
�ƨƉʚʯɼƨ ࢅ ँ óɱɼƨŗƕࣗ ¶ʚǫƨɼ �Ʉʌʌ bʯȳƉʚǶɄȳʌࣗ
eɼŗƕǶƨȳʚ 6ƨʌƉƨȳʚ

6ó, ࣗ�ࡱࢅ bŗțț ࡹࡽࡱࡽ  Ď, óŗȳ 6ǶƨǖɄ
óʯɼŗȍ éŗȭɱʯɼƨࣗ ˝Ƕʚǫ ǫƨțɱ ǑɼɄȭ ȭŗȳ˦ Ʉʚǫƨɼʌ



�ȳȳɄʯȳƉƨȭƨȳʚʌυ ¡ŗȕƨ ʌʯɼƨ ˦Ʉʯ ʌʯſȭǶʚ óʯɼ˙ƨ˦ υࣛࡹ pɄȭƨ˝Ʉɼȕ ࡽ ˝Ƕțț ſƨ ɼƨțƨŗʌƨƕ ʚɄƕŗ ࣗ˦ ƕʯƨ ¡Ʉȳƕŗ˦ ࡹࡹࣩࡱࡹ ŗʚ
ɱȭࣖυ࢙ࢉࣘࡹࡹ eɼɄʯɱ˝Ʉɼȕ ࡽ ˝Ƕțț ſƨ ɼƨțƨŗʌƨƕ ʚɄƕŗ ࣗ˦ ƕʯƨ ÿǫʯɼʌƕŗ˦ ࣩࡱࡹ ŗʚ
ɱȭ࢙ࣖࢉࣘࡹࡹ ¡ʯʌʚ ʌʯſȭǶʚ Ƕȳ ǖɼɄʯɱʌ ɄǑ υࣖࢅࣽࡽ 6ǶʌƉʯʌʌǶɄȳ ʌƨƉʚǶɄȳ Ƕʌ Ʉȳ İƨƕȳƨʌƕŗ ࣖ˦ éƨȭɄʚƨ ŗǖŗǶȳࣖυ �ŗʚƨɼ ʚɄƕŗ˦ ˝ƨऒțț ʌƨȳƕ Ʉʯʚ ŗ ʌǶǖȳʯɱ ʌǫƨƨʚ ˝ǫƨɼƨ ˦Ʉʯ

Ɖŗȳ ʌɱƨƉǶǑ˦ ʚǫƨ ſɼƨŗȕɄʯʚ ɼɄɄȭʌ ˦Ʉʯ ˝ŗȳʚࣖυ yǑ ˦Ʉʯ ǫŗ˙ƨ ŗ ǖɼɄʯɱ ˦Ʉʯ ˝ŗȳʚ ʚɄ ȭƨƨʚ ˝Ƕʚǫ ɄʯʚʌǶƕƨ ɄǑ
ƕǶʌƉʯʌʌǶɄȳࣗ ǖɄ ǑɄɼ Ƕʚࣖυ ĬǶƕƨɄʌ ǑɄɼ �ƨƉʚʯɼƨ ࢁ ŗɼƨ ɱɄʌʚƨƕ Ʉȳ ,ŗȭɱʯʌ˝Ƕɼƨࣖ



�ǖƨȳƕŗυ éƨƉŗɱ ɄǑ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ȭǶȳǶȭǶ˲ŗʚǶɄȳࣖυ ,ƨȳʚƨɼ ŗȳƕ ʌɱɼƨŗƕࣖυ � ȳƨ˝ țɄʌʌ ǑʯȳƉʚǶɄȳࣖυ eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣖ



éƨƉŗɱ ɄǑ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ȭǶȳǶȭǶ˲ŗʚǶɄȳ



EȭɱǶɼǶƉŗț ɼǶʌȕ ȭǶȳǶȭǶ˲ŗʚǶɄȳυ eɄŗțࣘ eǶ˙ƨȳ ŗ ƕŗʚŗʌƨʚ Ӌ� Ӌ� ��� ӋӀࣗ ƕƨʚƨɼȭǶȳƨ ʚǫƨ ſƨʌʚ
ɱɼƨƕǶƉʚǶɄȳ ɏ˶ࣖυ óʚɼŗʚƨǖ˦ࣘ
ࣖࡹ ,ǫɄɄʌƨ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳࣗ ҥ	ɏ Ӌ
ࣗ ʚǫŗʚ ȭƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ
ŗȳ˦ ɱŗɼʚǶƉʯțŗɼ ɱɼƨƕǶƉʚǶɄȳ ɏ Ƕʌ ǑɼɄȭ ʚǫƨ एɼǶǖǫʚ ŗȳʌ˝ƨɼऐӋࣖ

ࣖࡽ ¡ǶȳǶȭǶ˲ƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ࣯ŗțʌɄ ȕȳɄ˝ȳ ŗʌ ŗ˙ƨɼŗǖƨ țɄʌʌࣱ
Ʉ˙ƨɼ ʚǫƨ ƨȳʚǶɼƨ ƕŗʚŗʌƨʚࣖ ÿǫƨ ˙ŗțʯƨ࣯ʌࣱ ɄǑ ɏ ʚǫŗʚ
ȭǶȳǶȭǶ˲ƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ŗɼƨ ʚǫƨ ɼƨʌʯțʚǶȳǖ एſƨʌʚ
ɱɼƨƕǶƉʚǶɄȳʌऐࣖ ҫ	ɏ
 � �Ӏ Ӏذһ�� ҥ	ɏ Ӌһ


0→ best

-



�ſʌɄțʯʚƨ țɄʌʌ ŗȳƕ ʌɸʯŗɼƨƕ țɄʌʌυ eƨȳƨɼŗț ǑɄɼȭ ɄǑ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣘҫ	ɏ
 � �Ӏ Ӏذһ�� ҥ	ɏ Ӌһ
υ �ſʌɄțʯʚƨ țɄʌʌࣘ ҥŗſʌ	ɏ Ӌ
 � ]Ӌ ˲ ɏ]ࣖυ EȭɱǶɼǶƉŗț ɼǶʌȕࣘ ҫҴҵӅ	ɏ
 � �Ӏ ˱Ӏһ�� ]Ӌһ ˲ ɏ]ࣖ �țʌɄ Ɖŗțțƨƕ
एȭƨŗȳ ŗſʌɄțʯʚƨ ƨɼɼɄɼऐࣖυ ¡ǶȳǶȭǶ˲ƨƕ ſ˦ ɏ˶ � ¡ƨƕǶŗȳ	Ӌ� Ӌ� ��� ӋӀ
ࣖυ óɸʯŗɼƨƕ țɄʌʌࣘ ҥʌɸ	ɏ Ӌ
 � 	Ӌ ˲ ɏ
�ࣖυ EȭɱǶɼǶƉŗț ɼǶʌȕࣘ ҫӅӃ	ɏ
 � �Ӏ ˱Ӏһ��	Ӌһ ˲ ɏ
�ࣖ �țʌɄ Ɖŗțțƨƕ
एȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼऐࣖυ ¡ǶȳǶȭǶ˲ƨƕ ſ˦ ɏ˶ � ¡ƨŗȳ	Ӌ� Ӌ� ��� ӋӀ
ࣖ

→
"absolute error

"

☐

→
" squared error

"

☐



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

,ɄȳʌǶƕƨɼ ŗ ƕŗʚŗʌƨʚ Ӌ� Ӌ� ��� ӋӀࣖ
éƨƉŗțțࣗ ҫҴҵӅ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]ҫӅӃ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
�
yʌ Ƕʚ ʚɼʯƨ ʚǫŗʚࣗ ǑɄɼ ŗȳ˦ ɏࣗ <ҫҴҵӅ	ɏ
>� � ҫӅӃ	ɏ
ࣞ
ŗࣱ ÿɼʯƨ
ſࣱ bŗțʌƨ
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢉࡽࡹ
ࣖࡽࡹࡽ࢙

Y ,
= !
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,ƨȳʚƨɼ ŗȳƕ ʌɱɼƨŗƕ



İǫŗʚ ƕɄƨʌ Ƕʚ ȭƨŗȳࣞυ eƨȳƨɼŗț ǑɄɼȭ ɄǑ ƨȭɱǶɼǶƉŗț ɼǶʌȕࣘҫ	ɏ
 � �Ӏ Ӏذһ�� ҥ	ɏ Ӌһ
υ ÿǫƨ Ƕȳɱʯʚ ɏ˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌ ҫ	ɏ
 Ƕʌ ʌɄȭƨ ȭƨŗʌʯɼƨ ɄǑ ʚǫƨ
Ɖƨȳʚƨɼ ɄǑ ʚǫƨ ƕŗʚŗ ʌƨʚࣖυ ƨࣖǖࣖ ȭƨƕǶŗȳࣗ ȭƨŗȳࣗ ȭɄƕƨࣖυ ÿǫƨ ȭǶȳǶȭʯȭ Ʉʯʚɱʯʚ ҫ	ɏ˶
 ɼƨɱɼƨʌƨȳʚʌ ʌɄȭƨ ȭƨŗʌʯɼƨ ɄǑ
ʚǫƨ ʌɱɼƨŗƕࣗ Ʉɼ ˙ŗɼǶŗʚǶɄȳࣗ Ƕȳ ʚǫƨ ƕŗʚŗ ʌƨʚࣖ

0



�ſʌɄțʯʚƨ țɄʌʌυ ÿǫƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑɄɼ ʚǫƨ ŗſʌɄțʯʚƨ țɄʌʌ ǶʌҫҴҵӅ	ɏ
 � �Ӏ Ӏذһ�� ]Ӌһ ˲ ɏ]υ ҫҴҵӅ	ɏ
 Ƕʌ ȭǶȳǶȭǶ˲ƨƕ ŗʚ ɏ˶ � ¡ƨƕǶŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ
ࣖυ ÿǫƨɼƨǑɄɼƨࣗ ʚǫƨ ȭǶȳǶȭʯȭ ˙ŗțʯƨ ɄǑ ҫҴҵӅ	ɏ
 ǶʌҫҴҵӅ	ɏ˶
 � ҫҴҵӅ	¡ƨƕǶŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ

� �Ӏ Ӏذһ�� ]Ӌһ ˲¡ƨƕǶŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ
]�±



¡ƨŗȳ ŗſʌɄțʯʚƨ ƕƨ˙ǶŗʚǶɄȳ ǑɼɄȭ ʚǫƨ ȭƨƕǶŗȳυ ÿǫƨ ȭǶȳǶȭǶʯȭ ˙ŗțʯƨ ɄǑ ҫҴҵӅ	ɏ
 Ƕʌ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ
ƕƨ˙ǶŗʚǶɄȳ ǑɼɄȭ ʚǫƨ ȭƨƕǶŗȳࣖ�Ӏ Ӏذһ�� ]Ӌһ ˲¡ƨƕǶŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ
]υ yʚ ȭƨŗʌʯɼƨʌ ǫɄ˝ Ǒŗɼ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚ Ƕʌ ǑɼɄȭ ʚǫƨ ȭƨƕǶŗȳࣗ
Ʉȳ ŗ˙ƨɼŗǖƨࣖ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

bɄɼ ʚǫƨ ƕŗʚŗ ʌƨʚ � � � �ࣗ ˝ǫŗʚ Ƕʌ ʚǫƨ ȭƨŗȳ ŗſʌɄțʯʚƨ
ƕƨ˙ǶŗʚǶɄȳ ǑɼɄȭ ʚǫƨ ȭƨƕǶŗȳࣞ

ŗࣱ � ſࣱ �� Ɖࣱ � ƕࣱ �

=

Median :3

too 1
→ 4- [1+01-0+1]=1-2

0



¡ƨŗȳ ŗſʌɄțʯʚƨ ƕƨ˙ǶŗʚǶɄȳ ǑɼɄȭ ʚǫƨ ȭƨƕǶŗȳ

-
- - -

•

(96000,19000)

0



óɸʯŗɼƨƕ țɄʌʌυ ÿǫƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑɄɼ ʚǫƨ ʌɸʯŗɼƨƕ țɄʌʌ Ƕʌҫʌɸ	ɏ
 � �Ӏ Ӏذһ�� 	Ӌһ ˲ ɏ
�υ ҫʌɸ	ɏ
 Ƕʌ ȭǶȳǶȭǶ˲ƨƕ ŗʚ ɏ˶ � ¡ƨŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ
ࣖυ ÿǫƨɼƨǑɄɼƨࣗ ʚǫƨ ȭǶȳǶȭʯȭ ˙ŗțʯƨ ɄǑ ҫʌɸ	ɏ
 Ƕʌҫʌɸ	ɏ˶
 � ҫʌɸ	¡ƨŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ

� �Ӏ Ӏذһ�� 	Ӌһ ˲¡ƨŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ

��

☐

☐



ĬŗɼǶŗȳƉƨυ ÿǫƨ ȭǶȳǶȭǶʯȭ ˙ŗțʯƨ ɄǑ ҫʌɸ	ɏ
 Ƕʌ ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ
ƕƨ˙ǶŗʚǶɄȳ ǑɼɄȭ ʚǫƨ ȭƨŗȳࣗ ȭɄɼƨ ƉɄȭȭɄȳț˦ ȕȳɄ˝ȳ ŗʌ ʚǫƨ
˙ŗɼǶŗȳƉƨࣖ �Ӏ Ӏذһ�� 	Ӌһ ˲¡ƨŗȳ	Ӌ� Ӌ� Ȫ  ӋӀ

�υ yʚ ȭƨŗʌʯɼƨʌ ʚǫƨ ʌɸʯŗɼƨƕ ƕǶʌʚŗȳƉƨ ɄǑ ƨŗƉǫ ƕŗʚŗ ɱɄǶȳʚ ǑɼɄȭ
ʚǫƨ ȭƨŗȳࣗ Ʉȳ ŗ˙ƨɼŗǖƨࣖυ yʚʌ ʌɸʯŗɼƨ ɼɄɄʚ Ƕʌ Ɖŗțțƨƕ ʚǫƨ ʌʚŗȳƕŗɼƕ ƕƨ˙ǶŗʚǶɄȳࣖ

1%-55
cry
2



ĬŗɼǶŗȳƉƨ Rsqch)

1.

(110933,1-23.4010)
- f--

mean of
variance ofdataset dataset



ࡱ ࣽࡹ țɄʌʌυ ÿǫƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑɄɼ ʚǫƨ ࡱ ࣽࡹ țɄʌʌ Ƕʌҫࡱ 
ɏ	ࣗࡹ � �Ӏ Ӏذһ�� �ڦ ǶǑ ɏ � Ӌһ� ǶǑ ɏ ̭ Ӌһυ ÿǫǶʌ Ƕʌ ʚǫƨ ɱɼɄɱɄɼʚǶɄȳ ࣯ſƨʚ˝ƨƨȳ ࡱ ŗȳƕ ࣱࡹ ɄǑ ƕŗʚŗ ɱɄǶȳʚʌ
ȳɄʚ ƨɸʯŗț ʚɄ ɏࣖυ ҫࡱ 
ɏ	ࣗࡹ Ƕʌ ȭǶȳǶȭǶ˲ƨƕ ŗʚ ɏ˶ � ¡Ʉƕƨ	Ӌ� Ӌ� Ȫ  ӋӀ
ࣖυ ÿǫƨɼƨǑɄɼƨࣗ ҫࡱ 
˶ɏ	ࣗࡹ Ƕʌ ʚǫƨ ɱɼɄɱɄɼʚǶɄȳ ɄǑ ƕŗʚŗ ɱɄǶȳʚʌ ȳɄʚ
ƨɸʯŗț ʚɄ ʚǫƨ ȭɄƕƨࣖ

Ro
, ,
(4) = fraction

of pts
not equal

to 4

←fraction



� ɱɄɄɼ ˝ŗ˦ ʚɄ ȭƨŗʌʯɼƨ ʌɱɼƨŗƕυ ÿǫƨ ȭǶȳǶȭǶʯȭ ˙ŗțʯƨ ɄǑ ҫࡱ 
ɏ	ࣗࡹ Ƕʌ ʚǫƨ ɱɼɄɱɄɼʚǶɄȳ ɄǑ ƕŗʚŗ
ɱɄǶȳʚʌ ȳɄʚ ƨɸʯŗț ʚɄ ʚǫƨ ȭɄƕƨࣖυ � ǫǶǖǫƨɼ ˙ŗțʯƨ ȭƨŗȳʌ țƨʌʌ ɄǑ ʚǫƨ ƕŗʚŗ Ƕʌ Ɖțʯʌʚƨɼƨƕ ŗʚ ʚǫƨ
ȭɄƕƨࣖυ �ʯʌʚ ŗʌ ʚǫƨ ȭɄƕƨ Ƕʌ ŗ ˙ƨɼ˦ ʌǶȭɱțǶʌʚǶƉ ˝ŗ˦ ʚɄ ȭƨŗʌʯɼƨ ʚǫƨ
Ɖƨȳʚƨɼ ɄǑ ʚǫƨ ƕŗʚŗࣗ ʚǫǶʌ Ƕʌ ŗ ˙ƨɼ˦ Ɖɼʯƕƨ ˝ŗ˦ ʚɄ ȭƨŗʌʯɼƨ
ʌɱɼƨŗƕࣖ 3- 3-

i t×É×



óʯȭȭŗɼ˦ ɄǑ Ɖƨȳʚƨɼ ŗȳƕ ʌɱɼƨŗƕυ 6Ƕ˽ƨɼƨȳʚ țɄʌʌ ǑʯȳƉʚǶɄȳʌ țƨŗƕ ʚɄ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑʯȳƉʚǶɄȳʌ
ʚǫŗʚ ŗɼƨ ȭǶȳǶȭǶ˲ƨƕ ŗʚ ˙ŗɼǶɄʯʌ ȭƨŗʌʯɼƨʌ ɄǑ Ɖƨȳʚƨɼࣖυ ÿǫƨ ȭǶȳǶȭʯȭ ˙ŗțʯƨʌ ɄǑ ʚǫƨʌƨ ɼǶʌȕ ɼʯȳƉʚǶɄȳʌ ŗɼƨ ˙ŗɼǶɄʯʌ
ȭƨŗʌʯɼƨʌ ɄǑ ʌɱɼƨŗƕࣖυ ÿǫƨɼƨ ŗɼƨ ȭŗȳ˦ ƕǶ˽ƨɼƨȳʚ ˝ŗ˦ʌ ʚɄ ȭƨŗʌʯɼƨ ſɄʚǫ Ɖƨȳʚƨɼ ŗȳƕ
ʌɱɼƨŗƕࣖ ÿǫƨʌƨ ŗɼƨ ʌɄȭƨʚǶȭƨʌ Ɖŗțțƨƕ ƕƨʌƉɼǶɱʚǶ˙ƨ ʌʚŗʚǶʌʚǶƉʌࣖ

summary statistics



� ȳƨ˝ țɄʌʌ ǑʯȳƉʚǶɄȳ



âțɄʚʚǶȳǖ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳυ ÿǫƨ ɱțɄʚ ɄǑ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳ ʚƨțțʌ ʯʌ ǫɄ˝ Ƕʚ ʚɼƨŗʚʌ ɄʯʚțǶƨɼʌࣖυ ,ɄȳʌǶƕƨɼ Ӌ ʚɄ ſƨ ʌɄȭƨ ̇˥ƨƕ ˙ŗțʯƨࣖ âțɄʚ ҥŗſʌ	ɏ Ӌ
 � ]Ӌ ˲ ɏ]ࣘ

¥



âțɄʚʚǶȳǖ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳυ ÿǫƨ ɱțɄʚ ɄǑ ŗ țɄʌʌ ǑʯȳƉʚǶɄȳ ʚƨțțʌ ʯʌ ǫɄ˝ Ƕʚ ʚɼƨŗʚʌ ɄʯʚțǶƨɼʌࣖυ ,ɄȳʌǶƕƨɼ Ӌ ʚɄ ſƨ ʌɄȭƨ ̇˥ƨƕ ˙ŗțʯƨࣖ âțɄʚ ҥʌɸ	ɏ Ӌ
 � 	Ӌ ˲ ɏ
�ࣘ
squared loss :

high penalty
if prediction

'

it for
⇒ influenced by

outliers

T



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

óʯɱɱɄʌƨ ҥ ƉɄȳʌǶƕƨɼʌ ŗțț ɄʯʚțǶƨɼʌ ʚɄ ſƨ ƨɸʯŗțț˦ ŗʌ ſŗƕࣖ
İǫŗʚ ˝Ʉʯțƕ Ƕʚ țɄɄȕ țǶȕƨ Ǒŗɼ ŗ˝ŗ˦ ǑɼɄȭ Ӌࣞ
ŗࣱ ̈ŗʚ
ſࣱ ɼŗɱǶƕț˦ ƕƨƉɼƨŗʌǶȳǖ
Ɖࣱ ɼŗɱǶƕț˦ ǶȳƉɼƨŗʌǶȳǖ

tE



� ˙ƨɼ˦ ǶȳʌƨȳʌǶʚǶ˙ƨ țɄʌʌ

υ İƨऒțț Ɖŗțț ʚǫǶʌ țɄʌʌ ҥӇҶӅҷ ſƨƉŗʯʌƨ Ƕʚ ƕɄƨʌȳऒʚ ǫŗ˙ƨ ŗ ȳŗȭƨࣖ
It



6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

İǫǶƉǫ ɄǑ ʚǫƨʌƨ ƉɄʯțƕ ſƨ ҥӇҶӅҷ	ɏ Ӌ
ࣞ
ŗࣱ Ҹ˲	Ӌ˲ɏ
�
ſࣱ � ˲ Ҹ˲	Ӌ˲ɏ
�
Ɖࣱ � ˲ 	Ӌ ˲ ɏ
�
ƕࣱ � ˲ Ҹ˲]Ӌ˲ɏ]
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢉࡽࡹ
ࣖࡽࡹࡽ࢙

1¥



�ƕƕǶȳǖ ŗ ʌƉŗțƨ ɱŗɼŗȭƨʚƨɼυ âɼɄſțƨȭࣘ ҥӇҶӅҷ ǫŗʌ ŗ ̇˥ƨƕ ʌƉŗțƨࣖ ÿǫǶʌ ˝Ʉȳऒʚ ˝Ʉɼȕ ǑɄɼ ŗțț
ƕŗʚŗʌƨʚʌࣖυ yǑ ˝ƨऒɼƨ ɱɼƨƕǶƉʚǶȳǖ ʚƨȭɱƨɼŗʚʯɼƨࣗ ŗȳƕ ˝ƨऒɼƨ Ʉ˽ ſ˦ ࡱࡱࡹ

ƕƨǖɼƨƨʌࣗ ʚǫŗʚऒʌ ſŗƕࣖυ yǑ ˝ƨऒɼƨ ɱɼƨƕǶƉʚǶȳǖ ʌŗțŗɼǶƨʌࣗ ŗȳƕ ˝ƨऒɼƨ Ʉ˽ ſ˦ ࡱࡱࡹ
ƕɄțțŗɼʌࣗ ʚǫŗʚऒʌ ɱɼƨʚʚ˦ ǖɄɄƕࣖυ İǫŗʚ ˝ƨ ƉɄȳʌǶƕƨɼ ʚɄ ſƨ ŗȳ ɄʯʚțǶƨɼ ƕƨɱƨȳƕʌ Ʉȳ ʚǫƨ
ʌƉŗțƨ ɄǑ ʚǫƨ ƕŗʚŗࣖυ bǶ˥ࣘ ŗƕƕ ŗ ʌƉŗțƨ ɱŗɼŗȭƨʚƨɼࣗ ɏ	ҥӇҶӅҷࣘ Ӌ
 � � ˲ Ҹ˲	Ӌ˲ɏ
��� bell carve

You get to choc

milor to

NOT std deviation ! ! !



�ƕƕǶȳǖ ŗ ʌƉŗțƨ ɱŗɼŗȭƨʚƨɼ
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EȭɱǶɼǶƉŗț ɼǶʌȕ ȭǶȳǶȭǶ˲ŗʚǶɄȳυ İƨ ǫŗ˙ƨ ʌŗțŗɼǶƨʌ Ӌ� Ӌ� ��� ӋӀࣖυ ÿɄ ̇ȳƕ ɱɼƨƕǶƉʚǶɄȳࣗ Eé¡ ʌŗ˦ʌ ʚɄ ȭǶȳǶȭǶ˲ƨ ʚǫƨ ŗ˙ƨɼŗǖƨ țɄʌʌࣘҫӇҶӅҷ	ɏ
 � �Ӏ Ӏذһ�� ҥӇҶӅҷ	ɏ Ӌһ
� �Ӏ Ӏذһ�� �ڄ ˲ Ҹ˲	Ӌһ˲ɏ
11ړ���



�ƨʚऒʌ ɱțɄʚ ҫӇҶӅҷυ éƨƉŗțțࣘ ҫӇҶӅҷ	ɏ
 � �Ӏ Ӏذһ�� �ڄ ˲ Ҹ˲	Ӌһ˲ɏ
υړ��� ¶ȳƉƨ ˝ƨ ǫŗ˙ƨ ƕŗʚŗ Ӌ� Ӌ� ��� ӋӀ ŗȳƕ ŗ ʌƉŗțƨ ࣗ ˝ƨ Ɖŗȳ ɱțɄʚҫӇҶӅҷ	ɏ
ࣖυ İƨऒțț ʯʌƨ Ǒʯțț ʚǫƨ óʚŗƉȕ¶˙ƨɼ̈Ʉ˝ ƕŗʚŗʌƨʚ ࣯Ӏ � ����ࣱࣖυ �ƨʚऒʌ ʚɼ˦ ʌƨ˙ƨɼŗț ʌƉŗțƨʌࣗ ࣖ



âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ

✓

approx
$7000



âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




âțɄʚ ɄǑ ҫӇҶӅҷ	ɏ




¡ǶȳǶȭǶ˲Ƕȳǖ ҫӇҶӅҷυ ÿɄ ̇ȳƕ ʚǫƨ ſƨʌʚ ɱɼƨƕǶƉʚǶɄȳࣗ ˝ƨ ̇ȳƕ ɏ˶ ȭǶȳǶȭǶ˲Ƕȳǖ ҫӇҶӅҷ	ɏ
ࣖυ ҫӇҶӅҷ	ɏ
 Ƕʌ ƕǶ˽ƨɼƨȳʚǶŗſțƨࣖυ ÿɄ ȭǶȳǶȭǶ˲ƨࣘ ʚŗȕƨ ƕƨɼǶ˙ŗʚǶ˙ƨࣗ ʌƨʚ ʚɄ ˲ƨɼɄࣗ ʌɄț˙ƨࣖ

Rusa Ch) = d- §i [1- e-
%¥]



óʚƨɱ ࣘࡹ ÿŗȕǶȳǖ ʚǫƨ ƕƨɼǶ˙ŗʚǶ˙ƨҷҫӇҶӅҷҷɏ � ҷҷɏ ٫�Ӏ Ӏذһ�� �ڄ ˲ Ҹ˲	Ӌһ˲ɏ
ٺړ���
=÷É[É 2 - da e-" if
= :-& f.e-

'"¥
. ÷ 1- 1¥))

= ÷ E. f- e-
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"
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óʚƨɱ ࣘࡽ óƨʚʚǶȳǖ ʚɄ ˲ƨɼɄ ŗȳƕ ʌɄț˙Ƕȳǖυ İƨ ǑɄʯȳƕࣘ ҷҷɏ	ɏ
 � �Ӏ� Ӏذһ�� 	ɏ ˲ Ӌһ
 ͥ Ҹ˲	ɏ˲Ӌһ
�υ�� ¥Ʉ˝ ˝ƨ ȍʯʌʚ ʌƨʚ ʚɄ ˲ƨɼɄ ŗȳƕ ʌɄț˙ƨ ǑɄɼ ɏࣘ� � �Ӏ� Ӏذһ�� 	ɏ ˲ Ӌһ
 ͥ Ҹ˲	ɏ˲Ӌһ
�υ�� İƨ Ɖŗȳ ƉŗțƉʯțŗʚƨ ƕƨɼǶ˙ŗʚǶ˙ƨࣗ ſʯʚ ˝ƨ Ɖŗȳऒʚ ʌɄț˙ƨ ǑɄɼ ɏࣙ ˝ƨऒɼƨ
ʌʚʯƉȕ ŗǖŗǶȳࣖυ ¥Ʉ˝ ˝ǫŗʚࣞࣞࣞ

☐



eɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ



ÿǫƨ ǖƨȳƨɼŗț ɱɼɄſțƨȭυ eǶ˙ƨȳࣘ ŗ ƕǶ˽ƨɼƨȳʚǶŗſțƨ ǑʯȳƉʚǶɄȳ ҫ	ɏ
ࣖυ eɄŗțࣘ ̇ȳƕ ʚǫƨ Ƕȳɱʯʚ ɏ˶ ʚǫŗʚ ȭǶȳǶȭǶ˲ƨʌ ҫ	ɏ
ࣖ-

Gradient descent works for any

differentiable function, not just
empirical risk !



¡ƨŗȳǶȳǖ ɄǑ ʚǫƨ ƕƨɼǶ˙ŗʚǶ˙ƨυ İƨऒɼƨ ʚɼ˦Ƕȳǖ ʚɄ ȭǶȳǶȭǶ˲ƨ ŗ ƕǶ˽ƨɼƨȳʚǶŗſțƨ ǑʯȳƉʚǶɄȳ ҫ	ɏ
ࣖ yʌ
ƉŗțƉʯțŗʚǶȳǖ ʚǫƨ ƕƨɼǶ˙ŗʚǶ˙ƨ ǫƨțɱǑʯțࣞυ ҷҫҷɏ 	ɏ
 Ƕʌ ŗ ǑʯȳƉʚǶɄȳࣙ Ƕʚ ǖǶ˙ƨʌ ʚǫƨ ʌțɄɱƨ ŗʚ ɏࣖ

Yay
tangent
line

~



�ƨ˦ Ƕƕƨŗ ſƨǫǶȳƕ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚυ yǑ ʚǫƨ ʌțɄɱƨ ɄǑ ҫ ŗʚ ɏ Ƕʌ ɱɄʌǶʚǶ˙ƨ ʚǫƨȳ ȭɄ˙Ƕȳǖ ʚɄ ʚǫƨ țƨǒʚ
ƕƨƉɼƨŗʌƨʌ ʚǫƨ ˙ŗțʯƨ ɄǑ ҫࣖυ Ƕࣖƨࣖࣗ ˝ƨ ʌǫɄʯțƕ ƕƨƉɼƨŗʌƨ ɏࣖ

slope isdee•| positive~



�ƨ˦ Ƕƕƨŗ ſƨǫǶȳƕ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚυ yǑ ʚǫƨ ʌțɄɱƨ ɄǑ ҫ ŗʚ ɏ Ƕʌ ȳƨǖŗʚǶ˙ƨ ʚǫƨȳ ȭɄ˙Ƕȳǖ ʚɄ ʚǫƨ ɼǶǖǫʚ
ƕƨƉɼƨŗʌƨʌ ʚǫƨ ˙ŗțʯƨ ɄǑ ҫࣖυ Ƕࣖƨࣖࣗ ˝ƨ ʌǫɄʯțƕ ǶȳƉɼƨŗʌƨ ɏࣖ

AEE



�ƨ˦ Ƕƕƨŗ ſƨǫǶȳƕ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚυ âǶƉȕ ŗ ʌʚŗɼʚǶȳǖ ɱțŗƉƨࣗ ɏ�ࣖ İǫƨɼƨ ƕɄ ˝ƨ ǖɄ ȳƨ˥ʚࣞυ óțɄɱƨ ŗʚ ɏ� ȳƨǖŗʚǶ˙ƨࣞ ÿǫƨȳ ǶȳƉɼƨŗʌƨ ɏ�ࣖυ óțɄɱƨ ŗʚ ɏ� ɱɄʌǶʚǶ˙ƨࣞ ÿǫƨȳ ƕƨƉɼƨŗʌƨ ɏ�ࣖυ ÿǫǶʌ ˝Ƕțț ˝Ʉɼȕࣘ ɏ� � ɏ� ˲ ҷҫҷɏ 	ɏ�
☐



eɼŗƕǶƨȳʚ 6ƨʌƉƨȳʚυ âǶƉȕ ָ ʚɄ ſƨ ŗ ɱɄʌǶʚǶ˙ƨ ȳʯȭſƨɼࣖ yʚ Ƕʌ ʚǫƨ țƨŗɼȳǶȳǖ ɼŗʚƨࣗ ŗțʌɄ
ȕȳɄ˝ȳ ŗʌ ʚǫƨ ʌʚƨɱ ʌǶ˲ƨࣖυ âǶƉȕ ŗ ʌʚŗɼʚǶȳǖ ɱɼƨƕǶƉʚǶɄȳࣗ ɏ�ࣖυ ¶ȳ ʌʚƨɱ һࣗ ɱƨɼǑɄɼȭ ʯɱƕŗʚƨ ɏһ � ɏһ˲� ˲ ָ ͥ ҷҫҷɏ 	ɏһ˲�
υ éƨɱƨŗʚ ʯȳʚǶț ƉɄȳ˙ƨɼǖƨȳƉƨ ࣯˝ǫƨȳ ɏ ƕɄƨʌȳऒʚ Ɖǫŗȳǖƨ ȭʯƉǫࣱࣖ



ĸɄʯ ˝Ƕțț ȳɄʚ ſƨ ɼƨʌɱɄȳʌǶſțƨ ǑɄɼ ǶȭɱțƨȭƨȳʚǶȳǖ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ
Ƕȳ ʚǫǶʌ Ɖțŗʌʌࣗ ſʯʚ ǫƨɼƨऒʌ ŗȳ ǶȭɱțƨȭƨȳʚŗʚǶɄȳ Ƕȳ â˦ʚǫɄȳ ǶǑ ˦Ʉʯऒɼƨ
ƉʯɼǶɄʯʌࣘ

FGH ITCFKGPVAFGUEGPV
FGTKXCVKXG� J� CNRJC� VQN֟ՓG�ՓՔ��
ЀЀЀ/KPKOK\G WUKPI ITCFKGPV FGUEGPV�ЀЀЀ
YJKNG 6TWG�

JAPGZV ֟ J � CNRJC � FGTKXCVKXG
J�
KH CDU
JAPGZV � J� ֤ VQN�

DTGCM
J ֟ JAPGZV

TGVWTP J



E˥ŗȭɱțƨࣘ ¡ǶȳǶȭǶ˲Ƕȳǖ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼυ éƨƉŗțț ʚǫƨ ȭƨŗȳ ʌɸʯŗɼƨƕ ƨɼɼɄɼ ŗȳƕ Ƕʚʌ ƕƨɼǶ˙ŗʚǶ˙ƨࣘҫʌɸ	ɏ
 � �Ӏ Ӏذһ�� 	ɏ ˲ Ӌһ
� ҷҫʌɸҷɏ 	ɏ
 � �Ӏ Ӏذһ�� 	ɏ ˲ Ӌһ

6ǶʌƉʯʌʌǶɄȳ çʯƨʌʚǶɄȳ

�ƨʚ Ӌ� � ˲� Ӌ� � ˲� Ӌ� � � Ӌ� � �ࣖ âǶƉȕ ɏ� � �
ŗȳƕ ָ � ���ࣖ İǫŗʚ Ƕʌ ɏ�ࣞ
ŗࣱ ࣽࡹ
ſࣱ ࡱ
Ɖࣱ ࡹ
ƕࣱ ࡽ
ÿɄ ŗȳʌ˝ƨɼࣗ ǖɄ ʚɄ OGPVK�EQO ŗȳƕ ƨȳʚƨɼ ʚǫƨ ƉɄƕƨ ࡱࢉࡽࡹ
ࣖࡽࡹࡽ࢙



óɄțʯʚǶɄȳ

ҫʌɸ	ɏ
 � �Ӏ Ӏذһ�� 	ɏ ˲ Ӌһ
� ҷҫʌɸҷɏ 	ɏ
 � �Ӏ Ӏذһ�� 	ɏ ˲ Ӌһ

6ŗʚŗ ˙ŗțʯƨʌ ŗɼƨ ˲� ˲� � �ࣖ âǶƉȕ ɏ� � � ŗȳƕ ָ � ���ࣖ bǶȳƕ ɏ�ࣖ



óʯȭȭŗɼ˦



óʯȭȭŗɼ˦υ 6Ƕ˽ƨɼƨȳʚ țɄʌʌ ǑʯȳƉʚǶɄȳʌ țƨŗƕ ʚɄ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑʯȳƉʚǶɄȳʌ
ʚǫŗʚ ŗɼƨ ȭǶȳǶȭǶ˲ƨƕ ŗʚ ˙ŗɼǶɄʯʌ ȭƨŗʌʯɼƨʌ ɄǑ Ɖƨȳʚƨɼࣖυ ÿǫƨ ȭǶȳǶȭʯȭ ˙ŗțʯƨʌ ɄǑ ʚǫƨʌƨ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ǑʯȳƉʚǶɄȳʌ ŗɼƨ
˙ŗɼǶɄʯʌ ȭƨŗʌʯɼƨʌ ɄǑ ʌɱɼƨŗƕࣖυ İƨ Ɖŗȭƨ ʯɱ ˝Ƕʚǫ ŗ ȭɄɼƨ ƉɄȭɱțǶƉŗʚƨƕ țɄʌʌ ǑʯȳƉʚǶɄȳࣗ ҥӇҶӅҷ ࣗ
ʚǫŗʚ ʚɼƨŗʚʌ ŗțț ɄʯʚțǶƨɼʌ ƨɸʯŗțț ࣖ˦υ İƨ ˝ƨɼƨȳऒʚ ŗſțƨ ʚɄ ȭǶȳǶȭǶ˲ƨ Ƕʚʌ ƨȭɱǶɼǶƉŗț ɼǶʌȕ ҫӇҶӅҷ

ſ˦ ǫŗȳƕࣖυ İƨ Ƕȳ˙ƨȳʚƨƕ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚࣗ ˝ǫǶƉǫ ɼƨɱƨŗʚƨƕț˦ ʯɱƕŗʚƨʌ
Ʉʯɼ ɱɼƨƕǶƉʚǶɄȳ ſ˦ ȭɄ˙Ƕȳǖ Ƕȳ ʚǫƨ ɄɱɱɄʌǶʚƨ ƕǶɼƨƉʚǶɄȳ ɄǑ ʚǫƨ
ƕƨɼǶ˙ŗʚǶ˙ƨࣖυ ¥ƨ˥ʚ ÿǶȭƨࣘ İƨऒțț țɄɄȕ ŗʚ ǖɼŗƕǶƨȳʚ ƕƨʌƉƨȳʚ Ƕȳ ŗƉʚǶɄȳࣖ


