶơ ơǀȂ λǶƛ ǁƢǌȌ .ƨȌǀǤƬ
  ǹǇƢƥ ƧǁƢǈƼǶơ ƨǶơƽ2   ƨǫǷǳƬǶơ ƨǶơƽ ȄƗ3  ὐ—    ǩǐƫ ƮȍƷ ƍƩ˫ǺƢǠǺ    .(ƩơǄȍƸƬǶơȄ ǼơǃȄ˦ơ) ƨψƦǌǶơ

ǽǺ ƨǟȅǻƴǺ ƔƢǘǟƛ   ὔ  Ƕơ  ƩƢǿȍǠ  ƨȍƦȌǁƾƬǶơὼ ὼ ȟὼ ȟȣȟὼ    ƨǺ˫ǠǶơȄ  ƨǷǐǶơ Ʃơƿώ

ώȟώȟȣȟώ  ƍ  ƣƢǈƷ ǹƬȌ ƢǺ ŻƧƽƢǟὐ—    ǖǇȅƬǺ ȁǾƗ λǷǟ ƨǿȍǟ ǵψǶ ƧǁƢǈƼǶơ ƨǶơƽ
ὒώὼȠ—ȟώ    ƮȍƷώὼὝὭȠ—    ƨȍƦǐǠǶơ ƨψƦǋ ƲƫƢǾ  ƨȍǺƢǺơ  ƨǿȍǟ ƤȌǁƾƬǷǶ ƢŻǯǪȄ ƍ ƨȌǀǤƬǶơὼ 

  Ʃ˫ƻƾǻǲƩ˫ǺƢǠǺȄ    ƨψƦǌǶơ— : 

ὐ—
ρ

ὔ
ὒώὼȠ—ȟώ  

 
1 Convolutional Neural Network 
2 loss function 

3 cost function 
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  ǵǔǪƗ ƤȌǂǯƬǶ ƨȌȄƢǈǺ ǂǤǏ˦ơ ƧǁƢǈƼǶơ ƨǶơƽ ƨǻȍǮ Ǽȅǳƫ ƢǺ ŻƧƽƢǟƨǶơƽ  ǷǶ  ƨȍƦǐǠǶơ ƨψƦǌ ƨȍǺƢǺơ
ơ Ƕ ƤȌǁƾƬǶơ ƨǯȌǂǗ ƨǣƢȍǏ ǽψǻȌ ǱǶǀǶ ƍƨȌǀǤƬǶǷ  ƨȍƦǐǠǶơ ƨψƦǌơ ƨȍǺƢǺơ  ƍ ǽȍǈƸƫ ƨǷψǌǻǲ ƨȌǀǤƬǶ

 ǵȍǷǯƫ ȅȂ ǨƾȃǶơ ǼȅψȌ ƮȍƷƨǶơƽ    ƧǁƢǈƼǶơὐ—  ǥǶ ƢŻǯǪȄƩ˫ǺƢǠǺ  νȂ ƨψƦǌǶơ— ǱǶƿ ǹƬȌ .  ŻƧƽƢǟ
ȅǾ ǸơƾƼƬǇƢƥǝ    λǻǈȌ ƨȍǺǃǁơȅƼǶơ ǽǺ .νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ 

 Ĉéwê¤Éđv ½vº´ýđv1 

  ǥǶ ƨȍǯȍǯƸǶơ ǹȍǯǶơ Ʃơƿ ƧǁƢǈƼǶơ ƨǶơƽ λǶƛ ǂǜǿǶƢƥὐ—    ǽǺ ǑǂǤǶơ ǼƜǪ ƍ  νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ
(ǎǮƢǿƬǻǶơ ƱǁƾƬǶơ)    νǷƸǻǶơ λǾƽ˦ơ ƾƸǶơ ƽƢƴȌƛ ȅȂὐ—    ǭǷǠƬȌ ƢǻȍǪƩ˫ǺƢǠǻǶƢƥ  — ȁǾƗ ǽȍƷ νǪ .

  ƧǁƢǈƼǶơ ǽǺ λǾƽ˦ơ ƾƸǶơ ƣƢǈƷ Ƣ˻ȍǷȍǷƸƫ ǽψǻǻǶơ ǽǺ ǼȅψȌ ƾǮǴơȄƾǶ   ȁǾƗ ˪ƛ ƍ ƨǘȍǈƦǶơ ƧǁƢǈƼǶơ
 ǿǶƢƥ ǵȍƸƬǈǻǶơ ǽǺƨƦǈ  ǴơȄƾǷǶ    Ʃơƿ ơŻƾȍǯǠƫ ǂưǲ˦ơƩ˫ǺƢǠǻǶơ    ǵưǺ ƍ ƧƽƾǠƬǻǶơǴơȄƽ  ƧǁƢǈƼǶơ  
ƨȍƦǐǠǶơ ƩƢψƦǌǶ    ƨȍǺƢǺơ  ǽǺ ǽȍȌ˫ǻƥ ƨȌǀǤƬǶơƩ˫ǺƢǠǻǶơƬǶơ ƩƢƥƢǈƸǶơ ǆǳǟ λǷǟ .  ƽȄƾƸǷǶ ƨȍǷȍǷƸ
  ǼƜǪ ƍ ƢȍǾƾǶơνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǁƢȍƬƻƢƥ ƗƾƦȌ νǻǮǁ ƲȃǾ ȅȂƩ˫ǺƢǠǺ    ǵψǌƥ ǰǂƸƬȌȄ ƨȍƟơȅǌǟ

  ƱǁƾƬǶ ȋƦǷǈǶơ ȀƢƴƫ˪ơ νǪ ǁǂǳƬǺƨǶơƾǶơ    ƨǿȍǠǶ ƨƦǈǿǶƢƥ .νǷƸǻǶơ λǾƽ˦ơ ƾƸǶơ λǷǟ ǁȅưǠǷǶ ƨȍƦȌǁƾƫ 
 ƧƾƷơȄὼ   ǵƥƢǯǻǶơ ǨƾȃƬǈǻǶơ ƲƫƢǿǶơ ǞǺώ  ƣƢǈƷ ǹƬȌ ƍνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

Ὣ ᶯὒώὼὝὭȠ—ȟώὭ 

  λǷǟ ǱǶƿ ƾǠƥ ǴȅǐƸǶơ ǹƬȌǁơƾƸǾ˪ơ    νƟƢȃǿǶơƨǶơƾǶ    ƧǁƢǈƼǶơὐ—    ǖǇȅƬǺ ƣƢǈƷ ǭȌǂǗ ǽǟ
ƩƢƳǁƾƬǶơ ǞȍǻƳ      ƤȌǁƾƬǶơ ƨǟȅǻƴǺ νǪὼ  ƢȃǷǻǲƘƥ: 

Ὣ
ρ

ὔ
Ὣ  

 ǹƴƷ νǪ ǹψƸƬȌ ȋƥƢƴȌƛ ǵǺƢǟ ƾȌƾƸƫ Ǵ˫ƻ ǽǺνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  λǻǈȌ ƍ ǴƾǠǺ  ǹǷǠƬǶơ2 –   ƍ
  ǼȅǾƢǮ ǩȌǂǠƫ ǽψǻȌνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ƮȌƾƸƬƥƩ˫ǺƢǠǺ    ƨȍƦǐǠǶơ ƨψƦǌǶơơ ƨȍǺƢǺơ  λǷǟ ƨȌǀǤƬǶ

ȁǾƗ: 
— — – Ὣ  

  ƨȍǶȄ˦ơ ƨǻȍǯǶơ λǷǟ ơ˻ƽƢǻƬǟơƩ˫ǺƢǠǻǷǶ    ƾƴȌ ǼƗ ǽψǻǻǶơ ǽǺ ƍνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    λǾƽ˦ơ ƾƸǶơ
  νǻǶƢǠǶơὐ—    ǽψȌ ǹǶ ƢǺ ǼȅǻǔǺ ǂȍǣ ơǀȂ ǽψǶ ƍὐ—     ƣǁƢǯƬȌ νψǶ ȁǾƗ νȂ ƨǻȃǻǶơ ƨǘǯǿǶơ .Ƣ˻ƥƾƸǺ

ơνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪    Ǽȅǳƫ ǼƗ ƤƴȌ ƍƨǶơƽ    ǵǲ νǪ ƩƢƳǁƾƫ ǂǪȅƫȄ ƨǈǷǇ ƧǁƢǈƼǶơǼƢψǺ  ȅȂ ơǀȂ .
  ǼƗ νǪ ƤƦǈǶơƨǶơƽ    ǹƬȌȄ νǷǠǫǶơ ǑǂǤǶơ ǽǟ ŻƧƽƢǟ ǩǷƬƼƫ ǼƢȍƷ˦ơ ǒǠƥ νǪ ƨȍƟƢǯƬǾ˪ơ ƧǁƢǈƼǶơ
  ǸơƾƼƬǇơƨǶơƽ    ƶȍƸǐǶơ ƽƾǠǶơ ǽȍǈƸƫ ǽǺ ̝˪ƾƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǱǶƿ ǽǺ ̝˪ƾƥ ƨǷȌƾƥ ƧǁƢǈƻ

 
1 gradient descent 

2 learning rate 
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ƩƢǿȍǠǶ    ƨǠǮȅƬǻǶơ ƨȍǮȅƯȅǻǶơ ǽȍǈƸƫ ƢǿǿψǻȌ ƍ ƧǁȅǐǶơ ǩȍǿǐƫ ƨǷψǌǺ νǪ ǩȍǿǐƬǶơǼƢǻǓȄ  ơ  ǨƾȃǶ
  ǖǇȅƬǺ λǶƛ ƨƠǪ ǵψǶ) νǠȍƥǂƬǶơ ƘǘƼǶơMSE ǼȅψȍǇ ơŻƾȍƳ ƨǫǿǐǻǶơ ƩƢǿȍǠǶơ ƽƾǟ ǼƗ ǽȍƷ νǪ .(

  ǼȅψȍǇ ƍ ŽȄƢǈƬǺ ǂȍǣ νǶƢƬǶƢƥȄ ˙ŻˠǐǫǿǺMSE    ǵȍǷǯƬǶ ƧƾȍǫǺ ƩƢƳǁƾƫ ǂǪȅȌȄ ǼƢψǺ ǵǲ νǪ
 ƦǷǈǶơ νǻƬȌǁƢǣȅǷǶơ ǴƢǻƬƷ˪ơ ǸơƾƼƬǇơ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƩƢƳǁƾƬǶơȋ   ƨȍǯȍǯƷ ƨƠǫǶ

  ƧǁƢǈƼǷǶ ǵȌƾƦǲ0ŷ1  ƢǻȍǪ ƩƢƠǫǷǶ νǗǂǌǶơ ǴƢǻƬƷ˪ơ ǂȌƾǯƬƥ ƱƿȅǻǿǷǶ ȋƦǷǈǶơ ǹƬȌǁƢǣȅǷǶơ ƶǻǈȌ .
  ƩƢƠǫǶơ ƾȌƾƸƫ ȁǿψǻȍǪ ƍ ƾȍƳ ǵψǌƥ ǱǶǀƥ ǸƢȍǯǶơ λǷǟ ơ˻ǁƽƢǮ ƱƿȅǻǿǶơ ǼƢǲ ơƿƛȄ ƍ Ʃ˫ƻƾǻǶƢƥ ǭǷǠƬȌ

.νǓƢȌǂǶơ ǞǮȅƬǶơ νǪ ǩȍǿǐƫ Ƙǘƻ ǵǮƗ ǽǟ ǂǫǈƫ νƬǶơ 

 Ĉå Ĉéwê¤Éđv ½vº´ýĒõ iĀæîõv xwÆ´õvĈæö¸õv ½wÊ¤ýđv 

  ƨȍǺǃǁơȅƻ Ǽȅǳƫ ƢǻƥǁνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƾǠȌ .ƨȍƦǐǠǶơ ƨψƦǌǶơ νǪ ƨȍǇƢǇ˦ơ ƨǿƦǷǶơ νȂ νǫǷƼǶơ ǁƢǌƬǾ˪ơ  
 .ƩƢǯƦǘǶơ ƧƽƾǠƬǺ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ǴƢǠǪ ǵψǌƥ ƩƢƳǁƾƬǶơ ƣƢǈƸǶ ƨȍǲƿ ƨǯȌǂǗ ǅƢǇ˦ơ νǪ

  ǭǷǠƬȌ ƍ ǂƻƕ λǿǠǻƥνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƣƢǈƸƥνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ǴơȄƾǷǶ   ǹƬȌ ȊǀǶơȄ ƍ ƨǷƻơƾƬǻǶơ
  ƧǂȌǂǻƫ ǵǲ ƾǠƥ ƍ ƨǗƢǈƦƥ .ƨǷǈǷǈǶơ ƧƾǟƢǮ ǸơƾƼƬǇƢƥ ȋƥƢǈƷ νǾƢȍƥ ǹǇǂǲ ȁǷȍưǻƫƨȍǺƢǺơ  ƨψƦǋ ǂƦǟ ƍ

Ȍ  ǸȅǯνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ǖƦǓ ƔƢǿƯƗ ǩǷƼǷǶ ƧǂȌǂǻƬƥƩ˫ǺƢǠǺ  .(ƩơǄȍƸƬǶơȄ ǼơǃȄ˦ơ) ƱƿȅǻǿǶơ 
  ǼǃȅǶơ ǩǐȌ .ǵǔǪƗ ǹȃǫǶ ƨǪȅǫǐǺ λǷǟ Ƣ˻ǻƟƢǮ ơ˻ǄǺǁ ǩǐǾ Ƣǿǟƽ ƍ ƨȍǺǃǁơȅƼǶơ ǩǏȄ ǵƦǮύ 

  ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǖƥǂȌ ȊǀǶơ ǼǃȅǶơὯ  Ǹơ  ƨǯƦǘǶơ νǪὰ ρ    ƨȍƦǐǠǶơ ƢȌ˫ƼǶƢƥὮ    ƨǯƦǘǶơ νǪὰǽǺ . 
 ƨǪȅǫǐǺ ǽȌȅǳƫ ǽψǻȌ ƍ ǼơǃȄ˦ơ ȀǀȂύ λǻǈƫ νƬǶơȄ ƍǼǃȅǶơ ƨǪȅǫǐǺ   ƨǯƦǘǷǶὰ Ǹơ ǼȅψȌ ƮȍƷ ƍ

  ǩǐǶơ ǵƻƾǺὮǸơ    ƽȅǻǠǶơȄὯǸơ    ǥǶ Ƣ˻ȌȄƢǈǺύ  ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶ ƢŻǯǪȄ .ὑ    ƨǯƦǘǶơ νǪὰ ρ  
  ƨȍƦǐǠǶơ ƢȌ˫ƼǶơȄὐ    ƨǯƦǘǶơ νǪὰ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƨǪȅǫǐǻǶơ ȀǀȂ Ǽȅǳƫ ƍ: 

ύ
ύ Ễ ύ
ể Ệ ể
ύ Ễ ύ

 

  ƩơǄȍƸƫ ȁȍƳȅƫ ǽψǻȌ ƍ ǵưǻǶƢƥȄὦ    ƩƢƳǂƼǺȄ ǭƦǈǻǶơ ǖȍǌǿƬǶơ1    ǥǶᾀ  ƩƢƳǂƼǺȄώ    ƢȌ˫ƼǶơ ǽǺ
  ƨǯƦǘǶơ νǪ ƨȍƦǐǠǶơὰ    ǥǲὦ ƍᾀ  Ȅώ  νǶơȅƬǶơ λǷǟ ƍ: 

ὦ
ὦ
ể
ὦ
ȟ ᾀ

ụ
Ụ
Ụ
Ụ
ợᾀ ύ ώ ὦ

ể

ᾀ ύ ώ ὦ
Ứ
ủ
ủ
ủ
Ủ

ȟ ώ
ώ •ᾀ

ể
ώ •ᾀ

  

  ƨȍǺǃǁơȅƻ νǪ λǶȄƗ ƧȅǘƼǲνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƲƟƢƬǾ ƣƢǈƷ ǹƬȌ ƍ νǫǷƼǶơ ǁƢǌƬǾ˪ơ  ȀǀȂ Ǵ˫ƻ .
  ƧƾƷơȄ ƤȌǁƾƫ ƨǿȍǟ ƨȌǀǤƬǷǶ ƨȍƦǐǠǶơ ƨψƦǌǶơ λǯǷƬƫ ƍ ƧȅǘƼǶơὼ    ƩƢƳǂƼǺ ƤǈƸƫȄ Ʃ˫ƻƾǻǲ

 
1 pre-activation 
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  ƨǯƦǗ ǵǲώ    ƨǯƦǗ ǵψǶ ǭƦǈǻǶơ ǖȍǌǿƬǶơ ƩƢƳǂƼǺ λǶƛ ƨǪƢǓ˨Ƣƥᾀ    ƨȍƟƢȃǿǶơ ƨǯƦǘǶơ λǶƛὈ .
  ƨȍƟƢȃǿǶơ ƨȍƦǐǠǶơ ƨȌǀǤƬǶơ ƨψƦǌǶ νƟƢȃǿǶơ Ʊơǂƻ˩Ƕ ƢŻǯǪȄ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥώ   Ʊơǂƻ˨ơȄ ƍ

  ǨƾȃƬǈǻǶơώ    ƣƢǈƷ ǹƬȌ ƍ ȀǀȂ ƤȌǁƾƬǶơ ƨǿȍǠǶƘǘƻ    ƨǿȍǟ ǵǲὒώȟώ
Ὥ

Ƣƥ ơǀȂ λǻǈȌ .˪  ǁƢǌƬǾ
νǺƢǺ˪ơ   ƨǯƦǗ λǶƛ ǴƢƻƽ˨ơ ƨǯƦǗ ǽǺ ƍ ƨǯƦǗ ǵψǶ Ȋǁơǂǳƫ ǵψǌƥ ƨψƦǌǶơ ƩƢƳǂƼǺ ƣƢǈƷ ǹƬȌ ȁǾ˦

  ǀȍǫǿƫ ǹƬȌ ƍ ǱǶƿ ƾǠƥ .Ʊơǂƻ˨ơ˪ơǁƢǌƬǾ    νǫǷƼǶơ  ƱǁƾƬǷǶ    ƱǁƾƬǶơ ƣƢǈƷ ǭȌǂǗ ǽǟὫ   ƨǯƦǗ νǪ
  Ʊơǂƻ˨ơὈ  ƨȌǀǤƬǷǶ ƨȍƦǐǠǶơ ƨψƦǌǶơ ƱơǂƻƜƥ ǭǷǠƬȌ ƢǻȍǪ: 

Ὣ ᶯ ὒώȟώ
Ὥ

 

  ƱơǂƻƜƥ ǭǷǠƬȌ ƢǻȍǪ ƱǁƾƬǶƢƥ ǼȅǻƬȃǺ ƢǿǾ˦ ơ˻ǂǜǾǭƦǈǻǶơ ǖȍǌǿƬǶơ   ƔơǂƳƛ ǭȌǂǗ ǽǟ ȁƦǈƸǾ ƢǿǾƜǪ ƍ
  ƣǂǓ ƨȍǷǻǟƽǁƢǺơƽƢȂ1  ἄ   Ʊǁƾƫ ǽȍƥ ǭƷ˫Ƕơ ǖȍǌǿƬǶơ2    ǭƬǌǺȄƨǶơƽ  ǖȍǌǿƬǶơ: 

Ὣ Ὣἄ •ᴂᾀὈ  

  Ʊǁƾƫ ǸơƾƼƬǇơ ǽψǻȌ ǹƯǭƥƢǈǶơ ǖȍǌǿƬǶơ    ơǀȂὫ    ƨǫǷǳƬǶơ ƨǶơƽ ƩƢƳǁƾƫ ƣƢǈƸǶὐ—   ƢǻȍǪ
  ǼǃȅǶơ ƨǪȅǫǐǻƥ ǭǷǠƬȌὡ    ǄȍƸƬǶơ ȁƴƬǺȄὦ : 

ᶯ ὒώȟώ
Ὥ
Ὣ  

ᶯ ὒώȟώ
Ὥ

Ὣ ώ  

  λǶƛ ǴȅǏȅǷǶνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ   ƬǶǭƦǈǻǶơ ǖȍǌǿ    ƨȍǶƢƬǶơ ƨȍǷǫǈǶơ ƨǯƦǘǷǶ ƨψƦǌǶơὈ ρ    ǸȅǯǾ ƍ
  ǵȌȅƸƬǶơ ƨǪȅǫǐǺ ƣǂǔƥ ƨǗƢǈƦƥὡ   Ʊǁƾƫ ƨǘǇơȅƥǭƦǈǻǶơ ǖȍǌǿƬǶơ  ǷǶȍǶƢƸǶơ ƨǯƦǘƨ  Ὣ: 

Ὣ ᶯ ὒώȟώ
Ὥ

ὡ Ὣ  

  ƢŻǯǪȄ ƍ ȊƽǂǪ Ʊǁƾƫ ǵǲ ƾȌƾƸƫ ǹƬȌ λƬƷ ƩơǂǺ Ƨƾǟ Ȁ˫ǟƗ ƧǁȅǲǀǻǶơ ƩơȅǘƼǶơ ǁơǂǳƫ Ǽˤơ ǽψǻȌ
  ƨǯƦǘǶơ νǪ ƍ ǄȍƸƫȄ ǼǃȄ ǵψǶ .ƨǿȍǟ ǵψǶ νƟƢȃǿǶơ ƱǁƾƬǶơ λǶƛ ȊƽƚȌ ƢǻǺ ƍ λǶȄ˦ơ 

Ὣ ᶯὒώὼὝὭȠ—ȟώὭ 
  ƨǷưǺ˦ơ ǽǺƨȍƦȌǁƾƬǶơ  ὼ    ǨƾȃƬǈǻǶơ ƲƫƢǿǶơ ƶƦǐȌώ  ƨȍǺǃǁơȅƻ ǸơƾƼƬǇƢƥ ƍ ǹƯ ǽǺȄ .  ǁƢǌƬǾ˪ơ
νǺƢǺ˪ơ    ƣƢǈƸǶ ƨǯȌǂǗ Ǽˤơ ƢǿȌƾǶ ƶƦǏƗ ƍνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ   ƨǿȍǠǶ  ƨȍƦȌǁƾƫ  ƾƷơȄƧ  .ƨǶƽƢǠǻǶơ νǪ   

Ὣ ᶯὒώὼὝὭȠ—ȟώὭ 

  ƮȌƾƸƬǶ ȊǁȄǂǓ ǂǺƗ ȅȂȄƩ˫ǺƢǠǺ  ƨȌǀǤƬǷǶ ƨȍƦǐǠǶơ ƨψƦǌǶơ  ƨȍǺƢǺ˪ơ    ƤƦǈƥ.νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ 

 
1 Hadamard product 

2 post-activation 



 
300 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  Ǵ˫ƻ ǽǺ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǽȍǈƸƫ νǪ νǈȍƟǂǶơ ƤȍǠǶơ ǼƜǪ ƍ ǱǶƿ ǞǺȄ νǫǷƼǶơ ǁƢǌƬǾ˪ơ  
Ȅ  νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ƨǷψǌǺ ȅȂ  νǋ˫ƫ ǁơƾƸǾ˪ơ1  ƣƢǈƷ ǹƬȌ ƍ Ȁ˫ǟƗ ƶǓȅǺ ȅȂ Ƣǻǲ . ǁơƾƸǾ˪ơ

νǮƢǯƬǋ˪ơ    ǭȌǂǗ ǽǟ ǽȍǠǺ ǼǃȅǶνǺƢǺ˪ơ ǁƢǌƬǾ˪ơ    νǪ .ƨǷƥƢǯǻǶơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ λǶƛ Ʊơǂƻ˨ơ ǽǺ
  ǁƢǈǺνǺƢǺ˪ơ ǁƢǌƬǾ˪ơ    ǸơƾƼƬǇƢƥ ǸƢǺ˦ơ λǶƛ ǩǷƼǶơ ǽǺ ǁǂǳƬǺ ǵψǌƥ ƩƢƳǁƾƬǶơ ƣǂǓ ǹƬȌ ƍ ơǀȂ
  ƧƾǟƢǮ  ƣƢǈƷ νǪ ƨǷǈǷǈǶơơȄ ǵǓƢǫƬǶơ νƬǶơȄ) ƧǂȍǤǏ ƩƢƳǁƾƬǶơ Ǽȅǳƫ ƢǺƾǿǟ ƍ νǶƢƬǶƢƥȄ .ǵǺƢǳƬǶ

  ǸơƾƼƬǇơ ƾǿǟ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ ƍ ƭƾƸƫ ǼƗ ǽψǻȌ ǴơȄƽ  ǶơǖȍǌǿƬ  ƨǠƦǌǻǶơ2  Sigmoid  ǽψǻȌ ƍ (
  ƢǻǺ ƍ ƨψƦǌǷǶ ƨȍǺƢǺ˦ơ ƩƢǯƦǘǶơ νǪ ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶ ƧǂȍǤǏ ƩƢƳǁƾƫ λǶƛ ǱǶƿ ȊƽƚȌ ǼƗ  λǶƛ ȊƽƚȌ

ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ȀǀȃǶ ǹǷǠƬǶơ Ɣǖƥ.   
  ƨǷƷǂǺ νǪ ƨǷψǌǺ ȀǀȂ ǼƗ ǽȍƷ νǪνǫǷƼǶơ ǁƢǌƬǾ˪ơ  ǁơƾƸǾ˪ơ νǋ˫ƫȄ    ƨưȌƾƸǶơ ƤȍǶƢǇ˦ơ ǼƗ ˪ƛ ƍ

ǲƗ ǵψǌƥ ƨǷψǌǻǶơ ȀǀȂ ƲǶƢǠƫ ǭȍǻǠǶơ ǹǷǠƬǷǶ  ǖǌǿǻǶơ ǞƦǌȌ ˪ .ǂƦReLU   ƨǯǘǿǺ νǪ ƱǁƾƬǶơ ǹƴƷ
  ȁƳơȅƫ ˪ ƍ ǱǶǀǶ ƨƴȍƬǾ .ƨȍƥƢƴȌ˨ơ ǴƢƻƽ˨ơǁơƾƸǾ˪ơ νǋ˫ƫ    ƍǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ƨǯǘǿǻǶơ ǱǷƫ νǪ
  λǻǈȌ ƨψƦǌǶơ ƨȍǿƥ ǽǺ ƾȌƾƳ ǝȅǾ ǰƢǿȂResNet    Ʃơƿ ƩƢǯƦǘǶơ ȄƗ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǃȄƢƴƬȌ

  ƩƢƳǁƾƬǶơƨȍǋ˫ƬǻǶơ  ƍ ƧǂǐƬƼǺ ƩơǁƢǈǺ ǸơƾƼƬǇƢƥ    ƩƢψƦǋ ǂƦǟ ǭǪƾƬǶƢƥ ƩƢƳǁƾƬǷǶ ƶǻǈȌ ƢǻǺ
  ǭȌǂǗ ǽǟ Ʃ˫ƻƾǻǶơ ǞȌǃȅƫ ƪȍƦưƫ Ƣ˻ǔȌƗ ǽψǻǻǶơ ǽǺ .ǃȄƢƴƫ ǼȄƽ ǂȍưψƥ ǭǻǟƗƨȌȅǈƫ    ƩƢǯƦǘǶơ

  ǸơƾƼƬǇƢƥ λǘǇȅǶơ ƨȍǟƢǻƴǶơ ƨȌȅǈƬǶơ3  ƨǠƦǌǻǶơ Ʃ˪ƢƸǶơ νǪ ǂưǠƬǶơ ƨȍǶƢǻƬƷơ ǵȍǷǯƫ νǶƢƬǶƢƥȄ ƍ. 

ĈtvĀÊÞõv Ĉéwê¤Éđv ½vº´ýđv 

  ǼƗ ǽȍƷ νǪνǇƢȍǯǶơ νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǸơƾƼƬǇƢƥ νǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƤȌǁƾƬǷǶ ƧƾȍǫǺ ƨǯȌǂǗ ȅȂ
  ƤǷǘƬȌ ƍ ơŻƾƳ ƧǂȍƦǲ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ Ǽȅǳƫ ƢǺƾǿǟ ƍ ƨȍǺƢǺ˦ơ ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ νǶˤơ  ǁơƾƸǾ˪ơ

νǮƢǯƬǋ˪ơ    ǞȍǻƳ ƣƢǈƷ ƤǷǘƬƫ ǖǯǪ ƧƾƷơȄ ƮȌƾƸƫ Ƨȅǘƻ Ǽ˦ .ƨȍƥƢǈƸǶơ ƽǁơȅǻǶơ ǽǺ ǂȍưψǶơ
  ǞȍǻƴǶ ƩƢƳǁƾƬǶơƤȌǁƾƬǶơ ƩƢǿȍǟ. 
  ǽǺ ǑǂǤǶơνƟơȅǌǠǶơ νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  4  )SGD  ǩȍǫǗ ǂȍȍǤƫ ǞǺ ǹǷǠƬǶơ ƨȍǷǻǟ ǞȌǂǈƫ ȅȂ (
  ƔơǂƳƛ νǪνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  νǇƢȍǯǶơ  ǽȍƥ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ ǵưǻƬȌ .SGD  Ȅ  νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ

  ǼƗ νǪ νǇƢȍǯǶơSGD    ƨǶơƽ Ʊǁƾƫ ƤǈƸƫƘǘƼǶơ ᶯὮ—    ƩƢƳǁƾƫ ƣƢǈƷ ǭȌǂǗ ǽǟƘǘƼǶơ    ǵψǶ
ȍǤǏ ƨȍǟǂǪ ƨǟȅǻƴǻǶ ǖǯǪ ƨǿȍǟƧǂ    ǽǺά    ƨǿȍǟƨȍƦȌǁƾƫ    ƨǟȅǻƴǺ ǽǺ Ƣ˻ȍƟơȅǌǟ ƧǁƢƬƼǺ ƤȌǁƾƬǶơ  
ὼ ὼ ȟȣȟὼ Ṓὼ  ǵƥƢǯǻǶơ ǨƾȃƬǈǻǶơ ƲƫƢǿǶơ ǞǺ ƍώ ώ ȟȣȟώ Ṓ  .

Ƕơ ǽǺ ƨȍǟǂǫǶơ ƨǟȅǻƴǻǶơ ȀǀȂ λǻǈƫƨȍƦȌǁƾƬǶơ ƩƢǿȍǠ    ƨǠǪƾǶƢƥ ƧǂȍǤǐǶơ5 ƍ ά   ȀǀȂ Ʃ˪ƢƷ ƽƾǟ ȅȂ

 
1 vanishing gradient problem 
2 saturating 
3 batch normalization 
4 Stochastic Gradient Descent 

5 minibatch 



 
301                                                          ǭȍǻǠǶơ ǹǷǠƬǶơ :ǞƥƢǈǶơ ǵǐǫǶơ 

 

ƧǂȍǤǐǶơ ƩƢǠǪƾǶơ    λǻǈƫ νƬǶơȄ ƍ ƧǂȍǤǐǶơ ƨǠǪƾǶơ ǹƴƷƥ ƱǁƾƬǶơ ǂȌƾǯƫ ǎȍƼǷƫ ǽψǻȌ . ǸơƾƼƬǇƢ  
:ƧǂȍǤǐǶơ ƩƢǠǪƾǶơ 
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ø·Àõv Üù Ĉéwê¤Éđv ½vº´ýđv1 

  ǸơƾƼƬǇơ ǽψǻȌ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ ƢǻǲƨȍǮƢǯƬǋ˪ơ ƩơǁơƾƸǾ˪ơ    .ƨǶơƾǷǶ νǷƸǻǶơ λǾƽ˦ơ ƾƸǶơ ƽƢƴȌ˨
  λǷǟ ơ˻ƽƢǻƬǟơ ƍ ǱǶƿ ǞǺȄǵψǋ  ƨǶơƾǶơ    ȊǁơǂǳƬǶơ ƲȃǿǶơ ȊƽƚȌ ƢǺ Ƣ˻ƦǶƢǣ ƍνǮƢǯƬǋ˪ơ ǁơƾƸǾ˫Ƕ    λǶƛ
  ƒ ƩơȅǘƼǶơ ǽǺ ǂȍƦǲ ƽƾǟνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ƨƦǈǿǶƢƥ ƨǏƢƻ ƍ ƔνǘƥǴơȄƾǷǶ    ǽǻǔƬƫ νƬǶơ  ƾȌƾǠǶơ

  ǨƢǔ˾Ȍ ƍ ƨǷψǌǻǶơ ȀǀȂ ǵƸǶ .ƧǂȍǤǐǶơ ƩơǁƾƸǿǻǶơ Ʃơƿ ƨƸǘǈǻǶơ ȁƦǋ ǭǗƢǿǻǶơ ǽǺǹƻǄǶơ    λǶƛ
  ƨȍǺǃǁơȅƻνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ƨȍǈȍƟǂǶơ ƧǂǳǫǶơ .ǹƻǄǷǶ    λǶƛ ȆƾǻǶơ ƧǂȍǐǮ Ƨǂǲơƿ ƨǪƢǓƛ νȂ  ǁơƾƸǾ˪ơ
νǮƢǯƬǋ˪ơ    ƢŻǾƢȍƷƗ λǻǈȌ ȊǀǶơȄ ƍ ǞȌǂǈƬǶơ2Ƕơ ƮȌƾƸƫ Ƨȅǘƻ ǂȍȍǤƫ ǹƬȌ ƍ ǱǶǀǶ ƢŻǯǪȄ .  ȅƸǿǶơ λǷǟ Ǽǃȅ
νǶƢƬǶơ : 

Ὣ ‍Ὣ
ρ

ὔ
Ὣ  

— — –Ὣ‍ 

  Ǽȅǳƫ ƢǺƾǿǟὫ    ƍ ơ˻ǂǫǏ ƨȍǶȄ˦ơ–   Ȅ ǹǷǠƬǶơ ǴƾǠǺ‍  ǹƻǄǶơ ǂȍȌƢǠǺ. 

ĈæĊî¤õv øöÞ¤õv óºÞù üĊÆ´£ 

  ǼƗ ǽǺ ǹǣǂǶơ λǷǟSGD   ǴơǄȌ ˪ ȁǾƗ ˪ƛ ƍ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƤȌǁƾƬǶ ƨȌƢǤǷǶ ƨȌȅǮ ǽȍǈƸƫ ƨǯȌǂǗ νȂ
  νǻȍǷǠƫ ǴƾǠǺ ǵǔǪƗ ǁƢȍƬƻơ ǹȃǻǶơ ǽǺ–    ǵψǶƨǷƠǈǺǁƢȍƬƻơ ǹƫ ơƿƛ .  –    ƤǷǯƬȌ ƾǯǪ ƍ ơŻƾƳ ǂȍƦǲ

ơ ǹƫ ơƿƛ ƍ ǵƥƢǯǻǶơ νǪ .ƨǷǐǶơ Ʃơƿ ƨȍǷƸǻǶơ ƢȍǾƾǶơ ƽȄƾƸǶơ ǃȄƢƴƬȌ ȄƗ ƣǁƢǯƬȌ ˪ ȄƗ ƤȌǁƾƬǶơ ǁƢȍƬƻ 
 ǻȍǷǠƫ ǴƾǠǺ  ǞƟƢǌǶơ ƣȅǷǇ˦ơ ǼƜǪ ƍ ǹƯ ǽǺȄ .ƣǁƢǯƬǶơ ƨȍǷǻǟ ǂȍƦǲ ǵψǌƥ ǂƻƚȌ ȁǾƜǪ ƍ ơŻƾƳ ǂȍǤǏ ν

  ǴƾǠǺ ǸơƾƼƬǇơ ȅȂ ơǀȂ λǷǟ ǵȌƢƸƬǷǶ ǹǷǠƬǶơ Ǵ˫ƸǻǓơ3  ǸơƾƼƬǇƢƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ǁơƾƸǾ˪ơ  
νǮƢǯƬǋ˪ơ  ǲƗ ǁƾǯƥ ƶǻǈȌ ơǀȂ .ƩơǂƬǪ Ƨƾǟ ǁơƾǺ λǷǟ ƢǺ ƾƷ λǶƛ ǹǷǠƬǶơ ǴƾǠǺ ǵȍǷǯƫ ǽψǻȌ ƍǂƦ   ǽǺ
ǹǷǠƬǶơ    Ǵ˫ƸǾ˪ơ ƨǯȌǂǗ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƤȌǁƾƬǶơ ƨȌƢȃǾ νǪ ǵǮƗ ǹǷǠƫ ǴƾǠǺȄ ƤȌǁƾƬǶơ ƨȌơƾƥ νǪ

  Ƣ˻ǔȌƗ νȂ ȀǀȂǵǺƢǠǺ   .ǭȍƦǘƬǶơ λǷǟ ơ˻ƽƢǻƬǟơ ƨȌƢǿǠƥ Ƣȃǻȍǻǐƫ ƤƴȌȄ Ƣȃƫơƿ ƾƷ νǪ ǭƟƢǪ 

 
1 Momentum 
2 acceleration 

3 rate decay 



 
302 ƩơȄƽ˦ơȄ ƩƢȍǺǃǁơȅƼǶơȄ ǹȍȂƢǫǻǶơȄ ƩƢȍǇƢǇ˦ơ :ƩƢǾƢȍƦǶơ ǹǷǟȄ ƨǶ˪ơ ǹǷǠƫ 

 
 

  ȀǀȂ νǪ .ƶȍƸǐǶơ ǹǷǠƬǶơ ǴƾǠǺ ƽƢƴȌƛ ƨǷψǌǺ ǵƷ ȅȂ νǫȍǳƬǶơ ǹǷǠƬǶơ ǴƾǠǺ ǽ˿̺ǈƸ˾Ǻ ǽǺ ǨƾȃǶơ
ǠȌ ˪ ƍ ƤȍǶƢǇ˦ơ  ǵψǶ ǼȅψȌ ǱǶƿ ǽǺ ̝˪ƾƥ ǽψǶȄ ƍ ̿˫ǺƢǋ ơ˻ǂȍǤƬǺ ǹǷǠƬǶơ ǴƾǠǺ ƾǵǺƢǠǺ    ǹȍǷǠƬǷǶ ƨǷƥƢǮ

  λǶƛ ƨƳƢƸƥ ǴơǄƫ ˪ ǬǂǘǶơ ȀǀȂ ǼƗ ǽȍƷ νǪ .Ƣȃƥ ǍƢƼǶơ ǹǷǠƬǶơ ǴƾǠǺƩ˫ǺƢǠǺ    ƨƴƸǶơ ǼƜǪ ƍ
  ƢǺƾǿǟ ǼƢȍƷ˦ơ ǽǺ ǂȍưǲ νǪ ƒ ƩƢǿȌȅǳƬǶơ ǽǺ ǞǇȄƗ ǬƢǘǾ ǞǺ ƾȍƳ ǵψǌƥ ǵǻǠƫ ƢȃǾƗ νȂ ƨȍǈȍƟǂǶơ

  ǖǯǪ ǼȅǺƾƼƬǈȌƩ˫ǺƢǠǻǶơ  ƨǯƟƢǫǶơ  ƨƷǂƬǯǻǶơ ƨȍǓơǂƬǪ˪ơ. 

¾Ċzvº¤õv 

  ƨȍǿǯƫ ǞǺ ƤǿƳ λǶƛ Ƣ˻ƦǿƳνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǂǪȅȌ ƍνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ǽȍǈƸƬǶ ƨǶƢǠǪ ƨǯȌǂǗƩ˫ǺƢǠǺ  
  ǵȍǷǯƬǶ ƨȍƦǐǠǶơ ƨψƦǌǶơ ƤȌǁƾƫƨǶơƽ  Ƙǘƻ    νǪ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƤȌǁƾƫ ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ƨǿȍǠǺ

  ƨƴǶƢǠǻǶơ ƩƢǯƦǗ ǽǺ ƾȌƾǠǶơ ǽȍƥ ǞǻƴǶơ ȊƽƚȌ ƍ ̝˪ȄƗ .ǵǺơȅǠǶơ ǽǺ ƽƾǟ ȁǮȅǠȌ ƨȍǷǻǠǶơ ƨǇǁƢǻǻǶơ
 ǵǠƳ λǶƛ ƨȍƦǐǠǶơ ƨψƦǌǶơ νǪ ƨȍǘƼǶơ ǂȍǣƨǶơƽ ƘǘƼǶơ  νǿǠȌ .ƨȌƢǤǷǶ ƨƥƾƸǺ ǂȍǣ ƨƴƫƢǿǶơƣƾƸǺ ǂȍǣ  

  ǵȍǷǯƫ ƾǿǟ ȁǾƗƨǶơƽ  ƘǘƼǶơ  Ƕǽǟ ƨψƦǌǷ    ƤȍǶƢǇƗ ǭȌǂǗνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǼƘƥ ǼƢǻǓ ƾƳȅȌ ˪ ƍ
  ƨƠȍȃƫ Ƣȃƥ ǹƬȌ νƬǶơ ƨǯȌǂǘǷǶ ǼȅψȌ ƾǮ ƍ Ƣ˻ǔȌƗ .νǻǶƢǠǶơ λǾƽ˦ơ ƾƸǶơ νȂ ƨǿȍǠǺ ƨƬƥƢƯ ƨǘǯǾƩ˫ǺƢǠǻǶơ  

  ƨȍǿǯƫȄ ǽȍǈƸƬǶơ ǵƦǮνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ   ǁȅưǠǶơ ǹƫ ǵƷ ǵǔǪƗ λǷǟ ơŻƾƳ ȊȅǮ ǂȍƯƘƫ ƨǺƾƼƬǈǻǶơ
  Ƣ˻ǔȌƗ .ǽȍǈƸƬǶơ ƔƢǿƯƗ ȁȍǷǟ  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƍƨȌǀǤƬǶơ ƨȍǺƢǺơ  ƽƾǠƬǺƧ    ƨǷψǌǻǶ ƨǓǂǟ ƩƢǯƦǘǶơ

ơ νǋ˫ƫǁơƾƸǾ˪  ǵǲƢǌǻǶơ ȀǀȂ ǞǿǻǶ ǂȍƥơƾƫ ƿƢƼƫ˪ ƨƳƢƷ ǰƢǿȂ ƍ ǱǶǀǶ .ǁƢƴǫǾ˪ơȄ . 

 ĆĊõÿđv ûv¿ÿđv ĆuĊĄ£ 

  ƍ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪƨǯƟƢǪ ƨȌƢǿǠƥ ǼơǃȄ˧Ƕ ƨȍǶȄ˦ơ ƨǻȍǯǶơ ǁƢȍƬƻơ ƤƴȌ  ơƿƛ ƍǴƢưǻǶơ ǵȍƦǇ λǷǟ .
  .ƩƢƳǁƾƬǶơ ǆǫǾ λǯǷƬƫ ǨȅǈǪ ƍ ǼơǃȄ˦ơ ǆǫǾ ƨȍǫƼǺ ƨǯƦǗ νǪ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ƾȌƾǠǷǶ ǼƢǲ
 ǼơǃȄƗ ƨƠȍȃƫ ǹƬȌ ƍ ƧƽƢǟ .ƱƿȅǻǿǶơ ƨǠǇ ǁơƾȂƛ λǶƛ ȊƽƚȌ ƢǻǺ ƍ ƲƟƢƬǿǶơ ǆǫǾ ǼȅƦǈƸȌ ǹȃǾƜǪ ƍ ǹƯ ǽǺȄ

  ǖǇȅƬǻƥ νǇȄƢǣ ǞȌǃȅƫ ǸơƾƼƬǇƢƥ ƨȍƦǐǠǶơ ƨψƦǌǶơǠǺ ǨơǂƸǾơȄ ǂǫǏ  ǼƜǪ ƍ ǱǶƿ ǞǺȄ .ǂȍǤǏ ȊǁƢȍ
  ƽƾǟ ǞǺ ƾȌǄȌ ǽȌƢƦƫ ȁǶ Ƣ˻ȍƟơȅǌǟ ƢȃƬƠȍȃƫ ƪǻƫ ƨȍƦǐǟ ƨȍǷƻ ƲƫƢǾ ǞȌǃȅƫ ǼƗ νǪ ǽǻǳƫ ƨǷψǌǻǶơ

  .Ʃ˫ƻƾǻǶơƨȌȅǈƬǶ    λǶƛ ƨȍƦǐǟ ƨȍǷƻ ǵψǶ Ʊơǂƻ˨ơ ǽȌƢƦƫ1  ǞȌǃȅƬǶơ ǸơƾƼƬǇơ ȆȅǇ ǱȍǷǟ ƢǺ ƍ
ǴƢƻƽ˨ơ ƨǠǈǶ νǠȍƥǂƬǶơ ǁǀƴǶơ λǷǟ ˻ƔƢǿƥ ǼǃȅǶơ ǅƢȍǮȄ νǇƢȍǯǶơ νǠȍƦǘǶơ1  ὲ   ƽƾǟ ȅȂȄ ƍ

Ʃ˫ƻƾǻǶơ: 

ύͯ
ﬞ πȟρ

ὲ
 

  ǸƢǮ ƍ ǵưǻǶƢƥȄGloret    ȄBenjiou    ǵȍǷƸƬƥƨȍǮƢǯƬǋ˪ơ ƩơǁơƾƸǾ˪ơ  νǫǷƼǶơ ǁƢǌƬǾ˫Ƕ    ƢȍǏȄƗȄ
ƨƠȍȃƫ ǹǇƢƥ ƨǪȄǂǠǻǶơ) ƨƠȍȃƬǶƢƥ  ƨȍǶȄ˪ơ ǹȍǯǶơ  Javier    ȄƗGloret.( : 

 
1 fan-in 
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ύͯ
ς

ὲ ὲ
ﬞ πȟρ 

 ǩǐȌ ƮȍƷὲ    ǞǺ ƨȍƦǐǠǶơ ƢȌ˫ƼǷǶ Ƣ˻ǐȍǐƻ ƩƢǫǏơȅǻǶơ ǹȌƾǯƫ ǹƫ .Ʊơǂƻ˨ơ ƩơƾƷȄ ƽƾǟ
  ǖȍǌǿƫReLU : 

ύͯ
ς

ὲ
ﬞ πȟρ 

 øĊÚþ¤õv 

  ƨȍƦǐǟ ƨȌǀǤƫ ƨψƦǋ ƤȌǁƾƫ λǶƛ ǖǯǪ ƢǾǂǋƗ ƍ Ǽˤơ λƬƷνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪Ƣƥ   νǫǷƼǶơ ǁƢǌƬǾ˪ơȄ  
  ƤȌǁƾƫ ƨǟȅǻƴǺ ǸơƾƼƬǇƢƥὼ    ƩƢǺ˫ǟ ǞǺώ    ƢǿƬψƦǋ ƤȌǁƾƫ ƨǯȌǂǘǶơ Ȁǀȃƥ ƢǿǿψǻȌ Ƣǻǿȍƥ .ƨǷƥƢǯǻǶơ

  λǷǟ ƧǁƽƢǮ ƢȃǾƗ ƧǁȄǂǔǶƢƥ νǿǠȌ ˪ ơǀȂ ǼƗ ˪ƛ ƍ ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ƩƢƳǂƼǻƥ ƚƦǿƬǶơ λǷǟ ƨȍƦǐǠǶơ
  ǵǐǫǶơ νǪ ǁȅǲǀǺ ȅȂ Ƣǻǲ ƍ ǱǶǀǶ .ƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ ƩƢƳǂƼǻƥ ƨǮƾƥ ƚƦǿƬǶơ5    ǹȌƾǯƫ ǹƬȌ ƍ

ƸƬǷǶ ƩƢǾƢȍƦǶơ ǽǺ ǽȍƬȍǪƢǓƛ ǽȍƬǟȅǻƴǺ .ƨȍƦȌǂƴƬǶơ ƨǟȅǻƴǻǶơȄ ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ƨǟȅǻƴǺ ƍ ǽȍǈ
  ƨǲǂƬǌǺ Ʃ˪ƢƷ ƾƳȅƫ ˪ ǱǶǀǶ ƍ ǒǠƦǶơ ƢȃǔǠƥ ǽǟ ƨǷǯƬǈǺ ƭ˫ưǶơ ƩƢǾƢȍƦǶơ ƩƢǟȅǻƴǺ ǵǲ

Ƣȃǿȍƥ . 
  ǖƦǔǶ ǞƟƢǋ ǵψǌƥ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ƨƸǐǶơ ǽǺ ǭǯƸƬǶơ ƩƢǟȅǻƴǺ ǸƾƼƬǈſƫ Ʃ˫ǺƢǠǻǶơ  

ƨǯƟƢǫǶơ  ˾ƥ ǵưǺ ƱƿȅǻǿǷǶǶơ Ʃ˪ƾǠǺ ȄƗ ƨψƦǌǶơ ƨȍǿ  ǹȍȍǯƬǷǶ ǖǯǪ ǁƢƦƬƻ˪ơ ƨǟȅǻƴǺ ǸƾƼƬǈƫ .ǹǷǠƬ
 ƨǻǻǠǺ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǽǳƫ ǹǶ ơƿƛ .ƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǶơ νǪ ƨψƦǌǶơ ƔơƽƗ ǹȍȍǯƫ ǵƳƗ ǽǺ νƟƢȃǿǶơ

  ƍ ƾȍƳ ǵψǌƥ  ǼƗ ȊƗƘǘƻ    ǽǺ ǵǮƗ ƤȌǁƾƬǶơƘǘƻ    ǁƢƦƬƻ˪ơ  ƨǶƢƸǶơ ȀǀȂ λǻǈƫ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ ƍ
ǖƦǔǶơ  ƾƟơǄǶơ  OverfittingȆǂƻƗ ƨȍƷƢǾ ǽǺ .    ƢǺƾǿǟ ƧǁơƾƬǇ˪ơ νǈǳǠǶơ ȅȌǁƢǿȍǈǶơ λǷǟ ǭǷǘ˾Ȍ ƍ
  ǼȅǳƫƘǘƻ    ǽǺ ǂȍưψƥ ǵǮƗ ǁƢƦƬƻ˪ơƘǘƻ  ƍ ƤȌǁƾƬǶơ  ǎǮƢǿǶơ ǖƦǔǶơ    ǵψǌǶơ)7ŷ3  .( ǖƦƫǂȌ ƢǺ ŻƧƽƢǟ

 ǎǮƢǿǶơ ǖƦǔǶơȄ ƾƟơǄǶơ ǖƦǔǶơ    .ƱƿȅǻǿǶơ Ƨǁƾǯƥ ơ˻ǂǋƢƦǺ ƢŻǗƢƦƫǁơ ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ    ǖƦƫǂƫ
  ƽƾǠƥ ơ˻ǂǋƢƦǺ ƢŻǗƢƦƫǁơ ƨǯȍǻǟ ƨȍƦǐǟ ƨψƦǌǶ ƱƿȅǻǿǶơ ƨǠǇƩ˫ǺƢǠǻǶơ   ƨǠǇ ƽƾƸƫ .ƨψƦǌǶơ ǵƻơƽ

  ǽǺ ƨǠǇơȄ ƨǟȅǻƴǺ ƨǺƔ˫Ǻ λǷǟ ƨǯȍǻǠǶơ ƨψƦǌǶơ ƧǁƾǮ ȆƾǺ ƱƿȅǻǿǶơǴơȄƾǶơ  ƨǠǈǶơ ƪǾƢǲ ơƿƛ .
) ƤȌǁƾƬǶơ ƨǟȅǻƴǺ ǩȍȍǳƫ ǽǺ ƨψƦǌǶơ ǽψǻƬƫ ˪ ƾǯǪ ƍ ơŻƾƳ ƨǔǫƼǿǺǎǮƢǿǶơ ǖƦǔǶơƾǮ Ƣǻǿȍƥ ƍ (  
) ƤȌǁƾƬǶơ ƩƢǿȍǠƥ ǙƢǫƬƷ˪ơ λǶƛ ơŻƾƳ ƧǂȍƦψǶơ ƱƿȅǻǿǶơ ƨǠǇ ȊƽƚƫƾƟơǄǶơ ǖƦǔǶơ ǵưǻȌ ˪ ƧƽƢǟ .(

ǎǮƢǿǶơ ǖƦǔǶơ    ƨǷψǌǻǶơ ȀǀȂ ǵƷ ǽψǻȌ ȁǾ˦ ơǀȂ .ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ ƨƦǈǿǶƢƥ ƨǷψǌǺ
˾ƥ ǸơƾƼƬǇƢƥ  ǽǺ ƾȌǄǻǶơ ǞǺ ǭǻǟƗ ȄƗ ȆȅǮƗ ƨψƦǋ ƨȍǿƩ˫ǺƢǠǻǶơ  ǽǺ ǽψǻƬǶơ ǵƳƗ ǽǺ ƍ ǱǶƿ ǞǺȄ .

ƬǇơ  ƤƴȌ ƍ ƨȍƟǂǻǶơ ǂȍǣȄ ƧƾȌƾƴǶơ ƩƢǾƢȍƦǷǶ ƨǯȍǻǠǶơ ƩƢψƦǌǶơ ǸơƾƼƾƟơǄǶơ ǖƦǔǶơ λǷǟ ƧǂǘȍǈǶơ .
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  ǂȍƯƘƫ ǵȍǷǯƫ ƨȍǷǻǟ Ǽƛ ƾƟơǄǶơ ǖƦǔǶơ  ) ȁǠǿǺ ȄƗƢǺƢǻƫ ǆȍǶƓơƿƢǻǶ .1  ǹǈǯǶơ ơǀȂ νǪ .ǹȍǜǿƬǶơ λǻǈƫ (
  Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ƤȍǶƢǇ˦ơ ǃƢƴȌƜƥ ǩǐǾ ƍơ νǪ ǹȍǜǿƬǷǶ.ƨǯȍǻǠǶơ ƩƢψƦǌǶ 

 
 Ƕơ  ǵψǌ7 ŷ3.  ƩƢǾƢȍƦǶơ ʣƨǮƾǶơ ǁƢȍǠǺ ǭǪȄ ǹǷǠƬǶơ λǿƸǿǺ ʣǹȍǻǠƬǶơ ǰȅǷǇ ƨȍƦȌǁƾƬǶơ  ƨȍƦȌǂƴƬǶơȄ 

   

  λǷǟ ƧǁƽƢǮ ǼȅǳƬǶ νǫψȌ Ƣǻƥ ƧǂȍƦǲ ƨǯȍǻǟ ƨψƦǌǶ ƱƿȅǻǿǶơ ƨǠǇ Ǽȅǳƫ ƢǺƾǿǟƾƟơǄǶơ ǖƦǔǶơ   ǽǻǪ ƍ
  ǼƗ ƨǜƷ˫Ǻ ǞƟƢǌǶơƘǘƼǶơ  ȋƦȌǁƾƬǶơ  ƬȌ  ǵψǌƥ ǎǮƢǿȊƽǂǗ    ǼƗ ǽȍƷ νǪ ƍ ƣǁƢǯƬǶơ λƬƷƘǘƻ   ǭǯƸƬǶơ

ǹȍǜǿƫ ȅȂ ơ˻ǂψƦǺ ǩǮȅƬǶơ ǽǺ ǑǂǤǶơ .ƧǂƬǪ ƾǠƥ ȆǂƻƗ ƧǂǺ ƽơƽǄȌȄ ƨȌơƾƦǶơ νǪ ǎǮƢǿƬȌ ƨƸǐǶơ ǽǺ  
  ƽƢƴȌƛ Ǵ˫ƻ ǽǺ ƨǯȍǻǠǶơ ƨψƦǌǶơƩ˫ǺƢǠǺ    ǵǮƘƥ ƨǘǯǿǶơ ƾǿǟ ƨψƦǌǶơƘǘƻ   .ƨƸǐǶơ ǽǺ ǭǯƸƬǷǶ

  ǸơƾƼƬǇƢƥƩ˫ǺƢǠǺ    ǵǮƗ ǞǺ ƨψƦǌǶơƘǘƻ    ƨψƦǌǶơ Ǽȅǳƫ ǼƗ ǵǻƬƸǻǶơ ǽǺ ƍ ƨƸǐǶơ ǽǺ ǭǯƸƬǷǶ
  ȀǀȂ νǪ ǒǫƼǿǺ ǽȌƢƦƫ λǷǟ ȊȅƬƸȌ ƱƿȅǻǿǶơ Ǽ˦ .ƨȍƟǂǻǶơ ǂȍǣ ƩƢǾƢȍƦǷǶ ǵǔǪƗ ǵψǌƥ ƨǻǻǠǺ

Ƕơ ǹǻǠȌȄ ƨǷƷǂǻǶơ  λǶƛ ȊƽƚȌȄ ƱƿȅǻǿǶơ ǽȌƢƦƫ ǽǺ νǪƢǓ˨ơ ƱƿȅǻǿǶơ ƤȌǁƾƫ ƾȌǄȌ .ơŻƾȍƳ ƩƢǾƢȍƦ
ƾƟơǄǶơ ǖƦǔǶơ. 

  2 

  λǶƛ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ "νƟơȅǌǠǶơ ǨǀƸǶơ" ǂȍǌȌ  ƨǯƦǗ νǪ ƧƽƾƸǺ ƾǯǠǶ νƟơȅǌǟ ǵȂƢƴƫ ƨȍǷǻǟ
  ƢǺ ƔƢǿƯƗ .ƨψƦǌǶơ ǽǺ ƢŻƬǮƚǺ ƨǫǷƬƼǻǶơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ƨǶơǃƛ ǹƬƫ ƍ ǂƻƕ λǿǠǻƥ .ƨψƦǌǶơ ƤȌǁƾƫ ƔƢǿƯƗ

  ǨǀƸǶơ ȊƽƚȌ ƍ ƤȌǁƾƬǶơ νƟơȅǌǠǶơ    ǂȍȍǤƫ λǶƛ
 ƔǄƳ ǹǷǠƫ λǶƛ ƨψƦǌǶơ ǼơǃȄƗ ǞȍǻƳ ǹǷǠƫ ƧǂǳǪ
  ǵψǌǶơ ǽǺ .ƨψƦǌǶơ ǼơǃȄƗ ǽǺ ǖǯǪ ǂȍǤǏ
  ƨǷƷǂǺ νǪ ȁǾƗ ƨǜƷ˫Ǻ ǽψǻȌ ƍ ǵƥƢǯǻǶơ

ǇƢȍǯǶơ ƤȌǁƾƬǶơ  ƢȌ˫ƼǶơ ǞȍǻƳ ǰơǂǋƛ ǹƬȌ ƍ ƨȍ

 
1 ƣƢƬψǶơ ǽǺ ǆǺƢƼǶơ ǵǐǫǶơ ǞƳơǁ. 

2 Dropout 

ƾƟơǄǶơ ǖƦǔǶơ 

ƨȍƦȌǁƾƬǶơ ƨǟȅǻƴǻǶơ 
ơ ƨǟȅǻƴǻǶƨȍƦȌǂƴƬǶơ 

ǹȍǻǠƬǶơ 

ǹȍǻǠƬǶơ Ƙǘƻ ƱƿȅǻǾ ǵǔǪơ 

ƨ
Ƿ
Ʒ
ǂ
Ǻ

 
ǎ
Ǯ
Ƣ
ǿ
Ƕ
ơ
 
ǖ
Ʀ
ǔ
Ƕ
ơ

 
ƨ
Ƿ
Ʒ
ǂ
Ǻ

 ƾ
Ɵ
ơ
Ǆ
Ƕ
ơ
 
ǖ
Ʀ
ǔ
Ƕ
ơ

 

ƨ
Ǯ
ƾ
Ƕ
ơ
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  ƧǁƢƬƼǻǶơ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ǖǯǪ ǵȍǷǮ ƽƾǟ ƨǲǁƢǌǺ ǹƬȌ ƍ νƟơȅǌǠǶơ ǨǀƸǶơ Ǵ˫ƻ ǽǺȄ ƍ ƨȍƦǐǠǶơ
  ƢȌ˫ƼǶơ ǽǺ ƨǫǷƬƼǺ ƩƢǟȅǻƴǺ ǖȍǌǿƫ ǹƬȌ ƍ ǁơǂǳƫ ǵǲ ƾǠƥ ƍ ǱǶǀǶ ."ǩǮȅƬǺ" νǮƢƦǶơȄ ƤȌǁƾƬǶơ νǪ

Ƕơ ǒǠƥ λǷǟ ƧǂǘȍǈǶơ ǽǺ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǒǠƥ ǞǿǻǶ ƨȍƦǐǠǶơ  λǷǟ ƍ ƲȃǿǶơ ơǀȂ ƢǾƾǟƢǈȌ .ƩơǄȍǻ
 ƩơƚƦǿƫ ǵǻǟ ƢȃǿψǻȌ ǂƦǲƗȄ ǭǻǟƗ ƩƢψƦǋ λǿƥ ǽȍψǻƫȄ ǁơǂǳƬǶơ ǵȍǷǯƫ λǷǟ ƍ ȁƬǗƢǈƥ ǽǺ ǹǣǂǶơ

.ǵƦǮ ǽǺ ƨψƦǌǶơ ƢȂơǂƫ ǹǶ νƬǶơ ƩƢǾƢȍƦǶơ ǼƘǌƥ ƧƾȍƳ 

  

  λǶƛ ƨǪƢǓ˨Ƣƥ ƨȍƦǐǠǶơ ƨψƦǌǶơ ƤȌǁƾƫ νǪ ǵǲƢǌǻǶơ ǽǺ ƧƾƷơȄνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ǷψǌǺ νȂ  ǂȍȍǤƫ ƨ
  Ǽ˦ ƨǷψǌǻǶơ ȀǀȂ Ƙǌǿƫ .ƨψƦǌǷǶ ƨȍǷƻơƾǶơ ƩơǂȍǤƬǻǶơƩ˫ǺƢǠǻǶơ   ƨȍǷǻǟ ƔƢǿƯƗ ǁơǂǻƬǇƢƥ ǂȍǤƬƫ

  ǹȍǮ ǂȍǤƫ ƢȂǁȄƾƥ νƬǶơȄ ƍ ƤȌǁƾƬǶơǴơȄƽ   ƨȍǶȄ˦ơ ƩƢǯƦǘǶơ ǽǺ ǴƢƻƽ˨ơ ǹȍǮ ǂȍȍǤƫ ȊƽƚȌ .ǖȍǌǿƬǶơ
  ƨǯƷ˫Ƕơ ƩƢǯƦǘǷǶ ƤȌǁƾƬǶơ ƩƢǾƢȍƥ Ǽ˦ ƍ ƤȌǁƾƬǶơ ƨȍǷǻǟ ƔƢǿƯƗ ƘǘƥƗ ƣǁƢǯƫ λǶƛ ƨȍǶƢƬǶơ ƩƢǯƦǘǶơ λǶƛ

  Ʃơƿ ƩƢǯƦǗ Ƨƾǟ ǽǺ ƲȌǄǺ νȂ ƨǯȍǻǠǶơ ƩƢψƦǌǶơ ƍ ǂƻƕ λǿǠǻƥ .ƧǂǯƬǈǺ ǂȍǣǴơȄƽ   ǵǲȄ ƍ ƨǫǷƬƼǺ
  ǹǷǠƫ ƨȍǫȍǲ ǖǯǪ ǹǷǠƬƫ ˪ ƨǯƦǗ  ǽǯƬƫ ǼƗ Ƣ˻ǔȌƗ ƢȃȍǷǟ ǽψǶȄ ƍ ƤȌǁƾƬǶơ ƨȌơƾƥ ǽǺ ǸƢǠǶơ ǵȍưǻƬǶơ

  ǽ˿̺ǈƸ˾ǻǶơ ǸȅǯȌ Ƣǻǿȍƥ .ƩƢǯƦǗ .ǭƦǇ ƢǻǶ ƢŻǯǪȄ Ʃ˫ƻƾǻǶơ ƩƢǠȌǃȅƫ νǪ ƧǂǻƬǈǻǶơ ƩơǂȍȍǤƬǶơ
  ƮȌƾƸƬƥƩ˫ǺƢǠǻǶơ    ǞȍǻƳ ƮȌƾƸƬƥ ǸȅǯȌȄ Ȇǂƻ˦ơ ƩƢǯƦǘǶơ νǪ ǂȍǤƬƫ ˪ ƢȃǾƗ ǑơǂƬǪơ λǷǟ

  ƍ ƪǮȅǶơ ǆǫǾ νǪ ƩƢǯƦǘǶơǾ λǶƛ ơǀȂ ȊƽƚȍǇ  ǽȍƥ ǞǻƴǶơ ƾǿǟ ƢȃȍǪ ƣȅǣǂǺ ǂȍǣ ƲƟƢƬ ǴơȄƽ  .ƨǫǷƬƼǺ 
    ƵơǂƬǮơ ǹƫ ƨȍǟƢǻƴǶơ ƨȌȅǈƬǶơ1    ǽȍǈƸƫȄ ǁơǂǯƬǇ˪ơ Ǹƾǟ ǵȍǷǯƬǶ ƨǷψǌǻǶơ ȀǀȂ λǷǟ ƤǷǤƬǷǶ

  ƍ ƨǯȌǂǘǶơ ȀǀȂ νǪ .ƨψƦǌǶơǾ  ǸȅǯƨȌȅǈƬƥ    ǖǇȅƬǺ ƢȃǶ ǼȅψȌ ƮȍƸƥ ƨǯƦǘǷǶ ǴƢƻƽ˨ơ ƩƢǾƢȍƥ  ǂǫǏ
  ǞǓȄ Ǵ˫ƻ ǽǺ .ƾƷơȄ ȊǁƢȍǠǺ ǨơǂƸǾơȄǶơ ƨȌȅǈƬǶơƨȍǟƢǻƴ    ƨȍǏƢƻ ƔƢǌǾƛȄ ƨȍǫƼǻǶơ ƩƢǯƦǘǶơ ǽȍƥ

.ƨψƦǌǶơ ƩƢǯƦǘǶ ƨȍǷƻơƾǶơ ƩơǂȍȍǤƬǶơ ǵȍǷǯƬƥ ǸȅǯǾ ƍ ƨǲǂƬǌǺ ǽȌƢƦƫ   

 ą½¾î¤úõv ĆĊ{ÎÞõv Ćî{Êõv 

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ  ƧǁǂǳƬǻǶơ)2RNN(   ƨǻǻǐǻǶơ ƨȍǟƢǿǘǏ˪ơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǽǺ ǝȅǾ νȂ
  ǎǿǶơ ǵưǺ ƍ ƩƢǾƢȍƦǶơ ǵǈǷǈƫ νǪ ǕƢǻǾ˦ơ ǨƢǌƬǲ˪  ƨǮȅǘǿǻǶơ ƩƢǻǷψǶơȄ ƨȌȄƾȍǶơ ƨƥƢƬψǶơȄ ǸȅǿȍƴǶơȄ

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ȀǀȂ ƔơǁȄ ǽǺ ƧǂǳǫǶơ .ǱǶƿ λǶƛ ƢǺȄ ǹȃǇ˦ơ ǬơȅǇƗȄ ƨȍǿǺǄǶơ ǵǇ˫ǈǶơ ƩƢǾƢȍƥȄ
  "Ƨǂǲơƿ" ƢȃǶ ƢȌ˫ƼǶơ ȀǀȂ ǼƗ ǴȅǯǶơ ǽψǻȌ .ƢŻǯƥƢǇ ƨǘƦƫǂǻǶơ ƢȌ˫ƼǶơ ǽǺ ǹǷǠƬǶƢƥ ƢȌ˫ƼǷǶ ƶǻǈƫ ƢȃǾƗ νȂ

ǼȅǿƦȌ ǹȃǾƜǪ ƍ ǹƯ ǽǺȄ .ƢǺ ƨǯȌǂǘƥ  ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ǽǺ ơŻƾȍǯǠƫ ǂưǲƗ ƨǪǂǠǺ  . 
  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǔǯƫƧǁǂǳƬǻǶơ    ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ǁȅǐǯǶơ ȁƳȄƗ λǷǟ ƨȌǀǤƬǶơ Ʃơƿ

ƨȌǀǤƬǶơ ƩƢψƦǋ Ǽ˦ ǱǶƿȄ .ƨȍǺƢǺ˦ơ  ƨȍǺƢǺ˪ơ    ƲƬǿƫȄ ƪƥƢƯ ǹƴƷ Ʃơƿ Ʃ˫ƻƾǺ ǴȅƦǮ ǖǯǪ ƢȃǿψǻȌ

 
1 Batch normalization 
2 Recurrent neural network 
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˫ƻƾǻǶơ νǪ ǂǜǿǶơ λǷǟ ƧǁƽƢǮ ǂȍǣȄ ƪƥƢƯ ǹƴƷ Ʃơƿ ƩƢƳǂƼǺ ǖǯǪ  .ƤȍƫǂƬǶơ ǆǫǿƥ ƨǯƥƢǈǶơ Ʃ
  ƨȍƦǐǠǶơ ƨψƦǌǶơ Ǽȅǳƫ ƍ ǵǈǷǈƬǷǶ ƨǯƥƢǈǶơ Ʃ˫ƻƾǻǶơ νǪ ǂǜǿǶơ Ǵ˫ƻ ǽǺƧǁǂǳƬǻǶơ    λǷǟ ƧǁƽƢǮ

  ƨȍƦǐǠǶơ ƨψƦǋ Ǽȅǳƫ ƢǺƾǿǟ ƩƢȍǠƦƬǶơ ǕƢǯƬǶơ  ƨȍǺƢǺơ.ǱǶƿ λǷǟ ƧǁƽƢǮ ǂȍǣ ƨȌǀǤƬǶơ   
  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǀƻƘƫ ƧǁǂǳƬǻǶơ   .ƨȍǿǺǃ Ƨȅǘƻ ǵψǶ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǹȍǯƫȄ Ʃ˫ƻƾǻǲ ̿˫ǈǷǈƫ

 ƾǿǟ .ƨǶƢƸǶơ λǷǟ ǙƢǫƸǶƢƥ ƢȃǶ ƶǻǈƫ ƨǯǷƷ ƢȃǶ ƨȍƦǐǟ ƨψƦǋ ƢȃǾƗ λǷǟ ƩƢψƦǌǶơ ȀǀȂ ǁƢƦƬǟơ ǽψǻȌ
  .ǵƥƢǯǻǶơ ǵψǌǶơ νǪ ƶǓȅǺ ȅȂ Ƣǻǲ ǵǈǷǈƬǷǶ ƨȍǿǺǄǶơ ƩơȅǘƼǶơ Ǵ˫ƻ ǽǺ ƨǯǷƸǶơ ƶƬǫƫ ƍ ǹȍȍǯƬǶơ

  ƧǁǂǳƬǻǶơ ǖƥơȄǂǶơ ȄƗ ƩƢǯǷƸǶơ ȀǀȂ
 ƩƢψƦǌǶơ  ȀǀȂ  ƨȍǻǈƫ  ƤƦǇ  νȂ

ƥǶƢƩƢψƦǌ  ƨȍƦǐǠǶơ  ƧǁǂǳƬǻǶơ  ƨǯȍǯƷ .
  ƨψƦǋ ǼƗƧǁǂǳƬǻǶơ    ƨǯǷƷ ǽǺ ǼȅǳƬƫ

 ƨȍǷƻ ƲƫƢǾ ǝƢƳǁƛ ǽψǻȌ ȁǾƗ νǿǠƫ
  ƧƾƷơȄ ƨȍǿǺǃ ƨǘǯǾ νǪ ƧƾƷơȄ ƨȍƦǐǟ

  ƩƢȍǷǻǠǶ Ƨǂǲơƿ ƢȃȌƾǶ ƨψƦǌǶơ ǼƗ νȂ ƨƴȍƬǿǶơȄ .ȆǂƻƗ ƨȍǿǺǃ ƨǘǯǾ νǪ ƨȍƦǐǠǶơ ƨȍǷƼǶơ ǆǫǾ λǶƛ
ƢƥȄ) ƨǯƥƢǈǶơ ǖȍǌǿƬǶơ .(ǖȍǌǿƬǶơ ơǀȂ νǪ ơ˻ǁȄƽ ƪƦǠǶ νƬǶơ ƨǯƥƢǈǶơ Ʃ˫ƻƾǻǶơ νǶƢƬǶ 

   ƨȍƦǐǠǶơ ƨψƦǌǷǶ ƨȍǫƼǻǶơ ƨǶƢƸǶơȄ ƨȍǿǺǄǶơ ƧȅǘƼǶơ ǎƟƢǐƻ ƨȍǿǺǃ Ƨȅǘƻ ǵψǶ ǴƢƻƽ˨ơ ǽǻǔƬȌ
ƧǁǂǳƬǻǶơ  ƨȍǫƼǻǶơ ƨǶƢƸǶơ ƮȌƾƸƫ ǹƬȌ .Ὤ    Ȁǀȃƥ .ƨȍǶƢƬǶơ ƨǷƷǂǻǶơ λǶƛ ƢȂǂǌǾ ǹƬȌȄ ƨȍǿǺǃ ƨǷƷǂǺ ǵǲ νǪ

ǐǠǶơ ƨψƦǌǷǶ ǽψǻȌ ƍ ƨǯȌǂǘǶơ  ƨȍƦƧǁǂǳƬǻǶơ  νǫƼǻǶơ ǞǓȅǶơ ǂƦǟ ƨǯƥƢǈǶơ Ʃ˫ƻƾǻǶơ Ǒǂǟ . 
  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƤȌǁƾƫ ǹƬȌƧǁǂǳƬǻǶơ    λǻǈƫ ƨǯȌǂǗ ǸơƾƼƬǇƢƥνǫǷƼǶơ ǁƢǌƬǾ˪ơ    .ƪǮȅǶơ ǁȄǂǻƥ

 ƣƢǈƷ ƤƴȌ ƍ ƨȍǺǃǁơȅƼǶơ ȀǀȂ νǪƨȍǮƢǯƬǋ˪ơ ƩơǁơƾƸǾ˪ơ   ƧƾǟƢǮ ǸơƾƼƬǇƢƥ ƨȍǿǺǃ Ƨȅǘƻ ǵǲ νǪ
  ƨǷȌȅǗ Ʃ˫ǈǷǈƬǶơ Ǽȅǳƫ ƢǺƾǿǟ .ƨǷǈǷǈǶơ ǼƗ ǽψǻȌ .ƣǂǔǶơ ǽǺ ǂȍưψǶơ ǭƷ˫Ƕơ ǁơƾǏ˨ơ ƤǷǘƬȌ ƍ

 ƧǁƢƦǠƥ ȄƗ ƍ ƩƢƳǁƾƬǶơ ǎǷǯƬƫ ƢǺƾǿǟ .ƩƢƳǁƾƬǶơ ǁƢƴǫǾơ ȄƗ νǋ˫ƫ λǻǈƫ ƨǷψǌǺ λǶƛ ơǀȂ ȊƽƚȌ
  Ȋƽƚƫ ƍ ǵƥƢǯǻǶơ νǪ .ǹǷǠƬǶơ ǽǟ ǩǮȅƬƫȄ ǹǷǠƬǶơ ƩƢưȌƾƸƫ ǂȍǤǐƫ ǹƬȌȄ ƍ ƱǁƾƬǶơ νǫƬƼȌ ƍ ȆǂƻƗ

ǷǠƬǶơ Ʃơȅǘƻ νǪ ƩơǄǫǮ λǶƛ ƧǂȍƦψǶơ ƩƢƳǁƾƬǶơ  ƨǷψǌǺ ƾƸƫ .ƾȍƳ ǵƷ ǽǺ ƣơǂƬǮ˪ơ ǽǺ ƢȃǠǿǻƫȄ ǹ
  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƧǁƾǮ ǽǺ ƱǁƾƬǻǶơ ǁƢƴǫǾ˪ơȄ νǋ˫ƬǶơƧǁǂǳƬǻǶơ    ƨǷȌȅǗ ƩƢȍǠƦƬǶơ ǹǷǠƫ λǷǟ

  ƨȍƦǐǟ ƩƢψƦǋ ǂȌȅǘƫ ǹƫ ƍ νǶƢƬǶƢƥȄ .ȆƾǻǶơ ƧǁǂǳƬǺ  ƨǷψǌǻǶơ ȀǀȂ ƨƴǶƢǠǻǶ ȆǂƻƗ. 

 ¢éĀõv ½ÿ¾úz Ĉæö¸õv ½wÊ¤ýđv 

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ƤȌǁƾƫ ǹƬȌƧǁǂǳƬǻǶơ    ƨȍǺǃǁơȅƻ ǽǺ ǍƢƻ ǝȅǾ ƨǘǇơȅƥ ƪǮȅǶơ ǁȄǂǻƥ  ǁƢǌƬǾ˪ơ
νǫǷƼǶơ    ƨȍǺǃǁơȅƻ ǵưǺ .ƪǮȅǶơ ǁȄǂǻƥ νǫǷƼǶơ ǁƢǌƬǾ˪ơ λǻǈƫνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƨȍƦǐǠǶơ ƨψƦǋ νǪ
  ƨȍǺƢǺơ  ƧƾǟƢǮ ƨȍǺǃǁơȅƼǶơ ȀǀȂ ǸƾƼƬǈƫ ƍ ƨȌǀǤƬǶơ Ƕơ  ƾǠȌ .ƱǁƾƬǶơ ƣƢǈƸǶ ƨǷǈǷǈ νǫǷƼǶơ ǁƢǌƬǾ˪ơ  

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ ƧǁǂǳƬǻǶơ    ƨǠȍƦǘǶơ ƤƦǈƥ ƔνǌǶơ ǒǠƥ ƨƥȅǠǏ ǂưǲƗ ƧǁǂǳƬǻǶơ    ǼơǃȄ˧Ƕ
  ǥǶ ȋƥƢǈƸǶơ νǾƢȍƦǶơ ǹǇǂǶơ ƾȌƾǻƫ λǶƛ ƱƢƬƸǾ ƢǿǾ˦ .ƪǮȅǶơ ǁȄǂǻƥ ƢȃƟƢǫƬƻơȄRNN    ƧƾƷơȄ ƧǂǺ
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  ƩơǂȍǤƬǻǶơ ǽȍƥ ƩƢȍǠƦƬǶơ λǷǟ ǴȅǐƸǷǶƩ˫ǺƢǠǺȄ    ƍ ǱǶƿ ƾǠƥ .ƱƿȅǻǿǶơ  ǁƢǌƬǾ˪ơ ǸơƾƼƬǇƢƥ
νǫǷƼǶơ  ȄƧƾǟƢǮ   ǿȌǄƼƫȄ ƩƢƳǁƾƬǶơ ƣƢǈƷ ǹƬȌ ƍ ƨǷǈǷǈǶơƢȃ  Ǽȅǳƫ ǼƗ ǽψǻȌ Ʃ˫ǈǷǈƬǶơ Ǽ˦ ơ˻ǂǜǾ .

  ǽǺ ǵǈǷǈƬǶ ƨƦǈǿǶƢƥ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǷȌȅǗ ƩƢȍǠƦƬǶơ Ǽȅǳƫ ƾǯǪ ƍ ƨǷȌȅǗ1000  ǨǂƸǺ   ƍ
 ǼȅψȌ ǼƗ ǽψǻȌǨǂƸǻǷǶ    λǷǟ ǂȍƦǲ ǂȍƯƘƫ ǴȄ˦ơǨǂƸǻǶơ   ǽǺ ƢŻǿψǻǺ ǆȍǶ ơǀȂ .νƟƢȃǿǶơ ǞǮȅǻǶơ νǪ

Ʒ ƨȍƥƢǈƸǶơ ƨȍƷƢǿǶơƧǂǲơǀǶơȄ ƪǮȅǶơ ǽǺ ǂȍưψǶơ ƤǷǘƬƫ ƢȃǾ˦ .ƢŻǯ  . 
  ǩǐǿǇ ƍ νǷȌ ƢǺ νǪνǫǷƼǶơ ǁƢǌƬǾ˪ơ   ƍ ƲȃǿǶơ ơǀȂ ǵǻǟ ƨȍǫȍǲ ǹȃǫǶ .Ƣ˻ȍǓƢȌǁ ƪǮȅǶơ ǁȄǂǻƥ

ȀƢǾƽƗ ǵψǌǶơ νǪ ƩƢǺȅǷǠǻǶơ ǭǪƾƫ ƨȍǫȍǲ ǴȅƷ ƨǺƢǟ ƧǂǜǾ λǷǟ ǝ˫Ǘ˪ơ ǱǿψǻȌ : 

 

  ǸơƾƼƬǇơ ǽǺ ǽψǻƬǶơ ǵƳƗ ǽǺνǫǷƼǶơ ǁƢǌƬǾ˪ơ    ƨȍƦǐǠǶơ ƨψƦǌǶơ ƤȌǁƾƫ ƨȍǷǻǟ νǪ ƪǮȅǶơ ǁȄǂǻƥ
ƧǁǂǳƬǻǶơ    ƣƢǈƷ ̝˪ȄƗ ƤƴȌ ƍƨǶơƽ ƘǘƼǶơ : 

ὒώȟώ ὒ ώȟώ  

ώὰέὫώ 

ώὰέὫίέὪὸάὥὼέ  

  ǼǃȄ Ǽ˦ ơ˻ǂǜǾύ  ȊƗ νǪ ƢȃǮƢǯƬǋơ ƢǿǿψǻȌ ƍ ǹƯ ǽǺȄ .ƨȍǿǺǄǶơ ƩƢȍǶƢƬƬǻǶơ ǞȍǻƳ νǪ ǹǈǯǺ  ƨǷƷǂǺ
Ƣ˻ǠǺ ƢȃǠȍǻƴƫȄ: 

‬ὒ

‬ύ

‬ὒ

‬ύ
 

‬ὒ

‬ώ
 
‬ώ

‬έ
 
‬έ

‬ύ
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ώ ώ ṧὬ 

  ƨǶƽƢǠǻǶơ ȀǀȂ νǪὬ   ȄṧǼƢȃƴƬǺ ƢǻȂ νƳǁƢƼǶơ ƣǂǔǶơ . 

  ǄȍƸƬǶơ Ʊǁƾƫ λǷǟ ǴȅǐƸǶơ ƢǿǿψǻȌ ƍ ǵưǻǶƢƥȄὦ : 

‬ὒ

‬ὦ

‬ὒ

‬ώ
 
‬ώ

‬έ
 
‬έ

‬ὦ
 

ώ ώ  

  ǸƾƼƬǈǾ Ƣǿǟƽ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥὒ    ƨȍǿǺǄǶơ ƧȅǘƼǶơ ƲƫƢǾ λǶƛ ƧǁƢǋ˩Ƕὸ  ρ: 
ὒ ώ ὰέὫώ  

  ǵȍǏƢǫƫ ǞƳơǂǿǇ ƍ Ǽˤơ  νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơύ    ƪǮȅǶƢƥ ǭǷǠƬȌ ƢǻȍǪὸ  ρ: 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬ύ
 

  ƨǶƢƸǶơ ǀǿǺƨȍǫƼǻǶơ  Ὤ    ƨǶƽƢǠǻǶƢƥ ǭǷǠƬȌ ƢǻȍǪƧǁǂǳƬǻǶơ Ὤ: 

Ὤ ÔÁÎÈύ Ȣὼ ύ ȢὬ ὦ  

  ƨȍǿǺǄǶơ ƧȅǘƼǶơ νǪ ƍ ǱǶǀǶ .ƢǔȌƗ ƾǻƬǠȌὸ ρO ὸ    ƢǻȍǪ νƟǄƴǶơ ǭƬǌǻǶơ λǷǟ ǴȅǐƸǶơ ǽψǻȌ ƍ
  ǥƥ ǭǷǠƬȌύ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

 ƨȍǿǺǄǶơ ƧȅǘƼǶơ νǪ ƍ ǱǶǀǶὸ  ρ  ƣƢǈƷ ƢǿǿψǻȌ ƍνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ǸơƾƼƬǇơȄὸ  ρ   λǶƛ
ὸ    λǷǟ ǴȅǐƸǷǶ ƪǮȅǶơ ǁȄǂǻƥ ǴƢǇǁ˨ơ ƧƽƢǟƛ Ǵ˫ƻ ǽǺǁơƾƸǾ˪ơ  ǥƥ ǭǷǠƬȌ ƢǻȍǪ νǷψǶơ  ύ 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

  ǼƗ ǚƷ˪    ǼȅǾƢǮ ƢȃǈǫǾ νȂǶơ˫ưǻǪ .ƨǷǈǷǈ : 

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ
 
‬Ὤ

‬Ὤ
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  ƨǪȅǫǐǺ) ƨǪȅǫǐǺ ƨƴȍƬǾ νȃǪ ƍ ȁƴƬǻǲ ƨǶơƾǶơ ƨǯƬǌǺ ǂƦƬǠǾ ƢǿǾ˦ ơ˻ǂǜǾ ȁǾƗ Ƣ˻ǔȌƗ ǚƷ˪¶Jacobin  (
  ƩƢǯƬǌǺ ǂǏƢǿǠǶơ ǞȍǻƳ ƢȃȍǪ ǼȅǳƫȀ˫ǟƗ ƱǁƾƬǶơ ƨƥƢƬǲ ƧƽƢǟƛ ƢǿǿψǻȌ .ƨȍƟǄƳ : 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ

‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

ƮȍƷ: 
‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ
 
‬Ὤ

‬Ὤ
ȣ 
‬Ὤ

‬Ὤ
 

  ǥƥ ƨǯǷǠƬǻǶơ ƩƢƳǁƾƬǶơ ƨǪƢǓƛ ǹƬƫύ    Ʃơȅǘƻ ǞȍǻƳ νǪ Ƣ˻ǠǺνǫǷƼǶơ ǁƢǌƬǾ˪ơ   ƢǿǿψǻȌ ơ˻ǂȍƻƗȄ ƍ
  λǷǟ ǴȅǐƸǶơƨȍǮƢǯƬǋ˪ơ ƩơǁơƾƸǾ˪ơ    ǥƥ ǭǷǠƬȌ ƢǻȍǪ ƨȍǶƢƬǶơύ: 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

 λǶƛ ƨƦǈǿǶƢƥ ƱǁƾƬǶơ ƱǂƼƬǈǾ Ƣǿǟƽ Ǽˤơύ ƨȍǿǺǄǶơ ƧȅǘƼǶơ ǰǁƢƦƬǟơ νǪ ǞǓ ƍ ǵưǻǶƢƥȄ .ὸ  ρ 
  λǷǟ ǵǐƷơȄνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ǥƥ ǭǷǠƬȌ ƢǻȍǪύ  νǶƢƬǶơ ȅƸǿǶơ λǷǟ: 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬ύ
 

  ǽǺ ǵǲ Ǽ˦ ơ˻ǂǜǾὬ    Ȅὼ    νǪ ǼƢǻȂƢǈȌὬ    λǶƛ ƨƳƢƸƥ ǽƸǿǪ ƍὬ  νǫǷƼǶơ ǁƢǌƬǾ˫Ƕ  ơƿƛ .
ƢȃȍǷǟ ǵǐƸǿǈǪ ƍ ƨǲơǂǌǶơ ȀǀȂ ǁƢƦƬǟ˪ơ νǪ ƢǾǀƻƗ : 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬ύ
 
‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬ύ
 

  ǽǺ ƩƢǻȂƢǈǻǶơ ǞȍǻƳ ǞǻƳ Ǵ˫ƻ ǽǺ ƍ ǱǶǀǶὸ  ρ     λǶƛὸ    ǂƦǟνǫǷƼǶơ ǁƢǌƬǾ˪ơ   ƢǿǿψǻȌ ƍ
  λǷǟ ǴȅǐƸǶơ νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ    ƪǮȅǶơ νǪὸ  ρ: 

 
 ¶    λǶƛ ǂǜǿǶƢƥƨǶơƽ    ǽȍȍǠƬǶơὲ    ȁƴƬǻǷǶ νǶƢƬǶơὼ    Ʊơǂƻ˨ơ ȁƴƬǺ λǶƛά  νǶƢƬǶơ  ƍ█ȡ ᴙ ᴼ ᴙ ƩƢǯƬǌǻǶơ ǞȍǻƳ ƨǪȅǫǐǺ λǻǈƫ ƍ

 ƨǪȅǫǐǻƥ ƨǶơƾǶơ ȀǀȃǶ λǶȄ˦ơ ƨƳǁƾǶơ ǽǺ ƨȍƟǄƴǶơ  Jacobin (╙) : 

╙

ụ
Ụ
Ụ
Ụ
ợ
‬Ὢ

‬ὼ
Ễ
‬Ὢ

‬ὼ
ể Ệ ể
‬Ὢ

‬ὼ
Ễ
‬Ὢ

‬ὼỨ
ủ
ủ
ủ
Ủ
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‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

  λǶƛ ƨƦǈǿǶƢƥ ǭƬǌǻǶơ ǁƢƦƬǟơ ƢǿǿψǻȌ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨ƢƥύƢȃǷǻǲƘƥ ƨȍǶƢƬƬǻǶơ νǪ: 

‬ὒ

‬ύ

‬ὒ

‬ώ
 
‬ώ

‬Ὤ
 
‬Ὤ

‬Ὤ
 
‬Ὤ

‬ύ
 

  ǼƗ Ƣ˻ǔȌƗ ǆǿƫ ˪    ǼȅǾƢǮ ƢȃǈǫǾ νȂǶơƨǷǈǷǈ . 
  νǋ˫ƫ νǪ ǵǲƢǌǺ ǰƢǿȂ ƍ ƢǾǂǲƿ ƢǻǲȄ  ǁƢƴǫǾơνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ   ƧǁǂǳƬǻǶơ ƨȍƦǐǠǶơ ƨψƦǌǶơ νǪ

  :ƩƢƳǁƾƬǶơ ǁơƾǯǺ λǷǟ ǼơǂƯƚȌ Ǽ˫ǺƢǟ ǰƢǿȂ ƍ ǸƢǟ ǵψǌƥ .ƨȌƽƢǠǶơ  ǼơǃȄ˦ơ ǴơȄƽȄ   ǖȍǌǿƬǶơ    ƍ  ȄƗ
ƨǮƽ ǂưǲƗ ǵψǌƥ    ƍƩƢǯƬǌǻǶơ    ƢȃǿǺ ǂǻȌ νƬǶơνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ƨȍƦǐǠǶơ ƨψƦǌǶơ νǪ . ƧǁǂǳƬǻǶơ 

  ǁƢƴǫǾơȄ νǋ˫ƫ ƲƬǿȌ ƍ ƨȌƽƢǠǶơ˪ơνǮƢǯƬǋ˪ơ ǁơƾƸǾ    ǼƢƫƢȂ ƍ ǬƽƗ ǂȍƦǠƬƥ .ƧǁǂǳƬǻǶơ Ʃ˪Ƣǐƫ˪ơ ǽǟ
ƾƟƢǠǶơ ǭƬǌǻǶơ λǶƛ ǼƢǠƳǂƫ ǼƢƬǷψǌǻǶơ      ƨǶƽƢǠǻǶơ νǪ ƭƾƸȌ ȊǀǶơ ύ  ȁƥƢǈƷ ƤƴȌȄ : 

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ

‬Ὤ
 
‬Ὤ

‬Ὤ
ȣ 
‬Ὤ

‬Ὤ
 

  λǷǟ ƨǪȅǫǐǻǶơ ƣǂǓ ǵưǻȌȄƨȍǶƢƬƬǻǶơ  . 
  ƨȍƦǐǠǶơ ƨψƦǌǶơ Ǽ˦ ơ˻ǂǜǾƧǁǂǳƬǻǶơ    λǷǟ ǴȅǐƸǶơ λǶƛ ƱƢƬƸƫ ƨȌƽƢǠǶơ νǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  

νǫǷƼǶơ ǁƢǌƬǾ˫Ƕ    ƱǁƾƬǶơ ǁơƾǯǺ ǼƜǪ ƍ (ƨǪȅǫǐǻǶơ νǪ ƨƥȄǂǔǺ ƧǂȍǤǏ ǹȍǯƥ) ǵȌȅǗ ǵǈǷǈƬƥ
  ǒǫƼǿȌ  ǩǮơȅǻǶơ ƾǟƢǈƫ ǽǶ ƍ ǱǶǀǶ .Ʃơȅǘƻ Ǟǔƥ ƾǠƥ ƨȌƢȃǿǶơ νǪ νǫƬƼȌȄ Ȇǂƻ˦ơ ȅǷƫ ƨǯƦǗ

Ƕơ  ƣƢǈƷ νǪ ƨȍǶƢƸǶơ ƨȍǿǺǄǶơ ƨǷƷǂǻǶơ ǽǟ ƧƾȍǠƦƩ˫ǺƢǠǺ    ǆǫǾ νȂȄ ƍ ƱǁƾƬǶơƩ˫ǺƢǠǺ    νǪ ǹǷǠƬǶơ
  ƨȍƦǐǠǶơ ƨψƦǌǶơ .ƧǁǂǳƬǻǶơ 
  ǂǐƬǯȌ ˪ǁơƾƸǾ˪ơ νǋ˫ƫ    ƭƾƸƫ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ .ƨȌƽƢǠǶơ ƧǁǂǳƬǻǶơ ƨȍƦǐǠǶơ ƨψƦǌǶơ λǷǟ

  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ νǪ Ƣ˻ǔȌƗƨȌǀǤƬǶơ ƨȍǺƢǺơ  ǂưǲƗ ƧǁǂǳƬǻǶơ ƨȍƦǐǠǶơ ƨψƦǌǶơ ǼƗ νȂ ƨǻȃǻǶơ ƨǘǯǿǶơ .
  ơƿƛ ȁǾƗ ƨȌƢȃǿǶơ νǪ ǼƢƬǷψǌǻǶơ ǼƢƫƢȂ ǂȃǜƫ .ơŻƾƳ ƨǯȍǻǟ ƢȃǾ˦ ǵǲƢǌǻǶơ ȀǀȃǶ ƨǓǂǟ  ǁơƾƸǾ˪ơ λǋ˫ƫ

ǮƢǯƬǋ˪ơǪ ƍ ν  ƨȍǫƼǻǶơ Ʃ˪ƢƸǶơ λǷǟ νǯȍǯƷ ǂȍƯƘƫ ƢȃǶ ǆȍǶ ƨǯƥƢǈǶơ ƨȍǫƼǻǶơ Ʃ˪ƢƸǶơ ǼƗ νǿǠȌ ơǀȃ
  Ƶ˫Ǐ˨ ǬǂǗ Ƨƾǟ ǰƢǿȂ ƍ ǚƸǶơ ǽǈƸǶ .ȆƾǻǶơ ƨǷȌȅǗ ƨȍǠƦƬǶơ ǹǷǠƫ ǹƬȌ ˪ ƍ ǂƻƕ λǿǠǻƥ .ƨȍǶƢƬǶơ

  ƨǷψǌǺǬƢǯƬǋ˪ơ νǋ˫ƫ  ǂȍƯƘƫ ǵȍǷǯƫ λǶƛ ǼǃȅǶơ ƩƢǪȅǫǐǻǶ ƨƦǇƢǿǻǶơ ƨƠȍȃƬǶơ ȊƽƚȌ ǼƗ ǽψǻȌ .  νǋ˫ƫ
ǁơƾƸǾ˪ơ  ǸơƾƼƬǇơ ȅȂ ǽȍǯƥƢǈǶơ ǽȍǷƸǶơ ǽǺ ǂưǲƗ ǵǔǫǺ ǂƻƕ ǵƷ .Ƣ˻ǔȌƗ ǹȍǜǿƬǶơ ƾǟƢǈȌ ǼƗ ǽψǻȌ .

  ǖȍǌǿƬǶơ ƨǫȍǛȄReLU    ǽǺ ̝˪ƾƥǴơȄƽ  ǖȍǌǿƬǶơtanh   ơ  Ȅsigmoid  ǭƬǌǺ .ReLU    ǽǺ ƪƥƢƯ ȅȂ
0    ȄƗ1    ƨǷψǌǺ λǷǟ ȊȅƬƸȌ ˪ ƶƳǁ˦ơ λǷǟ ǱǶǀǶ ƍǁơƾƸǾ˪ơ νǋ˫ƫ  Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ǵƸǶơ .

Ƿǟ ǸƾƼƬǈǻǶơȄȆƾǻǶơ ƨǷȌȅǗ ȆƾǻǶơ ƧǂȍǐǮ ƧǂǲơǀǶơ ƩƢψƦǋ ǸơƾƼƬǇơ ȅȂ ǸȅȍǶơ ǞǇơȄ ǬƢǘǾ λ.   



 
311                                                          ǭȍǻǠǶơ ǹǷǠƬǶơ :ǞƥƢǈǶơ ǵǐǫǶơ 

 

óĀÕl ą¾¤æõ ą¾ú¤Æúõv ēºúõv ą¾ĊÎé ą¾ív¼õv1 

) ǴȅǗƗ ƧǂƬǫǶ ƧǂǻƬǈǻǶơ ȆƾǻǶơ ƧǂȍǐǮ ƧǂǲơǀǶơ ƩƢψƦǋ ƔƢǿƥ ǹƫLSTMs  νǋ˫ƫ ƨǷψǌǺ λǷǟ ƤǷǤƬǷǶ (
  ȊȅƬƸƫ .ȀǁƢƴǫǾơ ȄƗ ƱǁƾƬǶơLSTM    νǪ ƍƨȍǫƼǻǶơ ƨǶƢƸǶơ λǶƛ ƨǪƢǓ˨Ƣƥ ƍ ǹψƸƬƫ ƨǶƢƷ ƨȍǷƻ λǷǟ

  ȊȅƬƸȌ .ƨȍǿǺǄǶơ ǵƷơǂǻǶơ ǽȍƥ ƩƢǺȅǷǠǻǶơ ǭǪƾƫLSTM    ƨǶƢƸǶơ ǂȍȍǤƬǶ ǸƾƼƬǈſƫ ƩƢƥơȅƥ λǷǟ Ƣ˻ǔȌƗ
  ƨȍǷƻ λǷǟ ƨǺƢǟ ƧǂǜǾ ǂȍǪȅƫ ǹƬȌ .ƩƢƳǂƼǺ ǵȍψǌƫȄLSTM    ǵψǌǶơ νǪ7-4 . 

  ǼƢȍǈǿǶơ ƨƥơȅƥ .ƨȍǷƼǶơ ƨǶƢƸƥ ƨǷǐǶơ Ʃơƿ ǂȍǣ ƩƢǺȅǷǠǻǶơ ǼƢȍǈǿǶ ǼƢȍǈǿǶơ ƨƥơȅƥ ǸƾƼƬǈſƫ
  ƨǯƥƢǈǶơ ƨȍǫƼǻǶơ ƨǶƢƸǶơ νȂ ǴƢƻƽ˨ơ ƨƥơȅƥ Ʃ˫ƻƾǺ .ƢȃǾǃȄ ƢȃǶ ƨǪȅǫǐǻǷǶὬ   Ʃ˫ƻƾǻǶơȄ

  νȂ ƨȍǶƢƸǶơὼ  ǸƾƼƬǈſƫ .  ƨǶơƽsigmoid    .ƨǶƢƸǶơ ƨȍǷƻ νǪ ǂǐǿǟ ǵψǶ ƾƷơȄȄ ǂǫǏ ǽȍƥ ƲƫƢǾ ƾȍǶȅƬǶ
 ƨƥơȅƥ Ʊơǂƻƛ ƾǿǟ ƾƷơȄ ƨǻȍǮ νǿǠƫ .ƨǶƢƸǶơ ƨȍǷƻȄ ǼƢȍǈǿǶơ ƨƥơȅƥ Ʊǂƻ ǽȍƥ νǶȄ˦ơ ƣǂǔǶơ ǀȍǫǿƫ ǹƬȌ
  ǵǺƢψǶơ ǼƢȍǈǿǶơ ǂǫǐǶơ νǿǠȌ Ƣǻǿȍƥ ƍ ƨǶƢƸǶơ ƨȍǷƻ νǪ ǂǐǿǠǶơ ƩƢǺȅǷǠǻƥ ǵǺƢψǶơ ǙƢǫƬƷ˪ơ ǼƢȍǈǿǶơ

  ƨǶƽƢǠǺ .ƨǶƢƸǶơ ƨȍǷƻ ǂǐǿǟ νǪ ƧƽȅƳȅǻǶơ ƩƢǺȅǷǠǻǷǶƨƥơȅƥ  νǶƢƬǶƢǲ ǼƢȍǈǿǶơ : 
Ὢὸ „ὡὪȢὬὸρȟὼὸ ὦὪ  

 
  ǵψǋ7 ŷ4.  ƨȍǷƼǶơ ǵψȍȂ  νǪ LSTM 

  ƨȍǷƻ νǪ ƨȍǾƢưǶơ ƨȍǷǻǠǶơLSTM    ƨǷƷǂǺ ǽǺ ƧƾȌƾƳ ƩƢǺȅǷǠǺ ƨƥơȅƦǶơ ǩǌƬǳƫ .ǴƢƻƽ˨ơ ƨƥơȅƥ νȂ
 :ǽȌƗǄƳ νǪ ǱǶƿ ǹƬȌ .ƨȍǷƼǶơ ƨǶƢƷ νǪ Ƣȃǿȍǻǔƫ ƤƴȌ νƬǶơ ƨǯƥƢǈǶơ ƨȍǫƼǻǶơ ƨǶƢƸǶơȄ ƨȍǶƢƸǶơ ƪǮȅǶơ

  ȁƴƬǻǶơ ǸơƾƼƬǇơ ǹƬȌ .ƢȃưȌƾƸƫ ƽơǂǻǶơ ǹȍǯǶơ ƔƢǌǾƛ ǹƯ ƢȃưȌƾƸƫ ƽơǂǻǶơ ǹȍǯǶơ ƾȌƾƸƫὭ      ƾȌƾƸƬǶ ̝˪ȄƗ
Ƕơ ǽȍƸǋǂǻǶơ ǹȍǮ  ƶǋǂǻǶơ ȁƴƬǻǶơ ȊȅƬƸȌ .ƨȍǷƼǶơ ƨǶƢƷ νǪ ƢȃǿȍǻǔƬǶ ǽȍǷǻƬƸǻǶơ ƽƾƴὅ    Ƣ˻ǔȌƗ

  ƽƢǠƥƘƥ ȁƴƬǺ ǵȍψǌƬǶ ƨǯƥƢǈǶơ ƨȍǫƼǻǶơ Ʃ˫ƻƾǻǶơȄ ƨǶƢƸǶơ ǸƾƼƬǈȌȄ ȁƥ ƨǏƢƻ ǼǃȄ ƨǪȅǫǐǺ λǷǟ
  ƨǶơƽ ǸơƾƼƬǇơ ǹƬȌ ƍ ƶǋǂǻǶơ ȁƴƬǻǶơ ơǀȂ ƔƢǌǾ˨ .ƨǶƢƸǶơ ƨȍǷƼǶ ƨǷƯƢǻǺtanh   ǹƬȌ .ƨȍǘƻ ǂȍǣ ƨǶơƾǲ

ƔơǂƳƛ ǱǶƿ ƾǠƥ    ǴƢƻƽ˨ơ ȁƴƬǺ ǽȍƥ ǂǐǿǠǷǶ ƨǫǟƢǔǺ ƨȍǷǻǟὭ    ǽȍƸǋǂǻǶơȄὅ    ƩƢǺȅǷǠǻǶơ ƾȌƾƸƬǶ

 
1 Long Short-Term Memory Networks 
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  ǨƢǔ˾Ȍ ƍ ơ˻ǂȍƻƗ .ƨǶƢƸǶơ ƨȍǷƻ νǪ Ƣȃǿȍǻǔƫ ƽơǂǻǶơ ƧƾȌƾƴǶơƣǂǔǶơ ƨƴȍƬǾ    ǂȃǜƫ .ƨǶƢƸǶơ ƨȍǷƻ λǶƛ
ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ νǪ ƨȍǷǻǠǶơ ȀǀȂ: 

Ὥὸ „ὡὭȢὬὸρȟὼὸ ὦὭ 

ὧὸ ὸὥὲὬὡὧȢὬὧρȟὼὸ ὦὧ  

  ƨƥơȅƥ ƽƾƸƫǴƢƻƽ˪ơȄ ǼƢȍǈǿǶơ    ƨȍǷƻ ƮȌƾƸƫ ǹƬȌ .ƨȍǿǺǃ Ƨȅǘƻ ǵǲ νǪ ƨǶƢƸǶơ ƨȍǷƻ ƮȌƾƸƫ ƨȍǫȍǲ
ƨȍǶƢƬǶơ ƨǶƽƢǠǻǶơ Ǵ˫ƻ ǽǺ ƨȍǿǺǃ Ƨȅǘƻ νǪ ƨǶƢƸǶơ: 

ὧὸ Ὢ
ὸz
ὧὸρ Ὥὸz ὧὸ 

 ƨȍǷƼǶ νƟƢȃǿǶơ ƲƫƢǿǶơ .Ʊơǂƻ˨ơ νǪ ƽȅƳȅǺ ȅȂ ƢǺ ƾȌƾƸƫ ƤƴȌ ƍ ơ˻ǂȍƻƗLSTM   ƨȍǫƼǻǶơ ƨǶƢƸǶơ ȅȂ
Ὤὸ  ǸƾƼƬǈſƫ ƍ ̝˪ȄƗ .sigmoid    νǪ ƨǶƢƸǶơ ƨȍǷƻ ǹȍǮ ƾȌƾƸƬǶ ƾƷơȄȄ ǂǫǏ ǽȍƥ ǹȍǯƥ ȁƴƬǻǶơ ƣƢǈƸǶ

  ƨǯƦǘǶ ƨǶƢƸǶơ ƨȍǷƻ ƨǻȍǮ νǘǠǾ ǹƯ .ƨȍǿǺǄǶơ ƧȅǘƼǶơtanh    ƨǯƦǗ ƱơǂƻƜƥ ơ˻ǂȍƻƗ ƢȃƬǻȍǮ ƨǫǟƢǔǻǶ
sigmoid   ƨȍǶƢƬǶơ Ʃ˪ƽƢǠǻǶơ ǂȃǜƫ .Ʊơǂƻ˨ơ ƾǿǟ ƨƥȅǣǂǻǶơ ƔơǄƳ˦ơ ƨǲǁƢǌǺ ǹƬƫ ƮȍƸƥ ƍ ƨǯƥƢǈǶơ
ȀƢƴƫ˪ơ ơǀȂ: 

έὸ „ὡέȢὬὸρȟὼὸ ὦέ  

Ὤὸ έὸz ÔÁÎÈ ὧὸ 

  Ƣȃƥ ǵǷǯȌ νƬǶơ ƨǯȌǂǘǶơLSTM    ƨǷψǌǺ ǽǺνǋ˫ƫ  ƨǶƽƢǠǻǶơ νǪ νȂ ǁƢƴǫǾ˪ơ ȄƗ ƱǁƾƬǶơ: 

ὧὸ Ὢ
ὸz
ὧὸρ Ὥὸz ὧὸ 

  ǱǷƬǻƫLSTMs  ˾ƥ  ƢȂǁƢƦƬǟơ ǽψǻȌȄ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ƩƢǯƦǗ Ƨƾǟ ǽǻǔƬƫ ƧƾǯǠǺ ƨȍǷƻơƽ ƨȍǿ
  ǭȍǯƸƫ ǹƬȌ .ƧǁǂǳƬǺ ƨȍƦǐǟ ƨψƦǌǶ ƔƢǿƥ ƩơƾƷȅǲ ƢȃǺơƾƼƬǇơ Ƣ˻ǔȌƗ ǽψǻȌ ƍ ǱǶƿ ǞǺȄ .ƧƾƷơȄ ƨψƦǋ

  ƧƾƷȅƥ ƧǁǂǳƬǺ ƨȍƦǐǟ ƨψƦǋ νǪ ƨȍǫƼǻǶơ ƨǯƦǘǶơ ǴơƾƦƬǇơ ǭȌǂǗ ǽǟ ǱǶƿLSTM  ƪǯǯƷ ƾǯǶ .
LSTMs    Ƣ˻ƷƢƴǾ  ƨǺƾƼƬǈǻǶơ ƨȍǇƢȍǯǶơ ƨψƦǌǶơ Ǽˤơ ǹȂ ƍ ǴƢưǻǶơ ǵȍƦǇ λǷǟ .ƨǤǷǶơ ƨƴǶƢǠǺ νǪ ơ˻ǂȍƦǲ

.ƨǶȅǻƸǻǶơ ǩƫơȅȃǶơ λǷǟ Ǹ˫ψǶơ ǨƢǌƬǲ˪ 

ĆĊåwæ¤õđv ĆĊ{ÎÞõv Ćî{Êõv 
  ƧǁȅǏ ǀƻƘƫ ǵǺƢψǶƢƥ ƨǷǐƬǺ ƨȍƦǐǟ ƨȌǀǤƫ ƨψƦǋ ǰǁƢƦƬǟơ νǪ ǞǓRGB    ƨǘȍǈƥ]256    Ö256    Ö

3  [  ǼǃȄ ƢȃǶ ƢȂƽǂǫǻƥ ƨȍƦǐǟ ƨȍǷƻ ǵǲ ǼƜǪ ƍ ǱǶƿ λǷǟ ˻ƔƢǿƥȄ .ƢȃǶ ǵƻƾǻǲ196608    =]256    Ö
256    Ö3  [ ơ˻ƽơƾǟƗ ƨǯȍǻǠǶơ λǿƦǶơ ƤǷǘƬƫ ƍ ȆǂƻƗ ƨȍƷƢǾ ǽǺ !! ǖǯǪ ƧƾƷơȄ ƨȍǷƼǶ ǼǃȅǶơ ơǀȂȄ ǼǃȄ

  ƩƢǾƢȍƥ νǪ ƨȍǪƢǲ ƨƳǁƾƥ ƧƾǯǠǺ ǵǲƢȍȂ ǵȍưǻƬǶ ƨȍǫƼǻǶơ ƩƢǯƦǘǶơȄ ƨȍƦǐǠǶơ ƢȌ˫ƼǶơ ǽǺ ƧǂȍƦǲ
.ǴƢƻƽ˨ơ    ƍ ƧǂǲơǀǶơ ǽǺ ơ˻ǂȍƦǲ ơ˻ǁƾǮ ǱǷȃƬǈƫ ƩƢψƦǌǶơ ȀǀȃǶ ǵǺƢψǶơ ǴƢǐƫ˪ơ ƨǠȍƦǗ ǼƗ νǿǠȌ ơǀȂ

  ǽǺ ơ˻ǂȍƦǲ ơ˻ƽƾǟ ǼƜǪ ƍ ǱǶƿ λǶƛ ƨǪƢǓ˨Ƣƥ .ƧǂȍƦψǶơ ȅȌƾȍǫǶơ ǞǗƢǯǺ ȄƗ ǁȅǐǷǶ ƨǏƢƻƩ˫ǺƢǠǻǶơ    ƾȌǄȌ
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  λǶƛ ƨψƦǌǶơ ǵȍǺ ǽǺƾƟơǄǶơ ǖƦǔǶơȍƦǐǠǶơ ƩƢψƦǌǶơ ǹȌƾǯƫ ǹƫ ƍ Ʃ˫ψǌǻǶơ ȀǀȂ ƨƴǶƢǠǻǶ ƍ ǱǶǀǶ . ƨ
ƨȍǪƢǫƬǶ˪ơ  )1CNN  ƨȍƦǐǠǶơ ƩƢψƦǌǶơ .ƨȍǇƢȍǯǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ ơŻƾƳ ǞƟƢǋ ǂȌȅǘƬǲ ( ƨȍǪƢǫƬǶ˪ơ  

  ƨȍƦǐǠǶơ ƩƢψƦǋ ǽǺ ƨƠǪ νȂ  ƨȍǺƢǺơ  ƩƢǯƦǘǶơ ǸƾƼƬǈƫ νƬǶơ ƨȌǀǤƬǶơƨȍǪƢǫƬǶ˪ơ   Ʃ˫ƻƾǻǶơ ǵȍǷƸƬǶ
  λǷǟ ƩƢψƦǌǶơ ȀǀȂ ǹǇơ ƾǻƬǠȌ .ȅȌƾȍǫǶơ ǞǗƢǯǺȄ ǁȅǐǶơ ǵưǺ ƍ ƨψƦǌǶơ ƢȍƳȅǶȅƦǗ ǸơƾƼƬǇƢƥ ƨǶơƾǶơ  

  ƧƢǻǈǻǶơ ƨȍǓƢȌǂǶơǨƢǫƬǶ˪ơ  ˾ƥ νǪ ƢȃǾȅǺƾƼƬǈȌ νƬǶơ  ƩƢψƦǌǶơ ƍ ǁƢǐƬƻƢƥ .ǹȃƬȍǿƨȍǪƢǫƬǶ˪ơ   νȂ
  ǸƾƼƬǈƫ ƨȍƦǐǟ ƩƢψƦǋ ǨƢǫƬǶ˪ơ    ǽǺ ǵǮ˦ơ λǷǟ ƧƾƷơȄ ƨǯƦǗ νǪ ƨǪȅǫǐǻǶơ ƨǫǟƢǔǺ ǽǺ ̝˪ƾƥ

.ƢȃƫƢǯƦǗ   

 ĆĊåwæ¤õđv Ćî{Êõv ôîĊă 

  ƨψƦǌǶơ ƨȍǿƥ νǪƨȍǪƢǫƬǶ˪ơ  ǼƢȍǈȍƟǁ ǼơƔǄƳ ǰƢǿȂ ƍ : 

¶   :ƧǄȍǻǶơ ƱơǂƼƬǇơ  ǸơƾƼƬǇƢƥ ƧǁȅǐǷǶ ƨǫǷƬƼǻǶơ ƩơǄȍǻǶơ ƽƾƸȌ ƍ ǹǈǯǶơ ơǀȂ νǪ ǨƢǫƬǶ˪ơ  
 .ƲǺƾǶơȄ 

¶   :ǩȍǿǐƬǶơ  νǪƔǄƴǶơ ơǀȂ  ƨȍǷǻǟ ǸơƾƼƬǇơ ǹƬȌ ƍ ǵǺƢψǶƢƥ ƨǷǐƬǺ ƨǯƦǗ ǸơƾƼƬǇƢƥ ƍ
  ƱơǂƼƬǇơƩơǄȍǻǶơ    ƩơȅǘƼǶơ νǪ ƨƳǂƼƬǈǻǶơ ƩơǄȍǻǶơ λǷǟ ˻ƔƢǿƥ ƧǁȅǐǶơ ƨƠǫƥ ƘƦǿƬȌȄ

Ƕơ  ƨȌƙǁ ǽψǻȌ .ƨǯƥƢǈƢȃǷψȍȂ    ǵψǌǶơ νǪ ǸƢǠǶơ7ŷ5. 

ãwæ¤õđv Ćê{Õ 

  ƽƢǠƥ˦ơ ƨȍƟƢǿƯ ƧǁȅǐǷǶ ƨƦǈǿǶƢƥ  Ὅ    ǩȌǂǠƫ ǹƬȌ ƍǨƢǫƬǶ˪ơ    ǵǐǫǿǻǶơνǶƢƬǶơ ȅƸǿǶơ λǷǟ : 

ὛὭȟὮ Ὅz ὑ ὭȟὮ ὍὭ άȟὮ ὲὑάȟὲ 

  ƮȍƷὑάȟὲ    ƱǂƼǻǶơȄ ƽƢǠƥ˦ơ ƨȍƟƢǿƯ ƧơȅǾ νȂὛὭȟὮ    ƨǘȌǂƻ λǻǈȌƩơǄȍǻǶơ  ƍνǇƾƷ ǵψǌƥ .
  "ǭǶǄǿƫ" ƨȍǷǻǠǶơ ȀǀȂ  ǂƬǷǫǶơ

ǵǾǂȍψǶơ  Ȅơ    (ƧơȅǿǶơ)  λǷǟ
  ƧǁȅǐǶơ ǴȅǗὍ    ƤǈƸƫȄ
ǼơǃȄ˪ơ  ǝȅǻƴǺ   ǵǾǂȍψǷǶ  
  ǞǓȅǺ ǵǲ νǪὭ Ȅ Ὦ   ǽǺ

 λǷǟ ǴƢưǺ ǂȃǜȌ .ƧǁȅǐǶơ
  ơǀȂ  ǵưǺǨƢǫƬǶ˪ơ    νƟƢǿƯ

  ǵψǌǶơ νǪ ǵǐǫǿǻǶơ ƽƢǠƥ˦ơ

 
1 Convolutional neural network 

 ƩơǄȍǻǶơ ƨǘȌǂƻS ƧơȅǿǶơ K ƧǁȅǐǶơ I 
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  ƨȍƦǐǠǶơ ƨψƦǌǶơ νǪ .ǵƥƢǯǻǶơƨȍǪƢǫƬǶ˪ơ    ƧơȅǿǶơ ǩǐƫ ƍὑ  Ȅ˦ơ  ƨǯƦǘǶ ǹǷǠƬǷǶ ƨǷƥƢǯǶơ ǼơǃǨƢǫƬǶ˪ơ    ƍ
  ƨǯƦǗ ǵǲ ȊȅƬƸƫ ǼƗ ǽψǻȌȄǨƢǫƬǶơ    ƨǘȌǂƻ λǶƛ ȊƽƚȌ ƢȃǿǺ ǵǲȄ ƍ ȆȅǿǶơ ǽǺ ƣȅǷǘǻǶơ ƽƾǠǶơ λǷǟ

ƩơǄȍǻǶ  ƢȃƫƢƳǂƼǺ  . 

 

  ƩƢǯƦǗ ǽǺ ƨǯƦǗ ǵǲ ȊȅƬƸƫǨƢǫƬǶ˪ơ    ǽǺ ƧƽƾƸǺ ƨǟȅǻƴǺ λǷǟƩ˫ǺƢǠǻǶơ   ƢȃǿǺ ǵǲ ƍ ƨǯƟƢǫǶơ
  ǖƟơǂƼǶ Ʊơǂƻ˨ơ ǹƴƷȄ Ʃ˪Ƣǐƫ˪ơ ƽƾǟ ƽƾƸȌ :ƩơǄȍǻǶơ 

¶  ǂƬǷǫǶơ ǹƴƷ  :  ǹƴƷ ǩǐȌǵǾǂȍψǶơ  ὑ    ǹƴƷ ƢŻǾƢȍƷƗ λǻǈȌ)ǂƬǷǫǶơ  ȊǀǶơ Ǹ˫ƬǇ˪ơ ǵǯƷ (
  ȀǀȂ ƧƽƢȌǃ ƶǻǈƫ .ǴƢƻƽ˨ơ ǞǮơȅǺ ǞȍǻƳ λǷǟ ǭƦǘǿȌǵǺƢǠǻǶơ    ƨǯƦǘǶǨƢǫƬǶ˪ơ    νǯǷƬƥ

 .ƪǮȅǶơ ǆǫǾ νǪ ƨψƦǌǶơ ǼơǃȄƗ ƽƾǟ ƧƽƢȌǃ ǞǺ ƍ ƨȍǾƢψǻǶơ ƩƢǺȅǷǠǻǶơ ǽǺ ƾȌǄǻǶơ 
¶ :ǂƫ˫ǫǶơ ƽƾǟ    ƽƾǟ ǞǺ ǂǋƢƦǺ ǵψǌƥ ȆȅǿǶơ ƽƾǟ ǭǪơȅƬȌƩ˫ǺƢǠǻǶơ   ǭǻǟȄ ǹǷǠƬǷǶ ƨǷƥƢǯǶơ

Ὀ    ƨǯƦǗ Ʊơǂƻƛ ǹƴƸǶǨƢǫƬǶ˪ơ  ƨǘȌǂƻ ƧơȅǾ ǵǲ ƲƬǿȌ ƢǻǷưǺ .ƩơǄȍǺ    ƍƨǷǐǫǿǺ ƩƢƳǂƼǺ
  ȆȅǿǶơ ǼƜǪὈ    ƨǘȌǂƻ ƲƬǿƫǺƩơǄȍ    ǭǻǠƥ ƩƢƳǂƼǺὈ . 

¶ :ƧȅǘƼǶơ    ǹȃǪ ǽψǻȌ ƍ ƢŻǯƥƢǇ ƢǿƸǓȄƗ ƢǻǲǨƢǫƬǶ˪ơ    "Ǭ˪ǄǾơ" ǭȌǂǗ ǽǟ ƧǄȍǲǁ ȁǾƗ λǷǟ
ǂƬǷǪ    ǵǈψƥ ƨǪƢǈǺ λǷǟ "Ǭ˪ǄǾ˪ơ" ƭƾƸȌ ǼƗ ƤƴȌ ˪ ƍ ǱǶƿ ǞǺȄ .ǴƢƻƽƛ ǹƴƷ λǷǟ
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  ƧȅǘƼǶơ ƽƾƸƫ .ƧȅǘƼǶơ ȁǫǐƫ ƢǺ ȅȂȄ ƍ ƧǂǺ ǵǲ νǪ ƾƷơȄὛ    νƬǶơ ǵǈψƦǶơ ƩơƾƷȄ ƽƾǟ
ƧơȅǿǶơ ƢȃǷǯǿƫ   ǖƟơǂƻ Ƣ˻ǻƴƷ ǂƦǲ˦ơ ƩơȅǘƼǶơ ƲƬǿƫ .Ʊơǂƻ˨ơ ƨȍǏƢƼǶ ƣƢǈƷ ǵǲ ǽȍƥ
ƩơǄȍǺ   ơǀȂ ǂȃǜȌ .ƨȍƥƢǈƸǶơ ƩƢȍǷǻǠǶơ ǽǺ ǵǮƗ ƽƾǟ ƔơǂƳƛ ǹƬȌ ȁǾ˦ ǂǤǏƗ ƩƢƳǂƼǺ

ȀƢǾƽƗ ǵψǌǶơ νǪ ǸȅȃǫǻǶơ: 

 
¶  Ƕơ ǂǫǐǶơ ƩƢǯƦǘ ƨȌ  :  ƨȍǷǻǟ ǵȍǤǌƬǶ ơ˻ǂǜǾǨƢǫƬǶ˪ơ    ǹψƸƬǷǶ ƨȌǂǫǐǶơ ƩƢǯƦǘǶơ ǸƾƼƬǈſƫ ƍ

  ǭȍƦǘƫ ƾǠƥ ƽƢǠƥ˦ơ νǪǂƫ˫Ǫ    ǽǺ ǂƦǲƗ1    Ö1    .ǊǺơȅȃǶơ νǪ ƩƢǺȅǷǠǻǶơ ǼơƾǯǪ ǞǿǻǶȄ
 ƨȍǾƢψǻǶơ ƽƢǠƥ˦ơ λǷǟ ǙƢǫƸǷǶ ƨȌǂǫǐǶơ ƨǯƦǘǶơ ǸơƾƼƬǇơ ǹƬȌ ƢǺ Ƣ˻ƦǶƢǣ ƍ ǂƻƕ λǿǠǻƥ
ƍǖȍƸǻǶơ ǴȅƷ ƨȌǂǫǏ Ʃ˫ƻƾǺ ƨǪƢǓƛ ǭȌǂǗ ǽǟ .νȂ Ƣǻǲ Ʊơǂƻ˨ơȄ ǴƢƻƽ˨ơ ƩƢǯƦǘǶ 

  ƾǿǟ ƨȍǾƢψǻǶơ ƽƢǠƥ˦ơ ǉƢǻǳǾơ Ƥǿƴƫ ǽψǻȌǨƢǫƬǶ˪ơ  λǷǟ ƨǪƢǔǻǶơ ǁƢǫǏ˦ơ ƨǻȍǮ ƾǠƫ .
  νǾƢψǺ ƾǠ˾ƥ ǵψǶ ƤǾƢƳ ǵǲǵǺƢǠǺ   νǪƢǓƛ ǭƟƢǪὖ  λǷǟ ǴƢưǺ ǂȃǜȌ .ƩƢǯƦǘǶơ  ȌǂǫǐǶơ ƨ  

ȀƢǾƽƗ ǵψǌǶơ νǪ:  

 
¶  ƽƾǻƬǶơ1    :(ǞǇȅƬǶơ)ƽƾǻƬǶơ  Ὠ    ȅȂ ơ˻ǂƻƚǺ ȁǶƢƻƽƛ ǹƫ ȊǀǶơǵǺƢǠǺ  ǂƻƗ ǭƟƢǪ  Ȍ  ƨǯƦǘǶ ƶǻǈ

ǨƢǫƬǶ˪ơ    ǹƴƷ λǷǟ ǙƢǫƸǶơ ǞǺ ƍ ǴƢƻƽ˨ơ ǽǺ ƧƔƢǫǲ ǂưǲƗ ǴƢƦǯƬǇơ ǴƢƴǺ ƢȃǶ ǼȅψȌ ǼƗ
  ƨǪƢǈǻǶơ ǴƢƻƽƛ ǭȌǂǗ ǽǟ ǱǶƿ λǷǟ ǴȅǐƸǶơ ǹƬȌ .ƢŻƬƥƢƯ ƧơȅǿǶơὨ   .ƧơȅǿǶơ ǽǺ ƨȍǷƻ ǵǲ ǽȍƥ

  ǸƾƼƬǈȌǨƢǫƬǶ˪ơ    ǼơǁȄƾǶơ ƨǗƢǈƦƥ νǇƢȍǯǶơπ  ǽǺȄ .  Ǵ˫ƻ ǽǺ .ƧǂǻƬǈǺ ƧơȅǾ ƢȃǶ ǼƜǪ ǹƯ
  ƨǯƦǘǶ ǽψǻȌ ƍ ƨƷƢǈǻǶơ ƧƽƢȌǃǨƢǫƬǶ˪ơ    ǙƢǫƸǶơ ǞǺ ǴƢƻƽ˨ơ ǽǺ ǂƦǲƗ ƨƷƢǈǺ ǵǤǌƫ ǼƗ

 
1 Dilation 

   K=3   ΣS=3  P=1 
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  ǸȅȃǫǺ ǂȃǜȌ .ƧǂǲơǀǶơ ǰ˫ȃƬǇơ ƩƢƦƯ λǷǟƩƢǪƢǫƬǶ˪ơ   ƨȍǟƢǠǌǶơ1    ƢŻǾƢȍƷƗ λǻǈƫ νƬǶơ ƍ
ƩƢǪƢǫƬǶ˪ơ    ǵψǌǶơ νǪ ƍ ƨȍƦǷǐƬǶơ6ŷ7  ƩƢǪƢǫƬǶƢƥ  ƨǫǷƬƼǺ . 

ƻƽ˨ơ ǹƴƸǶ ƢŻǯǪȄ ǴƢὡ    ƍ ǹƴƷ  ǂƬǷǫǶơ Ȅơ ƧơȅǿǶơ ὑ   ƧȅǘƼǶơ ƍὛ    ƍ ƽƾǻƬǶơ Ὠ  ȄƨȌǂǫǐǶơ ƨǯƦǘǶơ  ὖ   ƍ
νǶƢƬǶơ ȅƸǿǶơ λǷǟ ƲƫƢǿǶơ Ʊơǂƻ˨ơ ǹƴƷ ƣƢǈƷ ǹƬȌ : 

ὡ
ὡ ςὖ ὑ ὑ ρ Ὠ ρ

Ὓ
ρȢ 

  ǸơƾƼƬǇơǨƢǫƬǶơ    .ƨǻȃǺ ƢȌơǄǺ ƭ˫Ư ȁǶ ƍ̝˪ȄƗ    ƨȍƦǐǠǶơ ƩƢψƦǌǷǶ ǼȅψȌ ƢǺ ŻƧƽƢǟƨȍǪƢǫƬǶ˪ơ  
 Ʃ˪Ƣǐƫơ   ƨȌƽơǂǫǾơ2  ƨȍƦǐǠǶơ ƩƢψƦǋ ǸƾƼƬǈƫ .  ƨȍǺƢǺơ  ǽǺ ƨǪȅǫǐǺ ƨȌǀǤƬǶơƩ˫ǺƢǠǻǶơ    ǩǐƫ νƬǶơ

  .ǴƢƻƽƛ ƧƾƷȄ ǵψƥ ƨǷǐƬǺ Ʊơǂƻƛ ƧƾƷȄ ǵǲ ǼƗ νǿǠȌ ơǀȂ .Ʊơǂƻ˨ơȄ ǴƢƻƽ˨ơ ƩơƾƷȄ ǽȍƥ ƨǮ˫ǠǶơ
  ǞǺȄƍǱǶƿ    ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǼƜǪƨȍǪƢǫƬǶ˪ơ    ǴƢǐƫơ ƢȃǶȊƽơǂǫǾơ   ǭȌǂǗ ǽǟ ȁȍǷǟ ǴȅǐƸǶơ ǹƬȌ

  ǵȍƦǇ λǷǟ .Ʃ˫ƻƾǻǶơ ǽǺ ƧơȅǿǶơ ǎȍǷǯƫƍǴƢưǻǶơ    Ǩ˪ƕ ȄƗ ǽȍȌ˫Ǻ λǷǟ ƧǁȅǐǶơ ȊȅƬƸƫ ǼƗ ǽψǻȌ
  ǸơƾƼƬǇƢƥ ƢȃƬƴǶƢǠǺ ƔƢǿƯƗ ǽψǶȄ ƍǵǈψƦǶơ ƩơƾƷȄƍƧơȅǿǶơ    νƬǶơ ƧƾȍǫǻǶơ ƩƢǺȅǷǠǻǶơ ƾȌƾƸƫ ƢǿǿψǻȌ

Ƿǟ ǽȍǠƬȌ ȁǾƗ νǿǠȌ ơǀȂ .ǵǈψƦǶơ ƩơƾƷȄ ǽǺ ƩƢƠǺ ȄƗ Ʃơǂǌǟ ǽǺ ǼȅǳƬƫ ǽǺ ǵǮƗ ƽƾǟ ǽȌǄƼƫ Ƣǿȍ
Ʃ˫ǺƢǠǻǶơ    ƧǂǲơǀǶơ λǶƛ ƨƳƢƸǶơ ǽǺ ǵǷǯƫ ˪ νƬǶơƍƤǈƸǪ    Ɣơƽ˦ơ ǽȍǈƸƫ λǷǟ Ƣ˻ǔȌƗ ǵǻǠƫ ǵƥ

  .ƱƿȅǻǿǷǶ νƟƢǐƷ˨ơƍƢ˻ȍǾƢƯ    ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǸƾƼƬǈƫƨȍǪƢǫƬǶ˪ơ    ƨǲǁƢǌǺ Ʃ˫ǺƢǠǻǶơ3 ǹȃǾƗ ȊƗ .
  ǆǫǾ ǸơƾƼƬǇơ ǼȄƾȍǠȌƩ˫ǺƢǠǻǶơ    ǽǺ ƾȌƾǠǷǶǴơȄƾǶơ  ƤǷƴƫ .Ʃ˫ǺƢǠǻǶơ   ǻǶơ  ƧǄȍǻǶơ Ƣ˻ǔȌƗ ƨǲǂƬǌ

  ƨȍǈȍƟǂǶơƍƧǂȍƻ˦ơ    νȂȄƣǁƢǯƬǶơƣǁƢǯƬǶơ .4    ǂȍƴȃƫ ƨǶƢƷ ʣȁǾƗ νǿǠȌƍƩ˫ƻƾǻǶơ   ƨƷơǃƛ ǹƬȌ
  ƨȍƟƢǿƯ ƩƢǾƢȍƦǶơ ƨƴǶƢǠǻǶ ƨȌǁȄǂǓ ƧǄȍǻǶơ ȀǀȂ .ƨǯȌǂǘǶơ ǆǫǿƥ ƩƢƳǂƼǻǶơ ƍƽƢǠƥ˦ơ   ǵǯǾ ǹƫ ơƿƛ ȁǾ˦

  ʣǂƻƕ ǞǮȅǺ λǶƛ ƢȃǿǺ ƔǄƳ ȄƗ ƧǁȅǏƍƧǁȅǐǶơ  ǑǂǠǶơ ǆǫǾ ƢȃǶ ǼȅψȍǈǪ. 

 ªùºõv Ćê{Õ 

  ƨǻȍǮ λǷǟ ǙƢǫƸǶơ ǵƳƗ ǽǺƩ˫ǺƢǠǻǶơ    ƢŻǯǪȄ ƩƢƳǂƼǻǷǶ ǴƢǠǫǶơ ǴȅƦǯǶơ ǴƢƴǺ ƧƽƢȌǃȄ ƨǔǫƼǿǺ
  λǻǈȌ ƍ ƨȍǾƢψǻǶơ ƩƢǿȍǠǶơ ǀƻƗ ǽǺ ǍƢƻ ǵψǋ ǸơƾƼƬǇơ ǼȅψȌ ǼƗ ǽψǻȌ ƍ ǴƢƻƽ˩Ƕ ƲǺƾǶơ    Ȅơ

 ǞȍǻƴƬǶơ    ǽǺ ƩƢǯƦǗ Ƨƾǟ ƾǠƥ ƍǨƢǫƬǶ˪ơ    ǹȃǪ ǽψǻȌ .ơŻƾȍǫǺ ƨψƦǌǶơ νǪƲǺƾǶơ    ǁơǂǣ λǷǟ ƍ ƬǶ˪ơǨƢǫ  ƍ
  ƨȍǶƕ ȁǾƗ λǷǟ νǇƾƷ ǵψǌƥǵǾǂȍǲ   .ƧơȅǿǶơ ǹƴƷȄ ǵȍǻǶơ ƨƳǁƽ ǵưǺ ƍ ƨǷƯƢǻǺ ǂȍȌƢǠǺ Ʃơƿ ƍ ƨǯǶǃ

  Ǽȅǳƫ ƢǺ ƧƽƢǟ νƬǶơȄ ƍ ȁƫ˫ƻƾǺ νǪ ƨƬƥƢƯ ƨǶơƽ ǵǺƢǳƫ ƤǈƸȌ ȁǾƗ ȅȂ νǈȍƟǂǶơ Ǩ˫Ƭƻ˪ơ  ƾƸǶơ
 λǐǮ˦ơ  ] ƧơȅǾ ǵǺƢǳƬǷǶ Ƣ˻ǟȅȍǋ ǂưǲ˦ơ ǵψǌǶơ ǽǻǔƬȌ .ƨȍǷǻǠǷǶ2    Ö2  ƧȅǘƼǶƢƥ [2  ǹƬȌ ƢǺƾǿǟ .

 
1 atrous convolutions 
2 Sparse interactions 
3 Parameter sharing 

4 Equivariance 
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  ǸơƾƼƬǇƢƥ ǴƢƻƽ˨ơ ǹƴƷ λǷǟ ƧơȅǿǶơ ȀǀȂ ǭȍƦǘƫ  ƨǶơƽλǐǮ˦ơ ƾƸǶơ    ƩƢƸȍƸǐƬǶơ ƨƴǶƢǠǺ ǹƬƫ ƍ
] ƨǷƻơƾƬǻǶơ ǂȍǣ2  .2 ƨǘȌǂƻ νǪ ƨǻȍǮ ǂƦǲƘƥ ǖǯǪ ǙƢǫƬƷ˪ơ ǞǺ ƍ ǴƢǠǪ ǵψǌƥ ǴƢƻƽ˨ơ ǹƴƸǶ [

  ǵȂƢƴƫȄ Ʊơǂƻ˨ơ ƨǻǇ75  ƔơǂƳƛ ǽψǻȌ .ǴƢƻƽ˨ơ ƩƢǾƢȍƥ ǽǺ ȘνǫǷƼǶơ ǁƢǌƬǾ˪ơ    λǐǮƗ ǭȍǯƸƬǶ
 ǽǺ ǁƾǮǺƾǶơƲ  ȁȍƳȅƫ ǭȌǂǗ ǽǟ ƨǗƢǈƦƥνǮƢǯƬǋ˪ơ ǁơƾƸǾ˪ơ  ƨǻȍǮ λǷǟƘƥ ǴƢƻƽ˨ơ Ǵ˫ƻ ǽǺ ǖǯǪ
  νǪƨȍǫǷƼǶơ ƧǂȌǂǻƬǶơ. 

 
  ǵψǋ7 ŷ6. ǊƻơǂǪ Ȅǁʏ ƽȄǁȄʏ ƾǠƥ Ȅƽʏ Ƣƥ ȀǃơƾǾơʏƢȂ  .ǩǷƬƼǺ 

  ȀǀȂ Ǽ˦ ơ˻ǂǜǾƨǶơƾǶơ    ȊƗ ƤǷǘƬƫ ˪ ƢȃǾƜǪ ƍ ƨƬƥƢƯƩ˫ǺƢǠǺ   ǽǺ ƾȌǄƫ ˪ νǶƢƬǶƢƥȄ ǹȍǷǠƬǷǶ ƨǷƥƢǮ
˾ƥ ƱƿȅǻǾ ƧǁƾǮȄ ƧǂǲơǀǶơ ǰ˫ȃƬǇơ  ƨȍǿCNN    ŻƨǾǁƢǯǺ ƩƢǪƢǫƬǶƢƥ   ƧȅǘƼǶơ1  ǵǲƢȍȂ ǼƗ ȄƾƦȌ ƍ ǱǶƿ ǞǺȄ .

CNN    ǸơƾƼƬǇơ ƤǿƴƬƫ ƨưȌƾƸǶơƲǺƾǶơ   ǴơǄƬƻ˫Ƕ2    ǸơƾƼƬǇơ Ƣ˻ǻƟơƽ ƵǂƬǯƫ ǱǶƿ ǽǺ ̝˪ƾƥȄ ƍ
ƩƢǪƢǫƬǶ˪ơ    ƾǿǟ ǍƢƻ ǵψǌƥ ǹȃǺ ơǀȂ ǼƗ ȄƾƦȌ .ƨȍǾƢψǻǶơ ƽƢǠƥ˦ơ ǵȍǷǯƬǶ ƩơȅǘƼǶơ νǪ ƤȌǁƾƫ  
  ƱƿƢǻǿǶơƨȌƾȍǶȅƬǶơ    ǵưǺ ƨǺȅǐƼǶơ ƩƢψƦǋ   ƨȌƾȍǶȅƬǶơ3. 

 ĆĊÖ¸õv ¾Ċá ¡wê{Öõv 

 .ǁȅǐǶơ ǽǺ ƨǫǷƬƼǺ ǝơȅǾƗ ǨƢǌƬǲ˪ ƨǯȍǻǠǶơ ƨȍƦǐǠǶơ ƩƢψƦǌǶơ ǸơƾƼƬǇơ ƢǿǿψǻȌ ƍ ƢŻǯƥƢǇ ƢǾǂǲƿ Ƣǻǲ
 ƦǘǶơ ƢǿǺƾƼƬǇơ ơƿƛ ƍ ǱǶƿ ǞǺȄ  ǵưǺ ƍ ǖǯǪ ƨȍǘƼǶơ ƩƢǯǨƢǫƬǶ˪ơ   ǵȌȅƸƫ λǷǟ ǁȅưǠǶơ ƢǿǿψǻȍǪ ƍ

 
1 strided convolutions 
2 downsampling 

3 Generative Adversarial Networks (GANs) 
































































































































































































































































































